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ABSTRACT

Power system stability is the term applied to alter=-
nating-current electric power systems, denoting a condition in
which the various synchronous machines of the system remain in
synchronism or "in step” with each other. There has been
continuous development of better techniques for assessing
transient stability studies. Further the continuous need, for
the development of additional transient stability indices which
completely . . reflect all the factors -that influence the
system stability has been felt. There is bulk of literature
available in this area using deterministic approaches. The
transient stability is usually determined by using determrinis-
tic approaches with some predetermined perturbations. But
these approaches are not the appropriate solution for the
transient-stability study, because these only concern with
non~proba$ilistic variables. |

Transient stability evaluation consider. the effects
of digturbances such as fault, loss of load,sudden switching
Of transmission line etc. on the system. At present the
probabilistic techniques are being used extensively in othexr
areas of system planning. The application of probabilistic
approach in the analysis of transient stability is a realistic,
logical and useful extension of the power system stability

study.
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As already pointed out the transient stability - °
depends .- upon fault-types, fault location, fault clearing
time, and other system parameters. In fact all the above
'factérs are probabilistic in nature rather than deterministic.
Therefore the transient stability analysis in this thesis has
been done for a practical system of Uttar Pradesh Electricity

Board, using the probabilistic épproach.

The literature survey of the available methods for
transient stability is presented in chapter-II. The probabi=-
listic nature of the'parameters which affect the stability is

discussed in chapter-IIT.

Chapter-IV describes the calculation procedure for
transient stability using probabilistic approach. Further the
discussion about distribution and fault calculations is presen-
ted. The transient stabiiity analysis for the system along
with comments on the results is also presented in the chapter-
IV. A computer program has been developed with the heip of
flow charts for - the analysis. The flow charts and computer

program are given in Appendix.

In chapter-V the conclusions drawn from the present
work are given along with the suggestions for further work in

the area of transient stability study.
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LIST OF SYMBOLS

positive, negative and zero sequencez impedances
of sending end section.

positive, negative and zero sequence impedances
of receiving end section.

positive, negative and zero sequence impedances
of sending end of the line.

positive, negative and Zero sequence impedances
of receiving énd section of.line. |
impedance of sending end transformer to all
sequences.

impedance of receiving end transformer to all
sequences.

positive and negative sequence impedance of
sending end generator.

the positive, negative and zero sequence

impedances of entire circuit.

the pcsitive, negative and zéro sequence
distribution factors for the sending and

receiving end sections. respectively.

currents in phases A,B,C at sending and

receiving end sections respectively.
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I;,IJ,I" ¢ total fault current in phase A,B and C
respectively.

11,12,10 and

1, 2,1' ¢ positive, negative and zero séquence currents
, in sending end and receiving end sectlons.
15 I8 Iy ¢ positive, negative and zero sequence components

of fault current.
Ioy12p119101q ¢ currents In phase A,B and C of 11 KV trans—{
former winding.

BBy By

*"

the currents and phase to neutral voltages

under fault conditions rewp"ctively’

ER»y’EYpB!EB-R‘ 'voltage, between phases R-Y,¥-B and B-R of tne
generaﬁor'during fault.

Ps ¢ mechanical power input to the machine G.

=
»

moment of inertia of the machine G

O
w

power angle between the machine and infinite

bus.

o)
(¢)
[ 1Y

critical clearing angle for fault.
BEg ¢ voltage behind the transient reactance of the
nachine G.

By , $ voltage of the infinite bus.

A
~
&

transfer reactance between tho machine and

the infinite bus. during the fault.
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(ix)

transfer admittance between the machine and
infinite bus during the fault. |

time differential operator.

the distances in p.u. corresponding to transfer
admittance.

transient reactance.

negative sequence reactance.

zero sequence reactance.
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INTRODUCTION

In the beginning;direct current machines were used for
the power generation purposes, because the electrical sgience
and practical applications of electricity both began with direct
current. Alternating current came later. Initially series
wound direct current generators were usef, Later the shunt

wound direct current generators came in to use.

The first electric central station in the world, on
Pearl street, in New York, was built by Thomas A. Edison and
began operation in year 1882. Direct current generators were
used for this central power station. But the initial supermacy
of the direct current was completiy superseded by alternating
current soon. Therefore alternators (Synchronous Machirnes)
replaced the direct current generators. These alternators were.
driven with the help of reciproéating steam engines. The torqué
and speed available at the end of engine shaft was not constant,
due to the lack of fast and automatic governing control schemes.
which caused severe problems and one of them was hunting. To
over come this draw back the damper windings were used. But
there were locsses in the damper windings, because of the current
induced due to relative motion. The application of hydro and

steam turbines reduced the problem of hunting together with the
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help of fast governing and automatic control schemes. Although
this problem is always associated, if the prime mover of the

system are diesel engines.

Further, the purturbations are large or small upset
the balance between the mechanical input and the electrical out-
put of the alternator connected with the electrical system. Put
with this - is also well known that basic purpose of power sys-
tem.1s to supply the power from generation point to the consu-
mer place. And this should be with in the specified limitations
of voltage and frequency. -For the continuous electric supply
it is essential to maintain the synchronism between the various
machines of a power system, which is not a very easy job, as
the inter—connections between the system continues to grow.
The disturbances affect the output and ihput with the result
that some machines may accelerate, while the others may decele-
rate. 1If more than one alternators are in operation, the rotor
angle will go under wide variation and dve to this, synchronism
of the system gets influenced. Sudden loading, load rejections,
severe faults, switching of lines may cause the loss of synchro-
nism and equilibrium. The entire phenomena is known by the
term 'STABILITY'. Now this term stability has become a very
important aspect of electrical power system engineering. Thus
power system stability may be defined as: '"the tendency of a
power system or its component parts to develop forces to main=-
tain the synchronism and equilibrium". In other words the

transient shability refers to the maximum power that can be
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transmitted with stability when the‘system is subjected to an
‘aperiodic' disturbances. A further definition of stability

is to describe it as the condition among synchronous machines
‘in which the angular position of the rotors of machines relaf
tive to each other remain constant when no disturbance is
present [19] become constant following an eperiodic disturbance.
Finally the transient stability limit refers to the maximum
flow of powerApossible through a point, without the loss of
stability‘when a sudden disturbance occurs. If the power
system has more than one alternator, during the steady operation,
there must be an equilibrium between the mechanical input and

~ the sum of the losses and electriéal’output of each alternator.

Similarly the equilibrium should exist. for each generating

unit.

Purturbations may occur. either as a change of mecha-
nical input or @s a change in electriecal output. But synchr;:
nism and equilibrium both must be maintaiﬁed by time dependent
protective devices. (therwise both of the important parameters
viz. voltage and frequency, may deviate drastically from the
normal specified limits, This results in 'cascading outages'
of units and ultimate collapge of the power system. To over
come all these problems the stability studies are carried out
to enable the power system engineers to plan, co-ordinate.and
desig:i the system to give efflcient and reliable electric

supply t2 the consumers
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The simulation techniqués [34,37] and direct and
indirect methods of Lyapunov's [9,1%,32,33,36,38] are available
for transient stability studies. These may be applied for
linearized and non-linearized models for relatively small

purturbations.

In all the methods explained in Chapter-II [1,2,%,9,
12,14,21] with the deterministic models and principles, these
do. - not consider the probabilistic nature of variables affec~-
ting the transient stability. The three phase fault is consi-
dered to be the most severe fault for a power system design and
studies in deterministic approaches. The system design is
" based on this, erreneouses the pisture; as the proba-

1lity of its occurrence is very low which ¢an be seen in Appendix.

The following are the main factors those-affect-the
trensient stability of a system.
(1) Fault type

(11) Fault location

(111) Fault clearing time

(iv) Loadingvconditions..'~ '
-Although that all the above factors are prebabilistic in nature
in'fact, cu- these are assumed to be t . some fixed values in
deterministic approaches. The probabilistic methods and
principles are being used widely in other field of system
planning and for its development [44,45,46]. The basic aim of
the system planning is to develop a system which meets the

consumer's requirements with the specified level of security

and reliability with an aceptable costa
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Literature review of the different available meﬁhods

for transient stability evaluation is given in Chapter=-II. The

description of the different factors which affect the transient
in

stability is given/Chapter III. In addition the description of

the probabilistic natures of these factors has also~been given
in-thc same thapter.

Power system stabllity indices are explained in Chapter-
IV. All the types of distributions applicable to the transient
stability study are also given in the same Chapter. The seve-
rity with location and types of fault are shown with a system
example in Chapter-IV. Further the transient stability study
‘of a (second system example) transmission system having 66 KV
double circuit transmission lines from Mohamadpur to Ram Nagar

(Roorkee) has been done and the results obtained are discussed.

Chapter-V concludes the observations made in the
dissertation and the suggestions for further work in the area

of transicnti'stability studies.

The main objective of this dissertation thus has been
to establish the procedure of probabilistic approach for tran-
sient stability.. The flow chart and computer programs for
this problem has been developed according to the requirements

which will be useful for furthur trunsicmt-stabllity-studies.



CHAPTER-TT

TRANSIENT STABILITY AS APPLIED TO POWER SYSTEM ANALYSIS

The power system, stability is classified as follows?
(1) Steady state stability
(11) Dynamic stability
(1ii) Transient stability.

2.1 Transient Stability?

Transient stability refers to ability of the system to
'-remain in synchronism when subjected to large disturbances.
Trénsient stability as applied to single machine system and
two machine system (only when it is reduced in to one machine

system problem), is defined as follows. .

If a synchronous machine operating in steady state
equilibrium is subjected to a disturbance of any kind which
, resultg in speed deviation. . In general, transient ;tability
limit [19] refers to the maximum flow of power possible through

a point without the loss of stability when a sudden disturbance

ocCure. -

For multi-machine system it may be defined as, if the
individual machine in a multi-machine system is operating in
steady state equilibrium and disturbance of any kind is imposed.
The system is called transiently stable, 1f ecach machine
oscillates around and ultimately comes to rest at a new stable

equilibrium point.
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The disturbances usually considered are most severe in
transient stability studies e.g., short-circuits on transmission
line near generating station, or near bus bar at sending end
or sudden load rejections of large magnitude. Under the tran-
sient conditions voltage regulator, speed governor and frequency

stabilizer deviate from the required operating condition.

2.2 Mathematical Description of Power System Stability:

A system description can be given by a set of first

order non-linear diff.~equations of the forms

Xy = 050X X, Xgyee0ee X)) | (2.1)
where -1 = 1,2,3,¢c000:0..n '
It can be written in the vector form as folloﬁs:

X = £(x) (2.2)
where X,f(x) are n dimensional vectors, X is called as the state=

of the system since knowing X at time t = t, .

From equations (2.1) and (2.2) uniquely define the
[9,1%,21] solution of X(t) for t >'t, .

Solutions of the equation for equilibrium states becomes
0= £(x) | (2.3)

Equation (2.3) may have several solutions since, it consfsts of

a sgt of non-linear, algebric equations, the solutions arc

’, Xb%.........Xen. And in the absence of any

represented by Xe
disturbing forces, let the system be at some equilibrium state

~say Xe so that

~

0 = £(xet) | (2.4)
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For all the small disturbances around Xe  from equation
(2.2) can be linearized by expanding it around Xe' by Taylor's

series and higher order terms can be neglected [21].

Let the deviations around Xe' be denoted by Y-X-Xe'. Then we

can write it ass

Y

AY C(2.5)

-and 1if A gé//
’&/ X=Xe"

It can be written in Matrix form

6' - O—
'\. ’\: :
of, of Bfn
Lox1 X, Oxn__ X=Xe'

For the given values Xe', A is a (n x n) matrix with real
coefficients. If A has all the eign values with negative real
parts, it can be concluded, Xe' is stable for small disturbances,
or, equivalently, stable. For power system.analysis if Xe'
represents a particular operating steady state (condition). The
system can be stated as 'steady state stable' for that particular

operating copdition if A is stable.

In contrast to steady state stability the transient
stability deals with large disturbances (due to diff. reasons)
as :
in the system. The linearization/ therefore, no longer valid,

Consequently, if it becomesnecessary to solve the system of
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non-linear differential equations, as equation (22) type corres-
ponding to the faulted and post fault state. The transmission
configuration in the faulted and post-fault states are different
since elther the fault shall be cleared itself or by means of
switching out the faulted trénsmission line, the fault component
has been isolated and mathematical description like in
eq.(2.2) which can be again written for f1(x) and f,(x) form for
the faulted and post faulted state respectively [2,14,21,33].

Assuming the fault clearing time to be t seconds and
critical clearing time tc then occurrence of a fault will result
in a abrupt change of the system since state at to = 0 from

X(t52) to X(tg,),

X=£,(X)  0<ty<t (2.7)
X = £x(x)  for ty >t (2.8)
And t < te

From the above equation No.(2.7) and (2.8) we can determine the
numerical solution, for the stability study. .ind clearing time

of a device can be computed by the method gi?en in this Chapter

ahead.

243 Solutiog Procedure:

For power system, the electrical output of each gene-
rator is given by the relation:

»
Pa" = Re [Ey74 ] (2.9)
I; =(By - V{)Y¥where i = 1,2,...n
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(a) For t = O+, the fault conditions are in corporated in -
equation (2.10)

- —
(Y&1 + Y1) V1 + LI ) + Y1N V1 - 21 .
' (2.10)

e 00 o

0

| IN1.V1 + c . ece®0e0ense YNN'VN

Equation (2.10) can be solved for V, ... V_ knowing the values

Of E1 ee oo Ema

For example if a phase to ground fault occurs- at the path bus,

sat “p = 0 and thenPe® can be determined - as. . for each

generator using both (2.9) and (2.10) equations.

(b) The value of &, at t = At 1s denoted by ai(At) value of

61 at t = At is also calculated then
(c) At t = At,

E; (&) = [B | < 55 (Aat) (2.11)

Solving again for Vy
Ii = (i = 1,...0 n) ét t = At
Putting this value in eq.(2.9)

At :]
20t

A1l the wvalues for given parameters under the conditions can be

At t = 0~

t

8 and 51 at t

i

6 and 61 at t

determined for each machine.therefore equation can be written

as
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H, a°s, 6.
h L] ——-}- ) ——J'- s =
T, T TG *+ Dy 5F *+Pmy =0 (2.12)
where i=15eeem
d -
Te(WE;) + Pdy = Pmy - Pey (2.13)

Wh.ere Mi H KoEo in M.W Sec

Pd; * damping power in MW
Pm; ¢ Mech Input in MW
Pei ¢ Electrical output power in MW

A1l the values given above are for ith machine

fo * Synchronous frequency

The K.E g Synchronous frequency

WKE, = WKE, (£, /£,)° (2.14)
Wpp = 1 = KE at Synch. freg.
£, = £, * OF;
2
- (fy + Afy)
WKE, = WOKE, =
1 1 £ 2
0
WKE, (1 + —2)
i fo

Since Afi is too small during the transient swing then
Diff. equations become for WKini as ¢

2wOKE.

d_ S R«



Put 6, = @, =

i i
das.

i —

at . "o T

= 21r(f1

= 2#Afi

where Gi is in elec
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- fg)

trical degrees Afi charge in frequency ,with

these assumptions substituting in eq.(2.2) and (2.19). The

relation become

2
Hi d £y

wfo at

where 1= 142 oo

H, = woKE,
1
1,

Pmi

—
dt
Diff. with respect
dX.

1
T -5t
i+vm . !
at Hy

as.

—— = -
+ Di % Pm; ~ Pe; (2.16)
.o M.

Inertia constant of machine i in p.ﬁ.

£ 1Y

Damping constant in p.u.

2 Mechanical power in p.u. for the machine i

9

Electrical power in p.u. for the machine i.
Gi (i = 1,-0.1’[1) (2017)

_ a8

at

dGi ' .
il oWy (2.18)

to t the above equation.

m - WO (2019)
. Q ,
mEfoxi+ —ﬁ; (Pmi - Pei) (2.20)
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Analyse it for
X; (4 =1,2,.0un)
X = £(x)

where Pei are the solutions of a set of non-linear algebraic

equation
Pe, = Y. (1 = 1,2,00.m) EF
ei‘ il_ ,,oo.m r) . .
X = F(X,y) (2.21)
= G(x,Y) (2.22)

The above (2.21) and (2.22) equations are two sets of non-
linear differential equations and algebraic equations. With

different conditions, then solution can be determine.[21],

2.4 Various Methods For Transient Stability Calculations:

There are two tjpe'of approacnes availabie for the
transient stability analysis and for its detailed studies.
(1) Deterministic type approaches
(ii) Probabilitistic type approaches

The detailed explanation of these approaches is as followss

2.5 Methods Based on Deterministic Approaches:

Various methods available for the transient stability

-calculations and analysis are:

(a) Transient analysis by characteristic equations [9,1Y4,
31,351.

(b) Transient stability study from state space variable

technique [9,14%].
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(¢) Methods for determining the stability of linear control
systems.
(1) Routh-Hurwitz criterion [9,14%,31]
(ii) Nyquist eriterion [9,14]
(iii) The root locus technique [9,31]
(iv) Phase-plane technique [9,1%,26,31]
(d) Lyapunov stability criterion [9,1%,31,32,33,36,39]
(i) Lyapunov's first method for stébility . evalua-
tion.
(ii) Lyapunov's second method for stability evaluation.
OR
Lyapunov's direct method for stability evaluation.
(Lyapunov's criterion can be applied for both
linear and non-linear system analysis)
(e) Bqual area criterion for stability analysis [1,2,6,7,19,
22,31].
(£) Successive trial method [1,2,24,28].
(g) Method based on dynamics of the system [5,6,7,181],
(h) From swing curve and swing equations solution.
(i) Computation of swing curve from fortal solution of
. different swing equations [1,2,6,7,181. |
(11i) Point by point method for the transient stability
calculations [1,2,6,7,21].
(1) Byrd and Pritchard's method for transient stability

evaluation.
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This method is only applicable when the network is purely reactive.
to be-
If it is not so and line resistance or shunt loads are/taken into

account, this method can not be applied[2].

2.5.1 TFor the determination of clearing and critical clearing
time under the transient stability analysis, following
- methods are available.
(1) Point by point calculations of swing equations for
swing curve plotting [1,2,6,7]
(i1) By graphical integration method [1,18,26]."
(1ii) By selection of a curve from sets of Pre-calculated

swing curves [2].

2.6 Method Based on Probabilistic Approach:

The differential equation for the single machine system
is also applicable to the two-machine syStem,[2].

For one-machine system we can write the system equations as?

Mp>(8) = Ps - Pu (2.23)
Substitute Mp2(6) =0 in eq.(2.23)
0 =Ps=-Pu | (2.24)
Ps = Pu
E B
Ps = ~%ﬁg Sins
12
Ps = EB, ¥, 5ind
$in6= Ps/B, E,Y, ,
Substitute 5 =

%
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Therefore Sinéo Ps/E,‘EzY12

"

5 Sin"(Ps/E1E2Y12) (2.25)

Y12 for the particular type of fault can be determined by

A - Y transformation, and curve showing variation of Y, , with
distance is given in Fig.2-2,3 for three phase (L = L = L) fault,
phase to phase to Barth (L - L - E), phase to phase (L - L ~ E),
phase to phase (L = L) fault, phase to Earth (L - E) fault.

Where ) 11 and 12 are the distances respectively for the

value of transfer admittance Y,, (Fig.2 )

Then .
Probability (Y2 ¥,,) = Prob.(1, < x < 1,)  (2.26)
= Prob.(X < 1) - Prob.(X < 1,) (2.27)
= F(1,) - F(1,) (2.28)

where X and Y are two random variables. Corresponding to
transfer admittance and fault occurred at particular distance
respectively, and both of these parameters are probabilistic
in nature F(1,) and F(1,) are the values of the @.d.f. of the
fault at distances 12 and 11 respectively ﬁo,sm and 60 can be
computed by swing equations using cqual area criterion. After
determination of 6, the values of critical clearing time (tc)
can be calculated, Therefore probability of stability is
obtained from the probability distribution of clearing devices
as probability (T < t,) which is the c.d.f. at t . For the

given value of P;y and transfer admittance (Y12) obtalned from
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A-Y transformation during the fault occurrence, the value of Y5

between,Yi2 minimum and Y12 maximum can be determined. Then

\

probability of stability can be evaluated by the relation given
belows

Prob.(Stability) = .
i

Prob.(Stability given for the transfer
1

HME

admittance = yi)
x Prob.(transfer admittance = y;)
(2.29)
where Y3 is thé minimum and Yy is the maximum values of the
transfer admittance for a given fault and power transferred.
Probability of instability may be obtained from the following

equations
Prob.(Instabtlity) =1 - Prob.(Stability) (2.30)

Thus probability (stability) or Proh.(Irstability) Index
can be obtained for the different types of faults with the

initial conditions for power system transient analysis.



CHAPTER-ITIT

PROBABILISTIC ASPECTS FOR TRANSIENT STABILITY STUDY

Under the stability studies particularly with transient
stability analysis, the main factors considered are sudden dis-
turbances which includes:

(i) Fault due to short-circuit.

(ii) Sudden loading.

(1iii) Load rejections

(iv) Switching operations of the transmission lines.
The probability of occurrence of fault near generating station
Oor bus and sudden increase in load are quite different pheno-
menon and random in nature. The deterministic criterion does
not included these probabilistic aspects of the power system
variables, which should be the case for realistic results. Anil
probabilities associated with occurrence, fault types, clearing
time and fault location are important parametgrs may heipful in
realistic assessment of transient stability. IIn the Chapter IV
the probability of fault and location are given‘in system exam-
plesy by dividing the transmission line into a number of segments
and applying the deterministic stability analysis for each seg-
ment calculations. And this probability of stability is obtained
by using the conditional probability approach explained in

Chapter II.
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Other factors which affect the transient stability involve in

computation are given below.

3.1 Fault'Typesﬁ

Faults are basically classified as*
(i) Shunt fault
(ii) Series fault.
Later type of faults are not so severe as the previous one and
only shunt faults drastically affect [46] the transient stabi-
lity. These shunt faults are further subdivided into two classess

(1) Symmetrical faults

b

-

| (ii) Asymmetrical faults.

(1) Symmetrical faults e.g. three phase fault or (L-L-L) fault.
(i1)Asymmetrical faults e.g.

(a) Two phase to ground fault or (L-L-G) fault

(b) Phase to phase fault or (L-L) fault.

(¢) Phase to ground or (L-G) fault.
Variation in the severity of above types of faults for a eystem
example with distance from sending end to receiving end is given
in Chapter IV. Fprom the system example 1 it is clear that the
severity increases from (L-G) fault to (L-L-L) fault. A detai-

led explanation is given in the Chapter IV.

Alltthe different stability evaluation approaches
available till now are based on three phase fault consideration,
which is assumed to be the most severe and worst possible case,

‘but the probability of occurrence of three phase fault is
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small as compared with the other cases. Appendix I shows the
probability of occurrence of all the types of faults, from the

system data for specified period.

3«2 Fault Location:

The fault location affects the stability calculations
a lot. The severity of fault decreases as the fault location
changes from generating bus to the far end [45] system
example given in Chapter IV supports this contest- on .
location of fault occurrence is probabilistic and it is consi~
dered with the system example given in the same Chapter IV,
depending upon the location of faults,‘which is further classi-
fied as?

(i) Close in fault

(11) Mid-line fault.

(1) Close in Fault: If all the parameters ... measured in p.u.
under the leﬁgth of line either from sending end or receiving
end for faults from (0-20 % and 80-100 % ) are considered as

close in faults.

(i1) Mid-Line Faults: Faults under the length from (20-80 % )
are considered as the mid-line faults. The location of the
mid line faults is taken as the middle point of the line and a
probability is assigned to this location. The sum of

these probabilities is unity. The actual distribution of the
probabilities depends upon the line configuration and fault

statistics. In the case of a long line it may be necessary to
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L

use more mutually exclusive probabilities for additional line
segments. The probabilities associated with the fault clearing
time depend on the protection and its schemes. It may be
different for each line and type of fault. It is clear that
the probability distribution of the clearing time for a parti=-
cular fault is not same for close in and mid line faults. The
methods applied to system example 2 and results are given in

various tables for each type of fault.

3.3 Loading Conditions:

Due to the uncertainty of loading or load rejections of
the system, is itself a random one in nature. Therefore, the
consideration of the random variables, become more essential.
The 2... ... effect of random load tevels is examined with .
different load levels keeping the load levels [¥5,46] mutually
exclusive.The
For the system, study it is examined with the several discrete
steps of loads. The single index for the probability of stabi-
1ity gives the sum of the probabilities of stability as the
sum of all the individual probabilities associated with each
load. Thus the probability of stability for any faults is also
determined by the same relation, given in Chapter-II. For
different load level of Py it is determined and results are

given in Chapter-IV for the system example 2.
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3.4 Fault Clearing Phenomena?

Time for fault clearing for the system devices is an
important factor among those factors, considered for the tran-,
sient stability studies. Clearing time taken by the protective
device for the fault clearing is denoted by t (sec) and critical
clearing time for the de%%pe is denoted by te. The fault clear-
ing time t should always/less than critical clearing time te tor
the safty of the system. Lesser the clearing time of the pro-~
tective device for fault clearing, higher is the system stabi-
lity margin. But in fact fault clearing time is also & random
variable, and is probabilistic in nature. The normal distribu-
tion [Y4,46] is used to determine the probabilities associated
with location and critical clearing time (ts,). Other type of
distribution for the same'type of calculations with specific and
special case of distribug%pn'called Weibull distribution is used.
Variation with parameters/the distribution shape is given in

Fig. L".T.

3+5 System Parameters and Operating Conditions

The physical parameters of the system are non-probabi-
listiec in nature i.e. there is only small change with the
physical change and these parameters exist, with préventive
- maintenance. The syétem operating condition at sometimesin the
future may be probabilistic in nature and does affect the system
stability. Thus it can also be said that all the physical
parameters associated with system elements affect the system

stability in some particular sequence. From the previous
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discussion:y It is clear that some parameters are random in
nature, which affect the system stability. DBut with the both
types of variables, probabilistic and nonprobabilistic in rature,
the system stability is very much dependent upon the operating
conditions for the system when a fault occurs. From the
system example given in Chapter-IV. This fact is evident for
the system stability. The stability is also dependent upon
initial operating conditions, such as system loading, machine
inertia, and load angle etc. The initial operating conditions
for system are obtained by a conducting load flow [11] study.
The assumptions used are, such as éonstant.voltage behind
transient reactance, Neglecting the resistance and shunt capa-
citance 6f transmission lines. Howevery, it is possible to
perform net work reduction e.g. (same for two machine system to
one machine system) and (same for multi machine system). On
the system eliminated bus bars except the generator bus bar.
The location of fault is given by the reference of this gene-
rator location. Following system parameters affect the stabi-

lity.

(1) Machine Inertia
(11i) Frequency

(i1i) System Reactance
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(iv) Machine constant (G)

(v) Effect of Random Variables.

In the system operation area of probabilistic methods
can be used to identify the crediable contingencies, given

above, whicharehelpful subsequently in detailed transient

stability analysise.



CHAPTER IV

TRANSIENT STABILITY CALCULATIONS

The different calculations for transient stability [21,
46 ] with two system examples are carried out, before describing
the system examples it is essential to explain thc power Jystem
stability indices and the choice of the distribution whicp are
the’important factors for the evaluation of the probability

index.

4.1 Power System Stability Indices 3

The power system analysis is considered with fault type,
fault clearing time [19] and along with critical clearing time
(te) and fault loecation. With purturbations the system is
tested under the different normal and aﬁnormal conditions for
its stability} The important random variables and other para-
meters [46] which affect the system stability have been expiained
in detailed in Chapter III. These variables are probabilistic
in nature, consideration of these variables affect along with
the affect ofvnfiébles nonprobabillstic 1n nuture . WﬁiCh
quantifies the system stability. And forms the probability of
stability index either the probability of Ingtability Index.
These indices posses the following properties:

(i) If the probability of stability index is tending towards
unity, the system stability is not affected by the

disturbances.(Oceurred on the system).
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If the probability of stability index is tending towards
zero the system will loose synchronism i.e. system ia

unstable.

For calculating these indices (probability of stability or

probability of instability) the distribution factors which are

considered probabilistic in nature, #®€aerefore in the next

section different types of distributions, of general use for

this problem are discussed.

4,2 Choige of Distribution?

In general one chooses a model for a continuous distri-

bution function on the basis of one or more of the following

criterion:t

(1)

(1ii)

(i1i)

The physical nature of the problem fits the most of all
of the underlying assumptions associated with a parti-
cular distribution.

If data is available and a plot of the data in terms of
function F(x) turns the problem into one of the curve
fitting out of different types of curves [10,13].
Further a convenient and simple model is chosen which
satisfies both the above criterion. The type of prob-
lem must justify the approximate nature of the modelling.
Long duration experience and knowledge in the area of
engineering role is also important one for the selection

of distribution.



-27-

4.2.1 Binomial distribution®! There are some experiments based

on diserete probability models, in which the application.of
binomial distribution is required. The binomial distribution
some times called the Bernoullﬂsdistribution, apvlied to such a
problem in which an event can\either occur Or not occur, the
more simple terms are success or failures, a legacy from the
days'when probability theory is used for the measure of chance.
These terms used for reliébility evaluation are also suited for
the applieation of probability of stability evaluation. For
computation of different steps the Pascal's triangle technique

can also be used.

4.2.2 Normal digtribution * The best known two-parameters

distribution is the normal, or Gaussian distribution. "The
normal distribution was discovered by De~Moivre in 1733",Never4
theless the term 'Gaussian distribution is also an accepted
synonym for the normal distribution'. This distribution is
very often a good fit for the size of manufactured parts, the
size of a living organism and other types of problems too, when
a certain parameter which is‘a random variable is the sum of
many other random variables the parameter will have a normal

distribution in most of all the cases [10,13,16].

This normal probability distribution is the most impor-
tant distribution in the entire field of statistics and probabi-
1ity. The normal curve is symmetrical about its mean value and
degree of dispersion about the mean is measured by the standard

deviation., This distribution is applicable to a wide variety of
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quantities which vary from some mean or central value within a
fixed system [8,10,13,16]. The density function for the normal
distribution as

2

£(x) = —— e X | (%.1)
8./2m 20 (= 00 < x< + 00)

And the normal frequency distribution curve for a conti-

nuous random variable x said to be normally distributed is

expressed as® '
n (x = )2
f(x) =Y = e 5 (4.2)
s/ 2
where p = mean value of x
& = standard deviation of x
n = number of observation of x

Now dividing the equation by n gives a normalized curve.

. 5 .
Y = 1}_— e—.-(X 5 ’L_l_l_ ()+.3)

o2 26

Curve drawn for this f(x) is known as the normal probability

distribution curve or the normal density function. It repre-
sents the probability of occurrence of all the possible values
of the random variable X and the area under the curve is equal

to 1.
The equation (4.3

+ 0 5
. 1 - (X=u) I
can he .. written as® § e - dx =1 (4o )
& /or -~ 00 20 e 1
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This function has a peak of'%q/§5 at x = 0 and falls

symmetrically on either side of zero. The rate of fall off
and the height of the peak at x = 0 are determined by the
parameter & . In the general one deals with random va-iable
x which is spread about some value such that the peak of dis-
tribution is not at zero in this case one shifte the horizontal
scale of the normal distribution so that the peak occurs at
X =@ o eq.(3.4%) Fig.4.1. The integral can not be expressed
in a simple functional form but it can be computed by numerical
methods. For any one distribution p and & are constant. The
value of p is often called the location parameter as it moves
the distribution along the horizontal axis. Here the standard
deviation is often called scale parameter and determines the
horizontal spread and changes the distribution shape [10,13].
If the mean value p is set at zero and all the deviations are
‘measured from the mean in terms of standard deviation, the

equation for f(x) = y becomes.

2

Y = (,'*'-5)

N‘N

where z =

i
J
o

All the deviations from the mean p are now expressed in terms
of z and the standard deviation has some fixed value. The
curve now has a standard form and the area under the curve
are expressed in tables in terms of the number of standard
deviations [8,10,13,16]. The effect of changing o can be

seen with the help of curve for different values of o .
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For a large value of ¢ means a low, broad curve and for a
small value of o a thin, high curve shown in Fig.%.1! A change
in p is merely slides the curve alcong the x axis, then again

distribution function is given by the relation.

> "
$foo e ~ S—E'—:—%-)— dE (4.6)

F(x) =
oser Plo g
where _ (- ]!)2 1
2 bl Ey
20

same eq.(4.6) here is a dummy variable of integration for the
shapes of the normal distribution see the Fig.4.1 . For the

change of variable we can write the relation as

PI‘(Z1 < x _<_ 32) = F(X = Z2) - F(X = Z1) (4;7)
| Z, 2
F(x = 2,) = Pr(x < 2,) = == § 2 o-&=g) ag  (48)
2 T X > 22 d'\/éTT S.— co 20_ | . ?

' z T2
F(x = 2,) = Pr(x € 2) = —b= §_ o= {2 ap (49

- 00
o Jer

H
1l

We can find the probability correspdnding to any value directly

with the help of probability tables.

4.2.3 Weibull distribution: The density function is a special
case of a more general two-parameter distribution called the
Weibull distribution. The density and distribution function
for the Weilbull are as:(Fig.4.2)

m+1
£(x) = K oKX //m+1 (%4,10)
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WEIBULL DISTRIBUTION



, m+1
F(x) =1 - o Kx //m+1 (ko11)

The parameter m determines the shape of the distribution, and

parameters K is a scale-change parameter. [10].

4.3 System Examples?

Two system examples are disoussed. Example 1 illhas~-
trates . the fault type, fault location, and severity of
fault. The actual data for the systems [Mohamadpur to Ram Nagar
(Roorkee) ] are used in system example 2 for realistic applica-
tion of this new stability evaluation approach based on proba-

bility theory.

&-3-1 Example 13

The single line diagram for the example 1 is given in
Fig.#.j. and data for this example are given in table Y.3 .
Both the alternators are connected by a 100 Kms long transmis-

sion line rated for 132 KV.

Table Y.t.-
Machine | F.L. current Reactance KV to neutral
in Amp. in (ohms)

1. Generator 110 86 116 0 76.2

25 MVA
2. Transformer 131 58 58 58 7642

30 MVA ‘ '
3. Transformer 65 116 116 116 76.2

15 MVA
4, Generator 65 172 232 0% 7642

15 MVA
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The 25 MVA generator has a full-load reactive voltage
drop of 12,5 °/ of the external wvoltage. The 30 MVA transformer
has a reactive voltage drop of 10 4 . The positive and negative

sequence reactances of the transmission line are 0.7 ohm/
Km.. The zero sequence reactance of the line (including earth
wire) is 0.2 ohms/Km. The 100 Kms. lines is connected at the
distance end through 15 MVA transformer to a 15 MVA generator,

the reactances are 10 7% and 15 /. respectively.

All the sequence reactances are equal to another for

the respective transformers.

The negative phase sequence of the generators are 1.35

times of the positive sequence reactances.

The assumptions for the above problem are:
(i) All the resistances are neglected
(ii) A1l the shunt impedances are neglected
(i1i) All'phase to neutral voltages of both generators are

equal.

443.141 Calculations for different types of fault:

(1) Three phase fault calculations: The complete short-

circuit of three phases is probably the rarest of all faults
which happen on power systemé. The zero and negative = sedquence

components are absent, because.
Ea = E.b = Fe = 0 (’4‘.12)
Ia" - Ib"= IC" ()_‘_.13)
To" = %(Ia" + Ib" + TM) (1Y)
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2

Ib" = 2% Ia and Ic" = a Ia"
Io" = %(Ia" +2° Ta" + a Ta")

=0 ()-1-.15)

I1” = %(Ia“ + a Ibﬂ' + a2 Ic")

) %(Ia" + a3 1g" + a3 1a")
= %°3 Ia"
= Ia"
I" = -‘3-(Ia" +a I +a Ic") (%a16)

From the above relation put Iy" and Ic"

O (Wi Wi

1o (Ia" + a Ia" + a° Ia) | (4e17)

Ta"(1 + a + a2)

Consequently the fault current is positive phase sequence and
is equal in all three phase

I = —E-

21 .
= 216;@3 (Ka) ' (%.18)

778 Amp.

]

Applying the distribution factors to find the currents

Ia = Ta".D; = 778 x .663
= 515
Similarly
Ip = = 257 « j 446

Ic = - 251 + j 446
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r,'=1"p"

= 263 Amp.
I, = -132 ~ j228
I ' =-132 + j228

The currents in 11 KV. winding of the transformer are

Ia;1= 515 x 6.93 = 3570 Amp.

Ippq= (=257 - j446) x 6.93 = =1785 = j3090
1011= (-25) + j446) x 6.93 = «1785 + 33090

In the Generator windings

IR = Ian - Ic=11 = 3570 + 1785 -~ 33090

15355 - §3090

Iy = Ipr = Tag,

= - 5355 = 13090
I = oy~ Ipn

= 36180

Calculations for the voltage drops ares

1
= 2,16 KV

2Ly = (257 = §446) x .2
=(=1075 - j1875)x (2.16 KV)

I,2L, = =257 + j446) x 4.2
=(~ 1075 + 51875%(2.16 KV)

IaZL = 515 x k.2
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In the sending transformer

I,2t = 515 x 58
= 29.85 KV

1,2t = (=257 - j4¥46) x 58
= =370 - j638

1.7t = (-257 + j446) x 58
= -14925 + j25900

In the receiving section of the line?

1,'zL, ' = 263 x 2.8
= 735

Ib'ZL1' = (-132 - j228) x 2.8
= -370 - j638

Ic'ZL1' = (=132 + j228) x 2.8
= «370 + j638

In the sending~end generator:

Tpfgy = (5355 = 33090) x 0.597

= 3200 - j18L45
Ing1 = (-5355 - §J20208) x 0.597
= -3200 - j1845
IBzg1 = j6180 x 0.597 \

3690
The actual voltages across the generator phases are found

from the vector differences of the phase~to-neutral voltages.

E

I

2
g = Ja°E - IRZg1 v (%.19)

5550 ~ j3200 - 3200 + j1845
2350 = j1355

]
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There is

- 36~

jabk - IiZg1 | (4.20)
-550 = §3200 + 3200 + j1845
~-2350 - 31359

JjB - I.Z (4+.21)

IB gl

j6H0 - 33690

j2710

2350 - j1355 + 2350 + j1355
4.7 KV |

-2350 -~ j1355 - je710

-2350 - j4065

j2710 = 2350 + 31355

-2350 + j4065

balanced voltage of 4.7 KV across the phases. The

marked difference between the effects of unbalanced and balan-

ced faults on the generator VOltagee may be noted from the

other sets of calculations. Under unbalanced conditions

maintenance and even rise of voltage between the healthy phases

can be expected. On the other hand, uniform fall of voltage

for balanced faults [6] is invitables

Asymmetrical fault calculations for different types of

faults are carried out, and the values are given in tabular

form. These values are also shown in Fig. 4.6 for the

various faults.



..37..

Table = 4.2
Fault currents for different types of fault
Part of the. Fault Type
L-G L-L LeL~G L-L-L

Generator
phase

R 4025 -j2815 2924- 32970 5355-33090

Y -4025 -j2815 -2924~32970 ~5355-33090

B - 0 35630 35940 j6180
Transformer

11KV

aq 1 3980 0 69 3570

by, Ly -j2815 ~2855-32970 -1785=-33090

c11 -~ U5 j2815 -2855+32970 -1785+33090
Transformer )

132KV |

a 574 0 10 515

b -6.5  -jkog ~41 2~ 3428 -257- 3446

c -6.5 406 -4 2+3428 257+j446
Line (Receiving |
Section)

a 302 0 10 263

b 6.5 -j206 ~-223-j217 -132-3228

¢ 6.5 j206 -223+j217 -132+j228
Line (sending |
Section

a 574 0 10 515

b -6.5 - j406 ~412-3428 -257-j446

c -6.5 406 ~L12+3428 -257+3446




AN A L

ravzs— 5980 a

574

302

N A 4Ry

be

ab‘»-6o5A

ey ST

;645

"6&5

, 876

{
.l 6 ® 5 PRy .é

SN I’;/\/\/

e an———

561

* 4es v {‘. i

315

Transformer -+ Line —

(a) LINE TO GROUND FAULT

h YRS '{;‘J’w\'mw» ——~—ANN o < GVVAUL L
' ! . t
+1a815 | | b - 3406 ~3206 Ao
& nnd of S MJ/ Ve AL o M ~ AN s
it - ez
Y i - L " i
,____/‘.jv.;_ ) \ doid 1,__.1 | S VY : c j 6 e ia@é [TV IR ‘

I zp8Ts

10

~472~3428

(b) LINE T0 LINE FAULT

~10

~472~3428

—a. .-n.‘:‘”..-‘.:.-,.--.‘m P .

e e o o ot N — v
~223-3 |

\‘v "‘223 %é¥ o l

‘ e // A m ‘

S §
X a
-i2920 1 00 8903 a
: I
4'."“-3“2/?\79—4*“‘" L ", I PO b
10 L c
L AAA e d i S S
ey {

~2855F32970

Generator

§ e Nosaees o e et ot 453 A © 4

Transformer

~824

~>

83573645 4

\M

5

<5

(e) LINE TO LINE TO GROUND FAULT

Line

~«. I
IO (Y e !

- YN ;x......T cw
T !
U
\"‘\_ . ? Gen .
F «g—-“\
]
[
- EAVAVVN .—
L
- Jv\;," S S
t
fe S~ Gen,
LRSS .

GTransformer

5 -§3090

AV -—’\/\/M ome of

pc.\
!

SR LV (L

i % 3570 a 575

. 263
i ~257~3446
i

S b

B " MR A e it YN Y s
':> ~33090 “| . ‘
’W‘(\ IRV 2V 2P s ).,_;_ .i-.:.]. ??_ r;]228 ',,___,,,/\/‘,.j,::‘ FRON SR

PV Y N,
L V Gen.

-132+4228,,, 1 -

\ AT

I\;\I‘__,

c —25T7*j446

4 2 !
- - Rt 4P T e e et ittt AR v b e o

e A

[REN T—

¥ 778

;8§+§ 30 () LINE TO LINE T0 LINE . PAULT

Fig.%.6 CURRENT VALUES IN SYSTEM NETWORK WITH FAULT TYPE



-38-
4e3.2 Example 2:

In this system example we are considering the proba-
bilistic aspects for developing the stability index. The
system is consisting of a single machine and an infinite bus,
the machine and infinite bus both are connected through a
double circuit transmission line. The simple system from
Mohamadpur to Ram Nagar (Roorkee) has been selected as to
illustréte the stability problem for realization of :the
probabilistic approach. The conclusions obtained are also
applicable to multi-machine system suécessfully. System is
shown in Fig. 4.7 . consist of hydrogenerators reprecented
by a single equivalent machine G. The system is 20 Kms far
from the Ram Nagar (Roorkee Campus) and feeding power through
a double circuit 66 KV transmission line. T1 and T:'are two
transformers. Other parameters are given'in Appendix I. Data
for different faults for four years (1976=1979) for this system
are given in Appendix I. TFor finding the admittance during

has been

the faylt for all cases the computer program</developed, -

The flow charts are given in Appendix-II.

The transfer admittance increases from zero to
0.3870969, .7365622, 0.8558143, 0.105786% (per unit) as the
faults move from .zero to 0.599, 0,599, 0.599,0,6199 (per unit)
lengths of the line and after the peak value decreases towards
1.0 (per unit) length, during the (L-L-L) fault, (L-L-G) fault,
(I~L) fault, (L-G) fault, respectivelys
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The variation of transfer admittance Y12 with respect to
distance are shown in figures 2 - 2.3.for all types of faults:
The equal area criterion is applied to determine the critical
clearing angle. The critical clearing time for fault is
calculated by using the point by point calculation method,
corresponding to critical clearing angle. The effect of
various system parameters are studied with this problem.Three
phase short circuit, double line to gfound, line to line

short eircuit and line to ground short circuit faults calcula-
tions are given in tables 4.3 - 4.32. For different system
conditions the probability of stability is evaluated. And for
different values corresponding to the Ps characteristics are
shown in figures.%.10 - 4.15 with different system operating

conditions.

The caleulations for the evaluation of the effect of
different variables on probability of stability are carried
out which are given in tables 4.27 - %.32. The corresponding

to these values graphs are show in the figures 4.10 - 4.15.

Table 4.22 and %.28 provide.the informations regarding
the variation of probability. Fig.410 is corresponding to
transfer admittance (y;q 2 ¥y5)- For the caleulations of
probability distribution the fault is assumed to be the

normelly distributed with a mean of 0.5 p.u. and standard



~40-

deviation is .2 P.U. of the maximum P.U. value of length.
For the fault clearing time of the breaker the probability
of fault clearing is assumed to be the normally distributed
the mean value is taken as 5 cyeles (based on 50 Hz). And
standard deviation is assumed equal to 0.01. The location
of fault is varied from .0.-60 % of the P.U. length of line.
The results are obtained for the different parameters e.ge.
machine inertia constant (H), machine constant (G), fault
location, types of fault, addition of transmission lines in
parallel. The nature of the curves with the base values and
new values of variables are given in tabular form. The .

results are presented from the next page onwards.
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1 4999999F -2
3,999099% =2
6.000000E=2
7.999887"~2
9.9°%998E=2
1 ,200000E~1
1.320999%~1
I.SSQQQQE—I
1,799999%~|
logqqgggg‘l
2..19099Q%~|
2 e3990Q7 -

2.599997F~1

2 «79%99975~]
2.999997F~1
341939975~
3.5999975-1
25999978 -1
3.7909978~}
2.999908%~1t
A 1799098 %<1
A ,399996 -1}
£ ,599°90K =
4.799%96E-1
4 ,209924T~}
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5 399994 -1
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9,9959%2%~1

3.,417016%=2
,542433% =2
9.4251365-2
1.2073497 -1
1.451613%~1
1.877256%~1

77596451

2..079207%~1
242532625 -1
24242 42% ~ |
2.579125%=1
2.,720764%=1
2 3529065 =1
249752067 =1
3.082234%-1
3.192487%-1
3,2072393% -]

T2 .3763175=1

3 ,456572%~1
352041 1%-1
3,595041%~1
3.653616%=1
3,705249% =1
3,7A9999% -
3., 7373TAN-
SoglggAQE-l
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3.864330%~1
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3483267410 -1
3,793597%~1
3,750003%-1
3.,695017%~1
3,627454E=1
3,5459%%4%-1
3,442553% =1
3.333333%~1
3.197530%=~1
3,0379933%~1
2,.35033%%
2.,620453T -1
24,3634 -]

- 2,052191%-|

1 6RE621T=~1
1.,237136%~1
§.263032%~2
T R6T959E =6

7999996 -2
7.999996 =2
74999996 T=2
2.999096%-2

$2,999996 -2

Re 59999612
7.909996 =2
9.999994E-2
Q,999994E-2
9,999994%E-2
9.999994%=-2
9,999994 %2
9,999994E=2
1,099999%~1
1.0999995-1
1.099999E~!
1.099999%~|
!'OQQQQQE‘!
1.099999%~1
1,099909% =1
1,099999E=-1
1.099995% -]
1,099995E~1
14199999%~1
1,419992QF -]
1.199599F~1
1,1999998~]
1.199999%E-1
1.199Q99E-l
14199699k ~1
14199999~
11999998 ~1
!.1999995-1
1. 199999%=~1
1,0095959%=1
100999995-1
1,099959k-1
l.OSQQQSE-l
IOOSQQSSE-I
1.059999~1
IQOSQQQQE-I
0, 929694 E-2
QQQQQQQQE‘Q
9,999994E~2
9,9999%4%-2
R,279996T=2
8.99Q996q—2
7.9909968~2
7.8795065-2
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(ASYM, FAULT CAL.)
------------ R AL R LIS P

B e s e P R GRS P oy, SRRy SRS AR

DTS TAMCE Y12 IN(P,UL) TC IN(SEC,)
INCP. 1)

2 «000000E=2 4,083142%~1 1. 198999k~
4 ,000000E=-2 Aeh31541FE=] 1,259998%~1
6.,000000%=2 4,736969K~1 1.299998%=1
70Q99997E-2 5.007288E'1 10399998E'1

9,999995K8E-2
1,200000%~1
1.,3090099E
1 .599990%~}
1.799999%=1
1 .99999%F~|
2.,199999F~1]
2¢39999%E~ 1|
2¢599997%-1
2.7799997E=1
2.999997F~ 1
3.,199997F~1
3.399897E~1
3459999 TE=1
3.T7099978=1
3.999996E~1
Ay 199996K~1
A ,3999068FK~]
£ ,590996%~1]
ALTI9%96 -
e 398988 =1
51999055~}
5e379994 %1
5.599994E-l
5,7965994%-1
5.9969%4F-1}
8, 179004 K~ |
6.33999%3F=1
6.5999%93%=-1
6§,799993%8=1
849999938 =1
Te109993E~1
7.399932E-]
T.599992F 1
T.779992E~1
7.999992F |
B¢ 139993~ |
Ze329993F -1
84599992F~1
B.7299%3E =1
8.990992F~1
Q,190093R~1
9,.,300992K~ |
9.,599992 |
Q,7339°E~1{
RISINSIN R A |

5,248395%-1
5, 4647308 |
5 .660014%~1
5,236909% - |
5 ,997746%~ |
S0 144394 =]
6.278391F=1
5.4010345-1
6.5133957T-1
6.616390F- |
§.710792% 1
6.797259E |
6.8763495 = |
64948535 F= |
7.01421 7%~
7.073726 %=1
7.127343%~1
7.175285 £= |
7.2177315~1
7.25470RF= |
7.286577%~1
7.3130945=1
7033434271
7.350260F- 1
7.360741% -1
7.365622E= |
7364675~
7.357606 %=1
70344045 F= |
7.323519E]
7.2954570=1
742591458~ |
7.213711%-]
7.152075% )
7.020507%~1

" 7.010541%E-]

5401 ABIRE=1
642013215~
§.4666405 = |
6,505699%~ |
6.31326 15~
§,021015E~ |
5.7976325-1
5, 446727 F= 1
5,003 464F~1
A 629073E~1

163999938~ 1
144999935~
1,499993F~1
1.59999a%~1
1.59999%%- )
1.659998%=~]
[ «699998%=1
[ .699998E~1
14799993K~1
[ 799923~ 1
| e899999%-1
1.599998k~]
1 899998E=1
1 999998K=1
‘1 49959¢8E=~1|
| 999998%=1]
2,093993E~ ]
2.,099998KE~|
2.099998%E~1
2.095998%-]
2.19999%K=]
2.199997%K=]
24130998%=1
2e199693E~1
2. 199998E=1
2.1909958K-1
2.199990K=1
2.199998E~1
2. 1393983%=-1
2.130998K=1
Z.lQQQQBE‘l

OQQv?RF-l

«079998%K~|

OWQQQOF—I
1.9999983‘1
1.999998F-])
1 .952998R=|
1.899903K=]
1.829598E=-1
1,72009835-1]
IQSQQQQSE"I
159292703~
1.599908%~1
[ 4930 RK=|
[.399998F~1
laZﬁnggE'
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TABLE 4,5  caseM, FAULT CAL,).

. A D G SR YD S S R WS TR G MR TR VDGR Gn N SR R SR AU WD OR AR B e S AR WS D O ER GD A AR LR GO GD D R T B WS 08 OB

NISTANCE
INCPLUL)

Y12 IN(P.U.) TC IN(SEC,)

2..000000%-2 §,639075%~ 1,793998R- |
4 ,000000E-2 §.3103808E-1 1,830 28~
6.000000%-2 506737051 160000 58T|

7,°9929075-2
V,990296E-2
1.200000E-1
1.300999%-1
1.5?9999E”1
1o 7999995 -1
140009988~
21099990k
23700093 % -1
2.59009 7%
2619999 7E=1
AP IR Iy A |
3.,17N90007E~1
SQSQQQQ7E-I
3.579997E~1
2.TN020 TR~
3.097°%96%~1
A,19000K%)
Ae3R020AT-|
A a5 930934 T=1
A,T30006%~1
AL,805908E-1
541799957~
5.3599945-~1
5459999451
5.729994%=
S.QQQQGAT-I
8.13999/ %~
6.3990%3% =1
£,539993% <1
R.739923E -1
R,3799693%~
7.1?9?93E-:
T.396092%~1
7.500002E-1
T.799952E~1
7.999%92K -1
B,1090903%~1
Ra3IN0903RK =]
Re5700028 -1
8, 7999535~
R,335902K -1
,179993 -]
3,33°9 -]
Q,500032Fa|
2,779 K=
Q,956°°2% -1

Tol11559F~1
T244231 5=
7.366662F~ 1
T.4T73675%~1
7.584167%=~1
T7.62%0870K=1
T TT0A1O0E=1
7.953374%=1
T.530210E~1
3.,001379FE-1
R, 067223F -1
3.,129084%-1

Ra 18423651

F.235925%~1
3223361 E~1
Fe326710%E~1
24366151 %-1
2.,401731%~1
2.A433694 %~ |
TeACISETE=
344886307~ |
2.,507730F~1
2.525230F-]
3.537098%~1
Bs5472 2K~ |
Fe555R60E~|
3,551 A3F=1
Re556518%=|
F.550520%=~ 1
3454007371
$e32465 3K~ |
F4503940%~1
B ATTLI LN~ |
Be44A5H07-1
e 404560~
F356620%8~1
2200620~ 1
342322675~
R.152372%~1
3.0593521~1

760450441

7421 RAROE~ |
7.663137%-1
7.476380%- |
7.251365%=1
84OTATS 47- |
5.620353%- |

2 ,N9909 8K~ |
ZQOQQWQQE-I
2,19999%%E-1
2.290998K= |
2.390393%=1
2.399973%= 1|
2 ,49099GR=]
2.,5999975-1
2,59999 75~ 1
2,699997%~1
2,7999975-1
2,8900070-1
2,890%0 7E-|
2,009997%~ |
3.079°0 7k~
3,090997R=1
3, 199907R-1
3,290096R=1
3,299596%~
3.399996%~1
3.,399996E~]
3,4999967-1
J3eANIINEE=]
3.,490096%= |
3,490998%=1
$,5900906%=1 -
3.599906K=1
3.5999968~1
3 ,499996E«1
3.,4999967= |
3,499996%~1
3,300906%K~]
3.399996%=~1
S.QQSQQGE-I
3,2995068~1
3,199997R-]
3,0059975~1
2,3579807%~1
2,839997%~1
2,7959078=1|
2.,6999907E~1
2., 495998K= ]
2.,399000K=1
2.,297998%= |
2,079993%~ 1
1,9999900%~ |

1,799998R-1
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TARL™. o6 ~(asym, FAULT CAL,)
NISTANCE VI2 IN(P,1,)  TC IN(SEC.)
INCPL UL
2 .000000E=~2 344313245~ 3.200996 %~ |
4 4000900%~2 3.662647%~ | 3.7397°6E=1
6 .0000005~2 2436505 7%= | 1.000000%E-2
74073790 7E=2 N,0A5343E~ 1 ,000000%=-2

Ve ITNGEE=2
1 .200000E=-]
[.599999E~1
1.799990F=1
1.0%9998E=1
2. !m“QQAE"I
2.5292 0T}
2470090 7E -}
2.3090907E=-1
3159000 7F=1
33093737~
3.,5%00078-1

© 3,7990975-]

30009965 =1
Ad 130008 E~|
Ae3300KT- |
4450997965 ~1
2AJT520%6E=-1
AL N0 0KE=- |
541959958~
5300004 -1
5.,5°0%%4%~1
5.7°0004F~]
5.000994K~ |
R 12099481
6.5QQQQ5E'I
§,50300°3E-1
BT 0003~}
£ eSARNN3IE~]
To199993E-1
T74395092%=1
T.599902%~1
7. 799932E~ |
7.9995°28~1
417300835~
B,309903%~]
Re578925 -1
Be 733273 =|

Q. 19970381 .

9,3059925 -1
9,5709908~1
29,7999 F= |

Q,0°%7%20~]

D e205%36%=1
Qe3A81 34T~}
Ve ATTTR5E~ |
2.,593305%~1
D eBORTTAR~]
9eTOACIOE-|
D4 22NSO5SF-]
DeB5%40E=
10031 44F40
1.009713%40
1.0157125+0
1,021 1°05+0
1,0261R25+4+0
1,0307415+0
1.034272540
1.,0338275+0
| «DA2007E+0
1 .0A5037E+0
1047731540
1,050090E+0
1.052150840
[N5332°E+N
1 05531 2F+N
1.056435%+0
1,057233E+0
1,0577185E40
1 ,05736454+0
1.,057681+0
1.,057023E+0
1.056121E+0
1.0547265E40
1,052382%+0
1,050475%+0
10475 13F+9
1. 043387E+0
1,03°2493%E+0
1 034222540
1.027897E4+0
1,020310%+0
1.,0111345+9
1.000143E40N
Ve PREBINT = |
N, 70N323F -1
Q.AQIGSGE—I
Ve220365T=|
F.2T72566%~1

1.000000%-2
1.000000%E-2
1.000000%~-2
1.000000%=-2
1.,000000%=-2
1.000000%=-2
! . 000000E=~2
1,000000E-2
1.,000000%-2
1,000000%=2
1.,000000%=-2
1.000000E=-2
1.,000000k=2
1 .000000E=-2
1.,000000%=-2
1 ,0N0000KE=2

© 1.090009%=-2

1,000000%-2
1,000000F~2
1,000000%-2"
1 .000000%=2
{ ,000000E-2
1,000000F-2
1 .000000F-2
1,000000%-2
1,0000007-2
1,0000005-2
1,000000%-2
1.000000F-2
1.,000000%-2
[,000000%~2
1 ,000000%-2
1.00000085-2
1 ,000000F-2
1.000000E-2
1.,000000%=2
1.0099095-2
1.000000%-2
1.00N00NE=-2
1 .000000F-2
1 .000000E-2
1.000000%-2
1.000000E-2
1 ,000000E=2
1.000000E=-2
{ .000000F -2
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DISTANCE
IN(PLU)

}.999999k=-2

34999998E-2 |

6,000000E-2
7499999 TE=2
9,999996E=-2
1 42000005 -1
1.399999F~1
1 59999%E~1
1,75999%E~-1
1.999998E=1
2¢399998E~1
2459999 TE~1
2479999 7E~1
2,5999%7E~1
3.1999975=-1
3,3995357%~1
3.,53%997E-1
3.729997E~1
3.99%9%KE~1
4 159996E~1
4,5999956kE~1
4,755936E~1
A SNG5996E=~1]
5,199995%~1
5,359394E-1
5,59°994%-1
5,7999%4E~1
5,300%G4E~1
6. 199()94E" l
63955535 ~1
R.552903F-1
§,798993%~1
6,9°0903E~1
T1909993E~1
7.300992%~1
7.599022E~1

c T T20092E~ ]

TeO29992E~1]
B, 1000203~
R 300903 =1
Bs539992 - |
2, 7T302303E-|
Be 00302 - |
Q,159503E~1
Q¢3NS5 32E~ |
0.599952K~ |
Q.T758%9%1E-1
9,5°0992 <]

—45-

(THUREE PHAST FAULT)

3,A170168%E=~2
8543433 =2
9.,4251368E=2
1.207349E=1
1,451813%~1
1.5677258%~ |
] AR5 964~
2.,079207%~1
2.259262% -1
2 4242 428 - |
2.578125%~1
2.,720764F =1
2 ,852906E~1
2,975206%~1
3.,0892340-1
3,1924875=~1
3, 28R393FK~]
3,37631%6~1
3,45657258-1
3.5204115-1
3.595041%~1
3,6536165-1
3,70524%E-1
3,749999E-1
3,787878%-1
' 3,818840FE-1
3,842822% -
3,859650E~1
2.860124%~1
3,870969E-1
3 ,R64830E~1
3,85026%E-1
3,826741E~1
3, 7935878~
3,750003%-|
3,695017E~1
3,62745 4K~
3.545884%-1
3,448558K. |
3,333338%-1
3,1°27580%-1
3,0375838~ ]
2,350388%~]
2,620403%-1
2 3684347~
2,0581231%=1
1 .68662 1=}
1.237136%=1
648630327 -2
3,66795%E-4

6§.000000%=-2
6§.,000000%-2
6§,000000%~2
§.,000000FE=-2
§,999997E~-2
6§.999997E~2
§4999997E=-2
6e939997E-2
64 999997E-2
§.999997E-2
64999997E-2
6.959997E-2
§.999997E-2

T.9599968E-2

T7.999996KE<2
7+4999996E-2
7.9995906FK=2
ToSII996E=2
Te599996E=-2
7.0090908%=-2
T.9993996E=2
7.993956E=2
7.999996E=-2
TOID996E=2
T.999956E=-2
7.990906E-2
T.000906RK~2
7.999996E-2
7.909996E~-2
T.3990206EK<2
Te9999906E=2
7.999996E-2
Te 9200652
7.,99938%6E-2
Te V35996 E=2
TeV99596E=2
TeSO9556E~2
TeDIGVCE~2
TeC0C RS2
T.9999Q8E=2
7099986 E=2,
Te999996E=2
Re32922TE=2
§,90990%78-2
8407090 TRE=2D
e YINIVTE=2
€., 000000F=2
6.000000E=-2
6,000000E-2
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TABLE 4.8 .

DISTANCE
INC(PL, UL

2 ,O00000E=-2
4 ,000000E=-2
6§, 00000NE=2
7 99933 TE=~2

. 7.7 7996‘7“'2
l.?00000¢~1
1 439999%E=~1
| «599999E~1
1 e 799959E~1
[ «959993E~1
2.199999E -1
2 435999 8E~1
2 ¢595997E~1
2619999 TE-1
2..998557E~1
3,199997E=~1
34353959 TE=~]
3659999 TE~1
3,T7T99997E~1
3.999596E=~1
4.,159994E~1
4,399996E=1
4,599996E-1
4,7959998E-1
4,399996E=~1
5.129995E~]
5.359994E=~1
54559994E~1
547955%4E~1
5e955594E~]
54199994E~1
6+399953E -1
£ e399993E~1
6 e T99993E -]
£ ,993993E~1
T4199593E~1]
Te399992E~1
Te599992E =1
7.799992E~1
T.995992E~1
Be199993E~1
Fe399993E~1
84599952E~1
B4 759593E~1
B8e4399992E -1
Q,195993E~1]
9.399992K~1
0599992E~1
9,735991E~1]
9.355992E=1

~lig=

(L-G FAULT)
Y12 INCP .U )

B44313245~1
ReB862847E~1
2,385957E -1
9.,045843F~1

0205 36 4"!
9 3491 34E~
9,477785K=1
9,593305E=1
9 .698TT4E-1
9¢ 7340 10E-1
9.880605E=~]
9¢950491E~1
1 L0033 144540
1.009713E+0
1.015712E+0
1.021190FE+0
1.026188E+0
1.N3NT4H1E+D
1 ,O3A3TSE+N
103882 78+0
1,N42008%+0
1.045037E+0
1.047731E40
1 .050099E+0
1.052150E+0

- 1.053839E+0

1.0553138E+0
1056435 E+N
1.057238E+N
1.057718E+0
1 .N578S4E+0
1.057661E+0
1.057039E+N
1.056121E+0
105472 6E4+0
1.052862E+0
1.950479E+0
1.047513E+9
1.043887E+N0
1.039498E+0
1 4034222E+9
1N2783TE+N
102031 0E+N
1N11184E+0D
1.000143E4+0
54866859k~
9.,70N328E~1
9,491636E=|
9.,224365E~
B4872566E=~1

G=NS (P Ua)

2e399998E~1]
24685999 7E~1
1.,000000E~2
1 ,000000E=-2
1.000000E=-2
1.N0N000E~2
1. 000000E=-2
1 ,000000NE=2
1,000000E=2

1 .000000E=2 -

1.000000E=2
1.000000E=-2
1.N00000E=-2
1.0000N0E=-2
1.000000E=-2
1.000200E=-2
1.000000E=2
1 .000000E=2
1. 0000N0E=2
1 « 0OOO00E=2
1.N000N0OE=-2
1.000N0NE=-2
1. 000000E=-2
1 .000000E=-2
1. 0000N0E=-2
1 4D000NNE-2
1. 0N000C0E=-2
1 ,N00DNNE=2
1.00000CE=2
1 ,00000NE=2
1.000000E=2
1.000000E=2
1.N00000NE=-2
1 .000000E-2
1 .ONCOONE=-2
1.,0D0000E-2
1.,090000E-2
1.000000E-2
1 .NODNDNE=2
1 «DIONONNE=2

" 1.,000000E=2

1.000000E=2
1« NODINE=2
1.000N00E=-2
1.NN0N0ONE=~-2
[ .20N00NE=-2
1 .NODNOOE=-2
1 .N0N00DE-2
1 .000ND0E~2
1.00N0N0E=2

TC INC(SEC.)



DISTANCE
IN(P,U,)

AR UD S S em G e e MR R Ge S S e W S WD WE AN e we

l ISIE IO B \r,‘ -2
s'ﬁﬂﬁqqu 2
£.,000000% -2
Te30397TE=2
Q,9775068-2
1.,200000E-1
l.&QnQn c_l
1.595999% -
1 ,73399938 -1
I.quﬁﬁzﬁ-l
241065978~
2.358098%~1
2 3Q9§97F-1
2 7955978~

anm7r 1
3 19999 7F=|
34395997~
3.595557R-1
375999 TR-|
3.999996E-1
4,1999968=-1
4 4329996E-1
AS503806E-1
Ao TO9356E- |
A aCI209KE-]
541969%95E=-1
5 32 Q““ﬁ? 1
5.590%94F=~
5.,79000A%~1
~o>*ghg4r 1
81395245~
§.3039938- ]
£.5%909935~
8., 7900835% =]
6§ .97°9993F~1
T4 1899938~
7.399992E-1
7.599992%- |
7.7395928-
79999952~
8.170993FE~1
g Sﬂmggs,_l
B.595902F -1
BeTD0593E- ]
R.QQNHQ?ENI
Q.I“QQ“KE-I
0430599 2R -1
V659920~ (
Q,7099901E-]
2,999%22F- 1

47

T (THREE PHASE FAULT)

3,417016%=-2
65484330 -2
F.425136E-2
1.207340E=-1
1e451613%-1
1.677256E-1
1.885064%~1
2.079207%~1
2.258262F~1
264222428~
2.578125%-)
2.72076 4K~
2.8525068~1
22752068~}
3.088234%~1
3.17°24875-1
3.288303FK=1
3437631 8E~1
3456572~ |
3.52%411E~1
3.595041E~1
3.,653616E~1
347052456~
3,T74%090E~1
3,787878%E~1
3,218840E~1
3. 8428221~ |
325965081
3.869124E-1
3.8T70960E~1
34 R64830E~1
3,850260E -1
3.326T741%~1
3,793537E-1
3.750003%=1
3.6950!7E“1
3,62745 4K~
3.545834E~1
3.4435588=~1]
34333338E-1
34 197530E~1
3.,037533%~1
23503 338K~ 1
24829403~
2e38243AF~ |
2.058131E-1
1.686621E=~1
1.237136E~1
6§,763032K-2
3.867250E-6

15 (P )

S e S W S n W S S G AR e e S Mp S SR GR WS T D Gm ND N R W R B G G WD G e S S WS WS e G e e - - am

De039994E-2
DeGANINLE-2
Qe BNNYVAE-2
1,09%99%E=1
1.0399990E~1
1.059998% -1
1,099989%K=1
1.159990K=1
1.159995K=1
1, 19%999%E-1
1,153590K~1
1,199999K=-1
1,293998E~1
14259998E~1
1.253998E-1
1.225998%~1
1.2993908%-1
1,2995238E~1

1.299998E=-1
1,399998E=1
1,399998E~1 -

16399998F-1
1.399998E~1
1.359908%E~1
1.399C938E~1
1 399910E’1
1 ,399598E=1
1e359558E=-1
1,399958kK~1
1.399998E=-1
1,399998E~1
1,359998%=1
1.390998E~-1
1.399998FE-]
1.3595998E=-|
1,3°900908%K=]
1,3999988=-1
1.399998E~1
1.299998E=1
I.Z?QQQSE'I
1.,299998E=1
1.2997998K=-1
1.2799998E=~1
1.19995995K=-1
1,199990E=1
1. 19030Q9%E~1]
1.009999E=)
1,059900F=-1
V,AI0004K=-2
Q993994 E~-2

—_ e v ——— - - - - o —— . g W s e S > @
W o~ — . ot - Dt ot A o et Po o e - A - — -~



T

G=1.,5(P.U.)

TARLE .10 (L-G FAULT)

DISTANCE Y12 INCP.UL) TC IN(CSEC.)
INCP.UL)

2 ,0N00NNE=2 R,431324%K=1 34993996 E~1
4 ,0NNNNNE =2 3466264 TE=1 4,690095F-1
R NNDONNE=2 8486595 7E-1 1 NINDINE=2
7.99933 752 9.N45343% -1 1.N0NN0NE=2
1 420N200E=1 9.349134E~1 1 ONNNNNE=2
143995052 K ] SedTTT35E~1 1 DODNNOE=2
1.599990% =1 9.5933N5E=-1 1 ,0NNONNE=2
1 4795999F~1 Y 69877451 1. 0D0NNOE=2
1,9°9998E~-1 2.794N1NE-1] 1.,000900E-2
2.109999E~1 9 «33N6N5E=1 1 .0000NNE=2
2 «3999968E=1 9.95%9491E=1 1 ,00ND0NE=2
2.590907E~1 1002 144E+0D 1,0NI00DE=2
2 .T799997E~1 1.0N2713E40 1.00000NE=2
2099999 7E~1 1,015 T12E+0 1.000000NE=2
3,159997E~1 1.NM21190E+D 1,000D00E=2
3.399997E~1 1.026188E+0 1.000N0NE=2
3459993 7E=1 1.0307T41E+0 1.0000N0E=2
3,799997E-1 1 e N34379E+N 1. 000NNNE=2
3.99599KE=1 1.N3852TE+0D 1 ,NONONDE=2
4,195996E=] 1,042008E+0 1.70N0N0JE=2
4,399998K-1 NA5NITE+N 1 . O0NNONE=2
4,5999968E=1 1D47731E+0 1.N00000E=2
AL TISS9RE~] 1 ,N5D099E+N 1.00NNNNE=2
4,999994%~1 1.05215NE+N 1,0000NNE=2
5,1999958~] 1 4053889E+0 1,0000NNE=2
5.37°9994F =] 1.,05531 3E+N 1,00I000E=2
5,5999%94E=1 1 158435840 1 9000)0NE=2
5,799394E=1 1 N57232E4+N 1,000NNNE-2
5.,999994F =1 1.057718E+0 1.0NNNONE=2
6o 199994E=1 14057384%4N 1, MONONE-2
£,399993E~1 1 .057661E+D 1.,0NNNNNE=-2
8+599993E~1 1.057089%E+N {.O0DNNOE-2
64 T1°5293E~1 1056121 5E+0 1.N0ONONNE~2
£5,999393E -1 1.054 728540 1. N00IN0E=2
7e199993E =1 1.,752862E+0 1.,000NNNE=2
T.395992E =1 1 JN5D479E+0 1, 000NNNE-2
7.599992F~1 1.047513E+N 1 NNNONNE=2
7.799992E~1 1.043387E+0 1, 000000E=2
T.999992E~1 1 N39498E+N 1.,70000NE=2
Be139993E ~1 1 ,N34222E+0 1 .NONNINE=2
Re399993E-1 1.72789754+0 1.0090NNE=2
B4599992E~1 1402031 NE+D 1. 0000N0E=2
2.T99993F -1 1.011184840D 1,0000N0E=-2
84999092 =] 1 DON14A3ESD 1.00N000E=2
9, 199993E~] 9+ 3866990E~1 14 NNONOE=2
9,399992E~1 9,7NNI2 3E=~ 1} 1.NN0NNCE=2
9,595992E-1 9.491536E=1 1.ONNNNOE=2
9,795951E~1 9,224355E~1 1.000000E=2
9,999992F~1 BeBT2566F=1 1 ,000000E-2
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TABLE L.11 (THREE PHASE FAULT)

e S D G S WD G GO WS G WP ST G WS GRS G EP AD WS P M AP A G WD R EE AN WM WY S WD NE TR L WD B U PN S AR AR ER G SR YR WD WD TR PR W W e

DISTANCE Y12 IN(P,U,) TC IN(EEC,)

IN(PL,UL)

1,99999%E-2 3.,417016F=2 4,999393E=2
3,9099985=2 6§,5A84033E=2 A e3IFIQBE=-2
6.,000000E~2 2.425136E-2 44 399998LE-2
T.$3000TE=-2 142073498~ 4 ,97°3998R-2

Qe SNS99KE-2

1.,4516130=~1

4,9799538-2

1 ,200000F~1 1,677256% -1 6.,000000%-2
1332909%~1 1,375264%~1 §.000000%-2
1 4500300 f=~1 2079207~ 6.,000000%=-2
1.720099E=-1 2.,253262F =1 6,000000%E~2
1999008 E- 1| 2.42/02A28 - | 6.000000%=-2
2199990k~ 1 2.573125F-1 6.,000000E=-2
2.390793E-1 2.720764%~ 1 6.000000E=-2
295999 7E~1 2.852506E-1 6.,000000%~-2
2eT999%7E=1 24575206E=1 6 ,000000E-2
24359957E=1 3,083234%~ 1 6.,000000%-2
34196997E~1 3.192487E=- 1 6.,000000E-2
3435892 TE=-1 3.,283323%=-1 " 6,000000%E-2
359995 7E~1 3,37631a%-1 6.935597E-2
3,796997E~1 3.456572%~] 6499990 TE=2
3,350996E-] 3.,529411E~1 §,9999957E=-2
AL199996E~1 3.,595041E~1 6.9799997E=-2
4 399596%- 1 3.6536165~1 §,93999TE=-2
AL599996E~-1 3.705240%~1 6.,935997E=-2
A,T28996E=-1 3.T4°893E=- 1 6,55999TE=2
4 ,SO9986E=1 3,797878E=-1 6.539997E=-2
5.159995E~1 3.,31834%E-1  6,999907E-2
5.3997°94%-1 3 .842522% -1 6, 0995975-2
54559094~ 3.759650%~-1 6§,99959Tk=2
5.7°9554E-1 3.86°124E~1 6.°°2297E-2

5 ,909994F-]
64109004%-1

3,83700°69E~ 1
3 ,864830%~1

6, 29090TE-2
¢ 095992752

§.3597°93FE~1 3.%50269%-1 6.999997E-2
§.5%9993E~1 3.,326711FE=~] 6.999997E-2
8.,7090°3E~ | 3.7935278=- 1 6.9359997E=-2
6.599993F~ | 3,750003E=1 899599 7E=2
741599935~ 1. 3,6°5017%=1 890999 TE=2

T.5%5992E~1
7.795902F- |
7.509982E~1

3462745 4%
3.5458%4%~ 1
3. 4475528 |
3,333333K=-1

6e 99999 TR-2

6499999 TE=-2

e ¥99390TE-2
633593 TE~2

B, 190903~ 3., 197530%~1 6.000000E-2
Be390003E-1 3,037933%=1 6§.000000kE~2
R,5939592E-1 2.350333%~1 6§.000000E-2
BeTI9323N~ 1 2.6829453k- 1 6.,000000E-2
BeIR9902E= | 2363434 -] 5.000000E=2
RS RRLDR IS 2.058]131 %=1 §.000000E~2
Pe325992E~] 16866215~ 5.,000000E~2
V5 9G52E~ 1 1,237136E~1 NeDOH0SBE-2

Qe TS2SO1E-1 6.353032E~2 4,599998R=-2
0,209992E~] 3466T550E~6 4499990 8E-2

Hz1,0(P.1J)
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TABLE 4,12 (L-G FAULT)
DISTANCE Y12 IN(P, U ) TC INCSEC.)
IN(P U,)
2 ,ONNONNE=2 H,431324K~ 1.859993%=-1
4 ,NONNNOR=2 2,66264TF=1 2,1999908E~1
6 N00NNNE=2 8.36595 TE~1 1.000030K=2
T7.99990TE =2 2,045343%-1 1.990000E=2
95090988 -2 .2ﬂ5933"-1 1.000NN0E=2
1 ,20000N0E=~1 9 ¢349134%-1 1 00DONNE-2
1 4338999E~] 9 477735E~1 1 «NNONNNE=-2
1 ,570999E -] 945933058~ 1 .0000D0E=2
1, 799999k ~1 9 J60RTTAE-] 1.000NNNE=2
1.999998E=1 9.7940105-1 1 «D0NNONDE=2
2 199990 =] 9,889605E= 1 . 0NONNNE=2
2 ¢39995 GE~1 9.,95%491E=] 1 NONONNE=2
24529597k~ 1,003 144F+0 1.00000NE=2
2 47999978~ 1.009T13E+0 1.0000N0E=2
24599997k~ 1.015712E4+0 1 e 0ONINNE=2
3,199997E~1 1.,021190E+0 1 00NNONE=2
3.399997E=-1 1 0251 38FE+N 1.000000E=2
359059 TE=1 1,030 741E4D 1,000000E=2
3.799957E=] 1 N348T9FE+N 1.N0NDNOE-2
3.999996FE~1 . 1.038827FE+0 1.0N00NNE=2
4 1395568~ 1 404200 8FE+N 1. NOODONE=2 .
4 ,38999KF=1 104503 TR+ 1.N00000E~2
4,5%9098F~-1 1.047731E+0 1. N2NN0NE=2
4,799956E=1 1 N50N99E+N 1.000NNOE=2
4,099996E~1 1 .N52150E+N 1. N00ONDE=-2
5.199995E=1 1.053320E+N 1.000000E=2
5¢395394E~1 1.05531 8F+0 1.00000NE=2
5.599994E=1 1.N5643554N0 1.099000E=2 -
5.7999945-1 1 05723 8E4N 1.000000E=2 .
56999990 4E~1 1405771 2E+0 1 . NNDNNNE=2
6,1990094E=] 1 4N5736AE+N 1.000900E=2
R e339903E~1 1 ,057861E+0 1.000000E=2
8.599993E=1 1 NS TOROE+N 1 . NNNNNNE=2
56 T98993E=] 1.056121FE+N 1. NONONOE=2
64599593 F =1 1.054728%40 1.N0000N0E=-2
71569935 ~1 1 .N52862E+0 1.000N00E=2
7.359992E=1 1.05N4708+0 1.N09NNNE=2
74595952 -1 1.N4T5135+N0 1.000NNNE=2
7.750992E~1 1.043337%+0 1.000NNNE=2
7.599992F -1 1.N39498E+0 1.00000)E=-2
3. 1990993E~1 1.034222%40 1.,NODNNNE=2
B8e399993E=1 1.0278975+0 1.009)00NE=2
8.599992E~1 1.,02N310F+0 1.,N000NNE=2
B¢ TI0993E~1 1.011184E+0 1 .0NNNNDE=2
8.979952KE~1 1.000143E+0 1.000000E=2
9.199093E~] 9 e BREEHS R~ ] 1,1000NIE=2
0,399992E~1 3.70032 3E=1 1 .OONNNNE=2
Q,599992E~1 D 491638%~-1 1,M00NNNE=2
2,799991E=~1 9,.,2243585K~1 1.,000000E=2
Q,999592K -] 3.8372556E~1 1.NDNNNOE=-2

/74457
o AR

H=1.2(P,U,)

e
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TAPLE 4713 (THRES PHASE FAULT

NISTANCE Y12 IN(P,U,)

INCP.UG

1,39923%7%E=2
3,939998E-2
6§,000000%-2
7.7°36907E-2
Q,97°0996E-2
1 ,200000E-1
1 350200k -1
1 ,599995%E~1
1.79903995~1
1.,3359°8E~1
2¢390903E~1
2.5997°57E=-1
2, 795997E= |
2:536957E~1
2.15999078~1
333955378~
3,590987E=-1
3,T70227E=-1
3. 0080086E~]
4,1595368E~]
4,379996E~1
44553920485
AL T30506E=]
4,50070KE-1
5.1050958%-]
5.3939%4E=1
54595524%~|
5.7999%4E-1
5.9093%4E- 1
Re199204E~1
6,309203E~1
5.529993E~1
Ko 709°93E~1
84979993~
Te18S95°3E~1
7,30396592E~1
7.593992K~ 1
7.790902E |
7,999952E~ 1
801999935"1
RN IRR RIS |
345200028~
BeTO90%3E~-1
R,700092K~]
9,155°93E~]
Q,330902K~1
0 ,599352E~1
D,79¢0%]E-]
SRR R Ra T, RS |

3.4170161E=2
S§4549A33F -2
642513652
1,207320E=1

1.4516135-1

167725681
1 s3R5%64K~1
2.073207E~1
2.253262%~1
2 4424242F -1
2.57R125E~1
2720768 A%~1
2. 852906K~1
2+975206E=1
3.,088234%~1
3,17°24378=-1
3.283393%-1
3,376312E~1
3, A565T2E-1
3,529411E=1
3.,295041E=-1

34553616E~-1 "

3,7052/49E-1
3.737073%=~1
3 R1RBAOE~-|

- 3,842822E~-1

3.8596508=-1
348601248-1
3.370%65%~1
3.864330F~1
3.250260 =1
3,228TA1E~1
3.,7935%78E=1
3,750003%E-1
3.695017F~1
3462745 4E~1
3,545384E=-1
3,448550K~1
3,333333N~1
3.177530K~1
3.037583FE~1
2.25032%E-]
2.627%483E~1
2e363434%~1
2.,057121E=}
1.886621T~1
14237136E~1
£.5363032% =2
3 .68T7550E=6

1,220908E=1
1,2732598E=1
1,39559%E=-1
1 4399998E~1
1.329998E~1
1,399993%-1
1,359998E~1
1,4999958E=1
1.499998E~]
1,495998K=1
1445990881
1,4%5998%-~1
1.,4969°3E=~1
10599998E‘1
16553998E~1
1,599%08E~1
I.SQQQQ@E'I
1,595993E-1
[.599398E-1
1.5799908E=1
14599993k=1
1.,999985‘1
16559908K=-1
1.525993E=1
1.,599993K= |
1.590993%=-1
1.599098%-]
1.,5%9998k=-1
1,579993%~1
1.599908K=1
1,590599K=-1
1.A499998%K-1
1.4559998%=1
1.,499993kK-]
1, A93393E=1
1.3799759RKE=1
163259908kK=~1
1.259908%-)
1.2900°983%E~1
1. 199959k~
1.1008%3E-1
1,007000E- |

R B GTE e M e M N A T G e T MR R WD e e W M AN M S AN SR SV N e e S i M s N A S WS S NS A S By WY U On S NG D Gt B S W . g e b gy oo - - b -

H=6.0(P 1J,)



-50-

TABLE M1k (L-G FAULT)

DISTANCE Y12 INCP,U.> TC INCSEC.)

INCP UL

2 ,0N0N0NE~2 R,431324F~1 4,699995 =1
A4,N00DNNNE =2 B,8628475=1 5,300094F~1
8 4 NNNANNE =2 R4855957FE= 1 1 NO0N0NE=2
7.295997E-2 2.,045343E~1 1.7909008=-2
Q ,0999948E-2 942059345~ 1, 000000E=2
1,200NNAF~ 0e349134E~1 1.0N0NNNE=2
1,3999908~1 Ye477755F=1 1.00N3NNE=2
1,599599E -1 34593305 =1 1,000I00E=2
1,799959E -1 2.69%774F=1 1 NONNNDE=2
1,999998E=~1 9,794010E~1 1, NNNNNNE=2
2. 159996k~ 9, BANSNE T~ 1 N0NINOE=2
2,399993E-] 049504951k~ 1 . ONONNNE=2
2 ,59999T%~1 1.0N31 44540 1 .0N0NNNE=2
2,799357TE~1 1.009713E+0 1.0000NE=2

2 ,599999 7k =1
3.199997E=-1
3,399997E~1
3.599897E=1
3.799997E=1]
34999398 =1
A 130908 -1
4,399936E-1
4,5595948E~])
4,7°0096E=1
4 ,999998E~1
5,199095E=~1
5,3009004F -1
54535994E=1
5,799954E=1
5.9999545~1
§,139994E~1
5.399993E~1
£5.59%993E~]
6.795993E~1
£.995993E~]
Te135393E~1
7.399992E-1
T+555992E~1
7.795992E~1
7.97°9992K -1
3e199993E~1
B¢3099903K~1
Be5SG992E~1
B.795993E=~1
2490932k~
9,199993k=1
Q,399992E~1
3,5089592E-1
9,799901E~1
Q9,599552k~1

LoNISTIZEHN
1,721 19908+0
1 o261 334N
1030741540
1.034879E+N0
1.033627E+D
1 .042008FE+0

1045337540

1.,02477315+0
«N57033E+0
«N52150E+N
1 .05388FE+N
1055318840
1 JO58435E+0
1,057233E+0D
1.05771 3E+0
1.057864E+N
[ O576881E+D
1 .05708%E+N
1056121540
14054726540
1.0529362E+0
1.7252479E40
1D4T7513E+N
1.N4383TFE+N
1.,03945235E+0
1,34222FE+0
1.027397E+0D
1a020310FE4+N
1.011134E4+0
1.00N143540
9. 865899E~1
3,70N323E~1
De40163K8E~1
D,224365k-1
3.872556E~1

1 ,NNDONNE-2
1.000N0NE=2
1.00NNNONE=2
1 .ONDNONE=2
1 NNONNNE=2
1.000000E=-2
1,0000N0E=-2
1, ODONNNE=2
1.,00D000E=-2
1.700NI0E=2
1.NN0DCHE=2
1., 000NNOE=-2
1.290D00NE=-2
1,00000E=2 -
1 .NN0NN0E=2
1.NDONNGE=2
1 NNONNE=2
1.70000NE=-2
1 NNNODNE=2
1.D000N0E=2
1 «000N0NE=2
1. NNNNONE=2
1 ,NONTNJE=2
1.00000NE-2
1.,NNNONNE=2
1.ND00NNE=2
1 NODNDNE=2
1NNDNNNE=2
1 DONNCNHE=-2
1. N00NNOE=2
1 .NNODNNE=2
1. "ONNONE=2
1 NONNINE=-2
1. 0NONMNE=2
1,00000NE=-2
1. ONONSNE=2

e e G B e R P SR GR Gp G W G W A S S T SE M T A S S S Ay M i A e N e A g o S B DY o o ey S e e T P S S W D G D e OB A e G w4 S

Hz8.7¢CP JU.)
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TABLE 4,15 (THYRER PYASE FAULT)

- . . - -

NISTANCE |
INCP. U,

[o900030°5 =2
3,0709935~2
£.,000000%~2
7,356 TE=2
V,IDAN(E-2
1.,200000%~1
| 3793090 =1
1,592000R -1
17958508~
1 03000 GK =
2.,17°000K~]
233333 3%- |
2.59%3927%E-1
267339978~
2.,999007%=~1
31009078~
34320097 E-1
35992078~
32708597 E~|
292909651
4.1929?63‘1
A,3300968~]

5723004 <1
5.992934E-1
R, 1297948~
6,39373038-1
6,570993=~1
£.792893F -1
6979993~ 1
1.19§Q93E'1
Te302992R =
795703928 <
Te 73533928~
T7.5°9002% -1
Be 197003~
Fe3N03330 =]
8OSQQQ92E-1
BeTA2NG3E -1
Re99G092E~1)
Qolggggsg“l
0,397292%
D,599092F -]
Q,72999)F =]
RIS eIl A |

vi2 INCP, UMD

3,2417016%=2
BeBARARIE =2
56425 136%=-2
1,207340% -1
145161351
1.6877256%-1
1 325964 -1
2¢079207%-1
242552627 -1
24 82/2 127 = |
2.,57%125%-1
2, 1207545~
2 R52908%-1
24 275206FE-1
3.,08323 A1
341024875~
3.,288303K«1
3.3763192%-]
3,456572E -1
3,52904118=~1
345°5041E~1
3,853616-1
34T705249F =1
3, 740090 -1
3. T8T73TRE=-]
3. 2133490 =]
3, 8423221
3.359650%-1
3.,26912 4k~
34870965E~1
- 3,B36A030E-1
3.,950269R~1
3.326741%-]
3,703527 -1
3.750003%~1
3,655017%-1
3462745451
3.545084E~1
3 W AARES -]
3.,3333358L-1
3,177580%-1
3,0379%3F=1
2.950339E~]
2.68204%3% =]
236243 4%~
2.,0581 315~

1 68862 1T~1

1.2371562-1
667630327 =2

245 ,0(0C,P.%)

TC IN(S¥EC.)

Be 999908 K-2
B4 230006 R-2
G, NV VER=2
B,8009°81=2
ReZIOC -2
2,799904%-2
2,979094E=2
Qe DIVAV4E -2
CeI0294 =2
VeI E=2
1.099999F-]
1.089009K =1
1.099993E-~1
1.0999993‘1
1.095909E~1
1 0S9005E~1
1.,0299903K=|
1.159995FE-1
1. 109993E =1}
IOIQQQQQE-I
e 13099SK=1
1.198900%K~}
1e 17999981
1.159998K =1
1. 1999G3E-1
14199990 -1
1,199999E«
1199999 =1
1o 129909E-1
14199998E-1
1190009~
1o 199303K-1
1.1792900E~]
1,199990%K -}
1. 193959k =1
lolgggggﬁ“l
1o 13°0000F ]
1.19999%E~1
lolgqgggg‘l
1.139270%«1
1.079990K )
1.00999%%K =)
1.099§9QE-1
1,099929E -1
Ve OOV AE-2
Qe Q99VVLE =D
Qe I33994 W2
HeINIV98E~2
R VK E=2
T S9N0CE~-2

B WO G Sy, T B T Y P Py P g S S — B - " —— - VP G G TV S S TG EA R PR - G . S WS - -
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TABLE #:16 "(L=G FAULT)

2,350908E~1 2.959491E-1 1.7900090E=-2
2 ,59200 7k~ 1.7003144%+0 14CO0NNOE=2
279999 7E~1 1O09T135+D 1.000000E=-2
2 49999978~ 1.O15TI2E+0 «D00NONE-2
319099 TE=-1 1,021190E+N 1. 0NDNBNE=2
3439998 7E~1 1.0261 33E+N 1 NNNNONE=2
34599997E~1 1.03NT41E+D 1.0000D0E-2
3,T3053TE=~] 1.034379E+0 1 NNONNNE=2
3.995994/E~1 1 23382 7E+N 1. 0NDNN0E=2
44199956~ 1 .042008E+0 1 .N000N0E=2
4,3599958%=1 1 0452375+ 1 DOONACE=2
4,595996E~] 1.04TT3LE+D 1 «NNCOONE=2
4,799956E~1] 1.057099F+N 1.000000E=-2
4,999995E~] 1.052150E+0 1 4NNNNNOE-2
5.155355E=1 1 053239E+D 1.00N000KE=-2
54359594~ 1.0553125+N 1 «NNNNNOE=2
54.599994E=] 1.0564355+0 1.000000E=2
5.793904E=] 1.7957238%+0 1,0N0NINE=2
54999994E=1 1.05771 RE+N 1.007N20E=2
841929%4E=1 1,757854E+0 [.700200E=2
64399393 ~1 1.,057661E+D 1.N0BNNNE=2
€.599993E -] 1.N5TO39E+0 1% N0N0D0E=2
6. TR9993E=] 1.258121E+D 1.0000Y0E=2
6 ¢999593E~1 1754726 FE+D 1.CNONNNE=-2
T 199993E~] «052362E+0 1.N0720NNE=2
T.399992E-1 1.050479E+0 1.000NNOE=-2
74599392E=] 1.047513E+0 1.N2NNNNE=2
T.790992E~1 1.04333754+0 1.0000NNE=2
T.995992E~1 1 03949 BE+N 1.000000E=2
R 199993 -] 1.N34222E+0 1.00NN0NE=2
Be399903E~1 © 1,02789TE+N 1.0NDINNE=2
Re599992E~1 1.720310E+D 1 .NNNNNOE-2
3479903 E -1 1.N11184E+D 1.000ND0E-2
2e$90502E-1 10001 A3E+N 1,7700NNE=2
9.190593E-] D« BE8/RA0E -] 1,N0DNO0E-2
Q4399592E-1 94770323E~-1 1.NNDINOE=-2
9.,59982E-1 0 ,4S1K36E-1 1,NODCMNE-2
Q,TA95SE~] 0,224365E=1 1 ,02NN0IE-2
94999992E~-1 Be2T256KK=1 1.0NONNOE-2

DISTANCE Y12 IN(P, UL TC IN(SEC.)

INC(PLUL)

2 0NNCHNE-2 Be431324%-1 3450996k~
AGCNND0NE-2 Be66264 70 -1 3909306~
5.00N0NNE-2 $eB8595TE~] 1.009000E=2
799905 7E=-2 9 ,045843% -1 1.,00NNE=2

9,999995F -2
1,20000NE=1
1 ,395000E=]
[ .5589999F~1
1 799299E -1
I 4995993E~1
2 ,199990E -1

Qe2B593KE~|
De349134E-1
VedTTT35E=~1
De553305E~1
06528774~
D74 NE~]
2 82NENSE~1

Fz45, W(C PeSa)

1,790000E-2
1,.000000E=2
1,N0NINOE=2
[ NNNNE=2
1 .NMINNNNE=2
1 NONN0NE=2
1.700000E=2
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TARLE W17 . (THRTE PMASE FAULT)

DISTANCE Y12 INC(P.U,) TC IN(SEC,.)
INCPU,)

1 659399099% =2 3,4170187-2 Te999996%=-2
34999998E=-2 §s54RA33% =2 T499999K=-2
£,0000007=-2 3.,425136%-2 T.999996%-2
T7.999997%-2 1 42073A9F -] 7.999996%~2
9.999598E=~2 1.451613FE~1 7.9999926%-2

1 «200000E={
1 «359999F |
14599999%~]
1 .799990QF~]
1 «959998FE 1|
2 e 1999990E -1
2 .3999993E~ |
25399997~
2479999 7E~1
2489999 7K~
3@199Q97E-l
3639999 7E-1
3.5959997E-1
3.799597%-1
349999956~}
4,199996%~]
A.SQSQSGE‘I
A,599998%~]
Ay TS996E~ |
4,5559958E~1
5.199595%~1
5,.,329594F -~
54555994~
5.729994E~]
54599994 E~1
£.195094E-]
6399873~
§,599253% -1
64755993E -]
6, 2025993E -1
T.199593E~1
7393992 -1
Te55359528 -1
77595928~
T.59%002F -
Be 1539593F -1
Be350993K =
Be5595921 -]
. T250993% -]
BeGOONOR )
Q102793 R -1
9,323092N -1
9,5%%992%~]

9,79%991R= 6.863032F =2 7. 999996 K-2
9,599992%-1 3.,6679595-6 8. 5N0097E~2

healiadl LW R R A X ¥ ¥ ¥ 3 e

1.677256E~1
1.3859647%- |
2,079207%-
2.2502628- |
2,424242F -
2,578125F~]
2,720764% -]
2,852906F- |
2,975206%-1
3,083234%- |
3,192487E-1
3 ,28%393% -]

- 34378318R~-1

3,456572E~
3.529411%-1
35950415~
3,6536816K-1
3,705245%~1
34 T4A9599K -]
3 72727RE-|
34218840F -1
JaB42322F -1
3 859650E~1
J 3631247~ 1
3870963 =1
34864330FE~1
3350269E 1
3482687A1F~1
367935878~
3. 7500035 -1
3465501 7%=1
36274548~
35458840 -1
J3.448558K-1
3433333871
34197580k~ 1
3,037983%~-1
248503387~ 1
26235493 % =
2e368434F~1
2.058181F-|
1,686621%~1
1.237136E=-1

Fz60,0(N.P.2.)

Te999996KE=~2
R, 099996E~2
2, 999998 =2
B.999996K~2
Bs9999096K=2
Re999996E=2
R 999928 E=2
9.99999%94 =2
9.9959%4E-2
9.999394R=-2
9.99999%4 =2
9.,999994FE=2
9,9999%54E=-2
9,999994E-2
De999994 =2
9.95929994FK=2
9,979994 =2
9.999994K-2
1,0895999KE-1}
1.,099999E -1
1,095995E=1
1 .009899E-1
1095599 =1}
1.N095993E=1
1,09599%E~1
1.059999%E-1
1,050983K=1
1092995k -1
1,099999E~1
1 .0995999%E=-1
9.999934 -2
9909994 E=-2
9,999994E-2
9,99959%4E-2
94999904 E-2
Q.999994E-2
930994 FE=-2
9,9799%24R=2
B.999996E=2
Be99996R~2
T.9300956F=-2
Te SO3906E=2



TABLE 4:18

DISTANCE
INCP, UL

2 LOCNNCNE =2
4 JO00CO0E-2
64 NN0NNNE =2
7.9959997E~2
9,990 96E-2
1 2N000NE-1
1 ,379999E=1
1.5959999E -1
1.75999°E=1
1,995958E=1
2 .199999FE~1
2 439899 3E |
2,599997E~1

2,T9998TE=1

259999 7E=1
3180999 7E=-
3439999 7E~1
359999 7E~1
3,795997E1
3,999996E~]
4,1599968E-1
4 ,395958E-~1
4,599%206%-1
4,7999965~1
4,9999568E~1
5¢325554E-1
5459595 4E-1
54735994E-1
5,59995%4E~]
Ge 139994E-1
843559535 -1
64595593E=~1
§+799353E~1
6.9999935'1
Te159593E~1
Te399552E«1
7.5959952E=~]
TT9S992E~1
Te999992E =}
Re 19S993E~]
He399993E ]
545995092~
R TO9903E -1
Be309992E -]
9. 179993k~
9 4359902E~1
9 «55%952E -1
0,739991E-1
9,909992E -1

A A A S Y W A S D, S S T S S G gy, g

- 56~

~(L=G FAULT)

Y12 IN(P,I,)

Fe431324%-1
F.68626475-]

3486555701

5 ¢N45343F -1
9.,205936%E~1
943451 34FE~-1
Q44TTT35E-1]
Se503N5 - |
94893TT4E=~1]
DTN INE~-]
Qe RBANCNSR=1
D495%401E~1
1 .D0314A8E4D
[ ONQTI3ESD
1 OI5TI2E+0
1,021190FE+1
1,026133E+N
1.N3NTALESD
1 O03ABTOESN
1 ,038827FE+9)
1 04200 3E4+0
1 ,045N3TE+N
1N4T7731E+ND

«I5N09%E+N
1 NS2150E40
1.053389E+N
1405531 E+D
1 ,O568435FE+N
105723 3E+D
1.057713E+0
1 s0578684E+"
1 4057661E+D
1.05703%E+0
1.058121E+0
1.N54726E+N
1.0523682E+N
1.N504T9E+N
1.747513E+0
1., 04333TE4D
1 ,C39493E4+N
1.,N34222F+N
1,0273975+0
1.,N2031 E+0
1.011184E40
1 ,000143E40
T e B66693E~ 1|
9,70032 8E-1
0,49168368F~1
Q,2243655~1
4372566~ 1

W -y . g B o . et o

F:GQ.QCCCPQSO)

TC IN(SEC,)

0999997E"l
36A50596K-1
1 ONINNDE=2
1.,NONONCE=2
1 INDNNNE-2
1 ONONDNE=2
1. ANNDONE=2
1."N2NINNE=2
1,0000NNE=2
1 0DNNNNE=2
1.000N0NE=2
1, NO0NNOE~2
1.NONONNNE=2
1.,0NN0N00K-2
[« INDNNNE=2
1 ONDDDOE-2
1 00ONNORE=2
1 OCDDNDE-2
1NODNNCE=-2
1 sONDNONE-2
1 D00NNNE=-2
1 NNONNDE=2
1 NN000NE=2
1 .000000E=2
1.CONNNOE=2
1 4NNDNONE=2
1.000000E=-2
1 .0NND0NE=-2
1.N0NACOE~2
1.,0009000E=2
1.000000E=2
1 .3000D0E=2
IQQOOOOOE‘Z
1.7M00970E=2
1 .MCO0NE=2
1.0000N0E=2
1.ONNNNMNE-2
1 NDI0NNE2
1. N0OONDNE=-2
1.0000NNE=-2
1., 0NO0D00E-2
1.700000E=-2
1,009NNNE=-2
1 ,0ND000E=2
1.,NONONNE=-2
1.,N0000NE=-2
1.000N02E=-2
1, 0N0INDE=-2
1.0000NNE=2
[ ONND0NE=2
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Y12 IN(P,U.D

TABLE 4,19

NDISTANCE
INCPLUL)

1 {S99999%E=-2
36995998 ~2
6.,000000E~-2
799999 7E=-2
95385 96E=2
1,200000E=~1
1.399599F =1
},550089E -1
1799999« 1
1 {99595 K8E-1
2.199990kE=1
2 +399908K=1
2659999 7TE=~1
27997027~}
299999 7E=1
3,1999907K=~1
3.359997E-1
359999 TE-1
3.799957E=1
3.599998E~]
4,109996F =1
4,399396E=-1
AGS599396E=|
ALT9S926E~1
A,090596E-1
5,195505E-1
5 e3999%4E~1
5.5999%94%~1
5 ,998094E~]
6, 129054E-]
6390003 ~1
6,550%303E~1
6.755593E~1
6,999%03%k~1
74135993E~1
T.399%%2%K -1
Te595992E~1
TeT95902E~ 1
79995028 -1
8.199Q93E'1
B.3290338-1
8.55039%2E-1

B,790993% -1

8o SR002E-~1
Q. 130993E-1
9,3090992%~
9.559952E~1
9, 79555 1E~1

9,999892E~-1 |

-57-

" (THREE PHASE FAULT)

3,417016E-2
6.548433E-2
942513652
1.2073 49K~ 1
1.4516]13F-1
1.677256E=1
1.885964E1
2,079207%~1
2.25%8262%~

2,424242E~ |
2.578125E~1
2,720764E~ |
2.852906%- |
2,975206E- |
3.08%823AE~|
3.102487E-1
3.288393E-1
3.376318E-1
3,456572E- |
3.529411E=1
3,595041%~1
3.653616%-1
3,705245E~ 1
3.,745999E |
3,787878E~ |
3.813840F-

3.8428225-1
3,859650E- 1
3.869124E-1
3.870969E- |
3,864830%~ 1
3,850269E |
3,826741%5-1
3,793587E-1
3,750003% -1
3,695017E~1
3,627454%-1
3,5458%4E- 1
3,448558E-|
3,333338E~ |
3,1975208-1
3,037983E-1
2,8503 837~ |
2 ,629493%~ |
2 ,36343 4R~ 1
2,058] R1E~-|
1,636621E~1
1.237136E~1
6.863032E -2
3,667959E-6

G SRR S S s G PO P T ER —a B P o P G e S wmn. A WS G S B

PS=0,95 (P 1,)

TC IN(SEC,)

WV, 999G/ E~2
1.009693%~1
1.099%99K~1
1,099539E =
1,09999%E=1
1.195999E-1
1.199909=1
1.193999E~1
16 19599%9E=1
1.2993998E~1
1,259998%=~1
1.,2599958F=1
1.295998E=1
1.259998E=-1]
1,2099998E-1
10399998E'I
1.359998E=~1
1,359998E=~1
1.399998E~1
1,399598E=1
1.39959RE=1
1,499298E=1]
1.,4533998E=~1
1,499998E-1]
1.435998E-1
1.499998E~1
1.499998%=~1
1.495998E-1
1.495558E=~1
1o 409998E=1
1.490098E~1
1,4595998K=1
1,495958%=]
1,4999908E=-1
1,399698%=-1
1.3999598E~1
1.399998E~1
1390908FE~1
1.3°0098E~1
1.399998E=1
1.259998E=~1
1,299998E~1
1,250998E~1
1,1999959E=1
l-lggqggg“l
10199999E‘1
1 4099599~ |
[ 099390%E-1
96999954 -2
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TABLE .20 (L-G FAULT) | 5
DISTANCE Yi2 INCP.U.)  TC 1w<sac )
INCP UL
2 JO00NNDE =2 3.431324%~1 [ 0DANNNE=2
4 ,NONOONE=2 R 66284 TE~] 1,N000IDE=2
8 4NO0N0NE~2 3436595 TE=1 1 NODNDOE=2
7.995997%E-2 9,N45343F=1 14 00NONE=2
9. 999996E=2 9,2M5536E- | 1 N0GHNNE=2
14200000 =1 9e349134E~1] 1.770300E=2
1 «390990E -1 9.4777035E=1 1.,000000E=2
1.595990E-] 9,5933)58~1 . N0ININE=2
1 ¢ 799900k ~] 9,6937748=1] 1.000000E=2
[ 499005 3E=] 9 79401 NE=1 1 40D0NNNE=2
2,199999E -] 94380605 E-| 1.NN0DNDE=2
2 439999 3E-] 9 .95949]F -1 1.709070E-2
2 459999 7E-1 1,003144F+0 1.N99000E=2
273999 TE=1 1.0937135+0 1o NN0NCE=2
2 . S5999 TE~] 1.015712E+9 1.700NN0E-2
3619995 7E-1 1.0211998+0 1. 0200NNE=2
3.398997E~1 1,026133E+0 1.I000DNNE=2
3,599997E~] 1,93074 18+0 1 NCOBONE=2
37999975~} 1.034379E+0 1.70000DE=2
3 ¢999996E=] 1.73362 TR+0 1 .0000NNE=2
4419999 6E~] 1.042008E+0 1,0000NJE-2
4,399996E~1 1 JOASDITEHD 1.0009°0E=2
4 59999681 104773 1E+0 1 .0000N0E=2
4,795996%=1 1,050090E+0 1.770NNNE=2
4,9999565~| 1.,05215N8+0 1.)700708=2
5.,199995E~1 1 .053339E+0 1.5000N00E=-2
5.359934E 1 1.05531 2540 1.200990E=2
S 4 535994E~1 1.0584355+0 1. 00N0NDE=2
5, 795994E -1 1.7572385+) 1.000000E=-2
5 ¢ 99994 E~] 1.05771 3840 1.009900E=2
£4199554E~] 1,0572845+0 1.7007030E=2
6439990538 -1 1.057661E+0 1.00N0N0E=2
6.599993E~1 1,75 7D 39E+0 1 .0N0NNNE2
84T99993E~] 1.056121E+D 1.900900E-2
6435999 3E -] 1,054T725E+N 1.000900E=2
T.139993E-1 1 .N52382E+0 1.9N9900E=-2
7.329992E ~1 1.,059479E+0 1.7090)0E-2
7.599992EF ] 1.0475135+0 1.000000E=2
7. T99992E -1 1.04332TF+0 1.0000NNE=2
7.999%92E -1 1 4N30498E+0 14 DDN0NNE=2
8e199993E -] 1734222840 1.000900E-2
B4399993E -1 1.927897E+D 1.NDDINNE=2
Be590992F - 10203 10E+0 1 .N0NI0NE=2
84 T29093E -1 1.0111 34840 1.7N00NNE=2
Be993992E =] 1,000 43840 1.009900E-2
94159993E~] S +856699E -1 1.,MNINNOE=2
9,339992F -] 9,7NN328E-1 1,NN0AONE-2
9.599992F - 9,49183KE=1 1.0007200E=2
9,739591E~| 9,224365%=1 1. 00NNNIE=2
9,993992E~] 24 8T2566E-1 1.700090E=2

PSz0,95(PUs)



TABLE 4.21

DISTANCE
IN(P.U)

1 .999999E-2
5.999998E-2
6§ ,000000E~2
74995999 7E-2
9,999996 =2
1 .200000E=-1
1 398399E~1
1 45599599E-1
1799999E~1
1 43999598E~1
2,155599E~1
2 4355959 3E~1
2.599597E~-1
279895 7E~1
2,999397E=1
3419999 7E =1
3439699 7E~1
3.5559397E~1
3,799997E~1
3 4999995KE~1
4,195°08E-1
4,359596E~1
4 ¢599956E~1
4,799956E~1
4,9999G06E=-1

5.199995E~1

5.,3535994F=1
5.599554E~1
56795994E=1
5,959894E~1
Se139994E~1
6‘399995E“1

§.535993E~1 |

8.7339533E=~1
§.599993E~1
T.199993E~1
Te399952E~1
T.599952E=1
Te799992E=1
Te399592E~1
B34195993E~1
B8e399053E~1
B845959952E~1
BeTIS93E-]
BeI395592E~1
9.1999533E -1
9e359992E~1
9 .599992E =1
Ve TS9991E~1
9,959992F~]

-59-

. (THREE PHASE FAULT)

SR G e G D D e G D S AR ED D G T GO R D N GRS WY S G AR D G AR WS VR W

Y12 INCP.U)

3.417016E=2
6.548433E-2
9,.,425136K~-2
1.207349E~1
1 4451613E~1
1.,677256E=-1
1 .885084E~-1
2.079207E~1
2 4258262E~1
2.424242E~1
24578125E~1
2.T20764E~]
2.852906E-1
2.575206E~1
3,083234E~1
3.,192487E=1

3.28%393E=-1"

3.376318E~1
34456572E-1
3.52%411E-1
359504 1E~1
3.653616E-1
3,.,705249%% -1
3,T43999E~1
3,787878E-1
3.818849E~1
3.842822E-1
3,859650E-1
3.862124%=1
34870569 ~1
3.8643830E-1
3.,850269E~1
3482674151
3,793537E~1
3.750003E~1
3.695017E=1
3462T7454E=1
3.545884E=1
3.,4485583F~1
3.333338E=1
3.197530E~1
340379383E~1
2,.850383E-1
2.625453E~1
2 e368434E-1
2.053181E-1
1.686621E=~1
1,237136E=-1
6.363032E~2
3,6687959E=48

PS=0,50(P.U.)

L X R R e X L

TC IN(SEC,)

1.199999E~1
1.299998E~1
1,2995598E-1
[ 4299998E-1
14399998k~ |
1.,399998E~1
1.399998E=1
16499998E~1
14499998E~1
14499998E~-1
1e4999598E-1
15599998E~1
14599998k~
1,599598E~1
1,559998Ek~1
10599998E‘l
1.659998E=1
1 655998E=1]
1 4699598E=1
1.695998E~1
14695958E~1
146999598k~
1699998k~
1799958k~
1.799998E~1
1.799998E-1
1« 799998E~1|
1.,799998E~1
1.759998E= |
10799998E-l
1,799998E~1
1.759593E~1
1.759958E=1
14799398E~1
1,7599958k~1
1.659958E~1
1.699998E~1
| «699998E=1
1.699998E~1
1469999 8E~1
145999958E~1
16599998E~1
14599958E~1
1.499998E~1
10499998E'l
1,459998E~]
1.399998E~1
1.299598E~1
1.299998E-1"
1.199999E~1



-60~

TABLE 4.22 (L-G FAULT) ’
....... NISTANCE Y12 INCP,U.> TC INCSEC.)
INCP,UL)

Ll N PR

2 +000000E~2
4,000000E-2
6,000000E-2

7.999997E-2
9 .999996E~2
1 4200000E-1
1.399999F -1
1.599999E 1
1.799999E-]
1 999998E~1
2.,199999E -]
2.399998F-]
2,599997%-1
2,79999TE~|
2 499999 75~ |
3,199997E~1
3.3999975-]
3,59999 7E-1
3.79999 TE-|
3,999996E~1
4419999651
4,399996 %1
4 ,599996E-1
4,799996%~]
4 .999996E-1
5419999551
5 «39999 4E -1

- 5459999%94E-~]

579999 4FE -1
5.999994E~1
6.1599945~1
6.399993E~1
§.,599993E~1
6,799993F~1
6§.995993E~1
7.199993E~1]
7.399992E -1
7.555992E=1
7.799992E~1
7.999992E -1
84 199993E -1
8.399993F~1
84599992F -1
BeT95993FE~]
8.599992E~1
9,195993E=-1
93999528 =1
9,599992F=1
,7995915 =1
9.999952E=1

- W S rw wat a v S d laks S Gve o Gl mmy A e ks gbha e oan e ot S g oS m, M PR AR B W L N G S SR D R A SN SR S AR DY ML S O8N WS

B,431324K-1
846626475~
8,865957E~1
9.045843% -1
9.205936%~1
9.349134E~1
9.477785K=1
9.593805%=1
9.698774%~1
9.794010E=1
9,.820605E~1
$,959491E~-1

1,0031 A4E+0

1.009713E+0
1.,015712E+0
1,021 190E+0
1.026]188E+0

- 1.030741E+0

1.034879E+0
1 ,03862 75+0
1 ,042008E+0
1 04503 7E+0
1,047731E+0
1.050099E+0
1.,052150E+0
1 ,053889F+0
1.0553185+0
1 .056435E+0
1.057238F+0
1.057718E+0
1 .057864%+0
1 ,057661E+0
1 ,0570895+0
1,05612 1E+0
1.,054726E+0
1 ,052 862E+0
1 ,0504 79E+0
1.04751 3540
1,043887E+0
1.039498F+0
1.034222F+0
1.02789TE+0
1,020310F+0
1.011184E+0
1.000143549
9 .866699F - 1
9,70032 8E- |
9,451636%~1
94224365%~1
8.872566%~1

S29.,90(P 1)

1 ,000000%-2
1.000000%=-2
1,000000E-2

1.000000E=2
1 ,000000F =2
1,000000E=2
1.,000000E=2
1.000000E=-2
1 ,000000E-2
1.000000E~2
1 .000000E~2
1,000000E-2
{ .000000E-2
{ , 000000F=2
1 ,000000%-2
1 . 000000E-2
1 .000000E-2
1.000000FE~2
1 .000000E=2
1,000000E-2
{ ,000000E-2
1 , 000000E~2
1 ,000000E-2
1 . 000000E~2
1 .000000E-2
1.000000E-2
1 .000000E-2
1.000000E-2
1 ,000000F~2
1.,0000008-2
1 ,000000F -2
1.000000E-2
1 ,000000E-2
1.000000E-2
1 .000000E-2
1 .000000E-2
1.,000000E-2
1.000000E=2
1 ,000000E=-2
1.,000000E=2
1 .00ND00E=2
1,000000E=2
1.000000E=2
1.000000K-2
1 .000000E~2
1.000000E=2
1.,000000E=2
1.000000E=2
1 .000000E=2
1.00N0N0NE=2



- em e ms G an

-—____--—-———c-

n1¢TAN”*
INCP UL

——---————‘—o——

-] =

Y12 IN(P,UJ)

TC IN(SEC )

- -

] .09909GE -2 3,570223%-2 9,999006K=3
3.999098E=2 5,294 170E-2 9,999598F-3
& .000000F -2 ,%13308E-2 9,399096E~3
7 SH399TE-2 1.1148325-1 9.909996E-5

LO00D0EF~2 1.331678F=1 9,999996 %

1 - 200000E-1 1,533336E-1- e.,,gegef -3
1 .355999E 1 1,721290E=~1 9,999996E-3
1 ,559959E~1 1.,896558%~1 9.999996 E=3
1,7995995E =1 2,060220E-1 $.999996%E-3
1 ,9909098E=1. 2,2131835-1 94999996E=3
2 195999 -1 2,356251E~1 94999996E-3
2 ,399998E~1] 2 ,490140E=~1 9,999996E~3
2 ,599997E=1 2.615481E=1 9,999996E=3
2 ,799997E~1 2,732839E=1 9.999996E-3
2 ,599997E=1 2 .842714F=1 9.999°96E=3
3.,199997E-1 2 ,945556E=1 9.999996E=3
3,399997E=1 3.041761E~1 9,999996E=3
3,599557E~1 3.131683E~1 9,999996E=3
' 3,79999 TE-1 3.215636%~1 9.999996E=3
3.999906E~1 3,293396E~1 9,999996F-3
4,199996E~1 3,366700E~1 9,999996E=3
4,396596E=-1 34342808~ 9,999996K=3
4,599996E=] 3,4968148-1 9,999906E~3
A TS9996E-1 3,554449E~1 9,999996E-3
4 ,999996E-1 3.,607320E-1 9,999996E-3
N 5.199955E-1 3.655537E~1 9.999996E-3
5,399994E~1 3.690132E-1 9,999996E~3
5,595994E=1 3.738312E~1 9,999996E-3
5,799994E~1 3,772963E-1 9999596 E=3
5.9%99948~1 3.303146E~1 9, 999998E=-3
61599948 ~1 3. 723846~ 9.999996E~3
66395993 ~1 3.850023F~1 9¢999998E-3
6599993~ 3,3666115~1 9,999996E~3
84739993E~1 3.878512E-1 9999956 F-3
6.999993E =1 3,33559 7R~ 1 9 ¢579996E=3
7.159583E~1 3.837702E-1 9¢999996E~3
7.395952E~1 3.384626E= 1 94999596E=3
7.599992E~1 3.376123E-1 9. 999996E=3
7.799992E=1 3.3618958=1 9,999996E~3
7.999992E | 3.841589E=1 04 999998E=3
8.199993E~1 3,214 786E-1 9¢999936E~3
83.399993E~1 3,72099 E~| 9 ¢ 999096 E=3
B ,599992E ~1 3,73961 4K 9,999996E=~3
8. 799993 E~1 3,629960E-1 94995996 F=3
£e999952E~! 3.651203E-1 9,999996E=3
9,159953E~1 3,562357E~1 9,999996E-3
94379992E~1 3.4322428-1 34999996E-3
9599092~ 3,389443F =1 9,9999965-3
9479959 1E~1 3,282242F~1 9,999996E~3
9,955952E~1 3.1585468=1 9e I99996E-3

LINE REACTANCE=0.6(P,U.)

a > W om wp
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TABLE 124 (L-G FAULT)

A W G S G S i o D EE WD G D WS NP D G Gh MD B G ED YR A R e G G G TS A D WD G A S D SR ER WD WD GR SP W S e D %

DISTANCE Y12 I8(P.U,)  TC IN(SEC,)
IN(PLUDD

2 ,000000E-2 748852425~ 1 1.,200000E=-2
4 ,000000k=2 B8.129509%=1 1 .200000E=-2
6.,000000E-2 Be341829E =1 1,200000E=2

7.999997E~2
9.999996E-2
1 ,200000E-1
1.39999%E-1
1 «599999E~1
10799999E‘1
1 4999998E~1
2+199999E-1
2 .399998E-1
25999397k~ 1
2.799997E=1
2499999 7E=-1
34199997E=1
3459999 7E~1
3e799597E~1
34999996E-1
4,159996E~1
4,399596E=1
4,599596%-1
4 ,73959936E-1
4,939996E-1
5.199995E-1
5 ¢3959994E-1
5.599994E=1]
5.799994E=1
54999994E-1
6 ,399993E~1
§4599593E~1
6.795993E~1
64959993k -1
TelD5993E-1
Te395992E=1
T.5939992E~{
Te739992E=~1
Te999992E~1
Be 199993E~]
Be399993E=1
Ba599992E=1
ReT95953E=1
B84955952E~1
94199093E~1
9 e399962E~1
Q,559592E -1
9, T39951E~1
9.999592E=~1

B.5269686FE~1
83.689899E-1
BaB34213E~1
8,962747E~-1
9,077775E~1
S.181142E-1
9.274360E-1
94358675E~1
9.,435123E~-1
9,504573%~-1
9.567750E~1
9.625230E~1
9,877T679E=1
Qa.725395%=1
9,768802E~1
9.808218E~1
9.843921%=1
9,.8376135E~1
9.905044E~1
9.3308N7E~1
9.953539E-1
9.57333%E=~1
0.990255EK~1
1.000433E+0
1.001555E+0
1.002351E+0
1.,002932E+0D
1,003171E+0D
1.003052E+N
1.002676E+0
1,001900E+0
1.0N0T733E+0

e 591361E~1
9.970590E=~1
Q,544402E~1
9.,212016E~1
9,372423E-1
9 .824344E-1
D T66094E~-1
9 «695449E~1
9.68N9411E~-1
945N B29E -1
9.572846E‘1
9.,2NT7186NE~ |
B,9958NNE=~ |
B8,715702E~1
3.331321E~1

1.200000%-2
1.200000 -2
1 .200000E-2
1.200000E-2
1,200000E-2
1.200000E~2
1.,200000E-2
1,200000E=-2
1.200000E-2
1.200000E~2
1 .200000E=2
1.200000E=2
1.200000E-2
1.200000E=~2
1.,200000E-2
1.200000E=2
1 .200000E=-2
1.200000E=~2
1.200000E-2
1.200000E-2
1,200000E-2
1.200000FE=2
1.200000E-2
1.200000E=2
1.200000E=2
1.200000E=2
1.200000E=2
1.200000E=2
1.200000E-2
1.200000E-2
1.200000E-2
1.200000E-2
1,200N00K=2
1.200000E=2
1.,200000E=-2
1.,2000NNE-2
1.200700E-2
1.200000E-2
1.200000E~2
1.200000E=2
1.2NCON0E=2
1,200000E-2
1.200000E-2
1.270N00E=2
1.200000E-2
1,200000E=2
1 .200000E=2

- WD B BN . T - G S A . o . S G - wn e -~ W s TN SR ST S gy arh SED BE e W e S W SN e W T B > -

LINE REACTANCE=0,80(P,11,)



TABLE 4,25 (THREE PHACE FAaULT)

S S M S s B CP EP P G W DGR G e e T MR R AN WE P TP D ED e M R L W T M W G i o N G D D D E D G Am G I S mP G I D S MD ea a

DISTANCE Y12 INC(P.U.) TC IN(SEC.)

INCP,U,)

1 4999999%E-2
3,999998E-2
6 ,000000E-2
7.999957E-2
9,999996E~2
1 .200000E~1
1399959k ~1
1 ¢599990E -]
1.799999E-1
1 99999 3E~1
2.199999E-1
2 ¢ 39999 8K~
2 s599997E-1
2,T799997E~1
2499999 7E-1
3.199997E=1
3.399997E=~1
3 ,59999 TE~1
3.799997E~1
3.999996E~1
A,199996E~1
4,359996E~1
4,5995956E=1
4,799996E~1
4,959996E-1
5.199995E-1
54399994E~1
5.595994E=]
5.799994E-1
5.995594E~1
6§.,199994E-1
6§,399993E~1
6.599593E=1
§.730933E~1
6.999953E=1
7.198993E =1
T7.399592E=~1
Te559992E~1
T.799592E=1
T+9999952E~1
B8+ 199993E-1
8.399993E~1
8.5959592E=]
ReT99993E=]
8.9990552E~]
Q,129993E=~]
9,399992Ew1
Q,599952E«1
9,T35951E-1
9 ,9995%2E~1

2.685T22E~2
5.,211728E-2
7.577588%~-2
9,7T27655E-2
1.,1881185~1
1 e383647TE~1
1.567096%~1
14739130E~1
1.900347E~1
2.051281E~1
2.1924]10E~1
2.324158E=1
2.446902E-]
2,560974%~]
2.666665E~]
2,764226E~1
2.8533T1E~1
2.9357T78E~1
3.,010092E=-1
3.076922E~1
3.136345F-]
3.188404E~]
3.233111E=~1
3.,270439E 1
3.300328E~1
3.322683E~1
34337364E=~1
3.344192E~1
3.342940E~1
3,333334E~1
3.,315042E~1
3.2876T2E~1
3.250762E=1
3.2C37TIE=-1

 3,14G6070E=1

3,07692TE=1
2.99548% -1
2.500768E~1
2.701611E=-1
2.6666T73E~1
2.524378E~1
2.3628TTE~1
2.1 79934E~1
1.973104E=~1
1,739142E-1
ie4743T1E=1
1.174280E~-]
34333503E~2
4,44T7665E-2
2.2T0647E-6

1.599998E~1
1,599998E~1
14599998E-1
1.699993E-1
1.699998E~-1
1 4699998E~-1
1.693998E~1
1.799998E~1
1+79999RE=~1
1.795998E-1
1,899998%=~1
1.,899998%=}
1. 899998E-1]
1.899998E~1
1,899998E=-1
1 .899998E~-1
1.899998E~1
1.999998E~1
1.999998E=1
1.999998E-1
1.999998E=~1
1.,9995588KE=~1 .
1.,999998E=1
1.999598E-1
1.99995958kE=~1
1.995998E~1
1.9995908E=1
1 699959958E=1
19599958E=~1
loggggggE-i
1 999998E~1
1 e9959598E~1
] e 999993E=1

- 14999998E=}

1 +899998E=1
1 e B99993E~1
1.899998F=~1
1 .399998E=-1
1.899998E~1
1§ 79999 8E=1
{.799998E~1
1.799998E~1
1.799998E=1
14699998E-1
1.699998E~-1
14599998E~1
1¢599998E~1

. - o . S SR R G S e e A . . e - o o o o s e S S Y S R et e S S0 S - . W - o

LINE REACTANCE=0,25(P.U.)
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Table 4%.277
Probability distribution function of transfer admittance
(For symmetrical fault)

. Transfer Admittance Probability °°
Y, 2~(P~.U.) (Y > vio)
01 0.9837
015 0.9699
0420 | 0.9520
0425 0.,9045
030 0.8148
0.35 | 0.6271
036 0.5558
0437 | 0.%967
0.38 | 0.2922

0 »385 J 0.1694%
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Table 4.28

Effect of fault location on probability of
stability

(For symmetrical fault)

Distance (P.U.) Probability of stability .
0.1 0.1978
0.15 0.3729
0.20 0.5138
0.25 0.6919
0.30 0.8446
0.35 0.9349
0.5 | 0.9715
0.53 0.9765
0.55 0.9789
0. 56 : 0.9799

0.58 0.9816
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Table 4.29
Effect of Faults on Prob. (Stability)

Power (Ps) Probability of Stability

in (P.U.) L-L~L fault ! L~-L-G fault | L-L fault | L-G fault
0.35 0.9978 0.9988 0,9998 0.9998
Oult 0.9899 0.9975 0.9981 0.9988
0.5 0.7988 0.9972 0.9979 0.9985
0.6 0211 0.9969 0.9962  0.9983
0.7 0.01355 0.8721 0.9953 0.9982
0.8 0.00129 0.7995 0. 9944 0.9980
0.9 0 0.3998 . 0.8398 049879
1.0 0 0.0178 0.0035 0.9775

g o Table 4w30lﬁ

Fault clearing time (Symmetrical fault)

Power (Ps) ‘broﬁability of stability when fault clearing time
in (P.U.)

3 cycles 5 ecycles - 10 cycles
0.6 0.9990 0.9989 0.6497
0.7 0.9988 0.9987 0.7599
0.8 0,9985 0.9985 0.1885
0.9 0.9983 0.7885 0.0

1.0 0.0 0.0 -
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Table 4.3%
Effect of Machine Inertia on Prob. (Stability)

Power (Pg) Probability of'stability )
in (P.0.) H=1.,9(P. 1) H=3.0(P.U) H=6.0(P.U)

0.6 0.9888 0.9988 0.9998

0.7 0.9012 0.9985 0.9995

0.8 0.781% 0.9982 0.9989

0.9 ~0.0138 0.8957 0.9987

9.5 0.0 0.0127 0.8543

1.0 0.0 0.0 0.0

Table M.32

Addition of parallel transmission lines

Power (Ps) j Probability of stabillty

in (P.U,) ‘ii“ 5(P.0) i - X =025
0.6 0.9988 0.99%8
0.7 0.9985 0.9997
0.8 0.9982 0.9995
0.9 0.8957 0.9989

1.0 0.0 ' 0.9987
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L, 4 Commégyg on Resultss

Following are the comments on the various Results
obtained for system examples?

4.%.1 Comments on results for system example 12 Results obtainer

for the system example 1 are tabulated in table 4.2 for diff.ren”
types of fault, on various sections of this system. The various
current values corresponding to the respective types of faults
are shown in Fige4.6., The fault which draws the highest current
is asymmetrieal fault. Fault calculations are carried out by
[6] using :asymmetrical fault calculations method. With the
'unbalance case and sequence component for the system are shown
in Fig.4%.6, Even with the assesment due to the spreading of
féult current, the unbalancing imposes a sévere strain on the
generating machines, in both way mechanically as well as
thermally. The currents in healthy phases of the line are due
to a ﬁonrprobertionality in the sequence impedance. values.

If both the sections had the same ratio of sequence impedances,
there would be no current in healthy phase of the system. It

is perhaps, some what unexpected that the current in each phass,
for the phase to phase fault should be less than for the line
to ground fault. The absence of the zero sequenee component
accounts for this reduction in severity. The fault currents in
the generator windings are dangerous to the machine, because

they amount virtually to single phase currents.
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The three phase short circuit needs little comment for
the explanation, except to say that it is frequently taken as
the worst possible case with very small probability of occur-
rence (Appendix~-I). The calculatioms show for the postulated
conditions, this assumption to be fallacious. By and large,
with occurrence, it can be taken to be the least severe case
where directly grounded networks are used. Because of the
combined phase and ground faults, which'is the worst case
among all the asymmetrical fault cases, if once the severity
of the single-line-ground fault is appreciated, the result

will not be surprising.

The knowledge of the currents in several branches of a
network under the different possible fault conditions which:
permits the selection of different operating and protective
devices and enables a check on thevdifferent capacity of the
devices to be made, which alsc furnishes a warning for the

application of unsuitable equipments for the power systen.

L.4.2 Comments on results for system example 2¢ The results

obtained for the system example 2 are given in Tables 4.27 -
4.32. The detailed analysls with the effect of different -
variables 1s as follows. The probability distribution with
the transfer admittance (Y12) is given iﬁ table 4.26 and
curve is shown in Fig.4.8 for the three phase fault. The
probability (Y > ¥,,) decreases unity to zero when transfer

admittance (Yi2) inceregses from zero to its maximum value.
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In similar way the characteristics are obtained for asymmetrical
faults. The probabllity distribution corresponding to the

variation of transfer admittance values are studied.

The effect of the fault location on stability Index
has been studied for the three phase fault. The fault clearing
time is assumed to be normally distributed with the mean value
of distance 0.5 P.U. and standard deviation is taken as .2 P.U.
for the base value. The location of fault is varied from zerd
to 1.0 (P.U) value of line length. The table 42& shows the
results for given system data and for the Ps = 1.0 P.U. The
curve is shown in Fig.4.11. That probability of stability
increases with Increase in distance from the generator location.
Wnan the value of Ps is decreased the value of probabllity

increases and reaches to unity.

The result obtained for different types of faule in
terms of probability of stability for the different values of
Ps. The results are given in Table 4,29, it is clear that
probability of stability is wvery much dependent on the fault
type the severlity of the fault increases from a single line to
ground fault to three phase fault. The comparative study of

these results is shown by the curve from Fig.4.12.

For all the types of fault it 1s assumed that clearing
time is to be normally distributed with mean value 5 cycles
(based on 50 Hz) and with a 10 %. standard deviation of the
mean value. The different curves of Fig.4%.10 are shown
for the three phase fault, double line to ground line to line

and line to ground faults respectively.
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The fault clearing time alsc affect the probability of
stability. The results with effects of such random variables
are given in table 4.30. The curves arc given in fig.%.13
clarified the effect as the fault clearing time varies from
3 cycles to 10 eyeles. The probability of stability varics
from unity to zero with increasing of Ps value. As the cle-.,ing
time is increased the probability of stability for a given

power level is decreased.

Machine inertia constant H affect the critical clearing
time, it is some what directly proportional.to the square roct
of machine inertia constant. The results with variation of
this variable H are given in table_4.3f. The curve 4.1k% is
crawn for probability of stability wverses Ps. The probability
of stability increases with increased H. This improvement is
the marginal one with the higher walues of Ps and;H. Inprove-
ment of machine inertia constant is the best for impro.ement

of system stability.

The index — . provide the practical justification
for the system example results with the effect of addition of
more number of parallel transmission line circuits are given
in table 4.32 and curves are shown in fig.4.15. Curve I is
corresponding to the base values and curve II is corresponding
with the new data after the addition of transmission line.
Both these curve provide a comparative and comprehensive

study of a system before and after addition of transmission
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line in pgrallel,with the system circuit. When one transmi-
ssion line circuit is connected parallel with the base circuit
the probability of stability is very close to unity when the
value of Ps is unity. There it is concluded that by the
addition of transmission line circuit in parallel the stability

of system is increased under the transient conditions.

The above discussion and system examined in this
chapter has been with in limits set for comprehensive study
but explains the variability of the random variables e.g. fault
type and fault location. For more complicated system where
all the parts of informations are required for judicious use
of network reduction which makes the problem meaningful and

us2ful for the power system transient stability studies.



CHAPTER-V

CONCLUSIONS AND SUGGESTIONS

It is concluded from the results for fault calculations
.that fault severity increases from single line to ground fault
to three phasedfault and severity of fault is also stringent
near the slack bus i.e. severity also inc!@éses when fault
location 1s shifted from receiving end section towards the
sending end section of the system. The analysis of the results
presented in chapter-IV provides a comprehensive study of these
faul? calculations for the different typeé of fault and their
location. This analysis is more or less helpful for the
efplanation of system example 2 , which uses probabilistic
considerations. The detailed analysis for system example 2

for probability of stability verified the results, although the
values of probability indices are calculated for probability of
stability, but risk index may be obtained by the application

of relations of chapter II. The proposed aporoach may be

used to obtain the critical areas for the transient stability
either as probability of stability of, as probability of
instability.

The most critically analysed results of probability of
stabllity in the form of Index with some certain levels can be
used to examine the results for both the types of fault e.g.

gsymmetrical type fault as well as asymmetrical types of fault.
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These resultslobtained by new approach are useful for
initial planning studies where the solution for power system
problems incorporating to probabilistic assessment is adequa-
tely required. Further, the stability evaluation by determi-
nistiec methods provide a conservative assessment with the
application of probabilistic approach the specific types of
probability distributions are used to analyse the practical
system from Mohamadpur to Ram Nagar (Roorkee). The available
data has been used for the calculation of the Index(table) for

probability of fault occurrence the approach.

: Fdrthéf tﬁis approach can be extended for the compli-
cated systems and from the practical data available for . a
loag duration for the system the realistic distribution can be
obtained for different contingencies. The application of these
data used to determine the proper distribution which will
naturally provide more realistic results for the assesment of
the transient stabilityf With the rellable data or statistics
for the fault clearing devices e.g. protective schemes inclu-
ding circuit breakers, relay and back up protection ete., will
be helpful to determine the distribution function for fault

clearing time t1 and fault critical clearing time tc.

Following are the areas in which the work may be
extended and the results thus obtained will be of great use to
power system enginecerss

(1) 1In the present work fault impedance has been neglected
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but by considering the fault impedance the results

will differ.

(2) The approach may be extended to multimachine systems.
Though it may be difficult to develop exact method,
therefore even if the approximate methods are deveiéped
it will be a good addition to the literature in the

area of power system stability study.
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APPENDIX - I

For System Example 2%

Mohamadpur Hydro-Power Station to Ram Nagar, .
Bocrkeo,distribution Centre. The parameters of the study

system components ares

(a) Generator?:

Voltage behiﬁd the transient reactance

= 1,20 P.U.
Tnertia constant (K-W-Sec/KVA) H = 3,0
Rated current transient reactance, X4' = 0.3 P.U.
Negative Sequence Reagtance X, = 0.25 P.U.
Zero Sequence Reactance X, = 0.05 P.U.

— 7 (b)Y Transformerss ™ — T T T 7T ‘ e

!

Positive Sequence Reactance = Negative Sequence

i

Zero Sequence Reactance

X, =X,=X

1 2 O = 0.1 P.U.

(¢) Transnission lines

i

Positive Sequence Reactance = Negative Sequence Reactance

{}

0.5 P.U.
1.0 P.U.

1]

Zero Sequence Reactance

Voltage at the infinite bus = 1.0 P.U.

The single line diagram of this system is given in
Fig.4.?. The failure statistics for this system is given in
table I(1) . All the values are taken in P.U. based on the

rating of the generating machine G.
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System Generating Capacity = 9:3 M.Wi
66 KV Double Circuit Line.
Length of Line = 20 Kms.

(From power -station to Ram Nagar (Roorkee distribution
Centre).

0CB! Number 63.

0CB2 Number 6h.

Table ~I(1)
Fault Data For (1976-1979) Years

S.No. Type I Zone II Zone III Zone Total No. Frequency

fault C;rﬁlit C?jﬁt It it weddfer )
1 LI 0 0t t 0 o 2 0.25
2 Lel-G 0 O 1 1 2 0 N 0.50
3 L-L 1 1 2 2 % o 10 1,25
¥ -8 3 8 6 3 8 2 30 3,50
Table - I(2)

Incidence of different types of faults

S.No. Type of fault 7. of fault Probability

1  Lel~L 6.25 0.04667
2 L~L~-G 17.50  0.13069
3 L-L 16.40 0.12248
L L=G. 93.75 0.70019

Sum of all the probability values = 0.9999.
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APPENDIX-II(B)

COMPUTER PRNGRAM FOR TRANSIENT STABILITY STUDY.

L R R I e N L ..

COMMNON XG,XI,XTR,56,%1,XBC,XRN, XCN,AG AF PS XINTY,NINTY
6,XINTR, XG2 xzz,xnr2 XRA2, XCN2 , X60,X10,XRCO,XBNG,XCNO

V 1,2, 5 AQYM FAULT

M:4-THREE PHASE FAULT
RPSHARMA/PSE/EEN/1980/TC,CALCUL,./COMPUTER PROG, WNR STABI, CAL.
AH=t .0

N=D

NzN+|

OPFN(UMYT“Z,DFVTPF"DQK' FILE='STABI ,DAT")

READ(2,222) , X0, X1, XTR FG,EI ¥RC,XBN, KCM , 4G, 8F ,PS, XINTY,DINTV,

A XINTR, xrz,xz9 xRtz , xPr2 xch2, 80, xzo ,XBCO.XBN0, XCND

30

RFAD(Z 223) ¥, M

‘nRMAT(9IS)

FORMAT(TF10,6)

IF(N=-8)]1,12,12 *
DOgN IT=1,K

CaLL AGYFAL

G0 Tn 13

DO 60 JT=z], K

CALL SymMcalL

PM=(EGxEI) /X1

R=N1

S=R

RPMDe(EG%STY/XAD

PI=3,14159

"Rz((EGXEI) /XAD)/PM

Sz((EG*ET) /X2) /PM

DELN= QTAM(P9/°0RT(PW&PM-DQ*PQ))

SPMD=(EGkET) /X2
DwLM-qvAm(ps/anT(q*PM*q*pM-Ps*PS>)
DELM=3,14159-DFLM
DIST=DIST+0,02

RELO=DELN

RELM=DELM

Y zRxCOSCNELN)

ZzS%COSERELM)

A zSeR

CzX-Y+7

PEZRAPMKSINENELD)

DELC =ATAN(SQRT (RxR - C*C)/F)
T=3,14159

UELOﬂ'DELO*IQO 0/T
DELMD=NELM 1 80,.0/T
DELCW-DFIC*l?O 0/T

DELO= ATAN(P*/QQPT<Pmem-pq*PS))
TIMEN=0,0

PEN={,0

PAN:0.0~

SITA=0,0

A
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RAM=D,0
DLNN=DELO%180,0/7]
TIMEL =n,0 '
PEP-RkPMSIN(DELN)
PAP=PSPEDP
DENPzDFLN*180,0/PT
SHIV=0.,0 ‘
TIME2 =0,0
AM=AGRAH/ (180 ,O%AF)
DT=0,01

AKD =DTHNT /AM
PE=PxPMcSTIN(DELO)
PA]l=PS=-PE
PAY=PALI%0O,5

A1z AKOxPAY
DLTN1=0,04+2K}
PEHM=0,0
DELNV=DELN%180,0/PF
DLT=0,01
AKSZDLT*DLT/AM
PE-RxPMkSIN(DELD)
PAS=PS-PE

PAVIzPAS 2,0

AKSz AKSxPAY )
DLTNS=0 ,0+2K5

DO 50 J=1,M
TIMET=TIME7+0,01 .
MANDELO+AX{%xPI/180,0

. DLN1=DLM%]80,0/PT
PEGTRXkPM-SIN(DLN)

PAG=PS-PRK
AKE=AKNRPAS
DLN2=AK1+AK &

NELN=DLN

AK1 =NDLN2
IF(DLN1~DFLC)29,39,39
CONTINUR
PRINTISI,NIST, Y12, TIMRTT
FORMAT (3F10,6)

XRC =XRN+XC N
XBN=XRC-XCN

XBN =XBN+XINTR
XCN=XBC=XRN
XBN2=XBNOLXINTP
XCN2=XBC2-XRN2
XRC2=XRN24XCN2

AXTR=2 JOXXTINTR
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XPNO zXP NN+ XTR
XC N =XRC 0= XRNO
XBCO=XPNA+XCNO
€0 CONTINUE
IF(N~5)44,77,77,
L4 GO TN 99
77 IF(AH-12)7%,78,79
T8 AHzAH42
60 TN 80
79 STOP
END

SUBRNUTINE ASYCAL,
c NPSHARMA/PSE/EED/1930/ASYFAULTC AL /CNMP, PROG, FNR STARILCAL.
COMMON XG,XI,XTR,EG,EI XRC,XBN,XCN,AG AF ,PS XINTV,DINTY
6,XINTR, X62,XI2 ,XRC2, XRN2, XCN2, XGO,X10,XBCO,XBNO,XCNO
10 X1=XR+XT+XTR/2,0
K2 2XG4+XI4+XTR
TIMET=0 .0
DIST=0,0
A =XBC4+XRN4XCN
XRO=(XRCxXBN) /4
XCO=(XCNxXBC)Y/A
XNOZ(XRN%XCHNY/A
XANZ(XG+XRBN) .
XKDDe(XCO+XT)
A2 =XBC2+XBN24+XCN2
XBO2 = (XBC2xXBN2) /42
XCN2=(XCN2%xXPC2) /A2
XNO2= (XBN2%XCN2) /42
X202z (XR2+XBN2)
XDO2=(XCN2+X12)
XPGI=(XAN2%XNN2) /(XAN24+XNN2)
X2F zXNN2+XPGI
A0 =XRCOLXBANEXC NN
XBNO=(XBCN*xXRNNO) /AN
XCOD=(XCNNXXPAN) /A0
XNOO=(XRNNxXCNN)/AN
XAOD =(XGN+XBNO)
XDOO=(XCNN+XIN)
XOG I (XAQNKXDNN )Y/ (XANDLXDON)
XOFeXNON+XNGT
60 IN(S17,521,585),M
517 XLG=X2F+XNF¥
XNOF=XNO+XLG
GO TO 60!
521  XLL=X2F
' XNOF =XNO+XLL
Gn Tn 8N}
585 XLLG=(X2F%XNF)/(X2F+XNF)
XNOF =XNO+XLLG
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E£01  XARZCCXADRXNAT )4 (XANRXNO)+ (XNOKXNATY ) /XNOF

66 €

O

1C

2n

866

Yi2=1 ,0/X4aD

“RIMTSSS XAD,Y12,RICT
FﬁRNﬁT(SFIO G)

RETURN

END

SUBRNUTINE SYMCAL
RPSHARMA /PSE/EED/1980/5YMFALTCAL/CNMP,PROG,FOR STARI,CAL,
camMMan X6, XTI, XTR,EG,ET, XRC XRBN,XCN,AG AR, DS, XINTY,DINTV
8, XINTR,X62,X12 XHC? XRMQ xrmo VGO XIO,XBCO,XBNO,XCNO
Xlz XP+XI+XTR/9.0
A? XG+XI+XTR
TIME7=2n,0
DIST=0,0
AZXBCAXBNAXCON
KROZEXROXXPN) /A
XCO={XCNkXRCY/A
X0 = (XG+XRN)
KNO=(XBNRXCN) /4
XDO=(XCN+X])
KAD=L (XANKXNO I+ (XA DN Y+ (XDPEXNOYY /XND
Yi2=1.0/%XAD
DIST=DIST+NINTYV
PRINTAEE, XAN, Y12, DIST
VOPMAT(KFIO 6)
RETURY
END

RPSHARMASPEEARED/TIOR /1980 /BHRVE PLATTING RY COMPUTRER
N=0

READ 101,DIST, Y12
FORMAT(2F10,6)

READ {02 ,DINTV,YDNTV, AR AK
FORMAT (AF10,6)

NEAD 105,M™

FORMAT(IS)

o 515 I=1,nIST

PRINT §01

CONTINIE

IY12=Y12-YDNTV
IFCIY12-1R)519,315,315

DO 517 I=1, TV19

PRINT 505

CONTIMUE

PRINT 707
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501
505
707
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READ pISTI, Y121
Yi21zY121%aK
IF¢DIST=NDIST!I)60,65,60
IDIST=NISTI=-NISTHNINTY
DIST=DISTI!

Yigzvyi21

G Tn {0
IY12:zY121«Y12«YDNTV
DIST=DIST!

Yi2=Y{21

FORMAT (A

FORMATCIHA

FONMAT C1H%)
NN §
IF(N-M3,5,5
@ Tn 525
SToOP

END

ek e ke ok
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