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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 

loaded 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 cqfii-

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 line 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 



2 

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 configuration 

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 

isolate 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 

T^, T^, "Z^, 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. 

a' 

b 

z. 2 z 
T. Tb Ic 

V,V,V, fa + lb + i( 

T 

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 

load 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 letters. As 

an example the instantaneous current 

i(t) = /2 I sin(a)t + e) (2-la) 

= /2 I COS0 sinait + /2 I sin6 coscot (2-lb) 

will be denoted in the complex plane as the phasor I. Either polar 

or rectangular coordinates may be used to specify the point in the 

complex plane represented by I. If polar coordinates are used then 
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T = I/i (2-2a) 

where 

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

0 = phase angle of i(t) with respect to sinut (2-2c) 

When expressed in terms of rectangular coordinates the phasor I is 

represented as 

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

where by Euler identity 

Re(T) = I cose (2-3b) 

= rms magnitude of the component 

of i(t) in phase with sinut 

Im(T) = I sine (2-3c) 

= rms magnitude of the component 

of i(t) in phase with cosut 

Collections of points in the complex plane will be represented 

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

example, let 

= n X n admittance matrix (complex) (2-4a) 

where the ij th entry is the complex admittance (a single point in 

the complex plane), i.e. 

{_Y}- - = ij th entry in the complex matrix X (2-4b) 

=Y . (2-4c) 

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

be represented by a bus voltage vector in each phase, 

defined as 



Vp = vector of bus voltage phasors in (2-5a) 
phase p (an n X 1 vector), p = a,b,c 

with, 

{V }. = i th entry in the vector V 
-pi -P 

(2-5b) 

(i ~ l>2,...,n) 

= voltage phasor in phase p at bus i 

= V . 
p-1 

(2-5c) 

Superscripts are used to distinguish prefault and faulted conditions. 

Prefault conditions are denoted with the superscript "o". For 

example V°, vP, vP represent the prefault voltage profile (the load 

flow solution). The double superscript "fk" is used to denote faulted 

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

(bus k). For example 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 

?= 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 a^, a"^ and a"^ are a symmetrical three phase set: 

1 + a + a^ = 1/0 + 1/1^ + 1/^ = 0 (2-7) 

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

superscript "T". For example: 
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= transpose of vector y (1 x n row vector) 

= transpose of matrix 

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 single 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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Bus I Bus k 

-i—AA/V 

nr IX Z, P(ii^ 
^—Wv— 

JXm 

v„ v,rt V.HC VlHt Vc-k 

" 1 =1+1 +1 
-AAA/ " ̂  

Figure 2.1. Hypothetical component with mutual coupling between phases 

The relationship between phase voltages and currents for this component 

can be written as 

1
< Z +Z jX +Z jX +Z 

s n^m n '^m n 'a ^-k a-1 

jX +Z Z +Z jX +Z (2-8a)\-km n s n m n 

jX +1 jX +Z I+Z 
"^ m n"^ m n s n ^c-k 

or 

I + V. (2-8b)
-abc-i -abc -abc -abc-k 

Off diagonal terms in represent phase-to-phaSe coupling and are due 

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

X^ reactances) and the effects on the neutral return impedance Z^. 

Extracting the expression for from (2-8a) 

V, , = (Z^+ZJI, + (j'V^n^^b ̂  ^ ̂'a-k (2-9a) 
a-1 s n' a m n c 

C-1
V
.
 

^b-i 
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\-i' *\-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 symnetrical operating conditions the neutral return current 

(I^) is zero, i.e. 

I = 0 = I + I. + I (2-10) 
n a b c 

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

Solving (2-10) for the sum of I|^ and 

(2-11)Ih + I. = -I.b e a 

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

component becomes: 

{2-12a)Vi = (V2„"a" + Vk 

(2-12b)= ^ ''a-k 

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 c such that under balanced con 

ditions (2-8) becomes 

T . 
a-k 

0 I -jX_ 0 (2-13a)= + 
^b-k 

0 0 r 
s m c c-k 

or 

V° . = Z° 1° + V° (2-13b)
—abc-i —abc —abc —abc-k 
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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 

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 

7° are identical and if the phase voltages are balanced three phase
■^bc 

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 c solution. 
Figure 2.2 is the per phase equivalent circuit of the hypothetical 
component for symmetrical operating conditions. 

Bus i T® ^ 
o— f 
I 
V® 

z - jX„ 1— o 

V,-k 
*•-1 

1 
o 

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 condttions 

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 sincethe original system is transformed to n n-phase systems. 

However symmetry in the sequence systems allows per phase analysis to 
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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 whereII as the solution difficulty of the transformed problem 

is only of order n odue to the use of per phase techniques. Of 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 SCI in this section is restricted to the three phase 

case. 

Let T , T., and T be the phase currents flowing at some point
d D C 

in a three phase power system. According to Fortescue's theorem it 

1is possible to resolve1'-'this original system of three phase phasors 

o(which can be balanced or unbalanced) into three sequence systems 

IIwhich are three phase sets having different phase sequences. Mathe 

matically, T , T. and T are expressed in terms of their symmetrical
d D c 

components as 

h = 'aO + + 'a2 

+ (2-14)+ ■bl ib2 
+ +Tc id ic2 

The symmetrical components I^g, and are called the 

zero sequence set. These components have identical magnitudes and a 

phase angle of 0 x (-2 x Tr/3) = 0 radians between successive com 

ponents aO, bO, cO; i.e. I^q, Ij^q and I^g are in phase. The zero 

sequence system can properly be viewed as three identical single 

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

is meaningless in single phase systems. 
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The components Tgi, called the positive sequence 

set. These components have an identical magitude and a phase angle of 

1 X (-2 X tt/3) radians (-120 degrees) between succesive components al, 

bl, cl. 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 1^2' ̂ b2' ̂ c2 called the negative sequence set. 

These components have identical magnitude and a phase angle of 

2 X (-2 X tt/S) 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 1^, and I^. 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 (T^q, 1^1, 1^2^ 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 

T ^ and T,are known. Then in terms of the phase a components
dU d I Sic 

the phase b and c components are by definition 

~ JaO (2-15a) 
^cO " ^aO 

^bl " ^^^al (2-15b) 

^cl = ̂ al 

^b2" ^^a2 (2-15c) 

= a^I.^c2"° 'a2 

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 

1 1 1 ^ao 
= 1 a^ a ■al (2-16a) 

r\ 

1 a" a" faZ 
or 

I , = (2-16b)
-abc —012 

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): 

I 1 1 1 I 
aO 

^al 
1 
3 

1 
-
a 

-2 
a (2-17a) 

'a2 
11 -2 -a a 

or 

(2-17b)^12"-^hhc 
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 

vectors V°, VP, V°. These vectors are a symmetrical three phase s'et 
-a -b' -c 

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

vector 

V° =iV (2-18a) 
-4) —a 

(2-18b) 
—c —a 
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Applying the DSCT, 

= 1/3(1 + + a)y^ 

= 0 

V°, = l/3(v° + av? + aV) (2-19b)
I ^ ~D ""C 

= 1/3(1 + 1 + 1)Y!
a 

i^V? + aV°) (2-19c)y^2 = + a + aV^) 
= 1/3(1 + a + a^)y° 

—u 

= 0 

where £ 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, vector of phase 

currents, defined in (2-7) have the transforms VQi2_i» ^i2-k' 
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and ̂ 12 respectively. The relationship between phase quantity vectors 

and sequence quantity vectors can be expressed by either the DSCT or 

the ISCT. Choosing the later, 

V 
aO-i 

V (2-20a)^12-i "-^bc-i - al-i 

^a2-i 

aO-k 

(2-20b)^12-k ~ -4bc-k "- al-k 

'a2-k 

aO 

^12 ~ -^-abc'- al (2-20c) 

^a2 

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

(2-21a)-^12-i ~ hhc -^12 -^12-k 

which after multiplying through by A inverse becomes 

(2-21b)^12-i "- ^ hbc -h)^2 ^12-k 
Define the triple matrix product from (2-21b) as 

(2-22)^12"- ^ 4bc-
,-l

U^ing A as defined by (2-17), as in (2-8) and A from (2-16), it 

is easy to show that 

Z +j2X +3l 0 0 
s m n 

0 (2-23a) 
s m^12 

0 0 Z s-jX„m 

or. 
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0 0 

0 z. 0 (2-23b)^12 
0 Tr 

where 

Z. = Z + j2X„ + 3Z„ (2-24)
0 s m n 

= per phase impedance of the component to zero 

sequence current or "the zero sequence impedance" 

Z, = - jX„ O (2-25) 

= per phase impedance of the component to positiveO 

sequence current or the "positive sequence impedance" 

Zj = (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 

^aO-i laO ^aO-k 
= 0 Z, 0 + (2-27a)^al-1 'al ^al-k 

0 0 Zj«a2-i ^a2 ^a2-k 
or 

^12-i "^12^12 ^12-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 

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 

impedance matrix ̂ 12 is diagonal. The decoupled model in (2-27) is 

much easier to solve than the coupled model in (2-8b). 

The diagonal character of ̂ ^2 iniplies that s-sequence (s=0,l,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 

Val-i = Z,T^, - ^ (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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I NO 
-o 
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Zi-Z.-JXr T 

V.1-1 Val-k 
N1 

b) positive sequence 

o —VA/ 
Zj-z;-iXm I 

V.2H Va2-k 
N2 I 

O o 

c) negative sequence 

Figure 2.3. Sequence models for the hypothetical component 



0

^al-i
=

yh-

■■,2-1
0

 
 

24 

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 Components 

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 calculate 

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 (Z^, , 1^ 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) 

1/(Zq+3Z^) 0 0 ^aO-i 
0 1/Z^ 0 ^al-1 
0 0 1/Z2 ^a2-1 

1

0
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E 

z 
z 

z 

Ve. v^.b-l V.'»-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 
OC I I co o 

shunt admittance Y . . one half of which is connected at each end 
shunt-s 

of the line. Passive components like lines and transformers have the 

property that their positive and negative sequence parameters are the 

same, that is. 

(2-30)^series-1 ~ ^series-2 

^shunt-1 ~ ''^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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'a1 
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N 

a)Positive sequence 

■a2 

'.2 

N 

b) Negative sequence 

■aO 

'aO 

3Z„< 

c) Zero sequence 

Figure 2.5. Sequence representations of a generator 
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z 
SERIES-S 

(k 
IkSHUNT-S 

SHUNT-S V...
as-i as-k 

Figure 2.6. Sequence representations of a transmission 
1ine 
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In Figure 2.6 it is assumed that the line 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 

^as-ik ^11 ^12 ^as-i (2-31a) 

^as-ki ^21 ^22 ^as-k 

where (s = 0,1,2) and 

(2-31b)'"'ll ~ ^22 ~ "'^shunt-s''^ ^ ̂ '^^series-s 

21 ^12 ~ ~^^^series-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 Zj 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 

line 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 

Ml, •1/Zi^as-ik as-1 (2-32) 
-l/I, l/I, for s=l,2\s-ki as-k 
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Va_| Vb-i Vc-I 
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(a) wye connected impedence load 

2 2 

'WN/ 

Vffi Vb-I Vc-I 
1 L L 

(b)delta connected impedance load 

Figure 2.7. Three phase models of impedance type loads 
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■a1 ■a2 lao ^0 
t 
v., 

'a2 VaO 

(a) positive (b) negative (c) zero 

iaO 1/(Zo+3Z„) 0 0 Vao 
s 0 1/Z^ 0 Va1 

0 0 1/Z2'a2 Va2 

(a) wye connected 

■a1 'a2 'aO 

Zi/3 Z2/3 
Va1 'a2 'aO 

(a) positive (c) zero(b) negative 

0 0 0'aO Vao 
= 0 3/Z1 0 Vai 

'a2 0 0 3/Z2 Va2 

(b) delta connected 

Figure 2.8. Sequence models of impedance type
loads representation 
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Bus I Bus k 

Wv 
as-kl 

V 

NS 

S=1 or 2 

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) sequence 

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 be 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 

modelling of the per phase zero, positive and negative sequence networks 

of the balanced prefault system. The s-sequence 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 specified 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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Figure 2.10. Zero sequence equivalents of transformer banks 
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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 zero, 

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 line diagram (four in this case). In addition, 

each sequence network has a well defined neutral denoted as 

NO, Ml, or N2. 

2. 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. 

3. Under prefault conditions the three sequence networks are 

decoupled. There are no circuit paths between the networks. 

4. 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 V^g, V^-j and which are defined as 

= vector of bus voltage phasors in the s-sequence 

network (s=0,l,2) 

where 

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

(s=0,l,2) (i=l,...,n) 

= \s-i 

In addition let the vectors ̂ g, and ̂ 2 denote the vectors of 

phasor currents injected (by external sources) at the n-buses of the 

sequence network, i.e. 

J = vector of phasor currents injected at the buses 

of the s-sequence network by external sources 

(s=0,l,2) 

where 

{J }. = current injected at bus i of the s-sequence
—AS ^ 

= network (s=0,l,2) (i=l,2,...,n) 
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for each sequence the bus voltages arising due to the currents injected 

by external agents are deteremined by the equation 

J = Y V (2-33)
^s -s -OS 

where 

= 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 .. (2-34a) 
n s-n 

= sum of the admittances of all branches 

connected to bus i (i=l,2,...,n) in the 

s-sequence network 

{Y }.. = Y .. (2-34b)'■-s-'ij s-ij 
= negative of the admittance of the 

branch connecting bus i to bus j 

(i—l,2,. ..,n) (j-l,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 

Y. . = Y. . 
ij JT 
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Using (2-34) the bus admittance matrix of the zero, positive and 

negative sequence network (Y^, and Y2 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 
(2-35)

h - j 
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 
(2-36)

-1 "-2" ^ 
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 

(2-37)V = Z J 
-!es -s -nas 

where 

■1 (2-38) 

= matrix of driving point and transfer impedances 

of the s-sequence network (s=0,l,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 
(2-39)-1 ' -2 ^ 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 limiting 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 
(2-40)^ - j 

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 and presented 

in Chapter 3. for those cases where Yq is singular the algorithm 

computes an approximation of the limiting value of 

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 

lishing 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 OBS 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, are the phase currents flowing into 

the fault and ^b-k' ̂ c-k 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 OBS and the 

fault. 

BOUNDARY 

OBS FAULT-

FP tk Bus k 

THREE PHASE If 
MODEL I? 

OF THE 

"OTHERWISE 

BALANCED Vflt 
*a-k *b-k Tc-k 

SYSTEM" 

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 Figure 

2.14. Figure 2.14 has also been drawn to emphasize the boundary 

between the OBS (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 OBS 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 ("i^)- In the 

sequence model of Figure 2.14 the boundary consists of six nodes; 

the faulted bus in each sequence network (labeled PC,PI, P2) and 

the sequence neutrals (N0,N1,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 OBS 

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 

(jfk yfk yfk yfk yfk yfk ) 
^^aO' al' a2' aO-k' ̂ al-k' ̂ a2-k^ 

be symmetrical components of the phase variables at the boundary 

(yfk yfk yfk yfk yfk yfk . 
^^a'^b' c' a-k' %-k' c-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 
1/ ^^1/ 

(I , lu > I- ) and phase voltages at the fault point
d D C 

,-yfk -fk yfk X 
^^a-k' Vk' \-k'' 

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

to sequence quantities (0,1,2). 

"Fk fk "Pkx4. Examine the sequence currents (I^qj Ig-j» 1^2' determine any 

appropriate connections to the F?s and Ns (s = 0,1,2) 

terminals. 

—fk —fk —fk5. Examine the sequence voltages (V^q_|^, Vgi_|^, '^^2-k' deter 

mine any additional connections to the FPs and Ns terminals. 

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 1ine-to-qround fault. Sequence network con-

ections for the single 1ine-to-ground (SLG) fault are determined below 

using Anderson's five step procedure. 

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 boundary equations of 

the phase variables for the SLG fault are: 

jfk = yfk = 0 (2-41a) 
b c 

= I. (2-41 b)
T d 
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Bus k 
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c 
rflc 

nfk ilk „fk 

*<Hi 

Figure 2.45, Diagram of single 1ine-to-ground fault 

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

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

(2-42a)
^aO " ^al " ^a2" ^a 

(2-42b)
\o-k ̂  ̂ al-k ^ ̂ a2-k ^f^^aO ̂  ̂ al ^a2^ 

= 3Z•^^f aO 
•i 

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 connectionsV-for 
NIthe SLG fault are shown in Figure 2.16. OC 

2.5.2 The almost general fault. Three other interesting shunt 

faults are the symmetrical three phase fault, the line-to-line fault 

and the double line-to-ground fault. Each of 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 

FRO 'aO 
ZERO 0 

f ' 
SEQUENCE VaOHcNO 
NETWORK U 

FP1 'a1 
POSITIVE 0 

f 
SEQUENCE 

N1 Val-K 
NETWORK 

jlk 
FP2 'a2 
QNEGATIVE 

t 
SEQUENCE 

N2 Yaa^c 
nNETWORK 

Figure 2.16. Sequence network connections for the single 
line-to-ground fault 
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Step 1) A phase diagram of the almost general fault is shown 

in Figure 2.17. 

Step 2) By inspection of Figure 2.17 the boundary equations 

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

z +z z z 
a n n n 

= Z Z.+Z Z (2-43) 
n b n n 

jfk
Z Z Z.+Z 
n n b n c 

Step 3) Transforming (2-43) the sequence boundary equations are: 

jf
k

.z-z.z
-z

aOa
^

b
 

yf
k
1

(2-
44)
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~
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^
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V.b-k 
_ fk 

Vc-k 

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). 

<0-k <2-45a) 

= KU - Z, (2-45b) 
=\ (2-45c) 

where V is 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, 

(2-46) 

Referring to the diagram of the AG fault in Figure 2.17 it is clear 

—fk — 
that I is not zero unless the fault impedance is infinite, 

a a 

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

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 fonowing equation can be obtained after some 

manipulation. 

Equation (2-47) implies 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(2^ - Zj^). The completed sequence network 

connections for the AG fault are shown in Figure 2.19. 
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Figure 2.18. Network interpretation of equation (2-45) 
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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 

Z = z. (2-48a) 
a f 

(2-48b)^b " ^f 
(2-48c)^9 ' 

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. 
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2.5.4 The double 1ine-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 

1 = infinity (2-49a)
d 

\= (2-49b) 

\ \ (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-line 

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

as a special case of the AG fault with 

T = infinity (2-50a) 
a 

\= Z^/2 (2-50b) 

Z = infinity (2-50c) 
n 

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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Figure 2.22, Diagram of the double line-to-ground fault 
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Figure 2.24. Diagram of 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 

—fk —fk —fk 
Suppose only the fault currents phase voltages 

"f "pU "pl^ 
at the fault point , Y, , Y are described from a fault study.

a D C 

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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Figure 2.26. Sequence networks of the example system for a 
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Let the Tevenin equivalent impedances of the sequence networks 

be defined by 

-rfk (2-51)Zxu ^ = Thevenin equivalent impedance of the
I r1"S 

s-sequence network between bus k and 

Ns. (s=0,l,2; k=l,2,...,n) 

and let the Thevenin equivalent voltage in the positive sequence 

network be 

"Vyj^ 1 = The prefault phase a voltage at bus k (2-52) 

Then in terms of their Thevenin equivalents the sequence networks can 

be represented as shown in Figure 2.27. 

•F1 'F2 
•FO 

fk 
fk 

Ik 

+ sfk 
z x-.fkTH-1=fk TH-2

fk VV a2-k 
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N2 
NO 

(a)ZERO (b)POSITIVE (c) NEGATIVE 
SEQUENCESEQUENCE 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 l ^^ k 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 Z^, and I2 

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 

-s =4h-s 
= I 

"s-kk 

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 2^, Z^ and 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 

+3T ) (2-54) 

= 8.110/-90 

= 0.1485^ (2-55a) 

^11 = - ■!] 4h-1 = 
"^32 " "^a2 4h-2 " 0-4258/180 (2-55c) 
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Figure 2.28. Thevenin equivalents of the sequence networks of 
the example system for a solid single 
1ine-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 

= 24.329/-90 (2-56a)
d — 

= 0.0 (2-56b) 

= 0.0 (2-56c) 
c 

and phase voltages at the fault point 

= 0.0 (2-57a) 
a 

= 0.8942/-104.42 (2-57b) 

= 0.8942/104.42 (2-57c) 

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 Figures 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 

currents throughout the system. 

2.7.1 Computing the voltage profile in each phase under faulted 

conditions. Recall that the sequence system bus voltage vectors V^q, 

V T, V o and the phase bus voltage vectors V , V,, V are defined by
—a 1 —a —u —V. 

(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 
fk fk 

phase under faulted conditions. In other words, the vectors 

https://0.8942/104.42
https://0.8942/-104.42
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and are to be computed. Clearly the desired phase vectors can be 

found using the DSCT if the sequence system bus voltage vectors under 
f\c fk fkfaulted conditions ^2 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,l,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 flows out of the s-sequence network 

at bus k and returns through the neutral Ns. Norton's theorem can be 

interpreted as meaning 

= changes in the s-sequence network bus (2-58a)
"^S 

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

= - V° (2-58b)
■^s -as 

= (2-58C) 

where 

= vector of currents injected into the (2-59a)
dS 

s-sequence network by the fault 

and 

fk • . . (2-59b) 
^--&s 1 

= -T^l< i = k 
as 
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"Pk / \
Since all entries in J ^ except the kth are zero, equation (2-58c)

aS 

can be written as 

Z z . (2-60) 
-s -as -as -S'k 

where 

^ I, = kth column of Z (2-61)
"5•K ""S 

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

sequence systems can be computed as 

-I^'^ z (2-62a)
^aO ̂ -k 

(2-62b)
h ^al -1-k 

-T^'^ Z (2-62c)
a2 -2-k 

Equation (2-62) makes use of the fact that V^q = y^2 ~ ^ ~ 
_fl^ _fl^ _fl^ 

The symmetrical components of the fault current I^g, I^i, 1^2 

required in (2-62) can be determined using the simple procedure 

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

fault study at bus k that only the kth columns of and are 

needed to process (2-62). 

If wye-delta transformers are present the corrections must be 

fk fk
made in the phase angles of some of the entries in the and 

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

matrices for the sequence networks. Applying (2-62), the voltage 

profile in the sequence networks under faulted conditions can be 

computed as 

(2-63a)
4o ^0^-1 

0.01831/90 0.1485/180 

0.00092/90 0.0075/180 
= (8.110/90) 

0.00192/90 0.0156/180 

0.00000/0 0.0000/0 

z (2-63b)
al -M 

1.0000/0 0.0525/90 

1.0000/0 0.0275/90 
-(8.110/90) 

1.0000/0 0.0300/90 

1.0000/0 0.0200/90 

0.5742/0 

0.7770/^ 

0.7567/0 

0.8378/0 
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(2-63c)
hz ^a2 -2-1 

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 

—flshift 30 degrees Is added to the angle of V^i_4 and 30 degrees is 

subtracted from the angle of in the vectors and V^2 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/g 

0.5465/0 
(2-64a) 

0.4978/0 

0.7696/-40.52 

0.8942/-104.42 

0.9115/-108.18 
(2-64b) 

0.9078/-107.45 

0.7696/-139.48 

0.8942/104.42 

0.9115/108.18 
(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 fTowihg 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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I/Zq 0^aO-34 ^0-3 
(2-65a) 

■fl 
aO-43 

0 0 ^aO-4 

1/0.05/90 

0 

0 

0 

0.0156/180 

0.0000/0 

0.3119/90 

0.0000/0 

^a1-34 

^a1-43 II 

1/Z^ 

-1/Z^ 

-1/Z^ 

1/Z^ 

■fl 
a1-3 

fl 
a1-4 

(2-65b) 

1/0.05/90 

•1/0.05/90 

-1/0.05/90 

1/0.05/90 

0.7567/0 

0.8378/0 

1.6219/90 

1.6219/-90 

^a2-34 

^a2-43 

1/Z2 

-I/Z2 

-I/Z2 

I/Z2 

^a2-3 

^a2-4 
(2-65c) 

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 

1.6219/-90 
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In order to properly account for phase shift 30 degrees is subtracted 

—fl -flfrom the angle of 1^2 and 30 degrees is added to the angle of I^i-

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

post fault current components in each phase are found to be 

3.5557/90^a-34 

1.31007-90 (2-66a)
^b-34 

= 

Y 1.31007-90^c-34 

2.80927-90 

Y 2.8092/90 (2-66b)
^b-43 

= 

OC 0.0000/0
^c-43 

2.8 Summary 

A systematic solution for shunt faults is possible 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 procedure 

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 

(Zq S J ^2^ • 

2. Obtain the prefault bus voltage profile in all phases 

(y^, y^, y^), usually these vectors are obtained from a load 
flow solution. 

Note: The effects of wye-delta transformer phase shift is 

neglected at this time. 

3. Establish the prefault voltage profile in each sequence network 

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

impedances. 

5. Establish the Thevenin equivalent between the fault point and 

—fk — —fk —neutral in each sequence network (Zj^_g = Zy|^_i = Zi_|^|^; 
■yfk _ . yfk y \ 
^TH-1 ^a-k' ^TH-2 ^2-kk^' 

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

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

—fk —fk —fkcomponents of the fault current (Iqqj > ^a2 

7. Construct the sequence network current injection vectors 
,yfk yfk yfk^
^'^aO' "^ar "'a2^-

8. Determine the faulted sequence network bus voltage vectors; 

i^-o.r.2). 
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TABLE 2.1 (Continued) 

9. Determine the sequence currents associated with all system 

components. 

10. Correct sequence network voltages and currents to account for 

wye-delta transformer phase shift. 

11. Apply the ISCT to sequence quantities (0,1,2) to find the faulted 

values of phase quantities (a,b,c). 

12. 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 2^ be an 

nxl column vector representing the kth column in !_♦ 

1^ = I_.|^ = kth column of 2_ (3-1) 

When 1^ is premultiplied by any nxn matrix, say Z^, then the resulting 

nxl column vector is simply the kth column in Z, i.e. 
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Zl, = Z . = kth column of Z (3-2) 
— — K — 

Given Y_ and 1_|^, if the linear equation 

YZ, = 1, (3-3) 

can be solved for the unknown nxl vector then represents the 

kth column on the inverse of ̂ (i.e. the kth column of . Observe 

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

ik = (3-4) 
= Zl 

and applying (3-2), 

(3-3) 

Triangular factorization is a thechnique for solving (3-3) for the 

unknown vector when X is a symnetric matrix. 

Let the matrix X be written in the triangular factorized form 

X=Il'" (3-6) 
where denotes the transpose of T where X is an nxn lower triangular 

matrix whose entries are defined by (Gastinel, 1970). 

T.. = 0 j > i (3-7a) 
'J 

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

/Y
11 

'11'V^li - 4 i = 2-3 " (3-70 
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"""jk 
2 < j < i < n (3-7d) 

JJ 

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

n.\ = (3-8) 

Define the product TT^ to be the nxl vector i.e. 

4 i, (3-9) 

Substituting (3-9) into (3-8), equation (3-8) becomes 

= ik (3-10) 

Equation (3-10) is known as the forward reduction equation. Given T 

and 1_^, the equation is easily solved for the entries in because X 
A, 

is lower triangular. Once the vector^ is known, equation (3-9), 

which is called the back substitution equation, can easily be solved 

for the desired unknown vector^ because 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 
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cause can be observed by looking at the forth equation of (3-7) where 

the diagonal element of T is zero. The value of T.. (i > j) for the 
I vJ 

case of a zero T.. would be infinity. This makes the problem impos-
J J 

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"^^, 

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 X 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 X 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 

Til Y^i//Yii for each i = l,2,...,n 

3. Set j = 2. 

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

i-1 2 
T..= ./Y.. - E T..
JJ \/ JJ k=i Jk 

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

6. If T.. = 0 then T.. = 10"^°. 
JJ JJ 

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

Tj'<*10 - ° " 

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 . 

2. Set i = 2. 

3. Generate each element by forward reduction 

i-1 

z. = (1. - Z T.. z.)/T.. 
1 ^ k ij j'' n 

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

5. Set z„ = z /T . 
n n nn 

6. Set k = n. 

7. Generate each element z by back substitution 

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

9. The solution is complete. 
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2.5 -1.0 -1.0 

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

-1.0 -0.5 2.0 

1o 

■v^AA 
2o1o 

20 1o 2n 

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 X computed as follows. 

T^^ = = 2.5//0" = 1.5811 

T^i = = -1.0//275 = -0.6325 (3-12) 

T31 = Y^^/ZY^ = -1.0//23 = -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. 

T22 = (Y22 - ^21)^^^ = (2.5 - (-0.6325)^)^/^ = 1.4491 
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T32 = (Y22 - "^31"'"32^/^22 " "(-0-5325)(-0.6325))/!.4491 

= -0.6211 (3-13) 

Letting j = 3, step 4 is repeated. 

T = (Y -T^ (3-14)
'33 ^^33 '31 '32^ 

N<OC 

= (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 1 for the example admittance matrix The for 

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

^1 0.01.5811 0.0000 0.0000 

= 1.0 (3-16a)-0.6325 1.4491 0.0000 h 

0.0-0.6325 -0.6211 1.1019 

or 

(3-16b) 

Applying steps 1 - 4 of the second algorithm the emtries in ^2 

computed as follows. 
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= 0.0/1.5811 = 0.0 

= (1.0 - (-0.6325)(0.0))/l.4491 = 0.6901 (3-17) 

Z3 = (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 0.0000^1 
(3-18a)0.0000 1.4491 -0.6211 0.6901^2 

= 

0.38890.0000 0.0000 1.1019 ^3 

or 

(3-18b) 

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

Z3 = 0.3889/1.1019 = 0.3529 (3-19) 

Z2 = (0.6901 - (-0.6211)(0.3529))/1.4491 = 0.6275 

= (0.0 - (-0.6325)(0.3529) - (-0.6325)(0.6275))/l.5811 

= 0.3922 

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

0.3922 

0.6275 (3-20)^2= 

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 1_, the inverse 

of Y. 

0.7451 0.3922 0.4706 

Z = 0.3922 0.6275 0.3529 (3-21) 

0.4706 0.3529 0.8235 

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

complex X 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. However, 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 algorithm: 

NB = The number of buses 

NL = The number of lines 

SB(I) = High voltage bus 

EB(I) = Low voltage bus 

IBLIS(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. All M values are initially set to 

1000 to identify them as unknown. One value, M(l), is set to zero 

arbitrarily. All 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(l); if a delta-wye connection is encountered, then M(J) is set to 

M(l) + 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 

1. Set all NB elements of M equal to 1000. This will indicate the 

index of phase shift is undefined. 

2. Set M(l) = 0. 

3. Set N = 1. 

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

5. Set K = 1. 

6. If IBUS(K) is equal to IS then set I = K. If IBUS(K) is equal to 

JE hen set J = K. 

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

8. 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. 

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

connection then go to step 11. 

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

11. Set M(J) = M(I) - 1 and then go to step 16. 

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

13. 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. 

15. Set M(I) = M(J) + 1. 
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TABLE 3.3 (Continued) 

16. Add 1 to N. If N is less than or equal to NL go to step 4. 

17. If M(I) = 1000 go to step 4. I = 1,2,...,NB 

18. Set M(I) = M(I) - M(FB). I = 1,2,...,NB 

19. 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 fault 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 KLIO processor using version 7 

of the TOPSIO 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 



86 

(^TA^ 

READ M NUMBER 

OF BUSES,NUMBER 

OF LMES,OPTION 

FLAGS 

FAULT 
YES 

STUDY 

ONLY 

NO 

READ 

SYSTEM 

DATA 

FORM 

BUS 

PERFORM GAUSS 

SEDEL CALCULA-nON 

FOR VOLTAGES 

T 
CALCULATE 

POWERS AND 

LME FLOWS 

YES CHANGE /^angeV\yeslODFY 
DATA^ *\MMPLETm/

SYSTEM 

NO 

GETF« 
SAV YES 

NAMEAND 
DAT 

SAVE DATA 

NO 

YES 

TUDY © 
NO 

AUL 

TO 

Figure 4.1. Load flow flowchart 
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Figure 4.2. Fault study 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 important 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 line-to-ground fault at bus 1 

for the example case. The system planner running this case may wish 
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•*»«» SINGLE LINE TC GKCUND FAULT v*'** 

FAULT OCCURS AT BUS 1 

FAULT lnPEDANCE= 0.000 0.000 

IFAULT= -0.0000 -S.IOSo MAGNITUDE= 8.1096 

SHORT CIRCUIT CAPACITY= 8.1096 

POST FAULT BUS VOLTAGES 

PHASE QUAN'IIilES 

BUS --- PHASE A XX PHASE D XX PHASE C X 
NO. VA ANGLE A V E ANGLE E vc ANGLE C 

1 0.0000 0.00 0.8942 -104.42 0.8942 104.42 
2 0.5465 -0.00 0.9115 -10E.18 0.9115 108.18 
3 0.4978 -0.00 0.9078 -107.45 0.9078 107.45 
9 0.7696 -40.52 0.7696 -139.48 1.0000 90.00 

POST FAULT LINE CURRENTS 

PHASE QUANTITIES X 

X PHASE A XX PHASE E XX PHASE C X 
LINE SB EB lA ANGLE A IE ANGLE B IC ANGLE C 

1 1 2 4.4074 90.CO 1.6748 -90.00 i..e74e -90.00 

1 2 1 4.4074 -90.00 1.6748 90.00 1.6748 90.00 

2 1 3 3.9816 90.00 1.4924 -90.00 1.4924 -90.00 

2 3 1 3.9816 -90.00 1.4924 90.00 1.4924 90.00 

3 2 3 0.4258 -90.00 0.1824 90.00 0.1824 90.00 
3 3 2 0.4258 90.00 0.1824 -90.00 0.1824 -90.00 

10 3 4 3.5557 90.00 1.3100 -90.00 1.3100 -90.00 

10 4 3 2.8092 -90.00 2.8092 90.00 0.ooco 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 TO MAKE ANY CHANGES IN THE INEUT DATA ? YES 

PLEASE SPECIFY EUS(G EN E H ATO i!), LI NE(TH ANSfORM EH) 7 BUS 

PLEASE SPECIFY ADD, CHANGE OR DELETE ? CHANGE 

BUS NUMBER = 1 

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

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

GENERATOR GROUNDING (G=GRCUNDING, BLANK IF NONE) 7 G 

GENERATOR POSITIVE SEQUENCE IMPEDANCE 

(REAL PART) = 0. 

GENERATOR POSITIVE SEQUENCE IMPEDANCE 

(IMAGINARY PART) = 0.1 

GENERATOR NEGATIVE SEQUENCE IMPEDANCE 

(REAL PART) = 0. 

GENERATOR NEGATIVE SEQUENCE IMPEDANCE 

(IMAGINARY PART) = 0.1 

GENERATOR ZERO SEQUENCE IMPEDANCE 

(REAL PART) = 0. 

GENERATOR ZERO SEQUENCE IMPEDANCE 

(IMAGINARY PART) = 0.02 

GENERATOR NEUTRAL IMPEDANCE (REAL PART) = 0. 

GENERATOR NEUTRAL IMPEDANCE (IMAGINARY PART) = 0.C1 

DO YOU WISH TO MAKE ANY CHANGES IN THE INPUT DATA ? NO 

Figure 4.4. Changing data interactively 
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***** SINGLE LINE TO GHCUND FAULT ***** 

FAULT OCCURS AT BUS 1 

FAULT iaPEBANCE= 0.000 0.000 

IFAULT= -0.0000 -6.6667 MAGNITUDE= 6.8667 

SHORT CIRCUIT CAPACITY= 6.8667 

POST FAULT 803 VOLTAGES 

PHASE QUANTITIES X 

BUS PHASE A XX PHASE E XX PHASE C X 

NO. VA ANGLE A V B ANGLE B VC ANGLE C 

0.0000 180.0C 0.9618 -115.79 0.9618 115.79 

0.6083 -0.00 0.9251 -lie.56 0.9251 110.56 

0.5587 -0.0c 0.9249 -11C.47 0.9244 110.47 

0.8029 -38.52 0.8029 -14 1.48 1.0000 90.OC 

POST FAULT LINE CURRENTS 

X PHASE QUANTITIES X 

X PHASE A XX PHASE E XX IIIASE C X 

LINE SB EB IA ANGLE A IB ANGLE B IC ANGLE C 

1 1 2 4.0958 90.00 1.0542 -90.00 1.0542 -90.00 

1 2 1 4.0958 -90.00 1.0542 90.00 1.0542 90.00 

2 1 3 3.7142 90.00 0.9208 -90.00 0.92C8 -90.00 

2 3 1 3.7142 -SO.00 0.9208 90.00 0.9208 90.00 

3 2 3 0.3816 -90.00 0. 1334 90.00 0.1334 90.00 

3 3 2 0.3816 90.00 0.1334 -90.00 0.1334 -90.00 

10 3 4 3.3327 90.00 0.7873 -90.00 0.7873 -90.00 

10 4 3 2.3787 -90.00 2.3787 90.00 0.0000 6.34 

Figure 4.5. Revised example case 
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CHAPTER 5 

CONCLUSION 

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 4s 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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3. Include the magnetizing branch in the transformer model. 

4. The code can be expanded to handle the occurance of simul 

taneous shunt faults. 

5. 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. 

6. The code can be broken up into a number of independent 

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

7. A more accurate load model can be developed. 
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APPENDIX A 

Univirsity of Tannesssa 

Fowar Systams Analysis PacAags 
User's Guide 

CEC10 VEHSICN 

By Dennis A. Peed 

This program performs a load flow or fault study on a power 
system of up to 24 b\ises and SO lines. All calculations dene by this 
package are assumed to be done on par unit grantities. 

To run the program the user must be in monitor mode cn the CEC10 
and type P.UN LFANAL as shown below. 

•RUN iFANAL 

The program will respond with: 

DO YOU WISH TO PERFORM A LOAD FICU C I- FAULT STUDY ? 

At this point the user must refer to the prefer section of this guide 
depending on whether they wish to perform a load flow ct fault study. 
Before showing how to run the program for each case an example system 
will be given. It will then be shown how this system would be input 
to the program. 
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LCAD FLOW ANALYSIS 

B1 B3 

13 

L2 

E2 I 

I 
V 

For L 1 Z = 0.0C1 + jO.01 

For L2 Z = 0.0025 + j0.025 
For L3 Z = 0.0C5 + jO.05 

For D1 slack bus V=1.,PD=QD=0. 

For B2 standard bus PD= 12.,0D=3.,PG=QG=0. 

For B3 standard bus PG=6.,QG=1.5,ED=gD=0. 

FIGUEE 1. Example system 

To perform a load flow the user must give the following response. 

DO YOU WISH TO PSPFOHM A LOAD FLOW CF FAULT STUDY ? LOAD FLOW 

The program will respond with: 

DO YOU WISH TO liAVE A OUTPUT FILE ? 

Desponding YES to this question will cause the program to create a 
disk file containing the load flows 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 of the results of his session. The 
following response will cause the program tc create an output file 
called SHITH.DAT : 

DO YOU WISH TO HAVE A OUTPUT FIIE 7 YES 

INPUT FILE NAHE 3KITH 

The next question asked by the program is: 

DO YOU HAVE AN INPUT DATA FILE ? 

In this case the response should be NC. If the user has a previously 
created data file it will be shown later tow he may use it. 



 

 

100 

The program will new bs ready to ask questions about the data to 
be input. Since this example case is 3 buses and 3 lines the 
questions and responses wculd be as fellows. 

IMPUT THE NUJIBEE CF BUSES ? 3 

INPUT THE NUMBZB CF LINES ? 3 

The next question will deal with the number of iterations to be 

performed by the program. In this case the number 500 is chcsen. If 
this is net sufficient the program will give the option later of 
increasing the number. 

INPUT THE NU;iBEE CF ITEEATICNS ? 5CC 

The program will new be ready to receive the data on the lines in 
the system. The line model for the system is a Pi mcdel of the 
following form: 

I 

Z I -

I Y/2 I I Y/2 I 

I I I I 

I 

FIGUHE 2. Line model 

The data for line 1 is as follows: 

LINE NUMBER = 1 

STAETIKG BUS NUKBER = 1 

ENDING BUS NUMBER = 2 

SERIES I.MPEEANCE (REAL PART) = C.C01 

SERIES IMPEDANCE (IM.AGINAPY PART) = 0.01 

SHUNT ADMITTANCE (REAL PART) = C. 

SHUNT ADMITTANCE (IKAGINAPY PART) = 0. 

The remaining lines of the system may be input the same way as the 
first line. 
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The next portion of the data to be input after the Line data will 
be the bus data. This program assumes the existence of three 
different types of buses. They are as follows: 

A type 1 bus is a standard bus, also called a load bus. The 
program will ask for the following information for each standard bus: 
power generated and power demanded. 

A type 2 bus is a voltage control bus. A voltage control bus is 
a bus where a desired voltage magnitude must be maintained. This is 
done by setting a range of values for capacitor or inductor banks at 
the bus. That is tc say, there is a maximum number of VAFS that car. 
be generated and a minimum that can be absorbed. The prccram will ask 
for the following infcrmation fcr each voltage control bus: voltage 
magnitude specified, real power generated, power demanded, laximum 
VAES, and minimum VAHS. 

A type 3 bus is the slack bus. The slack bus is the bus where 
any additional power tc be generated by the system due to losses is 
added. There may only he one slack bus fcr any system. The program 
will ask for the fcllcwing infor-ma tier, fcr the slack bus: voltage 
specified and power demand. 

For this example system the questions about the buses may be 
answered as follows. 

THE NU.1BEE CF THE BUS = 1 

THE TYPE OF BUS (1=LOAD,2=VC,3=SLACK) = 3 

HEAL POWEE DE-^-AHD = 0. 

EEACTIVE POWEF. EEKAbiD = 0. 

THE BUS VOLTAGE = 1. 

THE NUHBEH CF THE BUS = 2 

THE TYPE OF BUS (1=LOAD,2=VC,3=SLACK) = 1 

EEAL PCWEE GESEFATICN = 0. 

EEACTIVE POXEE GEHSEATICN = 0. 

HEAL POWER DEMAND = 12. 

REACTIVE POWEE DEMAND = 3. 

THE NUHBEH OF THE BUS = 3 

THE TYPE OF BUS (1=10AD,2=VC,3=SLACk) = 1 

REAL POWEE GENEEATICM = 5. 

EEACTIVE POWER GE.NSBATICN = 1.5 
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REAL POfl'ER DEMAND = 0. 

SEACEIVE POhER DEMAND = 0. 

At this point, when all bus data has been input, the prcgiam will 
echo out the input data to the terminal. When all data has been 
echoed and the load flew problem solved, the prcgiatn wiill asK the 
following question: 

THE NUMBER OF BUSES TO BE OUTPUT 7 

The proytam will be asKing for those buses at which the user wishes to 
see the load flow scluticn. If the user wishes to only view the 
results for certain buses, he niay input that number and the prcgram 
will then ask for the numbers of the buses to be output. For this 
example case, input 3 as shown. 

THE NUnBEH CF tUSES TO BE OUTPUT 7 3 

THE LOAD FLCH EATA 

The solution of the load flew for the system will be, at this 

point echoed out to the terminal. When the solution has been cutput 
the program will respond with the fcllcwxng question: 

CO YOU WISH TO MAKE ANY CHANGES IN TliE INPUT DATA ? 

At this point, if the user is unsatisfied with the solution tc the 
load flow he has just seen he may modify the data and run a new load 
flow. The possible modifications are as follows: line add, line 
change, line delete, bus add, bus change, and bus delete. A user may 
make any number of raodicaticns tc the data before running a new load 
flow. To run a new load flow after changing the system, respond re to 
the question about changing the incut data. If changes have 
previously been madr;, the program will perform a load flew on the new 
data. 

when finished using the program the user will be asked the 
following questions on whether or not he wishes to save the data sec 
he has created describing his power system. The following response 
will create a data set named ISST1 to store the data for future use; 

DO YOU 'WISH THE INPUT DATA STORED IN A FILE ? YES 

FILE NAME ? TEST1 

At this point the program will he finished. If the user wishes 
he may print the output file from the prcgram. This may be dene by 
typing: 

.PRINT SMITH.DAT 
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SJiiiiGING TKi lUMBIR Of iI|FATICNS 

When running the program it is possible that th.- numher of 
sufficient to find a solution. If this occurs the 

program wiil print out the last 3 iterations for the voltages and then 

DO fOU WISH TO INCHIASE THE NUMIEB Cf ITE5ATICNS 7 

It the response is no, the program will proceed to ash atout changes 

follovinS gu^stion:'" is y-s, the program will nek the 
THE HEW ITESATICH TOTAL = 

The program will then attempt to find the solution for the new maximum 
nuDDer or iterations, 

liii'iillil: i SAVED DATA SET 

A previously saved data set may he used by performing the 
following commands: 

_ DO YOU HAVE AN INPUT DATA FILE ? YES 

FILE NAME ? TEST1.DAT 

Ihis will result in the program reading the saved data set TE3T1.DAT 
fi.om the example case. See the section or changing the input data for 
informaticn aoout saving a data set, 

ANT CHAPGING CN A BUS 

yoM wish to have constant charging on a bus this may be done 
program will assume that a line which has a

starting bus which is part of the system and an ending bus which is 
numbered zero, is connected between the bus and ground and that th= 

charging '-^P=dar.ce cf that bus will be the desired amount of 
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ZhULI 

B 1 
33 

i3 

L 1 L2 

32 

Y WiiW T4 

D MM« 

D4 

Foi L 1 Z1 = Z2 = O.COl + jO.01 
20 = 0.003 + jC.03 

For L2 21 = 22 = 0.0025 + jO.C25 
20 = 0.01 + jO. 1 

For L3 21 = 22 = O.C05 + j0.05 
20 = 0.02 + jO.2 

For TU 21 = 22 = 20 = 0.0 + j0.05 

For 31 21 - 0.0 f jO.1, 22 = 0.0 + jO.1, 20 = 0.0 + jO.M 
ZN = 0.0 + jO.0 1 

For B2 21 = 0.0 + jO.1, Z2 = 0.0 + jO.1, 20 = 0.0 + iO.5 
2!1=0.0 +j0.005

For 33 ar.d BU there are nc values because they ar-^ not 
generator buses. 

Assume that the user wants to check for ail faults at bus 4. 

FIGURE 3. £xamt;le system 

To perform a fault study the user must give the fcllcwir.q 
response. 

DO YOU WISH TO FEFFOEM A LOAD FLOW OF FAULT STUDY ? FAULT 

The program will respond with: 

DO YOU WISH TO HAVE A OUTPUT FIIE ? 



105 

Responainij YES to this yuestion will cause the pcograra to create a 
disk tile containing tne fault studies that are perforrred 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 
following response will cause the program tc create an output file 
called SHIIH.DAT : 

DO YOU WISH TO HAVE A OUTPUT FIXE ? YES 

INPUT FILE [JAKE S FITH 

The next question asked ny the program is: 

DO YOU HAVE AN INPUT DATA FILE ? 

In this case the response should be NO. If the user has a previously 
created data file it will be shown later hew he may use it. 

The program will new be ready to ask questions about the data tc 
be input. Since this example case is 4 buses and 4 lines the 
questions and responses would be as follows. 

INPUT THE NUK3EP o? BUSES ? 4 

INPUT THE NUMBER OF LINES ? 4 

The program will then ask. 

DO YOU WISH TO OUTPUT THE SEQUENCE VOLTAGES AND CCRBENTS ? 

Answering YES to this question will result ir the sequence quantities 
being output to terminal and disk wh^n they are calculatec. Answering 
NO to this question will result in only the phase quantities being 
output to a device. The next ijuestion will deal with whether rr net 
the user wishes to input a nonunity voltage profile for the fault 
stud y. 

DO YOU WISH TO INPUT A NONUNITY VOLTAGE PROFILE ? 

If tne user answers yes the next questions will be asked for all buses 
of the system. 

THE NUMBER OF THE BUS = 

THE VOLTAGE MAGNITUEE = 

THE VOLTAGE PHASE ANGLE = 

The program will now be ready to receive the data on the lines in 
the system. The line model for the system is a Pi model of the form 
shown in figure C.2. The data for the first line will ta input as 
follows. 

LINE/TRANSFCRMEE NUMBER = 1 
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LINS TYPE (L=LIN3,T=TRANSF0RMER) ? L 

STARTING BUS MUKBEH = 1 

ENDING BUS NUflEER = 2 

FCSITIVE/NEGATJ.VE SEQUENCE SERIES IREEDAHCE 

(REAL FART) = 0.001 

POSITIVE/NEGATIVE SEQUENCE SERIES INEEDANCE 

(lUAGIIiASY FART) = 0.0 1 

FOSinVS/NEGATIVE SEQUENCE SHUNT ADKITTANCE 

(REAL FAST) = 0.0 

POSITIVE/NEGATIVE SEQUENCE SHUNT ADKITTANCE 

(ItiAGINARY FART) = 0.0 

ZERO SEQUENCE SERIES IMPEDANCE (EEAI FART) = 0.003 

ZERO SEQUENCE SERIES IMPEDANCE 

(IMAGINARY FART) = 0.03 

ZERO sequence shunt ADMITTANCE (DLAl PART) =0.0 

ZERO SEQUENCE S hU NT ADlMITTANCE 

(IMAGINARY FART) = 0.0 

The rendir.ing lines of the system may be input the same way as the 
first lir.a. The only difference will occur when IN is input and the 
results or that will be as fellows. 

LINE/TRANSFORMER NUMBER = h 

LINE TYPE (L=LIt;E,T=TF.AN3 FORM EE) ? T 

HIGH VOLTAGE BUS NUMBER = 2 

HIGH VOLTAGE SIDE CCNNECIION (Y=WYE,E=DELTA) ? Y 

HIGH VOLTAGE SIDE GROUND (G=GEaUNC, BLANK IF UNGROUNDED) ? G 

LOW VOLTAGE BUS NUMBER = 1 

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

Lew VOLTAGE SIDE GROUND (G=(;aCUND, ELANK IF UNGROUNDED) ? 

POSITIVE/NEGATIVE SEQUENCE SERIES IMPEDANCE 

(REAL PART) = 0.0 

POSITIVE/NEGATIVE SEQUENCE SERIFS IMPEDANCE 

(IMAGINARY PART) = 0.05 

ZERO SEQUENCE SERIES IMPEDANCE (REAL PART) = 0.0 

https://FCSITIVE/NEGATJ.VE
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ZERO SSgUEMCE SERIES IMPEDANCE 

(IMAGINARY FART) = 0.05 

HIGH VOLTAGE NEUTRAL IMPEDANCE (REAI PART) = 0.0 

HIGH VOLTAGE NEUTRAL IMPEDANCE 

(IMAGINARY PART) = 0.0 

LOW VOLTAGE NEUTRAL IMPEDANCE (FEAL PART) = 0.0 

LOW VOLTAGE NEUTRAL IMPEDANCE 

(IMAGINARY PAET) = 0.0 

The next pcrticn of the data tc bs input is the bus and gsrieratoi: 
data. If a bus does net contain a genaratci nc further data is 
required for that bus. If the bus is a generator bus it is necessary 
to input tne sequence impedances for the generator, how the ger.eratcr 
IS connected and whether it is grounded. For the example system, 
these quantities would te input as follcws. 

BUS NUMBER = 1 

BUS TYPE (3=BUS,G=GSNEaATOR) ? G 

GENERATOR CCHNECTION (Y=WYE,D=DE1TA) ? Y 

GENERATOR GROUNDING, G IF GROUND, DLANK IF NONE G 

GENERATOR POSITIVE SEQUENCE IMPEDANCE 

(REAL PAST) = 0.0 

GENERATOR POSITIVE SEQUENCE IMPEDANCE 

(IMAGINARY PAET) =0.1 

GENERATOR NEGATIVE SEQUENCE IMPEDANCE 

(REAL PART) =0.0 

GENSEATOH NEGATIVE SEQUENCE IMPEDANCE 

(IMAGINARY FART) = 0.1 

GENERATOR ZERO SEQUENCE IMPEDANCE 

(REAL PART) = 0.0 

GENERATOR ZERO SEQUENCE IMPEDANCE 

(I.MAGINAEY FART) = O.h 

GENERATOR NEUTRAL IMPEDANCE (^^ESl FAFT) = 0.0 

GENERATOR NEUTRAL IMPEDANCE (IMi.iGINARY PART) = 0.C1 

BUS NUMBER = 2 

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

GENERATOR CONNECTION (Y=WYE,D=CEDTA) ? Y 
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GEliKEATOS GEOUNDIUG, G IF GECUND, BLANK IF NONE G 

GENEEATOP. POSITIVE SEQUENCE lUPICSUCE 
(HEAL PART) = 0.0 

GENEHAT OH POSITIVE SEQUENCE IMPEL ANCr 
{IMAGINARY PAET) = 0.1 

GENEEATOE NEGATIVE SEQUENCE IMEICANCE 

(REAL PAET) = 0.0 

GENERATOR NEGATIVE SEOUENCE IMPEEANCE 
(IMAGINARY PAF.T) = 0.1 

GENERATOR ZERO SEQUENCE IMPEDANCE 

(REAL PAET) = 0.0 

GEHEEATOF. ZEPO SEQUENCE IMPEDANCE 

(IMAGINARY PART) = 0.5 

GENEuATOE NEUTRAL IMPEDANCE (REAL PART) = 0.0 

GENERATOR NEUTRAL IMPEDANCE (IMAGINARY PART) = 0.C1 

BUS NUMBER = 3 

BUS TYPE (5=EnS,G=GENEEATCR) ? E 

BUS NUMBER = 1 

BUS TYPE (B=BUS,G=G£NEEATCR) ? E 

At this point the ptogian will new erhc out the input data tc the 
terminal. When all the data has been echoed the program will respond 
with the rollowing question. 

THE NUMBER OF StSES TO BE FAUITFD = 

For the example case the response tc tnis uuestion will be 1. The 
computer will then ask the numbers of the fuses to be faulted ana the 
shunt faults to be applied at each bus. Ecr the example case the next 
series of questions will he answered as fcllcws. 

THE NUMBER OF EUSES TO BE FAULTED = 1 

THE NUMBER CF THE BUS TO BE FAULTED = 4 

DO YOU WISH TO APPLY A THREE PHASE FAULT (Y/N) ? Y 

DO YOU WISH TO APPLY A SINGLE LINE TC GROUND FAULT (Y/N) ? Y 

DO YOU WISH TO APPLY A LINE TC LIFE FAULT (Y/N) ? Y 

DO YOU WISH TC APPLY A DOUBLE LINE TC GROUND FAULT (Y/N) ? Y 
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FAULT IKPEDAIiCi (FFAL PAET) = C.O 

FAULT IMPEDAMCE (TMAGINABY PAPT) = C.O 

SiiMCIliS THE FMil analysis DATA 

The solution of the fault study for the system will te, at this 
point echoed out to the terminal. When the solution has been output 
the program will respond with the following guestion: 

DO YOU WISH TO MAKE ANY CHANGES IN THE INPUT DATA ? 

At this point, if the user is unsatisfled with the solution to the 

fault stuay ha has just seen he may modify the data and run a new 
fault study. The possible modifications are as follows; line add, 
line change, line delete, bus add, bus change, and bus delate. A user 
may make any number of modicaticns to the da^a before running a new 
fault study. To run a new fault stuuy after changinc the systam, 
respond no to the question about changing the input data. If changes 
have previously been made, the prcgrair will perform a fault study on 
the new data. Before the program performs a new fault study it will 
also asK what buses are to be faulted for '■he revised system and what 
faults are to be applied to the revised system. 

When finished using the program the user will be asked the 
following questions on whether or not he wishes to save the data set 
he has created describing his power systeu. The following response 
will create a data set named TEST1 to store the data for future use; 

DO YOU WISH THE INPUT DATA ETCHED IK A FIXE ? YES 

FILE NAKE ? TEST1 

At this point the program will be finished. If the user wishes 
ne may print the output file from the program. This may be done by 
typing: 

.PHINT ShITH.DAT 

fSCiZ'SAH USAGE NOTES 

This program has certain basic limitations which should be kept 
in mind by the user. 

If an error is made while inputing data there is no imnediate 
means of correction. The user must finish inputing whatever sequence 
of data he is doing and then make the correction when asked if there 
are any changes to be made in the input data. 

The user should also keep in mind that there are certain errors 
which ate fatal for the program. They are as follows; inputing a 
character when a number is asked for, inputing an unreferenced bus. 



no 

inputing rc-al numter \<hen integer is asked, inputing e negative ct 
zero value for a bus nuirber. 

When one of the previous errors occurs the program will 
abnormallY terminate and all data input tc the program vill be lost. 
The program will need to le run again and all data retypec. 

While using this program it is strongly suggested that the user 
be careful what he types. If this program is used for a long session 
at the terminal the user should keep in mind that a fatal mistaKe will 
oestrcy all his results previous to that point. 
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APPENDIX B 

>. liMViHSITY CF TItiNFSSEE PCMER SYSlEd ANALYSIS PACKAGE 
C VERSION 1.0 
C 

C WEIHEN BY 
o 

C DENNIS A. REED 
C 

C SEPT. 16, 1981 
C 

C TlilS PROGRAM PEFFCRKS A LOAD FLCW STUDY AND A FAOIT STUIY 
ICR A SYSTEM CE Of TC 24 EUSE3 ANI 5C LINES. THE GAUSS-EEIDEL 

C ITERATIVE METHOD IS USED TO SOLVE FOR THE ICAE FLCW 
r 

0 

C THE DATA INPUT TO THE PRCGRAH 
C 

C 

C NB - THE NUMBER OF BUSES IN THE KEIfcCRK 
C 

C NL - THE NUMBER OF LINES IN THE NFTHCHK 
C 

C ALPHA - THE ACCELERATION FACTOR FOR THE GAUSS-SEIIEl ITERATION 
C TECHNICHE 
C 

IVG - THIS VALUE INDICATES IF TF.E INITIAL VOLTAGE GUESS IS 
C A UNITY VOLTAGE PRCFIIE CE NOK UNITY 
C 

C lYBUS - THIS IS SET TO ONE IF THE YBUS MATRIX IS TC EE FEINTED 
C 

C- HER - THE NUMBER OF ITERATIONS TC EE DONE 
0 

c iPS - THE CONVERGENCE FACTOR FOE THE SYSTEM 
C 

C 

C THE FOLLOWING ITEMS ARE THE VARIAEIES FOE THE LIN' DATA 
C 

0 LINE - LINE NUMBER FOR A IRANSMISSICN LIN'^ 
C 

C SB - STARTING BUS FOR LINE 

0 

C EE - ENDING BUS FOR LINE 
C 

C LENGTH - THE LINE LENGTH. DEFAULT CF 1.0 
C 

C SHTY - THE SHUNT ADMITTANCE OF A IINE 
C 

C SEED - THE SERIES IMPEDANCE OF THE LINE 
C 

F"' 

THESE VARIABLES ARE THE BUS DATA FOB THE PRCGEAM 
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c 

C IEU3 - THE BOS NUMBSH 

C 

C IBTYP - THE BOS TYPE 3 - SLACK 

C 2 - VOLTAGE CCNT30L 
C 1 - STANDAEC 
C 

C PG - HEAL POWEE GENEEATED 
f 

C QG - EEACTIVE POHEH GSMEHATED 

C 

C ?D - EEAL POKEE DEHAHD 

C 

C QD - EEACTIVE PCnER DEMAND 

C 

C P - REAL POWER GENERATED MINUS PEAL lOWEE DEMAND 
c 

:: 0. - P.5ACTIVE PWER GENERATED MINUS REACTIVE POWER CEMAND 
C 

C VP. - BOS VOLTAGE SPECIFICATION 
C 

0 QKIN - MINIMUM VAFS FOP VOLTAGE CCNTECL BUS 
C 

C QMAX - MAXIMUM VAFS FOE VOLTAGE CCIJIBOL BUS 
C 

C V - COMPLEX VOLTAGE FOE NCH ONII VOLIAGE °EOFILE 
C 

C Y - THE BUS ADMITTANCE MATRIX 
C 

C 

C SUBROUTINES CALLED; 

C 

C ERROR,asPEC,BOUT.LINOUT,GSIFS,IDFISL,FAULI 
c 

DOUBLE PRECISION FNAMS 

DOUBLE PRECISION GNAME 

DOUBLE PRECISION HNAME 

LOGICAL BAL 

LOGICAL TPF.INT 

COMPLEX SHTY(50) 
CCMPLEX Y(2W,24) 
CCMP LEX SEEZioO) 
COMPLEX V (24) 
COMPLEX ZIINE 

COMPLEX YLINE 

REAL OFG(24) 
REAL 0QG(24) 
REAL P(24) 
PEAL Q(24) 
REAL OMAX (24) 
REAL QMIN (24) 
SEAL VSPEC(24) 
SEAL PG(24) 
F.EAL QG(2U) 
REAL PD(24) 
REAL QD(24) 
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INTHGER SB(50) 
INTEGER EB(50) 
INTEGER LINE(50) 
INTEGER I3US(2I4) 
INTEGER I FTIP(24) 
COKMON /INOO/ KTERM 

CCKNOK /OUIEUT/ ANSGUT,T?EINT,AN5IN 

C 

C THE EOLIOWING DATA STATEMENTS MAI BE SYSTEM DEPENDENT 

C 

DATA FIT /'FAULT'/ 

DATA YES /'YES '/ 
DATA BUS /'BUS '/ 

DATA ADD /'ADD '/ 
DATA CHANGE/'CHANG'/ 

DATA DELETE/'DEIET'/ 
C 

C SET TERMINAL INPUT DEVICE TO UNIT 5 

C 

KTES ri=5 

iPF.l NT=.TEUE, 

C DECIDE IF THIS IS LOADFLCW CR FAULT STUDY 

C 

WRITE(KTERM,734) 
RE.AD(KTEElM,824)START 
IF(START.EQ.FLT)IFS=1 

C 

C THIS SECTION CHECKS TO SEE HOW 

C CO UIS I/O 

C 

WRITE(KTERM ,804) 
READ(KTERM,824)ANSOUT 
IF(ANSOUT.NE,YES)GO TO 20 
WRITE(KTERM,844) 

C READ IN OUTPUT FILE NAME 

C 

READ(KTEEM,884)GNAME 

THE PERSON WANTS TC 

0P£N(0NIT=6, DEVICE='DSK', ACCESS='SEQOUT', MCDE='ASCII', FILE= 
1 GNA.ME) 

20 WRITE(KTERM ,864) 
READ(KIEEM,824)ANSIN 
IF(ANSIN.NE.YES)GC TO 40 

WRITE(KTERM ,844) 
C 

C READ IN INPUT FILE NAME 

C 

READ(KTERM,884)IINAHE 
0PEN(UNIT=8, DEVICE='DSK', ACCESS='SEQIN', MODE='ASCII', FILE= 

1 aNAME) 
GO TC 60 

40 IF(START.EQ.FLT)GC TO 680 
C 

C THIS SECTION REQUESTS THE NUMBER CE FUSES, NUMBER OF LINES, 
C NUMBER OF ITEEATICNS, AND ACCELERATICN FACTOR. 

C 

WRITE(KTERM ,904) 
F.iAD(KTERM,*) NB 

WRITE(KIERM ,924) 
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READ(KT2R.1,*) NL 
WEirs(KTEa«,94'4) 
a EAD(KTEEM,»)ITZH 
ALPH A=1.0 

EPS=0.00001 

GO TO 80 

60 aEAO(3,364,ER?.=9003) NB,NL,AlPH A,IVG,IYBU3,IFS,IFV P,IS Q 
IF(N3.GT. 24)CALL Ef.SO F.(12,MB,69S999) 
IF(NL.GI. 5C)CALL S RaOR(13,M,o S9999) 
IF(IFS.N'E. 0)GO TO 680 
IF (ALPHA.LT.1.E-20) ALPHA=1. 

C 

C NUMBER OF ITERATIONS (500 IF HOT C3ED) AND CONVERGENCE CRITERIA 
0 (.00001 IF NOT USED ) 
C 

READ (8,984,EHR=90C't) ITER,EFS 
IF(ITER.EQ.C) ITEH=5C0 
IF (EPS.LT. 1.E-20) EPS=.00001 

oO DO 120 I = 1,NB 
DO 100 J = 1,NE 

Y (I,J) = CMPLX(0.0,0.0) 
100 CONTINUE 

120 CONTINUE 

DO ISO I = 1,NL 
C 

C READ LINE NUMBER, STARTING BUS, END BUS, LENGTH, SHUNT 
C ADMITTANCE AND SERIES IMPEDANCE IK F.U. - PER UNIT LENGTH. 
C 

IF(ANSIN.EQ.YES)GO TO 140 
C 

C THE LINE DATA IS INPUT 

C 

.<RITE(KTHaM,1CC4) 
RIAD(KTSEK,»)LINE(I) 
WRITE(KTEPM,1024) 
R EAD(KTSRH,»)SB(I) 
W .RITE(FT EFM,1044) 
H EAD(KTERM,*)EB(I) 
w RITE(KT EDM,1084) 
READ(KTE FM,'=)RES 
WRITE(KTHRK,1104) 
?. EAD(KTES.M,*)X IMAG 
■W.RITE (KTERM, 11 14) 
R SAD (KTERM , *)GIN 
WRITE (KTERM, 1124) 
a EAD(KTEBM,*)YIMAG 
S EaZ(I) = CMPLX(EES,XIMAG) 
SliTY (I) = CMPLX (GIN,YIMAG) 
GO TO 130 

C 
c READ IN THE LINE DATA FROM INPUT FILE 
c 

110 R EAD (8, 1 144, EH ?. = 9005) LI NS (I) , SB (I) , E 3 (I) , SHT Y (I) ,S EES (I) 
130 CONTINUE 
c 

C READ IN SPECIFIED BUS DATS, REAL POWER, REACTIVE POWER, 
C REFERENCE VOLTAGE VI, VOLTAGE CCNTECI BUS MAGNITUIES SNE 
C REACTIVE POWER IIMITS. 
C 

CALL BSPEC (NB,P,Q,V3FEC, CHIN, QM.SX ,IETYP, IBUS,PD,?G,QD,QG, 

https://IF(NL.GI
https://IF(N3.GT
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1 &sy999) 
CALL DCUT (■IE, VSFEC,OflIN- ,CKAX, IBTYF, lE'JS ,PD,PG,CD, CG) 

C 

C ASSEMBLE THE BUS ADMITTANCE HAT5IX. 
C 

220 DO 260 1=1,N3 
DO 2'10 J=1 , NE 

240 i (1,0)=CMPLX (0.0,O.C) 
260 CONTINUE 

CALL YASSEM (NB,NL ,IUUS,SB , EB,SEEZ ,SRTY,Y,S99999) 
C 

C WEITE OUT LINE DATA, SHUNT ADMITTANCE, AND THE Y EUS 
C 

CALL LINCUI (ML,3B,EB,LINE,SiRZ,SHIY) 
IF(IYBUS.EO. 0) GC TC 440 
IE (ANSOUT.NE.YES) GO TO 440 
•« RITE (6, 1 16 4) 
DC 420 I = 1,NB 

•« P ITS (6, 11 84) (Y (1, 0) , 0=1 , MB) 
420 CONTINUE 
C 

C PEEFCRM THE LOAD FLOW CALCULATIONS 
C 

440 CALL GSLFS(NB,IVG,ALPHA,ITER,EPS,N,V,Y,P,Q,VSPEC, 
1 2MIN,QHAX,IBTYP,IBUS,S500) 

DC 4 60 1=1 , NB 
JPG(I)=PG(I)

460 COG(I)=QG(I) 
CALL LDFLSL (NL , NB ,N , V, Y , SB, EB, II N E , SEPZ , S HTY , F, Q , IETY P, 

1 luUS,PD,?G,QD,QG) 
DO 4 80 1=1 , NB 

?G(I)=OPG(I) 
OG (I)=GQG (I) 
P (I) =?G(I) -PD(I) 

480 0 (I)=QG(I) -QC(I) 
C 

C THIS SECTION CHECKS TO SEE IF YOU WISH TO CHANGE 
C THE ORIGINAL DATA SET 
C 

3AL=.FALSE. 
ICHECK=1 

500 WRITE(KTEEM , 1204) 
READ (KTEEM, 324) ANSCH 

C 

C IF ANSCH.NE. YES AND ICHECK NE C THEN THEBE IS NO 
C NEED TC PEEFOEM A NEW LOADFLCW GC TC FAULT ROUTINE 
C 

IF((AHSCH.NE.YES) .AND. (ICHECK.NE.O) ) GO TO 615 

C IF NEK LOADFLCW TC SE DONS GC PETIT CUT EUS AND LINE DATA 
r 

IF(ANSCH.NE.YES)GO TO 600 
ICHECK=0 
TPEINT=.FALSE. 

C 

C SPECIFY BUS OR LINE 

WHITE(KTERM,1224) 
READ(KTEEM,824)ANSBL 

https://ANSCH.NE
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C ADD CHANGE C2 DELETE 

C 
KHITE(KTEH!1,124U) 
HEAD (KTSHM,82U)ANSACD 
IF(ANSBL.NE.3US)GO TO 560 

c THIS SECTION GETS THE NEW DATA EOF THE CHANGES IN THE BUS DATA, 
C 

WF.1TE(KTEBH ,1264) 
BEAD(KTEEH,»)lEUS N 
IF(ANSACD.NE,DELETE)GO TO 520 
CALL BDELIIEUSN.NbjNLjD.g.VSrECjCflNjgHAXflETTP.IE'JS.PD.FG, 

1 QD,QG,BAI,3E,EB,LIN£,SHTY,S£EZ,Y) 
GO TO 500 

520 PGN=0.0 
UGN=0.0 

PDN=0.0 

gDN=0.0 

WRIT E(KTEEH,1 234) 
HEAD(KTEFM,»)I3TYFN 
WRIT E(KTERH,1304) 
READ (KTEBU,*)PGN 
WE ITE(KTERH,1 324) 
HEAD(KTEPM,*)CGN 
WRITE(KTERH,1 344) 
HEAD(KTEP.M, »)PDN 
WRITE(KTERM,1364) 
READ(KTSRPl,»)QDN 
V R N=0,0 

gKNN=0.0 
QNXN=0.0 
IF(IBTYPN.Eg.1)GO TO 540 
WRITE(KTEPM,1334) 
READ(KTERM,*) VRN 
IF(IBTYFN.EC.3)GO TC 540 
WRITE(KTERM,1404) 
READ(KTERM,♦) QMNN 
WRITE(KTERM,1424) 
H EAD(KTEPM,*)QMXN 

540 IF(ANSACD.EC.ADD) CALL EA CD(IBUSN,IETYPN,EGN,QGN,ECN,QCK,V EN, 
1 gMNN,OMXN,P,g,VS?EC,CMIN,gMAX,IETYP,IBUS,PD,PG,QD,QG,NB,BAL) 

IF(ANSACD.EQ.CHANGE) CALL ECUNG(IEUSK,IBTYPN,PGN,CGN,EEN,CCN, 
1 VEN,QHNH,QMXN,P,g,V3PHC,QKIN,C:;AX,I£IYP,I3US,PD,PG,0D,QG,N3) 

GO TO 500 

C THIS SECTION RECEIVES THE DATA FCF CHANGES IN THE LINE EATA 
C 

560 WRITE(KTERM,1004) 
READ(KTERM,*)LINEN 
WEirE(KTERM,1 024) 
READ(KTERM,*)133 
WHITE(KTERM,1044) 
R EAD(KTERM,*)lEB 
IF(ANSACD.NF.DELETE)GO TO 530 
CALL LDSL(LINEN,ISE,lEE,NE, NL, lEUS,SB,E3,UNE,SHTY,SEEZ) 
GO 10 500 

580 WRITE(KTERM,1084) 
READ(KTERM,")RES 
WRirE(KTEEM,1 104) 

READ(KTERM,«)XI MAG 
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600 

c 

c. 

c 

c 

b 15 

640 

660 

630 

700 

9003 

9004 

9005 

99999 

c 

734 

1 

604 

324 

344 

364 

884 

904 

924 

944 

964 

934 

1 004 

SLINZ=C!1PLX {SES,XIHAG) 
yZITE(KTEEM,1124) 

r.EAD ('XTSP.M,»)YIMAG 
YilN E=Ci'i?LX(0.,YIMAG) 
IF(A NSACD.EC. ACE) CALL LA CD (L HiEN,ISE,ISB,ZLINE,YII NE, 
NB,NL,IBUS,SB.EB,LINE,SHTY,SEH7,,Y) 
IF(ANSACD.EQ.CHANGE) CALL LCH NG(LINEN,XSE,IEB,ZLIM,YiIKE, 
NE,NI,IDUS,LINE,SHTY,SHRZ,Y) 
GO TO 500 

CALL BOOr(NE,VSfEC,QMIN,CMAX,lEIYF,IEUS,PD,PG,QD,CG) 
IF(UAL)GO TO 220 
CALL LINCUT(NL,SE,EE,LINE,SERZ,SHTY) 
GO TO 440 

THIS SECTION CHECKS TO SEE IF TEE PRCGRAMHES WISHES 

TO SAVE THE NEW DATA SET HE HAS CFEATED 

.HITE(KTERM,1444) 
READ(KTE3H,324) ANS 
IF(ANS.NE.YES)GO TO 660 
WRITE(KTERH,844) 
HEAD(KTERM,884)FNAWE 
0PEN(UNIT=7, DEVICE='DSK', ACCESS=«SECOUT', «0D£='ASCII', FIIE= 
FNAH E) 

WEITE(7,964)N3,KL,ALPHA,IVG,IY3tS,IFS,IFVF,ISC 
WRIT E(7,984)ITEE,EPS 
D=0.0 

DO 640 1=1,NL 
WRITE(7,1144)LINS(I),SE(I) ,EE(I) ,SI!rY(I),SEEZ(I) 
CONTINUE 

WRITE(7,1464)(IB0S(I),IBT YP(I),EG(I) ,gG(I),PC(I), 
gD(I),VSPEC(I),CHIN(I),Q;1AX(I),I=1,KE) 
WRITE(KTEEM,1434) 
READ(KTERH,824) ANS? 
IF(A NSF. KE. YES)GO TO 700 
CALL FAULT(NB,NL,IPS,IFVP,ISQ,V,Y) 
CONTINUE 

CLOSE(UNIT=5) 
CLCS E(UNIT=6) 
CLOSE(UNIT=7) 

CLOS E(UNIT=8) 
STOP 

CALL EF.ROR(3,0,699999) 
CALL ERROR(4,0,£99999) 
CALL ERROR(5,0,699999) 
SIO? 

FORHATC DO YOU WISH TO PEHFCRH A 

,t) 
ICAD FLCW OF A FAULT STUEY ? 

FGRNATC DO YOU WISH TO HAVE A CHTPUT FILE ? ',1) 
FORM AT(A 5) 
FORM AT(• INPUT FILE NAME ',$) 
FORMAT(• DO YOU HAVE AN INPUT DATA FILE ? ',$) 

FOSMAT(AIO) 
FORMAT(' INPUT THE NUMBER OF EUSES ? ',S) 
FORMAT(' INPUT THE NUMBER OF LINES ? ',$) 
FOrvMAT(' INPUT THE NUMBER OF ITERATICNS ? *,5) 
FORMAT(215,F5.2,11,IX,4II) 
FORMAT(I5,G1C.3) 
FORMATC INPUT LINE NUKEEE ',$) 

https://NSACD.EC
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1 024 FORMAT • IIIFUr 5TAHTING EUS Na:iE5E <, f) 
1044 FORMAT • INPUT ENDING DUS NDMEEIi ', i) 
1 Od4 FORMAT ' INPUT IKfSCANCE (REAL FAST) ',S) 
1104 FORMAT ' INPUT i:iF2DANCE (I A G11. A FI PART) • , $) 
1114 FORMAT • INPUT ADMITTANCE (REAI FAnT) ',J) 
1 124 FORMAT ' INPUT ADMITTANCE (IMAGINARI PART) ' ,S) 
1144 FORMAT 3I5,5X,4F10.4) 
1 164 FORM AT 1H1, ' Y-BUS MATRIX FCR ICADFLOW CALCULAT ICNS'/) 
1 184 FCRM AT 2 (« ( F9, 1), 1 X, F9. 4, 3X) /) ) 
1204 FORMAT ' DO you WISH TO MAKE ANY CHANGES IN THE INPUT DAIA 

1 ■5) 
1224 F ORfi AT PLEASE SPECIFY EUS OR LINE 
1244 FORM AT PLEASE SPECIFY ADD, CHANGE, OR DELETE 
1 264 FORM AT INPUT THE EUS NUMBER ',S) 
1284 FORM AT INPUT THE BUS TYPE <,S) 
130 4 FORM AT INPUT THE REAL PCWER GENERATION ',S) 
1324 FORMAT INPUT THE IMAGINARY POWER GENERATION ",S) 
1 344 FORM AT INPUT REAL POWER DEMAND •,!) 
13o4 FORM AT INPUT IMAGINARY POSER DEMAND ',$) 
1384 FORMAT INPUT THE EUS VOLTAGE ' , $) 
1 404 FORMAT INPUT Q MINIMIM FOE CCNTfCI BUS <,S) 
1424 FORM AT INPUT Q MAXIMUM FOE CCSTECl BUS ' .i) 
1 434 FORMAT DO YOU WISH TO PERFORM A FAULT STUDY (YES/NO) /i)
1 444 FORM AT DO YOU WISH THE INPUT DATA STORED IN A FILE S)
1 464 FORM AT I3,I2,7F10.3) 
f 

END 
SUBROUTINE EADD(IEUSN, IBTYPN,FGN,CGN,?DN,QDN,VRK,CMNN, 
yMXN ,?,Q,VR ,OMN ,OMX,IBTYP,IPUS,ED,PG,QD,CG,NB,ECHMG) 

THE SUBROUTINE EACD ADDS A NEW EUS IC THE SYSTEM. THE ECUTINE 
ASSUMES THAI LINES CCNNECTING THIS EUS WILL BE ACPEC AFTER THE 
BUS 

ARGU MENTS : 

I3USX - THE NEW BUS NUMBER 
C 

C IBTYPN - THE NEW EUS TYPE 
c 

FGN - THE NEW REAI POWER GENERAIEI 
c 
L QGN - THE NEW REACTIVE POWER. GENERATED 
c 

FDN - THE NEW REAL POWER DEMAND 
c 

QDN - THE NEW REACTIVE POWEP DEMAND 
c 

L VFN - THE NEW EOS VOLTAGE SPECIFICATION 
c 

OMNN - THE NEW MINIMUM VAR3 FOE VOLTAGE CONTROL BtS 

OMXN - THE NEW MAXIMUM VARS FOR VOLTAGE CONTROL BUS 

NB - THE NUMBER OF BUSES IN THE SYSTEM 
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C BCHNG - THIS IS A LOGICAL VARIABLE WUICH INDICATES IF Y BUS 

C SHOULD BE RECALCULATED 

C 

C IBUS - THE BUS i:U«PER 

C 

C IBTYP - THE BUS TYPE 3 - SLACK 
C 2 - VCLTAGE CONTROL 
C 1 - STANDARD 

C PG - REAL POWER GENERATED 

C 

C QG - REACTIVE POWER GENERATED 
C 

C PD - REAL POWER DEHAND 

C 

C QD - REACTIVE PCWER DEMAND 

C P - REAL POWER GENERATED MINUS SEAL POKExR DEMAND 

C 

C Q - REACTIVE POWER GENERATED MINUS REACTIVE PCWER DEMAND 
C 

C VB - BUS VOLTAGE SPECIFICATION 

C 

C OMIN - MINIMUM VAES FOR VCLIAGS CCNTFOL BUS 
C 

C QMAX - MAXIMUM VARS FOR VCLIAGE CCNTSOL BUS 

C SUBROUTINES CALLED; 

C 

C NONE 

LOGICAL BCHNG 

INTEGER IEUS(24) 
INTEGER IBTYP(24) 

REAL P(24) 
R EAL Q(24) 

HEAL VR(24) 

SEAL QMN(24) 
REAL QMX(24) 
a EAL ?D(24) 

REAL CD(24) 
R EAL PG(24) 

SEAL QG(24) 

COMMON /ISOU/ KTEFM 

C 

C FIND THE POSITION Of THE NEW BUS IN THE ARRAY 

C 

DO 20 I=1,NB 
I?(IBU3N.lt.IBUS(I))GO TO 40 

20 CONTINUE 

40 NB=NB+1 

IF(I.EQ.NB) GO TO 60 
C 

C MOVE THE BUSES UP ONE POSITION IHAT ARE LOCATED AFTER 
C WHERE THE NEW BUS SHOULD GO., 

C 

K=N3-I 

DO 60 M=1,N 
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J=NB-M+1 

IBUS(J)= IBUS (J-1) 
IBTYP(J)=IBTYP(J-1) 
?D(J)=PD (J-1) 
QD(J)=QD (J-1) 
PG(J)=PG (J-1) 
QG(J)=QG (J-1) 
?(J)= P(J-1) 
y (J)=Q(J-1) 
V S(J)=V?.(J-1) 
QilN(J)=Q (J-1) 

60 QMX(J)=QKX(J-1) 
C 

G INSEETTH2 VALUES FOB THE NEW BUS IN THE AHEAY 
C 

30 IBUS(I)=IBUSN 
IBTYP(I)=IBIYPM 
PG(I)=PGN 

QG(I)=yGN 
PU(I)=PDN 

QD(I)=QDN 

P(I)=?G(I)-PD(I) 
Q(I) =QG(I)-QD(I) 
QdN(I)=gKNN 

QKX(I)=QMXU 

V ?.(I)= V R N 
C 

C SET aCHNG TO THUS TC INDICATE Y-EtS NATRIX MUST BE 
C RECALCULATED 

C 

BCIiNG=.THUE. 

3ETU EN 

END 

SUBF.CUTINE BC H N G(IBUSN,IETYPN,PGN ,Q G N,PD H,QDN,VH N, 

^ QBNN ,Qt1XN,P ,y,VH.QNN,QrlX,IBTYP,IBIS,ED,PG,CD,QG,NE) 
C 

c THE SUBROUTINE ECENG CHANGES THE CIlABACTER1STICS CF A BUS OF 
C THE SYSTEM 

C 

c 

c ARGUMENTS: 

C 

C IBUSN - THE NEW BUS NUMBER 
C 

c IBIYPN - THE NEW BUS TYPE 
C 

C PGN - THE NEW ,REAI POWER GENERATED 
C 

c QGN - THE NEW REACTIVE POWER GENERATED 
C 

C PDN - THE NEW REAL POWER DEMAND 
C 

C QCN - THE NEW REACTIVE POWER DEMAND 
C 

c VKN - THE NEW BUS VOLTAGE SPECIFICATION 
C 

C QMNN - THE NEW MINIMUM VARS FOR VCLTAGE CCNTRCL BUS 
C 
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QRXN - THE NEW MAXIMUM VAES PCS VCLTSGE CONTROL BUS 

C NB - THE NUMBER OF BUSES IN THE SYSTEM 

c 

C Y - THE SYSTEM ADMITTANCE MATRIX 

C 

C IBUS - THE BUS NUMBER 

C IbTY? - THE BUS TYPE 3 - SIACK 

C 2 - VOLTAGE CCNTROL 

C 1 - SiANDAFB 

C 

C PG - REAL POWER GENERATED 

C 

C QG - REACTIVE POWER GENERATED 

FD - REAL POWER DEMAND 

QD - REACTIVE POWER DEMAND 

P - REAL POWER GENERATED MINUS REAL POWER DEMAND 

Q - REACTIVE POWER GENERATED MINUS REACTIVE PCWER DEMAND 

VR - BUS VOLTAGE EPECIFICATICN 

QMIN - MINIMUM VAES FOR VOLTAGE CCKTFCL BUS 

QMAX - MAXIMUM VABS FOR VOLIAGE CCNIfOL BUS 

C 

^ ¥ V* 

SUBROUTINES CALIED: 

NONE 

INTEGER IBUS(2A) 
T NTEGER I ETY 

REAL P(24) 
PEAL Q(24) 
REAL V F.(24) 

REAL QMN(24) 
REAL QMX(24) 
REAL PD(24) 
REAL CD(24) 
HEAL PG(24) 

REAL CG(24) 

C FIND THE ELEMENT TO EE CHANGED 

C 

DO 20 1=1,NE 

I?(IBU3N.EQ.I3US(I))GO TO HO 
20 CONTINUE 

C 

C INSERT THE NEW ONES 

C 

NO IHTYP(T)=IETYFN 

?G(I)=PGN 

iJG(I)=QGN 
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PD(I)=PDN 
gu(i)=gDN 

P(I)=PG(I)-FD(I) 
g(i) =gG(i)-CD(i) 
gMN(I)=QKNN 
QKX(I)=gnXN 
VE(I)=VRN 
KETURN 

END 

SUBROUTINE BDEL(IBUSN,NB,NL,?,Q,VSFEC,CMIN,gKAX,IITYF,IEUS, 
1 FD,PG,CD,QG,PCHNG,SE,EB,LINE,E!'TY,CEEZ,Y) 

C 

C THE SUBROUTINE BDEL DELETES A ECS ANC ALL LINES CCNKECTID 

C TO IT FECM THE NETWCFK 

0 

C AEGUHENT5: 

0 IBUSN - THE NEW BUS NUMBER 

NB - THE NUMBER OE BUSES IN THE SYSTEM 

c 

C NL - THE NUMBER OE TRANSiUSSICN LINES IN THE SYSTEM 

C 

C BCHNG - THIS IS A LOGICAL VARIAELE WHICH INDICATES IF Y BUS 

C SHOULD BE RECALCULATED 

C 

C SB - STARTING BIS FOR LINE 

C EB - ENDING BUS FOR LINE 

C 

LINE - LINE NUMBER FOR A IRANSMISSICK LINE 

C 

SHTY - THE SHUNT ADNITTANCE.OF A IINE 

C 

SERZ - THE SERIES IMPEDANCE OF THE LINE 

c 

Y - THE SYSTEM ADMITTANCE MATRIX 

C 

C IBUS - THE BUS NUMBER 

C 

C IBTY? - THE BOS TYPE 3 - SIACK 

C 2 - VOLTAGE CONTROL 

C 1 - STANDARC 

PG - REAL POWER GENERATED 

QG - REACTIVE POWER GENERATED 

PD - REAL POWER DEMAND 

C QD - REACTIVE POWER DEMAND 

C 

C ? - REAL POWER GENERATED MINOS REAL POWER DEMAND 

C 

C Q - REACTIVE POWER GENEEAIED MINUS REACTIVE POWER DEMAND 

C 

C VR - BUS VOLTAGE SPECIFICATION 

https://ADNITTANCE.OF
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c 

c QHIN - MINIKOM VAES FOR VOLTAGE CCNTECL BUS 
c 

c QMAX - tUXIMUM VABS FOR VOLTAGE CCNTECL BUS 
(-

c 

c SUBHGUIINES CALLED; 
c 

c NONE 

c 

COMPLEX Y(24,24) 
CCJPLFX SHTY(50) 
COKPLEX SEEZ(50) 
REAL P(24) 
HEAL C(24) 
HEAL VSPEC(24) 
REAL QMIN (24) 
HEAL QMAX (24) 
REAL PD(24) 
HEAL CD(24) 
REAL PG(24) 
REAL CG(24) 
INTEGEE IBUS(24) 
INTEGER I=TYP(24) 
INTEGER SD(5C) 
INTEGER EE(50) 
INTEGER LINE(50) 
LOGICAL BCUNG 

FIND 'THE BUS TC BE 

NBN1 = NE-1 

DO 20 1=1,ND 

I F(IBUSN.EC.lUUS (I))GO TO 40 
20 CONTINUE 

40 IF(NB.EQ.I) GO TC 80 
UO 60 J=I,NBK1 

I BUS(J)= IDUS (J +1) 
IBTXP(J) =IBTYP(J+1) 
PD(J)=PD(J+1) 
CD(J)=QD (J+1) 
PG(J)=PG (J+1) 
OG(J)=aG (J+1) 
?(J)=P(J+1) 
Q (J)=Q(J + 1) 

VSPEC(J)=VSF:C(J +1) 
a fllN(J)=Q«IN (J+ 1) 

50 QNAX(J)= CMAX (J +1) 
80 NB=N BM 1 

c 

c DELETE THE LINES CONNECTED TO lUE DLS 
c 

100 DO 120 X=1,NL 

I F(S D(K).EQ. THUS N)GO TO 140 
120 CONTINUE 

GO TO 160 

1 40 XSB=SB(K) 
IEB= ED(X) 
LINEN=LINE(K) 
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CALL LDSL(LINEN,ISB,lEB,NE,KL,IEUS,SE,E3,LIN2,SarY,S!-SZ,Y) 
GO ro 100 

160 DO 180 L=1,NL 
I F(EB(L).£C.IBUS N') GO TO 200 

180 CONTINUE 

GO TO 220 

200 ISB=SB(L) 
IEB= EB(L) 

LINEN=LINE(L) 
CALL LD£L(LINEN,ISD,IEB,N'E,NL,IEUS,SE,SB,LINE,SHTY,SEEZ,Y) 
GO rO 160 

2l0 bCHNG=.TFUE. 

RETURN 

END 

BSPEC(N3,P,Q,VR,CMN.CilX.IETYF,IEU3,PD,EG,QC,CG,») 

C 

C SUBROUTINE ESPEC EEAUS IK TEE BUS EA7A AND SETS ANY 
C DEFAULT PARAMETERS THAT ARE INDICAIEC. IF AN ER8CF IN 
C T1!E DATA OCCURS A F.ETUPN 1 IS tiADE TO THE ERROR HCUTINE 
C 

c ARGUMENTS: 

C 

<2 Nb - THE NUEBER OF BUSES IN THE SYSTEM 
C 

ANSIN - THIS INDICATES WHETHER THE DATA IS BEING INPUT 
FROM TiiE TERMINAL OR FRCH A DISK FILE 

IDUS - THE BUS NUMBER 

IBTYP - THE BUS TYPE 3 - STACK 

2 - VOLTAGE CONTROL 

1 - STANDARD 

PG - REAL POWER GENERATED 

go - REACTIVE POWER GENERATED 

PD - REAL POWER DEMAND 

QD - REACTIVE POWER DEMAND 

P - REAL POWER GENERATED MINUS REAL tCWER DEMAND 

Q - REACTIVE POWER GENERATED MINUS REACTIVE POWER DEMAND 

VR - BUS VOLTAGE SPECIFICATION 

gMIN - MINIMUM VARS FOP VOLTAGE CCKTFOL BUS 

gMAX - MAXIMUM VAPS FOE VOLTAGE CCNTFOL BUS 
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INTEGER IEUS(214) 
INTEGER IBTYP(24) 
REAL P(2U) 
HEAL Q(2«) 
REAL VE(2U) 
REAL (J«N(2U) 
REAL OHXIEU) 
REAL 00(24) 
REAL 00(24) 
REAL rG(24) 
REAL 0G(^4) 

COXHOH /INOU/ KTERK 

COMHON /OUTPOT/ANSOOT,PEINT,A SSIK 

DATA YES/'YES •/ 

C 

C THE BUS DATA IS INPUT 

C 

IF(A NSIN.NE.YES) GO TO 11 
C 

C INPUT THE DATA FRCM A DATA fILE 

C 

10 READ(8,1C04,ERR=9009,ENB=90CP)(IBIS(I),IBTYP (I),PG(I) ,CG(I) , 
1 PD(I),OD(I),VP (I),QKN(I),C«X(I),1=1,KB) 

GO TO 16 

C 

C INPUT THE DATA FROM THE TERKINAl 

11 DO 13 1=1,NB 
XFITE(KT EFM,1024) 
R EAD(KTERH,»)IBUS(I) 
W RITE(KT EEK,1044) 
READ(KTE Ff,«)I ET Y P{I) 
IF(ISTY?(I).NE. 3) WRITE(KTEP r,1064) 
IF(lETYP(I). NE. 3) READ(KTERH,1CS4)PG(I) 
IF(IBTYP (I).EQ. 1)WRITE(KTERf,11C4) 
IF(IBTYP (I).EQ. 1)READ {KTER;1,1 C84)CiG(I) 
W RITE(KT EPH,11 24) 
READ(KTEHM,1CP.4)ID(I) 
W PITE(KT ERH,11 44) 
H EAD(KTERH,1C84)QD(I) 
IF(IBTYP (I).NE. 1)WRITE(KTFRH,1164) 
IF(IHTYP (I).NE. 1)PEAD(KTERM,1CS4)VE(I) 
IF(IBTYP (I).EQ. 2) WRITE(KTE? C,1204) 

IF(I3TYP(I).EQ. 2)RFAC(KTEEH,1C84)QMN(I) 
IF(TBTYP (I).EQ. 2)*RIIE(KTERP,1224) 
IF(IBTY?(I).HQ. 2)REAE(KTEHn,1C84)QHX(I) 

13 CONTINUE 

C 

C THE EUS DATA IS SORTED 

16 NBH1=NB-1 

DO 40 I=1,NBM1 
IP1=I+1 

DO 20 J=IF1,NB 
IF(IBUS(I).IE.IBUS(J)) GO TO 2C 
ITE!1P=IBTY?(I) 
IBTYP(I)= IBTY F(J) 
IBTYP (U) =ITEKr 

IiEHP=IBUS(I) 
IBUS(I)=IBU S(J) 
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IB'JS(J)=IT2f!P 
TEMP=PG(I) 
PG(I) =PG(J) 
FG(J)=TE!1E 
TEHP=PD(I) 
PD(I)=PD(J) 
P'J(J)=TEHP 

TEflP= CG(I) 

QG(I) =QG(J) 

QG(J)=TEKf 

TEMP=QD(I) 
OD(I) =QD(J) 
QD(J)=?EME 

TEKP=OEN (I) 

CHN(I)=C«N(J) 
QriN(J)=te:'p 

TEf;P= VF(I) 

VR(I) =VF(J) 
VE(J)=TE«E 

TEKP=Q.^X(I) 

C:iX(I)= OMX(J) 
QnX(J)=7EHP 

20 CG NTI NO E 

40 CONTINUE 

DC 60 1=1,NP 

P (I)=PG(I)-PD(I) 
0(I)=CG(I)-CD(I) 

ijMN AND QHX AF.E SET TO -100 AND 1C0 It THEY APE UNSPECIFIED 

1 F(IBTYP(I).NE. 2) GO TO 60 
IF(QKti(I).EQ'. 0.0) QHN(I)=-100.0 
IF(O.'IX {1}.EC. C.C) OKX(I)=100.0 

60 C0NTIIJU E 

RETURN 

9008 C ft LL ill RROR(8,0,£99999) 
9009 CALL EEHOR(9,0,55S999) 
99599 RETURN 1 

c 

1004 FORMAT(:3,-2,7F10.0) 
1024 iOHNAT(' INPUT THE NUMBER OF THE EUS ',$) 
1 044 FORK AT {' INEUT THE TYPE OF EUS',i) 
1 064 FORd AT(• INPUT THE REAL PONE? GESEPAIION •,i) 
1034 FORM AT(F 10.0) 
1 104 FORM AT(' INPUT THE PEACTXVE PONER GENERATION 
1 124 FORMAT(• INPUT FSAL POWER DIM AFC ',!) 
1 144 FORMAT(' INPUT FEACIIVE POWER CEMAKC • ,£) 
1 164 FORMAT(• INPUT EUS CAPACITANCE CF. INEUCTANCE -3) 
1184 FORM AT(' IN PUT THE BUS VOLTAGE ',3) 
1 204 FORM AT(' INEUT C MI.NIMUM EOF CONTIOL BUS ',$) 
1 224 FORMAT(' INEUT C MAXIMUM EOF CCNTFCL BUS ',$) 

END 

SUBROUTINE 30UT(NB,VE,QMN,QRX,IEIYE,I6US,ED,PG,QE,CG) 

C 

THE SUBROUTINE EOUT FEINTS CUT IKE INPUT BUS DATA FOR THE 

LOADFLOW CALCULATIONS. 
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C 

C. AF.GUfliNTS: 

c 

NB - THS NUSB2F Of BUSES CF THE SYSIfH 
c 

C ANSOUT - VAEIABLE TC INDICATE IF YCIJ ARE PRINTING TO DISK 
C 

C PAINT - LOGICAL VARIABLE TO INDICATE IF YCU APE PPINTING TO 
C TEH FINAL 

C 

C I BUS - THE BUS NUHBER 

C 

C IBTYP - THE BUS TYPE 3 - SLACK 

C 2 - VCLTAGF CC.KTROL 
I -STANDaRL 

c 

C PG - PEAL PCWEP GENZPATEC 
c 

C QG - REACTIVE FCKHH GENEPATfD 
C 

C PD - REAL POWER DEMAND 
C 

C OD - REACTIVE FCWEP DEMAND 
C 

C VP - BUS VOLTAGE SFEClfICAT 10N 
C 

0 . viMIN - MINIMUM VAPS FOR VOLTAGE CCNIROL BUS 
C 

G OMAX - MAXIMUM VAFS FOP VOLTAGE CCNTPOL BUS 

C 

c SUBROUTINES CALIEt; 
C 

c NONE 

LOGICAL PFINT 

INTEGER I3US{2«) 
INTEGER IcTYP(2a) 
PEAL VH(2a) 
REAL CMN(24) 
REAL QMX(2'4) 
REAL PD(24) 
REAL QD(2U) 
REAL ''G(24) 
R EAL viG(2U) 
COMMON /INOU/ KTERM 

COMMON /OUTPUT/ A NSOUT,PP,I N I 
DATA YES/'YES '/ 

c 

C IF YOU ARE NOT TO DC AN OUTPUT EIIE SKIP 
C 

IF(A NSOUT.EC.YES)WRITE(6,1004) 
C 

C OUTPUT THE LINE DATA 
C 

DC 20 1=1,NE 
C 

C IF YOU ARE NOT TO DC AN OUTPUT fILE SKIP 
C 
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IF(ANS0UT.2Q.YES) WRITH(6 ,1 024)lEUS(I),IBTyP(I),VE(I), 
1 FD(I),Q0(I),EG(I),QG(!),QMN(I),0«X(I) 

c 

L IF yoi; ARE NOT PEINTIHG TO TERMINAL SKIP 
C 

IF(.NOT. PRINT)GO TO 20 
-HITE(KTEEM,1044)IDUS(I),I3IYP(I) ,VR(I),PD(I),CD(I),PG (I), 

1 QG(I),OMN(I),gMX (I) 
^0 CONTINUE 

P.ETUPN 

c 

1 004 FORMATC 1BASE CASE 3US DATA ENTERED'/'OX BUS X', 
I 'X VOLTAGE --XX LOAD XX GEN X',5X,•g MI N •,3X, 
! 'QMAX'/4X,'BUS MO.',3X,'TYPE•,6X, -M(PU)',6X, 
5 3X,'REAL',3X,'REACT'.3X,<REAL',JX,'REACT•,6X,'VAE',4X,'V AE'//) 

1024 F0EMAT(4X,'EUS',I3,3X,I3,6X,F7..),bX,P7.3,1X,2F7.3,1X,F7.3,
2X,2F8.3) 

1044 FCEMAT(' DUS NUiiSSH ',5X,I5,2X,' EDS TYPE '.TS,/ 
: ' VOLTAGE ',5X,f3.3,/ 
I ' POWER DEMAND ',2F8.3,/ 
i ' POWER GENES. ',2F8.3,/ 
' ' QMIN ',8X,F8.3,3X,'QMIN ',F9.3,/) 

END 

SUBROUTINE ER E0P(ME F.8,1EE,«) 
CCMMCN /INCU/ KTSFM 

c 

c THE SUBROUTINE ERROR PRINTS THE VARIOUS ERROR MESSAGES fCE THE 
c DIFFERENT TYPES Of EEEGP.S THAT OCCUR IN THE PROGRAM 

C 

C AEGU ME NTS: 
C 

C HERE - THE NUMBER OF THE EREOR IHAT FAS OCCURED 
c 

c lER - NUMBER DEALING WITH THE EHHCR. THIS NUMBER CAN BE DUS 
c NUMBER, LINE NUMBER, lOTAl HIMEER OF BUSES CR LIMES, ETC. 
c 

c 

c SUBROUTINES CALLED: 
c 

NONE 

GO 10(20,40,60,80,100,120,140,160,180,200,220,240,260),MFK 
20 iiEITE(KTERM,1004) 
1 004 FORMAT(//' ERROR «*♦ THE BUS NUMBERS IN THE FAULT DATA' ,/

' ARE MOT THE SAME AS THE MUMPERS FCI THE ICAE ',/
' fLCW STUDY') 

GO TO 99999 
40 WRITE (KTERM,1024) I£R 
1024 F08MAT{' YOU MUST REMEMBER TO TELL Mi EVERYTHING',/

' BUS MUMBEE',13, ' IN LINE DATA IS UNDEFINED' ) 
GO TO 99999 

60 WRITE (KTERM , 1044) 
1044 FORMATCCTHE DATA IS NOT IN CCREECT FORM FOR CARD 1') 

GO TO 99999 
80 WRITE (KTERM , 106 4) 
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1 061* 

100 

1081* 

120 

1101* 

1 40 

1124 

1 60 

1 144 

1 80 

1 164 

200 

1 184 

220 

1204 

240 

1224 

260 

1244 

99999 

C 

c 

c 

c 

c.* 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

FORMATCOTHE DATA IS NOT IN CORRECT FORM FOE CARD 2') 
00 TO 99999 

WRITE(KTERM,1084) 
FORMAT('OIKE DATA IS NOT IN CORRECT FORM ON LINE CATA CARD') 
GO TO 99999 

i«R.IIE(KrERM,1104) 
FORM AT ('OTIiE DATA IS NOT IN CORRECT FORM ON THE CAPACIICE CARD') 
GO TO 99999 

WRIT E(KTEPM,1124) 
FOHfiAT('C»''» ERROR «=** Z-BUS MATRIX IS SINGULAR') 
GC TO 99999 

WEITE(KTERM,1144) 
FORMAT(' YOU DO NOT HAVE THE NUHEER OF BOS CARDS YOU THOUGHT') 
GO TO 99999 

WRITE(KTERM ,1 164) 
FOHMATC YOU FORGCT TO INCLUDE THE SHUNT CAPACITOE CARDS') 
GC TO 99999 

WRITE(KTERM ,1184) 
FORMAT('OYOU DID NOT INCLUDE THE NON UNIT PROFILE DATA') 
GO TO 99999 

WRIT E(KIERM,1204) 
FORMAT('0*»» ERROR ««» NCNUNIT ERCFIIE DUS NUMBERS EC NOT MATCH 
THE NUMPEFS GIVEN IN BUS DATA') 

GO 10 99999 

■WRITE (KTERM, 1224) IE?. 
FCSMATC ERROR »** INPUT ERROR. YOU ARE ATTEMETING'/ 

• TO ANALYSE A SYSTEM OF ',16,' DOSES') 
GO TO 99999 
'WRIT E (KTERM , 1 24 4) lER 
FORMAT (' ERROR *** INPUT ERROR. YOU ARE ATTEMPTING'/ 

1 ' TO ANAIYSE A SYSTEM OF ',16, ' LINES') 
RETURN 1 
END 

SUBROUTINE GSLFS(NB,IVG,AlP!iA,ITEF,E£S,N,V,Y,P,C,VSEEC, 
QEIN,CKAX,IETYF,IEUS,*) 

THE SUDEOUTINE GSIFS PERFORMS IHE GAUSS SFIDEl 5CIUTICN 
OF THE LOAUFLCW ECUATIONS FOR TEE SYSTEM 

kcGUMENTS; 

NB - THE NUMBER OE BUSES IN THE SYSTEM 

IVG - INITIAL VOLTAGE GUESS FOR TEE LOADFLO'W IS TO 
BE HEAD IN BEFORE THE LCACFICW IS PERFOFMEC 

ALPHA - IF AI.PHA I.S NONZERO AN ACCEIERATICN FACTOR 
IS TO EE USED WHILE PERECRaiNG GAUSS SEIDEL 
ON THE SYSTEM 

ITEF. - THE NUMBER OF ITERATIONS TO EE PERFORMED 

EPS - TilE CONVERGENCE CRITERIA FOE A SOLUTION 

N - THE NUMBER OF ITERATIONS IT REQUIRED FOR A SOLUTION 
TO COMVEEGE 

c 
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V - THE BUS VOLTAGES 

Y - THE SYSTEM ADMITTANCE MATRIX 

lEUS - THE EUS NUMEEE 

IbTYP - THE DUS TYPE 3 - SLACK 

2 - VCITAGE CCRT3CL 

1 - STANCARE 

P - F.EAL POKER GENERATED HIHUS REAL POWER DEMAND 

Q - REACTIVE POWER GENERATED MINUS REACTIVE POKER DEMAND 

VSPEC - BUS VCITAGE SPECIFICATICN 

QKIN - MINIMUM VAFS FOR VOLTAGE CCNTFOL BUS 

IJMAX - MAXIMUM VAFS FOP VOLTAGE CCNTROL DUS 

c 

C LOCAL VARIAELES; 

C 

C NN3 - INTEGER ARRAY OF THE RUSES FOP THE NON - UNITY 

C VOLTAGE PROFILE 

C 

C DELV - THE DIFFERENCE BETWEEN THE PRESENT VOLTAGE APFRCXTMATION 

AND THE LAST ONE 

DVMAX - THE MAXIMUM VALUE FOUND OF DVi-lAX 

C SUBROUTINES CALIED: 

C 

C NONE 

COMPLEX 
COMPLEX 
COMPLEX 
COMPLEX 

COMPLEX 

COMPLEX 

COMPLEX 

COMPLEX 

COMPLEX 
INTEGER 
INTEGER 
INTEGER 
REAL 
PEAL 
REAL 
REAL 
HEAL 

Y(2L,24) 
A (24) 
3(24,24) 
V (24) 

VI 

VII 

SUM 

DX 

V:i(24) 
IEUS(24) 
IPTYP(24) 
NNB(24) 

P(24) 
C(24) 
VSPEC(24) 
CMAX (24) 
QiUN (24) 

COMMON /INOU/ KTEEM 
COMMON /OUTPUT/ ANSCUT,PRINT 

DATA YES/'YES '/ 

DO 20 1=1,NB 
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IF(IBTYP(I).£Q. 3)V(I)=CFPLX tVSfEC(I),0.) 
20 CCNIINUE 

C 

C INiriALIZE UNKNCX (i VOLTAGES AND REACTIVE POwSRS. 

C 

IF (IVG.EQ.0) GC TO 60 
READ(5,1004,END=yC1C)(XNU(I),V(I) ,I=1,NH) 
CALL SCRT2V (NE,NNF,V) 

DO 40 I= 1,S E 
IF(IBUS(I).NE. N:;D(I)) CALL E F R C R(11,0,50099) 

40 CONTINUE 

bO DO 120 1=1.NB 
I F(IBTYP(I).EQ. 2) Q(I)=0.0 
IF(IVG.EQ.1) GC TO 80 
I F(IBTYP(I).NE. 3) V (I)=CM PL X(1.C,0.0) 

C 

C CALCULATE NECESSARY CONSTANTS f(I) AND B(I). 

C 

dO IF(IDTYP(I).EQ. 1) A (I)=(C MfLX (P (I),-Q (I)) ) /Y(I,I) 
DO 1000 = 1,NB 

100 IF(I.NE.J) B(I,0) = Y (I,0)/Y(I.I) 
120 CONTINUE 

C 

C INITIALIZE CONSTANTS AND EEGIN VOLTAGE ITERATIONS. 

C 

N = 0 

140 DVMAX = 0.0 

1=1 

160 VII = V(I) 
IF(I5TYP(I).EQ. 3) GOTO 340 
IF(IBTYP(I).EQ. 1) GO TO 300 

C FOR VOLTAGE CONTROL BUSSES ADJUST VCITAGE TO SPECIFIED 

C MAGNITUDE AND CALCULATE REACTIVE POWER, IF Q LIMITS ARE 
C EXCEEDED SET Q EQCAL TO THE LIMIT AND RETURN VOLTAGE TO 

C PEEVIGUS VALUE, CALCULATE A(I). 

C 

V (I) = (V (I)/CAES (V (I))) = VSPEC(I) 

SUM = CMPLX (0.0,0.0) 
DO 180 L = 1,N B 

180 SUM = SUM + Y(Z,L) = V(L) 

Q (I) = -AIMAG(SaM * CONJG(V(I))) 
IF(Q(I) - QKAX(I)) 2G0,280,220 

200 IF(Q(I) - QMIN(I)) 240,280,280 
220 0(I) = QMAX(I) 

GO TO 260 

240 Q(I) = QMIN (I) 
260 V (I) = VII 
2B0 A(I) = (CM?LX(P(I), - Q(I)))/Y(I,I) 
C 

C CALCULATE NU *■ 1 VOLTAGES. 
C 

300 SUM = CMPLX (0.0,0.0) 
VI = V (I) 
DO 320 L = 1,NB 

320 IF(L.NE. I) SUM = SUM + B(I,L) » V(L) 
VN(I) = A (I)/CCNJG (V (I) ) - SUM 
DX = VN(I) - VI 
VN (I ) = VI + ALEHA^CX 
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DETERMINE MAXIMUM VCLTAGE DIFfEEENCE BETWEEN ITERATICNS. 

DELV = CABS(VN (I) - VII) 
IF(DELV.G2. DVMAX) DVMAX = DEL V 

c 

c UPDATE VOLTAGES BY ONE IIERATICN. 

c 

V (I) =VN(I) 
340 1= 1 + 1 

IF(I.GT.NB) GO TO 36C 
IF(IBTYP(I).EQ. 3) GOTO 340 
If(I.LE.NB) GO TO 160 

360 N = N + 1 

C 

c OCMPARE MAXIMUM VCLTAGE CIFFERENCE AGAINST CONVEf.GENCE 
c CF.ir ER lA. 

IF (DVMAX.LE.EPS) GO TO 99959 
C 

c LIMIT ITERATIONS AS A PSOTECIICX AGAINST DIVERGENCE. 
c 

IF (N.LT.ITEP) GO TO 140 
IF(A NSOUT.HE.YES) GO TO 380 
«EIIE(6,1024) N 
WRITE(6,1044) (V(I),:=1,HE) 

380 WRITE(KTERM,1024) N 
WRITE(KTERM,1064) (V (I),I=1,N3) 
LIL= H-ITER 

IF (LLL.LT.2) GO TO 140 
WRITE(ETEFH,1084) 
READ(KXERM,1104)RE3P 

IF(RESP. NE. YES)GO TO 9999 
"WRITE(KTERM ,1124) 
READ(KTERM,*)ITHR 
GO TO 140 

94999 RETURN 

9010 CALL ERROR(10,0,65999) 
9999 RETURN 1 

C 

1 004 FORMAT(2(II0,2F10.0)) 
1024 fOr(MAT{////,TIC,'CONVERGENCE NCI CBTAINED IN',15,' ITERATIONS', 

1 //T10, 'THE VCLTAGE - REAL AND IMAGINARY'//) 
1044 FORM AT(T10,//4(2F 12.3)) 
1064 FORM AT(//4(2F9.3)) 
1084 FORMAT(• DO YOU WISH TO INCREASE THE NUMBER. OF ITERAIICNS ? •,$) 
1 104 FORM AT (.15) 
1124 FORMATC INPUT THE NEW ITERATICN TOTAL ',3) 
C 

END 

SUUHOUTTNE MAGANG(CCM1,CCM2,CCMC,HAG 1,MAG2,HA GO,ANG1,ANG2,ANG0) 

iHE SUBROUTINE MAGANG CALCULATES TIE MAGNITUDE AN! ANGLE CF 
THREE COMPLEX QUANTITIES. 

C ARGUMENTS; 

C 

c CCM1,COM2,CCMO - THREE COMPLEX QUANTITIES 
c 
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C «AG1 ,MAG2,.1 AGO - TIltEE MAGNITUDES CF COMPLEX NUMBEPS 
C 

C ANG1 ,ANG2,ANG0 - XllEEE ANGLES OE POLAR FORKS OF COMPLEX NUMBERS 

C 

C SUBROUTINES CALIEI: 

C NONE 

C 

COMPLEX CCMl 

COMPLEX COM2 

CCKPLSX CCMO 

HEAL MAGI 

REAL MAG2 

REAL MAGO 

REAL ANG1 

REAL ANG2 

REAL AiNGO 

MAGI=CABS(COh1) 
«AG2=CAES(CCM2) 
HAGO=CABS{COKO) 
ANG1=0. 

ANG2=0. 

ANG0=0. 

IF((REAL(CO Ml).HE. C.)•OP..(AI MA G(CCK1).N E. 0.)) 
1 ANG1= ATAM2(AIHAG(COMI),REAL(COhl))*57.29578 

IF((REAL(C0K2).NE. 0.)•0R.(AIM A G(CC K 2).N E. 0.)) 
1 ANG2=ATAN2(AIMAG(COM2),HEAL(CCM2))«57.29578 

I!((REAL(CO KG).NE. 0.)•0E•(AIHAG(COKG).NE. 0.)) 
1 ANG0=ATAN2(AIMAG(CO MO),REAL(CCMC))»57.29578 

RETURN 

END 

SUBROUTINE fAULT(N3,NL,IFS,IF VP,XSC,V,Y1) 

c 

C THE SUBROUTINE FAULT PREPARES TEE EATA FOP. THE FOUR 
c DIFFERENT TYPES Of FAULT ROUTINES 

C 

C 

C AEGUlMENTS: 

C 

C NB - THE NUMBER OF BUSES IN TilE SYSTEM 

C 

C NL - THE NUMBER OF LINES IN THE SYSTEM 
C 

C IFS - IS NONZERO IF ONLY A FAULT IS TO RE PERFORMED AND 
C NOT A LCADFLON 

C 

C IfVP - IS THERE AN INITIAL VOLTAGE PROFILE TO BE READ IN 
C 

C ISO - TlilS ARGUEMENT IS NONZERO If TEE SEQUENCE VOLTAGES AND 
C CURRENTS FOE THE FAULT ARE TO EE PRINTED OUT. 
C 

C V - THE PREFAULT BUS VOLTAGES FOR TilE SYSTEM 

C 

C Y1 - THE POSITIVE SEQUENCE ADMITTANCE MATRIX FROM THE 
C LCADFLCW STUDY 

C 
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C LOCAL VAF.IAELES: 

C 

C Z1 - THIS VECTOL CONTAIHS THE PCSITIVi 3E0USNCE IKPEDANCLS 
C OF ALL THE BUSES IN THE NEIWCBK WITH SESPECT TO THE 
C BUS THAT IS EEING FAULTED. 

C 

C Z2 - THIS VECTCE CONTAINS THE NEGATIVE SEQUENCE IMPEDANCES 
C OF ALL THE BUSES IN THE NEIHCPK NITH FESPECT TO THE 
C BUS THAT IS EEING FAULTED. 
C 

C ZO - THIS VECTCf. CONTAINS THE ZEEC SEQUENCE IMPEDANCES 
C OF ALL THE BUSES IN THE NETWCEK NITH EESPECT TC THE 
C BUS THAT IS EEING FAULTED. 
C 

C ZF - THE IMPEDANCE OF THE FAULT AT THE PAETICULAR PUS BEING 
C FAULTED. 

C 

C BTYP - TI!E TYPE OF BUS INDICATCE 'B' IS A STANDAEI PUS, 
C 'G' IS A GENEFATOH BUS 

C 

C BZ0,BZ1,DZ2 - THE ZEEO,POSITTV E AND NEGATIVE SEQUENCE VECICF.S 
C FOR THE BUSES 
C 

C bZN - THE NEUTRAL IMPEDANCE FCE A ELS 
C 

C LTYPE - LINE TYPE. 'L' FCE A LINE. 'I' FOR A TRANSFCRMEF 
C BEING HCDELED A3 A LINE 
c 

C ZSERI - POSITIVE AND NEGATIVE SEQUENCE IMPEDANCE CF LINE 
C 

C ZSESO - ZERO SEQUENCE IMPEDANCE OF LINE 
C 

C YSHT1 - POSITIVE AND NEGATIVE SEQUENCE ADMITTANCE OF LINE 
C 

C YSaiO - ZEEC SEQUENCE ADMITTANCE Or LINE 
C 

C F1 - THE POSITIVE SEQUENCE ACMIITANCE MATRIX 
C 

C i2 - THE NEGATIVE SEQUENCE ADMITTANCE MATRIX 
C 

C PO - THE ZEPG SEQUENCE ADMITTANCE MATRIX 
C 

C n - THE TRIANGULAR FACTOEIZED POSITIVE SEQUENCE ADMITTANCE 
C MATRIX 

C 

C T2 - THE TEIANGULAR FACTORIZED NEGATIVE SEQUENCE ADMITTANCE 
C MATRIX 

C 

C TO - THE TRIANGULAR FACrCEIZED ZEFO SEQUENCE ADMITTANCE MATRIX 
C 

C avic - THIS INDICATES HCN A HIGH VOLTAGE SIDE OF A TRANSFORMER 
C IS CONNECTED '0' FCH DELTA 'Y' FOE NYS. 
C 

C LVTC - THIS INDICATES HOW A LCW VCLTAGE SIDE Or A TEANSfCRMEE 
C IS CONNECTED 'D' FOR DELIA 'Y> FOE WYE. 
C 

C IBUS - THE NUMBERS CF THE BUSES IN THE SYSTEM 
C 
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SB - THE STAETING BUS OF A LINE. AL5C THE HIGH VOLTAGE EUS OF A 

THANSFCF.HEf 

L5 - THE EMCING BUS OF A LINE. ALSO THE LOW VOLTAGE BUS OF A 

C IEANSFOF.HES 

C 

c LINE - THE NUKBE3 OF BACH LINE CB TEANSFCHMER WITHIN THE SYSTEM 
c 

c 

SUBROUTINES CALIEC: 

5 C3T2V,E EROH,Tf.IfAC,VECTOR,F3P H AS,FLN LN,FSLG,F2LG 

DCUbLE Pr ECISIC N FILEN 

L0GX C i. BAL 

COMPLEX BI1 

COM?LEX BI2 

CCMPLEX BIO 

COMPLEX BIN 

CCXPLEX 2S1 

COMPLEX YS1 

CC ii P LE X ZSO 

COMPLEX YSO 

COMPLEX Z NH 

COMPLEX ZNL 

COMPLEX T 1 (2N ,2y) 
COMPLEX T2(24,24) 
CCMP LEX TO(24,24) 
COMPLEX Z 1(24) 
CCMPLEX Z2(24) 
COMP LEX Z0{24) 
CCMPLEX JV(24) 
CCMPLEX Y 1(24,24) 
CCMPLEX F 1 (24,24) 
COMPLEX F 2(24,24) 
CC MP LEX FO(24,24) 
CCMPLEX ZF(24) 
CCMPLEX V (24) 
CCMPLEX CTEMP 

CCKPLEX ZSER1(50) 
COMPLEX ZSERO(5C) 
CCMPLEX Y3HT 1 (50) 
COMPLEX YSHTO(50) 
CCMP LEX 3Z0(24) 
CCMPLEX BZ1(24) 
CCKPLEX BZ2(24) 
COMPLEX SERYO 

INTEGEF S E(50) 
IL'TEGEK E£(50) 
INTEGE3 I EUS(24) 
REAL I 

PEAL J 

REAL I 

REAL ] N 

n LhLj YP (24) 
REAL YPE(50) 
F EAL 1^1 Y 

REAL liV TC(50) 
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REAL LVTC(50) 
REAL HGND(50) 
EAL LGND(50) 

REAL BCON (24) 
H EAL DGND(24) 
COMPLEX BZN(24) 
COMPLEX ZNHV(50) 
CCKP LEX Z NLV (50) 
R EAL TLET 

REAL LLET 

INTEGER IBE(214) 
INT^GEE F3P (214) 
INTEGER FSLGN (214) 
INTEGER FLL(214) 
INTEGER F 2LGN (214) 
INTEGER LINE(50) 
COKflON /INO U/ KTERM 

CONMCN /CUT FUr/AN30!JT,TPEINT,AUSIN 
DATA YES/'YES'/ 

DATA BUS/'B'JS •/ 

DATA GEN/'GENER'/ 
DATA LIN/'LINE'/ 

DATA TRANS/'TRANS'/ 
DATA ADD/'ADC'/ 

DATA CIlANGE/'CilANG'/ 
DATA DELETE/'DEIET'/ 
DATA D/'B'/ 
DATA G/'G'/ 

DATA D/'D•/ 

DATA Y/'Y'/ 

DATA ■Tr.="- /'T </' '/ 
DATA ■ LET/' •/ 
IPFINT TRUE. 

INPUT THE NUiYBER OF BUSES AND LINE FCR INTERACTIVE EESFCNSE 

Ii''(AN3IN .EQ .YES)GO 
WRITE (K T E H H , 7 0 4) 

TO 5 

READ (K TEE :■;,*) NB 
iiRITE(K7EP:< ,724) 
B EAJ (KTER.Y, *) NL 
WRIIE(KTERN,334) 
READ (KTREH, 764) AN'S 
ISQ=0 
IF (A MS. EG. YES) 132=1 

c 

c THE VARIABLES ARE INITIALIZED TC ZERO 
c 

5 DC 10 1= 1 ,::l 
Y 3HT0 (I) =CMPLX (0 . ,0.) 

10 CONTINUE 

DO 40 1=1,NB 
BZO (I)=CKPLX (0.,0.) 
bZI (I) =CNPLX (0.,C.) 
BZ2 (I)=C!'FLX (0. ,0.) 
BZN (I) =C NPLX (0 . , C .) 
ZF (I)=CKELX (0. ,0.) 

ao CONTINUE 
c 

READ IN SYSTEK DATA 
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IF{IFS.EQ.0)GO TO UD 
IF(ANSIN.EQ.YES)GC TO U01 
WRITE(KTERM ,7a«) 
EEAO (KTEH;-!,764) ANS 

C 

V. INPUT INITIAL FAULT VOLTAGE PEOFUE IF NOI UNITY 

IFVP=U 

IF(4NS.E(^.YES)IFVr= 1 
401 IF(IrVP.EQ.0)GO TO 42 

DO 41 1=1,NB 

IF(ANSIN.EQ.YES)GO TO 402 
.vRITE(KTEE(«,734) 
READ(KTEFU,*)IEE(I) 
A KITE(KT EEK,604) 
E EAD(KTEE.1,♦) VK 
4 EIT.E(KTEFfjBTa) ANGLE 
V (I)=C«?LX (Vi'l'CCS(ANGLE/57.29578),V M-»S IN(A NG LE/57.29578)) 
GO TO 41 

402 EEAD(8,364)lEF(I),V(I) 
41 CONTINUE 

CALL SCP.T2V (ND,IBF,V) 
GO TO 44 

42 DC 4 3 1=1,NE 
43 V (I)=Ci1PLX(1.,C.) 
C 

C INPUT LINE AND THANSFORMEE DATA 

C 

44 DO 50 1=1,NL 
IF(ANSIN.EQ.YES)GO TO 441 
CALL FLKDAI(LINE (I),S3(I),EB(I),ESES1 (I), 

1 YSHT1 (I),LTY?E(I),;iVTC(I),LVTC(I),RGNEiI),LGNr(I)) 
G C TO 442 

441 RTAD(8,374,END=999y9)LTYFS(I),IINE(I),SE(I),HVIC(I), 
1 HGND(I),EB(I),1VTC(I),LGND(I),2SEE1(I),YSHrl(I) 

442 IF(LTYPE (I).EO. LLET)GC TO 45 
Z SESO(I) =ZSEP1(I) 
Y SHTO(I)=YSHT1 (I) 
IF(ANSIN.EQ.YES)GO TO 443 
rt p.ITE(KTEFM,6o4) 
R EAD(KTERM,*)H 
« F.ITE(KT EEM,B94) 

R EAD(KTERE,»)X 
z n:;v(I)=ciiPLX(h,X) 
4 FIXE(KT EEH,904) 

R EAD(KTERE,»)3 
NEITE(KTEEH,914) 
?. EAD(KTE?N,*)X 
ZNLV(I)=ChPLX(3,X) 
GO TO 50 

443 E EAD(3,924)LTY ,ZN!iV(I),Z MV(I) 
IF(LTY.ME. TIET)CALL EES03(14,C,S99999) 
GO TO 50 

45 I"(ANSIN .EO.YES)GO TO 451 
4 FITS(KT EF..1,9244) 
3ead(;';teri,«)r 
W F.ITE(KT ERM,9254) 
KEAD(KTE FH,*")X 

ZSEE0(I) =C1PLX (F,,X) 
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HHITE(KT EF.M,'}264) 
R EAD(KTEEK,»)GG 

iVFITE(KT£S^.,S274) 
R EAD (KTEEK,♦)2£ 
Y SHTO (I) =CKPLX (GG.DB) 
GO TO 50 

451 R HAD (8 ,5 24)LTY,Z5ER0 (I) ,YS RTC (1) 
IF(LTY.NE. LL£I)CALL E HE CE (1 4 , C, S 99 9 9 9) 

50 I.CNTINUH 

C INPUT BUS AND GENERATOR DATA 
C 

55 D056I=1,NB 
IF (ANSIN.EC. YES) GO TO 551 
CALL EDS DAT (13 US (I) , BTYP (I) , RC C N (I) , B G ND (I) , EZ 1 (I) , EZ2 (I) , 

1 EZ C (I) , BZ S (I) ) 
GO TO 56 

551 R HAD(3,9 64) STYE(I) ,ISUS (I) , bCC N (I) ,BOND (I) ,EZ1 (I) ,EZ2 (I) 
IF(5TYP(I) . EC. E) GC TO 56 
R HAD (3,974)BZO (I) ,BZ N (I) 

56 CON'TinUE 
C 
C BUSES TO BE FAULTED 
C 

If(AN3IN.EC .YES)GC 10 562 
5601 KEITE (KTEFM ,9744) 

REAu(KTERM,*)NF 
DO 561 1=1,NF 

r.-?,IIH(;<TEPM, 97 54 ) 
E EAD (KTE ?«, *) IFF (I) 
WRITE (KT ERH, 9764) 
EEAD(KTEEn,7fc4) ANS 
IF ( (ANS. EC.YES).CE. (ANS. EQ.Y) ) f3P(I) = 1 
WEITE(KTE?M,9774) 
READ (KTERM,764) ANS 
IF((ANS.EQ.YES) .GE. (ANS.EC.Y) )FSIGN(I)=1 
W RITE(KT EEM, 9764) 
READ (KTERM,764) A US 
IF( (AiNS.EQ.YFS).OR. (ANS.EQ.Y)) FLl(I)=1 
W RITE(KT ERH, 9794) 
READ (KTERM,764)ANS 
IF{ (A NS. EC.YES) . OR. (ANS.LQ.Y) ) F21GN(I)=1 
W RITE(KT ERM, 98C4) 
EEAD(KTERM,*)R 
WR.ITE(KTEHM,9814) 
READ (KTERM,•)X 
ZF (I) =CMPLX (R, X) 

561 CONTINUE 
GC TO 591 

562 1=1 
57 READ (3,9 84,£ND=59)IBF(I),F3F(I) ,FSLGN(I) ,FLL(I) ,F2LGN(I) ,Zr(I) 

1 = 1+1 
GO TO 57 

59 NF=I-1 
C 
C OUTPUT SYSTEM DATA 
C 
5 91 CALL FLNOUT {NL,SB,ED,LItlE,Z3£?1,YSHT1,LVTC,HVTC,LTYPE,1) 

CALL FLNOUT (N L , S 3 , E B , LI N E , Z SE E 0 , Y £11T C, L V TC, il V TC , L T YP E , 0) 
CALL GSNOUT (NB , DT YP ,IBUS ,BZ 1 , BEE , hZO ,EZ:i) 

https://AiNS.EQ.YFS).OR
https://EC.YES).CE
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C SORT THE INPUTS FOR IKE FAULT STUDY 

C 

N3ri1=NB'-1 

DO 80 L=1,NEMI 
LP 1=L+1 

DO 60 J=LP1,NB 

IF(IB US(L).LE.IBUS(J)) GC TC 6C 
ITEKP=I3"JS(I) 
IBUS(L)=IBUS(J) 
IDUS(J)=ITEJ!F 
TE!''.?=BIYP(L) 
BTYP(I)= BTY E(J) 
BTYP(J)=TEMP 

CTEi1?=EZ0(L) 
B20(L)=BZC(J) 
BZO(J)=C?E:1E 
CrEMP=321(L) 
BZ1(L)=eZ1(J) 
BZ1(J)=CTEi1P 
CTE!1P=13Z2(L) 
BZ2(L)=BZ2(J) 
BZ2(J)=C?EriE 
CrEMP=BZN(L) 
BZN(L)=BZ N(J) 
BZN(J)=TEKP 

60 CO NTT HUE 

80 CONTINUE 

C 

C INITIALIZE ADMITTANCE MATRICES TC ZEFO 
C 

DO 8U 1=1,NB 
DO 82 J= 1,M3 

Y1(I,J)=CMPIX(0.,0.) 
FO (I,J)=CKPLX (0.0,0.0) 
F1(I,J)=C«PLX(C.0,0.0) 

82 F2(I,J)=CKPLX (0.0,0.0) 
8U CONTINUE 

CALL YAS3EM (HB,NL,IBUS,3E,EE,ZS £P 1,YSH11,Y 1,699999) 
DO 2U2 1=1,NL 

3E?,Y0=1.0/ZSERU(I) 

ASSEMBLE THE ZERO SEgUENCE ADHIITAliCE MATRIX. 

DC 162 J 1= 1, NB 

IF(IBUS(J1).Eg.SB(I)) GC TC 182 
162 CONTINUE 

CALL SEROR(2,3D(I),699999) 
132 L=J1 

DO 202 J 2= 1,NB 
IF(IBUS(02).EQ.EE(I)) GO TO 222 

202 CONTINUE 

CALL EERCR(2,2E(I),699999) 
222 M=J2 

IF((HVTC (I).EQ.D).AND.(LVTC(I).EQ.D))GO TO 242 
IF(((liVTC(I).EC.Y).AND.(IVTC(I).EC.D)).CP. 

1 ((HVTC(I).EC.D).AND.(LVTC(I).EC.Y)))GO TO 232 
IF(((HGND(I).NE.G).OP.(LGND(J).NE.G)).AND.(LTYFE(I).EQ.ILET)) 

1 GO TO 242 

FO(L,M) = FO {L,."1) - SERYO 

https://NE.G).OP
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FO(M.L) = FO lA.L) - SERYO 
FO(L,L) = FO{L,L) + SERYO * YSHT0<I)/2. 
FO(M,M) = FO + SFEYO + YShTC(I)/2. 
GO TO 242 

^32 IF{LVTC(r).NE.Y)GO TO 234 
I F(LGtID(I).NE. G) GO TO 242 
FO(M,:i) = FO + SEEYC 
GO TO 24 2 

234 I F(IIGKD(I).NE.G)GO TO 242 
FO(I,L) = FO (L,L) + SEEYO 

242 CONTINUE 
C 

C ASSEMBLE THE Y-BUS MATRIX FOR FAUII STUDY 
C 

DO 160 1=1,:;b 
DO 140 J=1,HE 

F1(I,J)=Y1c,J) 
F2(I,0)=Y 1(I,J) 
IF (BTYP(I).2Q.B) GO TO 140 
IF(I. NE.J)GC TO 140 
F1(I,J)=Y1(I,J)+ 1./BZ1(I) 
F27I,J)=Y 1(I,J)>1./EZ2(I) 
IF{BGNO(I), NE.G) GO TO 140 
FO(I,I) = FC(I,I) + 1 ./(B20(I)tj.»SZN(I)) 

140 CONTINUE 

160 CONTINUE 
C 

C WRITE OUT TUE FAULTED YBOS KATRTX FCE THE SYSTEM 
C 

IF(ANSOUT.NE.YES)GO TO 193 
WRITE(6,1024) 
DO 130 1=1,NB 

WRITE(6,1044)(f1(I,J),J=1,NE) 
1B0 CONTINUE 

WRITE(6,1034) 
DO 190 1=1,MB 

WRITE(6,1044)(f2(I,J),J=1,NS) 
190 CONTINUE 

WPIi H(6,1 05 U) 
DO 102 1=1,NB 

WRITE(6,1044)(FO (I,J),J=1,NE) 
192 CONTINUE 

C 

C FIND KTH COLUMN OF Z MATRICES 
C 

193 CALL TRTFAC(FO,TO,NH) 
CALL TRTFAC (F1,T1,N E) 
CALL T5IFAC(F2,12,NS) 
DO 340 1=1,NF 

DO 195 K =1,NB 

IF(I3F(I).EC. I£U3(K)) GO TO 157 
195 CONTTNUE 
197 DO 200 J=1,NE 
200 JV(J) =CMFLX(0.,0.) 

JV(K)=CMELX(1. ,0.) 
CALL VECTOR(TO,Z0,JV,NB) 
CALL VECTOR(T1,Z 1,JV,NE) 
CALL VECTOR(T2,22,JV,NH) 

C 

PERFORM FAULT ANALYSIS C 

https://IF(ANSOUT.NE
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IF(F3P(I).Ni.0)CALL F3EHAS(Z1,ZF(I),F1,V,HVTC,1VTC,IEUS,SE, 
1 BE,1INE,K,NB,NI.,ISC) 

IF(FLL(I).N-.0)CALL FLNLN(21,Z2,ZF(I),F1,F2,V,HVTC,LVIC,IDUS, 
1 SE,EE,lIilE,K,NB,KL,ISg) 

I F(F3LGN'(I).NE.O)CALL B3LG(Z1,Z2,20,ZF(I),F1,F2,50,Z3E EC,V, 
1 hVTC.LVrC,IBUS,SE,EE,IIN£,K,NB, 
2 Kl,I3£) 

I F(F2LGN'(I).NE.O)CALL F2LG(Z1,Z2,ZO,ZF{I),?1,F2,F0,2£EP,0,V, 
1 liVIC,lVTC,IEa3,3E,EE,IINE,K,NB, 
2 NL,ISC) 

34U CONTIMUS 

C 

C THIS SECTION' CHECKS TO SEE IF YCU WISH TO CHANGE 

C IHE ORIGINAL CATA 3BT 

ICHECK=1 

400 H3ITE(KTERH ,1E04) 
LEAD(KTEEM,704) JNS 

C 

C IF A MS N£ YES AND ICHECK NE 0 TEEN THERE IS NO 

C NEED TO PERFORH A NEK FAULT STUDY. CUIT. 
C 

IF((ANS.NE.YES).AND.(ICHECK.NE.C))GC TO 640 
C 

C IF NEK FAULT STUDY IS TC EE DOME GC EEINT OUT 

C COHPONENT DATA 

C 

IF(A NS.NE.YES)GC TO 560 1 
ICHECK=0 

TPP.I NT=.FALSE. 

C 

C SPECIFIC B'JS(GENE BATCH) CE LIN E(T E ANSf0R M £R) 
C 

405 WRITE(KTEHN,1 524) 
READ(KTERN,764)ANSBL 

C 

C ALD, -CHANGE OR DELETE 

C 

410 WRITE(KTERa,1 544) 
HEAD(KTER«,764) ANSACC 

C THIS SECTION GETS THE NEW DATA EOE IKE CHANGES IN THE BUS DATA 

C 

IF((ANSHL.NE.BUS).AND.(ANSBL.NE.GBN))GO TO 460 
C 

C DELETING A EOS CE GBNERATOR 

C 

IF(AMSACD.NE.DELETE)GO TO 420 
WRITE(KTERa,1 564) 
READ (KTEEil,*)IB 
CALL FBDSL(13,LIN E,SI),S3,LIYPE,IIV TC,HG ND,L VTC,LG N D,ZSE E 1,Y31IT1, 

1 ZSER C,Y3HT0,ZNIIV ,ZNLV,M,I3US,DTYP,DCC B,EGND,EZ1,E22, 
2 EZO,EZN,NE) 

GO TO 400 

C 

C CHANGING A BUS OR GENERATOR 

C 

420 IF(AN3ACD.NE.CHANGS)GO TO 440 
CALL FBSDAT (IE,ET,BC,3G,c11,E12,EJ0,EIN) 
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CAL., FBC[iNG(IB,ET,BC,3G,EI1,BI2,DIO,EIN,IQUS,BTYP,BCON,3GND,B21, 
DZ2,B 20,BZN,NB) 

GC TO 400 

ADDING A BUS OE GiNtEATOE 

ijio IF(AMSACD.NE,ADC) GO TO 410 
CALL FBSOAT(IB,BT,3C,BG,on ,812,BIO,EIN) 
CALL FBADD(Ii!,aT,EC,GG,Oil,EI2,EIC,2IN,IBUS,BTY?,ECON,BGND,3Z1, 

1 EZ2,3Z0,EZN,NE) 
GO TO 4C0 

c 

C THIS SECTION RECEIVES THE CHANGES FCF THE LINE DATA 
C 

^60 NSBL.M E.LIN).AND.(ANSI3L,NE.IEANS))GC TO 405 
C DELETING A LINE On TRANSFCRHER 
C 

IF(ANSACD.NE.DELETE)GO TO 480 
WRITE(KTERM,1584) 
EEAD(KTEHM,")LN 
CALL FLDEL(LN,LINE,S E,EE,LT TPE,HV TC,KGND,LVTC,LGNE, 

1 2S En 1,TSHTI,Z3ER0,TSHXC,ZNHV,ZNLV,NL) 
GO TO 400 

C 

C CHANGING A LIME 03 TRANSfCSNER 
C 

480 IF(ANSACD.NE.CHANGE)GO TO SCO 
CALL FLNDAT (LN,IS,IE,ZS1,TS1,LT,HV,LV,HG,LG) 
ZNIi=CMPLX(0.,0.) 
ZNL=CMPLX(0.,0.) 
ZSO=C;iPLX(0.,0.) 
YSO=CMPLX(0.,0.) 
IF(LT.EC.LLET)GC TO 485 
WRITE(KTEaM,884) 
HEAD (KTEP.H, ») K 
WRITE(KTERM ,894) 
READ(KTEEM,») X 

ZNH=CMPLX(E,X) 
WRTTEIKTEan,904) 
READ (ETEEd,•) E 
WRITE(KTERK,914) 
READ(KTSPH,♦) X 
ZNL=C«PLX (R,X) 
GO TO 49C 

485 WRITE(KTERM ,9244) 
READ(KTLRd,») F, 
WF.ITE(KIERM ,9254) 
READ (KTERK,») X 
ZS0=CKPLX(R,X) 
WRITE(KTERK,9264) 
EEAD(KTERK,»)GG 

WRITE(KIERK,9274) 
READ (KTERK,*)BB 

Y30=CKPLX(GG,EB)
490 CALL FLCHNG (LN,IS,IE,ZS1,YS1,ZSC,YSC,ZNH,ZNL,LT,HV,LV, 

1 LG,LINE,Sa,EB,ITYFE,I1VTC,HGND,LVTC,IGND, 
2 ZSEE1,YSHT1,ZSEFO,YSHaO,ZNHV,ZNLV,NL) 

GO TO 400 
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C ADDING A LINE OR IRANSFCBMEH 

C 

500 IF(ANSACD.NE.ADD)GO 10 410 
CALL FLNDAT(LN,IJ,IE,ZS1,YS1,II,H V,IV,HG,IG) 
ZNH=CWPLX(0.,0.) 
ZNL=CaFLX(0.,0.) 

zso=c:i?LX(0.,0.) 
YS0=C!1FLX(0.,0.) 
IF(LT.EQ.LLET)GG TO 505 
WRITE(KTEP.M ,384) 
READ(KIERH,*) ?, 
WRIIE(KTESd,394) 

HEAD (KTE3M,*)X 

ZN1I=C«PLX(R ,X) 
Wr.ITH(KTEEM,904) 

READ(KIERH,*) R 
WRIT E(KIERH,914) 

READ (KTSHH,«)X 
ZNL=CMPLX(R,X) 

GO TO 510 

505 WRITS(KTE3H,9244) 
READ(XTSEH,•) E 

(.RITE(KIERH ,9254) 
READ(KIERH,♦)X 
ZSO= CHPLX (3,X) 
WRITE(KIERH,9264) 
READ (KIERH, »)GG 
WHITE (KIERH ,9274) 
READ (KIERH, ♦) EB 
Y30=CKFLX (GG, BE) 

510 CALL FLADD( LN,IS, IE , Z31 , Y31 ,ZSO , YEO, ZNil, ZML,LT, HV ,LV, 
1 HG,LG,LINE,SE,EE,LTYPE,KVTC,HGND,LVXC,LGND, 
2 ZSER1 , YS1IT1 , ZSEKO,YEHIO , ZNHV , ZNLV ,NI) 

GO TO 400 
C 
C SAVE THE INPUT lATA IN A CATA SEX 
C 

640 WRITE (KTERH ,2004) 
READ (KIERH, 764) AMS 
IF (ANS.NE.YES)GO 10 999 99 
IF(IFS.Ey.O)GO 10 650 
WHITE (KIERH,2024) 
READ(KTERH,2044)FILEN 
0PEN(UtiIT=7, DEVICE= • DS K', ACCESS = • S EQOIIT • , H ODE='A SC II' , FILE = 

1 FILEN) 
WRITE(7,2064)NB,KL,ALPHA,IVG,IYEUE,IFS,IFVF,I3Q 

650 DO 660 1=1,NL 
WRIIE(7,e7 4)LTYPE(I) ,IINE(I) ,SE(I) ,HVIC(T) ,nGNC(I),EE(I), 

1 LVTC (I) , LGNC (I) , ZSE? 1 (I) , YSH11 (I) 
IF(LIYPE (I) .EO.ILET) waiIE(7, 92 4) LIY?E(:) ,ZNHV(I) ,ZNLV(I) 
XF(LTYPS (I) .EQ.LLEI) WEIIE(7,92 4) IIYPE(I) ,ZSEKO (I) ,Y3IT 0(1) 

660 CONTINUE 
DO 670 1=1,MB 

W RITE (7, 96 4) OTYP (I) , ISUS (I) , ECCN C) , DGND (I) , EZ 1 (I) ,BZ2 (I) 
I F (BIYP (I) . :;E. E) WRITE (7, 97 4) EZ 0 (I) , 6Z N (I) 

670 CONTINUE 
DO 6 80 1=1 , NF 

WRIIE(7,984)I3F(I) ,F3P(I) ,FSIGN(I) ,FLL(I) ,F2LGN(r),Zf(I) 
630 CONTINUE 
99999 RETURN 
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c 

TOU FOPMAT( THE NUMBER OF BUSES = ,i) 
721* FOPM AT( THE NUMBER OF LINES = \i) 
7i|4 FOEfl AT( UO YOU 'JlSil TO INPUT NCNU MTY VOLTAGE FECFILE 

754 FCEM A (A5) 
784 FORil AT{ Tli E NUMBER OF THE BUS '.i) 
804 FORMAT( THE veil AG; MAGNITUDE = '/i) 
824 FCSMAT { THE VOLTAGE PHASE ANGLE = ',S) 
884 FORK AT( DO YOU .ilSU TO OUTPUT THE SEQUENCE OUANTITIES ,i) 
854 FCEKAT( 10,2G10.4) 
874 FORM AT( 1,I4,I5,2A1,18,2A 1,3X,4G10.4) 
884 FORM AT{ HIGH VOLTAGE NEUTRAL IMPEEANCS (PEAL PART) = ',i) 
894 FORM AT( HIGH VOLTAGE NEUTRAL IMPEDANCE'/ 

(IMAGINARY PART) = •,i) 
904 FOF.MAT( LC2 VOLTAGE NEUTRAL IMEEIANCE (HEAL PART) = $) 
914 FORMAT( LOW VOLTAGE NEUTRAL IMPEDANCE'/ 

(IMAGINARY PART) = ',8) 
924 FORM AT(A1,19X,4G10.4) 
9244 FORMAT( ZSr-C SEQUENCE SERIES IMPIDANCE (SEAL PAEI) = ',S) 
9254 FORM AT( ZERO SEQUENCE SERIES IMPEDANCE',/ 

(IMAGINAEY PART) = ',i) 
9264 FUnH AT( ZERO SEQUENCE SHUNT ADMITTANCE (REAL PART) = •,$) 
9274 FORM AT( ZERO SEQUENCE SHUNT ADMITTANCE',/ 

(IMAGINAFY PART) = ',i) 
964 FOFM AT(A1,14,2A 1,8X,4G10.4) 
974 FORM AT( OX,4G10.4) 
9744 FORM AT( THE NUMBER OF BUSES TO BE FAULTED = ',$) 
9754 FGHK AT( THE NUMBER OF THE BUS TO BE FAULTED = ',3) 
9764 FORM AT( DO YOU WISH TO APPLY A IliHEE PHASE FAULT (Y/N) ? ',i) 
9774 FORMAT( DO YOU W IS H TO APPLY A SINGLE LINE TO GROUND FAULT', 

(7/N) ? ',$) 
9734 FOEHAT(' DO YOU WISH TO APPLY A LINE TO LINE FAULT (Y/N) ? < ,i) 
9794 FORMAT(' DO YOU WISH TO APPLY A DCURLE LINE TO GRCUND FAULT', 

(Y/N) ? <i) 
9804 FOF.MAT(' FAULT IMPELANCE (REAL PART) = < ,S) 
9814 FORMAT(' FAULT IMPEDANCE (IMAGINAFY FART) = ',$) 
984 FORM AT(15,411,IX,2G10.4) 
1 024 fOEM AT( 1 HI,///,' Y-EUS MATRIX FC FAULT CALCULATION' 

' (POSITIVE SEQUENCE NETWCRK)',/) 
1034 FORM AT(1111,///,' Y-BUS MATRIX FOR FAULT CALCUL [ON' 

' (NEGATIVE SEQUENCE NSTWCRK)',/) 
1044 FORMAT(/,(1X,6(F9.4,1X,F9.4,3X))) 
1054 FORM AT(1H1,///,' Y-BUS MATRIX FCR FAULT CALCULATION' 

' (ZERO SEQUENCE NETWORK)',/) 
1 504 FORMAT(' DO YOU WISH TO MAKE ANY CilANGSS IN THE INPUT DAi.A ? 

i) 
1524 FORMAT(' PLEASE SPECIFY BUS(G£!l E H ATO F) OR LINE(:EAf;SFOEMEE) 

,*>) 
1 544 FORMATC PLEAS E S PECIFY ADD, CHANGE, OR DELETE ? ',$) 
1 564 FORMAT(' BUS NUMBER = ',S) 
1 584 FORM AT(' LINE/TFAN3F0RMER NUMBER = 
2004 FORMAT(' DO YOU W13 H THE FAULT DATA SToa ED IN A FILE ? 5) 
2024 FORMAT(' FILE NAME ? ',3) 
2044 FORM AT(A 10) 
2064 FORM AT(215,F5.2,11,IX,411) 
C 

END 

SUBROUTINE FIND AT(ILIN,ISE,IE3,ZSII N 1,YS LIN1,LI NT Y F,11V,IV,H G,LG) 
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C. THE SUBr.OUTINE FLuDAT EcAES I!) EATA FEOK TERMINAL ECUIVALE.NT TC 
L READING IN THE FIfcSI CARE FOR A LINE OR TEANSFOEMEE 
C 

C Af.GUMENTS: 

C 

C ILIN - LINE NUMEEF CF CCMPCNENT 

C 

C IS3 - STARTING EUS CE HV EU S NUMEFE 
C 

C lEB - ENDING BUS CR LOW VOLTAGE ECS NUMBER 
C 

C ZSLIM1 - POSITIVE/NEGATIVE SEQUENCE IMPEDANCE OF A LINE 
C 

C VSLINI - POSITIVE/NEGATIVE SEQUENCE ADMIITANCE OF A LINE 
C 

C LINTYP - LINE TYPE. L FOE LINE T FOR TRANSFORMER. 
C 

C HV - HIGH VCLTAGE SIDE WINDING CONNECTION, D OF Y. 
C 

C LV - LOW VOLTAGE SIDE WINDING CCNNECIION, D OR Y. 
C 

C HG - HIGH VCLTAGE SIDE GROUND. G 1? GROUND, BLANK I? NONE. 
C 

C 

C LG - LO,i VOLTAGE SIDE GROUND. G IF GFCUND, BLANK IF NONE. 
C 

C 

C SUBROUTINES CALLED: 

C 

C NONE 

C 

COMPLEX ZSLIin 

COMPLEX YSLIN1 

REAL LINTYP 

REAL HV 

REAL LV 

REAL HG 

REAL LG 

REAL L 

COMMON /IMQU/ KTEKiM 

DATA T/'T'/ 

DATA L/'LV 

DATA G/'G'/ 

DATA BLANK/' '/ 
liV=BLANK 

LV=BLANK 

aG=B LANK 

lg=blan:< 

ZSLIN1=CMPLX(0.,0.) 
YSLIN1=CMPLX(0.,0.) 
WRIT E(KTEP.M,100U) 
HEAD(KTETM,*)ILIN 
WEITE(KrEEa,102a) 
READ (KTSRM,lODUjLINTYP 
IF(LINTYP.EQ.T) WRITS(KTERM,106L) 
IF(LINTYP.EC.L)WHITE(KT EP.M,108a) 
READ(KXEHM,»)ISB 

https://ECUIVALE.NT
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ao 

1004 

1 0<;4 

1044 

1064 

1 034 

1104 

1 124 

1146 

1164 

1 1 84 

1 204 

1224 

1244 

1264 

1 284 

C 
C 

C 

C 

C 

c 

c 

c 

IFCLINTVP.NS.T)GO 10 20 
«RIT£.(KTERK ,1 104) 
nEAD(KTEEil, 1044)il V 
WEIIE(KrEE.1,1124) 
READ(KTER.M, 1044)HG 

IF(LINXYP.EC.i)WEITE(KT ERK,1144) 
IF(LIHIYP.SQ.i)KEITE(KIERK,1164) 
READ(KIEPM,*)lEE 
IF(LINTYP.NE.I)GO TC 40 
.<SirE(KTE?.t1,1134) 
READ(KTEEil,1044)LV 
WHIIE(KTE?,?i,1204) 
READ (KTEF.M, 1044)LG 
«RI?E(KTEB:-!,1224) 
E EAD(KTEEM,♦) R 
«SirE(KTEHM,1244) 
READ(KIERM, ») X 
2SLI N1=CKPLX(R,X) 
MRITE(KTER«,1264) 
READ (KIERH,•)G 
WRITE(KTERFi,1 284) 
READ(KTER.^,♦) 3 
YSLI N1= C;'iPLX(G,E) 
S EIU RN 

FORi-l AT( LIMS/THANEFORMEa NUMBER = •,S) 
FOE.'iAT( LINE TYPE (1=LINE,T=TRANSF0F.MER) ? ',3) 
FORMAT(A1) 
FORM AT( HIGH VOLIAGE BUS NUMBER = ',$) 
FORMAT( STARTING BUS NUMEER = *,1) 
FORM AT( HIGH VOLTAGE SIDE CONNECIICN (Y=MYE,D=DEITA) f-S) 
FORMAT( HIGH VOLIAGE SIDE GHCUND (G=GRCUND', 

BLANK IF UNGRCUNCEC) ? ',5) 
FORM AT( LOW VOLTAGE BUS NUMBER = •,i) 

FORM AT( ENDING BUS NUMBER = .',i) 
FORMAT( LOW VOLTAGE SIDE OCNNECTIGN (Y= W Y F,D=D ELIA) ',i) 
FORM AT( LOW VOITAGE SIDE GROUND (G=GROUNB', 

BLANK IF UNGROUNDED) ? • ,3) 
FORMAT( POSITIVE/NEGATIVE SLDUENCE SERIES IMPEDANCE■,/ 

(REAL PART) = ',I) 
FORM AT( POSITIVE/NEGATIVE SEQUENCE SERIES IMPEDANCE' ,/ 

(IMAGINAFY PART) = ',3) 

FORM AT( POSITIVE/NEGATIVE SEQUENCE SHUNT ADMITTANCE',/ 
(REAL PART) = ',E) 

FORM AT( POSITIVE/NEGATIVE SEQUENCE SHUNT ADMITTANCE',/ 
(TMAGIKARY PART) = ,3) 

END 
SUBROUTINE f BS D AT (ID NU M , BUSTY ?, E C , c G, BIM P 1, P IM F 2 , I-1MP 0 , BI M P N) 

THE SUBROUINE FDSDAI READS IN DAIA FFCM THE TEEMINAl ECUIVALFNT 
TO READING IN THE CARDS FOR A EUS OR GENERATOR 

AHGU ME NTS : 

IBNUM - THE NUMEER OF THE BUS OR CENFRATOR 
c 
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C BUSTYP - BUS TYPE. B IF STANDAfil EUS. T, IF GENERAICB BUS. 

C 

G BC - METHOD BY WHICH GENE5ATCH IS CCNNECIED Y C.R E. 
C 

C BG - BUS GROUND. G IF GROUNDED. 

c 

0 BIMPI - POSITIVE SEQUENCE GENERATCR IMPEDANCE 
C 

C BIMP2 - NEGATIVE SEQUENCE G'ENEEATCE IMPEDANCE 
C 

C 3IMP0 - ZERO SEQUENCE GENERATOR IMEECANCE 
C 

C BIMPN - NEUTRAL IMPEDANCE OF GENEFATCR 

C 

C 

C SUBROUTINES CALIEC: 

C 

C NONE 

C 

COMPLEX BIMP1 

CCMPLEX BIME2 

COMPLEX BIMPO 

CCMPLEX 3IMFN 

SEAL BUSTYP 

SEAL BC 

REAL BG 

INTEGER lENUM 

COMMON /INOU/ KTERM 

DAIA G/'G'/ 

DATA BLANK/' '/ 
BC=r3LAHK 

BG=BLAtiK 

BIMP1=CMPLX(0.,0.) 
BIMP 2=CMPLX(0.,C.) 
BIMPO=CMPLX (0.,0.) 
BIM?N=CMPLX(0.,0.) 
WRITE(KTERM,984) 
READ(KTERM,*)IBNUM 

WBirS(KTEF,M,1004) 
READ(XrSEM,1024)BUSTYP 
IF(DU3TYP.NE.G)GO TO 20 
WRITE(KTERM,1044) 
HEAD(KTERM, 1024)BC 
WRITE(KTERM,1064) 
READ(KTERM,1024)BG 
WRITE(KTERM,1034) 
READ(KTERM,»)R 
WF.ITE(KTERM,1104) 
READ (KTERM,«)X 
BIMP 1=CMPLX(R,X) 
WRITE(KTERM ,1124) 
READ(KTERM,») P. 
WRIL£(KTERM,1144) 
READ (KTERM,*)X 

BIMP2=CMPLX(R,X) 
WRITE(KTERM,1 164) 
READ(KTERM,*)R 

WRITE(KTERM,1184) 
READ(KTERM,•)X 
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BI«PO=CdPLX (?,, X) 
IF(3G.NE.G) GO TC 20 
HF.IIE(KTEHM,1204) 
5£AU(KTEEJl,*)F 
i>r.ITE(KTSEH,1224) 
READ (KTEHM,*)X 
bi«pn=c;'.plx(e,X) 

20 KEEU EH 

C 

984 FOEMATC BUS NUX3EE = •,i) 
1004 FORMAT(' BUS TYPE (B=BUS,G=GE NE E A TC E) ? ',$) 
1024 FORM AT(A 1) 
1 044 fCRMATC GEHEEATCE CCMNECTICw (Y=WYH,D=DELTA) ? ',!) 
1064 FOEMAT(' GSNEHATOE GROUNDING, G IF GfCUND, BLANK IF NONE ?',i) 
1084 fok;iat(' genehator positive seqleace impedance*,/ 

' (REAL PART) = ',$) 
1104 FOHWATC GENEEATOE POSITIVE SEQUENCE IMPEDANCE',/ 

• (IMAGINABY PAET) = ',$) 
1 124 FORMAT(' GENEEATOE NEGATIVE SEQUENCE IMPEDANCE',/ 

' (HEAL PAR I) = ',$) 
1 144 FCSMATC GENEEATOE NEGATIVE SEQUENCE IMPEDANCE',/ 

' (IMAGINARY PART) = •,S) 
1154 FORMATC GENERATOR ZERO SEQUENCE IM E ED A N CE',/ 

' (REAL PART) = ',S) 
1 184 FORMATC GSNERATCE ZERO SEQUENCE IMPEDANCE',/ 

• (IMAGINAR Y PART) = ',i) 
1204 FORMATC GENERATOR NEUTRAL IHPECANCE', 

' (R EAL PAET) = ',8) 
1224 FORMATC GENERATOR NEUTRAL IMPEDAFXE', 

' (IMAGINARY FART) = ',$) 
C 

END 

SUBROUTINE FBADD(IB,BT,DC,BG,BI1,E12,BIO,BIN,IBUS,BTYP, 
ECCtl,BGNC,EZ1,EZ2,EZ0,BZN,NB) 

C 

C TIi£ SIJBfiOUTIWZ F5AJD ADDS A NEW EIS TC THE FAULTEC SYSTrF. 
C 

C ARGUMENTS: 

c 

s» IB - THE NEW BUS NUMBER 
c 

c BT - THE NEW BCS TYPE 

c 

c BC - THE NEW GENERATOR CCNNECTICN GROUND 
c 

c UG - THE NEW GENERATOR GRCUND 
c 

c BI1 - THE NEW GENEP.AICR PCSIIIVE SEQUENCE IMPEDANCE 
c 

c BI2 - THE NEW GENERATOR NEGATIVE SEQUENCE IMPEDANCE 
c 

c BIO - THE NEW GENERATOR 2FRC SEQUENCE IMPEDANCE 
c 

c BIN - THE NEW GENERATOR NEUIRAi IMPEDANCE 
c 

C IBUS - THE BUS NUMBER 
c 
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C" BTY? - THE BUS TYPE 
C 

C BCON - THE GEKEEATCF. CONNECTION, Y Oc D 
c 

C BOND - THE GENEFATOE GEOUND 
C 

c azi - THE GENEEAICE POSITIVE SECUINCE IMPEDANCE 
C 

c BZ2 - THE GENEEATCP. NEGATIVE SECUIflCE IMPEDANCE 
C 

c azo - THE GENEEATCE ZEEC SEQUENCE IMPEDANCE 
C 

C BZN - THE GENEEATCE NEUTRAL IMPEDANCE 
c 

ND - THE NUMBER OF EU3E3 AND GENEFAIORS IN THE SYSTEM 

c 

C SUBSOUTINES CAIIZD: 
C 

C N ONE 

C 

COMPLEX BI1 

COMPLEX B 12 

COMPLEX BIO 

COMPLEX BIN 

COMPLEX 3Z1(26) 
COMPLEX BZ2(26) 
CCMP LEX BZO (26) 
COMPLEX BZN (26) 
REAL BTYP(2W) 
EEAL BCON (26) 
REAL DGND(26) 
INTEGER I BUS(26) 

c 

c FIND THE POSITION OF THE NEW BUS EEA Y 
c 

DO 20 1= 1,MB 
If(Ia.EQ.IDUS(I))GO TO 60 

20 CONTI NUE 
IJO N E=N 3+ 1 

IF(I.EQ. NB) GO TO 30 
c 

c MOVE THE BUSES UP ONE POSITION T 
c WHERE TilE MEW EDS SHOULD GO 
c 

N=NB-I 

DC 60 M=1,N 
J=NB-M+1 

IBUS {J)=IBUS(J-1) 
BIYP(J)=3TYP(J-1) 
BCON(J)= ECCN(J-1) 
BGND(J)=BGND(J-1) 
BZ1 (J)=BZ1(J-1) 
BZ2(J)=B Z2(J-1) 
BZO(J)=BZO(J-1) 
BZN(J)=BZN(J-1) 

60 CONTINUE 
C 

INSERT THE VALUES FOR THE NEW BUS IN THE ARRAY C 

https://IF(I.EQ.NB
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c 

dO I3U3(I)=IB 
BTYP(I)=BT 

iiCCN (T)=BC 

BGND(I)=BG 
BZ1 (I)= BI1 
3Z2(I)=BI2 
BZO(I)=010 
BZN(I)=BIN 

RcTUKN 

END 

SUBROUTINE FBCIIUG(IB,B?,EC,BG,BII,E12,BI0,BI N,IBUS,ET Y P, 
1 ECCN,3GNC,EZ1,EZ2,EZO,BZN,NB) 

C 

C rilE SUBROUTINE FBCIING CHANGES A ECS CP GENEHATCHS PAEAKETEES 

^ IN THE FAULTED SYSTEM 

C AEGUKENTS: 

C 

C IB - THE NEW EUS NUMESE 

C 

C BT - THE NEW BUS TYPE 

C 

C 30 - THE NEW GENEEATC3 CCNNECTICN TG GROUND 

C 

C BG - THE NEW GENEEATCE GROUND 

0 DI1 - THE NEW GENERATOR POSITIVE SEOUENOE IMPEDANCE 

0 

C BI2 - THE NEW GENERATOR NEGATIVE SEQUENCE IMPEDANCE 

0 

C BIO - THE NEW GENERATOR ZERO SEQUENCE IMPEDANCE 

0 

C BIN - THE NEW GENEEATaP. NEUTRAL IMPECANCE 

0 

C lEUS - THE EUS NUMBER 

0 

C DIYP - THE EUS TYPE 

0 

C BOON - THE GENEEATCH CONNECTION, Y OR D 

0 BGND - THE GENEEATCE GROUND 

0 

0 DZ1 - THE GENEEATCE POSITIVE SEQUENCE IMPEDANCE 

0 

C BZ2 - THE GENEBATCE NEGATIVE SEQUENCE IMPEDANCE 

0 

C BZO - IHE GENERATCR ZERO SEQUENCE IMPEDANCE 

0 

C bZN - THE GENEEATCE NEUTRAL IiMPECANCE 

0 

C NB - THE NUMBER OE BUSES AND GENEEAICRS IN THE SYSTEM 

0 

0 

C SUBFOUTIHES CALIEE: 
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HONE 

COMPLEX BI1 

COMPLEX BI2 

COMPLEX BIO 

COMPLEX BIN 

CCMPLEX BZ1(24) 
COMPLEX BZ2(24) 

CCMPLEX BZO(24) 
COMPLEX B7.N(24) 

PEAL BTYP (24) 

REAL BCON (24) 
REAL BOND(24) 
INTEGER IBUS(24) 

FIND TliE BUS TO BE CHANGED 

DO 20 1=1,HE 
I F(IB.EQ.IBUS(I))GO TO 4C 

20 CONTINUE 

C 

C REPLACE THE PARAMETERS 

c 

no IBUS(I)=13 

. BTYP (I)=aT 

BCON(I)=BC 

BGND (I)= BG 

BZ 1(I) =BI1 
bZ2(I)=i3I2 
BZO( I)=BIO 
BZN(I)=BIN 

FETU EN 

END 

SUBROUTINE FBDEl(IB,LINE,3B,EU,LTyPF,:-IVTC,IIG N D,L V IC,LG N D, 
1 Z3ER1,YSHT1,ZSERO,YSHTO,ZMHV,ZNLV,Ni,ICUS, 
2 BTYP,BCON,BGND,EZ1,£Z2,BZO,BZN,NE) 

c 

c THE SUBROUTINE FBDEL DELETES A ECS CF GENEEATCF, FfCM THE SYSTEM 
c 

c 

c ARGUMENTS: 

c 

c IB - THE NE4 BUS NUMBER 

c 

c • LINE - LINE NUMBER FOR A TSANSFCRKEF OR XRANSMTSSICN LINE 
c 

c SB - STARTING BUS OH HV BUS FCR A LINE OR TKANSFCFMEH 
c 

c EB - ENDING PUS OB IV BUS FOR A LINE OR TRANSFCRMFF 
c 

c LTYPE - SPECIFIES nilETHEH CCMFCNENT IS A LINE CR TEANSFCFMER 
c 

c HVTC - THIS INDICATES HIGH VOLTAGE TERMINAL CCNNECTICN CF A 
c TRANSFCRMEE 

c 

HGND - THIS INDICATES KGN THE HIGH VOLTAGE SIDE IE GROUNDED 
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c 

C LVTC - THIS INDICATES LOW VOLTAGE TERMINAL CONN'ECIXON OF A 

C TSANSFORKEB 

C 

C LGND - THIS INDICATES HOW THE LOW VCITAGE SIDE IS GECUNCEE 

C 

C ZSE31 - POSITIVE AND NEGATIVE SEQUENCE IHPEDANCE CF A LINE 

C CP. TEANSFCSMES 

C 

C YSHT1 - POSITIVE AND NEGATIVE SEQUENCE IMPEDANCE CF A LINE 
C 

C ZSERO - ZERO SEQUENCE IHPEDANCE OF A LINE OR TRANSFORMER 

C 

C YSHTO - ZERC SEQUENCE I.MPEDSNCE OF A LINE 

C 

C ZNHV - HIGH VCLTAGE NEUTRAL lilPFCANCE OF A TRANSFORMER 

C 

C ZNLV - LOW VOLTAGE NEUTRAL IMPEIANCE OF A TRANSFORMER 
n 

C NL - NUMBER OF LINES AND TRANSFORMERS IN THE SYSTEM 

C 

C IDUS - THE BUS NUMBER 

C 

C LTYP - THE BUS TYPE 

C 

C dCON - THE GENERATOR CONNECTION, Y OR D 

C 

C 3GND - THE GENERATOR. GF.CUND 

C 

C BZ1 - THE GENERATOR POSITIVE SEQUENCE I.MPEDANCE 

C 

C BZ2 - THE GENERATOR NEGATIVE SEQUENCE IMPEDANCE 

C 

C BZO - THE GENERATCE ZERO SEQUENCE IMPEDANCE 

C 

C BZN - THE GENERATCE NEUTRAL I.MPECANCE 

C 

C HB - THE NUMBER. OF EUSSS AND GENERATORS IN THE SYSTEM 

C 

SUBROUTINES CALLEC: 

I. 

C FIDEL 

C 

COMPLEX 
COMPLEX 
COMPLEX 
COMPLEX 
COMPLEX 
COMPLEX 
COMPLEX 
COMPLEX 
COMPLEX 
COMPLEX 

REAL 
REAL 
REAL 
REAL 
REAL 

ZSER 1 (50) 
YSHT1(5C) 
ZSERO(50) 
YSHTO(50) 
ZNHV(50) 
ZNLV(50) 
BZ1(2U) 
BZ2(214) 
BZO (214) 
BZH(214) 

LTYPE(50) 
HVTC(50) 
HGND(50) 
LVTC(50) 
LGND(50) 
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a£AL DTyP(24) 
HEAL BCON (24) 
REAL BGND(24) 
INTEGER LINE(50) 
INTEGER S3(50) 
INTEGER. Eb(50) 
INTEGER I3US(24) 

n 

C FIND THE POSITICN OF THE BUS TO BE DELETED 
C 

!IBiH=NB-1 

DO 20 I=1,NE 

I?(IB.EQ.IBUS(I))GO TO 4C 
20 CONTINUE 

40 IF(I.Ew.NB)GO TO 60 
C 

C KOVE THE BUSES UP ONE POSITICN THAI ARE LOCATED AfTER 
C WHiP.E THE OLD BUS N AS DELETED 

C 

DO 60 J=I,NE«1 
IBUS(J)=I3US(J+ 1) 
BTY?(J)= ETYP(Jtl) 
BCON(J)=ECCN (J+ 1) 
DGND(J)= GGND(J 1) 
BZ1(J)=BZ1(J+1) 
3Z2(J)=BZ2(J+1) 
UZO(J)=B ZO(J+1) 
3ZN(J)=BZN (J+1) 

60 CONTINUE 

BO Nb=NBH1 

C 

C DELETE THE LINES CONNECTED TO THE BUS 

C 

1 00 DO 120 K=1,SL 
IF(5B(K).SQ.IB)GO TO 140 

120 CONTINUE 

GO TO 160 

140 IS=S3(K) 
IE=EB(K) 
LN=LINE(K) 
CALL FLDEL(LN,LINE,3B,EB,LTYPE,H V TC,I!G ND,LVT C,LG N E,ZSER 1, 

1 YSHT1,ZS EEO,YSKTO,ZNHV,ZNLV,NL) 
GO TO 100 

1 60 DO 180 L=1, NL 
IF(EB(L).EQ.I3)G0 TO 200 

180 CONTINUE 

GO TO 220 

200 IS=SB(L) 
IE=EB(L) 
LN=LIME(L) 
CALL FLDEL(LN,LTN'E,S3,E3,LTYPE,'IV TC.IIGND,LVTC,LGKr,Z5£S1, 

1 YS!IT1,ZSEP.0,YSHT0,Z N hV,Z N L7,N L) 
GO TO 160 

r 

220 RETURN 

END 

SUBROUTINE FLADD(LN,IS,IE,ZS1 .YSI,ZSO,YSO,ZNH,ZNL, 
1 LT,HV,LV ,HG,LG,LINE,SB,EB,LTYPE, 
2 IiVTC,HGND,LVTC,LGND,ZSER1,YSIIT1,ZS ERG, 
3 YS HTO,ZN liV,Z HL7,M) 
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c 

C THS SUBROUTINE FEADD ADDS A NEW LIKE TO THE FAULTJL SYSTEH 

C 

C 

C AFGU.YENTS: 

C 

C LN - TliE NEW LINE OH T H A NSF CS N E H ADDED TO TUE SYSTEK 

C 

CC IS - THE NEW STAHTING OR IIV BUS FCH A LINE CP TRAKSECRNEE 

C 

0 IE - THE NEW ENDING OR IV BUS FCR A LINE CR TKANSFCSKER 

C 

C ZS1 - THE MEW LINE'S POSITIVE AND NEGATIVE SECUENCE IMPEDANCE 
C 

C YS1 - THE NEW LINE'S POSITIVE AND NEGATIVE SECUENCE ADMITTANCE 
C 

C ZSO - THE NEW LINE'S ZERO SECUENCE IKFEDA.NCE 

C 

C YSO - THE NEW LINE'S ZERO SEQUENCE ADMITTANCE 
C 

C ZNH - THE NEW LINE'S HIGH VCLTAGE NEUTHAL IMPEDANCE 

C 

C ZNL - THE NEW LINE'S LOW VOLTAGE NEUTRAL IMPEDANCE 

C 

C LT - NEW LINE TYPE 

C 

C 1;V - NEW LINE HV TERMINAL CCNNECTICN 

C 

C LV - NEW LINE LV TERMINAL CCNNECTICN 

C 

C liG - NEW LINE HV SIDE GRCUND 

C LG - NEW LINE LV SIDE GROUND 
r 

C LINE -LINE NUMBER FCR A TRANSFCFMEE CH TRANSMISSICN LINE 

C 

C SB - STAP.TIJiG BUS OR 11V BUS FCR A LIKE CR IRANSFCFMEB 

C 

C EE - ENDING BUS OR LV BUS FCR A LINE CR TEANSFCHMIB 

C 

C LTYPE - SPECIFIES WHSTUER CCMPCNEM IS A LINE OR TRAKSECEKES 

C HVTC - THIS INDICATES HIGH VCLTAGE TERMINAL CCNNECTICN Cr A 

C TSAN'SFCRMEP 

C 

C HGND - THIS INDICATES HOW THE HIGF VCLTAGE SIDE IS GROUNDED 

C 

C LVTC - THIS INDICATES LOW VCLTAGE TERMINAL CONNECTION OF A 

C TRANSFORMER 

C 

C LGND - THIS INDICATES HOW THE LCW VOLTAGE SIDE IS GECONCED 

C 

C ZSERI - POSITIVE AND NEGATIVE SEQUENCE IMPEDANCE Cf A LINE 
C CR TRANSFCRMEH 

C 

C YSHII - POSITIVE AND NEGATIVE SEQUENCE IMPEDANCE CF A LINE 
C-

C ZSERO - ZERO SECUENCE IMPEDANCE OF A LINE OP. TRANEFOEMEE 
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c 

c •iSllTO - ZERO SEQtJENCE IMPEDANCE OF A LINE 
c 

c ZNllV - HIGH VOLTAGE NEUTRAL IMPEDANCE OF A 

c 

c ZNLV - LOW VOLTAGE NEUTRAL IMPEDANCE OF A 

c 

TRANSFCRMEE 

TSANSFCFMER 

c 

c 

NL - NUMBER OF LINES AND IHANSfCRMEFS IN THE SYSTEM 

c 

c SUBROUTINES CALLED: 

M ONE 

COMPLEX 

COMPLEX 

COMPLEX 

COMPLEX 

COMPLEX 

COMPLEX 

COMPLEX 

COMPLEX 

COMPLEX 

COMPLEX 

COMPLEX 

COMPLEX 

REAL LT 

REAL HV 

REAL LV 

REAL HG 

REAL LG 

ZS1 

YS1 

ZSO 

YSO 

ZNH 

Z NL 

ZSER 1 (5C) 
YSHT1(50) 
ZSEEO(50) 
YSHTO (50) 

ZNHV(50) 
Z NLV(50) 

REAL LTYPE(50) 
REAL liVTC(50) 
REAL HGND (50) 
REAL LVTC(50) 
REAL 
INTEGER 

INTEGER 

INTEGER 

INTS3EE 

INTEGER 

IHTEGER 

INTEGER 

LGND (50) 
LN 

IS 

IE 

LINE(50) 
S B(50) 

EE(50) 
lEUS(50) 

FIND THE POSITICN Of THE NEW LINE IN THE ARRAY 

DO 20 1=1,NL 
IF(LN.EQ.LINE(I))GO TO 40 

20 CONTINUE 

40 NL=NL+1 

IF(I.EQ.NL) GO TO £0 
c 

c MOVE THE LINES UP ONE POSITICN THAT 

c THE NEW LINE SHCUiD GO 

c 

N=NL-I 

DO 60 M=1,N 
J= NL-K+1 

LINS(J)=LINE(J-1) 

ARE LOCATED AFTER WHERE 



156 

S B(J)=SB(J-1) 
£3(J)=£3 IJ-1) 
LTYPE(J)=LTYFE(J-1) 
H VTC(J)= KVTC(J-1) 
ilGMD(J)=liGND (J-1) 
LVrC(J)=IVTC(J-1) 
LGND(J)=LGND(J-1) 
ZSEE1(J)=ZSEE1(J-1) 
YSHT1(J) =YSnT1(J-1) 
ZSiF.G (J)=ZS2E0(J-1) 
Y SHIO(J) =YSnTO(J-1) 
Z NHV (J)=ZNHV (J-1) 
ZNLV(J)=ZNLV(J-1) 

60 CONTIwUi 

C 

c INSERT VALUES FOR THE NEW LINE IN THE ARRAY 
c 

30 LINE(I)=LM 
SB(I)=IS 
EB(I)=IE 

LTYPE(I)=LT 
HVTC(I)=HV 

HGMU (I)=HG 
LVTC(I)=LV 
LGND (I)=LG 

ZSER 1(I)=ZS 1 
YSHT1 (I)=YS 1 
ZSER 0(1)=ZSO 
YSIITO (I)=YSO 
ZNnv(I)=zn:i 
ZNLV (I)=ZNL 

RETU RN 

END 

SUBROUTINE FLCHNG(LN,I3,IF,Z31,Y31,ZS0,YS0,ZNH,ZNL, 
LT,av,LV ,liG,LG,IIhE,38,EE,LT YFE, 
HVTC,HGNC,LVTC,LGNC,Z3ER 1,YSHT1,ZSEF.0, 
YS[1T0,ZHfIV,ZNLV,^L) 

C 

c THE SUBROUTINE FLCHNG CHANGES THE PARAMETERS OF A LINE 
c OP. TRANSFORMER IN THE FAULTED SYSTEM 
c 

c 

c ARGJMENIS: 

c 

c LN - THE NEW LINE OS TRANSFCSMES ADDED TO THE SYSTEM 
c 

cc IS - THE NEW STARTING OR IIY BUS FC3 A LINE OR TRAASECRMEE 
c 

c IE - THE HEW ENDING OR LV BUS FOR A IINE OR lEANSECFMEE 
c 

c ZS1 - THE NEW LINE'S POSITIVE AND NEGATIVE SECUENCE IMPEDANCE 
c 

c YS1 - THE NEW LINE'S POSITIVE AND NEGATIVE SEQUENCE ADMITTANCE 
c 

c ZSO - THE NEW LINE'S ZERO SEQUENCE IMPEDANCE 
c 

c YSO - THE NEW LINE'S ZERO SEQUENCE ADMITTANCE 
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c 

C ZNli - THE NEW LINE'S HIGH VCLIAGE NEUTRAL IKPEDAKCE 
C 

C ZNL - THE NEW LINE'S LOW VOLTAGE NEUTRAL IMPECANCE 
C 

C LT - NEW LINE TYPE 

C 

C HV - NEW LINE HV lEEHINAL CCNNECTICK 

C 

C LV - NEW LINE LV TERHINAI CCNNECTICN 

C 

C HG - NEW LINE HV SIDE GRCUND 

C 

C LG - NEW LINE LV SIDE GRCUND 
C 

(-■ line -line number for a TEANSFCFMER CR transmission LINE 
c 

C SB - STAETItJG BUS OP HV BOS FOR A LINE CR TRANSFCEKEH 
C 

C SB - ENDING BUS OR LV BUS FOR A LINE CR TRAUSFCHME? 
C 

C LTYPS - SPECIFIES WHETHER CClMECNEI.T IS A LINE CR IRANSECRMER 
C 

C HVTC - THIS INDICATES HIGH VOLTAGE TERMINAL CCNNECTICN CE A 
C TEANSFCEKEf. 
C 

C HGND - THIS INDICATES HOW THE HIGF VOLTAGE SIDE IS GROUNDED 
C 
C LVTC - THIS INDICATES LCH VCLTAGE TERMINAL CONNECIION OF A 
C TRANSFORMER 
C 

C LGND - THIS INDICATES HOW THE LCW VCITAGE SIDE IS GECUNEEC 
C 

C ZSER 1 - POSITIVE AND NEGATIVE SEQUENCE IMPEDANCE CF A LINE 
C OR TRANSFORM EE 
C 

C YSHT1 - POSITIVE AND NEGATIVE SEQUENCE IMPEDANCE OF A LINE 
C 

C ZSSRO - ZERO SECUENCE IMPEDANCE OE A LINE OR TEhNSFCRMER 
C 

C YS[iTO - ZERO SECUENCE IMPEDANCE OE A LINE 
C 

C ZNHV - HIGH VOLTAGE NEUTRAL IMPECANCE OF A TF.ANSFCRMER 
C 

C ZNLV - LOW VOLTAGE NEUTRAL IMPEIANCE OF A TRANSFORMER 
C 

C NL - NUMBER OF LINES AND TRANSFORMERS IN THE SYSTEM 
C 

C 

C SUDP.OUTINES CALIEC: 
C 
C NCNE 
C 

CCMPLEX Z31 
COMPLEX YS1 
CCMPLEX ZSO 
COMPLEX YSO 
CCMPLEX ZNH 
CCMPLEX ZNL 
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c 

c 

c 

20 

C 

c 

40 

C 

C 

C 

C 

C 

C 

C 

COMPLEX 

COMPLEX 

COMPLEX 

COMPLEX 

COMPLEX 

COMPLEX 

REAL 

REAL 

SEAL 

REAL 

REAL 

REAL 

REAL 

REAL 

REAL 

REAL 

INTEGER 

ZSER1(50) 
Y3HT1(50) 
ZSSSO(5C) 
YSHTO(50) 
ZNHV(50) 
ZNLV(50) 

LT 

HV 

LV 

HG 

LG 

LTYPE(50) 
IIVTC(50) 
EGND (50) 
LVTC(50) 
LGND(50) 

LN 

I NTEGEF, IS 

INTEGER IE 

IMTSGE? LINE(50) 
INTEGER SB(5C) 
I NTEGEF. SE(50) 
INTEGER IBUS(50) 

FIND THE POSITION OF THE LINE TO EE CHANGED 

DO 20 1=1,NL 

IF(LN.EQ.LINE(I))GO TO 40 
CONTINUE 

REPLACE THE PARAMETERS 

LINE(I)=LN 
SB(I)=IS 

EE(I)=IE 
LTYP E(I)=LT 
HVTC (I)=I1V 
HGND(I)=HG 
LVTC (I)=LV 
LGND(I)=LG 

ZSEH 1 (I)=ZS 1 
Y31IT 1(1)=YS 1 
ZSESO(I)=ZSO 

YSHTO(I)=YSO 
ZNHV (I)=ZNH 

ZNLV(I)=ZNL 

RETURN 

END 

SUBROUTINE FLDEI(LN,LI N E,SB,H B,IT YFE,IIVT C,HG N C,LVTC,LG N E, 
ZSEE1,YSHT1,ZSE?C,YEHTO,ZNHV,ZNLV,NL) 

THE SUdROUTINE FLDEL DELETES A LINE FROM THE FAULIEC SYSTEM 

ARGUMENTS: 

LN - THE NEW LINE OH TRAN3FCHHSE ADDED TO THE SYSTEi 

https://IF(LN.EQ
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c 

C LIN'S -LINE NCIMBEK FOR A lEANSFCEHER CR TEANSMISSICK LINE 

C 

C 53 - STARTING BUS OS HV BUS FOR A lIliE CE TRANSFCFNEE 

C 

C SB - ENDING BUS OH LV BUS FOR A LINE CR TEANSFCRKEE 

C 

C LTYPS - SFECIFIES WHETHER CCNECNEM IS A LINE OR lEANSFCENEE 

C 

C IIVTC - THIS INDICATES HIGH VCLTAGE TERMINAL CCNNHCTICN Cf A 

C THAMSFCSf.EF 

C 

C HGND - THIS INDICATES HOW TEE HIGH VCLTAGE SIDE IS GROUNDED 

C 

C LVTC - THIS INDICATES LOW VCLTAGE TERMINAL CONNECIICN CF A 

C TRANSFORMER 

C 

C LGND - THIS INDICATES HO'W THE LCH VCITAGE SIDE IS GECUNLiC 

C 

C ZSER1 - POSITIVE AND NEGATIVE SEQUENCE IMPEDANCE CF A LINE 

C CE TRANSFCPKER 

C 

C YSHT1 - POSITIVE AND NEGATIVE SEQUENCE IMPEDANCE CF A LINE 

C 

C ZSEEO - ZERC SEQUENCE IMPEDANCE OF A LINE OR lEANSFORMEE 

C 

C YSHTO - ZERC SEQUENCE IMPEDANCE OF A LINE 

C 

C ZNHV - HIGH VCLTAGE NEUTRAL IHPEIANCE OF A lEANSFCRMEE 

C 

C ZNLV - LOW VCLTAGE NEUTRAL IMPEIANCE OF A TRANSFORMER 

C 

C NL - NUMBER OF LINES AND TRANSFORMERS IN THE SYSTEM 

C 

G 

C SUBROUTINES CALLEC: 

C 

C NONE 

C 

COMPLEX ZSEF.1(50) 
COMPLEX YSHT1(50) 
COMPLEX ZSEEO(50) 
COMP LEX YSHTO(50) 
COMPLEX Z KHV(50) 
COMPLEX ZNLV(50) 
REAL LTYPE(50) 
REAL HVTC(50) 

REAL HGND(50) 
REAL LVTC(50) 
REAL LGND (50) 
INTEGER LN 

INTEGER LINE(50) 
INTEGER SB(50) 
INTEGER EE(50) 
INTEGER IBUS(50) 

C 

C FIND THE POSITICN OF THE LINE TC EE EELTED 

C 

NLM1=NL-1 
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DC 20 1=1,Nl 

If(LN.HQ.LIN;(I))GO TO UO 
20 CONTINUE 

NO IF(I,EQ.NI,) GO TO 60 
C 

c MOVE THE LINES UN ONE POSITION Til«T ARE LCCATfD AfTfK WiiEBE 

0 THE OLD BUS WAS DELETED 

C 

DC fa O J=I,NIN1 
L INE(J)=LINE(J +1) 
S D(J)=S3(J +1) 
EB(J)=E3(J +1) 
LTYFE(J)=LTYEE (J + 1) 
liVTC(J)=liVTC (J +1) 
HGND(J)= HGND (J +1) 
LVTC(J)=LVTC(JH) 
LGND(J)= LGND (J +1) 
ZSER 1(J) =ZSEH1 (J + 1) 
YSHT1 (J)=YSHT 1 (J +1) 
Z SEE0(J)=ZSEIO(J+1) 
Y SHTO (J)=YS;iT0(J+1) 
ZNUV(J)=ZNI!V (J+1) 
ZNLV (J)=ZNIV (J +1) 

60 CONTINUE 

BO NL=NLM1 

C 

SETU EM 

END 

SUBROUTINE r3FHAS(Z1,ZF,F,V,HVTC,LVTC,IBUS,S3,33,IINE,IEr,NB, 
1 NL,ISQ) 

0 THE 3UBECUTINE FJFllAS SOLVES FOE P. TEPEE PHASE FAILI AT 
C AT PARTICULAR BUS OF A PCkiEE SYSTEH. 

C 

C 

C ARGUMENTS: 

C 

C Z1 - THIS VECTOR CONTAINS THE ECSITIVE SEQUENCE lEEEBANCES 
C Of ALL THE BUSES IN THE NETWCPK WITH RESPECT TO THE 

C BUS THAT IS BEING FAULTED. 

C 

C ZF - THE IMPEDANCE OF THE FAUIT AT THE PA.PTICULAH BUS BEING 

C FAULTED. 

C 

C F - THE POSITIVE SEQUENCE ACMITIANCE MATRIX 

C 

C V -■ THE PRSFAULT EUS VOLTAGES FCR. TEE SYSTEM 
C 

C UVTC - THIS INDICATES HOW A HIGH VGLIAGE SIDE OF A TF.ANSFCRHEE 
C IS CONNECTED 'D' FCR DELTA 'Y' FOR KYE. 
C 

0 LVTC - THIS INDICATES HOW A LCW VCITAGE SIDE OF A TSANSECEMEB 
C IS CCNNECTED 'D' fCE. DELTA 'Y' FOR HYE. 
C 

C lEUS - THE NUMBERS OF THE BUSES IN THE SYSTEM 
C 

c SB - THE STARTING BUS OF A LINE. ALSO THE HIGH VOLTAGE BUS OF A 
C TRANSFORMER 



 

 

 

 

 

 

 
 

 

 
 

 
 

 
 

 
 

 
 

 
 

 

 
 

 

 

 
 

 

 

 

 

 

 
 

 

 

 

161 

C ZB - THE ENDING BUS OF A LINE. ALSC IHE LCW VCITAGE BUS OF A 

C IPANSFCEKEE 

C 

C LINE - IHE NUNBEE OF EACH LINE OR T3AN3FORHER WITHIN THE SYSTEH 

C 

C IFF - THE NUMBER OF THE EUS BEING FAULTED 

C 

C NB - THE NUMBER OF EUSES IN TEE SYSTEM 

C 

C NL - THE NUMBER OF LINES IN THE SYSTEM. 

C 

C ISQ - THIS AKGUEMENT IS NCNZEEO IE IHE SEQUENCE VCLTAGES AND 
C CUH3ENTS FOR THE FAULT ARE TC EE P3INTSC CUT. 

C 

C 

C LOCAL VARIABLES: 

C 

C yO,V1,V2 - THE COMPLEX VECTORS FOR THE ZERO, POSITIVE, AND 
C NEGATIVE SEQUENCE VOLTAGES 

C 

C VMAG0,VMAG1 ,VMAG2 - THE MAGNITUDES OF THE THREE SEQUENCE 
C VOLTAGES 

C 

C AiJG0/ANG1,ANG2 ~ lUE VOLiAGi- ANGLES CF THE ZERO,PCSITIV E, 
C AND NEGATIVE SEQUENCE VOLTAGES AND CURRENTS 

C 

C ILFO ,ILF1,ILF2 - THE CURRENT FLCHIIiG FORWARD ALONG A LINE 
C (FROM SIAiilING BIS TO ENDING EUS) 
C 

C ILFM0,ILFM1,ILFM2 - THE MAGNITUDE CF THE SEQUENCE CURRENT IN A 
C LINE 

C 

C V0S,V1S,V2S - THE CCMPLSX VALUE OE THE VOLTAGE WITH PHASE 
C SHIFTING DUE TO DE1TA-<YS TEANSFCPMIR CCNNECTICNS 

C TAKEN INTO ACCOUNT 

C 

C lOSF,I1SF,I2SF - THE COMPLEX VALUE CF THE CURRENT WITH PHASE 
C SHIFT DUE TO DELIA-WYE TSANSFCRMEE CCNNECTICNS 

C TAKEN INTO ACCCUNT, THIS IS FOE CURRENTS GOING 

C FROM STARTING EUS IC ENDING EUS. 
C 

C I0S3,I1SB,I2SB - THE COMPLEX VAIUE CF THE CURRENT WITH PHASE 
C SHIFT CUE TO DELTA-WYE TRANSFORMER CONNECTIONS 

C TAKEN INTO ACCCUNT. THIS IS FOR CURRENTS GOING 

C FROM ENDING EUS TO STARTING BUS 

C 

C IFrtULT - COMPLEX FAULT CUURENT 

C 

C MAG - REAL MAGNITUDE OF IFAUL? 

C 

C see - SHORT CIRCUIT CAPACITANCE 

C 

C SHIFT - THIS INTEGER VECTOR IS RETURNED BY DYFIX. IT CONTAINS 
C THE NUMBER CF TIMES A BtS VCJATGE IS TC BF SHIFTEE BY 

C 30 DEGREES. 
C 

C AJO - THIS CONSTANT IS TAKEN' TO TFE I'OWSS OF THE VALUE IN SHIFT 

C FOR THAT BUS 
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c 

c SUBROUTINES CALIED: 
c 

c DYFIX,PHPRNT 
c 

COMPLEX Z1(24) 
COMPLEX ?(24,24) 
COMP LEX IFAULT 
COMPLEX VO(24) 
COMPLEX V 1(24) 
COMPLEX V2(24) 
COMPLEX ILFO 

COMPLEX 11F1 

COMPLEX ILf2 
COMPLEX ZF 

COMPLEX V (24) 
COMPLEX inSF(SO) 
COMPLEX I 13F(SO) 
COMPLEX I2SF(50) 
COMPLEX lOSD(50) 
CCMP LEX I IS B(50) 
COMPLEX I 2SB(50) 
COMPLEX VOS(24) 
COMPLEX V IS(24) 
COMPLEX V 2S (24) 
COMPLEX A 30 

HEAL ilVTC(24) 
HEAL LVTC(24) 
HEAL MAG 

HEAL ILFM 0 
REAL ILFM 1 

REAL ILFM 2 

INTEGER S E(50) 
INTEGER EB(50) 
IMTEGES IEUS(24) 
INTEGER SHIFT(24) 
INTEGEP LINE(50) 
LOGICAL PRINT 

CCiMMON /IHOU/ KTEEM 
COMMON /OUTPUT/ ANSOUT,PRINT,AN«IJ 
DATA YES/'YES'/ 
A30=CMPLX(0.8(S60254,0.5) 

If AULT=V (IFP)/(Z1(IFF)fZF) ' 
MAG=CABS(IFAULT) 
see =CA8S(V (IFP)) AG 
IF(ISQ.EQ. 0)GO TO 20 
HEIIE(FTSRM,1064) 
WHITE(KTEHM,10Ba) IEUS(IFP) 
WEITE(KTERH ,1104) ZF 
WRITE(KTSRM,1124) IFAULT, MAG 
WEITE(KTERM ,1144) see 
WRITE(KTERH,1164) 
IF(A NSOUT.N E.YES)GO TO 20 
WRIT E(6,1054) 
WRITE(6,1034) IBUS(IFP) 
WRIT E(6,1 104) ZF 
WRITE(5,1124) IFA'JLT, MAG 
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iir,ir"(6,114U) see 
W5IT£(6,1164) 

C 

C CALCULATE THE SEQUENCE VOLATAGES iOE THE FAULT 
C 

20 DC 220 K=1,ND 
V 0(K)=C?1PLX(C.,0.) 
VI (t:)=V (X)-(Z1(K)/(Z F+Zl(IFP))}* V(IFP) 
V 2(K)=cmpl:<(C.,0.) 
Ir(I.EQ. K) VI(K)=(ZF/(ZF+Z1 (IFF)))*V (IFF) 
V05(K)=VO(K) 
V IS(K)=V 1(K) 
V2S(K)=V2(K) 

C 

C PERFOF.n PHASE SHIFTS IF NECES5AFY 

C 

IF(SHIFT (K).NE.O) V IS (K)=V1(K)*A3C*«3HIFT(X) 

IF(ISQ.EQ.O)GO TO 220 
CALL MAGANG (VI S(K),V2S(K),VOS(X),VilAG 1,VMAC2,VFAGO, 

1 AHC1,ANG2,AMG0) 
W FITE(KT EEM,1184)I3U3(K) ,V HA GO,ANGO,VMAG1,ANG 1,V HAG2,AKG2 
IF(ANSOUT.EQ.YES) WaiTE(b ,1 1 P4)IFtS(K) ,VMAGO,ANGO,V MAG1,ANG1, 

1 VMAG2,AN'G2 

220 CONTINUE 

II-(ISQ.NE.O)K3ITS(KTEF.M,1 204) 

IF((I3Q.NE.O).AND.(ANSOUT.EC.YES))WaiTE(6,1204) 
C 

C CALCULATE THE SEQUENCE CUFFENIS FOR THE NETWORK 

C 

DO J20 N=1,NL 

DO 240 J =1,NB 
IF(I3U3(J).EQ.SB(N)) GO TO 26C 

240 CONTINUE 

260 L=J 

DO 280 J=1,NB 
IF(I3US(J). EQ.EB(N)) GO TO 3CC 

280 CONTINUE 

300 H=J 

ILE1=(V1 (L)-V1(H)') (-F(L,H)) 

lOSf(N)= CHFI.X(0.,0.) 
I1SF(X)=IIF1 
I2SF(N)=CHPLX(C..0.) 
IF(SHIFT (L).NE.O)IIS F(N)=1131-(N)»AJO**SHIFT(L) 
IF(ISQ.EQ.0)GO TO 320 
CALL NAGANG(IISF (N),I23F (N),IO£F(N),ILFH1,1LFM2,ILFK0, 

1 A NG1 ,ANG2,ANGO) 
W FITS(KTEFH,1224)LINE(N),SB(N) ,EE(N).ILFHO,ANGO,IIFH 1, 

1 ANG1,ILfH2,ANG2 
IF(ANSOUT.EC.YES)WRITE(6,1 224)LINE(N),S3(N),EE(N),ILF«G,ANGO, 

1 ILEEl,ANG1,ILF«2,ANG2 
lOSB(N)=CNPLa(0.,0.) 
I 1SB(N)=-ILF1 
I2SE(S)=CXELX(0.,0.) 
IF(SHIFT (.1).NE.0)IISB(N) =I 1 SB(N) ♦ A30 SHIFT(M) 
CALL MAGANG(USD(N),I2SB(N),I0S3(N),ILFK1,ILFH2,ILF(10, 

1 A NG1 ,ANG 2,ANGO) 
W?ITE(KTERM,1234)LINE(N) ,£B(N) ,3E(N),ILFHO,ANG0,ILFK1, 

1 ANG1,ILFH2, ANG2 
IF(ANSOUT.EC.YES) WRITE(6,1 234) LINE(il),EB(N),SB(N),ILiNjC, 

1 ANGO.ILFEI,ANG1,I1EK2,ANG2 

https://IF(ANSOUT.EQ
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320 CONTINUE 

C 

CALCULATE PEE PHASE VALUES 

ViEITE(KTEEN,1064) 
wKIT:(KTEE.1,1084) IBUS{IFP) 
«EITE(ET£H;1,1104) Zf 
WKITE(KIEEN ,1124) ItAULT, MAG 
»EITE(KTERM,1144) SCO 
IE(ANSCUT.NE.YES)GO TO 340 
WRITE(6,105 4) 
WEIT E(6,1084) lEUS(IFP) 
WE IT E(6,1104) ZF 
WEIT E(5,1 124) IfAULT, MAC. 
WHITE(6,1 14 4) see 

340 CALL PHPRNT (NS,NL,lEUS,LINE.SE,EE,VC£,V IS,V2S,I0Sf,I1SF,I2SF, 
1038,IISB,I2SB) 

C 

1064 FORMAT(' 1 20X, BAIANeSD TllPEE PHASE FAULT ♦»•*♦•) 
lUd4 FCRMAT (1H0,'FAULT CeCUSS AT BUS ',12) 
1104 FOEMAT (1H0, 'FAULT IMPEDANCE^', 2F10.3) 
1124 FORMAT (1H0,'IFAULT=',2Fia.4,4X,'MAGKITUDE=' ,F10.4) 
1144 FORM AT( inO, 'SHORT CIRCUIT CA?AC ITY=• ,f10.4) 
1 164 FORMAT {1 HO, 

/,' POST FAULT BUS VOLTAGES',//, 
bX, •X ' ,20 ('-') , ' SEQUENCE QUANTITIES ',20 ('-' ),•X •/ 
' BUS' ,2X,'X ZERO XX POSITIVE X' , 
•X NEGATIVE X'/' NC,'5X, 
•VO' ,6X,'ANGLE 0' ,6V,' V 1 • ,bX, ' ANCJ,i 1' , 6 X , • V 2 ' , 6 X , ' A NGLE 2'/) 

1 184 FORMAT (III ,12, 2X ,F 10. 4, F 10 . 2,F 11 .4, F10. 2,F1 1 • 4,F 10.2) 
1 20 4 FORM AT (IHO,/,' POST FAULT LINE CUFFENTS' , 

1 //,17X, 'X',20 ('-' ), ' SEQUENCE QUAHTIIIES ', 
1 20('-' ) , 'X* ,/17X, 'X ZERO X' , 
1 ' X POSITIVE XX NEGATIVE X' ,/ 
2 • LINE' ,4X, 'SB' ,2X, 'EB' ,5X, 

1224 
2 ' IC , 62 , 'ANGLE C ,6X, *11 ' ,6X, 'ANGIE 1' ,6X , ' 12 ' ,6X , ' ANGLE 2'/) 

FORMAT (la ,I3,4X,I2,2X,I2,2X,F10.4,t10.2,F11.4,F10.2,F11 
1 F10. 2) 

1234 FORM AT (1H ,I3,4X,I2,2X,I2,2X,F10.4,F10.2,F11.4,f10.2,F11 .4, 
1 F10. 2/) 

c 

EETU EN 
END 

SUBROUTINE FLHLN(Z1,Z2,ZF,F1,F2,V,HVTC,LVTC,IBUS,SB,EB, 
LINE ,IFP , NB ,NL,JSC) 

THE SUBF.OUTIliE FLNLN SOLVES ECR A LINE TO LINE FALIT AT 
AT PARTICULAR BUS OF A PCWEF SYSTEM. 

ARGUMENTS: 

Z 1 THIS VECTOR CONTAINS THE POSITIVE SEQUENCE IPFEEANCES 
OF ALL THE BUSES IN THE NETWORK WITH FESPECT TO THE 
BUS THAT IS BEING FAULIED. 

Z2 - THIS VECTOR CONTAINS THE NEGATIVE SEQUENCE IPPEDANCZS 
OF ALL THE BUSES IN THE NETWORK WITH RESPECT TO THE 
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c BUS THAT IS BEING FAULTED. 
C 

C If - THE IMPEDANCE OF THE FAULT A1 THE PARTICULAR EUS EEING 
C FAULTED. 

C 

C F1 - THE POSITIVE SEQUENCE ADKIITANCE MATRIX 
C 

C F2 - THE NEGATIVE SEQUENCE ADMIIIANCZ MATRIX 

C 

C V - THE PREFAULT BUS VOLTAGES FCR THE SYSTEM 
C 

C IIVTC - THIS INDICATES ilCW A HIGH VCITAGE SIDE OF I TRANSFCEMEE 
C IS CONNECTED 'D' FOE DELIA 'Y' FOE WYE. 
C 

C LVTC - THIS INDICATES HOW A LOW VCLIAGS SIDE OF A TSANSFCRMER 
C IS CONNECTED 'D' FCR DELIA 'Y' FOR WYE. 
C 

C lUUS - THE NUMBERS OF THE BUSES IN THE SYSTEM 
C 

33 - THE STARTING BUS OF A LINE. ALSO TUE HIGH VCITAGE EUS OF A 
C TSANSFCRMER 

C 

C ED - THE ENDING BUS Of A LINE. ALSO THE LOW VOLTAGE BUS CF A 
C TRANSFCEMER 

C 

C LINE - TUE NUMBER OF EACH LINE CR TRANSFORMER WITHIN THE SYSTEM 
C 

C IFP - THE NUriBER OF THE BUS BFISG FAULTED 
C 

C N3 - THE NUMBER CF BUSES IN IIIH SYSTEM 

NL - THE NUMBER OF LINES IN THE SYSTEM. 

ISQ - THIS ARGUSMENT IS NONZERO IF THE SEQUENCE VCETAGFS AND 
CURRENTS FOE THE FAULT ARi TO EE PRINTED OUT. 

C LCCA VA2IAELZS: 

C 

C V0,V1,V2 - THE COMPLEX VECTORS FOR IRE ZERO, POSITIVE, AND 
C NEGATIVE SEQUENCE VCETAGES 
C 

C VMAG0,VMAG1,VMAG2 - THE MAGNITUDES CF THE THREE SEQUENCE 
C VOLTAGES 
C 

C ANGO ,ANG1,ANG2 - THE VOLTAGE ANGLES CF THE ZERO,POSITIVE, 
C AND NEGATIVE SEQUENCE VOLTAGES AM CURRENTS 
C 

C ILfO,ILF1,ILF2 - THE CURRENT FECW.ING FORWARD ALONG A LINE 
C- (FECK STARTING ECS 10 ENDING BUS) 
C 

C ILFMO,ILFK1,ILfM2 - THE MAGNITUCE OF THE SEQUENCE CURRENT IN A 
C LINE 
C 

C V0S,V1S,V2S - THE COMPLEX VAIUS CE THE VOLTAGE WITH PHASE 
C SHIFTING DUE TO DFL'XA-WYE TRANSFORflER CCNNECIICNS 
C TAKEN INTO ACCOUNT 
C 

C IOSF,nSF,12SF - THE COMPLEX VAIUE CF THE CURRENT WITH IHSSZ 
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c SHIFT CUE TO DELTA-kYH TEANSFCaHFE CCHEECTICNS 
c TAKEN INTO ACCOUNT. THIS IS FOR CURRENTS GOING 
c FROM STARTING EUS TC ENDING BUS. 
c 

c IOSD,11jD,I2SB - THE COKPLEX VAIUE CF THE CURRENT WITH PHASE 
c 

c 

c 

c 

IFAULT 
c 

SHIFT DUE TO DELTA-WYE TRANSFORilER CONNECTIONS 
TAKEN INTO ACCCUFT. THIS IS FOR CURRENTS GOING 
FECa ENDING BUS TO STARTING BUS 

- COaPIEX FAULT CUURFNT 

c NAG - REAL KAGNITUDE OF IFAULT 
c 

c see - SHORT CIRCUIT CAPACITANCE 
c 

SHIFT - iHIS INTEGER VECTCE IS RETURNED BY DYFIX. IT COMAINS 
c THE NUMBER OF TIMES A BIS VCIATGE IS TC KF SHIFTED BY 
c 30 EZGFEES. 
c 

A30 - THIS CONSTANT IS TAKEN TO TFE POWER OF THE VA^UE IN SHIFT 
c FOR THAT EUS 
c 

c 

c SUBROUTINES CALLED: 
c 

c DYFIX,PHFHNI 

COMPLEX 

COMPLEX 

CChPLEX 

CCKPLEX 

COMPLEX 

COMPLEX 

COMPLEX 

COMPLEX 

COMPLEX 

COMPLEX 

COMPLEX 

COMPLEX 

COMPLEX 

COMPLEX 

COM?LEX 

COMPLEX 

COMPLEX 

COMPLEX 

COMPLEX 

COMPLEX 

COMPLEX 

COMPLEX 

COMPLEX 

21(24) 
Z2(24) 
F 1(24,24) 
F2(24,24) 
IFAULT 

VO(24) 
V 1(24) 
V2(24) 
ILFO 

IIF1 

ILF2 

Z F 

V (24) 
IDSf(50) 

I 1SF(50) 
I2SF(50) 
ICSB(50) 
USE(50) 
I2S3(50) 
VOS(24) 
V IS(24) 
V2S(24) 
A 30 

REAL HVTC(24) 
REAL LVTC(24) 
RIAL MAG 

R EAL ILFM 0 

REAL ILFM 1 

REAL ILFM 2 

INTEGER S E(50) 
INTEGER EB(50) 
INTEGER I EUS(24) 
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INTEGER SHIFT(24) 
INTEGER LINS(EO) 
LOGICAL PRINT 

CONNON /INOE/ KTERM 
COMMON /OUTPUT/ ANSCUT,PEINT,AN3IN 
EATA YES/'YESV 

AJ0=CMELX(0.8660254,0.5) 
CALL DYFIX(SHIFT,HVTC,LVTC,SB,EE,IINE,IBUS,tJB,HL,I) 
IFAULT=V(IFF)/(Z1(IFP)+Z2(IFP)t-ZF) 
MAG=CABS(IFAULT) 
see =CABS(V (IFP)) '■MAG 
iF(iso.EQ. 0)Gc re 20 
'rtRITE (KTEEK ,1064) 
WRIT E (KTEPM , 1 084) IBUS(IFP) 
WRITE (KTEEM,1 10 4) ZF 
WF,ITE(KTEKM ,1124) IFAULT, MAG 
WRITE (KTEEM,1 14U) S CC 
WRIT E (KIEEM , 1 1 64) 
IF(ANSOUT.NR.YES)GO TO 20 
W R IT E ( 6, 106 4) 
W FITS (6 , 108 4) IEUS(:FP) 
WRITE (0, 1 10 4) ZF 
WRITE (6 , 1 124) IFAULT, MAG 
»RITS(6,1144) see 
WRITE (6,1164) 

20 DO 220 K=1,NB 
VO (K)=CMPLX (0, ,0.)
V 1 (K) =V ( K) - (Z1 (K) / (ZF + Z1 (IFP) <• 22 (IFP) ) ) *V (IFF)
V2 (K) = (Z2 (K)/(ZF + Z1 (IFF) +Z 2 (I F F) ) ) * V {IFP)
VOS (K)=VO (K) 
V IS (K) =V 1 (K) 
V23(K) =V2(K) 
IF (SHIFT (E). NE.O)VIS (K)=V1 (K) * A3C SHI FT(K)
IF (SHIFT (K) .ME.O) V2S (K)=V2 (K) *A3 0*«(-SHIFT (K) ) 
I? (ISO.EC.C) GO TC 22 0 
CALL MAGANG (V1 S ( K) , V 2S (E) , VO S ( K) , VM AG 1, VM A G2 , V M AG C , 

1 ANG1,AHG2,ANG0) 
W RITE (KTERM,1184) IQUS (K) ,V MA GO,ANGO,VMAG1,AMG1,VMAG 2,ANG2
IF(ANSOUI.EQ.YES) WRITE (6,1 18 4) I'JES(K) ,VMAG0,ANG0,VMAG1,ANG1 

I VMAG2,ANG2
220 CONTINUE 

IF (ISQ . ME.0) WSITE (KIEEM , 1 204)
IF((ISO.NE.0) .AND. (ANSOUI.EQ.YES) )WRirE(6,1204) 
DO 320 N=1,NL 

DO 240J=1,N3 
IF (IBUS (J). EC.SB(N) ) GO TO 250 

240 CONTINUE 
260 L=J 

DO 280 .1 = 1,!!8 
IF (IBUS (J) . FQ. E3(!I) ) GO TO 300 

280 CONTINUE 
300 ,1 = J 

ILFO=C.MPLX (0 . , C.)
ILF1= (VI (L) -VI (M) ) *(-11 (L,M) ) 
ILF2= ( V2 (L) -V2 (K) ) * (-F2( 1, M) ) 
IOSF(N)=ILFO 
I ISF (N) = ILF1 
I2SF (M) =ILF2 
IF(SHIFT(L).NE.0)I1SF(N)=I1SF(N)»A30**SHIFT(L)
I F (SHIFT (L) . NS . 0 ) I 2S F ( N) =I 23 F ( N) • A 30* « ( - 3111FI (I) ) 

https://iF(iso.EQ
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IF(I3Q.FQ.0)GO TO 320 

W SITE(KTEB.1,1224)LI NE(N),SB(N) ,EI; |fj),ILFilO,A NGC,TLfK 1, 
' ANGI,ILf;i2, ANG2 

(■^•''SOUT.EQ.YES) WniTE (6 ,1 22 4) LINE (N) ,SB (N) , EB (N) , ILFMO, ANGC, 
IOSB(N) = ILFO ^LS«1,ANG1,ILF.2,ANG2
I 1SS (N) =-ILF 1 
I2SD (N) = -IIF2 
I F (SHIFT (.I) . NE . 0) II SB ( N) =I 1 SB ( ^) » A30 ♦ »SHI FT (II)
I f (SHIFT (H) . NE.O) I2SD (N) = I2SE (tl) ♦A30»* (-SHIFT (M ) 

AHG1,rNG^'ANG0r'''' » 11-f 1 , U F.Y 2 , ILF H C ,WF.ITE(KT£Hn, 1234) IINE(N) ,ZB(N) ,3E (N') , IL FMO , A NG 0,1LF « 1. 
ANG 1, IIfH2, ANG2IF(A.N SOOT.EQ.YES) WE I TE (6 ,1 2 3 4) IIAE(:I) , F 8 (N) , 3 E (X) , IL f M 0, 

F H 1, A NG 1, IL F H 2, A N G 2320 

WRITE(KTERK , 106 4)
WRITE (KTEHH , 1084) lEUS(IFP)
WRITE (KTEEH , 1 104) 2F 
iHirE(KTEnH,1124) IFAUIT, HAG 
W HIT E (KT^RH , 1 1 4 4) SCC 
IF(ANSOUr.ME, YES) GO TO 340 
WRIT E (6 , 106 4)
WRIT E (6 , 108 4) IBUS(IFP)
writ E (6 , 1 10 4) ZF 
WEITE(6, 1124) IFAULI, HAG 
writE (6 , 1 144) SCC 

340 

I0Sb,ri3B''l2SE)' '"''^®"^'^^''^'^®'-'^'^°^'^^2,V23,I0SF,I1SF,I2SF, 
C 

1 OoU FOEHAT( • 1 ■ ,20X, •*♦*»* LINE TO LIKE FAULT »♦♦»«> ) 
1084 FORHAT (1110,'FAULT CCCUPS AT EUS • 12) 
1 104 FORHAT( 1 HO, • FAULT IHPEDANCE = ' , 2F10.3)
1 124 FOF.H AT (1 HO , ' IF AU 11 = •, 2F1 0. 4, ax , ' RAGKITUDE=' , FIG. 4) 
1 144 FORHAT (1II0, 'SHORT CIRCUIT C AP AC II Y= ' , F 1 0 4)
1 184 FORHAT(1 HO, ' 

/, ' POST FAULT EUS VOLTAGES',//,
6X,' X' ,20 (•-') , ' SEQUENCE OUANIITIES ',20('-') 'X'/

ZERO XX-— positive'—--X'
' A NEGATIVE X'/' KC. 'fx, ' 
FC^HA-^MP^'^to T ,6X,'V2',6X,'ANGLE 2'/)1 184 .,KA. (IK »lA,AX,r10.4,F10.,.,F11 .4,F10.2,F11.4,F10.2) 

1 204 fORHAT (1H0,/,' FCST FAULT LINE CURRENTS' 
//, 1 7X ,'X', 20 ('-') , ' SEQUENCE CL'AMIIIES ',
-^0 ('-') ,'X' ,/17X, 'X ZERO X' ,
•X POSITIVE XX NEGATIVE X' /
' LINE', 4X, 'SB ' ,2X,'EB' ,5X, 

1' ,6X,'12',6X,'ANGLE 2'/)1224 ^1H /p»4X,I2,2X,I2,2X,F10.4,F10.2,F11,4,F10,2,F11 .4, 
1234 FCrHAT (1H /I3,4X,I2,2X,I2,2X,F10.4,F10.2,F11,4,F10.2,F11.4, 

t ^/) ' 
C 

n ETU HN 
ZND 

https://IF(ANSOUr.ME
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c 

C TliE SUBEOUTINE fSlG SOLVES FOR ?. SINGLE LINE TC GfCUNC fAULT 
C Ai ?AEIICUL AF. BUS 0F A PON Ef SY ST £H. 
C 

Af.GU:iENTS ; 

L Z1 - THIS VECTOF CONTAINS THE POSITIVE SEQUENCE IKPEDANCES 
C OF ALL THE 3U3ES IN THE NETNCFF WITH RESPECT TC THE 
C BUS THAT IS EEING EAULI'C. 
C 

C Z2 - THIS VECTCf CONTAINS THE NEGATIVE SEQUENCE IKPEDANCES 
C OF ALL THE BUSES IN THE NEIWCEK WITH RESPECT TC THE 

BUS THAT IS EEING FAULTED. 
c 

C ZO - THIS VECTOE CONTAINS THE ZEEC SEQUENCE IdPEDANCES 
C OF ALL THE BUSES IN THE NETHCSK WITH RESPECT TC THE 
C BUS THAT IS EEING FAULTED. 
C 

C ZF - THE IHEEEAKCE OF THE FAULT AT THE PARTICULAR BUS BEING 
C FAULTED. 
C 

C El - THE POSITIVE SEQUENCE ADKITTANCE HATFIX 
C 

C f2 - THE NEGATIVE SEQUENCE ADMITTANCE MATRIX 
C 

C FO - THE ZERO SEQUENCE ADMITTANCE MATRIX 
C 

C ZSE.RO - ZERO SEQUENCE IMPEDANCE CE LINE 
C 

C V - THE PESFAULI BUS VOLTAGES FCE THE SYSTEM 

C HVTC - THIS INDICATES HOW A HIGH VCLTAGE SIDE OF f TFANSECKMEE 
C IS CONNECTED 'D' FOR DELIA 'Y' FOE WYE. 
C 

C LVTC - THIS INDICATES HCW A LOW VCLTAGE SIDE OF A THANSFCRMEF. 
C IS CONNECTED 'D' FOR DELIA 'Y' FCE WYE. 
C 

IBUS - THE NUMBERS OF THE BUSES I L> THE SYSTEM 
c 

C SB - THE STARTING BUS OF A LINE. ALSC THE HIGH VOLTAGE EUS OF A 
C TE A NSFC.R M E F 

C 

C EB - THE ENDING BUS Of A LINE. ALSO THE LOW VOLTAGE BUS OF A 
C T.RANSFCRMER 

C 

C LINE - THE NUMBER OF EACH LINE CR TBANSFCRME.R WITHIN TliE SYSTEM 

C lEP - THE NUMBER OF THE BUS BEING EAUL'^ED 
C 

c NB - THE NUMBER OF BUSES IN THE SYSTEM 
c 

C NL - THE NUMBER OF LINES IN THE SYSTEM. 
C 

C ISQ - THIS AEGHEMENT IS NCHZESO I? THE SEQUENCE VCITAGES AND 
C CUERENTS FOE THE FAULT ARE TO EE PRINTED OUT. 
C 
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c 

C LOCAL VARIABLES; 
C 

C V0.V1,V2 - TtlE COKPLEX VECTORS EOF THE ZERO, POSITIVE, AflE 
C NEGATIVE SEQUENCE VOLTAGES 
C 

C VMAGO,V:iAG1,VMAG2 - THE MAGNITUEES OF THE THREE SEQUENCE 
C VOLTAGES 
C 

C ANG0,ANG1,ANG2 - THE VOLTAGE ANGLES C? THE ZEHO,ECSITIV £, 
C ANC NEGATIVE SEQUENCE VOLTAGES AND CUF.HENTS 
C 

C ILEO,ILF1,ILF2 - THE CURRENT FLCW3NG FOHMAED ALONG A LINE 
C (FRCM STARIING BISTOSNCINGBUS) 
c 

C ILFiI0,ILFu1,ILFH2 • iHE EAGi.ITUCE CE THE SEQUENCE CURRENT IN A 
LINE 

C 

^ VUS,V1S,V2S - THE CCHPLEX VALUE OF THE VOLIAGE WITH PHASE 
C SHIFTING DUE TO DELTA-WYE TFANSFCHHES CCNNECTICNS 
C TAKEN INTO ACCOUNT 
C 

C lOSF,I1SF,I2SF - THE COHPIEX VAIUE CE THE CURRSMT KITH PHASE 
C SHIFT DUE TO DELT,i-WYE T F AN3FC R H IR CCNNECIICNS 
<- TAKEN INTO ACCOUNT. THIS IS FOR CURRENTS GOING 
^ . from STARTING EUS TC ENDING EUS. 
C 

C ICSB,I1SB,I2SB - THE COMPLEX VAIUE CF THE CURiRENT WITH PHASE 
C SHIFT CUE 10 CELTA-HYE TRANSFOEMEP, COMNECTICNS 
C TAKEN INTO ACCCUM. THIS IS FOR CURRENTS GOING 

FROM ENDING BUS TO STARTING BUS 
C 

C IFAULT - COMPLEX FAULT CUUREN" 
C 

C MAG - REAL MAGNITUDE OF IFAUL'^ 
C 

C SCO - SHORT CIRCUIT CAPACITANCE 

SHIFT - THIS INTEGER VECTOR IS RETURNED BY DYFIX. II CONTAINS 
c THE NUMBER OF TIMES A BLS VCIATGE IS TO BE SHIFTED BY 
C 30 DEGREES. 
C 

C A30 - THIS CONSTANT IS TAKEN TO TFH POWER OF THE VALUE IN SHIF' 
C FOR THAT BUS 
C 

C SUBROUTINES CALLED; 
C 

c DYFIX,PHPRNI 
C 

COMPLEX Z 1(24) 
CCMPLEX Z2(24) 
COMPLEX ZO(24) 
CCMPLEX F1(24,24) 

COMPLEX F2(24,24) 
CCMPLEX FO(24,24) 
COMPLEX ZSERO(5C) 
CCMPLEX IFAULT 

COMPLEX V0(24) 



171 

COMPLEX V 1(2U) 
CCMP LEX V2(24) 
COMPLEX ILEO 

COMPLEX ILF1 

COMPLEX ILF2 

COMPLEX ZF 

COMPLEX V(24) 

COMPLEX lOSF(50) 
COMPLEX I1SF(50) 
COMPLEX I2SF(50) 
COMPLEX ICSB(50) 
CC MPLEX nSB(50) 
COMPLEX I 2SB(50) 
COMPLEX VOS(24) 
COMPLEX V IS(24) 
COMPLEX V2S(24) 
COMPLEX A 30 

REAL KVTC(24) 
REAL LVTC(24) 
REAL MAG 

REAL ILFM 0 

REAL ILFM 1 

R EAL ILFM 2 

REAL Y 

INTEGER 35(50) 
IINTEGER EE(50) 
INTEGER IBUS(24) 
INTEGER SHIFT(24) 
INTEGER LINE(50) 
LOGICAL PRINT 

COMMON /INOU/ KTERM 
COMMON /car EOT/ AN30UT,,PRINT,ANSIN 
DATA YES/'YES'/ 

DATA Y/'Y'/ 

A30=CMPLX(0.8660254,0.5) 
CALL DYFIX(SHIFT,HVTC,LVTC,SB,EE,IINE,IBUS,NB,N1,1) 
IFAULT=V (IFP)/(Z1 (IFP)+Z2(IFF)+Z0(IFE) 0.*ZF) 
MAG=CA3S(IFAULT) 
see =CADS(V(IFP))*M AG 

IF(ISO.SO. 0)GC TO 20 
-RITE(KTERM ,1064) 
WRITE(KTERM,1084) lEUS(IFF) 
WRITE(KTERM ,1104) ZF 
WRITE(KTERM ,1124) IFAULT, MAG 
WRITE(KTEEM,T144) SCO 
kKIIE(KTERM,1164) 
IF(A NSCUT.NE.YES) GO TO 20 
WRITE(6,106 4) 
WRIT E(6,1034) lEUS(IFP) 
WRITE(6,1104) ZF 
WRIT E(6,1124) IFAULT, MAG 
WRITE(6,1 144) SCO 
WRIT E(6,1 16 4) 
DO 220 K=1,NB 

VO(K)=-(ZO(K)/(3.*ZF+Z1(IFF) <Z2(:F?)*ZO(IrP)))»V(IFP)
VI (r;)=V(;<)-(Z1 (K)/(3.»ZF+21(IFE)+22(1FF) +ZO(IFF)))*V(IRP) 
V2(K)=-(Z2(K)/(3.»ZF+ Z1(IFP)+Z2(IFP)+Z0(IFF)))»V(IFF) 
VOS(K)=VO(K) 
V 13(K)=V 1(K) 
V2S(K)=V2(K) 

20 
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I F(SiilFT (K).NF.0) VI S(K)= VI(K)♦«30»*SHIFT(K) 
IF(SHIF7(K).NE.O) V2S(K)=V2(K) (-SHIFT (K)) 
X F(ISC.SC.0)GO TC 220 
GALL ilAGANG(VIS(K),V2S(K),VOS(F),VM AG 1,V.1AG2,V AGO, 

1 ANG1,ANG2,ANGO) 
WRITE(KT EH «,1184)IBUS(K),V ,1A GO,AN GO,ViM AG1,AN G 1,V MAG2,A NG2 
IF(ANSOU T.EC,Y2S) WRITS(5 ,1 184) IBtS(K),VWAGO,ANGO,V MAG1,ANG1, 

1 VMAG2,ANG2 
220 CONTINUE 

IF(ISQ.NS.O) WRITE(KTERM,1204) 
IF((ISQ. N'S. 0).AND.(ANSOUT.EC.'ES))write (fi, 1204) 
DO 320 H=1,NL 

DO 240 J=1,ME 

IF(IBIIS (J),EO.SB(N)) GO TO 26C 
240 CONTINUE 

260 L=J 

DO 280 J =1,N3 
IF(IBUS (J). EC.E3(N)) GO TC 300 

280 CONTINUE 

300 M=J 

ILFO=(VO (L)-VO(M))■« (-F0 (1, «) ) 
I F ( (CABS (FO (1, K) ) , EC, 0. ) . AN C . (H V TC (N ) . EQ . Y) )

1 ILFO= (VO (L) -VO (M) )/Z3EH0 (N)
ILF1= ( VI (L) - VI (M) ) « (-F1 (I, ;■) ) 
ILF2= (V2 (L) -V2 (M) ) '(-FT (L, M) ) 
I03F (N)=ILF0 
X 15F (N) =ILF1 
I2SF (N) = ILF2 
IF(S11IFT (L) .NE .0) I1SF (N) =I 1SF ( N) ♦A3 0**SHIFT (1)
IF(SHIFT (L) ,NE.O) 123F(N) =I2SF(N) «A30*« (-SHIFT (I) )
I F (ISO, EC. 0) GO TC 320 
CALL MAGANG (II 3F (N) , 12 SF (N) , X 0 SF ( N) , 11F Ml , IL f 32 , XL F M 0, 

1 ANG1,ANG2,ANGO) 
W RITE (KIEP3, 12 24) LINE (N) ,SU(N) , EE (N) ,ILF30,ANGC,ILF3 1 , 

1 ANG1,ILf32,ANG2
IF (ANSOU T.EC,Y ES) WRIT E (6, 1 22 4) LINE(N) ,S3(M) , EB (N) ,ILFH0, A NG0, 

"I ILF31, ANG1, ILF;12,ANG2
I03B (N) = (VO (M) - VO (L) ) * (-F0 (3,L) ) 
I F ( (CABS (FO (3, L) ) . EQ. 0. ) , AUC . (LVTC (H) . EQ . Y) )

1 lOSB (N)= (VO (il) -VO (L) )/ZSSRO(:.) 
I isa(N) =-ILF 1 
I2SD (N) = -ILF2 
IF(SHIFT (X) .NE.O) USD (N) =I13B(N) ' A3 0 * »SHI FT ( M)
IF(SHIFT (M) . NE:.0) I2SB (N) =:2SE (N) »A30*i' (-SHIFT (C) )
CALL 3AG ANG (IISB (N) , I2SB (N) , 10 S 3 ( N) , IL F« 1 , ILFM2, ILF3G, 

1 ANG1,ANG2,ANG0) 
W HUE (KT Er.3, 12 34) LINE (N) , EB (N) ,SE (N) , ILFM0,ANGC,ILF3 1,

1 ANG 1 ,ILF32,ANG2
IF(ANSOUT.EQ.Y ES) WE ITF (6 ,1234) IT NE(N) ,EB (N),S E (N) ,ILfM0, 

1 ANGC,ELF31,ANG1,ILFM2,ANG2
320 CONTINUE 

WRIT £ (KTERM, 106 4) 
WHITE (KTER3 , 1 084) IBaS(IF?) 
WF.IT E ( KTE3M , 1 104) 2F 
WFITE (;<TE?,3 ,1124) I FAULT, NAG 
WHITE(KTERM ,1 144) SCC 
IF(ANSOUT.NE.YES) GO TO 340 
WRIT E(6 , 106 4) 
WSITE(6, 1084) IBUS(IFP) 
WRIT E (6 , 1 10 4) 2F 
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WRITE(6,1 124) IFAULT, lUG 
WRIT S(6,114 4) see 

340 CALL PHPENT (-*'E,NL,IEUS,LINE,SG,EH,VCS,V1S,V2S,I0SF,T1SF,I2SF 
1033,USD,I2SB) ' ' 

t 

1064 FOK-I AT(< 1',20X, •■<=**** SINGLE LIKE TC GROUND FAULT »«»*»' ) 
1034 FOF.aAT (1H0,'FAULT OCCURS AI BUS ',12) 
1104 FORilAT (IHO, 'FAULT IKFEDANCE = ' , 2F10.3) 
1124 FOEJI AT (1 UO , ' IFAU Lr = ', 2F 10.-4, 4X , ' fi AG NI lU L E= ' , F1 0. 4) 
1 144 FORX AT ( 1U0, ' SHORT CIRCUIT CAP,1CIT 1= ' ,F 1 0 , 4) 
1164 FOE«AT(1H0,

/,' POST FAULT BUS VOLTAGES',//,
6X,'X',20 ('-') , ' SEQUENCE QUANTITIES ',20 X'/
' BU S ' , 2 X, ' X- ZERO XX POSI''''''VE --X' 
'X NEGATIVE X'/' NO. '6X,
'VO' ,ex, 'ANGLE 0' ,6X,'VI' ,6X,•AKGIE 1' ,6X ,'V2',6X,'ANGL£ 2'/) 

1 134 FCF.XAT (1H ,I2,2X,F10.4,F10.2,F11.4,F10.2,F11.i,F10.2) ' 
1204 rOR.IAT duo,/,' POST FAULT LINE CURRENTS',

//,1 7X, 'X', 20(•-' ) , ■ SEQUENCE QLAKTITIES ' ,
20 (• -') ,'X' ,/17X, 'X ZERO — X' ,
'X POSITIVE XX NEGATIVE X' /
' LINE',4X, 'SB',2X, 'EB',5X, 
' 10' ,6X,'ANGLE 0' , 6X , 'I 1 ' ,5X, ' ANGLE 1',6X,•I 2 ' ,6X ,'ANGLE 2'/)

1224 F10 ^,"''-"''^2'2"-2'2X,F10.4,F10.2:F11.i,Flo.2!:F11^;^'
1234 FORMAT nu » I 3, 4X ,I 2 ,2X ,12, 2X ,F 10 .4 ,F10 . 2 ,F1 1 . 4 , E 10 . 2 , F 11 . 4 , 

RETU F.N 
END 

SUBROUTINE F2LG (Z1,Z2,Z0,ZF,F1, F2 , FC,ZSEE 0,V,HVTC , LVTC,IBUS,
ob,£D,LINE,IFP,NB,NL,I5C) 

C 

c SOLVES FOR A LOUELE LINE TO GROUND FAULT 
c Ai PARTICULAR BUS OF A POWER SXSTFM. 
c 

C ARGUMENTS; 
C 
c Z1 - THIS VECTOP. CONTAINS THE FCSITIVE SEQUENCE IMPEDANCES 
c OF ALL THE BUSES IN THE NETWORK WITH RESPECT TO THE 
c BUS THAT IS BEING FAULTED. 
c 

Z2 - THIS VECTOR CONTAINS THE NEGATIVE SEQUENCE IMPEDANCES 
c OF ALL THE BUSES IN THE NETWORK WITH RESPECT TO TH'^ 
c BUS THAT IS BEING FAULTED. 
c 

c ZO - THIS VECTOR CONTAINS THE ZERC SEQUENCE IMPEDANCES 
c OF ALL THE BUSES IN THE NETWORK WITH RESPEC" "C ■''HE 
c BUS THAT IS EEIMG FAULTED. 
C 

c ZF - THE IMPEDANCE OF THE FAULT AT THE PARTICULAR BUS BEING 
c FAULTED. 
c 

C f1 - THE POSITIVE SEQUENCE ADMITTANCE MATRIX 
c 
c F2 - THE NEGATIVE SEQUENCE ADM.IIIANCE MATRIX 
c 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 
 

 
 

 
 

 
 

 
 

 
 

 

 

 

 

 

 

174 

C FO - TliE ZERO SEQUENCE ACt!IT7ANCE MAIRIX 

C 

C ZSERO - ZERO SECUENCE IMREDANCE OE LINE 

C 

C V - THE PREFAUIT BUS VOLTAGES FOR TEE SYSTEM 

C 

C HVTC - THIS INDICATES HCW A HIGH VOLTAGE SIDE OF A TEANSFCRMEE 

C IS CONNECTED 'D' FOR DELIA 'Y' FOR XYS. 

C 

C LVrC - THIS INDICATES HOW A LOW VCLTAGE SIDE OF A TRANSFCFMEF 

C IS CONNECTED 'D* ECR DELTA 'Y' FOE WYE. 

C 

C IBUS - THE NUMRERS CF THE BUSES IiN THE SYSTEM 

C 

k. SB - THE STARTING BUS OF A LINE. ALSO THE HIGH VOLTAGE BUS CF A 

C TRANSFGEMEE 

C 

C EB - THE ENDING BUS OF A LINE. ALSO THE LOW VCLTAGE BUS CF A 

C T R A NSF CE M E P 

C 

C LINE - THE NUMBER CF EACH LIKE CP. TBANSFOEKER WITHIN THE SYSTEM 

C 

C IFF - THE NUM3EF CF THE EUS BEING FAULTED 

C 

C NB - THE NUMBER OF EUSES IN THE SYSTEM 

C 

C NL - THE NUMBEE OE LINES IN IKE SYSTEM. 

C 

C I3Q - THIS ARGUEMENT IS HCNZERO IE TEE SEQUENCE VOLTAGES AND 
C CURRENTS FOE THE FAULT ASF TO EE PRINTED CUT. 

C 

C LOCAL VARIABLES: 

C 

C V0,V1,V2 - THE COMPLEX VECTORS FOE THE ZERO, fCSITIVE, AND 
C NEGATIVE SEQUENCE VOLTAGES 

C 

C VMAGO,VMAG1,VMAG2 - THE MAGNITUDES OE THE THREE SEQUENCE 
C VOLTAGES 

C 

C ANGO,ANG 1,AHG2 - THE VOLTAGE ANGLES CF THE ZEPC,PCSITIVE, 
C AND NEGATIVE SEQUENCE VOLTAGES AND CURRENTS 

C 

C ILFO,ILF1,ILF2 - THE CURRENT FLOWING FORWARD ALONG A LINE 
C (FP.CM STARTING BIS 10 ENDING EUS) 
C 

C ILFM0,ILFM1,ILFM2 - THE MAGNITUDE CF THE SEQUENCE CURRENT IN A 
C LINE 

C 

C V03,V1S,V2S - THE CCMPLFX VALuF OF IHE VOLTAGE WITH PHASE 
C SHIFTING DUE TO DFLTA-WYE TEANSFCEMIR CCNNECIICNS 

C TAKEN INTO ACCOUNT 

C 

C lOSF,I1SF,I2SF - THE COMPLEX VAIUE CE THE CURRENT WITH PHASE 

C SHIFT DUE TO DELiA-WYE TEANSFCHMER CCNNECTICSS 

C TAKEN INTO ACCCUNI. THIS IS FOE CURRENTS GOING 

C FROM STARTING EUS IC ENDING EUS. 

C 

C I0SB,I1SD,I2SB - THE COMPLEX VAIUE CF IHE CURRENT WITH PHASE 
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c 

c 

c 

c 

c 

t. 

c 

SHIFT DUE TO DELTA-fcYE TEANSFCf.HEE CCNKECTICNS 
TAKEN INTO ACCCONT. THIS IS FOR CUERSNIS GOING 
FHCM ENDING BUS TO STARTING EUS 

IFAJLT - COKPLEX FAULT CUURENT 

HAG - REAL MAGNITUDE OF IFAULT 

SCO - SHORT CIRCUIT CAPACITANCE 

c 

c 

c 

c 

c 

c 

c 

A 30 -

~ this INTEGER VSCICB IS RETUENED BY DYFIX. IT CONTAINS 
THE NUHEEE OF TIMES A BUS VOLATGE IS TO BE SHIFTED BY 
30 DEGREES, 

THIS CONSTANT IS TAKEN TO TUE TCKEE OF THE VALUE IN SHIFT 
FOE THAT EUS 

C 

c 

c 

SUBROUTINES CALIEE; 

c DYFIX.PHEENT 

COMPLEX 

COMP LEX 

COMPLEX 

COMPLEX 

COMPLEX 

COMPLEX 

COMPLEX 

COMPLEX 

COMPLEX 

COMPLEX 

COMPLEX 

COMPLEX 

COMPLEX 

COMPLEX 

COMPLEX 

COMPLEX 

COMPLEX 

COMPLEX 

COMPLEX 

COMPLEX 

COMPLEX 

COMPLEX 

COMPLEX 

CCMPLEX 

COMPLEX 

CCMPLEX 

CCMPLEX 

Z1(24) 
22(24) 
ZO(24) 
F 1(24,24) 
F2(24,24) 
FC(24,24) 
ZSEEO (50) 
IFAULI 

VO(24) 
V 1(24) 
V2(24) 
ILFO 

ILF1 

IIF2 

ZF 

V (24) 
IOSF(50) 
I 13F(50) 
I23F(50) 
ICS B(50) 
I 1SB(50) 
I23 E(50) 
VOS(24) 
V IS (24) 
V2S(24) 
A30 

DELT 

REAL HVTC (24) 
HEAL LVTC(24) 
REAL MAG 

REAL ILFMO 

REAL ILFM1 

S EAL ILFM 2 

INTEGER S E(50) 
INTEGER EB(50) 
INTEGER I EUS(24) 
IN rE GER SHIFT(24) 
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INTSGEK LINE(50) 
LOGICAL PEINT 
COMMON /INOU/ KTEEM 
COMMON /OUTPUT/ ANS0UT,PgINT,AKSIN 
DATA lES/'IES'/ 

A30=CMPLX {0.866C25U,0.5) 
CALL DYFIX(SHIFT,HVTC,LVTC,3E,FE,IINE,IBUS,NB,MI,I) 
DELT=Z1(IF?)»Z2(IFP)+Z 1(IFP)^^(3.»ZF+Z0(IFP)} +Z2(IFP)* 

1 (3.»ZF+ZC(IFP)) 
IFAULT=((Z2(IFP)+3,i'ZF+ZO(IFP))*V(IFF))/DELT 
MAG=CABS(IFAULT) 
see =eABS(V (IFP)) »MAG 
IF(ISQ.EQ, 0)GO TC 20 
WEITE(KTERM ,106«) 
KHIIE(KTEEM,1 034) IBLS(IFP) 
WHITE(KTEEM,1 104) ZF 
WRITE(KTEEM,1 1 24) IFAULT, MAG 
WRITE(KTEEM,1 144) SCO 
W&ITS(KTERM ,1164) 
IF(A NSQUT.ME.YES)GO TO 20 

. WRITE(6,106 4) 
WKITS(6,1084) lEUS(IFP) 
WRIT E(6,1 10 4) ZF 
WRITE(6,1124) IFAULT, MAG 
WRITE(5,1144) see 
WRITE(6,1164) 

20 DO 220 K=1,NB 

VO(K)=Z0 (K) WZ2(IFF)*V (K)/DELI 
V1(K)=((DELT-Z1(K)*(Z2(IFP)+3.»ZF+Z0(IFP)))/DEIT)*V(K) 
V 2(K)=Z2(K)•(3.*ZF+ZC(IFF))w V(K)/CELT
VOS(X)=V0(K) 
V 13(K)=V 1(K) 
V2S(K)=V2(K) 
IF(SHIFT(K).ME.0) VIS(X)= VI(K) ♦A30*»SHIFT(K)
I F (SHIFT (K) • NE .0) V2S (K) =V2 (K) *A3 0»>' (-SHIFT (K) ) 
I F (ISC. EC. 0) GO TC 220 
CALL MAGANG (VI S(;<) ,V2S(K) ,VOS(F) ,VMAG1,VMAG2,VFAG0, 

1 A NG1 , ANG2, ANGO)
WRITE (KTERM, 1184) IBUS (K) , V H A GO , A N GO , V M AG 1, AM G 1 , V M AG 2 , A MG2 
If(ANSOUI.EQ. YES) WRITE (6,1 184) JSCS(K) ,VHAGO,ANGC,VMAGI,ANG1,

1 VMAC2,AMG2
420 eONIINUE 

If(I3Q.ME.0) WRITE (KTERM, 1204)
IF((ISQ. ME. 0) .AND. (ANSGUI.EC.YES) )WRITE (6, 1204)
DO 320 N=1,ML 

DO 240 J=1,NB 
IF(IBUS (J).EQ.SB(N) ) GO TC 26C 

240 CONTINUE 
260 L=J 

DO 2 80 J = 1 ,NB 
IF (IBUS (J). CQ. EB(N)) GO TC 3CC 

280 CONTINUE 
300 M=J 

ILFC = (VO (L) - VO (M) ) » ("f C (L, M) )
I F ( (CABS (FO (L, M) ) . EQ. 0. ) . ANC. (hVTC (N )

1 ILF0= (VO (L) -VO (M) )/ZSEEO (li) 
ILF1=(V1 (L) -VI (M) ) » (-F1 (I,M) )
I LF2= (V2 (L) -V2 (M) ) *(-F2 (I, M) ) 
lOSF (N)=ILFO 
I 1SF(N) =ILF1 

. EQ. Y) ) 

https://If(ANSOUI.EQ
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I2SF(N)=ILF2 
IF(SHIFT(L).:JS.0)IISF(N) =113F(M)*A30•*SHIFT(L) 
IF(SHIFT (L).KI.O)I2SF(N)=I2SF(N)'ASO**(-SHIFT(1)) 
IF(ISC.EC.0)fiO TC 320 
CALL HAGAHG(IISF (N-) ,I2SF(N),IOSr(S),ILFF1,ILFM2,ILF«C, 

1 ANG1,ANG2,AMG0) 
WF.ITE(KT EEH,1224)LINE(N),SB(N) ,EE(N) ,ILFH0,A NG C,ILFK 1, 

1 AHG1,I1FM2,ANG2 
IF(AM30UT.EC.Y ES)SRIT E(6,1 224) LINE(H),S3(N),EB (N),ILFKC,A NG C, 

1 ILfF1,ANG1,IIFil2,ANG2 
I OSB(N)=(VO(F)-VO(L))«(-F0 (:i,L)) 
I F((CABS (EC(F,L)).£0. 0.).AN E.(L V IC(4).EQ.Y)) 

1 I0S3(M)=(VO(F)-VO(L))/ZSEEO(A) 
I 1SD (;i)= -ILF 1 
I2SB(K)=-ILF2 
IF(SHIFT(H).NE.0)IIS3(N) =I 1 SB(N) * A30« »SHIFT(F) 
IF(SHIFT (H).NE.O)I2SB(N)=X2SE(N)»A30'f» (-SHIFT(F)) 
CALL FiAG ANG(1133(N),I2SB(N),I0S3(N),ILFMl,ILFF 2,ILFFC, 

1 AMG1,ANG2,ANG0) 
WRITE(KT EEF,1234)LINE(N),EB(N),SE(N),ILFM0,ANGC,ILFF1, 

1 ANG 1 ,ILFFi2,ANG2 
I F(ANSOai.EQ.YES)iiRIIE(6 ,1234)II AE(N),EB(N),S E )N),HE«0, 

■> ANGC, ILFiFI, ANG 1 , ILFM2 , ANG2 
320 CONTINUE 

WRITE (KT ERA! , 106 4) 
WRITE (KTERAl , 1084) IEU3(IFP) 
WRITE (KTEF.F , 1 104) ZF 
WRITE (KTEPF , 1124) IFAULT, HAG 
waiTE(KTSRF , 1 144) SCC 
IF (ANSCUT.NE.YES) GO TO 340 
WEirE(6, 1064) 
WRIT E (6 , 103 4) IEUS(IF?) 
WRITE (6, 110 4) ZF 
WRIT E (6 , 1 12 4) IFAULT, FAG 
WEITE(6, 1144) see 

340 CALL PHPFNT (NB,NL,IEUS,LINE,SB,EB,VCS,V1S,V2S,I0SF,I1SF,I23F, 
ICSB,I1SB,I2SD) 

C 

1 064 FORi-1 AT (' 1 20X, DOUBLE LIAE TC GRCUXD FAULT ♦♦»♦»') 
1084 FOEFAT (IHC,'FAULT OCCURS AT BUS * ,12) 
1104 FORFAT (IHO, 'FAULT IFPECANCE = ' , 2F1G.3)
1124 rORF AT (1 HO,•IFAULT = ',2F10.4,4X,' FAGAITUDE = ',F10.4) 
1 144 FCEHAT( IHO, 'SHORT CIRCUIT CAPACITY=' ,F10.4) 
1 164 FCHMAT (IHO, 

/,' POST FAULT BUS VOLTAGES',//,
6X,' X' ,20 (' -') , ' SECUENCE QUANTITIES ',20 ('-' ) ,'X'/
' BUS' ,2X,'X ZERO XX POSITIVE X', 
'X NEGATIVE X'/' NC. '6X, 
'VO' ,6X, 'ANGLE 0' , 6X , 'V 1 ' , 6X, 'ANGLE 1' ,6X ,'V2' , 6X , •ANGLE 2'/) 

1 184 ECRHAT (111 ,12, 2X,F 10. 4, F 10.2,F 11 .4, t 10. 2,F1 1 .4,F 10.2) 
1204 FORFAT (IHO,/,' POST FAULT LINE CUREFNTS', 

//,17X, ' X',20 ('-•), ' SEQUENCE QUANTITIES ' ,
iO('-') ,'X' ,/17X, 'X ZERO -X' , 
'X POSITIVE XX NEGATIVE X' ,/ 
' LINE',4X, 'SB',2X, ' EB',5X, 
' 10' ,6X, 'ANGLE 0' , 6X ,'II ' ,6X, ' ANG IE 1',6X , '12 ' ,6X , 'ANGIE 2'/)

1224 FORFAT (IH ,13,4X,12,2X,12,2X,F10 .4,F10.2,f11.4,F 10.2,F 11.4, 
1 F10.2)

1234 FORMAT (IH ,X3,4X,I 2 ,2X , 12,2X,F10 .4,F10.2 , F11.4,F 10.2,F 1 1 .4, 
1 F10.2/) 
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5ETU EN 

END 

5USE.OUTINE FHPE Nf (N E,NL,IEU S,LIN E,3E,EB,V OS,V 13,V 23,105F,11SF, 
1 I2Sr ,IOSB,I 1SB,I2£B) 

C 

C THE SUBECUTINE FHfaKT FEINTS CUT HI PHASE VOLTAGES AND 
C CUEfiENTS FOR THE FAULTED SYSTEM 

C 

C 

C ARGUMENTS; 

C 

C NB - THE NUMBER OF BUSES IN THE SYSTEM 
C 

C NL - THE NUMBER OF LINES IN THE SYSTEM. 
C 

C IBUS - THE NUMBERS OF THE BUSES IK THE SYSTEM 
C 

C LINE - THE NUMBER OF EACH LINE CP TEAN3F0PHEE WITHIN THE SYSTEM 
C 

C SB - T!IE STARTING BUS OF A IINE. ALSO THE HIGH VCITAGE EUS OF A 
C T R A NSF C P. M E E 

C 

C EB - THE ENDING BUS OF A LINE. ALSO THE LOW VOLTAGE BUS OF A 
C TRAKSFCF.MER 

C 

C V0S,V1S,V2S - THE COMPLEX VALUE OF THE VOLTAGE WITH PHASE 
C SHIFTING DUE TO DELTA-wYE TRANSFORMER CCNKECTICNS 
C TAKEN INTO ACCOUNT 

C 

I0SF,nSF,I2SF - THE COMPLEX VAIUE CF THE CURRENT WITH PHASE 
C SHIFT CUE TO DELTA-WYE TRANSFORMER CCNNECTICNS 
C TAKEN INTO ACCCUKT. THIS IS FOE CURRENTS GOING 
C FF.CM STARTING EUS TG ENDING BOS. 
C 

C I03B,I1SB,I2SB - THE COMPLEX VALUE CF THE CURRENT WITH PHASE 
C SHIFT DUE TO DFLIA-WYS TEANSFCRMIH CCNKECTICNS 
C TAKEN INTO A..CCU:iT. THIS IS FOR CURRENTS GOING 
C FF.CM ENDING BUS TC STARTING EUS 
C 

C 

C LOCAL VARIABLES: 

C 

C VA,V3,VC - THE COMPLEX VECTORS FCF THE THREE PHASES Of THE 
C VOLTAGE. 
C 

C VMAGA,VMAGB,VMAGC - THE MAGNITUDES OF THE THREE PHASE 
C VOLTAGES 
C 

C ANGA,ANGB,ANGC - THE ANGLES CF THE THREE PHASES CF 
C VCLTAGE AND CUr.FENT 

C 

w ILFMA,ILFM3,ILFMC - THE MAGNITUDE OF THE PHASE CUEHSNT IN A 
C LINE 
C 

C ILFAF,ILFBF.ILFCF - THE COMPLEX VALUE OF THE PHASE CURRENT WITH 
C PHASE SHIFT DUE TO DELTA-WYE TF.ANSrCRMES 
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c 

c 

c 

c 

c 

c 

c 

c 

COMNECTICHS TAKEN INTO ACCOUNT. THIS IS FOR 

CURRENTS GOING FECM STARTING tUS TO ENDING 

EUS 

ILFAB,ILFBB,ILFC3 THE COMPLEX VALUE OF THE PHASE CURRENT WITH 

PHASE SHIFT DDE TO DELTA-WYE TRANSFCEHEB 

CONNECTIONS TAKEN INTO ACCOUNT. THIS IS FOE 

CURRENTS GCING FROM ENDING EUS TC STARTING 

EUS 

SUBROUTINES CALIED; 

S QPll AS 

COMPLEX V A(24) 
COMPLEX VB(24) 
COMPLEX V C(24) 
COMPLEX ILFAF(5C) 
CCMP LEX IIFPF(50) 
COMPLEX IIFCF(50) 
COMPLEX IIFAE(50) 
COMPLEX ILFBB(50) 
COMPLEX ILFCE(50) 
CCMP LEX ICSF(50) 
COMPLEX I 1SF(50) 
COMPLEX I2SF(50) 
CCMP LEX lOSE(50) 
COMPLEX I1S3(SO) 
COMPLEX I2SE(50) 

COMPLEX VCS(24) 

COMPLEX V IS (24) 
COMPLEX V 2S(24) 
REAL ILFMA 

E EAL ILFMB 

HEAL ILFMC 

INTEGER SB(50) 
INTEGEH EE(50) 
INTEGER IBUS(24) 
Itt i. E G Ec\ LINE(50) 
COi-iKON /INOU/ KTEEH 

COMMON /OUTPUT/ ANSCUT,PElNT,ANSIN 
DATA YES/"YES •/ 

WRITE(KTERM ,12WN) 
IF(A NSOUT.EC.YES) WRITE(6,12U4) 
CALL SQPHAS (VOS ,V IS,V2S,V A,VB,VC, NB) 
BO 321 K=1,NB 

V MAG A=CASS (V A(K)) 

VMAGB=CADS(VB(K)) 
VMAGC=CAES(VC{K)) 
A NGA=0. 

IF((REAL(VA(K)).NE. 0.) CE.(AIMAG(VA(K)).NE. 0.)) 
ANGA=ATAN2(AIMAG(VA(K)) REAL(VA(K)))*57,29573 
A NGB=0. 

IF((REAL(VD(K)).NE. 0.) CP.(AIMAG(VB(K)).NE. 0.)) 
ANGB= ATAN2(AIM AG(VB(K)) REAL (V t(K)))«57.29578 
A NGC=0. 

IF((REAL(VC(K)).NE. 0.) OS.(AIMAG(VC(K)). NE. 0.) ) 
A NGC= ATA N2(AIM AG(VC(K)) REAL (V C (K)))"SI.2957d 

https://CE.(AIMAG(VA(K)).NE
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321 

241 

261 

281 

301 

322 

C 

1 184 

1224 

1234 

1244 

«RITE(KrEP.1,1184)IBUS(K),V .1A G A,ri N GA,VH A08,AN GS,V HAGC,A NGC 
IF(ANSOUI.ZQ,YES) SRITE(6,1184)IBUS(K) ,VKAG A, ANGA,VMAGE, 

ANGE,VMAGC,ANGC 
CONIINUE 

CALL SQPHAS {IOSF,IISF,12SF,ILfAf,ILFEF,ILFC?,NL) 
CALL SQPHAS(I0SB,I1SB,I2SB,IIFAE,I1FEB,ILFC3, NL) 
WRITE(KIERM,1 264) 
IF(A NSOUT.EC.YES) WEIIE(6,1264) 
DO 322 N=1,NL 

DO 241 J=1,NE 

IF(IBUS(J).EQ.SB(N)) GO TC 261 
CONTINU E 

L =J 

DO 281 J=1,NE 

IF(ID US(J).EQ.EB(N)) GO TC 301 
CONTINU E 

H =J 

ILFNA=CAES(IIFAF(N)) 
ILFaD=CABS(ILFEF(3)) 
ILFMC=CAES(ILfCF(N)) 
ANGA=0. 

I F((REAL(ILFAF(H)).NE. 0.).0E.(AIA A G(ILFA F (N)).NE. 0.))
ANGA=ATAN2(AliiAG (ILFAF(N)),RFAI(IIFAF(N))) •57.29573 
ANGB=0. 

IF((REAL(ILFEF(N)).NE. 0.).0E.(A IN A G(ILFBF(N)).NE. C.)) 
A;iGD-ATAN2(AlilAG(ILFBF(M)),3EAI(IIFBF(N)) ) ♦57. 29578 
AHGC=0. 

I F((REAL(ILFCF(N)).NE. 0.).0E.(A IM A G(ILFCF (N)).N E. C.)) 
AHGC=ATAH2(AIMAG(ILFCF(N)),SEAI(I1FCF(N)))•57.29578 
WRITS(KTE.-.M,1224)LINE(N),SB(N),£E(N),ILrNA,ANGA,IlfKE, 
A NGE,ILF F.C, A NGC 
IF(ANSOUT.EQ.YES) WEITE(6,1 224) IINE(N),S3(N),EE(N),ILff1A, 

ANG A,IL f'l E, AN GB,ILFMC,ANGC 
I LFi1A=CAES (IIFAD(N)) 
ILF!13=CABS(ILFDB(N)) 
I LFf1C=CAE3(ILFCD(N)) 
AMGA=0. 

IF((REAL(ILFA3(N)).NE. 0.).0R.(A IM A G(ILFA B (N)).NE. 0.)) 
AKGA=ATAM2(AIN AG(ILF AB(N)),R E A I(IIF A B(S)) ) •57.29578 
AfJGD=0. 

IF((REAL(ILFPB(N)).NE. 0.).0E.(A III A G(ILFBB (N) ) .NE. 0.)) 
A NGB=ATAN2(A I.NAG (ILFBB(N)),;< E AI(IIFBB(N)))'S?.29578 
ANGC=0. 

IF((REAL(ILFC3(N)).ME. 0.).OF.(A Iil A G(ILFC3(N)).NE. 0.)) 
ANGC-AIANR(AiaAG(ILFCB(N)),E£ A I(IIFCB(N)))'57.29578 
W EITE(KT EEH,1234)LIN E(N),EE(N) ,S E (N),ILFHA ,A NGA,ILFil E, 
A NGB,ILF KC,ANGC 

IF(ANSCUT.EC.YES) WEirE(6,1224) aNE(N),EB(N),SE(N),ILF!«A, 
ANGA,ILfNE,ANGB,ILFi1C,ANGC 

CONTINUE 

FORMAT (in ,I2,2X,F10.4,F10.2,F11.4,t10.2,F11.4,F10.2)
FORMAT (111 ,I3,4X,I2,2X,I2,2X,F10.4,f10.2,F1 1.4,F10.2,F11.4, 

F10.2)
FORMAT (IH ,I3,4X,I2,2X,I2,^X,F10.4,F10.2,F11.4,F10.2,F11.4, 

FIG.2/) 
FORMAT(1 HO, 

/,' POST FAULT BUS VOLTAGES',//, 
6X,'X*,22(•-'),• PHASE QUANTITIES 21 ('-') " X',/ 
• CUS',2X,'X PHASE A XX PHASE B --—X'. 
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3 • X PHASE C X',/' NO.',6X, 
2 'VA',6X,'ANGLE A•,bX,•V3•,6X,•A KG IE E',6X,'VC',6X,'AKGlE C'/) 

1264 fCEHAT (ItiO,/,' PCSL FAULT LINE CU8BENTS', 
1 //,17X,'X',22(•-'),• PHASE QUANTITIES ',21('-'), 
1 • X',/,17X,'X FH AS E A X', 
1 'X PHASE B XX PHASE C X',/ 
2 ' LINE',4X,'SE',2X,•EE',5X, 
C •lA',6X,'ANGLE A',6X,'IB',6X,'A KG IE E',6X,'IC',6X,'ANGLE C'/) 

C 

RETURN 

END 

SUBROUTINE DXFIX(n,HVTC,LVTC,S£,EE,LINE,IEUS,NE,KI,EE) 

c 

C THE 3UBE0UTINE CYFIX CALCULATES TEE KUHBEE OF TIMES A PHASE 
C SHIFT OF 30 DEGEEES KIIST BE APPLIED TO EACH BUS CUE TO THE 
C PtESENCE CF DELTA WYE TRANSFCPMEE CCKNECTIONS 

C 

C AEGUMENTS; 

C 

C M - THIS VECTOR RETURNS THE NUHEER OF TIMES EACH EUS VOITAGE 
C ANGLE MUST EE SHIFTED BY 30 DEGEEES 

c 

C iiVTC - THIS VECTOR INDICATES WHETHEE CK NOT THE HIGH VOLTAGE 
C BUS SIDE OE A TRANSFCHMEE KA'S CONNECTED DELTA OR WYE 
C 

C LVTC - THIS VECTOE INDICATES WHETFER OR NOT THE LCW VOLTAGE 
C BUS SIDE OF A TRANSFCSiNEB WAS CONNECTEE CEITA CH WYE 
C 

C SB - THIS VECTOR IS IHS HIGH VCITAGE BUS CONNECTICS SIDE EOR A 
C TEANSFCF.ME F 

C 

C EB - THIS VECTOR IS THE LCW VOLTAGE EUS CCHNECTICN SIDE FCE A 
C TRANSFORMER 

C 

C LINE - THIS VECTOR CONTAINS ALL THE TINE NUMBERS FCE THE SYSTEM 
C 

C I3US - THIS VECTOR CONTAINS ALL THE EUS NUMBERS fCR THE SYSTEM 
C 

C NO - THE NUMBER OP BUSES IN THE SYSTEM 
C 

C NL - IIIE NUMBER OF LINES IN THE SYSTEM 

C 

c FE; - INTEGER MUMBLH OF THE DUS EETNF FAULTED 
C 

C 

C SUBROUTINES CALLED: 

C 

C NONE 

C 

REAL HVTC(50) 
REAL LVTC(50) 
INTEGER, H (24) 
INTEGER SE(50) 
INTEGER EB(50) 
INTEGER IBUS(24) 
INTEGER FE 

https://TEANSFCF.ME
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DATA D/'D'/ 
DATA Y/'YV 

DO 20 

20 M(I)=1000 
K(1) =0 

40 DO 150 N=1,NI 
13=33(N) 
JE=Z3(N) 
DO 60 K=1,Mn 

IF(IBUS(K), HQ.IS) I=K 
IF(IB!JS(K).EQ.JS) J=K 

60 CONTINUE 

IF(H(I).EQ. 10CO)GO TO 120 
IF(M(J).EQ. 1000)GO TO 80 
GO TO 16C 

80 IF(((HVTC(N).EC.Y).A H C.(LV TO (N).HQ.D)).OR. 
1 ((IlVrC {N ).EQ.D).AND.(LVTC( N) .EC.Y)) ) GO TO 100 

a(J)=H(!) 
GO TO 160 

100 M (J)=M(I)-1 
GO TO 160 

120 IF(H(J).EQ. 1GCO)GO TO 160 
IF(((HVTC(N).EC.Y).AND.(I.VTC(N).HC.D)).OR. 

1 ((HVIC(N).EQ.D).AND.(LV7C(N).EC.1)))GO TO 140 
;i (I)=H(J) 
GO TO 160 

140 M(I)=«(J)+1 
160 CONTINUE 

DO 130 1=1,NB 
IF(M(I). EQ. 1000)GO TO 40 

ISO CONTINUE 

DO 200 1=1,NB 
200 N(I)=H(I)-M(FS) 

RETU EN 

END 

SUBROUTINE T RI F AC(F,T,N B) 

C THE SUBROUTINE TRIFAC PESFOR33 A IRIANGULAF. F SCTCFIZ AT IC N OF 
C THE HATRIX F STORING THE FACTORED HATRIX IN THE ilAIF.IX T 

C AFGUKENTS; 
C 

C F - THE MATRIX TO BE FACTORED 
C 

C T - THE FACTORIZEC VERSION OF MATRIX F 
C 

C NB - THE SIZE OF THE MATRICES 

C 

C SUBROUTINES CALIEI; 

C 

C NONE 

COMPLEX F(24,24) 
COMPLEX T(24,24) 
COMPLEX SUM 
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DO 50 1=1,MB 
DO 40 J=1,MB 

40 T(I,J)=CaELX(0.,0.) 
50 CONTINUE 

DO 60 1=1,NB 
('O T(I,1) =F(I,1)/CSQRT{F (1,1)) 

DO 90 J=2,ME 
DO 80 1= J,NB 

IF(I.ME.J)GC TO 75 
IM 1=1-1 

SUM=CHFLX(0.,0.) 
DO 70 K= 1,IHI 

70 SUJ1=3UH+I(I,K)**2 
T(1,1)=CS0R7(F(I,I)-SUn) 

IF((REAL (T (1,1)).EC. 0.).AN C.(A I.1AG(T(I,I)).EQ. C.)) 
1 T(1,1)=C;iPLX(1.E-1 0,0.) 

GO TO 30 

75 J«1=J-1 

SUM=CiIELX(U.,0.) 
DO 77 K=1,JK1 

77 3UX=SUKtT(I,K)*T(J,K) 
lE^(REAL(I(J,J)),EQ. 0.).A M D.(AIJI AG (T(J,J)).EC. 0.)) 

1 T(J,J)=CMfL ;<(1.E-10,0.) 
T(I,J)=(F(I,J)-SU:i)/7(J,J) 

80 CONTINUE 

90 CONTINUE 

RETU RN 

END 

SUBROUTINE VECT CR (T,Z,JV,N B) 

C THE SUbaOUTINE VECTOR SOLVES FOE IHE IHEECANCE VECTCE CE 
C THE SYSTEM EOF A FAULT AT A PARTICULAR BUS 

C 

C 

C ARGUMENTS: 

C 

C I - THE TRIANGULAR EACTCEIZED VERSION OF THE ADMIIIANCE 
C MATRIX OF THE SYSTEM. 

C 

C Z - THE IMPEDANCE VECTOR OF THE SYSTEM FOE A FAULT AT 
C A GIVEN BUS 

C 

C JV - THIS VECTCF IS ZERO EXCEPT FOR THE POSITION CF THE 
C BUS TO BE FAULTED 

C 

C NB - THE NUMBER OF BUSES IN THE SYSTEM 

C 

C 

C LOCAL VARIABLES: 

C 

C VHAT - VECTOR USED IN INTERKECIATF CALCULATIONS 
C 

COMPLEX T(24,24) 
COMPLEX Z(24) 
COMPLEX JV(24) 
COMPLEX VHAT(24) 
COMPLEX SUM 
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DC 30 1=1,NE 

SUH=C«PLX(0.,0.) 
IF(I.EQ. 1)GO TO 20 
I m=i-i 

DO 10 J= 1,IH1 
10 SU:i=SUK+7(I,J)*VHAT(J) 
20 V[lAT(I)=(JV(I)-SUM)/T(1,1) 
30 CONTINUE 

DO 60 1= 1 ,H E 

K=NB-I+1 

S U«=CKPLX(0.,0.) 
IF(K.EQ. NB)GO 10 50 
KP1=K+1 

DO aO J=KP1,NB 
40 SUM=SIJK+T (J,K)*Z(J) 
50 Z (K)=(VHAI(K)-SUM)/T(K,K) 
60 CONTINUE 

EEIU RN 

END 

SUBROUTINE SQPHAS(V0,V1,V2,VA,V E,VC,NB) 

C 

C THE SUBROUIIliS SQFUAS CAICUIAIES IfE TIIEEE PHASE VALUES 
C FROM THE SECUENCE VALUES FOB VOLTAGE AND CURRENT 

C 

c 

C ARGUMENTS: 

C 

C VU - THE ZERO SEQUENCE VOLTAGE OR CURRENT VECTOR 

C 

C VI - THE POSITIVE SEQUENCE VOLTAGF OR CURRENT VECTOR 

C 

C V2 - THE NEGATIVE SEQUENCE VOLTAGE OR CURRENT VECTOR 

C 

C VA - THE A PHASE VOLTAGE OR CliHRENI VECTOR 

C 

C VD - THE a PHASE VOLTAGE OB CURRENT VECTOR 

C 

C VC - THE C PHASE VOLTAGE OR CURRENT VECTOR 

C 

C NB - THE LENGTH OF THE VECTORS V0,V 1,V2,VA,VB,VC 

C 

C LOCA L V ARIA ELES: 

C 

C A - COMPLEX VEESICN OF 1 AT ANGLE OF 120 DEGREES POLAR 

C 

C SUBROUTINES CALLiiC: 

C 

C N ONE 

C 

COMPLEX VO(ME) 
CGMP LEX V 1(MB) 
COMPLEX V 2(N E) 
COMPLEX VA(NB) 
COMPLEX V E(NE) 

COMPLEX VC(NB) 
COMPLEX A 
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A=c;i PLX(-0.5,0.8660254) 
DO 20 1=1,NB 

V A(I)=VO (I)+V1 (I)+V2(I) 
V3(I)=V0(I)+A'<A*V1(I)+A-V2(I) 

20 VC(I)=V0(I)+A*V1 (I)+ A»A*V2(I) 
EETU RN 

END 

SOBSOUTINE FLNCUT (tiL,S E,EE,LINE,ZSEE 1,YSHC1,L VTC,KVIC.LIYPE.IS) 

c 

C THE SUBF.OUIINE FLNOUT PRINTS CUT THE LINE DATA FCE THE 
C FAULT CALCUlATICNS 

C 

C 

C NL - THE NUfDEE OF LINES IN THE SYSTEI1 
C 

C SD - STAETING BUS FOE LINE 
C 

C EB - ENDING BUS FCE LINE 
C 

C LINE - LINE NUdEEE FOE A TP.AN SH ISSIC U LINE 
0 

L ZSHS1 - THE SERIES lEPECANCE OF TEE LIME 
C 

C YSHTI - THE SHUNT AEMITTANCE OF A LINE 
C 

L HVTC - THIS INDICATES HOW A HIGH VOLTAGE SIDE OF A IEAN£FCP MEE 
C IS CONNECTED 'D' FOR DELTA 'Y' FOR WYE. 

C LViC - THIS INDICATES HOW A LCW VCLIAGE SIDE OF A TEANSFCEXEE 
C IS CCNMECTED 'D' FOR DELTA 'Y' FOP. WYE. 
C 

C LTYPE - LINE TYPE. 'L' FOB A LINE. 'I' FOR A TPANSFORMEH 
C BEING MODELED AS A LINE 
C 

C IS - THE SEQUENCE NETWORK BEING FFIMED CUT BY THE ERGGFAM. 
C 0 IS ZEEC. 1 IS POSITIVE 
C 

c 

C SUBROUTINES CALIEI: 
C 

C NONE 

C 

COMPLEX YSHTI(50) 
COMPLEX ZSEH1(5C) 
REAL HVTC(50) 
REAL LVTC(50) 
REAL LTYPE(50) 
HEAL L 

INTEGER SE(50) 
INTEGER EB(50) 
INTEGER LINE(50) 
LOGICAL PRINT 

COMMON /INOU/ KTSEM 

COMMON /OUTPUI/ ANSODT,PRINT,ANSIF 
DATA YES/'YES •/ 
DATA T/'T'/ 
DATA L/'L'/ 
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WEITE0U1 LIN- DATA, SHilKT ADMITTANCE, AND THE Y BIS 

IF(IS. NE.1) GO TC 12 
IF(AN301JT.EQ.YES) WHITE(6,10C4) 
IF(PPINT)WE IT E(KTEHM,1 004) 

12 IF(IS.NE.O) GO TC 14 
IF(ANSOUT.EQ.YES) WHITE(6,1024) 
IF(PPINT)WRITE(KTEEM,1024) 

1 4 DO 20 I = 1,NL 

IF(ANSOUT.EQ.YES)'WHT TE(6 ,1 064) HVTC(I),LVTC(I),SE(I),EE (I), 
LINE(I),ZSEE1 (I),Y3HT1(I) 

IF(PEINT)WRITS(KTERM,1064) HVTC(I),LVIC(I),SB(I),E3(I), 
LINE(I),ZSER1(I),YSI!I1(I) 

20 C ONTINUE 

SETU EN 

1004 FCEMAT('1TRANSMISSICN LINE AND TEANSEORMEE DATA ASSEMBLY'// 
22X,'DATA ?CH POSITIVE SEQUENCE•,/,1 4X, 
• X ACTUAL - --X'/7X,'LINE'/6X,'SE',2X, 
'EB',2X,•NO.',4X,'R(FU)',4X,'X(FU)',4X,'Q(?U)',4X,•G(PU)'//) 

1024 fORrfAT('1TRANS«I3SICN LINE AND THANSfCRMEE DATA ASSEMELY'// 
24X,'DATA FCE ZERO SEQUENCE',/,14X, 
X ACTUAL —- X'/7X,'LIN£'/6X,'SB',2X, 
'E3',2X,'NO.',4X,'R (PU)',4X,'X(EU) ■,4X,'B (PU) ' ,4X , ' G (EU) '//) 

1064 FORilAT(1X,2A1,2X,I3,1X, I4,1X,I3,4E9.4) 
E ND 

SUBROUTINE GS MO UT (N B ,BT Y P , I BU S , E Z 1 , E 22 , 3 ZO , BZ N) 

C 

c IHE SUBEOUTINE GENCUT PRINTS CUT THE GENEEAIOR DATA FOP, THE 
c FAULTED SYSTEM. 
c 

c 

c NB - THE NUMBER OF BUSES IN THE NETWCRK 
c 

c BTY? - THE TYPE 0? BUS INDICATCE 'E' IS A STANDARI EUS, 
c 'G' IS A GENEEATOH EUS 
c 

c IBU3 - THE EUS NUMBER 
c 

c BZ0,EZ1,EZ2 - TEE ZEEO,POSITIVE AND NEGATIVE SEQUENCE VECICES 
c FOR THE BUSES 
c 

c BZN THE NEUTRAL IMPEDANCE FCE A EUS 
c 

C 

C SUBHOUTINSS CALIED: 
C 

C NONE 
C 

COMPLEX BZ1 (24) 
COMPLEX BZ2(24) 
COMPLEX BZ0(24) 
COMPLEX BZN (24) 
HEAL BTYP (24) 
INTEGER I EUS (24) 
LOGICAL PRINT 
COMMON /INOU/ KTEFM 

https://IF(AN301JT.EQ
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C0;iJ10N /OUTPOT/ANSOUT.PaiKT,ANSIN 
DATA YTS/'YHS •/ 
DATA G/'G'/ 

ICOfJHT=0 

If(AN30UT.EC.YES) WRITE(6,1009) 
DO 20 1=1,N'B 

IF(3TYP(I).NE.G)GO TO 20 

IF(ANSOUT.EQ.YES)WRITE(6,1029)lEUS(I),BZO(I),BZ1(I),DZ2(I), 
BZN(I) 

IF(PBIHT)WRITE(KIEH;i,1 C39)IbtS(I),aZO (I),BZ1(I),£Z2(I), 

20 

99999 

C 

1009 

1029 

1039 

1099 

C 

1 

c 

0' 

C 

c 

c 

c 

c 
r 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

BZN(I) 

ICOtj:iT=ICOUNT+ 1 

CONTINUE 

IFtlCOUNT.NE.0)GO TO 99999 
IF(A NSOUT.EC.YES) WRITE(6,1099) 
IF{PRINT)WRITE(FT ER M,1099) 
RETURN 

FOiu-I AT(• 1GENERAT0R IMPED A NCES •,// 
bX,< X",20(•-'),• SEC'JENCE QUANTITIES 

BU3',2X,'X ZEEC XX 
•X NEGATIVE XX NECIfAI 
/' NO.'9(5X,'R(FU)',6X,'X(PU)•) ) 
FORN AT(2X,13,IX ,3F 10.9) 
F0R;1 AT('CGENERAIOR NUHEEE•,10 X,15,/ 

20(•-'),'X•/ 
POSITIVE X', 

X" 

• ZEEC SEQUENCE I.N PE C A NC E',5X,2F8.9,/ 
• POSITIVE SEQUENCE If1 PE C A NC E',5X,2F d.9,/ 
• NEGATIVE SEQUENCE IHF£CA ACE',5X,2F8.9,/ 
' MEUTSAl IHPEIANCE',5X,2F8.9) 

fORUATI//' NO GENERATOR BUSES') 

END 

SUBROUTINE IACC(LINEN,IS£,IEB,ZLIM,YLINE,NB,NL, 
IBUS,33,E3,IINE,SnTY,SERZ,Y) 

THE SUBROUTINE LAID ADDS A LINE TC IRE NETWORK 

AEGU.IENTS: 

LINEN - LINE NUKDEE FOE TP,A NSH ISSIC N LINE TO BE ADDED 

ISB - STARTING BUS FOR LINE TO EE ACLED 

lED - ENDING BUS FOE LINE TO BE AICcL 

ZLINE - THE SERIES INPECANCH OF TIE LINE TO BE ADCED 

YLINE - THE SHUNT ADMITTANCE OF TIE LINE TO BE ADCED 

NB - THE NUMBEF 01 BUSES IN TKE SYSTIJl 

NL - THE NUMBER OF T EA NS,MISSIC N LINES IN THE SYSTEM 

IBUS - THE BUS NUKDEE 

SB - STARTING BOS FOB LINE 



 

 

 

 

 

 

 

 

 

 

 

 

188 

C ED - ENDING BUS FCR LINE 

C 

C LINE - LINE NUM3EE FOR A TRANSMISSICN LINE 

C 

C SIITY - THE SHUNT ADHITIANCE OF A LINE 

C 

C SESZ - THE SSEIES INPEDAMCE OF THE LINE 

C 

C Y - THE SYSTEH ADNIITANCE MATRIX 

C 

C 

C SUUROUTIHES CALLED: 

C NONE 

C 

COMPLEX SEP.Y 

COMPLEX SHTY(50) 
COMPLEX Y(24,24) 
COMPLEX SEEZ(50) 
COMPLEX ZLINE 

COMPLEX YIINE 

INTEGER SB(50) 
INTEGER EE(50) 
INTEGER LIN£(50) 
INTEGER IEUS(24) 

C 

C FIND POSITION OF STARTING BUS 

C 

DO 20 J=1,N E 
IFCISB.EO.IBUS(J)) K=J 
IF(lEB.EC.lEUS(J)) L=J 

AND ENDING BUS IK lEUS ARRAY 

20 CONTINUE 

NLP1=NL+1 

I=NL?1 

C 

C ADD IN NEW BUS 

0 

SERZ(I)=ZLINE 
SHTY (I)= YLINE 
SERY =1.0/SERZ(I) 
SB(I)=IS3 

EB(I)=IEB 
LINE (I)=LINEN 
Y(K,;<) = Y(K,K) + SERY 
Y(L,L) = Y(l,L) + SERY 
Y(K,L) = Y(K,L) - S ESY 
Y(L,X) = Y(L,K) - SERY 

NL=NLP1 

RETURN 

END 

SHIY(I)/2. 
+ SHTY(I)/2. 

SUBROUTINE LCHNG(LINEN,ISE,IEB,ZLINE,YLINE,HB,NL, 

1 IBU3,LINE,SHTY,SEFZ,Y) 

C 

C THE SUBROUTINE ICHNG CHANCES A LINE IN THE NETWCHP 

C 

C 

C ARGUMENTS: 
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c 

C LINEN - LINE NUMBEH FOE TR A NSKISSIC N LINE TO EE CIIANGEE 
C 

C ISD - STARTING BOS FOE LINE TO EE CHANGED 

C 

C IZB - ENDING BUS FOR LINE TC BE CHANGED 

C 

C ZLINE - THE SERIES IHPECANCE CF THE LINE TO EE ACCEE 
C 

C YLINE - THE SHUNT ADMITTANCE CF THE LINE TC EE AEEEE 
C 

C NB - THE NUMBER OF BUSES IN THE SYSTEM 

C 

C NL - THE NUMBER OF TRANSMISSION LINES IN THE SYS'^EH 

C 

C IBUS - THE BUS NUMBER 

C 

C LINE - LINE MUMBSF FOR A TFANSMISSICN LINE 
C 

C SiiTY - THE SHUNT ADMITTANCE OF A IIKE 

C 

C SEHZ - IIIE SERIES IMPEDANCE OF TOE LINE 
C 

C Y - THE SYSTEM ADMITTANCE MATPIY 

C 

c 

C SUBROUTINES CALLED; 

C 

C NONE 

C 

COMPLEX SERY 

COMPLEX S HTY(50) 
COMPLEX Y(24,24) 
COMPLEX S FEZ(50) 
COMPLEX ZLINE 

COMPLEX Y LINE 

INTEGER LINE(50) 
INTEGER I BUS(24) 

c 

C FIND THE LINE 

C 

DO 20 1=1,ML 
IF(LINEN .EQ.LINE(I)) GO TO 40 

20 CONTINUE 

40 DO 50 J=1,ND 
I F(ISB.SC.lOUS(J)) K=J 
XF(IEB.EQ.IBU3(J)) L=J 

60 COHTINUS 

C 

C uHANGE THE LINE DATA 

C 

SEEY=1./3EEZ(I) 
Y(K,K) = Y(K,K) - SEEY - SHTY(I)/2. 
Y(L,L) = Y(L,L) - SERY - SHiY(:)/2. 
Y (K,L) = Y(K,L) + 3ERY 
Y(L,E) = Y(L,K) + SEHY 
SERZ(I)=ZLINE 
SfiTY(I)=YLINE 
SEP.Y=1.0/SERZ(I) 
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lf (K,K) = Y(K,K) + GS-iy + SHTy(I)/i. 
Y(I.,L) = Y(L,L) + 3E3Y * SHTY(t)/2. 
Y (K,L) = Y(K,L) - SEEY 
Y (L,K) = Y(L,K) - SERY 
£ETU RfJ 

END 

jUBEOUTINE I.DEL(LINEN,ISD,IEB,NE,NI.,IBtJS,SE,EB,LINE,SHTY,£E°Zl 

c 

C THE SUBROUTINE LDEL DELETES A LINE EFON THE NETWCFK 

C ASOUHENTS: 
C 

C LINEN - LINE NUMBER FOR TP A N S MISSEC LINE TO EE CEIETEC 
C 

ISB - STARTING BUS FOR LINE TC EE DT^IETED 
C 

lED - ENDING BUS FOE LINE TC EE DELET'ED 
C 

C NB - THE NUMBER Of BUSES IN THE SYSTEM 
C 

C NL - THE NUMBER OF TRANSMISSION LINES IN THE SYSTEM 
C 

IBUS - THE BUS NUMBER 
C 

C SB - STARTING BUS FOR LINE 
C 

C ED - ENDING BUS FOR LINE 
C 

line - LINE NUMBER FOR A TR A N SMISSIC N LIN-
C 

C SlITY - IHE SHUNT ADMITTANCE OF A IINR 
C 

C SERZ - THE SERIES IMPEDANCE OF IHE LINE 
C 

C Y - THE SYSTEM ADMITTANCE MATRIX 
C 

C 

C SUBROUTINES CALLED: 
C 

C NONE 

C 

COMPLEX 

COMPLEX 

COMPLEX 

CCMPLEX 

INTEGER 

INTEGER 

INTEGER 

INTEGER 

SER Y 

S HTY(50) 
Y(24,2N) 
S ERE(50) 
3B(50) 
EE(50) 
LINE(50) 
I EUS(24) 

FIND THE LI NE 

20 
40 

DO 20 1=1,NL 

IF(LINSN.EQ.LIN 
CONTINUE 

DO 60 J=1,NB 
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I F(I3B.sc.IHU3(J)) :<=J 
IF(IFD.EC.IBU3(J)) L=J 

60 CONTINUE 

C 

C DELETE THE LINE 

C 

SEEY =1./SERZ(I) 
Y (K,K) = Y(K,K) - SEEY - SHTY(I)/;. 
Y(L,L) = Y(L,L) - SERY - St!TY(I)/J. 
Y(K,L) = Y(K,L) + SERY 

Y (L, K) = Y(I,K) +3ERY 
NLM1=NL- 1 

IF(ML.EQ.I) GO TC 100 
DO 30 j=i,nl;-ii 

LINE(J)= LINE(JH) 
SB{J)=SB (J+1) 
EB(J)=E3(J+1) 
SERZ(J)=SEEZ(J+1) 

30 5HTY(J)=3HTY (J +1) 
100 NL=NLM1 

RETU RN 

END 

SUBROUTINE IDFISL(NL,NB,N,V,Y,SE,IK,LINE,3ERZ,3HTY,P,Q, 
1 IBTYP,I3U3,FD,PG,CD,V0) 

C 

C IHS SUBROUTINE IDfSLSL CALCULATI3 IFF POWER FLOWS FROM IHE 

C LOADFLOW SOLUTION AND PRINTS CUT THE VOLTAGES AND ECHEE5 

C 

c 

C ARGUMENTS; 

C 

C NL - THE NUMBER OF TRANSMISSION LIKES IN THE SYSTIM 

C 

C NB - THE NUMBER OF BUSES IN THE SYSTEM 

C 

C N - THE NUMBER OF ITERATIONS IT FLCUIRSD FOR A SOIUTICN 

C TO CONVERGE 

C 

C V - THE BUS VOLTAGES 

C 

0 Y - THE SYSTEM ADMITTANCE MATRIX 

C 

C SB - STARTING BUS FOR LINE 

C 

C EB - ENDING BUS FOR LINE 

C 

C LINE - LINE NUMEER FOR A TRANSMISSION LINE 

C 

C SERZ - THE SERIES IMPEDANCE OF TEE LINE 

C 

C SHTY - THE SHUNT ADMITTANCE OF A LINE 

C 

0 IBUS - THE BUS NUMBER 

C 

0 IBTYP - THE BUS TYPE 3 - SLACK 

C 2 - VOLTAGE CCKTROL 

0 1 - STANDARD 

C 
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C PG - REAL PCWEB GHNERATEE 

C 

C C.G - REACTIVE ECWEE GENEF.ATHD 
C 

C PD - HEAL PCWEE DEMAND 

C 

C QU - REACTIVE PCWEE CEHANE 
C 

C P - PEAL POKER GENERATED MINUS REAL POWER DEMAND 
C 

C Q - REACTIVE PWER GENERATED MINUS REACTIVE POWER DEMAND 
C 

C VSPEC - BUS VCLIAGE SPECIFICATICN 

C 

C QMIN - MINIMUM VAFS FOR VOLTAGE CCNTROL BUS 
C 

C ijMAX - MAXIMUM VAES FOR VOLTAGE CCNTROL BUS 

C 

C SUBROUTINES CALIEDa 

C 

C NONE 

C 

COMPLEX SUM 

COMPLEX V (24) 
COMPLEX SEP.Z(50) 
COMPLEX 3HTY(50) 

COMPLEX S 

COMPLEX R 

COMPLEX Y(24,24) 
INTEGER SE(50) 
INTEGER EB(50) 
INTEGER IETYP(24) 
INTEGER IBnS(24) 
INTEGER LINE(50) 
INTEGER P3US(24) 
LOGICAL SKIP 

REAL P(24) 
REAL Q(24) 

REAL PG(24) 
REAL PD(24) 

REAL QG(24) 
REAL QB(24) 

REAL MAGV 

COMMON /INQU/ KTERM 

COMMON /OUTPUT/ ANSCUT,PRINT 
DATA YES/'YrS '/ 

C 

C SLACK BUS POWER CALCULATICH 

C 

DO 20 1=1,NE 
IF(T3TYP (I).SO. 3) GO TO 40 

20 CONTINUE 

40 M=I 

SUM = CMPLX (0.0,0.0) 
DO 60 I = 1 ,NB 

60 SUM = SO M + Y(M,I) ♦ V (I) 
P(M) = REAL(SUM*CQN JG(V (M)) ) 
0(M) = -AIMAG(SUM^CON JG(V (M)) ) 
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WRITE OUT BUS DATA. 

iswB=mus(^i) 

WRITE(KT2BM 

READ(KT3RM,*)!!8U3 
IF(UBUS.EQ. NB)GC TO 66 
DO 63 IC=1,IIBUS 

WHITE(KTERH,964) 
E EAD(HTEEM,*)PcUS(IC) 

63 CONIIXUH 

66 WHITE(KTERM,9fi4)N,ISWB 
I?(ANSOUT.N£.YSS)GO TO 69 
WRITE(6,100 4) N,I3WB 
WRITE(6,1024) 

69 DO 300 N=1,NB 
SKI?=.TP.UE. 

IF(NDUS. EQ. NE)5KIP=.EAL3E. 
DO 72 IC=1,NBU3 

IF(IBU3(N).EQ,PBUS(IC))3KIP=.FALSE, 
72 CONTINUE 

(JG(N)=Q(N)+QD(N) 
PC(N)=P(N) <-PD(U) 
«AGV = CABS(V(N)) 

DELTA = ATAN2(rtlMAG(V (N)),REAL(V(N))) * 57.29578 
I F(SKI?) GO TC 75 
W RITE (KT ERH,10 34)I3US(N),3AGT,IEL:a,FD(M),QD(N),?G(N), 

1 QG(»I) 
W SITE(KT EE;1,1054) 

75 IF(AN'SOUT.NE.YES)GO TO 78 
W RITE(6,1044)IBUS(W),ilAGV, CELT A,?C (11),QD(U),PG(N),QG(N) 

C 

C LINE FLOWS APE CALCULATED 

C 

78 KH=1 

30 DO 100 K=KN,NL 
IF(I5US (N). EQ.SB(K)) GO TC ISO 

100 CONTIMUE 

120 LN=1 

140 DO 160 K=LN,ML 
IF(IBUS (N). EQ,EB(K)) GO TO 240 

160 CONTIMUE 

GO TO 300 

180 J=K 

I C= E3(E) 

DO 200 L=1,NB 
IF(IBUS(L). EQ. IC) GO TO 22C 

200 CONTINUE 

220 R=V(H)»CCNJG((V(N)-V (L))/SERZ(J)+V (M)» (SilTY(J)/2.0)) 
IF(ANSOUT.NE.YES)GO 10 225 
WRITE(6, 1064)IC,LIUE(K),R 

225 I F(SKIP)GO TC 230 
WRITE(KTEEM,1074)IBUS(N),IC,II !.E(1),R 

230 KN=i<+1 

IF(KN.LZ.ML)GO TO 30 
GO TO 120 

240 J=K 

IC=SB(K) 

DO 260 L=1,NE 

IF(IB US(L).EQ. IC) GO TC 230 

https://IF(UBUS.EQ
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260 LCNTI.NUE 

280 S=V(N)*CONJG( ( V(N)-V(L))/SEHZ(0) + V(K)*(SBT Y(J)/2.0)) 
IF(ANSOOT.NE.ZrS)GO TC 285 

WSITE(6,106i4)IC,LINE(K),S 
285 IF(SKI?) GO TO 290 

W RITE(KT E5K,1074)IBUS (N),IC,11 (K),S 
290 LN=K+1 

IF(LN.LE.NL)GO TO 140 
300 CONTINUE 

FDSUM=0.0 

QDSU f;=0.0 

PG3U«=0.0 

QGSU M=0.0 

DC 320 1=1,NB 

PDS0f1=PDSUN+PD(I) 
QDSUi1=QDSU!1+2D (I) 
PGSUM=PGSUr+PG(I) 

320 QGSU;'!=QGSUM+gG (I) 
IF(ANSOUT.NE.YES) GO TO 99999 
HRITE(6,1084) PDSUK,ODSUN,FGSU N,QGSU Y 

99999 EETUEN 

C 

944 F0R;1AT('OIN PUT THE NUriEEE OF FUSES TC BE OUTPUT',S) 
964 FORaATC INPUT BUS NUY.BEE ',3) 
984 F03;iAT{/' CCNVEFGENCE OCCUPED IS ITERATIONS',/ 

1' BUS NUM3EE ',15,' ,« AS THE SWING EOS') 
1004 . rOR;iAT(• 15.EP0ET OF LOADFICW C AICUIA TIONS • ,20X, 

I'TOTAl ITERATIONS =',15,' SWING BUS =',I5/' X 
2 B US-D ATA X X LI N E -

3 D A T A X'/7 X,'FRO^•,6X, VCnS',2X,'ANGIE',7X,'LCAC , 
49X,'GENERATION',1 2X,'TO',7X,'II NE',• LISE FLOW ) 

1024 FORM AT(3X,'BUS t. AKE',4X,• PU',5X,'CEG',7X,'E EAL',2X,'lEACT', 
1 5X,'REAL',2X,'REACT',5X,'BUS SAPE',3X,'NO.',5X,'REAL ,3X, 
2 'REACT'//) 

1034 FORM AT(/IX,'BUS NUMBER', 1 5X,110/ 
1 ' VOLTAGE MAGNITUDE',ax,r10.4/ 
2 ' VOLTAGE ANGLE', 12X,F10.4/ 
3 ' POWER OEM AND',13X,2F10.4/ 
5 ' POWER GENER.',13X,2F10.4,/) 

1 044 FORMAT(5X,'BUS',13,3X,F7.3,IX,F7.2,IX,F7.3,1X,F7.3,IX,F 7. 3,IX, 
1 E7.3,2X,43('-')) 

1054 FORM AT(/4X,'SB',4X,'E3',2X,'IINE',4X,'PCWER FLOW) 
1 064 FOPMAT(66X,'BUS',I3,6X,I3,2X,F7.3,2X,F7.3) 
1074 FORM AT(3(IX ,15),2F8.3) 
1084 FORMAT('0',29X,7('*'),1X,7('*'),1 a,7('«'),1X,7('»')/ 

1 ' TOTALS',23X,F7.3,U,f7.3,1X,F7.3,1X,F7.3) 

END 

SUBROUTINE LINO UT(N L,S3,EB,II NE,SE R Z,SIIT Y) 
t « 5****** 1 

THE SUBROUTINE IISOUT PRINTS OUT THE LINE DATA FOR THE 

LOADFLOW CALCULATIONS 

I **X*** J 

C NL - THE NUMBER OF LINES IN THE SYSTEM 

c 

c ANSOUT - VARIABLE TC INDICATE IF YCU ARE PEINIIMG TC DISK 
c 
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C PRINT - LOGICAL VARIABLE TO INDICATE IF YOU ARE PBIHTIfiG 10 

C TERMINAL 

C 

C SB - STARTING BCS FOB LINE 

C 

C EB - ENDING BUS FOR LINE 

C 

C LINE - LINE NUilEEE FOR A TR A N SfllSSIC N LINE 

C 

C SERZ - THE SERIES IMPEDANCE OF IliE LINE 

C 

C SIITY - T!!S SUUNT ADMITTANCE CF A IIKE 

C 

C SUBROUTINES CALIED: 

C 

C N ONE 

C 

COMPLEX SIITY(50) 
COMPLEX SEP.Z(50) 
LOGICAL PP.INT 

INTEGER SB(50) 
INTEGER EE(50) 
INTEGER LINE(50) 
CCK.MON /INOU/ KTEEM 

CCtlMON /OUTPUT/ ANSCUT,PRINT 

DATA YES/'YES '/ 

C 

C WRITE OUT LINE DATA, SHUNT ADMITTANCE, AND THE Y EUS 
C 

IF(A NSCUT.SC.YES)WRITE(6,10OU) 
If(PRINT)WR ITE(KTERM,1004) 
DO 20 I = 1,NL 

IF(.NCT. PRINT) GO TO 15 
WRIT3(KTERM,1024)SB(I),EE(I),LINE(I),S ERZ(I),SHTY(I) 

15 IF(ANSOUT. NE.YES)GO TO 20 
W RITE(6,1024)S a(I),EE(I),LIN E(I),SERZ(I),SIITY(I) 

20 CONTINUE 

RETU RN 

1004 FORMATC 1THANSMISSI0N LINE DATA AESEf BLY'/1 1 X, 
1 'X ACTUAL X'/4X,'LINE'/3X,"SE •,2X, 
2 'EB',2X,'NO.',4X,'R(PU)',4X,'X(FU)',4X,'B(PU) •,4X,'G(PU)•//) 

1024 FORM AT(2X,13,IX,14,IX,I3,4F9.4) 
END 

SUBROUTINE SOR T2V (N B,N N B,V) 

C 

C THE SIIBEGUTINE 30PT2V PERFORMS A EUERLE SORT FOR 2 VECTORS 

C WITH RESPECT TO THE VECTOR NNB. 

C 

C 

C ARGUMENTS: 

C 

C NNB - THE INTEGER VECTOR WHICH IS IC BE SCRIEC IN ASCENIING 

C ORDER 

C 

C V - THE REAL VECTCP. TO EE SORTED WITH NNB 

C 
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C NB - THi NUMBER Of ELEMENTS IN THE VECTORS 

C 

C SUBROUTINES CALIEC: 

C 

C NONE 

C 

COMPLEX V (21) 
COMPLEX CTEMP 

INTEGER NNB(21) 
NBMI=N3- 1 

DOUG L=1,NEK1 
L? 1=L+ 1 

DC 20 J= LP1,KB 
I"(NNB(L).LE.NNB(J)) GO TC 20 
ITEMP=NNB(L) 

NNB(L)=KN3(J) 
NNB(J)=ITEME 

CTEMP=V(L) 

V(L)= V(J) 

V (J)=CTEMF 

20 CONTINUE 

10 CONTINUE 

RETURN 

END 

SUBROUTINE YASSEM(ND,NL,IBUS,SB,EE,SERE,SnTY,X,») 

C THE SUBROUTINE YAS3EK ASSEiMELES TEE Y BUS MATRIX 

C FOR THE LOADFLOX AND POSITVE SEQUENCE NETWORK FOR THE 

C FAULT STUDY 

C 

c 

C NB - THE NUMBER OF EUSES IN THE NETWORK 

C 

C NL - THE NUMBER Or LINES IN THE NETWORK 

C 

C I BUS - THE BUS NUMBER 

C 

C SB - STARTING BUS FOR LINE 

C 

C EB - ENDING BUS FOR LINE 

C 

C SERE - THE SERIES IMFECANOE OF THE LINE 

C 

0 SHTY - THE SHUNT ADMITTANCE OF A LIME 

C 

C Y - THE BUS ADMITTANCE MATRIX 

C 

C SUBROUTINES CALIEI: 

C 

C NONE 

C 

CCMPLSX Y (21,21) 
COMPLEX SEHZ(EO) 
CCMPLEX S ilTY(50) 



 

 

 

c 
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COiiPLEX 

IST2GEK 

INTEGES 

INTEGER 

INTEGER 

INTEGER 

DO 240 1= 

SEF.Y = 

SERY 

NE 

NL 

lEUS(24) 
SB(50) 
EE(50) 

1, ML 

1 .O/SIEE(I) 

c ASSEMBLE THE BUS ADMITTANCE MATRIX. 

c 

J1=0 

IF(SB(I).EQ. 0)GO TO 180 
DO 160 J1=1,MB 

IF(IBUS(J 1).EQ.SB(I)) GC IC 180 
160 CONTINUE 

CALL ERROR(2,S3(I),599999) 
1 80 L=J1 

J 2=0 

IF(EB(I).EQ. 0)GO TO 220 
DO 200 J 2=1,MB 

IF(IBUS(J2).EQ.EB(I)) GO TO 22C 
200 CONTINUE 

CALL ERROR(2,EE(I),59999 3) 
220 M=J2 

IF(L.EQ, 0)GC TO 230 
I?(H.EQ. 0)GO TO 235 
Y (L,L) = Y(L,L) + SERY SKTY(I)/2. 
Y (M,M) = 
Y (L,M) = 
Y (M,L) = 

GO TO 24C 

230 Y (M,M) = 
GO TO 240 

235 Y(L,L) = 

240 CONTINUE 
RETURN 

99990 RETURN 1 
END 

Y(M,;'l) + SERY + S KTY(I)/2. 

T(I.,M) SERY-

-Y([',L) SERY 

y(ii,;i) + SERY + S ETY(I) 

Y(L,L) + SERY +■ SHTY (i:) 
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