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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. Th:, 

transient stability is usually determined by using determinis-

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-probabilistic variables. .. 

Transient stability evaluation consider.. the effects 

of disturbances 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 othei. 

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 - 	- 

pends 	upon fault-types, fault location, fault clearing 

time, and other system parameters. In fact all the above 

factors 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 approach. 

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-ill. 

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 stability 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 help 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 

z0, z, ,z2 	: positive, negative and zero sequence= impedances 
of sending end section. 

ZD ' , Z1 1 9 Z2' 	: positive, negative and zero sequence impedances 

of receiving end section. 
ZL1 ,ZL29 ZLQ 	•: positive, negative and zero sequence impedances 

of sending end of the line. 
ZL, ,ZL2,ZL 	: positive, negative and zero sequence impedances 

of receiving end section of line. 
Z. 	 : impedance of sending end transformer to all 

sequences. 

Zt 	 : impedance of receiving end transformer• to all 
sequences. 

Zgi and Zg2 	s positive and negative sequence impedance of 
sending end generator. 

Z~',Z297~ 	: the positive, negative and zero sequence 
impedances of entire circuit. 

D1 ,D2,Do and 

D1 , DC' M DQ 	$ the positive, negative and zero sequence 
distribution factors.for the sending and 

receiving end sections.. respectively. 
IOIb9lc and 

It,IL',I~ 	: currents in phases 'A.3,C at sending and 
receiving end sections, respectively. 



Za'Tb9Ic 	: total fault current in phase A,B and C 

respectively. 
I11I2i Ip and 

I~ 9 I2,I0 	s positive, negative and zero sequence currents 
in sending end and receiving end sections. 
positive, negative and zero sequence components 
of fault current. 

Ial l' Ibl l'1e1 1 ' currents in phase A,B and C of 11 KV trans-
former winding. 

I R9 IYg IB and 

ERB F-y,% 	: the currents and phase to neutral voltages 
under fault conditions re ,p; ctively .. 

L 	F-B-R s voltage, between phases R-Y9Y-B and B-R of tne 
generator during fault. 

Ps 	 s Mechanical power input to the machine G. 
M 	 °• moment of inertia of the machine G. 

power angle between the machine and inf ini t e 

bus. 

fic 	 : critical clearing angle for fault. 

EG 	 t voltage behind the transient reactance of the 

machine, G. 

z 	 s voltage of the infinite bus. 

12 	 '• transfer reactance between th© machine end 

the infinite bus. during the fault. 
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y1 2 	: transfer admittance between the machine and 

infinite bus during the fault. 

P = d/dt 	: time differential operator. 

1, and 12  : the distances in p.u. corresponding to transfer 

admittance. 

Xa 	: transient reactance. 

X2 	1 negative sequence reactance. 

XO 	zero sequence reactance. 

0 



CHAPTER-I 

INTRODUCTION 

In the beginning, direct current machines were used for 

the power generation purposes, because the electrical science 

and practical applications of electricity both began with direct 

current. Alternating current came later. Initially series 

wound direct current generators were used. Later the shunt 

wound direct current generators came in to use. 

The first electric central station in the world, on 

Pearl street s  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 superriac;y 

of the direct current was completly superseded by alternating 

current soon. Therefore alternators (Synchronous Machines) 

replaced the direct current generators. These alternators were 

driven with the help of reciprocating steam engines. The torque 

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 lo3ses in the damper windings, because of the current 

induced 0-.e 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 associated5 if the prime mover of the 

system are diesel engines. 

Further, the purturbations are large or small ups.et 

the balance between the mechanical input and the electrical out-
put of the alternator connected with the electrical system. But 
with this --- is also well known that basic purpose of power sys-' 

t_em.. Is 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 input with the result 

that some machines may accelerate, while the others may decele-
rate.  If more than one alternators are in operation, the rotor 

angle will go under wide variation and due 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 terra 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 t},e 

transi.~:i; sz-̀ ability 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 rela-

tive to each other remain constant when no disturbance is 
present [19 ] become constant following 'an &periodic disturbance. 
Finally the transient stability limit refers to the maximum 
flow of power possible through a pointy 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 sun of the losses and electrical 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 as a change in electrical output. But synch-~o-
nism and equilibrium both must be maintained by time dependent 

protective devices. Otherwise both of the important parameters 
viz, voltage and frequency, may deviate drastically from the 

normal specified limits, This results in 'cascading outages' 
of u its and iiltimatc collae 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.l the system to give efficient and reliable electric 

supply to the consumerz 

I 
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The simulation techniques [3)+,37]  and direct and 

indirect methods of Lyapunov f s [9,14,32,33,36,381  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-Il El  [1.2.4.9, 

l2,l4,21 ] 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, err reo ses the ._ 	,red : as,. t. e o a- 

lity of its occurrence is very low .whii:ch .ean be seen in Appendix. 

The following are the main factors those affect--the 

trs,n.sieiit stability of a system. 

(i) Fault type 

(ii) Fault location 

(iii) Fault clearing time .  

(iv) Loading conditions. 

Although that all the above factors are probabilistic in nature 

in"fact, to-  these are assumed to be t..i some fixed values in 

deterministic approaches. The probabilistic methods and 

principles are being used widely in other field of system 

plarming and for its development [44,k 5,I6]. 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 cost. 
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Literature  review of the different available methods 

for transient stability evaluation is given in Chapter-Il.The 

description of the different factors which affect the transient 
in 

stability is givenLChapter III. In addition the description of 

the probabilistic natures of these factors as aiso- been given 

intithc same chapter. 

Power system stability 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 tranaient tabii. ty 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 ftrth,,r tr nsien st slaty_• studies. 



CHAPTER-II 

TRANSIENTSTABILITY AS APPLIED TO POWER SYSTEM ANALYSIS 

The power system, stability is classified as follows: 

(i) Steady state stability 

(ii) Dynamic stability 

(iii) Transient stability. 

2.1 Transient Stability** 

Transient stability refers to ability of the system to 

remain in synchronism when subjected to large disturbances. 

Transient 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 

results in speed deviation. - _ 	In general, transient stability 

limit [191 refers to the maximum flow of power possible through 

a point without the loss of stability when a sudden disturbance 

occurs.- 

For multi-machine system it may be defined asp  if the 

individual machin.e in a multi-machine system is operating in 

steady state. equilibrium and disturbance of any kind is imposed. 

The system is called transiently stable, if each 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 g'vernor and frequent r 

stabilizer deviate from the required operating condition. 

2.2 Mathematical Description of Power stem Stability: 

A system description can be given by a set of first 

order non-linear diff.-equations of the form: 

Xi  = fi(X1  ,X2.,X3, ......Xn) 	(2.1) 

where , i = 1,2,3,........>n 

It can be written in the vector form as follows 

X = f(x) 	 (2.2) 

where X, f(x) are n dimensional vectors, X is call-ed. as .the state . 

of the system since knowing X at time t = to  

From equations (2.1) and (2.2) uniquely define the 

[9,1 +, 21 ] solution of X(t) for t > 

Solutions of the equation for equilibrium states becomes 

0 = f(x) 
	

(2.3) 

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

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

represented by Xel, Xe2.........Xen. And in the absence of any 

disturbing forces, let the system be at some equilibrium state 

say Xe so that 

0 = f(Xe) 



For all the small disturbances around Xel  from equation 

(2.2) can be linearized by expanding it around Xe' by Taylor's 

series and higher order terms can be neglected t21 j . 

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

can write it as: 

YAY 

and if A='i Gx X=Xe' 

It can be written in Matrix form 

Gf1  : af1  

C 	 . 	 • 

Ofn  afn  
ox1  ox2 	axn X=Xe' 

Then we 

(2.5) 

(2.6) 

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 condition 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 



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 either the fault shall be cleared itself or by means of 

switching out the faulted transmission line, the fault component 

has been isolated and mathematical description like in 

eq.(2.2) which can be again written for f1  (x) and f2(x) form for 

the faulted and post faulted state respectively [2,1i-,21 ,33]. 

Assuming the fault clearing time to be t seconds and 

critical clearing time to then occurrence of a fault will result 

in a abrupt change of the system since state at to  = 0 from 

X(t0:) to  

X = f1  (X) 	0+- < t0«< t 	(2.7) 

X = f2(x) 	for t0  > t 	 (2.8.) 

And t < to 

From the above equation No. (2.7) and (2.8) we can determine the 

numerical solution, for the stability study. '1",nd clearing time 

of a device can be computed by the method given in this Chapter 

ahead. 

2.3 Solution Procedure: 

For power system, the electrical output of each gene-

rator is given by the relation: 

= Re [EiT,i*  ] 	 (2.9) 

Ii =(F1 - Vi)Ywhere i  



-10- 

(a) For t = 0+ g the fault conditions are in corporated in 
equation (2.10) 

(Y1 1 + Y1 ) V1 + .... + Y1 N V1 = Y1 

J 	

(2.10) 

~N1 V1 + o ........... YNN VN = 0 

Equation (2.10) can be solved for V1 ... Vn knowing the values 

of E1 .... Fm. 

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

p = 0 and thenPe1 can be determined , as : - for each 
generator using both (2.9) and (2.10) equations. 

(b) The value of ai at t = At Is denoted by 6(At) value of 
81 at t = At is also calculated then 

(C) At t = At, 

Ei(At) = IF,1 I < 6i (At) 	 (2.11) 

Solving again for Vi 

Ii = (i = 1,.... n) at t = At 

Putting this value in eq.(2.9) 

At 	t=o:. 

6 and 8i at t = At 

b and Si at t = 2At 

All the values for given parameters under the conditions can be 

determined for each machine., therefore equation can be written 

WN 
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H1 	d2 ô1+ 
~f 	dt + Di dt + Pmi = 0 	 (2.12)  

0 
where 	i = 1 9 ... m 

dt (WKEi ) + Pdi = Pm1 - Pei 	 (2.13) 

where 	WKi : K.E. in MW Sec 

Pdi damping power in MW 

Pmi : M ec h Input in MW 
Pei s Electrical output power in MW 

All the values given above are for ith machine 
f0 : Synchronous frequency 

The K.E.a Synchronous frequency 

WKEi = WOK 1(f1 /f0)2 	 (2.1 ) 

WOKE  i = KE at Synch. freq. 

11 	= f0 + Of i 
2 

WKE. = W0KE. 	2 
f0 

20f. 
W KE. (1 + 

.L 0 
1) 

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

2w°KE. 
di ( 1KEi) = 	f 1 dt £f 1 	 (2.15) 

0 
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Put  

d5 
dt ` wo - wi - wo 

= 2Tr(f 1  - f9 ) 

= 2TrAf i  

where 8i  is in electrical degrees Afi  charge in frequency ,with 
these assumptions substituting in eq.(2.2) and (2.15). The 
relation become 

H. 	d2f.  . 	do. 
Trf0  d + D dt1  = Pmi _ P eI 	 (2.16) 

where 	i = 1,2 .... m. 
Hi  = WOKEi  : Inertia constant of machine i in p.u. 

D : Limping constant in p.u. 
Pmi  = Mechanical power in p.u. for the machine i 
Pei  : Electrical power in p.u. for the machine i 
Xi  = 6i  (i = 1,...m) 	 (2.17) 

dG . 
Xifm  = d-t- 

d_ i  ddi  
dt 	dt + wo 	 (2.18) 

Diff. with respect to t the above equation0 

dXi  
dt 	Xi  + m - wo 	 (2.19) 

dXi+ri  _ Hi  'rr 1'o  x i + Ho  (Pm i  - Pei ) 	 (2.20) 
.fit 	i 	 1 
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Analyse it for 

Xi  (i = 1,2,...n) 

= f(x) 

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

equation 
i 

Pe - Y (i =  
X = F(X,y) 	 (2.21) 

0 = 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 type of approaches available for the 

transient stability analysis and for its detailed studies. 

(i) Deterministic type approaches 

(ii) Probabilitistic type approaches 

The detailed explanation of these approaches is as follows: 

2.5 Methods Based on Deterministic Approaches*. 

Various methods available for the transient stability 

calculations and analysis are: 

(a) Transient analysis by characteristic equations [9,14, 

31 ,35]. 

(b) Transient stability study from state space variable 

technique [9,14. 



(c) Methods for determining the stability of linear control 

systems. 

(1) Routh-Hurwitz criterion [9,1+,31 

(ii) Nyquist criterion [9,14] 

(iii) The root locus technique [9,31] 

(iv) Phase-plane technique [9,14,26,31] 

(d) Lyapunov stability criterion [9,114,31 ,32,33,36,39] 

(i) Lyapunov's first method for stability 	. evalua- 

tion. 

(ii) Lyapunov's second method for stability evaluation. 

♦~ 

Lyapunov's direct method for stability evaluation. 

(Lyapunov's criterion can be applied for both 

linear and non-linear system analysis) 

(e) Equal area criterion for stability analysis [1,2,6,7,19, 

22,31]. 

(f) Successive trial method [1 ,2,214,28]. 

(g) Method based on dynamics of the system [5,6,7,18]. 

(h) From swing curve and swing equations solution. 

(i) Computation of swing curve from fornal solution of 

different swing equations [1,2,6,7,18]. 

(ii) Point by point method for the transient stability 

calculations [1,2,6,7,21]. 

(i) 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 For the determination of clearing and critical clearing 

time under the transient stability analysis, following 

methods are available. 

(i) Point by point calculations of swing equations for 

swing curve plotting [1,2,6,7) 

(ii) By graphical integration method [1 ,18,26]. 

(iii) 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: 

Mp2(5) = Ps - Pu 

4ubsti.tute Mp2(o) = 0 in eq.(2.23) 

0 =Ps-Pu 

Ps = Pu 

El E  Ps = 	2  Sin g 
12 

Ps = E1  E2  Y12  Sins 

Sino= Ps/E1 E2Y12 

(2.23) 

(2.24) 

Substitute 	6 = 60 
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Therefore 3in60  = Ps/E1E2Y12 

60  = Sin (Ps/E1 E2Y12) 	(2.25) 

Y12 for the particular type of fault can be determined by 

0 - Y transformation, and curve showing variation of Y12  with 

distance is given in Fig.2-2.3 for three phase (L - L - L) fault, 

phase to phase to Earth (L - L - E) , phase to phase (L - L 
phase to phase (L - L) fault, phase to Earth (L - E) fault. 

Where 	1 and 12  are the distances respectively for the 
value of transfer admittance Y12  (Fig.2 ) 

Then 

Probability (Y'> Y12) = Prob.(11  < x < 12) , 	(2.26) 

= Prob.(X < 12) - Prob.(X < 11 ) 	(2.27) 

= F(12) - F(11 ) 	 (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(12) and F(11 ) are the values of the c.d.f. of the 

fault at distances 12  and 11  respectively So, Sm  and 8c  can be 

computed by swing equations using equal area criterion. After 

determination of 6c  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 < tc ) which is the c.d..f. at tc . For the 

given value of Pj and transfer admittance (Y12) obtained from 
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i Y transformation during the fault occurrence, the value of Y12  

between, Y12  minimum and Y12  maximum can be d et ermined. Then 

probability of stability can be evaluated by the relation given 

below 
m 

Prob.(Stability) = E Prob.(Stability given for the transfer 
i=1 

admittance = yi) 

x Prob.(transfer admittance = yi) 

(2.29) 

where yl  is the minimum and ym  is the maximum values of the 

transfer admittance for a given fault and power transferred. 

Probability of instability may be obtained from the following 

equation: 

Prob.(Instability) = 1 - Prob.(Stability) 	(2.30) 

Thus probability (stability) or Prob.(Instability) Index 

can be obtained for the different types of faults with the 
initial conditio. s for power system transient analysis. 



CHAPTER-Ill 

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. 

(iii) Load rejections. 

(iv) Switching operations of the transmission lines. 

The probability of occurrence of fault near generating station 

or 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. An1 

probabilities associated with occurrence, fault types, clearing 

time and fault location are important parameters may helpful in 

realistic assessment of transient stability. In the Chapter IV 

the probability of fault and location are given in system exam-

ples, 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 Typesa 

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 classes: 

(i) Symmetrical faults 

(ii) Asymmetrical faults. 

(i) Symmetrical faults e.g. three phase fault or (L-L-L) fault. 

(ii)Asymmetrical faults e.g. 

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

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

(c) Phase to ground or (L-G) fault. 

Variation i n the severity of above types of faults for a system 

example with distance from sending end to receiving end is given 

in Chapter IV. From 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. 

All the 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: fear 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 

(ii) Mid-line fault. 

(i) Close in Fault: If all the parameters ._. measured in p.u. 

under the length of line either from sending end or receiving 

end for faults from (0-20 % and 80-100 '/. ) are considered as 

close in faults. 

(ii) Mid-ie„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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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 ............. effect of random load levels is examined with 

different load levels keeping the load levels [P+5,'+6] 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-

lity 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-IT. For 

different load level of Fi it is determined and results are 

given in Chapter-IV for the system example 2. 

R 
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3,+  Fault Clearing Phenomena: 

Time for fault clearing for the system devices is an 

important factor among those factors, considered for the tean-, 

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 device is denoted by tc. The fault clear-
be 

ing time t should alwaystLess than critical clearing time tc  for 

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 a random 

variable, and is probabilistic in nature. The normal distribu-

tion [1+49 46] is used to determine the probabilities associated 
with location and critical clearing time (tc). Other type of 

distribution for the same type of calculations with specific and 

special case of distribution called Weibull distribution is used. 
of 

Variation with parametersLthe distribution shape is given in 

Fig. I4-.1. 

3.5  System Parameters and Operating Conditions 

The physical parameters of the system are non-probabi-

listic in nature i.e. there is only small change with the 
physical change and these parameters exist, with preventive 

maintenance. The system 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 ° 9  It is clear that some parameters are random in 

nature, which affect the system stability. But with the both 

types of variables, probabilistic and nonprobabilistic in r..ature, 

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 constant voltage behind 

transient reactance, Neglecting the resistance and shunt capa-

citance of transmission lines. However, 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. 

(i) Machine Inertia 

(ii) Frequency 

(iii) 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, which are helpful subsequently in detailed transient 

stability analysis. 



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 the poz-ror .yotem 

stability indices and the choice of the distribution which are 

the important factors for the evaluation of the probability 

index. 

4.1 Power System Stability Indices 

The power system analysis is considered with fault type, 

fault clearing time [191 and along with critical clearing time 

(tc ) and fault location. With purturbations the system is 

tested under the different normal and abnormal conditions for 

its stability. The important random variables and other para-

meters [463 which affect the system stability have been explained 

in detailed in Chapter III. These variables are probabilistic 

in nature, consideration of these variables affect along with 

the affect of variables nonprobabiiisti c. in nature 

quantifies the system stability. And forms the probability of 

stability index either the probability of Instability 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 

disburbances.(Cccurred on the system). 
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(ii)  If the probability of stability index is tending towards 

zero the system will loose synchronism i.e. system is 

. 	unstable. 

For calculating these indices (probability of stability or 
probability of instability) the distribution factors which are 

considered probabilistic in nature., f erefore in the next 
section different types of distributions, of general use for 
this problem are discussed. 

~+.2 CJ _01ge of D4stribution' 

In general one chooses a model for a.continuous distri-

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

criterion: 

(i) The physical nature of the problem fits the most of all 

of the underlying assumptions associated with a parti-
cular distribution. 

(ii) 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]. 

( iii) 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. 
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-.2.1 Binomial distribution: There are some experiments based 

on discrete probability models, in which the application of 

binomial distribution is required. The binomial distribution 

some times called the Bernoullis distribution, applied 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 reliability evaluation are also suited for 

the application of probability of stability evaluation. For 

computation of different steps the Pascal's triangle technique 

can also be used. 

4.2.2  Norma igt, r bution : The best known two-parameters 

distribution is the normal, or Gaussian distribution. "The 

normal distribution was discovered by De-Moivre in 1733",Never-

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-

lity. 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 



quantities which vary from some mean or central value within a 

fixed system 18,10,13,161. The density function for the normal 
distribution as 

2 
f(x) = 	1 	e - x---- 	 (4.1) 

	

2cr 2 	( - 	< x < + oo ) 

And the normal frequency distribution curve for a conti-

nuous random variable x said to be normally distributed is 

expressed as e. 	 , 

2 
f(x) = Y = n - 	2) 	 (4.2) 

62zr 	2c1' 

where }z = mean value of x 
d: = standard deviation of x 
n = number of observation of x 

Now dividing the equation by n gives, a normalized curve. 

Y = ---~ 	e 	2 --(x - u 	
(4.3) 

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 
+ 	2 

written as* 	1 	e -(X-u . dx = 1 	(4.4) 
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This  function has a peak of 	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 d'. 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 shifts the horizontal 

scale of the normal distribution so that the peak occurs at 

x = Vi . eq.(3.4) Fig.4.1. The integral can ot be expressed 

in a simple functional form but it can be computed by numerical 

methods. For any one distribution a and c " are constant. The 

value of ?Z 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 i 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. 

Y= 
	e--- 
	 (4.5) 

where z = x-=-3- a' 

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 cr can be 

seen with the help of curve for different values of o-  . 
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For a large value of cY means a low, broad curve and for a 

small value of a a thin, high curve shown in Fig.4.1 	A change 

in )i is merely slides the curve along the x axis, then again 

distribution function is given by the relation. 

F(x) = 1 	X  _ e - -(T' - 	d 	(.6) 
rt 	 24" 

where z  = ( 	u)2 d  

2d' 2  

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 

Pr(z1  <x<z2)= F(x =z2)--  F(x =z1) 	(4.7) 

F(x = z2) = Prix < z2) =  1 	e - = 	di, 	(4.8)  
-00 	2c?' 

F(x = z1) =Pr(x< z1 ) = 	-. 5Z100 e- 	-=- 	d 	(4.9)   2cs 

We can find the probability corresponding 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 Weibull are as:(Fig.4.2) 

m+1 
f(x) = Kxm  e_Kx  /m+1 	(4.10 ) 
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m+1/  
F(x) = 1 - e KX 	m+1 (4.11 ) 

The parameter in determines the shape of the distribution, and 

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

4.3  System Examples 

Two system examples are discussed. Example 1 illi 

tr.ates . 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. 

f.3.1 Example 1: 

The single line diagram for the example 1 is given in 

Fig.4.3 and data for this example are given in table 

Both the alternators are connected by a 100 Kms long transmis-

sion line rated for 132 KV. 

Table 4.1' , 

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 	76.2 
30 MVA 

3. Transformer 	65 	116 116 	116 	76.2 
15 MVA 

4. Generator 	65 	172 232 	01 	76.2 
15 MVA 
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F1g.4.3 SINGLE LINE DIAGRAM FOR POWER SYSTEM 
EXAMPLE 1 
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The 25 MVA generator has a full-load reactive voltage 

drop of 12.57. of the external voltage. The 30 MVA transformer 
has a reactive voltage drop of 10 '/ . 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 % and 15 Y. 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) All the shunt impedances are neglected 

(iii) All phase to neutral voltages of both generators are 

equal. 

4.3.1.1  Calculations for different tiypes of faults 

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

circuit of three phases is probably the rarest of all faults 

which happen on power systems. The zero and negative - sequence 

components are absent, because. 

Ea 	- Eh - Ec - 0 	 (11.12)  

Ia" = Ib= Ic" 	 (4.13) 
Io  '1  = 1(Ia' + Ij I  + Ic")  



_33'. 

Ib" = a2  Ia and Ic" = a Ia" 

Io" = 1  (Ia" + a2  Ia" + a 
= 0 	 (4.15) 

I1 " = 3(Ia' + a Ib' + a2  Ic") 

_ (Ia" + a3  Ie" + a3  Ia) 

3.3 Ia" 

Ia" 
I2  = 3(Ia" + a Ib' + a Ic") 	 (.96) 

From the above relation put Ib" and Ie" 

I2 = I(Ia" + a Ia" + a2  Ia) 	 ( 4.17) 

Ia't(1 +a+a2 ) 

Consequently the fault current is positive phase sequence and 

is equal in all three phase 

Ia" 
z1 " 1 

= 6.2 (KA) 

778 Amp. 

Applying the distribution factors to find the currents 

Ia = a".D1  = 778 x .663 

515 

Similarly 

Ib = - 257 ♦ j x+46 
Ic = - 251 + j 446 

(4.18) 
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i  I = I  n p  1 

a 	al 

= 26 3 Amp. 
Ib' _ -132 - j228 

Ic ' 	-132 + j228 

The currents in 11 KV. winding of the transformer are 

IaI', = 51 5 x 6.93 = 357o Amp. 

Ibl 1-  ("257 - j446) x 6.93 = -1785 - j3090  

Ic11=  (-25) + j6) x 6.93 = -1785 + j3090 

In the Generator windings 

IR = 1a1 	Ie11 = 3570  + 1785 -- j3090 

= 5355 - J 3090 

IY = 'b11 	Ial 'I 

= - 5355 - j3090 

IB = Ict'1-  'b11 

= j6180 

Calculations for the voltage drops are: 

IaZL1 	515 x 4.2 

= 2.16 KV 
IbZL1  = (-257 - j 446) x 4.2 

=(-1075 - j1875)x (2.16 KV) 

ICZLI  = f -257 + j4-i-6) x 4.2 

=(- 1075 + j1875&(2.16 KV ) 
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In the sending transformer 

IaZt = 515 x 58 

= 29.85 KV 

IbZt = (-257 - j446) x 58 

= -370 - j638 

ICZt = (-257 + j4+6) x 58 

= -14925 + 325900 

In the receiving section of the lines 

Ia 'ZL1  ' = 263 x 2.8 

= 735 

Ib I ZL1  ' = (-132 - 3228) x 2.8 

= -370 - j638 

I0 'ZL1  ' _ (-132 + j228) x 2.8 

_ }370 + j638 

In the sending-end generator: 

IRZg1  = ( 5355 - j3090) x 0.597 

= 3200 - j18+5 

IYZg1  = (-5355 - j 3029) x 0.597 

= -3200 - j1845 

IBZg1  = j6180.x 0.597 

= j3690 

The actual voltages across the generator phases are found 

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

E = ja2E - IRZg1 	 (4.19) 

= 5550  - j3200 - 3200 + j181+5 

= 2350  - 31355 



Fig.)+.5 CONNECTIONS OF SEQUENCE IMPEDANCES (L-G Fault 
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El, = j aE - IYZg1 	 (+.20) 

= -550 - j3200 + 3200 + j18+5 

= -2350 - j1355 

EB  = jE - IBZg1 	 (+.21) 

= j640 - j3690 

= j2710 

ERY  = 2350 - j1355 + 2350 + j1355 
=4.7KV 

EY_B = -2350  - J 1 355 - j2710 

= -2350 - j4065 

%-R 

	

j2710 - 2350 + j1355 

= -2350 + j4065 

There is a balanced voltage of 4.7 KV across the phases. The 

marked difference between the effects of unbalanced and balan-

ced faults on the generator voltages 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 invitable. 

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. 
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Table - 4.2 

Fault currents for different types of fault 

Part of the 

L-G I L-L { L-L-G I L-L-L 

Generator 
phase 

R 4025 -j2815 2924- j2970 5355-j 3090 
Y -4025 -j2815 -2924-j2970 -5355-j3090 
B 0 j5630 j 59 j6180 

Transformer 
1 1 KV 
all 3980 0 69 3570 
b11 45 -j2815 !-2855-j2970 -1785-j3090 
c11 - 	45 j2815 -2855+j2970 -1785+j3090 

Transformer 
132KV 

a 57~+ 0 10 515 
b -6.5 -j406. -1i-12-j1+28 -257- j446 
c -6.5 j 406 .412+j428 257+j 446 

Line (Receiving 
Section) 

.a 302 0 10 263 
b 6.5 -j206 -223-j217 -132-j228 

c 6.5 j206 -223+j217 -132+j228 

Line (sending 
Section 

a 57+ 0 10 515 
b -6.5 -j+06  -412-j428 -257-j++6  
c -6.5 j406 -412+j)-f28 -257+j446 
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4.3.2 Example 2s 

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 

illustrate the stability problem for realization of the 

probabilistic approach. The conclusions obtained are also 

applicable to multi-machine system successfully. System is 

shown in Fig. 4.7 . consist of hydrogenerators represented 

by a si,.ngle 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. For finding the admittance during 
has been 

the fault for all cases the computer program developed, 

The 	flow charts are 	given in Appendix-Il. 

The transfer admittance increases from zero to 

0.3&z'0969s  .7365622, 0.85581439  0.1057864 (per unit) as the 

faults move from •..zero to 0.599, 0.5999  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,, 

(LL) fault,, 1L-G) fault, resp.ectiv.ely. 
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Fig+.7 SINGLE LINE DIAGRAM FOR THE POWER SYSTEM EXAMPLE 2 
[MOHAMADPUR TO RAM NAGAR (ROORKEE) I 
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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 Fault s 
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 ground, line to line 

short circuit and line to ground short circuit faults calcula-

tions are given in tables +.3 - x+.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 calculations for the evaluation of the effect of 

different variables on probability of stability are carried 

out which are given in tables 4.27 - 	The corresponding 
to these values graphs are show in the figures 4.10 - 4.15. 

Table 4.27 and 1+.2$ provide the informations regarding 
the variation of probability. Fig.41.0 is corresponding to 

transfer admittance (y10 > y12). For the calculations of 

probability distribution the fault is assumed to be the 

normally distributed with a mear. of 0.5 p.u. and standard 



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 cycles (based on 50 Hz) • And 

standard deviation is assumed equal to 0.01. The location 

of fault is varied from .0,- 60 X of the P.U. length of line. 

The results are obtained for the different parameters e.g. 

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 giv.en in tabular form. The 

results are presented from the next page onwards. 
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8.799993E-1 
8.999992E-i 
4.199993E-1 
9.399992 E-1 
9.5 99992E- I 
9.79991E-1 
9.999992E-1  

(L-G FAULT) 

Y12 INI(P.U.) 

8.431324E-i 
8.662647E-1 
8.8r,5957E-1 
9.0458.3E-1 
9.205935E-1 
9.349134E-1 
9.4 77835 E- i 
9.593805E-1 
9.698774E-1 
9.794010E-1 
9.880505E-1 
9.959491E-1 
I.003144E+0 
1.009713E+ 0 
1.015712E+0 
1.021190E+0 
1 .026188E+0 
1.030741E+() 
1 .03 4'379E+I) 
1 .03 862 7 E+0 
I 042 01) SE+0 
1.045037E+0 
1.047731E+0 
1 .050099E+0 
1 .052150E+0 
1.053899E+0 
1.05531 8E+0 
I.05 5435 E+0 
1 .05 723 c3E+0 
1 .057713E+1 
I.057864E+0 
I.057661E+0 
1.057039E+0 
1.056121E+0 
1.054725E+n 
1.fl52862E+() 
1.050479E+0 
1.04 7513E+0 
1.043 897E+0 
1 .039498E+0 
1.034222E+0 
I .027897E+0 
1.020310E+n 
1.011184E+0 
1 .000143E+0 
9'85fi699E-1 
9.700328E-1 
9.491535E- 1 
9.224365E-1 
8.972 5 66 E-1 

TC IN(SEC. ) 

2.39999SE-1 
2.5999S7E-1 
1.003000E-2 
1.000000E-2 
1.000000E-2 
I .000000E-2 
1.000000E-2 
1.000000E-2 
1.000000E-2 
1.000000E-2 
1.000000E-2 
1.000000E-2 
1.000000E-2 
I.000J)OOE-2 
1.000000E-2 
1.000000E-2 
1.000000E-2 
1.000000E-2 
1.000000E-2 
1.000000E-2 
1.000000E-2 
I.000-100E-2 
1.000000E-2 
I.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 
1.000000E-2 
1.000000E-2 
1.000000E-2 
1.000000E-2 
1.000000E-2 
1.000000E-2 
I.000000E-2 
1 .0,00000E-2 
1 .00c)000E-2 
1 .000000E-2 
1.000000E-2 
1.000000E-2 
1.000000E-2 
I .O00009E-2 
1.000000E-2 
1.000000E-2 
I.000000E-2 
1.000000E-2 

.. ~..-~~rwf+wf .~... ~.. .mow . . .... ... 	..~....~~.~,~~.~.-. .. +. .... ~. ... r.. ~....rr~-..mow----- 

G0 .5 (P .O.) 



TART)? 4.9 	.. (THRE : PHASE '4tJLT) 

DTFTAMCr 	Y12 TN(P. U1.) 	TC IM(SEC.) 
TN (P,U,) 

1 . 	 9 ) -2 `- --3 . 41701 Fr-2 ------ 
3..;~ 	gE-2 6.540143.3E-2 9 	'fl )4 	-2 
5.0000007 -2 ' .42 i 136E-2  
7.97T -2 1 .20734')E- I 1 .0 	 )Y) 	 - ! 

1./.151613x- 1 1.0')9-1 
1.2000-1  1 .577256`?- 1  
1 •3`)91)^nr-1 1 •9S39g64i - I 1 .0`?)999F-1 
1 .5c;r?- 1 2.07~207F- 1 1. 19 	),7DF-1 
1 .79yo9^E-1 

 
2.25 s3262T -1  

1 . 	 3F-1 2.42h,242E-1 1.19)99)E-1 
2.19)9)V1 2.57x3125!"-1 1 .1) r999E-1 
2., 399993E-1 2.7207eS' 	-1 1. 199)99I-.1 
2.5 2,5999997E'-1 2.852O6-1 1 .2:)99981✓-1 

(h 2.7 9) 7-1 2 . J?52O 6r-1 1 .?`~ 9998 E-  1 
2.9)7-1 3.0882341 ?-1 1 •2'~a99BE-1 
3.1 	)7E- 1 3.12487-1 1.29.)998✓-1 
3.392 	7E-1 3.288331- I 1 .2`99 	8E- 1 
3.59 9997r- 1 3 .376318E-1  
3,799)7r -j 3.456572-I 1.299982-1 
3.9')9)96E-1 305211E-1 1 :39')998E-1. 

3.5 ~504 1 E-1 1.399)98-1 
4.3 	SE-1 3.653616E-1 1.3 - 1 
4.5 	^h96!-1 3.7052/;) C 	I 1 .3 99 9 9 81-1 

3.7!^^`~9E_1 1.•3999RE- 1 
A .^`)~E-1 3.7737-1 1 .39 `S SSE-1 
5. 1 	 `) )5 E- 1 3.1984E-1 1.398E-1  
5 .3S9 4i 3, gn2822F-1 1 •39`;99$1-1 
5 .54.E-1 3.?5e550E'-1 1.3^99980- 1 
5 .7 94 -1 3.86912A E- 1 1.38T-1  

3.9709E-1 1.3)`)998E-1 
3.464830E-1 1 .3`?9993E-1 

.3)3E- 1 3.8502691'-1 I .399998✓- I 
5.5999931- 1 3.926741E-1 1 	-1 .39'1498✓ 
6.7`?^9437-1 3.793537E- I 1 .39.9998E-1 
6.9^~993E-1 3.75000.3E-1 1 .39998E-1 
7.1997937-1 3.69501 7E- I 1.3'998-I 
7.399992E-1 3.62745!tE-1 1 .39)")BE-1  

3.5/894E-1 1.399998E-1 
7.7'Q 9921--1 .3,443959r-1 1.299997-1 
7. 	99992E-1 3 .33.333E- 1 1129999BE-1 

3..17580E-1 1 .2^`)9`.) SE_ I 
.37)3E- 1 3.0379`33'.-1 1.2 ,BE- I 

X3.5^ ̂ 992E-1 2.` 50333E- I 1.2')`) ^"8E-1 
9 	7`)Q99..3E- I 2. SP,Q493E- I I. 199999 E-1 

1 2.3434E- 1 1 .  
2.051.3IE-1  
1 .6866211- 1 1 .0)) )9E-1 
!.237136E-1 1.O 9' Ti:-1 

9.7^?a91F-1 6.R63032r-2 9.91)1) 4E-2. 
.2F- 1 3.7')'S'-6 9.99 )994 "-2 

3=1.5(P.U1.) 



TABLE '.lO 
	

(L-(3 FAULT) 

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

2,(r)0000E-2 
4.o^0nn,)E-2 
5.0fl 0000 E-2 
7,9991 7r-2 
9,999cE-2 
1 .200 YThE-1 
1 .39999E-1 
1.59999^E-1 
1 .7999F_-1 
1.999 8E-1 
2.109999E-1 
2 .39999 f3E-1 
2.599997E-1 
2 .799997E-i 
2.999997E-1 
3.199997E-1 
3.399997E-1 
3.5299.97E-1 
3.79997E-1 
3.99999,SF_- l 
4.19 9991E-1 
4.399995E-1 
4.59996E-1 
4.79499cE-i 
4.0')999'5E-1 
5.199.995E-1 
5.309904E-1 
5.599994E-1 
5.799994E-i 
5.999994E-1 
S. 199924E-1 
eS.399993E-1 
6.59 9993E-1 
5.7^9.̀?93E-1 
o~.c~^q^h3E-1 
7.199993E-1 
7.309992E-1 
7.549992E-1 
7.799992E-1 
7.999992E-1 
53.199993E-1 
8.399993E-1 
8.599922E-1 
Q.799993T-1 
8.g999r)2E-1 
9.1993E-1 
4,329992E-1 

.5`)9`)92E-1 
9.799991E-1 
9.999092E-1  

8.431324E-1 
3.Sc20347E-1 
8.s3c5957E-1 
9.0458431-1 
9 .20593.205936E-1 
9.349134E-1 
`).4777835E-1 
9.593305t-1 
2.h98774E-1 
• •794r)1 OE- 1 
9.88f Ff15E-1 
9.959401E-1 
1.00:144E+r) 
1.000713E+0 
1.fl15712E+n 
1.021191E+I 
1 .f25188E+n 
1.030741E+!l 
1 .034879E+0 
1 .n3 SS27E+n 
I .142008E+n 
1.045037E+n 
1 .04773 I :+0 
1 .050099E+0 
1 .052150E+0 
1 .053889E-i-0 
1 .05531 •3E+fl 
1 .^564351'+0 
1.057238E+n 
1.057718E+n 
i .757364E+n 
I.05751E+0 
1 .25 7n 891.+'? 
1.056,121E+n 
1 ,05A-72 F+o 
1 .0528fi2E+0 
I,05r)479E+0 
1.0475 13E+0 
1 .043387E+0 
1.73498E+0 
1.034222E+0 
1.0278`)7E_+0 
I .')2r)310E+'l 
1.011184E+n 
1 .')Or) 143E+n 
9. SShS99E- I 
9.70032 3E-
9.49 1 '3~5E-1 
9.224355E-1 
8.872566E-1  

3.99999cE-1 
4 .S99995 E_-1 
1 .00r)I^7E-2 
1 ,100009E'-2 
1.000f`)0,E-2 
1.000000E-2 
1.09')-0(:)CF-2 
1. C00W)E-2 
1.000090E-2 
1.000000E-2 
1.109000E-2 
1.0C)0000E-2 
1.  
1.000000E-2 
1. 00CY)00E-2 
1.110000E-2 
1.000000E-2 
1.000000E-2 
i . 000Y)0E-2 
1 .000000E-2 
1. 0fl001Y)E-2 
1 .000 7CDE-2 
1.0000fX)E-2 
1.x 00flIE-2 
1,0000001-2 
I •00D0nnE-2 
1. COJ000E-2 
1. 0000YJ.0E-2 
1. U000Cr)E-2 
1.000000E-2 
1.000700E-2 
1.00nC00E-2 
1.000009E-2 
1.000000E-2 
1.fl0fIO0E-2 
1.000909E-2 
1 . 0.09000E-2 
1.000000E-2 
1.000000E-2 
1 .000000E-2 
1.000000E-2 
1.000000E-2 
1. ^'D9000E-2 
I .000000E-2 
1.0^`?^OOE-2 
1. rn9rE-2 
1.000000E-2 
1.009000E-2 
1.900000E-2 
1.000000E-2 

G=1.5(P.U.) 



-49- 

TABLE ..4..1 1 	(T4RFE PHASE T'AfJI_T) 

T.) ISTWNCF 
TNI(P.U.) 

1 .999`?99F.-2 
3.9`%99999-2 
5.000000E-2 
7 • `,Y')7`'-2 
q• 91)1)9969-2 
1.200000E-1 
1 •3-1 
I.59`?9)) -I 

79' n"'A a ~; - 1 • 
1•9) 9E-I 
?.I`. 99nI)r I 
2.39)3E-I 
2 .5 y9q^7r- 1 
2.7)9997E-1 
2.`?^` 997-I 
3 .1Y97-1 
3.,9 	77-1 
3,589 x)71-1 
3.799997E-1 
3.9.1) 9 IE-1 
A.199~"6F-I 
n.3q[y"967-- 1 
4.599')96E- I 
4.7`)99961-1 
4!.99`?96E- 1 
5 .19995E-1 
5.399^94 1 
5.5')92 4F-1 
5.7r.9994_ 1 
5,4999'1 -1 
6,j999949-1 
6.399)3E- 1 
6.5^9993E- I 
6.7)3E-1 
6.9993T- 6. q'99` 93T - 1 
7•  .y 	 -1 199 93 7997•. 

7.399929'- 1 
7.5 a9992T -1 
7,799  1 
7 . S 999 2E- I 
. 1) 993T 1 
.39')3E- I  
.59992E- 1 

R.7g9 ;9317- 1 
si.9^w9 )2.E- 1 

.3)2E- 1 
< ,5 9992E- 1 
~.7999`)1E- 1 
1,~99a 7Q2E-I 

V12 .T_(P.!J.) 

3.417016E-2 
6.5/433E-2 
9.429 1369'-2 
1.2073") i 
1 .45 16137- I 
1.677256- 1 
1 .8)6L,'- I 
2.07)207E- 1 
2.25532627-;- 1 
2.4242421-1 
2.5713125E- 1 
2.720764!:- 1 
2.9529O61- 
2 • 9752069- 1 
3.ORs?234E'- 1 
3.IT94S7E'- 1 
3.2833-1 
3.3763!?-1 
3.45657?'-1 
3.521)41IE-1 
3,5')5041E-1 
3.6536161_- 1 
3.7O52i 9E- 1 
3.7J9 .  E- I 
3.7'7F 78E- 1 
3.`318949E- 1 
3 ,942 322-1  
3.P59650- 1 
3.36912"E-1 
3.87O691 _ 1 
3.1?6 Y33OF.- 1 
3. 350269E- l 
3.3267AA11-j 
3.7)357E- 1 
3.750003E-1 
3.6Q5017F- I 
3 .627t54- 1 
3.5/53~ttlF- 1 
3•.4L, S5S3 - 1 
3.3333381- 1 
3. 1975 DoE- 1 
3,037993x- 1 
2.3503 R- 3! - I 
2.62 43- 1 
2.36 3tt3AF-1 
2.05,91~3IE-1 
I .6R6621E- 1 
1.237136E-1 
6. gi63032E-2 
3.667959.E-6 

TO T^a(c?C. ) 

4.~a`) 99) 	-2. 
4 • )9993T-2  
/1.0~99 	 -2 
4 •  
6.0000002 
6,000000-2 
6.000000`-2 
6.000000E-2 
6.000000`?-2 
6.000000E-2 
6.000000E-2 
6.000000'.-2 
6,000000E-2 
6.000000E-? 
6.000000-2 
6.000000E-2 
6. 9`y9997E-2 
6.999Q97F-2, 
6,999997E-2 
6.9')9997E-2 
6.Y9C)997E-2 
6.999997E-2 
6.9 9`)997E-2 
6.99 99 97T-2 
6.^999971-2 
6 1g n97E-2 
6.9) 9997E--2 
6. Q^`?997E-2 

5.9999`%7'-2 
6.999997E-2 
6. `.) `Y1)97r-2 
6.9997E-2 
6.99^997E-2 
~5.~? ;99i97E-2 
1.999997E-2 
6.9999979`-2 
6.049997E-2 
6.94 g97E- 
6.000000E-{ 
6.0.00000E-2 
6.000000E-2 
6,.000000E-2 
6.000000E-2 
6.000000E-2 
5.000000E-2 
!!.. 	)ifs-2 
t~ 99999&F-2 
4.999993E-2 

---------..--wrr~~.~~~...r---- ---_-_.------- .--------------------------- 

H=1.0(P.U.) 



-50- 
TAM-*  .+.12 	(L-G FAULT) -------------------------------------- w 

1) ISTC I N (P • U.) 
2 . fl0000E-2 
4 .fl0009OE-2 

.000fl00-2 
7,9')')997 E -2 
9.999-2 1 .20ornrE -i 
1 .399999E-1 
1.599999F-I 
I 79999E-i 
I .999993E-1 
2.19'.YE-1 
2 .3999 3E- 1 
2.599'797E-1 
2 .799997E-1 
2 .9f).  9T) 7 E- 1  
3.199997E-1 
3.39997-1 
3.5Y397E1 
3 • 799997E-I 
3 .99999-1 

/i .3999-1 
44 .5999c1!-i 
4.799996E-1 

5.129995E-1 
5.399'94E-1 
5.599994E-1 
5.79 
5 ,$99994E-1 
60199994E-1 
tS .39$993E-1 
f.599993T-1 
.799S3E-1 

S ,999993E- I 
7.139993E-1 
7.399992)-I 

7. 7999 92E-1 
7.999992F-1 
3.199993E-1 
8.  
8.59992E-1 
9.7D`)993E-1 
9.999(Y"2E-1 
9.1)93-1 

.399992E-1 
9 .599992E-1 
9, 799991 E-1 
.99992-I 

Y12 PUP.U.) 

3.431324E-1 

S3.T S,5957E- 1 
9.045$33-1 
9.20593-I 
9.3913LE-1 
9.477735E-1 
.533fl5E-i 

9 .S774E-1 

.83fl05E-1 
9.95 9491E-i 
1,003144E+,! 
I .009713E+fl 
1.°15712E+0 
1.,921190E+0 
I .fl2ci38E+n 
I .03T)71E+0 
1 .034879F+0 
I.03327T+0 
1 .042008E+fl 
I .04037E+i) 
1 .fl47731E+() 
1 .050099E+I) 
1 .052150E+0 
1 .0533c0E+0 
1.05531 8F+0  
I .5435E+fl 
I .057233E+fl 
I .05771E+() 
1 .05713$4E+() 
I .C57I+fl 
1 .fl5709E+fl 
1 .05I21+fl 
I .05472+0 
1.059-662E+0 
I .05fl470E+i) 
1 .047513T+0 
I .0A3837T+0 
1.039499E+0 
1 .034222+r) 
I .C27397E+fl 
I .020310E+0 
1.0111 34E+fl 
1 .000143E+fl 
9 • 	99- 1 
. .70fl323E-1 
9 .4913ST-1 
9 .2243S5E-I 
17  .725cE- I 

TC IN(SEC.) 

l.899993-1 
2.19999-1 
I .000000E-2 
1 .00000E-2 
1.000000E-2  
1 .00Y)OOE-2 
I .000000E-2 
1 .0000 )OE-2 
I .000E-2 
I .000000E-2 
1.O00000-2 
1 .000C)')OE-2 
I .r)flfl90flE2 
1.0000Y)T-2 
1 .00000ik-2 
I .000000E-2 
1 .00090flT-2 
1 .000000E-2 
I ..OflOOflE-2 
1.fl1000fl2 
1.flfl0T00E-2 
I .0000C)OE-2 
1 000000E-2 
1,000000E-2 
1.000000E-2  
I .000000-2 
1.000000E-2 
1.000000E-2 ./ 
1.000000E-2 
1.000000E-2 
I .CY)0000l-2 
I .000000E-2 
1 .0fl09fl0 -2 
I .fl09000E-2 
I .00000E-2 
1.000'000E2 
1. 000000 E-2 
1 .00001 )OE-2 
I • 0fl000E-2 
I.00000")E-2  
1 .0fl0000-2 
1 .000:)OOE-2 
I .000O0fl-2 
I .fl00000E-2 
I • 000000-2 
1 .('100000E-2 
1 .0001)(.)OE-2 
1 .000000E-2 
I • 00000 OE-2 
1 .001)000E_2 

___ _______________________ ____anflflfl U.) 
r::i. .

7-9. 
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TAPLF 4-:13 	(THRF! P,HAF. ' FAULT) 

DIST4NC17 
I N(P.t1•) 
I 	 29nE-2 

3.1)^9999-2 
6.000000-2 
7 f ( 99 )7G-2 

1 
1.20000-1 
I jnnnr,-I 
1 0 59919`)E- I 
1 .7999F-1 
1• ?9999E- 1 
2•I 99999E- I 

2.300993E-1 
2.599)97i-1 
2.7 )̀ y~97T -1 
2•99g997r-1 3 . 1 9997E_ 1 
3.39997E-1 
3,99(97F_  1 
3 .79997E-1 3 	`~`~ E- 1 
t!. 	5F-I A 	1 

.5 `yo9^sr:-1 

/ .9c`?2r~SF-I 
5e1^^~`a5E-1 
5 e 39 Y99AE- I 
5e5r994F-1 
5 .79994E- I 
5 . o?99 E- I 
~ • 1 c~c,nc~~~F_ 1 

.399993E- I 

5,799^93F-1 

7 e 12996.3'- 1 
7.329992E- I 
7.59^992T-1 
7 e 79 	E-1 
7. 	-2E-1 
9,199993E-1 

39''.3^-1 

9,7993T-1 

c) .3)2E-1 
e 52E-1 
•79('0( :-I 
•0Qt~ttr)9- 1 

V12 TM(P.U.) 

3.41701SE-2 
S •5,  1337-2. 
9. Ai251:35i-2 
1 .207,3A91?-1 
1. 151h13F-I 
1.677256E-1 
I •9R5 6%F- 1 
2 .079207E-1 
2.25 %252F-1 
2.424242E-1 
2 •579125F,- 1 
2.72076A -1 
2. 952906F-1 
2,q-75206E-1 
3 .099234 E-1 
3.1'497E-1 
3.2R9393F-1 
3.3 7631 `?F_-1 
3.455572E-1 
3.529411E-1 
3.5g5041E-1 
3,53616E-1 
3.7052 /4')E-1 
3.74) 	E-1 
3.73797Zr-1 

3.$4222E-  1 
3.C359650F-1 
3.95912 ~F-I 
3.9370')697.-1 
3 . S~4930F-1 
3 .2 0269F:-1 
3.9257i~ 1F-1 
3.793597F- I 
3.750003E-1 
3.6950177.-1 
3.6274540-1 
3,945 9,?A E-1 
3,4'855~4F-1 
3 .•33333 T':-1 
3. 1 `) 75.306'-1 
3.037983E-1 
2.9503?9r'-1 
2.620493E-1 
2 .3F9/434E-.1 
2.059191E-1 
1.647.6217-1 
I.237136E-1 
S.  
3 e 667~5 -6 

TC IN (SEC. ) 

nn~Q~ I.0`~7Y.:~ -1 
1.1^^9^9 -1 

I. 19- 1 
1 .2)9`799V-1 
1 2~ 99c-jr,- 1 
1 •299`?c 8E-1 
1•299fl3r-1 
1 ,399999E-1 
1.,3999E- 1 
1 .399908E-1 
1.39993 '-1 
1.3 99999)-1 
I•49 9;998E-1 
1 .499999-1   
1.49999F:- 1 
1 •4Y98-1 
1 • ~!?.999(Sr-1 
I •4999991- 1 
1 .599998E- I 
1 .5$9999E-1 
1 .599999E- 1 
1.57.9993 '-1 
I.5`)4999E- I 
1.5999973E-1 
I.509y98E-I 
1.599999E- 1 
1 •5999')9E-1 
I•5y93 -1 
1.59999E- 1 
1.S^^9~CF-1 
1.59999F 1 
1 e5 Q^993 -1 
1.5g9"`)9- 1 
1 .599998E-1 

1 .599099E-1 
1 •599999 :- 1 
1• 	9T -I 
I .99999-1  
1 •4'/ 9 	 '3 - 1 
•499999l-  

1.39 3992-1 
1.39993E-1 
I .399 9),99F-1 
! .2` )99 E-1 
1 .2 x)996- 1 
1.1) 9F-I 
1 . 1 99999E- 1 
1.0o`` )E 1 

4̀ =6.0(°•JJ. ) 



-52- 

TABLE  ':11± 	CL-C FAULT) 

DISTA!CE 
INI(P.U.) 

2.000000E-2 
4 00 (Y) ?n E -2 
6.nnnnnnE-2 
7. ^9 7 )07E-2 
4 9~ ;99SE-P 

1 .39")E-1 
1.5^9Y)9E-1 
1 .799?99E-1 
1.999995E-1 
2.1^999^E-1 
2.399099E-I 
2.599997T -1 
2.799997E-1 
2.999997E-1 
3.1) 997E-1 
3.399997E-1 
3.599997E-1 
3.799997E-1 
3.99 9996T-1 
4..1`)9994SF-1 
4.399996E-1 
4.5 )99`) 3E-1 
4.79g996E-1 
4.999495E-1 
5.199995E-1 
5.3!aa9)4E-1 
5.599994E-1 
5.799994E-1 
5.999994E-1 
5.199994E-1 
S.399993E-I 
!S.5)9993E-1 
6.799993E-1 
~S.99S993E-1 
7.19993E-1 
7.399992E-1 
7.599992E-1 
7.799"92E-1 
7.904992E-1 
9.199993E-1 
9.399993E-1 
5.599992E-1 
9.799993E- I 
9 0 9')9')92E-1 
4.199993E-1 
.39992E-1 

9.59992E-1 
9.79"9)'1E-1 
9.999992E-1  

Y12 I-N!(P.UJ.) 

x.431324 -1 
3.,552 S47E-1 
9.x355957E-I 
.04Y343E-1 
.205935E-1 

0.3)134E-1 
.477795E-1 

9.794'',10E-1 
9,8M'Sn5E-1 
9.95'491F-1 
1.nn314AE+fl 
1.%Col713E+^ 
1.n157127+0 
I .)21 IOOE+0 
I  
I .03n741E+fT 
I .r)34879E+n 
1.03 5627E+0 
I .C)4200  8E+0 
1 .045037'2+n 
1 ,04773IE+~D 
1.050099E+'l 
I."52150E+n 
1 .053989F+) 
1.055313E+n 
I.fl55435E+n 
1 .057238E+n 
1.05771 2E+0 
1 .05 7864E+n 
I .05 766 I E+n 
I.057029E+0 
I.n5~S121E+ 
1.054726E+C 
I .052 962E+n 
1 .05')479E+0 
1.047513E+r) 
1 ,043897E-4-0 
1 .03949E+0 
1.34222E+~ 
1.027397E+0 
1 .02 0310E+q 
1 .011 194 E'+~' 
1.000143E+0 
9.3F55~9~-1 

.70fl32f3E-1 
'?.401536E-1 
9.224365E-1 
9.9725S6E-I 

TC IN(SEC.) 

4.S99995E-1 
5.3) 94 E-1 

1.'?n.^,lfOE-2 
1 	fl" ?Y"E -2 
s•  

I.'100T('E-2 
1 . Y'fl0 !fE-2 
1.Of^`100E-2 
1 .000E-2 
I . fl1f'i)O0E-2 
1 .000000E2 
1 •!)n(ylr)f-2 
1 . ^'lO`)C')E-2 
I.r0C1QOE-2 
1 .T)OOrIOE-2 
1 . 00000OE-2 
1.')0000')E-2 
1.000200E-2 
1.900000E-2 
1 .000000E-2 
1 . (0I)n0IE-2 
I .000000E-2  
I .00-)1)00E-2 
1 .000000E-2 
1.000900E-2 
1.000000E-2 
1 . `)000CCE-2 
1.000100E-2 
1 . r)n0)JE-2 
I . n00`)fl>E-2 
1 . )nn000E-2 
1.00-0000E-2 
I .000000E-2 
I .1n0O00E-2 
I.000900E-2 
1 ,000000E-2 
I .00n:,,_) JE-2 
1.000000E-2 
1 .00000)OE-2 
1 .000000E-2 
1.)0000fE-2 
I „000r, IOE-2 
1 .0001^OE-2 
1.000000E-2 
1 .00000)E-2 
I.r^'9ICnE_-2 
1 .0)000PE-2 
1.00 30 O -2 
1.00.1001E-2 
1,01)0000E-2 



_53- 

TABLE 1*.1'5 	(T'{RF..r P ISE FAULT) 
fICTA C r 
TN~(P.JJ.) 

3 n^cc)n' -2 
5.000000E-2 
7. 7-2  

1 .2000007-1 

I,5nnnc~1 -1 
. 	7 y 

1.c3F-1 
20 

3t\:17. -I 

2.57,-1 

3.1"7-i 3.1^9`a^7;.-1 
3 	1 
3.5)7-j 

3.797 -i 

l ''c -1 
4 	 t. 

A.7?n~~4T-1 

5 .1))5E-1  
5.399Y:AE-1 
5 5'.t.nn4F-1 

n 9  
I 5 ,7. r  C_.~~t~ 

5.9 ~S9 -1 

F.19~1g4 -1 
~S •3~;~t3F_1 
6,5^^993!-1 

1 

7.5nc~t;')2r, -1 
7.729 )2 -1 
7 c~nnnn2 -I 

• 

8.5T)^92F-1 
8.7)^99317- I 
8.)99)2;F-1 
• 

9.3`) '`~?' - 1 
• 5 
	2 - 1 

12 T!(P.U. ) 

3./17015r-2 
.54 3'1.33 -2 

y.42 13157-2 
1.2073!,^ - 1 

1.4511.3 -1 
1.5772557- I 
I.S~c5^547-1 
2.07^2077-.-1 
2.2593252'-1 
2.42AA242 :-I 
2.5711125E-1 
2.7207S49- I 
2.852)0- 1 
2. ̂ 75205'-1 
3.03?2347-1 
3. 1' 24 R7 E-1 
3 .2833- I 
3.37631' -I 
3.455572!-I 
3.52"A I IF-1 
3.5''SO4, 1 1 -1 
3.65361617-1 
3.705249 -1 
3.74 	')<.F_ I 
3.78737`? -! 
3.81 )" 'I- 
3 • 2822E-1 
3.85s550E-1 
3 . 	12 AE- I 

3.87095 -I 3 . f?eY~ n3 01'-1 
3.85 02 3') F - 1 
3.?257n I'-1 
3.7"35177:- I 
3.750003E-1 
3.6) 0177-1 
3.527"5AF-1 
3.5584F-1 
3.4458 -1 
3.3.33333E- 1 
3,1^75?0-1 
3.037^ 33.3F-1 
2 , 8503'38!-1 
2.62=~!"3r- 1 
2.3F'/i3-67-1 
2.05 81 31'.-I 
I .68~52 lr- I 
1.2371367-1 
F. ^53032''-2 
3.515795^F-5 

TC I(SFC. ) 

e 

8. 
8. nn ,) i5 ^ -2 

s  8-2 
• 

9, ry^~rr~Atr-9, 
C) • 

t~ nnnn,n~~G_7 
I 

 1 • 0 a' / )99E- t 

1 .09)E-1 
1 •0` )99r_1 
1.0)-i 
1.0r)9 )F1 
I.0^.999' -1 
1 .  
1. 1 )9 )9E-1 

1. 1^ 99r-1 
1 • 1 ` 9'-1 
1.  1 
I. 199;)'-1 

1.I9)IF-1 
1 • 1)`~9 )9F-1 
1 . 1'~ 	 )F-1 
1 . 1~9`~F- 
1. i 	1:-1 
1.19 	"E-1 
I. 19t,n~()F- I 
!. 1^ 9F-1 l 

nr 

1.1`)9'>99E-1 
1. 1 	1)!)DF-1 
I. 1 	 F- I 
1. 19`)999E-1 
1. 1?^`)9-1 
1.1:)9^^9F-1 

1.0t\' )D~ yF-! 
1.0999^1)!"-1 
1 0`»^^9F-I 
) e 	E-2 
9.'9999'F-2  
. 9)994-2 ^ 94 "?-2 .7 

8. 	96F.-2 

. `~~~^SF-2 

-----------._. ----_-_.._ --------------------------------------------- 
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TABLE 1-'+"t4•. 	(L-r FAULT) 

DISTANCE 
I !(!'.U.) 

2.OflflCnnE-2 

,r)'1r)01)1)E-2 
7.999997E-2 

1 ,2fOfC'1E-1 
1 .399 ') E-1 
I.5999E-1 
1 .79929 )E-1 
1.999993E-1 
2.10999)E-1 
2.3999953E-1 
2.59=)"7E-1 
2.799997E-1 
2.999997E-1 
3.199997E-1 
.3.399997E-1 
3.599297E-1 
3.79Q997E-1 
3.999995E-1 
4.199996E-1 
4.399995E-1 
4.5 )9996E-1 
4.799996E-1 
4.999995E-1 
5.199995E-1 
5.399994E-1 
5,599994E-1 
5.799994E-1 
5.999994E-1 
c. 199994E-1 
.399993E-1 

F.599993E-1 
5.799993E-I 
6.999993E-I 
7.199993E-1 
7.3^1992E-1 
7.591)992E-1 
7,79a992E-1 
7,999992E-1 
.199993E-1 

9.39 5.399993E-1 
9.599992E-1 
s3.799"^3F-I 
9.991992E-1 
9,190993E-1 
.399992E-1 
.599992E-1 4.599992E-1 

9.799991E-1 
4.999992E-1  

Y12 1N• (P. U. ) 

`3.431324E-1 
9.1S62647r,_-1 
53.:355 95 7E-1 
C, •rl/45 943'x.-1 
9.20593FE-1 
9,34C)1.34E-I 
`).4777 35 ,r- 1 
9.59.33>>5E-1 

9.794`)I')`-1 

?.95 491E-1 
1 .?03144` +0 
1 .,'?0`)713E+.r) 
1.015712E+0 
1.02 1190E+() 
1 .O2'1  13 E+ 1) 
1 .O374 1E+9 
1.034379:+n 
I.^30527E+9 
1.042003E+1 
1.045037E+I 
1. P4 7731E+() 
1 .05109971 +0 
1.052150E+0 
1 .1-)53999E+) 
1.05531PE+P 
1 .15435E+^ 
1.057239E+1) 
1.05771 RE+n 
1.057864E+0 
1 .)576iS 1 E+) 
1.057' )9E+1) 
1.050121E+'l 
I. '54725E+1) 
1 .0 52152E+r) 
1.05047gE+1! 
1.0475 13E+1) 
I .fl43387.E+0 
1 .?3949 8E+0 
I .934222E+0 
1.1)27997F+l) 
1 .920310E+0 
1.n111R4E+^ 
1. 1̂)0143E+() 
9.~3F6~99E-1 
9.70)329E-1 
9.491 SS3SE-1 
1.224365E-1 
,3, 725FrE'-! 

TC I~!(SEC. ) 

3.499Y SE-1 
3, 9999) r-I 
1 .°00000E-2 
1, 1) 	0r109E-2 
1.^')^Dr)0E-2 
1 flfr11)11n r-2 

1. 00000E-2 
1. ()0. )? 00 E-2 
1.P )0000E-2 
1. 001)0:)E-2 
1 .1)00000E-2 
1.'),7)'~`)OE-2 
I.000000E-2. 
1.!)^0001E-2 
I.000000E-2 
1.0'),?OE)OE-2 
I .000000E-2 
1.1)00000E-2 
I.000001E-2 
1.0001OOE-2 
I .100000E-2 
!.000000E-2 
I.0000UOE-2 
I .000000E-2 
I .00080 )E-2 
1.000000E-2 
I . f f 9000E-2 
I.000000E-2 
1.000000E-2 
1.00^n0f E2 
1 .00000 -2 
I.C99000E-2 
1•.1)00000E-2 
1.0000`)OE-2 
1 .000000E-2 
1.009000E-2 
I.000)000E-2 
1.000000E-2 
I .000000E-2 
1.000000E-2 
1 . f?10000E-2 
1. Cf10 900E-2 
1 ,00fl OO-2 
1.000000E-2 
I ,010000E-2 
! .000000E-2 
! .000000E-2 
1.000099, E-2 
1.000000E-2 
1. fl00000E-2 

---- ----•-- 	--.._----------------------------------_-------------- 
F=45.0(C.P.S.) 



.r 55- 

TAR1 E +-.,.37 	(Ti{R 	PHASE FAULT) 

1) ISTA !CT 
IN, (P, U.) 

1.99949~r-2 
3.99999811-2 

.000000,'!-2 
7.999997E-? 
q.999995E-? 
1.200000E-1 
1 .32999-1 
I.599999-1 
1 .7999 '- I 
I.999998E-1 
2.199999E-1 
2.39 999 SE- 1 
2.599997E-1 
2.799997E-1 
2 .99999 7E-1 
3.199497E-1 
3.399997E-I 
3.599997E-1 
3.7199977-1 
3.999994SF_-1 
4. 199996`-1 
39999T-1 

.59999611- 1 
4,799996E-1 
A.99999c5E-1 
5.19, 9995E-1 
5.3^99941:-1 
5.599994 E- 1 

.799994E-1 
5,999998 E- i 
6.1')999ME-1 
6.32^9')31"-1 
6,591))93E -I 
6.75999371-1 
6 . ~n~793fr-1 
7. 19993E-1 
7.395992E-1 
7.5.^-99921:-1 
7.7^9992E-1 
7, 	?-1 
.1999S31-1 

8..39999,5E-1 
8.599T92'!-1 
93.72  

 !9999.3-j 
4 3^^90211-7 
9,502E-1 
.7999IE-I 
.999'2C27-1  

Yi2 TN(P. U1. ) 

3.41701 ?5 7-? 
6.54 t433r-2., 
9.4251.367-2 
1.207349E-1 
t .45 1513-1 
1 .677256E-1 
I •`3RD ^6~4 r- ! 
2.079207':- I 
2.2582K2IF-1 
2.424242E-1 
2,579l257,-1 
2,720761E-1 
2.852906r..-1 
2 .97520611-1 
3.08,32.47- 1 
3.192497E-1 
3.28 3)37-1 
3.37318-1 
3.45 65 72 t:-1 
3.52941IE-1 
3.595041' -- 1 
3.65.3616E-1 
3.705249E-1 
3,749999E-1 
3..787879E-1 
3.1813h9E-1 
3.842322E- 1 
3.859i550E- I 
3.Y)124-1 )12411-1 
3.87096 E-1 
3.s7,Sr430E-1 
3.°50269-1 
3.32574.1F-1 
3.793517E-1 
3.7500031:-1 
3.68501711-1 
3.627454E-1 
3.'4598/E-1 
3.44358T1-1 
3.33333 ST-1 
3.1975801!-1  
3.0379839-1 
2.85038811-1 
2.294)31!-1 
2.3654341-1 
2.05818111-1 
1.68662111-1 
1.23713611-1  
6.863032E-2 
3.66759! -6  

TC TN(SEC.) 

7,99999611-2 
7. 	996 11-2 
7.999996:2 
7,991399611-2 
7.9Q`?99617-2 
7,99999611-2 
s.()99996 '-2 
R. 9Q9996E-2 
8.9999961-2 
8.999'96 E•2 
8.99999611-2 
8.909905 E-2 
9,999994 -2, 
9.999994 E-2 
9.999994rr2 
9.999994 E-2 
9.999994E-2 
9.999994E-2 
9.999994E-2 
2.999994E-2 
9.9999941:-2 
9,99999411-2 
9.999994E-2 
1.09999911-1 
1.099999E-I 
1.09999211-1  
I .099999F - I 
1.0999911-1 
1 .09999211-1 
1.09999911-I 
1.03999911-1 
1 .09999311-1 
I .09999911-1 
1 .0999991:-1 
1.0999^9E-1 
9.99999411-2 
9.999994 E'-2 
4 99999411-2 
9.`:99994E-2 
9. 99999411-2 E'-2 
9.949994E-2 
9.99999/411-2 
C) • "-)x,999411-2 
8.999611-2 
9.1, 99 )9611-2 
9.9 ,996E-2 
7.9,399`)6'~-2 
7.999996E-2 
7.99999611-2 
6.r29~97E-2 

.---..--- w-- -r  -fl p M'7, Wn r--..-----w.------- rwwr-wr -r-.ww-w 	 ------ 
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TARLE 	 (t.-G, FAULT) 

DISTAMCE 
11(P.U.) 

2,000000E-2 
4.000000E-2 
F.0O00nfE-2 
7.999997E-2 
9.99^994 FE-? 
1 .20000rE-1 
1.39999E-1 
1.59999T -1 
1.79999'E-1 
I.99999E-1 
2.199999E-1 
2.399^93E-1 
2.599997E-1 
2 .7997E-1 
2..999997E-1 
3.199997E-1 
3.399997E-1 
3.599997E-1 
3.799997E-1 
3.999996E-1 
4.199`)95E-1 
4.399996E-1 
4.599995r-1 
4,79999`E-1 
4,999995E-1 
5.199995E-1 
5.399994E-1 
5.599994E-1 
5, 79 9994E-l. 
5,999994E-1 
6.199994E-1 
.399,993E-1 

6.5999,93E-1 
(5.7999$3E-1 
X5.99993E-1 
7.199993E-1 
7.399992E-I 
7.599992E-1 
7.799992 E- l 
7.999992E-1 
R.199993F-1 
s3.39 )993E-1 
9.599992E-1 
0.799993E-1 
3.399992E-1 
9.1 9999.3E-1 
9.399992E-1 
9.599992E-1 
9.799991E-1 
9.999992E-1 

Y12 It!(n. rJ, ) 

`3.431324r-1 
3. S24 7!_ 
`3.855 95 7E-1. 
9.5943- I 
9.20593(,7"-1 
9.349134F-1 
`.4777F 5E-1 

.5C131n5r-1 
9. 9s?774E-1 
9.794010E-i 
9.~i7V1505E_-1 
9.95 941E-1 
1 .0 '314 AE+0 
I.009713E+0 
I .015712E+(' 
1.021190 r+0 
1 .0261 '3E+!) 
1.030741E+0 
I .0341379E+7 
1 .03927E+0 
I .oA2on9E+') 
I . ^45f37'+:' 
1.`)47731E+0 
I .159099E+0 
1.052150E+0 
I .^530(139E+n 
1.05531 3E+0 
I ,05435E+0 
1 . 0 5 72 3 ~3E+O 
1.057713E+0 
1.057s364E+0 
1 .O576~51 E+fl 
1 .057039E+') 
1.756121E+fl 
1.054726E+fl 
1 . )52 ,352 E+0 
1 .f?504 79E+0 
1 . ~4 7513 E+0 
1.043037E+n 
I .0394 `)R-E+^ 
1 .")34222E+n 
I.027P)97E+!1 
I.n2n310E+0 
1.01 1 1 X34 E+0 
I .00)~ 143E+0 
9, 3699E-1 
~ . 70032 0E- I 
9.491635E-1 
2.2235-1 
.7256T-1 ?.972556T -1 

TC I~I(SEC. ) 

2.999997E-1 
3.4 99T -1 
1.0(x)000 E-2 
1.0000' E-2 
1 . `)000 )E-2 
1  .000000E-2 
1.'0"If ")00E-2 
1 .00000E-2 
1.000000E-2 
1.000000E-2 
1 .000000E-2 
1.000000E-2' 
1.000000E-2 
1.000000E-2 
1, 0n0000E-2 
1.010('O0E-2 
1100!)r)nr)E-2 
1.090000E-2 
I.f)0Or)00E-2 
1.0 0000E-2 
1.000000E-2 
1.000000E-2 
1.000000E-2 
1.000000E-2 
1.000000E-2 
1.0(r)000E-2 
1.000000E-2 
1.000000E-2 
1.007000E-2 
1 .0000OOE-2 
1.!»0000E-2 
I ,C)O00')0E-2 
1 .000000E-2 
I .00f 0~TC)E-2 
I .I)00190E-2 
1.0000I)0E-2 
1.900000E-2 
I .0')J090E-2 
1, 0000 íY)E-2 
1 .r00000E-2 
1.000000E-2 
I rvy)Ory)F-2 
1.11)90OrE-2 
I.0:)0000E-2 
I.000000E-2 
1.090090E2  
1.900000E-2 
I .000000E-2 
1. 9000r)nE-2 
I .')n0 900E-2 

...-.-r.-_r -----r--------------- 	 - ------------------ 

F_6().O(CCP,S. ) 



-57- 

TA ?Lr 41-.19 	' (THRF'L PHASE FAULT) 

nISTAt10E 
IN(P.U.) 

I .999`)99E-2 
3.999998E-2 
6.000000E-2 
7.9O9?97E-2 
9. 99996E-2 
1.200000E-1 
I .399999E- I 
I .S 9` 999E-1 
1,7999'9E-1 
I .99999 S -1 
2.1999E-1 
2.39999 S-1 
2.599997E-1 
2.799)^7E-1 
2.999997E- 1 
3.1'97E-1 
3.399997E-1 
3.5 "99 7E_-1 
3.799997x- I 
3.999996E-1 
4.19996E-I 
A.399996E-I 
/! .599996E-1 
4.79 9996E_- I 
4.999 996E- 1 
5.199995E- I 
5.399994E-1 
5.599994E-1 
5.7999947-1 
5.9994E-1 
6. 1.)r 994E-1 
6.399903E- I 
6.594993E-I 
5.799993E-1 

7.199993E-1 
7.399992 :-I 
7.59$92E-1 
7.799992E-1 
7.x99992 -1 
53.199993E-1 
3.32993E- I 
8.59992E-1 
8.79e91)3IT-1 
t3. 9')")92E- 1 
x.19993E1 
9.3~~492'✓-1 
9.599972E-1 
9 .79 7991 E1 
.)9992E-1 

Y12 IN(P.l1. ) 

3.417016E-2 
S• 5/4B433E-2 
2.425136E-2 
1 .2O7349- 1 
1.45.1513E-1 
1 .677256E- 1 
1 .83 395 )64F_- 1 
2.0'77207r- I 
2.25 8262E- 1 
2,424242E-1 
2.578125E-1 
2.72076AE- 1 
2.552906E-1 
2.975206E-1 
3.08923AE- 1 
3.192487E-1 
3.288393E-1 
3.376318E- 1 
3.456572E- 1 
3.52941 IE- 1 
3.595041F-1 
3.6536167- 1 
3.705249E- 1 
3.7499`Y9E- 1 
3.797B7SE- 1 
3.81 884 2- I 
3.842822E-1 
3.859650E- 1 
3.869124E-1 
3.870969x-1 
3.86483O-1 
3.850269E- I 
3.82 6 74 1r -1 
3.793587F- 1 
3.750003E-I 
3.695017E- 1 
3.627454-1 
3.545834E-1 
3.44855'3E-1 
3.333338E-1 
3.1975802-I 
,3.037983E- 1 
2.8503 Tr%- I 
2.629493l? 1 
2.363434E-1 
2.05 x3181 E- 1 
1.686621E-I 
1.237136E-1 
6.863032E-2 
3.667959E-6  

TC IN( EC. ) 

). 99999't E-2 
1099

n 99Ti -1 . 	J J 'i r ,'l'!.-.. 
1.0999` ii - 1 
I.O99999! -1 
1.099999E- 1 
1.199999E-1 
I. 199999-1 
I.122999E-1 
1.1'9 )99E-1 
1.299998E-1 
1.299998-1 
1.299981+-1 
1.299998E-1 
1.299998-1 
I .2`99~98E-1 
1.399998E-1 
1.399998E-1 
1.399998E-1 
1.399998E-1 
1.3 999 SE-1 
1.399998E-1 
1.39999 BE-1 
1.499998E-1 
1.499998E-1 
1.4'99998E-1 
1.499998E-1 
1.499998E- I 
1.499998E-1 
1.499998E-1 
1.499998E-1 
1.'i 99998E-1 
I.A9999BE-I 
1•49999BE-I 
1.499998E-1 
1.499998E-1 
1.399998E-I 
1.399998E-1 
1.399998E-1 
1.399998E-1 
1.399998E-1 
1.399998E-1 
1.299995E-1 
1.299998E-I 
1.299998E-1 
1.199999E-1 
1.129499E-1 
1.199999E-1 
1.099999E-1 
1.099999E-1 
9. 99994E-2 

___«.---..------------------------------------------------------ 
PS -0.95 (P .1J. ) 



mm 

TABLE 4-?O , . (L-C FAULT) 

DISTAMCC 
I ,(P.11• ) 

2.000^,OE-2 
4.^000 fE-2 
c.('00000F-2 
7.Q`?9997r-2 
9.99)9E-2 
1 .2fl000 E-1 
1 .399')99E-1 
1 .599999E-1 
1 .7999^~E-1 
' 999 c~ n1, w 1 

2.199999E-1 
2.399999E-1 
2.5',999 7F-1 
2.799997E-1 
2.199997E-1 
3.199997'-1 
3.30999 7E-1 
3.599997E-1 
3.799997E-1 
3,999996E-1 
4.199995E-1 
4.3999S)kSE-1 
4.599995E-1 
4.799995E-1 
4.9^Q995,E-1 
5.199995E-1 
5.399994E-1 
5 .599994 :-1 
5.799994E-1 
5.999994E-1 
.199994E-1 
S.399)93-1 
5.599993E-1 
5.799993E-1 
6.999')93E-1 
7.199993E-1 
7.399992E-1 
7.599992E-1 
7.799092E-1 
7.999?92E-1 
9.199993E-1 
9.399993E-1 
~.59~?492r-1 
3.79993E-1 

9.19~'3E'-1 
9.39992E-1 
9.599992E-1 
1.799991E-1 
().9`)9992E-1  

Y12 P!(P.U.) 

3.431324E-1 
,8.662 47E-1 
:3.<55957E-1 
9 ,n ,5'431-1 
9.25936E-1 
9.349134E-1 
9.477785F_-1 
9.59335E-1 
9.69 `3774,E-1 
9.79401`)E-1 
9.2n0~ 15 E-1 
9.9594.91E-1 
I .903144E+0 
1.0.09713E+^ 
1 .115712E+() 
1.021190E+C, 
I . 92 c I 83SE+ ,1 
1 .130741E+1 
1 . `)34379E+0 
1.938627E+n 
1 .0420.ME+0 
1.045037E+0 
I .'47731 E+n 
I .^59)99E+, 
1.^52150(+fl 
1 053 3 9E+n 
1 .055318E+0 
I .055435E+() 
1 ..57238F+ 
1 .!)5771 9E+') 
1 .057.1?64F+fl 
1 .957661E'+fl 
1 . n5 7O 9E+n 
1.D56121F+fl 
1 .05 4725E+fl 
1 .052 952E+0 
1 . ' 5 ")4 79E+r) 
1 .047513 E+'! 
1 .'?435?7E+0 
1 .'39493F+0  
1 0' )3 4222E+n 
I .e)27s 97E+") 
1.02r)31O)E+'? 
1.011134E+0 
1 .1) 0 014 3 E+'? 
9.365699E-1 
• .7329E-1 
9.41536E-I 
9.224365E-1 
8.872566E-1 

TC IN(SEC. ) 

1 .O0"9, r~E-2 
1.09r1-)^:)E-2 
1 .9 fl09' ')E-2 
1.0,00000F-2 
1 .fl00')00E-2 
1 .00000 )F-2 
1.fl7 09(TI-2 

I.001) 00 OE-2 
1.0'))00°E-2 
1.000000E-2 
1 • 000000E-2 
1  
1 •'10 T)000E-2 
I.,,)o,00^F-2 
1 • 0000^7E-2 
1.01)1)0 OE-2 
1.000001E-2 
1.009000E-2 
1.0000(1O E-2 
1.0000O JE-2 
1.000.0 0E-2 
I .000000F-2 
1.'''~ 019E-2 
I.` r)0000F_2 
I .00 9700E-2 
1 .'000')11)E-2 
1.1)`)1Or)1)E-2 
1 .001) 00 OF_-2 

1 .010-).)0E-2 
1.000007E_2 
1 .0''0)0E-2 
1.0000,97E-2 
1.010000E-2 
1.0000~0E-2 
1.000000E-2 
1.000000E-2 
I .0000100E-2 
1.0^ ~000F-2 
I .'l 0 0 0,10E 2 
1.000000E-2 
1 .0?f000E-2 
I . ^90000F-2 
1 .O 0'fl0 0 F-2 
1.00)010E-2 
I.0~'0000E-2 
I.0`l0000F-2 
1 .001)000F_-2 
1.000000E-2 

•-wrr...~r..-- ~wAww -" 	~..~.n ..r r arrw---------------- 

P5 :n . 95 (° . U. ) 
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TABLE 4:21 	(THREE PHASE FAULT) 

DISTANCE 
TM(').0 

1.499999E-2 
3.9999981-2 
6.000000E-2 
7.99999711-2 
9.999996E-2 
1 .2.00000E-1 
1 .399999E-1 
1.599999E-1 
1.799994E-1 
1 .999948E-1 
2. 199999E-1 
2.39999311-I 
2.599997E-1 
2.79999 7E- l 
2.999997E-1 
3.199997E-1 
3.399997E-1 
3.599997E-1 
3.799' 97E-1 
3,999995E-1 
4.199'?^6E-1 
4.399996E-1 
4.599996E-1 
4.799996E-1 
4,999996E-1 
5.199995E-1 
5.39999411-1 
5.599994E-1 
5,799994E-1 
5,999994E-1 
6,199994E-1 
6.399993E-1 
5,599993E-1 
6.799993E-t 
6.999993E-1 
7.199993E-1 
7.399992E-1 
7.599`)92E-1 
7.799992E-1 
7.99592E-1 
8.199993E-I 
8.399993E-1 
8.599992E-1 
9.799993E-1 
8.999992E-1 
9,199993E-1 
9.399992E-1 
9.599992E-1 
9.799991E-1 
9..999992F-1 

Y12 I►!(P.1..l.) 

3.417016E'-2 
6.54843311-2 
9.425136E-2 
I .207349E'-1 
I.451613E-1 
I.677256E-1 
I .885)6411-i 
2.079207.E-1 
2.258262E-1 
2.424242E-1 
2.593125E-1 
2.720764E-1 
2.852906E-1 
2.975206E-1 
3.08823411-1 
3.192487E-1 
3.288'34311-1 
3.376318E-.1 
3.456572E-1 
3.52.9411E-1 
3.595041E-1 
3.653616E-1 
3.70524911-1 
3,749949E-1 
3.789378E-1 
3.81884911-1 
3.842822E-1 
3.859650E-I 
3.86912411-1 
3.870969-1 
3.86483011-1 
3.850269E-1 
3.825741E-1 
3.79358711-1 
3.750003E-1 
3.695017E-1 
3.627454E-1 
3.545884E-1 
3.44855811-1 
3.333338E-1 
3.1975 f30E-1 
3,037983E-1 
2.850388E-1 
2.629493E-1 
2,.368434E-1 
2.058181E-1 
1.686621E-1 
1.23713611-1 
6.563032E-2 
3.667959E-6 

TC IN(SEC,) 

1.199999E-1 
1.299998E-1 
1.29999811-1 
1.299998E-1 
1.399998E-1 
1.399998E-1 
1.399998E-1 
1.499998E-1 
1.499998E-1 
1.499998E-1 
1.499995E-1 
1.59999811-1 
1.59999811-1 
1.59999811-1  
1.5999c)8E-1 
1.599998E-1 
1.699998E-1 
1.699998E-1 
1.699998E-1 
1.699998E-1 
1.699998E-1 
1.699998E-1 
1.699998E-1 
1.79999811-1 
1.79999811_-1 
1.79999 3E-1 
1.799998E-1 
1.799998E-1 
1.799999E-I 
1.79999811-1 
1.799998E-1 
1.799993E-1 
1.79998E-1 
1.799998E-1 
1.79999811-1 
1.699998E-1 
1.69999811-1 
1.699998E-1 
1.6)999311-1 
1.69999811-i 
1.599998E-1 
1.59999811-1 
1.59999 OL. '-1 
I.499998E-1 
1.499998E-1 
1.499998E-1 
1.399998E-1 
1 .299998E-1 
1.299998E-1 
1.19999911-1 

..-... ----_e- _---------------_----_-7------------------------------ 

PS :0.90 (P . U. ) 
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TABLE ?+.2.2 	=(L-G FAULT) 

T) 1ST ANICE 
IN(P.u.) 

2.000000E-2 
4.000000E-2 
6.000000T -2 
7.999997E-2 
9 .99999 6E-2 
1 .2,00000E-1 
1 .399999E-1 
1.599994E-1 
1 .799999E-1 
1.999996E-1 
2.199999E-1 
2.3999988_-1 
2.599997E-1 
2.799997E-1 
2 .99999 7E-1 
3.199997E-1 
3.399997E-1 
3.599997E-1 
3.799997E-1 
3.999996E-1 
4.199996E-I 
4.399995E-1 
4 .599996E-1 
4.799996E-I 
.4.999996E-1 
5.1`)9995E-1 
5.399994E-1 
5.599994E-1 
5.799994E-1 
5.499994E-1 
6,199994E-1 
6.399993E-1 
6.599993E-1 
6.7999937 -1 
6.999993E-1 
7.199993E-1 
7.399992E-1 
7.599992E-1 
7.799992E-1 
7.999992 E-1 
8.199993E-1 
8.39991)37-1 
8.599992E-1 
8.799993E-1 
8.S99992E-1 
9.199993E-1 
9.3999927-1 
9 .599992.E-1 
9.799991E-1 
9.999992E-1 

Y12 IN(P.u.) 

8.431.324E-1 
8.662647E-1 
8.865957E-1 
9.045843-1 
9.2059367'-1 
9.319134E-1 
9.477785E-1 
9.5938051:-I 
9.6987741:-I 
9.794010E-1 
9.880605E-1 
9.959491E-1 
1.003144E+0 
1 .0097131:+0 
1.015712E+0 
1.021190E+0 
1 .02 61 887+0 
1.030741E+0 
1.034879E+0 
1 .0386278+0 
1.042008E+0 
1.045037E+0 
1.04 77318+0 
1 .05009.9E+0 
1.052150E+0 
1 .053,3898+0 
1.0553188+0 
I.056435E+0 
1.057238E+0 
1.0577188+0 
1.057864E+0 
1.0576618+0 
1.0570898+0 
1.056121E+0 
1.054726E+0 
1.052862E+0 
1.0504798+0 
1.0475138+0 
1.043887E+0 
1 .0394988+0 
1.034222.8+0 
1.0278978+0 
1.,020310E+0 
1.011184E+0 
1.0001437+0 
9.866699E-1 
9.7003288-1 
9.491636E-1 
9.2243651?-1 
8.8725661:- 1 

TC I°J(SEC. ) 

1 .0000007-2 
1 .0000008-2 
1.000000E-2 
1.000000E-2 
1 .000000E-2 
1.000000E-2 
1.000000E-2 
1.000000E-2 
1.000000E-2 
1.000000E-2 
1.0000008-2 
1.000000E-2 
I.000000E-2 
1.0000008-2 
1 .0000001E-2 
1.000000E-2 
1.000000E-2 
1.000000E-2 
1.000000E-2 
1.000000E-2 
1.000000E-2 
I.000000E-2 
1.000000E-2 
1.000000E-2 
1.000000E-2 
I.000000E-2 
1.0000008-2 
1.000000E-2 
1.000000E-2 
1.000000E-2 
1.0000008-2 
1.0000008_-2 
1.000000E-2 
1.000000E-2 
1.000000E-2 
1.000000E-2 
1.0000008-2 
1.000000E-2 
1.0000008-2 
1.000000E-2 
1.000000E-2 
1,000000E=2 
1.000000E-2 
1.0000008-2 
1.0000008-2 
1.000000E-2 
1.000000E-2 
1.0000008-2 
1 .0000007-2 
1.000000E-2 

----- ___.------_-------------------------------_-------------------- 
PS_9.90(P.[J. ) 
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TABLE Lf --')3- .... 1.- (THREE PHASE FAULT) 
---------------------  --- -------------- 

OI TA 	- Y12 I~!(".U.) 	TC IN(SEC.) 

c 

1.` (:9E-2 
3 99')(y y. )E 2 

6 ,V000OOTM-2 

7,99^.997)-2 
Q 

1.200000E-1 
1 .397999E-1 
1.599999E-1 
1.799999E-1 
1 .999998E-1. 
2.199999E-1 
2.399998E-1 
2.599997E-1 
2.799997E- I 
2.999997E-1 
3,199997E-1 
3.399997E-1 
3.599997E-1 
3 .79999 7E-1 
3.999996E-1 
4.199995E-1 
4.39999SSE-1 
4.599996E-1 
4.799996E-1 
4.999996E-1 
5.195E-1 
5.394994E-I 
5.59 9904E-1 
5.799994E-1 
5.994994E-1 
c.199994E-1 
S,399993E-1 
6.599993E-1 
5.759993E-1 
S.Q99993E-1 
7.199953E-1 
7.399992E-1 
7.599992.E-1 
7.799492E-1 
7.999992E- I 
8.199993E-1 
3.399993E-1 
.599992E-1 
8.794993E-1 
8.999992.E-1 
9.199993E-1 
9.399992E-1 
9.599992E- I 
9,799991E-1 
4.999992E-1  

3 .5 70` 23?'-2 
5.2941?OE-2 
.`13308E-2 

I.114834E-I 
1.33 IS781.3316797-t 
1.533335E-l• 
1.72 1290E- 1 
1.896558E-1 
2.060220E- 1 
2.213183E-1 
2.35625 IE-1 
2.490140E-1 
26615481E-1 
2 .732539E-1 
2.842714E-1 
2.945556E-1 
3.041761E-1 
3.131683E-1 
3.215636E-1 
3.293896E-1 
3.365709E-1 
3.434428gE-1 
3.495814E-1 
3,554449F.-1 
3.607320E-1 
3.655537E-1 
3.S)1 132E-1 
3.738312E-1 
3.772963E-1 
3.303146E-1 
3.828846E-1 
3.850023E-1 
3. ?6661 1 E-1 
3.8785 12E-1 
3.335597E-1 
3.887702E-1 
3.884625E-1 
3.375123E-1 
3.3618 ^5 E-1 
3.8415S9E-I 
3.814786E-1 
3.7 R091? 1 E-1 
3,739514E-1 
3.689960E-1 
3. ,531203E-1 
3.562357E-1 
3..432242E-1 
3.389443E-1 
3.282242E-1 
3.1563546E-1 

9 909096E-3 
, ~g99Q6E-3 

'Y YJ f!96 E-3 

9.999996E-3 
9.900995 -3 
c)~9~999Sr-3 
9.999996E-3 
9.999996 E-3 
9,999996E-3 
9.99 9996 E-3 
9.999996 E-3 
9.999996E-3 
9,999996 E-3 
9.999996 E-3 
9.99996E-3 
9,999996E-3 
9.999996 E-3 
9.999996E-3 
9.999996E-3 
9,999996E-3 
9.999996E-3 
D. 999996E-3 
9.999996E-3 
9.999996E-3 
9,999996E-3 
9.999996E-3 
9.9999965E-3 
9.999096E-3 
9.9999 96E-3 
9.999996E-3 
9.999996E--3 
9.999995E-3 
9.999996E-3 
9.999996E-3 
9,999995E-3 
9.999996E-3 
9.999996E-3 
9.999996E-3 
9.999996E-3 
9.999996E-3 
9.999996E-3 
9.999996E-3 
9.999996E-3 
9.999996E-3 
9,999996E-3 
9.999996E-3 
C).999996E-3 
9.999996E-3 
9.999995E-3 
9.999996E-3 

----------------------------------------------_- ................... 
LINE RF_ACTANCE_0.6(P.U.) 
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TABLE :.21- .- . (L-G FAULT) 

DISTANCE 
IN(P. U.) 
2.000000E-2 
4.000000E-2 
6.000000E-2 
7.999997E-2 
9.999996E-2 
1 .200000E-1 
1.399999E-1 
1.599999E-1 
1.799999E-1 
1,999998E-1 
2,.199999E-1 
2.399998E-1 
2.599997E-1 
2 .799997E-1 
2.999997E- I 
3.199997E-1 
3.399997E-1 
3.599997E-1 
3.799997E-1 
3.999996E-1 
4. 199996E-1 
4.399996E-1 
4.599996E-1 
4,799996E-1 
4.999996E-1 
5.199995E-1 
5,399994E-1 
5.599994E-1 
5.799994E-1 
5.999994E-1 
6.199994E-1 
6,399993E-1 
6.599993E-1 
6.799993E-1 
6.9^9993E-1 
7.199993E-1 
7.399992E-1 
7.599992E-1 
7.799992E-1 
7.999992E-1 
8.199993E-1 
8.399993E-1 
8.599992E-1 
8.799993E-1 
8.999992E-1 
4.199993E-1 
9.399992E-1 
4.59.9992E-1 
4.799991E-1 
9.999$92E-1 

Y12 I1(P.U.) 

7.885242E-1 
8.129909 E- 1 
8.341829E-1 
8.526966T - 1 
8.6898.99E-1 
8.834213E-1 
8.962747E-1 
9.077775 E-1 
9.181142.E-1 
9.274360E- I 
9.358675E-1 
9.435123E-1 
9.504573E-1 
9.567750E- 1 
9.6252 S30E-1 
9.677679E-1 
9.725395E-1 
9.768802'- 1 
9.80821 SE-I  
9.843921E-1 
9.876135E-1 
9.905044E-1 
9.9308f)7E-1 
9,953539E-1 
9,973339E-1 
`?.9.90255E_-1 
1.000433E+0 
1.001555E+0 
1.002391E+0 
1.002.932E+0 
1.003171E+0 
1.003092E+0 
1.002676E+o 
1.001900E+() 
I .00733E+0 
9.941361E-1 
9.970540E-1 
9.944402E- I 
9.912016E-1 
9.372423E-1 
9.824344E-1 
9.766094E-1 
9.695449E- 1 
9.60`)411E-1 
9.503329E-1 
9.3723L6E-1 
9.20 1867E-1 
8.995800E- 1 
8.715702E-1 
8.33 1821 E- 1  

TC IN(SEC.) 

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 
1.2 00000E-2 
1.200000E-2 
1.2 00000E-2 
1.200000E-2 
1.2 00000E-2 
I.200000 E-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 
I.200000E-2 
1.200000E-2 
I .200000E-2 
1.200000E-2 
1.200000E-2 
1.200000E-2 
1.200000E-2 
1.200000E-2 
I ,200000E-2 
1.200000E-2 
1.2rX')OOE-2 
1.200000E-2 
1.200000E-2 
1.200000E-2 
1.20C~X0E-2 
1,2)0000E-2 
1.207000E-2 
1.200000E-2 
1.200003E-2 
1.2000 00E-2 
1.2000`)'?E-2 

---------......---------------------._--------------------------------- 
LINE REACTANCE-0.60(P.tr,) 



TABU 4-.?5 (THREE PHA131F F'LT) 
6 

DISTANCE 
IN(P•U.) 

1.999999E-2 
3.9999988-2 
6,000000E-2 
7.9999978-2 
9,99.996E-2 
1 .200000E-1 
1.399999E-1 
1.599999E-1 
1,79999E-1 
1 .9999988-1 
2.199999E-1 
2 .3999988-1 
2.599997E-1 
2.7999976-! 
2.999997E-1 
3.199997E-1 
3.399997E-1 
3.59999 7E-1 
3.799997E-1 
3.9999968-! 
4..199996E-1 
4.399996E-1 
4 .599996E-1 
4 .799996E-1 
4.999996E-1 
5.199995E-1 
5.399994E-1 
5.599994E-I 
5.799994E-1 
5.999994E-1 
6.199994E-1 
6.399993E-1 
6.599993E-1 
6.790993E-1 
5.991)9938-1 
7.199993E-1 
7.3999928-1 
7.5 99992E-1 
7.799992E-1 
7,999992E-1 
8.199993E-1 
8.399993E-1 
8.59S992E1 
8.799993E-1 
8.999992E-
9.1'?9993E-1 
9.399992E-1 
0.599992E-1 
9.799991E-1 
9.999992E-1 

Y12 IN(P.U.) 

2.689722E-2 
5.21 1728E-2 
7.5775886-2 
9.797655E-2 
1.18:31188-1 
1.38.36476-1 
1.567096E-1 
1.73g130E-1 
1.900347E-1 
2.0512818-1 
2.192410E-1 
2.324158E-1 
2.446902E-1 
2.560974E-1 
2.666665E-1 
2.764226E-1 
2.853n71E-1 
2.935778E-1 
3.010092E-1 
3.0769226-1 
3 .136345 6-1 
3.188404E-1 
3.233111E-1 
3.270439E-1 
3.3003288-1 
3.32.2683E-I 
3.337364E-1 
3.344192E-1 
3.342940E-1 
3.333334E-1 
3.315042E-1 
3.2 87672 E- I 
3.250762E-1 
3.203771E-1 
3.14(0706-1 
3.0769278-1 
2.9954898-1 
2.900768E-1 
2.791611E-1 
2.6666738-1 
2.524378E-1 
2.362877E- I 
2.179984E-1 
1,973104E-1 
I ,7391426-1  
1.4743718-1 
1 .1742306-1 
8,333503E-2 
4.4476656-2 
2.270647E-6 

TC IN(SEC.) 

1.599998E-1 
1.5999988-1  
1.599998E-1 
1.69999SE-1 
I.69999.SE-1 
1.699998E-1 
I.6!?9998E-1 
1.799998E-1 
1.799998E-1 
1.7999988-1 
1.799998E-1 
1.799998E-1 
1.8999988-1 
1.53999988-1 
1.899598E-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 
1.999998E-1 
1.999998E-I 
1.999998E-1 
1.999998E-1 
1.999998E-1 
1.999998E-I 
1.999998E-1 
1.999998E-1 
1.9999988-1  
1.999998E-1 
1.99999.8E-1 
1 .99999%38-1 
1.999998E-1 
1.899998E-I 
1.849998E-1 
1 .8999986-1 
1.899998E-1 
1.899998E-1 
1.7999986-I 
1.799998E-1 
1.79999.E-1 
1.799998E-1 
1.699998E-1 
1.6999.98E-1 
1.5,9998E-I 
1.5999986-1 
1.5999986-1 

----------------------------------------_-------- --------------------- 
LINE REACTANCE-0,25 CP-.U. ) 
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OF THE FAULT FROM SENDING END 



-65— 

Table 4.2'x% 
Probability distribution function of transfer admittance 

(For symmetrical fault) 

Transfer Admittance Probability 
Y1 2 -  {P.u.) -(Y > y12) 	 _. 

0.1 0.9837 

0.15 0.9699 
0.20 0.9520 

o.25 0.9045 

	

0.30 	 0.8148 

	

0.35 	 0.6271 

	

0.36 	 0.5558 

	

o.37 	 0.4967 

	

0.38 	 0.2922 

	

o.385 	 0.1694 



1.0 

0.8 

o.6 
Prob. (Y > y12) 1 	0.4 

_ 	0.2 

01 0 
0.0 0-2v-'+ 0. 6 0. 8 1.0 

-+ 
Y12 (P. U) 

Fig.1+.10 PROBABILITY DISTRIBUTION FUNCTION OF TRANSFER 
AIMITTANCE 

1.0 1 
0.8 

0.0 
0.0 0.1 0.2,0.3 0,).i- 0.50.6 

-+ DISTANCE (P. U) 

Figo4. i 1 EFFECT OF THREE PHASE FAULT ON THE PROBABILITY 
OF STABILITY 

o.6 
Prob.  ( Stability) 1' 

0.2 
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Table 4.28 

Effect of fault location on probability of 
stability 

(For symmetrical fault) 

D.i.stance (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 0.971.5 
0.53 0.9765 

	

0.55 	 0.9789 

	

0.56 	 0.9799 

	

o.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 
0.4 0.9899 0 .9975 0 .9981 0.9988 
0.5 0.7988 0.9972 0.9979 0.9985 
0.6 0.41211 0.9969 0.9962 0.9983 
0.7 0.0135.5 0.8721 0.9953 0.9982 
0.8 0.00129 0.7995 0 .9944 0.9980 
0.9 0 0.3998 0.8398 0.9879 
1.0 0 0.0178 0.0035 0.9775 

Table 4.3O 
Fault clearing time (Symmetrical fault) 

Power (Ps) robability of stability when fault clearing tim3 
in (P.U.) 	3 cycles 	5 cycles 	10 cycles 

0.6 0 .9990 0.9989 0.8d97 
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  



1.0 
.: 

0.6 
Prob.(atabi.)t4  

0.2 
0.0, 

0.3 0.4x.5 o.60.7 0.8 0.9 1.0 
-fr POWER,Ps(P.U) 

Fig.4.12 EFFECT OF THE TYPES OF FAULT 

10 

0 .8 
0.6 

Prob. (..tability)I. 
0. 

O.2 
0.0 

0.6 	0.8 	0.9 	1.0 
-+ POWER,Ps(P.U) 

Fig.4,13 r.FFECT OF FAULT 	CLEARING TIME 
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Table 4.31, 

Effect of Machine Inertia on Prob. (Stability) 

Power (Ps) L Probability of. stability 

H=1.5(P.U) 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 0.7814 0.9982 0.9989 
0.9 0.0138 0.8957 0.9987 

9.5 0.0 0.0127 0.85+3 
1.0 0.0 0.0 0.0 

Table 4.32 

Addition of parallel transmission lines 

Power (Ps) 	Probability of stability in (P.U.) 	~. P.0 X=.25  

0.6 0.9988 0.9998 

0.7 0.9985 0.9997 
0.8 0.9982 0.9995 
0.9 0.8957 0.9989 
1.0 0.0 0.9987 



0.2 
0.0 

0.6 0.7  0.8  0.9 

0.6 
Prob. (Stabi .) 1 

1 .0 

1.0 

1 b 0-. 

R 

0.6 
Prob. (St.,bility)7 

0.4 

0.,2 

0.8 0.9 1.0 
0.0 

0.7 

4 POWERS Ps (P. U) 

Fig. +.11+ EFFECT OF MACHINE INERTIA CONSTANT 
ON PROBABILITY OF STABILITY 

-} POWER,Ps(P.U) 

Fig.4.15 F.,FFEUT OF NJ'MBER OF PARALLEL TRANSMISSION Li1'EC 
ON PROBA~ 3ILITY OF STABILITY 
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4.4 Comments on Results: 

Following are the comments on the various Results 

obtained for system examples: 

4.4.1 Comments on results for system example 1 s 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 Fig.4.6. The fault which draws the highest current 

is asymmetrical fault. Fault calculations are carried out by 

[6) using :-.asymmetrical fault calculations method. With the 

unbalance case and sequence component for the syetem are shown 

in Fig.4.6. Even with the assesment due to the spreading of 

failt current, the unbalancing imposes a severe 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 non-proportionality in the sequence impedance. values. 

If both the sections had the same ratio of sequence irrpedan3es, 

there would be no current in healthy phase of the system. it 

is perhaps, some what unexpected that the current in each phase, 

for the phase to phase fault should be less than for the line 

to ground fault. The absence of the zero sequemce 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 calculations 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 the different capacity of the 

devices to be made, which also furnishes a warning for the 

application of unsuitable equipments for the power system. 

4.4.2 	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 analysis with the effect of different 

variables is as follows. The probability distribution with 

the transfer admittance (Y12) is given in table 4.26 and 

curve is shown in Fig.1+.8 for the three phase fault. The 

probability tY > y1 2) decreases unity to zero when transfer 

admittance (Y12) Increases from zero to its maximum value. 
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In similar way the characteristics are obtained for asymmetrical 

faults. The probability 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 cle ar -.ng  

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 zero 

to 1.0 (P.U) value of line length. The table 4 shows the 

results for given system data and for the Ps = 1.0 P.1T. The 

curve is shown in Fig.4.11. That probability of stability 

increases with increase in distance from the generator location. 

?Wan the value of Ps is decreased the value of probability 

increases and reaches to  unity. 

The result obtained for different types of faul,, in 

terms of probability of stability for the different values o±' 

Ps. The results are given in Table 4.29, it is clear that 

probability. of stability is very -much dependent on the fault 

type the severity 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 is assumed that clearing 

time is to be normally distributed with mean. value 5 cycles 

(based on 50 Hz) and with a 10 V. standard deviation of the 

mean value. The different curves of Fig.-f.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 also affect the probability of 

stability. The results with effects of such random variables 

are given in table 4.30. The curves are given in fig.4.13 
clarified the effect as the fault clearing time varies from 

3 cycles to 10 cycles. The probability of stability varies 
from unity to zero with increasing of Ps value. As the cle--I: inr 
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 root 

of machine inertia constant. The results with variation of 

this .variable H are given in table?+.31' . The curve 4.14 is 
(_•awn for probability of stability verses Ps. The probability 

of stability increases with increased H. This improvement is 

the marginal one with the higher values of Ps and H. Improve-

ment of machine inertia constant is the best for improvement 

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 

t 
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line in parallel,.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 

u,;oful 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 phase fault and severity of fault is also stringent 

near the slack bus i.e. severity also inczcases when fault 

location is 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 

fault calculations for the different types of fault and their 

location. This analysis is more or less helpful for the 

explanation 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 approach may be 

used to obtain the critical areas for the transient stability 

either as probability of stability or, as probability of 

instability. 

The most critically analysed results of probability of 

stability in the form of Index with some certain levels can be 

used to examine the results for both the types of fault e.g. 

symmetrical type fault as well as asymmetrical types of fault. 
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These results obtained 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-

nistic 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. 

Further this approach can be extended for the compli-

cated systems and from the practical data available for a 

lo.ig 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 stability. With the reliable data or statistics 

for the fault clearing devices e.g. protective schemes inclu-

ding circuit breakers, relay and back up protection etc.., 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 engineers: 

(1) In 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 developed 

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,. 

Roorkee,aistribution Centre. The parameters of the study 

system components are: 

(a) Generator: 

• Voltage behind the transient reactance = 1.20 P.U. 

Inertia constant (K-W-Sec/KVA) H 	= 3.0  
Rated current transient reactance, Xd1  = 0..3 P.U• 

Negative Sequence Reactance X2 	= 0.25 P.U. 

Zero Sequence Reactance X0 	- 0.05 P.U. 

Positive Sequence Reactance = Negative Sequence 

= Zero Sequence Reactance 

X1 = X2 = X
O = 0.1 P . U. 

(c) Transmission lines 

Positive Sequence Reactance = Negative Sequence Reactance 

= 0.5 P.U. 
Zero Sequence Reactance 	= 1.0 P.U. 

Voltage at the infinite bus = 1.0 P.U. 

The single line diagram of this system is given in 

Fig.4.7. 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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4 

system Generating Capacity = 93 M.W' 

66 KV Double Circuit Line. 

Length of Line 
 = 20 Kms. 

(From powerstation to Ram Nagar (Roorkee distribution 

Centre). 

OCBI Number 63. 

OCB2 Number 64. 

Table -I(1) 

Fault Data For (1976-1979) Years 

S.No. Type I Zone II Zone III.Zone Total No. Frequency. 
of Circuit Circuit Circuit of . 4̀'? fault z II i II I  Jii Fault ~ 7  

,) 

1 L-L-L 0 	0 t 1 0 	0.  2 0.25 
2 L.-L- G 0 	0 1 1 2 	0 4 0.50 
3 L-L 1 	1 2 2 4 	0 10 1.25 

4 	L.- E 	3 	8 	6 	3 	8 •2 	30 	3.50 

Table - 1(2) I 
Incidence of different types of fault;: 

S. No. 	Type of fault 	'/. of fault 	Probability 

1  L-L-L  6.25  0.04667 

2  L-L-G  17.50  0.13069 

3  L-L  16.40  0.12248 

tf 	L-G. 	 93.75 	0.70015 

Sim of all the probability values = 0.9999. 
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APPENDIX—Il (B) 

COMP[1TFR PRCCRAM FOR TRAMSIFMT STABILITY STUDY. 
_  _-_----------------------------------------- 

COMMONx~pXI,XTRp ;C,~ I,X`1C,?SRS',XC~?,ACpi1~'pP;,XI TV,nINTV 
,XIrJTR,X02,XT2,XT3C2,XR~l2, XCM2,XGO,XIO,Y~3CO,xBMo,XCMfl 

C 	N_1,2,3 .ASYM FAULT 
C 	*,1_4-THREE PHASE FAULT 
C 	P PSH ,̂.Rr A/PSF_/E!In/i 430/TC.CALC UJL. /CnMPUT2R P3?OG. OR START. CAL 

AN_l.0 
?0 N=0 
!a N=N+I 

OPEN(UJNYT:2, DF_VICE='DSK',FILE='GTAB_I.DAT' ) 
°5 REAnQ922 r? Xr,, j,Y 1 R, F G9FIpKPC,XR4ptXCM9Arip~F'F ,PS0XI)TV,nl 'dTV 9 

A XINTR,xr2,XI?,;!RC2.,?(R~)2pxCN2,xOr~,XIO,Y>~CO,;'ANO,XCNt1 
READ(2,223),V,M 

2~ 3 FORMAT(2I5) 
222 FOR !AT(7FI0.6) 

12, 12 	 . 
11 	DO60 IT:1,V 

CALL ASYCAL 
GO To 13 

12 DO 60 JT-1,K 
CALL SY1CAL 

13 PM=(EG*F,I)/I 
R=RI 

RPMD(Er,*-r)/):(fl "1-3.14154 
R=(CEG*FI)/XA1?>/PM 

30 S_((EG*FT)/X2)/P"I 
DEL~,~xAN PS/SPRTCP~ PN-PS*PS)) 

DEL M AT AM (PS/S n}?TCSsPMS*Pr.1-P>S*PS>f 
DELmz311415 q• nr~ LM 
DI SI: DIST+0,02 
RELO -DFLO 
RELM,DF,L ► 
Y =R*C05( OFLO ) 
Z:S*CfSfREI_M) 
"~ =S•R 
C:X-Y+Z 
P '_R*PM*SIM(DFLO 
DELC:4TAN(.Q}?T (ts*F -C*C )/C) 
T:3.14159 
OELO1 DFL0>1g0.0/T 
DEQ MI1,fl Lc I 0.0/T 
DFLCfl _ nELC* 1 30.0/T 

TI'r!Fr-o .0 
PEN:! .0 
PAN_0,0 S T T, .0 



°"M-0.0 
DLNM=DEL0*1 Q0.0/"I 
TIM! -0,0 

132 P` P=R*P! SIN(D L0) 
PAP_PS. P 
n?'.P=DFL0* 1 X30.0/PI 
SHIU_0.0 
GOFt I =0.0 
TIME2 :0.0 
AM_A0*A ~t/(1$30,0x:Ar) 
OT_0.01 
AKO=nT*0T/AM 
PE_l Pr I(OFL0) 
PA1:PS-PT 
ryAV-nA1*0.5 
AKI=AK ()*PAvv 
DLTN1:0,0+QK1 
PFHM_0,0 
D 'LN!V=fFL 0* 190.0/^I-  
DLI :0,01 
AY, _nLT*(7LT/AM 
!'F_R*Ptv S1N(I)EL0) 
PAS_PS-nE 

A) 5: AKS*PAV1 
DLTNS:0,0+tK5 

29 	DC) 50 .1=1,M 
TIME?=TIS 7+0,01 
: 	 nLn+n!ci*PI/iso.0 
DL "1 _nLM*10,0/p! 
PE6~R*Pm-'qi (DLJ) 

K6:4KC)*PA6 
DL N2 _ AK l+A M 6 
DEL0 =nLra 
AK! =nLg12 
IF(DLN1—fELr)2n 9 3o 9 39 

50 CONTTNIP 
39 PRINT151 9 nIcT y v12 9 TIME7 
15? FORMAT(3F10,6) 

` t C _?(R M+XC N 
NRN.XRC—XCN 
`,CR N =XR n1+?(I "3 T !? 
XC N _XRC-X0 i 
XPN'2:XRN2+XINTP 
XC N2 : XRC2— XR 2 
'TC2:XRW!+XCN9- 
AXTR_2.0*YTNTR 
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XPN0 :XP r)-3-? XTP 
XC yah =)(AC 0-XR r.1n 
XRCn :XP Nn+XC n 

CO C0N'TIM1JE 
IF(N-5)41,77,77, 

1 is 	all T( o 9 
77 	IFCa~t-l2) 793, 7Q, 71) 

GO Tr gn 
79 STOP 

EN fl 

SURROIJTINF ASYCA1., 
C 

	

	nStfaRM JPSF/ ;r'C1! `~ `3tJ/^~,YF!1tllTC Al/fir?!^~~ 71mG. Fo'n STB I .0 l . 
CI Mort XG,XI,XTn,EG, 9 X►lc,`CRS•1,XCJ, ,AG,^,,^S,XIMTU,DIMTV 

,XINTR,XR2,XI2,YRC2,XR~!2,XC.,t~l2,XGO,XTC,XRC0,XB O,XCmo 
10 X1=XG+XI+XCTR/2,0 

2 XC+X T+XTP 
TIME7=0.0 
INgT=O.0 
A :XBC+?(R t1+XC M 
XRO=(XRC*X99! V.1 
XCn,(XCt!*XRC )/•A 
X!dn:(XRK!*XCA!)/:A 
XAn_(XG+xFm) . 
XDns(XCn+X(T,) 
A2 =XRC2+XRri2+XCN2 
XN)2 = (XRC2*XRN2) /^2 
XC n2= (XCKJ2*XRC2 ) /A2 
X ane= (YRN2*XCN12) /A? 
X ant = (X(2+XR n2 ) 
XrDn2=(XCO2+XIa) 
XPGI=(X402*XCC2)/(X1n2+YRn2) 
X2 F X C2+X"C I 
yXR0n+x.Mtn+XCI o 
XF3n0=(xRcn*XnNio )/AO 
XCf0:(XCn1n*XRr,n)/ o 
XN'()0 (YRNO*XCNO)/gin 
XAnr:(XGn+XROO) 
XDOO:(XCnn+XI0) 
X0f I = (XAOO*XnnO )/ (X1~r?o+)Cfl0n ) 
XOFsX~►nn+XOO I 
GO TG(517,521,585), r' 

517 XLG=X2F+XC'+' 
xNnF=XNn+Xt.G 
GO To 501 

'1 XLLz'F 
XNOF=XNn+XLI. 
GO Tn 601 

5R5 XLLG_(XPF*Xn'~)/(Y2F+XCF') 
X10F =X'Jn+XLLG 
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01 XA ((Xan*X"NOF)+(X *Xnn)+(Xnn*XNnP))/'< OF 
Y1?-1..0/X4n 
PRI Yecti,X"n,Y12,flI T 

6fiF FnRM1T(3F10.6) 
PETUT? 
ENO 

St33ROtlTINT SYMCAL 
C 	RPSHARM4/PSE/E'i)/19 30/cYPf1 FAlJLTC!:L/C MP* PROC.FOR ~:T!^RI.CAL. 

COMMc XG,xj,XTV?,FC,FI,X C Q XR~3,XC , ~G,~F,"S,XINTV,DINTV 
6,XINTR,XC,X2,XRC2,?f ?, xGht?9Xt;0oXt0~XRl'h,X0,"f Rlp 

IC x%1 _Xr+XI+XTR/2 .0 
'2=X( +XI+XTR 
TI ^"E7-0.0 
OI. T z0.0 

=XT3C4.XRP4+X('^} 
XROz(XRCkX(n!~t)/A 
YCO_CXr,M*X'lC)/a 
X^n-(XG+XRn) 
XD( (XCt+XI) 

0 IAn_<(XA(*XN0)+(x xnn)+tin 	 n►>/X!~f) 
Y12=1 .( /X!~n 
DIST_t)t$T+fI9TV 
"RIlT666o X fl, Y.12, nTS,T 

6ç6 FOrMAT0F10.6) 
RFTUT,lN 
EN n 

C 	 n1.0YTIn!C Ry C0*1"'JTr:R 

PEA!) 101,1)IST,Y12 
101 FnR 1ATI?Fl0.6) 

PEAP 1O2,OaI !TV,YnTV,nR,^,K 
102 FOPMAT (4Fs 0.6) 

PEAT) I05, 
105 FORMAT(15) 
10 DO 515 I 1, i1IST 

PRINT 501 
915 CrITI NIJF 

IY12=Y12-YT TV 
525 IFC TY12-AR19,315,315 
315 fO 517 1 =1, IY12 

PRINT 5O5 
517 CONNTTrflJE 
519 PRINT 707 

n 
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READ )IT1,Yi21 
Y121:Y12.1*AK 
IFCDISTrr)IST1) 60, 65, 6O 

co IDI STm1)ISTI-HIST+r)IJJTV 
DTT=DIST1 
Yi27Y121 
GO TO 10 

F5 IY12 =Y121 •Y12•YDNTV 
?)IST=DIIT1 
Y12=Y121 

501 FORMAT(/) 
505 FORMAT(1H/) 
707 FOPN14T(1H*) 

N_N+1 
IF(ra-M)3,5,5 

3 10 To 525 
5 STOP 

E1 fl 
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