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Abstract

The grading and operdtion of protective gear
is'ﬁsually based on the normal operating conditions that apply
when a system is commissioned. TFor small, and or simple
systems fhe effect of outége and reinforcement can easily be
accommodated. Large systems, however, present a problem of
greater magnitude; reinforcements, increasing fault levels and
changes in the 'normal' running arrangement can result in the
basic grading péttern being lost. This work provides a
possible 2id to overcoming such problems for indusirial type
digtribution systems, since the analyses include the effecis of
induction motor loéds, which have in the past, not always

- correctly, been neglected as a source of fault cwrrent.

Chapter 2 discusses the adopted approach to system
analysis, which uses the Newion -Raphson technique aided by
the Epsilon Algorithm fto solve the network eguations. The

types of analysis available from the described program ares

a) balanced load flow
b) - three phase symmetrical short circuit
:c) asymmetric short circuit - steady and non-steady

state.

Since the non~steady state analysis is derived
by interpolating the results of three load flows, the number

of machines that can be included in the analysis is limited

only by the amcunt of computer sicrage available.



Chaptér 3 discusses relay characteristics and
the methods used to synthesise these characteristics in the
relay subroutines. As the non-steady state analysis is
derived through interpolative methods speéial curve.fitting
techniques have been deﬁeloped for this purpose, and these are

also discussed in this chapter.

- Chapter 4 gives an outline of the working of the
program and the conclusions that have been made as a result

of +this work.

There are iwc appendices, chapters 5 and 6;
chapter 5 describes how the program may be used and details
the facilities_that it offers. <Chapter 6 has been writteﬁ ={e}
that other workers may gain a detailed understanding of the
program and its methods of operation. This apuendix =1so
containg 2 full orogram listing. | ‘

4



CHAPTER 1

INTRODUCTION




1.1 Objéctivcs
There have been three main objectives in

performing this work:

a) to determine the non steady state behaviour
of an industrial power system containing
induction motor loads, by performing a minimum

number of load flows.

b) to use the results of a) to compute the

dynamic behaviour of the system protection.

c) to produce a computer program satisfying a)
and b) a2bove, which may be used by practising
engineers to check the action of protcctive

systems following system changes.

1.2 Previous VWork

Previous work has led to the develovment of

programs wnich fall into two main categories:

lf The determination of relay and circuit
breaker overation over an extended period
of network time., These are esgentinlly
programg for checking the sequence of

operation of the system relays.



2 The determination of relay setlings for a

given neltwork configuration.

The mode of operation of the Two typcf of
program is guite different since type 1 depends on some form
of continuwous systems analysis, and type 2 uses values of the
system variables that have been computed Tor one instant of

time only.

Alderton and Peraltazo have designed a program
(type 1) based on a transient stability analysis'which uses a
step by step integration technique for checking the oneration
of relays in power transmission systems. The I.D.I.T. relay
characteristics are represented by & pair of empirieal eguations
which give the reley operation times in terms of a fastest and

slowest value -~ 2 band characteristic.

As each relay operation is detected, comparison
is made with a master list which swnecifies the desired relay
discrimination. If maloperation occurs, interactive facilities
are provided so that the relay seitings can be adjusted as the
analysis proceecds.

19 . 1 . .
“ has designed a Protective Device

‘Albrect
Co-ordination Program' which is of type 2. This 1is a very
comprehensive program which can select appropriate protective

devices from a list of alternatives, as well as determining the

device settings. The relay characteristic equatlions used in



this program rcguire 20 constants for each relay.

Begian21 has also designed a comprehensive
co-ordination program which is similar to that by Albrect, and
again the relay characteristic equations are lengthy a;d
inferior to those proposed by the author.

17 ;

Graham and Waison ' have produced a relay
operation checking program which works from values of voltage
and current computed for one instant of network time. The
program uses tabulated relay characteristics and is not as

comprehensive as those of Albrect and Begian.

1.3 Contributions to Resecarch

This research has shown that I.D.M.T. 1lype
rclay characteristics can bhe accurately synthesised by a.
minimuam of coefficients by using the.rational function curve
fitting techniques which are.ﬁeveloped in Chapter 3. Also, the
decay of fault current in an electrical power distribution
system may be simulated by interpolating the fesults obtained

from & scrieg of load flows.

The resulting program should prove to be a
useful aid to the design, protection and operations cugineers

in the eleciricity supply industry.



CHAPTER 2

SYSTEM ANALYSIS




liodern electrical power systems are complex
intercohnected networks with load and generation centres that
may be many miles apaci. The decign and operation of such
systems is facilitated by the comprehensive analyses which
have been made possible by the advent of the digital computer.
Hhen an analysis program has beén developed it can bhe used
by design and operation engineers to provide information about
proposed or acitual operating conditions. Design engineers will
use this data to ensure that the circuit breaker ratings are
adeguate and that following the removal of a faulted section,
the alternative system arrangement provides for a minimum of

disruption.

The »rogram developed throush this work enables

the following analyses to be made:

1. Balanced load flow

2. Symmetrical three vhase short circuit
3. Agymmetrical short circuit

4. Protective system performance under

asymmetric fault conditions.

Circuit brezker ratings for industrial
distribution systems have, in the past; been determined from

short-circuit level calculations which have neglccted the

'fault.contribution due to induction motor loads. Hecent

1,2,3,4

3536,7 .
workers have however, shown that this



contribution can be of significant proportions. It is most
probable therefore, that in many industrial distribution systems
with a rélatively large number of induction motors (or a few of
large ratings) some circuit breakers are likely %o be under-rated.
System anzlyses allowing for the fault
contribution from all syctem machines have not been made since
it has not yet been possible td formalat: the complets setv of
differential equations which describe a generalised multimachine
éystem. In the above analyses 2, 3 and 4 allowance is made
for the contribution to the fault current mode by the induction
motors in the system. BSince the analyses are based on load flow
methods the number of machines is limited only by the sime of

computer store available.

2.2 The Basis of the Load Flow Analysig Program

The method uﬁed to perform the load flow analysis

is based on the nodal voliage equations of the system, i.e.

[1]

il

[¥][v] (2.1)
vhere [I] is the injected nodal current vector
[VJ is the nodal voltage vector

[Y] is the nodel admittance matrix

Por any given node



where Iy is the number of nodes, this includecs the nodes
within the eguivalent circuits which are uscd to represent

generators, induction meotors and transformers (three winding).

The solution of these system cquations is obtained
by use of the Newton-Raphson method, which wags originally used
in this context by J.B. Ward and H.W. Hale . The following
derivation is based on their method, which has the following

advantagess

1. It is easy to progranm
2. The convergence characteristics are good
3. A matrix inversion is not required

4. Network modifications are easily accommodated.

The system egquations are non-linear, and cannot

be solved explicitly. Therefore, an iterative scheme is usecd.

To provide the system with a voltage refercence
level, the voltage has to be specificd at, at least, one bus-
bar. Thisg bus-bar is usually Xnown as the swing, or élack,
bus-bar. The specified data at all other bus-bars usunally

takes one of two forms;

1. Bither the velues of the real and reactive

power are specified (PQ bus-bar), or

2. The voltage modulus and the value of

recal power are specificd (PV bus-bar).



2.2.1 Taquations for P9 Bus-Bars

The initial values of voltage at W PQ bus-bars
is assurcd to be 1.0 + J0.0 p.u. This is a reasonable
approximation since the voltage profile of a healthy system is

”

nearly level.

TFor any bus-bar, k, we have equation 2.1.

N

I = L Y LV
em m

ey

=
Lt}
e

where Sk is the apparent injected power at bus-har k.

Ifor 2 P2 Dbus-bar the value of apparent power

ig specified S therefore, until all voltages become equal
3 ’ ’ q
ks ©

to their solution value, the value of Sk computed from equation

e ? the specified value. However,

(2.3) will not be equal to 5
a modified value of voltage V, + &V, can be found for this

bus-bar such that the computed value of apparent power is egual

to the specified value, all other volitages remaining consiant.

Thus (2.3) becomes

s < kk

S, = (V. + 'gvk)' (T, + ¥, 80 )% (2.4)



negleching sceond order terms,
« ¥ * § % -
Sg = Vi T+ Ve T 8V ¢ T 6T
Therefore, as Vkl; = Sy
(s, -8) = %P + i
% k
- . _ Y Sv’
= (Vpk + Jqu) (G = 3By,) (SVP Jbvqk)"’Ik k
Hence,
Sp = &§v., (G, V.. + B + 1)

vk kk "pk

e Yok T Prx Vpr Yo

- T
pk (Gkk qu kk "pk ”q&>

-~ B .V
ok pk <k pk k% qk)
The pair of simultancous equations (2.5) and (2.6} eon be solved
for the two components of the voltage change, &Vp and SVg. The

new, improved value of voltage at bus-bar k .is;,

3V, + SV ) (2.7)

2.2.2 Egquations for PV Bus-DBars

For a PV bus-bar a new value of voltage is



reguired such thats:

B

l Vl({m+l) l

or, ‘
y(m J.V(m) o (p(me1) jV(m+l)
P 2a P Q
[LYD)

AVALLL | S

! !  SVq,
! ,
|
|
|

o [ e

Y ! ;
| |
| |
i 1
| I
| |
| |
VP(mM) VP(m)

Fig.'2.l.
and

V(m+l) . J'V((lml) (2.8)

V(m) + SV o+ j(V((lm) '+§Vq) , = >

p 1%

all values applying to bus-bar k. Therefore,

A A e T A LN G P (vim))2



expanding and neglecting second order terms, : (2.9)

R L AR SRR

o} a

Lguations (2.5) and (2.9) form a pair of simul’caneous“equa'bions

which can be solved for & Vp and qu as follows:

Firstly rewriting equations (2.5) and 2.9) as:

P = Aévn + BSV (2.5.1)
modV = vpévp + vq:}.v_ (2.9.1)
Wwhere modV = O.5(((V$)m+l))2 + (V((lm'kl))?‘ ) - ((VT()m))2 k (V((lm))f' )

Hence S v, o= (quP - B modV) /& © (2.10)
S vq = (ASP ~ vp modV) / A (2.1;)
where A= AV - BY
S e D

The term modV will tend %o zero as the iteration
proceeds, but it may not be zero in the early iterations. For

example, if the initial value of V, is
! k

IV_‘, v 30, wmoL ’v

and V(m) = 0
kp Ks a




2 2
therefore, modV = (lvksl - ‘vksl )

and dv

1

(Vém)SP) /6 = 0

Kol

avg (A8P) /A -

the first, improved value of Vk is, 1lhercfore,

Vk = (Vks[ * jévq

for the second iteration ,Vk I / IV hence

ks!

modV # 0.

The subroutine which solves these cguations is
called PSAT, a detoiled flow chart of which is given in

Section 6.9.

2.3 Three Phase Short Circuit Analysis

Hetwork symmetry is maintained under thrce phase
short circuit conditions and, zs for the balanced load flow, this

analysis requires only the positive sequence network.

The short circuit study is treated as a special
case of lozd flow, the voltage at the faulted node being set to
zero. The advantage of this aporoach is that it auvtomatically

includes the prefault system conditions.



2.3.1 Short Circuit Analysis - Convergence

This analysis has been carried out on the A.E.P.

14 Bus Systemgl4) for example, and although an unaccelerated

-3
convergence required 213 itcrations, (voltage toleraqge 1.0 x 1077),

convergence hes always been achieved. This is discussed more

fully in 2.4.1.

2.4 Asymmetric FPault Anelysis

The asymmetric fault analysis is based on the
method of symmetricaltcomponents. The procedure for obtaining

a solution to the equations of the faulted system is as follows;
the positive seguence nodal admittance matrix is modified to Fform
the negative scquence nodal admitiance matrix. TFor siatic
electrical plant the positive and negative seguence imnedances are
cqual, therefore, the only modifications required are ‘those

relating to generators and motors.

The zero sequence nodal admittance matrix is
formed in a similar manner. Howcver, more operations are
required in tranéforming the vositive sequence nodal sdmittance
matrix into the zero seguence nodal admittance matrix because nod
only are some of the branch values different, but the zero sequence
equivalent circuits of the transformers will have diffcerent forms

depending on the winding connections.

. The condition of the faulted system is computed in

several stages. Pirstly the negative sequence network is analysed,

b



using the following method. A voltage of 1.0 p.u. is applied at
the fault position and a load flow analysis is performed. The
values of all nodal voltages are recorded. Also, the impedance

of this network, as seen from the fault point is evaluated;

r

z. = 1.0 /In.
In
Negative e A fault node
Sequence 1.0 p.u.
Network . rcference node
Fig. 2.2.

Secondly, this procedure ig repeated, if the
fault conditions require it, for the zero secuence network. Again,
the nodal voltages are recorded, and the network impcdance as seen

from the fault position is evaluated.

The negative and zero sequence impedances are
conbined, appropriately, with any fault impedance andthe resulting
impedance value is used to modify the positive sequence network,

so that an cquivalent circuit for the faulted power system is obtained.



For example, & single line to earth fault
requires that the faulited node of the positive sequence natwork
is shunted by Zn + .&O + 3Zf, where Zf is the fault

impedance.

A new analysis is then made on the modified
positive sequence network, the values of the nodal voltages
being recorded. The previously recorded values of nodal voltage,
for the negative and zero sequence networks, are now scaled Dby

a factor which is determined from the above analysis.

For example, the arrangement of a modified
positive sequence network for a single line fo ezarih faultd is
L )

“as shown by Fig. 2.3.

M
PSH Vp
\
REIY vn
T 37,
O
Z3N Vz
Flg‘ 203 .



The originally recorded valucs of voltage for the
negative and zero scguence networks were due to an excitalion
voltage of 1.0 p.u. I'rom Fig., 2.3 it is seen that the actual
value of excitation volitage for the negative sequence network is
legs then 1.0 ».,u. and, as the neiworks are lineaf, ai& voltages
in the negative sequence network are scalcd by a factor V_. This

procedure ig repcated for the zero ssquence voltages, wit

factor V .
Z

The sequence currents are computed by multinlying
the brﬁnch sequence zdmittonces by the corresponding brench
sequence voltages. The actual, unbalanced thrce phase systenm
voltages and currents are then compntod from fhc sequence voiues
using the sﬁandard technique that was originally developed by

Fortescue (9).

2441 Acceleration and Convergencs

Although convergence tc solutions with a voliage
tolerance of 10"8 has always been achleved using the Newton
Ravhszon method, the number of iterations reauircd has sometimes
been quite large, for example 213 iterations for the A.B.P. 14
bus system. Since the original work with this program was carried
out using a smzll and relatively slow computer (I.B.M. 1130} the
compuling dinmes sere of +he order of 20 minutes, which is {oo long
to be acceptable. In order to reduce the number of iterations,
and hence the compuling timg required, the solution was accclerated

by use of the Epsilon Algorithm(27). This algorithm is very

1Qa



successful when applied to the type of sequence obtained from a

seriesiof successive voltage iterates, and reduced the number of
iterations required for the A.E.P. 14 Bus System from 213 to 56.
The computing time required (using anI.C.L. 1905 computer) is

aporoximately 10 minutes for the unaccceclerated 213 iterations and

2.5 minutes for 56 iterations.

2.4.1.1 The Enoilon Algorithm

The Epsilon Algorithm can be defined by the

following relationship:

- 1
UyV + U,V = I 1 P 3
: wo+ fv - U - v

20



The relationship beitween the firsi few values
of the. given sequence and the algorithm is illustrated hy the

following table:

”~

v 1 3 -
u %
2
IO,O
% Py 4
SR E
La
1 P1,0 “1,1
2
= Py 4 Ps 3
A 7 5 73 !
P n
2 Pa,0 2yt Y2,2
.
"9: P._E R P_Sj'S ¢
3 2 z = _’?
|
P, .. . 1P _ P ‘
3 3,0 3,1 3,2 |
. A :
Where PO,O’ Pi,O’ PZ,O etc. are the original sequence values,

Pl 1° P y P, etec. is the first sequence of zccelerated
5] 2,1 3,1

values and P P
= 2,27

accelerated valucs.

P etc. is the second seouence o
3,2, 4’2 L] D ) o - (. f

21



2.4.1.2 An Illustrative Bxanmple

Consider the following 2 node system:

(2)
(0 \/lg_ = 1O +J0
N |
(— E—
V= 1ol ‘ Sp= =430
Fig. 2.5
The itzrative equation for the volitage 2% node 2 is
(n'l'l) . E - *";-'(:
v, - — [ —rte ] +. 10 x 1.0
10 yir
2 .
v(z’“'l) - 0.2 + 1.0
(n)
VZ

and the following list of fumction (V_) wvalues has been
[

derived from this equation, using a starting value of 1.0 for V2 .

2%



Iterate Manction Value

o 1.0000000000

1 0.8000002020

p) 0.7500000000

3 0.7333333333 )
4 Q.7272727272

5 0.7250000000
25 0.72360679776
26 0.72360679775

27 0.7236067977T5

The first sequence of accelerated values is obtained
by adding to the original function value the reciprocal of the
differcnces of the reciprocal of the diffevences. For example,

taking the first three function values:

Function : _ Accelerated
Value N, \/A\ A, Y. Value
1‘0
-0.2 ~5.0 !
0.8 -15.0 -0.066666 0.7323333
~0.05 -20.0
0.75
where the accelerated value Pl 1 is'giver by
¢ b
> - 1
11,1 0.8 + /A')_

23



The seguence of accelerated values is cextended b
a

iterates 2,3 and 45 3,4 and 5, etc. Iterates 8, 2 and 10

-

yield a-value which is in error by 1 in the eigth decimzl place,

The algorithm can also be applied to the sequence
of acczlerated values,; to form the function values P2,2 , P3,2 3
P4’2 etc. The sixth.valuo in this seguence, which is computed
from the sixth, seventh and cighth values of the firgst accelerated

sequeince is 0.72360679771 i.c. correccet to ten decimal places.

The 'Zrror Anzlysis' of this algorithm is difficuli.

~>

However, i1t can be secen that when the funcition values agree to, say,
e . o -6 o

six decimal places, the diffcrences are of the order 10 and
hence the reciprocal of the differences become relatively large,

£ 6 s g .
of the order 10~ . Thus the eovaluation of an accelerated value
in this instance recuires & computotion involving numbers having

. P v s " 12 s .
their most significoaant figures displaced by 10 on the decimal
scale. Mxperience hzsg shown that normal precision working
(11 significant figures) is insufficient for the analysis of
practical problems if the second sequence of improved values is
used to accelerate the solution; convergence for the A.TD.P. 14
Bus 3ystem, when attainable, talking over 400 iterations. However,
ags stated previoucsly, thefirst sequence of improved values can
be computed using normal precision, and uscd in practical analysis

to advantage.

24



(31)

2.5 Louivalent Circuits

The model of the system networlk is dependent upon
the equivalent circuits used to represent the various items of
plant. This study utilises simplified lumped parameier equivalent
circuits, an approach which is justified since the er;br introduced

is mach less than the tolerence to which the system data is

usually knowm.

2.5.1 Tyo Winding Treansformer Wguivalent Circuits

The following equivalent circuits have been
derived by neglecting the magnetising current circuit and the
magnetic path provided by the transformer {tank. The later
tassumptibn ig justificd since the zero seguence impedance 6f such
a path is usuwally zbout tweniy times that of the leakege impedance.
For the positive and negative sequence circuits_the effect of

this path should be negligable.



2.5.1.1 " Zero Sequence Equivalent Circuits

Connection Diagram o ~ EBEquivalent dircuit
Zo
P Q P
VY,

Z
P o
IV
Z
P o
A2 AN
Z .
P o
:
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P Q P : Q
AN
Z,
P
AV

S
2.5.1.2 The Positive Seguence Bguivalent Circuit

The positive‘sequence equivalent circuits of the

above transformers are identical:

2.5.1.3 The Negative Seguence Egquivalent Circuit
The negative sequence equivalent circuit is

identical with the »nositive sequence circuit.

2.5.2 Three Winding Transformers
Three winding transformers are represented by the

conventional 'T' equivalent circuit.

21



2.5.2.1 The Positive and Negative Sequence Tquivalent Circuits

These equivalent circuits are identical and take

the following form, for any mode of winding connections.

Fig. 2.4

Where Z_ = 0.5 (zp +2Z_, ~-72

a s pt
Zy = 0.5 (zps + 2, - zot)

Z, = 0.5 (zpt +Zgy - zps)v

and Zps is the lcakage impedance measured at the terminals of

the primgry winding, with the secondary winding short - circuited
and the tertiary winding oven - circuited. Zpt is the leakage -
impedance measured at the terminals of the primary winding, with .
the tertiary winding short -circuited and the secondary winding
open - circuited. Zst is the leakage impedance measured at the

terminals of the secondary winding, with the tertiary winding shortf

circuited and the primary winding open-circuited.

18



_2.5-2-2 _

Zero Szsaguence Hguivalent Circuits

. A ,
T
}
2
Z
A b
—— YV
=
|
~ T A
Z
A b
|
Z
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2.5.3  llotors mnd Gencra’tors
One of the objectives of this work has been to
ohtain ah anprovimation for the variztion of the effective
reactance of induction motors and synchronous motors or gencraiors,
by corrying out a minimum nunber of load flows. It ié‘suggested
Vit

that three values of reacltance, initizally corresponding 1o L

! an

-d

jo)
he

, would be sufficient for this purposs. The
equivalent circuit used to model the elecirical behaviour of
these machines is, therefore, a congtant voltage source acting
behind & time varying reactance as shown by Pig. 2.5. The use
oy (10)

of this ecguivalent circuit has been justified by MH.G. Sas
1 J

in his stendard texlt on aliernating current machines.

r\yvfxyﬂ )

The value of the reactance X 1s usually
determined from measurements made on an zctual machine, or

(6, 13)

obtained from tadbleg of typical values

31



2.5.3.1 Typical Constants for Synchronous Generators

Reactance Values P.U,)

32

X3 X3 s X5 %
A  4-Pole
turbine 0.14 0.23 1.2 0.14 0.08
generators
B 2-Pole .
turbine 0.09 0.15 1.2 0.09 0.03
generators ’
_C Salient
pole generators 0.2 0.3 1.25 0.2 C.18
(with dampers) :
Time Coastants (seconds)
Tn Tt T
a

A 0.035 0.6 0.13

B 0.35 1.0 0.2

c 0.035 1.5 0.15




2.5.3.2

=

Typical Constants for Induction Motors

. Reactance values in per unit, and time constants in seconds.

Mgéhine

Rating

h.p. X" X o g

22 000 0.182 0.216 0.0076 0.077
6040 0.242 0.294 0.0176 0.114
2500 0.283 0.378 0.025 0.141

33




2.5.3.3 Induction Motors

These parameters can be used to generate the

instantancous valucs of currents; for example Kalsi (6) gives

the following expression for an induction motor which is

~

subject to an indirect shorit-circuit;

1 1 .
io= B (K"d - X'd) exp( ~t/1" )
e
+ (K'd)exp( -t/Tt Ysin(wt + X )
1
- (K"d)sin(k Yexp( ~t/T_)

If the RES value for each period of this euarrent is defined a

,r'("“ l‘)‘:‘

E 0,142,435 one

the values obtained form, avproiximately, an exponentially

decreasing sequence as shown in Pig. 2.6.

Typical data (12),used with equation(2.12) is
Y"d = 0,179
K'd = 0.25
T"d = 0.014
T'd = 0,132
Ta = 0.033

34
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The variation of IL.,.«
. i’LI-ih

the equivalent circuit of Fig. 2.5 with an appropriately varying
; B

reactance. For the RMS current function shown in Fig. 2.6, the

corresponding reactance function is shown in Fig. 2.7,

”

. . . i .
recactance function given b AHt) == can be approximated
. (%) ’

over the range indicated, by the function

. e
() = A+ B.t + C.(4)°
(see chapter 3), where in this case
A = 0.09862
B = 4.02570

¢ = -0.02762

Values from this function ere also indicated in Fig.2.7.

2.5.3.4 Synchronous Alternators

(11)

Adkins

for the fault current of & synchronous alternator with a line

line foult:

- = -
Kd.+ X2 Xz a + X2 Kd + AE

v (1 - 1 Dexp(-t/1m)
" B ~
X a * X2 X a * £2

can be cbtained by using

ip = yé By _1 o+ 1 - 1 Yexp(—t/m!

cos(wt + A D

(2.14)

gives the following approximate equation

(2.15)



This eguation has becn derived by neglecting the

harmonic current components. t should bz noted that when the
RM3 response containg a - d.c. component the reactance function

which is used to reproduce this current will not egual X" and X!

at times t =0 and 4+ = T" resvectively. The positive

reactance function corresponding with the RIS values of 2.15 is

shown in Fig. 2.9 with values from the approximating function

\0
Wi

X(t) = 0.1333 + 6.4719t - 0.6494(t)

The positive sequence current for a line to line fazult

X2 = 0¢1 , obtained by using 2.15, is shown in Fig.

Data (11) used with equation 2.15

. = 0.1 ™. = 0.035
Yl = =

X a 0.15 T'd = 0.06
Xd = 1.2 Ta = 0.13

2.6 The Ovneration of the Pronosed Method

The author proposes that the effective R.MH.S.
current function be approximated by eguation 2.16, 2s described

in section 3.3, so that wvhen used wiih the relay charzeteristics,

with

N

geguence

the relay perrormance can be evaluated, see section 3.11.

36
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(.urrgr\" N pe r._mlt

12 1

Instantaneous and RMS Cufrent for'an'Indirect

short Circuit ( 3 phase to earth ) at the

"Induction Motor Terminals

4.

T\

U ] /\/\fx Fime 1n 0
AR VAR

X R.M.S values computed from 2.13 and 2.12
O R.M.S values computed using 2.14
Fig. 2.6
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Instantaneous and RMS Fault Current for a

Line to Line Fault on a Synehronous Alternator

X~ RMS values computed from 2.15 and 2.13
G ~ RMS values computed from 2.16
Fig. 2.8
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2.7 14 Bus Test Systen

This test system is based on the A.E.P. 14 bus
systenm for which only the positive sequence system data is
fpublished. The zero sequence data was determined by using a
table of typical values and comparing the values of tﬁe X/R‘
ratios for the lines of the test éys@em with those of standard

lines.

The System Diagram is shown by Fig. 2.10 and the

‘system data is shown by the listing of the data cards, 2.7.1l.

The applied protective system is showm by Fig.2.11,
and is comprised of 10 I.D.N.T. rélayé, all ﬁsing the TJX
Overcurrent/Earth Fanlt 1 Amp.'relay characteristic which has a
definite minimum timé of 3 scconds. This characieristic is 1isted
in section 2.13.1. The time - multiplier scttiggs are showm on

the diégram, FPig. 2.11 and the plug bridges are set to 100 per bent.

The results of the analysis show that the fault is

isolated from the system by the operation of relays.



14 Bus Test System - Line Diagram

AN ‘ AN AN
\/\/\/ NN NN

J:) L

" ‘o -

12 TT ' 13 JT—— m-

<E£:) Generators (© Synchronous Compensators

Fig. 2.10

4.2
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Detail of 14 bus Test System showing relay:
locations and time settings.

Fig. 2.11
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15/06775

«JOB NUMBER
«DATA
*ANALYSIS
*PRINT DATA
sEND

74308 NAME

PROTECTION

FOR THIS STUDY

1271772
9

9

L/L/E

20

3'0

14 8US SYSTEM EXTENDED TO INCLUDE M/f REASCTANCES

VP

0,8990
0,.8940
n,8960
0.8990
n,8990
0.8830
0,48990
0,8990
0,A9Q0
0,8990
n,8930
0.8930
0,8990
60,8990
0.7243

1.,2283%

1.1066
1,7652
1.3245
n,8900

THE VOLTAGE® TOLERANCE 1§ 0,100000E~-05
THE TRACE LEVEL IS O
A SHORT CIRCUIT STUDY WILL SE MADE AT 0 BUSBARS
P 2} MODY w2 MOD AND ANGLE OF Y
0,0000 0.0000 0.0000 0.0510 90,0000
0.0000 0.0000 0,0000 0.2130 «9,.2330
=-0,3420 0.0000 0.0000 0.1470 -90.0000
-0.4730 * 0.0390 0.0000 0.0374 90.0000
=0,0760 =0,0160 0.0000 0.0340 90,0000
-0.1120 - 0,0000 0.0000 0.0655 -90.0000
0.0000 0.0000 0,0000 0.0000 0.0000
0.Q000 0.0000 "0,0000 0.0000 0.0000
=0.2950 =-0,1660 0.0000 0.1900 90.0000
«0.0900 =-0,0580 0.0000 0.0000 0.0000
=0.0350 -0,0180 0.0000 0.0000 0.0000
«0,0610 -0,0160 0.0000 0.0000 0.0000
«0.1350 =0,0580 0,0000 0.0000 0.0000 .
-0,1490 «0.0500 0.0000 0,0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000
0,0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 © 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 - 0.0000 0.0000
26 20 3 5 1 0 R8N TF ICONT YSWGM  1EMF

Teb con\‘ro\ c_orés

va

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
00,0000
0,0000
0, 0000
0.0000
0.0000
0.0000
0.0000
0.0000
?.6335
0.35951
«0.7459
=0.4776
-0.3243
0.0000

ND7

O C OO Qe it vt et i A e A s M b s e e

ES

COCCCOOCOoOOCLCODOCDOT

n

MD NDZ

1

-t b fa A ek s e s A s b

LI I I I }
— . s . et .

. S e et b A e A b e e e

L I
- . b bt e

" Reference Sec)f‘uén

5.6

5.7.4

Bt Y o S



St

i SEPCIP

BRANCH DATA

RARAN

LCONSNOGCOTTVMEEEUGNRANN=ORrEC WA -

- .
wnN O

T/F

0.9320
0.6780
0,9690

CH
15
16
17
18
19
20

L
HWeenO

- .
WOBUWN=RONVMENLUWAN

& pw

O~

RESISTANCE
0.0000
0.,0000
0.0000
0.0000
0,.0000
0.0097
0.0097
0.0540
0.0470
0.0581
0.0570
0.0670
0.0133
0.0000
00,0000
0.0000
0.,0950
0.1229
0.0661
0.0000
0,0000
00,0318
0.1271
0.0820
0.2209

0.1709

REACTANCE
1.2000
1.2000
1.2000
1.2000
1.2000
0.0296
0.0296
0.2230
0.1980
0.1762
0.1739
0.1710
0.0421
0.2091
0.5562
0,2520
0.1989
0.2558
0.1303
0.1761
0.1100
0.084s
0.2704
0.1921
0.1999
0.3480

5.17.F

/]
|

-9

s et vl etk e e oa ol



NET GENERATIONS OR LGAD AT BUSBARS

97

w
<
[7]

N S SN
DUOUORNIPVAULNFROOOOENT VL WN -

P.U.VOL

MOD
1.,0562
1.0414
1.0069
1.0371
1.0449
1.0673
1,0469
1,0874
1.0400
1.0374 -
1.0487
1.0514
1,0458
1.0244
2,7313
1.2786
1.1336
1.8287
1.3636
1,0478

TAGES

ANGLE (DEG)
359.79
354.83
347.22
349,22
350.64
344.65
346.02
346.06
344.36
344.13
344,27
343.81

-343.77

© 343,08

74.62
16412

" '347.47

544.86
346.24
357.33

B a\o.r:cea Load Flow

P.U. GENERATINN

MW

2.3203
0.4029
0,0042
0.0059
0.0040

MVAR

5.5%3876
0.3285
0.1197
1.1603
0.%138

PuUa

MW
0.0000
0.,0000

0.,9420

0.4780
0,0760

L0.11820

0.0000
0,0000
0.2950
0.0900
0.0350
0.0610
0.1350
0.1490

0.0000

Loap

MVAR
0.0000
0,0000
0,0000

=0,0390
0.,0160
0.0000
0,0000
0.0000
0.1660
0,0580
0.01A0
0.,0160
00,0580
0.0500

0,0000




L7

LINE FLONS.

LINE

]
\n

LI I I |
N
o

| 2 2 N U BN D BN D SN NN B DN NN DR DN R B
-
-

VOB NN VML LLUGWRNNNPNRN - -

-
(-]

-
N

[
-
¥

VALUES IN P.U,

SEND

MK
0.7700
«2.3203
1.5503
0.7155
0.5559
0.,4115
-0.4029
-1.,5079
=-0,2446
-0,0042

-=0,6344

0.2835
0.1594
0.4303
. 0,0698
0.0783
0.1762
-0.0059
=0.0040
0.2874
~0,0040
0.0563
0.0954
~0.0318
0.0165%
0.0554

Lo s gy s g

}

MVAR
-0,0701
0.3006
-0.1735
0.0584
-0.1286
-0.1303
-0,130%
0.3027
-0.0784
-0,1063
0.0151
-0.0397
0.0015
-~0.0640
0.0669
0.0292
0.0883
-0.6772
-0,2409
0.0696
~0.2502
0.0116
0.0164
~0.0466

0.0116.

0,0373

Muw
0.7410
-2.3203,
1.5291
0.64932
0.5384
0.4046
-0.4029
=-1.5291%
=0.249¢0
~0.0042
-0.6363
0.2835
0.1594
0.4%03
0.0690
0.0775
0.1739
«0.0059
=-0.0040
0.2874
~0.0040
0.0562
0.0043
-0.0340
0.0165
0.0547

MVAR
-0,1896
-5.5876
=-0.2381
-0.0357
-0.1816
=-0.1636
~0.3285

0,2381
-0,08495
~0.,1187
-0,0005
-0.0560
-0,0121
-0,1109

00,0652

0.0276

0.0838
-1,1603
-0,2502

0.0609
-0.3138

00,0114

0.0141
"on0472

0.0145

0,0359

MOD

0.7320
2.2151
1.4769
0.6894
0.,5479
00,4172
0,40A6
1.4789
0.2551
0.1057
0.60p0
0,.2760
0.1537
0.4163
0,09006
00,0783
0.1840
0.,6345
0.2301
N,2825
0.2301
0.0553
0,0931
0,0555

n,0ta2

0.0639

CURRENT

ANGLE
4,39
187.17
i1l
A50.10
7.80
13.54
156.94
186,18
139,44
79,50
170.59

S 357.19

348,70
3%a,11
300,88
324,23
318,04

75.16

76.97
332,40

76.97
332,11
334,60
110,02
308,79
309,78
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3 20 0.0000 O,0000FAULY TYPE FAULT BUS FAULT IMPEDANCF
5 THE NUMBER OF NEGATIVE SEQUENCE MODS

46

1 15
2 16
3 17
) 18
8 19

0,000000E 00
0.000000E 00
0.000000E 00
0.000000E_ 00

0.000000E 00

-0.500000F

-0,500000F

-0,500000E

-0,500000F

-0,500000E

ITERATIONS FOR NEGATIVE NETWORK

THE NEGATIVE SEQUENCE IMPEDANCE 1§

01

01

01

01

01

NEGATIVF
NEGBTIQ‘
NEGATIVF
NEGATIVF

NEGAT1IVF

0,0107 + U

SEQUENCE MODS

SEQUENCE MODS

SEQUENCE MODS

SEOUENCE MODS

SENUENCE MNDS

0,0785 )

Ly
~

( As seen feam i\e Qow.\.\' ?d\n\' )




LY

Zero Sequence Neabwerk. Dq\'o_

K M TFCON ZR 2X XZS X2T MN NY ' 1 2 2 0.4700 0.1480 0,0000 0,0000 0 0 ES-_L m
K M TFCON 2R 2X X2S XZT MN  NT 1 5 2 0.1350 0.5580 - 0.0n00 0.0000 o 0
K M TFCON ZR ZX X2S XIT MN NT 2 3 2 0.1130 0.4950 0.0000 00,0000 0 0
. K M TFCON ZR 2IX X2S X2V WMN NT. 2 a 2 0.1400 0.4340 0.0000 0.0000 0 0
K M TFCON 2R IX XiS XZT‘ MN  NT 2 5 2 0,1420 0.4350 0,0000 0.0000 ¢ 0
KM TFLON 2R ZX XIS. XZT MN NT 3 4 2 0.1380 0.4280 0,0000 0.0000 0 0
K- M TFCON 2ZR IX X2$ XIT MN NT 4 5 2 9.0330 0.1050 0,0000 0,0000 0 0
K M TFCON IR ZIX X2S XIT MN NT 6 11 2 0.1960 0.5000 0,0000 0,.0000 0 O
K M TFCON IR ZX X2S XZT MN NY 6 12 2 ‘0.1360 0.3250  0,0000 0.0000 0 0
K M TFCON ZR ZX X2S XIT MN NT 9 10 2 0,0660 0.2110 0,0000 0,0000 0 0
K M TFCON ZR ZX X2S XZT MN NTY e 14 2 0.2620 0.6750 0,0000 0.,0000 0 0
K M TFECON 2R 2X XIS XIT MN NT 10 {1 2 0,.1690 0.4800 0.0000 0.0000 0 0

K M TFCON ZR ZX X2ZS XIT MN NT 12 13 2 0.2210 0.2000 0.0000 0,0000 0 0

[P, T . 5 - P . - . R .
T UL P S v ST N A P [ pe RO R . e e g -




K M TFCON IR IX X2S XZ* MN  NT 12 13 2 0.2210 0.2000 . 0,0000 0.0000 0 0

K M TFCON ZR IX XIS XIT MN NT 13 14 2 0.3520 0.8700 0,0000 0.0000 0 0

K M TFCON IR IX XIS XZT MN NT 115 2 0.0000 0.0800 0,0000 0.0000 o 0
K M TFCON 2R IX XIS XIT MN NT 2 16 2 0.000n 0.0800 0.0000 0.0000 0 0
K M TFCON ZR 2X X2S XIT MN NT 3 17 2 0.000n0 0.0800 0.0000 0.0000 0 o
X M TFCON IR 2 xzs XIT  MN  NT 6 18 2 0.0000 0.0800 0.0000 0.0000 0 o
K M TECON ZR ZX XIS XIT MN NT 8 13 2 0.0000 0.0800 0,0000 0.0000 0 o
45 ITERATIONS FOR THE ZERO SEQUENCE NETWORK
THE 2ERO SEQUENCE IMPEDANCE 1S 0.0099 4+ .1t 0.,0506 ) (As seen From -Po.u\’r P°"‘*’ )

e
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ut

POSITIVE SEQUENCE NETWORK MODIFICATIONS
REACTANCE AND TIME VALUES

REACTANCE

REACTANCE

REACTANCE

REACTANCE

REACTANCE

AND TIME

AND TIME

AND TIME

AND TIME

AND TIME

VALUES
VALUES

VALUES

VALUES

VALUES

%

15

16

17

18

19

0.2000

0,2000

0.2000

0,2000

0.2000

0.0000

0.3300

- 0.3300

0.3300

0,3300

0.3300

0.0000

1.2000

1.2000

1.2000

1.2000

1.2000

0.0000

0.0000

0,0000

0.0000

0,0000

0,0000

0.0000

0.1050

0.1050

0.1050

0.1050

0.,1050

0.,0000

2.0000

2.0000

2,0000

2,0000

2,0000

0.0000

TN TR e e T e



EAS]

LINE CURRENTS

LINE

15

20

16

20

17

PHASE A
MODULUS ANGLE
2.54397 23,83
2.32712 1.02776
7.31126 199,55

~5,88976 =2,44658
4,77535 16.50
4.57880 1.35592
2,04079 20.94
1.90602 0,72933
1.54368 35.71
1.25343 0,90104
1.,22684 1. 21
0,92299 0.80822
2.53572 2.90
2.53247 0,12848
7.29076 201,22
«6.79641 =2,63895
0,62935 195,83
«0,60550 «0,17162
2,09163 26.76
1.86755 0,94190
1.38715 201,52
-1,29041 =0,50894
1.3133 30.50

1.13159

n

0.66655

g

Asxlm.-ne‘}'rnc, Fau}l’ Ano.\\/sl,s Us.r\r.l p.S

PHASE B
MODULUS  ANGLE
2.07377 286,04
0.57311 =1,99300

12.25056 39,17
9.49760  7,73769
11,64740 209,67
=10.12085 =5,76459
1.59324 "313%.83
1.10323  «1,14948
1.414R3 320,38
1.08988 =0,90217
1.26143  326.%6
1.05012 =0.69440
6,70888 344 .58
6.46720 -1.78447
10,66242 154.48
-9.62200  4.59395
0.20164 113,67
-0.0R008  0,18468
2.2%505 333,73
2.00414 ~0,98936
0.5815%0 93,51
-0,049R8 0,81377
1.21751 316,A8
0. 88RAA

s R ey

~0,83271

PHASE €
MODULUS ANGLE
2.35219  1e7.32

-2.294A1 0.51640
13.76108 292,05
5.16646 -12.75842
12.58096 103,34
-2.90198 12.24169
1.93850  189.22
-1.91347 -0.31053
1.61626 198,20
-1.53537 =0.50490
1.39134  203.63
-1.27864 =0.55777
5,50429 52,43
-1.68890 -5.3332¢
9.28410 45,87
6.46392  6.66424
0.68657  35R.9)
0.68644 =0,01306
2.46846 200,71
=-2.30498 «0,847289
1.37452 347,19
1.38029 =0.30384
1,42056  yun,79
-1.40428

SH R e

3 g s

=0.2F765




¢S

0,50082 57.217 0.,50012 297.27 - 0.,50082 177.27

0,27078 0,42130 0.22947 =0.44515 -0.50025 0,02385
2.15625 31.58 2.12199 309.43 2.24331 186,08
1.83696 1.12916 1.34763 =31,63013 -2.23070 -0,23747
0,4792¢% 269,85 0,379214 149,85 0.4702¢ 29.A5
-0,00126 -0,47921% -0.4143%8 0.24069 0.41564 0.23852
0.35555  290.69 0.35555  170.69 0.35555 50,69
0,12562 «0,33262 ) -0.35087 0,05752 0,22525 0,27510
2.92266 54,58 3.39695  322.35 3.47430  19R.32
1.69377 2.348182 2.68904 <=2.07435 -3,29820 -1.09207
1.09455 31.89 1.25121  325.18 - 1.33665 196,75
0.92932 0,57828 1.02714 -0.71450 -1.27972 -0,3R597
0.23147 32,22 0.23187  272.22 0.23147  152.22
0.19582  0,12342 0.00897 ~ -0,23130 -0.20480  0.10788
1.09455 31.89 1.25121 325,18 1.3%65 196,78
0.92932  0.57828 1.02714 -0.71450 -1.27972 -0.38507
0.39824 75.17 , 0.39824  315.18 0.39828 195,18
0,10190  0,38408 , 0.28245 =-0.28074 -0.38436 «0,10424
0,25174 64.07 0.25174 304,07 0,25174 faa.,n7
0.11008  0.22640 : 0.14102 -0.20853 -0.25111 =0.01787
0.45522 86.09 0.45522 326,00 0.45522 206,00
0.03103  0.45416 0.37780 =0,25396 -0.40883 =-0,20021
0.30791  273.67 0,30701 153,67 0.3n70¢ 31,67

0.01970 =0,.30728 - =0,27507 0.13658 0.,25626 0,17070
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LINE CURRENTS

LINE

15

20

16

20

17

AS\llmme"'rlC

PHASE A
Mooutus ANGLE
1.77058 33.01
1.48471% 0.96467
4,91744 203,13

-4,52224 -1,93147
3.,08931% 19,78
2.,90704 1.04544
1,48231 24.41
1.34975 0.,61270
1.20945 40.02
0.92627 0.77768
0,98653 45,07
0.69669 0.69847
1.54921 348,47
1.51793 <«0,30966
4,97827 201.45

-4,63351 =~-1.,82037
0.394484 194,28

~0.38263 =0.09740
1.,42761 32.97
1.19769 0.77693
1.00356 205,497

-0.90220 ~-0,43952

1.03023 49,31

0.67166

0,78118

’:CL\.\“’ A\'\G\\IS\S uS\\“\Cl

PHASE B
MODULUS  ANGLE
1.43854 267.89
0.44183 «1.36901
8,11069 35,12
6.63303 . 4.66630
7.91785 203.70

~7.24997 ~3,18280
1.35409 315,63
0.96799 -0,94687
1.23660 319,03
0.94624 =0.79612
1.09904 324,18
0.82110 «0.64328
4.81380 343,23
4.60907 =-1,38892
8.27708 152,54

~7.34476  3,81635
0.12982 138,98

-0,09745  0,08521
1. ARART 335,60
1.71645 «0.,77881)
0.63046 104,57

~0.15864  0,61017
0.94244 318,55

0.70637

~0.62383

PHASE €
MODULUS ANGLE
1,96851 168,15

~1.92654 0.40434
9,31530 289,02
3,03588 =B8,.80672
8.52540 YR, 46

-1,26874  8,53157
1.59370 190,32

~1.56700 =0,2R561
1.380A4 197.47
=1.31716 =0.41449
1,19174 201,54

-1.10852 -0,43753
4.19149 252.16

-1.28418 <3,98902
7.36021 42,76
5.31626  5,09018
0.48073 1.45
0.48058 0,01219
1.99493%6 203,36

-i.,83555 <0, 79259
1.u7448 350,86
1.060R8 <0,17065
i1 .38K07 18R 51

-1.37802

-0,15730




ay

10

13

11

13

18

19

10

11

t4-

0.42499
0.20598

1.61733
1.31030

0.36392
0,00999

0.28183
0.10781

2.26068
1.,17131

0,94331
0.64656

0.,94331
0.64656

0.29172
0.07148

0,3427%
0.01416

0,23430
0.02265

61.01
0.37174

35.89
0.94809

271.57
-0.36378

292.49
«0.26040

58.79
1.93357

46.73
0,68686

46,73
0,68686

75.R2
0.28283

87,63
0.34241

275.55
~0,23320

0.42499
0.218q4

1.756A89
t.15151

0.3p392
=0,32004

0,28183
-0,27941

2,77074
2.21545

1.24378
1.02841

"1,24378
1.,0284

0.,29172
0,203t9

0.34271

0.28946

0.234%0
-0.2132a

301.01
=-0,36425

310.95
~1.32690

151.57
0.17324

172.49
0,036A84

323,09
-1,66396

325.78
-0.69954

325.78
~0.69954

315,82
-0,20332

327.63
-0,18347

155.55
0.09699

0.42499
~0.42492

1.83360
-1.81749

0,363092
0.31004

0.23183
0,17161

2.80708
-2.64920

1.28838
-1.,21724

1,288%8
-1.21724

0,29172
-0 ,28067

0.34274
-0,30362

0.23430
0.109063

181,01
-0,00748

187.60
-0,24254

31.57
0,19054

52.49

0,22356

190,31
-0,92815

199,13
=-0.42221

1ue,i3
-0,82221

195,82
=0.,07951

?207.%3
-0,15844

35,55
0.13622
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As\!mme\'nc Faull Ano\\lm; Ll.s.\.h_.g;l(_s_

LINE CURRENTS

i
|
| . |
LINE PHASE A . PHASE B "PHASE € 3
4
MODULUS ANGLE MODILUS ANGLFE MODULUS ANGLE
1 5 0,.72008 49.08 0.72008 289,08 ) 0.722008 1ba, 08 ]
0.47168 0.58413 0.2%511 =0,68052 -0.70705  0.13638 i
1 15 1.686086 211.57 2.384%5% 25,94 3.62149 282,27
-1.43736 -0.88308 2.23331  1,08829 0.642%1 -2,9524%
i 20 - 0,97643 29.23 2.51306 190,11 2.89405 87,36 ;
0.85208  0,47683 «2,57253 -0.45848 . 0.13330  2.69098 t
2 3 . 0.61497 . 59,3} - 0.61497 - 299,34  v.siaa? 179,31
0.31385  0,52885 0.37108 ~-0,.53623 , -0.61403  0,00737
2 4 ‘ 0.59805 67.17 0.54805  307.17 0.59605 TYAY, §
0.23205 0,55120 0.3R133 -0.,47656 . -0.59338 <0,07464 i
B
2 5 0.51681 70.30 0.516R1 310,30 . 0.51681 140, 30 1
: 0.17422 0.48656 0.3%426 <-0,39416 -0.50848 ~0.09240 i
2 i6 0,52170 312.33 1.7%035 337,15 1.,62845 "24R 03 g
0.,35133 =0.38567 1.61302 =0.67961% «0,60019 =1,51071} i
i 1
2 20 1.60358 - 201,62 3,50903 © 146,34 5,21885 37,04 '

i
{
!
!
i
i

© =1.57443 -0,62401 =-2.9?06% 1.94501 2.56778 1.94099
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3 17 0.53846 61.60
0.25608 0.47367

4 5 0.39512 22R,.72
-0,26068 =-0,29692

L] 7 0.60250 69.42
0,21183 0.56404

a4 9 T 0,21493 64,64
‘ 0.09207 0,19421

5 6 0.,75756 ‘62.14
0.35403 0,66975

6 1A . 1.14590 76,07
0.27578  1.11221

7 - 8 L 0,70421 77.30
: ’ 0.15488 0.68696

8 19 0.70421 77.30
- 0.15488 0.68696

THIS STUDY HAS A MAXIMUM NE TKORK TIME- OF 3.00

0,72317
0.67684

0,3u512
-0.12680

0.6n250
- 0.3K256

0,21403
0.12215

0.7-756

0.4n300 .

1.14590
0.82532

0,70421
0.51749

0.7n421¢
0,51749

SEFONDS

339.%8
-0.25462

108,72
0.37422

309.42
=-0.46547

304.64

-0,17684

302.14
-0.64147

316.08
«0.79494

317,30
-0.47761

317.30
-0.47761

0.95828
-0.93292

0.39512
0.38748

0.60250
«0.9943%9

0,21403
-0,21422

0.75756
-0,.75703

1.14590
-1,10110

0,704214
-0,672%7

0,70421
-0,672%7

19321
-0,21899

33A,72

' =0,07730

189.42
~0,09857

184,64
~-0.01737

182.14
-0.02824

196.07
~-0,.31728

197,30
-0.20935

197,30

-0,20935



=A%)

A =,44574745

A =,24003154E~1 ,24017152E-2 =-,12566691E-1 -26705756E=-5

10 RELAYS
1 IRL A 2 20
t IRLFB 1
1 IRLFC 1
1 CT A 1.0
t CTFB ¢
{1 CTFfC ¢
t CFt
i cF2
{ CFIFB 1
t CFIFC 1

t CF2FB 1t

1t CF2FC ¢

0.74663358

1.0

Re \01

Doto.

0,167

-.42625821

n,1347061

5.7 n.1

5.7.n.2




bS

IRL A

IRL B

IRL C

IRL A

IRL B

IRL €

IRL A

IRL B

IRL C

IRL A

IRL B

IRL C

IRL A

IFLFB

IRLFC

IRL A

IRLFB

IRLFC

10

10

10

IRL A
IRLFB
IRLFC
IRL &
IRLFB
IRLFEC
IRL A
IRLFB

IRLFC

CTFB
CTFC
CT A

CTFB

CTEC -

CT A

CTFB

CTFC

3 2 1 5
8 5
8 s
2 3 i 6
9 6
9 6
120 1 7

10 - 7

10 ;
1.0 2.0 1.0 0,667 8
2 8
2 8
(.0 2. 1, 0.167 9
3 9
3 9
1.0 1.0 1.0 0.5 10

4 10

4

10

CTF8

CTFC

CTFA

CTFB

CTFC

CTFA

CTFB

CTFC

CTFA

CTFB

CTFC

CTFA

CTF8

CTFC

CTFA

CTFB

CTFC

5.

1.0

1.0

0.333
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CF1FA
CFiFB
CFIFC
CF1FC
CF1F8
CFIFA
CFiFA

CF1FB

CFIFC

CFIFC

CF1iFB

CF{FA

CFIFA

CFIFB

CFIFC

10

10

10

CF1IFC

CF{FB

CFiFA

_CF1FA

CF1FB
CF1IFC
CF;FC
CFiF8
CFIFC
CFiFA
CFiFB
CFIFC
CF2Fa
CF2FB

CF2FC

CF2FA
FF2FB
CF2FC
CF2FA
CF2FB
CF2FC

CF2FA

CF2F8

CF2FC

CF2FA

CF2FB

CF2FC

CF2FA

CF2Fn

CF2FC

10

10

10

1111111117

END OF RELAY DATA

CF2FA

CF2FB

CF2FC

CF2FA

CF2F8

CF2FC

CF2FA

CF2FB

CF2FC
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’ Dataset Limited
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- _MUVEMENY
T . 0.0000
L0.0000
0.0000

0.0000
g .0000
G L0090
S G.n074

N.0167.

NOVEMENT
$.0000
H,00N00
60,0147
[ L]

0.0000
0,0000
0.9714

04,0000
VL, 00D
0,.984591

WOVEMENT
T 0,0000
Q0.0000
1.0014

© 0.0000

G,0000

MOVEMENT

MOVEMENT

[

_ NOVFMENT
il . 0.0167.
. _ 0.002n

e 1"‘0.0000

- 0.0000
0.0900
0.0000
0.0000

0,.0000

0.0167

NOVEHENT

0.0335

0,0051
0.0000
0.0335

 MOVEMENT

0.1047
0.9676

0.%881
0.1060
Qahd6

MOVEMENT
- 1.004a
0.1074

0.0000

0.9714

MOVEMENT.

n,Qaqs

PHASE

NooN

PHASE
2
2
2

PHASE

L RNN

" MDVEMENT  PHASE

" 0.0000

0.0167 = :
0,0030
0.0000 _ . .

00,0000 ]
0.,0000 .0 0~

0.0000
0.0000
0.0000
0.0167

MOVEMENT  PHASE
0,0335. .- 3
0,0060
0.0000
0.0335

NOVEMENT  PHASE

0.1113 3

0.9713 3 7

MOVEMENY " PHASE

0,988 3
o 1118 3

0.49880 3

MAVEMENT  PHASE
140089 h
0,1113 3
$ 00487 3
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3
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3
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CHAPTER _ 3

RELAY CHARACTERISTICS AND CURVE FITTING
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3.1 General

o This work is based on an approach which useé +the
system conditions, as computed at three significant values of
time - initially the times will be related t¢ T" and T' of
one of the machines within the system, to determine the ‘
behaviour of the system and the performance of the protection
applied to that system. In qrder that this objective may be
attained, it is necessary to know the behaviour of the system

at times other than those specified above. This is achieved

" by generating a series of approximating functions which will

allow currents, voltages and machine impedances 1o be evaluated

at any required time.

The approximating functions for the currents and
voltages are used with a further set of functions which
repreéent the relay characteristics 4o reproduce the vnrotection

system performance.

3.2 Relay Characteristics

Nearly all overcurrent relays in use at the
present time are induction disc relays, and although transistorised

relays are increasing in number, they will only form a very small

vpercentage of the total for the next decade or so. For this

reason, the characteristics considered here are those of

induction disc relays.
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3.2.1 Overcurrent Relay Characteristics (15,16)
All induction disc relays have the same form of

characteristic, typically as shown by Fig. 3.1l.

I.D.M.T. Relay Characteristic

20 ;

ceconds

o

time

Operdﬁns

o ) . , . . . .
o o 20

Multiples of plug setting

Fig. 3.1

This type of characieristic is known as an Inverse Definite

Minimum Time (I.D.M.T.) characteristic. The characteristic

-5




B PN

can be divided into three distinct regions, as shown by Fig. 3.2.

201 o 1.D.M.T. Relay Characteristic
Region 1 a->
i b . .
Region 2 b~c
Region 3 c—-d
o
1
€
Q
0
J
«
10-
S
v
£
=y
o 7
€
F
9
b4 .
Q i
d
° ] T T T T
(»] o] 4 20

Multiples of plug setiing

Fig. 3.2

Region 1. At low values of current the
characteristic is determined by the effect of the resiraining

forces of the control spring.

Region 2. This is the inverse section of the

Lo

-



charactéristic, and the relay is designed so that t = k/l_

in this region.

Region 3. The region of definite minimum time.
The relay performance on this section of its characteristic is

determined by the magnetic saturation effects caused by the

high values of current.

The time ordinate should, theoretically, be
proportional to the time multiplier setting, but this is not.
possible at low current values because ofthe inertial properties
of the disc. The error caused by this effect is known as ‘pick
up' error. When the disc is moving it will continue to mp&e,
owing to its momentum, after the current is switched off. It
is, therefore; possible for a relay tb operate after a fault has

been cleared. This type of error is known as 'overshoot!.

The present U.K. practice is fhat these errors should
be within the limits specified by B.S5. 142, This means that
the same characteristic curve may be used for any time
multiplier setting and the relay performance will be within the

B.3. 142 specification.

There are two major constraints on the functions

which are used to generate these relay characteristics.

1. They must have sufficient accuracy to

comply with the B.S. 142 specification
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and 2. théy should have a minimum of
coefficients, consistent with
(1) above; this reduces computer
storage requirements and,

subsequently, computing time.

3.2.2 Previous Work

Previous workers (17,18,19,21,23) have used three

approaches to this problem.

1. A table look—up approach used by Graham and
Watson (17), where the device characteristics are stored in
table form, and some form of interpolation is used for

intermediate values. " This satisfies (1) above but not (2).

2. Special equations developed by Heiber (18),
satisfy the accuracy constraint, but do not minimise the

computation time, and are also difficult to produce.

3. A special type of polynomiai fit, used by

Alvrect (19), requiring 20 constants for each relay curve.

¢

3.2.3 A New Approach to Relay Characteristic Approximation

The shape of the I.D.M.T. relay characteristic is
of the same fofm as a curve which is generated by a simple
rational function R(x), where R(x) = 1.Q/(b1+b2.x). The
method proposed, uses a rational function to generate fhe

relay characteristics. A method of determining the coefficients
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of an a&equate function of this form is described in the

following paragraphs.

3.3 Rational Functions (25)
A rational function is a function which has the

form

a1+a2x+a3x v
bl + b2X + b3x e e (3-1)

R(x) =

For reasons of simplicity an initial approximation is derived,
in which a; =1 and a2 = ay = a, = 0
Thus

R(x) = 1 (3.2)
bl + b2x + b3x coo

3.3.1 The Standard Method (25)

The standard method of obtaining a rational
function approximation to a set of given data'is as followss

for example, given the following data

x1 = 1.0 X2 = 2-0 X3 = 300
y; = 10.0 Yo = 5.5 y3 = 4,667
(from the function y = 6 + 4 )
xl

an equation is found, such that it generates a curve which

misses the specified data points by + h. If h has the
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minimam possible value, the approximating function is known as
a mini-max rational function approximation, or as a Chebyshev

approiimation.

" We have, therefore,

e = 1 + . (—-l)k+l.h _ A(3‘3)

for a first order rational function approximation. Thus,

y; = 1.0.0 = 1 + h (3.4.1)
bl = b2X1

Yo = 55 = _1 = - h © (3.4.2)

il

1 + h (3.4.3)

) ’ bl + b2X3

rearranging, we have

by (y1-h) + bplyy ~m)xy = 1 (3.5.1)
b, (&2 +h) 4+ by(yp, + B)x, = 1 (3.5.2)
by (y3-1h) + Dylyy -h)x3 = 1 (3.5.3)

These equations form a non-linear set in bi » bo and h.
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Using Cfamer's Rule

(y1 - h) | (y; - h)x; -1

(y3 -0)  (y3 -h)xy -1

Substituting the values for ”ik and Y equation (3.6)

becomes

2

4h - 33.1}1 + 12066 =

from which h = 4.15 % 3,74

and taking the root with the smallest modulus gives

h = 0.41

(yo + h) (y5 + h)xp -1 =

(3.6)

(3.7)

This value of h 1is then substituted into any two of equations

(3.4), say (3.4.1) and (3.4.2) giving

0,(9.6)  +  1,(9.6)

b1(5.9)  +  1,(5.9)
" hence by = 0.039 and b, = 0.065

and the approximating function is

y = 1
0.039 + 0.065x

Equation (3.8) is plotted with the original data function

in Fig. 3.4.
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When more than three data points are given the
texchange' procedure is adopted, that is, the valﬁes of by, b2
.vand‘ h afe found using the first three data points. The
‘.differences between the given values of y and those generated
by the prediction equation are then computed. The data pair
'giving the greatest difference (or error) is then uéed to
replace one of the original data pairs, such that the correct
_ sign of n is maintained. New values of LK) b2 and h are

- then computed.

Convergence is rapid, and an examﬁle with 30 data
‘pairs required only three exchanges to determine the Chebyshev
fit. (A Chebyshev fit is obtained when the error at each data

.point is % n).

The great disadvantage of this method is that a
. determinental equation has to be solved in order to obtain a
value for h. When the order of the deter@inent is greater
than 4 this is very difficult. However, it is possible to
- —evaluate the-determinent using various values of h, until a
value is found that gives A = 0. I have not investigated this
‘approach because it is more complex than my proposed method, and

the advantages it offers are very small.

3.3.2 An Altermative Approach
The method of solution which is proposed by the
author is a2s follows:

,1) A value for h is specified in equation (3.5)

T2




2) The over-determined set of equations in b; and

" bo are solved using the method of least squares.

3) The values of by and b, obtained from (2) above
" are substituted in equations (3.5) which are solved
by the method of least squares for an improved

value of h.

4) The procedure is repeated until satisfactory

convergence is obtained.

For example, using the data of the previous example and

setting the initial value of h +to zero, equations (3.5) becomes:

10b;  + 10D, -1 = 0

Solving by the method of least squares

b, = 0.0407 , b, = 0.06185

substituting these values into (3.5), the method of least
Vv_gguares;yiglds a new value for h, bpew = 0.025.
Repeating the process

bl = 000396 9 b2 = 000640

correct to 4 decimal places. . Subsequent iterations make changes

in the 6th decimal place.
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If further terms are added to the rational function,

R(x) = ‘ 1
bl + bex + b3x2 vas

" a better approximation is obtained. Experience has shown
that functions having 8 or 9 +terms usually provide

minimum error.

3.4 A Program for obtaining a Least Squares Approximation
+0 a Chebyshev Rational Function Approximation to a
set of given data points. :

3.4.1 Summary

This program takes a set of ordered data and
computes the coefficients of a first order rational function
approximation. A second order function is then found, if the
mean sguare error is reduced by this second function, a tﬁird
order function is determined. This procedure is repeated until
an increase in the order qf rational function does not reduce
the mean square error. The coefficients of'the rational
function giving a minimum value for the mean square error are

printed as results, see 3.13.

3.4.2 To obtain an mth Order RF Approximation

. For an mth order RF we have, with ay =1,

a2 = a3 _ 0 etc.

Yo = 1 y (c1)%Y (3.9)
by + bexk + b3xk + ees bjxk )

T4



where

= (m+ 1)

Rearranging, and letting

€1 =(yy -h)y Cp= (y, + 2}, C3=(y3 -h) etc

A then,

-
€

That is

A least squares solution to equations (3.10) is obtained as

follows:

1.

Co

c C C ] i b 1 i 1W
lxl le ) lxl 1

c ) s s ee c b l
€b = B

Enlarge € by adding B as the (m+l)th

column, to form a new matrix A.
Compute B = A .A . R is (mel)x(m+1)

Remove the last row.and colum of R to

form 8 . S is (m)x(m).

“The first m elements of the last column of

R form a vector D.

Solve the m simultaneous equations
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This completes the solution by the method of
least squares, and the vector b contains the required

coefficients of the rational function.
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3.4.3 Program Flow Chart

Read N
The number of data pairs

.lS
no AN > 0 yes

Stop
L
Read data ( x values in
ascending order )
Set m = 2
: 1s
yes n < 10 no

Limit order of N Limit order of
function to (n-1) function to 10

Initialize h to zero

Set up matrix of
coefficients C

Set up matrix of constants

]

B
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dﬁp
Solve the overdetermined system
C.b B by the method of least

squares, to obtain the coefficients
of the rational function.

l.e. the values of the elements of b

Compute the error vector ' | ' 4,

Compute the sum of the squared : o.
_ errors

Compute an improved value of h

6.
no yes
set
= haew | Print results 7.
O 8.

m= m+ 1l no

D

T8



4.

m is the number of coefficients in the rational
function. m starts with a value of 2 i.e. the

first function found is

y = X

b1 + b2x

If there are less than 10 data points, the

maximum value of m is limited to (n - 1),

otherwise m is limited to 10. That is, the
maximum power of x in the rational function

is 9.
BEquations (3.10)

The error vector E is computed from

N
_ 2

The sum of the squared errors  HSQ = kZ| B,

This is computed for each rational function, and

if a function of order (j+1) has a greater HSQ than

the function of order j, computation stops and the

next set of data is read in.

The iteration procedure stops when two consecutive

values of h are within the tolerance, (0.0001).

See typical output, sections 3.5.1 and 3.13.
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8. At this point comparison of the sum of the équared
errors is made. If the new value of HSQ is less
fhan the previously computed value, ﬁ. is incfeased
by one, otherwise the program returns to}pfogram

statement numbef 202.

- 3.5 Resultis

Fig. 3.3 shows a very inverse type of relay
charactefistic. On the scale of this diagram the 4th order
rational funcfion approximation cannot be distinguished from
the original daté curve. For comparison, the optimum
(5th ofder).polynqmiai approximation is also showﬁ. This
type of polynomial approximation is completely inadequate
for relay characteristic approximation sinée'the errors are

relatively large - 100%, and also of aliernating in sign.
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3.5.1 Computer output for very inverse (Type TJX) Relay
Characteristic Approximation

The most accurate approximation for this relay
characteristic was obtained from a function having six

coefficients, as follows:

b, = - 0.164270 b, =  3.938397
by = - 18.768524 b, = 48.478347
by = - 58.841201 by = 26.629024

Characteristic values correct to two decimal places are:

Actual Estimated Error

Current Time - Time

(Amperes) " (Seconds) (Seconds) (pou.)
3.0 76.5 . 10.44 -0.08
3.5 29.54 28.81 —0.25
4.0 18.02 '18.80 0.04
4.5 14.60 14.33 " -0.02
5.0 12.50 11.80 ' -0.06
6.0 | 9.25 9.06 -0.,02
7.0 7Q75 _ 7.62 -0.02
8.0 6.85 6.74  ~0.02
9.0 6.20 . 6.15 -0.01
0.0 . 5.72 5.71 ~0.00
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3.6 Exponential Approximations

3;6.1"Preamb1e
| Currents and voltages of electric power systems
tend to decay in an exponential manner, also, the shape of
the relay characteristics previously discussed are not
dissimilar to exponential curves. For these reasons
‘exponenfial'approximations were investigated.

ot

3.6.2 Prony's Method (26)

Let f(x) be a function which is tabulated at
equal intervals f£(0), f(1) ... f(2n-1).

Then, in general, for an exponential approximation

f(x)

2 C,. exp( Ay x)

kK=o
n (3.12)
- 2o
= 3
kKo k/A
where C,, kk' and hence /Uk are unknown real parametlers

which have {to be determined. The problem is.non~linear, but
a solution may be obtained by the use of Prony's method, as

follows:

Let Mo M e be the roots ofAthe algebraic

equation

(3.13)

"
O

a n-
/;L -+ M,/AL 4+ ... otn




Then

i;(n) + o, f(n-1) cee  oLn £(0)

=0
f(n+l) + o, £(n) vee o, (1) =0
T _ | ~ . (3.14)
f(2n-1) + o, f(2n-2) cer ®pf(n-1) =0

The roots /;L,,/uz.../uh of equation (3.13) are computed
and then any n of the linear equations (3.12) are solved

for the coefficients Ck'

For example, using the data of the previous illustrative |

example on page

x3 = 1 X, = 2 X3 = 3
y1 = 10y, = 5.5  y3 = 4.67
From (3.14)
£(1) + «,£0) = o0
£(2) + «, £f(1) = 0

(Note the x values have been transformed to (x-1) )
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Therefore,

5.5 + o, 10

= 0
4.67 + o, 5.5 = Ox
solving by least squares oL, = -0.62
and hence M - 0.62 = 0, therefore, /ZL— = 0.62
From (3.12) M = exp{ N ), thus
10 = 0.62° .C,
_ 1 -
5.5 = 0062 ocl
o ,
4.67 = 0062 0C1
and again by least squarés, Cl = 9,92. Thus a first

approximation is ¥y = 9.92 /LLx or y = 9f92.exp(—0.475x);
This function is plotted on Fig.3.4 with the original data
function and the rational function appfoximation, sé that a
direct comparison may bé made. Typical results, obtained by

the use of this method are shown in section 3.13.
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"3.7 Exponential Approximation 2

The disadvantages of the exponential approximations
prbduced from Prony's method made it necessary to investigate
:bther methods of prdducing, if possible, more general exponential
approximations. It is feasonable to assume that the currents
and voltages of an electrical power system will decay in terms

of a function having two coefficients, i.e.

I(t) = A.exp(et)  + B.gxp(d,t)' _ | (3.15)
Then
I; = 1(0) = A £ B (3.15.1)
I, - 1(«:‘;1).“= fuexp(otyte) Biexp(aat)  (3.15.2)
I, = 1(ty) = A.exp(¥\~tz) + 3.e;p(dz&4) | (3.15.5)
Let exp( «,) = Z1 and exp( o,) = 2y (3.16)
hence V | | |
I = A ' +’ B (3.16.1)
I, = A.z{l 4 B.Zzl (3.;6.2)
I, - A.Z§2 S B.ZZQ (3.16.3)

rearranging equations (3.16.1) and (3.16.2) and
substituting into (3.16.3) gives: ‘
. €. &)

, 1 K
I3 = 4232 4 (15 - 4). Ip -~ a2t | (3.17)
- I; - A | '
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Note: If a 'real' solution is o be found
Zp = exp(uz») must be positive, and if A > I,
then A.Z; > I,, or if A4 I; then

AoZl < 12‘
Equation (3.17) can be solved for a given value of A,
to determine 2y, the values of B and 2, are then found

from (3.16.2) ~and (3.16.1.)

For example if

1(0) = 10
1(0.9) = 5
1(1.9) = 2

Choose any reasonable value fﬁ? 4, say 10.5, then from
equation (3.17), Z; = 0.50 (approximately). Any method
which is suitable for non-linear equations ma2y bhe used to obtain
the value of Zl‘ Hence Z2v = 1.27 and B = -0.5. The

equation thus obtained is:
I = 10.5exp(-0.693t,) - 0.5exp(-0.239t,)

This method has the advantage that the values of the independent

variable do not have to be equally spaced, as for Prony's method.
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3.8 BExponential Appfoximation 3
It is possible to use the above method to derive a

moré simple exponential approximation

I(t) = . A + B.exp(oc.t) (3.28) |

However, experience has shown that equations (3.15) and (3.17)

have a serious disadvantagevin fhat the computation of the
coefficients has to be made fo an accuracy of ét leasﬁ 30 decimal
plaées. 1t was fherefore decided that a more stable function

would be used to approximaté the current and voltage decay.

3.9 An Alternative Approach

The exponential appfoximating functiéns have
proven to be  too unstable for'practical usage. The coefficients
A and B take values between < 1020 for typical data values, and.
it is not possible to obtéin sufficient accuracy when differences

"3

are required, i.e. A - B.e
Intuitively,‘the following function was chosen

. N
"I(t) = A+ Bt + C.t% (3.19)

The coefficients of(3.18) are easily determined, since the
values of the currents and voltages are always available at

three distinct values of time.

Equation (3.18) is, therefore, used to form
three - linear simultaneous equations from which the values of

A, B and C are determined.
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For comparison, the following table lists the
values of two exponential functions and the corresponding

- results obtained from the approximating functions.

10.exp(-0.3t) + 2.exp(0.2t)

Functi@n fl =

Function £, = 2.exp(—t)> + l.exp(-2t)

Time £1 (3.18) £, (3.18)
0.0 12.000 12.000 .2.000 2.000
0.18 11.404 11.224 1.532 1.288
0.36 10.837 10.704 1.184 1,032
0.54 110.299 10.226 0.922 - 0.850
0.72 9.789 9.769 0.723 0.706
0.90  9.304 9.326 0.572 0.588 -
1.08 8.844  8.893 0.455 0,487
1.71 7.407 1.427 0.214 0.222

With this function there are no stability problems and an

exact fit is obtained at the three data points.
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3.10 Imbedance Relays

The impedance relay model used in this work has

a typicéal three zone characteristic, with directional facility.

For example

Trip Zones

Non Trip Zones

Fig. 3.5

The following data is therefore required for each relay:

1. |Z] for each zone
2 Trip time for each zone

3. Directional indication, if any.
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3.10.1 Barth Fault Detection

The method adopted for earth fault detection

is known as Residual Current Compensation.

30

' The impedance egquation””  is, therefore,

7. - Vim

Zo
IA + Io(i‘ —1)

(3.20)

'= VAE
k-1
I, + (IA+IB+IC) (fs—)

where Z1 is the impedance seen by the relay and

© ko= zo/zl

For reasons of'simplicity the present program uses a

constant value of 2.0 for k.

2.10.2 Phase to Phase Faults

For phase to phase faults the voltage across the
two faulty phases and the phasor difference of the currents in
the faulty phases are applied to the relay. For a fault on

phases‘ B and C, the relay will see

I - 1 ' (3.21)
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3,11 Determination of I.D.M.T. Relay Movements

As has been previously shown in this chapter
it is possiblé to determine eguations for the system
:currents, and fof the relay characteristics. The following
procedure uses these eqﬁations to calculate the movement |
. of the relay contacts during any given time interval. The

relay characteristic is a function of current,
T o= fl(I)

where T 1is the time taken for the relay contacts to close.

The relay current is also a function time,

=t
i

fZ(t)
hence,

fl(fe(t)) = £,(%)

3
[}

The distance moved, DM, by the contacts during a small

interval dt is given by,

Therefore, the total distance moved by the relay contacts

during an intérval Tt is

D = dt
£3(t)
O

95
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For example, if  £,(I) = _1
' ' a + bl

‘and fz(t) = Aexp(-®t), the distance moved during an
interval ty to t, is given by

4,

M = (a2 + c.exp(— ot t)dt
17

This program uses Simpson's Rule 1o evaluate this integral,
and the functions Fl, F and F2 to evaluate f3(t) for the
single line io earth, line to line and double line to earth

faults respsctively, see 6.43.

3.12 Determinationiobempedance Relay Performance

Equations (3.26) and(3.21) are used, depending on
the type of fault, o evaluate'the-impedance seen by the relay.
This value of impedance is compared with the relay characteristic,
impedance and time values, and the appropriate action is taken,

see 6.19.

3.13 Listed Relay Characteristics =~ Actual and Approximations

The following lists included the coefficients of
the approximating functions, the specified function values and

the estimated values.
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3.13.4 Exponential Approximation (Prony's Method) for 0.5 A
Thermal Relay . :

Approximating function

t = - 0.219086 Exp (-1.62335 I)

- 1.885370 Exp (-0.898015 I)
56.65500 Exp (-0.807749 1)

24.646800 Exp (-0.090041 I)

_f_[_ i 1 Estimate P.U. Error
0.0000 79.2 - 79.1974 0.00003
1.0 C48.5 46.9735 0.0315
2.0 o315 31.5262 ~0.0008
3.0 2400 . 23.7049 0.0123
4.0 19.4- 19.3793 0.0010
5.0 16.8 . 16.6893 . 0.0066
6.0 . 15.0 14.7958. 0.0136
7.0 ’ 13.4 o 13.3178 0.0061
8.0 12.0 12.0800 ~0.0067
9.0 . 10.8 " 10.9999 ~0.0184

10.0 9.6 | 10.0339 - ~0.0452
11.0 9.0‘ 9.1618 -0.0179
12.0 8.4 18,3693 0.0036
13.0 7.8 | 7.6470 0.0196
14.0 o 7.1 6.9879 0.0158
15.0 6.6 6;3858 : 0.0324 .
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3.14 Conclusions

The author proposes that:-

a) I.D.M.T. type‘reléy characteristics are
synfhesised by thé'rational function
approximation, see 3.3.2;, since it.offers
considerable advantages over previously
used hethods:— the rélay equations are easily
computed, give high accuracy and have a

minimum storage requirement.

b) the time’varying positive sequence reactance
function ﬁe synthesised by an equation of
the forin of (3.19), derived (initially) from the
values X" , X' and X; and the following

time values:

X" at t=0 (fault applied)

X' at ¢ = 3" ({the X" term is no longer
. effective)

X, at ¢ = 3" (the X' term is no longer
- : effective).

The time varying reactance function, derived
from the R.M.S5. current function -~ equations
(2.15) and (2.13), and the approximation to

this function, derived from equation (3.19),

are shown by Fig.2.9.
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The time varying reactance functions are

" included in-the system analysis and that the

resulting decremental currents and voltages
are synthesised using equation (3.19), which
has advantages'similar to those listed under

(a) above, see 2.5.3.
the results of sections (a) and (c¢) above are

can be evaluated, see 3.11 and 3.12.
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CHAPTER 4

PROGRAM DESCRIPTION AND CONCLUSIONS

el W



4.1 General
The main program is, basically, comprised of

three parts:

1, Symmetrical three phase load flow.
(The three phase short circuit is

"a special case of this).
2. Asymmetrical fault analysis.

3. Protection performance.

: These sections do nbt exist as sep#rate entities,
since there are many subroutines which are common to eééh section.
System data is read-directly into a backing store file, where it
is fetainea — if the job is 2 permanent job, or it is over .
written during a subsequent run, if the job is a temporary one.
The working program therefore, obtains all required system data

from the Backing store.

4.2. The Controlling Routine - Subroutine PSAA
vThis subroutine is the master sﬁbroutine and it
controls the'wofking of the program by calling, as required,

other system subroutines.

03



Subroutine P3SAA - Flow Chart.

I Define clola Fies

LPNA}' dete and Fime ]

thecle Tob Conkral
Cardz. Call DATCMTRL,

l

Set wp the P S, network

Call PSAY,  25A2, SSA2, PSAG |, PSAS, PSAL

Solve P.S netwark . Print resutlly

call PSR | PSASB

LoAD SLow oMLY

SToe

vES ICt=o O

l

Sat ve NS, nebwork

Cetl PSSy

’k&mm&"l‘\:d\\
3 phaze ghert crreut
g\‘u.a\-( anly

I Sa\uc N.S. nelwork, coll PSS —] TCc o

l Set up .5, nerwark, call PSAZS ‘I

[So\vc_ 2S. network call FINY-I J

v
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I

Solve faumlted P.S.MN. Call PSAT —l

Compule wnbalanced phase vollages

and line currenty, Cont VFeve,
crNT, vecome, Tcome

Asymm c"n;
;‘nw\ *' o r\\s,

NO

Machty PS-M For different values
o€ wmackine reactamnce..
Ceall toDds

|

l

Compule cquationt Far voltage:

oot carrenly, Call XPEGU | vEpu

8

CompuTe reluy movementi. Cot ‘ZLV‘OV]

lines apencd

Call BREAK




4.3 Subroutine DATACNTRL

This subroutine controls the reading of the data
cards and transfers the system data, as it is read, to the
backing store data file. This routine also includes facilities

1o check that the data fofms a complete and consistent set.

4.3.1 Subroutines PSAl and PSA2

These subroutines read the initial system data -
PSAl reads the nodal information, and other data as specified by
the job control cards. PSA2_reads the branch data. As the data
is obtained, Ly these routines, from the backing store data file

it is processed and allocated to the system data érrays.

4.,3.2 Subroutines P3A3 =nd PSA4

The branch matrix is assembled by PSA2 in afrandom
mannexr which'is'dictated by the order that the data iz presented
to the card r9ader. Subroutines PSA3 and PSA4 work together
to . select elements from the branch matrix and assemble the

positive sequence nodal admittance matrix.
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Subroutine DATACNTRL - Macrc TFlow Chart

In\\'\c\\ s\'o\'emcn\'s
\r\c.\\-LA\nra common O\MA,

C\. o;\'c» S\_&\-& me V\\-L

|

—

In\\‘\tx\\}{ B_ Q\’\C‘l 1 'Fo Bero

Read Job control  cards ond
sel C acc.oro\m%\\i

vES Jo‘a C.or\\'rol ~NO

Te;\‘ ?’o\' Com pafl.‘)\‘\“,\ awn cL
corw.p\ej'eness of +he Jo\g control
cords, T

Tob control

Tob con\'ro‘
acceptable

no“ cuccep*’ﬁ\b\e.
primt error code

Read sysFem dolz
R necegsary )

¥ 4

2 e_\’u,r n
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Subroutine PSAl. Flow Chart

Reael Tob conmbral dote and Yhe Fub
contrel paramiters Brom Fhe dabe file

S\agr" cremal
:.\-u.clti req_u\'t‘l

\g )YE3 MO
Reod Fhe nunibers of Fhe faull noc“es]
@
| '-)\CO.A "\Oc\o-\ do_"a.. ¢ ]
15
q YES IcomT e ~NO

Reacl moachine enmFs ]

l e

(&)
\[J

Inmikalize fhe nodel Vo”‘ac‘e molrix and Fhe
nodel dCS\cAne."'!avx arrays for all
Sequence nebworks ]

Weile oWl dafi arravys % Rile

I RE Tu ™ !
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Subroutine FPSAZ.  Flow Chart

Readt braneh lacation anel wmpedance

Assermble Fhe branch melriy

wWrnte d.%a arroys 5 fl\e

RETURMN
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Subroutine PSA3.

Flow Chart

“

Inibalise orcilary array SorT

|v\‘~n

Lead ‘.'l\g_‘

eIy

18
1030 N2 Lze Y5 {1031
record | Read File ! record 2
mbp gl

Arronce the elementy of sorT

Yo ‘correspond with an ordeced

Versiow of rthe broweh meatrix

|

ls"orf_ sorzT n File | record 7

1o




Subroutine PSA4. TFlow Chart

Read dula Fraar File

] e /\
1036 1&2 L P

Read fily | record 2 mt Q2L Read File | record | 1nh 3211
Read Pile | record | inty G212 2ead File | record 2 inh BRTL

(1035) J

Assemble, row ‘:\3 rows, one hal

of rhe pan‘l‘\vt fequence noc‘k\
admitrance mateyy

I RETuRN l




e e oams ommin e .=

4.3.3 Subroutine PSA5

Subroutine PSAS5 evaluates the diagonal elements
of the nodal admittance matrix. This operation is carried out
on a row by row basis since each row of N.A.M. forms a record

of data files 6 and 7.

4.3.4 Subroutine PSA6

This routine modifies the completed N.A.M. to
éllow for transformers which are operating with an off-nominal
turns ratio. It also performs a secondary function, which is

the initialisation of the second branch location matrix IBUS.

-

“4.3.5 Subroutine PSAT7

The primary purpose of this subrcutine is to -
solve {1he positive sequenceAnetwork equations, it also perfbrms
sevefal secondary functions - as indicated by tﬁe flow chart -
such as data preparation and modification for subsequently called

subroutines.



Subroutine PSA7. FFlow Chart

T bialise variables

l
| po =2 pl(.-_n,,q ]

Search for i1seolatedd nodes

Q

Rd\;usl' MDY and V. for

39\\@5( s-_.;mmg\"ru_o.‘ st,.}' c;ru.u"‘

B

Solve sustem equations K the
teguiresl Yolerance.

]

Prepare PG armd PV nodes for

conversion T combant tmpedance eg_u.nw..lc.d’

F\,Jr’.l‘.. PSS and §S H file

[ !

—

l‘w\su.x\' all uoltage ongles to allows for
Yransbormer phase s\ f. (If required)

I

Compule tnduchon mokar
embs  (IP r:q_u.lrcd\

Correct ~07 for comtraml
impedance nodes,

Re.\'urr‘\

I3



4.3.6 Subroutine PSA8

This subroutine is uséd to compute the line flows

- and to print theée, and'othér resﬁlts obtained by subroutine PSAT.
'I% is therefore,_used by two major sections of the program; the
ﬂalanced load flow section and the symmetrical three phase short

circuit section.

4.3.7 Subroutines PSN31 and PSN32

These subroutines are designed to assemble and
solve the system equations that relate to the negétive seguence
network., PSNS1 assembles the N.S.N.A.M. from thevP.S.N:A.M. data,
incorporating modifications as required. It also convertis loads
specifiéd as'PQ loads into an eQuivalént constant impedance form.
Subroutine PSNSZ sol;es the system equations using the éamev
method (Newton—quhson) as isAused by PSAT to solve the P.S,
network equations. When.a solution has been obtained, the :

negafive sequence nodal voltages are stored in the allocated data

file.

m
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Subroutihe

PSA8.

Flocw Chart

Read vP,Vvp,PS,0S, YL, ANGLE

from fi\e

Compule ol voltoqes in pdar

~ 'FO“H\

\oods and :\g\\grq\’\ons

I

ComPu\"e Line -Flowos ans prmk

Peint

1S

TSCIND > O
NO

15

NeouNT £ )
™NO

YES
l

St\ec‘\_ next puu.\* f\bae .

Ma = nopesc (NeounmT)

l

fead row ™M2Z From MAM. Bile

l

Compule  SCLMVA

RETURN

Y

-



Subroutine P3NS1. Flow Chart

t-?hase
Shpr\' t.\f('-\&\‘\-

NO anal s JE
10 i 1€S
lKen.a fouwll impedance
faull ‘““:Q
NO specificd =5
4 =13

IASSQI'\'\\')\Q fhe N.S.N.A.M, ]
|

[Assem\;\c the Z.&5.NMA.M, l

l

|Converl- PG loads 1o constant impedance form l

|

[Medtq the nodal designation arrays |

3-Phase
Short ciremt
a.n.n.\\‘u;

. JES

NO

ore
NeS.m,

mo:\ng\ca"\en&

re’_u\recl NO

IM““F“ e N.S.N. l

| (is)

WL ETWIL N

b



Subroutine PSNS2. TFlow Chart

Assemble 'h-mnau.ln.rus:c\ ALS.NLAL M,

! Call  WNAM J

[So\ve MN-S.N. c:i_u.c-."lons ’

Calcwmlale MS.N. impedance as
seen from the fault pesition

+he 'Pu.u.\“

1salatec ~NO

[ Peint value of NS, -mpec\qncc_

l\.;nrg_ N.S . nedel vo”"uﬁes 1} File

I RETURN |

(I



4.3.8 Subroutines PSAZS and ZSSOL

These subroutines are the zero sequence equivalents
of PSNS1 and PSNS2. PSAZS completes the assembly of the
?.S.N.A.M. by including the modifications required for the
transforﬁer winding connections, as described in chapier 2. A
check is made by this routine to determine if the network
modifications have isolated any nodes from the remainder of the
sysfem. If an isolated node is detected, the starting vélue of
the-nodal voltage is changed to zero, and the nodal designation
tag is also sét equal to zero; 1isolated nodes are therefore,
removed from the iteratign procedure. The main function of
7ZS30L is the solution of the Z.S.N. equations5'however, it also
computes the Z.5.N. imﬁedance - as seen from the fault poigt -
and then combines this value with the correspondiﬁg one for the

N.3.N. The P.S.N. is modified as described in chapter 2.

]

-




Subroutin.é PSAZS. Flow Chart

lREC\C\ number of Z.S.N maditicabtions ICC§S1

/.’ts
Tcers DO
NO Icces > “ES 2

loom. 1=|,Ic;.zs l—-—- JE— — -

£l

[Reag\ wadificatrion data oand Print, —I

| _ |

Modify the appropria¥e rows of
Z.S.I\\-A-m. ond wrin T F\\L i

Set foult bus de5\3no.hon 3
. Zero (reference node Y

I-— e —Lbo 106 K=t,M I

L\:Jrnh_ nMbz b Eie I

—

L Reburn ]

e



Subroutine

Z233CL.

Flow Chart

Assemble ‘\'rmnsulo.r.sncL 2.5 .NL.A L,

Call nLAM,

Selve fhe 2SN etLuuﬁ'\cns j

Compule Z.5.MN impedante &as 2ten
from The Boult point. Print value,

I

Compule the effechive impedance
of +he requirect MN.S.NL ana

Z.5.M, combination.

ModiFy the P.S.n anel
weile o Fle,
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4.3.9 BSubroutine VFCIR

This sﬁbroutine computes the actual negative and
zero sequence voltage values at the fault point. These values
are the scaling factors for the voltages which have previously

been computed by PSN32 and ZSS0L., After scaling, the sequence

voltages are stored in a new set of data files.

4.3.10 Subroutine VCONMP

VCOMP reads the positive, negative and zero
seguence voitages froh the data files, and computes the
unbalaﬁced nodal phase voltages. .Forvaﬁ asymmetric fault
analysis these results are prinfed, however, if a proteciion
study is being méde these resulis are only printed if reguired;

the control variable is IPRINT - see User Manual, appendix 1.
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Subroutine VFCTR. I'low Chart

Fhml sequence vollaqes fram File ]

Compule NS voltagqe o} 'Fo.u.\’*“l fc empule P.S5. faull current

Compule N-S.)?:.S. Voll‘ac.‘g
PR o the {:nu.\"‘flnin\'_

(o) |

. [Sca\g all RS, and 2.5 nodal valtoges I

[Write oW scaled voltages o file ]

l

Ac\_‘v.d‘ NS, ve\’(‘a:‘¢~ phase oncleg
% ollow for YransPermer comnechions,

(F required )

[\Jrlhc_ hnc\b.\ vo\*"&%ﬁi "_o F‘.\\L J
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Subroutine VCCLP.

Flow Chart

Read ol sequence volkaces
Croay File

l
rDo| j

I

K= i,n
Compule line wvellacqesr n

ﬂ\as\.m\\u. -G § awcle
A = VAl + 1Ve) L+ 1V
1S

A £ o.000\

YES

| Print

Sel sequeance voltoses
(rode v % Yero
IeanT < 2
NO YES
\u\e VD”"M&S ]
I C \
wrile \ine uo\\'a-r_\eg
ond  ehase anqles W Fle

|
r Reburn 1
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4.3.11 Subroutine CRNT

This subroutine reads the sequence voltages and
the sequence network data from the data files. The branch
currents for the sequence networks are then computed and

stored in a data file.

4.3.12 Subroutine ICOMP

This is a corresponding.routine 1o VCOMP, it
reads the sequence currenis from the data files and computes thé
actual gsystem line currents. The reason fornhaving two routines
doing such a similar job is that the data files for the wvoltages
are of a different length to the data files which hold the.

. sequence currents,and the arrays in thevsubroutiﬁes have to be

dimensioned so as to be equal in length to the data files.
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Subroutine CRNT. Flow Chart

Read branch location
PR T T3us from P‘u\&

I

[ 2eaed P.S., M-S, 2.5 Vc\\'u.cscs Froem File J

I MM o= ZT3us (1, Tx) I

l Rewd row ™M of ALALM Froe g‘\,_|

| T

T = Tdus(2,1%) ]

I COmpu.t‘c. B rovne vo\ﬁ'ocses J

I Compute sequence currents

NOA
3

Write sequence currents
te appropriale  File

1S

M = Tous(rIx}
NO YES
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Subroutine ICOMP. TFlow Chart

Read P.S.,NS. and 2.5 line
curcents from Hile,

Luo 1 K=1,a33 l

l Compute octual line current ]

[A=1T0) +]Tal 413l

\S

A £ o000l \ vES

YES IPriNT £ 2

-

Pru\\' \|r\e currcn\-

values

E—
—

Wf“\\-t \\ne_
currents T Gile
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4.4 Subroutine ETNMF

This routine is used to compute the wvalue of the
emf acting behind the machine impedance. Tc accomplish this
the results of the balanced load flow analysis are used, together

with some additional data - see User Manual, appendix 2,

4.4.1 Subroutine RLDAT

Subroutine RLDAT 1is used to read the relay data
from the main data file, and to distribute this data {to the
various relay data files. In order to minimise the amount of
relay data it is possible to use the data whiéh has been supplied
under a given'relay nuﬁber for other reiays as well. Subrogtine
RLDAT will find and copy such data into the reguired locations.
This facility, and the procedure for using it aré fully described

in the User Manual.
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Subroutine FMF. Flow Chart

Recd\ ?5. voltacpes avd +h e
noded T, 9 from F\a

l: Print heoacdings l

Lbc 4 T =1, TENF I-— —_— —_— _— —_— -
| o

Read ma.c-\«\ng AeXa T I
k,L¢, 2, %, P,

®
A
NO P=0 YES 12
1S
13 YES =0 No |
' l

P = PS(x) |
¢ = $s(K) “

" —_— |

ICompuf\-t machine current ] |

|

Compv.\'g PNV Y ervx?' l

Ve +JV‘L ond éru\\‘

Convert emfF W modulug l
amd smcle Forwa,
Co\\  LNT I

SToae mgc_\s\nt &W‘-F
velue 1 ma¥rix A2

1
OREE

P‘rm\' all mochine emfs, I
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Subroutine RLDAT

Flow Chart

Rewel Fhe number of relays  NR J

N
A

I Reacd dele record 1nfe dela array l

YES du\'o.

lwﬂh relay da¥a To epprapriale files I

Deterraine reley phase endfor

‘ RETURN '

lF Aax-a 13 Condenpy Wy \\ _ '
another relay. Tf comumen TTESTS

YES

| Test

Read relay dala Brom
ComMman re.\asf AaXa \ocq\'nan

]
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Read ralay doVa Lrom
the dafa  array
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4.4.2 Subroutines RLMOV, ZRELAY and OPTN

Subroutine RIMOV determines the movement of each
relay, aﬁd controls the subsequent program action following the
evaluation of the relay movements for any given time interval.

Thig is achieved with the‘assis£ance of two auxiliary subroutines
ZRELAY and OPEN. RL¥OV computes the action of I.D.M.T. type
relays and ZRELAY is used to computé the action of impedance relays.
Subroutine OPEN modifies the sequence networks following circuit

breaker action.
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Subroutine RIMCV  Flow Chart

Sab 1nitial values
Ferose array elemenly

L Star¥ ob the fiest reloy ]

tmpedance re.\«nf < ES

26 7

Caleulate TPMT relay mnvemen\'] l Call zRELAY ]

()

- '?Pc\u\'e reup array v_l

Ga t» PFhe ngxt
relay posibion




[ Cheek all f‘e\&qs for trip tevel J

nNo Frip NES
‘ Set re\m, teip inchieator

Open o.rpreprnarg branch
tn PS5, ALS. end 2.5, networks

|

IU\uk pol‘ m\'cr }-nps

]

Hog

Q.V\\‘

Fe‘@‘l n\ovecl.

No ~NES

Has
the “"&\\{SCS
reoched
Mmeoximum Fime

~ES

Is'ror-» I | RETWRN




Subroutiné ZRELAY Flow Chart

Compute values of veltas «
awd curcent aF relay positien

Compute the impedance seen
' by vlhe re_\o.\[

Compoare compuled wnpedonce
wirh  vhe r(\m\l charackerishic

Hag
relay

“JES (1,1 \'la.\'e,A a.\'\"\P ~No

So." re\a.\, \-r\P \'\A\to.\'cr

21

RETURN
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Subroutine GPEN Flow Chart

Determine branch localion of relay pasikFion J

l

Reacdl rows of N-A.PV corfesponding

Te ‘branch Vocation from Eile

|

Amend llﬂ-P\-l"l. and weile
Yo File

[l”rm\“ line opened messone

I

Check 1B see 1f branch opencd

15 o mechine impedance,

NO i pedance

Dt\ﬁft. Y"\L‘.C“\Int Impd%gL
and leatian fram XCOEF and MCLOC

[r'rm\‘ mochine sle message

(o)

|10
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4.4.3 Subroutine BREAK

Subroutine BREAK acts as a minor master routine.
It is called after subroutine  OPEN has modified the sequence
networks tb allow for circuit breaker action. BREAK célls PSNS2
and 2Z550L to solve the ﬁodified negative and zero sequence
networks. The positive sequence network equations are then altered
SO as td include the effective negative and zero sequence impedances, .
and also torinclude the appropriate values of the machine reactances.
This'procedure is repeated for three different values of time so
- that the decremental eQuations for the system voltages and currents

can be computed.

4.4.4 Subroutines XPEQU, XPPIT, VEQU and CALC

| This collection of subroutines is used to determine
the coefficients of =<he decremental equations. XPEQU 1is the
controlling'routine for the branch current equations and VEQU ig the
controlling routine for the nodal voltage equations; XPFIT is the
subroutine which evaluates the coefficients and callsithe
subsidiary routine CALC which checks the computed function to
.see if it generates any negative values within the specified time
range. If negative values are detected a warning messagé is

printed together with the values of the function.
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Subroutine BREAK

Flow CHART

o‘: Fhe s,"ccapne& MaXiNun

is the reloy Fime  wibhin I/F YES

NO

Correct Fhe

P.S .M.

Solve Fhe NS N, and
ZS5.N. cq_uo.)‘-oﬂs

Increase time

approriale values

ﬂoA.?nl Yhe .58 5 imelude

OF machine t'c.n:\'gncg

Selve ¢ guu\\‘cd,

.S
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Subroutine

XPEQU

Flow Chart

Read dokee From dale Files

locate branch curcent values

Call CHECKANGLE To confiren
that the angle dolo s corrack

Check branch direckion, (b
nelt com patible with reloy

direction - change angles by 180

Coall xPE17T b determine +he
decremental egquation coefficients

WriTe compuled coefficientts to
rhe QP\N‘cpr‘\a\'g dalo. Bile
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Subroutiné

Flow Chart

Compule decremental ﬂGLl-Lc.\"Iof\
coefficreants A,D andC

Evaluare *he computed

Fu'\;\'lon c\"' T‘ ’TL QﬂA T}

ccn\pu.\'g_ AnFGC_t'er\t‘.c \bc.\_wg_gn
do¥e oawa resuils &,

LS
NO € >o.00al VES

CURVE [y

PRIAT warr\‘ne.\

nNOT

Goo D

(2
\I/_

TronsPer A B ond € vie
commaont orea To RPEOW

Coll cALL (A,8,0) & cheek the
vm\\r.\\\'\l of the curve Tt
equation. TF neqobive values

derected war ning P nted

I RETURWN l
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4.4.5 Subroutine MQDS

This routine is used to modify the positive
‘sequence network so that the three different values of méchine
reactence are incorporated (sequentially). Initially these
values will correspond to X" , X' and Xs for the first
machine, at least. For all other‘machiﬁes the wvalues of reactance

. used will depend on the time constants of each machire.
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Subroutine MODS Flow Chart

nNO

| Iy
|

I IReacL c\o.\"u Y—ron\ g\\t- J

rﬂem& mochine  daYa

(B Y
+hig
the

YES f-u‘s\' ﬂ\c.;\\lr\g NO

S
Compare time constants wirk machme l]

Gre
l-\\gsl

eque\ NO

\l ES

Use XPEIT ta derecmne oan

Eiuo.\‘\on for the moachina regcronce.

Evelucke Fhree values of reschance

oF Fimes corresponding B Fhe
Fine conztonty of the fest machine

i |

the
las? machine

NO

YES
[ur;\z dofe. o Eile J
(26)

RETURNM

4.0



4.5 The Data Storage and Handling System -

As described in section 4.3 DATACNTRL reads the
initial system data 'en bloc' into the main daté file, an
auxiliary routine CREAD is used for this purpose. This data
file is accessed by various subroutines in the progran (via an
auxiliary routine FREAD) which use and/or pfocess this data
before reallocating it to a set of working data files. This set
of data files corresponds, appfoximately, with the various types
of data used in_tﬁe program. For example, File 15 is used to store

voltage information, as follows:

Filé 15. . | Records " Data
1 & 2 ( "P.S. Voltages.
3 & 4 ‘ - Tteration starting values.
5 & 6 N.S. Voltages (scaled).
7 & 8 Z.5. Voltages {rcaled).
9 & 10 .‘ N.S. Voltages (unscaled).
1 & 12 Z.S. Voltages (unscaled).

16 1033 Moduli and angles of the unbalanced

nodal phase voltages.

41 .to 44 Iteration values accessed by the
and 51 {0 54 acceleration scheme.
56 & 57 Results of ihe acceleration scheme.

Thus subroutine PSAT will avail itself of the
nodal voltage starting values in records 3 and 4,.and when the

solution values have been determined they will be written into
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records 1 and 2, where they are available to all other

subroutines as required.

The above procedure is necessary since the size of
the program dictates that the overlay system is extensively used.
This dspect of the program is described in detail in the User

Manual, Section 6.48.
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4.6 Conclusions

1. This development enables a more exact
determination than has hitherto been possible, of the fault
curfents in multimachine industrial distribution systems and
thus the evaluation of correct circuit breaker ratings. It
also enables the performance of the protection applied to such
systems to be evaluated.

2.> ?he computer program which has beeﬁ
developed through this work differs from those described by

previous workers (17, 19, 20, 21) in three wayss

a) The functions developed by the author %o
represent the relay characteristics are
confinuous and accurate to better than one
per cent over the whole of the charzcteristiic
range. Alderton and Peralta (20) use two equafions'
which give maximum and minimum operating time
valueé i.e. the characteristic is represcnted
by a band of %ime values. Graham and Watson (17)
use tabulated characteristics, an approéch of
obviously limited accuracy. Both Albrect (19)
and Begian (21) use logarithmic functions, which
in Albrects program require 20 constants for each
reléy, and in Begians program require 7 constants

plus auxilliary functions and operations.
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c)

The authors program evaluates the values

6f the decremental line currents and nodal
voltages in the faulted system at any

required time. Grzham andlwatson (17), Beéian (21)
and Albrect (19) base all relay calculations on
system currents and voltages that have been

|
evaluated at one instant of time only.

Alderton and Peralta (20) have designed a relay

operation checking program for transmission syétems,
and therefore,‘unlike the author:s program does
not require a provision for the representation of
induction motor loads. However, it is based on

a transient stability analysis and can therefore

include the effect of synchronous machines within

the system. Graham and Watson, and Albrect do not

allow fortie effect of induction motor loads in
their programs, which have been designed to
determine the initial relay setiings in new

systens.
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3. Program Uses

| This program may be used-as a tool by design
engineers to ascertain system fault levels which include the
contribution made by motor loads. It will, thus, be.possible to
determine the correct ratings of circuit breakers. The program can
also be used to check the operation of'a proposed proteciive
system, thereby allowing modifications to be made, if reguired,

before iﬁstallation._

An operations eﬁgineer will be able to usé
this program to confirm that the existing relay settings will not
lead to/unplanned circuit brea&er operation, or non—operatioh,
when ﬁaintenance, with the associated line outages, is taking
place. It will also be a useful aid”in checking the overall
protecéion performance of a system as that system is extended and

modified.

4 Use of Apvendices

Two appendices have been written to enable
future workers 1o fully understand and use the progranm déVeloped

through this work.

4.1 User Manual (Appendix 1)

The User Manual may be régarded as having three
sections, the first of which comprises paragraphs 5.1 to 5.3

“inclusive. This section specifies the minimum computer

configuration necessary to operate the program, and also
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describes the physical size limitations of the networks which

may be analysed.

The-second section, paragraphs 5.4 and 5.5,
specifies thé order,)type'ana format of all possible data cards.
This section should be used to compile, in aprropriate form, the
data for any given problem. The text of this section indicates
when individual items of data and/or complete data cards may be

omitted.

Section 3, paragraph 5.6, contains a specimeﬁ
problem with a conmplete annotated listing of the data cards.
This example may be used to clarify the text of section 2., Finally,
the results from this problem are given and m;y be used for
comparison purposes when the pfogram ig tested after-being transferred

to another computer.

4.2 Detailed Program Description (Anoendix 2)

Appendix 2 is a detailed description of the
contents and working of the complete program. This appendix will
enable gsers who wish to extend or amend the program to understand‘
the operation of each subroutine and the inter-relationships
between subrqﬁtines. These inter-relationships form a complex
system since the operation of the rrogram relies heavily on the
use.of a direct access backing store which is subdivided into =2
series of files, These files are described and listed in

section 6.47. Also, the progrﬁm uses four levels of overlay,
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described in 6.48, future workers must ensure that the overlay
integrity is not violated (a2 return cannot be made to an overlayed

subroutine which has been overwritten).

This aﬁpendix is completed with a program listing,
which may be used to clarify any problems arising from data handling
and/or error messages which a new user may have difficulty in

i

interpreting.

5. Future YWork

It seems likely that ai least one Eleciricity
Board will use the program for protection operation checking, and
as a.consequence the program could be provided with a facility to
circumvent two of the load flows and the curve'fitting routines.
" Relay operation being determined solely from the results of a single
load flow, all machines,. whefe included; using a'value of réactance

equal to the transient reactance.

The amount of I.D.M.T. relay data could be
significanfly reduced by aliéwing each relay 1o access an appropriaie
characteristic in a library file; as only three or four different
relay characteristics are likely to be requifed. A% the present
time the‘program requires tha’ each relay be supplied with its

own characteristice.
The immediate access core store requirements

could be significantly reduced by adopiing sparsity programming

techniques in subroutines PSAT, PSNS2 and Z330L.
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At the present time this program can model
I.D.M.T. and Impedance relays; a further provision for 'Kho! type

relays will obviously be useful.

The introduction of a variable step length
in the integfation routines which are used {0 calculate the relay
movements would sigﬁificantly reduce the computation time required

for this process.
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5.1 Introduction

This program can be used to perform the following

?

analysess

a) Balanced Load Flow.
b) Asymmetfic fault analysis.

¢) Protection performance under asymmetric

fault conditions.

The program is written in For£ran IV using the
extended Fortran facilities offerediby I.C.L., this version of
~ Fortran béing compatible with I.B.M. Fortran IV. However, two
machine‘oriented routines have been used - DEFBUF and .COMP,
see 4.22. If these routines are replaéed by their equivalents,
for different makes of computer, the ﬁrogram willafunction on
any machine that has a compatible Fortran compiler and éufficient

storage facilities. i S

5.2. Program Requirements

a) 26 700 words of immediate accéss store.

B) 4 independent overlay a%eas, 10 000 words
each.,

¢) 10 common areas, the tuwo largest of which
require 11 000 and 7 000 words respectively.

The remaining areas are less ‘than 1 000
' words each. Vo C
d) 12 disc files, totalling 534 records -

118 560 words.



5.3 Network Size Limitations

a) 3 io 40 nodes

b) 2 to 80 branches

c) 'O to 20 induction motors and/or

' synchronous machines
d) o to 20 relay positions - equal %o

20 x 3::60‘re1ays, I.ﬁ.M.T. and/or
impedapce rélays.

e) O to.80 two winding transformefs - off
nominal tap positions possible.

) 0 to 25 three winding transformers

It should be noted that the combined total of ¢, e and f is

determined by (c+e+ (fx3+ 1)) = 80

5.4 Data Control

There are 7 possible job control cards, which are
used in various combinations to control the exécution of each job.

These cards are:

a) /*JOB NAME
b)  /*JOB NUMBER
c) /*ANALYSIS

: d) /¥*DATA
e) /*PRINT DATA
f)  /*END

). /11111111 (10 slashes)

Note: the blanks in the above controls are mandatory.
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The job control cards are used as follows:

a) +to supply an identifying name to a job,
columns 17 to T2 are available. If a
job number is not specified, this card must

5e includea.

b) +to supply, or indicate, the identifying
‘job number. The job number should be

punched in columns 41 to 43, in Format I3.

c) 1o specify theﬁtype of analysis, the type

of fault, the fault bus and the maximum

network time, if required. The analysis

ié indicated by punching any of :

LOAD FLOW . -
. FAULT
| PROTECTION
starting in column 17. The fault type

is specifiéd by punching any of

. L/E (for line to earth fault)
L/L (for line to line fault)
L/L/E  (for line to line to earth
fault)
starting in column 49. The number of.fhe bus bar
at which the fault is to occur is punched in

columns 61 to 63, Format I3. The value of the
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-

L}

maximuam network time in seconds is punched

in columns 66 to 72, Format F8.4.

d) indicates that the network data is to

be supplied, on cards, at execution time.

F}) signifies the end of the job control

sequence.

3) signifies the end of the relay data, i.e.

the last data card for a protection study.

5.5. Network Data ‘Cards

The following is an ordered list of all possible
data cards, and the card sequence for any given job is obtained
by omitting those cards which are not' required, see 5.6. for

examples.,

a) Format E20.6 , 313
The variable.names and their function are:
TOL ~ this is the tolérence to which sthe
nodal voltageé areAfound by the iterafion
6

procedure. A default value of 1 x 10

is applied.
LEVEL can be used to activate the programs

internal trace mechanism, as explained

in 6.44.
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b)‘

SCIND

is used {0 specify the number of bus bars

~at which the symmetrical three phase short

IPRINT

- Format 20I3

circuit is to be applied.

is held in common area T4 and can be used
to increase the amount of output that is
printed. If IPRINT is set equal to 2 the
values of the nodal phase_voltages énd the
line currents will be printed at the end of
eéch>sub—analysis. Each complete'analysis
wﬁich involves the curve fitting rou#ines
consists of a miniwuam of 3 suannalyses and
one comprehensive analysis, and this
procedure is repeatéd each time the network

is modified because of relay operation.

The numbers of the rodes for the‘symmetrical three phase short

circuit, the total of which is specified by SCIND

c)

Format 613
BB
N

TF

ICONT

the number of systenm branches.

the number of system nodes.

the number of two winding transformers
with off-nominal turns ratios.
specifies the number of nodes a2t which the

veltage is specified compietely,-excluding

the swing bus. Typically these will be the
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ISWGN

IEMF

machine emfs, the values of which were

computed during a previous analysis.

is set equal to 1 when bus 1 is not
required to act as the swing bus, but is
replaced as reference bus by one specified

under ICONT.

is used for évload flow.analysis when it
is desired to compute the values of the emfs
acting behind the machine reactances, see
ICONT above. IENMF is set equal to the total

number of nodes for which this is required.
I

N cards of nodal data,

Fofmat
M

w7

MPS

MODV
L

ANGLE

314, 5F10f4

the node number.

the nodal designation code, 1 for a PQ bus,
-1 for a fV bus and 0 for a reference bus.
takes a value of zero or 1, see 5. |

the specified value of inﬁected nodal power.
the specified value of injected nodal
reactive poﬁer. |

the specified value of the modulus of %he
nodal voltage.

thé modulus of the value of shunt
admittance connected to node M.

the argﬁment associated with YL, degrées.

i
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" ¢) TIf ICONT

is specified, this position is occupied by

ICONT cards, each of which specify a node number and

fhe value of the voltage at that node, in cartesian

form, v,

+ qu .

Format 13, 2F10.6

f) BB cards
Format
K

M
R
X

g). If TF is

of brancﬁ data, see (c) above.

214 2F10.4

node number‘

node number

the value of the branch resistance.

+he value of the branch reactance.

specified this position is occupied by TF

cards, each indicating a transformer location and its off -

nominal turns ratio.

.Format

T

h) If IEMP
as Tollows:
Format .

k

IC

P10.4 213
the off nominal turns ratio.
node number.

node number. - o

It

k, this position is occupied by k cards

213, 4r10.4

the number of the node to which the
machine will be connected.

the number of the machines internal node,

‘see Fig. 5.1,

the value of the machines internal resistance.
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X %he value of the machines internal
reactance, usually the synchronous reactance.
P the value of power supplied by <this machine.
Q the value of the reactive power supplied
by the machine. P and Q are only required
if there is more than one machine connected

to bus bar K,

=

IC

— R+jX
Vie T
s em. b

—ed
<
b3

The network

Fig. 5.1.

i)  The fault impedance (asymmetric faults only),
Zfault = R+ jX.
Format = 2F10.4

"R - the value of resistance.

X . the vélue of reactance.

) The number of negative sequence network modifications.
Format I3

AICCNS the number of modifications.
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»k) If ICCNS is specified this position is occupied by
ICCNS cards each containing one new value of branch impedance.

Format 213 2F10.4

K node number.
M node number.,
R the value of resistance.

X ~ the value of reactance.

1) The number of zero sequence network modifications.

Pormat I3

1CCZS the number of modifications.

m) If ICCZS is sbecified this position is occupied by
ICCZS cards, each as follows:

Format 313 4F8.4 313

X »ode nvnber
M node number.
TFCON the zero sequence network modification

code, as specified below.

ZR ' the value of resistance.

<
zZX *  the value of reactance.
Xzs ~ the value of the secondary winding

equivalent reactance.

XzT | the value of the tértiary winding
equivalent reactance.

MR the middle node number. -

NT ~ the tertiary node number.
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As can be seeﬁ from {m) above, each of the zero
seéuence'modification cards can cafry any of three different
types of information. Type one relates to two wihding
transformers, type two relates to system branches and/or systen
-podes,;both one and two dsing the same set of variables; X, M,
TFCON, ZR and ZX.' Type three relates to the three winding
. transformers and uses all of the.variables listed under (m) above.

The_modification codes and the applicable circuit arrangements

ares ' ; . o ;

Circuit Connections Code (TFCON) ZR zX -
] 1@——‘ 1 3.R 3.X
e .
| R+jX |
2 3(R1+R2). 3(x1+x2)
1 0 0
1 0 0

— B

P b4



Circuit Connections TFCON - ZR

X
i '
1 Rt jx N, 2 R X
X
R+ jx 3 R X

L

FPor three winding transformers the eguivalent circuits are as
discussed in section 2.5.2.2. The variables corresponding to

the elements of the equivalent circuit as shown by Fig.2.4 ares:

¥ %X N Xzs o
— VY, ° ANV o
Xz1 -
NT
Fig. 5.3.

The modification codes and the corresponding circuit arrangements

are shown below in Fig. 5.4.



Connection Diagram

Pig. 5.4
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n) ‘When machine equivalent circuits, as discussed in
section 2.5.3, are to be included in the network this area of

data contalns the machine parameters, one card for each machlne.

Format 214 6F10.4

X node number

M - node numﬁer

X1 sub transient reactance
X2 transient reactance

X3 syhchronous reactance
TX1

) the three time coustants associated
TX2 ; o

with the reactance values.
TX3 )

Note. The terminating card of this section is a BLANK card.

p) Relay data. Data for any given relay occupiés

several cards and therefore, reguires careful éssembly. To
miniﬁise errors, and to make error location easy, each relay
data card has an identification code. The code iﬁcludes the
number of the reiay, the rhase in which the relay is located
and the type of data supplied. In order to avoid a repétition
of identical‘datg, it is possible to access data that is already
stored by inserting the letter F (file) in column T, immediately
before the phase indication. The number of the relay from which

the data is copied is punched in célumns 9 t0 11, Format 13, and

1y
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~this relay will be a phase A relay. Obviously, any relay data
. which is to be used as a reference must be supplied before it
can be accessed. Apart from this restriction relay data can be

supplied in -any order.

p.l The number of relays

Format 13

p.2 The first 8 columns of each relay data card %s are
allocated as an identification area, containing the

following information:

Columns Data Format
1 t0 2 relay position I2

3 to 6 data code A4

7 to 8 | phase and fiie A2

There are four data codes:

 IRL for cards supplying the node numbers which
locate the branch where the relay is situated, and also the
dirgctionﬁl facility indication, IRL also supplies the
intertrib'information. That is, the numbgrs.of the relays which
will operate when the given relay operates. RNach relay is

limited to three intertrip indications.

AVAV/RIL for cards supplying the faciors which affect
the relay operating times, as calculated from the store&‘

characteristic.
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VCF1 and WCF2

for cards which contain the relay

- characteristic information.

Where < indicates a blank column.

2

The data supplied under each code is as follows:

Code
Format

Data

Format

Data

Code
Fofmat

Data

@ IRL
8X, 313
K

M

2
3

17X, 313

}

node number
node number

the third number is the directional
indication,

the relay 'looks' from X to M

the relay ;looks‘ from M to X
non-directional |
impedance relay, direction K to H

impedance relay, direction M to K.

the numbers of up to 3 relays which will operate

under intertrip when the specified relay, Columus

1 and 2, operates.

¥ VT

8X, 4P10.4

CT1 the time scale factorr, normally 1,0
CT2 the plug setting multiplier

-CT3 the relay CT ratio.

CT4 the time multiplier
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Code | V CF1 - (I.D.M.T. relays)

Format 8%, 4B15.6 | |

Data the first four coefficients of the
rational function representiﬁg the
rélay characteristic.

Y7CF2‘ the second four coefficients.

For impedance relays these two data codes are ﬁsed to supply

the impedance values and the time for each zone.

Code VY Crl (when used for impedance relays)

Format ‘8x; 4B15.6

Data c1 , |zl for the first zone.
—C2 ~the time limit for the first zone.
c3 |Z] for the second zone.
‘C4 the time limit for the second zuine. .
Code < CF2

Format 8%, 4E15.6
Data® €1 | |2] for the third zone.

c2 the time 1limit for the third zone.



5.6 Specimen Problem
The following example has been chosen to clearly
illustrate the network data requirements and the line printer

output obitained from a protection performance study.

- -

B | . D

Y ,s'L:]__ R3
Fig. 5.5.

The relays R1l, R2 and R2 have the same time/current characteristic -
vEnglish Electric type CDG1l3 Very Inverse Overcurrent/Earth Fault
relay. The sysfem is initially unloaded vhen a2 single line to

earth fault occurs at bus bar 5. The system data is specified by

the following annotated list of data cafds.
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“G L

C Jedun NASE CDAVET TEST SYSTEM 2. IDMI KELAYS.

/rJ008 MAERR b
daanalrsls PrUTECTIUN  L/E 5 0.25 Dol control
/7x0ATA
IR .
todken . 7 - L ) ‘ s Telerance
5. 3 ' T v - The number of branches and oumber of nodes
i 1.0 . Nodal  doYa
2 i ] ) . .
I | 4]
3 1.0
5 1 0
1 2 b 0.02 A _ Branch  daTa .
Fd 3 Oal ’ -
5 : | 0.02 . ) : - .
2 04 0.05
305 V.05
\
2 ) ' The number of netwark n'noA\F‘co.'rmn; for ecreation of M.,
1 2 0w .14 - ] Nehwerk  medifications
A3 v .14 ‘ A _

> » The number of  aetwork  wodificahions  for  crection of T zS.N.
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5.6.1 Specimen Line Printer Output

The following pages
output for the problem specified in
‘been added in order to clarify some

P

contain the line printer
5.6. Annotations have

of the detail.
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APPENDIX 2

(CHAPTER 6)

DETAILED PROGRAM DESCRIPTION AND FIOW CHARTS
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6.1 Introduction

This appendix gives a detailed description of
the program, so that when read in conjunction with chapter 5
the logic and operation of the program may be clearly understood.

The appendix has five sections:

Section 1. The subroutines and functions used in
the program and the relationships between

these routines.

Section 2. Lists and descriptions of the various
warning and error messages that can arise
during the operation of the program.

This section also details the operation
of, and the results obtained from, the

program>trace mechanism.
Section 3. The File Storage Scheme.

Section 4. The Overlay Scheme.

Section 5. A complete program listing.
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6.3 Subroutine DATACNTRL

A job is run by supplying a complete set of
system data, or by accessing system data which has been
previously stored in a disc file. The type of job, that is the
analysis:required and the form of data input, are controlled

by a series of 'job cards'. There are six possible job cards:

1. /*¥JOB NAME
2. /¥DATA

3. /*JOB NUMBER
4. /¥ANALYSIS
5. /¥PRINT DATA
6. J*END

Subroutine DATACNTRL checks the job control cards to see‘if
there is a ‘compatible set of requirements. If system data.is
supplied, it is accessed by this routine and stored, if
required, in an appropriate disc file. In order to identify
these job control cards, a ﬁon—sténdard Fortran character
manipulation routine is used. This routine, COHP+, is supplied
by ICL™" as part of the software package with their 1900

gseries computers.

+ ICL technical publication 4314 2nd edition March 1972

** International Computers Limited.



If the job control data is acceptable,‘this
routine reads all data cards and stores the information - one
. card per'reCOrd —~ in one of ten disc files. Disc file 1 is for
temporary jobs, i.e. the next temporary Jjob data overwrites the
data of the preceding temborary job. Disc files 2 to 10 are
used to store the job data on a more permanent basis, however,
it is possible to subsequently modify the Jjob control spécificatibn
for these jobs and several different analyses may be performed
by accessing the system data stored in any of the disé files 2
to 10. This facility is fully explained in the User Manual, see

Chapter 5.
This is the only subroutine which reads cards,

all other subroutines read the records (each record is

effectively one card) which have been set up by DATACNTRL.
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Subroutiﬁé Data Contrl >

Data statements

"
o

Set 4 = IC

KOUNT = O

Read CARD

write(2,2) CARD

— s D3 x-1,5

[_
I
|
|
l
@ .. no I=\yes

yes

140



®

Ic(x) =1

|

6o To (6,1, 2,9,10), &

Reod
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s
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e\
&.nd
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™o

CALL

come

CALL  erron (4)
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CALL  Comy *
[}
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NoO

1c(5)=3

Do 13 T =y |—

I =5

CALL Lomp

YES

:fC(a) =3
|

Read FBUS

IC(1) = FRus

CALL ERRROR(3Z)

l
|

é&————J

&
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caLL Erron(z)
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CALL CREAD
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sTOP
Return

=
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Read 1C7
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Spec. F-ee\.

YES

|

Transfer permanent
contral code valueg
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matrix, TCT,
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6.4 Subroutine PSAl

6.4.1 General Description

This subroutine reads the initial system control
information and several types of system data, depending on the

job control specification.

6.4.2 Initial System Control Data -

The first three records contain the following

information:

1., Job control matrix IC.

2. Job name, stored in matrix A2.

3. a. TOL This is the tolerance +to which
the iterative solution will be
computed.

b. LEVEL  This variable can be used to
obtain the state of some
important variables at inter-—
mediate stages of the computation.
(See 6.44)

€. ISCIND UWhen the analysis to be performed
is a Three Phase Short Circuit
analysis this variable is set
equal to the number of bus~bars at
which the analysis is required.

d. IPRINT This variable i1s a print control

cariable, and if used increases

the amount of computed system

information that is printed.(See 5.5)

yab



6.4.2.1 If a three phase short circuit analysis is to be
performed, this record will contain {the numbers of

the nodes at which the fault is to occur.

Otherwise, this record will contain the following

datas

a. BB The number of system branches.
b. i) The number of system nodes.

c. TF The number of transformers with

of f-nominal turns ratios.‘

d. ICONT This variable is used if machine emfs,
computed in a previous load flow
analysis, are to be‘used as system data.

e. ISWGN  Bus number 1 is normally used as the
swing bus, however.if this is to be ’
changed ISWON is used.

f. B This variable is used when it 1is
required to compute the machine emfs,

see d above.

6.4.3 System Data

The next N records, see b above, contains the

nodal data, each record being made up as follows:

a. M The node number.

b. ND7(HM) The nodal designation.

) 4™



c. MPs(2,M) The relative nodal angle.

da. Ps(m) The specified value of injected nodal power.

€. QS(M) The specified value of the injected nodal
reactive power.

f. MODV(HM) The spe&ified valué of voltage modulﬁs.

g. YL(M) The modulus of the specified value of shunt
admittance connected at the node.

h. ANGLE(M) The angle associated with g above.

If ICONT 4is used, see 4.d above, the next
ICONT records will each contain a node number and the real and

quadrature components of the machine emfs.

The above data is processed by subroutine PSAl

-~

and allocated to the system data files, see 6.47.
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Note ' All values are in per unit, and loads are

specified as negative generations. It is not possible to
. specify 4, e and £ at the same time, as they are not

independent quantities. Only 4 and e, or @& and f are permitted.

If the voltage modulus is not specified the
initial value of the nodal voltage is set to 1.0 + jO, otherwise
to vl + jO. The elements of the nodal desiénation matrices
take one of the following values -1 for a generatﬁr.node
 (PV node), +1 for a load node (PQ node) and 0 for the reference
node i.e. the swing bus. O is also used for nodes where the

voltage is specified completely, as Vp + qu .

1 a9



Subroutine

PSAl - Flow Chart
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|
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|

Pemi c\n.\'q
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6.5 Subroutine PSA2

6.5.1 -General Description

This subroutine reads the branch data,nand
after converting the branch impedance-value to an admittance
value; places the real aﬁd quadfature components of this
admittance in one of the columns of the branch mafrix. The
branch matrix is used subsequéntly as the basis from which the

v

nodal admittance matrix is assembled.

The branch matrix has 4 rows and BB columns,

where BB is the number of branches in the system.

Branch X connected between_nodes ¢ and d.

When the Kth branch record is read by this
subroutine the following information is stored in columm k of
the branch matfixz the numbers ¢ and 4 +that identify the
nodes between which the branch is connected, are stored in rows
1, and 2 respectively. The branch impedance R + JX 1is inverted
to form G 4+ jB and the values G- and B are stored in rows

3 and 4 respectively.
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Subroutine PSA2 « Flow Chart

Tebeal shatementt

Ceall

-

D EFOUF

To Il M=1,30

Read C,b R X

Prnt  data

3rbfmy=c  , BeIz(M) =D

gray(my = ]’ +x*)

araz(n) = ~xj(rt +x*)

L _

&

\.Jr'n"g o\p.\-p. to. Siﬁs\'em
files records
L=0
rRETUWRM
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6.6 Subroutines PSA3 and PSA4

6.6.1 General Descrintion

When a system contains more than 40 nodes, the
nodal admittance ﬁatrix will be too large to heold in a 32
thousand word immediate access store along with the computing
system executive software and the relevani paris of this
program. This program was dgveiopéd on such a machine, and
to overcome this limitation only one row of the N.A.M. is held
in the immediate access store at any one time.t The N.A.M.

is, therefore, assembled one row at a time.

The branch data, which is stored in the branch
matrix, is usually compiled in random order and the data for
each row of the N.,A.M. has to be selected frdm the ‘branch matrix
as each row is assembled. The selection of the branch
admittance values from the branch matrix, and the placing of
these values iﬁ.the N¥.A.M. is performed by subroutines PSA3 and

PSA4, with the aid of an auxiliary matrix - SORT.

+ When the number of nodes is less than 41, the iteration
procedure works from a triangularised N.A.M. (see PSAT).



The matrix SORT is a row matrix of BB
elements, which initially have the valnes 1 .%o BB, such that
'SORT(k) = k. The elements of this matrix are then manipulated,
with reference to BRI1 (the first row of the branch matrix) 50
that the final arrangement of the elements of SORT indicétes
the positions of the ordered branch elements. |

For example, consider the following branch matrix

which represents a system which has 8 branches.

BRI1 511142 tr]l2a]|z2]s
BRI2 1 2 7,_ 6 8 3 4 3
BRR1 Coy Gy, |Gy |eten
BRR2 Bsy | By, 1347' ete.

The initial values of thevelements of SORT will be:

This effectively changes the first itwo rows of the branch matrix

to



The N.A.M., is assembled as follows:

Row 1 insert elements (1,2), (1,8)
Row 2 insert elements  (2,6), (2,3), (2,4)
Row 4 insert element (4,7)

Row 5 insert elements (5,1), (5,3)

This procedure is accomplished by subroutine
PSA4. Subroutine PSA3 is then called again, this time it operates
on row 2 of the branch matrix - BRI2. PSA4 is calléd again, this
time it inserts the remaining elements of the N.A.M. as listed

below:

Row 1 insert element (1,5) -

Row 2 insert element (2,1)

Row 3 insert elements (3,2), (3,5)
Row 4 insert element (4,2) |
Row 6 insert element (6,2)

Row 7 insert element (7,4)

Rowi8

insert element (8,1)
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Subroutine PSA3 - Flow Chart

Do 1068 1 =,88

5 SoRT(L) = X
ts
L >6 :
1030 00 AL P
Read File | Read Bile | record 2
wmh 3Ty nts BRI

| (o) ]

| Ino 106 I =4, 38 J
I

| nr=a6-1 l
|

- [boloo!. Tz, K I

[ T= 5T (T) , W= sorT(3+) J

&
BRI(T) £ griw
YES
ou7 o2 .
sorv(zY=w - seeT(TH) =T
| (Foou)

N7

store sontT |
Filetl recovl?7

2ebrurn
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® W~ Bubroutine PSA4 - Flow Chart

l T=0o $=0 j
I

I fead sorv, BRI, el I
s
qES - >0 ™o
1034
, \933

‘n.g.od File) wrtcord 2 mtz BRI Read el record | b grI)

Read Filel record Vinty GRI2 2eoa Bile | record 2 ints BRI

[ . @

lbo too) I = ),B8 1

s
1430
ST RRLL ' ND. ol
L= SerT (L) D = SonT{(an)
b= SonT (1) g =1

1013

YES

lowo ) ,

~ . ) - b: BaI(n), Read row & o & N.AM
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oy

3 = 3r1(p)

5(5‘) s = @rRI(D) B(z)=- BRR2(D)

o SN e e

°)

n

wrile row K of rthe
PAMAM N Bile

o
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6.7 Subroutine PSA5

This subroutine transfers the shunt édmittance
. values, computed from YL and ANGLE, to the appropriate diagonal
elements_ of the N.,A.M. The final values for the diagonal
elements are then evaluated, firstly Y(1,1) and then

Y(k,k), k > 1. The relevant equations are:

Mo

¢(1,1) = 6(1,1) ¢(1,m)
ME2

B(1,1) = B(1,1) - f: B(1,m)

G(k,k). = O(k,k) - Z ¢(k,m)
m 1k

Bk) = B(K) - > Bk
ek
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Subroutine PSAS <~ TFlow

Chart
_Lﬂeo.d (I3'l) Angle i2ead ("-b'ﬂ Y I
l
| Reaa(v' & Read(1'() B |

l

[G(') = L) % cos{ArGLE(N)

Q) =YL )#sIR(ANGLE (1)) 1

I

7. B I PO ILE

R=2,M

[ ctn= etr-6e)

) = 8() -B{<) 1 |

___.___-_J

\Ah'lfg(b'\)'ﬁ-
Write ‘:I'Ij R
|
I Do W§ K=2,M I.__ —_—— = —
[ Read W'xY6 Read (1'<)R [ _ |
I .
G(“) = ML) #eos (ANGLE(K)) ’(x) =YL (%) *S'N(ANGLE (%)) ) ’
|
| S = K-t | |

I
Lbo [ WY

=15

- — — — =

-

Ter 1) —6tn), a0 = 60 - B() | S

o 1S
S k4
[Po 121 =5, w |
Jetar e ate)-6m), Blx)= 310 - B(m) |
()

write (Lin) G

Wrle (V'e)R
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6.8 Subroutine PSA6

Subroutine PSA6 is used to mbdify the
equivalent transformer impedances so as to allow for transformers
which are adjusted to an off-nominal tap ratio position. This
is accomplished by replacing the existing branch impedance value
by the same value multipliéd by the square of the per unit

turns~-ratio.

vA secondary function also performed by this
routine, is the initialisation of a second branch location
matrix iBUS. A second branch location matrix is required,
becausé subsequent routines can modify thie matrix, by deleting
the locations Qf branches that have been open circuited by the

subroutine BREAK.



Subroutine

PSA6 - Flow Chart

=0 |

© | ser zBus
15
_ TF=0 )
:ygs NO l
I poev D2y [— — — 7
[ 2ead T, %, | | -
| Readli'i) & 2ead('«) B | I

[ewy = et) +6tr) (T R 60 | |

[s(x) = g% + B(Mm) - (TV) % B (M) l |

fweke (4'e) & Weke ()3 | |
|

[2ean vy 6 | |
G()=7T2 l

:

T2 = g (M)

[ 2ean (3'm) B | |

| 2xYs T2 -

i

[Wl‘l'\'f_ (M) Weite (7'M)B I I
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Read (t'v) 6 2ead(7'x)B

Tl = K+1
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YES

°)

aus(L1) =x
LBug(2,I) = M

N B

Anl V'\\'g ABUL
W Bl

I
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6.9 Subroutine PSAT

. 6.9.1 General

The primary purpose of this subroutine is to
solve the positive sequenée network equations, it also
performs several secondary functions - as indicated by the
~macro flow chart - such as data preparation and modification

for subsequently called subroutines.

As previously stated, sece 4.5.1, the program
was designed to iterate from the positive, negative and zero
sequence matrices which are accessed one row at a time.
However,'it has been possible to accomodate a triangularised
admittance matrix in the core store, capable of accepting
systemé of up to 40 nodes. This eliminates one disc fto core
transfer for every iteration, saving ten milli-z~conds for
each iteration. Therefore, the first section of PSAT obtains
relevant from the data files and compiles the triangularised

admittance matrix.

6.9.2 Hetwork Modifications

Subroutine P3AT7, as can be seen from the flow
chart of the.master routine, is re-entered several times during
the course of a protection study. It is possible that before
returhing to PSA7' some of the system nodcsihave been isolated
owing to network modifications which are initiated by circuit

breaker operation. Therefore, a search for isolated nodes is
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made before the iteration procedure commences.

6.9.3 Short Circuit Studies

The operating system, and method of data
storage permits a symmetrical three phase fault analysis fo be
made at up to 20 nodes on any given sysitem for one data input
operation, see 6.9.3. As this subrouiine is re-entered each
time a new three phase fault study is required, it is therefore

necessary for it to perform the following ancillary functions:

1. Check the master short circuit matrix
NODESC +to see if a further study is

reqguired.

2. If a further study is required, to set

the nodal designation tag ND7(k) to zero.

3. Set the voltage at the faulted node to

ZEro.
4. Hhen'the éolution voltage vector haé

been obtained, to reset the nodal

designation tag to its original value.
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6.9.4. The Iterative Procedure

The iterative pfocedure, detailed in chapter 2,
obtains the solution vector to the eguations 2.5, 2.6 and
2.5.1, 2.9.1. The Pade acceleration, see 2.4.1; is applied
after the first fifteen iferations, whibh'alloWS‘each voltage
time to settle down and attain a constant direction of change;
"either increasing_or decreasing. Thereafter, the acceleratibn

is applied every ten iterations.

6.9.5 Machine ENF Calculation

Prior to a fault study the machine emfs have
to be evaluated,this calculation which follows the solution of

the load flow equations, is initiated by specifying IENF; see 5:5'@9.

6.9.6 Change of Nodal Designation

vFinally, before the computed results are written
to the data files, the nodal designation values for all
generator nodes are changed from -1 4o 1. Subroutine P3NS1
will subsequently change the generator nodes into constant

impedance nodes, see 4.10 and 6.10.
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Subroutihe PSA7 ; Flow Chart

l Io\u“-u\ s“‘n"e‘m ents

l AX=o Igo=gB 1

Peint conbral variableg l

]

| Iv=50 I

[ CALL.  NAM I

l

Read t™oev, Ps, @S, M7
‘-'rom pl‘(_

I TMAX = § o0 » I=0

| Read W ,ve from Pule ]

Set up rhe *‘nnnc)u\qrued
£.5.NLA. m

r-—-——-—-——[Doz_KI,M

Read (¢ n)c;- 2ead (1'0)R ]
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r b)) 2 0 J
l

r: Ve(e) = V() =0 j
l

Print - Ticlated nsde J
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s .
'S .
YES nNECOUNT = 0 !

1S _

N AICDLLAI+ =1 JES
“ 18
ves .~ mecounT =21 MO
o,
18
- vyES MopESe(Meount) = o NO
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] ND7(T) = NBITEMP

V3

[ ve(s) =
|

= 0o
[ velT)=o
|

[ NOITEMP = ~NOT(F)

[
I—ND'I(:') =0 J

st
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CALL AccLl l

(53

: N MpIfe) = O vES' /

[ = gl J

201 ?
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Nodes wnumbered < k

Evaluate TP oand X§ duets
nodes ﬂu.M\ag.—e‘l >k

- e
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S
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Compule
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- 1S

NI (x) =0

Compute nedal currenlr

|
COm,«&rg_ P and q,
l_

Piley =
$S(x) =%

il

[Wrik Ps andgs o Fie |

l Read MPS Brom File. ond CALL 120TAT

I wrle VPand v¢ & Fle J

24 YES
[ CALL eme j
35
rbo 13 k=i, J
MDY (k) =)
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6.10 Subroutine PSNS1

This routine and the one that follows, are
designed to assemble and solve the system equations that relate
to the negative sequence network. Subroutine PSNS1 assembles
the negative sequence‘nodal admittance matrix from the P.S.N.A.M,
daté, incorporating any modifications as reqﬁired. It also
converts loads specified as P,Q loads into an equivalent constant

impedance form.

6.11  Subroutine PSNS2

Subroutine PSNS2 is used to solve the
N.3.N.A.M. equations that have been assembled by PSNSl.V The
mefhda of solution is identical to that used by PSA7 for the
P.S.N.A.M. equations.: When the negative sequénce nodal
voltages have been computel, they are stored in the appropriate

data files.
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Subroutine PSNS1 - Flow Chart

ISCIND >0

10 NO YES
[Reuc\ faull impedence j
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l
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, A
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|
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2
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1
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[Writ wodified date

YES

ISCIND >0

w Fde j

Read. TCCNS, the number of
nego»\'we sequence modificatong

'S ,
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,,,,, [po®

T=t, TCCNS J_ —_————

!
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- |
_______ .

RETURN ]
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Subroutine PSNS2 - Flow Chart
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6.12 Subroutine PSAZS

This suﬁroutine corresponds o PSNSi,‘and is
an equivaient_zero seqﬁence routine. PSAZS completes the
assembly of the Z.3.N.A.M. (initiated by PSNSl)_by including
modifications for‘the'traﬁsformer winding.connections, as
described in chapiter 2. . A check is made by &his suﬁroutine
to determine if any of thé network modifications have isolated
any of the nodes from the remainder of the system. If any
isolated nodes are detected, the starting value of the nodal
“voltage is changed to zéro, and the nodal designation tag is
set equalbto zeroy; +the isolated node is therefore removed ffom

the iteration procedure. -

6.13 " Subroutine ZS30L

The main function of this subroutine is the
solution of the Z.S.N.A;M. equations which have been assemﬁled
by PSAZS. The same method is used, as by PSAT and PSNS2. When
the nodal voltages have been computed they are stored in ihe
data files. ZSSOL then evaluates the impedance of the Z.S.IH.
as.seen from the fault point, combinés this value with the
corresponding value for the N.3.N. and thén modifies the P.S.N.

appropriately; as described in chapter 2.
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Subroutine ZSSOL. Flow Chart
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6.14 Subroutine VFCTR

This subroutine cémputes the actual negative and
Zero sequence voltéges at the fault point, these values are the
scaling factors for the voltages computed-by PSNS2 and Z5S0L
respectively. Afier scaling, the negative and zero sequence

voltages are stored in the data files.

'6.15  Subroutine VCOMNP

VCOMPY reads the positive, negative and zero
sequence voltages from the data files, and computes the three
nodal phase voltages. For an asymmetric fault analysis this
data is printed, however, if a protection study is being made
{this data is only printed if required; the control variable

being IPRINT - see User Manual, appendix 1 .
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Subroutine VFCTR. Flow Chart
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6.16 Subroutine ENF

Subroutine EMF is used'to compute the vaiue
of the emf acting behind the machine impedance. To do this
itﬂuses the results of the balanced lqad flow analysis,
obtained from PSAT, and éome additional machine data which is

supplied as reguired.

For example:
A load flow is performed on the simple two node system shown

below

X\
. Ao ' %4—”J7 Aoy @a

Vy

where node 1 is the reference bus. If the machine at node 1

’

is to be represented by an emf acting behind an equivalent
reactance, ENF reads the nodal location, the new node number

and the value of reactance. The system is amended to

3 Xm ! Xya 2
Py VYV o~ I aTa¥aVaVal P

V3 is then evaluated, using the results of the load flow

banalysis - 112 in this instance.
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6.17 Subroutine RLDAT

The relay data, even for a small system, is
numefousvand in order to facilitate the location of mispunched or
incorrect data each relay data card has a data code punched in
columns 3, 4, 5 and 6. Tﬁese codes are fully described in
chapter 5. The main function of RLDAT is to read the relay
data and to distribute it to the working arrays and file

storage.

The machine oriented subroutine COMP is used
by RLDAT to inspect the punched data codes and compare these,
on a character basis, with the reference codes supplied by the
Data Statements. The argument I, of COMP, returns the number
of charac{ers that are not identical in any given comparison.
When a card is checked against all data codes and I is not
returned as zero, the data card and a message 'Data code error'

are printed on the line printer.
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Subroutine RLDAT - Flow Chart

-~

l Indial Statements —l

rbﬂ-’-&. S‘"&\."en‘\er\fs 1

[ Coll DEFl’.»u.F ]

Lq" FREAD — Reac 'H\e Aumber of relays NR]

PRINT
‘' mo aELAYS'

[Call FREAD = Read data cord |

YES

PRINT  dola card l

l

[po w =17 |

Compare columns T and 8
of dota card with W\,J(K)
1. Check Ffor P‘m.st.
andfor reference relay

velentified?

NO

242



'

VES
4

| GO TO(16,17,18,11, 16,17,18), K J

1 L

PRINT  the data cord
ond messaqe
"pATA code crronr’

9

LRcac\ the re\a\/ Aumber T l

YES

no 28

LRequ ceference relay number .T.T]

s
I3« )

2,-]\ NO ol D>NR vJES

[ Vo 3 K=,y j

Compare <olumns 34,5%0b
of Fhe Ac¥o card with ZZER (k)
e, C\Q\‘erm'\n?. the hype of dota

PRINT dafe card, and Messaq e
'DATA cobg ermonr :

=

100

2u3



-~

lso To(s,6,7.8).x

i

|

Read do¥e For Fel&\{ g

from reference
fe‘axl popey

IReo.d dofa  From cord ]

435

Read inkertep

dala .

300

LPRIN\T ENRNOR MESSACE l

!

|

Read CT dafa For felay T
Lrom reference relay 3T

]

fQead Aols Frem card

|

y




»

37

RCO-" 1 c\a.\"n for f:‘a.sl 3

From tafecence celay I

Read data From card

J

Read 'CF daba For releg 3

From "eetft\'\tg re\_.\’ 3T

Read data from card

l_\...lr\\'._ ol rc\»[ do¥a é\mto. G\\O.S.

2u5

[ ]

RETURN




6.18 Subroutine RLFOV

Computation of the relay movements commences at
t = 0.01 seconds, which is the shortest time after the
initiation of a fault that a reasonable estimate of the R.M.S.

value of the fault current can be made, see 2.13.

In ofder to avoid the computation of a zero'
relay movement, two auxiliary arrays are used, TRIPSAVE and
- NOMOVE., TRIPSAVE records the state of the relays at the
end of the nth interval (n # 1), and is used with relay TRIP,
which records the state of the|;glzg; at the end of the {(n + 1)th
interval. At the end 6f the (n + 1)th interval the‘corresponding
elements of TRIP and TRIPSAVE are compared and if the state of
a relay has remained unchanged during the period the
appropriate element of NOMOVE is set to zero. When a felay
moves during thé period the corresponding element of'NOEOVE is

set equal to 1. TFunction MOVE see 6.38, is used to interrogate

NOWOVE and determine the required course of action.

There are two main counters used in this routine,
ICHK and MCHK. ICHK is normally zero, but is set to 1 when
a relay trip has been recorded. This allows an exit to be made
from RLMOV so that subroutine BREAK, see 6.31, can effect the
required system changes and evaluate the new decremental equation
coefficients, after whiéh a return to RLMOV is made. HNCHK is
used, through common block CT7, to indicate to function MOVE when
the computations taking place relate to the first time interval.

This is necessary, in order to avoid the interrogaticn of array

2}+(>



NOMOVE during the first time interval.

Array KOUNT records relay trips and has element
values O for no trip, and 1 when a trip has taken place. This
record allows the action required for tripped relays to be taken

only once for any given reclay.
Tunction SEPSN is used by RLMOV to perform the

integration, using Simpsons Rule, required to calculate the

relay movement during the given time interval.
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Subroutine RIMOV - Flow Chart

On Biest ev\i‘ﬁs te ALMay a e
42. Su\»eiutni'en\‘nes ae BT

) L Set Finne vaterval I

I MCHK = MCHK ~+ | J

[bo v V\:\,Nk—l

+r.‘aP¢J. g\uf"\lx
previous interval

No

248



mp;t‘qﬂ:(

relay O

Call

ZRELAY |

[ €6 To (17, 18, 19), FaullF |

e]e

Ule
Icle vl

|' Tz move (M, ) J

[Go To({3%,1),31 J

[ =1=movi(mz) |

I GO To(33,1),51 J

VARY |



for present Fime

Caleulate relay movement

mrerval

Caleulate relay movement
for present Fime interval

)

TER 15 set as Fhe tn\‘g%fk“‘cov\
reutine eftrof H\A\:_,J-..n

Cern¥ ecror
messog e

Updele the relay
Wmovement fecard

NO

23

vivle

r Tl = Move (N,I)‘]
]

[coroanm |

._“S\hh; Fuv\c_\‘ton F2

ColewlaXe relay Mmavementr




bripped during

o previeus interval
NO

*‘f‘r\ng Aul'lv\%

present  interyal JES

l Print Yrip messaqe and Frig Fime |

L Sek xoumtk)z) ana 'I.CHK:j

Opern Fhe appropriate Branch
in all theee sequence nekworks

/Ay
inker Yrips
from Fhis

. YES relay

| v (]
v




[0

Y

Set I5 equal Yo the numler of
the relay opened on wheekelp

update relay mevement Vo Feip
Pasd'\en

l Priat wmfer Feup message l

YES

1 Do 35 ®=\ma |

l
r Do 35 1=13 _I

252



Y

Check F TripsAve(r,I) 2 Trie(x,x)
e, has any phase of the reloy
moved during the present wherval

YES ‘movement NO
o 3 6

l

- NomovE (% T) =1

NomMove (x,I) =o

Bpa\&\g TRAPSAVE . TarsAve (X.1) "-""(L;i

[3-3

Print 'no RELAY MoveMENTS'

]

MO /masimum YES

10

Any fe ‘9.\1 F
Fripped durin
Yo wmberva)

RETURN




Subroutine ZRELAY - Flow Chart
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6.20 Subroutine MODS(IND)

| | Subroutine MODS is used to read the machine
reactance data, including the time constants, and also to
modify the P.S.N. so as to include appropriate values of machine
reactance. MODS is calied three times, and the argument
variable IND indicates the number of the c¢z2ll, which dictates

the action to be taken.

As can be seen from the flow chart, this is
an involvéd.procedure since all machines are unlikely to have
the same time constants and/or vélues of reactance. The data
carried by the first data card iﬁ this section is taken as
reference data. Hence this data should relate to the machine
with the shortest time constants. ‘Consider a system containiﬂg
two machines A ahd B, if the first card contains the dafa for
machine A this data is stored directly in array XF. When
machine ¥ has the same time constants as machine A, the daté
for B is also stored directly in XF. Three analyses are then
performed at network times Tl’ T2 and T3; The results of

these analyses are then used by the curve fitting routines to

determine equations for the system volitages and currents.

When the time constants of machine B are
different to those of machine A, the above procedure is not
immediately possible. Values of reactance for machine B have
to be computed at times corresponding to the time constants

of machine A. This is achieved by evaluating the coefficients

of the reactance equation for machine B, and caleulating the
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reactances at the reguired times. The three system analyses
are then performed to provide data for the curve fitting

routines.



Subroutiné MODS - Flow Chart
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6.21 Subroutine OPEN(X,N1,N2)

X is the relay position
Nl is the file number for the conductance array

N2 is the file number for the susceptance array

in order to simulate circuit breaker action,
lines (6r the admittance values of lines) have to be removed from
the admittance matrices. Since the admittance matrices are
stored in two parts, G and‘B, OPEN is supplied with two
arguments, N1 and N2, so that the reguired files can be accessed,
see  6.47. For normal system lines tﬁe procedure is
straightforward, Y(K,M) and Y(},X) are set to zero and the
value of Y(K,K) is recomputed. However, some of the c¢lements
of the nodal admittance matrix represent machine reactances
which also have\an associated set of arrays; MCLOC (machine
location), XCOEF (machine reéctance.equation'coefficients) and
XTIME (machine time constants). It is necessary, therefore, %o
ascertain if an 2lement which is 1o be deleted, is a machine
reactance elemeqt so that the corresponding values of MCLOC,
XCOEF and XTIMS can also be set to zero. When an intermediate
element of these arrays is set.to zero the arrays are restacked

so as to eliminate the intermediate null elements.
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Subroutine OPEN - Macro Flow Chart
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Subroutine OPEN - Flow Chart
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6.22 Subroutine CHECKANG(Y,X,I1)

Before the current or voltage phase angle
equations can be determined, the data has to be checked to see
if it is compatible with the curve fitting routines. This
check is necessary becéusé experimental error can produce
values which are inconsistent as far as the curve fitting
routines are concerned. This can only havpen when the angles
are in the regipn of zero or 360 degrees. For example, the
three data vélues could be 0.8, 359;6 and 0.8 degrees,
CHECKANG will adjust the seéond data point to zero degrees.
Should the situation be reversed, 359.6, 0.8 and 359.6
degrees, then CHECKANG will adjust the second data point to

360 degrees.

Experience has shown that the maximum difference
is of the order of 1.5 degrees, however CHECKANG has an area
of search of X 5 degfees from zero. Should the spread of
angles be outside this range, there is a datz error, which will
be signified by an appropriate message from thecurve fitting

routines; XPEQU, XPFIT, VEQU, CALC.
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Subroutine CHECKANGLE - Macro Flow Chart
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Subroutine CHECKANGLE - Flow Chart
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6.23 Subroutine CREAD

This routine is used to read the data cards, in
Format 10A8, and to transfer each as one record to the basic

data file -~ Tfile 22.

6.24 Subroutine TFREAD

| fhis routine is used to reéd the records of
file 22, it therefore simulates the reading of the data cards.
va a PRINT DATA card is included in the pfogram control section,
see 5.6, FREAD will print each record (card) as it is ﬁsed

by the program.

6.25 Subroutine BRROR(K)

Subroutine ERROR is used when = 'fatal! error
is encountered. An error message is printed on the line
printer and the program run ig terminated. The error message

‘isfaccompanied by an error number and & 1ist of these numbers;

with explanations, is given in 6.45.
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6.26 Subroutine COMP(I, A, J, B, K)

- This routine is used to compare two sirings
of characters for equality. In this program, one of the
character strings is always supplied by a Data Statement in
the:subroutine vwhich calls COMP and the other data string

is obtainéd from the data card which is being identified.

I is the number of characters to be compared.
A contains one of the character strings.
J is the number of the character in A from

which comparison is to start.
B contains the second character string.

_ K is the number of the character in B from

which comparigon is to start.

On return from this voutine I is set equal to the number
of identical pairs of characters before which the first non-

identical pair is encountered.

This routine is used by subroutines DATACNTRL and RLDAT.
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6.27 Subroutine DEFBUF (N, I, A) | r
| | This subroutine is used to specify an array that
- will be éssociated with a specific channel number, so that
READ or WRITE statements referring to that channel will
cause transfers of records to and from the array instead of to

and from a peripheral device.

Thus, FREAD is used to read a record from the
basic data file into array A, array A is then treated as if
it were a data card and data is then iransferred from the array

with a normal read format statement.

6.28 Subroutine DAM(I1, I2, I3)

" This subroutine is used to print the first ten

values held in the current data files Il, I2 and I3. Tuis

routine is-a-debugging aid-which-enables-the-above files to E—

be interogated at various stages of the program. DAM is

activated by the trace variable LEVEL, see 6.44.

273



6.29 Subroutine ACCL1 (IB, IX, I)

This subroutine is used {0 select and store five
consecutive sets of nodal voltages which are used by the

acceleration routine PADE.

IB is the number of the iteration at which

selection is to commence.
IX counts theAnumber of sets of voltages stored.

I is the number of the present iteration.

6.30 Subroutine PADE

Subroutine PADE 1is called by ACCLl when the five
sets of nodal voltages have been stored. PADE processesvthese

voltages 1o produce the accelerated value, see 2.41.
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Subroutine BREAK -~ Macro Flow Chart
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Subroutine BREAK - Flow Chart
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Subroutine XPEQU - Macro Flow Chart
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Subroutine XPEQU - Flow Chart
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Subroutine XPFIT - Flow Chart
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6.34 Subroutine ROTAT

Subroutine ROTAT wuses the initial system data,

supplied as part of the nodal data, and held in array MP3, 1o

compute the relative angles of the nodal voltages allowing for

the transformer winding connectioné. This is achieved By

rotating the positive sequence voltage by z 30 degrees, and

the negati#e sequence voltage by + 30 degrees depending on

the transformer connections, as shown by the table below:

Positive
Sequence Negative
Fault Voltage Sequence .
Location N1l N2 = 1 Voltage N2=2
A side 1 N3 =Nl1+N2=2 | N3 =N1+0W2=3
/\ side 2 N3 =N1+N2=3 | N3=N1+N2-=14
N3 Sequence voltage rotation
0dd + 30 degrees
Bven - 30 degrees
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6.35 Subroutine LMT

Subroutine LMT is an ancillary routine which is
used for obtaining the modulus and angle (between O and 360
degrees) of a complex number - quantity - expressed in cartesian

form.

6.36 Subrouline NAM

This routine is available when trace level 1 is
activated, as explained in the users manual. It prints the
location and values of the non-zero elements of the nodal
admittance matrices, with appropriate headings, immediately
tefore the system'equations are solved by subroutines PSAT,

-PONS2 and ZSS0L.
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Subroutine IMT. Flow Chart
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Subroutirié NAN, Flow Chart
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Subroutiné CALC - Flow Chart
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6.33 TFunction MOVE(X,I)

As the network time increases, the vbltages and
currents decay from their maximum values to a2 steady ;tatc value.
Thus, for some of the relays the operating current will decrease
until the relays cease to move and to avoid computing a zero relay
‘movement function Move is utilised. Function MOVE,‘which‘is
used by éubroutiﬁe RLMOV, inspects the no—moVeﬁent array> NOMOVE.
Array NOMOVE has elements of value 1 or 0, 1 when a reclay has
made ‘some moveﬁeﬂt during the nth time interval and éero when
a relay has not‘moved during the nth interval, ‘Thus, when the -
(n%1)th time inferval is being considercd the history of each
relay for the previous ihferval_is available throughffunction

¥OVE and array NOMOVE.
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6.39 Function THETALIM(BL,UL,A2)

THETALIM 1is used to determine if +the phase
angle Az lies between the specified angle limits BL and
UL. BL is the lower limit and UL is the upper limit, both
quoted in degrees and laying between O and 360, The
function is used to implement the directional facility of
impedance relay§} It should be noted that subroutine ZRELAY,
which uses THETALIM, specifies the imvedance angle.limits as

0 and 180 degrees.

6.40 Function THETACHK(Al, A2)

THETACHK is used to implement the directional
facilityfor I.D.M.T. type relays. Sincé normal practise is to
shift the voltage applied.to the relay by =30 degrees, this
function determines if the current phasc angle A2 is within
30 or -90 degrees of the voltage phase angle Al. This subroutine
is used in the three functions F(X), F1(X) and F2(X), which are

used 4o evaluate the relay currents at time X.
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6.41 Funchtion KFIND (I1,I2)

As described in section 6.5, the system branches
are loc;ted by setting up an ordered array (branch array IBUS)
_of the node numbers which locate the branches. When the branch
sequence and line currents are compﬁted they are stored in
arrajs (also files) in an order which corresponds to that of the
branch arfay., If a branch is de}ined by terminal nodes 4 and 9,
say, then the computation of this branch current will take 4-9

as a positive direction. i.e. 149 = (V4 - V9)Y49.

When a rélay is specified as being located in
branch K ~ M, KFIND(K,M) will locate the row number in which
‘these two node numbers are stored. By specifying the‘relay ’
location as K~M it is implied that the relay is situated at the
node X end of the branch, XFIND will in this instance return
a value of N (the row number), and -N if the node numbers wefe

stored as M-K. This allows the phase angles of the currents to

_be adjusted by 180 to correspond with the relay direction.
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Function XKFIND - Flow Chart
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6.43 TFunctions F(X), F1(X) and F2(X)

| These functions are used to evéluate the
trippiné times for the I.D.M.T. relays for the currents flowing
“in these relays at a time X, Fl is used for the single line to
eafth faults, F is used for the line to line faults and F2 is
used with-Frfof the double line to earth faults. It is
necessar& to usé two functions for the double line to earth
fault because the earth fault and the line to line fault relays

will be energised at the same time.
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Function F - Flow Chart

LIn Hial 9“‘0.\'emcnt<

[ Rea,é da.\'a. From F‘\\f. ]

l Compule voltage modulus D ]
l -

I Compute corresponding phase ongle J

J = THETALM (120,300, D, bV)

1.e. \occ.‘\'e. sec_\'or oF p\\nse QV\%\L

cheek

vence of cirechane)
element

N

[%e\' Eunchion & 3ero ]

I Compule PL‘“Y "r\p Fiane _l

293



6.44 The Program Trace Variable LEVEL

It is possible to list the working values of several
program~variab1es by initialising'_LEVEL with an appropriate'

value. This facility has been included as a debugging aid.

a) LEVEL > O

The non-zero eleménts of the seguence nodal
admittance matrices are listed together

with the element numbers and appropriate
headings. The P.S.N.A.M. is listed by a

call to NAM in subroutine PSA7. The N.S.N.A.H.
is listed by a call to NAM in subroutine PSNS2,
. and the Z.S.N.A.M. is listed by a call to NAM

in Z350L.

b) LEVEL » 1
From ZSSOL the values of the fault impedance,

the N.S5.N. impedance and the Z.3.N. impedance.

From VFCTR the values of the nodal sequence
voltages, with node numbers and the headings

'Positive, Negative, Zero!'.
c) LEVEL > 2

Prom MODS the values of the line admittances,

before and after the changes.
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LEVEL > 3

From XPFIT data values and corresponding computed
values, with the message 'Results' and 'Data from
XPFIT'.

From XPEQU the first ten values of the files

which are listed astarguments of this routine.

This achieved by a call to subroutine DAlM. Also,

from XPEQU a listing of the values of the arrays

IBUS and IRL.

From VEQU the message ‘'Coefficients for the
voltage equation, relay number and phase', with

the appropriate valies.

From BREAK a listing of the values of the wrrays

MCILOC, XCOEF and XTIMNE.

From ZS30L the values of the effective positive

sequence fault impedance.

From VFCTR the message 'IPF and IQF' and the

corresponding values, where IPF < j(IQF) is the

-value of the current flowing from the faulted

positive sequence network at the fault point.
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g)

i)

LEVEL > 4
From MODS the values of the arrays MCIOC,

XF, XCOZF and XTIME.

From RIMOV the values of the elements of the

array TRIP as each relay is processed.

LEVEL > 6

From XPEQU the message 'Y from XPEQU
coefficients‘relay number and phase', with

the appropriate data values.

LEVEL > 8 .

From THETALIM the message 'Trip action

inhibited by Thetalim' with the angle limits -

and the angle value.

LEVEL = 10
From RLMOV the values of the eleménts of
the arrays CT and IRL are listed with

the element numbers and a message.

LEVEL 7 11

From BREAK the message 'K M X from BREAK!,

where X and M are branch location nodes

and X is the value of machine reactance.
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6-45

Warning and Error Meséages

Subroutine Datacntrl

ERROR

ERROR

ERRCR

ERROR

ERROR

(1)

(2)

(3)

(4)

(5)

'A'data termination card has not been included.

s’

The type of analysis specified by the job

control card is.not identifiable.

The type of fault specified by the job

control card is not identifiable.

The job number specified is less than 1 or

greater than 10.

A job number has not been specified, and

one or more of the following job conirol

cards are missing: Job Name
Data

Analysis

Subroutine RLDAT

ERROR

ERROR

(6)

(7)

The code specifying the relay data card is
not identifiable, and the data on this card
is ignored. This is a non fatal error, since
it is desirable to check the remaining.data
pards.

e

One or both of the branch numbers specified

under the IRL code are not within the range

1 to N.

297

— - R S e @ VALl AT AN S YT Y i g e S ¥ ey L BN v ¢




Function KPFIND

ERROR  (8)

The branch location nodes which KFIND is
looking for in the IBUS array, do noti

exist (as a pair).
. Ay




ERROR  (9)

x

This message occurs when the computed

curve fitting equations for the current

moduli (and phase angles) generate

negative values. This error results from
unreasonable data values. For example;

if the sequence‘impedances are such that

the N.5. current is greater than the value
of P.S. current, in corresponding segquence
impedances, for one of the three analyses
one of the current phase aﬁgles will e
displaced from the other two by 180.

Say, 330, 150, 3301 ~ the curve fitting
equations are not designed to fit this

type of data, and negative values will be
generated at intermediate points. The

above situation also causes a similar variation
in the values of the current moduli, for
example 0.03, 0.0 and 0.03, results are
similar to those described above. Realistic
values of system data will prevent this

situation from arising.

Subroutine VEQU

IRROR

(10)

This error occurs when negative values are
generated by the curve fitting equations
for the nodal voltages and their phase

angles. The causes and results of this

error are described under ERROR (9) above.

1
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Subroutine PSAl

The input data that is reqﬁired for the load flow analysis is

listed.

Subroutine PSAT

Message - *Node X is an isolated node, voltage and NDT set to
zero'. Relay operation has caused one of the system nodes to
become isolated. The node is subsequently omitted from the

iteration procedure. .
The values of the nodal voltages are listed every 50 iterations.

Message -~ ' "I" iterations. These values not a solution'.
The limiting number of 600 iterations has been reached, and
the final values of the nodal voltages are listed. The run

is terminated.

Subroutine PSNS2

The values of the nodal voltages are listed every 50 iterations.,
Message - 'TFault isolated, run stopped'.

Subroutine PSAZS

Message -~ 'Zero seqiience modifications'. The modification
data values, with names, are listed.

See 5.7m.
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Subroutine ZSSOL

Every 50 iterations the values of the zero sequence nodal

voltages are listed.

If the number of iterations exceeds 600, the nodal voltages

are listed, and the run is terminated.
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6.47 The File Storage Scheme
| This program has a data storage requirement in

excess of 100,000 words, and in order to operate the program

on a computer with 32K words of immediate access store, a random

access disc backing store is required. The backing store is

used by cfeating a series in Files, each File bontaining a

certain number of records. :Each record of a given file may

be equivalent to an array, or simply the value of one program

variable. This decision is made when the file is created.

‘The program has a gqural purpose>common area -
common area /D/, which is used to carry the values of the V
variables, of the active'subroutine, that are not lacated in
the other named common’areas, For example, subroutine PSAl
.reads data frbm the basic data file, file 22, processes this
data and allocates it to various data files. Tﬂese data files
are accessed by the other subroutines aé_required. This is shoun

in diagramatic form by Fig.6.1.
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6.47.1 File Records

These files are defined by the 'Define File!

statements in the master segment PSAA, see 4.2 and 6.2.

File Number of Words per
Number Records Record

1 T 240

6 80 160

7 80 160

Record Associated

Number Array
1 BRIl
2 BRI2
3& 4 BRR1
5 & 6 BRR2
T : SORT

G

. B

Note: Files 6 and T contain- the positive sequence nodal

admittance matrix, where each record is one row of the matrix.

The maximum number of elements in each row is 80.

10 5 - 160
Injected nodalvpgwer.
Injected nodal reactive power.
Voltage modulus squared.
Initial data values of the nodal

shunt admitténces, see 5.6.4.

1 P3

2 QS
3 NODV

4 ANGLE -
5 YL

- N o > T S 51 At Yo P At = A AR ST SV AR T e e e AR o



File Number of Words per
Number = Records Record
15 60 160

Iteration starting valueé for
positive sequence voltages.
Scaled values of negative
'seéuence voltages.

.Scaled values of zero
sequence voltages.

Unscaled values of negative
sequence voltages.

‘Unscaled values of zero
sequence voltages.

ﬁachine location data.
Machine rez2ctance data.
Reactance equation coefficients.
Results of the first analysis,

phase A, B and C voltages.

Results of the second analysis,

phase A, B and C voltages.

Results of the third analysis,

phase A, B and C.voltages.
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Number

[>A T O 1 B - N V8

o© =

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

Associated
Array

VP

vQ

P

vQ

VNQ
vzP
vZQ
VNP
VNQ
vzP
vZQ
MCLOC
XF
XCOEF

VA

VB

Ve

VA

VB

Ve

VA

VB

Ve



Record  Associated

Number Array
Results .of the first analysis, 25 AA
rhase angles for phase A, B 26 AB
and C voltages. 27 AC
Results of the second analysis, 28 AD
phase angles for phase A, B ) 29 AB
and C voltages. . 30 AGC
Results of the third analjsis, 31 AA
phasé angles for phase A, B 32 AB
and C voltages. ‘33 . AC
The 'real; components of nodal . 41 VP
voltages from five consecutive . 42 vp
iterations, for use by the 43 . VP
acceleration procedure. v 44 VP
| 45 VP
The quadrazture components of 51 vQ
nodal voltage associated with v 52 vq .
the 'real' components above. 53 vQ
54 vQ
55 vQ
The accelerated values of the 56 VP
nodal voltages. 57 vq
Time constants associated with 60 | XTIME

the machine reactance parameters.



File 'Number of Words per bRecord Associated

Number Records = Record Number Array
19 - 80 160 . , ‘G

20 80 . 160 ' . B

Files 19 and 20, which correspond to files 6 and T, contain

the negative sequence nodal admittance matrix.

22 il 000 20

File 22 stores system data as it is read from cards by
subroutine DATACNTRL, using CREAD. The eleventh 1 000 records
are reserved for temporary jobs, the other recordé, in groups
of 1 000; afe reserved for numbered jobs. Job number 1
corresponds to the first 1 000 records and job number 2

corresponds to the second 1 000 records etc. ‘It should be noted

that each job is limited to 2 maximum of 1 000 data cards.

23 6 80
1 ND
2 - ND7
3 “ NDZ

" Where ND7, ND and NDZ are the positive, negative and zero

sequence network nodal designation matrices, respectively.
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File ‘Number of Wordsvper Record Associated

Number Records Record -~ Number Array
24 . 6 480
The ﬁositive se@uence branch k 1 IPP
cﬁrreﬁts. | '. o : | 2 »IPQ
The negative sequence branch 3 INP
currents. 4 ING
The zero.sequence branéh ' 75v‘ iZP
currents. 6 179
30 80 160 ' . a
31 80 160 B

Files 30 and 31 contain the zero sequence nodal

ladmitténce matrix and thereby compliment files 6 and 7,

19 and 20.
37 30 480

The branch location array. 1&2 IBUS
Results of the first analysis, 3 IA
branch currents for pﬁases 4, 4 IB
B and C. 5 Ic
'Results of the second analysis, 6 IA
branch éurrents for phases A, 17 .IB

B and C. 8 IC
Results of tﬁe third analysis, 9 IA
branch currents for-phases A, 10 IB
B and C. 11 IC
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- ’ ' Record Associated

Number Array
Résults,of the first analysis, | 12 AA
phase angies for the branch - 13 BA
surrents. 14 CA
Results of the secénd analysis, 15 A
phase angles for the branch '. 16 BA
cufrents. | | 17 CA
| Results of the third analysis, 18 .AA
phaée ahgles for the branch | 19 BA
cu;rents. , 20 . CA
Volﬁage angle-equation 22 | VANG
coefficients. |
See 5.6.n.2 | 23 ; CcF
| 24 )
See 5.6.n.2 25 cP
See 5.6.n.2 26 o
See 5.6.n.2 _ _ . : 27 IRL
Current angle equation 28 ANG
coefficients.
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6.48 The Overlay Scheme

overlay areas and all routines are allocated to one of these.

The immediate access store is divided into five

A complete listing of subroutines and .their allocated areas is

-given in the Program Description segment, see 6.49 . The

following diagram indicates the overlay relationship between

major non-seguentially used roufines, (the number following the

subroutine name is the number of the overlay area).

RLFOV 2

w1 ZRELAY 1

— SMPSN 1

-OPEN 3

- MNOVE 4

BREAK 3

310

— THETALIM 4
L LHT 4
— F '
- Fl—| . THETACHK 4
e
— P3NS2 1-— ACCL1 4 —
- 2SSOL 1 — NAM 2
- PSAT y o
EMF 2

- VFCTR 1 ————— ROTAT
L CRNT 1
— VCOMP 1

:l—— LMT 4
- TCOMP 1
—XPEQU 1 ——
L VEQU 1 ——

PADE 2

PADF 5



XPEQU 1 - DAM 4
L XPFIT 2 CALC 4
. XKFIND 2
.
L CHECKANGLE 4
VEQU 1 I-XPFIT 2 CALC 4

CHECKANGLE 4
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"6.49 Program Listing - Table of Contents

Segment Name

Program Description Statcment
Master PSAA

PSAl

PADE

PADF

P

F2

Fl : Ca
RLDAT

DATACNTRL

CREAD

 FREAD

ERROR

'File C read sta;ément'
MOVE

CHECKANG

- MODS

: ACCL1

KFIND

ZRELAY

RLMOV

OPEN

CALC

3%



"Segment N an{e ' ' . Page

XPFIT - t , 349
XPEQU o ' | 350
'., TﬁETAQHK' | o S 332
THETALIM | L o 353
VEQU - S B 354
DAM | | Rt
BREAK ‘ ’ ' ._ . A,i356
SMPSN | S , o 358
" 'File B read statement' B L : 359
PSA2 | N “ - 360
_PSA3 | | 361
PSAS - "'\.. | 362
 PSA6 | s T 363
psad R ‘ 364

PSA8 o - S 365 _
PsAT S T 367
PSNS2 L ' o 371

- PSAZS | » E | : '374.
ZSSOL S K 371

psws1 o | .. 381
YFCTR L 383
veowr y 386
oE - » w ’ 388
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Segnent Name

ICONP |
CRNT
NAM
ROT
XMOD
LUT

ROTAT

Bl

389
391
392

393

394
395
396



5

EgORTRﬂN COMPILATIUN BY #XFAT MK 4C

aoom
SUBFILE FORT
- 0001
§0002
0u03
w0008
30005
0006
- QU0 7
g’0_00&
0003
w0010
F o0t
0012
w0013
30014
0015
L 0016
0017
0018
L eot9
0020
0021
L 0u22
T ou23
0024
QU225
QU226
0027
0028
0029
QO30
0031
Q032
0U33
0034
0035
0036
0037
0036
0039
vUao0
0041
0042
vas
Va4
045
0ab
0ay
048
Va9
050
051
052

PSAWH -

READ FROM(ED,FILE2(10)4FURTPSAWH)

DUMP ON(PROGRAM PSAA)
Map

LISRARY(FSAB)
LIBRARY(PSAC)

- LIBRARY(PSAB)

LIBRARY (PSAC)
OVERLAY PROGRAM (PSARA)
DEPTH OF OVERLAY 8
OVERLAY(1,1)PSAl
OVERLAY(1,2)PSA2
OVERLAY(1,3)PSA3

- OVERLAY(1,4)PSA4

OVERLAY(1,5)PSAS

" OVERLAY(1,6)PSA7
OVERLAY(1,7)PSAS
COVERLAY(1,8)PSAZS

OVERLAY(1,9)PSNSI

OVERLAY(1,10)PSNS2
OVERLAY({1,11)Zss0L
OVERLAY(1,12)PSAab
OVERLAY (L, 13)vCuiaP

OVERLAY (1,14 )CRAT
“OVERLAY(1,15)1C0NP

OVERLAY (1,10 )VFCTIR

= OVERLAY (2,1 )ROTAT

OVERLAY(2,2)RLMOV

OVERLAY(2,3)R0OT

OVERLAY (2,4 JNAM
OVERLAY (5,1 )PADF
OVERLAY( 2,06 )EMF
OVERLAY (2,7 )KLUDAT
OVERLAY(2,8)XKPFIT
OVERLAY(2,10)KFIND
OVERLAY.(4,10)ACCL1Y
OVERLAY(1,18)SMPSN
OVERLAY(1,19)IRELAY

COVERLAY (4,12) THETACHK

OVERLAY (3,2)0PEN

OVERLAY(3,3)BREAK
CUVERLAY(Z2,5)PADE

OVERLAY (4,7 JERROR
OVERLAY(4,8)FREAD

0 OVERLAY(4,9)CREAD
OVERLAY (1,21 )DATACNTRL

OVERLAY (1,17 )xPEQU
OVERLAY(1,224QuS

"OVERLAY(4,1)CALC

OVERLAY(4,3)THETALIM
OVERLAY(4,5)0AM
OVERLAY(Y,20)vEQU
UVERLAY (4,4 )0MT
OVERLAY (4, 2)CHECKANG

b b e e w N B B e e AN L s (e Aot Vi e i R L B o P N S N T e

DATE  13/05/75 TIME 17/70/07
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V53
054
055
056
V57
058
059
060
061
062
063
064
065
066

067

068
069
070
071

072

073
074

OVERLAY(4,6)M0VE
OVERLAY (5,4 )DEFBUF

USE
Use
USE
USE
USek
USE
USE
USE
UsSk

CUSE

USEk
USE
usek
USE

.6

T OVERLAY(5,5)COMP

1 = EDI/UIRECT(AL)/256

10 = EDP2/DIRECT(AB)/256

6 = ED3/DIRECT(AZ2)/256

7 = EDG/DIRECT(A3Z)I/256

19 = ED7/DIRECT(AG) /250
20 = ED&/DIRKECT(AS) /256
30 = EDI2/DIKECT{AB)/250B
31 = EC13/DIRECTI(AT)/256
15 = EUS/DIRECT(RQ) /256
23 = ED1O/DIRECT(AL2)/256
24 = EDI1/DIRECT(AL14)/512
37 = EDtS/DIRECT(AL15)/512
22 = EDG/DIRECT(ALD)/256
29=/ARKAY

INPUT2=CRO

TRACE 2

END

- QUTPUT3=LPY

COMPRESS INTEGER AND LOGICAL
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075
076
077
078

079

u8o
081
082

083

084
085
086
087
086
089
090
091
V382
093
094
V95

V96

097
098
099
100
101
o2
103
104
105
106
107
08
109
10
i
12
13
14
15
16
17
18
19

21
22
23
24
25
26
217
28

29 .

30
31
32

20

‘ MASTER PSAA

. COMMON/C10/ISCIND,NCOUNT

INTEGER BR,TF,L,FAULT ,FBUS

COMMON N, 8K, L, TF,FBUS, FAULT, RN, XN,RZ,XZ

COMMON R,X,BF,GF,ICT ,
COMMON/D/XXX(1700) s
COMMON/CLII/NODESC(20)

COMMUNLC20/15 )

COMMUN/ZDI/TICT(1O)

DEFINE FILE15(60,80,U,N15)

DEFINE FILEI(T7,120,U,N1)

. DEFINE FILEG(8U, 80,U,N6)

 CALL PSA3

DEFINE FILET7(80, 80,U,N7)

- DEFINE FILE1Y(80, 80,U,N19) -

DEFINE FILE20(80, 80,U,N20)
DEFINE FILE3O(80, 80,U,N30)
DEFINE FILE31(80, 80,U,N31)
DEFINE FILEIO(5, 80,U,N10)
DEFINE FILE23(b,40,U,N23)

" DEFINE FILE?4(6,240,U,N28)

DEFINE FILE37(30,240,U,N37} o
DEFINE FILE 22(11000,10,U,N22) o

. CALL DATE(XX)

WRITE(3,3)xx : :
FORMAT( MY, ///7,10X,2A8, ///)
CaLL TIME(XX) :
WRITE(3,22)xX .
FORMAT(1H+,40X,2A8 ,//7)

CALL DATACHNIRL

" CALL PSAl -

CALL PSA2 o T

CALL PSAG4 o
CALL PSA3 ey e
CALL PSA4 3

A”CALL PSAS

CALL PSAG

- JC=1

CONTINUE
CALL PSA7
CALL PSAs
IF(IICT(5).EQ.1)STOP

CIF(IC.EQ.0)GO TO 5

“CALL PSA7

“CALL PSNSI

IF(ISCINDIG,B,7
IC.= 0

60 TO 5
"CONTINUE
"CALL PSNS2
“CALL PSALZS

CALL ZSSUL AU
CONTINUE S

CALL VFCIR

CaLt CRNT(1,b,7)
CALL CRNT(5,19,20).
CALL CRNI(7,30,31)
CALL VCOMP(IC-1)

.
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o on S

ui 33
1 34
135
130
1137
138
139
1140
14y
142
143
144
1145
146
147
148
149
150
151
152
153
154
155
156 .
157

D OF SEGMENT,

E U T B et

CALL ICOMP{IC-1)
IF(IICT(5),EQ.2)STOP
1C=1C+1

IF(IC=5)1,2,2

CALL MODS(IC-1)

G0 TU 4

CONTIHUE

Call RLDAT

CALL XPEQU(3,6,9,1)
CALL XPEQU(4,7,10,2)
CALL XPEQU(5,8,11,3)
CALL XPEQU(12,15,18,1)
CALL XPEQU(13,16,19,2)
CALL XPEQU(14,17,20,3)
CALL VEQU(I16,19,22,.1)
CALL VEQU(17,20,23,2)
CALL VEOQU(18,21,24,3)
CALL VEQU(25,28,31,1)
CALL VEOQUI(26,29,32,2)
CALL VEQU(27,30,33,3)
CALL RLMOV

CALL BREAK
60 T0 8
STOP

END

554, NANE PSAA

¢ !'.‘
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o158 7 7T SUBROUTINE PSATL
0159 ' CINTEGER 83,1F,L,FAULT ,FBUS
0160 o REAL G(60),R(80),MODV(80),ANGLE(D0),YI (80, o
0161 T UDIMENSION PS(80),0S(80),VP(80),V0(80) g
0162 o T U DIMENSION MPS(3,80),ND2(80),ND(B0),ND7 (B0 ' %
0163 COMMNDH N, k4,1, TF,FEUS,FAULT,RN,XM,RZ-X2,R,X,BF,GF
0164 . COmaUN 1CT, ikhir, TUL,LEVEL , :
0165  ;,,',._“.CUMWUN/D/G,H,MUDV ANGLE,YL,PS,QS,VP, V0, MP\,NDZ ND,NOD7
0166 g E COMMON/ T/ JOBNUM
0167 COMMONIH/AZ(10)
0168 C - COMMON/DL/IC(10) : o
0169 c T COMMUN/T2/CAKDLO) Co T N
0170 T COMMONZT3/KS : L L R »
0171 ' COMMON/CI0/1SCIND, NCUUNT o o <
0172 S her e COMMON/CH1/NODESC(20) R R AT SR T
0173 S T COMMON/TA/1PRINT - SRR
0174 - CALL DEFBUF(29,80,CARD) o ‘
0175 : ST K3=JOBNUM*1000+1 T =
0176 - . READI(22'K3)IC
0177 T L T K3=K3+d
0178 ... . READ(22'K3)A2
0179 o R K3=K3+1
0180 .20 FORMAT(5X,10A8)
181 . . WRITE(3,20)A2
182 - U WRITE(3,21)
183 : 21 FORMAT( //7) o e ,
184 © e W7o NCOUNT=-1 T B T T
185 ' CALL FREAD G
186 s . READ(R9,7)TOL,LEVEL,ISCIND,IPRINT’ -
187 . 7 o LT 1F(TOL.EQ.O)TOL=1.0E~6 . '
188 © 7 7 FORMAT(E20.6,313) @
189 WRITE(3, ?Z)TUL,L{VLL,ISCINU _ : g
190 o ie . 22 FORMAT(///,5X,'FOR THIS STUDY',//,5X,"THE VOLTAGE!
191 ' 1 ' TOLERANCE IS',E20.6,//,5X,
192 : 2 ‘THE TRACE LEVEL 1S',14,//,5X,
193 , : -3 YA SHORT CIRCUIT STUDY WILL BE MADE AT,
194 ST T8 T6,2X, YHBUSBARS ! 7/ /) @
195. P Y IF(ISCINDIL8,19,18 -
196 _ 18 CONTINUE
197 - CALL FREAD : o
198 . ... READ(29,23)(NODESC(J),J=1,20) ©
199 23 FORMAT(2013) S
200 i - 19 CONTIHUE ;
201 .. CALL FREAD .
202 B : “READ(29,111)8B,N,TF, ICONT, ISWGN, IEMF
203 _ . 111 FORMAT(613) @
204 — - ICT=0 I 4,:L:am<,,f . ’
205 ST Do 4 I= LN L e .
206 : G(I1)=0.0 S ‘ @
207 : ' - B(1)=0.0 "
208 "7 - 4 CONTINUE ;
209 _ ' DO f1K=1,N : ; @
210 . WRITE(H'KIG S o
211 WRITE(7'K)R '
212 I CONTINUE : :
213 DO 112 k=1,N - N G
214 115 FORMAT(314,5F10.4)
215 CALL FREAD ®
&)
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216  READG29, 115)M,ND7 (), MPS(2,11),PS(M),QS (M)

217 , 1,M0DV M), YL (M), ANGLE (M)

218 - O VP(M) =MoLV

219 ' MOOV () =MODV (M) % %2

220 . . VOlin)=0.0

221 : MPS(1,M)=H , :
222 , 112 CONTINUE - o -
223 _ IF(ICONT)B,8,9
224 9 CONTINUE

225 , CALL FREAD

226 READ(29,10)K

227 ' 10 FORMAT(I3)
228 ' L DO 11 J=1,k
229 , " CALL FREAD ‘
230 READ(29,12)8,VP(M),VQ(M)
231 12 FORMAT(I3,2F10,06)
232 o 11 ND7 (M) =0
233 8 CONTINUE
234 . . DO 13 M=1,N
235 IFEND7IM)I5,5,06
236 i 6 VP(M)=0.899
237 : J=t .
238 ' G0 TU 15
239 ‘ 5 J=-1 » : S

240 : 15 ND(M)I=Y C .

241 : ‘ NDZ(M)=y '

2682 © 13 CONTINUE
243 C IF(ISWGN)L7,16,17
244 17 ND(1)=1 ‘

245 : NDZ(1)=1
246 16 COHTINUE

47 , ; CWRITE(23*3)nDZ

48 . WRITE(1O0'1)PS

49 . . WRITE(10'2)0S

50 WRITE(10'3)M0DY

51 WRITE(10'3)ANGLE

.52 . WRITE(10'5)YL

53 - WRITE(15*1)yP

.54 : WRITE(15'2)vQ

55 WRITE(L5'3)yp

56 WRITE(15'4)v0

57 WRITE(23"1)HD

58 : WRITE(23%4)MPS

59 ' WRITE(23'2)ND7

60 - WRITE(3,24)

61 o 24 FORMAT(6X,'P', 11X, 'Q*, 11X, ' MODV*%2",5X, *MOD AND®,
62 2 * ANGLE UF Y',bx,'VPY, ,
63 : 1 OX, VAT L,5K, CNDTY L, 2X, " MPSY,2X,'d  ND NDZ')
654 DO 2 JU=1,N :

65 WRITE(3,3)PS(J),QS(J),MO0V(J),YL(J),ANGLE(J)
66 2,VP(U),vOlJ),NDTCJ),

67 INPS(2,U),J,HD(J),HDZLJ)

68 3 FORMAT(7F12.4,514)

69 2 CONVINUE

70 WRITH(3,804)88,N,TF, ICUNT, 1SwGN, IEMF

71 804 FORAAT(////,010,5%, BB N IF  1CON! ISWGN IEMF*)
72 RETURN . _
73 END
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0274 ) " SUBROUTINE PADE

0275 , DIMENSION VI(AO),V2(80),V3(80),VA(80).V5(80)
0276 COMMUN/DY/ VI, Vv2,V3,V4,VS . .
02717 : COMMUN N o
0278 IMOVE = 1
0279 ' Ji=41
.0280 : J2=42 .
0281 . J3=43 . S,
0282 : ‘ Ja=44 ' :
.0283 J5=45
0284 .. 2 READ(15'J1)V1
0285 READ(15°U2)v2 -
07286 READ(15'J3)V3
- 0287 READ(15'J44)Vv4
0288 READ(15"J5)V5
\0289 : - DOt K=1,N
- 0290 - . IF(ABS(VS5(K))LT,.1.0E-6)60 TO |
0291 : XL=PADF(VI(K),Vv2(K)) -
\0292 : X2=PADF(V2(K),V3(K))
- 0293 X3=PADF(VA(K),vd(K))
0294 XA=PADF(VA(K),V5(K))
N0295 X1=PADF(X1,Xx2)
0296 : X2=PADF(X2,X3)
0297 X3=PADF (X3, x4)
<0298 . V3{K)=V4(K)+X3
0299 ' ‘60 TO 1 , .
. 0300 .
£ 0301 X1=PADF(X1,x2)
0302 . X2=PADF(Xx2,x3)
0303 X4=PADF{Xx1,Xx2)
~ 0304 V3(K)I=VA(K)I+PADF(X1,X2)
- 0305 1 CONTINUE _
0306 GO TO(6,7), IMOVE o
"% 0307 6 WRITE(15'56)V3 : o
0308 . GO T0 & :
0309 . "7 WRITE(15'57)v3
%0310 8 IF(JL1.EQ.51)G0 TO 9
0311 . _ - Jt=51 .
0312 _ J2=52
(\0515 : J3=53
0314 Ja=54
L0315 . J5=55
(?0516 [H4QVE =2
0317 ‘ : GO T0 2
0318- 9 READ(15'56)v1
(?0519 . - READ(15%57)y2
- 0320 - RETURN
0321 ‘ END
C
END OF SEGMENT, LENGTH 374, NAME PADE
C
€

Y
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0322 ' FUNCTIUN PADF(A,H)
- 0323 " D=B-A
0324 ’ IE(ARS(D).LT.1.0 E=5)GU TO 1
0325 PADF=1,0/D
-~ 0326 S RETURH
0327 . f PADF=0.0
0328 Do RETURN
- 0329y END
4 -€ND OF SEGMENT, LENGIH 61, NAME PADF
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@,
@ 933v . FUNCTION F(x)
0331 ' DIMENSION ANG(20,3, 3),VANG(20, 3,3)
0332 : DIMENSION CF(20,8,3),CT(20,4,3),CP(20.3, 3),IRL(20 3 3)
@ V333 COMMUN/ZCILZIRL
0334 a : COMMON/C2/CF
0335 COMMON/C3/CP
© 0336 COMMON/CArCT
0337 COMMON/ D/ ANG
0338 COMMON/A/K
o 0339 o COMMON/D/VANG -
0340 , READ(37'22)VANG
0341 READ (37 28)AKNG
@ V342 - , I=2
0343 D=AMG(K,1,1)+ANG(K,2, I)*SORT(X)+AN(;(K 3,1)%X
0344 ‘ DV=VANGIK, 1, Y4VANG(K,2, I)*SURT(XHVANG(K 3, 1)*x
@ V395 o ' J=THETACHK(DV,D) ‘
0346 CIFCIRLU(K,3,1))7,8,9
0347 . 7 GO T()(2,d),d
@0343 9 GO T0(8,2),J
0349 8 CONTIHNUE
0350 C A=CPUK,1,T)+CP(K,2,1)%SORT(X)+CP(K,3, n*x
0351 . A=A+CT(K,2,1)*CT(K,3, I)/CT(K 1,1) S
0352 ‘ IF(a~-1, 001)2 2,3 : .
0353 2 F=0.0 : -
o 0354 A RETURN
0355 3 IF(A-10.0)4,5,5
0356 % A=10.0
0357 . 4 VAL=CF(K,1,I) !
0358 ' DO 1 J=2,8
0359 I VAL=VAL4CFI(K,J, 1) rA%%(J=1)
© 0360 F=VAL/CT(K,4,1)
0361 RETURN '
0362 END
> .
END OF SEGMENT, LENGTH 283, NAME F
® .
@.
@
(4]
&
o
&
&
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0363
i @ 0364
. 0565
L0566
0367
0368
0369
0370
0371
0372

0373 .

0374
. 0375
0376
03577
0378
. 0379
0380
0381
0382
0383
. 0384
0385
0386
. 0387
0388
0389
L+ 0390
0391
0392
0393
0394
0395
¢ 0396
" 0397
0398
0399
¢ 0200
0401
(0402
0403
0404

o

~

(\_‘\

o V405
© 0406

FUNCTION F2(X) '

DIMENSION ANG(20,3,3),VANG(20,3,3)

ODIMENSION CF(20,8,3),CI(20,4,5),CP(20.5,3),IRL(20,3,3)
COAMUN/ZE/NR

COMMON/CL/IRL

COMYON/CR/CF

LOMMUNICI/CP

COMMON/CY4/CT

COMMON/ZA/K

" COMMON/D/ANG

COMMON/D/VANG

READ(37*22)VANG

READ(37'28)ANG ‘
D=aANG(K,1,2)+ANG(K,2,2)%SORT(X)+ANG(K.2,3)*X

S DVEVARGIK, 1, 2)+VANG(K,2,2)#SARTIX)I+VANG(K,2,3)*X

WO ~d

JETHETACHK(DV,D)
IF(IRL(K,3,2))7,8,9
60O TO0(2,8),J ‘
60 TUl(b,2}),d
CONTIHNUE

TP=0.90

T0=0.0

Do 1 I=2,3

A= +CP(K,1,T)+CPIK,2,1)*SQRI(X)I+CP(K,3,1)+X

D= +ANG(K, 1, I)1+ANGIK,2, 1) xSQRTAXI+ANGIK,3,1 )X
A=A*xCT(K,2,1)*CT{K,3,1)/CT(K,1,1)

5 TP=TP+A%COS (D)
S TQSTQ+A*SIN(D)

CONTINUE
A=SQRT(TFATP+TQ*TQ)
IF(A-1,001)2,2,3
F2=0.0

RETURN
IF(A-10.01)4,5,5
A=10.0 ‘
VAL=CF(X,1,2)

D0 6 J=2,8

VAL = VALHCF(K,J,2)4A%4(J=-1)
CONTIHNUE
F2=vaL/CT(k,4,2)
RETURN

END

END OF SEGWMENT, LENGTH 374, NAME F2

FUNCTION 524 .
DIMENSION ANG(20,3,3), VANG(20 3 3)



0405
- 0406
0407
0408
- 0409
0410
0411
- 0412
0413
0414
- 0415
0416
. 0417
- 0418
0419
0420
~ 0421
0422 - 7
0423 ' - 9
“ 0424 8
0425
0426
=~ 0427
0428
0429
- 0430
04 31
0432 o
-~ 0433 1
0434
0435 .
< 0436 2
0437 :
. 0438
“ oa3g
0440
0441
4'-'oaaz : 6
0443 ' :
0444
é—oaa5

SV w

GEEND OF SEGMENT, LENGTH

C?

&

&

FUNCTIUM F10X)
DIMENSION ANG(20,%,3),VANG(20,3,3)

DIMENSION CF(20,8,3),CT(20,4, 3) CPL20.3,5),1RL(2V,3,3)

COMMON/ZE/NR

COMMON/CI/IRL

COMMUN/CZ2/CF

COMMON/ZCA/CP

COMMON/CA/CT

COMMON/D/ANG

COMMON/D/VANG

COMMON/B /K

READ(37* 28 ANG

READ(37'22)VANG

D=ANGIK, 1,1 )+ANG(K,2, 1)*SQRI(X)+ANG(K 3,1)%X
DV=VANGIK, 1,1 J4VANG(K, 2,1 )xSORT(X)+VANG(K,3,1)*X
JETHETACHK DV, D)

IFOIRL(K,3,1))7,8,9

GO T0(2,6),J

GO TO{(8,2),J

CONTINUE

1P=0.0

TQ=0.0

Do t I=1,3

AT 4CPUIK,1,1)4CP(K,2,T1)*SORTIX)I+CP(K,3,1)%X

A=A#CT(K,2,1)*CT(K,3,1)/CT(K,1,I)

= 4ANG(K, 1, TI+ANG(K,2, 1) #SURT (X)+ANG(K, 3,1 )X
1P=TP+AxCOS(ID)
TOSTQ+A*SIN(D)
CONTINUE .
A=SQRT(TP*TP4+TQ*TQ)

CIF(A-1,.001)2,2,.3

F1=0.0
RETURN

1IF(A-10.014,5,5

A=10,0

VAL=CF(K,1,1)

DO 6 J=2,8 »
VALZVAL4CFIK,J, 1) kAxx(J=1)

CFi=VAL/CT(K,4,1)

RETURM

- END

372, NAME " F1

325



0446 § SUBROUTINE KLDAT
0447 , DIMENSION CF(20,6,3), cltzo 4,3),1RL(20,3,3)
T0448 - DIMENSION TIME(3),Y(3),DBARRAY(10)
0449 DIMENSION 222(4),ww(7)
0450 COMMON N, NE
0451 COMMUNZE/NK y
0452 COMMUN/G/Y, TIME -
0453 COMMUN/G/TRIP(20,3), OUNF(?O) XMAX, XMTIN, TMAX
0454 S COMMON/CL /TR '
0455 COMMON/C2/CF .
- 0456 COMMON/C3/CP '
Q457 ' COMMON/C4/CT
0458 COMAONTA/RD
0459 COMMON/T2/CARD(10)
0460 - COMMON/D2/INTERTRIP(20,3) : :
0461 DAYA ZZ22(1)/32H IRL CT ~ CFt1 CF2 . /-
- 0462 ‘ CDATA WHU1)/32H A B C 177117177
0463 DATA WW(5)/DAHFA F8 FC /
0464 . - CALL DEFBUF(2Y,80,CARD) '
0465 - . WRITE(3,44)TMAX T ' -
0466 » 44 FORMAT(//,5%,*THIS STUUY HAS A MAXIMUM NETWORK""
- 0467 : 1 TIME OF',F10.2,3X,*SECUNDSY,///)
. 0468 CALL FREAD ‘
" 0469 READ(2Y,51)NR
0470 WRITE(3,23)INR _
- 0471 23 FORMAT(///,110,5X,"RELAYS®,//7)
0472 51 FORYAT(I3)
0473 ' IF(NR) 100,53,100
0474 _ . 53 WRITE(3,54) ’
0475 54 FORMAT(5X,"HNO RFLAYS')
0476 STup -
0477 100 COWNTINUE
0476 o CALL FREAD
ca79 READ(2Y,101 )OBARRAY : L
0480 101 FORYAT(LUAR) S
0481 WRITE(3,20)DBARRAY :
0482 ‘ 20 FORMAT(10X,10A8,//7)
0483 . I2=7 '
0484 - . I13=1
0485 - ITEST=0
. 0486 . PO 14 K=1,7
0487 . 1=2 : ‘
- 0488 S CALL COMP(],DBARRAY(1),I12,WW(K),13)
0489 IF(1-2)14,15,14 ’
0490 . 15 IF(K.GE.S)ITEST=1 :
- 0491 GO TO(16,17,18,11,16,17,18),K
0492 14 CONTINUE ‘
o493 - WRITE(3,9)DHARKAY
0494 60 TO 1Y
0495 16 L=1
0496 GO TO 19
. 0497 17 L=2
0498 GO Tu 19
0499 16 L=3
0500 19 COMTINUE
0501 REALD(2Y,2)J
0502 IECITEST)IDE, 27,28
0503 28 READ(29,30)J0d
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e L AT B Mt
AT TE ORI e UL o2 Ue it

-, 0204 30 FORMAT(6X,13)
10505 : S IF(JJal1.1.0RJJGT.NRIGO TO 3
0506 , 27 CONTINUE
, 0507 2 FORMAT(12)
“'0508 . J=J
L0509 12=3 ,
:';0510 o 13=d ’
'0511 : DO 3 K=1,4
0512 - 1=4
0513 CALL COMP(I,DBARRAY(1),12,Z22(K),13)
0514 IF(1-4)3,4,3
0515 4 60 TO(5,6,7,8),K
_0510 3 CONTINUE
<0517 " WRITE(3,9)DBARRAY
L0518 9 FORMAT(5x,10A8,5X,*DATA CODE ERROR')
L9519 60 TO 100
0520 ' : 5 CONTINUE
0521 IFCITESYT)32,31,32
;0522 - 32 DO 33 Kk=1,3
“0523 - 33 IRL(J,K,L)=IRL(JJ,K, 1)
0524 . . 60 TO 45 ,
0525 31 READ(29,10)(IRL(J,K,L),K=1,3)
“0526 45 CONTINUE
05217 : READ(29, 1) INTERTRIP(J,K) ,K=1,3)
., 0528 1 FORMAT(17X,313)
70529 IFCIRL(J,1,L)elTe1 . ORJIRLIJ,1,L).GT.NIGO TO 300
0530 S IFCIRL(J,2,L)elTol 0ORLIRLIJ,2,L)aGT NGO TO 300
;0531 GO TO 100"
‘0532 . - 6 CONTINUE ‘
0533 : ) IF(ITEST)35 34,35
RCEEL 35 DO 36 K=1,
0535 36 CT(J,K,L)= CT(JJ K, 1)
0536 : GO TO 100
0937 : .34 KREADI29,120(CT(J, K, L), K=1,4)
“0538 : GO YO0 100
0539 ' 7 IF(ITEST)38,37,38
;0240 38 DO 39 K=1,8
0541 39 CF(J,K,L)=CFlJJ,K, 1)
0542 - : GO Tu 100
;0243 . 37 READ(29,13)(CF(J,K,L),K=1,8)
0544 . . 60 TO 100
- 0545 8 IF(ITEST)40,41,40
- 0od0 . 40 DO 42 K=5,8
“o5471 © 82 CF(J,K,LI=CFLJI,K, 1)
0548 GO TO 100
. _05a9 41 READ(29,13)(CF(J,K,L),K=5,8)
“ 0550 60 TO 100
0551 13 FORMAT(8X,4E15,.6)
0552 10 FORMAT(8X,313)
0553 _ 12 FORVAT(EX,4F10.4)
0554 11 WRITE(3,22)
0955 22 FORMAT(10X,"£MD UF RELAY DATA')
“ 0556 WRITE(3,43)
0557 143 FORMAT( 1K)
, 0558 WRITE(37123)CF
0559 WRITE(37125)CP
0560 WRITE(37'26)CT
0561 WRITE(37'27)1RL

R

iy,




PRI R P PP
St e AV A I B RPE Y
e et s o el £ LSBT,

R ARSI DTS RN T

SR e s e AT b ! e SRR ST g

S RA 2y
S LRl e

A SN e

Lo gt

“ dg
-, o 2

e,

. 0565

'

o

0562
0>63
0564

0506
0567

6@@‘@@

I

RETURN
300 WRITE(3,

301 )DBARRAY

¥

301 FORMAT(20X,10A8//,°DATA CODE ERROR - BRANCH®,

' NUMBER
SToP
END

- END OF SEGMENT, LENGTH 700,
s

OuT OF RANGE.

NAME RLDAT
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0568
0569
0570
0571
0572
0573
05174

0576
0577
0578
0579
0580
0581
0582
0583
0584
0585
0586
0587
0588

0589
< 0590
0591
0592
0593

0594 .

0595
“ 0596
05497
0598
0599

0600

0601
G"06()2

0603
60604

0605
0006
0607
0608
0009
0610

0ol

0612
0613
0v14
0615
0616
0617
0618
0619
0620
0621
0622
0623
0624
0625

0575 .

T L A T b A s e s

SUBROUTINE DATACNTRL
INTEGER FBUS,FAULT
DIMENSION DATAIC(12)

- DIMENSTON DATA2(0),DATA3Z(4), CARD(IO)

40

DIMENSION A(10),IC(10)

COMMON NLNB,L,ITF,FRBUS,FaULT

COMMUN/ZTI/JUBHUM '

COMMON/T2/CARD

COMMON/TB /KSR

COM4uN/DL/IC

COMMON/D/ZICTL0) .
COMMON/H/A : T '
COMMUN/G/Y(3).TIME(3) TRIP(zo 3), KKOUNT(ZO)
COMMON/ G/ XMBX, Xie TN, THAX :
DATA OATALC1)/32H/%)0B NAME. © /%DATA o/

DATA DATAL(5)/32H/*J0OB NUMHER /*END /
DATA DATAL(9)/32R/+ANALYSIS /*PRINT DATA /.
DATA OATALI(11)/16H/+PRINT DATA / - o
DATA DATAZ2(1)/32HLUAD FLOW FAULT /
DATA DATAZ(5)/16RPROTECTION / : ’ .
DATA DATA3(1)/32HL/E L/t L/L/E s/¢ ./

DATA DATAA/8H// /177777

CALL DEFRBUF(29,80,CARD)

DO 40 K=1,10

A(K)=0 .

IC(K)=0 ' : s
KOUNT=0 : o
NDUM=2

CONTINUVE

READ(2,2)CARD ‘.
FORMAT(1048)

WRITE(3,2)CAKD

‘DO 3 K=1,6

I=8

- CALL COMP(I,CARD(1),1,DATAL(2%K=1),1)

1IF(I-3)3 ,51,3 r
I=8

“CALL Cavpl(I, CARD(Z) 1,DATAL(2%K), 1)
IF(1-813,5,3 S

IC(K)=1

G0 T70(6,1,6,9,10,1), K

READ(29,2)A :

GO TO |

READ(29, 7 JUUbBNUM

FORMAT(40X,13)

IF(JUBNUNM.LT 00K, JUBNUM. GT. IO)CALL ERROR(4)
GO TO 1§

DO 11 J=t,3

I=6 o

CALL COovpP(T,CARD(3),1,DATA2(2+J-1),1)
IF(I-8)11,50,11 :

I=38 '
CALL COVMP(I,CARD(G),1,0ATR2(2+J),1)
I1IFCI=- 8)11,12,11 :
IC(51=)

IF(J.EQ.1)60 Tu 1

bo 13 U=t,a

1=5 :

32°[ R
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0626 CALL CUMP(I,CARD(T7),1,DATAS(J), 1)
0627 s 1IF(I~5)13,41,13 '
0628 o 41 IC(8)=J
. 0629 o . FAULT=Y
0630 ' READ(29,141 ) THAX
C 0631 141 FORMAT(BSX,F7.0)
, 0632 " READ(29,180)FBUS
- 0633 140 FORMAT(60X,13)
0034 ) 1C(7)=FRUS
0635 _ GO 10
0636 13 CONTINUE
0637 ’ CALL ERROR(3)
0638 11 CONTINUE
0639 CALL ERRUR(2) ,
0640 " 9 CONTINUE
0641 IF(IC(3).,NF.OIGO TO 110
0642 . © IFCICI1).EQ.OIGD TO 111
0643 : IF(IC(2).EQ.0)GO TO 1114
0644 IFCIC(5).,EG.0) GO TO 111
- 06485 : WRITE(22'1)1C
0646 S WRITE(22'2)4
0647 S K3=2
0648 . . 60 TO 121
0649 111 CALL ERRURI(5)
0650 110 K3=JOBNUNM*1000+1
0651 READ(22'K3)ICT
0652 © K3=K3+t{
- 0b53 o JFUIC(1)EQ.0IGH TU 117
0654 - _ WRITE(22°K3)A
0655 ; 60 TO 118
- 0656 - A17 READ(22°K3)4A
0657 118 JIF(IC(5).EQ.0)G0 TO 119
0658 ‘s ICT(5)=1C(5) :
0659 CICT(7)=IC(7)
0660 . - ¢ ICT(8)=1C(8)
0661 CWRITE(22'Kk3=-1)]1CT
0662 - 119 CANTINUE
0663 : , FAULT=ICT(8)
0664 : FBUS=ICT(7)
. 0665 - IF(1C(2).EQ.O)IJRETURN
- 0666 121 K3=K3+1
0667 . 300 CONTINUE
- 0668 © . CALL CREAD
0669 1=8 .
0070 ' - CALL COMP(],CAKD(1),1,DATAG,1)
Ob71 \ IF(1.NE.8)60 TO 300
0672 RETURN
0673 .3 CONTINUE
06/4 " CALL ERRURI(1)
0675 ' RETURN .

0676 END

oy

END OF SEGMENT, LENGTH 742, NAME DATACNTRL

et
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L PR

k‘06317 SUBROUTINE CREAD

‘0678 COMMOUN/T 3 /R .
0679 COMMUN/ZTZ2/CARDICT0) . =
0680 ’ "READ(2,1)CARD L - '
0681 . WRITE(22'K)CARD : ;

0682 1 FORMAT(10A8) R

0683 K=K+1

0684 RETURN

0685 . END

END OF SEGHMENT, LENGTH 41, NAME CREAD
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0686
0687
0688 .
.. 0689
0690
0691
0692
0693 -2
0694
., 0695
0696 3
0697
. 0698

-

(END OF SEGMENT, LENGTH

SUBROUTINE FREAD
COMMON/T2/CARD(1Q)

COMMON/TA/K

COMMON/DLI/ZIC(L10)

READ{22'K)ICARD

JIF(IC(b).EQ.0)GU TO 3

WRITE(3,2)k

FOKMAT(10X,110," RECORD NUMBER®)
WRITE(3,1)CARD _
FORMAT(25X,10A8,//)

K=K +1

"RETURN

END

64, NAME FKEAD

232 '
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PR R e R iy l.;-‘ :'fl 7 A A I
0699 ©,SUBROUTINE FRRUR(K)
0700 . WRITE(3, 1)K . :
0701 . 1 FORMAT(5X, ERROR',16,5X,' RUN STOPPED")
0702 STOP : - ~
0703 | END '
" " END OF SEGMENT, LENGTH 29, NAME ERROR
{
.
-
“
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-
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EUKTRAN COMPILAYION BY MXFAT MK GC DATE  13/05/75 TIME 17/11/19
o0 : READ FRUMED,FILES(12)FORTIPSAWH)
SueFILE FORTPSAWE .
~ 00014 SEND TO(PSAC)
Qw02 OVERLAY SLGMENTS
0003 TRACE 2
-~ 0004 CUMPRESS INTEGER AND LOGICAL
0UOS END ' :

334



0006
0vo07
ouvosg
0009
0010
Uil
ouviz2
Uil
ouig
QU15

ND OF SEGMENMT, LENGTH

-

FUNCTION

MOVEC K, 1)

COMMON/CH/NOMOVE(20,3)
COMAUN/CT 7 HCHK
IF(MCHK )L, 1,2
IFHOMOVELK,T)JEQ,0)

MOVE=1
RETURN

MOVE=
RE TURN
END’

b1,

2
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NAME  MOVE
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GO TO 3
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0016 . SUBROUTINE CHECKANG(Y,K,I11)

vut7 ; DIMENSION Y(3)

G018 I1=0

001t9 PI2=8.0«ATAN(1.,0)
'0v20 , T OAL=PI24355.0/360.0

0021 AZ=PI2x5.0/%60.0
. bo22 DO s=1,3 :

0023 TFCALCLEY (M) GANDGPIZ2.GELY (M) ) E=]+1

0024 1 CONTINUE :
. ov2s IF(1.EQ.0.0R.TI.EQ.3) GO TO 3

0026 IF(1.EQ.1)60 TO 2

0027 DO 4 M=1,3 . -
L oc2s IF(Y(M)=A2)30,30,4 '
T 0u29 30 Y(M)I=PI2

0030 12=1
.- 0031 GO TO 20
0032 : 4 CONTINUE

S QU33 3 RETURHN
. 0034 - 2 DN b M=1,3
" 0035 : IF(Y(M)=-AL)6,31,31

0036 31 Y (M)=0,0

0037 [2=2

0038 GN TO 20 ’ : .

0039 _ & CONTINUE '
.. 0040 RETURN -
0041 20 WRITE(3,7)k

T Qu42 o 7 FORMAT(5X,*RELAY POSITION', 14 )
.. 0V83 GO TO (9,301,111
T 0044 9 WRITE(3,8)

0045 ’ "8 FORMAT(5X, *CURRENT®)
. LO4B GO T0 12

© 0047 10 WRITE(S,11)

0vas : 11 FORMAT(S5X,'VOLTAGE?") o
. 0049 S 12 WRITE(3,13)
0050 13 FORMAT(IH+, 14X, ANGLE ADJUSTED TU')

0051 : GO TO(14,15),12 '
. 0052 14 wRITE(3,16) .
T 0053 : 16 FORMAT(I1H+,32X,'360,0 DEGREES')

0054 GO 10 4
. 0055 15 WRITE(3,17) .

" QU56 17 FORMAT(IH+,32X,' ZERO DEGREES®*)

0057 G0 TO b
. QUs58 . RETURN
70059 , : END

END OF SEGMENT, LENGIH 270, NAME CHECKANG

e, ’ . - -

a
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0u60

Jooe1

00b2
oub3

0064

0ybs
006D

0U67

0068

0059

e

QU770
0071
0072
QU73
QU746
0075
V76
ou77
0078
0079
0080
ovst
0082
0083
0084
0085
CU8e
0087
Cu88
0089
00990
0U91
0ug2
0093
©09s
0095
0096
0097
0V9B
0099
0100
0101
oloe
0103
0104
0105
0106
0107
c1o8
‘109
0110

111
M1y2

113
I11q
15

147

SUBROUTINE MODSH
DIMENSTON 1CLOCH
DHAENSTUN G(80)

COMMOMN XxCti13),LE

COMMONID/IG, B, NCL

IND)
20,2) ,XF{20,3),XCOEF(?20,3)

HH180)

VEL
iC,xF,XCOEF

COMMON/D/XTINE(RO,S)

CUOMMUN/TE/RS
COMMUN/T2/CARDLY

o)

COMMON/G/Y(3), TIRE(3)

COMNUON/D/CPT(3)

CALL DEFBUF(29,80,CARD)

1J=
WRITE(3,1)

FORMAT(///7,5X,"POSTTIVES SPQUENLL

IFUIND=-1)20,20,21

DO 22 K=t,20
DO 22 J=1,2
MCLOCIK,J)=0
DL 23 K=1,20
DO 235 J=1,3
XFIK,J)=0.0
XTIME(K,J)=0.0
XCOEF(K,J)=0.,0
Td=1J+1

CALL. FREAD
READ(29,5)Kk, M
FORAAT(214,86F10,
WRITE(S,d4)K, M, x1

M

1,X2,X3,7T%x1,7x2,TX3
4)

PX2,X3,TX1,1TX2,TX3

FORMAT(S5X, "REACTANCE AND TIME VﬁLUtS'-EId,bFiO.Q,///)

XTIMECTJ,1)=TX1
XTIME(TJ,2)=TX2
XTIME(TY,3)=TX3
MCLOC(IJ,1)=K

CMCLOC(IJ,2)=M
IF{K.EQLUIGO TU ©

DO 53 Jb=1,3

T!Mr(Jé)‘XTlm((JJ J6) ' ' L

Y(1)=X1
Y(2)=X2

Y(3)=X3

CALL XPFIT(CPT)
DO 54 Jb=1,3
XFCIJ,Jb)=CPT(1)
I +CPT(3)#XTIMECT,

fCPT(?)ﬁSQRT(XTIht(I,16))
Jb)

54 XCUOEF{IJ,J6)=CPI{J0)

21

200

GO TO 7

READCIS5" 13 )MCLOC
READUIS' 60 XTIME

READ(LIS5"15)XCOEF
"READ(1IS5"14)XF

D0 57 Jo=1,20
J=0
k=CLOC(JB, 1)

IF{K.EQ.0IGO TU 55

M=MCLOC(Jb,2)
READ(T'K B
READ(G'K )G
IF(LEVEL-2)9,9,1

1
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~0118
011y
0120
~0121
0122
0123
- 0124
0125
0126
-~ 0127
0128
0129
-~ 0130
0131
0132
~ 0133
0134
0135
-~ 0136
0137
0138
~ 0139
0140
0141
e 0142
0143
0144
-. 0145
0146
0147
- 0148
0149
0150
= 0151
0152
0153
- 0154
0155
0156
- 0157
T 0158
0159
- 0160

<N OF SEGMENT, LENGTH

T R g S0 g Y g aretmn 3

13

13

12

15

14
10

57
55

24
25
28
38
27

16

CONTINUE .
WRITE(3,10)6(K),B(K)

CONT INUE
BIK)=B(K)I+BE(M)=1,0/XF(J6,1IND)
IF(LEVEL=~2)12,12,13

CONTIHUE ’
WRITE(3,10)6(K),B(K)

CONTINUE

BIM)=1.0/XF(JB,IND)
IF(LEVEL=-2)14,14,15

CONTINUE

WRITE(3,10)G6(M),B(M)

CONTINUE

FORMAT(28£20.6,52,'G AND B FROM MODS*)

CWRITE(7'K)B

1F(J)3,3,57

J=1i '

KT=M

M=K

K=KT

GO TO 20V

CONT IMUE

IF(LHDWNELLIGO 10 26

WRITE(IS 60)XTIME -
PRITE(LI5Y15)XCOEF -
WRITE(L15 13 )MCLOC

WRITE(15'14)XF

1F(LEVEL=4)27,8,8

CONTINUE .
WRITE(3,24) ((MCLOC(K,J),J=1,2),K=1,20)
FORMAT(2[10,5X, ' MCLOC K J*)
WRITEH(3,25) ((XF{K,J),J=1,3),k=1,20)
FORMAT(3F15.4,5X,"XF K J')
WRITE(3,28) ((XCOEF(K,J),d=1,3)K=1,20)
FORMAT(3E20.5,5%, ' XCOEF K J*)
ARITE(S, 38V ((XTIME(K,J),J=1,3),Kk=1,20)

FORMAT(3E20.6,5X%, ' XTINE K Jr) -

CONT INUE .
READ(15'60) A TIME

DO b K=1,3

TIME(KY=XTINE(L,K)
RETURN
END

803, NAME MODS



prel
Do1b2
0163
L0104
Y0165
0166
0167
0168
01b9
. 0170
0171
0172
L0173
0174
0175
. 0176
0177
0178
0179
0180
0181
0182
70183

SUBRUUTINE aCCcLI(IB,IX,TI)
DIMENSION Vvi(80)},v2(80),V3(80),v4(80),V5(80)

COMMUN N
COmMMUN/D/VE,v2,V3,V4,V5

SIF(I-1IB01,2,2 ) .

IX=1Xx+1
IF{IX.EQ.B)G0 TO 3
HRITE(15'Ix+40)VH
WRITE(LIS'IX+50)0V2
RETURN

CALL PADE-

A=15

CALL SSWICH(10,J10)
IF(J1O0NELED)GO 10 4
A=20

Ga T 6

CALL SSWTCH(11,J1l)
IF(J1L.NELLIGO TO ©
A=25

IB="IB+A , (3
1X=0

RETURN

END

«ND OF SEGMENT, LENGTH 157, NANME ACCL1

'
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R
0184 ' FUNCYION KFINDCI1,12)
0185 L DIMENSIO [TRUS(2,240)
Q186 CO0n N,NB
. 0187 CUMMON/CL/IRL
0188 _ READ(371)18US
0189 S M=0
- 0190 - 4 1F(M=1)7,7,5
0191 7 DO 1 K=1,NB
0192 IF(It-TBUS(L1,K))L,3,1
0193 3 IF(12-18US(2,K))11,2,1
0194 1 CONTINUE
0195 IT=11
0196 [1=12
0197 [2=1T
0198 M=M+1
0199 GO TO 4
0200 : 2 IF(M)8,8,9
0201 ' 8 KFIND=K
0202 RETURN
0203 9 KFIND=-K
0204 RETURN
0205 5 wRITE(3,L)11,12
0206 - 6 FORMATISX, "KFIND IS LUDKING FOR A BRANCH',
0207 ' 1Y BETWEEN NOLES',14,' ARND',I14, :
0208 2 ' DATA ERROR RUH STUPFEDY)
0209 CALL ERROR(E).
0210 & STUP

0211 END

FND OF SEGMENT, LENGTH 145, MAME KFIND

—r
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&

€§Og12
0213
0214
., 0215
Fo218
0217
- 0218
Doz19
0220
0221
0222
0223
0224
0225
0226
0227
pe2s
0229
L 0230
023t
0232
0233
Y0234
0235

., 0236 -
B

Y0237
0238
L0239
0240
0241
R PLY
0243
0244
- 0245
“ 0236
0247
0248
0249
0250
0251
-30252
0253
. 0254
T0255
0256
L 0257
T 0258
0259
. 0260
T 0261
0262
. 0263
0264
0265
0266
T 0267
0268
30269

260

12

11

14

13

SUURUUTIN& ZRELAY(S)

IHTEGER FAULT

pIMENSION WCP(20,3,3),VANG(20,3,3),CF(20,8,3)
DIMENSTION ANG(20,3,3),1RLI20,3,3),C0P(20,3.3)
DIMENSION CT(20,4,3)

CHAMON/ O/ THOLD

COMMON/A/K N
COMAUN/G/Y(3) , x(3),TRIP(20,3) ,KOUNT(20)
COMMUNZ G/ Xtanx , XMIN, TMAX '

COMMON NZ(S),FAULT,XC(10),LEVEL

COMMUN/CL/IRL

CORMON/D/VEP , VANG , ANG

COMMUN/C2/CF

cCoMMON/C3/CP

COMMON/C4/CH

READI 372 22)VANG

READ(37*21)VCP

READ(37'28)ANG

WRITE(3,20)K -
FORMATOSX, "IMPEDANCE RELAY NUMBER?®,I5)
PI?2=8.0+ATAN(1.0)

THOL D=0

$=0.0

SX=SORT (XMAX)

IF(EAULT~2)11,12,12

CONT INUE :
VH=VCPIK, 1,214 dCPIK,2,2)28X+VCP(K,3,2)aXi4AX
VRASVANGIK, 1,2 ) +VANGIK,2,2)x5X 4+ VANGIK,Z.2)xXMAX
VC=VCPIK,1,3)¢VCPIK,2,3)285X+vCP(K,3,3)2XMAKX
VCA=RVANGIK, 1,3 )+VANGIK,2,3)*SX+VANMGIK.3,3 )+ XMAX
GO TO 14

VAZUCPEK, 1,1 ) +¥CPIK,2,1)28% 4+ VCP(K,3.1)*xXMAX -
VAAZVANGIK, 1,1 )+VANGIK,2,1)*SX+ VANG(K,3,1)%XHMAX
VP=VA*XCOS{VAA) .
VOQ=VA*STHIVAA)

IF{FAULTLEQ.L)GD TO 13

Vel=vasxCuS{VBA) )

VOL=VasSTN{VBA)

VP2=vCaCOS(VCA)

VQ2=VCaSTHIVCA)

NP=YP1-VP2

Ve=vQ1=-vQ2
Ve - VC ’ :
L/L/E FAULT TREATED AS  L/L

CALL LMT(VE,VQ,A,R) '

A2=CPIK,1,1)4CP(R,2,1 )%SX+CP (K, 3,1 )xXMAX

AASANG(K, 1,1 I+ANGIK,2,1)2SX +ANG(K,3,1 ) *xXMAX

AR=CP(K,1,2)14CP(K,2,2)%SX +CP(K,3,2)*XMAX

ABRAZANG (K, 1, 2)4aNGIK,2,2)48X +ANG(K,3-2)%XMAX

AC=CP(K,1,3)+CP(K,2,3)%xSX+CP(K,3,3)xXxMpX

ACASANGIK,1,3)+ANG(K,2,3)*SX+ANG(K,3,3 )4 XMAX

AP=A2*xCOS(AA)

AD=AZ*STH(AA)

Ba=  ABSINIABA)

BP=  AB*COSCABA)

CAP=ACACUS(ACA)

CAQ=AC*SINCACA)

TE(FAULT=2)15,16,16 .

341



L0270
0271
0212

0273
©021a
0275
0276
0277
0278
¢ 0279
0280
0281
¢ 0282
0283
0284
¢ 0285
0286
0287

¢ 0288

0289

§

0290

¢ 0291
T 0292
0293

0295

0296
¢ 0297
0298

0299
¢ 0300
0301

0302
e 0303
"0304

0305

e 0306
0307
0308

e 0309
0310
03114

e 0312
0313
0314

e 0315
0316
0317

e 0318
0319
0320

e 0321
0322
0323

Lo

EHL OF SEGMENT,

A

ib

10

15

29
30

25

17
18
{9

31
20
21

23

24
22

LENSTH

AP=RpP=-=CAP
AO=80=-CAU
s - IC
CALL LMT(AP,AQ,AL,K1)

2HM=(A/AL*CT(K,1,2))/(CT(Kn,2,2)*CT(K,3.2))

A= K=-R1%
1F(2a)27,28,28
LA=PTI2+2A

ConTIMNUE :
IFCIRL(K,3,2)=21)5,5,0
J=THETALIM(0.0,180.0,
GO TO 9

JETHETALIM(O160.0,360.0,2A)

Gg 108,21,
DO 10 M=1,3

IFCIMOGTLCRUK,24aM=-1,2))G0 TO
IF{XMAX LTLCHIK,22M,2))GU

$5=1.001

60 TO 21
CONTINUE
GO TO 21
CONTINUE

ZA)

10
10

AC=CP(K,1,3)+CP(K,2,3)%5X +CP(K,3,3)*» XMAX

ACA=ANGIK,1,3)+ANGIK, 2,31 %xSX+ANGIK,3.3)*XMAX

CCP=ACxCOS(ACA)
CCQ=AC*SINCACA) :
BQ=aQ+(AQ+EN+CCG)I/3.0
BP=npP+{(AP+8P+CCH )/ 3.0
CALL LMTU(8P,BO,AL,RT1)

T0=2*71 HENCE (K-1)/

3 =

M= {AZAL)#CT(K,2,2)*CTI(K,3,2)/CT(K,1.2) -

1A= R-R1L
IF(ZA)29,30,30
IA=PI2+7A

CONTINUE
IF(IRL(K,3,1)=2)25,25
JETHETALTW(0.0,180.0,
6O TO 18

JETHETALIM(180.0,360.0,7A)
60 TU(19,21),J

DO 20 M=1,3

7
ZA)

IF(ZMLGT CFIK, 24M=1,1))G0 TO 20
IF(XMAX ,GTLCIH{K,2%M,1))G0 TU 31

ITHOLO=1

60 TO 20

$=1.001

CONTINUE

CONTINUE
IF(LEVEL)R22,23,23
IA=ZA*4S  O/ATAN(1.0)

WRITE(3,28) /M, 28, IRL(K,1,1),IRLIK,2,1Y, IRL(K,3,1)

FORMAT(//7/,2820.6,315,5X, " IMPEDANCE AND

RETURN
END

1095, NAME  ZRELAY

IRLY, /77
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0324
0325
0326
60327
0328
0329
0330
0331
0332
333
0534
0335
o 0336
0537
0338
9 0339
0340
03at
0342
0343
0344
0345
® 0346

&

U347 .

o 0348
0349
0350

o 0351
0352
0353

o 0354
0355
0356

o 0357
0358
0359

o 0360
0361
0362

o 0363
0364
0365

« 0366

T 0367
0368

o 0369

0370
0371

- 0372
0373
0374
= 0375
0376
0377

~ 0378
0379
0380

~ 0381

42

40

1ot
100

- 41

20
7
12

102

vt

24

SUBROUTINE RILM
INTEGER FAULT
DIMENSTION Y(3)
DIMENSTON CF(2

COMMON/O/ IHULD
COMMUN/E/NR

coMx04/n/MCLOC,

COMMON/CL/ZIRL
COMMON/CR2/CF
COMMON/CE/CP
COMVMON/CE/CT

uv

0,8,3),

XCOEF

C1(20

COMMON/CH/TRIPSAVEL20,3)
COMMUN/CO/NUMOVE(20,3)

COMMON/CT7 /7MCHK
COMMON/C20/18

COMMON/DZ2/INTERTRIP(20,3)

CONMMON/TA/IPRI
EXTERNAL F
EXTERNAL F1
EXTERNAL F2

MY

e
DIMENSION TRIPLZ20,3),TINMK(3),

MCLUC(20.2)
DIMENSTON XCOEFUZ20,3),KOUNT(20)

COMMINZG/Y , TIHE, TRIP,KOUNT , XMAX, XMIN-TMAX

COMMON/A/HM
COMMON NZ(5),
JHOLD=

G0 TO(d?,?),
18=2

DT=0.002
xMInN=0,0038
XMAX=0.01

00 20 K=1,NR
KOUNT (K )=0

DO 20 I=%,3
IF(LEVELL~-10)41,
CUNTINUE
WRITE(3,100)CT
WRITE(3,101)(R
FORMAT(3I6,5X,

FORMAT(3F10.4,"

CONTINUE
TRIPSAVE(K, |
HOMOVE(K, D)=
TIRIP(K,T)=
MCHK==1
1CHK=0
XAIN=XHINEDT
XMAX=XMAXHDT
MCHK=MCHK+ 1
FFILEVEL.LT.1)
WRITE(3,16)XMA
0O 1 =1 ,NR
S=0.0
IF(KOQUNT (M) 3
CONT INUE

JF=0
IF(FAULT=2)24d
1=1

)
0.

)=
0
0

AULT,XCU10), LEVLL

41,40

(h,1,1),CT(K,
1]

Lik, 1

214,2X,
f5X,215

CcT?

0.0

2,

),CT(K,3,11),K,1

HIRLIK,2,1)

*IRL

GO TO 102

X

kD, 1

,25,25

K
)

i)

SIRLEK,3,1),K, ]

B T S A T o A e S TV T T,

£ 2),CPI20.3,3),IRL(20,35,3)
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v !



N

0382

T 383

0384
0385
03806
0587

L0388
10389

0390
0391

0392

0393
03949

0395

0396
0397

0398 .

0399
0400
0401
0402

0403

0404
0405
0406

10407

0408

i0409

s

0410
0411
c412
0413
0414
0415
0ate
0417
0418
0419
0420
0421
0422
0423
0424
0425
0426
0427
0428
0429
0430
0431
0432
0433
0434
0435
0436
0437
0438
0439

27

20

17

32

18

33

19

22

—

IFCIRLIM,3,1)~2)26,27,27
CALL ZRELAYLS)

GO TU 3

[=2

SIFCIRLIM,3,20-2026,27,27

CONTINUE
GO F0(17,18,19),FAULT
CONTINUE

JU=HOVE (M, 1)

GO TO(32,1),J1

CONTIUUE -

CALL SMPSMI(F1,S,IER)

1=t ‘

GO TO 22

CONT INUE

JI=HMOVE(M, 1)

GO TU(%3,1),J1

CONTIAUE

CALL SMPSHI(F,S,1ER)

I=2

GO TO 22

JF=1

G0 TO 18

CONTINUE

1£(1R)2,3,2

WRITE(3,4)1ER ‘
FORMAT(//7,5%,18HSIMFSON ERROR CODE
STOP

CONTINUE
TRIP(A,TISIRIP(M,1)+S
IFILEVEL=5)28,29,29
CONTINUE
WRITE(3,105)TRIP(M, 1), ,M,1
FORMAT(F20.4,215,5%X,'TRIP M 1')
CONTINUE

1F(JF)23,1,23

CONTINUE

JI=MOVE (8, 1)

GO TU(34,1),J1

CONTINUE A

CALL SMPSNI(F2,$,1ER)

1=1

JF=0

G0 Tu 22

CONTIHUE

DO 11 K=1,NR
IFIKOUNTIR).NELO)GD TO 1t

0O 11 I=1,3
IFITRIP(K,1)LLT.1.0)G0 TO {1t
WRITE(3,8)K, 1, XMAX

SN10, /77

8 FORMATC//,5X,PRELAY POSITION® ,14,5X, *PHASE",

2 14,54, HAS A TRIP IN *
1, TIME ,F10.4,5%X, *SECONDS?,//)
ROUNT (K ) =1 :
1CHK=1
Call OPEN(K,b,7)
CALL UPEN(K,19,20)
CALL OPEN(K,30,%1)

Jhtly

)

h
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- 0440
0441

04472
0443

“yauaq

W

0445
04436
0447
0443
0449

T 0450

0451
0452

0453

0454

- 0455

0456

0457

0458

04549

0460

- 0651

0462
0463

0464

0465

0460

0467

0468
)(o 9

L0470

L0471

0472
0473

0474

v,

0475
0476
0477
04738
0479
0480
0481

{)0462

ENU OF SEGHENT,

k¥

IF(TRIP(K,1).EQ.0.0) GO TO 11
CIh=0
PD 6 J=1,3
IFCINTERIRIPIK,JI.EQ.0IGU TO ©
S=INTERTRIPIK,J) :
IF(TRIP(I%,1).GE.1.0)G0 TO 6
TRIP(I5,1)=1.01
WRITE(3,21)15

2V FORMAT(//,5%, *RELAY POSTITION',15,5X,*BREAKER?,

2% OPEHED ON TNTERTIRIP®,//7)
IF{I5.6T.KIG0 TO 6
16=1¢
6 CONTINUE
IF(IPRINT.ER.O)GD TO 1t
WRITE(S, 13)TRIP(K, I ,K, I
13 FORMAT(EZO.4,5X,'"DISTANCE MOVED BY REIAY‘
1 14,5X,"PHASE* . [4)
11 CONTINUE
IF(1IbLEQ.YYGU TO 9
M1=0
DO 35 K=1,NR
DO 35 1=1,3
IF(TRIPSAVEIK,[).EQ.TRIP(K,1))}GO TO 36
HOMOVE(K, T)=1
Mi=1
GO T 35
30 TF{IRL(K,3,1)LT.2)G0 TO-43
JF(ITHOLOJHELOIME =T
43 NOMOVE(K,1)=0
35 TRIPSAVEIK,T)I=TRIP(K,T)
IF(MY)37,386,37
38 WRITE(3,39) .
39 FORMAT(//7,10%X,"NO RELAY MOVEMENITS, RUN
STOP .
37 CONTINUE

\

16 FORMAT(///,F10D, l Sh,* TIME IN SECONDS?')

IF(XMAX-TAaLTLIO, 15,15
10 IF(ICHK)!Z,]Z,IQ
14 RETURN
15 ST0P

RETURN
END

LENGTH 920, NANE RLMOV

STOPPED!
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= U6 5
i Vb
Chzs
0L 4
ERNE
LhAjg
Slase
g A
Tgany
oal
L 092
T o493
V494
. w495
© 0496
0497
0498
30499
0500
. 0501
C 0502
0503
0504
0505
0506
0507
" 0508
0509
0510
0511
0512
, 0513
0514
0515
0516
0517
L0518
0519
0520
0521
30522
0523
0524
L0525
0526
0527
0528
0529
0930
L0531
0532
0533
0534
0535
0536
L0537
0538
0539
0540

0541

0542

CUBROIUT N UK N N2
COMAUII/D/GILO) ,BLBO)

COMMUN/ZD/RNCLUC(20,2),XCOEF(20,3)

COMMUN/D/XTINEL20,3)
COMMON/CLZIRLI20,3,3)
READILI5Y13)4CLUC -
READCLIS*60)XTIME

- L=0

11,

8

12

15

14

16

13

WRITECLS60)ATIME

I=IRLIK,1,1)
JIRLAK,2,1)
READ(NI'I)G
READ(ANZ2Y IR
GEIY=GUIV1+G(J)
ROI)=3(11+B(J)
G(J)=0,0
R(J)=0,0
WRITE(NI'IDG
WRITE(N2'1)B
IF(L)2,2,3

=1 »

17T=1

I=J

J=1T
WRITE(3,4)J,1

FORMAT(SK, *LINE! ,213,5X, *OPENED®)

60 TO

CONTINUE'

ITT=0

CONTINUE

DO B M=1,20 : oy
IF(H4CLOCiM,t)=J)6,7,06
IF{MCLOCIM,2)~1)0,8,0
CONTINUE

IF(ITTr)io,11,10

1T=J
J=1
I=1T
[TT=1
GO TOH 5
READ(1IS* 15
MCLOC(M, 1)
MCLOC(M,2)=
Do 12 (M=1,3

XTIMEMM, IM)=0.0
XCOEF (M, IM)=0.0

[=M

I=1+1

IF(MCLOC(T, 1)aEQ.0)GD TO 16

COEF

[ LI I

X
0
0

TMCLUC(H, 1) =CLuCtT L)

MCLOC (M, 2)=MCLOCLT,2)

bo 14 IM=t1,53

XTIME(M, In)=XTlk (1, TM)

XCOEF (M, IM)=xCOLF (T, IM)
IF(I.LT.20)G0 TO 15

CONTINUE

WRITE(3,13)
FORMATCIH+, 29X, *MACHINE 0/C*)
WRITE(IS515)XCULF

WRITE(15013)6CLUC 3y 4

&

)
P



ovat

0542
0543
0544

END OF SEGMENT, LENGTH
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WRITE(LIS5*13)mCLOC
WRITE(15°60)XT IME
10 RETURN
END
451, NAME’, UPEN
\
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0545

0546

0547

0548

0549 :
0550 7
0551

'U552

0553

0554

0555 3
0556

. 0557

0558 . 6
0559

0560

0561

0562 9
0563 1
VHH4 2
0565 -

0566

‘NO OF SEGMENT, LENGTH

SUBROUTINE CALC(AL,AZ2,A3)

COMMON/ALTX
X=0.,01

1X=0

J=1

CONTINUE

DO 1 K=1,10
REAL+A2%SQRTIX) +A3 %X
X=X+0.,02

G T0 (3,4),J

COMT INUE

IFCABSIR) JLT.1.0E=4)R=0.0

IF(R)&, 1,1
\4’:2

IX=1

X=0.,0

6o Tu 7
WRITE(3,2)X,R
CONTINUVE

FORMAT(20X,2E30.6,5%,*'X AND R FROM CAIC')

RETURN
END

140, NAME CALC

348
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G

L0567

0568

0569
0570
0571
0572
0573
0574
0575

0570

0577

0578
0579

0580

0581
0582

0583

0584
0585
0586
0587
0588

0589

I

eND OF SEGMENT,

. s

T3

0590
0591
0592
0593
0594
0595
0596
0597
0598

SUBROUTINE XPFIT(CP)"
DIMENSION Y{(3),%x(3),CP(3)
COMMUNZG/Y , X :
COom~MuN ZX(13),LEVEL
DYE=Y(2)=Y(1)
DY2=Y(3)=Y(1)
DXi=x(2)=X(1)
DX2=X{3)~X(1)
DXRIZSQRTIEX(2))=SQRT (X (

1))
DXR2=SQRTIX{3))=-5QRT(Xx(1))

ST =DY2-0%x2x0Y1 /70X

10

B
1

9

CEND

LENGTH

T2=DXR2~-0XR1*xDX2/0X1
C=T1/T2

B=(DY1=C2DXRL)/0X1

A=Y (1 )=BrX {1 )=CxSORT(X(1))
T4=9

B=C

C=f4
TiI=A+3aSORT(X{1))+CxX{1)
T2=A+32#SQRTIX(2))+CaX(2)
TI=A+B2SQRTIX{3))I+CxrX(3)
IF(LEVEL=-4)9,9,10
WRITE(3,3)T1,T72,7T3,Y01),1(2),Y(3)
FORMATI3ER20.0,5X, "RESULTS?,//,3E20.5,
5X,*0DATA FROM XPFITY)
CONTINUE

CP(1)=A

CP(2)=8

CP{3)=C

CALL CALC(A,B,C)
RETURN

P

319, NAME XPFIT
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0599
D 0600
0601
o 0602
‘90b05
0604

. 0605

T 0606
0607
. 0b08
“ 0609
0610
0611
T 0612
0613
. Ob14
0615
0616
A 0017
200618
0619
L0620
0621
0622
_0b23
T 0024
0625
L0626
0627

0628

.. 0629
" 0L30
0631
L 0632
70633
0b34
0635
T 0636
0637
. 0638
T 0639
0640
0641
S 0b4a?
0643
- 0bag
0645
0646
. 0647
‘0648
0649
~ 0650
0651
0652
.Dobﬁs
Y0054
0655
. 0b56

-

to

1t
12
13

21

24
23
20

14
17

25
1o

[y

SUBRVUTINE xPEQUITL,L12,13,14)
DIMENSION CPUL20,3,3),1IRL120,3,3)
DIMENSION TIMEC3),Y(3),IBUS(2,240)
DIMENSTION CPT(3),C1(240),C2(240),C3(240)
DIMENSION ANG(20,3,3)

COMMUII/ALLYX

COMMUN/CL/IRL

CONMMUN/CA/CP

COMYON/ZEZNR
COomMMUN/D/IBUS,C1,C2,C3
COMHUN/DZANG

COMMON/GZY, TIHE

COMMON XC(13),LEVEL
PI=d,0xATAN(1.0)

REaD(37*28)ANG

READ(37*1)1RUS

READ(37*11)CH

READ(37'12)C2

READ(37°13)C3

IF(LEVEL=3)9,9,10

CALL ODAMCII,I12,13)

bn 1t J=1,2

DO 11 K=1,10 3
WRITE(3,12)YI6US(J,K)Y,J,K
WRITE(3,13)IKLIK,J,14),K,J,14
FORMAT(I10,5x%,214,5%,'I8US  J  K') :
FORMAT(110,5%,314,5%x,'IRL K J PHASF')
CONTINUE ‘

DO § K=1,MR
JEKFIHNCIRL(K,1,14),IRL(K,2,14))
IR=J/TABS(J)

JE1ABS ()

Y(1)=Ct(J)

Y{2)=C2(J)

YE3)=C3(d)

IFCIYLLTL12)G0 TO 20

CALl, CHECKANMGIY K, 1)
IF(IR)21,20,20

DO 23 M=1,3

IF(PI.GE.Y(M)IGO TO 24

Y()=Y (M)=P I

GO TO 23

YU )=Y(M)I+P]

CONTINUE

Catl. AFFIT(CPT)

IF(Ix)146,106,14
WRITE(3,17)IRL(n,4,14),IRLIK,2,14)
FORMATIS5X,214,5%,*THIS LINE HAS NEGATIVE®,
- ' CURRENT VALUES. SEE USER MAMNUAL®)
WRITE(3,25)

FORMAT(SX, *ERRUR CUDE 9')

CONTIHNUE

IF(LEVEL=-6)3,3,5

CONTIMNUE

WRITL(3,15)Y

FAORMAL(AE20.0,5%,'Y FROM EXPEQU®)
WRITE(S,4)CPT K, 14

1,



¢ 0657 4 FORMAT{3E20.6,214, ' CUEFFICIENTS®,
0658 1 ¢ RELAY NUMBEK AND PHASE")
0659 3 CONTINUE
p OBB0 . 1F(I1-12)2,6,6
Vob1 2 CONTINUE
0662 DO & M=1,3
o 0063 - CPUK, M, 14)=CPT (1)
0664 . 8 CONTINUE
0L65 60 TU 1
o 0660 6 CONTINUE
0667 DO 7 M=1,3
0668 7 ANG(K,M, 14)=CPT(M)
o 0669 1 CONTINUE |
0670 | WRITE(37°25)CP
0671 WRITE(37°28)ANG
0 0672 RETURN

0b73 END

o :
eiND OF SEGMENT, LENGTH 505, HNAME  XPEQU
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. Qo4 FUNCTION THRETACHK(A1,A2)
06175 THETACHK=2 B T IR
0676 PI=4.02ATAN(1.0)
- 0077 O TAL=AL+2,04P]
0578 TA2=A242.0%P]
079 UL=TAL4P1/6.0 -
- 0680 LL=TAL=-PI/2.0
- 0b81 IF(TA2,GT . UL)RETURN
CL82 IF(TA2.LT.LL)RETURN
. 0683 THETACHK=1
0v84 RETURN
0685 END
ENU OF SEGMENT, LENGTH 96, NAME THETACHK
f - ¥ [
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0686
0L87 .
0688 -
0BAY
0690
0691
0692
0693
0694
0695
0696
0697 : ,
0698 5
0699 3
0700

0701 :
0702 4
0703 6
0704 ‘ 1
0705

0706

END OF SEGMENT, LENGTH

CCOMNO

FUNCTION THETALIMIBL,UL,A2) . ., |

Zx(13), LEVEL
PI2= 3,0%ATAN(L.0Q)
C=PI12/360,.0

HBL=BI_4C -

vubl =UuL«C

TA2=A2+P[?2
TRL=B3L+P12
TUL=UUL+PI2
IF(TAZ2 , LTLTRLIGY TO 3
IFITA2.GT.TULIGU TO 3
THeETAL I HM=1

RE TUKN

THETAL IM=2
IFILEVEL.GE.BIGD
GO Ty 5
WRITE(3, )R ,UL,A2

FORMAT(SX, *TRIP
AF10.4,5X,*LORER

GO TG 5

END '

TO 4

137, NAME THETALIM

ACTIUN INHIBITED BY
AND UPPER LIMITS,
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'
g 0707 SUBROUTINE VEQUUIL,12,13,14)
0708 DIMENSTON TIME(3),Y(3),CPT(3)
0709 CODIMENSION VI(BO),V2(80),V3(80),VCP(20.3,3) , .
o 0710 DIMENSION IRLI2G,3,3)
c711 ' COMMON/AZTX
0712 COM0N/CY/IRL
o 0713 COMMON/G/ Y, TIME !
0714 COMMON/E /MR
0715 COMMON/D/VCP, V1 ,v2,V3 R A
p C716 COMYUN xC(13),LEVEL : -
0717 READ(37°27)IRL
0718 IF{11-25)8,9,9
g 0719 8 READ(37'21)uCP B P xr :
0720 GO TO 10 : PR T T -
0721 G READ(37'22)VCP : '
g V722 10 READCLIS  T1)v1
0723 READ(15*12)v2
0724 : ~ READ(LIS5*[3)Vv3
p V725 DO 1 K=1i,HNR
T 0726 . J=IRL(K,1,14)
0727 A Y(E)=Vvity)
5 0728 Y(2)=V2(J)
¥ 0129 Y(3)=V3(J)
0730 - _ IFII1=-25)14,15,15 I
a 0731 - 15 CALL CHECKANG(Y,K,2) N ~ -
07132 ta CALL XPFITICPT) -
0733 : IFCIx) 1L, 12,11
o 0734 ' 11 WRITE(3, 13)IRL(K,1,14)
Y0135 13 FORMAT(10X,15,5%, ' THIS HNODE HAS NEGATIVE vOLTAGE VALUES,®
0736 _ "1 ' ERROR CODE 106°) ' )
@ 0137 12 CONTINUE
0738 IF(LEVEL=-4)?2,3,3
0739 3 WRITE(3,%)CPT,K,14 .
@ ©740 5 FOKMAT(3E20.6,214,5X%, 'COLFFICIENTS FUR VOLTAGE EQUATIONS
" 0741 1',/7,5%X, "RELAY NUNMBER AND PHASE?) - :
0742 2 COMTINUE
5 0743 DU 1 M=1,3
" 0744 N 1 VCPIK, M, 14)=CPT (M)
0745 IF(11-25)6,7,7 N T
p 0746 6 WRITE(37'21)VCP :
T 0747 "~ RETURN
0748 7 WRITE(37*22)VCP
0749 RETURN N
0750 EMD - St e

€ND OF SEGMENT, LENGTH 285, NAME VEQU
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o 0751 SUBROUTINE DAM([1,12,13) :
0752 COMAON/D/1CI(2,2060),C1(280),C2(240),C3(240)
0753 KEAD(37'[1)C1H
p 0754 © READ(37°12)C2
¥ 0755 READ(37913)C3 - .o . T
0756 DO 1 K=1,10 .
o 0757 1 WRITE(3,21C1(K),C2(K),C3(K)
0758 2 FORMAT(3E20.6)
0759 ' RETURH
0760 END
®
55NU UF SEGHENT, LENGTH 90, NAKE DAM
5
® - ‘
o
o
~
)
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2
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o 0761 SUBRUUTINE BREAK
0762 , INTEGER ‘BR,TF ,FHUS,FAULT
0763 ) COMMON N,RE,L,TF,FBUS,FAULT, XX(6) ur  GF lLT 1GMF,TOL
o 0764 COMYON LEVEL
0765 COMMON/G/ZY(3),TIME(S) ,TRIP(20,3), KOUNT(20)
0766 CUOMMONZG/XNAX , XMIN, TMAX
o 0767 . COMMON/D/MCILUCL20,2) , XCOEF (20, 5) G(80),B(80)
0768 COMMUN/O/XTINE(20,3)
0769 - C TEST FOR NEARNESS TO TMAX - SAY & CYCLE LIMNIT,
o 0770 DT=(TUAX~XMAX) /2.0 .
07171 IF{DI=0.01)1,1,2
0772 1 WRITE(3,3)XMAK
o V713 3 FORMATIS5X,'THE TIME 1S*',F10.4,5X,*SECONDS. THIS?
0774 : 2 ,' IS LESS 1HAN ONE CYCLE TO TMAX',//,
07175 1 THE RUN HAS STOPPED')
o V776 ' STUP )
07717 2 COHNTINUE
0778 . TYMEL=XxMAX
g 0779 TYMER2=XVAX+DT
0780 TYMEA=XVAX+DT+DT
0781 TLE( 1) =TYMEL
o 0782 TIME(2)=TYMEDR
0783 : TIGE(3)=TYMES
0784 _ WRITE(3,L01)TYNEY, TYME2, TYMES
o 0785 ' 101 FORMATI(50X,*THE TIME VALUES ARE',3F10.6)
0786 READIBYFBUS)G B
0787 . READ(7*FBUS)B
0788 GIFBUS)I=6(FHUS)~-GF
0789 BIFBUS) =4 (FBUS)~-BF
0790 HWRITE(B'FBUS)G
, 0791 COWRITE(7'FBUS)IA
0792 CALL PSNS2
0793 CALL ZSSOt
0794 READ(15" 13 )MCLUC
0795 ' READ(15'00)XT IME
0796 - ' READ(15"15)xCOEF
. 0797 IF(LEVEL JLEL3IGU TO 14
S 0798 _ 15 CONTINUE
0799 o WRITE(3,10){MCLOC(K ,J),u=1,2) ,K=1,20) - .
0800 10 FORMAT(2110,5%, ' mCLOC K J') ,
0801 WRITE(3, 11)((XCOEF(K,J),J=1,3),K=1,20)
0802 : 11 FORMAT(3E20.7,8X%,"XCUEF K J')
0803 30 FORMATI3E20.7,8%,*XTIME K J')
0604 WRITE(3,30) 0 IXTIME(K,J) ,J=1%3),K=1,20)
0805 14 CONTINUE ' ’
0606 T1I=XMAX
0607 7 I=1
0808 . READ(15%13)4CLOC
0509 READ(15°15)XCOEF -
0810 READ(15'00) X TIME
0811 5 K=MCLOC(I1,1)
0812 M=MCLOC(1,2)
0813 A=XCUEF(I1,1)
0614 S=XCOEF(1,2)
0815 o C=xCOEF(1,3)
V6le ' JFITLLLT.XTIMEL],L3))G0 TO 41
Cu17 TI=XTIME(L,3)
0818 : 41 CUNTINUE

S st A
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5

o819
2 020
0821
Qu22
@ 0823
0824
0629
o 08206
0827
0828
e 0829
0830
0831
® 0632
0833
0834
0835
0836
o 0837
0838
0639
0840
& [0 B
0842 -
. 0843
© vean
0845
os46 .
@)0d47
0848
0849
QU500
0851
0852
o853
G854
. 0855
“ 08506
0857
0858
0859
0860
(UXIESP
0862

‘cND UF SEGMENT, LENGTH

16

13
12

X=A+SHSORTITTI)I+CATY
IF(LEVEL-11)12,12,16
CONTINUE

WRITE(3, 13)K, M, X

FORMAT(2110,F10.4,5X,'k M X FROM BREAKY)

CONTINUE

READ(T7'K)R
BIK)=B(K)+b(M}=1,0/X
B{MI=1.0/X
WRITE(T7"KIR
READ(T7'M)B
BiMIS3(MI+B(K)I=-1,0/X
BIR)=1.,0/X
WRITE(T"#+)B

I=1+1

1IF(I-21)0,4,4
IF(ACLoctI,13)4,4,5
CONTINUE

CALL PSA7

CALL VFCTR

CALL CRNTI(1,6,7)

CALL CRNTF(5,19,20)
CALL CRNT(7,30,31)
CALL VCOMP(IC)

CALL TCOMPLIC)
1C=1C+1
1F(IC-4)8,9,9
T1=T1+0T

GO TO 7

CUNTINUE ‘

caLl. XPEQU(3,6,9,1)
CALL XPEQU(4,7,10,2)

CCALL XPEQU(5,8,11,3)

CALL xpPEQU(12,15,18,1)
CALL XPEQUI13,10,19,2)
CALL xPEQU(14,47,20,3)
CALL VEQU(1b,19,22,1)
CALL VEQU(17,20,23,2)

CALL VEQULs,21,24,3)

CALL VEQU(25,28,51,1).
CALL VEQU(26,29,32,2)
Cacll VEQUI(27,30,33,3)
RETURN .

EHD

778, NAKE BREAK
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2] . P
0863 SUBRUUTINE SMPSNIF,S,1ER)
T osod COMMUN/G/Y(3), TIME(3),TRIP(20,3),KO0UNT{20),XHAX, XMIN
0865 L IMAX=100
0866 DEL=0.01
0867 A=XMIN
0868 B=XMAX
0869 S11=0,0
0870 $=0,0
0871 N=0
o872 BA=B-A
U873 [F(BA)20,19,20
0874 19 1EKR=1
. 0875 RETURHN
0876 = 20 CONTINUE
0877 IF(DEL)22,22,23 B
. 0878 22 1ER=2
0879 RETURN
0880 . 23 IFUIMAX=1)2G,24,25
. 0881 ' 24 1ER=3
0882 RETURN
0883 25 X=BA/2.0+A
. vsssa NHALF=1
0885 IF(F(A)=1,0E=6)1,1,2
0886 ) 2 CONTINUE
. 0887 _ SUIMKZF{X)*Ba*2.0/3,0
0888 STSUMK+(F(AY+F(GE))*EA/H L0 : -
0889 DO 28 [=2,1MAX -
0890 _ S11=$ - .
0891 S=($-SUMK/2.0)/2,0
0892 . C NHALF=NHALF %2
. 0893 ANHUF=NHALF
0894 . FRSTX=A+(BAZANHLF) /2.0
0895 SUMK=F(FRSTX)
0896 - XK=FRSTX
0897 KLAST=NHALF~1
0698 FINC=RA/ANHLF
. 0899 DO 2?26 K=1,KLAST
© 0900 XK=XK4FINC
0901 : ‘ 26 SUNK=SUMK+F(XK)
0902 SUMK=SUMK*2 ,0xBA/ (3, 0%ANHLF)
0Y03 . S=SH+SUMK
0904 27 IF(ABS(S=SI1)-ABS(DELAS))RY,28,28
. 0905 286 CONTINUE
0906 1ER=4
0Y07 GO YU 30
0908 29 [ER=0
0909 ' 30 N=2+*NHALF
0910 ' 1 CONTINUE
L0911t 100 FORHAT(ESO.6,2X,1HS)
0912 RE TURN
0913 . END
END OF SEGMENT, LENGTH 294, NAME  SHPSN _ ‘

I gy v o
Tk et Gt A
; b . —— e e gttt it Card aIait S UL e o pate St . : :
T g YT P T T Y T TR R S YT T N Y STy .'.\ngv.(qV‘AvgwszA* SRR 2 ey - IR TR TER
. A R T




N, JRE S O R S T R T T ¥ L O TNy MEI U NREY FFUSISESUNEUCR SRINC ST PR TR L PRIV S L P TR (e S5e IR al 9 S0 T L v T

§UHTRAN COMPILATION BY #AFAT MK 4C LATE  13/05/77% YIME 17/14/40

J 0001
SUBFILE FORTPSAWH
90()01
0002
0U03
L0008
20005

'

READ FROMUED,FILEI(18).FORTPSAWH)

SEND TO(PSAB)

OVERLAY SEGMENTS

THACE 2 :
COMPRESS INTEGER AND LOGICAL
END '

&



20 bty bt Lot e bt e e

0

L0006
0007
0Vo8B
L0009
0010
0011
0012
0013
ovtg -
wOuUl5
0V1b 1
0017 B
40018
0019
0020
= 0021
0022 ‘ 3
0023 117
» 0024
0025
L0026
w0027
0028
0029
« 0030
0031 _
0032 116
- 0033
0034
0035
=~ 0036
0037 -
0038
- 0039

END OF SEGHMENT, LENGIH

'

o

SUBROUTINE pSAZ?

INTEGER B8R, C,D,TF

INTEGER BRIIT(240),8RI2(240)

DIMENSTION BRRL(260),8RR2(240)

COMMON N, BB ,L, I F

COMNMON/D/BREIL,BRIZ2,BRR] ,BRR2

COMMON/T2/CARD(1L0)

CONMON/TA/KS3 )

Cihll DEFBUF(129,80,CARD)

WRITE(S,1) :

FORMAT(IML,////,b%X, "BRANCH DATA®,//,6X,
"BRANCH® 5%, *RESTSTANCE® ,5X, *REACTANCE® )

DO 116 M=1,48

CALL FREAD

READ(29,117)C,D,R,X

WRITE(R,5)C,D,K,X

FORMAT(I8,134,5%X,F10.4,5X%X,F9.4)

FORMAT(214,2F10.4)

"BRIL(M)=C

BRIZ(M)=D
BRRICA)ZR/(RAA2+X %2 2)

Pil=R*%2

P2=xr*2 -

P3=P1+pP2 .
Pd=-X/P3%

BRRZ(M)=pP4 . -
CONTIMUE E

WRITECLI 1IBRTY

WRITE(1'2)BRI2

WRITE(L®3)BRNI1

WRITE(1 "5 )HRR2

L =0

RETURN

END

186, NAME PSA2
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f!:*)

T
&5y

0040
@ 00at
Qua?2
L0043
Dovaq
Quis
L0086
D047
0048
-~ 0049
g:‘)0050
0051
0052
@053
0054
Q055
© 0056
0057
. 0058
@ 0059
VL0 .
-~ 00061 -
“ 0062
Q063

&

"END OF SEGHMENT,

o

1008

1031

1030

1032

1007

10006

LENGTH

SUBRQUTINE PSA3
INTEGER 1,W,BR,TF
INTEGER SORT(240) ,8K11(240)
COMA0N H, RE L, TF
COMMON/D/SORT BRI
DO 1098 I=1,u8
SORT(1)=1
[F(L)1030,1030,1031
READ(1'2)BRIL

GO TO 1032
READ(1'1)RRI1
CONTIHUE

DO 1006 I=1,B8
K=BB=-1

DO 1006 J=1,K
T=SORT(J).
WESORT(J+1)
IF(8RI1(1)=BRI1(W))1006,10006,1007
SORT(J)=H
SURT(J+1)=T
CONTINUE
WRITE(1Y7)SORT

RE TURK

END

160, NAME PSA3
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® .
e 0064 SURRODUTINE PSAS
0065 INTEGER S,EkR ,TF :
0U6b DIMENSION GLE0),B(80),YLIB0),ANGLE(80)
®0067 . CodMON N,HBB,L,TF
0068 COMMUN/ZD/G,B, YL, ANGLE
0069 KEAD(BY 116
@ Vu70 READ(7Y1)H
0071 READ{LO*S)YL
0072 READ(I0'4 )ANGLE
0073 GEII=YL({1)*CUSTANGLE(1))
0074 CBRUL)SYLOI)*SIN(ANGLE(T))
00/5 DY 118 K=2?,N
@ 0076 G(1)=6{1)=-GI(K)
0077 118 8(1)=8(1)~Rg(K)
0078 , WRITE(H'1)G
o 079 ' WRITE(T7' 16
0080 D0 119 K=2,N
oust READ(B'K )G
o 0082 READIT7'K)R
0083" GIKI=YLAK)I*COSEANGLE(K))
0084 BIK)SYL(K)2SINTANGLE(K))
« 0085 S=K~1 .
0086 DO 120 v=1,$
0087 - GIR)I=GIK)=GI(M) -
@ 0088 - 120 BIK)=3(K)=R(M)
0089 IF(K=-N)97?,121,97
0090 97 S=K+1
o V091 DU 121 M=S,N
ovgz2 , GIK)=G{K)=G(14)
0093 ‘ BIK)=B{K)=E{N)
@ 0094 121 CONTIMUE
0095 : WRITE(OH'K)G
0096 WRITE(7*K)E
w0097 119 CONTINUE
0098 ‘ RETURN
0099 END
(&5

END OF SEGMENT, LENGTH 386, NAME PSAS
>
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0100

Dot
L0102
0103
Q1o
0105
. 0106
© o107
0108
. 0109
Dot1o0
0111

20

2

o\

3

i

5

9

8

11

YD OF SEGMENT, LENGTH

<

SUBROUTINE PSAD

INTEGER 8B, TF,FHUS,FAULT,
DIMENSIUM | 6G(BO),B(BG)

DIMENSTION [TRUS(2,240)

COMMON N, LB, L, 1F,FBUS,FAULT,RN,XN,RZ.

COMON ICT
COMMON/D/G, B, TBUS
COMMON/T2/CARDILO)
COMMON/TA/KS '

CALL DEFBUF(29,80,CARD)
DO 20 K=1,b8
I8US(1,K)=0
18UsS(2,K1=0

IF(TF)5,5,2

WRITE(3,4)

FORMAT(///7/7,7X,*T/F K M*,/77)

DOt D=1, TF
CALL FREAD
READ(29,3)T1,K,n
WRITE(3,3)T1,K,M
FORMAT(F10,3,213)

READ(IDB'K)G

READ(T7 KR
GIKISGIKI+GIM)=TI4xT1#G (M)
BUK)=ZBIK)+R (M) =TIxT1 %8 (M
GIM)=G(M) T
BOM)=8(M)*TI
WRITE(H'K)IG
WRITE(T7'K)H

12=6014)

READ(6'M)G

Gir)=T2 -

T2=R(H)

KEAD(71M)8B

BIK)=T2

WRITE(H'M)G
WRITE(7'M)B

COHTTNUE

CONTINUE

1=t

J=N-1

DO 1t K=1,J

READ(B'K)IG

READ(7'K)B

[1=K+1

DO 1t M=11,M
IF{GI))B,9,8
[¥(8(4))8, 11,8
18US(1,1)=K

IBUS(2,1)=M

1=1+1
CONTTHUE
WRITE (377 1)1BUS
RETURN

END

405, NAME PSA®
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g igm i s P A 4 L s b o s 4 en

DELY

Gl
O I
AR Y
T 27
Cleg
LR B8
U2
Ulos
PR ReY

Ya16s

o166,

L0167
Uind
0169

L0170

Cot17d
0172

0173
0174
0175
0i76

0177
0178
0179

0180

L0181
0182

70183
0n184

L0185

‘0186
0187
0188
0189
0190
0191

0192
0193

L0194
0195
0196
0197

0198
019y
0200
0201
0202

10203
0204
0205
0206

SUBROUTINE PSA4

CINTEGER S,C,D,T,88,TF

1033
1034
.103?

1016

1015

1013

1014

1040

1041

1003

1001

INTEGER BRIL(240),B8RIZ2(240),;S0RT(240)
DIMENSION ERRI(240),BRR2(240),6(80),B(80)
CoMMUN N,BHR,L,TF ‘
COMMMONZD/SORY, BKI1,BRI2,8RR1 ,BRR2,G,HB
$=0

1=0

READ(L"7)SORT

READ(1"3)BRRI

READ(L'5)BRR2

IF(L)1I033,1033,1034

READ(L1*1)BKRTY

READ(1'2)BRI12

GO TO 1035

COMTINUE ,

READ(L'2)BRIT

READ(L'1)BKI2

CONT I NUE

DO 1LOL I=1,81

IF(I-38)1015,1016,1016

D=SORT(RY) :

s=1 -

GO TU 1014

C=SURT(I+1)

D=SORT(I)
IF{BRIT(CI-BRII(D)IL1014,1014,1013

S=1

CONTINUE

CIFCT)1040,1040,1041

K=tsR11{D)
READ(O'K)G
READ(T7'KI)B
DO 3 J=1,N
CONTINUE
CONTINUE

J=BRI2(D)

G(J)==BRR1(D) : :
B{J)==BRR2(D) o ‘ L
IF(S)8,8,1003 : :
CONTINUE

WRITE(E'K)IG

WRITE(7'K)B

S=0

=0

GO TO 1001

T=1

CONTINUE

L=2

RETURN

END

HD OUF SEGRENT, LENGTA 308, HAME PSA4
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@ 0207 SUSROUTINE PSAB
0208 INTEGER 8R,TE,1
0209 : ©OREAL ILAUD, [BASE :
0210 REAL 1P, 10,1800, 0, MVAR, MWL, MYARL , IMOD
0211 DINMENSION VP(B0U),VQE80),ANGLE(8B0),YL(BO0),PS(80),08(80)
0212 DIMENSION G(80),B(80) .
@ 0213 CONMON N,BE,L,TF
0214 ' COMMON/D/VP , VO, ANGLE, YL, PS,QS,6,B
0215 COMMUN/CLO/ISCEnD,NCOUNTY
@ 0216 COMAUN/CLE/h0DESC(20)
0217 . VEASE=1,0
0218 [6ASE=1.0
00219 YNC=0.0
0220 WRITE(3,333)
0221 333 FORMAT(////,7%X, " NET GENERATIONS®, N
w0222 11X, "0R LDAD AT GUSBARS'//16X,'P.U.VOLTAGES?,
0223 219X, 'P U, GENERATIONM' ,21%,'P.U. LOAD . /7
0224 35X, 'BUSY B, "MUDY L 4Xx, PANGLE (DEG)', 11X, MUY,
o 0225 G12X, " MUAR' 16X, "MW, 12X, "MVAR" )
0226 READ(10*1)PS
0227 - TREAD(CLI0O'2)QS
@ 0228 , READ(15* {)up -
0229 ‘ READ(15'2)vA
0230 ’ READ(10Y4 )ANGLE
o 0231 REAU(10*S)YL
0232 D0 144 K=3 N }
0233 CALL LMT(VFIK),VQ(K),VMOD,R)
o 0234 R=57.729578#R L
0235 VHOO=Ym0D+YNC
0236 . THETASREANGLE(K)
o V237 TL4OD=VMODAYL(K)
© 0238 IFIPS{K))II63, 13,128
0239 163 PS(K)I=PS(K)*VBASEATIRASE +YNC
@ 0240 . QSIK)I=OSIK)AVBASERTRASE +YNC
0241 PS{K)==1,0%FS(K)
0242 AS(KI==1,0405(K)
o 0245 ‘ WRITEA(3,335)K,yvUD,R,PS(K),QAS(K)
0244 335 FORMAT(IB,F13.4,F10.2,44%,F9.4,F14.,4)
0245 ' GD TO 144
o 02406 128 PS(K)=PSIK)AV3ASEXIRASE +YNC
0247 ) QSIK)I=QS{K)*VRASE* [RASE+YNC
0248 N WRITE(3, 336K, vauUD P ,PS(K) ,A8(K)
@ 0289 336 FORMAT(IS,F13.4,F10.2,F19.4,F14,4)
0250 144 CONTIMNUE :
0251 WRITE(3,5)
w 0252 5 FORMAT(IHL)
0253 WRITE(3,337)
0254 ' 337 FORMAT(//7/77,5X,"LINF FLOWS, (ALL VAIUES IN P.U. )°',
o 0255 2 /77, ' '
0256 1 SK,"LINE®,25%, "SEND* , 32X, *RECEIVE"' 27X, 'CURRENT",
0257 3 /7,258, MEY L IBX, T MUARY L LOX, "MW, 14X, "MVARY ,
0258 ) 4 15X, 'MDOU*,9X, *ANGLE") ’
0259 . J=N-1
0260 DO 129 M={,J
@ U261 READlL" MG
0262 _ READ(T7'4)8
02635 K=t
5 0264 DO 129 1=K,N
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fad

S I 503 [F(8(T))%02,1249,502
Z,,/ 502 1T11=VPIM)I=VPIT)
Y T Ti2svOIN)YSVOLT)
3,09 IP=(FI1a(~GIT))=T12x(~B(T)))*IBASE
il 1= (T12+(~G(T))+T112(=B(1)))*xIBASE
m;““’“ MW= CIPx P (M )+TQU*VQIM) ) +YNC ) -
FoL72 MVARS(IP«VOQIM)=10AYP(N)) +YNC
0273 MUl=(IPAVP(T)I+IQAVQIT))  +YNC
30274 MUARLZ(CIP*VO(T)I-1A»YP(T)) +YNC
Y0275 CALL LMTCIF,IQ,INMOU,THETA)
0276 THETASTHETA*S7,29578
L0277 WRITE(3, 336 )M, T, W, MUAR, MWL ,MVARL , IMOD, THETA
T 0278 338 FORMAT(IbL, " = ' ,12,5X,2F15.4,7X,2F16,8,10X,F9,.4,F12.2)
0279 " 129 CORTINUE
0280 _ 1FCISCINGD)L, 1,2
S 0281 2 IF(NCOUNT. LT 1IRETURN
0282 M2=NODESCINCOUNT)
L0283 READ(5'4M2)6G
S 0284 READ(7'v2)8
0285 T1=0.0
. 028 . 12=0.0
T 0287 00 3 K=1,NM
0288 . TIST14G(R)I*VP(R)=B(K)AVA(K)
L0289 : 3 T2=T2+B(K)AVPIK)+GIK)*VQ(K)
0290 Ti =SQRI(TI»T1+72x72) :
0291 WRITE(3,4)2,T1 ‘ :
L0292 4 FORMATU(///,5X,"' THREE PHASE~SHORT CIRCUIT AT:,
0293 2 'BUS*,14,//,5X, . :
0294 : 1 ' TOTAL 3-PHASE SCMVA (P.U.) =',F10.4)
L0295 "1 CONTINUE
T 0296 RETURN

IF(GET) 502,503,502

0297 O END o

“ND OF SEGWENT, LENGTH

701, NANE PSAS8
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SUBROUTINE PSA7

INTEGER Z LA, TF ,FBUS,FAULT
KEAL IP,10,M0DV(80) ‘ i
DIMENSTION PS(B0),QS(80),VP{80),VQ(80).G(80),B(80)
DIMENSION NDT(80),MPS(3,80) ‘ :
DIMENSION  Y(40,41)

COMMON N, &B, L, TF,FRUS,FAULT,RN,XN,RZ.-X2,R,X,BF,GF ,ICT

CONMMON TEMF,TOL,LEVEL
COMMON/D/VE,VQ,VP1(80),VQ1(B80),VP2(80),VQA2{(80)
COMMON/D/#GDY,PS,08,6,8,N07,MPS, Y
COMNMON/CIO/ISCIND,NCUUNT,NDTIEMP
COMMON/CI1/NUDESC(20)
1X=0 o -
In=20 :
FORMAT(5X, *SUBKOUTINE PSA7 IN UPERATION')
IF(LEVEL=~3)42,43,43 .
CONTINUE ’

WRITE{3,2000)

\

-FORMAT(16,2F15.5,110)

WRITE(3,1)ICT, IEMF,LEVEL, TOL
FORMAT(3110,E20.6,5X,"ICT ItnmF LEVEL T0L')
CONTINUE

11=50

CALL NAMI(bL,7) , ' -
READ(T1O*3)MODY

READ(1O0'1)PS

READ{10*21QS

READ( 23 2)NDT

IMAX=600 -

I=0 ‘

FORMAT(I3)

READ(I5'3)yp

READC(IS"4)vQ

DO 4 K=1,N

READ(OH'KIG

DO 4 J=K,N

Y(K,J)=G6(J)

DO 1d K=2,N ' o
READ(7'K)B

Y(N+1,K)=R(K)

KY=K=~1 :

DO 14 J={,KT

Y(K,J)=B(J)

READ(T71)8

YIN+1,3)=8(1)

DD 2 K=1,N

IrT=1 \

READI6'K)G

READ(7'K)IB

00 3 J=1,N

[#(K-J)20,3,20
IFC{ABS(GIJ)I+ARS(B(J)))I=0.0001)9,3,3
IT=11+1

CONTINUE

IF(IT=N)2,16,2

HD7(K)=0
VP(K)I=0.,0
VQIK)I=0.0
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P T SV

3055b
“ (357
0358
« 0359
903@0
0361
0362
>Ubb5
0364
0365
305bb
0367
. 0368
T 0369
0370
0371
‘30513
0373
L, 0374
0375
0376
L0377
0378
03749
. 0380
o3t
0382
L0383
0384
0385
. 0386
ETEY:Y
03838
0369
w70590
0391
- 0392
€Do393
0394
0395
C:;O.Nb
0397
0398
.0599
0400
0401
04102 '
0803
0404
CBOQO)
0406
0407
00408
0409
0410
CDoaxl
0412
20413
o

™

WR[TE(j,lllZ)K

1112 FORMATC/Z//,0X,*HODE" 14, IS AN ISUOLATED NODE®,

2

1311

1111
11
122
41

40

201

204

202

205

168
166
160

170

2 v yOLTAGE AND ND7 s&r TU ZtHU',///)
CoNTINUE
IFCISCINDLEN.0IGO TO 1111
HCOUNT=NCOUNT +1
IFINCOUNTLEN.OIGD TO 1111
ITFINCOUNT.EN.1)60 TUL31Y
IFINCOUNTJEQ.21)STOP
IFINODESCINCOUNTIEQ.0)STOP
JENOQUESC(NCOUNT-~1) ’
NDTCJYsSNDTTRENP
J=RQUDESC(NCOUNT)
DO 8 M=1,N
IF(ND7(M).LT.1)GO TO 8
VP(A4)=0,.5
VQIM)==0,05
CONTINUE
VP (J)=0.0
vo{Jr=0,0
NDTTEMP=RDT (J)
NDT7(J)=0
CONTINUE
KK=0
=0
K=0
K=K+1
IF(HNDT7(K))40,41, 40
1=7+1
GO T0 61 - =
CONTINUE '
I1P=0,
10=0,
IF(K=1)201,202,201
KT=K=-1{ _
DO 204 M=1,KT o
1P (IPHY (M, K IAVP I )=V K, M)IxVQ(M))
IQ=(TQ4Y (K, M)IAVPIM)I+Y (M, K)2VQ(M))
CONTINUE '
IF(R=N)202,205,205
KTI=K+1
DO 205 M=KT,N
IP=(1IP+Y(K,H)*VPI(M)=Y{(M K)axVQ(iM)) el
TO=01+Y (M, K)*VP(M)+Y(K, M)I*VQ(M))
CONTINUE
IP=IP+Y (K, KI2VP(K)=Y{N+1,K)*VQ(K)
[Q=1Q+#Y{d+1 ,K)AYPIK)+Y(K,K)AVQ{K)
P=IP*yP{K}+]Q*VYQIK)
Q=IP*VQ(K)=IQrVP(K)
JTFINDT(K)IIBE,108,160
PS(K)=p
UsS(KI=Q .
IF(KK)I170,170,124
CONTINUE
DP=PS(K)=-P
DI=0S(K)=Q
TI=VRIK)*Y(K,K)
T2=VQIK)xY(N+]i,K)
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0414
eb0415
0416

0418
0419
06420
®0421
0422
0423
0424
0625
0426
0427
0428
&50429
04 30
0431
o 0432
0433
0434

0435

0436
0437
. 0438
@ 0439
04840
-~ 044}
0462
0443
0645
0446
0447
" 0448
03449
0450
0451
0452
0453
0154
0455
. 0456
0457
0458
0459
0460
0461
0462
0463
0464
0465
0466
0467
0468
0469
0470
0471

0417,

T3=YP(K)I*Y(K,K)
Td=VP(K)IAY{(N+],K)
T5=T1~-714 :
To=13+IP
A=T3+IP+12
H=IQ-T4+T1
£E=T1-7T4~10
F=IP=-T3-T7?
TE(NDI(K))IL?27,126,126

127 181=1%+1Q
T82=TO+T2
T83=YPIRK)I*A24VQ{R ) *%x2
TRG=( 40DV IKk)~T83)/2,
TAS=T8{aVPIK)~-TE2AVOQ(K)
DUP=(THLATB4~VUIR)I*DP)I/TBS
DVA=( =1 12 (TH2*xTHOG~VP({K)IRUP)/TE5
GL) TU 570

126 T7=ToxTH-T2+T2+1Q*x10Q=-T5%75
TO=A*F =t rE
DYP=(Fe0P-HrDQA)/TH
DV=(AxDQ~ExDP) /T8

570 VRP(K)=VRP(K)+DVPF
V(K )I=VO(K)+DVQ

571 COHNTINUE ' . -

IFABS{DYP)=TOL JEV, 60,61
60 IF(ABSIDOVO)~TOL)IL2,62,61
62 2=72+1
61 CONTINUE
CIF(K=N)122,161,122
161 I=1+1
CALL ACCLI(IB,IX,I)
[FITLLT.IT)GD T 36
11=11t50
DO 37 K=1,N
IFCOARSIVPIRK) )I+ABSIVOIRK))).GT.1,0E-6)G0 TO 37
IFLISCIND.NELDIGO TO 37
WRITE(3, 1113)K, kD7 (K) ,
1113 FORMAT(/Z/7,5X,*VOLTAGE AT NODE*,14,5X,'1IS ZERO.Y,
I *ND7 FOR THIS NODE 1S*,16,/7//)
37 WRITE(3,1001)K,vP(K),VQ(K),I
1001 FORMAT(IL0,2F20.9,110)
WRITEL3,1002)
1002 FORMAT(//)
36 CONTINUE
IF(I=-1MAX)T702,701,701
701 CONTINUE
WRITE(3,6)1 .
6 FORMAT(IL12,2X, ' ITERATIONS,2X,'THESE VALUES!',
1 ' ARE NOT A SOLUTION®)
Do 5 J={,N
WRITE(3,7)d,vPLJ),Va(.))
FORMAT(14,2F12.5)
CONTINUE
caLL EXIT
702 CUNTINUE
TF(2=-N)11,130,130
130 WRITE(3,333) 1
3335 FORMAT(OIHL, (b6,5%, 2 TTERATIONSY)

Vo~
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L0672
“ 0473
0474
0675
0476

0477 -

0478
0479
0480
0881
Eor';a?
0483
. vaag
Y0685
0486
. 0as7
70488
0689
0490
0491
0492
0493

0695
. 0896
046897

0698
0499
Y0500

0501

0502
/0503

0504
. 0505
Y0506

0507
20508
“ 05009

0510
. 0511
T 0bt12

0513
0514
T 0515

70094 -

124

172

401

404

102

405

171

KK=1

K=1

GO TO 40

CONT INUE

DO 171 K=1,N
IF(NDT(K)IITL,172,171

CONTLHUE

1P=0.

10=0,

IF(K=1)401,302,401

KT=K-1

DO 404 M=1,KT

IP=CIP+Y (M, KIAVP (M) =Y (K, M)*VQ(M))
TO=(CT+Y (K, M) RYPIMY+Y (M, KD *VQ(M))
CONTIHUE ~ ’
TF(K=N)402,0405,405

KT=K+1 .

D0 40% M=KT,N ,

IP=(IP+Y (K, M) ayP (M) =Y (M, K)*VQ(M))
TO=CIN+Y (M, KIAVP (M) +Y (K, M) *VQ(M))
COMT INUE '

IP=(IP+Y (K, K)AVF(K)=Y(N+1,K )#VQIK))

IO=1Q+Y{N+1 ,KI2AVP(K)+Y(K,K)*VO(K)
Q=TPAVO(K)=1Q*YP(K)
P=IP*VPIK)+IQ*VOG(K)

PS(K)=pP _ .
0S(KI=Q T

CONT INUE ‘
WRITE(1O0®1)PS

CWRITE(1IO0*2)0S

34
35

12
13

READ 237G )MPS

CALL ROTATI(VP,vQ,MPS, 1)
WRITECE5T1)VP
WRITE(15'2)VO
IF(IeWE)34,35,34
CALLL EMFOTIEMF)
CONTIHUE

DO 13 K=1,N :
IF(NDT7(K)I)II2,13,12
ND7{K)={ '
COMNT INUE
WRITE(23*2)IMD7
RETURM

END

chND OF SEGMENT, LENGTH 1881, NAME  PSA7
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s 0010
Gg()')17
0518
g 0519
0520
0521
0522
@ 0523 .
0524
o 0225
. 0526
0527
0528
0529
0530
o VO3t
0532
0533
o V>34
0555
0536
o 0537
0538
0539 -
g 0540
vsay
0ba2
o 0543
0544
0545
o 0566
0547
0548
o 0939
0550
0551
. 0552
0553
0554
0555
0556
0557
- 0558
0559
0560
. 0561
0562
0563
0564
0565
0566
0567
0568
0569
0570
0571
0572
0573

SUBROUTINE PSNS?Z
INTEGER TF

INTEGER BR,FHUS,FAULT , ND(80)

REAL IP,10 L TPN,1QN

DIMENSTON G(80),BI80),VPI80),VQ(80)

DIMENSTON  Y(40,41)

COMMON N, B8,L,TF,FRUS,FAULT, RN,

COMA40 JICT,TEMF,TOL ,LEVEL

COMMON/C/VP,VQ,vP1(80),vQ1(80)

1x=0

=8

CALL mMNAM(19,20)
I1=50

IMAX=600

I=0

READ(23*1)HD
WRITE(3,8)FBUS,FAULT

FORMAT 216, ' Faus FAULT

NDIFB®US)=0
PO 2 th=1,N

TF(NDIM) ) 3,44 ,44

14

wP(4)=0.0
6o TO 27

VP (M)=0,6
VOo(1)=0.0

VPIFBUS)=1.0 =

Lo 4 K=4,N
READ(IY'*K )G
DO 4 J=K,N
YIK,J)=G(J)
DO 14 K=2,M
READ(20'K )k
YN+, K)=8B(K)
KT=K=-1

00 14 J=1,KT
Y(K,J)=8{1J)
READ(20* 1)

YINHL,1)=R(1) :
IFCABSIY(FRUS,FRUS) ). GT.1.,0E-4)G0 TO 114
TFOABSOY(N+L,FBUS)).GT1.0E~4)60 TU 11
IFIY(FBUS,FBUS).GT.1.0E-4)G0 TO 11

899
i1

18
17

20 -
19
16

IFOY(N+1 ,FEUS).GT.1.0E=4)G0 10

VL1171

WRITE(3,899)Y(FUS,FBUS), YIN+1,FBUS)

FOKRMAT(2E30.0)
GO TO 7
=1
IF(I~IMAXI16,17,18
CaLl. EXIT
DO 19 M=1,N
WREITE(3,20)yP (M), VQ(M), M
FORMAT(2F12.5,110)
CONTIIIIE
CONTINUE
DO 122 K=1,N
IF(ND(K)Y )9, 122,21
1=71+1

G0 TO 122

21

CONTINUE

BRiirace i mrakiad ba el Coonan e e iiion vl oo et eade e
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201

204

202

205

8,1

66
67

68
122

37
10
36

12

13

1P=0.
10=0.
IF(K=-1)201,202,201
KT=K=-1
DO 204 M=1,KT
IP=(IP+Y(H K)2VP(M)=Y(K, M)*VQ(M))
IN=(1A+Y (R, M)I2VPIMI+Y (M, K )XV (M))
COHNTINUE i R
IF(K=N)202,205,205
KT=K+1 .
0N 205 M=KT,N .
IP=(1P+Y (K, M)A yP(M)=Y (M, K)I*YQ(M))-
IQ=(10+Y (M, K)2VP(M)+Y (K, M)eyu(M))
CONTINUE
IP=IP+Y(K,K)AVP{R)=Y(N+1,K)*VOQ(K)
I0=TQ+Y(N+1 ,K)=yP(K)+Y(K,K)xVO(K)
P=lPcaypPIK)I+IQ*YQ(K)
Q=1P*VQR(KI=TUrVYP(K)
DP=-p
DQ=-0
Yi=Y(K,K)*xVP({K)
Y2=Y(N+) ,K)*VP(RK) : .
Y3=Y(K,K)=xV(K) '
Ya=Y N+, k) avQiK) .
A=lpP+Y14+Y4 .
AB=]d=Y2+Y3
C=v3=-Y2~-1Q
D=IP-Y1-Y4 :
IFCARS(A*D-AB*C)=-1,0E~-5)5,5,1
VP{K)}I=0.,0
VA(KI=0.0
GO TGO 68
CONTINUE
DVP=(D*DP=-Ab»DO)/(A2D -ABXC)
DVAz(=CxDP+AXDQ)/(A*D~ABX(C)
JFABS(DVP)I-TOL)BG,B606,67 ] :
IFARS(DV)-T0L)B8,068,67
CONTINUE
VP{KI)=yP(K)+DyP
VRQIK)I=VQIK)+DVQ
GO TO 122
i=7+1
CONTINUE
CALL ACCLICIB,IX,I)
I=1+\ .
IFCILLTLIT)GO TO 36
11=11+450
DO 37 K=1,N
WRITE(3,10)MK,VPIK), VO(K),I :
FORMAT(?UX,IIO 2&20 6, 5X,11HK VPN VQN )
CONTIHNUE .
IF(7-8N)11,12,12
CONTINUE

WRITE(S, 15)1 , 15

FORMAT( 14,6 'ITFRAIIONS FOR NEGATIVE NETWOF AT
C 55X, ' THE Ntbu1IVE SEQUEHCE IMPEDANCF 15"}
K=FRUS

IPN=0.
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o
O

plb32
0b33
0634
g 0b35
0636
0637
®0058
0L 39
0640
s 0b41
0642
o643
o odd
0v45
0646
m 0647
0048
0649
w0650
0651
Db52
0653
0654
0055
o 00656
057
0658
0659
00660
0661
. Qv62
0663
0b64
» 006D
0666
0667
L0068
0669

ceND OF SEGHMENT,

301

305

433

246

111
110

432

LENGTH

[QM=0.

IF(FRUS~-1)301,302,301%
KRT=FruS~-1
D 303 M=1,KT ;
IPH=CIPNFY (M, K)*+VPINM)I=Y{Kh,M)AVQ(M))
IOH=CION+Y (R, M} 2VP IR I+Y (M, K)aVQ(N))
CONTINUE

[F(K=N)302,305,305
KNT=FBUS+H1
DO 305 M=KT,N .
IPHM=(IPN+Y (K, M)*VP (W)=Y (M,K)*YQIM))
TON=({TAQN+Y (M, K)IAVP(MI+Y (R, M)*VQIM))
CONTINUE -
IPN=TIPN+Y{(FrUS,FRUS)IRVP(FRUS)=Y(N+! ,FRBUS)*VQIFBUS)
TON=TON+Y(N+L ,FBUS ) AVP{FBUS)I+Y{FBUS,FRUS)2VQ(FBUS)
RN=XMADCIPN,ION) .
XN==XMODCTON, IPN) .
FORWMAT (IH+,50x,FB,8,2%K, 4+ ,2X,"J(",2X, F8,.4,1X,*)"
IFIABS(RN)=-100Q0,0)6,7,7

IF(ARS(XN)~1000,0)22,7,7
MRITE(3,23) )
FORMAT(/Z7/77,9%, Y FAULT ISOLATED. KUN STUPPED®',//7)
STOP ' -
CONTIHUE ' .
WRITE(3,15)RMN, XN ) -
WRITE(IS*Q)yp. -
ARITECISY10)VA

IF(LEVEL~1)432,433,433
CONTINUE '
WRITE(A,2406)
FORMAT(IHL)
DO 110 M=1,N
WRITE(S,111)VP (M), VQIM) M
FORMAT(///2E20.5,18)
CONTINUE
CONTINUE

RETURN

END

1439, NAME PSNS2
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~ 079
éz90630

0b81

Qo882
690085

0684

0685
© 0656
0687
0688
" 0689
0690
0691
0082
0b93

@

&

@

06906
097
06948
0699

5]

<0719
0720
0721
0722
0723
;90724
20125
0726
0727
&

0694
0b9I5

13

2500
10

31

3

32

105

19

30

1

12

SUBROUTINE PSALS

INTEGER TF
INTEGER BB,FRUS,FAULT, NDZIBO),TFCOUN
DIMENSION G(80),BL80)

COMMON N, by, L, iF,FBUS, FAULT,RN,XN,RZ.XZ,R,X UF GF
COMMON ICT,IEMF,TOL,LEVEL -
COMMON/D/NOZL, 6,8
COMMON/T2/CARDLL0)
COMMON/TI/KS
READ(23'3)NDL
CALL DEFBUF(29,80,CARD)
IFILEVEL=-2)10,13,13
CONTINUE"
WRITE(3,2500)R,RN,RZ,X, XN, XL
FORMAT(6ELT .6)

CONTINUE ’
CALL FREAD

READ(29,31)ICCZS ' B -

FORMATI(IZ)

IF{ICCZS)Y,1,2
CONT [NUE :
00 14 I=1,1CCLS
J=0
Call. FREAD
READ(29,3) R, M, TFCON,2ZR,ZX,XLS, X2ZT ,MN, NT
FORMAT(3[Z,4F8.4,213)

WRITE(S, 32K, M, TFCON,ZR, LX, sz XLT,MN.NT
FORMAT(Y K M TFCON  ZR  ZX XIS X217 MN NTY -+,
t 313,4F10.4,215,/7) - :
IF{TFCONLLELB)GO TO 105

[TFEC=TFCUN~}
GO TULL101,102,103,104),1TFC
CONT INUE :
GZ=XMODIZR, 7X)
BZ=-x400{(7x, IR)
CONTINUE

READ(30'KIG

READ(31'K B
GO TO {7,7,19),1FCON
GIK)=G{K)IGIMI+GL
B(K)=B(K})+E(M)+u2

1F{TFCON=2)6,30,30 L . -
GIK)=G(K)+GZ : C
BIKI=B(K)I+BZ
J=1
NDZ(K )=t
GO TO 114
G(i)=~GZ
Bl)l=~B2Z
GO TO 11
Gitd)=0.0
B(MI=0,0
G72=0.0

382=0,0
WRITE(30'KI)G

lerF(31'h)H

IF(Jl12, 4
KTEMP=K

374
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00728
0729
0730

w0731
0732
0733

00734
0735
0736

0 0737
0738
0739

5 0740.

0741
0742
00743
0/44
0745
0747
0748
00749
0750
0751
w0752
0753
0754
& 0755
0756
0757
0758
0759
0760
. 0761
07162
0763
0764
0765
Q7606
07867
0768
0769
0770
erl71
0772
0773
07174
0775
0776
07177
0778
.0779
07890
0781
0782
0783
0784
0785

101

102

103

K=t . .
M=K TEWP

J=t

G0 TO 4

6N TO 14

CONTIHUE

KEADU S 'K Ik

BIR)=BIK)+B(MN)

BUMM)I=0,0

WRITE(31'K)B

READCS{'MMN)B
BIMNISBIMN)Y+B (K I+BINT I8 (M)

BRIK)=],-

BINT)=0, : . ‘ -
B(H)=0,

WRITE(3L1'HN)B

READCSL *1)E

B{)=B(M)+E(MM)

B(MN)=0,

WRITE(31'M)B

READ(31'NT)R

BINTI=BINT)+8 (MN)

B{MHN)I=0.

WRITE(31'NT)B -

GO TO 14 : ’ -
READ(31'K)B A .
BIKI=BIKI+E(MN)

BIMN)=0,0

WRITE(31'K)H

CREADCSE"WN)A

BOANI=B(MN)+B(K)+B(NT ) +B8 (M) =1, 0/X2Z8~-1.0/%X27
B(K)=0,. "

Bitm)=1.0/%x1S

B(HT)=0,

WRITE(OST *MNB

READ(AI'NTIB

BINT)I=BINT )+ (MN)

B{mMN)=0.

WRITE(31I"NTH e
READ(3L'M)B _
BM)=B(M)I+b{MN)—-1,0/XZS

BldN)=1.0/XZS

WRITE(S1'M)B

GO TO 14

READ(31 'K )}E

BIK)I=BIK)I+B(MN)I=-1.0/ZX

BMM)I=1.0/2X

WRITE(31'K)A

READ(31*MN)B :

BN =BIMN)+BIK)+B (LTI +B(M)=1,0/2ZX~1.0/XZT~1.,0/X2S

BINT)=1.0/%2T.
B(Kk)I=1.0/2X
BlM)=1.0/X7S
WRITE(31'MN)B
READIZL Y NT)IH
BIHNTI=B(NT)+B{MN)
B{MN)=0.0
WRITE(3L'NT)H

375
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Ly

. 0786 READI31M)8B A
0187 ‘ BOm)I=B (M) #+B(MN)-1.0/XE2S
0788 BOMI)=1.0/X2S
.. 0789 ’ SORRITE(AL M)N
“ 0790 GO TU 14
0791 104 READ(20°K)E .
07192 BOK)=3 0K ) +E (MN) S
T 0793 - BIMNI=0. '
0794 WRITE(SL'KIR
G30795 READ( 31 WN)IB , '
20196 BUAN) B AN +B (K ) +BINT )+B (M) =1,0/X2S=1.0/X2T~1,0/2X
0797 B(K)=0, '
€30796 S BINT)=0.
(799 B(M)I=1,0/X2S
0600 : : WRITE(3L *MN)b
@ouox ) READ(A3L " nTIH
0802 BT =EINT )+ (M)
0803 _ _ BEMN) =0,
o&oa . WRITE(3L'NTIB
0805 READ(3L*M)E ,
0806 - O BOMIEBIMIFBIMNI =1L /X LS
o 0807 BIMN)I=1.0/X28
oaos ARITE(31M)B
0809 - 14 CONTINUE
0510 - I CONTINUE
0811 . NDZ(F3US)=0
0812 o DO 100 K=1,N
0813 READ(IV'KIG -
o814 . READ(31'K)B _ ‘
0815 , BAT=(ABSIGIK) ) +ABS(B(K)))
{30&16 . IF(BAT~0.0001)8,6,9
“ 0847 8 HOZIK)==1
0618 Y CONTINUE
0819 - 100 CONTINUE
¥ 0820 : WRITEL23*3)NDZ
0u2i KETURN
Caougz END

@'NU OF SEGMENT, LENGTH - 1397, NAME PSAILS
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E.:D
@

0os23
@0324
0425
0826
0827
0828
= 0829
- 0830
0631
0832
0833
0834
- 0835
© 0836
0837
™ 0838
®0559
0840
@0541
ouaz
0843
®0844

@

0s4s5

0846
o 0847
0548
0849
@ 0850
0B51
0852
08535
0854
0855
L 0B56
0857
0858
0859
0860
0861
. 0862
0863
0864
. 0865
08606
0867
0808
0869
0870
0871
0872
0873
0874
0875
0876
0877
0878
0879
0880

32
31

21

e

28
70

1d

11

122

SUBROUTINE Z25S0L
INTEGER uB,TF,Z,FAULT ,FRBUS,MDZ{8B0)
REAL IP,1Q,1PZ,10Q12

VIMENSTON G(B0),8(80),vP(A80),VQ(E0)

DIMENSION  Y(40,a1)
DIMENSION KRD2T(EQ),TA2(A0)
COMMON N, BB, L, TF,FHUS,FAULT RN, XN, R2.XZ,R,X,BF,GF
COMMON 1CT, kM-, TOL,LEVEL
COMMON/D/VE , VU, vP1(80),VQ1(80),VP2(80),yQ2(80)
COMMON/D/NGL,G,8,N02T,Y .
1X=0
IR=8 .
IF(LEVEL=2)31,32,32
CONTINUE
WRITE(3,2500)R,RH,RZ, X, XN, X2
CONTINYE
IF(FAULT=2)21,24,21
CONTINUE

READC23¢3INDZ

CALL NAMI3CG,31)
11=50

IMAX=600
I1=0
DO 70 K=1,N
1a2(K1=0 ' -
IFINOZ(K))}Q,28,28
VP(IK)I=0,0
GO TO 70
VP{K)=0.6
VOI{K)}=0.0
DO 4 K=1,N
READ(30'K)G
DD 4 J=K,.M
Y(K,J)=G1{J)

DO 14 K=2,N
READ(3II'K)B
Y{N+L,K)=R({K)
KT=K=-1
DO 14 J=1,KT
Y{K, D) =Ft(J)
READ(31*1)8B
Y{N+1,1)=0B(1)
VPIFBUS)=1.0
NODZIFBUS)=0
=1
READ(Z23*3INDZIT
NDZTFBUS)I=0
K=0
K=K+1
TF(NDZTIK))S, 7,6
1=7+1
Gy 10 7
CONT INUE

IP=0,
10=0.
JF{K=1)201,202,201
KT=K-1
DO 204 M=1,KT

377



o

0881
Dvua2
0583
0884
® ou85
0886
0887
D 0688
0689
0690
0891
0892
0893
T 0894
0595
0596
0897
0898
~ 0899
P 0900
0901
0902
0903
0904

0906
0907
0908
0909
0910
0911
T 0912
0913
. 0914
“ 0915
0916
~ 0917
30915
0919
. 0920
0921
0922
L 0yY23
0924
0925
0926
T0Y27
0928
0929
0930
0931

L0932

0933
0934
0935
0936
0937
0938

0905 -

204

202

205

18
17

20
19
16

IP=(IP+Y{M,KIAVP{M) =Y (K, MIAVQ(M))
IQ=(IO+Y (R, MIAVPIMI+Y (M, K)*AVQ{M))

COMTINUE :
[F(K=N)202,205,205

KT=K+1

DO 205 Mz=KT,N .
IP=(IP+Y (K, MIAVPIM)=Y(M,K)I&VQIM))
[ID=(IN+YAM, R)AVPIM)+Y (K, N)I*VO(M))

COHTINUE

IP=IP+Y (K, K)AVP(K)=Y(N+1,K)*V0(K)
[0=1Q+Y(N+1,K)*YP(KIHY(K,K)*VQ(K)

P=IPAVP{K )+ 0 VO(K) :

O=IP*VQIK)=1Q*VP(K)

Dp=-p

D=-Q

CALL ACCLICIB,IX,I)
[F(I-IMAX)16,17,18.

CALL EXIT

DO 19 M=1,N

WRITE(3,20)VP (M), VQIM) M

FORMAT(2F12.5,110)

COHTINUE

CONT INUE

YIZY{K,K)#VP{K)

Y2=Y(N+i,K)AVP(K)
Y3=Y(K,K)*yQiK)
Ya=Y(N+1,K)*VQ(K)

A=IP+Yi+Y4 -
AB=IN~Y24Y3

C=Y3-Y2-{N0

367

369

10

37
38
36

12

D=1P=Yi-Y4
IFCCABSIAXD)+ABS(AB2C))~1.0E~-6)367,369,369
VP(K)=0.0 ‘

Vvalk) . =0.0
DVvP=0.0
DvQ=0.0
TA2(K)=K

GO TO &8

CONTINUE

CDVP={D4DP-ABADQ)/ (A2D -AB%C)

DVAQ={~CaxDP+A*DQ)/{A*D=AB*C) -
IF{ABS(OVP)=-T0OL )Y, 1,3 :
IF{AaBS{OvVQ)-TOL)S,8,3
l=7+1
CONTINUE

VP IK)I=VP(K)IDVP

VOIK)I=VQIK)I+DVQ
CONTINUE

IFIK-N)122,10,10

I=1+1

IF(I.LTLIT)GO 10 36

[1=11+50

D0 37 K=1,N

WRITE(3,38)K,VP(K),VQ(K),I
FORMAT{IS,2€20,0,15,5x, 11HK vpz va7 !
CONTIINUE

YE(Z-N)11,12,12

CONTINUE )
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0 0939
0940
0941

o 0942
0943
Qyag

e 0945
0946
0947

0948
0949
0950

& 0951
0952
0us3

w0954
0455
04956

-~ 0957
0958

0959

0960
0961
0962
0963
0964
0965
0966
0967
0968
0969
0970
0971
0972
0973
0974
0975
0976
0977
0978
0979
0980
L0981
0982
0983
L0984
0985
0986
0987
0988
0989
L0990
0991
0992
L0993
0994
0995
0996

WRITE(S,13)1

THE"*,

{3 ForMATOIRL, /777, SOX,PITERATIONS FUR

2 ° kRO SEOUhNLL NanURh'

v /7/7/7,10X, *THE ZERO SEQUENCE IMPEDANLF IS®
Kn=FBUS

1PL=0.
Q=

IF(K~1)301,%302,301

301 KT=K-1

304

302

W
<
v

15

34

41
2500

40

24

25

26

i

DO 304 M=1,KT
IPZ=(IP7+Y (%, K)AVP(K)=Y{K,M)AVQ(M))
102=(IQ2+Y (K, M) *VPIMI+Y (M, KIAVQ(K))

CONTINUE :
IF(K=-N)302,305,305

KT=K+1

DO 305 M=K1,N
IP2=CIPZ4Y (K, H)AVP(M)=Y (M, K)*VQ(H))
INZ=(TQL+Y (M, K)AVP(M)I+Y (R, M)AVQ(H))

CONMTINUE
IPZ=TPZ+Y (K, KI®VP{K)=Y(N+1,K)*VQ(K)
[QZ=102+Y{N+1, K)kVP(K)+Y(K K)*VQIK)

RZ=X10DIPZ, 102)
X2=~XMOD(I107,1P2)

WRITE(3,15)RL, X/ :

FORMAT (LMY ,50X,F8.4,25,%+%,2xX,%Jl",
2X,F8.4, )') :
IF(LEVEL=-2)33,34,34

CUNTINUE

DO 110 N=1,H
MRITE(S, {11)VP (M), V(M) M

FORMAT(2E30.6,15)

CONTINUE

WRITE(3,383)

FORMAT(1H1)

COMTIHUE

WRITE(1511)yp

WRITE(1512)vQ

GO TUt23,24,25),FAULT -

RT=%,08R+RMN+KRZ

XT=3,0%X+XN+XZ

GF=XWODIRT, XT)

BE==X40D(XT,RT)

IF(LEVEL~A)40,41,41

CONTINUE

FORMAT(REL4,6)

WRITEA(S,2500)R,RMN,RZ,X, XN, XL, RY,XT

WRITE(3, 111K, X,FFBUS

CONTINUE

WRITE(3,111)6F,uF,FRUS

GO TO 26

RT=R+RN

XT=X4+XN

GO TQ 27

RT=3.0%xR+RZ

XT=3,.08X+XZ

GE=XMOIDIRT, XTI+ xmOD RN, XN)
BE=-XMO0(XT,RT)~XMOD{XN,RN)
CONTINUE

-~
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0497 ' , - READ(O'FBUS)G

END OF SEGMENT,

0998 READ(7'FBUS)H
0999 G(FBUS)=G(FisUS)+GF ,
1000 BIFRUS I =B (FRUS)+BF :
“1001 WRITE(6'FRUS)G
1002 ’ WRITE(7*FBUS)B
1003 WRITE(23°'3)NDZ
" 1004 o ICT=t
1005 IF(LEVEL=-4)%0,43,43
1006 43 CONTINUE
C 1007 . WRITE(3,112)6F ,BF
1008 112 FORMAT(2F20.6)
. 1009 WRITE(3,368)
T1e10 366 FORMAT(+THESE VOLTAGES SET 10 ZEKO',
1011 1 * BECAUSE UF THE 0/0 CONDITION') -
1012 , DO 330 k=1, :
1013 : IF(IA?(K))%&O 30,380
1014 380 WRITE(3,381)1A2(K) NDZ(h),HUZT(K) K
. 1015 381 FORMAT(160,2110,15,"
1016 30 CONTINUE
1017 RETURN
1018 CEND

LENGTH 1732, NAME ZISS50L
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&

1019
1020
1021
1022
1023
1024
1025
1026
1027
1028
1029
1030
1034
1032
1033
1034
1035
1036
1037
1038
1039
1040
1041

1042

1043
1044
1045
1046
1047
1048
1049
1050

1051 .

1052
1053
1054
1055
1056
1057

10568
1059
1060
1061
1062
1063
1064
1065
1066
1067
1068
1U69
1070
1071
1072
1073

10747

1tu75
1076

10

93

1

SUBROUTINE PSHSI -
INTEGER BR,FBUS,FAULT, ND(&O) ,TF
REAL MOUVIBOQ)
DIMENSION PS(80),05(80),VP(80),;VQ(80)
DIMENSION GLBO),8(80) ;
COMMON N,kPR,L,TF,FRUS,FAULT,RN,XN,RZ-X2,K,X,BF,GF
COMMON ICT,IENMF,TOL,LEVEL
COMMON/D/MLDY ,PS,QS, VP, VQ,6,8
COMMON/CLO/ZISCIND, NCOUNT
COMON/CLL/HDOESC(20)
COMMON/TA/RS
COMMON/T2/CARD(10)
CALL DEFBUF({29,80,CARD)
IFCISCIND)IO, 10,3
CONTIHNUE
CALL FREAD
READ(?29,93)R, X
FORMAT(2F10.,4)
WRITE(S,7)FAULT,FBUS,R,X

7 FORMAT(IHL,213,2F8.4,'FAULT TYPE FAULT BUS ',

UFAULT INMPEDANCE®)
IF(FAULT)S,4,3

4 STOP
3 CONTINUE

U

DO 5 K=1,N -
READ(6'K )G
READ(7'%)8
WRITE(30'K)G
WRITE(31'4) 8
WRITE(197K)G
WRITE(20°K)B
CONTIHUE
READ(10*1)PS
READ(10'2)QS
READ(15%1)up
READ(15'2)vQ

. READC23*1)IND

ERALEE

Selas Se

YT

DO 1M=2,H -
READIB* MG '

READ(7'v)B

VHOD=VP (M) * 22+ QM) % k2

B =3 (4)+QS (M) / V0D . 1
GIMI=G(M)=PSUNM)/VMUD

PS{M)I=0,0

Q5(M)=0,0

TMODV ) =0,

WRITE(B* )G

WRITE(7'M)B

s T o T PR T TN G T SR e I T Y

IFIHDOMY )T, 1,2
CONT INUE
WRITE(LI9'M)G
WRITE(20'M)0Y
CONTINUE
WRITE(231)HD
WRITE(10"3)MODV
WRITE(10"1)PS

TWRITECLO0'2)0S

IFCISCINDIEZ, 13,15
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1077
1078

1079

1080
S {ostd

1082

1083
1084
1085 -

1086

1087 .

1088
1089

1090

1091
1092
1093
1094
1095
1096
1097
1098

1099

1100
11014
1102
1103
1104
1105
1106
1107
1108
1109
1110
11114

ND OF SEGHMENT, LENGTH 626, NAME PSNSI

13

18

70

14

12

1
{15

COHTINUE
CALL FREAD
READ(29,8) ICCNS
FORMAT(I3)
WRITE(3,18)ICCNS ‘
FORMAT( 16, * THE NUMBER OF NEGATIVE SEQUENCE MODS®)
IF(ICCNS)9,11,9 . :
CONTINUE .
DO 1t JU=1,I1CCNS
CALL FREAD
READ(29,70)K,M, k1, X1
FORMAT(215,2F10.4) ' .
JJ=0 :
GN = XMOD(R1,X1)
BN==AMDO(X1,R1)
WRITE(3,6)k,M,G6N,BN
FORMAT(//,21b,2620.6,5X, '"NEGATIVE SEQUENCE MODS')
READI19'K)G E L
READ(20'K)E&
GIKI=GIK)+G () +GN
BIK)=B(K)+E(}4)+BN
G(M)=-GN o
B )==BN I N ‘ e
WRITE(19'K)G - : :
RRITE(20'K)8R
IF(JI12,12,11
KT=K
K=M
M=KT
JJ=t
GO TO 14°
CONTINUE
CONTIWNUE
RETURN
EHD

382
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NERVE

1113
1114
W15
1116
1117
V1118
1119
1120
1121
1122
1123
1124
1125
1126
1127
1128
1129
8 1130
1131
1132
a 1133
1134
1135
o 1136
1137
1138
1139
1140
1161
1142
" 1143
1144
1145
1146
1147
1148
1149
1150
1151
1152
1153
1154
1155
1156
1157
1158
1159
1160
1161
1162
1163
1164
1165
1166
1167
1168
1169

FEITTRE TR X AT TN iy Y

"SUBROUTINE VFECITR

INTEGER FHUS,FAULT BB, TF

- KREAL IPF,IGF

25
26

57

DIXENSTON VP(B0),v0(80),VPN(80),VQAN(80)
DIMENSION VPLI80),VQZ(80) .
DIMENSTION MPS(3,80)

DIMENSION A2(10)

CUMMON N, ER,L,TF,FEUS,FAULT, RN,XN,RZ.X2,R,X,BF,GF
COWMUN ICT, IEMF,TOL,LEVEL

COMMUN/H/AZ

COMMON/ T4/ TPRINT

COMMON/D/VP ,VQ, VN, VQN,VFZ,VQZ

KEAD(2374)MPS '

RRN=RN

XXN=XN

J=5

J1=6

J2=9

J3=10

L=0

READ(IS"1)VpP

READ(15'2)Vn

CONT INUE.

KEADC15102) VPN _ .
READ( 15" J3)IVON . .
IF(FAULT=2)4,4,5 .

IPE= (VPIFBUSY*GE=VO(FBUS)*BF )

IQF= (VP{FHUS)*SF+VQ(FBUS)*GF )
IF(LEVEL=4)26,27,27

-CONTINUE

WRITE(3,25)1PF,10F
FORMAT(///,2E20.5,5X,1IPF AND T1QFY///)
CONTIHUE

UNP==(IPF2RN-1QF *XN)
UNQ==( IPF & XN+[QF*RN)
IF{FAULT~2)6,57,57

VNP ==UNP ‘
VNQ==VNQ l
GO TO b

CONTINUE
UNP=VP(FRUS)
VHNQ=VA(FBUS)

CALL LMT(VAP,VNQ,VHMOD,THETA)

DO 1 K=1i,N

S=VPHIK)

T=VAN(K)

CALL LMT(S,T,U,w)

DELTA=THETA+W
VPN(K)=VMOD*UXCOS(DFLTA) -
VOMI{K)=VS0D*U*SINIDELTA)

CONTINUE

WRITE(LI5J)VPN

WRITE(1S5"J1)VAN

RN=RZ

X=X7

J=7

Ji=8

J2=11

eI AT PATHEPEN
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BB B ENY
TR
172
wt73
1174
1175
1176
1177
1178
1179
" 1180

1181

1182
T 1183
1184
. 1185
" 1186
1187
. 1188
S 1189
1190
1191
1192
1193
. 1194
1195
1196
L1197
" 1198
1199
., 1200
#1201
1202
1203
“ 1204
1205
1206
1207
1208
L1209
31210
1211
1212
1213
1214
1215
1216
1217
1218
31219
1220
1221
1222
1223
1224
1225
1226
31227

1000

101

J3=12 »
L=L+1 ' §
IF(LL=-2)3,8,3 :

IF(FAULT=-2)2,1000,7
CONT INUE

D0 101 mM=1,N : _
VPZ(M)=0.0 '
VOZ(M)=0.0 :

CONTINMUE
RRITE(L19*7)IVPL

WRITE(15'8)V0Z
ARITE(15'11)VpPL
WRITE(15*12)vQz
GO TO 8
CONTINUE
READ(15*J2)VPN
READ(15°U3)VaN
RT=3.0*R+R7Z
XT=3.08X4+X1Z
GF=XMOD(RT,XT) -

BF==X40D(XT,RT)
G0 TO 4
CONTINUE

RN=RRN

XH=X XN
READ(15* 5PN
READ(15'06)VQN
CALL ROTAT(VPM,VQM,MPS,-1)"

WRITE(155)VPN ;
WRITE(15'6)VQN :
READ(L15YTIVPL . » ,

CREAD(153)v0l

31
33

IF(LEVEL=2)%0,31,31
WRITE(3,33) o
FORMAT(5X, *SEQUENCE VOLTAGESY,//,13X,

2 ' POSTTIVE®,22x,"NEGATIVE, 22X

37
21
30

Y
&7
14
15
16
11
12

13

1, ZEKDY ,14%, "NODE")
D0 32 M=1,N . ' ‘
WRITE(3,21IVP (M), VQIM) ,UPN(M), VQNIM) ,VFPZ (M), VQZ(M) M
CONTINUE , . £
FORMAT(OEL15.6,16) : ., s '
CONT INUE . : '
IF(IPRIMTLLT2)IKETURN
WRITE(3,9)

FORMATC(IHL)

WRITE(3,87)4A2 S

FORMANT( /77 ,5%X,10A8,/77)

GO TO(14,15,16),FAULT
WRITE(3,11)FBUS ' >
GO YO 17 , _ .

KRITE(Z,12)FBUS ) .
GO TU 17 ' ’ -

WRITE(A, 13)FBUS v vae
FORMAT(5X, '"LINE TO EARTH FAULT OM PHASE A AT BuSTe* "
FOKMAT(SA, *LINE TO LINE FAULT ON', '

1* PHASES B.anD C AT BUSY,14)

FORMAT (95X, *LLINE TO LINE TU EARTH FAULT ON'. 2

1 * PHASES & AND C AT BUS',14)

-0

i,

384
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L1228 17 CONTINUE
1229 WRITE(3,10) :
1230 10 FORMAT(////,5X, " HODAL PHASE VOLTAGES*.////,1bX,
12314 2 ' NUDE’,1bx,'PHASE A® f _
1232 3,22X,"PUASE b',23X,PHASE C*,///,
1233 4 16X,3(016X, MOV ANGLE®))
1234 : KETURN -
1235 END

eND OF SEGMENT, LENGTH 733, NAME  VFCTR



1278
Oi279
1280
1281
"1282
1283
1284
Q1285

SUBROUTINE VCOMPLIC)
INTEGER 8H,TF,FRUS,FAULT
DIMENSION VPIBO),VU(B0),YPN(BO),VANIBO),VPT(50) .,
COMMON N,kE8,L,TF,FBUS,FAULT, RN, XN,RZ-XZ,R,X,F 6;“Lw
COMMON/DAVE VO, VPN, VAN, VP L, VQZ ) AR
COMMON/ TG/ IPRINT ; :
READULIS51)vp
READ(15'2)Va
READ(15*S)VPN
READ(15*'6)VAN
READ(15*7)vpZ
READ(15'8)vaQL
DOIK=1,M
VAPSVP (K )+VUPNIK)+HVPZ(K)
VAQ= VQIK)I+YONIK)I+VQZ(K)
CALL ULMTUIVAP,VAQ,VAMUD,R1)
VBP=VPZIK)=0.5* (VP(K)+VPNIK))+(SORT(3.0)/2.0)
I % (VO(K)=VQN(K))
VBQEYQZIK)I=0. 5% VQIK)+VAN(K) I={SORT(3.0)/2,0)
I *(VP(K)I=VPHIK))
CALL LMT(VBP,VEQ,VBMUD,R2)
VCP=VPZ(K)=0.5%(VP(K)+VPNIK) )+(SART(3.0)/2.0)
1« (VANTK)=~VYQUK))
VCQ=VI2ZIK) =0, 5*(VO(K)+VQN(K))+(SORT(3 01/2.0)
I % (VF(K)=VPNIK))
CALL LMT(VCP,VvCQ,VCWHUD,R3) -
A1=VAM0D*CGSIRY) o
A2=VAMODASINIRY)
AB=VBMOD*COS(R2)
AG=VYBMOD*SINIKRZ)
A5=VCMODACOSIRS)
A6=VCHMOD*SINIRA)
VO (K )=R1
IF(R1,LT.0, OOOI)VQ(K)—O 0
VON(K)I=R2
IF(R2.LT.0.0001)VQON(K)=0.0
VOZ(K)I=R3
IF(R3,LT.0.0001)}VQZ(K)I=0.0
VP LK )=VAROD ' -
VPN K )=yBMOD : ' Lo
VPZ(K)=VCMOUD ' ' '
K1=R1%x57.,296
R2=R2#%57.290
R3=R3%57.296
A=VANOD+HVYBMIL+VCMOD
IF(A.GT.0.0001)60 TO 8
VPIK)I=0.0
VPNIK)=0.
VPZ(K)=0,
G0 10 1
IFCIPRINT.LT.2)GO T0 1
WRITE(3,2)h, VAMOD R, VBMUD ,R2,VCMOD,R3
FORMAT( L1iXx,16,1X,3(10x,F10.5,F10.2))
WRITE(3,b)k,A1,02,A3,84,A5,A6
FORMAT(1G,24%,2F10.5,10%,2F10.5,10X,2F10.,5,/7/)
CONTIHUE
IFL1C=-2)3,4,5
Ki=1b6

386
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¥ SEGHMENT, LENGTH

K2=17
k3=18
Kad=2%
K5=26
k=27
G0 10 7
Ki=19
K2=20
K3=21
kd=28
h&5=29
Kk6=30
60 T0 7
k1=22
k2=23
K3=24
Ka=31
K5=32
K6=33
WRITE(15"K1)vp

CWRITE(15'K2)VPN

WRITE(15°K3)VP2
WRITE(15'K4) VA
WRITE(15"K5)VON
WRITE(15'KE)VOZ
RETURN

END

122, NAME VCUMP

1Y b ataa i

T T S S W I T OO P T A S T TR A,

287

S a il ace gt oAt 1) AT RN YY,

YT TN T S AT g R R T



B e - . e - S e e a s b e e e e v o e Srpmere o 21 s et - 4 snm s e bt St bt et ek A< 5 L AR s 84 7 et A A 8Pt 8 Ak e e weA s

1321 SUBROUTINE EMFU{EMEF)
@322 REAL 1P, IQ

1323 DIMENSTION YP(R0),VQ(B0),PSI80),Q5(80)
-~ 1324 CODIMENSION A2(2,80),1K(80) -
czl31525 COMMON/D/AZ LK, VP, VQ,PS,QS

152 COMMUN/TA/RE
)1521 COMMON/T2/CARDI10)

1328 , : CALL DEFBUF(29,80,CARD)

1329 CREADIIST1)VP
. 1330 READ(15'2)VQ
33 READ(L1O1)PS

1332 : READ(10'2)0S
L1333 WRITE(S, 1)

" 1334 1 FORMAT(///777)

1335 WRITE(3,7) . N
L1336 7 FORMATUL9X,'A  + JB',16X,'MUD*,8X,YANGLE* ,7X,'NODE",
" 1337 1 5X,'R AHO  X')

1338 DO ¢ I=1,I1EMF
. 1339 CALL FREAD
1340 o READI29,5)K,IC,R,X,P,0

1341 5 FORMAT(213,4F10.4)

L1342 COIFPYLY, 12,01
" 1343 ' 12 IF(Q)1tL,13,11
1344 . 13 P=PS(K)
L 1345 7 0=QS(K) :
Y1346 11 IP=pxXMODIVPIK),VQIK))+QAXMOD(VQIK) ,VP{K))

1347 IN0=P*XMODIVAIK) ,VP{K ) )=Q*XMOU(VP(K),VO(K))

. 1348 Va=IP&«R=-[0#X - .
T 1349 VB= P X+ 10K

1350 ‘ VI=YP(K)+VA
L1351 S V2=VO(K)4VE .

1352 20 FORMATL 77/, % VPIK),VOQ(K),IP,IQ,VA,VB *,// BE17.6,15)

1353 WRITE(3,20)0P(K),VOIK),IP,IQ,VA,VE,K
*@1354 CALL LMT(VL,Vv2,nl, 81)

71355 . B1=57.2958+141

1356 - WRITE(3,b)vi, V2,A1,681,K,R,X
91357 6 FORMAT(TIX,2F13.7,F17.6,F10,3,19,2F10.4)

1358 A IK(1)=1C : '

1359 - R20L, )=Vt

1360 ‘ AR(2,1)=V2 ,
T t361 4 COHTIHNUE g

1362 ' , C OWRITE(3,10) - :
. 1363 10 FORMAT(///7,5X%, "HEW BUS NUMBER AND M/C EMFS VP VQ * )
“ 1364 DO 8 I=1,I1EMF

1365 9 FORHAT(IB,;FIO o)

1360 8 wWRITE(3,9)1IK(1),A2(1,1),A2(2,1)
1367 RE TURN
1368 A END

END OF SEGMENT, LENGTH 372, NANE EMF

3

.
£

2K
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1369

1570
1371
1372
1373
1374
1375
1376
1377
1378

1379
1380

1381 .

1382
1383

. 1384

1385
1386
1387
1388
1389
1390
1391
1392
1393
1394
1395

- 1396

397
1398
1399
1400
1401
1402
1403
1404
1405
1406
1407
1408
1409
1410
1411
1412
1413
1914
1415
1416
1417
1418
1419
1420
1421

1422

1423
1424
1425
1426

SUBROUTINE TCOMP(IC)
INTEGER BH,TF,FRBUS,F

AULT

DIMENSTON VPLZ240),V00240),VPN(240),VIN{240)
DIMENSTON VPZ{240),VQZ(240) )
“ DIMENSION 1rUSC,, 200)

COMMUN N, b8, L, TF, FRUS,FAULT,RN, XN RZ.XZ,

COMMUN/D/VE VA, VPN, VUN,VFZ,VQZ,IBUS

COMMUN/TA/IPRINI

70 FURMATUIHL,///,5X%,'L

T i x,*LINEY 21X, "PHA

3*PHASE C*,//7/7/7,

2 17X ,3014%,"MODULLUS
IFCIFRINTLLT.2)60 TO
WRITELS,T70)

9 READ(3T*1)]IHBUS
READ(2421 )P
READ(Z2a*2)VN
READ(24Y3)vPN
READ(24'4)VQN
READ(24°*53)yP L
READ(24*6)V0L
DO 1 K=1,8k
VAP=VPIK)+VPNIK)I+VP?Z
VAQ= VOUIR)IFVANIK)I+VO

INE CURRENTS®,///7,
SE A',23X,'PHASE HY,

ANGLE ' ))
9

(K)
LK)

CALL LMT{VAP,VAQ,VANDD,RL)
VBP=VPZ(K)=0, b*(VP(k)iVPN(K))+(SQRT(5 0)/2. O)

b« (vQIK)=-VQHIK))

R,x,8F,GF

23X,

Vald=VQZIK) =05+ (VQIKI+VANIK) ) =(SQRT(3.,0)/2.0)

1 x(VPIK)=VPNIK))

- CALL LMTUOVBP,VRO,VHEMU0,R2)
VCP=VvPZ(K)=-0D, 5*(VP(h)+VPN(K))+(SQRT(3-0)/2 0)

o= (VQREK)I=V0(K) )

VCA=VOZIK)I=0.58 (VQIK)+VAQNIK)II+(SURT(3.0)/2.,0)

1 »{VPIK)I=VFNIK))

CALL LMT(VCP,VCQ,VCHOD,R3)

At=vA0D*COSIRE)
A2=VAHQDASIN(RL)
A3=vastDACOS(R2)
Ad=Vuid0DaSIN(R2)
AS=VCHMOD*CUS(R3)
AB=VCMODXSINIRS)
VNIKY=R1
VAON(K)=R2
VOZ(R)=R3
Ri=R1%*57.296
R2=R2+57,2496

R3=R3%57.,296
VP K I=vAMOD
VPMIK)=VEMOD
VRPZ(K)I=vCMOD
A= VAMOD+VBMUD+VCMOD
IFLA-0.0001)1,1,8

8 TFOIPRINTLLT.2)GO 10
WRITE(3,2)18US(1,K),
1 R2,VYCMOD,R3

2 FORMATIS5X,210, 1X,3(

|
IBUS(2,K),VANOD, R

10X,F10.5, F10 2))

HWRITE(3,0)A1,A2, A3 A4 A5, Ab

& FORMAT(23X,3(2F10,

l()X),//)

L VBMOD,
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1427
1428
1429

1430

T 1431
1432
1433
1434
1435
. 1436
11437
1438
1439
Y1440
144 4

. 1442
1443

1444
1445
1446
1447
1448

1449

1450

1451

1452
1453
L1434
© 1455
1456
. 1457

- ND OF SEGMENT,

- 1458

CONTIHUE
IF(IC=-2)5,4,5
Ki=3

K2=4

K3=5

KA=K1+9

Kbh=K2+9

Kb=K3+9

GO 10 7

K1=b

Ke2=7

K3=8

Kd=K1+9
KHE=K2+9 .
KO=KA+9

GO 10 7.

Ki=9

K2=10

K3=11}

KA=K1+9

Kh=K2+9

KHE=K3+6
WRITE(37'K1)VP
WRITE(37'K2)VPN
WRITE(I7*K3)VPL
WRITE(S7'K4)vQ
WRITE(3IT7'KS)IVON
WRITE(3T7'KE)IVOL
RETURHN

ENU

692, NAME ICUMP

390
SUBROUTINE CRNT(IS5,11,12)
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»
1458 © SUBROUTINE CRNT(I5,11,12)
1459 INTEGER 88
1460 DIMENSION VP(80),VA(80) ,GU80),R(80)
, 1461 DIMENSION CIPL240),CI0(240),1BUS(2,240)
1462 COMMON N, BB
1463 » CUMMON/D/VP ,L,VN,G,B,CIP,CI0,IBUS
1464 COMMON/OL/TC10)
1465 READ(3Z7'1)1I8US
1466 : READ(IS IS )vpP
14567 I6=15+1
1468 READ(15'16)\0
1469 ~ [x=1
1470 I M=18US(1,1IXx)
1471 KEAD(IL'M)G
1472 _ READ(I2° MK
1473 2 1=1BUS(2,]1X)
1474 ' Vi=vP{M)=vP(l)
1475 - _ V2SVOIM)=-vQ(])
16476 CIPUIX) = v2*B(I)=V14G(1)
1477 CIQUIX)==(VI*B{1)+V2*G())
1478 . CIR=SORTICIPIIX)*42+4CIG(IX)**2)
1479 IF(IC(5).EQ.1)GO TO 10
1480 : C IF LOAD FLOwW ANALYSIS, PRINT ACTAUL VALUES,
1481 IF(CIR.G6T.0.2)6U TO 10 :
1482 CIP(IX)=0.0 -
1483 ClQlix)=0.0
1484 . 10 CONTINUE
1485 - IF(1x-88)3,4,3
1486 3 IX=IXx+d
1487 ' IF(M=TBUSE,IX))1,2,1
1488 4 CONTIHUE
1489 - IF(11-19)5,6,7
1490 , 5 J = 1
1491 k=2
1497 GO TU 8
1493 - 6 J=3
1494 , K=4 i
1495 . GO TU & ' S
1496 7 CONTINUE
1497 ‘ J=5
1438 k=6
1499 8 CONTINUE
1500 WRITE(24*JICIP
1501 WRITE(24°K)CIQ
1502 RETURN
1503 ' END

.NO OF SEGMENT, LENGTH 320, NANE CRNT

34l



T

1504
1509

1506

1507

S 1508

1509

1510

1511

1512 14
C 1513 1
1514

1515 2
1516 5
1517 :
1518 3
1519 7
" 1520

1521 4
1522 T 8
" 1523 : 6
1524 , 13.
1525

1526

1527

1528

1529

1530 17
1531 16
1532 ' :

1533 11
1534 18
1535 10
1536

1537 . .12
1938 . 9
1539 15
1540 :

1541

ND OF SEGMENT, LENGTH

CSUBROUTINE NAMIK

1)

INTEGEK 88, TF,FRRUS , FAULT

DIMENSION G(80),

5{(80)

DINENSTON hn[(aO)

COMVMON N, BE L, TF,FBUS,FAULT, KN, XN,RZ,%X2,R, X,BF,GF
TOL,LEVEL

COMMON ILT,I&MF
CONMMUN/O/NDZ ,G,H

IF(LEVEL)IS,15,14

WRITE(3,1)
FORMATU(IHL)
1IF(Kk=19)2,3,4
WRITE(3,5)
FORMAT(2X,"
GO 10 6 -
WRITE(3,7)

PUSITIVE?)

FORMAT(2X," NEGATIVE?')

GO TO 6

WRITE(3,8)
FORMAT(2X,?
WRITE(3,13)

FORMAT(IH+, 13X, *SEQUENCE NODAL ADMITTANCE MATRIX*,//7)

ba 9 J=1,H

- READ(K'JIG

READ(M*UIB

Do 10 1I=1,N
IFIGOININIG, 17,10
IF(R(I)II6,18,16
CONTINUE

WRITE(3,11) U,1,6(1)
FORMAT(50X,216,2120.5)

CONTIHUE
CONTINUE
WRITE(3,12)
FORMAT(/7)
CONTINUE
CONTINUE
RETURN

END

ZERO®)

177, NAME  NAM
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1542 SUBRUUTINE ROT(A,B,M)

1543 ‘ ) T OCE(ANSOQRT(3,0)/2.0)3(0,5%Bx{~14x(+1)))
1544 . D={3*SORT(3.0)/2,0)+(0,5%A*%(~1%*M))
1545 . A=C . :

1546 s=0D

15a7 RETURN

1548 | . END

NU OF SEGHMENT, LENGTH 83, NAME KOT
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1549

1550
1551

1552
1553
1554
1555

ENDOF

FUNCTION XMOD(A,B)
[F(aAYy1,2,1
XH0D=0.0
RETURN
XM0D=A/{A*%2+Bxx2)

RETURN

END

SEGMENT, LENGTH

53, NAME

0D
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1556
1557
1558
1559
1560
1561
1562
1563
1564
1565
1566
1567
1568
1569
1570
1571
1572
1573
1574
1575

H

©ND OF SEGMENT,

A Bt L e s e mna

9

£ W

LENGTH

SUBROUTINE  LMT(A,B,C,ANGLE)

TH1S SUBROUTINE FINDS THE

MODULUS AND ANGLE FOR VECTORS

BETAEEN O AND 360. GLlVEMN THE CARTESIAN CO-0RDS A AND B,

C=SORTIA**2+B*#2)
AMGLE=0.0
IF(ABS{A)=0.001)2,9,9
IF{a)1,3,3

IF(#)4,5,5

ANGLE= 6.2531852

GO TU 5 ,
AHGLE= 3.1415920
ANGLE= ANGLE+ATAN{B/A)
RE TURY
IF(ABS(#)=-0.001)8,10,10
1F(8)6,7,7
ANGLE=4,7123889

RETURN

ANGLE= 1,5707963
RETURN

END

142, NANE LMT
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1576
1577
1578
1579
15860
1581
1582
1583
1584
1585

1586

1587
1588
1589
15380

L 1591
1592

i
TR

ENL OF SEGMENT, LENGTH

]
B

1593

SUBROUTINE RUTAT(VP,VQ, MPS,N2) !

INTEGER u8,TF,.FBUS
DIMENSION VPIBO),VQI80),KPS(3,80)
COMMUN M,BE,L,TF,FBUS
IF(Fays)3,3,4

1T=0

GO TU 5

IT=4PS(2,FRUS)

CONTIHUE

DU t H=1,M
MPS{3,M)=MFSI2,M)=1T

CaLl. LMT(YP(R),VQI(M),A,B)
C=20.523599xMPS( 3, M) %xN2
BB +C :

VP (M) =4%COS(8)
VO(M)=A*SIN(B)

- RETURN

END

155, 'NANE  ROTAT
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