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Abstract

The fault analysis of
co ordinates method hQ@’
technique is also applied

simultaneous faults.
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1. Introduction

The fault analysis of power s
conditions is made in terms
Using the system representatic&‘
given'[1,2,11], the generalized
fault_conditiona can be widely u,f
!
An example previously presont9§ in

i

considering the vector group q{p
Analysis of some unbalan
simultaneous fault and other
Power Network is carried éﬁf_
co ordinates method. i(”
£

Example 1

The following simple GKEMBQQ ??

20 :jOQQB
2 ) 2,2:J 0.04
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ETI

The system shown schemat
motor load, star=-delta t
system. The impedances r
components zero, positive ar

The sample system shown in i

Fig. (2) to illustrate ;ﬁ?y{
3 ]!.

ST

i

The admittance matrices [1]

From the sequence impe !

can be found from the relati
. . : h Ei
Yphase = 173 T#ﬁﬂ ;w;%
Where s
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Fig. (2) Schematic representation o£q 
busbar numbering sequence and ad

elements.
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From Fig. (2) the admittance m
SRR
equation: ;
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where
YO(IM) is the lﬂ:‘l‘
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i

Solutions are obtained for the ak

of star=delta transformers: Ydl, Yd:
)
In Appendix 1 the admittance and:

star-delta transformers are plotted.

The following results are obtain

1. All diagonal elements are the
groups the short circuit
three=phase short circuit a@glf

2. The elements of submatrices ;.:

1.2 3

4. 5.6
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Example 2 i - ‘

The following example represents a p
(saouf Thermal Power Station).

The system is shown schematicallg
4=Generators, = 8 Transformers, and one cal

for generators). i |

Source impedance Z_ is a measure of ‘the 1
and defined as:

MVAB.C

(KV)b

The values of MVA-c for 1=ph and 3
are taken from Enginmingi Power Sy

MVAS ¢ 1_phz 1169 66KV
MVA, 3.ph=1469 Abis S'S.

Cable
L6 R
3x300 mm‘Cu
2:0.0613+ j0.09%2 0/ Km

202054+ j0.46 N/ Km () 50MVA

S wan
T\. 'z;b;,rgi‘ﬂaa 8

ot il | NERS |
Rpzitlon ]
2x35 MVA ()
13¢/, G3 ) G4

Fig. (6) Part of Ale
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Table (1) il

element

Source impedance at Abis
" " at Siouf gas

Cable

Transformer T1, T2

Generator G1, G2

Generator G3, G4

Transformer TG1,TG2

Transformer TG3, TGk

Reactor 'R1
Reactor R2 N
= .L
=
il
- {8
[ R om I = i
: A
I Y ‘
-
e
- e
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lj.

Fig. (7) shows numbering P ork of
3=-phase, 18=Busbar. The - unit 33 KV

at Siuf thermal p.s system

Fig. (8) represefts struct
values of prefault voltages :

are represented impedance sourc ' 56 kv
respectively.

il
Computer Program and Relulf"]y

A computer program has been wri cuit
currents levels at all nodes. fc d at
specified nodes simultanegu:

The nodal admittance matrix
inverse of Y is computed in .

i
Fault levels calculations ar d in
section 2, [11]. The computer The
results are given as follows
Fig. (9) represents the v
at the nodes.

Fig. (10) Example 2 (Siouf
faults condition (3=phase
phase to earth at node 1@1'
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Table (2) x
1 2 3 4 :
1 513710005 |- 1897113605 | 15,974 38 05 | gy 3774, 55297
g ‘1;
2 |- 18:974j3:95 151-377-j1c005 |-18.97¢j IS -£|18-97 ;33 ot |-51.377%)
3 -16.97 ¢ ;3805|1897 4138 05{51.377- foo 05| 1897 - 33 &l |
4 5137747485518 87-j33.601 |15.97 433 80! [ 51377/ 64523149
5 |/8.9733.801 |-5/.377474 554 18 7., 33.801 |- 15.97,, 3305151 3]
© |18:97-j33-80118.27 -j33.801|-51377,, 7 341897 ) 3303115
7 o +j56l |0
8 0
9 0-y56!
10
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Table(?2) continue

N 12

13

14

El-Is

15 16

a-,I7

07557

0-j#557

04j

o411 a-ji1?

04j7557|0-;#557

D-rjI?

o-J“I-Sf?

or) 7597 0 -

0-417-44 |0-jI7. 4y

0-j13-88 |0-ji7-94

0-jird 0-j 73.33

0-j19-495

orj4357| orj4-337

04357

o0-j 15.495 |0

4357

a,jo{»if’

0rj4357 |0

19495

e




Appl

Table
s

(3.)
3

4

2

6

7

ication Of Phase CG Ordinates Reference Frame

S

605

10

11

12

13

14

15

16

17

18

19

<0024)32F |.00/3 gj0aul |.e0igsj-00vs |--00324) 02T | .0c174]0 |--0027+ )0 --0001+j-0043 [0} 0001 - 00K3| =000 |4]00 26
w001y pjreedé |.0024):0378 |.00i94)-009é| =0027 4O [--0032¢ )02 -0027+j0 ;-oocl-j-o-'lj --000f4f 0943 o) 0-_j-uo/3
-u/ig...u 0otf4jueecé |-0024)°0318 |07, jO |--0077+j0 -.00324)0% O -000/-)-0043 |--000f4j-00v 0 - {. 0013
-c0e32¢j0271 (007446 [—o02l+ )0 006l+j:038 |-0034%j0957 |-0034+j-0057 |- 000w +)-005( o —+0004-.005( |-0003 #0903/
§ proe27+¢ 4O |--0u3l+)-021 002740 | 00341057 fooklx] +038 [-0034 40057 |--0a04 -j.005{ |-0004 +].0051 c -.00ef=}.00/S
_.0,77”'0 --1102’74-_}0 _.,.,Jpj.oﬂ 0034):0057 |-003% ¢). 005% |-0061+]-038 (] oosv-jico 51 |-00042i-0051 | —coal j.o0/S
=000 ]tf-00¢3 ~voe{-jieey3 | O 0024+ .00 5 (| - 000t i-008] o -0001(-299{ |=-00014]-268% |--00e(#/-2684|. cootsj-00 9 ;
0 —oocTej-0043| . oo {-j-00u3 O fromot #0057 | oqqur ey |- 000 ti768% 000l 2] 2921 |- ouofej 2687 O
«000{-jreeu3 0 ~rooul+f.00t3| - o0eu-j.cus; e 10004+ 005 ||000/7]-268¥ |--00014)- 2684 |- 0001 r]-292( |-weet-jioc 0
-000f+j.0026 0 ~f-00/3 | G=j-00/3 0203+ j:003{|--000/-j00/5 |--0007-/.00/5| 000 {+-00 52 o ioonisjreeiz |l @ e 0204
O‘J"OO/S -0vul #j0076 0-f-0013 ~+0ve(=-j.00!5|.0003 +)-003( -ooul-j.ool; --000f-J-0032 a&ol«j-ne?z e} (,‘.J',aosé
0-J00f3 | 0-J-00!3 |-oveltjcert [--0vel-ji00lS|--000i-j.c0!5 |-0003 +j.003l|  © —-ouef-j 0092 ooef+j-0092| 0 - j-0056
-ee00fej-002| 0-f-00 1t | 0=j:00!Y |09¢3 4j0032 |- cocf-jieald |--voul-1-00/{ |-000+J.0098 |-oeei~j0e3¥|0+ [ 0003 | O+ [005E
o-cho/a:( -'Wl'f‘j-nﬂ 0-)-004 |--0oel-j-volf -0903+ /0032 °'°°.'-j.uolg' 0+j-000f o000 #j-000f --n-bj”"/ 0-5-0029
0-j.00r¢ ;-j.oou[ -we0e[+].001] |- 000f-f-09/6 | --0001-f-00f § |-0003+ 0032 |- 0w ~j-c09L o,ﬂjuua-f -ooettj.0cds | O -j-0029
~seetrjoedy | 0= ji0oll | 0-ji00/7 |-ese3 nji00y |ssez-j-001 (--c0ez<j-evy |-0m s jiot19 0o -090/-j.0113| © +j0072
0-J00iT |--ovesj.0e33 00017 |=o022=ficor|.0o03sjioey [9007-j-002 |~ mef-j0l1S [-00elr) 0l § o 0-j-0036
o-s0ell | C-jo00l] k.--tej...ﬂ -~ose).ji0sl [-ec0l-j0s1 fooo D4 jceu o ~eoef-j-0119 |-00ulej-olls| O-)-0035
0 o] (¢} 0 0 0 0+)-265 | 0643265 | 0+j-26S 0
l
o 0 0 0 0 o 045263 | 04j.265 | Gej.265| ©

20!

Alexandria Engineering Journal

October 1989



60¢

¥. Mabrouk, M.A. EL—Iskmxdmuni'a@;

T

-
{
it
‘I“
Table(3) continue ‘ }
|
| iE
1 12 13 14 15 16 | 3l
0-j-0013 0-J-0013 --unlq-ur; ¢ ooy |0 4 ooly --000f v 0033
-.aoalf_j-oozé 0-j.00l3 0-j00t4 | ow|t)-0027| O yOOHI a!‘}\n!
1
0-_/‘00/5 -~¢onioy002:0 j ool4 o L0014 | puofr) eell] @ | ool
. e
- wof.0015 |--000/-j-001S 00031/ 0032 | woof joale | eoel-j 90/§ "i@'ﬁ
|
-0003 +/-003( |- -a00(-j.00lS |--e0el-;.001¢ |-0003 r)-0032|- ‘00e-y-00/f |~ 00
--000{ 9015 |-0003 +-003( | -.000T-j-006 |--0ve) j-00l§ ‘0003 ¢j-0032 -:»diz—é‘
! i . VV|5 ;‘
~000f-j-0092 o -000/+)-0098 |--000/-;.00% O v, 0003 ,ﬂrjr
i \.
| 0octr 0092 |-e0el-j.0od2| O 1) 0001 | 000/ 098 | oeei-jeed
|
< - L
] «000f+j 0092 |-+000fj-009% | 0 1) 000 | s00is ) woIb|-s
0-j:0658 |6-y-0056 | Ot 0056 |0-):0625 | 0-j0029
040204 0-).605§| 0 -).0029 |0r j.0a56 | 0-J-002§
0-j-0056 |0+ 0204 | 0-4.0029 |0 J-002F |0+) gos56 |
0-j:0029 | 0-j-0029 | 0+j065 [ot)-e39 |orj.0139
0+y.-0056 |0- 0029 0+4j:0139 | O+) 0§S |C +)0I3g
1
] 1
10-j-6629 |0+s:6056 | O1ji0i3g | 0410139 |0+ 065
0-j0e3% |0-j.0036 [Otjreeié |O-jec3§ |o-y003F
0+1jr00i2 [0-j0034 |0- 0038 [© 10076 |O-j003F
0740038 [0+).0072 |0 -1.0038 |0-y 0038 |0+)0eTE
.0 (0] 0 0 0
[0} 0o 7] [0] 0




examples, using nodal admitf o oup

of power transformers in poly;]
References

[1] M.A. Laughton "Analysis
method of phase co=ordi
phase Frame of referenc
PP 1163=1167.

{2] M.A. Laughtgn "Analys
method of phase co=ordir
vol. 116, No. 5, May 196¢

[3] sStag. G.W., and El=Abiac
analysis" (McGrawpHill, 1

[4] Stevenson, W.D. 'E
Graw=Hill, 1955).

[5] Fernando L. Alvaracb,
program with macros, m
group" IEEE Transacti
PAS"‘ 04, N°-5; May 1935: .

[6] F.L. Alvarado "Format
concept" IEEE trafsac
PAS 101, No. 12, pp. 45

[7] Roger M. Roberge and
incorporating phase shif
Manscript submitted se
printing April 26, 1971.

[8] M.aA. Laughton and ?
load=flow and fault ai



L]

[9] A.0.M. Saleh and M.A. Laughten "Ph
fault analysis

pregram"

vel. 2 Ne. 4
040193-08 502.00 1980 IPC Business Pre

[10] Siemens "Electrical Engineering Hafdbc
[11] F.Mabrouk, M.A. El-Iskanadani , K.Yg‘
phase ce-prdinates reference frame in

thecretical analysis, Alexandria Enc

Appendix

Admittance matceix of example ' (Ya? teoansfo

(1)

! 2 3 4 ~
1 |-14.445-1.111 -1.1;3} 0 BinTE
2 [ biaaast o k5773 | o
3 L1111 | -1.111] -14445 5.773] -5,773
o | o s[5 tanen| 3.598)3.
Y= 35 [5.773| O }5.773 13,595 | -23071
6 £5.7735.773 | ©0 !3.595 |3,595 |-23071
1 { 5o Wk g 6—'f§3‘65?"15f§§§ """
8 0 M) 0 La 595 | 13071
9 0 0 0 »3 595 |-3.595] 12
10 §€f855-né'855-';€'383l"6 eeeee o |8
Impedance matrix of example 1 (Yd3 tran
1 2 3 4 5
1 [0.13 Jo.on | o0.01] o f[0.0346]-.
2 |.0.01 |0.13 0.01 .0346 0 .
3 [0.01 [0.01 | 0.13 {0.0346(-.0346
S BT o -
2:5 5 P.03%6 | 0 -.-9346!-.9929 0171 |-,
6 |-.0346/.0346 o !-.0029|-.0029
7 [ o [-.0139 6’6?%5”6555":5:555"’
8 [.o139 | o |- m}e[ .003 |,0289 |-
9 |-.0139/0.0139| © '-.m&_ﬂ_::ggig
10 [0.03 |0.03 | 0.03% f 0 o
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<i§ V-f.

=111

~1.111,5.995 |

- 14445

=1.111 15,995 | &

-5.775

-1,111]-14445 !

3 Sie) =

91718

0] ,-23,071 3.
-5.7751 3.595 |-:

e —— t = — === =

2

3 4

0,01

5.0098 0,03

0.1299

T
;01 -“i=0

0.0347"

0.01

ettt ok bbb Lo bdd

-0.0347 0 D.077:

0.1302 |

0

00,0347

-.0347 |-,

=N. 035
L0137

0
-,0139

0.035

LSSt QRIS I SRS

(¢]

0.0138

L.0138

——————

0,0144-0

FrrewesTe

0.03 |
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Admittance matrix of example 1 (Yd9 transfo:
1 2 5 4 5 6

-14.445[-1.111 -1.111E o |[-5.775
-1.111[-14445 -1.111}5.775 0
-1 11111 | -144451-5.775 15,775 |
0 | 5.775/-5.775!-23,07| 3.595
-5.775| 0O 5.775i 3.595 |-23.07
[ 5.15]-5.715 0 13595 ) 3,505
o | o 0 113.071-3,595
o | o 0 1-3.595[13.071
G M e T

10 [16.667(16.667]16.667! 0 0 0
Impedance matrix of example 1 (Yd9 trﬂ???

¥=3

W 0O 3 O "\ s N
w
o |
-~
A%l

1 2 3 4 &
1 Jo.130 [0.010 [0.010 | 0 [-.0347
0.010 [0.130 [0.010 0.0347| o0
0.010 [0.130 |-,0347 [0.0347

[ = ——— — - — - """'—'"""-"“'1

0 +10.0347|-.0347 00772 |-.0029 |-

£ B ]
o
o
=
o

-.032%9| © o.om}-.ooze 0.c772 |-
c.0247(-,0317| 0 |-.0029|-.0029 0.0

e = — | = = e - - e 1

0 |0.0139]-.013910.029 |-.0031 |- »
0.0139 1-,0031[0.029 |-.0031 | | '
0.0139]-.0139| 0 ;-.0031|-.0031]0.029 | 1

e — =] == = =4 -—n-rev— B s (et o
¢

¥0[0.030 |0.020 [0.030 |
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