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SYXNOQPSIS

In th@&feefly years of Electrical Engineering
power systems:wére designed according to the requirements
of regulayr sustained operatioh. However, experience showed
that with switching processes in the circuits and under
similar intentional or accidenfal conditions peculiar phenomen
appeared which could greatly disturb the regular operation
of the system,

In this work, the unintentional transient phenomena
which consists of ground faults, sho;t circuits and break of
conductors have been studied. Such aécidents nearly always
head to severe disturbances throughout the electric system
giving rise to? high excess currents or voltages and sometimes
currents of gifferent frequency or entirely distorted wave

shape.

When considering in substance the varicus transient
plencmena the mathematical methods must be applied: In the
‘present investigation an attempt has been made to use the
simplest possible mathematicel tools compatible with the
individual problem essentially with the elements of differene

tial and integral equations with the sequence networks,
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SYNOPSIS

In th§%{early years of Electrical Engineering
power systems were designed according to the requirements
of regular sustained operation. However, experience shbwed' :
that with switching processes in the cireuits and under
similar intentional or accidental conditions pecullar phenomen:
appeared which could greatly disturb the regular operation
of the system.,

In this work, the unintentional transient phenomena
which consists of ground faults, sho:t circuits and break of
conductors have been studied. Such aécidents nearly always
head to severe disturbances throughout the electric systenm
giving rise to? high excess currents or voltages and sometimes
currents of gifferent frequency or entirely distorted wave

shape.

When considering in substance the various transient
pienocmena the mathematical methods must be applied. In the
‘present investigation an attempt has been made to use the
simplest possible mathematicsl tools compatible with the
individual problem essentially with the elements of differene

tial and integral equations with the sequence networks.
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CHAPTER 1

ZNIRODUCTION

The power system can be considered as made up of linear
impedance elements of resistance, inductance and capacitance. The
circuit is normally energized and carrying 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
eircuit so that a2 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 gsystem fault,

1) Fundamental frequency voltages and 11) Natural
frequency voltages usually of short duration which are superim-
posed upon the fundamental frequency voltages. There l1s a third
compoment 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 unequsal.

Natural frequency voltages appear immediately after the
sudden occurrence of.a fault. They simply add to the fundamental
frequency voltages. Since resultant voltaéel 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 & traﬁsient voltages. fThe transient voltage
are affected by the number of connections and arrangements of the
eircuits.
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11) Compound trensients. While doing analysis 1t is assumed in t
former cage that the fault current preceding interruption contein
ed only a fundamental frequency term. In other words the circuit
was not in a transient state beefre the switch was opened. There
are‘timaﬁ'uhen'thislis\not the case s.g. when én expulsion protec
tube operates. |

As higher speed switching has been developed, the transi-
ent fault current has been 6f increasing importance to the design
ers and users of circult breskers, Consequently, in general the
transient accompanylng the occurrence of the fault is of importan
since it may not have disappeared when the second transient due t
the circutt,inQ?&ption of the fault current, begins. Therefore,
1t 1s 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 sdequate amortisseur windings the analysis is simple. How=
ever 1f water wheel generators without amortisseur windings are
connected in the system under study, then the overvoltages
during unbalanced faults may be increased considerably bhecause
of the salienéy effects which results in additional ginerateds
voltages components of higher harmonic order than the Zundamental
The overvoltage increase may be abnormelly high if the load on
the system is predominently capacitive.

Brlefly speaking, there are two4reasons for this addi=~
tional increase in overvoltage during unbalanced faults on a
salient pole machine.

1 The difference in permeance of the magnhetic circult in



\

2. The capacitance of the line at the terminal of the machir

The first of these 1s the basic cause that produces, unde
unbalcnces fault conditions, distorted ( i.e. fundemental frequency
plus higher harmonic) voltages on the unfaulted phases which may
have high peak values @ven vith no terminal impedance presgent,
capacitivé §r otherwise, The second may lead to resonance or part!
resonence between the reactance of the machine and the terminal
capacitence vhich will produce still greater distortion of the
voltages on the unfaulied phases., The condition for resonance will
éepand not only on the circuit constgnﬁ, but also on the type of
fault. | |
| The la;ge& end more complex the system, the more serious
is the consequence of & fault. If a complex power gysten 1s not
correctly designed, or is not correctly operated, the after effect:
of a fault may be catemtrophic.

The frequency of the faults is sometimes very large whict
results in a'large parcentage of loss of pover to the consumers.
Such figures bring out very clearly the value of the theoretical
and practical work, which has now mede it possible to e€liminate th!
kind of breakdown almost completely., It 1s clear that.with furthe:
develdpment of power systems, it becomes even more important to -
study the transient phenomenon end the means of their controls
| The study of transient phenomena in electrical power sysf
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 sutomatic control
consists of a continuous sequence of transient effects caused by

the action of the eutomatic devices, and by the reaction of the

‘avetam An tham. Thie an mmasretendine af the naotnrma nf the tvoneds



is essential for the correct assessment of the operation of the

automatic regulators and of their design, adjustment and applica-

tion under normel working conditions. The‘distinctiop between
transient and steady states tends to diseppear under these cond1~
tions. The automatic'devices are evidently impértant elemehts in
determining the transient behaviour of the system.

Trensient phenomena can be classified into three types:-

1, Wave propagation phenomenas- The effects of trensient
voltages due to switching, lightning strokes, or other

. causes, dépends on the"wave" paraﬁeters of the syétem.
A change in the mechanical conditions, such as a varia-
tion of the speed of a generator or a turbine has no
effect on this type of transient process. |

2, - Electromagnetic Phenbmeha:- 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. Electromechanicsel phenomenas~ The variation of spéedvot
the generators, the turbines, and the motor loads, have |
decisive influence on the behavior., The electromagnetic
electromechanical effects must be considered together.

Trensient disturbances may ocour asgie= |

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

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

3¢ Trangition transients, linking two energetic steady stat



4, Complex translents, in which a circuit, while still in
a trangsient state due to one disturbance, is subjected
to further disturbances, or in which the disturbing
drive is variable, )

54 Relaxation transients, in vhich transitions occurs cyel
cally towards states which, when reached, become themse
ves unstable, This condition implies non«linearity.
Transients in which only one form of energy storage,

nagnetic or electric, is concerned are called single energy trens

ents, Where both magnetic and electrlc energlies are contained in
or acceptable by the circult, double energy transients are involv

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

ge form is small enough to be neglected without sgnsible error.

Any transient phenomena may bevstudied elther by agsume
ing linsarity for all the circult parameters ory alternatively by
allowing for non-linearity, which is always present to some exten
since any process vhich modifies the physical state of the medium
in which it occurs must affect theparameters., In many cases,
however the effect may be either wholly or partially neglected.
The solution of eny transient problem can therefore be carried ov
either by a lineer method or by a non-linear method. There is an
essential difference between the two methods;

A system is defined to be linear in a physical sense,
if the nature of any change teking place in it is independent of
its megnitude., In a linear system a change due to two or more
independent disturbances can be determined as the sume 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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8. The generator 1is represented by a constant voliage
behind a econstent reactance, usually, the transient
reactance,

with
9, While doing wlysiy/whieh canosllation method 1t Ls assumed

for the mike of siaplicity that G = G



ONE MACHINE SYSTRM (Shumnt faults)
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It is already steted that the occurrence of a fault corr
ponds to the closing of a switch in the electrical circult i.e. it
is a switching operastion, Any switching operatlon is either an
opening of a closing of a ecireuit. In opening fbreaking) a circuif
the current through the contaects 15 interrupted or cancelled.dn
elosing_(makipg)’a circult, the voltage across the contacts is
nullified or céncelled. Therefore the switching operaticn may be
regerded as & cancellation_process.

4 Cancellation voltages(or currents) ure fictitious vol-
tages { or currents) impressed across ( or through) 2 switéh to
simulate 1vs closing { or npening) by'cancellzﬁion of the voliage
{or currént) across ( or through) the switch,

& cancellation current (-1) superimposed on the current
i vhich wouid exigt if the switch were not opened resulis in zero
current through the switch coatacts, and thereby simulates the ope
ing of the switch, ,

The effeets of a cancellation current ( or voltage) on
any part of a system may be superimposed on the currenis and volta
already existing thereg that 1si-

YResultant voltages)  Jlhose which would) IThose due o the

5 X
{.:Iexist Af switcheskt fcancellation voltages
X Jwere not opersted Yor currents

Jand currents
0f course this principle of superposition is valid only

for essentially linear systems (no pronounced szturation effects).
The system unger study contuins a gencrater connegted tic

long transmission line through a transformer. The generator is

represented by its voltage behind the trantiont reactance and the



THRFE_PHASE FAULLs (Ref. figure) 1(a) and (&

Io three phase fault the fault shunt to be placed betwe
the fault point and the Z.P.B. is zero, So a switech 1s placed
which under cloged conditions will simulate the fault ccndition
and vhen it is opened it will be feult clearirg condition,

The feult current will be 1g(p) = _Vi(P)
| Rig + (ng’th)P

Therefore the recovery voltage i.e. the voliage appear-
1xig across the switeh with Instantsnecus clearing, vhen the switcl
. is opened will be

Vr(p) = 45(p)2(p) where Z(p) will be the impedance as
viewed from the swltch.

i o JRygt oy tTy)pX e
45 = C}JP - th + (ng*l'lt)p
2() = ¢ -

1 T CrgrlagdP + T Rugeqrpr Licar p9+ 1

v Vo ip) apt Lo A ) .
PiaCaip + BiCyp® + 1 Ryp ¢ Lpp

o et
o ByfuR + LCypf el

Let the voltage be represented as v = Vp Cos wi

Y Vo,
. e Vr(P) = ~~‘5gg~:§mw-3_ - =
+ v UeuP + LiCypp= ¢ 1

When Riy + U

Nk
Vv = o °
S I‘lcuP%—;l




LING mo LINE FAUIT: (Ref. £ig. 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 Z5(p) i.e. the negati?e sequence lmpedance seen between
these two pointse

To findout the feult current, the switch is first clos
and the current flowing through the switeh is found.

Zo(py = 2 * I’B")_ﬁi" '
L ¢ Ryt g

Therefore the total impedance seen by the generator
‘ "“"‘L*' ¢ -—Aot—-
®ie * LR T TR

33
Z(p) = Ryp + Iyp) + - -

2 4 lyp) + |
(Ru &3’) dop
2R, + Lyp) (Ryy+ Ip + ghm—)
: P
O ——
2Ry + LyP) + Cp

. v
Cote) = —mb o, K2Ryt Lp) Cyp 1 X

FoAW 2@y ¢ Lp) (Ryy Cypp + Licyrp? s .

How to find the lmpedance as seen through the switeh

the equivalent circuit will be as shown In fig. 3(@



| —h
R * 2P TP
2, (p) =220y + "~
8 .

Q(R)!& + LJ..:P)
thCuP + LiCyrp? +

- c’ﬁnrent floving through the switch brench of positive
sequence network. |

‘ . . ’ .c J
) s - kil

Ryp *+ LoP .l
Citlyp® + Rygurp + 1 Oy

(R3s€1p + C I‘-';}.pz* 1) gmemioee
= 1s{p) s Tub T CILP_

(yg + LyP) CouP # Cyrlap? 4 RygCojp + 2
\

\

ik Safupt oy Ipfr y
2(Ryp + LP) Cppp + 1 |

= ..YZ..@_‘:._Q. i
+ :
P4+ VY 2(Ry 4+ Lp )

\
\

+ « Positive sequence voltage component ,Iwili\\be

..‘.’z;m.‘:é. 1 — 2R+ Lp )

e 2(Rqy4 + LD

Pv 1+ Ly Ry CyzP + Lﬂu‘pz\qt 1
V. b R

= B n = , i

0%+ v 3 ('thgup-t-l.lcup +1)

«"\"

The nagative sequence componenﬁiof vol age is given
1A N\
as 7 : e

v, (p) = « 1go(p) 2g(p) and fd;c Line t\g Line fault

\



11 = -1 oo Vpp(®) = 143(p) Z,(p)

(R.+ L P)v #" |
el oyt .
2 + Lip B o .
16+ L i
Rig ¥ LP YT 2@y lup ¢ IOt VG

.. Total voitage Vo) =V, g+ Vg

AT
"‘3“‘——-—-—-2t . 1

2 2
PETV RyyCarp + Inoypp + 1)

LG FAULT:~ (Ref, fig, &4 )
Here the fault shunt is given as Zy(p) + 24 (p)

i.e ' ' + "
o Rmtlptgm ow

R
L\ )
C * mot“lt + 2 thx.gp .Elt. + Roylip +C...QI¢2L0

—h : — e
Ryt + Llp+ S ) Bog +-»Lop t T
Total impedence seen by the gene\rator'

ER (21 Rothag + (Byplo*

(Li*Ly)
Cle

Ry l)p¥ Goop cup ® +R0t>+

Ry + Lp+ TF ) ( RygeLopt Ei}?)

"'L"c 7 ERoR 1t + (®;4Lo + Rotly)PK 5 =3 (leﬁot)*—ln_@ *2l L]
ke 4 -

z2(p)= mlt“'Llp)




CyP ézx"nt*‘:.t + (Rylp + By 1)!’ *+ Tglyp"e 5 R’-"B"*)* o

=(RytLgp) + "*PD By, .
B¢t ®Ryhop + A 4 5 ' _
%R, thop o * SRy + BLgbop® é.; . aﬁs 2 cu"’:{x
(o1, g+ S22 ¢ e « St o sy oo 2 z‘b -
O Cu O,

(6L; Ly Ry, ,.530921)9 + 8L LQPS"'(-&‘L ﬂ).__tnl 4- %2 ) *“‘1""‘(23
Rop_

ZB(P) = z,*z:. *

Odfor + b oThe L B0 ) eamy + o fosten? e By |,
w O Gy ‘ - Cyp ¢ P

Therefore the cuzpent flowing 14(p) 1411 be

1) = W, 1
RN A1)

Therefore the current flowing through the closed switch

1/Cyzp Voygp
1p(p) e Li(p) e P
T e
*%

1t(p) (thd-bxp#cx‘p ) (%t’ * E;IF..

(Rygslop + OuP ) (POt“'oP Sy s MelRpy Ry "(tht‘o" Pbt“:.)PI*EL‘ + Boy)
‘ - -1-9- 21,0

The impedaice seen through the guttch

(Bre 4yp) Fi5

nlt .x.?ll_ af n




E 2Xi},tR1t +(Fytlp + Foy Ly)ple '(;JJ;'P" (Ryg +Rog) ¢ 5:;(1:1*10) -rzl.ox.jpz?

(th"x‘lp"cﬁp) (anx.op», -l-;‘«-)

C:IIP
B 2y it .
911: *I'J.P v Cyp

S IﬁRme B(Ryt I + Fotky)p *;ﬁi At e anae? g
W o o

(%*1'19* Eln'g )« Rﬁ*@"‘é:;;)

Therefore the recovery voltage positive sequence oonpcneht

.é..l:;.. (3 1 Ry Byg + (thuo* Rsly) p e I:J._I.Q + Tghpe (mt,+L1p)(Rot*10P*(

r()=
= DO

3B 1 For Gu.

+ (3R%L, +6 Pbt%Jb _J.‘_‘Q_ »
+ (Slglohy + 3Ryl )p *%f‘*’*’*(zﬁ" T hs , I *a'L'Q') -—*-z

c,.» CP opp
(3R, +Byy )
When th =0 Ry=0

AT P i

2 2 3 .2
P v 3Cyj, 511@40(8011. Lx}'o**cm’-'i r %, Ay + Lp

In case of Line to ground faulh i,y = ignm iy,

» « The negative seduence somponent of voltage and zero sequence component of
voltege are glven respoctively

Tho total wltage is the gum of those three eoqsonnuta



QUL ELINE 10 GROUND FAULE (Ref. f£ig.5 )
Fault on phases b and ¢ to ground
The fault gint will be 222
do* a3

EI;?"'( fevlgp) (Rogelor )

i N
(Rgelsp ) (Tbt*LQP YO.p )¢ (Pmﬁo?)(ﬂn"'h? * c P )

When the gwitch is closed the lmpedance ssen uﬁl be

61-:; (Rygelyp ( 8ot Lop )

: (th*L;_P) + : ‘ B y
o (Riy#ligp) (By#lp)+ (Ryy ¢l ) (By oL p + ’"1—"011‘9 J* (Byy *lp) (Bygslype T,
Thorefore the current flowing will be
(Ry10) G (Buotap) (grioeh 557 o) (oigps G
Ap(pd= !i._ .

(3 ot (Rl +L,p) t(nl*" p)(pot*lbp)*(alt*r‘lp)wotﬂbp’ ¢ p)*m)t*lfol’)

(th*l'lp"cmp s 5F (fbt*lop))

Current through the switeh will be

it(p) o — /0y
| e G (th*LlP)(Pot*"oP)
5

c.» o

C.p | '
u'p (R elyp) (Rogalgpr 55 1+ (R *Lgp) (Ryg oLy ¢ &t;" )
Impedance sean through the switgh

(Belgp) Bp WRpaolap) (oeolgpr Gor )looion) (Ruaslar + Tho)
Z4(p) =

(th+blp+a‘;§') goige) (R + 5o D+ (gl (gl a‘;r )



Y 6) = 1,005, @)

cnthe
Cup L(Ryel p)(!},gl-opo-*—)»,(a otloP) (Bslgpe G- )+(Rm+Llp+ ) (Bl

(p »P) (Ry#L;p+ E‘};p) K ait.nlp)(xbtoxop)¢ggigop,p )(Pwlow 6P )+ (Ryg tlgp) (Rygelype

+ ;«,‘:; (Byytlop) X

The voltage drop 01058 elther of the negabive of zerv sequence net wik

(Ry+ L p) (B elp). 3/ 0y1p

X
Now _ =
Bty () (yigpe 5 5 ) o (g Lgp) (Rgolpo “i'-“)
: V(p) I8y 54L;p) (Ryy#igp) § /€. p
LA vrz(p)-

(Ryp#Lyw) K By +1gp)+ ( Ry Ly B)+ (ByyLyp) (R olgpe a:‘;;" ) (R Lp)
(R, +ho P 5—5)»1 7 (%a.om

+ » Dotal wltagze will be Vn Wra Vm

V). G:ﬂz“bt“‘o’ ) (Rgsbpe s 5,0 (Rt ehep) (Pot"“ol”ﬁjb_) * (B #LP) (R ol

o }})td.op) ( RﬁoL P 40'1:';"‘ ) I

(B ol ‘GJJ) X(Ryp+Lyp) (Rogolgp)e (Ryy ¢LP) (g slgps Et; W gy +Lgp) (Rygelype:

J— »
oW (Ryg+lge) §

Waen R =0 R_=0



v
:) lﬁ(Llp 0P Jiop+Lip(lop+ G p)O)

V. (p) = |
(L pe S, p) Yoylop *Lgp( Igp + c P )+ Top (bp + J—-"u.’ ) + %L,l

..Y.(!i.).[ 531%93..4_120. o
S ‘g

b gt




CLASSICAL MELEOD

D068 PIASE AT (Raf. Pige 1K ané (&

The fanlt condition is similated by closing the switoh and writing the
equation for the loop

_thi + (L1‘ * th) % = V.’ Cos Wb
Teking lgplace Tranaform on both the sides we have

R T()s (Lyg * Lyy) P 30) = By 100) = TaP_

p
Initially let 1(0) = O we have
¥y, P
(Ry + Lp) I (p) = L
pzivz
» Ll )
. OI(P)B—lnva 2 whore T2 wmeee
| By (¢ v)(1+Tp) Ry
v Wb

A A S R —— L L R
Ry = 1+ 78 J1s Tt
g= s e
when the svitoh is opened leb the voltage be represnted as v =V, Cos (vt
end suppose the switch is opened after t = &, the fault has occurred, Here A =
Wb

1
Agein writing the equation when the feult i3 cleared

Vn Cos (“‘5”)=Bn-.’-*(1-u”'1t) ‘;:-—-— *511‘1: iat

Teking Leplace on both the sides

\llcosh P_ V.zsi-n)\aw T (p) + "1?’(?) - Llj_(o) . %% )
p2 . P p +V P

womem a  ie-- Amisi 11w tha aanncitor is shorted through the switch 4



10)=X -1 = e T4 —d— o5 (wty-p) |
th 1+ v \/1* Tw
X A
.V.E..E‘f_..?.. - Y—!EEE—-‘-L Li{) = (Blt*hlp * Cyp ) 1 (P)
pz .y 2 p° + w
. . .
= (Byy Oyp + By Cypp™s 1) o
I ( ) »
ow racovery volbage = c )
u® t
. ‘ )
—-lz SINGOS%P -Vn &nh w . LY l_'—'l"'z‘ze
Gy, LgP™ +Byy, Oyp # 2 AR B 1eTw

b s (4, mx’
\/1+;§w§



LRG0 LINE EAULD (Ref. m-a £3)

The fault shunt Zg(p)-CiP i | By * th *Lggh? |

.._.L..
Ry *+Lp "'Gu‘p

* parallel combingtion of 2,(p) and Oy,
s (B vl )

Gmp

‘-ln—’
2 + 2Ly +
Bt Gmp

Total impedance seen by the generstor
R N
(R, +02 p)

Gix. p L
+ L
, Rp * 4P

Ry +2L,p *g

uF

o 3 | 2 2
B LiP°L, ¢ 2(Cy Lifyy ¢ B Oy Bo) e (L b ;#2R g4 OL)p + 3 Ry

261&“ g:z* 2 01}.'33&? +1
Thorefore fauwlt current will be

Vp 2Gm sz » 20“ 1 » 1
(b2 JaGyy, Lybg Pl e 3Oy R 1R 140y, Lz)p * (L20L1+2R1t Oy, )+ Ry X

e (B

Garrent £lowing through switch branch will be

0y, Loty Oy P+ 1)

i =
£s "
3 2 < 2
(p"") 12 011,1.1:.293’(2(:,1‘1‘1%*% Gy, Lg)p#(Ly#L 92K, G )p ¢ 2R 1wl
fhe curreat flowing through capacitor branch
(Cyp (Ryg#lyP)
ziia .

3Ry, Gy P a-szGu‘pzﬂ



2
W Cy, (Rt +L2p)

-
-

2
(p%ow?) 120y L L gp 5o (20 1y Pyt ¢ 2By Orlelp TR AT B

We shall now write the edquation when the-switch is opened.
Let the voltage be reprosented as v = Vy 08 (wt +A)

dit
V‘ Qs (v + 1) = th 1; "'I'J. ® * %ﬁ,,/ii at

Taking Leplace Transofuwmm ve have

- | | I, (p) v
Vg Coshp .}lz-ggﬁéﬂ = By I,(p) +iyp I(p) ~L,4,(0) ¢ kit :0
pz’wz Pt , Gy P
Vioshp Vg Sial v B _ L)
pa wl Pzw “2 ! h P s (levcﬂa Oy Lp+ 1)
@
The positive sequence racovery voltage will be ..3;...2...
Cle
: »
i anzCOSﬁ ? V; Si: W » 1y4 @) - E"’i
clLLlp 4'314.-' cll'p'.'l P e pew P

¥here 11(0) ip obbeined vhen ¥ = b, is pub in the above expression (time

domgin) (P)
. .t‘
q = [mt where 1 is the current in time demaln

vhen round from expression (¥ ) as written sbove,

Nou to caleulate the negative seduence voltage. The edugbion for this cirou

when the switeh is Opmed will be

(sznlt)ﬁ%— + Ry Lo 1, + -L;L- =0

Taking Laplace on both sides

Lp Ip(p) - Lziz(0) +R 1{3(1:) 4.33.%)--0 } = 0
iL



1,(p) |
= ( GmLapz’th. Oy P *1) =Ly 1,(0) - %‘ =0

G:ILP
1,()
The negative sequance voltage will be e
Cyp
D
Vo ) = ~— 11250) - ~—

Gu}.zpz# RO P +1

o. . Total volbeage vr(P) = vrl(p) "‘vrz' (P)

v, %
: T - e ¢ bty - % Sy
T +V +W 0 . Lp *+R,C.p ¢
¢ glptoCyBgeet P P wk? *RieCul
-
ILg 13000 = 5 K



Ground :
LINE 10 LINE PAULT s~ (Ref. figid )

The nogative gnd zem0 sequence impedances as sesn through the switches
reapacbifoly are
I

Ty (Ragelzp)
Zz(p) = P : and

The fault shunt for Ling to Ground fault will be
zg(P) * ZD (»

(Rapehzp) (BysOorP +orkops1)+ (Byu+igP) (Byeluop ¢ aop®el )
© (ByeCyp + LoSyrp®) (ipnlorp + To%orp™ 1)

The total impedance seen by the generator when fault eondition is similated
i,e, the suitch ig closeds

z:"c.
1P

(Byyely9) +

Zp »
4 Cu'p

(Ryp#lyp) (GgCyrp +1) + Zp

(2gCyp + 1)
Let voltage be represented as v = V, Cos wb md after writing the equation

. for the positive sequerce network end coneldering all initial conditions to be
ko Ly 4d punf yhay



zero it 1g found that the current

v(p) Vo (2gCyp + 1)
i (p) = = 32 2 °
wp)  (Bev) I(RyyoD p) (2,0, pe1)ez, |

The currant flowing through the capachtor branch of positive sequence network
/

VP | Z2e0q1p
(%®). K(RyoL,p) (2,0, pri)ed]

The current through fault shunt branch will be

Ve 1

(pzﬁwg). X (thd.lp) (ztcm + 1)+ Zf i

The current through the capackiive branch of the negative seluence nebwork

Yap i

——— *

_ . ‘g&ong!
() KRyrl P (320 419 + 3 | s, |

The current through induotive branch of negative sequence network

e, ! ,, L
(%% K(Rypolyp) (3gCyp ¢ 1) + 2 | (OpLgp? ¢ RygCyp s 1)

Similarly current distribution in the zero sequence network ocan be found out
Let the fault be interrupted after a time t, and let tho vokbage bhen be V, Cos(y
The desired equation far positive soquence network will be

di :
V, Cos (Wb #2) = Ry 1,41, 31"-1*5:‘/11&

After taking leplace transform and as it is known that positive sequence voltage

component is I »)
Gu‘p
A Vp CosA p Vp Sio) w
= i (o -
vﬂ(P) . T2 3 2 2

Glep +R4 Gy p +1 p *V 2 pew




Now to calculate negabive bequmce and goro sequence voltages when the

switch i opened. The equation will be

di
thigolaz‘zt‘z'*'%]'; i,dt=0 end

dal 1
at GOL

1]

. TNegative sequence voltage will be

o %) — and zero sedquence voltage will
foiz @ - —— Cygligp #Ryy, OyrP + L zero s ®

_ %©
P

i % 3(0) : GOLLO#IROQOE"I'

Therefore the total voltage Vﬂ(p) =Vy(p) + V,,(p) ., (p)

Now the actugl value of demominator of different current expressions is found

after substituting the velue of Zg

Vo P L

I =7,
@ (p%?) {(LaCorfoCirha*lo0u bakyCirkatorkobyp ¢ (RaCortoCuka®

thc\'- GOL Loly + Roe c'l'.Lz Sty + Rog C}; Lyl + Ly Rt C,zl'_ L+ Gl Rotvco,_L, +
L, oy Lo 2 IR
2 Sorbe G Ry 4 LG L Kie 4 €y, L3Co, Ly te,t) P+ (th ROthLCu + LGy, +

Ret Rig G L ,

Guly + Le G by + va ﬂafcu C.,_L, + Cu_L;_L, +co|_L,,L, -+ Rbtco LELR
R“dl'-zﬂvt—i-t. Re v G atnfie
ofit G+ Gy Ly Rot G Rt + R-:t € loCy + Ly Grlo "‘LoQLLz)f?-b-

(R'tcu‘- + Rog G L
! ° cly + Ryt GuL, + eoch.’-; ""RIJ'.CRD'(QLQ‘ + L).QI.th +- RD‘(R}{ CIII-.*'

L 2
ocll. R!t + th R&tQLCOL + G L RH: + Cop ko Rv‘t + R"tcﬂ.l—b + R'! G Ly +

Rot oLy + Ly R o 2
Lh2 T 5 otClL)P +<L,+kl't Ge '+ Rog Cop Rie +R)11C“__'. RotGu Rt +

R
1t Kot QoL+ Ly + Rt R G, +L) P + Rt + Re + Rot



ubere W' = CuP * %21 “oa

Where N = (LLC.,_ L&+ ¢, cfu.t) Fg-r [ Rre Corts + Rot Cop Ly + Rog Gula + Lo Rie G ) P
(Rt RetCot by & RgReCutL)p + Ria + Rot

sz = demominstor of negative sequence impedance and

Zq = denominator of zero sequence inpedance



L-1-G RALT (Ret, Pig. 5 )

Hore the fault shmt ig 5%.% vhere

2
R .+L
G = L ad
%t Lp# OLP +1
&t #sz
-
J.t(:mm-l- C.p 3, 1

Leb om0 an‘g Nunerstor of Zo » zm = Fumerator of z:z

4, = ngxﬂ.n_ator of z0 zada Denominator of za

Then zt-.a. zozz am_ZOn Za: = ,Z'gn zﬁl
Grl  Sydystlonieg %

The expression for the positive sequence recoveryvoltage will

be the same as for Lins to Gmund fault exowpt for the fach that hore

2.2
2 Q2
s = ihgbead ot zo (>

&t 4y

The current flowing though favlt shunt brengh

Vop ' 1
) (Ry+bp) (2,Cyp + 1) 43,

The currend t-hmugh Dogakige sequence ci;.-cuit will be

=P 1 . -
%) (Ryslp)(zg g 1) oz %

~3




« + The eurrent throughnegative sequance olrouit capacitor will be

v p ! b o Byghp

(p3d) | (R +Lp) (2,0, p *1) +2, By 42, Ryelp 5:5"—
Wy () tml
end) (B 4L p) ( %Z“Zz“p i) %‘E& ot ;"cdzad “a
.V.!*;?:?}P_. A Bgelp ) gy,

OFnf)  (Ryetp ) (08, 2,0 + 2) 933,
e gy RyRyelep® e (RheRl, ) p

4 oa = ook *(L"‘RO‘GOI-'B%LOGE)P‘.‘"%‘Btcor.""z’p * Ry

' 3 , 2
%on Zaa = LoOyrlop s (g Rye gy #b0yr R0 (R Ry Gy i) ¢ Ry

¢ Y :
WanZapb + Zp = ( LLG + Ll Ly + Lo Co.,L;) P+ (ReloCy + RotlaCy+

Lo Rec
T bl R+ Ly Kot Cor R LoCoL) l’z"- (th Rotcu + Rt ReC

R Rt o+ )b 4 R 4 kg

'L+Lo.'.

. _ 4
Now - (th-rLlp)(GnZOnAmp *ZD)"ZOnZan = (L FoCyrly *LZGJ.LLOLJ.’ LoCor LaLy) P+

( Rit Ly Co!_ Ly + Rog Ly Gl + Lo Ry Cy L+1L,¢, Rut-l_, + Ly Rot Cor L)+ Ryg LGy Ly

L }
1Ll Ry + Loy L, Rit 4+ LyCo, L, R)t) P+ ( Rit Kot G, L+ Rt R, L, + Loky+

R 2
1t eatcol.l-p *hli+Rel,ey + Rop Ly €y, Rie + L, R,z.(. Ci+ LG Ret R +

2
LRt QG Rig 4+ R L, G+ L, Lo) Pl + (R

: 2
thi+ Rl 4 Rit Lo 4 ot Ly + Ry Kot Gt
Ry

2
R 2
t K¢ C||_ + ngpt + R,t Ko(- CN. + Ll.kr'()” + Qelteof + ﬂ\zf



~ The curreat I (p) i.e. the current flowing through the positive ssquence
netiofk wder fault condition

vn P 1
= 23 2
(P ) (aﬂi + Llp ) "'z—é-——-f-j-.—
- gopf L
Vab » i
Got)  (Ryebpe "2l %
- donlenCyrp *ip
)
L Jap onZan Cyp + Zp
' X : *
P ‘ : |
* R +L Z 2 ¢ 3 A
6 (B2 (@) 2, 0P +2) ¥4 2,

The currt through condwser branch of podtive sequence

nebwik
vv,, pzou . 1
® o8 ) ( B +L.p )(031}’ + '%?'-' Yol
V, Py 1
o - .
(pz " z) (Ruflalp)(& p+ 'z':fz;— )e 2
v, b, | Goplian |
- - ) . ,
(pzwz) (R.Ltd'lp ) (GJLZOnZan %y )+zmz2n
The current through inductive Branch of negative ssuquace
nébwork
Vg P &n

4 2 & F - [ PN - - — [y - -



The current thiough condenser of Zero sequence nebwrk

(pzwz) (BnoLlp)(cmzmzmpozx) * Sono

Sioilerly current flouing through inductive branch will be

VaP U2

PR N | PR
L B +L p)(C ¥
'(p V) (R mzmzmp’zn) +5, 3o

The exprossion for the recovery voltage will be of the same
naturs as £or Line to Gromd fault but the values of 1), 1,0), 1 () |

ad 40 4, 0) and q, (0) wiil be different,



FAULT AT THE FAR END OF THE LINE
Here the transmission line 1s represented by a T circult,
S PHASE RAULT (Ref. Pig. @) and(y)
Leb (BygeRyp) ¢{Lygrhygely)p = Biggebyop
The fault oondition is slmulabted by closing the switch,
The impedsnce seen by tha'zazera.tor will be
1

p (Byy, #Lyrp)
P |
ul.q&hqp A Ry #Lyip 1
Ou'p
(Ryoly)
- =( . o ¥h ) +* ‘
' R“q hqp RlLGup+L1LOnpz01

(Ej,.q’l‘leqp) (BILGJ.IP 01-11‘0“};24'1) + (RAL’I'J.L)
(R;; Gyip annpz +1)

Let the voltage be represcuted as v = V; 008 v ad assuning

that gll the initial conditions are zer, the current delivered by the
gmerator mder fault conditiong will be

2
Vup Gmﬂmp ” GJ.LLIL? *+1 |
I(p) 3 2 2
(p" ow) (&eq’r‘hqp) (cmaupgcubmp 41)0?11'41,11})
The current through ecapacitor btrénch
V' o | Om P&Lp + Gmbmpzvr i (RIL’LILP )

(png) (Rl eqd'le qp) (GJLF]Lp-tGleLpaoi) *R 4L P Ry +lyp + 61-;:3-—



Vab Oy (By, 0 Lyp)

(Pzwz) kB‘Loq""loqp)(clLauP * Gn‘mezi- 1) Ru'tbn‘p

When the switch is cpened i.e. the fault ig interrupted after
a timg tl md lebt the voltage then be _np:umtad by

v 2V, Cos (b +2 ), the equation an bo writter as
Vn 08 (W ¢p) = &.,qi+l.1.q%+5t~/ idb
Taking Leplace traefom we have

Yy w8t p _Vq sla) v

_ 1 ,
= By o lF)Ryop 10) = Ly gt 0) » T‘P.?. 4

pa'ma p3 * v ub P
The positive aoqumoe‘voltage o0 as the suiteh LI-QL
C.p
1L
, V. o0a) v, sln) |
' 2 2_.2 2 “ P
R oluP*Onbied * 1 pPevd  p. A |

The denominator of the current expression is simplified as

(R.Loq"f‘ncP) (GJ.LRLIP *OJLLJIP%;) * R.IL"LIL = L1eq°mt‘u.p3*

] : .
(RJLGJLz'loq*cJ.LLJL& 0‘1) P "(ﬂoqglham*hloq’h )p + R Ry



LINE ™ LINE PAULT s (Ref. Pig, 7 )and 8
Leb Rm-thmp +zt~é Al ¢

When the svitch 1s closed 1.0, the fault cobdition is simulated
the impedance sea by the geerator,

A

-1—-' VA :
(Rl‘qﬂ,.“qp)+ Y = Rggt Lo * —
: Zt*gnp Gy, &'pp 1

(R“q«le#)v (cmz"tp +1) +ily

| (¢ Z'fpol)

=2

. The fault current spplied by the gmeretor assuming

,vn P ' an'tp + 1

(pz'rwa) (Plcq’l‘xocf) (GmZ"pn )+ ¥,

I =

The ourrent through the feult stunt branch

If) o 0yp 1{p)
Yo+ YOyup 2y 0.p+ 1
Vo p | 1

=

6% B (Rt 1o ) (Og2'e b +1) 42t

Now 2= (Ryelyp) + VG#P () ogtlgod)
a.loq’l'zoqp * 'VGJIP



(RJ.L’LJIP)(RI Cizp + Lzﬂcup +1) » BJ.

2
Rc
P+ Gpol

. twnpxnl.qcurna.m”m *Ry ot lne

o WP, = * RJ.L ¢ L.p
. By oaCirP *Lag®ir? !

2( %*Fﬂ) (RJ_ “le.z o qcmpzsrlh ()31 °q+L3 o )

B

% PP * “m“‘n“ "
The ourrent Yhrough condwnser of the positive sequence nebwork

2
Vo P ‘ C41,

(pz " ) iax.q‘x‘qu 1 lcﬂP * ""1"""2' [+1
¢

v”zcn' 1

2
(2 »® ) (R OLﬂp)Gpi- Biggcﬂp*x‘zoﬁﬂp’l
" 2(R +L )(R].eq u.pol. cu'p 01)(Rleq+la

+1

b3 3
¢ (Rl.oq’z EJL)’(“zoq’znjLB‘.l Cypt2 Lm)p-rz(RmLz.un‘-tRl Cyrlyr) P ¢

wz ;
2L31L2eqC1rp
D Lig+ L
- D= 2(Re+R) +2 ( Rty + RE Gy + "&" + RufiyCut
whe .

bk + 2 (R R'E" G+ LuCy Riey + Laey G Rigy + Ry Gy L'&; + K"ezCuL'ﬂ.

Ry L 2 .
1L e Cu + 'ew.t G, Lu.)}‘ +3 ( Ry Lu‘t C'i R"i + R':-'l Qfl L, + R:,.thgci +

b G L,,_% + Lu’ L"‘? Cut Lu Lu‘l C") P3+ 2 (L'LL’-Qi Cl:.- an +R,
Rlnn {‘2 1 1] AN ll' _ ] n" 2 S.

qu &L L'tl"f'



The ourrent through condeser breoh of Lhe nw.ﬁu sequmce

B0k

W o 1 | (Boplagp )
(%) (Rodyed)(Cpud'p » 1) 20 Betthzed * 5:‘?
V.pc"_ ‘ ml.ﬂ"’ LZC@ ) (

Yolvuesiliy

uz) {(nmgw)(amm, pel) o2} i (R“qcup o&xﬂcup 4-1)
The eurrent through induouvu branch will be

Bl !

3»::) {Bl T AT tl)vz' }(R“qﬂnp*ba,q an +1)

?apzﬂﬂy ‘ | (ﬂm + L 2w P )

(3 ed) §(n o o 0D ).1} {z(a ox.mp)(amcnpox.a.qcnp u)»,(n. \
| I'a-rf)

m‘w‘) (Rt %"“’n"zﬁm’ nm cﬁ,o-\m + By R gqByr#ly) P 4

The dmondnator is eqia) %o D

Now l¢t the elrouit be interrpted after s tise ¥, and leb the woltag

be rpresmted as v 2 Vy, s (W ¢))



dal, 3
V, 0o (W +2) = sL -l / i, at
n (& +2) nloqil leq db ’Gm 1
dgain after taking Leplace transforn on toth the sides and

noting that positive sequence voltage will be (.I;m
_ P

1L
. - i 5 { vn.,.con P . Vnsinhw e 4(0) q(0)
R e up*Oyly e *1 pa? # ov e T
| Sinﬂa,rl,y the negative sequence foltago will ‘bo
T, © S — Lyag 220 - 30

3
niaqcmp»cﬁx.z oqp + 1 |

The total wltage will be Ve () = Vg () Ve {)



LINE 0 GROUND FAULT: « (Bef, Fig. 9 )

- Here the fanlt shunt Zp = 3, +%p » where & and Z are the

zor0 and  negabive sequence impedances seen at the fault point.

PRTRSN
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| g By * gy b
ip =% vy = a2

! 22t Lo Ry 4 = %azm%nzmﬂmz_m(%ﬁnp )
2 Flgrip Ry alygp T bda

ZOdzzd S(B.j_'qﬁﬁp 01.2”01‘? +1) (-Pbﬁqc()l? ’%quOIP +1) =
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L L 4 L ey &y tey Cor e'zf Ly, G+ R”-Lu‘l G oey G+
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RO"I CQL LIL + R'el C'L LIL + Ru_ L“I COL + RIL Li.et Cn_ -+ R'l l?“i Cie Roe’ Ca(_) ’:4’

Loey + Ly .
( 0‘1 L+ RUL ROG{ COL + KlLt ROG‘ cll. + Ru,_ Rggz C,"_ + L-zgi + L‘L - RILKI%C‘L-'-

R
oeg Cou R“t + R"’l Coo RiL + Ry elq, Cie+ Ry Roeg Cor + Li )b+ Roty + Rovt

R"‘L + Ry

The deno, of Z': will be
4, )
LpeCiiPoeadorP *Waeg®1n® og’or? RieqCufoeq®or? * oeqor zeq’ss, ¢

: e
R ofithedor’® *(Bogort Real) P * 4

The fault current supplied by the gmerator, ongidering all
initisl eonditions to be zero '

Vo p Gy Wpepe
16) = zn , 1 it Rl :
%) (R g Ly o )0 21 P12,
Vn P 1
o - —
a¢
E*P) (R ob,_p)+ —E
Roq Haed e
Bou Lebat, = ——i—— tha
0oa “24
. Vup i
I{p)

Goh)  (Ry sl pie _Vim




Vap ’ 1

g ] L]

(pzowz-) (th *L“qp )+

N
By +Z59 Gy

Va? Cup +20q Zag

6w (Rogtieq P) (Cyg Bp « Zygtg)el

The current Yhrough condenser of the positive sequence nkwork

2 | ,
% A 1

(p+v) (B o mp)(c P+ =) ": N

? pz' _ GJL

(5’ ‘) (Rl. I‘zeé’)@nﬁp”odzzd) +1

3
L "

OF)  (Rygly o) (Ol 4ty i ot
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Now We shall csloulate cerbain terms bhat will help In seeing the

ngture ¢f the expressions for the currenta.
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Henoe the total valus of demminabor can be foundout .
The curréxt through condenser of the positivesequence network,
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gimilandly current flowing through inductive branch will be
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Now let the olroutt be interrwted after a time t, and let

the yoltage be represeated as v = Vy Cos (vt + 3)

v, s (wk+%)$81ﬂ11 .r.m:t-f-l-, -Lfilat

dgain afber tnkﬁng Laplace tranaform on both the sides and
noting that po sttive a_equmco voltage will be
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The negative sequence voltage will be
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The total voltage will be the sun of all thess three components
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R0 _MACHINE SISTRM.
THRGE PHASE FAULT = ( Ref. Pig. 11 )@ and (&

Hera we shall assume for the sake of aimplicity that both the
machine are floabing, bhelr voltage are sxactly the same i.e. v = Vycos v

before the fanlt occurs,

. ore
It is assumed azgit; that the two machine and Xformer, identical,

When the mdteh is clossd the fault condition is slmilsted. We shall
£ind out the distribution of eurrets with the help of sperposition theore

Leb Gem, 3 be shorbed then the ourrent through switeh

L B = Lo " considering all initial
(p ovz) th-rl. P
oonditiona to be zerv,

Leb Gan. 1 be shorted then the current through gen. branch
can be fownd iu tonoua
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The current due to this through cspacityy branch «ill be
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The dennminator torm afber simplificstion reduces to
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Wheo the sdboh 1s cpened 1.0, the fault s cleared, let the
voltages of the two gwmerstors be represented as ¥ o V, (oo W+ )

Writing equetion for loop L.
Vp Gos(vteA) = Ri.eq"l’l‘leq Py / (1«14 ) dt

Teking Laplace on toth sldess
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It should we noted bere tha.t the memning of I,(p) herels

is differmt from that used under femlt condition, A4fter aimliti.eatiou
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Simdlarly writting equation for 2nd loop
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LINE 10 LINE PaULY 1= (Ref, fig. 12 ) and I3

When the switceh is closed, fault condition is simulsted. We
shall find ourrent distribution with the halp of siperposition theozea,

shorting Gen. 2, the impedance sem by Gmoer:tor 1.
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Now Generator 1 is shorted
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;.‘. Dtel imedance seen by Generator 2 vhen generator 1 is sorbed,
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Gurrent turough en brnch
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liow to find the total wﬂw voitege we need in this type of

fault the positive sequencs and negative sequence voltage OEpO=
n@ts. The Mrw of the positive ssiuece voltage componat will exe-
tly be thab fowmd in the 5 phase fault exoept for the initial values
of the carrent that vill be different and whioh have already beet:
calailated, D £ind the negative sequwmce oomponent,
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T 2 3
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2 2 2 2 2
Ry L"’ﬁ Lu{ C“_k’t + £, ﬂq G by klt + Ru, Rlct G, Luf th -+ ku_ qu L, G, R,f -+



2 rs
Roc Rrey Lacy Gy Rig + Rreq oy La Ly Rre + Lt B Cufie +LikiguRe 4

z
LRty q, Rre + Kep ¢, La Lieg Rie +lieglag G BT 4 ¢, by Ry Gy Rre

+ big Ry Legy G, Rie+ Ry Li, Gula Ry + Ry Ly, Ll’-t G Rt + Riey Laey Gy Ly

- 3
R + Kieg L, LigCnky 4+ R Lo Lie; Cr Rye + Ky Ly Lieg G Ry + R, Krey Gu

(] o2
th Lieg + L ﬁ’% Lieg Ciu + L’-‘[ Rickig G, + Ry, Rreg Qe Lu Rig + Ly L, P'LL G, M

x 2 t,2
b LR CuRe + Rt LRy G+ Ry Lue, “e Rreg + LKy CuLatte +

2 2
Ry Lieg o Ly Rt + L Llef G ‘?’:) P+ < b R'et Cuu ot + ol R'ef O Ko Roe +

™ 2
Ly fleg G Rig + Ky, Lz% G @: + Ry L&‘i’ G R¢ + &y, Ll‘{ G ‘J’q Kie + R"'ﬂ,ei

L .2 3 (ENS R
GlyRe + Ry ﬁ,q G Rie + Ry ‘Vvez Co B¢ + R f/q Gl Be + R’LR"Z
Cuu baey Rie + Ly LRy + R,

2 2
e Go Rie Lyy + Ry

"/q Ge Lu_ f\)lt +L, Rt + Lu.LlCiR’é

2 2
+ qu LaRi¢ + e;e.gcu. ﬂtt L?—Cf + Ly LLCi Rie + L’-Ct Rie + L Kie; Cip Lo Kie + R
. 2 ) b3
Li—et C_"_ ﬁlf‘ + '?'L L”_ /(/Q_t c’L p['t -+ R“_ ch‘BC,Lplt + ’el:t CIL L, e’t K

2
”}el /-u_l C;L e’é
Lag Cu Ryg + R

. 2

L Rey Cn Rop 4 &
F ol Ry G Rig 4 reg Ry a Kt b Cop o+ R ly '?mgcfl. Kie +
Rey LuCu Rie + R R GERE 41 o2 ”
' T Kie + R Rey G Rig + 1w Rt Krep Gy -+ boey By G Ry + Rit Rrey G Lok
+ &y |

. 2
L, R]f -+ Ll(t L R + R,t L, K,.[ Cy + f,L cht Cr A’ft) ,bL-;- ( R,

CRelig REL+
ﬂll. R“’f L

2
b+ Riep Rig 1, 4 Riet R Ly + Rigg L, 4 Kie Byl + Kiey RieL, 4 K’,Lflqcufl:
L
+ 2 2

R le—f G '()nt + Ry /?lq Co Kie + Ly ﬁ'f + 4, p/g, R'(- -+ L'L I?/ei k/t. ‘f-L’—Ct fl():""
L
e R Rie 4 Lie, Ry Riey + Ky, Lk + R, Ke @, 4?,,[. + I?,lz

1 & L 2
e + Re ey ot feg R Cu ke 40,1

R/e.l QL f,(- + ﬁlLL“-p’f
+ ﬁlL Llcf ’?"f -+ «?,q

L"'-t Rig + R 'e:t

"n P/t + ﬁ"l
Rieg ¢4 +

R/:i "’vtz G+ R, L, Rit 4 Eep L
“et St by iy ¢ e+ Rt Rey ) Ly poa (0,4 %q)
¢ Gkt + R, Rey C(,_) L.,bz-;- (ﬁu Rie Reg Gy + I?,:i R Cp )by /’z'f'
( R Ly 4 Reaela + 8, Kiep Gy R Ly, R + Lze{ Ri) LlPl-i- R ‘?l,(: + 63 Kt + KRy By
* Ry R + Ry Ry Ry 2 0 0.

) . 2 Kig + K’H_@QC—/LF;:
+ L'(.r(w + Lut l?,(.) P + (RIL

( L’-Cg +i +4, 4 [



NEfxlen e S = Libigba Culab + (L R Legery, bt gy
2 2 L by R c,lL + L ley L Je dz
RuCEL, & Lig Lieg Lig ¢ P + L, Lz_q Kieg G La 'ehrey Liey Ry, 4

. N 'y
L,_) }o + ( L”_Lyq‘?u_ qu G Lo + LyLLI&l G L, + L,,_ QeLLtq LGy +

2 N 2 L 2 2
Liliey &, PeyCie + Lyliey R, big GiRe 4 o, Rieg G Ly 4 1y, Riey

Rie Loy o Ly Laey R b Ly Ry L
e G, + n ey teg G Ry 4 'wRreg R, Llei Gely I L;c.f
N 2 2
L'—C{ Gol, 4 Rie L/"-Z Li L’-‘i G Rit + ‘N ’?I‘-z L, Ll-f-z Cyf L+ L'Ll'z"[

Ly
Cul, + L"—Lza'l Cu Lrey L) p + {( Lu_Lvei Rre. Cre Ly 4 bibieyG, Koty

+ Ly Lie, %, Rieg Ciu R4 t Ly Lyey CuRe + Ly, Liey Lag e, Rt + Ly Rrey

2 ) 2
Ru it b + L Riey Gy L, 4 b Riey Ley 1, ¢, o Lukie B G2+ LiRiep

. = 2 2
Ry Lu{ e £+ -+ & R'ei Lle—f Guly 4 R LI“-[ Ly Cre Lo+ Ri L"! C"Lu'fL"

1 2 2 ) |
Riey Cu Ly 4 Rie Rieg 1, Loep &l Ry 4 L, Rieg Quly 4 Rieloeg G, Ll

x
bibreg G Rg Likie ¢,

2. .
m f,ei L, Cu+ Ly, K.
Y 2

2 2
+ Ry k&q LI‘{ G Ly + Ry, R'q Cre Ke + R Lpg{ ¢, L, Kre + I\’;LL,%
N :
L C Pl
2ot Cro Ry + R Riey Co. Lo 4+ Rie R"f G Ly, Ly 4 i /?!0-[ Cr, L L,
2 2 b} 2 2
+ R Rt Li ﬁ’:q G + K. Lui, /e;eg Cn Ky -+ E/L Rleg G, LzL,L + Ltz

B
Ly Lag Lo + L,

Rie I?,et G 4 Ly, R L:_,_[ G R + R Rreg G Ly

b st Ly gy Kiep Cic 4 Ly Ry Laey

2
“LRit +L, Ry e L, Ry + &, Leeg Ci by 41, feet G Rie Rye

R
Lu_m?;v, Cubla + K, bagg & Ly R’ef + b Lu‘t Cu Rre ﬁ,q) bt



2
( Li, Riep Cyp i Ri¢ + i R}Q

c’L R}t + ﬂ't le L[q Ci + R’L L'Ll R,ez o7}
2 . 2 2 Y 2 o P LI
th + R Ie;e.zCu L, + RIL qu Ly S + R'L R/q Co Rig + 1 Rrep Ly

R't C!L + ﬁIL pl‘t Ll.q CM. plé + R[LLQ_LIL + ﬂpq_ L, L”_ -+ l?"_ ﬁ,et 7] LIL

Ry 4 L,L Rit + Ly, Laep Rig + K Ly Ligy + g Ry Lo + Liey Ry Krep

, ,

i K¢ + Liegg L Rie + Ligy Lo Rt 4 Ko Riey Cu Ly 4 Ricly Lot
L ) o

Rilaey Ly + f Ry Ly, Rep G + Ry, Laep ¢ Ry + Rie Riey Cr Lo+

2
Rieg Ly Ly 4 Rieg Lrey Lo + Rieg Ri¢ Ly, C1, t R Rigy Luz Crn /?/t)/’ +

( I?u. Rieg Rit Cop + Ry l?;g,l Rt S + LRy Ry, o+

2
t Ly Ry R )b + R Rie s Rie Krey Kig Ket £, R .,.f,; Rre



Lino to Goowd Dodds (Rofs £4g. 14 )

Sha curpcnt thwuah farlt gt beonoh oo Hund o caps of
Linc to Lino £t

B By )06 o0t (ot ) § (o) (Goadotn ]
"3) §(!13cg¢bwp) (7 Oy a0t 0] {(Bygoiyp) (2 D2g)e zg §

Horo § o 2y #8, vhoro %4y erd 4y are defined as fHollows for thip

parideular locstion of the foult,

Lyl acacmLaS’ #(y B ooy ""M:znq" Lgob i cqCu s P *“‘m“m wlgthyly ¢
Looda? Ritbin M el R bagg tL“u)P’(“mI‘z‘% Ry, B) 00 B #legg RyneBa g oBye Joe
Ry Rie * Boq By

25(p} o
2
UigoCa gl wbaed 1,/ "Fm w*"“zeq YR acd 1 Pubaey Ou P

(g Ry cqlyy, 0 1%%310&911‘.’1‘&*“2&4)9 +igpofin® Hgy
ond
LostcaortoP *"("ox.%a‘for.“o‘*“on ocbilot Lorkooilor bl (B o o o)

Lot ™Moo St beaor? ko %os el *hyle? bodo* bebogbibe
Lot *opgfhe)y *RnheeToogbe

o(}?) 8

(boeaSorFo Mg tocaor P * (B ot To*loe, ot bt M ook o TorkoogSan? %
{Lg+ Ry cq®or Tt *Bo Tocelor, *Hor*ioeg? *+For* Ryt B

Leb tao Joulb slhunt curnant be pmaanted by Ifa °

Tuo curpcat diciritation in gifforcat brcnohoa of Gho ncgebive



selumoe nebwork will be exactly the same as in tie Line to Line

g

fanlt exowpl for the value of 24,

The e;urrmt flowing through (9“ + Iyp ) branch of Zew
goquance nebwrk

Ita NG'

(Rt +1ep) 7§ 1"

vhere

B Lokpeu?” * OLBch o * By, eqcox)” % (B Ry oL*bortoeaP* Ror eg

D™

g

eurrent flowing through (PDL"LOLP ) brench

Ife ‘Fm"‘o"’ %
(%«bh‘@)l} ml'

ourret Llowing thyough capacitor branch of zem seduence network

Ieo GuP (Reokp) (Rygtiy o)
(Typrlgp) DY o819,

Current through (Ebﬂ*‘r'beq p) braach i1l be

Ieg (Byye Lgp )
i) 7 0,

How the ain ie %o fing the positive, nogutive and sero
ssquence voltage when the sultch is opmed i.e, the fault is olearsd,

Tne fora of positive seguence vblt.aao will be exactly same
as Dor 3 phase fault, exceot for the initigl conditions of the currents
io different brunches, It sbould again be noted Loyt while mmg

Sl B sy P -



rkbar ths currmt flowing thoough (Ryy + Lip ) d Rype Lyp ) brenches 4

145 vhere s in %ne initic) eondition bhey are nob seme m while pusting
thise initia) condition we ehoudd bresk wp (aluq * Lluf ) into tw portions
(zm ¢ Lp )ad (R g* byp ) and pub the resmpective initial condition
with of coukse proper alga,

Similarly this wild bo the case for negabive and zem soquace

- woltages, Sinilar egiabious will b writtas e in tho case of Line to Line
£ault end henve their values s be found oub,

flore it i to be nobed that actual valus of the denouinator for
the enrrent expression bas not b found oub, Tho reesn is bhat 1t leads
to vaxy lengbly osiculabionps



LalnG FULT (Bef Pige !5 )

Bore gg= 02 unare 4y @d 2y have bean defined in 1.G
Grig
fault cases Tho ourrant thmugh fault ghunt branch as found 1o Line to
Line fauld, |

Yp (¥ (th*!‘lﬂp) (Rt cnpm'}-»m (R“ohlp) (%*Llp)(ﬂfnzt) 4§_Z£

(pzwz) (nlaq’;'i eq;;) (n'cnpon')m' (%&Llp) (mnzt)mt
Let this currant be reprosented by I, 3.0, curraat through fault
ehun$ branch,

The current digtribution in the negative sequonce nebwork
will de

Ipg » m ed that in the 3010 saquonce netwrk,

&
I, . el | 85 ourront digbritution in different
% *%

branches of the negative sequence nebwork can bo found by just multl -
plying the differait curreut in Hhe Line to Grand Loukk oongition by

the factor u.::?.... und thot in the sero goquence ndbwork by L
&*Yy Hh*i
The fom of the positive, nogative and zow sequence witege

will be tho emme as in Line to Growmd fault except for the initial value
of the ourred.



0 MACHINE SYSPRM (SERIES PAULYS)



OPEN CONDUCTOR (Raf, £ig, 16 )@

Fra of all the sbeady atate value of the current in different parts of the
ciroult before the feult tokes place is found
Let (RygeRyp) ¢ J(Lud.nﬁ.m)y = Z; and
= 7

.
wlyg, 2
Let Gsnorstor 2 be shorted, the impedance seen by Generator 1,

bdg o Wylageiy) e2ylp
byt dyrig

ZL"

o « Current in branch Z; near Generator § will be
Vy Co8 Wby (29023 )

21(351023) * 2133

[

» » Qurrent in 'ZZ bransh

Vm os Wb

Similarly current in 2; branch near Generstor 2 will be

ValOos wb
29 (zge2p)e 242,
Whaa generator L is shorted the impedance seen by Gene:ator 2 will again

.Zg

&1 * 32 ~

o o+ Qurrent in branch Z‘l near Ganergtor 2 will be

Va Go2 (wt = M) dy*dg )
ayligrag) + 2y 4 g
» ¢ Wtal current in this branch will be




L - Y2z Va C08 Wb - (4g¥3) Ve O0(i% =N |
zz,("fzz) v o

Current in 23 brench due to gmerator 2 will be

Vg Oos (ut = A)
& 2y

..-. Total current in 4y branch

Current in Z; branah near Generator 1 dus to Generator 3 will be

Zog V nﬁﬂll (ﬁ "k)

Lligpy +BRy

’ . lbtal currat mﬂm brancn

41(41452)4 %2, *""‘zw Gos Wb = 2z Vy Go8 (6= )‘)}

Hore it 1o gssusod that both the generators are ungrowmded s that Z(p) =

Tels gesisption bos beod Bade jugk o sisplify the caloulations, Vith this 18
is possible to illustrate as to Mov to calcudabe the voltags rises. with this
assuption only one open conductor condition nesd be oonsldersd.- Otherviee it
the genoretors are grownded, the equivalent geries impedance for one cp®m
conductor will be
byl
w—ae==  and for tw opm conductors it vill be
byt 4
oy

Léb the fault be saywhore oo the transaission line, the equivelent series
impedsnos will bs the same as it ip & gymastric elrcult,



2 3. 2,3
2,(p) b aln? B ol Ot O Lanq P ¢ (B Ouptilay)neityy

2
Lae®y P * Riq, Syup +4
- The equivalent cirouit for one open conductor will be( Ref.fig,/t4)

After a time ty tho fault kas ocourred let the voltages of the two
geerators be Ty Cos(vh +&) end Uy C0B(uE + %= 1) & Vy Co8(Wbe¥) and writing
ejuations for the two loops, |
Rigg 41 ¢ l1eq g-:—" ' 5:‘; /(zuizm = Vg Cos (W6 +)
R, 2ot ﬁi&o e /(1# ) db & Vy Cos (vt +7)

led 27 led gt Gy, 1%43 n

Taking lepluce transform of both the oluations and after certain simplli.
flostions

alylp) + I3 (p) +E=0

I,(p) + W (p) +K' =0

... 11 (p) -] Iz (p) = u-n-]n:—-—-
U ¢ K-ok? ab~1
1 K=k’ | Kl
30) = 2380 wd 1,6) = .

" The positive sequencs voltage across geserator 1 will be

Ii(p) IR yeq* Loep I+ 111 () +12 (P)) 5;,':‘

LN B tegp e Bl A2
iL i

Ref, fig. The ourrent flowing tirough generator 1 branch
L,

3
Rlﬂc_up *l‘%q Gup +1




¢+ » The negative ssiusce witage drop will be

I4(p)
- . Laf
Realu? * Mg Oy 2% 2

.. Total voltage across the terninsls of the generstor 1,

L) g up o Wygq Cup®t [+ 1,000 45:0) lngd
&LP - e - - pg
_ Ruqcmp "I‘z.q 1L 1

L (p)

c lﬂlﬂc,“p d.nl o ° w,a,u ’Ia.b) | Lo Breq Cirp +L2eq Gm -in Cw, P 3,
P
bin

0P PSP Wiy 9+ 1 |

Jup Goo¥ _ Vasto) v,

Whers E' o G p (iq"(o)%(o)

1y e (0) F
Lo Bl phy?

1,(0) + g,()
él"“""""""‘"‘z qg "=l 14001 - jlar @y TaToy

)
p? o 3 Pau’ )

' 3
LER PR oblﬂc"p ¢+ 1

bz R'.tﬂ 4P *I'.J.eq Cmp-zb. i

wd LT (g + Ly )
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THREE PHASE FAULT OF &N IDE4L LONG
TRANSMISSION LINE,



THREE PACE FAULT C¥ 4% IDEAL LONG TRANGMISSION LINE ¢ (Reg. £ig 17 )

The following tuo. alectrogtatic and electromegnetio flux squation are well
known.

d¥ =e0dx @d

d¢= 4L &

Now the voltage drop in ths positive direction of x of the eleagnt dz
due to d snd the ling resistance is

> ‘ 3 2

~de n-s-: drx = iR dx + 3T {d0) =(R+ L )i &

Here negative sign has bown asshgned because it is e diwp in the woltage
sinilarly

? 2 d
wdiz -~ a'i'ﬁx mHArs e (ay) s (GeC -a-t-:)@dl

= (Bol’ap‘)i. =2i ad et £

]
01"3—:
- %z (G 4Gp) o= Yo m(‘)

Equation (3) end (4) sre vell kuoun equstions of single oireult transmission
line, Differentiating (3) with respest to x and substituting (4)

2 , ‘
28 o -y = s %1 + (R0 #L)p +#10p° Jo ==m(5)
" Now for loss less Mne R=0 G=0

2 2
. ? 20 _
2 £8 2 43

2 32
W =L e

’ /LGpx -LC px

.o Va(ll. tA 0 JP—)



%) 3 : >
>
v ‘
V(P)-a-j a L Vz p* V(p)
2
LY/ 2
O J -
r i LC VD
Vit px o0 px
or vx = ( Ao +426 )
[) hd /'L_—
;.Va(.l]\_/om P e v @)
Ax=0 Te(aluz).-"“ = M
. pzwa ?2“,3
.o A oigs Vg
vyIt pL  of16 pl
& xsl  ue *hn® =90
Lt pl ¢/1C pl
AJ_\-[— P Vg ~ay ) o =0
_¥iE pl
M Alg Y‘ ]
~2/LC pl
e w}
Vo
b= 1
1_02»@ P
2 ? LA
ﬂoij‘t”ﬁ or Lpl =3
ne
1., . 93895
or i & Lp ¢ a"‘;"’ QIMUPRAR}’UNIVERSHVWW
ROORKEE,

27
(p) = # "'5'2 B



| JEC pb /TG pl
bov I(p) = - WIE pyg 8 Y0P Mg pf‘-'z
-%/16 pl /10 pl /10 pd

(e R
= v, E ( - x.c:ps.1 * “:ﬂﬁpll) .
' -, , -

Bt o
uV' L Sin b op pwz

mniplyiné this by p %o change it to Heaviside cperator = that
it 1s poselbls to use Heaviside apension theoream to wlve it,

2
1 » L
Let Flp) = sinh pz* 3

o ___A._T .
Shh@*-—s gioh p
p

Let ps= ju ,.. b = Jim

]
zmguu-ﬁ.ma

or .!.(ﬂ, -3

2le) -ylinll#m"zz- sin am
B
a= T
8
* T

U = .awsame v < i
&
=l.cﬂﬂl.l(':i'-1)ua;§'ﬂm;l



. 2 2
..%—u szu;inu ’J.w’“(!:s“l)
pﬁtumu(f#-x)—a'z sin am
) o )
2
d. - e oM.
(P ™) )pspg (1) - " . l(,n‘) 1!
‘l
’ _ E (_1)8 iﬁ—-tv 4. ‘* l!(p) !
yE- $20 m on
arr}n?—-—--ll
(&2
a

" Now if we substitute directly p = O in the expression for

%%:% ve tind it gives on indoberminabe quentity

% applying La Hogpitals Theorem
o) | P

Wo bave e

up)

pat #inh o swisinh op
pifferantiating Numerster & deowdnztor seperately

2 ‘ .
ainhap.@wz- a coah ap wzaooshm

= B e ao

9 the limting value of ﬁ% forp =0 1szer

will be

The olution to tho above curremt expression in tise domain

A jﬂ..t
Ya-s-(“'




GAll L AZIORS

Ib 48 deetratle now to & cslenlation part i which the p.R. values
of &iffarant elemants of the pover aysten are mbstituted in the wurrent
(maer fault condition ) expressious id thkus the presece of different
frequeigies in the carrent will be studied,

The Dllowing seb of values vill be usedr~

Ttel line impedmod = 1.3 [&°

... Reastance 10,15 and reslabence = 1.8 &

Lot the usual #rmmiasm 1ine reactance be 0,2 p.u.

Taen 1, = Ly = 0,2 pueend § =R g & 0,0855 pous

Line Zero sequence vnaiatance and reactanoe g Let neutral impedance
be 2 /80  then tobul impedance

0.3 ¢+ 3 x 3= 16,3

. » Total reactsnce = 16 and vesigbence 2.83 L

s » Ry =0.055 petts ad Ly 2 06315 pete
for Trmaformer X = IF Io = 0l Pole
B= B g = R g = 0025 p,u
Br gaerdor X'd = 0,2 potls L 3 0415 Pethe 4, =0.po

Now lat the condunser value be 2,54F when we consider transaizaion

line represeated by a T eircult and SAF when Tw cirault,

6 .
sctug) value of regubanocs adlee 5 1328
314 x 2.5

Bage value = 50,75 -

-~ .

s » pois capacitance vulue will be 26,1 peu

.
_ whan SHP wlt will be 13,05 pede = 13 Polhe



JAULT AT THE SENDING EXD (One machkine system)
A RHASR RAULT

The ourrent centains only the povwer frequensy and nebursl frequency
~of the ayskes, The recovery voltage expression corntaina the exoression,

9,45 pzav 0.625p o L
wvhich has its 10058 as

«0,03502842 ¢ § 0,328606432 and
- 0,03562842 » § 0,32066432

The imaginary part of it ghows the p.us naturel frequency preset

I=d, fanld

ii) The ecurrent containg ths expression

4.5675 p2 0,783 p2 0,600125p + 0,08  and its roots are
- 0.08824612, - 0.0415913% = J 0,34974262, |
- 0.04150123 + § 0,34974262

444) LINE 10 GROUND FALT
35762525 p° + 10,60135 p* + 10,6943 p° + 21199319 p% 0.847875p 40,075

Tae 100is are

«0,13787595 + J 0.00000003, ~ 0.,03786400 « § 0.27941236

«0,03766460 + J 0427941236, = 0,04141272 + § 0,43342540
~ 0,04141172 ~ § 0,4334254

iv) LeimG PALLT
00137025 p¥ + 0.19020875 p® + 0,16183028 ps 0,041323437 p + 0.001875

The roots are

«0,057705525 = 0.1382193, «0.08575 - § 0,61379054



Fault ot the far ed
i) 3 Phase faults

143500411135 p3 4 077702075 p + 0,096

- ' The roots are

«0.06070988+ § 0.36773098 « 0.06078%86 » § 0,38775092 - 0,1373777%

i1) Line to Line fanlts

16,731 p°» 7.0595529 pY 12,06855074 p¥ 3,1691198397 p
hﬁﬁmﬁ pr 0.192

-0015‘”“9’ - -0;051‘9348 » j 90731363“) - 0.,00149348 3 00731853“
~0.078318234 + § 0,59720586, ~ 0,07821823 « J 0,50720538

111) LINE 10 GROUND FAULT;
200.2251054 p'+ 115, 85598622 ps 181.4320957 ps 63,9067696 'Y

43,3285516 p° 9,802099593 p°s 2,84578365 p + 0,2915

The 100b9 are

= 0406380900 = J 0435681155, = 0,07681173 ~ § 0,68452191
- 0.06380500 + J 0.33881155, = 007681173 + § o, sag52191

0408118575 ¢ § 0,41187670, - 0,13251883
-~ 0,08116575 w § 0.41187470,

1v) ImleG faults

46,485820675 p° o+ 33.3492045 p7 + 01.79253185 p® +45.55875750 poe.

- | 25,788635 p4 o 9,995528068 p « 4,004068622 p? + 0,6695049 p + 0. 204103



The wots are

0,07362845 ~ § 0,95005359, = 0,4208328 + o.zmam.
0.07253865 + J 0.95005850, - 0,4208328 - § 0. 20492421

0.3535678 + J 0. 35148605, - 0404585556 + § 0, 35025670
0,08535678 = § 0, 38144865, « 0.04985556 = § 0, 35036671

Tw mackine gysden

L-L feulty~ The current expression wntains tw terus i.u. miltiplicstion

of %10 tervs end Yhay ave

24676285 p' + 1,654089 p % 2,3023864 p¥ » 1,0206993 pY 0.53451286 p?

+ 04153364057 p° + 0,0168342 p » 0,005808
and

2.4670235 p7 + 1,550060475 p° + 2.48750555 pos 1,0634429 pb + 0,60893963 p° o

001996041 p? 4 0,05474385 § « 0,009368

and tielr regpoctive 1o0ta are
- 0-118?6120. bl 06065“838’ - 00”373836!

« 0,0331568 » j 0.52350846, - 0,08891168 - J 0.72558409

- 0.331568 - 3 0.58350346. -~ 000339116? + j 0.73558438
snd
012816721, ~ 0,17678490 + J§ 0434445748, 0,00750502 + J 0.45484516

= 0.17673490 « ] 0434445746, 0.00750%0% = § 0.45484516

= 0,08135125 = J 0,72832339 , « 0,08155123 + J 0,72822059



I~Q faults~ This again contains two teras

6.8765427 p10 + 616542813 p ¥+ 11,2009 p° + 7,56185367 p7 + 6,6820317 p°

26316559 p3 + 0.93168308 p% + 0,2053214 p3 + 0,04877394 B + 0,00590132 p +
04000136533
and thalr regpective wots are

0605197886 « J 040W68T8, ~ Q,22807492 = | Oy 24952475

«0:05197898 + § 0.0286875, « J,33807192 + 304 msws
~ 0404427291 = § 0226540490 , = 0,41533085 » J 07204223
0404427291 = J 0428540490, = 0041533085 ¢ § 0,7H04303

0,15275007 = § 0,84172047
0.15275007 4 § 0.84172047

and
~ 0407951083, 011660599, « 6.14365333, - 0, 20793618 = § 0,00000003
= 0403118903 « § 0,47636359, ~ 0,11443015 » J 0.57816429
- 0.05118903 # § Qu47636259, = 0,11443015 = § 0.57518419
- o.omoszsﬂ- 3 0.72377537
- 0.04290879 .IJ 0.71377574
- LwlmG fawdts This agsin conligins two terng

1.54566 plly 1,5294501 p 4 263548869 p % 19022057 p B 4 2,59906088 p'e



1,226066 p® + 0,6304533 p® + 0.23823835 p* + 0,0508172 p® + 0,01671314 p %

and
11 10 9 - .8 {
1,945004128 p™" + 1.52344738 p™ ¢ 2,6354852 p” + 1.911165 ps 1.489592 p 4

1,10802488 1° + 0. 36420509 gs + 0.2012725 p% + 0,0315514 p% 0,0023614807 2%
0000313359 p + 040000136451 -
angd thelr mots are
w 0404262111, = 0413333863, = 0,37283031
0409554748 = § 0,30130889, - 0.3233553 + § 0,4AD3RET0
0.,09551746 4 § 0.3139808, - 0,53335%3 ~ § 9,44033870
0.36391358 = J 0.910314¢, = 0.61743288 + J 0.84249563
0436391358 ¢ § 0.0303144, - 0.61743280 = § 0,84249563
wid
- 0.09608214, ~ 0,10582475, - 0.05346703 = § 0,52780009
0.01036160 +J0.08559199 = 0,01246703 + § 0,52780009
0.01058160 & jO,09359195 - 0,38621208 + § 0.91911763
0424730754 + § 0.69735973 w 0.28621206 » j 0,91911762



C C 9ROOTS OF POLYNOMIAL EQUATION OF DEGREE N WITH COMPLEX COEFF1a1EN!
DIMENSION AR(129}s AIl129)
1 READ 700y NsIM
NUTS= 1111
MsN+1
DO 2 J=lsM
READ TO1lsAR(J)
IF (SENSE SWITCH 3) 212
PRINT 701 AR(J)
CONTINVE
DO 30 JzleM v :
IF {IM)24423+24 3
24 READ TO01sAI(J)
GO TO 26 .
23 Al(J) =040 s
26 IF (SENSE SWITCH 3) 2530 '
25 PRINT 701y A1{J)
30 CONTINUE
5 KOUNT =0 ;
TOLa le.E~10 v
ITR8s 50
PIR mAR{N+1}1+AR{N)+AR(N~1}
P11 =AT(N+1)}4AT{NI+AI (N=1)
P2R =AR(N+1}
P21 mAT(N+1) . . ,
U ®AR( N )%¥2=A1{ N 1¥€2-4,0#(ARIN=1L)#ARIN+1)=AL{N-1)*AL(N+1]))
VE 20 0%AR(NIEAI (N)=4eO¥ {AR(N~L)*AT (N+1)}+AT (N=1)#AR(N+1})
G=AR(N) : '
R=AT{N)
KRAD=1 .
00 TEMP=SQRTF{URU+V%V)
IF (TEMP+U) S001,500195002
5001 RADR® Q40
60 TO 5003
5002 RADR=SQRTF{TEMP+U)
5003 IF (TEMP =U} 5004450045009
5004 RADI= 0.0
GG TO 5006
5005 RADI=SQRTF{TEMP-U)
5006 TEMPs QERADE+VR¥RADE
* IF (TEMP) 501¢5019502
501 RADR= Q-RADR/1+4142135%
RADI= R=-RADI/1+4142135
GO TO 503
502 RADRz Q«RADR/14142135
RADI= R+RAD1/1le#142135
503 GO TO { 50526} » KRAD
50 TEMPuRADR®#2+RAD I % %2
IF {TEMP) 51045104511
510 XR® o5
Xiw (40
GO To 512
511  XP =2=2,0%{AR(N+1)#RADR+A] {N+11*RADI)/TEMP
X1z «2o0#{AL{N+1)*RADR=AR{N+1)*RAD11/TEMP
512 HR= XR ’
 HIsx)
WRE=XR A
Wis~X1 .
51 KPOLY=2
41 MuN+]
PR= AR(1)

PI= AI(])
nn 42 As2.dd

NN
p



IF{ABSF(PR)+ABSF{PI)=1eE48)42+424420
42 CONT INUE
420 GO TO (43,50645%27) ¢ KPOLY
504 TEMP = (ABSF(PRIYADSFIPL) )/ {ABSF(P2ZR)+ABSF{P21))
IF {(TEMP~10+) 50545059506
506 WR= ,5%4R
Wiz ,5%W]
HR ==WPR
HIs=W]
XR=HR
XI=zH1
GO TO 51
505 P3RePR
P3l=p]
52 DEN = ABSF{P3R) + ABSF(P31}
IF (DEN) 7197195211
5211 XRO=XR
X10=X1
IF (ABSF{PIR~P2R)~1eE~25) 52155219529
521 IF (ABSF(PLI~P2l)=12E<25) 92245224525
922 IF (ABSF(PIR~P3R}-1eE~25) 52345239525
523 IF(ABSFIPLI=P31)~laE~25)52445249525
524  WR=1.0
WIeQel
.60 TGO 53
525 TEXP=WR+1,0
DReTEMPRPIR-HI*P3I]
DI=TEMDRPIT4W %P3
Qn TEMPYP2R=W]%P2]
Rm TEMP#E2 [4WIAP2R
TEMP= YR¥PIR-WIKF11-G+PAR
Fl=z WREPLIWI¥PIR~R+P3{
FR® WR*TEMP~WI*F]
Fle WR*FI+WIXTEMP
Q=FR~G+DR
R=F1--R+D}
Us Q#Q~R¥R~G 0% (DR¥FR~DIHF] )
Ve 2 0¥Q%R=G 0% (DR¥FI4DISFR)
KRAD=2
G0 TO 340
526 TEMPe RADR&#2+RADI#42
WR = =2.0%(DR¥RADR4DIHRADII/TEMP
Wiz =2,0(DI*RADR-DR*RADI )/ TEMP
53 HRO=HR
HIC=K!
HR= WRHHRO-WI#HT0
HI® UR#HIO+¥I1¥HRO
XRa HR+XRO
Xls HI+ X106
KPOLY=2
G0 TO 41
527 TEMP = (ABuF(PR)+AESF(PI!iIDEN
IF ITEMP=10.) 6969528
528 WR=0 o 5#WR
Wiadeb%y]
HRaHEO
H1=HIO
GO TD 53
6 KOUNT =KOUNT+]
TEST = ABSF(XReXRO)+ABSF(IXI-XI0)
TEMP =~ ABSF(XR)+ABSF{XI}

e e B« S+ e R N Y Y IS ] LV

Tt 2 G DD OOV O O OO®DOEE DTG S~~~ ~2~d oo o

P el



61

62
64

542

543

544

545

IF (TEMP=14,0}) 62962461
TEST= TEST/TEMP

IF (TEST~TOL) Ts7464
P1R=P2R

Pli=f21

P2R=P3R

P212P3]

P3Rx=PR

P31=P]

IF (KOUNT=ITRB)5245429542
PRINTY 703y ITRS

PAUSE

IF [SENSE SWITCH 2) 5439544
ITRE= ITRB+1C

ToLe TOL*10,

PRINT T03s ITR3» TOL

GO0 TO 52

PRINT 703y 1TRS

PAUSE

IF (SENSE SWITCH Z) Tle 549
PRINT 703s 1TRS8

GO0 10 1

71 KPOLY=1

“3

76

81

GO 10 41
PUNCH 702s XReX1sPRPI

IFIR=119+993
3 M= N+l

PO T6. JudeM

AR{J)a AR(GSIEXREAR(J=1)=XIMAL{J=])
AlGs)s AT(JI)+XR#¥AT(J=1 }+X[#ARLJ~))
REMR=ARA{M)

REMI= AIIM)

NaN~-§

IF (-1} 9¢81s5

TEMP= AR{1)4%#2+A1{]1 ) %82

XR= ~{AR(2)*#AR(1)+AI(2)1#AT(1})/TEMP
X1s  (AR{2)%AI{1)I=AT(2)%#AR{1))/TEMP
KPOLY =]

GO 70 41

NUT3= 9999

PRINY 703y NUTS

50 T01 -

700 FORMAT(134]11)
7Ol FORMATIF1648)
702 FORMAT{4F1648)
703 FORMAYT(1542F51648)
705 FORMATI21542E1648)

END

Bt e mid fued Sl Dot Dod Bad Beed Bk Bt Tt fed et Bed Mot Bd Duaek Bt bl ok S
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