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Preliminaries

Afault in a circuit is any failure that interferes with the normal flow
of current to the load. In most faults, a current path forms between
two or more phases, or between one or more phases and the
neutral (ground). Since the impedance of a new path is usually low,
an excessive current may flow.

High-voltage transmission lines have
strings of insulators supporting each
phase. The insulators must be large
enough to prevent flashover — a
condition when the voltage difference
between the line and the ground is
large enough to ionize the air around
insulators and thus provide a current
path between a phase and a tower.
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Preliminaries

If flashover occurs on a single phase of the line, an arc will be
produced. Such faults are called single line-to-ground faults. Since
the short-circuit path has a low impedance, very high currents flow
through the faulted line into the ground and back into the power
system. Faults involving ionized current paths are also called
transient faults. They usually clear if power is removed from the line
for a short time and then restored.

Single line-to-ground faults can also occur if one phase of the line
breaks and comes into contact with the ground or if insulators
break... This fault is called a permanent fault since it will remain
after a quick power removing.

Approximately 75% of all faults in power systems are either
transient or permanent single line-to-ground faults.
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Preliminaries

Sometimes, all three phases of a transmission line are shorted
together — symmetrical three-phase faults.

Two phases of a line may touch, or flashover may occur between
two phases — a line-to-line fault.

When two lines touch each other and also touch the ground, the
fault is called a double line-to-ground fault.

Lighting strokes cause most faults on high-voltage transmission
lines producing a very high transient that greatly exceeds the rated
voltage of the line. This voltage usually causes flashover between
the phase and the ground of the line creating an arc. Once the
current starts flowing through the arc, it remains even after the
lighting disappears.
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Preliminaries

High currents due to a fault must be detected by protective circuitry
and the circuit breakers on the affected transmission line should
automatically open for a brief period (about 1/3 second). This will
allow ionized air to deionize. If the fault was transient, normal
operation should be restored after reclosing the breaker. Therefore,
many transient faults are cleared automatically. Otherwise, the
circuit breaker should open again isolating the transmission line.

Selectingan = e : :
appropriate Typeoffault ~  Abbreviation Type
circuit b_reaker Single line-to-ground SLG Unsymmetrical
(type, size, Line-to-line LL Unsymmetrical
etc.) is Double line-to-ground LLG Unsymmetrical
important... Symmetrical three-phase 3P Symmetrical
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Fault current transients in machines

When a symmetrical 3-phase fault
occurs at the terminals of a
synchronous generator, the resulting
current flow in the phases of the
generator can appear as shown.

The current can be represented as a
transient DC component added on top
of a symmetrical AC component.

Current

Therefore, while before the fault, only
AC voltages and currents were present |
within the generator, immediately after
the fault, both AC and DC currents are
present.
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Fault current transients in machines

When the fault occurs, the AC component of current jumps to a
very large value, but the total current cannot change instantly:
series inductance of the machine will prevent this. The transient
DC component of current is just large enough that the sum of the
AC and DC components just after the fault equals the AC current
just before the fault. Since the instantaneous values of current at
the moment of the fault are different in each phase, the magnitude
of DC components will be different in different phases.

These DC components decay fairly quickly, but they initially
average about 50 - 60% of the AC current flow the instant after the
fault occurs. The total initial current is therefore typically 1.5 or 1.6
times the AC component alone.
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Fault current transients in machines
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Fault current transients in machines

It is possible to observe the 1Ay
three periods of fault e
current if the rms '
magnitude of the AC

component current is

plotted as a function of

time on a semilogarithmic

scale.

Subtransient period

Transient period
It is possible to determine
the time constants for the
three periods...

Steady-
state
period

t (linear)
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Fault current transients in machines

The AC current flowing in the generator during the subtransient period is
called the subtransient current and is denoted by I”. This current is caused
by the damper windings of synchronous machines. The time constant of the
subtransient current is denoted by T” and it can be determined from the
slope. This current may be 10 times the steady-state fault current.

The AC current flowing in the generator during the transient period is called
the transient current and is denoted by I'. It is caused by a transient DC
component of current induced in the field circuit of a synchronous generator
at the time of fault. This transient field current increases the internal
generated voltage of a machine and, therefore, an increased fault current.
The time constant of a field circuit T' is much larger than the time constant
of the damper winding, therefore, the transient period lasts longer than the
subtransient. This current is often as much as 5 times the steady-state fault
current.
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Fault current transients in machines

After the transient period, the fault current reaches a steady-state condition.
the steady-state rms current is denoted by I, and is approximated by the
fundamental frequency component of the internal generated voltage
normalized by the synchronous reactance:

E
=—A (12.11.1)

SS X

S

The rms magnitude of the AC fault current in a synchronous generator
varies over time as

| (t) = (I 1 ') e/ +(| — Iss)e‘t/T' + 1 (12.11.2)
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Fault current transients in machines

Usually, subtransient and transient reactances are defined for convenience.

The subtransient reactance is the ratio of the fundamental component of
the internal generated voltage to the subtransient component of current at
the beginning of the fault:

E

X"=—"A (12.12.1)
I n

Similarly, the transient reactance is the ratio of the fundamental component
of the internal generated voltage to the transient component of current at
the beginning of the fault. This value of current is found by extrapolating the
transient region back to time zero

E

X'=—A (12.12.2)
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Fault current transients in machines

For the purposes of sizing protective equipment, the subtransient current is
often assumed to be

E
|"=—A (12.13.1)
X mn
and the transient current is E
|'= X_A' (12.13.2)

which are the maximum values of the respective currents.

Note: we assume that all three phases are shorted simultaneously. If the
fault does not affect all three phases equally, the analysis below is not
applicable.
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Fault transients in synchronous
motors

When a short circuit develops in a system containing a synchronous motor,
the motor starts acting as a generator converting its mechanical energy
(stored in the inertia of its rotor) into electrical power, which is supplied to
the power system.

Since a synchronous motor is physically the same machine as a
synchronous generator, it also has a subtransient reactance and transient
reactance that must be considered in determining the total fault current in
the power system.
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Fault transients in induction
motors

An induction motor is an AC machine that has only damper windings on its
rotor. Since damper windings are major source of current during the
subtransient period, the induction motors in a power system should be
considered during calculations of subtransient currents flowing in faults.

Since currents in a damper winding are of little importance during the
transient and steady-state periods of faults, induction motors may be
ignored in fault current analysis after the subtransient period.
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Fault current transients

Example 12-1: A 100 MVA, 13.8 kV, Y-connected, 3 phase 60 Hz synchronous
generator is operating at the rated voltage and no load when a 3 phase fault occurs
at its terminals. Its reactances per unit to the machine’s own base are

X, =100 X'=025 X"=0.12

and the time constants are

T'=1.10s T"=0.04s

The initial DC component in this machine averages 50 percent of the initial AC
component.

a) What is the AC component of current in this generator the instant after the fault?
b) What is the total current (AC + DC) in the generator right after the fault occurs?

c) What will the AC component of the current be after 2 cycles? After 5 s?
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Fault current transients

The base current of the generator can be computed as

_S.. _ 100,000,000
P IV e /3713,800

The subtransient, transient, and steady-state currents are (per-unit and Amps)

=4,184 A

| o Ba 10 =8.333 pu=234,900 A
X" 012
| ‘=E=£=4 pu=16,700 A
X' 0.25
I, N TRVRTIY
X, 1.0
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Fault current transients

a) The initial AC component of current is I” = 34,900 A.
b) The total current (AC and DC) at the beginning of the fault is
l, =1.51"=52,350 A

¢) The AC component of current as a function of time is
t t t

-— _t
I(t):(|-._| ')e T +(| '_Iss)e T 41, =18200-e °* +12,516-€ ' +4,184 A
After 2 cycles t = 1/30 s and the total current is

| (3—10j =7,910+12,142 +4,184 = 24,236 A

which has the largest contribution from the transient current component — transient
period. At 5 s, the current reduces to

1 (5)=0+133+4,184=4,317 A

which is in a steady-state period.
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Fault current transients

Example 12-2: Two generators are GY
connected in parallel to the low- g__Di
voltage side of a transformer. }(
Generators G, and G, are each rated G ¢ A\K
T

at 50 MVA, 13.8 kV, with a
subtransient resistance of 0.2 pu.

Transformer T is rate(_j at 100 MVA, G, ratings: G, ratings: T, ratings:
13.8/115 kV with a series reactance of 50 MvA 50 MVA 100 MVA
0.08 pu and negligible resistance. 13.8kV 13.8kV 13.8/115 kV

X" =0.20 pu X" =0.20 pu X = 0.08 pu

Assume that initially the voltage on the high side of the transformer is 120 kV, that
the transformer is unloaded, and that there are no circulating currents between the
generators.

Calculate the subtransient fault current that will flow if a 3 phase fault occurs at the
high-voltage side of transformer.
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Fault current transients

Let choose the per-unit base values for this power system to be 100 MVA and 115
kV at the high-voltage side and 13.8 kV at the low-voltage side of the transformer.

The subtransient reactance of the two generators to the system base is

2
Z — Z ) Vgiven Snew
new given V S

new given
Therefore: 5
. . 13,800 ) (100,000
X, =X;=02 =0.4
13,800 50,000
The reactance of the transformer is already given on the system base, it will not
change
X; =0.08 pu
‘\ ELEN 3441 Fundamentals of Power Engineering Spring 2010 m
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Fault current transients

The per-unit voltage on the high-voltage side of the transformer is

actual value 120,000

o = = =1.044 pu
base value 115,000
Since there is no load on the system, @ Vv,
the voltage at the terminals of each £
generator, and the internal generated J008
voltage of each generator must alsc_) 70.40 70.40
be 1.044 pu. The per-phase per-unit
equivalent circuit of the system is —_
We observe that the phases of | 0440° L04420°
internal generated voltages are
arbitrarily chosen as 0°. The phase
angles of both voltages must be the
same since the generators were @
working in parallel.
4\ LN 3441 Fundamertasof Pover Engineerng Spring 2010 B o
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Fault current transients
To find the subtransient fault current, we need to solve for the voltage at the bus 1 of
the system. To find this voltage, we must convert first the per-unit impedances to
admittances, and the voltage sources to equivalent current sources. The Thevenin
impedance of each generator is Z, = j0.4, so the short-circuit current of each
generator is v 1.044.20°
o= =T =261/ -90°
Z, j04
v
The @ : ~y
equivalent —j125
circuit
2.612-90° 2.61£-90°
—-i25 —j2.5
‘\ ELEN 3441 Fundamentals of Power Engineering Spring 2010 m
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Fault current transients

Then the node equation for voltage V,
V, (=j2.5)+V, (= j2.5)+V, (- j12.5) = 2.61£ —90°+ 2.61/ — 90°
_ 5.22/90°

' _j175

Therefore, the subtransient current in the fault is
- =V, (— j12.5) =3.729/-90° pu
Since the base current at the high-voltage side of the transformer is
I - S3 pase _ 100,000, 000 _502 A
V3V e V3-115,000

the subtransient fault current will be

=0.298£0°

e = 1p ol =3.729-502 =1,872 A
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Internal generated voltages of loaded
machines under transient conditions

The per-phase equivalent circuit of a I

. —_—
synchronous generator is shown. —— —WV'\—M—.

The internal generated voltage is found from JXs Ry
the Kirchhoff’s voltage law as ¥
. vV
E. :V¢+jXSIA+RAIA (12.24.1) (D E, ¢
If the series resistance can be ignored, the
internal generated voltage is °

E, :V¢ + X1, (12.24.2)

Therefore, the internal generated voltage within a synchronous generator will
change with load on the machine.

A similar equation exists relating the internal generated voltage and terminal
voltage of a synchronous generator under subtransient conditions.

12
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Internal generated voltages of loaded
machines under transient conditions

The per-phase equivalent circuit of a ._I_,
synchronous generator under subtransient ol b
conditions is shown. . X
The internal generated voltage found from the
Kirchhoff's voltage law is E," Vy
E, =V, + jX"1, (12.25.1)
Therefore, the internal voltage E,” under *
subtransient conditions can be calculated if the load current and the terminal
voltage are known just before the fault. The voltage determined by (12.25.1) is the
voltage driving the subtransient fault current flow from the generator and is called
sometimes the voltage behind subtransient reactance.
Since this voltage varies as a function of the load on the generator before the fault
occurs, the subtransient current flow in a fault will depend on the prefault load
conditions of the power system. This variation is typically less than 10 % for different
load conditions. The voltage behind subtransient reactance can be approximated as
the prefault phase voltage of the generator.
T T p— Spring 2010 B )
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Internal generated voltages of loaded
machines under transient conditions
The per-phase equivalent circuit of a _I__
synchronous generator under transient ——m:"‘——-——-——a
conditions is shown. JX
The internal generated voltage found from the e
Kirchhoff's voltage law is ) E, V¢

E'A =V¢ + X', (12.26.1)

Therefore, the internal voltage E,’ under
transient conditions can be calculated if the load current and the terminal voltage
are known just before the fault. The voltage determined by (12.25.1) is the voltage
driving the transient fault current flow from the generator and is called sometimes
the voltage behind transient reactance.

Since this voltage varies as a function of the load on the generator before the fault
occurs, the transient current flow in a fault will depend on the prefault load
conditions of the power system. This variation is also typically less than 10 % for
different load conditions. The voltage behind transient reactance can be
approximated as the prefault phase voltage of the generator.

‘\ ELEN 3441 Fundamentals of Power Engineering Spring 2010
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Internal generated voltages of
synchronous motors

Since synchronous motors are the same machines as synchronous generators,
they have the same types of subtransient and transient reactances. When the motor
is short-circuited, it does not receive power from the line but its field circuit is still
energized and still spinning (due to inertia in the machine and in its load).
Therefore, the motor acts as a generator, supplying power to the fault. The
equivalent circuit of a synchronous motor is the same as the one of the
synchronous generator except that the direction of the current flow is reversed.
Therefore, the equations for the internal generated voltage, voltage behind the
subtransient reactance, and voltage behind transient reactance become

E,=V, - X0, (12.27.1)
E;\ =V, + SN (12.27.2)
EA :V¢ + X', (12.27.3)

These voltages can be used in subtransient and transient fault current analyses
similarly to the analysis of synchronous generators.
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Internal generated voltages of loaded
machines under transient conditions

Example 12-3: A 100 MVA, 13.8 kV, 0.9 PF lagging, Y-connected, 3 phase, 60 Hz
synchronous generator is operating at rated voltage and full load when a
symmetrical 3 phase fault occurs at its terminals. The reactances in per-unit to the
machine’s own base are

X,=100 X'=025 X"=0.12
a) If the generator operates at full load when the fault develops, what is the

subtransient fault current produced by this generator?

b) If the generator operates at no load and rated voltage when the fault develops,
what is the subtransient fault current produced by this generator? Observe that
this calculation is equivalent to ignoring the effects of prefault load on fault
currents.

¢) How much difference does calculating the voltage behind subtransient
reactance make in the fault current calculations?

4\ ELen st Fondamencsof Power Engnerg Spring 2010 -
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Internal generated voltages of loaded
machines under transient conditions

The base current of the generator can be computed as
S, 100,000,000
Lbase — -
V3V .. V313,800

a) Before the fault, the generator was working at rated conditions and the per-unit
current was:

| =4,184 A

|, =1.0£-25.84° pu
The voltage behind subtransient reactance is
E;; =V, + X", :140°+(j0.12)-14— 25.84° =1.058/5.86°

Therefore, the per-unit fault current when terminals are shorted is

R :% ~8.815./-84.1° pu=36,880 A
JU.
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Internal generated voltages of loaded
machines under transient conditions

b) Before the fault, the generator was assumed to be at no-load conditions and the

per-unit current was:
I, =0.0£0° pu
The voltage behind subtransient reactance is
E, =V, + X", :140°+( j0.12)-040° =1.0£0°

Therefore, the per-unit fault current when the terminals are shorted is

1.0£0°
= _O 0 =8.333£-90° pu=34,870 A
j0.12
¢) The difference in fault current between these two cases is
36,880 —-34,870 100% — 5.76%
34,870

The difference in the fault current when the voltage behind subtransient reactance is
considered and when it is ignored is small and usually systems are assumed unloaded.

4\ ELen st Fondamencsof Power Engnerg Spring 2010 -
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Fault current calculations using the
iImpedance matrix

So far, we were considering simple circuits. To determine the fault current in a
system:

1) Create a per-phase per-unit equivalent circuit of the power system using either
subtransient reactances (if subtransient currents are needed) or transient
reactances (if transient currents are needed).

2) Add a short circuit between one node of the equivalent circuit and the neutral
and calculate the current flow through that short by standard analysis.

This approach always works but can get complex while dealing with complex
systems. Therefore, a nodal analysis technique will be used.

We introduce a new voltage source in the system to represent the effects of a fault
at a bus. By solving for the currents introduced by this additional voltage source,
we will find fault currents automatically...
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Fault current calculations using the
impedance matrix

Bus 4

Let us consider a power system shown.—_

Assuming that we need to find the
subtransient fault current at some node in
the system, we need to create a per-
phase, per-unit equivalent circuit using
subtransient reactances X”. Additionally,
we assume that the system is initially
unloaded, making the voltages behind

Line 5

Line 4

D tiner Line 2
Bus2—L L1 Buea_?-l

us

. 7, ===
subtransient reactances
E, =1£0° pu @
E, =1£0° pu
4\ E15N saat FundamentasofPover Engineering Spring 2010 B &)
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Fault current calculations using the
impedance matrix

®

The resulting equivalent circuit is shown. \

Suppose that we need to determine the
subtransient fault current at bus 2 when a
symmetrical 3 phase fault occurs on that bus.

O] ® ®

i"’" ?m

— Subtransient reactances —

e s

+ +
Ey (0 )oaw Loz ) Eq
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Fault current calculations using the
impedance matrix

Before the fault, the voltage on bus 2 was V. If
we introduce a voltage source of value V;
between bus 2 and the neutral, nothing will
change in the system.

Since the system operates normally before the
fault, there will be no current I;” through that
source.

E}y

¥
1oz () ER

4\ ELen st Fondamencsof Power Engnerg spingzot0 N 5
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Fault current calculations using the
iImpedance matrix

Assume that we create a short circuit on bus 2,
which forces the voltage on bus 2 to 0. This is
equivalent to inserting an additional voltage
source of value -V in series with the existing
voltage source. The later will make the total
voltage at bus 2 become 0.

With this additional voltage source, there will be
a fault current I”, which is entirely due to the
insertion of the new voltage source to the
system. Therefore, we can use superposition to
analyze the effects of the new voltage source on
the system.

The resulting current I;” will be the current for the
entire power system, since the other sources in
the system produced a net zero current.

#\  ELEN 3441 Fundamentals of Power Engineering Spring 2010
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Fault current calculations using the
impedance matrix

If all voltage sources except —V,” are set to
zero and the impedances are converted to
admittances, the power system appears as
shown.

For this system, we can construct the bus
admittance matrix as discussed previously:

—j16.212  j5.0 0 ]6.667
V. = j5.0 —j125 j5.0 j2.5
bus 0 j5.0 —j13.333 5.0
j6.667  j2.5 j5.0  —j14.167 O)
The nodal equation describing this power system is
YbusV =] (12.36.1)
‘\ ELEN 3441 Fundamentals of Power Engineering Spring 2010
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Fault current calculations using the
iImpedance matrix

With all other voltage sources set to zero, the voltage at bus 2 is -V, and the
current entering the bus 2 is —I;". Therefore, the nodal equation becomes

Y11 le Y13 Y14 Avl 0
Y21 Y22 Y23 Y24 _Vf I f
= (12.37.1)
Y31 Y32 Y33 Y34 AVs 0
Y41 Y42 Y43 Y44 AV4 0
where AV,, AV;, and AV, are the changes in the voltages at those busses due to the

current —I;” injected at bus 2 by the fault.

The solution to (12.37.1) is found as

—wvl1l] -
V = Ybus| = Zbus| (12.37.2)
#\  ELEN 3441 Fundamentals of Power Engineering Spring 2010 m
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Fault current calculations using the
impedance matrix

Which, in the case considered, is

AVl Zn le 213 Z14 0
_Vf . 221 Zzz Z23 224 _If

= (12.38.1)
AV3 Z31 Zsz 233 Zs4 0

AV, Zy Lo Zis Zu]l O

where Z, . = Y,,s 2. Since only bus 2 has current injected at it, the system (12.38.1)
reduces to

AV, =-Z,1;
-V, =-Z,1, (12.38.2)
AV, =71,
AV, ==Z,1;
g\ ELEN 3441 Fundamentals of Power Engineering Spring 2010 m
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Fault current calculations using the
iImpedance matrix

Therefore, the fault current at bus 2 is just the prefault voltage V; at bus 2 divided by
Z,,, the driving point impedance at bus 2.

Vf
| (=0 (12.39.1)

Z22

The voltage differences at each of the nodes due to the fault current can be
calculated by substituting (12.39.1) into (12.38.2):

. z
AV, ==Z,1 = _ivf
z
22
AV, =-V, =-V,
7 (12.39.2)
—_ t o3
AV, =—Z, 1) =-Z2V,
22
" z
_ __ "4
AV, =-Z,1; =—=2V,
22
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Fault current calculations using the
impedance matrix

Assuming that the power system was running at no load conditions before the fault,
it is easy to calculate the voltages at every bus during the fault. At no load, the
voltage will be the same on every bus in the power system, so the voltage on every
bus in the system is V;. The change in voltage on every bus caused by the fault
current —I{” is specified by (12.39.2), so the total voltage during the fault is
Zoy | [1_Ze]
sy | % || B
AV, | Y, o .
V —
\Y

+ - - % 40,
AV, f “Zay, 1 Za |Vi (12.40.1)

AV 22 ZZZ
“ Zoy | [y Za

22 1 L ZZZ _

< < <<
<< <<

Therefore, we can calculate the voltage at every bus in the power system
during the fault from a knowledge of the pre-fault voltage at the faulted bus
and the bus impedance matrix!

20
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Fault current calculations using the
iImpedance matrix

Once these bus voltages are known, we can calculate the fault current flowing in the
transmission line using bus voltages and the bus admittance matrix.

The general procedure for finding the bus voltages and line currents during a
symmetrical 3 phase fault is as follows:

1. Create a per-unit equivalent circuit of the power system. Include subtransient
reactances of each synchronous and induction machine when looking for
subtransient fault currents; include transient reactances of each synchronous
machine when looking for transient fault currents.

2. Calculate the bus admittance matrix Y, . Include the admittances of all
transmission lines, transformers, etc. between busses including the admittances
of the loads or generators themselves at each bus.

3. Calculate the bus impedance matrix Z, ¢ as inverse of the bus admittance matrix.

4. Assume that the power system is at no load and determine the voltage at every
bus, which will be the same for every bus and the same as the internal voltage of
the generators in the system. This is the pre-fault voltage V.

#\ =L 54 Fondamencas o Pover Engreing Spring 2010 I
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Fault current calculations using the
impedance matrix

5. Calculate the current at the faulted bus i as
|f L =— (12.42.1)

6. Calculate the voltages at each bus during the fault. The voltage at bus j during a
symmetrical 3 phase fault at the bus i is found as

Z;
v, :( —Z—‘]Vf (12.42.2)

7. Calculate the currents in any desired transmission line during the fault. The
current through a line between bus i and bus j is found as

|ij = —Yij (Vi —VJ. ) (12.42.3)

4\ ELen st Fondamencsof Power Engnerg Spring 2010 -

21



43

Fault current calculations using the
iImpedance matrix

Example 12-4: The power system depicted in slide 32 is working at no load when a
symmetrical 3 phase fault is developed on bus 2.

a) Calculate the per-unit subtransient fault current I;” at bus 2.

b) Calculate the per-unit voltage at every bus in the system during the subtransient
period.

c) Calculate the per-unit current |, flowing in line 1 during the subtransient period of
the fault.

Following the 7 steps discussed before, we write:
1. The per-phase per-unit equivalent circuit is shown in slide 33.

2. The bus admittance matrix was previously calculated as
—-j16.212  j5.0 0 j6.667
v = j5.0 -j12.5 j5.0 j2.5
bus 0 j5.0 —j13.333  j5.0
j6.667 j2.5 j5.0 —j14.167
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Fault current calculations using the
impedance matrix

3. The bus impedance matrix calculated using Matlab as the inverse of Y, is
0+ j0.1515 0+ j0.1232 0+ j0.0934 0+ j0.1260
3 0+ j0.1232 0+ j0.2104 0+ j0.1321 0+ jO.1417
b 04 j0.0934 0+ j0.1321 0+ j0.1726 0+ j0.1282
0+ j0.1260 O+ j0.1417 0+ j0.1282 0+ j0.2001

4. For the given power system, the no-load voltage at every bus is equal to the pre-
fault voltage at the bus that is

V, =1.00£0° pu
5. The current at the faulted bus is computed as

.V o
10, = JLO0Z0" 253, 900 pu
27z, " j0.2104
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Fault current calculations using the
impedance matrix

6. The voltage at bus j during a symmetrical 3 phase fault at bus | can be found as
V, = 1—é V, = 1—M -1.0£0°=0.41420° pu
Z, ]0.2104
V, =0.0£0° pu
v, =|1-Ze v, (123913210 9 o e 0372.000 pu
Z, j0.2104
v, =|1-2e |y, 13014170 o 60— 0.327.00° pu
Z, j0.2104
7. The current through the transmission line 1 is computed as
l, ==Y, (V, =V, ) =(0.414.£0°-0.0.£0°)- j5.0 = 2.07.£90° pu
That's it!
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