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In th early years of Electrical Engineering 

power systems were designed according to the requirements 

of regular sustained operation. However, experience showed 

that with switching processes in the circuits and under 

similar intentional or accidental conditions peculiar phenomeni 

appeared which could greatly disturb the regular operation 

of the system., 

In this work, the unintentional transient phenomena 

which consists of ground faults, short circuits and break of 

conductors have been studied. Such accidents nearly always 

head to severe disturbances throughout the electric system 

giving rise to high excess currents or voltages and sometimes 

currents of different frequency or entirely distorted wave 

shape. 

When considering in substance the various transient 

p:aenomena the mathematical methods must be applied: in the 

present investigation an attempt has been made to use the 

simplest possible mathematical tools compatible With the 

individual problem essentially with the elements of differen-

tial and integral equations with the sequence networks. 
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In th* early years of Electrical Engineering 

power systems were designed according to the requirements 

of regular sustained operation. However, experience showed 

that with switching processes in the circuits and under 

similar intentional or accidental conditions peculiar phenomeni 

appeared which could greatly disturb the regular operation 

of the system. 

In this work, the unintentional transient phenomena 

which consists of ground faults, short circuits and break of 

conductors have been studied. Such accidents nearly always 

Lead to severe disturbances throughout the electric system 

giving rise to high excess currents or voltages and sometimes 

currents of different frequency or entirely distorted wave 

shape. 

When considering in substance the various transient 

paenomena the mathematical methods must be applied; In the 

present investigation an attempt has been made to use the 

simplest possible mathematical tools compatible with the 

individual problem essentially with the, elements of differen-

tial and integral equations with the sequence networks. 
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UC 'ION 

The power system can be considered as made up of,  linear 

impedance elements of resistance, inductance and capacitance. The 

circuit is normally energized andcarrying load until a fault 

suddenly occurs. The fault then corresponds to the closing of 

a switch (or switches, depending upon the type of fault) in the 

electrical circuit. The closing of this switch changes the 

circuit so that a new distribution of currents and voltages 
is brought about. This redistribution is accompanied in general 

by a transient period during which the resultant currents and 
voltages may momentarily be relatively high. 

.There are two components of voltages In such linear 

circuits due to the occurrence of a .system fault. 

i) Fundamental frequency voltages and ii) Natural 

frequency voltages usually of short duration which are superim" 
posed upon the fundamental frequency voltages. There is a third 

component also known as harmonic voltages resulting from unbalan-

ced currents flowing in rotating machine in which the reactances 

in the direct and quadrature axes are unequal. 

Natural frequency voltages appear immediately after the 

sudden occurrence of: a fault. They simply add to the fundamental 

frequency voltages. Since resultant voltages are of greater 

interest from a practical point of view it will be preferable 

to speak of the fundamental frequency and natural frequency 

components simply as a transient voltages, the transient voltage 

are affected by the number of connections and arrangements of the 
circuits. 

a 1___ A-- _ _ —As A.__ --A -- . 	a% ..h-1  



ii) Compound transients. While doing analysis it is assumed in t, 

former case that the fault current preceding interruption contain,  

ed only a fundamental frequency term. In other words the circuit 
was not in a transient state beef're the switch was opened. There 

are - times when this is not the case e.g. when an expulsion prote-c 

tube operates. 
As higher speed switching has been developed, the transi- 

ent fault current has been of increasing importance to the design 

ers and users of circuit breakers. Consequently, in general the 

transient accompanying the occurrence of the fault is of importan 

since it may not have disappeared when the second transient due t 
e'r 

the circutt intxuption of the fault current, begins. Therefore'  

it is of interest to inquire with regard to the effects of such 

compound transients. 
For systems that have no water wheel generator in them 

or more specifically, that have no water wheel generators with-

out adequate amortisseur windings the analysis is simple. How-
ever it water wheel generators without amortisseur windings are 

connected in the system under study, then the overvoltages 

during unbalanced faults may be incrgased considerably because 

of the saliency effects which results in additional gmneratede 

voltages components of higher harmonic order than the undamentai 

The overvoltage increase may be abnormally high if the load on 

the system is predominantly capacitive. 
Briefly speaking, there are two reasons for this addi-

tional increase in overvoltage during unbalanced faults on a 

salient pole machine. 

1 . 	The difference in permeance of the magnetic circuit in 



2. 	The capacitance of the line at the terminal of the macchix 
The first of these is the basic cause that produces, unde 

unbalances fault conditions, distorted ( i.e. fundamental frequencl 
plus higher harmonica voltages on the unfaulted phases which may 
have high peak values even with no terminal impedance present, 
capacitive or otherwise. The second may lead to resonance or part' 
resonance between the reactance of the machine and the terminal 
capacitance which will produce still greater distortion of the 
voltages on the unfaulted phases. The condition for resonance will 

depend not only on the circuit constant$  but also on the type of 

fault. 
The largo la and more complex the system, the more serious 

is the consequence of a fault. If a complex power system is not 
correctly designed, or is not correctly operated, the after Offectf 
of a fault may be catastrophic 

The frequency of the faults Is sometimes very large whick 

results in a large pB rcentage of loss of power to the consumers. 
Such figures bring out very clearly the value of the theoretical 
and practical work, which has now made It possible to eliminate thi 

kind of break doo41 almost completely. It is clear that with furthe3 
development of'power systems, it becomes even more important to -

study the transient phenomenon and the means of their control. 
The study of transient phenomena in electrical power sysi 

is now of special importance because of the increasing use of elect 
nic rectifying devices for automatic and remote control. 

The operation of a power system under automatic control 
consists of a continuous sequence of transient effects caused by 
the action of the automatic devices t  and by the reaction of the 
.,.rafam nn +lham _ Thiie An nnAAi nnm inD nf the natters► n4' #:hA +:rnnc1 i 



is essential for the correct assessment of the operation of the 
automatic regulators and of their design!  adjustment and applica-
tion under normal working conditions. The distinction between 
transient and steady states tends to disappear under these condi-
tions. The automatic devices are evidently important elements in 
determining the transient behaviour of the system. 

Transient phenomena can be classified into three type sa- 
1, 	Wave propagation phenomena:- The effects of transient 

voltages due to switching ightning strokes, or other 
causes, depends on the"wave" parameters of the system. 
A change in the mechanical conditions$  such as a varia-
tion of the sped of a generator or a turbine has no 
effect on this type of transient process. 

2. Electromagnetic Phenomenal- The electromagnetic action 
is assumed to be unaffected by the mechanical state of 
the system in which it occurs. For this type of condi-
tion the generators are assumed to run at constant 
speed. 

3. Electromechanical phenomena:- The variation of speed of 
the generators, the turbines, and the motor loads, have 
decisive influence on the behavior. The electromagnetic 
electromechanical effects must be considered together. 
transient disturbances may occur ass- 

1. Initiation transients, where a circuit, originally dead 
is energized. 

2. Subsidence transients, in which the final state is a 
dead one of zero energy. 

3. 	Transition transients, linking two energetic steady stat. 



4, 	Complex transients, In which a circuity while still in 

a transient state due to one disturbance, is subjected 

to further disturbances, or In which the disturbing 

drive is variable. 

5. 	Relaxation transients, in which transitions occurs cyci 

cally towards states which$  when reached, become themse 

ves unstable. This condition implies non linearity. 

Transients in which only one form of energy storage$ 

magnetic or electric# is concerned are called single energy trans 
ents. Where both magnetic and electric energies are contained in 

or acceptable by the circuit$ double energy transients are tnvolv 

Strictly$ all circuits are of the latter type, but often one stor 

go form is small enough to be neglected without sensible error. 

Any transient phenomena may be studied either by assum. 

Ing linearity for all the circuit parameters or',, alternatively by 

allowing for non- linearity, which is always present to some eaten 

since any process which modifies the physical state of the medium 

in which it occurs must affect thepsrameters. In many casesp 
however the effect may be either wholly or partially neglected. 

The solution of any transient problem can therefore be carried ou 

either by a linear method or by a non-linear method. There is au 
essential difference between the two methods. 

A system is defined to be linear in a physical sense$  

if the nature of any change taking place in it is independent of 

its magnitwde. In a linear system a change due to two or more 
independent disturbances can be determined as the some of the 

changes, caused by each of the disturbances acting seperately. 

The whole work is divided mainly Into two portions 

1. one machine system 
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S. The generator is represented by a constant voltage 
behind a constant reactance $  usually, the transient 
reactance. 

4th 
9. ire i *ng 	eije 	osnosUation set Id it is essused 

for the ask* of si i ip t that 0 * CQ 

LI 



i-E )tACHI axs i (SI*rnt fauLte) 



l CET LHS,TC!! ' EQ 

It is already stated that the occurrence of a fault corr~ 
ponds to the closing of a switch in the electrical circuit i.e. it 
is a switching operation, Any switching operation is either an 
opening or a closing of a eirettito, In opening (breaking) a circu .1 
the current through the contacts is Interrupted or cancelled.in 

closing (naking) a circuit, the voltage across the contacts is 
nullified or cancelled Therefore the switching operation may be  

regarded as a cancellation process. 
Cancellation voltages(or currents) are fictitious vol- 

tages ( or currents) impressed across ( or through) a switch to 

s .uala a its clos3Aw ( or opening) by cG.ncel1ryuion of the voltage 

(or current) across •( or through) the switch, 
A cancellation current (-i) superimposed oh the current 

I which would exist if the switch were not opened results in zero 
current through the €witch, coAtctcts, and thereby simulates the ope; 

Ing of the switch*. 

The effects of a cancellation current ( or voltage) on 
any part o a system may be superimposed oi. the currents and Volta 

already existing there; that issr 

tesult& t voltage ,X Xbose which would. Those due to the 
.= Xexist if switches Xcance.lation voltages 

Xand currents  Xwere not operatedX Xor currents 

Of course this principle of superposition is valid only 
for essentially linear systems (no pronounced saturation effects) . 

The system under study contains a gencrator connected tc 
long transmission line through a transformer. The generator is 
represented by its voltage behind the tran::icnt reactance and the 



(Ref. figure) 1(a) and (b) 

In three phase fault the fault shunt to be placed betwe,  

the . fault point and the Z.P.B. is zero. So a switch is placed 

which under cio-oed conditions will simulate the fault condition 

and when it is opened It will be fault clearing condition. 

The fault current will be i f (p) 
lt ) P 

Therefore the recovery voltage i.e. the voltage appear-

ing across the switch with instantaneous clearing, when the ewitcl 

is opened will be 

"fir  (p) - if(p)Z(p) where Z(p) will be the impedance as 

viewed from the switch: 

.t  . Alee (Lig+L1 )p X • c 	+ 

. R
itC: + PA: Cj2,p + 1 Blt 

RISC ,p + LiC p + 1 

Let the voltage be represented as v = 'fin  Cos wt 

r 	u + 	RltC l ,p + L1C 1Lp." + 1 

When Rit = V 

L1C  p + 1 



DE .,._T.a... 	F.M_ (Ref. fig. 3 ) 

For this the fault shunt to be placed between the zero 

potential bus and the fault point of the positive sequence net. 

work is Z2(p) i.e. the negat .re sequence i.mpedence seen between 

these two points. 

To findout the fault current, the switch is first cloy 

and the current flooring through the switch i s found. 

l], 

Therefore the total impedance seen by the generator 

.'2p 	alt -' 	w» 
(p) = t z + L. p) + -- 	~..... 	. r.. 

_______ 
 

C 1 L.

- Lid') Gly 
(Rlt + Lay) +  

ClLP 

2 alt + Lip) (RIt + T' .p + 

2+~R + LIP) + 	... 
1L 

`Vx p 	12 CR1t + L1p) C 	+ 1 X . 	f (P) 
2 2 

p + w 	2 (Rjt + Lip) (Rit C jLp + Lic,p2 + 

Wow to find the Impedance as seen through the switch 
the equivaleni circuity will be as shoran in fig, 3(a7 



R1 + Lip) . .. 
Zs (p) = Z20) 	+ 

R1,~+ Zlp+ 
u 

_ 2 (Rit 4 L20 
Rltcp + . LlC ,p2 + 1 

Current flowing through the switch branch of positive 

sequence network. 

c ftp . 	_,' -- 

LJp+ tC UP + 1 	DLP 

iR +C 	+ 41,L1p2 1) + 	
..Y.- 

+ Lip) CjLp + C ,yL p2 + R1tC ,p + i 

Yj~ (p) 	1tG 
~I~' 	 ■I 	 itp + C111  Lp2 + 1) 

Y ~ Y i~i1Wy1/ YIII~~Ri~~ 	 11 

2(alt+Zlp)C+1 

V i ____________

• p2 + w2 ~ 2 ( Rit + L1P ) 
• 

Positive #equenee voltage component ,wil be 

1 	2R1, + L1P' 	\ 

92+w2 2(R1t + LIP) 	R JtCILP + vm ~ 

p2 + w 2) gyp+ LIC ,p2 + 1 } 
y  \ 

l 	 ° 

The agative sequence componen1 of Vol age is given 

as  
yr2 ~P) 	if2(P) £2 (p) and to dine t line fault 



1t, = ' If2 	i's V1,2(P) = ifl(P) 22(p)" 

(Rit + LSP) • 	 v a 

	

ww.a.wr~rr 	r ~.w.wwr.. 

2 l #Llp 	Rlt+LP+ 	2 	+LSC p2 l)(p 

. . Total voltage V11(p) = Vrl * Vr2 

.:.L0- vmp 
lry ~rj~ ~  ~ ~ ~~ 

G 	G 	 i Y 	'i 

• L4 FAULT:- (Ref. fig. 4 ) 

Here the fault shunt is given as :2(p) + 

(Bit + Lip) 
i.e. 

Zt + L1P+ C.. w..~. 
1I►p 

..l._.. e L t atRit 
Cyip 

+ L 

R'Ot + Loy + 1S1' 

It + 2iot''iP +qtfILp2 0 

cRlt+rjip+c 	
4jP 

Total impedance seen by the generator 

(2X ROtR1t + (R 1tL ! + 0tL1) P  
C np 	 C1L + 2L Lip2 

(Rlt + L , + C 	) (Rot+Lop • 
Z (P)- (R,eL,P'  

C 	2 ©tRlt + (Rj LO + RotLj)p ' C .~." {R1t4R )+L -Q +2L L 



cI 2X%tl t + (R .tI + potLx.)P 4 LbLtp2X+ 	jt+pot) # 

+ 	+ I~ , 	SL +Qp + 	+ fit.2 

tFbti+ 	_+__ +_ ,)}( 	0' otRiti.+8~%) 

(8I' %Pot +5%t;2I,)p2 + t~L2i 5+ 	+ 	, + __ + 	'2 ) 
1 2 	 G SLP 

!L 

2L 
( 3 Jt ' 	t` ..., + r) '+ su .' O + 	' gyp' 	t 	' fi t_ +  

Therefore the curz nt flot .ng i14p) 	be 

Tbereore the aur ►t f owLug thr+a zgh the closed avd.toh 

icp 
i 	

;- 	 (P)+ ?(P) 
ilcgp 

+C 

Rjt,  

(et 	$ ',..') t 	+ 3 -- )+21i t 
at .(Rd.0+ tLP1* 	t 	+ 	) 

+ 	+ 2I.L1p2 

Tho 	 dance  ecii through the switch 

(R4) 
• 

Z) Z,+Z~+ 	 ' 
Ta T i t.  



2X 1R1 +(R1t13 + Pot L1)pl+ 'cJ-- ('it * ot)+ c. `'(Lj+L)+2LOLlp 

(11t+ Llp + 	) ('t + Lop + 
XL 

p) 

_1t Lip + C1 

+ PbtL1)p +' .:Y.'~~ + ' t +F'k ~. LO 	* 3 Lj,Lpp2 
C~ 

(Bt+L1p+ 	) ( %t *Lpp' 	 ) 

Therdbre the recovery voltage positive sequence component 

C 	) t .t + (, I + 	1) p I+ L,, *' 	+ z ,1p2+ (I.t L .p) (gat+I P+ ciL 
vr(P) !N • 

2 
as 	t .. 	i * 3 	+6 Pot 	,_3.,  1t }t* 	+ CIL 	G jL 	G 	(gtLO 	El + . 	, )p 

u 

+ (5L3. alt * 	tL1 )p2 + 3Lf LOPS* (a 	+ 2t 	 ___~___ 

1S, 	cJLp 	CILP Com,) ~ p 

(2ait+%t ) 

When R1t 0 %t° 

Vri.(p)=!. - 
	( 3 10 L1QITp a * 'i* LQ) 

p +w 
 

4.(aciL L1La+2c i )p 2* 2Li + r 

In case of Line to ground fault i w .ia2 a ie3 

•. The negative nuance o oneat of voltage and zero aequanae component of 

voltage are given respectively 

ifs Z2(p) and ifs Z0(P) 

The total voltage is the ss of these three coaponente 



gU LIM M SDUND F y2 (Ret. fig. 5 

Fault on pbaeee b and a to ground 

The fault e1in t will be i 
z0+ Z2 

( Rt+L1P) (Ibt+Lc,p ) 

(.t,*Lip ) ( +Ip + a 	) + ( Rot+ ') (Rt+LIP + , P ) 

W1 the awitah ig closed the irpadence .seen will be 

.. P..' (' 1t+ ►1P (4 Ot ? 	) 
(1 t+LIP) 

t liP)tIbt+ ►)+(" ",P)( 	LOW 	)s( t'.)( ,t+Ll ' c 

Tharefbre the current flawing will be 

* p) (it )*( t+i1P) (t 	GJ)*( f+ Ip) (It+L1p. 

R ( +y p) ( '.t+Li,P) ('bt*t~P)+ (P%t+"iP) Rot* 	c p )+ ('bt*') ) 	~.t z 	 ~ 

{1 Lt~Ltp+CLp )+ 	(fit+p) 

Currait through the switch will be 

ig{P) -S 	JO*i p  

2r- *C p ~Rit+L1P) ( +L0p) 

P y 
G 	(R +L1p) (P0t*L 	( + ) ( t+LiP + II 

Ipedanoe seen through the sw.tsh 

(R +Lip)cj 1(~t+Ltp) (4t*Lp*-k )4a(kt+IoP) (R,t+L11 + 	) 
za(P) 

+ 	)+(4t+IP) (Ii,t♦Lip+ d- 	) 
lti 



.. Vri(P) = iie(p)ZS (p) 

aup I (ft1t+L,1p) ( +LoP+ 	)+(a otyap) (Rit+Ljp+ p)+ (kt+Lj 	i ('bt+ c 

(p +) 	t ) ( ,t+Ll ) (fit+ )+( ,t+L ) 	(%t+ r)(it+Lir 

The voltage dz p across either of tie negative oT aero eegamoe not razk 

i 	 Z2 

z0Z 
Nov 	—2-~- = 

70+72 	(R1t+L1p) (%t+L 0p+ 	) $ (r+ I ) (Rit+Lip'+ a 	') 
1Z 

• V (p) X(Rjt+Lip) ( jt+ p) I 

(~,t+LiP) X( ;+'P)+(fit+Ljp)+(%,t+L) (Rjt+Itjp+ : 	)+(%t+L0p) 

(pit+i'1P+ 	-)+ tjthat+LO') I 

, , Total o).tee 4U be Vri +VV2 + V90 

q(y) • 	4z('bt* r) (RIt+L• ~ 	)+t ,t+ p}tit+ + 	}'( + cp) (ai 'L P+ 

+( t+L}(a+Lp+ 	 )x 

I(R .t+Lip) (Cyt+tom)+( ,t+LiP) ( +tom " X t+I p) { ,t+r•3;*+i 

+ 

Wks► R o ft =0 



)x+UP+L p (Ip. p) 0 ) 

(L p. C JLp) fIp *L1p ( lop + C p ). 	(y  

V(p) 5L1I p2+ + I X 
Cep 	cit CL 

Ll + 	) X3 	2 
  ~~y 



Tm&PI1LS w T (Ref. Fig. i)(Q) a' lb> 

The fault condition is simulated by dosing tke witoh and writing the 

equation ibr the loop 

Riti+ (Lig +Iit) 	=v10oswt 

Talcs laplace Tranat'ore on both the sides we have 

+ Lit) p 1(p) - LL a.(0) a vu p 

p2 +w2 

Initially let i(o) = 0 we have 
VP 

Oft + Lip) I (p) -_--- 
p. w, 

TI 	Ifl 

(p + ww) (i + Tp ) 
	where T 	

R,t 

.. i (t) _ -y - X .. ___ _ 	a -, T + .r. ..._~. o s(wt .. ) Where 

0=taa1 wt 
When the switch is opened lot the voltage be represented as v = '~U Dos (vt 

and suppose the witch is opted after t = ti the fault has occurred. Here ` 

Ai . 

Again writing the equation when the fault is cleared 

i 
Va Coo (w + A = 1 t i + (LIg + 	+ - J dt Lit) 	G1L 

Taking Laplace on both the aides 

Va 	 A„ ~..p alt I (p) + Llp  ~) L1i(0) +
22 	 CILP l~ 

p2+w2 	p 4W 

44-11 t 7,A nAnAcitor is ak rted through the switch a 



i (0) _ .3L~ 1— 1--.. e 7 + r"  

	

Rit 	1♦ v 	v,1+ Tv  

pa+w2 	p +w 

(Rit Gu ' L1 0ILP2+ 1) OIL? 

~w recoveryags 	
lLp 
	

ti 

	

a 	w 	liv 	 2 
da1Lp2 + t 4;y~,p+1 	p2 +w-2 	n2 + 	 1. 

-- +s (,b 
J 



Llgrh 2) LflJ 1AUL2 (Rte'. fig. 2 & 3 ) 

L 
The fault sit Z2(P)= i 	it 

Rit +L ' 

Parent . 33iflat.Ofl of Z2(p) and Cly 

C ~ (VIt'AL2F 

2Rjt+ 2Lzp4 

Total impedance seen by the ,generator 

r ($1~ +L2 P ) 

GAP 	 + R+Li' 
aat +2L2 t ,CILY 

2 
2 A yt 

2t,LL2p2 +2G A1tp +1 

Therefore fault current AU be 

2GIL L2P 2, 2G R . 	+ 1 

(la g* 2} 2G
L 1.1 L2 p2 	1L1 2~G L R Its ltG .i. ~'2)p2+ (L2sL1+2Rit Gin, )p.2 Rpt I 
1  

Cirrent Zlo4ng tliiough switch branch 411 be 

its 
(p2.w2) 

(Olt p2+ t GIL p+1) 

12 Oit iLZp'f(2G~ xLL1+2P.t 	L2)p+(L2+L.•2NtG )p + as X 

The current f3.oi4nng t.hroUgh oa,acitor branch 

(Giip (Rlt+L~p) 
1ls 	

2 .tGuy '2L2GI,pa+1 



Vp2Cj, (flit sL2p) 

(pztw~) C I,1 L~p3+(2C ,L~Rit*2ft t09."&)p +(12tLi+ZR2t C )p + 2Rit I ---  

1L  

We shall now write the equation whom thee- vAtak is opened. 

Let the voltage be rip resented as v =» Yx (b a (wt + A) 

v cos (wt ♦)) Cyt i3*► a + 	f iA 

Taking Laplace Trriai 	we have 

v; ( 	r . .. 	.~ 	i. (p) +L p 11(p) .t (0) +~ I 	I - P°--  
~hap 
p +K 

VMCosX p 	~~ t' 	w 	 (p) 
...... ,..,, -  

	

22 
	 x 	(f~) 	= ...~.. (situp .0 L1p2+ t ) 

p2 +w 	P+w 	 p 	+ZP 

The positive sequence recovery voltage will be .,........ 
CLI? 

Ya CosA 	V sInN w 	go 

C11 

	

b p• + C +i 	2 +w'~ 	2+w L 	1~ 1 	 p p  

where i(o) is obtained when t = ti is put in the above expreasion (tics 

dorms) (J) 
t, 

O o fiat where i is the current in time ó aain e 
0 

when found From expression (~) as written above. 

Now to calcuiete the negative se tLeiae voltage. The auq'tion Lor this ciroi 

when the switch is opened will be 

(L~~•►L].t)~ + ~t I'2 ♦ ~ 
r J ~.~ ;fit = 0 

Taking Laplace on both sieges 

Lgp I2(p) ' L2i2(C) +R ]. 2(P) *.-. 
	.5~ . = 0 

Imp 	l~ 



I2(p) (C L 2.alt C 	$i.)~Lz ia(0)- 	00 
°li

p 
	

IL a~' 	u,p 	 P 

The negative eeq onoe voltage will be 	? 
CUP 

V (p) 	t .2 ) 

.0. Total voltage Vr(p) = Vr],(P) +Vr2 (P) 

1 	" + L1i1(0) - p 	-."-~."2 ..,.._...:._ 
C L P2*GlLpitp41 p2+w 	

p rw 	 0 IL 	' ItCiT, + 
19. 1 

L2 i2(0) - p 



Ground 	-  
LINEL-BEFdULT t- (Ret. fig.4 ) 

The negative gad zero sequence i~rpedencee as se through tine switches 

reapeetively are 

G3.L1P(Rlt♦L2P) 
Z2(P) = 	 and 

it+L Ci 

The fault elmant for Line to Grund fault wiU be 

Z2{y) + ZO (P) 

(Rlt+L2►) (%tG3L? 4C 	 p2+J.)+ (%t+'ou) (RitCi. ' • L2O 2+1) 

R1t G1) + L2G7 .) 2l 1.) (%jtcox, + V 3LA 1 ) 

Let Zf = ZZ(P) + Zq (P) 

The total i ,edance seen by the generator when fault condition is ei2lated 

i.e. the switch is loosed: 

Zr. ~P 
( +L1#) 

Z= + G]J P 

(Rjt#Lip) (Zt 	.1) + Zf 

(z C 	+ 1) 

Let voltage be ropresmted as v = V. Cas A and after writing the equation 

for the positive sequence network and considering all initial conditions to be 



zero it in found that the current 

V(p) 	dap 	(Z'+lLp+1) 

z(p) (p + ~ w) Z(R,t+L1p) (Zt0 p'p1)+Z X 

The currant flowing through the oapat for branch of positive sequence network 

Vmp 	Z,C •

(p +w2) 

The current through fault abunt branch will be 

VaP 	 3. 

(p2*w2) 	(R1t+L1p) (zea 	+ 1) + 4 

The Currant through the oepncttive branch of the negative sequence network 

(p2+w2) j( t+Lyp) (zfG JLp +1*) + x j 	4&+L2p, X 

The currant through inductive branch of negative aequenae netwo& 

(p2+w2) X(ft+L1p) (Z Ca + 1.) + Z I 	(o ,L2p2 + Rltalg + 1 ) 

3tRilprl7 current distribution in the zero sequence network can be found out 

Lot the fault be interzted after a tine t j and lot the yoi►tge than be Vn Cos(i 

The desired equation fir positive sequence network will be 

V1 cos (wt +A) = R1t 1+L1 L + 	f it dt 

After taking leplace tranntor* and as it is known that positive ssluanco voltage 

component Is 	(p) 
cup 

s 	V1 Coal► p 	V1 Sin) w 	9~ 

2 

	

0I,Lip+Rit0p+1 	p+W 	= p+ 2 	 p w 



Now to calculate negative aequnce aAd zero sequence voltages wha the 

e Titch is opaial. The equation 4U be 

i2 dt = 0 and 

FDt''0 + L0 d-"L + 	..
0 Oi 

f 0 dt = 0 
dt  

,•. Negative sequence voltage will be 

q2(0) 	""""`"".~ 
2 12 (0 	

-"` 	and aero sequSnca Vroltsgs will 
') 	X CLL2p2+Rlt O.p + 1 

10(0) --I 	p i P 	OOL LO 	R ire o +  

Therefore the total voltage V (p) = V(  p) + '~r2(P) ,V (P) 

Now the actual value of denominator of differ 1t current a pray&tone Is found 

after substituting the value of ZT. 

	

Vm p 	 N'__________________________  

(,x*w2) i COLI 0 LLi+L00jL L2Lj+Gu~xCo l}p + (aIALLOCZLlt 

Rpt CIS O0L Lo L, + Rot COLL,. Gt L, + Raj- C , LL, + Lo k'►t Cis L ► + C►L Li Rot COI. L► + 

Ll COL 4 C1 Rpt 4 L.Ga. Lx R►t + C►L LsCo< L R►t) h4 + (R►t Rot C0L CIL + L14 L, ^h 
2 

R+t RIt GL L► -i L, CSL L► + R,{ RotC►i CCL l,P + CisL L► + oL L. 	Rot Coy 	+ 
2  2 z Rot GL k R►t + L. R1t C L + C,L Ll Rot Co& R►t -F R t CaL Lo Cij + 

Rpt4~~► + At Coy ~► f Rpt 4~ L, + Rot CiL L► t R t Rot Co9, GL + L1.C►c R,t -t-Ro t R1t 

	

Ro 
	Cn.- 

Z 

	

Lt (L 01 t + R 	L -f Ci1. L: R►t + COL Lo Rrt + Rrt CL Lb + R►t GL 12. + 

Rot CiLk + Le R,tC~L ) p + ( Lt + Rt GL- + Ref CnLkit + RtCIL+ Rot~LRit + 

Rrtg0 C4L+ Lz+R.fR,tcL +t.)p -r- R►t+kit+Rot 



Where N1 = " 4UP * Z2d 40d 

Where N =  !' ~~ t, 4k'* c, crJ 1 ) h3'r (R~t ~~~• +Rpt ~~ 1, t Rnt Lz + !o Rpt C,L) 6 2 + 

Rit R.t GL + LZ t. Ret R,t C.L + L.) ¢ + Rot  t Rot 

Z2d - doaoa nator of negative oequce ipedanca end 

70d = de ioatuator of zezv sequence inpedance 



Z-L..a ?4JJLT (a t. 7Lg. 5 

Here the fault shunt  i a  + 	where zo+z2  

and 
GOLF+L©C%P 2+1 

Rlt  +L2p 

t GLP+L2O p2. I  

Let moo ? .» Numerator of 70 ► Z2U  = Nuaezator of Z2  

jd  Dioiinatorof Z0 	Z22 DenO atoro'f Z2  

	

0+za %'bd Z0UZ 	D 

The g)ress.on lb, the poo tine sec 1U1c e reu)veryroltagi rdll 
be the aame as fOr Line to Goomd fault except L r the fact that here 

zt. 	 iti to d of Zb  +Z2  
z0+ Z2  

The cu rt flowing through fault shunt branch 

(p ,W ) 	(Rt+L1P) (Zfop + 1) +Z f 

the current thmugh negati+to sows circuit 411 be 

(pa.w) 	( t+Lp)(2f G pt1).Z 	 7•'i 



J 
r 

° . The currant thzou gbnegatitre eequ+~na• circuit caeitor will be 

4m P 	 1 	 ~b R z L2' 

(p2.v2) 	(Rite '1 tz c y +1 } sZt 	,2Q +Z2 	I ~Lip + a1~..... 
u 

a 
vm OIL 	(fit +L2p) 	 z /zW 

D 

2 +w2 ) 	(a1 .L1? ) (jl, a + ,d + nay 

I er 	7bn s Rlt t' l'2V + (P% L + La ) A Q 

h _sod a BOO rLa a +(L2%tCQ RjtLOCl )p *( t tc©L# 'z) 	t 

Zed L2 	' ~ ro t ~y+ c , , a +t 	toD +Lai P + Pbt 

h 	b 	Zp 	( 	Lo + La Coy Ll) + R,t- L.C~L + Roti.,c,, ►' 
L Rt c, + LLCIL Rot + Li Ro{ Coy + Rrt L. Cot PZ+ (Rrt Rot C,L +  rt r1+lo t 
Rlt Rot Col. + Lal  	+ R°t -i' R,t 

Now (R 	) (C t+Z Up 7-)+x Z 	tL 	 ., 	L L+ 1t+L,'~ Z Qn h 	+ 	On 2tt 	~40 L +L  2C L ],L QL ~, oCo ~ s ~, p 

C Rjt Lo Crt L, + Rot L: Cry L i L 	C,1 L, + LC  ,L Ro t L, + LL Rot Col L, + R,t L%GL L, + 

LiLbCIL Rit + LL.C,L Lo R't t 	 COL L R,t p3+ 	itR0 q r t t ,t ►i ► 
R►t RotCoLL + L 	2 

i 	s r + ,t LocrrL —F Rot L2 C►~ Q,r + L%R►tC
,L + LLC,LRat kit + 

L: Rot C•1. R 	1 	'Z ~t i R,t L. c,1 + LL) p + / Qot Lr + Rit L, 4 
%t Lb 

+ 
Re f L:  R 	 l 

f Rpt Cts + L°pt -1- R t go f Ce. + Li ~Q► rt) 	+ 	Rr  Ro  t + R,t 



The curraot I (p) i.e. the current t mAng through the positive raqueaca 

nstioi'k 1 der fault condition 

Yap 	 i 

(p+v} 	 +T,lp) +1 

Y'p 	 1 

+w 	(R +L i p) + On' 	ZD 
4pnZ2mV +4D 

zp 

Yap ..,,~ 	 iIF ' ;'D 

The auZ alt thzuush pondanaor br ►cb of positive uequdcoa 

netVD 

'gym p 4I 	 1

• (p w) 	 llit*Lip ) (Gle +►  

'gym PaCiL 	 I 

~P + 2 	t 1 +yip 3 t p' 	)+ j 

va p Gu 	
7bn ~a 

( 	) 	tBJt*Ljp ) (a zCmz , +ZD )+ zai 

The aurr t throuuh Inductive branch of negative aacpece 

nrtuork 



The ourr+~ zt thtouh oondsiror of Zoo as macs no.vDt 

Va p2 C 	7,20 { iLoA 

(p 2.v2) { j+Lp) (C1I%Z '*Z) + ZOnZ2t 

«`hi .arty currant #]ov ng through inductive branch will be 

The auras .on for the recovery voltage will be of the Ane 

nature ao for Liana to Ozoumd fault but the values of i (o), 12(0)s 10(0) 

and go , q2 (0) and q1 (0) will be dtfferfat. 



FAULT AT THS PAR END OF TAS LINE. 

Here the tr naa esion line is represented by a? oirouit. 

(Rid. Pig. 6(2)) ad(b) 

Let (Rit*R L) +(LaeL1t+L p " ka '~I#1ecP 

The fault oondi t3An i a aimulat ed by eo elna th. si4toh. 

The ip odwioe seen by the generator will be 

1 
"...~..."" ( , fLxtp) 
C~. 

vu? 

(Rj 0q l j 0 ) ( yc 	c t .) + ( .L y) 
(RG +L G p2 ♦1 

Let the voltage be rcrescated uv = V coa isE and aas miaag 

that all the initial conditions are sera, the crmt delivered by the 

generator under fault O3nditiaria 4lJ. be 

~a _ 	01L L "I G L11?2 + i. 
(P) 	(p$ owl) (110(eLjef) (CILV+GUL +1.)* AILP 

The ourr. t through oapaoitor branch 

Yap 	 C3L Rip f C 	p2+ i 	 LSP 

(pV) (R%; Llocp)(CiLR p+C Lj+1) +t1sL  



	

Va •2- 	 OIL (RIL + L1Lp ) 

	

+v3) 	(Rj*+L1 ) (CjL %y + G1 L~yp + 1 )+ R .L 

Who the awitah is opted i.e. the fault is interrupted after 
a tiaa t1 and let the voltage than be ropraaaated by 

V = Va Oos (14b + )+ ), the equation can be written as 

Vaooa(at+A)i t .+Lioga+-& / idt 

taking L+~laoe trauetb12 we have 

~►
..~qi(p)*.e 1) 	Li1(o) +; 

p +w~ 	p s w 	 Opp P 

The Positive a.c nce voltage acro pis the switch 
01p 

i 	 ~'~ ooal~ p 9~ a~~ u ..........,..r 	 + i(o) 
t-104IMPciLLy a+ 1 	p2 + w2 	+ W2 	 p 

The denominator of the currant axpriraion is sivplified as 

( tOeLlo?) (OIL* +O L1L .1) + $ L+L~,yp = L1eqC LL p3+ 

(ajyo jLLi*+c 	A ) pa. eq iLA +Lee + )p + 	 i, g 	g~~ ie<1 " 



C, 	t 

0 

LINE LINE VLULT 3 (Ref. Fig. 7 ) om/ 8 

Let I +L jJp+Z,aZ', 

Wh®n the witch is closed t. a. the fault O3d d tion is mated 

the iedanos non by the g ratora 

t 
R1 +L 

	$ Ris♦ Li  
Zf+GILP .1... 	 ,alt zo 

t9 1 

+L1ep) (GIz't + I) +Z't 

('CMZ, t ► * . 

The feat curit p'iplied by the geierator a 

Ta P 	CILxI t, p • 1 

The curry tt through th• fault mat branch 

1 ) I/G p 
	

(p) 

Z't + 1/Cup 	 ZI ,RUp+I 

Ta, p 	 i 

(p2+ w ) 	te}L1oc,~ ) (O LZ, f p +1) +z' 

NOV Z = ( +Lp) + 	iJP (115 ~2f ) 
as.,''Laef + /,,11p 



I 

RLL♦ ] `j E R3+Ia1i~ '` '2agOZP2 +8) . R +L, 
xa 

a 	 . Rleq IL +L2ogOIL p ♦ 1 

• (RIL+L Lp) (R1egCJ P+La~q 	*i)+Rl.oq+La 
• Rey + Lup 

-legCCLp +L20gajp +1 

+ C0
p + L2s G pa ►a, 

The +arrot thzuugh a►ud ser of the po&Ltive eque ice net* 

v~ , 	 OIL 

a 

	

9a p Cx 	 I 

+ L2• Cu 

	

(p2 t 	(R . 	 0IL T 	 Rl Iu~ 	d ' I 
'(VL12) 4 egGU, a*qclLp +1) (Rieq L 

+1 

Va 	 L (R0q+2 	)+(L2 .2 Rj4MC +a LIL)p+2( L2 QIL+Rl9qCILL ,) p2 . 

p2+w2 	
a 

Laagcjp 

D 

= 2 (Rsq + R&L) + 2 (RIL CIL R,e; +Ret Ci L i L'~ 	1 R,LRIe{GL+ 
where 	 z ~i 

+ 2 (RIL R,Cj C L + LIL CIL Rley 4 L2tj L' IL R/e.j + RIL C„ Lie, + 	 C,LL"I 
('Lj-ze( CIL + Rica Cit. Lit ~ t 	RIL Leet eL Rij + RA GL L,L t R,LRiQ,C + 

	

Lip CIL Lit$ -4- 	-it. LCL, p+ Z C LitLa.e1 C,2 R~e 4-RILL C L L,t,+ 

	

i 	, 	. ,ti 	 „2 . 	.s. 



i ourrøt tbro1gh ma4moz b ►c► of thi nsgatis seqiae 

UAW* 

(p .v2) 	j (d#~'' . 1 ) oz't  

Cis 	 (q+ 

The eui'røt 'both #*duOOLY# branoh 4U be 

I" 
41)':} 	0 +rL2, C 2 + 1 

V1p401 	(R. '2 ;p 

(pa.,.) S ( 	+ 	(C p+ -}. 	12(q11I!L1e) (a Op.L2 O n *1)+.tf 

taq 	4L Sa,~oe 	 * Ru cjL+L & P 

The doombator io svai to D. 

Now Zet the etrouit be intorrVtod s[t.r a Di r t1 mad 1 the roitegi 

Isr tod so r ► a 0* (itsA ) 



Va  ODS (fG + X) 	.q31 +Lim  a1 + . . / i1  dt 

Again after taking Liplaco trans iii on both the sides aid 

noting that positive aequ8ioe voltage i .dl be 
CSP" 

AP 	V. on N w 	q(0)  

P 

Sidlar1 the negative se uøioe voltage UM by 

v (P) a 	 L2 i2 (o)  

The t+ota]. voltage will be Vv  (P) = Yri(P) +, Y (P) 



LINE M GGUND FAULTS - (Bet. Pig. q ) 

Hera the to a t Int ,7g = ZQ +Z2 , Whore Zj and Z2 are the 

H. zCxv and negative M%U 1oo ipadeauas seo at the fault paint. 

iQd d 

Z' pZ0+Z2► ►+L1 p° 

	

'DdZ 	Z2tZ0dZ2d( *LMP) 

Z04z2d *(R qG L e~ ,u ' +i) 	~ ' * p or 

E ,.t .I+I,gCoLP3+ 	C L %fr + 	.~ La.1cAF0.1' QLP'''L2 Gu,LD*g00 ~ 
-  

L2e4 1I t ?ec 0QLp 	ecC0 
a 
+ 1 

Nuv». of ZI = ( 1zr C d°LL 	 La.t C„LOLLCoyL,~)a+ 

`L1 R°l~ c 	1!~► C~( + RCS L°¢Q Cc L ~,.Z,q L',L .t. LCL L04$ CoL R1 CIL 3  
{ 	 r 	l 	 t 	o~ ►c ot, Olt 

ROLL 	QIL L011 Coy + R°-T Col. Lot. L:4. PL -1 R,et C,L L 	CcL Liz 	t&3CCO L -FL 

y 	 Y 	C + LZy -IL LOL  

L21 C41. + R~~ C LCL R°~ C-̀  	R"~ C'z  RoL LDS COL. + L,1 L"I CIL + Lo Co L 

L I Low, CO~ + L 	RI L R1c1 C,L -F R.c C*L Q, L, c 	R 1-: 	R 

	

Z 	?'~ 	c ~l "~ ~l ~ G~ 0L1 Cod+ 
L '9 t Lit t LZ~t Cif, L'L i P, C►L Rock 

eon L, 'f Rit Lze Cis K 
Cil ° 

`~ ç 	+ ( 	L L F ° + ~ ~ c~~ Reed + R°, L + 

RM C,L L0'M 4 L Rpe., COL -4 Roc Roel Coy. Rrej CrL. + Rye LiL CIL -F R Lt 	. 

	

Z 	► 	 CIL + 
R, 	°ej CO `F 2,L Loe Co `t R°~ Co L2, + R. - 	t - 	o n - .. 



Ro~ dol L►1 + R,~ Gt L,L + R, L9 COL + 'IL ~x.el CS L t RI L Rf at CIL R'ej 4c) p + 

L0 + LDL + Roy Raaf CoL + R,e-, Roet C►c + Rvi R,el GL -+ Lzeq + LIL + RIL Riq C 1 + 

RO9 C°L Act + Re¢l CeL RIL + R►L OK Cit + R L RoejCoL + LCL) p •t Ree 't ROL+ 

1?1at + R1L 

The demo. of Zo t rid. be 

LxvgC `oago/+ 2.ctGJL!b o OL eq0i Oe GQL *(Logc,% * '2sgQ L 

	

aq L eeoLl$ ~ ♦ { +pec ID 	eel u~ p s 

The facet eurrelt app ed by the gsierator, oang~.deriang all 

34tia3 ozutitione to be zero 

dap 	 01L 

(p2tw2) 	(R L .e `)PC zi t p+1)+Z', 

v p  

(p2+w2) 	(%sq +LioqP) +. 	... 

	

Nov Lot Zit = 	thea 
Od 24 

• Va p 	 9. 

+i) 	(a,, •L, p). 	ad 
:::- 

 

22 Oar 



Vn p 	 3

N 

 

0 L 	Z iL + ZOd 2d 

YVx p., 	 01 +ZOd x2d . 

	

r.rnnr. 	- - - 

(P2 ►,) 	(f .fLioq P) (cry Np + Z Zad).N 

The CQZ'rUt through aoudvasur of the positive aequsoo natwo k 

2 
p. 

Vm p 2 	OIL 

'to 	~1 

( 	2) 	0q+L1 ) (Q; IP +ZQdZ2d )iN 

The current tlo ng through fault shunt branch 

i 
+U 

{a, +t,,, p) 	+1) 	
2d '4d7'2d  Z?d 
d 

VS p 	 ZOd Z2d 
II (p) = --- 

a 
tRjeq L1e') (a 11N +40h ) +N 

The CnrP t through the wndo►ser of the negative eesuncs nutuoic 



V p2 	 (A 	Z~ 1eq+L ) %  d° 1L 

(,~ +w2) 	(Rie Li,qF) (c ,Np+z d Z2d ) } x 

The current through the inductor of the negative seiueaoa neti*. 

I/cu$ 	I 	 I 
Y(p) I(p) 	 2 

2, 	 c p *L20ga p I I 
IL 

=, 

	SIM, ~ ~ 	 h~yY~ 1 p ■ 

+ 	t  	 (O LNp +b. ) 4; 

the aurrGut through tha +oandauaar at asm se uence 

net is 

	

v 	() %L 4zd 
• ~"~~ ~~~iIMM14111~1IPYl n~YltY YY~y~f~ 

(p V)  

and the casrret ,£lowing through the inductor of saw aeVence netc4 rk 

	

VM P 	 Z2d 

(~ 	 ) 	( 	Llsf ) (CILNP +'OdZ2d) .6 1 

Now ire shall calculate tartan tarn that will ham in se"it the 

nature of the evreasions for the currants. 



eicNht boa Zz 	 :~ CL L  ( L y 	 °L Loeb co, t L CL L:tet C►r. Lo"l COL "1' LlnC,t 
l°~ C,II. Ic 	b 

p  ( L Ro`~ COL La C + Rei Lei C°c Lit 	 L L + o o 2 	 l 	 LRrey IL -t 
R► Q1. LCL CIL Lo~ Cot 	/Z L~ C i Lo~ 

C0t + Roe 	L  ~~~~ LCi. 
4 R~e$C►tL~ c. L 	 ~ tL14  

+ L~~~, Cit, RoI Co L LlL ^+ R,L Lay C C Lo~~ 
CuL ~-1 

L 	
p 	( 4c LØ~,Coc C►L 

i 
L69 C c + L2eti 

C
't L°~ + ROL Rot Cpt 

L0 	 1 	R~ fS C,~ L,L Roes COL + R►n C t IOL `j 	
C 

RR 

	

 + L Lz~ GLC t L, 	 1 
fl 

R°e~ ~l R' l' 	2 	t ~z~, Gt 4 Lit Lo; Cat C,L + Lee9 Cee. Rig 1P, C+c + 
t Cic + R, LZe Cz  1~ R1e 	I 	 t 	oe~ Coc -1- LeCy 

COL Lic C►t + L.  

	

C Ree Coy Lll + Rpt L 	`rte 
Roe Cot + R,L R1  

4 	 Z CI 

Ic + °c L°~ 	GL + L:~ Cai 	+ ReL L~  RI et ~L Lpw, + Cpc R►xr C - t leOL 	 Z 	
`Z GL + 

°~ Coc Rie; C►c + RI~ L,e ~L -F Rit_ Ltet Cat -F  L0 CL Cs c t RIL Lee p 	 C COL ►c + leo 2 

	

	 Cod Cz~ CIc + Ro*-t Cei L,t Cu + R,t Rieti Cu Roc1 Cat + Ecol Coc Lot CIL + R1el 
LII Cls -FR, L° 

2 c 	Cps CSL + R,~ L2~ (',, + 
R~~RIel C,c R Ca -F L GLRp ~ ~ R 	L0 	L) + 

~ '-t C,L 	Cp 	p 	Le1 c,L- + Loi C,L.+ 
RIL RetI COL C,c + R 	z 	z ►°'~ 

	L?V-1 Cat + ",t Crt + RIS R►e C;, 
Rots COLR,o-ti CILt O 	 t 

4 CIL + ~1i' ~'~ C/L t R,t ~e COt C►C. + L,G C►L + 4,4 COL + 

Lt~ CIL ~ jet C►L /~p  
Cel pZ + 	Re  + ROLGL+R►elC►L+Rt C,L +Ro 

R~21 ,L, p -i- 	 y t 



(R,qq 1e'i 0OI+1'2e 

Z2d {10q+L0 ) = L2+ C1 '4a *E 	eq -Deg' ig~ ~ • 

The exp region (RL 	eq p) (C1 + 	, 2d), 	alter ei op:.iricati;on 

can be writ tan $s 
i 

L ie{ C►< Lu c Logit G'oL L 	~. L►L 1aee ~2 Loq C)L L~cl + Lz~ 4~ 1,c Cot LIL L1) p + 
Lo Ro  

et 
e~ CL Cif ~►ej t R°t l°cyCo~ LIl C,L L►cg + 4L L°-I CA C Rost 4s L► + Rr C, 

Cac Leet + 	L L Z Q 	 t R°cB 	►c :.~ C{̀  Lin + 9fel C4~ Loci C,L LI L LI-L+ zit Gt °~ C°cL~c LSI + R„- L2. 4i L C$` L'qj 	
LL

Lo L 

L, 	 i 	 c 11 Cot R►e + L,L 1-z 4Lt 
+ Lzef ~` Lwj Cbc L►L RIS 	( L L. 	Cr 

 

L ~t LoL L►et •+. /~•~ Ra 	L 	L ►eE Lxct L. 4L Lin + 

	

CbLLZLI + 	LotR~ 
~3 ~°c L"~ + R►e~ C►c R0c L•°l 

`~~ 	L c L' q L,Y + L0 	L LL 4~ L,~ 	L►t La 
t 	 Y  L 4~ Lrc~ + L,e~ ~L 

Gl L'I + R°1 COL R114 L►t C,t L1 . + L L2 Gc R 	L t L° 
Lr~ 	~0t L't 

,moi Gl LacC~~ + R~ e.~ 	Lit L, 	R 
cC t ►~ LZcc It IQ9 Cot L,Qf + Ric Lin qi Lo, ~c 4et t 

ltd c'L L°̀ ~ e0~ L,~ Lot R.14 	LLQ C► R► 	~ ai. Lo t 
Rz 	1 	Ri 	z 	 `~ COQ 

L 
2~ C11 R,el + L"ej COL 

~•~ ~~ + ,~ L►L Cn L°ey C6L + R L C~c Lo Ccs R►e  t Reed Coc L,c Lle  2j0t etc L°`t COt~t 	RoY C L Rr  
L1 L 1 	+Lit L241 CIL L°e, Col + L, C C, 	L ` 
RoC L0Ij ~ 	L2 	 '~ 	COL ►tJ 	+ r L4 R0Cf C C►t L, L IL L' 	+ 	 ~ + 

4c Roej L, tt + Roc Li Cr` L,, + R,ef 
C Leek L► 



L 
L01 Loc Gt Lre~ -F tot R°ei Cot R►.i G2L L, + R, L,L CaL L,el + Ru L:ej CoL Gaf + 
R9

L 	Gt Lre~ + R,~ Lo Z 	 tt 4t Crt Lrel + 	Cet L241 CIL Lre.t + Re CoLI►L Gt Lr 4 
Gt Ro 	 `~ 	`t 2 	~t COL Lr.` 

	<r, C,t L,9 + R►-t L,r_ C L,9 + ROLLoll Coy Gt L,y,+ K,1 L1 Gt L,,t 
+ IL R, 4L Roep CoL L,ot + L L C, Ro COL L, L° L 	 'f 	9 + Rry ~LLtL,~ -1 

L °~I Cot C,' t R,y .t. l,z~ 
Loeq 4' i Rre.~ + 1-zet Uzi. Lot R -h Rst R° C e L 	L 

R'~t qc L°L Ruel Cat + R~ 

	

	 ~i L ~~ 4t R►•q + 
4L ROL L. Gt + Lrt L29 C,L K/ej * L.9 Co` L CIL Rr ~.y t 

Lr` 	C°L 4L R 	
L CL RSL R 2 4 + Rt 	Z' 	z 	: 

2 	2 	 °l 	Rrat ~t 	L,LCic + 	L  
~rLR,~CrtLoebCoy+Lt 

	

	
t o~ Rtt 

~f CI L Lotj CDL 
+ 

+ LLLxfCOLR,9 C,L +R,QfL,LC,LeoelCo +R'tLl C 
	+ Ko 	L 

R' e{ qL 1-14 C°L LIL + L.3ej Cit R°-g GL LIL + R, 

R°L R°Qj COL Cr̀  L'ei + Rre Re 	Z L 
LIL CIL Li + R tt 	, t R~ C L L, 	

S 	crt ►~ + R-L R,ej q< <►~ + LzyGt LrQt+ 
+ e + , 	'P°y CO~ Re, C,L L, .F 1Po~ COL R,c C,t L, + RrL R'r ~c1-► 

C6L C'L L,el + LPLCrt L'e.'6 -F Ln G 

t CfL R~ 	R 	

L 

L.L. R°~i CO 	-+ 	 L r~ + LLet CIL L'~ + R►SGL Rei GL LIt+ '~ 	°L Lo 9 c0` C,` R, +
R0 

LZ G2 

R'°t GL L° 

	~ n,~ + R,L LL~y C41. 2q + 
9+cL R,9 C,L+RCLRO9GL R Cist R,~G►t C,~ +RQ Ls C,~R 

R  L0~ Cot CIL + Y~, Loi Gt cL  	+ Ro C°  

 R° 

	

	
L L 	CiL R,41 -r R°. COL LIt CIL 

~L +R° `L 	~j ~L L►L C,~ R + K L  ,1 Cit 	RrL Ld`LC°L C►L R, * R, La 
-F R i 	~ 	 ~ 	L C,L R►et 	rL R,el GL Rod L + Lici CiL Rd 	R 	2 	

~G 

Lz 	~L fi L 	 t ►~ -F R,ef CIL 4et Cot + L.I.L.et COL+ L9 	ut C,L L°t .+ R°t R°ct GL L C,L + 

	

 4- L, t Lai C L + L° % Ce 	 "i C,L L,1R0 CO + R, `1. L  

LLL GL + Rr~ L2 	

1L 
 Z~ + L,L L 	GL ,+. LZtt COL RIL 

Rr9 GL + Roeq Ce L R► ~ Gt 
 

	

K 	+ L .~ ~~ LrL + LL 	 ~ RrL Li 	 ~G ~c L►L + R,9 GL R.ej Coc LrL + GL R09 cit 	K '~ R~~ ~L 	
~ L) p3 -+ ( Re l 	~t GL Lr et + 2eL r L, + R►L~,LL, + 

	

9 LL,9 R, c,̀ L,~ 	+ L  °t CII R►*-y + Rot katf Cot Cit Rity + 



LZ 	 2 2 ref RO.q Cri. + Kot Rrej C►t -+ Lz~ t R► e% + ~ IL CIL R►e,~ + R,L R et CO . -r 

z 
2°et (°L R►ci CIL + 2e~ C, L R,L C►t 'I 	f RRL R►~ C + Rrtg 9  

+ L11 Cry Ri ~ + 4~. C,1 ~2~..~ ,♦ LZ,i C,~ Rro-j, -~, R ~ C~c Rc Co + ~oL Ro Ca t s 

+ LZel C'` 
	+ +  	LL9 qt *  

COL 2let CIc + R,tt L,L C,L. + R,t lig COt + R 
e~ 	 y `Y `t 	►~ ~ ~e~ -► Ra..~ Co~Ct 

~t `'E { Rrt Rl~ CIS Rats Col. I R.' Col LrL + R. G Lit  + rtLo~, C°L t 

RIL Lif q 	z t 01 ct) b + (L,~ + Ro.~ c4L R,et + Q,L ~►~ R,y + 
L 
)9 C,~ + R,~cr~ Rr~ + R 	Rr~ + RZ ~~ + 	+ 10 ...1 L 1 Rol CA[ CDL+ 

Rr~ R C+~ + 12ot Rr~y C,t + t,z~ .} LIE 4 (Zr& IPr G + R 

R°ej cl RIL "F R,L Rrey crt t Rrt Raej CoL.+ L, 	+ 	kl + ~ K°! + Rpt 



Nov lat the circuit be intez*n tod after a tthe tI and betven 

the voltage be rgpresented ae T = VV Coo (* +1%) 

Vn Ro0 (wt + h) = ,Req i1 + L1 	..L, rit 
J 

Again a£tar talc ng Laplace tranaroxm on bath sides and noting 

that positive sequcn a voltage will be g. 

Z1(p) 	Z 	çV31I 	Va 

CSp 	1 63 39 4GULie? $l p 4w'2 	 P 

The negative sequence Yultage will be 

q (o) 
V 2 	 2 	L$eq 2(o)  

Similarly the zero sequence voltage w »l be 

V*0 (P) 	 L~ !Q (0) -  1 
%ey 0]LL +C1sLoeca.*I  

Therefore the total. voltage V , (P) = V (P) .Vr2 (F) + Vxy (P) 



L-L.G 'cult -. (i w. Fig. 10 ) 

Here th fau t shunt z ---. 

Zfr 412 

7 and £2 are the zero encs negative wsque ce iijdaneea am 

at A fit point. 

Ibeq Cod' +k ec ' i + I 

(& 	) (R sq'UP +L2ngC +1). (pj +L2e? ) 

xleq 2eq 

NU I of £2 x Num of 	jeqCjjFJ,LØqCj 24 Ate"' , "ILG' 2i 

	

g 	R 

OL'asq 0 * 'bY"~''Je * ps ° 

;» ~►q = ( 	Ra C, R Cot + Roe('otL►~ f Rce CCL L 	&L., .L -' 

R"t Loe ~0c t R►~ ~' 	+ i4 Crc Lac} + (''1L Lzet 4c k'ae~ Cep, .~. 6oe CeL 

L, C 4 L°e~ C Ric R1et Cry. + Lip Loet Coy 4 L,q CoL Lsy, + L/L LzcLCie.) 

+ ( R 	L►c Li-t L4 R« L G<< 	+ R, c~ 4t etc LotE C°c, ~~t 

L,L LZ~ q Ltice Ct,c P + (R.eE 4L arc  

+ RIz+R,`P 



Again Z = _ Z ► _n 

x'bde ibn'Id 

Zan %a +(L+LILp) (z 	 4+z) ) 
V Z`R .L 	 IWIWI~i~l~l~l~/YINIIi1~/ ~I~ 

a~T 	 nZba '` Zbnx 2d 

Let the nuwwrator of this earession be rwpresentad by 1. 
The value of I after aiplification cones as 

s 	 6 L,L L2,4 CL SOL Loc, Col 	L,L LZc, Ccc Loq CL f Lzq c+c Lot 4etCt Lit) p + 

R'c L2 et C'►c LCL Lo`t C0t + Rrep Lrc erc L.L. L°ei Co. .r L L2ef Gc Roc LO 4 Cot -t 
1-n Ree, ~L Lit L'.ef Gc 4 	 t L. Cet ,~ R,c L 	L°c L.  z 	 Z 

Lrc LzQ{ ~c '~ Rrt Lp e~ Cit Loeb Cec + R► et L►c CIL Loef Cot -+ L L Leet Cot Rte, Gc Lrc 

+ 2,l L°~ dot 
LL CIt Lrc + L.L. Reef Ct LUf CIL L►L~ ~r-! (L Rrej C II Lot Lo COL + 

•Rpt RIL Loct CIL Col L'-e.0 '~ Rr~ L 	Lot Oeelf CoL 4 K,k Lrc CIL kOL L° L R 

	

COL '~ 	t rel 
Roti C►t Cot L,s f lQ,°t R°ej C'.°t L.►c LZej GL + Lit Lzet C,t L°t + L Lz 	L, L, 	~{ Gc ct -F 

Li 

R,c R 	 `t Lot Loi Coc + R►t R°e~ Cot L,L LLQ ~t + R Co~1 ~t 
L2~ Gc fi L, 	L

~ °t + Rrc L•L ~0̀ G ~'°t R~Q4 C~c t R,c IC~ot L,~  

arc LOt R0~ ~t L ~l + IL L ~t C9 	L  QP t It '} Roel Cot Brea L,c C- t 'I fee{ C°l 
It Rici ~t L" + LrL Lb COL + Loct Ct Ltr L it -+ LZL Ls G 

R1e-4 C4c Loc oeo e 	L 0L Ic 'f' ~pt Re~ COL (' CiL 
L, 

	̀ 2~ 

L,L + Ls~ G AP Cis L►s 	LL L. Cat L,c ) repCrc2°iL.ef Cc+ R,cRr 
Y ~t 

Lot R. 	t + R,t LL ~ 2ec Qoe~ Cpt 4 RIL L2 e~ ~t Loc 	Rr L: 
t `f Ct 1-oep + 2,c loc 1-ocq Cet t Rr~ 

L r,_ C►t Rol Roe.P COL + Ref L it CIL 
Loc +Rr L C ~ . ►c 	Lech + Rpt L►t L2~ Ct + L, L2 	

` °~ +Q0~L,c LZeCit 
+LrcR L. Cp 

~ L f Lit Loc ~P C°c + [.oc Leel 

°c L°`f ct t L°c 2p 	+ R, ~ ~+ 

I2. . I. n n 	_2 	 q qt 'eOcf C°t + Reef COL 



RIL Leee Co . Lw -t Lrc Lt-q GL RIL 4 RIL 	+c 4eOL Loi hoL t Rit Riet Crt 	-1- 

'$L  Q•LR oal e-L Lztq CIL + 'IL Lae Ge. Lot 4 RIL LZ Loop Cit + Rit Let Løtf CbL + 

Ric ~►e~ ~c R.a~ C'ot Lrc + Reed 4L L/t + Raej Col Lzej L,L + Ric L09 COL L,c -f Rie,L°`C 
~c Lit -F RSL Lze~ 4L L,c + R►e LL CiL + Roc IQocf COL Rrej Crt L/t -I' Lot Rl tj 4L L/c 

R'ef Cr' L L°`l L►L + ROL LL¢, el LL,L + L 	R6q C.,t .f Raj. Lee, CoL L,c -F LCL Ro 1 

RtL R'q ~L Ro Ge.Coc -1 Rit R/et Lot Gc t Ril. R►aq GL Loe1 + RrL Lze,41 R,L 

4 R►L LZ`1 C+L & er `I Rrt 2eL Lot, COL f R/c LoL ! O C+c + R~~ Rot L/t CrL -/ Ret R..1 LILC,c 

+ Lac Rot Raep CeL 4 L.L L1L t LIL Lctp -F- Reel Rot Loe j CoL t LoL~'.ei COL Ie + Gy-i Ret 

Cot + Lid int "f Lxe! Lai 'f RIt Rf€ f Re ef C. L CaL + RIL Reel COL L1L+ Roel CSL 

Ly~ RIL + kgIc LZ COL t Rrc Rrel 4et C'oL t R Ltd 44L + slvc Rlq L,L. Clc t R,L ROL 

R.Qt C'°L Rf et L t R, L't Rrc.f C4c t Rrt Ri cg L 4o t j -f RbL R►t LLe1 C/L + RSL L z.et 

Gc Roel 4 RRL Ro(. LoQ 	L 	L Lot Rej COL + Qoej Cel f,L L-IL rF Qoej C'oL R/e~ L,c + 

 got fle$ C,L LIL + R/`4 RoY Gc L►L + ,p-L 04vi Cet 

L, .+  L6L L,L .} Lo`f L't) p + C R't R►ef C+L R L + R►L Rreg Roe, Cit t Rrc RI L 'eel CoL 4 

RrL Lol t Rrc 
Lo($ + L'L l4t t Llc Roil -f Rot K 	R,e~ CoL +Rei Lot + R,a~ Lo •f 

kot 4e,t + L-tal Roel -I- Roel COC RIL + Rr~ !Begg eek ~Qr~ + ~L Rrot C~~ + Rrc LCL -st 

RIL L4'et + 

 

IL OL kr~ C_rL + R/L RI RO°,! Gc 4 RIL ROL Reed CUL -t 44L -f 
R1L L01t t RrL Lr~ t ~2, Lac + ROL L►L + R Llt) p -h IPit R + 2  

R►eRoc.+ Rr&Iie,4 Rc 



xc 	 NC , 4 Zo& Zo la4 Again 11t°iiP 	
nnZ2d'`Z xod 	 z2 ftzoezonzzd 

¶I fault cirrwt supplied by the g ierat©r, consideringg all 

initial conditions to be so%* 

p~ 	 0101 f p +1 

(2 +2) 	(a. 4l. p) (GjLz' fp +1).7't 

(,2 +w') (R +Ll,P) (No '►+z ►► 	 zad) +N 

Here the ,rosin (NGp +"2aZQd+ZQnZd) after 	lifiCation 

co ee out to be ao £Q was. 
C► ~ Le CL Leet Coc + Lz~ Gi LL Lott 4L1-'-) p?+ ( L L' - Ls`F 4 ̀ Lott COL 4 

RSL LLq (4 Let- Cot -F Loi. R,L LL..q c4t L0"t C L + Ri p L t C c Lce Co'- + Le` I-° et Gt 

Roof Cil. 4c + At Leel CCL L2cl Ci Lac + LOL AC L Lx.Qj C.rc L, + R►t Lxe~Crc l eL 

Lo Co + R L C li La L-o coc + L, L C,z !2° Lo 	 t 6 COL 	► 	rt 	 c 	c et 4,L +Lot Ra t COL Lit Lt, 

+(Rt t !?°~ C L►t LL G. + 4 L2ttCJe L 1 pec + R'G R~~L~~ C~c t.-j Ct + 

R►L L LD~ ~L 	+ 'L Rai L'ef Cot. 441 0-1 + RIL LoL Re11 Cot Ltc€ Co + R►t 
Z 

L~ C►c 2°9 Cot L, +Leek Gt ~ZIL r2►Qp CiL L L  + L►L Loi CO C. -i- L°et C°t LZ el 

LPL Gt + LLL L2-e.~ C L+ K►er ac Rot Laet Cot L►L t Rej G1. 4-oL Roel Coc Lic -F Kot Roeq 

COt 2 C L►L -f Leet C Lot Lrt -I- ~te~ Lo ad Cia L~~ -F Lct LOe~ Coc L►LCIL + I-rtLZ~ 

;L +' Lte~ CIL Leff L°ej Coy + QL R1'4 C L "►, ~oEt COL+ R►L LL ~L L*L 
R°~ ~o~ + R►~ Lac 4L R°t Lbej C'ot 4 L L R►4t Ro t C C L Lit + Rot R°qj COt L►t 

+ Li►. het Cic Loc f L►c t-sel ~iL "el + 1-r1. LoL Lee$ CoL C►t -1. LZet L°t Laf COL c) 



~~c 1-z~ C,e. 1l"et Coy + fZ°et Cot R►et L IL_ C,, SIC -r- R L LoQi C~ R, °t C+, + 

RIL arc Lori Ce 	,L + C~çL L6eL ~L Liel Cit + 	 -F R►L k C/L i1OL 

LOct CoL til f RIL Rle 4L LOL 'V COL + RlL ROL Roes COL t C/L f RIL L T 

GL Lei -h l~',L LseE Goet Gi 	Lc~ CeL ~ `~ R R 	goa~ CeLL,L fi 

CC °L L,L Ce" + Rll~ott COL LLL CfL. -F Rlc 4el C L, L-IL t R, L,LOL t 

z  
L L 	

/+ ~Qoet 	~ /~r Cic ~IL -r- Lol Rlt; SIL ~~L t Rlet~-IL oet LIL + RRL L-zet Gt Lrc -F 

/~~ D Lt e{ `.1L ~oe~ It + ICoc ocp CoL'-rL ~c -F L,L beet CoL LIL CiL + 2oe~ CoL Li, LLe~ C,L 

't IQ,L L2-el CIL Lo~ ~L  Ret4L CIL Le ct Ca L + "LLn-f C-L lelj~fL -F oL 	CoL~ 
LOQt 	'-~ qL 

-F ~°L 12Oe1 CeL L' CIL f ~rL klet C t Ret 	GL + IPiLfilet GZ /tet ,Qe~CoL + 

RIL L2_!i SIL L°L 4 Rij L.2 	Z Z 	 ~L Lbe~ -f 1plL loL, Lagf CaL CIL 'f 

	

Qr 	oc + 	 z 
~oL L L L + 4L + 

L, L `IL 	~ + 	L L 	GL I[OL ~ ee~ ~L efL + L L 

	

G.L ~'o 	 G 	Z 
~G~ ~zej C4 	t R~L 

~L lZO% CcL + IP, Ipo~C ~ L,L C,L + ~Poc C4L L J21L CIL + R L 	 • l C/L + ieIL IZI~ 

+ R►c lP, L CZ  ~ LIL c -l~ RiL oL Roel ~L 

+ RIL R,~ `iL L ej + AL R,L Ltq  ~{ CIL 2oe~ ~' ~L RoLLGt~~L 

Qt t list LeL 12,E Coc L -F Roai GL I?IL L/c CIL 
 

	

~L 	rL -f ►c 4c 
+ Lr~L LIL c, - R°tet ,e Cic L, 	 t 	p L "I QIP'eOCt GL LIL I SOL Re~ CeL C/L Llt -F 
L
OL L, Cl, y L0~ L, C/L 1' 4 L SIL ~o 

•
  

1 	Rlct Crc + L,L Low CoL f L.oef (-0L L,~,ti 't LIL LL 	L + . 
~~P ~L. .L  

I?-L 4QCeLLL {Q 	 + I'- Lo 
~ ~ ~ 4 -f- 



Z 	 L 	 i R, Ire{ Rot Roel Ga Cec -f RrL Riq Loc (4 =f ~ri Ree 4c. Loeb +  

Rit L 	4c ReL + Rii 1?eL Ltq CL CL + RIL tai. R f Gc 4L -t 2r~ ►p,t L,c C,L -f 

(ret Roep L, C t, 4 L►c ll.t Raej C. Ci t -F LL L►t CIL + 	?L + 1Q,eL Rat Cosa 

C C + LL Ree C. R►C CiL -1L- L29 Ret Roe CL C. + Lte1 Let CIL -- 4.f 4.tC 

+ aaet Cot R►t GL -f Rrt R 	t R, L, C,L + R►L LZcycic + R►c. R R►~1 G~ + 

RrL Rre~ Roe Cfc + R►t Rot Rate Cet CDL-- R►t LeLCtL + RrL Le{ 4-f R,c L,cCic -1 

R1 el L 	-F 2oL L►t C, t R. r L,L CIL -f R►c R►a.J CiL -Keet CoL + Raei 4c L,L + 

R..{ C.L L Zq -F QL L,4rt C°t t R,ti L+q CeL + RIL LLr{ G4L -1 Rlet L►LCaL fi Rot Reel 

fiat Rr tt Gc -} Rice C►L 1.aq + IZot LLCM 4t + Lzet C+L RcROL 

cec -- LeL Rosi ~0c + R,t R,Q{ CilL AL + R1 , R,ee Rete Cit + Qic &,L R'ae~ Coc Cl ~ -F 

IL Loef C4. + R" Lt 4L -F L,L R6L CIL -t L,L O4 CI + Rot Roet Rret CGL 4L t 

filet LoL G~ f R ~t ~O~l ~'+t -F Rot Lxct GL +L 12v 	{Z, CiL) }' + ( L Rent Cn L + 

~1LCIL # R'q SIL Ctt f' RIL Rai CIC 
RVL Roel CiL + ktt Ce, 

RIL 	Rani aL R,e f 
+ 

+ R►L Ret C►c -F R►t Q.~p C L + Rlet ROLCrL + Riet Ra( L J~ 
t R,. + Rfe f -+ ,` -f Ro 



Reno® the total value of debminator am be tbva$out . 

The aurrwt thi ngh oandslaer of the posttiy,squenae ngtwork. 

V p2G~  

(p2.v2) 	( 	jwp) (C,z+ip +1) +z' 

(p2 +w$ ) 	(.L 1,p) (Cap + x Znd + 2d ZQn  

V. p 101,x, 	 N 

( 	
q 

R + 	) (Nc P+z z +z z) + x  + tan ©d 2d 02 

Current flowing thiaugh amt brapah 

	

V= p 	 i 

(p *t+') ( 	+p c ) 	 1Jd+ 	Z 	N 

as 	x 'at x2d 

• 

vi p 

(P2+a2) 	eq Li• ) (NC# , 'z 	d '~ x ) + N ~' 	~~ ~ ad 

Cu rest flowing thxough negative ry u.zc. network 

	

Ir 1) 	Yr 	x_dZOn 
xo,a2 	W) • 

Current t1wind through 00ndanser branch of the negative sequence 
netwxk 



•?v *,Z2 	.s ♦1̀ 2etf '°1iP 

V,2 	C ? (' j4& •q ) 

{P +W 2; (RI.+Ll (ci +z 	szbXxad) + N 

Wier 1 'It ( *q +jqp) m, , Cot Loop Cel L.Zef p4—i- (R0 LOet 
CL'-2e.  

+ 

t L"CL Ro°,[ Cbt. 4 Riq L•, L. CL) ~3+ ( 	°LL~ef C,+ R,, L•LRO~ 

Co, + L g L Rpft %L + LLef 
LDL + LZet 4 eL) a2+ ( 	t 

~?re~ Lot 	Rst Loe.i 4 RIL Lt et -f L2,tt Rod) p 4 RIOT ReL + 

The currtt flowing through the induOlve branch of negative 

g1*cen 1 & 

n 

Zb4Z2 (R..q L2, 'i/oj P)  

V1 '  
~p 4w2 ) 	L 	~ (NC1Lp+Z2a%d* ?2d! +N 

The Durrant flowing through the zero oaegnaias network 

The current flowSng through the oondsmser of zero ss !1 C 

netwoC 

• n ►1' (%oq*L0• ). 
&' (P) . 



• Va P2 .L 	Z2a(% *o.q) 

( 2+; - + 	(R eLl,c1P) (No Zp+z2mZOez nb2d) N 

3I*1.lZ1y currwt flowing through inductive branch will be 

1T p 	72m 

	

(p2+w2) 	(P%eq+L j.sgP) (ff'1OZ2nZOd!ZUn'&d) f 1 

Now let thee csi.roi it be interrupted after a tine t1 ad lot 

the voltage be rq,rassnted as r = Vm Cos (( # A ) 

V1 Ooa ( + T  	Rjinil +Ll*, 	+ 	tjdt 

Agan after tatting Laplace transform on both the aides and 

noting that . po B tive aqumco voltage will be  

	

l(F) 	c Wr eA p V "A If 

C 

	

	C ,P C jj 1 +1 p +1" p +t2 	 p 

The negative mequsac. voltage will be 

azaa{a) 
Rioq '01LLIKP +1 	 p 

Si*i2 a,rly the zero , e 1eioe voltage will be 

coL CoLx 	2+i ~LD.,',D(0)  P ~"' be~' 

The total voltage will be the aua of all theca three oonponeats 

1.. a. 11r (P) = QrL (P) + Yr2 (P) +V1p (P) 



Two Icy$ t tit t t.) 



THREE pn&a p'AMT so ( Bet. Pig. 11 ) 	aid ( ) 

Here us ate. ae as for the sake of Aiplicity that both thee 

eachdne are t o.t1ng, their voltage are exactly the seas i.e. V = Vzoos ut 

beibrs the tape occurs. 
are 

It is .as zi d ,gain that the tuo machine and ibrmer., identical. 

Whai the switch 3.e used the f&ilt condition is st1ated. We shall 

find out the distribution of currents vith the help of anpaiosition theorw 

Lot Gm, 2 be ehai4ed the the aurreit through switch 

V 
considering alliti4 

t t p 

conditions to be mete. 

Lot Gm. I be shorted then the ourrmt through gan, brauoh 

can be found as 1b3i+ovs 

The total i,.dsnce am 

(aIL+I. jtp)+ (f L j0 ) (1cl.Lp+LlLclLp2*L ) 

21Y 0UP + 'LC11p + 

Vp 	1L, ap+ LGp2.t 

Cp +v) (R •L +)+(Rjsq+Lj a ) (R~LCzIP.LA +I ) 



The Curr* t dao to this through esaoit#Y branch 411 be 

( *L )+(R y  + y. ) (RyG *Lsr,Q F 2'1 ) 

The curt through snitch branch 411 be i• Q. ( +LILP) branch 

'p 	 1 

(2.w2) ( ,L p)*(RP L1  ) ( c p+L C p2+1 

The dinminator term after si p]ifiaation reduces to 

LI  IL , 3+(Lj, ,c + eqO LI' y)y +0 ,0q1  taleL  seLid ' 9e+ L 

VhGU the a4tOh is opened i.e. the fault is cleared, lei the 

voltages of the two generators be roanted UI m  Tn  Goa (Vb + A ) 

writing . ion to x loop 1. 

Vm  Oo e(wt+ A) Rt  .i*Lim 	..L (iI .il i) dt 

Tang Laplace on both sd.dea. 

;;sAP 	 .. 

11 (P)  

Cep 	p 	P 

It abould•bo noted her® that the mooing of I1(p) here is 

is different from that used Under fault nondition. After aieplificat 

4 	 AI Il 	h ttt 1t An NA 
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C....p) P)  paw pat +L .q 1(0) - 

Cp 

q1(0),'1(0) } 
J= 0 

p 

AmUarl ? vrdtting equation for2nd lamp 

~ p 00 s A VA sin A v 
$legC 	I, ~Q T l 1 1S 	,)~► 	.: .. 	...--~ - 	---•- ► •Litail (0) 

CILp 	

' 

C 	p 2'42 

	
;2..,2  

q1(Q)#%l x.(0) 
.— I =0 

p 

The ibo two eq ions can be writtam as 

a II(p) + b I'1(p) - Vt m 0 

=0. 

~l 0 +L 0
~ 

+ 2 ~. Where t' ~~~ ..~..~..,.~ 

b 	-'-  
O P 

9m cos x p 	'gym rr 4nA 	 ql(o)*gl1(0) 
2 2 	2 2 	tL10 1O) p+Y 	p*w  	p e►d 

vm 008A p 	V xw 81n1% 	 g110);q' 1(0) 

2 4W2 p 	p" +v 	 p 

-1 C +' 	 d=bK' and Isi (p) 	mmmw-mp ..  
.2 k2 



bt = , i_ Y 	°°— v in .LI st1(o) = 	01 'o) 
 p~ 4W 	p2+W 	 p 

aK~ a &legc LP.L1~gG 
2 ♦1 Ya p coa r V w &n h 	 q1(0)*ct 1(0) 

C1 	 P 4w2 	p2 •w2 	 p 

AL a b2 = (r►b) (s,.b) = 	( ,vg01Lp+L1 0 p2+2) (aj "2*p} 

Ole 

' 	0 	 .L 

	

. Ftp) 	' 	.! . 1' (0) + (R1~~iL p} ( .,jo jLP+Ligc jLp 22 	0 	1 

g Rlogl,Lp+L,W "'+ 1 	 eta p Oo a), 'Va v atn A 

0p 	 p2 +eta 	pz+v, 

q1(0) +q'1(0) 

•} 

7 P 

The dzap upto the fault point 1y (p) € t 4L . p 

. . Raoovegv►oltage r. 
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p2 + W2 	P2 ~, y2 	Llp 

	

co a 	li nW ~n A+L 	 [L1 iI (0 
rrr.M.ri..r~ i + 2 	p2 f 2 ~ ( .q L1. ) (~qq p+L1gC p # 	0UP 

li.q011? +. "1eq OILp 
2, 1 

CUP 

'Va v WAA 	q1(0)*q' 1(0) j 7 _2 _ I. 



1, lhl = 	l' 	 F~L.qcjLP+L j..4G jLP4#j r 	Ll 

Cp 	
Lx.qi. i(p)........~...,_.. 

1egec 	— 
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p2 , u2 	p2 . t 



LXU TO LIKE FAULT t- (*.f fig* 1.2 ) d" 13 

When the p4tch ie eoa 1„ f u]t oondittcm SN sta1st.d. We 
&3 rind currant d ribiticavlth the b&ip of açspasit n tb,z*a. 

a 'porting tun. 2, the irdanoe e.e by Owerator 1. 

( tilt +L p) $ 	X vhe e z to defiaed as ibUnw 

Ll 1 Cj P * (Lit. 	 G,1 +%L L .o, c 	'p4 ( L a1 CIC .I'1L+L2 

U1 •RL 

10400 + 	C +1 

Vp 	(H+D ) I(p) 1p 	("t.LIp) R* ).w 

In tbia Case Z M z (p) 

L j L qC1L P4+ (L  R.eq°ajL2 + flL2e% L?4L .L 	g *C ft R1 C1 L3 

L,lLL3+L2J a+ ft L ftJhe% IW L2+a 1': ' td'` 4 	` ` ., ' ` , *XI Gj $jt* 

czrmt trr~uga Z brsnch 



(P .y2) 	(tt*Lj?) (N *Dz) *9 Zf 

Current in bo bxch 

=11(p) - 	—. 

(p2+v2) (tt4L jp) (Ntl ) tN Zt 

Currant 	cu branch 

*L. 

(p. 	► *L 	( !#4f )i(t~~ 	 *Irl 	► + 

VA 2 1 	 *L 
a 

(p*►v2j 
	(i+1 	} ( +DZ • ) 	Z' 

tmrr*it in od banch 

Vp  t 

(P2 *v 	( .t*Lip )(N+ 	).N 

Now G~rterator 1 is shart+ed 

(kt+Ltp) 	.tl9) *,. %"uy) (R t+Lpp ; +t' ( ' yy1Lp k 	....,.. -  
(a t*Llp * zf) 	P-it +Lip ¼ 

Dt 
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w N 	♦Di 

C rrrt thzug m brsneh dupe to this currgit 

: s 

Nt N'/0' 
..r....~.w.rrr.. 

CIar2 t b hmugh cb br c~h 

(p2 ,w2) 	(H.8q L j ) (N' o 	+3)+) ♦3+ 

pi a►t though Z f J ch 

Vp www 
(p2,2) 	 ); CZ " "Dr) 'N' 

E t t - Mugh ba batch 4u be 

~IrrMY 
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r rrwr.rr. wrw.rr ..I.Z 7 r w1r w ~wMwaprr.rra~ 

The total czrr cit flowing through ?f branch 

v, N {(aj.cLj.) (N' cp+D' )4N'} • (Rjj+ ) j(Pjt ~jp) (I+ c)*NZfj 
(p2.w2) { eq is,,cp)(N'CP+D')+N' 1(Rt+Ljp)(N.DQ • 



oarmt t1 roup an t' = ioh 

2c 	litt(E +Lpp)( *D .Ni S. ( .+KIrL  r) 1( , +L 	)(150 ol Wmiil 

2,W2 	{ (j , )(N► ).N4} j(a +L 	)ti'C 	D'.N'j 

Curren tb u i 0b braaa1~ 

Vp 	Dtrlo3 r + 	*  	j(%~4p)%+Mr)  +WZt 

p +w' 	
(` ►~ 	~ r 	' 'L (R+Lj 	RCir #} T'! 

Ourr&t tbxaugb ab brat 

p2• 	{(Rit Lap) (N tet)+N eI {( ec i ) (N'GPtD') 4 3 

Tbtnl CU rant tvu1 Cd brach 

gow 

 

;Let erns Y& Currant twit the t .t , Lnt br oh to  

i'g 	ted ae If,, 

t trrent t1owitg tbrough (Rjj+t c) br,Ach 

S 
R1t+Z'gp}D"4N v 

_ 1L da S. +(r L 	3 * L :aq h 2 ( 	C9 . ~rLLG 	i' ~p~rR 

CLrttt fJ.owlng through (RjeL p) bra 4U be 



1z.( it Lip) Do 
(k *L,f )DN 

tirrøt fLowing though eDscitor brw►ah of n.gs%iTs uq, 4410*. 

	

its (k;~+L ►) "~ 	(a , +LSsq !? 

	

(,t+L2►) DM + N 	+iaz+ 	'" 
IL 

Its { 	(ht 2 (Pl q 42aq P) 
(kt +L2p) DO .N 

OUMUt thiw (R1„ , !La.) "+yah 

Its (a + r) 
y) DM ,sa 

Nov to find the total XVS9 a:t . vs need in this tjps of 

feat the posttiVO 	QS 6►4 n. &ttvs quemo* Vvl * U) 
na%s. The or# at the po t i e s iiencs voltage cogaonst wl za 
ctl7bsthst tbi is th. )phi fault intact ib V theiDitiaZV.Usa 
of the airrsit that will be differint and which have already bean 
c lcalsted. 'fib ted the nsgsttva asqueaaa ooionant. 

,q 2 +L2 	+ C - (l4+i1) dt * 0 and 

R1eq is 2 .L2 	+ 	(i +) dt 0 

Taking Lgplsoo trenstOr of both the equations and after alarm 

fLoat ion. 

a,euGj p*L2 QIL p2+1)l2(P)+Z1(P)+G, 	i ~o +  



12(P) *(R.Sq 	 2#jG, 2* )Z' 2(p) *G ,p 
[ (9). 

+%z 	 -L,2Gq 11(a)~ ca 

It In to be noted h►ra that the initial value of tint 

£bt L2q gUI be titfer it Asr its Do me i... (LL  1 ) andL jL 

The sign of the initial currmt rnu4 alo bewnsid,r.d, 

The cb ;w eciiiatione tee- m1 I ibr I2(P} 

L 	t { 	,~► ~ 	~ 	 Ct1Lp* 	'> t
q,2(0) +q2 (°.) 

0 
. Th.ó aa01AL'r0seiw1o3 iltage 4U. be 

I2(p) I a $Llp I 

the total v44t e 4U be the rim of pitive e'u *ce ana nagivs 

SS t c. øouc4ts at vrltageii 

w it to desired to find the aCtusl value of oiftet'*it 

tem used, 
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?ret CIL LtL,ef Rrt + L, LL qii. Rq + Lrc Lfy R Rr Crc ,E ~  

+ L, e.1. RrL LIQ CIL Ri{ 4 Rrc L 	C f, Ls 12,t + FL ?L LLct Crc R►t -f R,e, L.2ejCI L LI. 

Rrt t Rle{, Lr,. Lief CIL Rr f -{ At. Lt L,ef C+c Rit + Rrcp LZ 4e C,, All + Ric R,q C,
2. 

 
z 

RrE L,cg t L► ra Lree GL + LZq R t L,q arc -► R,L R, ~ici LP  ,t 4 Lrt LZ 12,E Crc R, 

2. 
Lkq Lt J2rc Crt Rrt + ,?r t L, R,e~g Gr. 4 R,c L C,~ 1?,f Rrq + L,L R,eg 4L LsR►t 

arr- Lit Crc Li 2► t -F L,t Lce~ Crc /Trt) 	-1 	Lit r?,eg e,L R,t + Lrc Rei L gc 2,t -F 

CSL !~►rt + RL LZeg CIL R►E 4 Qit L~ Gt Rrt 4  

	

2. 	
~l t 	eL 

GL LL Rr  + Rrc R,ej 
Gi 2  + Ra /~,e-q Gc R,t 4 Ric R, Gc L,c R,t -! R R IL f~ 

C, Lzq Rrt + L,tLtRrt + R1q 4c Rrt L,L 4 I?,t R r Cit L,c Rrt - L,L R, 
+ L2~ LzRrt 	KiepCrc JPrt L?tf + L,LL Rrt + R L Z i -F ~Z t 	R,t Rre~CrcLZRrt + R,c 

	

L 	 2 
L Gt Rrt + me Lrc r? C,c Rit -P /lrc L Crt IPit + 	L L2 

k',t + R L 	Z 
f 	►t Ria Crc R~~(' -F Rr /Z L 

 

rc 	C,c Rrt 	Rrq R,t LZcf Cit + R►c LL R 
2 L 2 LtCrc R►E + RIS R,~ L'it R,t -►- Lrc RI 	 GL + Lal 	cic /?r 

L 	 q t R,c IPre, Cit L2oej + rc L: k t -1 Lzq Li R,t + Rr ~ Lrt I?,Y C~c t R,c L C1c t 	L 	 L 

Ric R, L, 
	( R, PL1 

,,.~ (~
.t /z►~Ll+ 

red Rpt L r -f R?el Rrc Lr +4L4 
 k,t IPrf Lr -F  + Rii 12 	Cr 	-F 	L 	 rt Eta-Rrt f 	R►~ /~re.q Crc Rrt -F L, !Pi t' + L,L 	R, f -f L r R 	 I C r ~i R/t f LzeE k, f t 

L''£ RIL Rr r + Lzae 1?►t Riep ,- Rrt L2. p, f -F 	L 	L 
,r~ L2. R t+ Rrq LZ 2, -F R Z 	Z 	Z c E t 	R

~`i 	RicLrt 
t 

 
L' i2rf t me Rrt R,~-t CI. ~F R~ RrE CPL R  

f rc L1 R 

	

+ LL ll E -t 1. Q►~ 1 	4 R,c R,e~ C,c 	►E  	Lz it + ►PILR~Crc ,Pf 

Lke -I- LZ .}. L 	

c 	re.L~ ~ R►f + R,c'fi Rie~~ L, p2.~. ~k~~t+,~~q l 
rc t Ricp CIL R►t+RrLR,ep  CIL) L, 16 Z 	R 

	

+ 	r~Rrt R~g CIL + 	Rrt C,c L,pf 
Rrl 2. 

	

La Rrae Lz + RrL Rree Cit RiE~- Lrt R + L2e 1?►{) Lr p 	Rit 	+ R~ R 	R R► R r t f  
+ R,~ , t + 	R,, R, i ,P.? o.. 



2 	L 7 2 
LI~Lr~ t '~r ~-,LL9~~ -h ~LI~,kit,L-Ie(Cr,Liy- 

ZZ 	n RIL eit LL + LIQ L,C~ L.Z (yL 1 t + LCL Lz~ 1'~,eg C►~ Lx.+ L,LLzc~ L, eL (?►L~IL 

2 ~ 	 . ) + 	L, L,~ Rlc R,~ CI 	. L,L 
L, 4~ LL + L,L 	L ~L ul Lz Crc + 

Ra ~• 	 2- 	z 7~ 	 t RILL Z LZ 	L

. 

 
~i ~L Li + ,t Lzei RICf CI L Rrt .f . L,L R, RI` L, 	z 

~LLz+Inc L)q CL 	,a Lr~L,  
L 

	

~f 	R,t t R,c IPiaf L, LLY ~t ~Z + Lra Lz 
C, Lz. + L,L L2.el C IL L,Y L Z) p  

`F ( L„ L'~t IPi~ erc Lz + L. L 
IL I~C/L R¢t LL 

L ,L L,~ AFL R►~ eic R ti f L, L,¢f CL R, t f Llt LI L2  `8 C►c R,t - f lyc R 
ICIL C/L 1.L + LIL RIP GL LL 	L,L R, L 	

L Clc + L2 	 Z 
R'a L 	R,~ L, 	i 

 

L,~ C IL R 	 ~al 	LZ.~ Ric L,Y C,a LIY 4 i ra L,Y R,t Lrt Rrot CSL I OCIL Litt 
L 	CLC IP,t , -h kic )?It L 	2 	2 

i+ R►i Plef L ILLa~C,L R,f +LZ- R/ CrcL 	
. 

	

L)L LL '4 `- IL 4+ LIL Kle,, CIL LZ LI 	
2 + ~,L L~ ~c IRL L,L 

Rl t L 	
Y -t R"- LLef Cf/ Lz Lle f 	LIL Li 

I 	+ R►c LI Lief / 2 + IP L 	
el C►c 

~r L 
1ei ,L LZ-

f CIL. L2 ) p~+ (Lra Ll
~ ►! + Zra L,~ Clc >PY R►t + L,a R 	 l 

	

-f, L► 	
R, < <i 

	CfL 	L.,a ,P/c 
L f eq C ~r 

+ R I~ R, L 

	+ Llc JP, Ls~ Rlf Cl1. .. f R
► c L,~ Cri LZ 

►moi GL L2 	IZ R,~ Cr Rt + Rrc L, 
~ '=ci C S L fZ I f 	2. 	L 	 ~f ,a L,~ k,t+ , c LI 

	

+ Rra Rrt L,~ Z Z 	 R►L ~I ~ Ga L,a L2. -~ /Zrc QI [ /a Li L 

	

Rfet ~iL + R,L Lzet.~p 	, f 	 R 	
ZY t 

	

Z 	 C~a L2 Lrc +  LIL LZej L'l- + LIL Rff Rlef Ch + LIL RfL L ~f C►c. R,t 	R, CiL La. L, 	L►L Lz L,et 	L►et a LL t ►~ ► L 
t rc. Riet C/c. f L►ct Rli L2e~ 

~c alt + LIa R,e~ Ga LL RIL t 12 L2~ CIL Lz -f 
L, Lz C, R 

LIL R, GL iz + R,L L2~ c,a Ly r 	L,L L 	CIL R,t,  
~p + 



(LILR►g CiL k L R,+ L,L R,~C,LR,t + 	R,fL, G, 4R 

	

Y c 	is L, R,Y CIL 

2. 
z 

R►t + R►t R,ei Crr Ls t Rlc Rlcl L L c,s + R,L Rim eic orf -1 Piz Ri ~t t+c 
Rpt Cry + R,c k et LLe' Gz Rlt 1• RIL Lt L,L + 2,Y LL L,L .f. 'L Rlet C IL 41 L  
Rpt -F Lu. Rit + L,c LZe~ felt + Rl- CL t,ej .} L, R 	L 

Bei R,s R,~ 
Lrz Rpt + Lie, Leet gyp, f + R~ Rid Ca~LL 

+ RptL,L Ls+ 

Qrc Lsc~ t: t 	Rrt Lrc 	Cis + R,L L 	4c R,t 	 R7' c Lz -f 

R i L,L Lz + 2 LL~ Lz + ~?~ R
►t L,L CIL t R,c R, Ls C

FL Rit)
L 

R►1-R,ceR,tGc+R i ►L Qj~I Rft CIC + CIL RIL ~jt + LI, 
Rej Rif 'j- 

R►f 	L►Y R►Y Rit + RfL LL -f R,~ R►t LZ + glz /l, C ~L rc 	+I_/L Rit ,t 
L Rif 	+ RL R,Y LL + ~P t + RL R, 

9t (% 	LIe. 
t Lze~ R /~►~ 1  + R,~ 1?rt + 

lZ1L r?,tt K,t 
J 	 Y Ric Rit SPY IP~~E 



Lino totii t1  ti (az. x.14 ) 

count th jh 'ta'4olt l ob tsc) black An cico of 

Li o to Lino gi it 

	

VP 	t~ 	 4 + t))(tP 	}')f ' 4( t4Ljp) I(pe",p)(N+')zd+uzf t~ mw 

	

(p`® 	o2aoLla) (go c D,)+NS iC it'sL1p) (U+D )+ g g 

Lim j a k •Z ibo 4j Ord ; ara drtzsd zs r ra foz tbip 

pz4c233.Qr lOcat, E of She fcult. 

L L2 C JJLiY + (L 	 t `; e ~ 	► 	i 	
~ 	1 	~ s $ 

2eett2eçjt )P+ 

{~► ~a 91+r 	1e )P't ( 	v L 2 0 C1 jt; 1';, 	1. ? 
	CJ.L ),p2 + 

(L r-ICA 'a 	t* + e i 

"O LOc%LLop4 (LOLU ()L6LLO,̀  L O(R% lb ' 1'a~, 'o qjL t)P ~ (o 04 OI )< 

LOX b+'Oc a+%,bx'OL cq%e 1 ci0&t 2+ X.. %c a°coq%L%o 

0o 0L0CQp 

("O* Cfoz, bt *arJLrbccoL ° +L0eq)p 4r l , ,+a 

4t t11O At ult1 tit our it be zpr' c mt by Ife , 
Zio C1irrct dic ritutaon In 	 to t bktno i I of tho nc ct 



aeQua s nGtWD* All be suecbly the s& as in alas Joins to Line 

fault E uZOIpt fb x the valine of Z. 

The carrot !a'Ang tbraugh ( + 	branch of Zero 

ssquonce nstw~dc 

its NO$ 

where 

O ►'a0, as 	+ L )L DoI7 aOLO9,1a ,)p 

Looq(kLP. * beq. " LP • 

curr zt tong tbio i (% ,.L p ) braaayi 

(kt+ )Do *:NR0 

oust Dowit s th ngh c gaac.tor branch of sszo sequmoe natty* 

fa LP (%t# )(Ib ~Lp p) 

t lot+E~?p) D 0 +N"0 

Curre t thmugh {` geLoe,, p) brArh '4U be 

Its (Rat* LOP ) 

( ,*Lop j D00 *N 0 

NOW the ath is to find the Positive, negative end aero 

see,& acr voltage whoa the switch is op aed i.e. the fault is seared. 

The fora of positive utnc* voltage 411 be exact4.y seas 

as for 3 phase, fault,, except i'br the Initial con; ,tions of tho currents 

in W.Zfsrsnt br chQ& It atau4d again be noted taut while writing 



fiber 	t far tlxVUZh ( + L1p) #Ad Ne LO) beaches Is 

lis vhtre ut in the intta2 conrtttion th~r as not 	r so uhU pntt1n 

WWWe t 1 cxmdtt.on we aIu1d break up (k,q + Ll, ,) Sato tt poz4ioni  

( + Lip) 	t a le Ia ) 0a put the re acbiye Initial «atm 

,Ath otouse pxopex 4ga1 

this will to tho ce fir negative cad ao aeq o0s, 

, .a. $tat3,sr e I= wiU b3 Etta its in the case of Un. to "U 
taut sad bøt. tam v u6 	1O 4 out. 

flare it is to be noted that aw4 v&.ue or the dsiominaEQ ^ LOr 
the +irmtt eea4on has not boon 	out. ie ran is that It isads 
to 	10964 'ui.aticnth 



L4.'4 Y IULT (Rte`. Fps. 13 ) 

Hem 	n-0x where 	 ►d h bavu be 4If1e4 in 1.4 

fault call. 'l cnrr+nb tlni,ugh rut* 	b brat as .ibuid in zine to 

Lino ta)t. 

p 	 (N'C .D!)+N' (R1tsLxP) (R *LP)(N.Dz) .NZ~ 
P 3 v2) C[i. _ _ L 	) (N' C 	Dt)+N' (R4 p) (N+DQ sNZ 

LA this c arTstt be repre etted by Xts i o. ours t through tauit  

ebizit br noha 

The ourr#i,t distribution in the negative aeuoe uetwG* 

uLU be 

Its t ; 	mad that in the solo ioquMoo nstuy zc. 

z 
gocurriit diiri)zLtion in creat 

breicb s of bb* nogtiTo sq unci not c ern be found by jt&a mz] i 

p1 g the thffsraLt curret In the Line to Ozmi fa4t on.ttiofl by 

the factor 	and that In the set as oe fl v31 c by 
zo+z2 	 a' a 

The Di of the positive, negatl r• mad sovc► squiee voltage 

will be th am* as 9n Lin to Gro d fault etfbrthelniti4,gue 

of thi ourrmt. 



NO MLCHflL EI (SMEs F TS) 



OP 21 WNDUTCTD 4 (Rt. fig, Ib ) (4) 

lirob of all the steady agate value of U s ourra t in difter~ it parts of the 

circuit before the fault token place is !bund 

Let (Rlt* ) .+ ,J (i'ig 'it+ItL) V a 	and 

WO1L 
a 

Let Gn erstozr 2 by shorted, the i*jcdance sew by Generator i. 

Z1 # 1 	b1(Z24Z2) *ZIZ2 

.. current In breach h j, near motor I, will be 

Ya Go vt, (b1 +z2 ) 

Zi (b Z2} • ZIzz 

Oz t In .22 branch 

Vm Cos t 
Z1 +2Z2 

Similarly currant in Z1 branch near Generator 2 will be 

V tips vt . 72 
z1( 2.z2)+ 1Z2 

Wkm generator 1 1e Wvzted the Impedance rein by Gene ator 2 viii again 

be the ease L.A. &j(bj+Z2) 4 h1Z2 
L1 + ¼ 

.. rra►t in branch 4, near mer for 2 will be 

eta Cee (wt •)~) ( b1+h3 ) 

• 41(,~LX 2)+h 42 

.. Gal current in this branch 411 be 



v11 03e ut " (Zt4ZZ) V1 aos(w -1) 1.  
h1(412) "` ¼a 

Cwrru t in Z2 branch Aur to g ierstor 2 411 be 

9a te(v~M~) 

Zi+ 

. Tat CUft of in Lp branch 

1 	I V Oos wt .4X foo (wt - A) I 

Carrot in Z , branch near Gerator I. duo to Geenttor 2 will be 

2 V l oo (wt .4) 

• . 2htal curareat in thio breucn 

L(.c,+Q+z 	„coo wt -Z2 v, 03$ (t 

Hare it is a"=W that both the generator, are unromded o that ZOW a° 

Tide u" tion has boas mad# JuGt to aip1i4 the dations. with this it 
is possible to illustrate as to bow to oalogat. the voltage risoo. With this 
ueuptim only one open conductor tfond it3~rn need be cOooi dared. Otherwise if 

the 8amormtora are gvuofled, the suivalat oerigs i ►edaAoo for one opal 

conductor will be 

zoz2 
pad for tip open conductors it will be 

i}+42 

L+ ► the fry be eaywkors an the trans►ioaion line, the .uiv4elt series 

is p ed~oaoe 411 be the ease as it io a gzric circuit. 



	

Z2(p) 	
( 	2a a3L+Rj.l 	~'2~t j~ ►{ 

$ 	 n.rurrrn.rra i~rra.~r 

	

1'2.%0L P2. 	+1 

Tb. .qutv.lent c1 'ouit for one opera conductor 4U b.` .faig.16 6) 

After a time tj the fault hue occurred lot the voltages of the tua 

generators be Va ( &wt ,() end VS 4bc(vb +'t.. A) = Ve ODO(t *?) Ad writing 

equations for the two loop.. 
Bl+% i1. ♦ Lx+ 	• ' 	f (11,*i2)dt 1 va Oos (wt.') 

ft' 1642.1 1. 	
di 
 + '-'1"` f (i9.+ .2) dt . Y' Oo c (vt + '?) 

iin2 leplcc treAs£or* of bath the equations  uations and d r certain depitmu. 

Acattonis 

e T1(P} + 12 (D) + g = 0 

11(p) o bi 2 (p) 4K' s a 

I1(P) 	f2 (p) 	I. 

	

r . 	 sZ wr■w..■■.~■■r+.w.. 	■~ n 
	

- 

11 -bK  K-aK,  ab-1 

2(P) 	i 	end I1(P) ai l..p .,~.■. 
ab •1 

The positive se rocs voltage aozo u generator I. will be 

II(P) I it Lee L11+p 1 + I XZ (j,) *12 (P) I - 

IL 	lI. 

Rif. fig. 	The airret flaying thmugh generator 1 branch 

R 0 C2Lp +L29q CjLp2 +1 



• , The UOS4iys $*Wno voltage drop will be 

12(P) 
r 	 y

L 
 

Rj,qC~+P+L20q0IL'* . 

• ~, Total voltage across the terminale of the generator L 

1R1 049 + L' 	C't ip2*'t i ' ) , 	k L 
21L L;d C 

p z 
'gcZLp 	~r 

(P~ 	R jJ4P '&I &!...„~....,*~.,.....,' Cjjp2 ;, zz. 91LP +: 
Cap J O +L2W1L + x I 

Where go 2 Cep ( ~ ~ ~ 	~} 	Li 	~,Q} 	~ P  

K CSL' I 	+ 

	

 L 	I ° 	- ' 	} 
p,v 	pew 

$= 41 Cep.rL14Cg p2 +1 

b a RI laq clip cL' lea cap 2t 

mud L'j c (''a. 
0 



GAP? k V 
wr..rrw..~..ur... 

?TRE PRtSE FAULT ON AN XDZAL LONG 

TRu1sMZssION I.ift. 



FACT VAULT c 1 IDAI.1WNG NJ4I83IC LIMA i (Rd. fu 17 ) 

The fonowinj two &.ectioatio and #jwtro1 iWL iO faux matin are wip). 

knom. 
d W = .O dx 	ed 

d4a ILdx 

Now tke voltage drop in the positive dirocUon of x of the 4 	dx 

due to d and the line rv4atanas 

.•d. 	.. 	aiRdu+ . .~ .a (d1)+-(RsL , )!dac 

	

ax 	 a 	 at, 

Here negative tgn ha be aeetga d becauee it is a der in $ s 'oltags 

a4i= 	4W) (G.0 	) 9dx 

or - 	= (a.Tp)i 01. i and 	( } 

..  
" 	

(0 +cp) D o !e  
ax 

£ cation (3) and (4) are welt imowt equation$ of single eireui't transAssion 

line. Ditt•rnntiatI,ng (3) with relpeot to z and subatstuting (4) 

a s' 2 	
U = 	,(jj  

Nov for loss less line A=Q 0=0 

LG ato 

L Z 

or 	sa LC 	__-_. __ (7) 
a~ 

• (A, fL 	° Lc p) 
	(8) 



or v = vx V(p) --- (W) 
l 	2 	 2 	2 

and ,~„ 	V a!2 .~..—(u) and' .~,. = q; 

n (p) 	LC vac p2 V(p) a „2 

or a. 	= LC VI p2 
zz 

or 6 PLC  px  ilL  px ) 

? 	V (p) 

At A= 	d = (AL +43) 	= 	D 

• • Al *A3 Vs 

AA  Pi 
At x 1 	Ali► 	# AaG 	=0 

A, 0 +► 	xC p =0 

• PL .. A~ 
.4Lc p1 

Y* 

pL 

Nov L 	` 	 " 	os L pi * 

a 

Lp 	a z 
• 3$95 

+ 1Ra. LAKY un1K .SiTr 



G i 

Mow (P)  Lp _  

L  

p 4v 
..,LC p1 rC pl 	pl 

FL9 	
•  ) n 

* 	( 	LC P3 	 7Fl )a • 	M4 	0 	.4 p . V2 

m~ V 	J ,... ~'............ 	p2*u2 81n h .p 

)tUltip3Jlflg this I p to change it to MiavJ4d• operator 10 thst 

it is possibleoc to use Haavteddo aiqansicm theorem to lv'• Its 

Let P(p) =  
p. 

Lot p JM , r dp a jda 

2 
h(p) 	am " 	. stn fid 

S 	«~ p 	I 
or 
	Z(p) 	tiin to + 	-- sin as 

sir 
1= ,,,.., 

• 

4L 
aM2 coil apt - 614 an .WV 

..s000a•+W I 	 I 

a boa as( .2 z i.I),.  
 ■ 



(4)  

7L. s=~ 	~ 	 iPi p0 
V srrj 

+w if we izbtitnto dret1 } - 0 in the expression for 

we find it i 04 at in440014a a CIU .t 

so 

 

app1ft1 Le ç.fta.6 Theorga 

we IAVC 	•- 	wMUr+wir jr. . nw+wnr.wr.wmurr.rrr+w.~r:~ 

p~+ 	hep +v20.nh qP 

Dif`tereitisting Nnaenter & dLOáAatOt mporstSi1 

Luft 	 - p-'0 
ainh ~p .  +p3, a coo Sp +v a oosk ~p 

V $ 

W tk liidting value of 	for p w 0 is zero 

The solution to thoabovecurrent s preuai3O in tiaa 83IDain 

will be 

i 	11 

Y ss 
 

..5_ (.1) a 0 
	

t 



it i s des rablu nov to d' 	l*ti n p&4 1R tuk the p.s. values 

of 4iffe 	*1 is Of the poller rØ ire M2bsttt t In t1 r 

(z d.r t*Ult =ditian) a pres4ous Rod tai the presses of 6fteroat 

frs us2aiea in the carrot will be studi.d. 

The lbUou d set of values will be us*%- 

bhe1 1luu iedmos 	= i0.3 

. ~. 

 

Riactence 10.30 and roatst,noe a i.S m 

Lsti the uzal tran,$aion►lne readanco be 0.2. pout 

T l Lk na 'L JU a 0.2 p.u. and k a Q 11 a 0.0355 p.U, 

Line taro eoquøoe reotetance and ract noo s . Let neutral iI,ed8nas 

be 2 L 	t total i odcnce 

1 	1063+ 2 x3a i6.3 -a 

.*. Total reaectr oe a 16 and r stetEcs 2.82 -n- 

. a a 0.055 p.t~. and I 9-O«+3i' p.0 

FarTri.breer Yy a X,f 1j 0 0.1 y.u. 

Ibtp R It a  

For svator 7'd a 0«25 p.u. 12 a 0.15 p.U. 7 a 0.1 p.n. 

Nov 1, t the coaduas er value be 2.5P-8vban us consider tr&sitePion 

ling ripreamted b ' air circuit and 5&F  ° 	T ► oirMt. 
6 

Actug value of r Ela$ 	a 1325 -n- 
314 x 2.5 

Base value a 50.?5 -t- 

,4 , p.u. cepaait&ca VFAjua will be 26.1 pout 

_ ..~, 9 N 1F m it vU]. be 13.05 1).1. = 13 pout 



GAUL? AT THS 8 D1NG AD (on. MZQ 4Y*40) 

The atrrwt contains =4 the power fr.qjis and mora]. fr roo` 

of the %yaw. The waver voltage i rias as efant no the upr"xion, 

9.L5p.0.625p.1 

which lour its toots as 

-0.0356342 * 1 0.82886438 gad 

0.035642 w 3 0.32866482 

The teary pew of it o wa the p.u. natural. frejucr pr* ►t 

L•.L fipit 

ii) The warrent contains the ereseion  

4.5675 p3+ 0.183 p2+ 0.600125p + 0.05 	and its Moto ac ► 
0.08884612+  . 0.04159182 - 3 0M 34914262, 

0.04159122 + 3 0.34914268 

iii) L IKA TO GROUND FLUT 

35.76355 p8  + 10.0133 p4  + 20.69143 p3. 3.1199819 p'8+ 0.64?875p .0.075 

The mote 

.0.13787595 • J 0.00300003#  0.03788460 - J 0.27941236 

-0.03786460 t 3 0.21941838, •• 0.0414U18 • 3 0.43542540  

0.04141112 - 1 0.4334254 

LT) L4 G "A)LT 

O.13ro25 ,4  , 0.190Z375 p3  * o.1618Z)25 p+ 0.0412SM37 p + 0.001875 

The mate an 

0.05770552 - 0.1282195, .0.08875 .. 1 0.8, 79054. 



halt at the tar dad 

1) 3 Fouts taultt 

1443+0. .i'25 p2 + 0.n77a2075 p + 0.096 

The toot a are 

.0.0600988. 3 0.38775092 ,• 0.06078986 « 3 0,38775092 » 0.13737775 

ii) ,Lae to Liii. fia is 

16.731,p5+ 7.0595525 p4r 1.2.6355974 p3. 3.189.198397 p2. 
i.066495 p . 0492 

0.15490199, - -0.06149 	+ 3 0.73186364, • 0.08149346 3 0473185364 

..0.0783824 + 3 0.59120586,, ,. 0.07831823.. 1 0,59780535 

) LINE To GOUND FAMA 

.2251054 p7. 1.35598622 p6. 181.4330957 p. 68,9067096 p4+ 

43.3295516 p3. 9.802095593 p2.. 2,84518265 p + 0,293,5 

The tet* axo 

	

0.06380900 	0.,E+661i55, » 3.076SU73 ,• , 0.68453191 

	

-r 0.06380 	+ 3 0.356811550 	0.076811.73 3 0.68452191 

-0.08W575 r 3 0.41187470, •~ 0.1325133 

O.O81i.8575 ,• 3 0.4j187470, 

iv)) 1.4.0 faults 

46.495828675 p8 + 38.84922 	p7 •r 61.19253105 p6 .45.55875759 15., 

25,183835 p4 s 9.995528668 p3 • 4.00406862! p2 + 0,689549 p + 0.204103 



ma roots$ are 

0.0726284$ - j 0.95005359 , 

0+0126 	+ J 0.95005359, 

0.3535678 , j Q,$8j 04, 

0.03535678 .. j 0,38144865, 

0.4*8325 + j 0.2949 +21 

- 0.42083* j 0.29492421  

~- 0.0 5556 + 4 0.35025670 

0.04585556 •. 3 0.35026671 

a 

L4. fau ts- The erret e prsastian c a.t s t ra tes L,e. cu1Up1io tion 
of t to 	and tiiay are . 

2.4676885 p7 •1.55089 p 66 2.362884 p.5 + 1.o2o4993 p4 0.5251288 p3 

+ 04.5 	57 p + 0.0168342 p . 0,005838 

0 

2.4610225 a7 • 1.5543b3475 p0 f 2.48750555 p5# 1..06 	p4 + 0.66893982 p3 

0,11964X P2 . 0.05474388 p rr 0.003268 

a d their rei)eotive toot a  are 

- 0.118161.20, - 0.06624883,, - 0.20312836, 

• 0.03391568 + J 0.523 08461, . 0.08391168 - j 0.725589 

- 0.3391569 .• J 0.52330846, ., 0.08391167 + j  

ed 

0.12816721, - 047613490 + J 0. 344E5746, 0.00750502 • 10.45484516 

0.11673490 - 3 0.34 57460 0.00150502 - 3 0.45494516 

- 0.08155125 - 4 0.72822859 , .• 0.06165123 , 3 0.72822859 



b»G faults.. Th1.e ,grin contras two tons 

6.876542? p + 618542812 p 9+ 11.2009 p0  + 7.56185367 p7  ♦ 6.6624817 p6 . 
2.6316359 p5  , 0.93148308 p4  + 0.2053214 p3 . 0.04877394 + 0.00MQ122 p. 

0.000136533 

,end th4r r Vectivs its am 

-0.05197898 .. 41 0.0236975, .. 0,2*p1192 M ; Q,244,752475 

.0.05197898 , 41 0.0286875, .» O.22)7192 + 41 Q,24552Ø5 

-► 0.0440291- 41  252049Q ,, - 0.41553)85 - 41  0.730423f3 

0.04411291. z 41  0. 	490, • 0.41533)85 a 41 0.W42Z )3 

0.15275007 •. 4 0.84172047 
0.15275007 41 0.54172 047 

0.079510830  0.11660599, w 0#14365233,s  - 0,20793616 - 41 0«00000003 

- 0,031 5903 • 41 0.47636259, 04IL"301. • 41 0.57816419 

- 0.05118915 • 3 0.41636259, - 0.04 015 - 41 0.57816419 

- 0.042 	- 41  t .71 77517 

- 0.042Y0379+ 41 0.71377574 

L4.Q feat= This +g (ftaif tb torr 

1.54566 p1k. 1.5294501 p 30. 2.83545869 p '+ 1.9022957 p 6  + 2.59996988 p7+ 



1.20066 p6 + 0.6804533 p8 . 0.93893835 p4 + 0.0508173 ps + 0.01671314 p 2+ 

0.00245794 p • 0.0000776328 

tod 

1.5456419 p + i 52944736 p ♦ 2.6864852 p. 1.911.65 p8. 1.489592 p7 . 

1.10592466 p6 + 0.3 	509 p5 + O.)13725 p4 . 0.0 5514 p1+ 0.002361097 

0.000213359 p + 0.0000tt6451 

sid th .r atvot are 

{!«042$21U3. - 0..`x33386 ., - 0.27 td363j 

0.09551745t- 4 0.; }139859, - 0.5235553 * 4 0,44033870 

0.09551746 + 3 0. 0985% 	0.5233553 - 1 0.44 33870 

0.36391 58 - 3 0.9103144, .. 0.61743288. 4 0.84349563 

0.36391 	~ 1 0.9103144! - 0.61743288 - 3 0.84249563 

0.09608214, - 0.10582415, • 0.0134b703 - 3 0.52 7809 

0.010581i60 + j0.Q83591,95 	0.03.346703. 3 0.52780009 

0.01058160 + 30.08559195 - 0..'38621'+ 16 + 3 0.91,918762 

0.2473754 • 3 0.69 r359.. 0.2B8216. 3 0.9191. 762. 

0.24733754 - 3 0.68735973 - 0.70408142 



C C 9ROOTS OF POLYNOMIAL EQUATION OF DEGREE N WITH COMPLEX COEFFI•IEN1 

DIMENSION AR(129.)s AI(1.29) 
1 	READ 700, N,IM 

NUTS= 1111 
MmN+1 
DO 2 Jz1,M 
READ 701,AR(J) 
IF (SENSE SWITCH 3) 2192 

21 	PRINT 701, ARM 
2 	CONTINUE 

00 30 Jn1.M 
IF 4IM)24.23.24 

24 	READ 701,AI(J) 
GO TO 26 

23 	AI (J) .0.Q 
26 	IF (SENSE SWITCH 3) 25030 
25 	PRINT 701, AIM 
30 	CONTINUE 
5 	KOUNT n0 

TOL- 1.Ep~'10 
ITRBa 50 
PIR -AR(N+1)+.ARU)+AR(N-1) 
P1I #AIIN+1l+AI4N)+AI(N--1) 
P2R ARtN+1) 
P21 =AI (N+1) .,. 
U *AR( N )**2—AI ( N )**2-4.0*(AR(N— I.)*ARIN+I?_AI (N-1)*AI (N+1) ) 
Ya 2.Lt*ARlN1 'AllN?-4.O*(AR(N-1) 'AIIN+I)+AIIN—i1*ARIN+1}) 

0*AR(N) 
RAI(N) 
KRADx1 

500 TEMPmSGRTF (U*U+V*V ) 
IF (TEMP+U) SOOI P15001050: 2 

5001 RAGR 0.0 
GO TO 5003 

5002 RAOR*SQRTF (1EMP+U ) 
5003 IF (TEMP *11) 5006x5004*5005 
5004 RADI* 0.0 

GO TO 5006 
5005 RADI*SQRTF(TE.MP—U) 
5006 TEMP a Q- .RADR+R:*RA►iI 

IF (TEMP) 501s5C1,502 
501 	RADR= 4—RADR/1.4142135 

RAD!* R—RADI/1.4142135 
Go TO 503 

502 RADRa Q+RAOR/1s4142135 
RADIa R+RADI/1.4142135 

503 	GO TO ( 50,526) , KRAD 
50 	TEMP=RADR**2+RADI**2.  

IF (TEMP) 510,310,511 
510 	XR O .5 

XIt 0.0 
Go TO 512 

511 	XF1 *_2.0*(AR(N+1)*RADR+AIIN+1)*RADI)/TEMP 
XI s _2*0*(AI N+I)*RADR—AR(N+1)*RADI)/`TEMP 

512 	HR* XR 
HI*XI 
WR*— XR 
WI*—x1 

51 	KPOLY*2 
41  

PR* AR(1) 
PI* AI(1) 
rR 42 J* M 



IF(ABSF(PR)+ABSFCPI)-1.E48)42,,42,420 
42 	COCIT INUE, 
420  GO TO 1439504#527) v KPOLY 
504 TEMP = (ABSF(PRI+As6F(PI))/tMSF(P2R)+ABSF(P2I)I 

IF (TEMP-14.) 505,505,506 
506 	WR$ .5*WR 

WI n .5*WI 
HR WR 
HI=-WI 
XR=HR 
XIJHI 
GO TO 51 

505 P3RcPR 
P3IaPI 

52 DEN = ASSF P3R) + ABSF (P3I I 
IF (OE) 71,71s5211 

5211 XRO XR 
XI OX! 

IF (A9&F(PIR—P2R)-1.F-25) 5, 1x521,525 
521 IF (ABSF(P1I-P2I)—I.E-251 522,522.525 
522 IF (AR5F (PIR--P3R)-1.E-25) 523 x 523+525 
523 IF(ABSF(PII-P3I)-1.E-25)524, 24,5.25 

524 WR=1.0 
W I'a. 
Ga TC 5; 

525 TEMPaWR+i.O 
DR=TEP P3F h!I*P3I 
DI:1ER'•.P*P3I+WI*P3F 
On TEMP*P2R-WI*PZI 
Ra TEMP*P21+WI*P2R 
TEMP w : R*P1R-WI*P1t-Q+PSR 
FI m WR'P1I+WWI*P1R-R+P3i 
FR 4 WR*TEMP.wI*FI 
F1' WR*FI+WI*TEMP 
Q FR-- +DR 
RaFI°-R}DI 
Un  
Vv 2'.0~'Q'wR-4#0*(DR*FI+D1* AJ 
KRAL1-2 
GO TO 500 

26 	TEMPI RADR**2+RADI**2 
WR z -2b0*(DR*RAD +DI*RADI)/TEMP 
WI A -2.0* (0I*RADR_DR*RAD I) / 1EMtP 

53  HROaHR 
HIOH I  
HR m Wk*HRQ•-WI*HILT 
His .'1R*HIO+WI*HR4 
XRa Af-)RQ 
XI Q HI+ XIO 
KPOLY=3 
GO TO 41 

527 TEMP 	(A8SF(PR)4ASSF(PI1)/DEW 
IF (TEMP-b.) 66,52.8 

528 WR=0.5*Wit 
WIaO.5*WI 
HR :$4 CS 
HIxHIO 
GO TO 53 

6 	KOUNT =KOUNT+1 
TEST 	ABS '(XR-XRO)+A85Ft:XI-XIQ) 
TEMP ABSF(XR)+ABSFLXI) 

1 
2 

5 
5 
5 
5 
6 
6 
6 
6 
6 
6 

6 
6 
6 

7 
7 
7 
7 
7 
7 
6 
8 

8 
8 
8 
8 
8 
8 
8 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
1 
1 
1 

1 
1 
1 
1 
1 
1 
1 



IF (TEMPS -I.4) 62#62 #61 
61 	TESTS TEST/TEMP 
62 	IF CTEST—TOL 7►7,64 
64 	P1R*P2R 

PlJzP2t 
P2R=P3R 
P2X=.P31 
P3R*PR 
P31*P1 
IF (KOUNT-ITR8)52►542:542 

542 	PRINT 703► ITR6 
PAUSE 
IF tSENSE SWITCH 2) 543,544 

543 	!Ta ITRR+1G 
TO! e a OL*10. 
PR !1 703, I TRa, IOL 
GO TO 52 

544 	PR: T 703, I T t8 
PAU 
IF I SENSE SWITCHz 0 71► 545 

545 	PRINT 703. 1TR8 
0 TO 1 

71 KPOLY=l 
GO 10 41 

43 	PUNCH 702, XR ►X i , PR ►P i 
IF(N-1)9►9,3 

3 Mm N+1 
00 7óJ  2,M  
AR(J) AR(J)+XR*ARUJ*1)°XI*AI(J_1) 

76 	AltJ)* AI(J)+Xk*A1(J—1 +XI*ARt,j-1) 
R MR+AR(M) 
REMlm Al IM) 
R*N—I 
IF tib-•l) 9#61#5 

81  TEt4Pa AR(1`)4*2+.AI# l**2 
XR* —(RR(2)*AR(1)* AI(2)*AILi)J/TEMP 
X1* (Ak(2)*AIl1)—AI(2)*AR(1fl/TEf4p 
KPOL Y' a 1 
GO TO 41 

9  NUTS* 9999 
PRINT 703► NUTS 
GO TO 1, 

700 FORMAT (13, T l ) 
701 FORolAT F 16.8 ) 
702 FORMAT t 4F I6, 8 I 
703 FORMA1(15a2E16.8 ) 
705 FORMAT(2155,2E1bfU) 

END 

1 
1 
1 
1 
I 
I 
I 
1 
1 
1 
1 
2 
5 
1 
1 
1 

2 
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