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ABSTRACT
Thevenin's method of approaclt for analyzittg electrical power circuil lrardmet.'r\ is presenled in this

paper, Two dffirent MATLAB progrorns were written to determine tha parJ-ormance of the .\.igerian Iationa.l
Electric Power Authorily {NEPAJ 33AkV tuansmission grid s1'sten. One oJ' th,' lLlTI..lB programs x,as for
Load flow study to kttow the pre- fault conditiotr whiclt is bused on Gauss-Sei,lcl method: xhile the other is

for Short Cireuit Studies which indeed made use of Tltevenin's .llethod of approath Io ;olve problenrs on a

closed circuit, Various leinds of Line-Linefaults and Line-Ground fuults \'.'r.' \imulat.'d and x'as.fottttd that

the energy released from a 3-phase fault is most enormous.

INTRODT]CTION

The purpose ofan electr ical power system
is to generate and supply electrical energy t-
consumers with rel iabi l i ty and econom)/.
Reliabi l i ty is very signif icant ir .r  system design, btrt
should not be pursued as an end in i tself  without
taking cost factors into consideration (tire cost.
especially to repair or re-construct a damaged
system as a result offault).

Security of supply, therefore. can be better
by inrproving plant design, increasing t lre spare
capacity margin and arranging alternative circuits
to supply loads. Sub=division of the system into
zones. each control led by switchgear in associat ion
with protective gear, provides f lexibi l i ty during
normal operation and ensures a r l inimum of
dislocation fol lowing a breakdown.

The greatest threat to the security of a
supply system is the short circuit ,  rvhich imposes a
sudden and sometimes r.'iolent change on system
operation. The large curr€nt which florvs,
accompanied by the local ized release of a
considerable quantity of energy can cause fire at
the fault location and meclranical danrage
throughout the system, part icularly to machine and
transformer windings. Rapid isolation of the fault
by the nearest switchgear wil l  minimize the
damage and disruptrorr caused to the system.

The risk of fault occurring in a Grid
System, however sl ight for each, is mult ipl ied by
the number of such i tems rvhich are closely
associated in an extensive system as any fault
produces repercussions throughout the netrvolk.
When the system is so large l ike this, the chance of
a  fa i r l t  occur r ing  and the  d is tu rbance i t  u ' i l l b r i r rg
are both so enormous that rvi thout equipment to
remove faults, the system wil l  become inoperable.

i n r  o l r ; l r :  , r ' : ; : . cs  iS  knor tn  as
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vol tages ant i  c i ; : - :c- : : i .  . : ; : ' -  i r ' - . ' r , r1r  rhroughout the
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thc  f en l t .  no r l  , , r .  , - ' -  r l r , -  i \ ) : c : - .  : ( )  dS  1o  l n l n i l n i ze

the  ha lm fu l  e l l ec t s  o l  sucn  c t r i r l r n_qe l i c i es .

The currcnt  t rc- l ' rJ  . r i  er : . l t r i  porvel  supply

and s-vster-n coi iaprss rn \ : tcrra i ras made th is
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- ii: jiud\ a paramount importance to the
- s po\\ er industry.

r  Qr \  r  to) i  oF IVIACHINES
.r nchronous Generators

i 'hough the a nalysis of sh ort c ircuit on a
-:<c sinchronous machine is complicated, we

.:--,rl run away from the complication because a

.- . :  . ' r rcu i t  can occur  at  any t ime not  minding
-.ieC or unloaded condition.

Since this study involves the Grid of very
--jc rnlerconnected system, the synchronous
".-hines (generators) wil l be replaced by their
-. ' 'rcsponding circuit models having voltage
^: r:nd sub-transient reactance in series with sub-
:-d'lsient reactance while the remaining passive
'' elrr ork components remain unchanged.

The circuit model of this representation is
'., ' .;strated in Fig. 2(a), while its phasor
:cpresentation is given in Fig. 2(b). The equation
:o:' the induced e.m.f [.J. Nagrath and D.P.
Kothari, 19981, is given as:

r '  t r o  -  ' r 0  t t "L n = l / " + J I " X , ,  l a

El', = 10,,, + jlo x',,t lb

* here;

E, = Voltage behind the sub-transient

reactance,

Zo = terminal voltage.

fo = machine loaded current.

f,, = alTnature resistatrce'

X) = Sub-transient reactance.

Power System Equation

Load Representation

During sub-transient period, power system
loads. other than motors are represented by the
equivalent circuit as static impedance or admittance
to ground.

For the purpose of short circuit analysis in
order to select appropriate circuit breaker to clear a
fault instantly before transient condition on a power

system, pre-fault condition of the system (i.e. pre-

fault voltages and currents) should be known. This
can be obtained from the load flow solution for the
power system; the initial value of the cut.rent for a

constant current representation is obtained fiom:

, I1p - iQtp
I  n n  = -

, t *, p

where;

P,,, and Qry 
-- the scheduled bus load

V) = tn"calculated voltage.

The current Ioo fiows from bus P to
ground, that is, to bus 0.

The magnitude and power factor angle of
Ioo remain constant.
The static admittance;

l p o = I p o  3

rvhere;

Y, = the calculated bus voltage and

Volthe ground voltage) = 0.

Therefore.
I ,."

Y p o -  
V -  

a

I'

Network Performance Equation

The Gauss- Seidel method of solution
used for the load flow equation can be applied to
describe the performance of a network during a
sub-transient period, using the bus admittance
matrix with ground as reference. The voltage
equation for bus P [as reported by Elgerd,
O.1. ,19731 is  g iven  by :

, ,  - (Pp 
-  lQo l t ,  P- l , ,  , , k+ l' P -  

- *  
-  z ' , ' " P Q ' Q

Y n  q = l

- L vLt)/!
q= p+l

. 5
where;

I
Y L p q  = Y O n L O ; L p = ;

'pp

(P_ - iO _\
The term + in equation 5

V '' p

represents the load current at bus P. For the
constanl load current representation,

P ^ - i O ^  ,  t  /  t -' p  rup=U, " l z [o9+o , l  6
. /  r , \ *  I  r - - l  \  r  r  J
I  I , ^  I
( p )

'nvhere;

@z = the Power factor angle,

' a k
and gi = ,h. angle o f v oltage rv ith respect to

the reference.
When the constant power is used to representthe
load, (Po- jQp)Lo will be constant but the bus
voltage Vo wil l  change in any i terat ion. When the
load at bus P is represented by a static adnrittance
to ground. the impressed current at the bus is zero
and therefore,

\ro - ie)ro = 0
, p

For a sub-transient analysis in short circuit studies,
the parameters of equation (5) must be modified to
include the effect of the equivalent element
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method from:

, . . - P * i - i Q * i
t k i  - -

, . *vki
where;

required to represent synchronous induction and
loads. The line pararneters YLoo must be modified
for the new elements and additional line parameter
must be calculated for each new network element.

METHOD OF SOT,UTION

Preliminary Calculations

It had been mentioned earlier that for
shofi circuit studies, it is necessary to have the
knowledge of pre-fault voltages and currents.
These pre-fault conditions can be obtained from the
result of load flow solution by Gauss-Seidel
iteration method using Ygu5, the flowchart of
which is illustrated in Fig.5.

The pre-fault machine currents are
calculated from load flow bv Gauss-Seidel iterative

is nearly equal to the larger component, which is

the fault current. Again, a fault can occur at any

time and there is no way of predicting the loading
condition ofthe system at the instant offault.

EQUATION FOR SHORT CIRCUIT STUDIES

It has to be reiterated once again
before proceeding on short circuit computation that
the admittance bus matrix forrned and used in load
flow has to be inverted to obtain the impedance bus
matrix for easy computation. Building the Z6ug
algorithm is of paramount importance in the
calculation process. The best method employed for
digital calculation is a step-b1'-step programrnable
technique, which proceeds branch by branch. It has
the advantage that any modification of the network
does not require complete rebui lding of Zsu5. I t  is
described in terms of nodifyng an exist ing bus

impedance matrix desrgnated as ,2ru, i . . . , , .  The new

modif ied matrix is designated as ,7-  ̂, ,1,, . , , .  This is

described as fol lous:

Zh = branch impedunce

u 3 t i i t , ! t -  P 3 4 . . \ l

In the process oi ad,irng a nes bus to
the  i i ke ly  modt t l ca l tons  are
(i) Additron tr i  Trce Branch Z. t iorn a

an old one,

Nerv Bus k
to Referen.'e

(ir) Additron ci T:ec Branch Z ;ronr a New Bus k
to OId tsus r

( i i i )  Add i t ron  o i  a  l : : i ,  Z . -  L rc tueen an  Old  Bus  3
and Rcl 'erencc

(iv) Addit ion oi L:: i  Z'  bt ' l* !-cn t$'o Old Busses i
and .y.

t _  I
(v) Modif icat ion ci Ll " .  I  lor changes in

Netu'ork.
The ei ie'- t  of i : l  above is that Zsu5

d inrens ion  goes  up  r ' .  onc .  r  l r l  above u  i l l  fo rm a
new loop *i thoui alTcr' l in! !hc- Zs'.s drmension. For
( i i i ) ,  ( i v )  and ( r  ) .  lhe  Zs15 remarns  unat fec ted  a t  a l l .
To kno* more about this technrque. read more
about the effect. [B.R. Gupta. 19931 and [Nagrath
and Kothar i .  l99E l .

Calculat ion of Line Current

As mentioned earl ier. the aim of a short circuit
study is to determine fault current, bus voltages and
line currents under fault  condit ions. The l ine
curents can be calculated from the values of bus
voltages deterrr ined in section 2.4,3. From Fig. 4,
the current in the l inejoining i th and kth buses is
given by:

, , n  r t f i
l / .  -  v .

, i l I k1 . ,  = -  1 0tK zf
D

;  i  = 1 , 2 , . . . . . , m .  8

P^ and Qa = the scheduled or calculated

machine real and reactive terminai powers.

Vi = th" last iteration voltage.

m = the number of machines in the system

The network is then modified to
correspond to the desired representation for short
circuit studies. Being a linear network of several
voltage sollrces, further calculation can be
computed by application of Thevenin's theorenr.

Thevenin's Theorem

This is a powerful method of solution for a
large network. The model representation of the
Thevenrn's equivalent of the system is shown in
Fig. 3(a). The circuit in Fig.3 (a) can be replaced
by the one in Fig.3(b) if a ground fault is assumed
through Z'. Therefore, fault current can be
immediately written as:

- . 0
' f  -  Y "  c )!" =---;-------- 

t

.jXy11 + Zr
This is a very fast method for computing short
circuit fault current.

Consideration of Pre-Fault Load Current

If the magnitude of fault current is
small, the pre-fault current can be superimposed on
the fault current in order to know its effect. But in
this instance, it is not necessary because the
resulted fault current is satisfactorily large enough
(i.e. Iarger than the specified l0 -20 p.u changes
caused in current by short circuit).

Moreover, the load currents and fault
current are nearly in quadrant and their phasor sum
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r ' € -

rt - rhe sequence, n = 0rlr2,

/-i = nth sequence current from ith bus to

kth bus.

J'" = nth sequence voltage at ith bus.

i ." = nttl sequence voltage at kth bus.

Z.' = n th sequence impedance of branch

. r-cc::ng ith and kth buses.

s.l,rcrce Component for Short Circuit Studies
)*^ io lhe effect of large changes (between 10 -20
: - rrought about by short circuit fault, a pre-fault
.--.: current is very negligible compared to the
'r- t current. It can be assumed that all pre-fault
\s voltages are lp.u; [8.R. Gupta, 1993].
-'<:c'fore, 

the sequence quantities can be
:c er.t'sented as fol lows:
t '  -  l z  l ri '.. = -lLo-t,u"ll 

o-t,u, I la

f 
' .-..,, = Eor, -lZr-uurll 

,-r,,, l  lb

I ,-u,, = -lZr-u,"llr-r,,
r,r here;

l 1 c

I'. -,., = zero sequence btrs voltage vector (nxl),

rcneral entry lt [ .

I',-^,, = positive sequence bus voltage vector

t t Irnr r r ,  general enlfy y k .

! ' : -ru, = negative s€quence voltage vector (nx l) ,

,  t t Z
: e n e r a l e n l f y y k .

I.- br, = zero sequence bus current vector (nxl),

ieneral entry If.

1,.-ur, = positive

rn*l), general entry

I r'-hu, = negative

1nx I), general entry

Zo-o^l= zero sequence bus impedance matrix

rn"n), general entry Zlo.

Zr..*.,1= positive sequence bus irnpedance matrix

r n,n), general entry Zlo .

z l
/ ._0,,1= negative sequence bus impedance

n':atrix (nxn), general entry Zlo.

\\ ;rere superscripts on each of the symbols V: ,Ito

e:r,C Z,'o indicates the sequence while the

:ubscriuts indicates bus number.

Symmetrical and Unsymmetrical Fault Equations

The equation for fault analysis can be
developed using Equations (1 I ) with the
assumption that network is terminated at the faulted
bus (bus k).

Three-Phase Fault

The negative sequence and zero sequence
quantities are abserrt in a three-phase fault (because
both of them are equal to zero). Also all currents

except the current at the faulted bus (/j ) are zero.

Llence we have;
v t - F - 7 1  f t  1 2, k  - "  p k k t k ,

l f  Zlis the fault impedance, then;

_ r E
I ; . = _ .  1 3

"  7 t  t 7u k k  '  u  f

The effect ofthe fault on other busses linked to the
faulted bus can be obtained as:

f , r l
vJ=n-z l , r l=El t -  . " ik  I  vt  t K K  |  , l  _ r ^ l

|  ' k k - ' J  J
(For  i :  1 ,2,  - ' - - * - - "  ,  n) ,
The surnmary of the flowchart for 3-phase fault is
shown on Fig.6.

Single Line-To-Ground Fault

For a single line to earth fault, all
sequence currents of other buses other than faulted
bus are zero. AIso the sequence currents on the
faulted bus are equal and the sum of the sequence
voltages is giverr as:

n t . ) l
Vi + t r ;  + Vi  =32 r l i  15

K K K J K

Combining the above explanation with equations
(2.1 1)  and (2.15)  u,e have:

r l

K zlo * zruo + zlo +3zy
The sequence voltages at all other busses linked to
the faulted bus can be given as: 

^
, , 0 _ , o r o _ 7 0 r l  -  

- z i * E
v i  = - L i k r k = . i k , k =  

_ 0.OO+ Z\OO+ Zf , , r+32y

17a

zfo+z)l ** r too+zf ;o+zzy

sequence

ri
sequence

ri.

bus current vector

bus current vector

l 6

V}
I

a
I / ., i

t.
=E-z l . r :  =E ltKK  

L

32 r -Z ! .
J I K

t

1
zf;o + ztoo+ z2*

17b
,,

-2 ,2 02 ,7 
- zi*E

= - " i k , k = - " i k , k  =  
_ 0214 + Z\OO + Z2OO + 32 y
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(For i= 1,2, . ..--.--. , n).

The summary of the flowchart for single line-to-
ground fault is shown on Fig.7.

Line-To-Line Fault

For a line * to - line fault, all sequence currents at
busses other than the faulted bus are zero. Also, on
the faulted bus, the zero sequence quantities are
zero. Therefore,

l ' ,  1
Yi=Yf + I 'ozy -
After few manipulations we have:

, l E
t k =  

1  
-  

n  
- .  1 2-  Z i*+ Z"*+ Zy

The positive and negative sequence voltages at
busses linked to the faulted bus are given as:

f - t  o 2 , z ^  . 1 1
l J  =E-z ! , t !  =E l ' kk : ' kk : - ' J  

- ' i k  
I .' t  ' i k ' k  - l  

, l  , o Z . v ^  |
L "kk-  okk-  "J  J

20a

- .) -) -.) -1 -1 z1*E
vf = -zikri = zit ri = J-3--- .

Z*+Z ' *+Zy
20b

The summary of the flowchart for Line - To - Line
Fault is shown on F'ig.8.

Double Line-To-Ground Fault

For a double line - to - ground fault, all
sequence currents at busses other than the faulted
bus are zero. Also the sum ofthe sequence currents
on the faulted bus is equal to zero.
Moreover, p ositive s equence voltage a nd negative
sequence voltage at the faulted bus are equal and
lastly,

'f -''1,=uf;27 21

v]=vf =t
**+tzy

zk z2*+zf*+vy* z2kkz!*+vy
a a

'Let z3'

t  /  t  n  \  t (  a  \
z kklz't * + zi* + tz y )+ 

zi*\zk + 32 y )= 
t.

Hence,

l r  =@L + zou +32,)y^ .24a

ri =-E(zL$zrx
nry2  /

I? = -DLa,/. z4cr &  -  
/ L

The sequence voltages et the buses linked to the
faulted bus are given as:

v! = -z!rQ =o?rttr/ 25a.

,| =, - rlr,'r- 
t{^ - +(*"ttr. tt rV

't 1 ', '' "'',? =-1pi = **i{-ttff% z5c
( f o r i =  1 , 2 ,  . . . . . . . .  . , n ) .

The summary of the flosclnrr fq Double Line - To -

Ground fauh is $own ot Fig9.

COMPARISO!\ OF SHGLE LINE.TO.
GROUITD FAULT AI{II }PHASE FAULT
CURREI\TS

This cornpenpn is nccessary because of
the earlier statemcnt in lhis research study that
single line - to - grormd hult is more severe than
that of 3 - phasc fauh rfthe fault is located very
close to the terminel of e solidly grounded
generator.

The fault impcdencc can be assumed to be
zero becausc of thc enorrnous effect of the fault
curr€nt. In addition. if the impcdancesZrZzandZo
are assumed to be pue reactuces (X1,X2 and )h),
then, for a 3 - phase fault,

, E! ^  = -  26 .
" jx,t

and that of single line - to - ground fault is given
as:

, 3 8 ,,1

" jxt+ iX2+ iXg
The three practical possibilities are as follows:
(i) Fault at the terminals of neutral solidly

grounded generator, (for generator

Xo << X), and it is assumed that

X, = X, for sub-transient condition which

is the case for the short circuit studies. At

34
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kk

i 8
24b

Combining all the above explanations with
equations (2. 1 I ) and (2.2 1), we have:

I

.1 E -vi
Ii = -;" 22a.

'lck

, r2 v l
, z  ' k  ' k
tb =-- ; -  22b.

, "  r y a  _ Lokk 
"kk

,r0 ,r l
,o  ' k  ' k
r r. =--;-- 22c-

zk zl*+3zy
As a result of the validity of the above explanations
and equations, we have:
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frs insance single line - to - ground fault is
drc severe than a 3 - phase fault.
If r generator is grounded through a
ic.ctrnce Xn, this does not have any effect
an e 3 - phase fault current, but a single line
- to - ground fault will have a fault current:

, 3 E,o=ff i

Figure 1: Line Diagram of Existing National 330kv Network.

To this end the relative severity of 3 - phase
fault and single line - t0 - ground fault
will depend on the value of Xn.

(iii) For a fault on a transmission line (which is

the case study) Xo >> Xl so that for a

ftult on a line sufficiently far away from the
generator terminals, 3 - phase fault current
is more than single line - to - ground fault
current.

IKEJA-WEST
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E;

FlG.2a CIRCUIT MOOEL FOR
LOADEDI'ACHIN.

Figure l: Circult Model for Loaded Machine

FIG,2b PMSOR DIAGMM FOR LOADED MACHINE.

FlG.3a CIRCUIT FOR COMPUTING SUB-TRANSTENT FAULT CURRENTFIG 3b CIRCUTT FOIR COr|rymt{G FruLT

Figure 2: Phasor Dlagram for Loaded Machine

Figure 3: nTH Sequence Component Current in the Line Joining lth erd Ktl Blrcr

I
Yr'

t

I
+

vi
i
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Set mu. Y'  = l6Y:

Flgure 4: Flow Chart for Load Flow Soludon: Gauss-Seidel Iteretlve Methods.
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e'o6,*t ' lv r lr*,  * dj.

f l.-,, = l/.1,*,, , tin dj.

Rcphcc @!r)1* 0r1*.y Rcpt& Q|6, O"(,tr.r Rqtec v; 
byvir*t

vofhrc cqurim fa bu p /i*t = 
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- 
"tn 

-yi
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rcrrage ltv;l> ty
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AdYme bus 6uril p = p+l

PQ or PV bus
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Specify k i,e Faulted Bus i

--99bc:!rl-
___t -______-7

.  PRTNT t . . t ! . t . , l r .  i. - - - _ | -
_t, ,___ r

,  S .a& l scoun t i =1  I

SetE=1100 and Zr=0

SpecifykieFaultedBus

p1n6 1| using

t t L
rL =--:-'" 

zi1, +Z 7

S b t  E = l z 0 o  a n d

Set Bus count i = 1

PRrNT 4r,42,40.v",v;,v"'

Advance Bus count by 1 .

Figure 5: Flow Chart For 3-Phase
(Symmetrical) Fault.

Figure 6: Flow Chert for Sirgle-Line-To-
Ground Unsymmetricel Feult.
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Fonnulate & Store z|r,,

E  - l l o "  6nd  Z  r  =O

Specify k i.e. Faulted Bus

Sel BUB count i = 1

'  l z,,' = tL
Z r 1 1  + 2 2 p 7 + Z y

v. '=-- tE--'  z L + z ! * + 2 1

for  i  = 1,2,  . . . . . . . . . . , . . ,  n.

PRINT v,t ,v,2,v,o
% . v o , % '

Advanco Bus6untby 1

ttst 7: Flow Chart for Line-To-Line
Unsymmetrical f,'eult

Figure 8: Flow Chart for Double Line-To-
Ground Unrymmetrical Fault
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Trble 1; Trrnsmlsslon Line Deta on 330kv, 100mvr Base (All values are in per unit)

LINE SENDING END RECEIVING END SERIES
NO. BUS BUS rMpEDAlleE

SHUNT SERIES
ADMITTANCE ADMITTANCE

Bt2 Bt2
I KAINJI
2 JEBBA (G.S)
3 SHIRORO
4 SHIRORO
5 EGBIN
6 EGBIN
7 IKEJA-WEST
8 IKEJA.WEST
9 AFAM0V)
IO SAPELE
I I AJAOKUTA
12 JEBBA (T.S)
13 KAINJI
14 KADUNA
I5 KADUNA
16 JOS
t7 osocBo
r8 osocBo
19 OsocBo
20 IBADAN
21 SAPELE
22 DELTA0V)
23 DELTA (rV)
24 ONITSHA
25 ONITSHA
26 BENIN

JEBBA (T.S)
JEBBA (T.S)
JEBBA (T.S)
KADUNA
IKEJA-WEST
AJA
AKANGBA
BENIN
ALAOJI
BENIN
BENIN
osocBo
BIRNIN.KEBBI
KANO
JOS
GOMBE
IBADAN
IKEJA-WEST
BENIN
IKEJA-WEST
ALADJA
ALADJA
BBNIN
ALAOJI
NEW-HAVEN
ONITSHA

0.0r l3 0.0000 0.3363
0.001I 0.0000 0.0332
0.0339 0.0000 r.4129
0.0132 0.0000 a3944
0.0086 0.0000 0.2574
0.0019 0.0000 0.0581
0.0027 0.0000 0-0707
0.0390 0.0000 r.1624
0.0035 0.0000 0.1038
0.0070 0.0000 0.2076
0.0271 0.0000 0.8@5
0.0154 0.0000 a.9252
0.09t6 0.0000 0.6089
0.0680 0.0000 0.4518
0.0582 0.0000 0.3E70
0.0783 0.0000 0.5205
0.03s2 0.0000 0.23t7
0.0695 0.0000 0.4616
0.0742 0.0000 0.4930
0.0405 0.0m0 0.2691
0.01E6 0.0000 0-1237
0.0089 0.00m 0.05t9
0.0316 0.0qn o.2to2
0.0408 0.00m 0.27t I
0.0284 0.0u) 0.ltt6
0.0405 o.fixp o-?sgl

l1.5438 86.9632
81.9672 901.6393
3.5162 29.0733
9.597s 74.s2r5
14.6335 n4.4073
81.081 l  513.5135
53.6913 362.4161
3.2967 2s.2099
40.0000 280.0000
1E.0687 140.5340
4.6875 36.2950
8.693r 63.7496
t.4287 10.7267
t.9t29 14.4527
2.234t 16.8865
1.6669 r2.s500
3.7268 27.9115
t.8719 14.1407
1.7667 13.2414
3.2347 24.2601
7.0980 52.8094
1.2623 tt2.3454
4.1330 31.0962
3.r881 24.0878
4.6285 34.5920
3.2347 24.2601

0.0015
0.000r
0.0041
0.0017
0.0011
0.0003
0.0004
0.0051
0.0005
0.0009
0.0035
0.0021
0.0122
0.0090
0.0077
0.0104
0.0047
0.0092
0.0099
0.0054
0.0025
0.000r
0.0042
0,0054
0.0038
0.0054

Table 2: Voltage-Controlled Bus Data

BUSNO. BUSNAME QG
SLACKBUS

QD QMrN QMAX VSP

I
2
3
4
5
6

KAINJI
JEBBA
SHIRORO
SAPELE
DELTA (rV)
AFAM (rV)
EGBIN

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

0.0000
0.2400
0.r800
0.0000
0.3700
0.0000
0.0000

-2.7900
-3.2300
-2.0000
-4.6700
-3.4300
-3.6700
-5.8200

z79q)
3.8m
2.0000
1.670'J
3.4300
3.6700
5.t200

r.0500
r.0000
r.0000
t.0000
r.0000
1.0000
1.0000

40



. .' --€ A A Yusuft and C.O.A. Awsope/LAUIEeH Jownal of Engineertng and Technology 3(1) 2005: i0 - 17

- 
rbk .1: Load Bus Data

iJl-'S NAI\48 ACTT\E REACTTVE
POWER (PG) POWER (QG)

3iR\T\-KEBBI

i. tstsA (T.S)

r \i)U),,iA

r.-{\O

r fJS

i;O\{BE
r]SOGBO

IB. \DAN

;KEJA-WEST

.{JAOKUTA

BENIN

ONITSHA

ALADJA

-\LAOJI

NEW-HAVEN

AKANGBA

AJA

POWER
ANGLE

POWER CURRENT
FLOW

fable 4: Output Result of Load Flow (in p.u.).

VOLTACE

ground fault). The summarized result of t he pre-
fault condition or load flow study is presented in
Table 4; the system data employed in both the load
flow calculation and short circuit calculation are
presented in Tables 1 , 2,3 , 6, 7, and 8; while the
summarized result of the fault analysis or short
circuit calculation is as presented in Table 5. It
could be seen that 3-phase fault generates the
greatest fault current except in some cases as
mentioned earlier in section 2.5 of this research
paper.

CONCLUSION

As could be seen from the result of this research
work and for the reason that the system data used
were sourced from National Electric Power
Authority [NEPA], and with this result complying
with both theoretical and practical norms, it can be
concluded that 3-phase fault generates the greatest
fault current and that the protective device capacity
should be based on it.

Table 5: Summary of short circuit studies
result.

Fault Current Result (in actual value).
Base Curent : 174.9546/q
Base MVA : 100,000,000VA.
Base Voltage : 330,000V.

TYPE OF FAULT.

BUS NO. 3 - PHASE SLG. LL. DI,G.
I
2
J

A

5
6
7
8
o

l 0
l l
t 2
l 3
l 4
1 5
1 6
l 7
i 8
1 9
20
1 1

22
z5
,|A

-0.724Q
-0.3900
- l  ,6 i  00
-2.0400
-0.9800
-r .5300
-l.5600
-1.8000
-5.1 500
0.0000
-2.4000
- I .0200
- l .5600
-2.1600
-1 . r000
-3.0750

0.0000

-0.4300
-0.1 800
-0.8200
-0.8000
-0.3460
- l .0800
-0.8800
-0.9300
-2.2900

0.0000
- 1.1 200
-0.4400
-0.8500
- r .0400
-0. I 800
-1.5400

0.0000

5

I

RESULTAND DISCUSSION

The knowledge ofpre-fault voltages and currents is
being used in calculating the fault currents for
different types offault condition. (i.e, 3-phase fault,
single line-to-ground fault and double line-to-

I 13 15 r92r5 19495
4201 9784 t0127
6245 9759 9814
8341 12577 t2572
4619 7613 7653
1384 2260 2239
12909 21440 21690
1080 l91l  1934
4916 8646 881 I
2801 5130 5213
934 1780 1793
841 1585 1607
601 l02t  1016
4154 7742 7907
14060 2s007 2ss30
9618 18647 t9143
2864 4961 50s2
10071 17822 18175
1820 32t4 3270
42s8 7697 7830
1080 2009 2020
t134 2162 2199

1 1945 21795 22307
10663 18466 18804

1.0500
r.0000
r.0000
r.0000
L0000
1.0000
1.0000
1 .13 t2
1.007r
1.0167
0.9950
I  .0801
1.0670
t.0225
r,0044
0.9911
t .a4 t7
1 .0 r  89
1.0343
0.9970
1.0002
L0359
0.9865
1.0001

0.0000
-0,4063
-8.1 I  56
13.1979
14.1877
18.3091
2.0216
-3.8483
-0.6080
-13.0214
-20.9513
-2t.4270
-2't,4478
-0.5695
-2.2980
-0.1259

10.4500
10.6285
12.0094
13.3389
17.2945
10.2950
-0.5490

2.0226

2.4783
7.2494
3.70s4
7 .0151
3.7006
4.4074
4.3't69
0.8386
0.4248
1.8067
2.1912
1.0393
t.8727
1.7922
2.026s
5.6465
0.0017
1  .1055
0.43 l6
t .7 i2 l
2.3882
l . l l 3 4
3.4302
0.0157

2.3603
7.2494
3.7054
7 .0151
3;7006
4.4074
4.3769
0.'t413
0.421 8
|. '7770
2.2022
0.9622
1.75s2
1.7528
2.0175
5.6970
0.0016
1 ,0850
0.4173
1.777 5
2.3878
1.0748
3.4173
0 .01s7

22278
1  1598
1  1843
15466
8738
2312
25107
2r52
9987
5835
1935
l 7 8 l
1063
8954
29036
21857
5729
20628
3688
8808
2t78
2455
2s452
21324

. U

il

l !

l - i

I t

i -s
t 6
t 7
l 8
l o

:0
l l

22
j - t

1 A
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Tabte 6: Overhead Lines Parameters

NO. OVERHEAD LINE z( tKNt) B( i KM)
I :lotv 2 x 35omm2 (BISoN)

SINCLE CIRCUIT 0.0428 + j0.3219 3.6074
2 llotv 2x35ommz (BISoN)

DOUBLE CIRCUIT 0.0394 + j0.303 3 . 8 1 2

Table 7: National Grid Machines Parameters.

Databank ofnational electric power authority, national control center osogbo.

NO,

OF

rwc

STATIONS LiNIT NOM MAX. NOM NOM GEn".

APPARENT ACTTVE POWER RATING

POWER POWER FACTOR

NOM

VOLT.

RATNG REACTANCES PER

5-6

7-10
t  I  t t

l -6

t 4

t 4

15-20

I  3 -18

l-4

145

85

r 15

l l 0

276.9

t20

80

100

88

22t .2

0.95

0.94

0.95

0.85

0.8s

0.9

0.8

0.85

0.8

0.9

MVA

126

85

105.26

103.5

176.5

133.97

l l 0

l ] 3 . 8

89

245.8

KV

l 6

l 6

l 6

l 6

l 6

15 .75

10.5

I  i . 5

i  0 . 5

MVA MW Rsohms Xd

0.0061 0.85

0.76

0.0095 0.78

0.00E 0.69

0.024PU 0.8

2.4

2 . 1 7

I  .91

2 . t 7

Xq X'd X'd

0.55 0.30 0.22

0.43 0.27 0.18

0.44 0.25 0.1 5

0.48 0.3 0.26

0,49 0.3 0.2

1 .54  0 .z ts  0 .16

t.92 0.21 0.1333

1.835 0.319 4.226

1.92 0.21 0.t54

2 0,308 
' 

0.2?6

2 KAINJI HYDRO

4 KAINJI HYDRO

2 KAINJIHYDRO

6 JEBBAHYDRO

4 SHIRORO HYDRO

6 SAPELESTEAM

4 SAPELE G.Ts.

6 DELTA (lV) G-Ts.

6 AFAM (IV) G.Ts.

6 EOBIN STEAM

I 19 96.5

176.5 150.0055

t36.7 t?n.s73

l l 0  7 5

133.75 113.6875

16 0.m4PL' 2

Table 8: Generators transformers data ref. System impedance diegrems ln9l80 m. 39761.
STATION RATED MVA XH-L% XoH-L% RATIO TAPPINC RANGE

KAINJI5-6
K AINJI 7.10
KAINJI  I1- I2
JEBBA
SHIRORO I
SHIRORO 2
SHIRORO 3
SHIRORO4
SAPELE G.T
SAPELE S.T
DELTA 0V)
AFAM 0V)
EGBIN

2x145
2x 184
2  x  I  1 5
6 x l 1 9

200
200
200
200

2 x168.5
6 x  1 4 0
4 x 2 0 0

3 x 168.5
6  x 2 7 A

l6i3l0
l6i  330
l6i  330
l6/330

15.2/330
15.2/330
15.2/330
15.2/330
10.5r330
t5.75t330
r r .5/330
10.5/330
16t330

1-5 - ' i  ,590 - 2.594

l -1 -7 .5o/o - 3 .5oto

l - 5  - 7 . 5 o / o - 2 5 9 / o

t -6  -4 .5  -  2 .5

l-5 ,7o/o - 2.5o/o

l-5 '7o/o - 2.5o/o

| -5 .1t/o - 2.5o/o

l-5 -7"/o - 2.59'o

14 -5o/o - 2.5Yo

l4 +5o/o - 2.5%

l-5 +5o/o - 5Yo

1-1 *5o/o - 2.5oh

l-5 +5o/o - Soto

1 2
t a
t 4

t 2
10.62
12.85
1 3 , 1 1
t2.9
13.09

13
14.6
7.84
l3

10.22

r 0.8
t 2

10.8
i 0
'F

*

*.

I J

1 1 . 6
'r

t 3
10.22
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