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the point of fault, all we ve -~

11 GFAI::;HJWP is caused by hghtnm
com

10.1 shows a three phase Beneryy,,

10.3. SINGLE LINE-TG-GRDUN
The single line to ground fault,
conductors making contact with grou

with neutral grounded through impedance Zy- thee

Ia
g a

the most
nded structures: Fig.

Fig. 10. I Single line to ground fault at phase ‘g’

Suppose a line-to-ground fault occu
impedance Z 1 . 'S on phase ° a’ cgnnected to ground through

Assuming the generator is initi:
ally on no load :
expressed by the following relations. oad, the conductions at the fault bus ‘K’ ar

V. = 2,1,
Ib = IC =0 .
" L i N
"o _ .. (10)
Symmetrical cnmpanents of currents are
ﬂ — —
I be ol 19 w
2 |3 "
a | = 3|1 a g I, |
- T 2 .. (102)
€




" ﬂ,m,”grrfcaf Fault Analysis

1 Unbalanceq Faults
gubstitute for I, 10.3

ﬂl
a

B O )
a |~ 3t e a?]] g
= ... (10.3)
a 1 a2 a 0
From the equation (10.3), we find that
0 - o
a 3
|
I e
I
I = A = l'{-
a 3 3
e, SO S (10.4)
From sequence networks of the generator, the symmetrical voltages are given by
3 »
Vv, 0 Zye 0 o[
+
o= E e 0 Zyy 0| 1T
L L 0 0 0 Zy | U1
0 _ 0 10 _ _o0 + N
Vﬂ' — _ZKK Iﬂ' c '_'Z'KK Ia
+ + gt . '
vt = gzt T \ .. (10.5) |
—_— AL - o — = + ’.
Y., = gty L. = __ZKK 1,

The phase voltages are given by

v, Al Vg
v' g 2 v

olia allV , . (10.6)
vV 1 a a2l LV,

.._I_ —
From equation (10.6), V, = Vg * Y” "y

a
From the condition V, = Zela
i i} + - =
5 Vgt Ny +Y, Zrla - R
Substitute symmetrical components of voltages from equation (10.5), we get
+ = 17N =
—ZEK l: +Ea'z-1:':I{ la tEyx I“) Zf[a

B e +
E,~1) [Zyc*Zgx YZxx] = Zp%31,




104 O NS |
h]{

L2

4 - =
¥ 128 +Z5 +Zge *3%) = Ba |
+ Eq
la =20 4ot 477, +3Z = (lg
Zyg T Zgx T4k f )

N 3E, |
The fault current is L. = L, = Bl ™y + =5 L I
Zyx +Zyx tZyx +3Z, - (logy |

—

-y

On substituting symmetrical components of currents in equation (10.5) and (]gﬁ)
symmetrical components of voltages and phase voltages at the fault point are obtajpeq

Sequence Network

ned,

From equation (10.4) and (10.5), the positive sequence, negative se
sequence networks are connected in series as shown in Fig.10.2. Thus,

Thevenin impedance to the fault point is obtained for each sequence
connected in series,

quence ang 5y, |
for LG faults, g,
network and g

P S

m N
. RY
ﬂcﬁ

Ly
—
Zyk Vv, | [LJ »er
I
=
Zgk= Zs+3Z, T 0 [

fault) or solid fault, z /=0,
» If the neutral of the generator

circuited. 'S ungroundeq,

.
the zero sequence network IS of
+
a

and 1, = ¢
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Fault Analysis — Unbalanced Faults
L

m{"ﬂ'mf"ﬁfﬂ!
[ D]RECT SHORT CIRCUIT OR BOLTED FAULT

03 ; B
| 1110 shows the direct short circuit line to ground fault occurs at phase ‘a’.

Ia

Eg ﬂ If

Fig. 10.3. Direct short circuit LG fault al phase ‘a’ t
!

Fault impedance Z, = 0
The conditions of the fault at bus K are ::
Ib = IC' = 0 ::I
$=
The sequence network for direct short circuit LG fault is as shown in Fig.10.4.
% L
_.+ :
+
ZKK
+ = = ﬂ 4
Byl =L =1 I ... (10.10)
F == (10.11)
I- f + o ven -1
=% v I 7t +Zex +Zgx
I
— |
o
Kk= 25 +32Z,

.1 0.4, Sequence network for direct short circuit LG fault \
) 1 : o I




Power Systep, d;;%
| j
I 10.6 ]

Voltages
Prefault Sequence -
ince the fault is assumed to occur when the prefault system is under balanceq co
Since

iti 1s. ql
fault bus voltages contain only positive sequence componen
all prefa o . V+ 'P r
vl 10 .
vV, 0
E 0
v, .
* +
Vq un
Vﬂ_g = V; = 0 .{lﬂ.n}
u ]
Vq 0
+
vn V:ﬂ
L. 0 |
Va4 Loy s -
Post-fault Voltages

The post fault positive sequence bus voltages are

AR + 2y
Vf = Vﬁ “*+ Zu’K If . (10.13) 5
Since the fault current is injected at bus K,

e
0
3 &
0
L o
3 _
Ve = -zh gt

10l | L (100
The positive sequence post fault bus voltages are

L (1014) |

v o oyt oa
Vfl Vo =Lk l::-

+ = + +
Y = Vo-zg, 1t .. (1049

Il

+ + +
vf-" Vu -’Zrﬂ{ I}-




me s s G

[_.'_rl‘] . .
e ilt negati 10.7
e post fan gative sequence byg voltages are
Vo = o~ =
1 1K lJr
Vi = =Zgy I,
: ... (10.17)
Yoy = ~Zg L,
The post fault zero sequenge bus vnltiges are
Vfl_ = =Zy 1
vl = _0 0
I3 Zyk 1y ... (10.18)
¢ L 0 0
vf-'l' _Z'nl( If
sequence Line Currents
vi_vyt
Positive sequence current I; = —"rf—_'_—-ﬂ—
ij
_ ” V_E,. hv'[
Negative sequence current l;j = = ... (10.19)
Z,
. TS 2
Zero sequence current IE. = ._-”—Z‘{}_J:L
2 i -
= ~_ SOLVED EXAMPLES

|Exﬂmp¢’e 10.1(a) | Two synclronous machines are connected through three-phase

nsformers to the transmission line as given in Fig. The ratings and reactances of the

Machines and transformers are :

" _
Machines I and 2 : 100 MVA ; 20KV X4 =
Transformers T, and Ty: 100 MVA; 20Y/345 YKV X=8%

Bogp transformers are solidly ; des £ ¢ chose; bfsjfﬂ{_ I?g;ﬂ/ ::é
KV in the transmission line circuit. The line reactances are X; = X = 157 @
1= 50%, T e i ting ai-nominal voltage without prefault currents I-Edlen a
bole o The system is opere d fauﬂ oceurs on phase ‘a’ at bus 3. Determine tht

4(Z, = 0) single line-to-groxn
"llhfm iy ) ing d at thEﬂlﬂff-

@ @ @ Machine 2
Machine1 (D | 3
' 3

¢ | =
~o—HH— e

X, =X,=20% ; Xo=4% ; X, =5%

gmumfed on wo
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) 5 : ney, |
© Solution ; Positive sequence Thevenin equivalent viewed from py (3) {
s —

@ ® ® @
j0.08 \ jos | j0.08
[
j02
1400
= =i N

Positive sequence impedance diagram
e L _
J0.08 10.15 @ i @

J oy | 2" =0 1595 O
j043  jo2s G S

-

J0.1999 @




'—I; - i //”L;/::;-‘-
| Unbalanced Faulls

[ysis —
o Fault Anal 5
elricd 0= 1.0
[I'rl-f,'r'pf”’ geqnence Network : Prefault voltage E, L;__#
~ mﬂﬂ’ I+
s i
233 —jﬂ"ﬁgﬁ U’;
+
v0=120°
Ia
RS
233 =j0.1696 Va
0
I
2y
?0
Z33 =/0.1999 Vj;
ll E—
1.£0"
; l+=]_=iﬁ=+_._ :
FJ'DTI'IFI_E-: a - a a 233 +Za3 __}_233
1 £0° - _j1.8549 pu

= 70.1696 +/0.1696 +;0.1999

_l..
Fault currentin pu = 3 x 1,
_ 3x-j1.854 = —j5.5648 p.u
¢ or secondary side of first transformer/line '
MVA, "~ 100x10%
= 3 xKV, V3 x345

Fault current in Amp = [y, % Base current
= —j5.5648 x 167.348 |
= —j931.2576 = 931.2576 £270° Amp

Example 10.1¢6) | For the Example 10.1(a), compute the fault current for Fig., when
GI‘M! bus 3. \

Base current at the fault poin

= 167348 Amp

Machine 1 @ @ (T)B (';) Machine 2
~O—HH O™

¢

¢
A Yz Y A
\___\_‘-—‘____—-_

% [ — -
lion ; Z3, = j0.1696, Z3;=j0.1696




Power §
g,
Iﬂ!ﬂﬂl 3: Bt
S rom bus
ce Tlievenin wﬂwﬁdf @ @
Zero sequen @ | jﬂﬂﬂ
J0.04
j0.15

0 - j0.08+50.5 =j0.58
Zy L

=E =V0=1£0°
Sequence network : Prefault voltage = E,

j0.1696

j0.1696

+ - 0 Vo
I”=I"=I“;Z++—. :
13 T2y +Zy,
1 £D° .
B J0.1696 +0.1696 + ;0.5 — —/1.088 p.u.
Fault current in pu, = 3 % I:

Base current = ———ub__ _ 100x 103

=J3.264 x 167348

4622 22700 A,




ioal Fault Analysis — Unbalanced Faults //L_‘g;,__._-n,

Fig.s when

i
W
Faal! e 10.1(C For Example 10.1(a), determine fault current for the
curs at bus 4. '
Ry

Lﬁﬂmqffﬂﬂﬂ*ﬂ"'“"‘_‘
wint @ B @® @ wachino?

=
S A AV
g Solutiot ¢ Impedance diagram : ,
e . P,
joos | f0.15 | j0.08
=R
j02 302
1£0° 120°
j0.51
j02
Determination of Thevenin’s Thevenin's circuit
equivalent impedance , _

Negative sequence network : __—————

© j0.1437

[
Zero Sequence HM
® B9
| | j0.04
j0.15

[ (j0.04 +;0.15)//j0.08 ]




Power Systey, 4

Hn.h.
e b

g e
Prefault voltage = E, .
4+ = = _-:l' = T = <=2l
Ia ]a a 2.44 +Z‘14 +qu
] Z0°
= 70.1437 +j0.1437 +0.0563
= —j2.9095 p.u.

1, = 3 1:' = —j8.7285 p.u.
. 100 x 103
Base current = ° \/-3— %20

I inAmp = 87285 x 2886.75 = 25197 Amp

= 2886.75 Amp

Example 10.1(d) | For the Example 10.1 (a), compute the fault current for the Fy,

when fault at bus 4.

Machine 1 @ @ (T:') % F Glo Machinel_Z ' "
X oy i
YO ST O™
=Y = Y
@ :S‘ahm'an : Zero Sequence Network ;
@ 6
| J0.5 | _
* j0.04
j0.15
_______-__————_
Ziy = jO.19
+_ WO
244 +Z:4 +2,404
1 Z£0°

JO1437+ 01437+ 7575 = —/2.094 p.u.

[, e gt _
Jr I ' 3 Iﬂ iy 35{‘-}.2.094 t=— _j6.28 pu.

I} = l
f 6.28 x 2886.75 = 18128.8 Amp



it Analysis — Unbalanced F e.zu.-’:,g

"
l W’ For the Example 10.1(a), compute the fault current Jo

r the Fig.

) Mﬂffﬂ’ﬁ’i/ i p
: machine 1 @ FCIZ:) @ @ Machine 2
| 3¢ | 2)
g ¢ | HE— o
AL e
mrme Network : .
g SOl __———— ———
@ j0.08 @ j0.5 @ @
- Jo. j0.08
F—/'U'WH"—' o—l—fﬂ'ﬂ‘—l—o ST —
jo.04
2., j0.15
= S ]
z%, = j0.19
e Vo 3 1£0°
) 70.1437 +0.1437 +j0.19
= —j2.094 p.u.
[, = 317 =3x=j2094 = -j628 pu.
[, = 628x2886.75 = 18128.8 Amp

For the Example 10.1(a),

‘ Example 10.1(f)
'*‘“{f?i!! at bus 4.

Machine 1 @ @

compute the fault current for the Fig.,

~O—HH

B
(IlD_%C;) Machine 2

ik

AY R

J0.04

j0.15 -




Sl | F
- [ 10.14 | S w *
Zyy = J0.19 V0 1£0°
- e " AT |
ll'.'.l' - a a 244-1.244 +244 3
= _1‘2.094 p.u.
I, = 3xI] =3x%-j2.094 =-j628 pu.
I, = 628x2886.75 = 18128.8 Amp
Example. 10.1(g) | For the Example 1 0.1(a), compute the fault currepy Jfor 4 B
when fauit at bus 4. ;
S T e
Machine 1 CT) F GP Machine 2
¢ | 3 -
®—H e Yy |
AY |
__-___"_-—-—_.
© Solution : Zero Sequence Network :
@ ® ® |
‘ j05 | j0.08
J0.04
J0.15
_ :
Prefault voltage = E,=V0=1_p°
[ =Cmpf e VO & L2gr
S +Z +z0  J0.1437+50.1437+j0.9
= -j2.09 pu.
i =+ .
= 3x1y = 3%-12004 = _ g0 p.u.
l; = 6.28x288675 = 18128.8 Amp
E le 1 Al
xXample 10.1 ﬂ—l !f'or the Example 19,1 (@), compute the fault current for the Fi3
when ﬁ:ufr at bus 4,
! 5
@ @ Machmeﬂ
' ﬂ& e
\ s




F H_l_ff_ Analysis — Unbalanced Faults / L—=

. n'(:ﬂ'f
ws.w""*”
Zero Sequence Network :

6 _gg!mr'mr 7
DL T el S
j05 © 0,08 |
j0.04
j0.15
e B WY
+ _ - 0 _ AAL
Ia o Iﬂ 3 Ia 4= =
Zyy 24y Z 44
g 1 £0°
70.1437 +j0.1437 +0.19
= —j2.094 p.u. -
I, = 3x1T = 3x—j2.094 = _j6.28 p.u.
[, = 6.28x2886.75 = 18128.8 Amp

the L-G fault occurs

¢ fault current and fault MVA for

Example 10.2 Determine th
ot bus 3 as shown in Fig-

TR D 3 7
O3k | s
\ﬁﬁ \f;h {Sﬂhdly-gmund.ed)

6,G,: 100MVA; 20KV Xg =% —X,=20%; Xy=4%
1,7, 100 MVA ; 20/ 345KV (Y% o) 5 X=8%
=X,=15%1 X, =50%

edance diagram :

© Soluion : Positve sequence InPe M 2
i @)

Transmission line : X;




Determine positive sequence impedance »
P % e — n—__-__‘—__‘—-——.-._______‘
j0.08  j0.15 /0,08

: ;
Negative Sequence impedance = J0.1696 \
Zero Sequence |

mpedance diagram ;
0.2 0 o

i |
™~
1]
o
[}

Il

—J2.274 py,

Fault current I, = 34 l:
/0.1005

Sasr Fault My A
——— e e, |

IJ, pu X MVA

I

Example 10, 3(a)
ground (solid) fault a1

Determine the fauly clirrent
us 4 as shown iy Fig,

1 £0°
70.1696 +0.1696 + ;0.1005

6.822 x 100 = 6822 MVA ,
e
and MVA qr JSaulted bus for alin

On @

-

+ Y2
\

Ix(=j2214) = _jg82 pu




G,: 100MVA, 11KV, X+=x—_,
) =759 . o _
r,: 100 MVA, 11 KV/220 K. v % X0=5%, X,=6%
T 2 B y Xoak = 9%

?3 X7=10% on a base of 100 MVA.

ITE Ly:
consider @ fault at phase ‘a’,
0 Solution :
« Positive sequence Th 7 : :
Step 1 - q evenin equivalent viewed from bus 4 :
J0.09 |
-
f J0.15
*120°
Z1n =/ 0.1075
S1L1A
j0.15 120° -
" o
Deterinination of Thevenin's Thevenin's circuit
equivalent impedance

Step 2 : Negative sequence Th evenin equivalent viewed from bus 4 :

i fﬂrfca"‘ Fault Analysis — Unbal anced Faulis
—Paranced Fauly  [wea7]

_}-0.[:'-9 _’J" 0.05 | | jﬂ.ﬂg ] ZTh =,_.*'D. 1075 l
1
Jjo.15 /0.15
—0
e I
Sep3: Zero sequence Thevenin equivajent viewed from bus 4 :
@ jo.1 /
J0.05
3 j0.06




Power System

i 1
M___—-—MI—EE & ﬁ% x Base MVA

W o=
e Zpu. Base value

For transmission lin

! i——-—“ﬂl:fl « 100 = j0.1

0.1 and 0.1 are in parallel.
j0.1 xf0.1 70.05

O

j uiﬂﬁ J‘ ﬂﬂg'

j0.05
;;:""n.r: j0.18
| ey
[ Boecs © | @
) j0.46 | j0.1533
' e LI r—-’“"!’l“——l
’:‘:E_’E';‘ |
:;“_,g%! j0.23
o ,- 5
ﬂ-‘r.g;f:i Step4: Draw sequence network.
'Wfﬁﬁé . Prefault voltage E‘:a = V0 =1£L0°
"wﬂ' Z44 =j0.1075 ‘gt e
0 ﬁ+ ! ‘Fla'l=a=_:—il, AN
! it g 3 Vo -
i i ,.IJ."-' - % = 0
ik - . -f--]{a.zf Zyy TZyy vy +Zs
: | Z44=/0.1075 . 1200
i': ¢ 70.1075 +;0.1075 + 70.1533
Jl 244=70.4533 o
B g — I, = 3x1; = 3 x -j2.7152
ek
) = —j8.]
1S J; Actual fault curi o J8.1455 p.u.
'I' : Mignrront (KA)‘_ I-".'?-“- x Base current
. ' 100

= 81455 x —m =
-’\’Tx 1 42.75 KA

Fault MVA = 1[3 x KV x KA
V3 x11x4275 = 814.55

L= "TE LSRR S o
Il




Analysis — Unbalanced Faulls | /L-ﬂ’———"":'*

mmelt] cal Fault

Currﬂf‘f in phase domain : L, = IJ, = 42,75 KA
I, =1,=0
[ = I+1,+], = 4275 KA
@ For the Example 10.3(a), compuie the faull current, fault MVA a5
sfl‘ﬂ"’ff'f_,ﬁ‘?:,,——"—'_ SR

Gy T1 L_I T2 G
P @_—§ s,
= LE -
@ Solution :
| : Positive sequence The

Step venin equivalent :

2 : Negative sequence Thevenin equivalent :

Step
j0.1075
|
Step 3 : Zero sequence Thevenin equivalent :
© ® j0.05 j0.23
o—




H
[10.20] /ﬁvﬂ=140ﬂ\

prefault voltage = E,

Step 4 : Sequence network : UL‘-
teID =0 =3
a a
0.1075 e
: 4 I:=1n=l,,- 3 o Vo

jo.23’

i

I, = j0.1075+,0.1075 +023

Actual fault current

Fault MV A

Current in phase domain :

|11

I
I

n

= —j2.2472 p.u.
+
I, = Ix1,
= 3 x — j2.2472
= —j6.7416 p.u.
Lo ® Base current
MVA ' -
—j6.7416 x W _'
6 ?4]6. 100
L = -\]? x 11
~j35.38 KA
\V3 xKV xKA

Af3 x11x35.384

674.156

1] = 15 +17 +1° = 67416 pu.

100
6.7416 x =——— =
X '\f?k‘ll 35384 KA

=9 |
I,+1,+1, = 35384 KA

Example 10.3(c) | For the Example 10.3(5), compute the fault current and fault MV

Jor the L-G fault at bus 4 through a fault impedance Z r=J0.15 p.u.

© Selution ;

Positive sequence impedance {ZL) = j0.1075 p.u.

Negative sequence impedance (Z44) = j0.1075 p-u.
Zero sequencé impedance {2“4) = j0.23 p.u.

q

* Fault impedance Zr = jO.15 pu.




_ -

wﬂw{ Fault Analysis — Unbalanced F aults ' i
_———______________ _._———-_____-
gequence network is

Prefault voltage = E. = V0 =1 £Z0°

I} = =1
VB
+ - 0
Zyy Y2y +2u +IxZs
70.1075 +70.1075 +3 % j0.15
= —j1.5038 p.u.

Fault current If = 3 l:

Il

N e

I, = 3x-;1.5038 = —j4.511 pu. -
mil MVA 100 -
Base current = = = KA
\ V3 xKV \(Tx Thik o
Fault current 1n\mp = 4.511x5.248 = 23677 KA
Fault MVA = A3 xKAxKV
\[3 x23.677x 11 = 451.1

Example 10.3(d) | For the Example 10.3(a), compute the fault current, fault MVA as
shown in Fig. ; : '

Sy Eidfa e fhas O
AN

© Solution :

Positive sequence impedance = j0.1075
= j0.1075

Negative sequence impedance

Zero sequence impedance dmgmm

' l::t j0.09

j0.05
g__: 0.05

e

-




- |)J]J'em4
W " W"‘ﬁ |
— Prefault voltage = E, = V m
Sequence Network : '
T T Vo
— ]_a = Ia === Ia == \
244 e Y 20
J0.1075 - 1 200 4
¥ - J0.1075 40,1075 7003
) 3Z, =0 = —Jj3.774 pu,
/0.1075 Fault current I, =3 Ij
= 3 X (=J3.774) = ~il3
MVA 100 M
10.05 = =
J Base current W m
= 5.2486 KA
Fault current in Amp = 1132 x 5.2486 = 59414 KA
Fault MVA = \[3 x KV x ka

__| Example 10.4 | A sa

lient pole generator with
and has direct axis sub-

Iransient reactance of 0.2
reactances are, respectively,

Srounded, With the generat

or
unit, a single line-to-groung

unit voltages ¢o ground,
V,=0; V=1.013 ~— 102.259;
Determine the Subtransie

subtransieny conditions dye

to the fauly.
© Solution; Z*t = j02
Z= = j03s5
20 = o1
Prefault Voltage = E..
= M= Fpe
Symmetrical Components of fault current
T oo o= _Lp )
L =15 =g
Vo
T Zt+z-+z0
.l Z 00 =

" J02+j035+j07 =~j1.538 py,

out dampers is rateq 20 Mv4,
per unir,
0.35 and 0.1 per unit. The ne

= V3 x11x59414 = 1132

Béw |
and zero sequey,
utral of the generator is solidy
voltage witl; E an =40 20
lerminals, which

The negative

then have per- |

Ve=1013 » 102.25¢,
Rt current in the 8enerato

r and the line-1o-line voltages fir




v r-,lﬁw —
ey

» mﬂrfﬂﬂ'." Fault Analysis — Unbalanced Faults

)
Fault current in p.u,

Base current

Fault current in Amp

ubtransient current:

Line-to-Line Voltage:

y 11

1

3x—=71.538 = —j4.615 p.u,
MVAJ’K |ﬂ3

\ﬁ-HKVb
20 x 102 i
A3 x13.6 9 Amp

—j4.615 % 849 = 3918.14 Amp

0
| A ST | Ia
1 a2 a I:
| a a? l'a_

10 +17 +1;
—j1.538 4 (—1.538) +(~,1.538)
—j4.615 p.u.

—j4.615 x 849

3918.14 Amp

10 +a21) +al, =0 pu.

+ Z _
Iﬂ +al, +a?l, =0 pu.

I,=0 Amp

0
1.013 £—102.25°

1.013 £ 102.25°
V,=Vyp

0-[1,013 £-102,25°]
0.215+,0.9899 p.u.
V= Ve

1:013 £-102,25°-1.013 £ 102.25°

V,—-Ve = 0-[1.013 £102.25°]
0.215—;0.989 p.u.

-




S et DA BAIKEAEN ASE A BT

. W |
Example 10.5 | | 4 salient pole generator without dampers I§ rated 25 My4
and has q direct

£ ) fjl b)
axis subtransient reactance of 0.25 p.u. The negative gy e ky

Se
reactances are 0.35 gpg 0.1 p.u. respectively. The neutral of the 8eneratg, ]
grounded. Determine g0 subtransient current in the generator and line ¢
a subtransiont conditions when a

5 0
single line to ground fault occurs g th
unloaded generatpr.

e Iermf,mh ﬂ_fﬂ |

h

© Solution Zt = J0.25 pu, ‘\

Z= = j0.35 p.u

ZV = 0.1 pu.

Prefault voltage = B, =V0=1,40°
Symmetrical components of fault current

+

a

Log= " n
=17 =0

Vo
Z*+Z-+70
o 1/0
T 15025 +j035+50.1

= —Jj1.4286 p.u.
Fault current in p.u. =

Il

L sl oo 4
31, =3 x—;1.4286 = —J4.2857 pu,
" . ‘MVA, x 103 25 x 103
= mmee—_—m—— =T = y
ase curren ﬁ XKV, \[E %132 1093.4_66 Amp
—J4.2857 x11093 466 = 4686.28 Amp

Subtransient current or phase current ;

Fault current in Amp =

L) TU e
[b -= | a2 {ﬁ I:_
..Ic_. L1 a a?.__ k. ;__

=

o= 141t S ~J1.4286 + (- j1.4286) + (- 1.4286)
= —J4.2858 p.y,

I,in Amp = —j4.2858 x 1093.466 =
0 - =
I +a21a tal
= —j1.4286 + (- 0.5 - j0.866) x
I, = 1° +a]: +a2]
Iy = 1o = 0 Amp

~j4686.376 Amp

= P'HI
~J1.4286 + (- 0.5 + 70.866) (—j1.4286)

=0 B




pical Fanlt Analysis — Unbalanceq Faults

al el —\\—___\
#
/ﬂ;—dc;mpanem of bus voltages

fﬂr p’lﬂ.ﬂe a

[10:25 ]

-‘_..-:..a.-_n IR N

i V) = -2017 =
’ : 0% —j1.4286 = _0.1429 pu
: \.,:"‘“=w,,v_z+]+=1 i - p.ul.
o - " < 0°-j0.25 (~71.4286) = 0.6429 p.u.
. Vﬂ. T Ia = —_}035 X (_Jl4236} =-0.5 puu.
gl cansient phase voltages : :
Va 1 1 1 VI}
i V;_, = 1 G’z a V:
Vc 1 a a2 Vo

v, = V2 +v? VT = -0.1429+a.ﬁ429+(_n.5) =0

Vy = VO +a2V! +avo
= —0.1429 + (-~ 0.5 —j0.866) x 0.6429 + (— 0.5 +j0.866) x — 0.5
= —0.2144 —j0.9898

V, = V® +a VT +42V7 = 02144 +;0.9898

£

line-fo-Line voltage : _
Vy = Vo=V = 0-[-02144 —j0.9898] = 0.2144 +;0.9898 p.u.

V,, = V,—V, = —0.2144—j0.9898 — [~ 0.2144 +0.9898] = —j1.9796 p.u.
V =V —V. = 0—[-02144+;0.9898] = —0.2144-0.9898 p.u.

ac a c

Example 10.6 Fig. shows a synchro-
W generator whose neutral is grounded

ued emfs and sequence reactances
ﬁri’f‘andxﬂ such that X+ =X~ 2 X

{ 1 Draw the sequence networks of the
Stnerator as seen from the fermi-
hals,

b Deriye expression for Sfault current

for a solig line-to-ground Sfault on
Phase a

uld be more
[y Shoy that, if th utral is grgumfﬁd solidly, the LG fault current wo
1 te ne .

than
e 3¢ fault current. |
o reactance, such that LG fault current is

L) - a ‘ﬂ
Write expression for neutral grmmd g
5 than the 3¢ fault currﬂnf:



© Solution : (a) Sequence network O & generator ¢

—— e iy
% _
X
+
Ea
—
Positive sequence network  Negative sequence network

(b) Sequence network for a solid L-G fault :

The sequence network is as shown.

Fault current, I, = Bl
: a

b E,
a XT+X~+X0+3%

3E,
XT+X=+X0+3X,

(c) Neutral is solidly grounded,
X, =0

n

. Fault current (L-G) = A
Xt+x—+ X0
/For asolid 3¢ fault, the Thevenin’s network is as shown |

Fault currént (34) = -E_‘EL = 3E,
X+

) < Fault current (L-G fault)

o
utral g
severe than a 3¢ fault. Becaysge '8 solidly grounded, then line to ground fault |

X0 < x+, x+
X0 2 X+ y+ _
When a fault on a

= X~ for generator

. q"ﬂf

Zero Setuence Nefyg

3%,

y

[.'. 3 x-l-} X++K-‘+I

opel
are
the
tern
groi



. Fault Analysis — Unbala
iric al nced Faults

il
W ]
r neutral is grounded through r
qerato 4 ded through reactance :

) 3E,

I
(L-G
n

=Ea—_3Eﬂ

I
100 T 3+ T 3x+

Iy ey < Iy

3E, 3E,
< - . _
“TIx-+X043X,  Ix* [ 3XF<Xt+X~+X0+3X,]

X
I XT+X0+3X, > 3X¥

3X, > 3Xt-2xt_x0

Xt -Xxo
XH}T

[Example_10.7 | Two 13.2 KV, 25 MVA, three phase, star connected generators
gerate in parallel as shown in Fig., the positive, negative and zero sequence reactances

weji.4, j0.30 and j0.08 p.u. The star point of one of the generators is isolated and that of-
4o other is earthed through a 2.5 ohm resistor. A single line to ground fault occurs af the
uminals of one of the generators. Estimate (i) the fault current, (ii) current in the -

pounding resistor and (iii) the voltage across the grounding resistor.

G
%]
gy

25Q 5

Gy

N

_ob
_O

[

@Sﬂfﬂfiﬂnl: . -
(Generator G; & Gyare in parallel) SR

0.4 xj04 _ 22 _ ip2 E
Z" = j04+j04 oF O

Positive sequence network :

Negarie Sequence network : J0.15
. : e YO —0
0.3 X 0'3 = jﬂ.] 5

Z-_- = j'O-S +j0.3 g




Zero sequence network

Z0 = 7,+32, |
2.5 x MVA, Zs
Zopn = Ty?
SR
Z% = j0.08+3 x 0.359

= j0.08 +1.077

Sequence network Jor L-G fault :

j0.15

1.077 +0.08

e ]

(i) Fault current I in p,y, = 31t

—_

- _q0
L= Lo =]
Eﬂ

L Zt+Z-+20

J02+/0.15+1.077 + 0,08

= 0803197 pa

—

=3x(0.8-j03197)"

= 24025 - j0.959 p.uL.

(ii) Curren( in the grounding resj

or I, :

y = 240250959 po.

|

Base Current =

“rl ill Amp =

sl = 25869 py.

T = 1093.466 A
V3 xKV, =3 x132

2.5869 x 1093.466 = 2828.69 A

(iii) Voltage across 8rounding resisy,, ¢

= Lin Amp 250




ygnunetrical Patll Analysis — Unbalanoe gy '

n'.‘Q.l'_),h I—-——'j
~ 10.29
\\ Exmﬂ le 10.8 _ Two 1] ﬂ'V, 20 MVA, L |

allel as shown in Fig.; the poci three phase, star connected generators operate
i {r:lif respectively, jo.18, j0.15, jﬂ{ .H; nf'ﬁ,""’f”’"" and zero sequence reactance’s of each
,;r! r.;rﬂf of the other is earthed throug ’; s 2‘:(”“" Polnt of one of the generators is isolated

at the terminals of one of the {,’encmm:vﬂhmlf RS A wlagleine fo.prosad Jul

gcﬁ'l'ﬂ'j‘

gtimare (i) the fauit currem,
(i) current in grounding resistor, and

(iii) the voltage acrosy Brounding resistor,

e —
—
—_————— -

R, =2 ohms 61,,

B i

© Solution:
Positive sequence network : (Generator G; & G, are in parallel)

_j018xj018 . oo
= j0.18+,0.18 ~ /% j0.075

z+

Negative sequence network :

_ j0.15x%0.15
= 70.15+/0.15

= j0.075 S—

Zero sequence network :
2 x MVA, . Zg
2
KV,

Z, p.u.

3z
D n
e EK%E = 033 puw

70 = 'ZS' +3 Z,
= j0.1+3 x j0,33
= 0,99+/0.1

T ST —




L L }n‘. fgm '{
\#ﬂf}!,’

Sequernce network for L-G fault :

|
R S ¢
j0.09 b =1, =lg
Egi Ea
T Zt+z-+20 |
j0.075 1 Z£0° ol 3
= j0.09 +;0.075 + 0.99 +50.]
; ]
= = 0.99 +/0.265
(i) Fault current I in p.u. = 3 I: ‘
o 1 [
= 3%099+,0.265

= 2.827 - j0.756 p.u.
(i) Current in the grounding resistor I,.:

[; = 2.827-j0.756 p.u.
11y = 2.926 pu.

MVA, _ 20 x 103 — 10497 A
'\[?XKV& ﬁxl] ¥

|1, lin Amp ="2.926 % 10497 = 3.7 kA

Base current =

(iii) Voltage across grounding resistor:

—
—

[T, |in Amp x 2 0
= 3.07x2 = 614 Ly

Example 109 | 4 25 M4 ang 110 KV generator has a subtransient reactanct t.Jf
20% is connected to two motors through transmission line for zero sequence as s!mwn'rfi
Fig. The motors are loaded 4o draw 15 and 7 5 MW at 10.8 kv, 0.8 power factor Jeadils
with 25% subtransient reactance, The 3¢ ransformers are rated 30 MvA, 10.8/121 k¥

with leakage reactance of 10%, series reactance of transmission line is 80 2 If prffﬂﬂ
current is neglected, calculate the fayy, cu

ihe
rrent and Subtransient current in all paris 4
system when L-G fault occurs at fayl F.




ical Fault Analysis — Unbalanced Faults

Uﬁt'ﬂ”"‘ﬂr

xu = B.OE p.U. T1 T2

3§ | Xo=3000 | 3%

-

2O mumt: ;
A R ST

jution : Draw impedance diagram.
Base MVA = 25
Base KV = 1]

050

K

Generator ¢ Z

Zn ngiwm 2 » Mil
Bl Z|:l.u. old % _K,V&mw 'Mvagivcn

. 1 .2_5]
= j02 x| 77| *|25

= = j0.2 p.u.
121
= 1l x75g = KV
Transformer 1, T; (sec) : KV, = 11 X 758 123.24
o[ 2] - (8
Zyy, = JO1 x| 12324 30
= 0.0803 pu.
= KV
Transmission line : Kv, = 123.24
7100 x MVA,
= g
Zp. KV2
e —1-2{3-3%@ «25 = j0.1317 pu.
: = 123.24
Transformer 2, T (prim): KV g
-—@—] « 2 = 0.,0803 pu.
Z,, =01 % L19324 030
= 123.24 x_;_@% =11 KV
Motor ; K Vb new
[T (%]
Motor 1, Zpu. jo.25 % | 11 15
= 10.402 p.u
(3]
Motori' Zow. ~ oz %113 *L7

== ju,B{}SS p.u.



m A,
: jagramnt :
Positive sequence impedance diag 3 -
080
/0.0603 jo1317 S
J ’ oo U
+*
Eg
Thevenin’s positive W
F
j0.1735
|
I +
% /0.4923 g j0.2679 | 1£0°
_o
Thevenin’s negative sequence network :
F
J0.1738 . |
Q
Zeré sequence network :
transformé’

Zero sequence impedance of transformer = Positive sequence reactance of

70.0803 p.u.

Generator zero sequence impedance

S . 300 x 25
Zero sequence impedance of line = 123242 =J0.494 pu.

n

Zero sequence impedance of motor |

Zero sequence impedance of motor 2 = 70.06 x ( 1 1018) ( 25 )

2.5 x 25

Impedance of current limiting reactors (X ) LTt..z_._ - /0517 p.

10.8 25
fﬂ“"[ 1 ) (15)

11 25 N
;Dﬁﬁxl:“:l [25] = j0.06 P

—

=2




etrical Fault Anafysis =

J0.803

70.06

3% j0.517

Z
Sequence network :

pgy” Unbalanced Fayyg
W

Oi-r .
= 70.1928 +3 Xj0517 = j1.7438 p.u.

®

/0.1928

70.0964

3IX 05617

i

- = Prefault voltage E = yo0 = Actual value
. 4 Base value
j0.1735 o
+ = =7 = 0982 p.u.
V0 | ] P
— + 3 —: P 0
la - la =1,
Vo
Jﬂ.1?35 v Z++z_+zn
b 0.982
‘ 01735+ J0.1735 + 71,7438
j1.7438 = —/0.4697 p.u.
5 + y
Fault current It =008 [ =gy (=70.4697)
= —jL409 p.u.
Current contributed by generator and motor :
/0.4923
AT
. . J0.2679
IGT Y A ' 1 = ; P
Y ' M
R
_ 1, %j0.2679
Current contributed by generator = j0.4923 +0.2697
70.4923 s Positive seq'uence} + _]: x j0.2679
fault current | loc = 7549237 70.2679
oo = —j0.4697 x 03524
= —j0.1655 p.u.




Power System 4

\n%&

Negative sequence : ) l+ ) 10,4923
% v = la % j0.4923 +50267
= —;j0.304 p.u.
/0.4923 gjn,za?a . ~ .
| I =1 s I = |
aM aM aG aag
Zero sequence ! T —
' 2 .= 0
j0.655 lI“ o
— il
%ﬂ,ﬁﬁ ' %f”“gs j1.7438 [Ly = 1 70.4697
? —

Phase Fault current from the generator to the Sault :

I, S —j0.1655 —70.331

L [=| 1 a2 a || -j0.1655 | =| —0.1433 —;0.0828

I, 1 a a 0 0.1433 — /0.0828
Phase fault current from motor side to the fault :

L. I . - j0.304 —71.078

b [=] 1 a* a -j0.304 | =] 0.1435+;0.0828

L Qv o a8 — j0.4697 —~0.1435 + j0.0828

Current through transmission line :

Positive and negative sequence components of th;a line currents are shifted — 90° and +90°
respectively from generator side. '

Positive sequence current

=j 1 g = —j(~j0.1655) = —0.1655 pu.
. Negative sequence current = f“:c; = j (=/0.1655) = 0.1655 p.u.

| 0

~0,1655+0.1655+0 = 0

Zero sequence current

Il

Current through line ‘g’

+ £ |
Dline = —J (=j0.1655) = —0.1655

Il

19 0

b line

[]




ynsymmetrical Fault Anajysis _ Unbalanceq gy,
' ults

Lotine = — 1655 +0.1655+0 =
-+ 43
cline = ]r:line = 1{]'

cline = 0
Voltage behind subtransigy, reactance ;

10.8

Prefault i
voltage in p.u. 11 = 0.982 p-u.

Motor 1 current in p.u, (1:“ ) = Miﬂ_".l - 15 £36.86°

KVieuw ~ 25x08x0982

= 0.764 £36.86° p.u,

= ?'S {- J— @
M) = ST g w095 £36-86° = 0382 £36.86

Total current drawn by the motors = I;:u + ';\:u

rr

Motor 2 current in p.u. (I

I, = 0917+;0.687 p.u. = 1.146 £ 36.86°

wi = VO—j0.402x Iy, = 0.982-/0.402 x 0.764 £ 36.86°
= 1166702456 pa.

Eypg = V9—/0.8033 xI,,, = 0.982—;0.8033 x 0.382 £ 36.86°
= 1.166 —;0.2456 p.u.

E' = V0+;0.4923 x 1; = 0.982 +,0.4923 x 1.146 £ 36.86°

= 0.644 +70.4514 p..

Actual value of positive sequence fault current from generator and motor.

"+l = +j0.687 + (=j0.1655
Generator : Igr = Ig +1 5 = 0917+j0 (—Jj )
= 0917 +,0.5215 p.u.
L + AR, - .0‘ 3?+ . _0.304
Ly = =1z +1,m 0.917—/0.687 + (- )
= —0.917-;0.991

2, =Z,=j0.2 p.u. Z,=j0.05p.u. A
A, 11 kV generator has Z; =Z,=j0.2 p.u. Z,
|Exampfe 10.10 | A 30 MVA,

inals. Find the fault current and line to
| e generator fermina ;
’{ne S gransed fowil DECRE} agf:;anf Assume that the generator neutral is solidly grounded
line voltages during f¢ a"’f Ca;grming at no-load and at rated voltage at the occurrence of
“d that the generator is 0

Jayyy,




B SE LAY

R MRS -

S T W

PGWerS
[1036] %
+ = j i
© Solution: Z Jj02 pu
Z~ = j02 pu
z% = j0.05 p.u
Prefault voltage, v = 120"
j0.2
v

j0.2

j0.05

Symmetrical components of fault current

T =

a

Fault current inp.y =

Base current =

I

li

0
= Z+ —+ Z-- + ZD- P
1 /0° :
J02 + 0.2 + j0.05
~j2222 pu
+
31
3 x ~j2222
~j6.666 p.u
3
¥y 10 30 x 10°
ﬁ X KV, '\f? x 11

~J6.666 x 1574.6

104963 Amp




|.!151'm.ﬁw“ b e WY e el
m Voltages during the fauly-

n —_—
Vﬂ = __ZU l:—
= —j0.05x —j2.222 = —0.1111
= 1£0° - /02 x -j2222
= (.5555
T~ i _ o+
Va = ~Z Ia
= —j0.2 x —j2.222
= —0.4444
qubtransient phase voltages
™ -1 - 0=
v, O il
Vb = 1 a2 a V:
Ve 3 gt d L ¥

v, = Vi+V;+Vy

= —0.1111+0.5555-0.4444 = 0
v, = VO+a vy +aV, | !
011141 £22409 % 0.5555 + 1 £~120° x— 04444
= —0.29 — /0267

P
Vg+a\’a+a .

I

VC

I

_0.29 + j0.267

Line to Line Voltages
vab = Va"vb =0~ =

0.29 + j0.267 pu

~j0.267 - [-0.29 + j0.267]
o

029 — j0.267]

I

11',|E1r: = vb_vc = _.0'2? e

_ _jos3a pu

= 0 - [-0.29 + j0.267]
Vﬂv = Va'vc N

I\

0.29 —j0.267 ..




|
[1038])

Powey SJ"-?IE;,, F

10.4. LINE TO LINE FAULT

Consider a three phase generator with a fault through an impeda

)

nce

Z;be
loaded (no load) t}{e e pha’m
: is unlo ) Condis:
and ¢ shown in Fig.10.5. Assume the lgcncmtclrr 151 "d“'ﬂnsal
fault bus K are expressed by the following relations, 1
e e e \ !
] N .
__ﬂ “"'--..____a ﬁ
b |
Iy :
2 i
c
" I Va .
' —— o —N| }
Iy Al
= I 4 -
—c_p | Vg | 1
v H
b
S l 3 1 i
— E‘_
e o )
Fig. 10.5. Line to line fault between phases b and ¢
[, = -1,
I, = 0 (unloaded generator) - (1020
VE,—VC =

ZfIEI' = V0=Vb—2',j.lb

Substitute for I,==] es1,=0, the symmetrical

Components of currents are :
lﬂ" LU i I
l: =':l,j 1 g g2 I,
5 P -1 a2 4 o .
B " 3 e . |
]: =%’ l a g2 1, I
il =1 @2 _all~], %
g = 300+1,-1,1 . |




weirical Fault Analysis

o Unbalancegq Faulis
=

|
¢ 3 [azlb*al ]
]: =] and IG 0
... (1021)
m sequence networks of th
Fro b 0 egeiara{‘:or the symmetrical voltages are given by
j Lk 0 0 10
vV = E + 4
‘ o 0 Zyy 0 I:
V-
a 0 +
0 0 q 0 Z_PEK _.la
. = 0 _ :
Ve Zyk Ig ==Z3, x0=10
Va = B=Zy I ... (10.22)
B . e e Teed il
Va Ly I, = Zyy 1,
The phase currents arc given by
lq L1 -1 2 P 1 0
i
I, | =] 1 a2 a I: =|1a* a I,
o I+
lc 1 ad ﬂ’z Ig 1 a a? T a
; +
I,=0, 1, = a1} —al, = I, (a>~a)
= g1t =21t =17 (@-a?) = -1 .. (10.23
1, = al, =d*1, =1, (a-a9) b (10.23)

The voltages throughout the zero sequence network must be zero since there are no zero
= 0, current is not being injected into that network due to

0
%quence sources and because I, ce network
sequence -

be faalt, Hence LL fault calculation do not involve zero

The phase voltages are

ZE U i Ve
Vo |=|1a @2 [] °
Vv, 1 a a* Va
vl =0

V.= V:*V:

&= ... (10.24)
HZV: FaY,

av:’+a2V: J

<
n
I




[ 10.40 | . e 'Sjlmm””aﬁ%

e i o T S T A BN (LT B P eSS S |

Substituting V,; and V_ from equation (10.24), we get,
aEV: taV, -g V;' -atV, = Zl,
V:- (32_,;;)_\,';' [@2-a] = Zjlb
@IV V1 = 7,

---(10.25]
Substitute the value of I, from equation (10.23), we get,
: » +
(@-a)(Vy-V]) = (@-a)I] Z,
+ = <+
Va _Va ='Ia Zf (”]26)
Substitute V: , V. from equation (10.22), we get,
+ o+ - y—a _ o+
Fa=Zyx Ip ~Zy 1,1 = Ly ‘&
+ o ik P .
Ba=Zyy +Z )1, = 1] Zr Lie, 17 ==L
+ LI o+
Ea = [ZI{K +ZKK +Zf-] Ia
i rch | (10.27)
: 5 = - (10,
Zyk *Zyx +Z;
S et + -
Ia.,-h- -Ia
D =9
Current in phase domain
[ 1 R T ]
a L [a G‘f‘[: —[: 0 - .
Ly =] 1 gl g I, |= '{}+(a2—a)]: - ,(az—-a)l::
I, l a a2 || 1] | L0+@-a)1t | [ —(@2-a)1f
The fault current is [, = =1, = (a3~a)l+
: 4]
= (-05-70.866+0.5 ~J0866) I = _j17321F
= 5 I
- + :
Substituting [ fromy £quation (10.27), we get
(103

From equation (10.21) and (10.26), t

with the negative sequence network ¢y ough the faylt iy

_ e e’ |
_ edan n Fig 1007
Bl P Sy . : p ce Z .ras shown in Fig

k be-:;ause V=g,

” ol |
he positive Séquence network is connected in P2 i

From the condition Vo=V, = 2zl \

)




. ametrical Fault Analygsis _

5 - S—
—_—
=

Fig. 10.6. Sequence network Jor LL fault with "y

From the network, we know
- — _x+
[, ___Ia A IE =0
I = e
a i _ ... (10.29
Zyg +Z +Z, ' ( )
- oy +
va B Va +Z‘f1a
s o ;
N b =1, =1 @-a)=-p317 .. (1030)
St{bsnmnng for the symmetrical components of currents from equation (10.21) in
“quations (10.22) and (10.28), the symmetrical components of voltages and phase voltages at
befault point are obtained. '
In many practical applications,
+ - —
Zyk = Zgg

f41. DIRECT SHORT CIRCUIT OR BOLTED L-L FAULT
Fig.10.7 shows the direct short circuit or bolted LL fault.

Fig. 1 0.7. Direct short circuit LL fauﬂ:




e e Fault impedance, Z; = 0
fault at bus K are

= 0
i “0.]'}

= 1,

V, = V,

The sequence network for short circuit LL is as shown in Fig.10.8.

The conditions of the

Iy

Fig. 10.8. Sequence network for short circuit LL fault

+ _ —_—

T

. Ea{a:""") -jN3 E, (103

I - e - sia {1102}
Zyg tlyy Lyx gy

A single line to ground fault occurs on the bus 1 of the system of

Example 10.11

9 A J0S
Find: ; . —

(1) Current in the JSault.
(i)  Short circuit current on the transniission line in all the three phases.

(i)  Voltage of the healt)) y phase of the bus 1.

Given values: Rating of each machin
: e 1200 kVA, 60 1 = =

X, = 5%. Each three phase ¢, ] i o e 0

A p ransformer is rated 1200 kVA, 600 v/3300 v (4/Y) with

leakage reactance of 5%. The reactances of transmission line are X, =X,=20% and X =

1= 2 (1} ]
40% on the base of 1200 kVA, 3300 V. The reactances of neutral grounding reactors art

5% on the kVA and voitage base of the machine.




wmfﬁ"itﬂ-’ Fault Ana
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lysis — Unba!cmced Faults

\

positive Sequence network:

© Solution:

j0.05 @ .
02 () joos
T
j0.1
jo.1
Reference node
|
Negative sequence network:
oos @ PO i
T ———— 55 i P
0.1 P F jo.1
Reference node
Formulate Z y,,¢ : (1)

zrev = (1) [j015]:

Adding an element j0.2 between nodes (1) and (2),

Adding an elemen

Apply Kron reduction,

Zos — @

t between existing node

g 0

n @

M [jﬂ.ls jﬂ.lﬁ]
j0.15  j0.35

and ref.
(ay @ - (3)

(1y [j015 joas jOIS
[ﬂ).ls j035 j0.35

@) Ljo1s jo3s  jo3

ZI—I =j0.]05

™~
=%
!

|

- [j0.105 ju.04'5]|
o= Zys ~ [j0.045 jO.105

i
I

R

——rr———r




Zero sequence network:

———
j0.05 @ 0.4 @ ]0.05
o | —|
j0.05 /'BF 10,05
j0.15 i0.15
Reference node
_________-_-_"-—'-—.__
Ziys = [70.05]

Adding an element 0.4 between nodes (1) and (2),

_ [jU.OS j(}.DS]
~ Lj0o.os  joa4s

bus

Adding an element J0.05 between existing node (2) and ref node,
J0.05  j0.05 ;0.05
Zy = |j0.05 ;0.45 j0.45
j0.05  j0.45 Jj0.5
Apply Kron reduction, - .

g _ [;’0.045 jU.DUS]
b 70.005  j0.045
Z}, = j0.045

Current in the fault [(=3 I:

h e e 1 /(0°

Z',"I + 7

—_— D o
ntZy +32,
~ 01055 105 ¢ J0.045+0 = =J3.92pu

Current in the fault I, = 3 (~j392) = —j119 p.u

(ii) Short circuit current on transmissjop 1o o
Positive sequence post fault bus voltages

+ ot o
V_;rl = Vo -2, I

= 1.0-j0.105 x (53.92) = 0,585




r grical Fault Analysis — Unbafanced Fayl
ults

an
il
[ 5\ | 10.45
s Vo =zt 1+
2 0 2 I

= 1070045 x (_j3.9,

. )=0.8236
Negative sequence post fault byg voltages .

J V— = __z“ T . )
4 Y =~J0.105x (- 3.92)=_0.4116
Ve & & e o d
f2 Z'_Z ]f = —Jj0.045 X(=/3.92) =-0.1764
7ero sequence post fault bus voltages
VY = g0 w0 _
2 21y I = —j0.045 x (-j3.92) = —0.1764
| _70 0 _ .
sz Zi, [, =-j0.005 x (—=73:92) = —=0.0196
+ +
V, -V
Positive sequence current ]Tz = —lekﬁ
12(line)
_ 0.5884-0.8236
o= 702 = j1.176 p.u
V.F] _V;z -04116—(=0.1764)
I = = ; =j1.176 p:u
12 7 j0.2
12(line) b
v, -V 0.1764 — (— 0.0196)
F gl ekl el ;
0, = ! = 04 “ =j0.392 pu
Z13(line) '

(iii) Voltage of healthy phase of the bus 1:
v, =0
— 0
¥ = HIVT +aV, + V),
1/ 240° x 0,584+ 1.£120° x (- 0.4116) + (- 0.1764)

_ 0.2646 —j0.866

I

0.0056 £—107°

=
a V-:- $g2 ¥, FY

I

<
L]
I

| /120° x 0.5884 + 12240° x (- 0.4116) + (- 0.1764)

I

0.9056 £107°

I
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Palver gyﬂ%
Ay
Example 19, 12 | Determine the fault current and Jault MV 4 Sor 4 ling » b,
occurs betweep phases b and ¢ at bus 4 as shown in F, ig.
e

o, ;1E | Line |:;2\GE
= O——H 3

Ya
£ A A

7 G;:IGGMVA, 20 KV, X+=X‘=15% \

Tf y T_? : 100 MI/A, 20/345 KV; an?l'l.’t = 9%;

Line : X+ =x-< 50,
© Solution :

Positive Sequence Thevenin equivalent :

® ®

j0.08

J0.15

= O

Y1200

j0.1075 o

lﬂe qu\

Negative Sequence Thevenin equivalent :

Sequence network -
—_—

: O
70.1075

‘Wﬂq
| == | g

Prefault voltage = B, =V0= |0
+ o 1 £Q° g
— P —_— e = = .GSI 'ul
L e LT +j0.1075 = —/4.651 P
+ = 100
A = T - = 13.426 KA
|a_| |In| 4,651 x 3 X 20
+ = — ]
I, = -j13.42, I7 =j13.426 KA
o =0

!




fca J*ﬂh‘ff.dﬂaf SIS —
i MEWT f VSIS — )
Uﬁﬂm

current in phase domain -

¢ ol 18 I 0
lb = 1 2 + 5 . 6
AN E |16 all| =34
. Vgt LI 1 a a2l j13.426
I, =0
[, =

L x0+a2(-13.426) + a (13.426) = =23254 KA
1” = Ia+I&+IC =0

Fault MVA = [3 x1, (KA) x KV

= 805.542

\[3 x23.254 x20

rfmmpfe 10.13 | Determine the fault current and Sault MVA for a line to line Sault
occurs between phases ‘b’ and ‘c’ at bus (4) as shown in Fig.

O O
SANC b T

G,,G,: 100 MVA, 20 KV, Xt =X"=15%, X0=4%, X,'= 6%
T,, T,: 100 MVA, 20/345 KV, Xj,0; =9% |
L. L,: X+=X—=10%, X0=40% on a base of 100 MVA
12820 == f]
© Solution :

i valent :
Step I : Positive sequence Thevenin equiy

j0.08

jo.15

1£0°




pEm—p—— rower System

A
10.48 | '

evenin equiva!enr i

O,

Step.2 : Negative sequence Th

j0.1533

s am—_
Step 3 : Draw sequence network: ______———]

4

- >
Prefault voltage = E, = V0 = 1£0°
+ _ = e
I, = =1ls =350.1075 +;0.1075
1£0° k
= 0215 - -j4.651 p.u.
Positive sequence current in KA = —j4.651 x \{% = —j13.426 KA
1171 = 117 | = 13.426 KA, 1° =0
Current in phase domain :
L ) 0
L |=11a a —j13.426
I 1 a a? j13.426

[, = 0-713.426+/13.426 = 0
LAy = 1x0+a?(-j13.426) +a (j13.426)
1 £240° (=/13.426) + 1 £ 120° (13.426)

13.426 £ (240°-.90°) + 13.426 £ (120° + 90°)

. —j6.713
[T, = =23254 KA Ll L

I, = 23254 KA
L = Iﬂ+[b+1c =

Fault MVA = 43 x Iy xKV = \[3.x 23254 x 20 = 805.542




al Fault Analygis - | |
L’fi'ff."ﬂf 19ysis - Unbalanced Fayjys [10.49]

Fxample 10.14 | Determine the Jault curreny
3

jetmeer phases b and ¢ at bus (4) and the
Positive sequence reactance

Negative sequence reactance

SJault MVA when a L-L Sault occurs

Jault impedance is j0.15 p.u,
= jO.1075 p.u.

= J0.1075 p.u,
Zero sequence reactance = J0.1533 p.u.
© Solution : Sequence network :
Z1=j0.15
=1
j0.1075

Prefault voltage = E, = V0 =1 £0°

Symmetrical components of currents

19 =0
o e Vo
TNt -
’ Zygt 2yt
1£0° -
= 70.1075 +0.1075 +0.15 = —j2.7397 pa.
Fault current at phase a, b, c is
- i - 0
B ot TR
+
lbf = 1 ﬂz' a Ia
—Icf-' L] a al_ _l:
—]I_ ) GETE L i Y UL ! 0
a
(2|1 e a||-297 |=| -4745 | pu.
il =
|1 | 1 a a*d L j2.7397 4,745
cf —
: = 4.745 p.u. x Base current
Fault current I, = | 4.745 p r

100 °
4.745 % m = 13.698 KA

KV = 13.698 x+/ 3 %20
lj’ X'J—j— X I | .J—
474.5

I

i

Fault MVA

]



Bl "”ﬁ‘{}{m 1
2 Synchronous generaypy IN
VA, 11 KV, 3 phase sync
Example 10.15 | A 30 M

as q direq i
h
ive and zero Sequence reactane
; 5 p.u. The negative a
transient reactance of 0.2

3 =8 9'35 a
0.1 p.u. respectively. The neutral of the generator is solidly groundeq, Fing the 3:;?
n:m::;:enr cufreur.s‘ and the line-to-line voltages at the fuult undey Sub-transiey, A ””ffffin,;
,;,',.,e" a line-to-line fault occurs at the terminals of the generator, 4 SSUme ™ H:E
generator is unloaded and operating at rated terminal voltage when the fuy occyp, "
© Solution :
Base MVA = 30
Base KV = 1]
Z* = jo.25 p.uL.
Z= = j03s p.u.
Z° = jo.1 p.u.
-—-________———n_______-
Prefault voltage = E,=V0=1_,0 Sequence network for 1 fault
. VO 1 £0°
Positive Séquence current I: == » = J025+7035+0
Zyx +Zyy +Z,
= —jl667 p.u,
Negative Séquence current I = -] a —J1.667 pu |
Zero sequence current 12 =~ |
Subtransient Current or Phase currents :
L Es ]"']2"
£= 2 +
[, ] lg2. 4 Ia
--Ic'- -1 a az...__l;

= 10 + =
Ia Ia+la +]ﬂ

0-/1.667+1.667 = 0
I Bl IE +a21: ta I;'
0+ 0.5~ 0,366
= —2,387+jo p.IL
= ~2.887 p.u.

Ic ol 5 2.887 ‘p.u.

; »
)X (=j1.667) + (- 0.5 + j0.866) (j1.667
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- ————Calanced Faus

Base current = MVA& 30 x 103
\!_‘XK\J'& '*‘__——'-ﬁx m = 1574.59 Amp

=2.887 x 157459 = —~4545.85 Amp

e = 2.887x 1574.59 = 4545.85 Amp
Sj.mmerrfcm' component of pgjmges 3

1b=
|

0
g
Vo = Bo—Zg I =1 .£0°-/0.25 x (-/1.66T)
= 1-0.41675 = 0.58325 p.u.
B I = Yo T -+
Vﬂ __ZKK Ia - ZKK ]a
= j0.35%x—/1.667 = 0.58345 p.u.
Phase voltages
v, 11 1 %
Vil=|1a al||V
Vs 1 a a2 LV,

v, = V04V vy = Vi eV = 058325 +0.58345
= 1.1667 pau.

V, = Vﬂ+a2V +aV

— o+(_05-_;0366)><053325+(—05+J0366}x053345
= —0.58335 p.u |

Vv = Vg +aV: +@2 V.,
04 (=05 +/0.866) x 0.58325 + (- 0.5 - j0.866) x 0.58345
= -—0,58335 p.u.

Vs = V]

Sub-transient line-to-line voltages :

Vab = Vﬂ 2 vb
1.1667 — (= 0.58335) = 1.75005 p.u.
_0.58335-(- 0.58335) = 0 p.u.

Va 5 vc
1 1667 —(~0.58335) = 1.75005 ‘ p.u.

il

I

vbc

B

Vae

i
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L KV
Base voltage, KV, = 77 = 6.3508

Vg = | 75005 x 6.3508 = 11.1143 KV
vV, = 175005 x 6.3508 = 11.1143 KV
Vye = 0 pu. =0 KV
105. DOUBLELINE-TO.GROUND FAULT = . \

Fig.10.9 shows a three phase generator with a fault on phases b and ¢ thrﬁugh-
2

impedance Zto ground. Assuming the generator is initially on no-load, the conditiong 5 'thit -
fault K are expressed by the following relations. "
e a
_ ? B—
- S
C ———1
Z
Z, Ip Va |
: N
IC
— | Vh
t Zj
Ve
. l e ¥
Fig. 10. ' '
'8 10.9. Double line to ground JSault between phases b and ¢
I, =0
I,+1. =
ptle = 1 L (10.33)
V = V = =
The symmetrical components of voltages are
yr Lot ’
a [=3|1 a g2 Vv, 1034
L Vol g2 iig Wi
(g
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i 10.53
Substitute. V=V in ;‘hati On (10.34), we get
Va 1 ] ]. Vﬂ
¥ | =l
«a [Tl ad V.
V-
. l al a VJ‘J
" 3 ( E+Vﬁ't'vb) o -B—(Vu_l_:avb) .
¥ 1
1 . .
=3 [VatVy(atal) [1+a+a?=0; a+a?=-1]
.
B 3[Va_V.-5]
- 1
Vo = 3[Vata?V,+aV,]
1 : 1
= 5" [Va'l‘vb(ﬂ +d‘)] = 5 [va“vb]
Ve &Y, ... (1035)
The phase currents are given by
I 1 1 1 ]g
' +
Ib = 1 a2 a Ia
Ia 1 a a* I,
0 +
L; & I‘T +1, +1
0 421" +al]
Ib " Ia " a
= [° +all +a?l,
I = Iy a a
1w Ty =0 e ATy e TR
= 210 +1F @@+ (@t ad)
_ 212 +1; GDHIGED
- 0 _prb 4=
YL i 2l M ... (10.36)




wot 0 =t =
From the condition, 1, = I, +I, +I, b

- 0
U: t1,) = -1,
Substituting (10.37) in (10.36), we get
_ 0 .0 = a0
|‘|,‘+‘IL_— 2]ﬂ+ln 31&,

From the condition, V, = Z,(1,+1,)

<
1

Vy = 32, L,
The phase voltages are given by
TV, o v
Vb = 1 ﬂ2 a V:
|V LA & @ L My |
V, = V0 eyt ay”
a a a a
v, = VE —{-an: +taV;,
= VE _[.an: +aV:
= Vv (@244
— y0 i
Yo = V5 =Y, [ Vs=3Z,1,]
Equate (10.38) and (10.39),
0 _yt _ 0
Va-Vi =3z,
The symmetrical component voltages are given by
o = — P -
[ V] 1 T2, o. o K&
+
Vv =| E, |_ "
a " 0 Zeg 0 I:
L ¥ o L. 0 ke
# * 0 ZEK o Lty
Vo = =Zggtll 5
+ L
v, Ej=Zyy 1] \
Vo =-Zi I,

- (1037,

- (103y)

¥,

. (10.39)

.. (10.40)

. (1041)
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Fault Analysis —
prical Faut Anaysis — Yy, lanceq Fayjy
sﬂbsumte VH,V N equation, (10.40y, [10.55 |
! wegt
|
! - E +
ZI-J\” (B~ Z l]"'3ZfI“
I o )
eI S (24 +37 110
K I]I,,
= : ek 13 ]
_ ” Zke +32, .. (10.42)
gom equation (10.35), LA Vo
E, o [ 4 =
i ~Zyg I
= 7t sk
- o= Bz 1)
| T .. (10.43)
From equation (10.37), H[E =1t s
| 2 FL
| + =
B2 1} + 4
= -i_ﬁﬂ_la_] [Eﬂ“zkk L
- 0
Zyk Zyg +3Z;
s 7+
= I:x[1+ EK g kK
Zgk Zyk t3Z,
E, — B,
s 0
+ - - Zygt3Z,
![Zh
1 + —
2y k3 Z0)+ Zig (Zye +3Z)+ i Zigg | = B, [ 2y TIZp+Zy]
[ZKK(ZKK+3-5;+ZKK)+Z KK (Zf{,( +3Z;) = E (Zuc t3Z,+7Z0,)

0
a(ZKK+3ZI+ZKK)

a = 2. 132
_ b I @iy ;)
79 43Z,+Zyy)| Lyx *
(g2 25 7 Fxx { @R, €32, 3225
= = : - (10.44)

(thix +3Z))

+ +__
Zyy Z-u +3Zf+zl<.li




|

] 10.56 l

Power

The fault current, Ly =

310

Substituting from equation (10.42), we get

+ o+
|:Ea_ZI{K [a :l
f ZKK+3‘ZI

Substituting 1" from equation (10.44), we get

%

—_—

— + 7]
=9 . ZKK Eq —
Jg = =l B = - 0 ‘
| Zyy +3Z; | 4 +ZKK (Zy +3Z))
2l v W3 o
— 40
: -3 B, x Ziy (Zyy +32))
F o ) + 0 + + = = 0 —
P32y | 2 w28 432,73 42T Zyx +Zgg Zyy *3Z, 7,
Sequence Network :

!

From equations (10.35), (10.37) and (10.40),

- The positive, negative and zero se

quence networks are connected

- (1045

; in parallel as shownin
Fig.10.10. '
3Z;
I+ B = il 0
a IE IB
f
Zik _ _ 0
Va Zik H V3 ZKK V0
E + = ZS + 3 Zn
a
S

From sequence network,

!ﬂ

Fig. 10,10, Sequence network

e e o 0
A V., ~Vd+32f1ﬂ

— 0
+I7 = -1

) ; ; ; _ 0 +33f}
Total Z consisting of ZIK in series with the parallel combination of Zyy and (Zgx

VO

10
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mn,g;ricm" Fault Analygis _

N

’ Unbafanced Faylys
/m -

a \ﬁ,

+ &
Zg + ( % 82424
Loy + 0
KK 3Zf+z'|{|(}
- 3 .70
L, = —I: % ——-———z-f_j_?_lc._tg____ >
Zy +3 Z_,I+ z?{]{ [From current division method]
Ip = -1 & -——-12_@1______
ZEK +13 zf +70 ... (10.46)

{05.1. DIRECT SHORT CIRCUIT OR BOLTED LLG FAULT

Fig.10.11 shows the direct short circuit or bolted double line to ground fault,

Ia
—

a
2

Fig. 10.11. Direct short circuit LLG fault

Fault impedance, Z, = 0
The conditions of the fault at bus K are
Ty =00, V=0, V. =0 v (10.47)

l_.f = Iﬁ +I¢

The Séqwance network for short circuit L_,LQ faulgis as shown In Fig.10.12.




Wer Sys '
e e " 10 7y
In Joy. kS .
—

& - 0
ZKK 2k [] Zyk [
4
Ea

Fig. 10.12. Sequence network for short circuit LLG Sauir
. o d Ls

| S|

—

i = < 0 \‘
£ + | Lg% Zgk
Zeg * Z= 4720
KK KK
0
I~ 1+ X ZKK ? (10
= i '.ﬁ;:
a - 0 1
¥ Zyg +Zyy
Ia = -l x - 0
ZKK T ZKK J
10-5:2. DOUBLE LINE TO GROUND FayLT WHEN Z , = o |

When 7 =00,

Zero sequence circuit becomes ap open Z;K .
circuit Therefore no zerg Séquence current cap " 2k
flow. The Séquence network is g shown in Ea 1
Fig.10.13 |

et

i z 2
Flg. 10.13, Sequence network for LLG fault wilth |

It is similar to that of bolted line-to-line fault.

P
: ain J1
Jault cyppopys in p.u., current in phase dom

Jault oeeyre between Phases ‘b’ and ¢, I
[ . |
Gy 1 L, T2 Gy Xn
_ 3 | i = i % @ \L«mv;l,

"E=- I | :L, ____‘__,’J
- \
G;,G,: 100MVA, 11 Ky, x+ _ -=15%,Xﬂ=5%, 5. =05

leak = 9%
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”"”g,rn‘aaf Fault Analysis _
)

Unba!anced Faults

U g

gep 1 Positive sequence Thevenjy g cquivalen;

1200

‘_-_-_-_'_'_‘—'—-—-—______

-—-_h__-_-—§_-_-—__-——____
f0.1075 @

Step 2 : Negative sequence Theyenip, equivalent

J0.1075

O)

}

Step 3 : Zero sequence Thevenin equivalent

Step 4 : Sequence network

J0.1533 ‘

®

g j0.1075

70.1533




- Current iy Phase domgiy, s

— Oy
Vo Emd"*ﬁ
1T - \
a Z'_'(ZU'FSZI) I
Zt +
Z=+27Z9+3 Z;
Z,=0: " - o A 1 £0°
= - 70 \
a - _g,__g_— J0.1075 '0.1075!: 0_]533
Z=+ 70 J0.1075 +j0.1533
_dzqe

= m = ~15.8586 p.u.

_ [I::»:Z“
? Z=+ 70

_ _[~g’5.8586x[‘0.1533 ,
700075 +70.1533” | = j3.4437 4

U [Ijxr]
I3 o) e e

=_[ =13.8586 x j0.1075
Z=+70

"'[a" T 11 1"'"]'3"1
a
I ™ 2 +
b _1 a‘< g Ia
Llr_‘-. L_l a al__ .2 :__

= 17 410
L =17 +, =1

~J5.8586 + /3 4437 4 J2.4149 =

0

[, = Ig‘i'azlj-i-alz |
T J24149+ (g5 ~J0.866) x — j5 8556 . (= 0.5 +0.866) x j3.4437
= —8.056 43 6209 '

pu.
- Ig +a [:' + a2 [;'
J2.4149 (=05 +

70.866) x j5.8586 3 0.5 J0.866) x j3.4437

I, = Iﬂ+lb+lc
= 0~ AB5 s 6223 + 8.056 +,3.6223 = J7.2446 p.u.
Fault current Ly = 3% Ig

3%J24149 < 79447 p.u.

J0.1075 + J0.1533 ] = J2.4149 P,
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Example 10.17 Determine the

U pa, current in phase domain form

ocey
'S between phases *by qpg <o’
G T

1 1

—— — YA
Gy Gyt 10OMVA, LLKV, Xt mX-m 1505, 30894 % won
T Ty¢ 100 MVA, 11220 K, X, < g0, o

LisLy: XT=X"=10%, X0= 10% on a base of 100 MV A

lution : o=y
© Soluti ‘Z[, JO.1075, Z= = 70,1075
Z° = j0.23
il NCE L o .
joos
Jjo.23 J0.09 Jjo.09 J0.23

Sequence network :

4 > 0
= i Ly
j0.1075 :
Vo'
S —
Prefault voltage = E, = V0= 14£0°
¥ = v = 1 £0°
a Z-20 . 10.1075 x j0.23
T 4 . + &
Z" 7=+ Z0 Fe0E J0.1075 +0.23
= —j55322 pu.
4 _j5.5322 jﬂ.23] .
I, = -1701075+7023 | =J377 pu.

-/5.5322 % j0.10757
o =~ 7joa075+j023 | =J1.7621

0 - i s (P
Fault current 1, = 31, = 3%/1.7621 = j52863 p.u.

|
|
!
|
\




— Fower g
~ 110.62

Vst
2] ﬂhﬂﬁ?.
i
Current in phase domatn :

+ =1
I = I:-'_Id +Ia

a

10 442 ]:' v@l.
a .
= j1.7621 + (= 0.5 —0.866) (-/5.5322) + (- 0.5 +0.866) x ;3 79

= —8.0557+,2.6431
= 8.0557 +;2.6431

5.286 p.u,

I =

I

¢

Ly

Example 10.18 | For an Example 10.16, determine the fault curreny

When 11 i :
occurs between phases b and ¢, Fault impedance is JO.15 p.u. .

© Solution : Positive sequence impedance ZL = j0.1075 p.u.

Negative sequence impedance Zy = 70.1075 p.u.

Zero sequence impedance 224 = 70.1533 p.u.

Fault impedance Zy = j0.15 pu.
Sequence network is

“-_] i
3Z; i
J S—
Jj0.1075 .
; 310‘1075 gjmsas
VO

il (
Prefault vnltag\\\\

€ =E,=V0=] 0
Symmetrical components of currents are :
7 = — X

a

0
Zh 24y (Zgy T32)
0 =
= — 1 Z£0°

' = _j5.0317 pv
J0.1075 4 L9:1075 (01533 +3 x0.15) j5.03

0
- = ...[:‘ -——B;E_Eii___
Z,

0

= —(=/5.0317) [-:___3_><,r'0.15 +70.1533 = i4.2707
J0.1075 + 3 xJ0.15 + 70,1533 d



ical Fault Analysi
b YSis — Unbaigy,
== B

0 -
3 = -rt| — 2%
44 +3ZJ'+ZE4

J0.1075 + 3 x j0.15 +0.1533

= J0.761 p.u.

= 3 xj0.761 =J2.2829 p.u,

f] A
FE-xampfe 10.19 | A 25 M VA, 13.2 Kv alternator with solidly grounded neutral has a

snbrrgr;nenr reacmn?e Iaf 0.25 p.u. The negative and zero sequence reactances are 0.35
i g respfrcrtvey_ A double line to ground Jault occurs at the terminals of the
alternator, determine the fault current and line-to-line voltages.

© Solution : Sequence network is

Prefault voltage = E, = V0 = 1.£0°

Positi it = V4]
ositive sequence current 3 Z++ "
Z—+Z0

1.Z28° .
- f0.35 % 70.1 = —j3.0508 p.u.
7025 + (.ﬂ R
J U J0.1
Z0
— +

I = -l * 2=3 70

0 . 0.1 .
= —(—73.0508) XJ‘O.BS 0.1 = j0.678 p.u.

[0 = il e £
g o Z_+Zﬂ

‘ — SO _ ;3373 pu
— —f—Ja.GSUSJ Xjn_jj +J‘0»] J ' P. '




= (1064 Power Systep, g
: : = 7 : h
Fault current = 3 Ig = 3 %2373 = j7.119 p.u.\

MVA,  25x103 - 1083
Base current = T3 XKV, V3 x 132 466 Amy
I,in Amp = j7.119 % 1093.466 = j7.784 Amp

Symmetrical component of voltages :

0 _ 0
Vo = <201,
= —j0.1 x2.373 = 02373 p.u.
+ _ +1¥
V, = E,-Z7}
= 1£0° - j0.25 x—;3.0508 = 0.2373 p.u,
V, = -Z7 I, =-j0.35x%;0.678
= 8.2373 pu.
i -
Yo = 47
Phase voltages :
V, U1 T &
a
Vo |=|1a a|]| vV}
Ve vhell gl LW,

. G i e
Vo= Vi 4VIavy
= 0.2373+0.2373 +0.2373 = 0.7119
Vo = Vo+a2 vl +av-

= 0.2373+(=05
Yo 7 Vg +aV: +

Vb == Vc =E

Line-to-Line voltages ;
\‘:;,, = Va=V, = 07119-0 = 07119 p.u.
a = Vo=V, =07119_¢ = 0.7119 p.u.
Vie = V=¥, = Hip =

Example 10.20 | AS0MVA, 11 kv, 3 alternator was subjected to different HP® J

| i s
faults. The fault currents are PR fault 1879 4,y (5 oo con o ngle It

tor . - !
ground fault 4130 A, The a!temaﬂke ;f;::.: e e (ot 230 4, st ﬂf
{hree sequence reactances of the \

~J0.866) 0.2373 + (~0.5 +70.866) 0.2373 = 0
az\.’;' =0

0 pu.

|




[:';rﬁyrlr:metrimf Fault Anaf,

Mva,

Kv,

I; Go faulf)
I @L-L fault)
I (L -G fault)
Lgs ZY, Z+

Lo Gd)

= Z¥*

If p.iL (L.L)

‘ 'Sis — Unba!anced Faults
© Solution:

=

—

I

Il

Il

I

i

Z++2-=

If p.u. (LG)

Z++Z*+Z

i

50
11
1870 A
2590 A
4130 A
?

MVA, x 10°
o

50 x 10°
T = 26243 A
V3 x11

Vﬂ
z+

1870
26243

1£0°
—j0.713

—j\3 V?

.. 2590
Z+ + Z— 26243
5 w207
—j0.99
F1E5 — 7t

= —j0.713

= jl4 puu

= l-jﬂ.99

= = +j1.75 pu

1. = L L o
j191 — jl4 —j0.35
j0.16 pu
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10.6. SHORT CIRCUIT ANALYSIS OF UNBALANCED LARGE-SCAL

unsymmetrical faults. The following symbols are used in unsymmetrical

10.6.1. PROBLEM STATEMENT

E SYSTEMS
The method of fault analysis explained for symmetrical fault can be eXfendyg

fault calculatiun.
}

>

Superscript f represents post fault or fault values.

Superscript +, — and 0 represents positive, negative

and zero Sequence Voltage;
currents and impedances.

» A number subscript following this positive

(+), negative (-) and zero (0)
the bus code.

represent |

» Phase values of voltages and currents are indicated collectively

by subscript p ad
individually by the subscript @, b and c.

» The unsymmetrical fault analysis can be done by using the following steps.
» Assemble the Thevenin’s equivalent

separately using the sequence imped
generators,

. ; ;
positive, negative and zero sequence network

ances of various power system componerts ¢
motors, transformers and transmission lines.
s . e A
» Compute the positive, negative and zerq sequence bus impedance matrices 2"
and Z? using bus building algorithm or short circuit fault impedance matrix 25 1
Al ticd
> Select  the type (L-L, LG, L-L-G), location (bus number) and mathe™®
description of the fault.

. 16
» Determine the fault current 4 the fault bus using the sequence networks ford
L-L and L-L-G faults.

» Determine the prefault sequence voltages and post fault sequence voltages:
» Compute the positive, negative anq Zero sequence line currents.



F ower Syst em
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o > B

sitive, negative, Zero sequence
transformer, line

=d the bus data, line data, fault bus, po
reactance of each machine

ult voltage, represents as fault. Zero, positive, negative sequence values of
ts are indicated by superscript 0, + and —. Assume &, b, c be the phase ?E!Eps

Assume Eg-prefa
voltages and curren

Assume fault at phase a and bus Kk

—_—

orks using the sequence impedances of fhz
ro sequence bus impedance matrices )

Draw the positive, neég ative and zero sequence netw

power system. Compute positive, negative, Ze
(z+,z~ & 2" using bus building algorithm.

Yes
Symmetrical components of No (LLG faull)
fault current at bus K is Yes
l=1t=17= Y Y
E2 g =0 | L E2 |
-t - 0 _ g0 a - =
ki + ZKK + ZKK;‘ 3 Zf I: = - I;‘ = a Z-EK + ZK.K {ZHKK-FZ[] |
+ + = o
wlhere Zkk Zxx Zxx are the Zyk + Zkk * 2o Zia +ZD +3Z |
diagonal elements in the ¥ TR
K axis of [Zpys) I, =0 I; = -I;" (ZDKK-i-SZfJ
é oA NN T
, - L = ~I,=-j/3 i3 wl e
a T+ Zy+ 32
Fault phase current [0 i3 0 K:,( K: |
iaﬁ 1 12 1 ﬁ_ I =1y = V3 . Ea 12= —Iz x ZKK
=1 & & I Zhe+ Zxe + Z = 0
el L1 a 22| ! Zk * Zxk 37
a '
N = =310 : 0
Ih = L= s Va=10 Y
_ b, gl ok W I,=0
Symmetrical e Ib*? Iy
etrical voltages are Vo= - 7o - © 0
0 a = —Zikla = Zex Ia , = 31
Vp = —Z?m I : i : :
+ 0 _+
Vo = Eg—Z o
vﬂ a - KK Ia V: = - Z?(K Ig
S 'JZK.KI-F = +
a Vv, = a=Ea-—Zm<fa

| ]

"gl‘l' Png‘ j

[ Continued o
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Ea=PF
Post faylt 2 ° o
ero s
U +E‘:IU+Ence bus voltages
A= Vps~Zig
f+
+
Vi, = Vor—Zic 1

VK Vp.f" ZnK IK'I-

Post fault negative sequence bus voltages
Vit = —Zyad

f= - =
Vl‘: = _ZKK ITL
'f— —
Vn ™= _an IK

Post fault zero sequence bus vollages
vﬁ-" _ 0 .f0
/1 = Vpt=Zi Ik

10 0 _f0
Vk = Vpr—2Zxk Ik

) 0 e 10
Vg = Vp‘f -Zok I

1r

Iu:

=+

Zj

Positive sequence line current

f
" Vlh- _ V] +

- -
- Vi 'VJ"
o e
ij

jo
Iy =

P

Negative sequence line current | Zero sequence line current
‘ fo  fo
Vi-=V,

1}
ij

L i
Phase voltages
[Vl = [TT[Vs]
Phase current

[1p] = M 1]

_,_.———‘_-__

Print all results




