TESLA - 4000 Digital Fault Recorder

Fault Locator Function

1 Introduction

Transmission lines are a very important part of the power system, integral to reliable service from power plants to
consumers. Identifying fault locations is very important to maintenance of a reliable and economical power supply [1]. In
most industrial distance relays and digital fault recorders, fault distance estimation is done using the Takagi algorithm [2].
However, this task can be difficult under practical conditions such as short duration faults, high dc offset conditions, etc.

[3].

This document provides the procedure for configuring the fault locator function available in the ERLPhase TESLA 4000
digital fault recoding system. Operation of the fault locator is demonstrated using the faulty waveforms generated from
an electromagnetic transient (EMT) type simulation program. This simulation uses a frequency dependant transmission
line and considers different types of faults (phase-to-ground, phase-to-phase, three-phase, etc.) simulated at different
locations of the line with different fault inception angles.

TESLA 4000 is capable of supporting two different types of current sensors: “conventional type” and “split core type” [4].
Conventional type sensors require system interruption (as would current sensors available in the conventional relays and
field installations), whereas split core type current sensors can be installed without system interruption. For this reason,
split core current sensors have become popular during recent years. Application using both types of CTs is described
below.

2 Test System

Fig-1 shows a 230 kV, 200 km transmission simulated in the PSCAD simulation program. The instrument transformers (CTs
and PTs) were simulated, assuming a CT ratio of 600:5 and a PT ratio of 2000:1. Complete system parameters are shown in
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Fig-1: 230 kV, 60Hz Transmission System under Investigation
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Table-1: System Parameters

Element Network-1 Network-2 Transmission Line
Positive Seq 50.0 < 80 Ohms 50.0 < 80 Ohms 101.8 < 85.9 Ohms
Zero Seq 100.0 < 80 Ohms 70.0 < 80 Ohms 275.1 <74.7 Ohms

3 TESLA Setting

Basic steps involved in the cofiguring of the fault locator funtion are shown in Fig-2 to Fig-7. The fault locator is set to
operate for any any under voltage condtion at 85% of the nominal voltage or any zero sequence current above 20% of the

nominal current.

Fig-2: Overview of Fault Locator Configuration
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O Va:Main Volt A
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O Ve:Main Valt C
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TESLA Analog Input Configuration

Element: Type Description Channel Module Type
TESLA4000 Va « || Main Volt & 1 ~w | | 401006 69Vac lzolated Neutral -~
Units 2kViV Angle Offset HRate of Change Interval Single Harmonic Mumber Nominal Level
kV View/Set Scale 1.0 ~ Cycle(s) 3 o v
Actions:
L ) - Cross .| Alarm
Lirmit| Delay Enable Fault Swing Log Motify . Priority Contact
High Magnitude 0 W 0 sec |[] ] ] ] ] ] 1
Low Magnitude 58.85 |V 0 sec ] [l ] ] 1
Negative Rate of Change [-0 v 0 sec [ [l [l | [ ] 1
Positive Rate of Change |0 W 0 sec |:| |:| |:| D |:| |:| 1
Single Harmonic 1 % 1 sec |[] ] | ] ] Ll 1
Total Harmonic Distortion |1 % 1 sec |[] ] ] ] [] ] 1
Sag 50 % [] ] ] ] [] ] 1
Swel 10 |% O O O ] O [] 1

Fig-3: Voltage Channel Configuration
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Element: Type Description

TESLA4000 la

TESLA Analog Input Configuration
Module Type

Channel

~ || Main Curr A 4

« | | 401025 SAac

Units 120 AVYA Angle Offset  Rate of Change Interval Single Harmonic Number Mominal Level
A ViewiSet Scale 1.0 = Cycle(s) 3 w 5 A
Actions:
- . - Cross - Alarm
Limit Delay Enable Fault Swing Log Notify Tri r Priority Contact
High Magnitude 0 A 0 sec ([ ] [] [] ] [] 1 -
Low Magnitude 0 A ] sec ([ ] [l ] ] ] ] 1 -
Negative Rate of Change|-0  |A 0 sec [ | [l [l ] [] 1 -
Positive Rate of Change |0 A 0 sec |[] | | [l | [] 1 -
Single Harmonic 1 % |1 sec ([ ] [l ] [] ] [l 1 -
Total Harmonic Distortion | 1 % 1 sec ([ ] [ [] ] [] 1 -
T2 % [l [l [l [l [l [l
Swell % [] ] [] [] ] []
Fig-4: Current Channel Configuration
TESLA Summation Function Configuration
Element Type Description Surnmation Index
TESLA4000 laSum v 1 ~
Units: A
Seale: 120 AZA Rate of Change Interval | 1.0 w | Cycle(s)
Define Inputs:
Element: Type: Description Scale Factor Angle Offset
Input 1 | TESLA4000:1a:Main Curr & w| X ‘ 1 ‘ L | 0 |
Input 2 | TESLA4000:Ib:Main Curr B w| X ‘ 1 ‘ L | 0 |
Input 3 | TESLA4000:1c:Main Curr € wl| X ‘ 1 ‘ { | 0 |
Actions:
. - - Cross .| Alarm
Limit Delay Enable Fault Swing Log Notify Tri r Priority Contact
High Magnitude 1 A 0 sec ] ] ] ] 1 -
Low Magnitude 0 A il sec [[] ] ] [] [] ] 1 —
Negative Rate of Change |-0 A il sec [[] ] ] [] [] ] 1 -
Posive Rate of Change [0 |A |0 |sec |[ ] O] O | [l [ L -

Fig-5: Summation Current Channel Configuration
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TESLA Logic Function Configuration

Element Type De=scription

TESLA4000 ‘Logic:

Input 1: TESLA£L000:Va:Main Volt A[LoLev]

Input 2:| TESLA4000:Vb:Main Wolt B[LoLev]

Logic Function Index

oo | [2s

NOINY

N

Delay Module:

o= |

S

outa - NOINV | or
n Z ' i o
put 3: TESLA4000:Vc:Main Vot C[LoLev]
NOINY |
Input 4 | TESLA4000:) HiL w
npu azumlHiLev]
NOINV _| _|
Input 5:| <unassigned= N \ — —
1 —
Actions:
Label | Enable | Fault | Swing | Log | Motify frri;;:r Priority (‘;‘;‘:‘1::' "
ACTNE State | Active ] ] ] ] ] 1 -
INACTIVE State | nactive |[ ] ] O O | | 1 -
Fig-6: Fault Trigger Logic
TESLA Fault Locator Configuration
Element Type Description Fault Locator Index
TESLA4000 :FlLoc: Fault Log 1 e
Initiating Event | TESLA4000:Logic:Fault Loc e
[ Initiating Event should have a 1.5 cycle pickup delay to
get accurate fault location results ]
Phase AVolts | TESLA4000:Va:Main Volt A v
Phaze B Volts | TESLA4000:Vb:Main Volt B w
Phase C Voltz | TESLA4000:Ve:Main Volt C ~
Phase AAmps | TESLA4000:la:Main Curr A v
Phaze B Amps | TESLA4000:Ib:Main Curr B w
Phase CAmps | TESLA4000:Ic:Main Curr C e

Pos Sequence Impe-clanu:e| 715

+]

101.35

| Pri Ohms

Zero Sequence Impedance | 7283

]

265.29|

| Pri Ohms

Line Length km

Fig-7: Fault Locator Configuration
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4 Results

Fault location results obtained using different types of current sensors are presented in Table-2 and Table-3. The

percentage error is calculated using the following equation:

Percentage Error = (instrument reading — exact distance to the fault) * 100 / total line length

Table-2: Fault Locator - Conventional CT Module

Fault type

Actual location (km)

Estimated
location (km)

% Error

AG

50

49.9

49.9

49.9

0.05

BC

50

513

51.3

51.3

0.65

ABC

50

49.3

49.3

49.3

0.35

AG

100

100.8

100.8

100.8

0.4

BC

100

98.1

98.1

98.1

0.95

ABC

100

99.0

99.0

99.0

0.5

AG

150

152.0

152.0

152.0

BC

150

148.8

148.8

148.8

0.6

ABC

WINMFERIWINIRPITW N RPITWINIRPIWIN(RPITWINIRITWIN(RPITWIN(FRPIWIN |-

150

148.4

148.2

148.3

0.85
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Table-3: Fault Locator - Split Core CT Modules

Fault type

Actual location (km)

Estimated
location (km)

% Error

AG

50

49.8

49.8

49.8

0.1

BC

50

51.1

51.1

51.1

0.55

ABC

50

49.4

49.4

49.4

0.3

AG

100

100.6

100.6

100.6

0.3

BC

100

98.1

98.0

98.0

0.983

ABC

100

98.9

98.9

98.9

0.55

AG

150

151.7

151.7

151.7

0.85

BC

150

148.3

148.2

148.3

0.87

ABC

WINRPIWINRPIWINIRPIWINRPIWINIRITWINRITWINIRPIWINFRIW|N |-

150

147.9

148.0

147.9

1.03

Table-4: Short Duration Faults - Conventional CT

Number of cycles

Actual location (km)

Estimated
location (km)

% Error

~2-2.5

cycles

150

151.9

152.0

152.0

0.983

~2.5-3

cycles

WIN[FRJWIN |-

150

152.0

152.0

152.0
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Suitability of the fault locator for short duration faults was also investigated. Table-4 and Table-5 summarize the effect of
fault duration on the fault locator accuracies for a single phase to ground fault simulated at 150 km tested using different
types of CT modules. As it can be seen from the results, TESLA is capable of calculating the fault location for short duration
faults as low as 2 to 2.5 cycles.

Table-5: Short Duration Faults - Split Core CT

Estimated

1 0,
Number of cycles Actual location (km) et (i) % Error
s 1 151.7
- 2 150 151.7 0.85
cycles
3 151.7
e 1 151.7
i~ 2 150 151.7 0.85
cycles
3 151.7

4 Summary

Operation of the fault locator function available on the TESLA-4000 DFR was demonstrated using simulated waveforms.
Applicability of different types of current sensors was also evaluated. Results showed fault estimations with approximately
1% error limit, irrespective of the type of the CT, for the simulated fault scenarios. It should be noted that for closed-in
faults, fault location errors get increased due to factors such numerical issues, measurement errors and simulation errors.
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The specifications and product information contained in this document are subject to change without notice.
In case of inconsistencies between documents, the version at www.erlphase.com will be considered correct.
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