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= ALY
Inalysin Fault .Jlmlh'.u.\
o @ Solution :
: Step I': Draw reactance diagram
» product sl arhetiste o
'[!"\_t_t' Positive sequence reactanees are given Sa directls draw the reatance diagram It
values as piven
) @ OO
02 fu 10z
__\_.ruwa\- ‘-v—-fﬁbﬂ‘ 4+ FO000 l |
=0 : I
- — « .# j015
. 1"“‘ ’(/
with Zf= 0 ()B4 A]:) v |
) Step 2 : Determine Thevenin's equivalent reactance.
P | jo2 103 j02 ®
T T
&\ y F
\ l Em (. |
v | % j015 J015
L] | ¢
v ...(8.16) [SZF
\ L
> e — -
N Voltage sources should be short circuited.
VA — -
j0.85 j0.15 R,
-“ | ——mw\- == ’t
¥ -
{ >
'!j , ETh: | ’1/\ - Y
S II / k v
~ .81 | ™
X i Z =0
- i Ress————— el
“%s are built. i j0.85 and j0.15 are in parallel. ® |
j0.1275 '
s  j0.85xj0.15 y |
Wt currentat | Sy = 70.85+/0.15 = j0.1275 ‘ I ——
'g!bus‘f.'ﬂle i il v EThg ‘;
W or clemiiié Step 3 : Draw Thevenin’s equivalent circuit. + |
3 Prefault voltage Ey, = 1£0° '
ETI‘I | /_' Oo Ifl Zr=0 I
4 _ _ /) -
\____-—--_._j = == £
- = —j7.843 = 7.843 £ -90° p.u.
/o
o




Power Systent Analysis

Step 4 : Current contribution from generalors :

0.15__ _ 176 £~-90° pu-

& T
g e U g X lgi = 1y > jo.85+,0.15
"55_'-‘.,\":; %\ J . !085 _ 66671{_'9”0 p_u‘
o = 1y *j085+,015 -
- @ P @ . o @ SN @
) ; joz
Jra
\“ |
- |
J
Bus voltage changes (AV) : AV, = 0-50.15x% IG
= 0-/0.15x 1.176 £ —90° = —0.1764
B = 0-j035x I = —04116
/}K AV; = 0-(0.15 +;0.2 +;0.3) I,

1 £0°+(~0.1764) = 0.8236 p.u.
1 £0°+(=0.4116) = 0.5884 p.u.
] £ 0°+(~0.7644) = 0.2356 p.u.
1£0°=1£0° =0 pu.

Post fault voltages : V{ = V(IJ +AV,
J = @ -
Vi =V, tAV,

_ 0 =
v = ¥ +4V; =

v/ = v] +Av,

Line flows (Post fault) :
- Vi-Vy  0.8236-0.5884 |
_{l'-2 - le - j02 = "_/I.I?G p.u.
- Vy-V3 o 0.5884-0.2356
by = Tt = /0.3 = —1.176 p.u.

pa—



alysis

Fault Analvsis sl

Vi-Vy  02356-0 _

lu : Zu  j02 J1.178 pu.
E:
Short circuit capacity : 1, = X1
JEmP
SCC = |Ep,| ]I),I =X, pu. MVA
T e
M B

(_Exampie 8.2 I For the previous example, determine the fault current, bus voltages,
line currents during the fault when a 3¢ fault with a fault impedance Z = j0.15 p.u occurs
on Bus 4.

© Solution : Impedance diagram :

®© ® © @

Thevenin’s equivalent reactance :

j02 jo.3 j0.2
s TLLA — o0 o LA

, g;uﬁs
Z;=j015[5

gjms

j0.15 x j0.85

Zm = jo.15+j085 /0127
Thevenin's equivalent circuit :
e =SS Prefault voltage (E,) = 1 £0°
| ® N .
|| — G0 Fault current 1, = -Z_L:Z—
Ernc Zy,=/0.1275 ™' &
. 1z
©j0.1275 +50.15

. Zf'jO 15 )
',L = - j3.604

= 3,604 2 -90° p.u.
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Power System Analysis

(i)
Current contribution from generators :
|' ) I I, % 70.15
| _ o e = j0.15+50.85
; S = 0.5406 2— 90° p.u.
— LETTH - i j0.5406 = 0 p
! 4 = I, x;0.85
. I2 = 7 +j
106 5] 4O . JO85 #7015
= —;3.0634 = 3.0634 £ - 90° p-u.
Post fault bus volrage :
v/ = VO 4AV, = 1£0°+(—j0.15x1g) = 1-/0.15x—/0.5406
= 09189 p.u. -
O, ©, ® ® |
I jo0.2 , /0.3 jo.2
] |
_ _ j0.15 '
Ig1 T J0-15 1£0°, ‘
Vi 1 [
+ + f
1£0° j0.15 Ig2 J

= VO +AV, = 1£0°+(-j035)lg = 1£0°-,0.35 x —0.5406

J
Vz
= 0.8108 p.u.
VI = V) +AV; = 1 £0°+(-j0.65) I, = 1-0.65x(~0.5406)
= 0.6486 p.u.
Vi = VO +AV, = Vi +Z 1, -1£0°

| £0°+0.15 x —j3.604 — |

0.5406 p.u.

V-V,  0.9189-0.8108

Line flows :
V-V 0.8108 —0.6486
L = —j0.5406 p.u.

by = 7z, T j03
V35—V 0.6486 - 0.5406 i
]34 - Z.M = ]02 el | .54 p.u.



ym Analysis

( 's.iy

Fault Analysis

I Example 8.3 I For the two bus system shown in Fig., determine the fault current at
the fault point and in other elements for a fault at bus 2 with ..{L = (). The subtransient
reactance of the generators and positive sequence reactance of other elements are given.

® O ® ® |
FB— HH—®@Y=
| £ Y3 &1 2 |

! z'
© Solution : Generator X = 10%
Transmission line X = 20%
Transformer X = 12%
Step 1 : Reactance Diagram : -
e ® o 0

| Jjo12
+
1

F4

o
b

-

j S

Step 2 : Draw Thevenin’s equivalent network and find the equivalent reactance.

‘ j012 jo.2 j012
L 1LLA A LLLA

o .
E%'
jo1 jo1

Voltage source must be short circuited.
@

jo.22 j0.42
R T —

TNy
+

i

= j0.144

/0.22 and j0.42 are in parallel.

j0.22 % j0.42
j0.22 +j0.42
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"andt Analysis

<
b

1.0 -0.144 x 6.94 ./ - 90°

0

Il

=
Vi = 10-25 1
1.0-70.22 x 2.39 £ - 90°
04742 p.u.

Il

Il

<
—
|

0.761 p.u.

= 10-Zy 15
1.0 0.1 x 2.39 £ - 90°

(8.21

| j012 102 /012
L1 — YO — fmu\---]
Q. :
r Zi=0 o
c
e
2, =)0 144 s
J

Step 5 : Line flow (post fault line currents)

big =

l32 -

Vi-Vy  0545-0

X,, 012 - 4.542 p.u.
Vi-Vy,  04742-0
X - 0.2 = 2371 pu.
O Ve=V3 o 0.761-0.4742 _-—
=X, - 012 = 24 pa.
V-V 0.761 -0
L2 2o = 2378 p.u.

X4y

0.32



Power S; stem Analysis

8.22

Step 6 : Short circuit capacity ;
[Eqp 2
(g = %
4 X Th
SCC or fault level of a bus is defined as the product of the prefault voltage and post fault
current.
[Em
SCC = |Vy |- =
IV |- 11, | X, P MVA
I £ 0° (prefault voltage)

Il

Em

I
SEC = o _
X, PWMVA = 5y

| Example 8 ﬂ For the radial network shown in Fig., three phase fault occurs at F.
Determine the fault current and the line voltage at 11 KV bus under fault conditions.
[Anna Univ., Dec. 2004/

= 6.94 pu. MVA

[ 10 MvA 10 MVA '
15% reactance 12.5% reaclance |
| 11T KV

S
"-...Ccy
'7.“: | N |
o S T, 222 10MvA |
< VA e v~ 10% reactance
£ - |
= AN O.H. line : 30 km, Z = (0.27 + 0.36) Q/km ( -
; 33KV K‘L}
| &7
1, =2 smA | ~
8% reactance < 7
6.6 KV <

|" Z = (0.135 + j 0.08) $2/km P
." 3 km cable ;
.' F

© Solution : .

Step 1 : Draw reactance diagram.

Base MVA = 10 MVA
Base KV = 11 KV
Generator I : KV, ., = 11KV
7z = 7 [Kvb ™ Vb given :’ [ MVAb new :'
e gven Kvb new MVAb given
=;Ol§x(”) (—0)—)'0]5 p.u.
Generator2: KV, = 11KV

Il

; . UY  rmy_ oo
Zyew = JO125x (77 ) * 1o ) ~2012> p.



(8.23
Fault Analysis ) o 8.;)_

Transformer 1 : Primary side KV, Il KV
1y 10 ‘ Ct
e ™ SO % (H) " (Tﬁ] = j0.1 Pl T
33 . T 5
Transmission line : KV ™ 1l % T_l = 33 KV KN g
Y0
Zacrual Lactual K =
Z = = x MVA, -
s /‘hnsc Vi :
Lo = 0274036 Q/km = (0.27 +70.36) » 30 €2
s ™ 0'27;320'36 x 10 x 30 p.u.
= 0.0744 +;0.0992 p.u.
Transformer 2 ; KV, ew = 33 KV (primary)
. BY  (10Y._ .
Z,w = j0.08 x (33) X ( 5) = j0.16 p.u.
Cable : Zoy = (0.135+,0.08) Q/km = (0.135+0.08) x 3
KV e = 43 X 93?6 = 6.6 KV (sec of Transformer 2)
Zacrual (0.135 +0.08)
L oew = _K_Vi_ x MVA, = 6.62 x 3x10

= 0.093 +;0.055 p.u.

0.0744+0.0992 j0.16  0093+;0055
LI F

1£0°

0.1674 + j0.4142.

0.1674 + 0 4142
AL

j0.15 J0.125 j0.068

120° 1£0°

j0.1674 + 04822

1£0° A




Voltage at 11 KV bus =

l\8.24\ Power .'}'_v.i'r"e‘_’!?i' Anu,’_v.?l"-f
. o = o el 2 - 5 /185
- /= Z,, 01674+ 04822 ~ 00425 /0
o™ \
S5 ? \ V5 = 1959 £-70.85° pu. ]J
- MVA, 10 x 103
Base current Iy = = = 874.77 Am
B /3 x KV, 3 x66 8 P
%S [KV, for cable because fault point at F]
< l),- = 1.959 £-70.85° pu. x lg
= 1.959 /- 7085° x 874.77 = 1714 Amp
Voltage at 11 KV bus : Zap = 70.1+0.0744 +40.0992 +/0.16 + 0.093 +/0.55

= 0.1674 +0.4142

= 0.447 £ 67.99° p.u.

zAFp_u. X lF p.u. 3
= 0.447 £ 67.99° x 1.959 £ — 70.85°

= 0.874-;0.0436 = 0.875 p.u.

= (.875 x Base voltage 5
= 0.875x11 = 9.615 KV

_Example 8.5 | 4 60 MVA, Y connected 11 KV synchronous generator is connected 10
a 60 MVA, 11/132 KV A/Y transformer. The subtransient reactance X ; of the generator is

0.12 p.w. on a 60 MVA base, while the transformer reactance is 0.1 p.u. on the same base.
The generator is unloaded when a symmetrical fault is suddenly place at point P as shown
in Fig. Find the subtransient symmetrical fault current in p.u amperes and actual amperes
on both sides of the transformer. Phase to neutral voltage of the generator at no load is

1.0p.u

© Solution :

Generaltor :

Transformer :

£
3¢
11/132 KV
AlY

/.
| %

Prefault voltage |E| = 1.0 pu.; X, = 0.12 p.u
Base MVA = 60 MVA
Base KV = 11 KV
117% [60 |
Zyu.new = f0.12 x[] ] x[60] = j0.12
i 1172 [60 .
Apu new ./OI X [—T] A l:'()_] :.,’O'I




Reactance diagram :

—- - - N i = S
|

jO.1 j022
; T —
| 10012 + |
| = O
| 120° | Iy ‘
: _ Eq, _1lzo0e
Fou = Zo = G022 T /494 pu
[Tg | = 454 pu.
Primary side of transformer :
Base current on low voltage} _ BaseMVA 60 3149 KA
side of the transformer \3 x KV, 3 x11 '
[KV, = 11 KV]
Actual current on L.V. side of transformer = I, pu X Base current

= 454 x3.149 = 14297 KA
Secondary side of transformer :

Base KV ., = KV 4 x

2
= llx%=]32 KV

Base MVA 60
V3 xKV, 3 x132 0-262 KA
Actual current = I, x Base current
= 4.54 x0.262 = 1.189 KA
Example 8.6 | A 3¢ transmission line operating at 33 KV and having resistance and
reactance of 5 ohms and 15 ohms respectively is connected to the generating station bus-
bar through a 5000 KVA step up transformer which has a reactance of 0.05 p.u. Connected
o the bus-bars are two alternators, are 10,000 KVA having 0.08 p.u. reactance and
another 5000 KVA having 0.06 p.u. reactance. Calculate the KVA at a short circuit fault
between phases occurring at the high voltage terminals of the transformers.
© Solution :

H.V. side rating
L.V. side rating

Base current

| < 5000 KVA

10000 KVA ~) j0.05pu.

| j0.08p.u. Fy . Fp |
| 3¢ 1 5+j150 :

’ 5000 KVA (~ 33 KV

L




Power System Analysis

(330
Base MVA = 10 MVA
Base KV = 33 KV
~ 0ld
Transmission line : 70 = —Pu—z x MVA
p.u KV,

oy
SHJ1 x 10 = 0.0459 +,0.1377 p.u.

- 332
KV, .. 2 MVA
. = b given 2 b new

Tra”sforme’ = Zp_u_ new Zp_u. given X [ Kvb . :| l: MVAb glvcn]

_ (337% [10 _

Zp.u. new j0.0SX_E_ X__g'] = jO.1 p.u.

_ (3372 [10 ,
Generator 1 : Z,, ., = j0.08x| 33| X|7g | = j0.08 p.u.

, (3372 [10 .
Generator2: Z,, new = j0.06x| 33 x| 57| = j0.12 p.u.
Reactance diagram :
[ o - ]

04 0.0459 +/0.1377 |

Tm——xw F2
| j0.12 F
L1z 1 Z0°
.:I o
| jo r0.0459 +j0.1377
| WFZ
Lo j0.12 By
|
i: 1£0°

. 0
0.0459 '&_;01377 70.148 0.0459 +L}'0.1377

Fi

/0.048 é() i o




Pt Anaiiyvin

(od)

Short circuit KVA fed into the faultatl,

(h)

I otal impedance upto the fault I.

/

Total impedance upto the fault Fy. Z;
‘ ZZ pu l

pu

Short circuit KVA fed into the faultat Fy =

——
[ l‘..mMp!e 87

Fon

the fault current, post fault voltage, line flow.

_I IIL-.
b B

G,\f

Transmission line L, L) :

O Solution :

®T1 @ L4

A symmetrical fault occurs on bus 4 of system shown in Fig. Co

[oR%0

()

j0.148 p.u.

KVA, |
| KVA, Zi o]
10,000
ottt il
0148 67567.56 KVA
67.568 MVA
0.0459 + j0.2857
0.289 p.u

| KVA, |
|KVA29(-] I|Z]!pul
10000
0289 34602 KVA
34.602 MVA

Gz

| 3¢ ﬂ%%l 9
| 3E L2 ‘ \ @
N =1 i
Xn n
Generator G;, G,: 100MVA 20KV X+ = 15%
Transformer T;, T : Xpix = 9%
Xt = 10%
—
joA |
| j0.09 ‘—"W joos @
| LI 55—
'l I joa
. Qjois ;o1s]
120 ﬁ
(;) J0.09 ‘ 1005 I ,-'009 @ |
! |
j0.15 5‘ jOAS 1
10" ﬁ

mp ute
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e

(b20) | .

j0.1 and 0.1 are connected in parallel.

0.1 %01
jorajor - /003

Thevenin’s reactance :
J et '
' /0.09 _

|

015

®
!
;015;
| 0 ]

/005 1009
0000 ~—
Zy=
||
;038

| 5 x
o

| .
b

|

|
|
[015 x jO3B o0

Zyy = OIS 1/ jO.38 = 05038 -
E & {2 | Z1n =/ 0.1075
— Th = Th = - _ 00° OO —
I, = ZoatZy ~ ZygtZ; . JO.1075 93 £-90° p.u. |
Actual current in KA = p.u. value x Base current £Th
MVA *

L

o S = BAX T ukh

=0

S %*9’ - 93 x =0— = 2685 KA 201
Y V3 x20 |

Thevenin’s equivalent circuit

Current contribution from generaltors :
r‘i - i
|[ Igq @ Ig2
|
.| /0.38 +Em Qo015

+ +
Ir 4 . zf L f Ie2

—
IG] = l/ xj038 +j0.ls = 2.6324‘90

) j038 )

lea = Iy * jo3g+j005 = 6674-90

Post fault bus voltages :
vI= V0 o+ AV, = 1£0°+(=j0.15) x Ig,

I +(-/0.15) x 2,632 £-90° = 0.6052 p.u.




VI = V) AV, = 1.£0°+(=0.150.09) x I; = 0.3683 p.u.
VS VI AVS = 1204 (<015 - j0.09 - j0.05) x I,
= 02367 p.u.

Vi = V2+AV4=lé0°_koo=0
Vi-Vy 06052 -0.3683
I" s = l Z = — =S
¢ flows ||2 212 j0.09 j2.632 p.u.
Va-Vy o 03683-02367
LEl Zy; j0.05 = ~J2632 pu,
- Lo VamVe 023670 .
. ¥ T Zy iy T =Y PA-
[ - mple 8.8 | For the example 8.7, when Z =Jj0.14 p.u., determine fault current and
CWPPeN supplicd by the generators, e
O Solution : o
o A e © -
| (™ jo e
‘_‘
g0 jo1s |
| j0.15
| =
Q ’ ;
| _ _ 038 xjoas
m = j0.38+0.15 J0.1075 p.u.

Thevenin's equivalent circuit ;

}0 1075 F lt t l = _Eﬂ‘___ s 1 z 00
T —] e Yy T 2z, T j01075+50.14
- e = -j4.04 pu. = 4.04 £-90° p.u.
! Actual fault current = p.u. value x Base current
Iy Z/=/0.14 - MVA _ 4,04 x 100 -
l ' 4.04 x'\[?KV \(TX?.O 11.66 KA




' - .:
2 ) {"’d‘-’t O
[ - l"_.)'(.'
L3 - " '!" -
I 2. IR
- g )(
) f((
{')f l_?{l( rN
‘h
(C

Eaq
*n.38 )
B\ )
l Z{::J'Dwf{..
'IG.“ T d
Qo
i A3 /=
Lfpu o
e = =
- ‘N5 g+ )03 |
. -90
e = 5.89%k £=
- Hew T N
T

1015 +j0:3%
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very simple and practical. Thus all fault calculations are formulated in the bus frame of
reference using bus impedance matrix Z,,,,,.

Symmetrical Fault Analysis using Z,,,, (Flow chart)

|

i
! / Read the line data, bus data, fault bus, sub-transient reactances of each machine / l
| * -
|

Assume prefault load currents, shunt elements in transformer, transformer taps, . |

shunt capacitance, series resistance of lines are neglected. _

v |
! Draw the prefault per phase network (positive sequence network)
. obtain Z,,s matrix using bus building algorithm !

| |
, 1 |
Obtain prefault bus voltages from power flow solution
o
Vi

[ths] = V;
‘o
VN

Draw the Thevenin's equivalent circuit and obtain the
fault current using

Vq
Iy = ;
Z‘gq +Z :
{ !_
Compute change in bus voitages using network equation :I
AV, Zyn Zyg - Zyg 2N || O

AVq | |Zat Za2  Zaa " ZaN | | -]y |
AVy Zn1 Znz - Zng - NN 0

!

Compute change in bus voltages using network equation '.
f o |
Vi = Vi-Zy ';
:f = :o [
Vo = Vo~ Zaals |
1 . |
VN = V:l = Zng It |
. ! I
Post faull line currents |,
f f
! Vi 7Y |
T ——
Zij series !:

; |

/ Print 1,, post fault voltages, post fault line currents, etc. /

o
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Fault Analysis

r Example 8.9 l A symmetrical fault occurs on bus 4 of system shown in Fig-

Determine the fault current, post fault voltages and line currents.

| ORUNO ® = O

| Ls |
o o
L2
L - | -
G, G, : 100MVA, 20KV, X*=15%
Transformer : X, = 9%

L L, : X*=10%

© Solution : Step 1 : Draw reactance diagram.

il J0.1
| jo.1 |
: —YI—
J0.15 |
.- ;
| 1£0°
f
L o} ‘ 0 ) \
Step 2 : Form Z-bus using bus building algorithm. " 1
- R
| hu X 0

® 0.09 ® J0.05 ® j0.08 ® | o
0.15 O
J - /51)

l 2 .
j0.15

. I[jO.lS jO.IS}
e T 2] 4015 j0.24
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[ 2 3 (2) @'
IT/0.15 j0.15 j0.15 I_F,—L%;g\ﬁ ,32;.?3—\_ |
Zps = 2[/0.15 j0.24 ;0.24 |
3L/0.15 j0.24 j0.29 %;ms
|
| ===
l 2 3 4 '
I[/0.15 j0.15 j0.15 /0.1
/ J J / > O, /0.09 ® 005 ® j009 ©
7= %[ 7015 j0.24 024 jo24 ‘ oo —|
P3| 015 j0.24 0.29 j0.29

+Lj0.15 j0.24 j0.29 j0.38

1 2 3 4 5
1[/0.15 j0.15 j0.15 j0.15 jo.ls—7 . |
2| j0.15 j0.24 j0.24 j0.24 j0.24 r joos 1 oo @ joos ®
= 3| j0.IS j024 j029 j029 j029 | il Bkl ek |%
al j0.15 j0.24 j0.29 j0.38 j0.38 g ney |
sL.j0.15 j0.24 j0.29 j0.38 j0.53 — ’ =

Eliminate node 5 using the relation,

Zi[n +1) Z{n + 1)y

L. = Z.. -
ij new ij old Z(" S+

j0.1075 j0.172 j0.068 | 0.0424} 7
jO.I72 j0.13  j0.108 §;0.068 !
j0.068  j0.108 0.13 i;0.082 !
[ j0.0424 jO.13  j0.082 {/1.075 | -

Ve | £0°
Step 3 : Fault'current I, Z,*Z; = 70.1075 =934£-90° p.u.
99 ‘

p.u. value x Base current

. MVA
= 9.3 4—90 x \/TXKV

100
= 93 /£-90° x ﬁxzo = 26.85 KA

Actual current in KA




Fault Analysis

Step 4 : Post fault voltages
V{ = N8=Zy I,
1 £0°- 0.042 x 9.3 £-90° = 0.6056 p.u.
Vi = v0-7,,1,
= 120°-,0.068 x 9.3 £-90° = 03686 p.u.
Vi = V0-Z,1
= 1£0°-,0.082x9.3 2-90° = 0.2374 p.u.
Vi = VO-Z,xl,
= 1£0°-,0.1075x9.3£-90° = 0 p.u.
Step 5 : Post fault line currents.

I

f_vyf
g2 YimVio O VioVio_ 0.6056-03686
¥ /) series ’ t Z|2 j0,09
11,] = 2634 pu.
f _v!
/. = V_z—_V3'
23 223
0.3686 — 0.2374
151 = = ges = 263 pa.
Vf _Vf
;o_ Y3-Ve  02374-0 _
I3, 7 = 7009 " 2.637 p.u.

34

| Example 8.10 | Generator G, and G, are identical and rated as 11 KV, 30 MVA and
—have a transient reactance of 0.3 p.u. at own MVA base. The transformers T, and T, are

also identical and are rated 11/66 KV, 10 MVA and have a reactance of 0.075 per unit to
their own MVA base. Then the line is 60 km long, each conductor has a reactance of
0.92 {9km. The 3 phase fault is assumed at point F, which is 25 km from generator G ,.

Find the short circuit current.

T, 11 KV, 30 MVA, /

11 KV, 30 MVA T, |
jo.3 p.u. j0.3 pu
L3 F X | |
o4 #—1—© |
i jO0.075 p.u. j0.075 p.u. I'

11/66 KV, 10 MVA 66/11 KV, 10 MVA j

OSolurlan.:' Choose common base MVA as 30 MVA, then the reactance of various

clements are :
1172 [30 _
Generator by Zy, pew = /03 x| 77| X |30] = /03

. | 1y 307 _ .
Transformer 1, Z,,, ., = j0.075 x | 77 ) *| 79 | = /0225 pu.

T "\\.
(837)
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= (f0.92 x 25) x 20 = j0.1584 pu.

Transmission line, Z 662

p.uL new

_ 66\ 30 ,
Transformer 2, Z,, pew = /0.075 x(aa) x []ﬁ—’ j0.225 p.u.

Generator 2, Z,, oy = /03 x| ge | %[ 3 j0.3 p.u.

Reactance diagram :
j0.225 /0.1584 j0.2218 j0 225
o | || |
XTr1 XTL1 X112 X112 '
| j0.3 § Xo1 XG2 & jO3 |
| Iy : |
*C )1zoe 120°
B } |
‘ 1
|

| - . I'
j0.6834 j0.7468 . QD I

1£0° * 1£0°

n
—
o%
(48]
(3.
(o]
-]

_Em 140
Fault current I, = Xq  j0.3568

= —;2.8023 p.u.

I, 2.8023 £ -90°

Actual fault current in amperes is

I

|[f| x Ibasc

30 x 103
Base current I, = m = 262432 A

. Actual fault current = 2.8023 x 262.432 ‘
= 735413 A

Example 8.11 | The one line diagram of a simple three-bus system is as shown in Fig.

Each generator is represented by an emf behind the transient reactance. All impedances
are expressed in p.u. on a common 100 MVA base, and

(a) Determine the fault current, the bus voltages and the line currents during the fault
when a balanced three-phase fault with a fault impedance Z; = j0.19 per unit
occurs on bus 3.




Fault Analysis

(b) For bolted fault, determine fault current, bus voltages, line flows.
© Solution : Case (a) : Find Thevenin equivalent impedance.

Voitage source is Short circuited and the fault impedance open-circuited.

Converting A-connected network into Y connected network using the formula,
ZyxZig+)
3
z ZU.
g=1

B j0.75 x j0.3
Zio = j0.75 +j0.45+0.3

Zjp =

;') T = jos

j0.75 x j045 .
;0.75 +045+0.3 7 0.225

Z50

~ /0.45 x j0.3 .
Z3 = jo77s +j045+j03 ~ /00




8.40

Thevenin’s equivalent circuit

Fault current | s

Power System Analysis

= = R L] N 10225
OGO —
dooe L Bw |
: J0 09
— ?NUS - __‘® gmun
Fig. 2
Fig. 1
(0.2
J! N jo3 N
j0.09 j0.2xj03 J009
©) j0.2+j03 ©)
€012
i
Fig. 3 Fig.4
Jj012+4;009=/;021
Zm 2 = 232 = jO2
Fig. §
E 1 £0°

jo.21
YT —-----
Ig
1£0°
Z;=j019
l
(? j0.15 N j0.225 ©
— oo
J0.05 j0.09
T . ® j0075 |
1£0°

Zm+Z, ~ j021+j0.19 ~J23 P



Fault Analysis ( 84 l)

Current contributed by generator 1 from Fig.6,

03 -j2.5x03 _
lw = 1y % 53+j03 =~ joa+jos - /13 pw
Current contributed by generator 2,
0.2 - /2.5 %/0.2
_ . S =
@ = I X 592+03 05 J1.0 pu.
Bus voltages :
Bus voltage during the faultatbus I, V/ = V + AV,
f =
VI= V-G % Zy,

= 1 £0°(-j1.5x0.05) = 0.925 p.u.

Bus voltage during the fault at bus 2 = V’; = Ngpi + 8V

VI = Vi -lgx 2y

= 1£0°-(-/1.0)x,0.075 = 0.925 p.u.
= V{ - Vp.l"“’-A\;}

=V HZp L - 1200

= 1 £0°40.19(-j2.5) 1 £0°

= 0475 p.u.

Bus voltage during the fault at bus 3

Line flows during the fault :
V-V,  0.925-0.925

S - _ .
i Z5 seties - j0.75 ¢ P
Vi-V3  0.925-0475
/. = = == = _j15 pu = 1.52-90° p.u.
I3 Zl3 series JO'3 / P P
V;-V,  0.475-0.925
1l = = = = 71.0 pu. = 1.0.290° p.u.
32 Z3) series 70.45 gl B P
f = . _ o
I, = -1, =-j10 = 1.0£-90° pu.

Case (b) : For the bolted fault, Z, =0

Em 140 ,
Fault current 1, = Zr = 7021 = -j4.76 p.u.

I, x;0.3
Current contributed by generator 1 = 1—0[2_17@ = —j2.857 p.u.

I, xj0.2
Current contributed by generator 2 = j_df;f_j_o_i
— vpr %+ AVI
1 £0°+ (g Zyo) = 1 £0°-(-j2.85) xj0.05

Il

_j1.904 p.u.

Bus voltage during the fault at bus |

= (0.8575 p.u.
V] = v, +4V, = L0+ (g x Zy)
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- o DR — i /

I £0°-(~/1.904) x j0.075
0.8572 p.u.
v/ V;+AV, = 1 £0°-1.20° = 0

' Vy-V 0.8575 - 0.8572
Line flows during the fault 17, - 2 _ B9 : - 70.0004 p.u.
y ' / 12 series J0.75 J0.0004 p.u
S s O 1
= . = - g . 84 -
t ZIJ serics ] 03 J p
V,-Vy  0.8572-0
by = == = —j1.9049 p.u.
& 23 series j0.45 J p.u

[ Example 8.12 ] For the previous example 8.11, assume fault occurs at bus 2.
Determine fault current, bus voltages and line voltage flows during the fault for case (a).
© Solution : Find Thevenin's equivalent impedance,

—_—
|

JO.751/j0.75=/0375 pu.

| 2 2 =

|' j0.05 J0.075 j0.05 j0.075 ‘
|: =" — v 2
NO, . @ O rom —@
‘ IR T
| .
J /075 :110' +1zo_
f J
I Zg Zy |
ir J0.05and j0.375 are in series = =
J0.06375

f /0425 /0.075

@ @ Z1n = 232 = JO.06375

1/0°




Fault Analysis (§4?D

Fault current by = ETh.
Z+ 2y
| £0° :
j0.06375 +j0.19 - ~43:94 pu
Current contribution by generators :
A et SRR ]
0 O
| - } LULIN
! J0.05 _
|J Ifl Lo joo75 |
1 ’ : |
.' G1T B Z¢=j1.9 » TIGZ |
l |
[, x0.075

Current contribution by generator I, I;, = 70.05+0375 +,0.075

_ —=j3.94x,0.075
j0.5

= -j0.591 p.u.

: , [/0.05 +/0.375]
Current contributed by generator 2, I, = (-;3.94) x 70.05 +j0.375 +;0.075

= —j3349 pu.

Bus voltages & Line flows :

V] =V +AV, = 1£0°-15 xZ

= 1£0°—(-j0.591)xj0.05 = 0.97 p.u.

V] = Ve +AV, = 1 £0°=]g x Zy,

= 1 £0°-(~;3.349) x j0.075 = 0.7488 p.u.

From Fig.1,
V-V, 0.97-0.7488
- A% - = _j0.295 puu.

I, = = -
2 Z]Z series j0'75

Ly = lg -1y = —j0.591 —(-j0.295) = —j0.296 p.u.
Vis = I3 % Z;3 geries = —j0.296 x,j0.3 = 0.089 p.u.

Vi = v/ -V =097-0.089 = 0.881 pu.

Va— V3 0.7488 - 0.88]

l,, = = :
- 223 series J 0.45

= j0.294 p.u.
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358 Power System Analysis Fault Analysks - Balanced Faults

b..c.w 0 j04] 10094 -;j0.094 ;0.094 Fault occurs atbus 3 :

Ao Sy Wi e

=| 0 jo4 0 |-{-j0094 +j0.094 —;0.094 () =
jo4 0 j13] | 0094 -j0.094 j0.094 T Lyt
j0306 j0.094 0306 : L) =0
=|j0.094 ;0306 ;0.094 £ M gy rz,  (aultoumen)
j0306 j0.094 ;1206 2,=0.15 (Given)
.m#u 5: >n&.=n an impedance 10.2 between two old buses (3) and (2) -. e 110°
__nuuw . : ©j0.393+50.15
__ 110° . o,
3-2 i = =—j1.84=1.842-90° pu
| j0543 7
K ’ " ” " [av] [jo28- joa2 -joas2|[ 0
1170306 j0.094 0306 ;0212 1 AV, |=| jO.12 j028 0248 0
Zp =2 | 7009 j0306 j0.094 -j0212 AV;| [j0.152 j0248 j0.393)+j1.84
10306 j0.094 j1.206 jl. oo 2 : :
w H.S:.. L_‘Ss L.._ %um h“wm i ol e
3.2LJ0. JO. JjlL hc 1 AV, | =|-0.456
: . =Lyt -1y, _ A% L7078
=j1.206+j0.306-2(j 0.094 +j0.2 - : " Fault voltages at all the buses
=j1.524 i V.()=V.(0)+ AV (General)
. = 1 ] I
| [ 7022 : i 5 - .
N?_EHNE.%-: <31 | 70212 [/0212- 0212+ j1.112] A8 ViD=V, 04V,
T Jtnz | ¢ =1-0.279
j0.306 j0.094 j0.306] | [-oo 004 0235 B v, (H=0.721 pu
=|j0.09% 0306 j0.09%|——| 004 —004 0235 1l
| j0306 j009s 1206 7*%| 0235 0235 123 : 2 0=1, O+,
; . o 1 =1-0456
Tﬁa j0.094 j0306] [ j0.026 -;0.026 j0.154 !
=(j0094 j0306 j0.09|-|-j0.026 +j0.026 —jo0.154 : Y, (=054 pn
/0306 j0.094 j1.206| | j0.154 ~70.154 +/0.813 1 V,(D=V,(0) +AV,
[j028  j0.12  j0.152] =1-0,723
Zous new=| 7012 j0.28 0, ,
‘bus, new .ﬁ J0.28 70.248 <,_ﬁ3. c.uquﬁz
/0.152 j0.248 j0.393 | : : :
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3.62

VoV OoeegecCccCcce cCccCc

i Faultcurrent:

V;(0) 1 :
L(N)=—"3——= =-j2
) In+Z; j034+j016 °

ii.  Fault voltages at all the2 buscs

atBusl:V, (D=V,(0)-Z,,1, ()
=1200-(0.12) (-j2)=1-0.24

V, (=076 pu

atBus2:V,(H=V,(0)-2,,1,(H
=1,20°-(0.16) (-j2)=1-0.32

V, (£)=0.68 pu

=1 20— __.e.ué (-j2)=1-0.68
V, ()= 0.32 pu

Example: 3.23

Find the fault current above for the ps shown,
© Solution :

_—.
xJSmE P X'= SE

Formthe Z s OY DUilding Algorithm
Step 1: .Pn_.:um a new bus (1) to reference

Zy =[j02)

Step N Adding a new bus (2) to reference

0 ;03

%E.» _ | _ |
oL 02 0
@W Nv-___.—. = .n !

30.3

Power System Analysis " Fault Analysis - Balanced Faults 3.63
{ Step3: .P.E.:n an impedance j0.25 between two old buses (1) & (2)
A4 i=2
i 02 k=1
¢ ot &-1
j0.25 )
! ® j02 0  j0.2
: j03 Zys=| 0 03 -j03
: iy j02 -j03 j0.75
H_ By kron’s reduction technique
,. 0oy 402
= 2)- =j0.147
Zyt,new = J(02) 7075 =J
: ) i
=j03-———=7;0.18
Nun.:n:. JU.3 .w.o..wm J
: J(0.2)-,03 _ .
Zy2.new = Lot new = MAOVI# j0.08
g _[70147 joos
C B T j0.08  j0.18
The faultcurrentis  Z, =0
a - V,(0)  120°
102 } L= =—5.56
® - : ald) Zp+Z; jO.18 /
j025pu ] [=5.56 £-90° pu ,

The bus impedance matrix of 4 bus system with value given in puis

| 0.08 0.04 0.07
_|0.08 015 0.06 0.09
0.04 0.06 0.13 0.05
0.07 0.09 0.05 0.12

G ey -
S
~
n

o S ol PO
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3.66 Power System Analysis
. _ O _ 140°
= =6.7204 £-90°
f= 7z, jo.4ss e
LetV ¢ Vo V, &V, be the voltages at all buses
V,O=V,@-2,1=0

V= vV, 0)-2Z, w.: =0.5625 pu

vV, (h= V,0)-Z,, mx.. =1,0°-
=1-0.5806=0.4194 pu

V,(H=V,(0)- Z,L .._‘

=1 £0°-(6.7204 £90° x 0.0978 ,90°)=0.327 pu

6.7204 ~90° x 0.0864 ,90°

T

From figure

The subtract fault current delivered by genatbus—2 bus 2

1= EnVa [Sixt=joz
JXa2" Vg o
- 1£0°-0.5625
j02 1[0° pu
=2,1875 £-90° pu . E

, = Ref
3.6 Short Circuit Capacity (SCC) of a bus :

v" SCCis defined as the product ofithe magnitude of prefault bus voltage and ucﬂ
fault current. ;
¥' The size and dimension of busbars are determined by SC MVA
v Interrupting capacity of CB is also détermined by SCC.
SCC= 3 V, i, L () x 10° MVA (1)
(for bus k)

<__=.-S —» line to line voltage at bus k
I,(f) — fault current at bus k
Symmetrical 3¢ fault current in pu _
(/) inpu =9
X
<IS — prefault voltage at bus ‘k’

R - R

[

AT g TR - DTt e Y TR A R e et AR YRS

P L

thﬁﬂ_‘ns\_iﬂxﬂﬂh_ﬂﬂﬂﬁ
Fault Analysis — Balanced Faults 3.67
Base current
I nmmx_ou
" \BKY,

—r AOS_H— (f) pu * H

L (/) V0, mmx_ou
F 7 T Xe VB KY,
Sub (2) in (1)* equation, we get .

o )

V, (0) , Spx10°

-3
=3 V- x 10
SCC =3 Vi1 B,
-
<28w Vie-u*10 o3
VAE" W<_w
_»,<.ﬁna.|5umh<~h
V(0
Theq. SCC= mﬁ s, Vv, (0)=1pu
: kk
SCC = ——8§
Xii
SCC=B
Xk

_m,.&niﬁ..m.. 3.27 —

A generator connected through a 5 cycle CB to a transforms is rated as 100
MVA, 18 KV with reactances Xd'"=20%, Xd'= 25%, Xd = 110%. It is
operated on no load at rated voltage when a three phase faults occurs
between breaker and transformer then
Calculate
(a) SC current in CB
(b) the initial sym rms current in CB
(c) the maximum possible dc component of SC in the breaker
(d) the current to be interrupted by the breaker
(e) the interrupting MVA.
© Solution :

J ) < 10
Base current 1y = MV A x 1000 = 100 x 1000
JIKv, NPT
= 1207 A

-

§
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370 Power System Analysis
Step 2 : )
@ ®
{ 1 2
| e Zyuy =) 1015 jOIS
jo.1s 2Lioas (024
i U
= =Zy+Zg
=j0.15 + j0.09
=j0.24
Step 3 :
j0.15 j0.15 jo.15
=|j0.15 j024 ;024
jO.15 j0.24 {7029,
5 )
u_Nm~+..w.h
=j0.24+j0.05
Step 4 - | . . "ok
jO15 j0.15 j0.15 j0.15
7. _|J015 j024 ;024 jo24
busr = .
“1j01s jo24 jo29 j0.29
JO1S j024 ;029 {70.38;
U
=j0.29+j0.09
=j0.38

UV ¥V ¥ U O a\a_xn\o___:olm.ﬂ.\n e

3.7

Fault Analysis — Balanced Faults
Step S:

j0.15 j0.15 j0.15 j0.15 j0.15
. |j0.15 j024 j024 j024 ;024

Zow =| 70.15 j024 j029 j029 j0.29
j0.15 j024 j029 ;038 ;038
| j0.15 j0.24 - j029 j038 j0.53]

Eliminate node 5 using kron’s reduction tech

j0.1075 j0.172 j0.068 j0.0424
jO.172  j0.1313 j0.108 ;0.068
j0.068 ;0.108 ;0.1313 ;0.0821
j0.0424  j0.068 ;0.0821 ;0.1075

The fault current is

< NrE..:mt. =

.. ; |
I,= Ve @ .Ko =-;9.3023
Zy+Z;  j0.1075

=9.3023 £—90° pu
Post fault voltages at all the buses

<_ mo = <_ AOV il N—h M& AD

=1,0°-70.042 x 9.3023 »-90° = 0.6056 pu

V2=V, 0-2Z, K,
=1,0°-j0.068 x 9.3023 ,—90°=0.3686 pu

<u AO = <u ADV == Nu.p HA C:v
=1 £0°-j0.082 x 9.3023 ~-90°=0.2374 pu

VD=V (0)-Z,1®D

C=110°-7 0.1073 x 9.3023 ,—-90°=0 pu
Post fault line currents
~ Vi(NH-=V (N
lp(f) == Y
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3.74 Power System Analysis

- Actual value of H.._. =L.pu*L
=21.6969 * 1312.16
I, =2847,-90°KA 4

[ act

Repeat .ﬁ__.avnni no 28 by therenin’s theorem method. Q.n:: occurs at Bus 4)
@ Solution :

The reactance &mm_.mh_u isas -
RO ——N .
009 J005 0.9 |
j0.15 AM j0.15 538 Zy jo.15
X% =j0.38]|j 0.15 | 4
 =j0.1075
(In problem No 3.28, Z,, =0.1075)
The fault current
.(._3
L= M.5|+MM.
| o
= % = -j9.298

I4(f) =9.298 £-90° pu

Example: 3.31

For the radial network shown in fig three phase fault occurs at point F.
Determine the fault current and the line voltage at 11.8 KV bus under fault
condition. (Nov, 2006) ¢

¢ ol e e IR L B ROl e R A e s | e T e e BT e g

i - . o 4.

3.75

U ¥ ¢ »e & ¢ Cc ©

12 MVA
J0.12 pu

Fault Analysis — Balanced Faults

12 MVA (&
j0.15 pu

®  Solution :

1
D 1skv
T, 12MVA, j0.12 pu
@9 33kv g & w Z=(945+j125)Q
| %6&8 T, 3 MVA, XT2 = j0.08 pu
| 66KV _
(E))

_ Z=(0.54+004)Q
Line 2 F

Choose a base KV as 11.8 KV

'Base MVA as 12 MVA
For generator 1 )
: KVy o1 MVA, new
vﬁhn:n:._ = Uhh:na 2 . i
: Hﬁ<&.:§ EKP?QE
11.8 HJ
= 5
703 XTL TN
=.j0.15 pu
For generator 2 g
11.8 _J
B = j0.12 -_—
 Mpunew = J XT_.L Tm
= j0.12 pu
For Transformer T, .
) 11.8 12
unﬁ::m:. = ko 12 XH: mg Tuw—
= j0.12 pu
For Line 1 R
> . KV,
uA_E.:_..:. = |unm.h_._l_h Xy = MVA
base )
_ 9454 /126 _ 3
B 90.75 12
= 0.1041 + jO.1388 pu = 90.75Q .
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© Solution :

Power System Analysis

Choose a co Sscmm m m ”
J\ .h_oob J\
11KV L&Y
20 MVA :ao KV QQ_: KV S
7025 pu e
® SMVA @ SMVA @ AR
j 0.06 pu J0.06 pu
MVA, =20 MVA
, new
HA/; = 11KV
, mEw :
For Generator G1:
12
KV,
Xpunew = Xpyota X| 22| e
: KV nere MVA;, .14
BHAJ TJ
11 20
= j0.25 pu
mo_.,_,ﬂuu?_.an..ﬂ_"
11 20
X punew HQOQXﬁ:Q xﬁWg
= aomfux
x_%. ner 10T Transformer line (for 25 km length)
X . \/5
X — Mactual = KVs
punew = X X = Mva,
_ j09x25 66>
2178 T 20
= j0.1033 pu = 2178Q
For ?E»_.iuw 25 km length
_ X punew = 401033 pu
For Transformer ._m :
KV, T ]
xhxﬁz = an_a&x boid X §<>Fa§.
_Ac_v.aqs ?—<>F2§

Rl iy

L e A

o T

T e R s A

808 ARy

SRR T

e

= 175 Amps

w' i . | Ve B o -
v Vo e e ¢cec ¢ g€ ¢
| Fault Analysis — Balanced Faults 3.79
- 2
66 mi
= jO. cmx_H mu_ x*,ym
= j024 pu |
For Generator G2: -
1 : . Al |2
Mﬁﬂwﬁi = .\O.meﬁ-mg Xﬁl\&N
_, = j0.25pu
The reactance diagram becomes
—T000 —BO00
Xn X (25km) X | X
. jO24pu j0.1033pu | j0.1033pu jO24pu g
Ao 025
I j0.25pu
E, E,
; . Thevenins equivalent circuit
J0.6 pu . w j0.6 pu JO3 pu
= 1
10pu 110°pu 110°pu /
¥
V
Fault current, 1, = B
uﬁ:__
: ;
= _E = -j33pu
jo03
Ippy =33 —90° pu
-~ MVA, x 1000
_Base current, [, = b x‘ o
. . 20x10°
Q.m x 66
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382 Power System Analysis
ZyuZ -J -
. N&k Ho.ﬂ
- . = j035- ;075 = j0.175
j0.1607 ;j0.0893 ;0.125
o Zys = 700893 j0.1607 j0.125
JO.125  j0.125 j0.a75), .
-Step 5: Adding an element j 0.2 between two old buses (1) and (3)
A J .
70.1607 j0.0893 j0.125 i —j0.036
Py 70.0893 ;0.1607 L_.o.ﬁmm j0.036 :
j0.125  jO.125  jO.175: j0.05
—-j0.036 ;0.036 ;0.05 W“ﬁowmmq
ol
_ N:+NuwINN;+N«
m s 5 = j0.1607+0.175-2(, 0. _mmu +j0.2
] = j0.2857 ;
.u . Apply Kron’s reduction technique, because no new node is added.
- Here p=4
Z,Z,;
Zijnewy = Zij(old) ~ M. ~
PP
. N o 3 »
N.__Agev = |N|: id |N: 41 _ .‘-.O_ —QDQ1H .\O.Ouauﬁlhoowau "
u . =
©D 7" 2w /0.2857 L
By = Pia _ZyZg _ 10.08 (- 70.036)(0.036) :
_ (old) j0.0893 - =
| » 702857 j0.0938
_ CZuZ
N—m?ﬁ:o - N_u _ 14443 _ i0 _Mmlﬁl.\ccwmuﬁ.\.ccmV
(old) JY. =
; Zyy 702857 Pl
Zosoew) = Zasioldy - ZuZa _ 70,1607 - (j0.036)(j0.036)
e ~ j0.2857 = dadons

:

i

py g

e, Y B

U ¢ ¢ ¢ ¢ ©

| 24l = = -
Fault Analysis — Balanced Fauits 3.83
_ Nua N:: g AMODM@VAMOOMW i
Z3(new) = ZL23(old) ~ o j0.125 - 702857 = j0.1187
N..: Nau _ 2 AMO—NMV‘.\_‘OQmw —
j0.1562 j0.0938 j0.1313
2 Ll = j0.0938 j0.1562 ;0.1 187
j0.1313  j0.1187 j0.1531

Example: 3.34

The per unit bus impedance matrix for the power system in figure below, is

given by,
O. ! jo2 . 3
j0.2

j0.1
Qw8 |

0.150 0.075 0.140 0.135
|0.075 0.1875 0.090 0.0975

Ly = -
: 0.140 0.090 0.2533 0.210
0.135 0.0975 0210 0.2475

. A three-phase fault occurs at bus 4 through a fault impedance of N =j.
0.0025 pu using bus impedance matrix. Calculate the fault current, &E

voltages and line currents during the Sfault.

® Solution :

\

For a fault at bus 4 with fault impedance Z "

= j 0.0223 pu, the current is

L® = N.Hﬂmowa - E.uﬁmﬁo o0z~ P

The bus voltages during the fault are,
Vi(F) = V(0) - Zyy 1y (F) = 1.0 - (GO.BNEJH = 0.46 pu
Vo) = V5(0) = Zay L4 (F) = 1.0 - 00979 (= j4) = 0.61 pu
Vi) = V3(0) = Zyg L4 (F) = 1.0 - (j0.210)(= j4) = 0.16 pu
V4(F) = Vy4(0) = Zyy 14(F) = 1.0 - (j0.2478) (= j4) = 0.01 pu

The short circuit current's in the lines are,
1y(F) = W ,M:/_;: 2 o..:..‘.m.wd.; = LS pu
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386 Power Systern Analysis
© Solution :
. 2
The base impedance for line is (Zg) = ?_A”,.cﬂw = 1,600 Q
, 100,000
Base current (Ig) = ——— = 144.
B 75 x 400 3375A

The pu reactances on a common 100 MVA base are,

e 100
Xac1) = <0 (0-24) = 0.4 pu
. 100
xa;ﬁ-u- = amo.m.nw = 0.6 pu
100
X, = IS 16) = 0.16 pu
160
X = —— =0
tre = gog = 1P
The reactance diagram is given below,
Impedance to the point of fault is,
j0.4

jo.6
(0.4)(0.6)
X = -
\:.A+e.a + J0.16 4 j0.1 = JO.5pu
Paultcurrent I, = —— = 2|-9(° pu = (144 3375)(2]-90°
/= 703 pu = (144.3375)(2]-90° |

288.675 | -90° A
SCMVA = 3V IF) » 10 P MVA

J3(400) (288.675) (10°%) - 200MVA

R e o

W e e

© R e

e

R = T

d 0 ¢ v pddeedddese et e

Fault Analysis — Balanced Faults 3.87

Example: 3.37

The system shown in figure below shows on existing plant consisting of a
generator of 100 MVA, 30 KV with 20% sub transient reactance and a
generator of 50 MVA, 30KV with 15% sub transient reactance, connected
in parallel to a 30 KV bus bar. The 30 KV bus bar feeds a transmission line
via the circuit breaker C which is rated at 1250 MVA. A grid supply is
connected to a station bus bar through a 500 MVA, 400/30 KV transformer
with 20% reactance. Determine the reactance of a current limiting reactor
in ohm to be connected between the grid system and existing bus bar such
that the SCMVA of the breaker C does not exceed.

100 Z<>a 30KV 50 Z?S 0KV

=24% "= 15% i 500 MVA
2 400/30 KV
N vr, =20%
Solution :
; B T 30’
The base impedance for line is (Zg) = 100 =90
The pu reactances on a common 100 MVA base are,
100
X! = —(0.2 0.2
d(G1) _ooﬁ ) = 02 pu
i 100
X462y = IAo 15) = 0.3 pu
100
= —(0.2 0.
X:= 3 ocﬁ ) = 0.04 pu

The reactance diagram is given below,

DooN M._O
L[

i.!1 P> B '

jo0.2 103

Renctance to the point of fault s,
Sy 100

Xk [~
SCMVA 1250

- 0.08 pu

»
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3.90 Power System Analysis

Fault Analysis — Balanced Faults 3.91

_ Example: .w..%-

0- (=70.2)(+,0.3)

Z3(new) = = j0.06 .
o ks ’ A synchronous generator rated 500 KVA, 400 V, 0.1 pu sub transient
Zy3newy = J0.35- 10202 o.m.u_ﬁm 192 _ j0.31 . reactance is supplying a passive load of 400 KW @ 0.8 lagging pf- Calculate
h : 3
initi trical rms current for a 3¢ fault at generator terminals.
j0.16 j0.06 j0.16 i H:w -“..Enm&_gsn rical rms ¢ S ¢
Zys = j0.06 5021 j0.06 olution :

Let  KVA, = 500 KVA'
Base voltage = 400V
Load = 400 KW @ 0.8 lagging pf

j0.16 j0.06 ;031
_m.nnaﬁ?.. 3.39 -

A 34, 50 Hz generator is rated at 500 MVA, 20 KV with Xy =02 pu. It .

supplies pure resistive load of 400 MW at 20 KV. The load is connected = L 1pu, 0.81lagging pf

directly across the terminals of the generator. If all the three phases of the 0.

load are short circuit simultaneously, find the initial symmetrical rms _ | f

current in the generator in per unit on a base of 500 MVA, 20 KV, Prefault current, I, = 1 S
©  Solution : " cos10.8

Let the Base KVA = 50 MVA 10
Base KV = 20KV = 1.0|=36.87° pu
Load = Aoczﬁ @ unity E.nmmczcoma is pure resistive) Prefault voltage, V, = 400V (or) 110° pu
P = 0.8]0° pu ‘Voltage behind sub transient reactance for the generator
500 '
Terminal voltage, V_ = 20 KV Ep =V, +/jl,xd
v, = MM - = (1 + jO) + j(0.1) x (0.8 — j0.6)
= (1.06 + j0.08) pu

Prefault current, I, = _.Mma 2 m = 0. m_| pu

Ey  1.06+,0.08

Voltage behind sub transient _.nmn_mbna for the generator Initial fault current, I* =

d X, ol
Ep = V,+jl,xd" ‘= (0.8 - j10.6) pu
= 1+ j0) + j038[0° x 02 = 10.63|-85.68° pu
1+ j0.16 (or) 1.01272 [9.09° pu
Initial symmetrical rms current in the generator on a base of 500 MVA, 20 KV Base nE._.o_: Iy = 300 x 1000 = 721.7 Amps
. By 101272[9.00° . 3400
" - X = 0.2[90° ‘Initial symmetrical ?::E:m& |
- = 721.7 *10.63|-85.68" .
?. = 0.50636 |-80.9° pu i )
_ = 7672 |-85.68" Amps

|
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3.94 Power System Analysis

REVIEW QUESTIONS
PART -B

1. Two synchronous motors are connected to the bus of a large system through a
short transmission line as shown. The ratings of the various components are: Motor
each: 1MVA, 440V, 0.1p.u reactance. Line:0.05Q teactance. Large system S.C
MVA at 440V bus is 8.0. When two motors are in operation at 440V, calculate the
S.C current Amwu.:.:nn,:.u&v fed into a 3 phase fault at the motors.

2. A small generating station has a bus bar divided into three sections. Each section s
connected to a tie-bar with reactors each rated at SMVA, 0.1p.u reactance, A
generator of 8 MVA rating and 0.15 p.u reactance is connected to each section of

the bus bar. Determine the S.C capacity of the breaker if a 3 phase fault takes -

place on one of the sections of the bus bar.

3. Analternator and a synchronous motor each rated for 50 MVA, 13.2KV having
sub transient of 20% are connected through a transmission link of reactance 10%
on the base of machine ratings. The motor acts as a load of 30 MW at 0.8 p.flead
and terminal voltage 12.5 KV when a 3 phase fault takes place at the motor terminals.
Determine the sub transient current in the alternator, the motor and the fault. -

4. The per unit impedance matrix of a four bus power system shown in figure below,
J0.15  j0.075  jo.14  j0.135
Zg = J0.075 j0.1875  j0.09  ;0.0975
“ 1014 jo.09  j0.2533  jo2i1
J0.135 j0.0975 021 - j0.2475

Calculate the fault current for a solid three symmetrical fault at bus 4. Also calculate
the post fault bus voltages and line currents. .
5. Explain symmetrical fault analysis using Z-bus matrix with neat flow chart.
. . (May 2011)(Nov 2012)(May 2013)
A3¢ SMVA6.6 KV alternator with a reactance of 8% is connected to a feeder of
series impedance 0.12 +0.48 © /Km. The transformer is rated at 3 MVA 6.6kV/
33 KV and has a reactance of 5%. Determine the fault current supplied by the

generator operating under no load with a vol tage of 6.9KV, whena3¢ symmetrical
fault occurs at a point 15 Km along the feeder.

(May 2012, Nov, 2016).

R T R T Rl S s e e

U4 Y

Fault Analysis — Balanced Faults

3.95

T

10.

The bus impedance matrix of 4-bus system with values in p.u is given by,

0.15 0.08 0.04 0.07
5 _ 008 0.5 0.06 0.09
Bu=Jl 004 006 0.13 0.05
0.07 0.09 0.05 0.12

In this system generator are connected to buses 1 and 2 and their sub transient
reactances included when finding Zy . If pre-fault current is neglected, find sub
transient current in p.u in the fault for a 3-ph fault voltage as 1.p.u. If the sub

. transient reactance of generator in Bus 2 is 0.2p.u., find the sub transient fault

current mruv:m.# by generator.

- (May 2012)
A synchronous generator and motor are rated 30 MVA, 13.2 KV and both have

- sub transient reactance of 20%. The line connecting them has reactance of 10% on

the base of machine ratings. The motor is drawing 20,000 KW at 0.8 p.f leading
and terminal voltage of 12.8 KV when a symmetrical 3 phase fault occurs at the
motor terminals. Find the sub transient current in the generator, motor and fault by
using internal voltages of machines. . ~ (May 2013)(Nov 2015)

A 11 KV, 100 MVA alternators having a sub-transient reactance of 0.25 p.u is
supplying a 50 MVA motor having a sub-transient reactance of 0.2 p.uthrougha
transmission line. The line reactance is 0.05 pu on a base of 100 MVA. Motor is

]

- drawing 40 MW at 0.8 power factor leading with a terminal voltage of 10.95 KV

when a 3-phase fault occurs at the generator terminals. Calculate the total current
in the generator and motor under fault conditions. (Nov 2013)(May 2011)

The figure shows a generating station feeding a 132 KV system. Determine the
total fault current, fault level and fault current supplied by each alternator fora3 ¢
fault at the receiving end bus. The line is 200 Km long. Take a base of 100 MVA,

11 KV for LV side and 132 KV for HT side. (Nov 2013) (May 2016) .
100 MVA, 11/132KV

X=10%T,

_Sm__u.\_,wuxce W __| X=02QPhase/Km
. . —>F

50 MVA

X
X =0.2Q/Phase/Km

50 MVA, 11/132KV
X=8%T,
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