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REMEDY SIMULATION OF A MONO-PHASE FAULT ON A
110 kV AERIAL ELECTRIC POWER LINE WITH THE
PURPOSE OF OBTAINING RESULTS APPLICABLE TO THE
PROTECTION SYSTEM

Sebastian ANGHELESCU'!

Articolul urmareste in principal exemplificarea modului de functionare a
sistemului de protectie in scopul clarificarii analizelor de incident, prin simularea
unui defect. In analiza acestui defect, marimiile electrice reprezentate de curenti i
tensiuni sunt vizualizate din inregistrariile fdacute pe baza sistemului de conducere
a statiei electrice. Simularea a fost realizatd cu ajutorul programului Matlab 7.8.
prin care se modeleazd un defect in reteaua electrica impreund cu sistemul de
protectie destinat elimindrii acestui defect .

This article mainly aims at illustrating the operating manner of the
protection system with the aim to clarify incident analyses, by simulating a fault. In
the analysis of this fault the electric measures, represented by electric currents and
voltage measurements, are visualized through the recordings made by the
management sistem of the electric station. The simulation is designed using Matlab
7.8 program with the aid of which, a fault in the electric network is modeled
together with the protection system, which removes this fault.
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1. Introduction

Two pieces of software were used for the simulation of the electric
network and for calculating the normal operation and short-circuit regimes.

Using Matlab, version 7.8, a mono-phase power failure for an electric
network of 110 kV was modeled.

The configuration of the elements making up the electric network is
selected from the factory bulletins and the technical standards in order that it
might be analyzed for the actual, real situation.

For the purpose of drawing an accurate conclusion, it was compared with
the real case, so that the simulation results with Matlab were analyzed in
comparison with the results obtained at the tests on site, by injecting the voltage
and current electrical magnitudes from the test set.
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The aim of this paper is represented by the illustration of the operating
manner of the protection system by means of analyzing and comparing the real

case with the simulation case using the software mentioned.

2. Paper Contents

The purpose of this paper is to know what is the operating manner of the
protection system for various regimes of operation depending on the evolution of
the voltage and current magnitudes in view of simplifying the manner of

operation.

The analysis of the incidents that may occur in the high voltage networks,
depends on the manner of investigating the metering record of the electrical

magnitudes which have caused the incident.

2.1 Electric Network Configuration through application in Matlab,

Version 7.8

For Matlab, the same chosen electric network is parameterized as follows:
The power source (Fig. 1) is characterized by the following parameters:

* nominal operation voltage U,=220 kV;
nominal operation frequency f,=50 Hz;

grouping: Y-connection;

short-circuit capacity: S;=4000 MVA;

B Block Parameters: Three-Phase Source

ratio between reactance and resistance: 5.

|

Three-Phase Source (mask) (ink)

Parameters
Phase-to-phase rms valtage (V):
220e3
Phase angle of phase A (degrees):
0
Frequency (Hz):
50

Three-phase voltage source in series with RL branch.

Internal connection: ‘Yg

400086
Base voltage (Vrms ph-ph):
22003
¥R ratio:
5

V| Specify impedance using short-circuit level

3-phase short-circuit level at base voltage(VA):

[ OK H Cancel H

Help ‘ Apply

Fig. 1. Power source block, 220 kV
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The power transformer (Fig. 2) is chosen to be a step-down transformer with
double winding: 220/110kV and it is characterized by the following parameters:
connection group for the high voltage winding of 220 kV, Y-connection;
connection group for the low voltage winding of 110 kV: Y-connection; nominal
operation voltage magnitudes: 220 kV and 110 kV; nominal capacity: Sn = 200
MVA; nominal operation frequency: fn=50 Hz; reistance: R1=0.363 Q;
inductance: L1=0.07 H; for the low voltage winding we have: nominal operation
voltage: U2=110 kV; magnetizing inductance Lm=inf.

¥ Block Parameters: Three-Phase Transformer (Two Windings) (]

Three-Phase Transformer (Two Windings) (mask) {ink)

This block implements a three-phase transformer by using three single-phase
transformers. Set the winding connection to "Yn' when you want to access the
neutral point of the Wye.

Click the Apply or the OK button after a change to the Units popup to confirm the
conversion of parameters.

Configuration Parameters Advanced

Units [sL =

Nominal power and frequency [Pn{VA) , fn{Hz) ]

[ 20086, 50]
Winding 1 parameters [ V1 Ph-Ph{¥rms) , R1(Chm) , L1(H} ]
[2.2e4005 0,383 0.07]
Winding 2 parameters [ ¥2 Ph-Ph{¥rms) , R2{Chm) , L2{H) ]
[1.1e+005 01442 0.018]

Magnetization resistance Rm (Ohm)

121

Magnetization reactance Lm (H)

inf

Saturation characteristic [11(8) , phii(vs); i2, phi2; ...]
[oo 6653 1910.3;277.72 2419.7]

Initial fluxes [ phioA , phiOB , phioC ] (Vs):

[1273.5-1273.5 1114.3]

[ o J[ gl [ wep || ooy

Fig. 2.Power tranformer block

The technical data making up the configuration of the chosen electric
transformation block, is selected from its factory bulletin, as per tables 1, 2 and 3.

Table 1
Short-circuit test
Winding
Supplied Under short- In [A] Ui [kV] Use [%]
circuit
IT (13b) JT (121 kV) 500 22,06 9,55
Table?2
Technical data
Nominal Voltage on Voltage on Nominal Nominal Connection
capacity primary secondary currents on currents on group
[MVA] winding winding primary secondary
[kV] [kV] winding winding
[A] [A]
200 231 121 500 934.5 Yoyo
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Table 3
Resistances of windings at the temperature of 26°C
Resistance of | Resistance of
primary secondary
winding winding
Q] Q]
0.345 0.1147
Knowing the short-circuit voltage in [%], one can calculate the
transformer’s reactance:
100 S,
X
L= — (2)
2. f

The power switch (Fig. 3) is a switch for the nominal operation voltage of
110 kV, having: breaking resistance of the electric arc: R=250 Q; peak resistance:
5000 Q; peak capacity: 10 F.

W Block Parameters: Three-Phase Breaker2 == |
Three-Phase Breaker (mask) (ink)

Connect this block in series with the three-phase element
you want to switch. You can define the breaker timing directly
from the dialog box or apply an external logical signal. If you
check the External cantrol box, the external control input
will appear.

Parameters

Initial status of breakers | dosed -

Switching of phase A
Switching of Phase B
Switching of phase C
External control of switching times
Breakers resistance Ron {ohms)
250
Snubbers resistance Rp (Ohms)
50000
Snubbers capadtance Cp (Farad)
10

Measurements |Breaker currents =

[ [ cond J[ me ][ ey

Fig. 3. Power switch block for 110 kV Voltage

The electric power line (Fig. 4) is a three-phase power line and it works at
the nominal voltage of 110 kV, having the following parameters: nominal
frequency, fh=50 Hz; the resistance, inductance and capacity of the line are
distributed in the three symmetric sequence systems, plus, minus and zero, as
follows: R+=R-=0.157 Q/km; R0=0.300 Q/km; L+=L-=0.011 H/km, L0=0.0031
H/km, C+=C-=9.53 nF/km; C0=5.7 F/km, and the length of the line is 90 km.
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The technical data is selected according to standard PE 132/2003, as per the

following tables.
Table 4

Electrical parameters of the electric power line for 110 kV voltage
Electrical parameters of the aerial
Electric power line Sequence electric power line

features R X L C
[Q/km] | [Q/km] | [H/km] [nF/km]
LEA 110kV SCS 1161 | Positive | 0,157 10,368 | 0,001171 | 9,536
type pole with a 3x185 | Negative | 0,157 0,418 |0,1331 8,504
AlOl  conductor and | Zero 0,300 |0,979 | 0.003116 | 5,728
1x70 Ol

In order to be certain of the accuracy of the chosen values, they are being
checked with the aid of the propagation velocity, which has to be lower than light
velocity (300000 m/s). As per table 2, one can see that the values of the
inductances and the sequence capacities, positive, negative and zero, match the
verification.

Table 5
Electrical parameters of the electric power line for 110 kV voltage

L C 1

!

V=
[H/km] [nF/km] m
0,001171 | 9,536 299770,7
0,1331 8,504 297356,4
0.003116 | 5,728 237271,1
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8 Block Parameters: Linia 40km E>2

Distributed Parameters Line (mask) (ink)

Implements a N-phases distributed parameter ne model. The R,L, and C line
parameters are specified by [Nxh] matrices.

Tomodel a two-, three-, or a six-phase symmetrical ine you can either specify
complete [NxN] matrices or simply enter sequence parameters vectors: the
positive and zero sequence parameters for a two-phase or three phase
transposed line, plus the mutual zero-sequence for a six-phase transposed line
(2 coupled 3-phase Ines).

Parameters

Number of phases N
El

Frequency used for R L C spedification (Hz)

50

Resistance per unit length (Ohms/km)  [N“N matrix] or [R1R0 ROm]
[0.1570.300]

Inductance per unit length (H/km) [N*N matrix ] or [L1L0 LOm]
[0.011 0.0031]

Capacitance per unit length (Fkm) [N*N matrix] or [C1CO Com]
[9.53e-9 5.7e-9]

Line length an)

S0

Measurements None -

[ oK ][ cancel | [ Hep | [ eoohy

Fig. 4. Electric power line block for 110 kV voltage

The power consumer is the sum of several consumers having the nominal
capacity of 100 MVA, connected to the electric network of 110 kV and 50 Hz
frequency.

WA Block Parameters: Three-Phase Series RLC Load &J

Three-Phase Series RLC Load {mask) (ink)

Implements a three-phase series RLC load,

Parameters

Configuration [Y {grounded) -

Mominal phase-to-phase voltage Yn (v¥rms)
110e3

Mominal frequency fn (Hz):

20

Active power P (W):

2e9

Inductive reactive power QL (positive var):

0

Capaditive reactive power Qc (negative var):

0

Measurements [Nune -

[ ok [ cancel ][ vep || ey

Fig. 5. Power consumer block
2.2. Diagram for the Normal Regime of Operation

The simulated electric network in case of the normal regime of operation
looks like in fig. 15, with blocks for each and every primary electric piece of
equipment.
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Linia 9tkm intreruptorul

Fig. 6. Pattern of the electric network simulated in Matlab

In the case of the normal regime of operation of the electric network
simulated by using this Matlab program, the diagram of current variation is
obtained.

Before running the program, it is necessary that the network compatibility
tests be made. In this way, the elements defining the primary equipment of the
electric network is properly selected. The electric network has the voltage of 220
kV, with the aid of a 2-winding power transformer, the voltage is decreased to the
value of 110 kV in order that it be linked to the consumer. The electric network is
an electric transmission network of a high voltage for having little losses in the
transmission of energy. On the 110 kV side we have the 90 km electric power line
running to the power consumer. For checking the electrical parameters of the line,
which must be lower than light propagation velocity of 300000 m/s, table 5 is
used.

The recording of the normal regime of operation has a sinusoidal and even
current variation. It is the ideal variation of the electric network, the current
having the value of 136 A. This is the nominal current which crosses the electric
power line of the 110 kV network.

13 04 [13 ] ai 1] au [0 [0

Fig.7. Recording of the normal regime of operation



46 Sebastian Anghelescu

2.3. Diagram for the Simulated Fault Regime

A mono-phase fault (A-N) (Fig. 8) was simulated on the electric power
line of the 110 Kv network. The fault is parameterized as follows: short-circuit
resistance: R=0.0005 Q; earth ground resistance: Rp=0.01 Q; snubber resistance:

30000 Q; snubber capacity: 5 F.
B Block Parameters: Three-Phase Fault T o) |

Three-Phase Fauilt (mask) (ink)

Use this block to program a fault (short-crcuit) between

any phase and the ground. You can define the fauit timing
directly from the dialog box o apply an external logical signal.
If you check the External contral' box , the external contral
input wil appear.

Parameters

Phase A Fault

[ Phase B Fault

[] Phase C Fault

Fault resistances Ron (ohms) :
0.0005

Ground Fault

Ground resistance Rg (ohms) :
0.01

[ External control of fault timing :
Transition status [1,0,1...):
[10]

Transition times (s):
[0.030.07]

Snubbers resistance Rp (ohms) :
30000

Snubbers Capaditance Cp (Farad)
5

Measurements |Fault currents -

[ ok ][ el J[ vep ][ aopiv

Fig. 8. Mono-phase fault block

I 1 ﬂ

3 O [cL-t..,'.Q:,..- e

Current Measurement Secpm

Thres Phase Ereakerl

Fig.9. Logic diagram of the electric network operating under fault conditions and safeguarded by

the protection system
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The electric network under the fault regime simulated in Matlab is
represented in fig. 17. The fault occurs on the electric power line, phase A with
ground N. In this way, the current is absorbed, the short-circuit current occurs,
which exceeds the nominal value of this current.

It Action
Subsystem2

If Action

(1)
Subsystem

Mean Value
(linear)

¥

Fig. 10. Protection system block
The protection system block (Fig. 10) is made up of an RMS block, the

electrical magnitude value of the current is converted into a mean value in order to
have a positive current variation, as per fig. 11.

Fig.11. écordings of the current variaton in mean value and switch position

To continue the logic, block ”IF” comes next with the role of comparison,
whether the current value set is exceeded or not, to activate the switch. In the
second recording, in fig. 11, one can see the position of the switch, value ’1”
representing the “on” position of the switch and the ”0” value representing the
”off” position. The rapid auto-reset function executes a setting operation, the
switch remaining turned on, and the current returning to the normal operating
regime.

The simulation sequence of the fault regime lasts for t = 2 sec. The sequence
of the fault regime is distributed in several areas:

e Area 1- normal operating regime lasts for t=[0 0.03] sec;
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e Area 2- fault regime, the fault occurs , it lasts for t=[0.03 0.051] sec;
e Area 3 - switch setting off regime when we have no current at all
t=[0.0510.0734] sec;

e Area 4- normal operating regime [0.0734 0.2] sec

Zona 4

o 3 3 0z a0 00 18

Fig.12. Current variation recording under fault conditions

In fig. 12, one can see how the protection system detects an increase in current
greater than the value of the nominal operating current and eliminates the fault
regime by activating the switches at both ends of the electric power line of the 110
kV network. The protection function was the maximum swift current protection,
quickly removing the fault. One can find that after the fault has been removed, the
switches reset automatically with the rapid auto-reset function (RAR). In this way,
the electric power line remains in use in proper operating conditions.

3. Application Study by Using the the current and voltage injection
display test

In usual practice, the verification of the protection system of an electric
cell of an electric power plant is made with the aid of the current and voltage
injection display test set.

For the proposed application it was chosen a line electric cell for the
voltage of 110kV. The cell is safeguarded by the protection system and it consists
of a digital terminal of Siemens 7SA612 type.

Current measurement transformers have the transformation ratio of
600/1/1/1 ; the voltage measurement transformer has the transformation ratio of
110000/100 V. The protection function desired to be tested is the maximum
protection zero sequence directed function, having the following activated
settings:
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Table 6

Parameters of the swift maximum protection zero sequence directed function

Manner of operation Front

Current start-up 1200 [A]
Timing value 0.4 [sec]

Binary input for teleprotection No

activation
Activation after switch connection to No
fault
Inhibit pulse No

The stage of the maximum zero sequence directed function is a swift

function having a high current value and low timing.

The following parameters were set on the injection display test set for
testing the swift maximum protection zero sequence directed function as per table
7 for sequence 1, representing the normal operating regime and as per table 8 for
sequence 2, representing the sequence for the fault regime.

Table 7
Parameters of the injection display test set for sequence 1
Voltage on phase A 57.8 [V] angle 0°
Voltage on phase B 57.8 [V] angle 240°
Voltage on phase C 57.8[V] angle 120°
Current on phase A 1[A] angle 0°
Current on phase B 1[A] angle 240°
Current on phase C 1[A] angle 120°
Table 8
Parameters of the injection display test set for sequence 2
Voltage on phase A 40 [V] angle 0°
Voltage on phase B 57.8[V] angle 240°
Voltage on phase C 57.8[V] angle 120°
Current on phase A 2.5 [A] angle 260°
Current on phase B 1[A] angle 240°
Current on phase C 1[A] angle 120°

Sequence 1 (Fig. 13) represents the normal operating regime where the
voltages, currents on each phase and the phase currents are equal.
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Fig.; i3. Phaser di;g;am of sequence 1

Sequence 2 (Fig. 14) represents the fault regime where the voltage on
phase A drops to the value of 40 V, the other voltages remain equal, and the
current on phase A increases to 2.5 A, the other phases stay the same. The current
angle on phase A is 260° as compared to sequence 1, integrating in the front set-
up area. The fault is mono-phase with the ground on phase A and N in front.

The values of the electrical magnitudes entered in the injection display test
set are displayed in secondary magnitudes.

Ll

Fig. 14. Phaser diagrar_n of sequence 2

The SCADA recording extracted from the 7SA612 digital terminal, after
testing the activation of the swift maximum zero sequence protection function is
provided in Fig. 15.
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"

==

Fig. 15. Recording of 7SA612 digital terminal

In the recording of 7SA612 digital terminal one can see the current and
voltage variations on each and every phase. In the bottom of the reording there are
indicated the alarms that have been activated when switching on for testing the
protection function.

4. Conclusions

This paper is proposing to use virtual applications in analyzing and
evaluating the manner of eliminating a fault by the protection systems by
visualising the recordings under the fault regime.

From the virtual recording designed with Matlab compared with the
recording obtained with the aid of the test set, it has been found that there are no
major differences.

Therefore, from the comparative analysis presented, one may find the
utility of using virtual applications to anticipate and become aware of the
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evolution of variations in current and voltage and the feed-back manner of
protection systems, in the case of the different operating regimes of the high
voltage networks.

This type of application helps personnel simplify the analysis and
interpretation of the incidents occuring in the electric networks.

The advantages of this simulation are represented by the possibility to
analyze and evaluate the operating regime and efficiency of the protection systems
before they are actually configured and tested in the power plant.
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