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Abstract
This work is concerned with a program to model an electrical power network ad
simulate the factors which have a bearing on the fault in the network .These factors
are
1- The amount of loading at the instant that the fault occurs.
2- Site up the fault relative to the generation station.
3- The type of fault on hand.
4- Earthing.
5- Current Limiting Reactance.
The program tries to connect its technological which depends on one step at a-
time method in formulating impedance matrix for Zg,s and symmetrical
component method in analysis unstable systems for its training activities.
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1. INTRODUCTION
1.1 Unsymmetrical Faults
Most of the faults that occur in electrical power system are unsymmetrical Faults,
these faults include malfunctioning line -to- ground fault, line -to-line fault and
double line -to- ground fault ,have any of these current faults through the
impedance  or resistance at the site of the same  faults
(Impedance or resistance point of failure).
The unsymmetrical fault occur also a result of the break fuse in one or two lines
together
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Play all kinds of faults in the loss of asymmetrical balance currents force in the
network that have already been balanced and that prior to the fault.
figure (1) represents the general situation proposal. Parties have shown public
abroad to be able to work representing the external wiring errors to be applied
before the fault, currents (la, Ib, Ic)are assumed to be equal to zero [1].
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Fig(1) three phase general access port

!

Figure (2) represents the general sequence of networks. Since the system before a
fault operating situation of imbalance therefore each of the network sequence zero,
positive and negative, they are also interdependent and currents sequence (I, 11, lp)
equal to zero and also Figure (3) refers to the thevenin's circuit, the reward for each
network of networks sequence at the site of fault [1] [2]

g ——h
+
Z
Zero 0 Vo
Sequence —
— 3 4 —>|1+
Positive V2 1 VA
Sequence —
I I
E— —a
Negative 2 vV,
Sequence _
Fig(2) General Network for sequence Fig(3) Thevenins equivalent for each

sequence in fault location

1.2 Symmetrical Components

Unbalanced Power System can be representation by using phasor diagram,
However, it is the representation of unsymmetrical, regardless of the number of
phases of the unbalanced system.

And also can not conduct analysis mathematics to such unbalanced system only
through streamlining and unbalanced attitude by applying analytical processes are
designed to dismantle the system unbalanced to balanced systems, each with a
number of phases equal to the number of phases of the original unbalanced system
and called on those systems balanced then symmetrical component or Clark
components[3] , These totals of the components are:-
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1) positive sequence components

It consists of three phases of equal magnitude and the angle are 120 between these
phases , and have the same sequence of the phases of the system of origin.
And symbolizes the positive phase sequence (voltage) reflecting V¢, Vpiand V,l.

2) Negative sequence components

It consists of three phases of equal magnitude and the angle are 120 between these
phases. but the sequence phase is Opposite of sequence to original system and
symbolizes the negative phase sequence reflecting Va2, Vpzand Ve, .

3) Zero sequence components

It consists of three phases of equal magnitude and identical in the direction has
therefore launched by naming Zero sequence components, notes that the value
phase in each sequence may vary from value phase in other sequences and
symbolized voltages for the zero sequence phases V¢ , Voo and Vg, , Three
components shown in the figure(4 ) (a,b and ¢ ),where traditionally been considered
a zero-sequence for any system(a then b then c), The turnover phase have The
opposite direction of rotation Scorpion pm

Va, Ve, Va;

VY G0 vee
Vag 0

Ve,
(©) (b) (a)
Vb,

Fig(4) three phases group which symmetrical components to the system unbalanced

When applying the analytical method to each phase for all original unbalanced
phases

Va = Val + Va2 + VaO
Vo=Vpi+t Vot Vi | ceveeennne (1)
Vc = Vcl + Vc2 + VcO

Fig(b)
phase collection of symmetrical components
to obtain the phase unbalanced
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Reference to the definition of symmetrical components, the voltage (Vy1) always
behind (Va1)by angle fixed to 120° and (Va1). Likewise (V1) before (Va1)by angle of

120°.
Therefore appropriate to use recycled factor (a), which represents vector component

, Length one and phase angle 120° Turns out that:-

V1 = aZVal Ve =aVa,
Vb2 = aVa Ve,=a’Vay | (2)
Vo = Vao Veo = Vag

From equation (1) and equation (2):-

Va = Val + Va2 + VaO
Vp=a'Va+aVep+Va | (3)
Vc = a-Val +a2 Va2 + VaO

In matrix from equation (3may be written as:-

Va 1 1 1 aO
V| =| 1 a a Voo | oo 4)
Let_ VC 1 a 3,2 VCO
1 1 1 1 1 1
2
1oa 2 then Al=13 | 1 a @ (5)
1 a a 1 a2 a
Vao 11 Val o 6)
Vo | =1/3] 1 a2 a Vi
Veo 1 a & \VA

Write equations conversion sequentially values of the phase values and vice versa
Asfollows:-[ 4] [5] [6]

— —
Vae =[A] Voo (7)

V012 = [ A ]-1 Vabc .............................. ( 8 )
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— —
With the same way ,the currents:-

T =[A].T022 oo (9)

—> 4 —>
loiz =[AT" labe oo,
1.3 Analysis of Unsymmetrical Faults by Three — Component Method

That a fault at a certain point of the power system represents by (Inter
Connection)Between networks sequence at the point of fault ,Therefore the
important thing to be determined is the exact nature of these networks connecting.
In order to achieve this, we follow the following steps in conducting the analysis:-

1- Make detailed circuit planner refers to all phases that connect with fault point,
With coding(Label) the currents ,Voltages and Impedance (fig. 6 ), to impose
thevenins impedance equivalent perspective from the site of a failure is known.

2- Writing values for the fault ( phase values for current and voltage).

3- Transfer value of phase voltage or current (a-b-c)referred to in point(2)To the
values of sequential(0 1 2)Using a matrix conversion[A] or [A]™.

4- Based on the sequence currents referred to in point(2) determined by the nature
of connect the poles networks sequence (N,F).

5- Based on the sequence voltages determined by remaining the nature of networks
connecting poles sequence, It is appropriate to add fault Impedance in this step
based on points(3 and 4).

—» THE FAULT POIMT <4—

a A F‘
b - °
c °
T Z, Zy Z; Flg(6 )
+F circuit planner in the
Ve Vb Ve U H U site of a failure(F)
I3 Ip le

Fault

The following is an analysis of unsymmetrical fault to Following five steps that have
already clarified.
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1.3.1 The Single Line - to — Ground Fault (SLG)

F
a y @
b 7y ®
c L 4
1 Fig.(7)
t o+ f circuit planner for
Va Vb Ve z H (SLG) at point (F)

la | b=0 IC:0

From the circuit planner and cases study of the terminals point ,the special
condition to the fault (SLG) are:-

Ib: c:0
Va:ZFIa ............................. ( 11)

using equation (lo12=A™ lnc) for converting the phase values of the current to the
sequential values, results:

Iaozlalzlazzlls.la .................. ( 12 )
As the

Va:ZF Ia

then

Vazng Ia]_ ..................... ( 13 )
VaotVa1+Var=3Zr 131 ceveeennnn. ( 14 )

We can deduce from the equation (12) that the networks sequence connecting
respectively in the site of fault at point(F).

- Vag + -V - Va2 +
lao o F lar la2
| o |—> | | FLI— | | 2 |—
Ino Ine Inz
Fig.(8)

Connect partial to networks sequence On the basis of current equation to the fault (SLG)
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Of the equation ( Y ¢ ) is determined to connect the remaining poles networks

equence
In addition to identifying external Impedance to be linked.

- VaO + - Val + - Va2 +
Iag Ia]_ |a2
| FO | ——p | F1 | ——p | F2 |—p
|NO |N1 |N2
3ZF lat

Fig(9) connection the networks sequence for(SLG) At a point(f)

From the final connection of the to networks sequence ,Currents sequence are
calculated of the following equation:

Ve

loo=lagr=lp= @ —mMm ... (15)
ZotZ1+7,+37Z¢

Voltages sequence are calculated according to the following:

Vao Zo 0 0 l20
Vwo| =|Eal-| O Z1 0 | P ( 1 6)
VCO 0 O 0 Zz Iaz

F
a y L 4
b
: 5 ’
T l l Fig(10)
+1 4+ circuit planner for
Ve Vb Ve bl (LL) at point F
I —
-1 l‘ la=0
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From note the circuit planner and study cases of the terminals point ,the special
condition to the fault (LL) are:-

1.=0
lb=-1lc | )
Vb—VC: Ib Z|:

Using equation (lo2=A™ luc) for converting the phase values of the current and
voltage to the sequential values, results:

lo=0 cevreeeeeeen(18)
Iaj_: 'Ia2 u..u..-.uu( 19 )
ZF Ial :Val—VaZ ............. ( 20)

Since the zero sequence current (l50) equal to zero

So the zero sequence is an open circle in this type of faults.
Equation(19)indicates that the nature of a network connecting the positive and
negative sequence are as follows :-

IaO:O

t 1 i
F1$ F2*

+ +
Val Vaz

FO

) N2
NO N1

Fig.(11)
Connect partial for networks sequence on the basis of the equation current at a point (F)

Of the equation ( 20 ) is determined to connect the remaining poles networks
sequence In addition to identifying external Impedance to be linked.
ZF

—— NN\
lao=0 T Tlal T la
Fo @ F1 @ F2 @
+ + Fig(12)
Va 2 | V2 connect the networks sequence
_ o _ N _ for(LL) At a point(f)
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Therefore, the current sequence is calculated as follows: -

Ve

= ——————————— (21)
VAR LS A

1.3.3 The Double Line to Ground Fault(LLG)

F
a y T
b 'y ®
c
i ! Fig( 13 )
+ ++ ZF| | zF o
circuit planner for
Ve Vo Ve ZFl, l ! (LLG) at point F
- ol la=0 b 1T Ic
A 4 A 4
L

From note the circuit planner and study cases of the terminals point ,the special
condition to the fault (LLG) are:-

=0 e (22)
Vb: (ZF+Zg)Ib +Zg Ic ............ ( 23 )
V= (Ze+Z)le +Zglb  veeveennenn (24)

Using equation (lo12=A™ 1anc) results from equation(22):

lao+ lax + 12 =10 eevrnnnennns (25)

Of the equation(3)write:-

Vb=Vao *aVartaVaz  eevvnnene (3)a
V=V +aVartaVaz  eevevveee (3)b

The sum of the difference between equations( 3 )a and ( 3 )b, result :-
Vb—Ve= (2=)(Va1—Va2)  eevvveeenens (26)

The sum of the difference between equations(23) and (24), result :-
Vo—=Ve=Zi(lo-1c)  cevenvecennn 27)

Equality of the equation ( 26 ) and ( 27 )With compensation for the value of the
Phase currents (I, — I¢)) with the equivalent of sequential values, result:-
Va]_ - V|: |31: Va2 - Z|: |a2 ............. (28)
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Through the equation(3)a and (3)b par with the sum of the equation (23)and (24),
result:-

VaO - ZF IaO - 3Zg IaO = Val - Z|: Ial ......... (29)
Of the equation currents sequence(25)conclude that point(N) in the sequence of all

networks
Link to the common point as shown in Figure (14 ).

t 1., 1.,
F1 @ F2 ¢

FO
+ Fig.(14)
N2 \_/az The Connect partial for networks
0 M — sequence on the basis of the

equation current

of the equation Voltages sequence (28)Concludes the positive sequence voltage a par
with negative sequence In the case connecting the external impedance(Zg) on series
with each network.

And similarly Of the equation (29) we can deduce that Requires connecting the
external impedance ( Zg+3Zy ) to The zero network sequence, as in the following
figure[4][ 7]

ZF+3Zg ZF ZF

1o T Tlal T la
1 o

Fo @ F

Vao Va N2 (Vaizria )

Fig(15)
The final connection to networks sequence of fault (LLG)at a point (F)
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2-Engineering procedures

Was an analysis of faults short circuit in networks electrical power through the
preparation of a computer program Visual Basic language

The program included a series of software subsidiary(sub routines) which:-

1-Sub routine plusl

This program work by adding a element between the new bus and old bus[[Z]old]
to form a new bus impedance matrix (modified) [[Z]new]

2-Sub routine plus2

Called program (plus2) to form a new bus impedance matrix [[Z]new] through the
addition of Branch between two old bus to the already existing bus impedance
matrix [[Z]old]

3-Sub routine (equal)

For the purpose of an analysis unsymmetrical faults in the networks electrical
power had been set up Zero, Positive& Negative Sequence Impedance[Z012]Bus

To reduce the amount of data stored in computer memory are often considered a
Positive Sequence Impedance matrix [Z1] equal to Negative Sequence Impedance
matrix [Z2] by summoning sub routine (equal)

4-Sub routine (change)

Use this program for the purpose of renumbering of Buses network in the event of a
change in numbering consistent with the conditions that must be taken into account
when forming in the Impedance matrix step-by-step manner

5-Sub routine (LLLG)

This programme has been adopted in conducting all the required calculations in the
event of network failure to contact three lines to the ground(LLLG)

6-Sub routine (LG)

This programme has been adopted in conducting all the required calculations in the
event of network failure to contact one line to the ground(LG)

7-Sub routine (LL)

This programme has been adopted in conducting all the required calculations in the
event of network failure to contact line to the line(LL)

8-Sub routine (LLG)

This programme has been adopted in conducting all the required calculations in the
event of network failure to contact two line to the ground(LLG)

The calculations required

The faults calculations (LLLG),(LL),(LG)and(LLG) include the following
1-Current at the Faults Location

2-Voltage at the Faults Location

3- Voltage at other Buses

4- fault Currents in Other Element

5-Phasors Voltage

6-Phasors Current
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Fault impadanzs Zo= 0

!

| Input the Fault tvpe, Tz |

|

| Input Mo. of buses in 2 natwork N |

No
No
Yes
Input No. of bus in terms
of high tension H-{I)and
the low tension Vi (I}
N N
Call sub soutine plesl W "W Cal sub routine plusl

Formation of a matrix Negative
sequence Impedance for the
network[Z,bus]

Formation of & matrix Zzro and Positive
saquancs Impadanes for the
natwork[Z;, bus]

Yes lCa]l sub routine/zqual)

Isthere a change .
the numbering of
network buses L

Yes I Call sub routine(change)

Call sub routine(L&)

LGy

determination the tvpe of Fault

JFanlt TF2

LLG)

Call sub routine(LLG)

{ LLIW.L-..Ca]l sub rotine(LL)
v

Basic accounts V.1 in the Fault location Voltags nods,
Currsnts branches

IE)VEVDIR20 D Ve 6 T 6

Fig ( 16 ) Flowchart of the programme
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3- CONCLUSION

After extensive study of the results of current research reached the following
conclusions:-
1- The formation of a buses impedance matrix Network [Zbus] by one step at a-time
method ,Enabled us to overcome.
* The difficulty of reversing buses admittance matrix network [Ybus]
which represents a buses impedance matrix Network[Zbus].
*The process of rebuilding [Zbus] after each modification of the network.
*The difficulty of dealing with complex networks.
*Working time and effort to conduct the analysis.
2-The technological advantages of the media carrier of the events of educational
software
can provide greater flexibility program designed to help overcome the determinants.
Which form the difficulties in subject of learning short circles of power systems as:
Size networks, the volume of data, the complexities of the solution, calculations long
and compare results.
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4 S [ 1000 ] [ 0.05 ] [ 0.05 ]

o] ) [=] (] |

Fig(Al)
Input Data screen to analyze network under the influence of Fault (SLG)

Va

P I Yo  ANGD Y1 ANGL V2 ANG2 WA ANGA VB ANGB WC ANGC

2 3 -0.11 180 0.61 0 -0.31 180 O0.12 0 082 -104 089 104

Fig(A2)
Symmetrical components based on the results of the analysis of network under the influence of Fault (SLG)
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Results

0.107 ] 0.021 | 0.064 0.079 0
0.021] 0.44 | 0.032 0.015 0
Z0| 0.064 | 0.032 | 0.198 0.047 0
0.079 ] 0.015 | 0.047 0.095 0
0 0 0 0 0.0139
0.139] 0.11 | 0.125 0.111 0.088
0.11 | 0.139 | 0.125 0.088 0.111
Z1|0.125| 0.125 | 0.175 0.1 0.1
0.111 | 0.088 0.1 0.129 0.07
0.088| 0.111 0.1 0.07 0.129
0.139| 0.11 | 0.125 0.111 0.088
0.11 | 0.139 | 0.125 0.088 0.111
Z2|0.125| 0.125 | 0.175 0.1 0.1
0.111 | 0.088 0.1 0.129 0.07
0.088| 0.111 0.1 0.07 0.129

Sequence Component Of The Fault Current

F.Bus 10=11=12

1 2.581539
2 3.089013
3 1.82195

4 2.822644
5 2.507498

Sequence Component Of The Fault Voltage

F.Bus VO V1 V2

1 -0.2707 | 0.6496 -0.3504
2 -0.1112 | 0.6496 -0.3504
3 -0.4987 | 0.5611 -0.4389
4 -0.2394 | 0.6755 -0.3245
-0.3511 | 0.6755 -0.3245
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Sequence Component Of The Node Voltage

F.Bus|l| VO ANGO | V1 | ANG1 V2 |ANG2
1 |1] -0.279 180 | 0.639 0 -0.361 | 180
1 |2| -0.056 180 | 0.715 0 -0.285 | 180
1 3] -0.168 180 | 0.677 0 -0.323 | 180
1 |4| -0.206 180 | 0.711 0 -0.289 | 180
1 |5] -0.001 180 | 0.772 -30 -0.228 | -150
2 |1] -0.067 180 | 0.659 0 -0.341 | 180
2 |2] -0.137 180 | 0.568 0 -0.432 | 180
2 |3] -0.102 180 | 0.613 0 -0.387 | 180
2 |4] -0.05 180 | 0.727 0 -0.273 | 180
2 |5| -0.001 180 | 0.654 0 -0.346 | -150
3 |1] -0.119 180 | 0.772 0 -0.228 | 180
3 |2] -0.061 180 | 0.772 0 -0.228 | 180
3 |3] -0.363 180 | 0.681 0 -0.319 | 180
3 |4] -0.087 180 | 0.817 0 -0.183 | 180
3 |5] -0.001 0 0.817 0 -0.183 | -150
4 11] -0.225 180 | 0.684 0 -0.316 | 180
4 12| -0.045 180 0.75 0 -0.25 | 180
4 13| -0.135 180 | 0.717 0 -0.283 | 180
4 4] -0.27 180 | 0.634 0 -0.366 | 180
4 |5] -0.001 180 0.8 0 -0.2 | -150
5 |1] -0.001 180 | 0.778 0 -0.222 | 180
5 |2] -0.001 180 | 0.719 0 -0.281 | 180
5 [3] -0.001 180 | 0.749 0 -0.251 | 180
5 [4] -0.001 180 | 0.823 0 -0.177 | 180
5 |5] -0.352 180 | 0.675 0 -0.325 | -150
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Sequence Component Of The Fault Current In Other Element(l,J)

F.Busj|l| J 10ij ANGO 11ij ANG1 12ij ANG2
1 12 -0.744 90 -0.76 90 -0.76 90
1 13 -0.372 90 -0.38 90 -0.38 90
1 14 -1.467 90 -1.443 90 -1.443 90
1 21 0.743 -90 0.759 -90 0.759 -90
1 23 0.371 -90 0.379 -90 0.379 -90
1 2|5 -0.001 90 -1.139 90 -1.139 90
1 31 0.371 -90 0.379 -90 0.379 -90
1 32 -0.372 90 -0.38 90 -0.38 90
1 41 1.466 -90 1.442 -90 1.442 -90
1 52 0 -90 1.138 -90 1.138 -90
2 12 0.234 -90 0.908 -90 0.908 -90
2 13 0.117 -90 0.454 -90 0.454 -90
2 14 -0.352 90 -1.363 90 -1.363 90
2 1211 -0.235 90 -0.909 90 -0.909 90
2 1213 -0.118 90 -0.455 90 -0.455 90
2 125 -0.001 90 -1.727 90 -1.727 90
2 31 -0.118 90 -0.455 90 -0.455 90
2 312 0.117 -90 0.454 -90 0.454 -90
2 41 0.351 -90 1.362 -90 1.362 -90
2 |52 0 -90 1.726 -90 1.726 -90
3 12 -0.194 90 0 0 0 0
3 |13 0.814 -90 0.91 -90 0.91 -90
3 |14 -0.622 90 -0.911 90 -0.911 90
3 21 0.193 -90 0 0 0 0
3 |23 1.007 -90 0.91 -90 0.91 -90
3 2|5 -0.001 90 -0.911 90 -0.911 90
3 |31 -0.815 90 -0.911 90 -0.911 90
3 312 -1.008 90 -0.911 90 -0.911 90
3 41 0.621 -90 0.91 -90 0.91 -90
3 |52 0 -90 0.91 -90 0.91 -90
4 12 -0.599 90 -0.665 90 -0.665 90
4 113 -0.3 90 -0.333 90 -0.333 90
4 114 0.898 -90 0.996 -90 0.996 -90
4 2|1 0.598 -90 0.664 -90 0.664 -90
4 2|3 0.299 -90 0.332 -90 0.332 -90
4 2|5 -0.001 90 -0.997 90 -0.997 90
4 311 0.299 -90 0.332 -90 0.332 -90
4 312 -0.3 90 -0.333 90 -0.333 90
4 41 -0.899 90 -0.997 90 -0.997 90
4 152 0 -90 0.996 -90 0.996 -90
5 112 0 -90 0.589 -90 0.589 -90
5 113 0 -90 0.294 -90 0.294 -90
5 114 -0.001 90 -0.885 90 -0.885 90
5 1211 -0.001 90 -0.59 90 -0.59 90
5 |23 -0.001 90 -0.295 90 -0.295 90
5 |25 0 -90 0.884 -90 0.884 -90
5 31 -0.001 90 -0.295 90 -0.295 90
5 312 0 -90 0.294 -90 0.294 -90
5 41 0 -90 0.884 -90 0.884 -90
5 152 -0.001 90 -0.885 90 -0.885 90
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Phasor Component Of The Nodes Voltage

F.Bus|l VA ANGA VB ANGB VC |ANGC
1 1 0 0 0.961 -115.83 |0.961|115.82
1 2| 0374 0 0.907 -107.45 |0.907|107.44
1 [3] 0.187 0 0.932 -111.76  |0.932|111.75
1 |4 0.217 0 0.961 -115.76  |0.961|115.75
1 |5 0.288 -12.32 0.651 -0.16 0.907|107.51
2 |1 0.251 0 0.985 -104.7  |0.985|104.69
2 12 0 0 0.98 -103.41 | 0.98|103.4
2 (3] 0.125 0 0.982 -104.06  |0.982|104.05
2 |4 0.405 0 0.909 -107.78 |0.909|107.77
2 |5 0.053 -12.32 0.623 -7.47 0.879|100.2
3 |1 0.426 0 0.949 -114.32  |0.949|114.31
3 [2] 0.484 0 0.927 -111.06  |0.927]111.05
3 [3[ -0.001 0 1.022 -122.17  [1.022|122.16
3 |4 0.548 0 0.955 -115.11  ]0.955]/115.1
3 |5 0.379 -12.32 0.666 2.54 0.922|110.21
4 1] 0.144 0 0.957 -115.35 ]0.957]115.34
4 2| 0.456 0 0.915 -108.93 ]0.915/108.92
4 3] 0.3 0 0.934 -112.21  [0.934]112.2
4 4 0 0 0.955 -115.08 ]0.955(115.07
4 |5 0.345 -12.32 0.66 1.54 0.916/109.21
5 |1 0.557 0 0.909 -107.91 ]0.909]107.9
5 |2 0.439 0 0.893 -104.31  |0.893/104.3
5 3] 0.498 0 0.901 -106.13  0.901]106.12
5 |4 0.645 0 0.924 -110.52  |0.924|110.51
5 1[5 -0.256 -12.32 0.757 13.68 ]1.013j121.35
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Phasor Component Of The Fault Current In Other Element(l,J)

F.Bus|l|J lijA ANGA lijB ANGB liiC |ANGC
1 [12| -2.262 90 0.016 -90 0.016 -90
1 /3| -1.131 90 0.008 -90 0.008 -90
1 [1/4| -4.353 90 0.024 90 0.024 90
1 21| 2.261 -90 0.016 90 0.016 90
1 2|3 1.13 -90 0.008 90 0.008 90
1 [2|5| -2.278 90 1.138 -90 1.138 -90
1 31 1.13 -90 0.008 90 0.008 90
1 32| -1.131 90 0.008 -90 0.008 -90
1 (41| 4.352 -90 0.024 -90 0.024 -90
1 1|52 2.277 -90 1.138 90 1.138 90
2 |12 2.051 -90 0.674 90 0.674 90
2 |13 1.025 -90 0.337 90 0.337 90
2 14| -3.077 90 1.011 -90 1.011 -90
2 |12/11]| -2.052 90 0.674 -90 0.674 -90
2 |2/3]| -1.026 90 0.337 -90 0.337 -90
2 |2/15| -3.453 90 1.726 -90 1.726 -90
2 |311| -1.026 90 0.337 -90 0.337 -90
2 |32 1.025 -90 0.337 90 0.337 90
2 41 3.076 -90 1.011 90 1.011 90
2 |52 3.452 -90 1.726 90 1.726 90
3 (12| -0.194 90 0.193 90 0.193 90
3 (13 2.636 -90 0.096 90 0.096 90
3 (1}4| -2.444 90 0.289 -90 0.289 -90
3 [2]1] 0.193 -90 0.139 -90 0.139 -90
3 23] 2.829 -90 0.096 -90 0.096 -90
3 [2|5]| -1.823 90 0.91 -90

ZBus

0.139 0.11 0.125 0.111 |0.088
0.11 0.139 0.125 0.088 |0.111

0.125 0.125 0.147 0.1 0.1
0.111 0.088 0.1 0.129 |0.07
0.088 0.111 0.1 0.07 |0.129

Sequence Component Of The Fault Current

F.Bus 10 11 12
1 0 7.157 0
2 0 7.157 0
3 0 5.714 0
4 0 7.727 0
5 0 7.727 0
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Sequence Component Of The Fault Voltage

F.Bus VO Vi V2
1 0 0 0
2 0 0 0
3 0 0 0
4 0 0 0
5 0 0 0

Sequence Component Of The Node Voltage
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F.Bus| | VO ANGO Vi ANG1 | V2 |/ANG2
1 |1 0 0 0 0 0 0
1 |2 0 0 0.21 0 0 0
1 |3 0 0 0.105 0 0 0
1 |4 0 0 0.199 0 0 0
1 |5 0 0 0.368 -30 0 0
2 |1 0 0 0.21 0 0 0
2 |2 0 0 0 0 0 0
2 |3 0 0 0.105 0 0 0
2 |4 0 0 0.368 0 0 0
2 |5 0 0 0.199 -30 0 0
3 |1 0 0 0.285 0 0 0
3 |2 0 0 0.285 0 0 0
3 |3 0 0 0 0 0 0
3 |4 0 0 0.428 0 0 0
3 |5 0 0 0.428 -30 0 0
4 |1 0 0 0.136 0 0 0
4 |2 0 0 0.318 0 0 0
4 |3 0 0 0.227 0 0 0
4 |4 0 0 0 0 0 0
4 |5 0 0 0.454 -3 0 0
5 |1 0 0 0.318 0 0 0
5 |2 0 0 0.136 0 0 0
5 |3 0 0 0.227 0 0 0
5 |4 0 0 0.454 0 0 0
5 |5 0 0 0 -30 0 0
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Sequence Component Of The Fault Current In Other Element(l,J)

FBus| | [J]| 10j ANGO 11ij ANG1 12ij |ANG2
1] 0 1] o 0 0 0 0 0
1 ] 05| o 0 -1.843 60 0 0
1 |1 2] o 0 -2.106 90 0 0
1 | 1 [3] o 0 -1.053 90 0 0
1 | 2 5] o 0 -3.158 60 0 0
1 13 2] o 0 -1.053 90 0 0
1 ] 4 |1] o 0 -3.999 -90 0 0
2 | o 1] o 0 -1.053 90 0 0
2 | o [5] o 0 -1 60 0 0
2 | 1 ]2] o 0 2.105 -90 0 0
2 | 1 [3] o 0 1.052 -90 0 0
2 | 2 [5] o 0 -4 60 0 0
2 | 3 [2] o 0 1.052 -90 0 0
2 | 4 1] o 0 3.157 -90 0 0
3 | o J1] o 0 -1.429 90 0 0
3 | 0o 5] o 0 -2.143 60 0 0
3 |1 ]2 o 0 0 0 0 0
3 |1 (3] o 0 2.857 -90 0 0
3 | 2 |50 o0 0 -2.858 60 0 0
3 13 ]2 o 0 -2.858 90 0 0
3 | 4 |1] o 0 2.857 -90 0 0
4 | 0o |1] o 0 -0.0682 90 0 0
4 | o [5] o 0 -2.273 60 0 0
4 | 1 [2] o 0 -1.819 90 0 0
4 | 1 [3] o 0 -0.91 90 0 0
4 | 2 |5] o 0 -2.728 60 0 0
4 | 3 2] o 0 -0.91 90 0 0
4 | 4 [1] o 0 -2.728 90 0 0
5 | o [1] o 0 -1.591 90 0 0
5 | o |[5] o 0 0 -30 0 0
5 | 1 [2] o 0 1.818 -90 0 0
5 | 1 [3] o 0 0.0909 -90 0 0
5 | 2 [5] o 0 2.727 -120 0 0
5 | 3 [2] o 0 0.909 -90 0 0
5 | 4 [1] o 0 2.727 -90 0 0
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Phasor Component Of Fault Voltage

F.Bus| | VA ANGA VB ANGB VC |ANGC
1 |1 0 0 0 0 0 0
1 |2 021 0 0.21 -120 0.21 120
1 |3] 0.105 0 0.105 -120 0.105 120
1 [4] 0.199 0 0.199 -120 0.199 120
1 |5| 0.368 -30 0.368 -150 0.368 90
2 1] 021 0 0.21 -120 0.21 120
2 |2 0 0 0 0 0 0
2 |3] 0.105 0 0.105 -120 0.105 120
2 4] 0.368 0 0.368 -120 0.368 120
2 |5] 0.199 -30 0.199 -150 0.199 90
3 |1] 0.285 0 0.285 -120 0.285 120
3 |2] 0.285 0 0.285 -120 0.285 120
3 |3 0 0 0 0 0 0
3 |4] 0.428 0 0.428 -120 0.428 120
3 |5] 0.428 -30 0.428 -150 0.428 90
4 11| 0.136 0 0.136 -120 0.136 120
4 12| 0.318 0 0.318 -120 0.318 120
4 3| 0.227 0 0.227 -120 0.227 120
4 14 0 0 0 0 0 0
4 |5] 0.454 -30 0.454 -150 0.454 90
5 |1]| 0.318 0 0.318 -120 0.318 120
5 |2] 0.136 0 0.136 -120 0.136 120
5 |3] 0.227 0 0.227 -120 0.227 120
5 |4] 0454 0 0.454 -120 0.454 | 120
5 |5 0 -30 0 -150 0 90
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Phasor Component Of The Fault Current In Other Element(l,J)
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F.Bus|l[J]| lijA ANGA lijB ANGB liic  |JANGC
1j0] 1 0 -30 0 -150 0 90
1o/ 5|  -1.843 60|  -1.843 -60,  -1.843] -180
11l 2|  -2.106 90| -2.106 -30,  -2.106] -150
11/ 3]  -1.053 90|  -1.053 -30,  -1.053] -150
12/ 5|  -3.158 90| -3.158 -30,  -3.158] -150
13 2|  -1.053 90|  -1.053 -30,  -1.053] -150
1la] 1 3.999 -90 3.999 150 3.999) 30
201 -1.053 60  -1.053 -60,  -1.053] -180
20| 5 -1 60 -1 -60 -1 -180
21 2 2.105 -90 2.105 150 2.105 30
21 3 1.052 -90 1.052 150 1.052] 30
22| 5 -4 90 -4 -30 -4 -150
23] 2 1.052 -90 1.052 150 1.052] 30
24| 1 3.157 -90 3.157 150 3.157] 30
30l 1] -1.429 60  -1.429 -60]  -1.429) -180
30/ 5 -2.143 60|  -2.143 60,  -2.143] -180
31 2 0 0 0 -120 0 120
31 3 2.857 -90 2.857 150 2.857] 30
32| 5| -2.858 90| -2.858 30,  -2.858] -150
332 -2.858 90| -2.858 30,  -2.858] -150
34| 1 2.857 -90 2.857 150 2.857] 30
4o/ 1]  -0.682 60  -0.682 .60,  -0.682] -180
40/ 5|  -2.273 60|  -2.273 60  -2.273] -180
41/ 2| -1.819 90| -1.819 -30,  -1.819] -150
41| 3 -0.91 90 -0.91 -30 -0.91] -150
42/ 5|  -2.728 90| -2.728 30, -2.728] -150
43 2 -0.91 90 -0.91 -30 -0.91] -150
a4l 1|  -2.728 90| -2.728 -30,  -2.728] -150
501 -1.591 60  -1.591 -60,  -1.591] -180
50| 5 0 -30 0 -150 0 90
51| 2 1.818 -90 1.818 150 1.818] 30
51| 3 0.909 -90 0.909 150 0.909] 30
52| 5 2.727 -90 2.727 150 2.727] 30
53] 2 0.909 -90 0.909 150 0.909] 30
54| 1 2.727 -90 2.727 150 2.727] 30
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