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1 CHAPTER OVERVIEW

This chapter contains the following sections:

Chapter Overview 3
Foreword 4
Features and Functions 7
Compliance 10
Functional Overview 11
Ordering Options 12
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2 FOREWORD

This technical manual provides a functional and technical description of Alstom Grid's P14D, as well as a
comprehensive set of instructions for using the device.

We have attempted to make this manual as accurate, comprehensive and user-friendly as possible.
However we cannot guarantee that it is free from errors. Nor can we state that it cannot be improved. We
would therefore be very pleased to hear from you if you discover any errors, or have any suggestions for
improvement. All feedback should be sent to our contact centre via the following URL:

http://www.alstom.com/grid/contactcentre/

21 TARGET AUDIENCE

This manual is aimed towards all professionals charged with installing, commissioning, maintaining,
troubleshooting, or operating any of the products within the specified product range. This includes installation
and commissioning personnel as well as engineers who will be responsible for operating the product.

The level at which this manual is written assumes that installation and commissioning engineers have
knowledge of handling electronic equipment and that system and protection engineers have a thorough
knowledge of protection systems and associated equipment.

2.2 TYPOGRAPHICAL CONVENTIONS

The following typographical conventions are used throughout this manual.

e The names for special keys and function keys appear in capital letters.
For example: ENTER

e When describing software applications, menu items, buttons, labels etc as they appear on the screen
are written in bold type.
For example: Select Save from the file menu.

e Menu hierarchies in documentation describing software applications use the > sign to indicate the next
level
For example: Select File > Save

e Filenames and paths use the courier font
For example: Example\File.text
e Special terminology is written with leading capitals
For example: Sensitive Earth Fault
e When reference is made to Alstom Grid's Courier database, the column text is written in upper case
For example: The SYSTEM DATA column
e When reference is made to Alstom Grid's Courier database, the cell text is written in bold type
For example: The Language cell in the SYSTEM DATA column

e When reference is made to Alstom Grid's Courier database, the value of a cell's content is enclosed in
single quotation marks
For example: The Language cell in the SYSTEM DATA column contains the value 'English’

2.3 NOMENCLATURE

Due to the technical nature of this manual, many special terms, abbreviations and acronyms are used
throughout the manual. Some of these terms are well-known industry-specific terms while others may be
special product-specific terms used by Alstom Grid. A glossary at the back of this manual provides a
complete description of all special terms used throughout the manual.
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We would like to highlight the following changes of nomenclature however:

e The word 'relay' is no longer used for the device itself. Instead, the device is referred to as an 'lED’
(Intelligent Electronic Device), the 'device', the 'product’, or the 'unit'. The word 'relay’ is used purely to
describe the electromechanical components within the device, i.e. the output relays.

e British English is used throughout this manual.
e The British term 'Earth' is used in favour of the American term 'Ground'.

2.4 MANUAL STRUCTURE

The manual consists of the following chapters:

Chapter 1: Introduction

Chapter 2: Safety Information

Chapter 3: Hardware Design

Chapter 4: Configuration

Chapter 5: Current Protection Functions
Chapter 6: Voltage and Frequency Protection Functions
Chapter 7: Power Protection Functions
Chapter 8: Autoreclose Functions

Chapter 9: Monitoring and Control Functions
Chapter 10: Communications

Chapter 11: Cyber Security

Chapter 12: Settings Application Software
Chapter 13: Scheme Logic

Chapter 14: Installation

Chapter 15: Commissioning Instructions
Chapter 16: Maintenance & Troubleshooting
Chapter 17: Technical Specifications
Appendix A: Symbols and Glossary
Appendix B: Commissioning Record Forms
Appendix C: Wiring diagrams

2.5 PRODUCT SCOPE

The P14D feeder management IED has been designed for the protection of a wide range of overhead lines
and underground cables. The P14D provides integral directional and non-directional overcurrent, overvoltage
and earth-fault protection and is suitable for application on solidly earthed, impedance earthed, Petersen coil
earthed, and isolated systems.

In addition to the protection features, the devices include a comprehensive range of other features and
measurements and recording facilities to aid with power system diagnosis and fault analysis.

The P14D can be used in various applications, depending on the chosen firmware. There are four different
models according to which firmware is installed: P14DB, P14DG, P14DL, P14DZ

e The P14DB is the base device for general application

e The P14DG is for small generator applications

e The P14DL is for line protection

e The P14DZ is for high impedance earth fault applications

The P14D IED is supplied with the following hardware:

P14D-B/G/L/Z-TM-EN-1 5
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P14D

Item

Details

Case

30TE

Number of CT Inputs (1A or 5A)

4 (1 of these can be chosen to be standard or sensitive)

Number of VT inputs

4

Optically coupled digital inputs

8 to 13, depending on chosen options

Standard relay output contacts

8 to 12, depending on chosen options

Programmable function keys

3

Programmable LEDs

8
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3 FEATURES AND FUNCTIONS

31 PROTECTION FUNCTIONS

The P14D models offer the following protection functions:

ANSI| IEC61850 Protection Function P14DB P14DG P14DL P14DZ

37 Undercurrent detection (low load) Yes Yes Yes Yes

46 NgcPTOC Negative sequence overcurrent Yes Yes Yes Yes

46BC Broken Conductor Yes Yes Yes Yes

49 ThmPTTR Thermal Overload Yes Yes Yes Yes

50 SOTF Switch onto Fault Yes Yes Yes Yes

50BF RBRF CB Failure Yes Yes Yes Yes

50 OcpPTOC Definite time overcurrent protection 6stages |6stages |6stages |6 stages

50N EfdPTOC Neutral/Ground Definite time overcurrent protection 4 stages |4 stages |4stages |4 stages
Measured and Derived (standard EF CT), Derived (SEF
CT)

51 OcpPTOC IDMT overcurrent protection (stages) Yes Yes Yes Yes

51N EfdPTOC Neutral/Ground IDMT overcurrent protection Yes Yes Yes Yes

67 OcpPTOC Directional Phase Overcurrent Yes Yes Yes Yes

67N EfdPTOC Directional Neutral Overcurrent Yes Yes Yes Yes
>Wattmetric Earth Fault Yes Yes Yes Yes
Cold load pick up Yes Yes Yes Yes

VTS VT supervision Yes Yes Yes Yes

CTS CT supervision Yes Yes Yes Yes

64N RefPDIF Restricted Earth Fault Yes Yes Yes Yes
Sensitive Earth Fault (with SEF CT only) Yes Yes Yes Yes

68 2nd Harmonic Blocking Yes Yes Yes Yes

27 VtpPhsPTUV Undervoltage 3stages |3stages |3stages |3 stages

47 Negative sequence overvoltage Yes Yes Yes Yes

59 VitpPhsPTOV Overvoltage 3stages |3stages |3stages |3 stages

59N VtpResPTOV Residual Overvoltage 3stages |3stages |3stages |3 stages

810 FrqPTOF Overfrequency Yes Yes Yes Yes

81U FrgPTUF Underfrequency Yes Yes Yes Yes

81df/dt Rate of change of frequency (df/dt) Yes Yes Yes Yes

81V DfpPFRC Undervoltage blocking of frequency protection Yes Yes Yes Yes
Programmable curves Yes Yes Yes Yes

51V Voltage Controlled Overcurrent Yes Yes Yes Yes
Voltage Restrained Overcurrent No Yes Yes Yes

25 Check synchronising No Yes Yes Yes

32 Phase Directional Power No Yes Yes Yes
Sensitive power No Yes Yes Yes
Load Encroachment supervision No No Yes Yes
(Load Blinders)
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ANSI IEC61850 Protection Function P14DB P14DG P14DL P14DZ
79 RREC Autoreclose (3 phases) No No 4 shots 4 shots
21FL Fault Locator No No Yes Yes
81RF DfpPFRC Frequency supervised rate of change of frequency No No Yes Yes
81RAV DfpPFRC Frequency supervised average rate of change of frequency | No No Yes Yes
81R Load Restoration No No Yes Yes

Rate of change of voltage (dv/dt) No No 4 stages |4 stages
Blocking scheme Yes Yes Yes Yes
Programmable curves Yes Yes Yes Yes
High Impedance Earth Fault No No No Yes
CB Monitoring Yes Yes Yes Yes
86 Latching output contacts (Lockout) Yes Yes Yes Yes
3.2 CONTROL FUNCTIONS

The device offers the following control functions:

e Programmable Scheme Logic (PSL)

e Trip circuit supervision (TCS)

e 4 x Setting groups

e Watchdog contacts (1NO and 1NC)

e Self-monitoring (diagnostics)

e Manual CB control (local/remote)

e Read Only Mode
3.3 MEASUREMENT FUNCTIONS
The device offers the following measurement functions:

Measurement Function Details

Measurements - Measured currents and calculated sequence
(Exact range of measurements depend on the device model) and RMS currents

- Measured voltages and calculated sequence
and RMS voltages

- Power and energy quantities

- Peak, fixed and rolling demand values

- Frequency measurements

- Others measurements

Disturbance records (waveform capture, oscillography)

Channels / duration each or total / samples per cycle 9/10,5/24
Fault Records 10
Maintenance Records 10

Event Records / Event logging 2048

Time Stamping of Opto-inputs Yes

3.4 COMMUNICATION FUNCTIONS

The device offers the following communication functions:

8 P14D-B/G/L/Z-TM-EN-1
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Communication Function Details
Local HMI Yes
Multi-language HMI (English, French, German, Italian, Yes
Portuguese, Spanish, Russian)
Front port usB

1st rear port

RS485 or IRIG-B

2nd rear port (optional) RS485 or IRIG-B

Protocols available |IEC60870-5-103, IEC 61850, MODBUS, Courier, DNP3, DNP3 over Ethernet
IEC61850 available option

Virtual inputs 32

Cyber security Yes

Enhanced Studio (S1 Agile) Yes

P14D-B/G/L/Z-TM-EN-1
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4 COMPLIANCE

The device has undergone a range of extensive testing and certification processes to ensure and prove
compatibility with all target markets. Below is a list of standards with which the device is compliant. A detailed
description of these criteria can be found in the Technical Specifications (on page 619) chapter.

Compliance Standards

Condition

Compliance

EMC compliance (compulsory)

2004/108/EC (demonstrated by EN50263:2000)

Product safety (compulsory)

2006/95/EC (demonstrated by EN60255-27:2005)

R&TTE Compliance (compulsory)

99/5/EC

EMC

EN50263, IEC 60255-22-1/2/3/4, IEC 61000-4-5/6/8/9/10,
ENG1000-4-3/18, IEEE/ANSI C37.90.1/2, ENV50204, EN55022

Product Safety for North America

UL/CL File No. UL/CUL E202519

Environmental conditions

IEC 60068-2-1/30/60/78

Power supply interruption

IEC 60255-11, IEC 61000-4-11

Type tests for Insulation, creepage distance and clearances, high
voltage dielectric withstand, and impulse voltage withstand

IEC 60255-27:2005

Enclosure protection

IEC 60529:1992 - IP10, IP30, IP52

Mechanical robustness

IEC 60255-21-1/2/3

Documentation

IEC 60255-151

10
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5 FUNCTIONAL OVERVIEW

50
46 50 51 .
7 50BF 6N 68 Hiz cTs

Isen

V 8- 8- 8- 8- 8-
810
81RF
59 67 81U
21FL 32 51V 81RAV VTS
81V
Digital /0 Communication Measurements ‘ Disturbance
e ‘ iy ‘ ‘ RIG-B H Ethernet H RS485 H e ‘ Fault records records
inputs outputs USB
V00001

Figure 1: Functional Overview
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6 ORDERING OPTIONS

Variants Order Humber

Model Type
Feeder Manaaement Protection IED - Directional

Application

Base

Small Generator

Load f Line Management
HIF (SEF CT onby)

CurrentVoltage Transformers
Standard Earth CT
SEF CT

| 1-4 [5]6]7][8]9]10[11[12-1514]15]

Hardware Options
ElARS485

Two ports - EIA RS 485 and Ethernet - Single channel Fibre/Copper
Two ports - ETARS485 & EIARS485 /7 IRIG-B (demodulated)

I/O Options

Standard (8 logic inputs + 8 relay outputs)

Total (11 logic inputs + 12 relay outputs)

Total (11 logic inputs + 12 relay outputs) suitable for trip circuit supervision
Total (13 logic inputs + 12 relay outputs)

Communication protocol

K-Bus

Modbus

[ECE0870-5-103 (VDEW)

DMP3.0

|[EC 61850 and Courier via rear K-Bus/R 5485

|[EC 61850 over Ethernet and with IECB0870-5-103 via rear EIA RS5485
DMP3 .0 over Ethernet and Courier via K-Bus/R5485

Case

30TE Flush (3 function keys with LEDs, 8 programmable LEDs)
Software only

30TE Flush (Adapted field voltage for KCEG retrofit)

Langquage
Multilingual (Enalish. French. German. Spanish)
Multilingual (English, Russian, Italian, Portuguese)

Software Reference
Initial release

Customisation f Regionalisation
Default
Customer specific

Hardware design suffix
Initial release

WO00o4

12
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1 CHAPTER OVERVIEW

This chapter provides information about the safe handling of the equipment. The equipment must be properly
installed and handled in order to maintain it in a safe condition and to keep personnel safe at all times. You
must be familiar with information contained in this chapter before unpacking, installing, commissioning, or
servicing the equipment.

This chapter contains the following sections:

Chapter Overview 15
Health and Safety 16
Symbols 17
Installation, Commissioning and Servicing 18
Decommissioning and Disposal 23
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2 HEALTH AND SAFETY

Personnel associated with the equipment must be familiar with the contents of this Safety Information
chapter as well as the Safety Guide (SFTY/4L).

When electrical equipment is in operation, dangerous voltages are present in certain parts of the equipment.
Improper use of the equipment and failure to observe warning notices will endanger personnel.

Only qualified personnel may work on or operate the equipment. Qualified personnel are individuals who:
e Are familiar with the installation, commissioning, and operation of the equipment and the system to
which it is being connected.

e Are familiar with accepted safety engineering practises and are authorised to energise and de-
energise equipment in the correct manner.

e Are trained in the care and use of safety apparatus in accordance with safety engineering practises
e Are trained in emergency procedures (first aid).

Although the documentation provides instructions for installing, commissioning and operating the equipment,
it cannot cover all conceivable circumstances. In the event of questions or problems, do not take any action
without proper authorisation. Please contact the appropriate technical sales office and request the necessary
information.
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3 SYMBOLS

Throughout this manual you will come across the following symbols. You will also see these symbols on
parts of the equipment.

Caution:
Refer to equipment documentation. Failure to do so could result in damage to
the equipment

Warning:
Risk of electric shock
1

Earth terminal

@ Protective Earth terminal

P14D-B/G/L/Z-TM-EN-1 17
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4 INSTALLATION, COMMISSIONING AND SERVICING

4.1 LIFTING HAZARDS

Plan carefully, identify any possible hazards and determine whether the load needs to be moved at all. Look
at other ways of moving the load to avoid manual handling. Use the correct lifting techniques and Personal
Protective Equipment to reduce the risk of injury.

Many injuries are caused by:
e Lifting heavy objects
e Lifting things incorrectly
e Pushing or pulling heavy objects
e Using the same muscles repetitively

4.2 ELECTRICAL HAZARDS

Caution:
All personnel involved in installing, commissioning, or servicing of this
equipment must be familiar with the correct working procedures.

Caution:
Consult the equipment documentation before installing, commissioning, or
servicing the equipment.

Caution:
Always use the equipment in a manner specified by the manufacturer. Failure to
do will jeopardise the protection provided by the equipment.

Warning:

Removal of equipment panels or covers may expose hazardous live parts. Do
not touch until the electrical power is removed. Take extra care when there is
unlocked access to the rear of the equipment.

Warning:
Isolate the equipment before working on the terminal strips.

Warning:
A suitable protective barrier should be provided for areas with restricted space,
where there is a risk of electric shock due to exposed terminals.

Caution:

Disconnect power before disassembling. Disassembly of the equipment may
expose sensitive electronic circuitry. Take suitable precautions against
electrostatic voltage discharge (ESD) to avoid damage to the equipment.

> PP DDD

1

(o0}
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Caution:
NEVER look into optical fibres. Always use optical power meters to determine
operation or signal level.

Caution:

Insulation testing may leave capacitors charged up to a hazardous voltage. At
the end of each part of the test, discharge the capacitors by reduce the voltage
to zero, before disconnecting the test leads.

Caution:
Operate the equipment within the specified electrical and environmental limits.

Caution:
Before cleaning the equipment, ensure that no connections are energised. Use a
lint free cloth dampened with clean water.

I

Contact fingers of test plugs are normally protected by petroleum jelly, which should not be removed.

4.3 UL/CSA/CUL REQUIREMENTS

Caution:
Equipment intended for rack or panel mounting is for use on a flat surface of a
Type 1 enclosure, as defined by Underwriters Laboratories (UL).

Caution:

To maintain compliance with UL and CSA/CUL, the equipment should be
installed using UL/CSA-recognised parts for: cables, protective fuses, fuse
holders and circuit breakers, insulation crimp terminals, and replacement
internal batteries.

Caution:

For external fuse protection, a UL or CSA Listed fuse must be used. The listed
protective fuse type is: Class J time delay fuse, with a maximum current rating
of 15 A and a minimum DC rating of 250 V dc (for example type AJT15).

Caution:

Where UL/CSA listing of the equipment is not required, a high rupture capacity
(HRC) fuse type with a maximum current rating of 16 Amps and a minimum dc
rating of 250 V dc may be used (for example Red Spot type NIT or TIA.

> DB B D
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4.4

> BB P

EQUIPMENT CONNECTIONS

Warning:
Terminals exposed during installation, commissioning and maintenance may
present a hazardous voltage unless the equipment is electrically isolated.

Caution:
Clamping screws of heavy duty terminal block connectors using M4 screws
must be tightened to a nominal torque of 1.3 Nm.

Caution:
Always use insulated crimp terminations for voltage and current connections.

Caution:
Always use the correct crimp terminal and tool according to the wire size.

Caution:

Watchdog (self-monitoring) contacts are provided to indicate the health of the
device. We strongly recommend that you hard wire these contacts into the
substation's automation system, for alarm purposes.

'S

5

> B DB

PROTECTION CLASS 1 EQUIPMENT REQUIREMENTS

Caution:
Earth the equipment with the supplied PCT (Protective Conductor Terminal).

Caution:
Do not remove the PCT.

Caution:
The PCT is sometimes used to terminate cable screens. Always check the PCT’s
integrity after adding or removing such earth connections.

Caution:
Use a locknut or similar mechanism to ensure the integrity of M4 stud-
connected PCTs.

Caution:

The recommended minimum PCT wire size is 2.5 mm? for countries whose
mains supply is 230 V (e.g. Europe) and 3.3 mm? for countries whose mains
supply is 110 V (e.g. North America). This may be superseded by local or
country wiring regulations.

N

0
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Caution:
The PCT connection must have low-inductance and be as short as possible.

Caution:

All connections to the equipment must have a defined potential. Connections
that are pre-wired, but not used, should be earthed when binary inputs and
output relays are isolated. When binary inputs and output relays are connected
to a common potential, unused pre-wired connections should be connected to
the common potential of the grouped connections.

> B

F-8

.6 PRE-ENERGIZATION CHECKLIST

Caution:
Check voltage rating/polarity (rating label/equipment documentation).

Caution:
Check CT circuit rating (rating label) and integrity of connections.

Caution:
Check protective fuse or miniature circuit breaker (MCB) rating.

Caution:
Check integrity of the PCT connection.

Caution:
Check voltage and current rating of external wiring, ensuring it is appropriate for
the application.

> DB

E-N

T PERIPHERAL CIRCUITRY

Warning:

Do not open the secondary circuit of a live CT since the high voltage produced
may be lethal to personnel and could damage insulation. The secondary of the
line CT should be shorted before opening any connections to it.

>

Note:

For most Alstom equipment with ring-terminal connections, the threaded terminal block for current transformer
termination has automatic CT shorting on removal of the module. Therefore external shorting of the CTs may not be
required. Check the equipment documentation first to see if this applies.
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> B

Caution:
Where external components, such as resistors or voltage dependent resistors
(VDRs), are used, these may present a risk of electric shock or burns, if touched.

Warning:

Take extreme care when using external test blocks and test plugs such as the
MMLG, MMLB and MiCOM ALSTOM P990, as hazardous voltages may be
exposed. CT shorting links must be in place before inserting or removing MMLB
test plugs, to avoid potentially lethal voltages.

4.8

> B

UPGRADING/SERVICING

Warning:
Modules, PCBs, or expansion boards must not be inserted into or withdrawn
from the equipment while energised, as this may result in damage to the

equipment. Hazardous live voltages would also be exposed, thus endangering
personnel.

Caution:
Internal modules and assemblies can be heavy. Take care when inserting or
removing modules into or out of the IED.

22
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5 DECOMMISSIONING AND DISPOSAL

Caution:

Before decommissioning, isolate completely the equipment power supplies
(both poles of any dc supply). The auxiliary supply input may have capacitors in
parallel, which may still be charged. To avoid electric shock, discharge the
capacitors via the external terminals prior to decommissioning.

Avoid incineration or disposal to water courses. The equipment should be disposed of in a safe,

responsible, in an environmentally friendly manner, and if applicable, in accordance with country-specific
regulations.
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Chapter 3 - Hardware Design

1 CHAPTER OVERVIEW

This chapter provides information about the product's hardware design.

This chapter contains the following sections:

Chapter Overview 27
Hardware Architecture 28
Mechanical Implementation 30
Terminal Connections 33
Front Panel 42
P14D-B/G/L/Z-TM-EN-1 27
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2 HARDWARE ARCHITECTURE

The main components comprising devices based on the P40Agile platform are as follows:

e The housing, consisting of a front panel and connections at the rear

e The Main processor module consisting of the main CPU (Central Processing Unit), memory and an
interface to the front panel HMI (Human Machine Interface)

e An I/O board consisting of output relay contacts and digital opto-inputs

e Communication modules

e Power supply

All modules are connected by a parallel data and address bus, which allows the processor module to send
and receive information to and from the other modules as required. There is also a separate serial data bus
for conveying sampled data from the input module to the CPU. These parallel and serial databuses are
shown as a single interconnection module in the figure, which shows the modules and the flow of information
between them.

Keypad <> = 2 > | Output relay module | K-> Output relay contacts
T 8
LCD -» 5 e
8 &1 &8 () e | Opto-input module | K-> Digital inputs
LEDs -» +« 2
<} 8 I/0
b a
Front port <«—»
- CTs K=> Power system currents*
Memory s
B
Z'eati:g?zrsgrryegﬁ! ~ 2 e~ VTs K> Power system voltages*
o
Super capacitor-backed g Analogue Inputs
DRAM . b=
for real-time clock
- RS485 module > RS485 communication
Watchdog <— Watchdog module |« Time synchronisation
contacts - IRIG-B module .
(Optional)
Ethernet communication
- Ethernet module - !
Aucxiliary (Optional)
Supply — PSU module [ Communications
*No VTs on current-only models. No CTs on voltage-only models
V00200

Figure 2: Hardware design overview

2.1 MEMORY AND REAL TIME CLOCK

The IED contains flash memory for storing the following operational information:

Fault, Maintenance and Disturbance Records
Events

Alarms

Measurement values

Latched trips

[ ]
[ ]
[ ]
[ ]
[ ]
e Latched contacts
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Flash memory is non-volatile and therefore no backup battery is required.

A dedicated Supercapacitor keeps the on board real time clock operational for up to four days after power
down.
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3 MECHANICAL IMPLEMENTATION

All products based on the P40Agile platform have common hardware architecture. The hardware comprises
two main parts; the cradle and the housing.

The cradle consists of the front panel which is attached to a carrier board into which all of the hardware
boards and modules are connected. The products have been designed such that all the boards and modules
comprising the product are fixed into the cradle and are not intended to be removed or inserted after the
product has left the factory.

The housing comprises the housing metalwork and connectors at the rear into which the boards in the cradle
plug into.

R00201

Figure 3: Exploded view of IED

31 HOUSING VARIANTS

The P40 Agile range of products are implemented in one of two case sizes. Case dimensions for industrial
products usually follow modular measurement units based on rack sizes. These are: U for height and TE for
width, where:

e 1U=1.75"=44.45mm
e 1TE =0.2inches =5.08 mm

The products are available in panel-mount or standalone versions. All products are nominally 4U high. This
equates to 177.8 mm or 7 inches.

The cases are pre-finished steel with a conductive covering of aluminium and zinc. This provides good
grounding at all joints, providing a low impedance path to earth that is essential for performance in the
presence of external noise.

The case width depends on the product type and its hardware options. There are two different case widths
for the described range of products: 20TE and 30TE. The products in the P40 Agile range can be used as a
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K-series refit and the cases, cradle, and pin-outs are completely inter-compatible. The case dimensions and
compatibility criteria are as follows:

Case width (TE) Case width (mm) Equivalent K series Products
20TE 102.4 mm (4 inches) KCGG140/142 P14N
30TE 154.2 mm (6 inches) KCEG140/142 P14N (with extra I/O), P14D
3.2 30TE REAR PANEL

The 30TE rear panel consists of either:
e Three MIDOS heavy duty terminal blocks
e Two MIDOS heavy duty terminal blocks and a communication board
e Two MIDOS heavy duty terminal blocks and a blanking panel

=@l
=@l

R00203

Figure 4: 30TE Three-MIDOS block rear panel
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=)
Tl
ATO
o

©eee

R00204

Figure 5: 30TE Two-MIDOS block + communications rear panel

Rz

Figure 6: 30TE Two-MIDOS block + blanking plate

32
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4 TERMINAL CONNECTIONS
4.1 1/0 OPTIONS
Component 1/0 option A 1/0 option B 1/0 option C 1/0 option D
8 1" 1 13
Digital inputs (1 group of 3 and (2 groups of 3 and (1 group of 3, 1 group of 5 | (1 group of 3 and
1 group of 5) 1 group of 5) and 3 individual) 2 groups of 5)
Output relays 8 12 12 12
Note:
I/O option C is suitable for Trip Circuit Supervision (TCS) applications

4.2 P14D HARDWARE CONFIGURATION 1

‘ 1

)
3 4
|5 / WatchDog \ 6 |
17 8l
(omm)! (e=e)
N A
N &2
13 — 1]
15 R 16 ]
47 = Ves 18]
19 Va [ Vb o
(21 Ve 2]

) W] (G—g)
[23 e U]
125 w1 26

) W (

[ 27 mle 281
L
T |

E00217

Figure 7: P14D with 1/0O option A

Terminal Block Left (as viewed from rear)

Terminal Description
1 Earth
2 Not used
3+5 Watchdog, normally closed
4+6 Watchdog, normally open
7to12 Not used
13+ 14 Power Supply Unit
15+ 16 Voltage Transformer Vcs
17 + 18 Voltage Transformers Va and Vb
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Terminal Description
19+ 20 Voltage Transformer Vc
21+ 22 Current Transformer la
23 +24 Current Transformer Ib
25+ 26 Current Transformer Ic
27 + 28 Current Transformer In
Terminal Block Right (as viewed from rear)
Terminal Description
30 + 32 Relay 1, normally open
34 + 36 Relay 2, normally open
38 +40 Relay 3, normally open
42 + 44 Relay 4, normally open
29 + 31 Relay 5, normally open
33+35 Relay 6, normally open
37 +39 Relay 7, normally open
41 + 43 Relay 8, normally open
46 + 52 Opto-input L1 (group 1)
48 + 52 Opto-input L2 (group 1)
50 + 52 Opto-input L3 (group 1)
45 + 55 Opto-input L4 (group 2)
47 + 55 Opto-input L5 (group 2)
49 + 55 Opto-input L6 (group 2)
51+ 55 Opto-input L7 (group 2)
53 + 55 Opto-input L8 (group 2)
54 + 56 EIA(RS)485 or Demodulated IRIG-B
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4.3 P14D HARDWARE CONFIGURATION 2
‘ 1 ‘ ‘
) 0)29 30O
3 4 L3t RS RU 30
‘T i 7 WatchDog \ 61 43 34,
O:>‘ 7 ) ((:OB ‘ Ethernet (‘))35 RLE/ RL2 36(‘)
9 ) (10 | Communications |37 38,
(o) @) Board o
I 11) (12 I oar
13 Moo 14 |
(‘)%\ PS! (%O‘ Single Channel
O:>\ /(:O
17, = Ves 18]
9 WV Wb \%O‘ 10/100Base-TX
(¢
oy (ag)
[ 21 N WVC \22 | or
123 Zla \%O‘ 100Base-FX
)
(25 . mlb e
) L (
|27 mlc 28]
‘ N ‘
E00221

Figure 8: P14D with I/O option A + Ethernet communications

Terminal Block Left (as viewed from rear)

Terminal Description
1 Earth
2 Not used
3+5 Watchdog, normally closed
4+6 Watchdog, normally open
7t012 Not used
13+ 14 Power Supply Unit
15+ 16 Voltage Transformer Vcs
17 + 18 Voltage Transformers Va and Vb
19+ 20 Voltage Transformer Vc
21+ 22 Current Transformer la
23+ 24 Current Transformer Ib
25+ 26 Current Transformer Ic
27 + 28 Current Transformer In
Terminal Block Right (as viewed from rear)
Terminal Description
30 + 32 Relay 1, normally open
34 + 36 Relay 2, normally open
38 + 40 Relay 3, normally open
42 + 44 Relay 4, normally open
29 + 31 Relay 5, normally open

P14D-B/G/L/Z-TM-EN-1
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Terminal Description
33+35 Relay 6, normally open
37 +39 Relay 7, normally open
41 + 43 Relay 8, normally open
46 + 52 Opto-input L1 (group 1)
48 + 52 Opto-input L2 (group 1)
50 + 52 Opto-input L3 (group 1)
45 + 55 Opto-input L4 (group 2)
47 + 55 Opto-input L5 (group 2)
49 + 55 Opto-input L6 (group 2)
51 +55 Opto-input L7 (group 2)
53 + 55 Opto-input L8 (group 2)
54 + 56 EIA(RS)485 or Demodulated IRIG-B
4.4 P14D HARDWARE CONFIGURATION 3
L |
5 o Y
fonm —co o®
| 5 WatchDog \ 6 | . 61
T T Ve
i e
i B g
) co o
I 13\ 5o 14 | . 69
(o) P (o) o=
| 15\ 16 | | 71
= Wy co o-
KA D3 G 7
119 mVal Vb ol T Lo f=d_
Ty, e 10
21 Ve 21 L7 L103=0 )
% mla o] (\)79 L113=8
') S S
o) wale N 9&
. T
E00219

Figure 9: P14D with I/O option B

Terminal Block Left (as viewed from rear)

Terminal Description
1 Earth
2 Not used
3+5 Watchdog, normally closed
4+6 Watchdog, normally open
7t012 Not used
13+ 14 Power Supply Unit
15+ 16 Voltage Transformer Vcs
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Terminal Description
17 +18 Voltage Transformers Va and Vb
19+ 20 Voltage Transformer Vc
21+ 22 Current Transformer la
23 +24 Current Transformer Ib
25+ 26 Current Transformer Ic
27 + 28 Current Transformer In
Terminal Block Right (as viewed from rear)
Terminal Description
30 + 32 Relay 1, normally open
34 + 36 Relay 2, normally open
38 +40 Relay 3, normally open
42 + 44 Relay 4, normally open
29 + 31 Relay 5, normally open
33+35 Relay 6, normally open
37 +39 Relay 7, normally open
41 + 43 Relay 8, normally open
46 + 52 Opto-input L1 (group 1)
48 + 52 Opto-input L2 (group 1)
50 + 52 Opto-input L3 (group 1)
45 + 55 Opto-input L4 (group 2)
47 + 55 Opto-input L5 (group 2)
49 + 55 Opto-input L6 (group 2)
51 +55 Opto-input L7 (group 2)
53 + 55 Opto-input L8 (group 2)
54 + 56 EIA(RS)485 or Demodulated IRIG-B
Terminal Block Centre
Terminal Description
58 + 60 Relay 9, normally open
62 + 64 Relay 10, normally open
66 + 68 Relay 11, normally open
70+72 Relay 12, normally open
74 + 80 Opto-input L9 (group 3)
76 + 80 Opto-input L10 (group 3)
78 + 80 Opto-input L11 (group 3)
82 +84 EIA(RS)485 or Demodulated IRIG-B
The rest Not used

P14D-B/G/L/Z-TM-EN-1
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4.5 P14D HARDWARE CONFIGURATION 4
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Figure 10: P14D with 1/0 option C

Terminal Block Left (as viewed from rear)

Terminal Description

1 Earth

2 Not used

3+5 Watchdog, normally closed

4+6 Watchdog, normally open

7t012 Not used

13+14 Power Supply Unit

15+ 16 Voltage Transformer Vcs

17 +18 Voltage Transformers Va and Vb

19+ 20 Voltage Transformer V¢

21+ 22 Current Transformer la

23 +24 Current Transformer Ib

25+ 26 Current Transformer Ic

27 + 28 Current Transformer In

Terminal Block Right (as viewed from rear)

Terminal Description

30 + 32 Relay 1, normally open

34 + 36 Relay 2, normally open

38 +40 Relay 3, normally open

42 + 44 Relay 4, normally open

29 + 31 Relay 5, normally open
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Terminal Description
33+35 Relay 6, normally open
37 +39 Relay 7, normally open
41 + 43 Relay 8, normally open
46 + 52 Opto-input L1 (group 1)
48 + 52 Opto-input L2 (group 1)
50 + 52 Opto-input L3 (group 1)
45 + 55 Opto-input L4 (group 2)
47 + 55 Opto-input L5 (group 2)
49 + 55 Opto-input L6 (group 2)
51 +55 Opto-input L7 (group 2)
53 + 55 Opto-input L8 (group 2)
54 + 56 EIA(RS)485 or Demodulated IRIG-B
Terminal Block 3 Centre
Terminal Description
58 + 60 Relay 9, normally open
62 + 64 Relay 10, normally open
66 + 68 Relay 11, normally open
70+ 72 Relay 12, normally open
74 +76 Opto-input L9
78 + 80 Opto-input L10
82 +84 Opto-input L11
The rest Not used
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Figure 11: P14D with 1/0O option D

Terminal Block Left (as viewed from rear)

Terminal Description
1 Earth
2 Not used
3+5 Watchdog, normally closed
4+6 Watchdog, normally open
7to12 Not used
13+14 Power Supply Unit
15+ 16 Voltage Transformer Vcs
17 +18 Voltage Transformers Va and Vb
19+ 20 Voltage Transformer Vc
21+ 22 Current Transformer la
23 +24 Current Transformer Ib
25+ 26 Current Transformer Ic
27 + 28 Current Transformer In
Terminal Block Right (as viewed from rear)
Terminal Description
30 + 32 Relay 1, normally open
34 + 36 Relay 2, normally open
38 +40 Relay 3, normally open
42 + 44 Relay 4, normally open
29 + 31 Relay 5, normally open

40

P14D-B/G/L/Z-TM-EN-1




P14D

Chapter 3 - Hardware Design

Terminal Description
33+35 Relay 6, normally open
37 +39 Relay 7, normally open
41 + 43 Relay 8, normally open
46 + 52 Opto-input L1 (group 1)
48 + 52 Opto-input L2 (group 1)
50 + 52 Opto-input L3 (group 1)
45 + 55 Opto-input L4 (group 2)
47 + 55 Opto-input L5 (group 2)
49 + 55 Opto-input L6 (group 2)
51 +55 Opto-input L7 (group 2)
53 + 55 Opto-input L8 (group 2)
54 + 56 EIA(RS)485 or Demodulated IRIG-B
Terminal Block Centre
Terminal Description
58 + 60 Relay 9, normally open
62 + 64 Relay 10, normally open
66 + 68 Relay 11, normally open
70+ 72 Relay 12, normally open
74 + 84 Opto-input L9 (group 3)
76 + 84 Opto-input L10 (group 3)
78 + 84 Opto-input L11 (group 3)
80 + 84 Opto-input L12 (group 3)
82 + 84 Opto-input L13 (group 3)
The rest Not used
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5 FRONT PANEL

5.1 30TE FRONT PANEL

Ri206

Figure 12: Front panel (30TE)

The figures show the front panels for the 30TE variant.
It consists of:

LCD display

Keypad

USB port

4 x fixed function tri-colour LEDs

8 x programmable tri-colour LEDs

3 x function keys

3 x tri-colour LEDs for the function keys

5.2 KEYPAD

The keypad consists of the following keys:

4 arrow keys to navigate the menus

@)@
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An enter key for executing the chosen option

A clear key for clearing the last command

A read key for viewing larger blocks of text (arrow keys now used for scrolling)

2 hot keys for scrolling through the default display and for control of setting
groups

olE[E)E

5.3 LIQUID CRYSTAL DISPLAY

The LCD is a high resolution monochrome display with 16 characters by 3 lines and controllable back light.

5.4 USB PORT

The USB port is situated on the front panel in the bottom left hand corner, and is used to communicate with a
locally connected PC. It has two main purposes:

e To transfer settings information to/from the PC from/to the device.
e For downloading firmware updates and menu text editing.

The port is intended for temporary connection during testing, installation and commissioning. It is not
intended to be used for permanent SCADA communications. This port supports the Courier communication
protocol only. Courier is a proprietary communication protocol to allow communication with a range of
protection equipment, and between the device and the Windows-based support software package.

You can connect the unit to a PC with a USB cable up to 15 m in length.

The inactivity timer for the front port is set to 15 minutes. This controls how long the unit maintains its level of
password access on the front port. If no messages are received on the front port for 15 minutes, any
password access level that has been enabled is cancelled.

Note:
The front USB port does not support automatic extraction of event and disturbance records, although this data can be
accessed manually.

Caution:
When not in use, always close the cover of the USB port to prevent
contamination.
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5.5 FIXED FUNCTION LEDS

Four fixed-function LEDs on the left-hand side of the front panel indicate the following conditions.

e Trip (Red) switches ON when the IED issues a trip signal. It is reset when the associated fault record
is cleared from the front display. Also the trip LED can be configured as self-resetting.

e Alarm (Yellow) flashes when the IED registers an alarm. This may be triggered by a fault, event or
maintenance record. The LED flashes until the alarms have been accepted (read), then changes to
constantly ON. When the alarms are cleared, the LED switches OFF.

e Out of service (Yellow) is ON when the IED's protection is unavailable.

e Healthy (Green) is ON when the IED is in correct working order, and should be ON at all times. It goes
OFF if the unit’'s self-tests show there is an error in the hardware or software. The state of the healthy
LED is reflected by the watchdog contacts at the back of the unit.

5.6 FUNCTION KEYS

The programmable function keys are available for custom use for devices using 30TE cases or larger.

Factory default settings associate specific functions to these keys, but by using programmable scheme logic,
you can change the default functions of these keys to fit specific needs. Adjacent to these function keys are
programmable tri-colour LEDs, which are set to be associated with their respective function keys.

5.7 PROGRAMABLE LEDS

The device has a number of programmable LEDs. All of the programmable LEDs on the unit are tri-colour
and can be set to RED, YELLOW or GREEN.

In the 20TE case, four programmable LEDs are available. In 30TE, eight are available.
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1 CHAPTER OVERVIEW

Each product has different configuration parameters according to the functions it has been designed to
perform. There is, however, a common methodology used across the entire product series to set these
parameters.

This chapter describes an overview of this common methodology, as well as providing concise instructions of
how to configure the device.

This chapter contains the following sections:

Chapter Overview 47
Using the HMI Panel 48
Configuring the Data Protocols 58
Date and Time Configuration 65
Configuration Settings 67
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2 USING THE HMI PANEL

Using the HMI, you can:

Display and modify settings
View the digital I/O signal status
Display measurements

Display fault records

Reset fault and alarm indications

The keypad provides full access to the device functionality by means of a range of menu options. The
information is displayed on the LCD.

Keys

Description

Function

Up and down cursor keys

To change the menu level or change between settings in
a particular column, or changing values within a cell

Left and right cursor keys

To change default display, change between column
headings, or changing values within a cell

ENTER key For changing and executing settings

Hotkevs For executing commands and settings for which
y shortcuts have been defined

Cancel key To return to column header from any menu cell

Read key To read alarm messages

Function keys (not for 20TE devices)

For executing user programmable functions

1eeee(e|@ @@

As the LCD display has a resolution of 16 characters by 3 lines, some of the information is in a condensed mnemonic
form.

48
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2.1

NAVIGATING THE HMI PANEL

The cursor keys are used to navigate the menus. These keys have an auto-repeat function if held down
continuously. This can be used to speed up both setting value changes and menu navigation. The longer the
key is held pressed, the faster the rate of change or movement.

The navigation map below shows how to navigate the menu items.

Default display
option

@) ©

o|®

Default display options

Column 00
System data

Default display
option

<

&)

Alarm message

Subsequent column headings

/

A

Row 01
Language

A

Subsequent rows

V00400

A

Vertical cursor keys move

The Cancel key

returns to

column header

between setting rows

-C

Horizontal cursor
keys move
between values
W|th|n acell

Column B8
User curves

A

Row 01
Curve 1 name

A

Subsequent rows

Figure 13: Menu navigation

2.2

GETTING STARTED

When you first start the IED, it will go through its power up procedure. After a few seconds it will settle down
into one of the top level menus. There are two menus at this level:

e The Alarms menu for when there are alarms present
e The default display menu for when there are no alarms present.

If there are alarms present, the yellow Alarms LED will be flashing and the menu display will read as follows:

Alarms / Faults
Present

HOTKEY]
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Even though the device itself should be in full working order when you first start it, an alarm could still be
present, for example, if there is no network connection for a device fitted with a network card. If this is the
case, you can read the alarm by pressing the 'Read' key.

ALARMS
NIC Link Fail

If the device is fitted with an Ethernet card (not applicable to 20TE IEDs), the only way you will be able to
completely clear this alarm will be by connecting the device into an Ethernet network. This is also the only
way you will be able to get into the default display menu.

If there are other alarms present, these must also be cleared before you can get into the default display
menu options.

2.3 DEFAULT DISPLAY

The default display menu contains a range of possible options that you can choose to be the default display.
The options available are:

NERC Compliant banner
The IED is delivered with a NERC-compliant default display:

ACCESS ONLY FOR
AUTHORISED USERS

HOTKEY]

Date and time

For example:

11:09:15

23 Nov 2011

Description (user-defined)

For example:

Description
MiCOM P14NB

HOTKEY]

Plant reference (user-defined)

For example:

Plant Reference

MiCOM
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Access Level

For example:

Access Level

3

In addition to the above, there are also displays for the system voltages, currents, power and frequency etc.,
depending on the device model.

24 DEFAULT DISPLAY NAVIGATION

The default display navigation is best represented diagrammatically.

DISPLAY NOT NERC DISPLAY NOT NERC
COMPLIANT. OK? COMPLIANT. OK?

NERC compliant
| — banner |

Access Level System Current
System Frequency System Voltage
\ /
Plant Reference System Power
Description Date & Time
_

V00403

Figure 14: Default display navigation

If the device is not yet configured for NERC compliance (see Cyber-Security chapter (on page 473)) a
warning will appear when moving from the "NERC compliant" banner. The warning message is as follows:

DISPLAY NOT NERC
COMPLIANT. OK?

You will have to confirm with the ENTER button before you can go any further.
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Note:
Whenever the IED has an uncleared alarm the default display is replaced by the text Alarms/ Faults present. You

cannot override this default display. However, you can enter the menu structure from the default display, even if the
display shows the Alarms/Faults present message.

2.5 PASSWORD ENTRY

Configuring the default display (in addition to modification of other settings) requires level 3 access. You will

be prompted for a password before you can make any changes, as follows. The default level 3 password is
AAAA.

Enter Password

1. A flashing cursor shows which character field of the password can be changed. Press the up or down
cursor keys to change each character (tip: pressing the up arrow once will return an upper case "A" as
required by the default level 3 password).

2. Use the left and right cursor keys to move between the character fields of the password.

3. Press the Enter key to confirm the password. If you enter an incorrect password, an invalid password
message is displayed then the display reverts to Enter password. Upon entering a valid password a
message appears indicating that the password is correct and which level of access has been
unlocked. If this level is sufficient to edit the selected setting, the display returns to the setting page to
allow the edit to continue. If the correct level of password has not been entered, the password prompt
page appears again.

4, To escape from this prompt press the Clear key. Alternatively, enter the password using System
data > Password. If the keypad is inactive for 15 minutes, the password protection of the front panel
user interface reverts to the default access level.

To manually reset the password protection to the default level, select System data > Password, then press
the Clear key instead of entering a password.

2.6 PROCESSING ALARMS AND FAULT RECORDS

If there are any alarm messages, they will appear on the default display and the yellow alarm LED flashes.
The alarm messages can either be self-resetting or latched. If they are latched, they must be cleared
manually.

1. To view the alarm messages, press the Read key. When all alarms have been viewed but not cleared,
the alarm LED changes from flashing to constantly on, and the latest fault record appears (if there is
one).

2. Scroll through the pages of the latest fault record, using the cursor keys. When all pages of the fault

record have been viewed, the following prompt appears.

Press Clear To
Reset Alarms
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3. To clear all alarm messages, press the Clear key. To return to the display showing alarms or faults
present, and leave the alarms uncleared, press the Read key.

4. Depending on the password configuration settings, you may need to enter a password before the
alarm messages can be cleared.

5. When all alarms are cleared, the yellow alarm LED switches off. If the red LED was on, this will also

be switched off.

Note:

To speed up the procedure, you can enter the alarm viewer using the Read key and subsequently pressing the Clear
key. This goes straight to the fault record display. Press the Clear key again to move straight to the alarm reset
prompt, then press the Clear key again to clear all alarms.

2.7 MENU STRUCTURE

Settings, commands, records and measurements are stored in a local database inside the IED. When using
the Human Machine Interface (HMI) it is convenient to visualise the menu navigation system as a table.
Each item in the menu is known as a cell, which is accessed by reference to a column and row address.
Each column and row is assigned a 2-digit hexadecimal numbers, resulting in a unique 4-digit cell address
for every cell in the database. The main menu groups are allocated columns and the items within the groups
are allocated rows, meaning a particular item within a particular group is a cell.

Each column contains all related items, for example all of the disturbance recorder settings and records are
in the same column.

There are three types of cell:

e Settings: This is for parameters that can be set to different values
e Commands: This is for commands to be executed
e Data: this is for measurements and records to be viewed, which are not settable

Note:
Sometimes the term "Setting" is used generically to describe all of the three types.

The table below, provides and example of the menu structure:

SYSTEM DATA (Col 00) VIEW RECORDS (Col 01) MEASUREMENTS 1 (Col 02)
Language (Row 01) "Select Event [0...n]" (Row 01) IA Magnitude (Row 01)
Password (Row 02) Menu Cell Ref (Row 02) IA Phase Angle (Row 02)
Sys Fn Links Row 03) Time & Date (Row 03) IB Magnitude (Row 03)

It is more convenient to specify all the settings in a single column, detailing the complete Courier address for
each setting. The above table may therefore be represented as follows:

Setting Column Row Description
SYSTEM DATA 00 00 First Column definition
Language (Row 01) 00 01 First setting within first column
Password (Row 02) 00 02 Second setting within first column
Sys Fn Links Row 03) 00 03 Third setting within first column
VIEW RECORDS 01 00 Second Column definition
Select Event [0...n] 01 01 First setting within second column
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Setting Column Row Description
Menu Cell Ref 01 02 Second setting within second column
Time & Date 01 03 Third setting within second column
MEASUREMENTS 1 02 00 Third Column definition
IA Magnitude 02 01 First setting within third column
IA Phase Angle 02 02 Second setting within third column
IB Magnitude 02 03 Third setting within third column

The first three column headers are common throughout the entire series of products. However the rows
within each of these column headers may differ according to the product type. Many of the column headers
are the same for all products within the series. However, there is no guarantee that the addresses will be the
same for a particular column header. Therefore you should always refer to the product settings
documentation and not make any assumptions.

2.8 CHANGING THE SETTINGS

1. Starting at the default display, press the Down cursor key to show the first column heading.

2. Use the horizontal cursor keys to select the required column heading.

3. Use the vertical cursor keys to view the setting data in the column.

4. To return to the column header, either press the Up cursor key for a second or so, or press the Cancel

key once. It is only possible to move across columns at the column heading level.

5. To return to the default display, press the Up cursor key or the Cancel key from any of the column
headings. If you use the auto-repeat function of the Up cursor key, you cannot go straight to the
default display from one of the column cells because the auto-repeat stops at the column heading.

6. To change the value of a setting, go to the relevant cell in the menu, then press the Enter key to
change the cell value. A flashing cursor on the LCD shows that the value can be changed. You may
be prompted for a password first.

7. To change the setting value, press the Up and Down cursor keys. If the setting to be changed is a
binary value or a text string, select the required bit or character to be changed using the Left and Right
cursor keys.

8. Press the Enter key to confirm the new setting value or the Clear key to discard it. The new setting is
automatically discarded if it is not confirmed within 15 seconds.
9. For protection group settings and disturbance recorder settings, the changes must be confirmed

before they are used. When all required changes have been entered, return to the column heading
level and press the Down cursor key. Before returning to the default display, the following prompt
appears.

Update settings?
ENTER or CLEAR

10. Press the Enter key to accept the new settings or press the Clear key to discard the new settings.

Note:
If the menu time-out occurs before the setting changes have been confirmed, the setting values are also discarded.
Control and support settings are updated immediately after they are entered, without the Update settings? prompt.
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2.9 DIRECT ACCESS (THE HOTKEY MENU)

It can be quite an onerous process to configure settings using the HMI panel, especially for settings and
commands that need to be executed quickly or on a regular basis. The IED provides a pair of keys directly
below the LCD display, which can be used to execute specified settings and commands directly.

The functions available for direct access using these keys are:

e Setting group selection
e Control Inputs
e CB Control functions

The availability of these functions is controlled by the Direct Access cell in the CONFIGURATION column.
There are four options: 'Disabled’, 'Enabled’, 'CB Ctrl only' and 'Hotkey only'.

For the Setting Group selection and Control inputs, this cell must be set to either 'Enabled' or 'Hotkey only'.
For CB Control functions, the cell must be set to 'Enabled' or 'CB Ctrl only'.

2.9.1 SETTING GROUP SELECTION

By default, only Setting group 1 is enabled. Other setting groups will only be available if they are first
enabled. To be able to select a different setting group, you must first enable them in the CONFIGURATION
column.

To access the hotkey menu from the default display, you press the key directly below the HOTKEY text on
the LCD. The following screen will appear.

<User32 STG GP—>
HOTKEY MENU

Use the right cursor keys to enter the Setting Group menu.

<Menu User0l—

SETTING GROUP 1

xt Grp Select

Select the setting group with Nxt Grp and confirm by pressing Select. If neither of the cursor keys is pressed
within 20 seconds of entering a hotkey sub menu, the device reverts to the default display.

2.9.2 CONTROL INPUTS

The control inputs are user-assignable functions. You can use the CTRL I/P CONFIG column to configure
the control inputs for the hotkey menu. In order to do this, use the first setting Hotkey Enabled cell to enable
or disable any of the 32 control inputs. You can then set each control input to latched or pulsed and set its
command to 'On/Off', 'Set/Reset’, 'In/Out’, or 'Enabled/Disabled'.

By default, the hotkey is enabled for all 32 control inputs and they are set to "Set/Reset" and are "Latched".

To access the hotkey menu from the default display, you press the key directly below the HOTKEY text on
the LCD. The following screen will appear.

<User32 STG GP—>
HOTKEY MENU
EXIT,
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Press the right cursor key twice to get to the first control input, or the left cursor key to get to the last control
input.

<STP GP User02—>

Control Input 1

EXIT SET

Now you can execute the chosen function (Set/Reset in this case).

If neither of the cursor keys is pressed within 20 seconds of entering a hotkey sub menu, the device reverts
to the default display.

2.9.3 CB CONTROL

You can open and close the controlled circuit breaker with the direct access key to the right, if enabled as
described above. By default direct access to the circuit breakers is disabled.

If direct access to the circuit breakers has been enabled, the bottom right hand part of the display will read
"Open or Close" depending on whether the circuit breaker is closed or open respectively:

For example:

Plant Reference

MiCOM

HOTKEY CLOSE

To close the circuit breaker (in this case), press the key directly below CLOSE. You will be given an option to
cancel or confirm.

Execute

CB CLOSE

Cancel Confirm

More detailed information on CB Control (on page 384) can be found in the CB Control section in the
Monitoring and Control chapter.

2.10 FUNCTION KEYS

With the exception of products housed in 20TE cases, the IED has a number of function keys for
programming control functionality using the programmable scheme logic (PSL).

Each function key has an associated programmabile tri-colour LED that can be programmed to give the
desired indication on function key activation.

These function keys can be used to trigger any function that they are connected to as part of the PSL. The
function key commands are in the FUNCTION KEYS column.

The first cell down in the FUNCTION KEYS column is the Fn Key Status cell. This contains a 10 bit word,
which represents the 10 function key commands. Their status can be read from this 10 bit word.

FUNCTION KEYS
Fn Key Status
0000000000
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The next cell down (Fn Key 1) allows you to activate or disable the first function key (1). The Lock setting
allows a function key to be locked. This allows function keys that are set to ‘Toggled’ mode and their DDB
signal active ‘high’, to be locked in their active state, preventing any further key presses from deactivating the
associated function. Locking a function key that is set to the Normal mode causes the associated DDB
signals to be permanently off. This safety feature prevents any inadvertent function key presses from
activating or deactivating critical relay functions.

FUNCTION KEYS
Fn Key 1
Unlocked

The next cell down (Fn Key 1 Mode) allows you to set the function key to 'Normal' or 'Toggled'. In the Toggle
mode the function key DDB signal output stays in the set state until a reset command is given, by activating
the function key on the next key press. In the Normal mode, the function key DDB signal stays energised for
as long as the function key is pressed then resets automatically. If required, a minimum pulse width can be
programmed by adding a minimum pulse timer to the function key DDB output signal.

FUNCTION KEYS
Fn Key 1 Mode
Toggled

The next cell down (Fn Key 1 Label) allows you to change the label of the function. The default label is
"Function key 1" in this case. To change the label you need to press the enter key and then change the text
on the bottom line, character by character. This text is displayed when a function key is accessed in the
function key menu, or it can be displayed in the PSL.

FUNCTION KEYS
Fn Key 1 Label
Function Key 1

Subsequent cells allow you to carry out the same procedure as above for the other function keys.

The status of the function keys is stored in non-volatile memory. If the auxiliary supply is interrupted, the
status of all the function keys is restored. The IED only recognises a single function key press at a time and
a minimum key press duration of approximately 200 ms is required before the key press is recognised in
PSL. This feature avoids accidental double presses.
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3 CONFIGURING THE DATA PROTOCOLS

Different protocols can be used with the various ports. The choice of protocol depends on the chosen model.
Only one data protocol can be configured at any one time on any one IED. The range of available
communication settings depend on which protocol has been chosen.

31 COURIER CONFIGURATION

To use the rear port with Courier, you can configure the settings using the HMI panel.

1. Select the CONFIGURATION column and check that the Comms settings cell is set to Visible.
2. Select the COMMUNICATIONS column.

3. Move to the first cell down (RP1 protocol). This is a non-settable cell, which shows the chosen
communication protocol — in this case Courier.

COMMUNICATIONS
RP1 Protocol
Courier

4. Move down to the next cell (RP1 Address). This cell controls the address of the IED. Up to 32 IEDs
can be connected to one spur. It is therefore necessary for each IED to have a unique address so that
messages from the master control station are accepted by one IED only. Courier uses an integer
number between 1 and 254 for the IED address. It is set to 255 by default, which has to be changed. It
is important that no two IEDs share the same address.

COMMUNICATIONS
RP1 Address
100

5. Move down to the next cell (RP1 InactivTimer). This cell controls the inactivity timer. The inactivity
timer controls how long the IED waits without receiving any messages on the rear port before it reverts
to its default state, including revoking any password access that was enabled. For the rear port this
can be set between 1 and 30 minutes.

COMMUNICATIONS
RP1 Inactivtimer
10.00 mins.

6. If the optional fibre optic connectors are fitted, the RP1 PhysicalLink cell is visible. This cell controls
the physical media used for the communication (Copper or Fibre optic).

COMMUNICATIONS
RP1 Physicallink
Copper
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7. Move down to the next cell (RP1 Card Status). This cell is not settable. It just displays the status of
the chosen physical layer protocol for RP1.

COMMUNICATIONS
RP1 Card Status
K-Bus OK

8. Move down to the next cell (RP1 Port Config). This cell controls the type of serial connection. Select
between K-Bus or RS485.

COMMUNICATIONS
RP1 Port Config
K-Bus

9. If using EIA(RS)485, the next cell (RP1 Comms Mode) selects the communication mode. The choice
is either IEC 60870 FT1.2 for normal operation with 11-bit modems, or 10-bit no parity. If using K-Bus
this cell will not appear.

COMMUNICATIONS
RP1 Comms Mode
IEC 60870 FT1.2

10. If using EIA(RS)485, the next cell down controls the baud rate. Three baud rates are supported; 9600,
19200 and 38400. If using K-Bus this cell will not appear as the baud rate is fixed at 64 kbps.

COMMUNICATIONS
RP1 Baud rate
19200

Note:

If you modify protection and disturbance recorder settings using an on-line editor such as PAS&T, you must confirm
them. To do this, from the Configuration column select the Save changes cell. Off-line editors such as MiCOM S1
Agile do not need this action for the setting changes to take effect.

3.2 DNP3 CONFIGURATION
To use the rear port with DNP3.0, you can configure the settings using the HMI panel.

1. Select the CONFIGURATION column and check that the Comms settings cell is set to Visible.
2. Select the COMMUNICATIONS column.

3. Move to the first cell down (RP1 protocol). This is a non-settable cell, which shows the chosen
communication protocol — in this case DNP3.0.

COMMUNICATIONS
RP1 Protocol
DNP3.0
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3.21

Move down to the next cell (RP1 Address). This cell controls the DNP3.0 address of the IED. Up to 32
IEDs can be connected to one spur, therefore it is necessary for each IED to have a unique address
so that messages from the master control station are accepted by only one IED. DNP3.0 uses a
decimal number between 1 and 65519 for the IED address. It is important that no two IEDs have the
same address.

COMMUNICATIONS
RP1 Address
1

Move down to the next cell (RP1 Baud Rate). This cell controls the baud rate to be used. Six baud
rates are supported by the IED 1200 bps, 2400 bps, 4800 bps, 9600 bps, 19200 bps and 38400 bps.
Make sure that the baud rate selected on the IED is the same as that set on the master station.

COMMUNICATIONS
RP1 Baud rate
9600 bits/s

Move down to the next cell (RP1 Parity). This cell controls the parity format used in the data frames.
The parity can be set to be one of None, Odd or Even. Make sure that the parity format selected on
the IED is the same as that set on the master station.

COMMUNICATIONS
RP1 Parity
None

If the optional fibre optic connectors are fitted, the RP1 PhysicalLink cell is visible. This cell controls
the physical media used for the communication (Copper or Fibre optic).

COMMUNICATIONS
RP1 PhysicalLink
Copper

Move down to the next cell (RP1 Time Sync). This cell sets the time synchronisation request from the
master by the IED. It can be set to enabled or disabled. If enabled it allows the DNP3.0 master to
synchronise the time.

COMMUNICATIONS
RP1 Time sync
Enabled

DNP3 CONFIGURATOR

A PC support package for DNP3.0 is available as part of the supplied settings application software (MiCOM
S1 Agile) to allow configuration of the device's DNP3.0 response. The configuration data is uploaded from
the device to the PC in a block of compressed format data and downloaded in a similar manner after
modification. The new DNP3.0 configuration takes effect after the download is complete. To restore the
default configuration at any time, from the CONFIGURATION column, select the Restore Defaults cell then
select 'All Settings'.
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In MiCOM S1 Agile, the DNP3.0 data is shown in three main folders, one folder each for the point
configuration, integer scaling and default variation (data format). The point configuration also includes
screens for binary inputs, binary outputs, counters and analogue input configuration.

3.3 IEC 60870-5-103 CONFIGURATION
To use the rear port with IEC 60870-5-103, you can configure the settings using the HMI panel.
The device operates as a slave in the system, responding to commands from a master station.

1. Select the CONFIGURATION column and check that the Comms settings cell is set to Visible.
2. Select the COMMUNICATIONS column.

3. Move to the first cell down (RP1 protocol). This is a non-settable cell, which shows the chosen
communication protocol — in this case IEC 60870-5-103.

COMMUNICATIONS
RP1 Protocol
IEC 60870-5-103

4. Move down to the next cell (RP1 Address). This cell controls the IEC 60870-5-103 address of the
IED. Up to 32 IEDs can be connected to one spur. It is therefore necessary for each IED to have a
unique address so that messages from the master control station are accepted by one IED only.

IEC 60870-5-103 uses an integer number between 0 and 254 for the IED address. It is important that
no two IEDs have the same IEC 60870 5 103 address. The IEC 60870-5-103 address is then used by
the master station to communicate with the IED.

COMMUNICATIONS
RP1 address
162

5. Move down to the next cell (RP1 Baud Rate). This cell controls the baud rate to be used. Two baud
rates are supported by the IED, ‘9600 bits/s’ and ‘19200 bits/s’. Make sure that the baud rate selected
on the IED is the same as that set on the master station.

COMMUNICATIONS
RP1 Baud rate
9600 bits/s

6. Move down to the next cell (RP1 Meas. period). The next cell down controls the period between
IEC 60870-5-103 measurements. The IEC 60870-5-103 protocol allows the IED to supply
measurements at regular intervals. The interval between measurements is controlled by this cell, and
can be set between 1 and 60 seconds.

COMMUNICATIONS
RP1 Meas. Period
30.00 s
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7. If the optional fibre optic connectors are fitted, the RP1 PhysicalLink cell is visible. This cell controls
the physical media used for the communication (Copper or Fibre optic).

COMMUNICATIONS
RP1 PhysicallLink
Copper

8. The next cell down (RP1 CS103BlIcking) can be used for monitor or command blocking.

COMMUNICATIONS
RP1 CS103Blcking
Disabled

9. There are three settings associated with this cell; these are:

Setting: Description:

Disabled No blocking selected.

When the monitor blocking DDB Signal is active high, either by energising an opto input or control input,
Monitor Blocking reading of the status information and disturbance records is not permitted. When in this mode the device
returns a "Termination of general interrogation" message to the master station.

When the command blocking DDB signal is active high, either by energising an opto input or control input, all
Command Blocking remote commands will be ignored (i.e. CB Trip/Close, change setting group etc.). When in this mode the
device returns a "negative acknowledgement of command" message to the master station.

34 MODBUS CONFIGURATION
To use the rear port with Modbus, you can configure the settings using the HMI panel.

1. Select the CONFIGURATION column and check that the Comms settings cell is set to Visible.
2. Select the COMMUNICATIONS column.

3. Move to the first cell down (RP1 protocol). This is a non settable cell, which shows the chosen
communication protocol — in this case Modbus.

COMMUNICATIONS
RP1 Protocol
Modbus

4, Move down to the next cell (RP1 Address). This cell controls the Modbus address of the IED. Up to
32 IEDs can be connected to one spur, therefore it is necessary for each IED to have a unique
address so that messages from the master control station are accepted by only one IED. Modbus
uses a decimal number between 1 and 247 for the IED address. It is important that no two IEDs have
the same address.

COMMUNICATIONS
RP1 Address
1
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5. Move down to the next cell (RP1 InactivTimer). This cell controls the inactivity timer. The inactivity
timer controls how long the IED waits without receiving any messages on the rear port before it reverts
to its default state, including revoking any password access that was enabled. For the rear port this
can be set between 1 and 30 minutes.

COMMUNICATIONS
RP1 Inactivtimer
10.00 mins

6. Move down to the next cell (RP1 Baud Rate). This cell controls the baud rate to be used. Six baud
rates are supported by the IED 1200 bits/s, 2400 bits/s, 4800 bits/s, 9600 bits/s, 19200 bits/s and
38400 bits/s. Make sure that the baud rate selected on the IED is the same as that set on the master

station.
COMMUNICATIONS
RP1 Baud rate
9600 bits/s
7. Move down to the next cell (RP1 Parity). This cell controls the parity format used in the data frames.

The parity can be set to be one of None, Odd or Even. Make sure that the parity format selected on
the IED is the same as that set on the master station.

COMMUNICATIONS
RP1 Parity
None

8. Move down to the next cell (Modbus IEC Time). This cell controls the order in which the bytes of
information are transmitted. There is a choice of Standard or Reverse. When ‘Standard’ is selected the
time format complies with IEC 60870-5-4 requirements such that byte 1 of the information is
transmitted first, followed by bytes 2 through to 7. If ‘Reverse’ is selected the transmission of
information is reversed.

COMMUNICATIONS
Modbus IEC Time
Standard

3.5 IEC 61850 CONFIGURATION

You cannot configure the device for IEC 61850 using the HMI panel on the product. For this you must use
the IED Configurator.

IEC 61850 allows IEDs to be directly configured from a configuration file. The IED’s system configuration
capabilities are determined from an IED Capability Description file (ICD), supplied with the product. By using
ICD files from the products to be installed, you can design, configure and even test (using simulation tools), a
substation’s entire protection scheme before the products are even installed into the substation.

To help with this process, the settings application software provides an IED Configurator tool, which allows
the pre-configured IEC 61850 configuration file to be imported and transferred to the IED. As well as this,
you can manually create configuration files for MiCOM IEDs, based on their original IED capability
description (ICD file).
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Other features include:

e The extraction of configuration data for viewing and editing.
e A sophisticated error checking sequence to validate the configuration data before sending to the IED.

Note:
To help the user, some configuration data is available in the IED CONFIGURATOR column, allowing read-only
access to basic configuration data.

3.5.1 IEC 61850 CONFIGURATION BANKS

To help version management and minimise down-time during system upgrades and maintenance, the
MiCOM IEDs have incorporated a mechanism consisting of multiple configuration banks. These
configuration banks fall into two categories:

e Active Configuration Bank
e Inactive Configuration Bank

Any new configuration sent to the IED is automatically stored in the inactive configuration bank, therefore not
immediately affecting the current configuration.

When the upgrade or maintenance stage is complete, the IED Configurator tool can be used to transmit a
command, which authorises activation of the new configuration contained in the inactive configuration bank.
This is done by switching the active and inactive configuration banks. The capability of switching the
configuration banks is also available using the IED CONFIGURATOR column of the HMI.

The SCL Name and Revision attributes of both configuration banks are also available in the IED
CONFIGURATOR column of the HMI.

3.5.2 IEC 61850 NETWORK CONNECTIVITY

Configuration of the IP parameters and SNTP time synchronisation parameters is performed by the IED
Configurator tool. If these parameters are not available using an SCL file, they must be configured manually.

As the IP addressing will be completely detached and independent from any public network, it is up to the
company’s system administrator to establish the IP addressing strategy. Every IP address on the network
must be unique. This applies to all devices on the network. Duplicate IP addresses will result in conflict and
must be avoided. The IED will check for a conflict on every IP configuration change and at power up. An
alarm will be raised if an IP conflict is detected.

The IED can be configured to accept data from other networks using the Gateway setting. If multiple
networks are used, the IP addresses must be unique across networks.
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4 DATE AND TIME CONFIGURATION

The Date and Time setting will normally be updated automatically by the chosen UTC (Universal Time
Coordination) time synchronisation mechanism when the device is in service. This does not mean that you
should dispense with configuring the date and time parameters during commissioning. It is desirable to have
the correct date and time represented for the commissioning process, therefore this should be the first item
to configure during the commissioning process.

The date and time is set in the Date/Time cell in the DATE AND TIME column.

4.1 TIME ZONE COMPENSATION

The UTC time standard uses Greenwich Mean Time as its standard. Without compensation, this would be
the date and time that would be displayed on the device irrespective of its location.

It is obviously desirable for the device to display the local time corresponding to its geographical location. For
this reason, it is possible to compensate for any difference between the local time and the UTC time. This is
achieved with the settings LocalTime Enable and LocalTime Offset

The LocalTime Enable has three setting options; 'Disabled’, 'Fixed', and 'Flexible'.

With 'Disabled', no local time zone is maintained. Time synchronisation from any interface will be used to
directly set the master clock. All times displayed on all interfaces will be based on the master clock with no
adjustment.

With 'Fixed', a local time zone adjustment is defined using the LocalTime Offset setting and all non-IEC
61850 interfaces (which uses SNTP) are compensated to display the local time.

With 'Flexible', a local time zone adjustment is defined using the LocalTime Offset setting and the non-local
and non-IEC 61850 interfaces can be set to either the UTC zone or the local time zone. The local interfaces
are always set to the local time zone and the Ethernet interface is always set to the UTC zone.

The interfaces where you can select between UTC and Local Time are the serial interfaces RP1, RP2, DNP
over Ethernet (if applicable) and Tunnelled Courier (if applicable). This is achieved by means of the following
settings:

e RP1 Time Zone

e RP2 Time Zone

e DNPOE Time Zone

e Tunnel Time Zone

The LocalTime Offset setting allows you to enter the local time zone compensation from -12 to + 12 hours
at 15 minute intervals.

4.2 DAYLIGHT SAVING TIME COMPENSATION
It is possible to compensate for Daylight Saving time using the following settings

e DST Enable

e DST Offset

e DST Start

e DST Start Day

e DST Start Month
e DST Start Mins
e DSTENd
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e DST End Day
e DST End Month
e DST End Mins

These settings are described in the DATE AND TIME settings table in the configuration chapter.
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5 CONFIGURATION SETTINGS
5.1 SYSTEM DATA
Menu Text ‘ Col ‘ Row ‘ Default Setting ‘ Available Options
Description
SYSTEMDATA 00 00 | |

This column contains general system settings and records

Language

00 01 ‘English

‘0 = English, 1 = French 2 = German 3 = Spanish

This setting defines the default language used by the device for ordering option language = 0

Language

00 01 English

0 = English, 1 = ltalian, 2 = Portuguese, 3 =
Russian

This setting defines the default language used by the device for ordering option language = 6

Password

\oo \02

ASCII text (characters 33 to 122 inclusive)

This setting defines the plain text password.

Sys Fn Links

00 03

Binary flag (data type G95)
Bit 0 = 0: Disable self reset
Bit 0 = 1: Enable self reset

This setting allows the

current). Only bit 0 is used.

fixed function trip LED to be self resetting (set to 1 to extinguish the LED

after a period of healthy restoration of load

Description

MiCOM P14N
MiCOM P14D
MiCOM P94V

00 04

ASCII text

In this cell, you can en

ter and edit a 16 character IED description.

Plant Reference

00 05 MiCOM

Extended ASCII text (characters 32 to 234
inclusive)

In this cell, you can en

ter and edit a 16 character plant description.

Model Number

\ 00 \ 06 \ Model Number \

<Model number>

This cell displays the |

ED model number. This cannot be edited.

Serial Number ‘ 00 ‘08 ‘ Serial Number ‘ <Serial number>
This cell displays the IED serial number. This cannot be edited

Frequency \ 00 \09 \ 50 \ 50 Hz, 60 Hz

This cell sets the mains frequency to either 50 Hz or 60 Hz

Comms Level ‘ 00 ‘OA ‘2 ‘ <Conformance level>

This cell displays the Courier communications conformance level

|IED Address

00 0B 255

0 to 255 (Courier)

0 to 247 (Modbus)

0 to 254 (CS103)

0 to 65519 (DNP3.0)

This cell sets the first rear port IED address. Available settings are dependent on the protocol. This setting can also be made in the
COMMUNICATIONS column.

|IED Address

00 0B

0 to 255 (Courier)

0 to 247 (Modbus)

0 to 254 (CS103)

0 to 65519 (DNP3.0)

This cell sets the first rear port IED address. Available settings are dependent on the protocol. This setting can also be made in the
COMMUNICATIONS column.
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Menu Text \ Col \ Row Default Setting \ Available Options
Description
0 to 255 (Courier)
0 to 247 (Modbus)
|IED Address 00 0B 1 0to 254 (CS103)
0 to 65519 (DNP3.0)

This cell sets the first rear port IED address. Available settings are dependent on the protocol. This setting can also be made in the
COMMUNICATIONS column.

0 to 255 (Courier)

0 to 247 (Modbus)

0 to 254 (CS103)
0to 65519 (DNP3.0)

IED Address 00 0B 1

This cell sets the first rear port IED address. Available settings are dependent on the protocol. This setting can also be made in the
COMMUNICATIONS column.

Binary flag (data type G4)
Plant Status 00 0C Bit 0 = CB 1 52A state (0 = closed 1 = open)
Bit 1 = CB 2 52B state (0 = open, 1 = closed)

This cell displays the circuit breaker plant status. The first two bits are used. One to indicate the 52A state and one to indicate the 52B state.

Control Status ‘ 00 ‘OD ‘ ‘ Not used

This cell is not used

Active Group 00 0E K 1,2,3,4

This cell displays the active settings group

CB Trip/Close ‘00 ‘ 10 ‘No Operation ‘0 =No Operation, 1 = Trip, 2 = Close
Supports trip and close commands if enabled in the Circuit Breaker Control menu.

CB Trip/Close ‘00 ‘ 10 ‘No Operation ‘0 =No Operation, 1 = Trip, 2 = Close
Supports trip and close commands if enabled in the Circuit Breaker Control menu.

Software Ref.1 |00 11 | <Software Ref. 1>

This cell displays the IED software version including the protocol and IED model.

Software Ref.2 00 12 | <Software Ref. 2>

This cell displays the software version of the Ethernet card for models equipped with IEC 61850.

32 bit binary flag (data type G8):
Opto /P Status 00 20 0 = energised
1 = de-energised

This cell displays the status of the available opto-inputs. This information is also available in the COMMISSIONING TESTS column

32 bit binary flag (data type G9):
Relay O/P Status 00 21 0 = operated state
1 = non-operated state

This cell displays the status of the available output relays.
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Menu Text \ Col \ Row

Default Setting

Available Options

Description

Alarm Status 1 00 22

Binary flag (data type G96-1):

Bit 2 = SG-opto Invalid

3 = Prot'n Disabled

4 =F out of Range

5=VT Fail Alarm

6 = CT Fail Alarm

7 = CB Fail Alarm

8 = " Maint Alarm

9 = I* Lockout Alarm

10 = CB Ops Maint

11 = CB Ops Lockout

12 = CB Op Time Maint

13 = CB Op Time Lock

14 = Fault Freq Lock

15 = CB Status Alarm

16 = Man CB Trip Fail ON/OFF
17 = Man CB Cls Fail ON/OFF
18 = Man CB Unhealthy ON/OFF
19 = Man No Checksync ON/OFF
20 = A/R Lockout ON/OFF

21 = AIR CB Unhealthy ON/OFF
22 = AIR No Checksync ON/OFF
23 = System Split ON/OFF

24 = UV Block ON/OFF

Bits 25 to 31 = SR User Alarms 1 to 7

This cell displays the status of the first 32 alarms as a binary string, including fixed and user settable alarms. This information is repeated for

system purposes.

Opto /P Status 00 30

Binary flag (data type G8): 0 = energised, 1 = de-
energised

This cell display the status of the available opto-inputs.

This information is repeated for system

purposes.

Relay O/P Status 00 40

Binary flag (data type G9): 0 = operated state, 1=

non-operated state

This cell displays the status of the available output relays.This information is repeated for system purposes.
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MenuText ~ Col Row Default Setting

‘ Available Options

Description

Alarm Status 1 00 50

Binary flag (data type G96-1):

Bit 2 = SG-opto Invalid

3 = Prot'n Disabled

4 =F out of Range

5=VT Fail Alarm

6 = CT Fail Alarm

7 = CB Fail Alarm

8 = " Maint Alarm

9 = I* Lockout Alarm

10 = CB Ops Maint

11 = CB Ops Lockout

12 = CB Op Time Maint

13 = CB Op Time Lock

14 = Fault Freq Lock

15 = CB Status Alarm

16 = Man CB Trip Fail ON/OFF
17 = Man CB Cls Fail ON/OFF
18 = Man CB Unhealthy ON/OFF
19 = Man No Checksync ON/OFF
20 = A/R Lockout ON/OFF

21 = AIR CB Unhealthy ON/OFF
22 = AIR No Checksync ON/OFF
23 = System Split ON/OFF

24 = UV Block ON/OFF

Bits 25 to 31 = SR User Alarms 1 to 7

This cell displays the status of the first 32 alarms as a binary string, including fixed and user settable alarms. This information is repeated for

system purposes.

Alarm Status 2 00 51

32 bit Binary flag (data type G96-2):
Bits 4 to 13 = SR User Alarms 8 to 35
Bits 14 to 31 = MR user alarms 18 to 35

This cell displays the status of the second set of 32 alarms as a binary string, including fixed and user settable alarms. This cell uses data type

(G96-2.

Alarm Status 3 00 52

32 bit Binary flag (data type G228):
Bit 0 = DC Supply Fail

Bit 3 = GOOSE IED Absent
Bit 4 = NIC Not Fitted

Bit 5 = NIC No Response
Bit 6 = NIC Fatal Error

Bit 8 = Bad TCP/IP Cfg.

Bit 10 = NIC Link Fail

Bit 11 = NIC SW Mis-Match
Bit 12 = IP Addr Conflict
Bit 18 = Bad DNP Settings

This cell displays the status of the third set of alarms as a binary string, including fixed and user settable alarms. This cell uses data type G228.

Access Level 00 DO

0 =Read Some, 1 = Read All, 2 = Read All +
Write Some, 3 = Read All + Write All

This cell displays the current access level.

Password Level 1 00 D2 blank |ASCII text (characters 33 to 122 inclusive)
This setting allows you to change password level 1.
Password Level 1 00 D2 blank |ASCII text (characters 33 to 122 inclusive)

This setting allows you to change password level 1 for Modbus only.

Password Level 2 ‘ 00 ‘ D3 ‘AAAA ‘ASCII text (characters 33 to 122 inclusive)

This setting allows you to change password level 2.

Password Level 2 ‘ 00 ‘ D3 ‘AAAA ‘ASCII text (characters 33 to 122 inclusive)
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Menu Text \ Col \ Row \ Default Setting \ Available Options

Description

This setting allows you to change password level 2 for Modbus only.

Password Level 3 ‘ 00 ‘ D4 ‘AAAA ‘ASCII text (characters 33 to 122 inclusive)
This setting allows you to change password level 3.
Password Level 3 00 D4 AAAA |ASCII text (characters 33 to 122 inclusive)

This setting allows you to change password level 3 for Modbus only.

Security Feature ‘ 00 ‘ DF ‘ ‘ <cyber security level>

This setting displays the level of cyber security implemented, 1 = phase 1.

Password 00 E | |ASCII text (characters 33 to 122 inclusive)
This cell allows you to enter the encrypted password. It is not visible via the user interfaced.

Password Level 1 00 E2 blank |ASCII text (characters 33 to 122 inclusive)
This setting allows you to change the encrypted password level 1. This is not visible via the user interface.

Password Level 2 00 E3 AAAA |ASCII text (characters 33 to 122 inclusive)
This setting allows you to change the encrypted password level 2. This is not visible via the user interface.

Password Level 3 00 E4 AAAA |ASCII text (characters 33 to 122 inclusive)

This setting allows you to change the encrypted password level 3. This is not visible via the user interface.

5.2 DATE AND TIME
Menu Text ‘ Col ‘ Row ‘ Default Setting ‘ Available Options
Description
DATE AND TIME 08 00 | |
This column contains Date and Time stamp settings
Date/Time 08 01| |
This setting defines the IED’s current date and time.
0 = Disabled
IRIG-B Status 08 04 1=RP1
2=RP2
This setting enables or disables IRIG-B synchronisation and defines which rear port is to be used as an IRIG-B input.
0 = No Signal
IRIG-B Status 08 05 1 = Signal Healthy
2 =No Error
This cell displays the IRIG-B status
SNTP Status 08 13 Not Settable
This cell displays the SNTP time synchronisation status for IEC 61850 or DNP3 over Ethernet versions.
LocalTime Enable ‘08 \20 \ Fixed \0 = Disabled, 1 = Fixed or 2 = Flexible

Disabled: No local time zone will be maintained
Fixed - Local time zone adjustment can be defined (all interfaces)
Flexible - Local time zone adjustment can be defined (non-local interfaces)

LocalTime Offset \08 \21 \0 \ From -720 mins to 720 mins step 15m

This setting specifies the offset for the local time zone from -12 hours to +12 hours in 15 minute intervals. This adjustment is applied to the time
based on the UTC/GMT master clock.

DST Enable \08 \22 \ Enabled \0 = Disabled or 1 = Enabled
This setting turns daylight saving time adjustment on or off.
DST Offset \08 \ 23 \60 \ 30 minutes, 60 minutes
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Menu Text \ Col \Row\ Default Setting Available Options

Description

This setting defines the daylight saving offset used for the local time adjustment.

0 =First, 1 = Second, 2 = Third, 3 = Fourth or 4 =

DST Start 08 24 Last
Last

This setting specifies the week of the month in which daylight saving time adjustment starts.

0 = Sunday, 1 = Monday, 2 = Tuesday, 3 =
DST Start Day 08 25 Sunday Wednesday, 4 = Thursday, 5 = Friday or 6 =
Saturday

This setting specifies the day of the week in which daylight saving time adjustment starts

0 = January, 1 = February, 2 = March, 3 = April, 4 =
DST Start Month 08 26 March May, 5 = June, 6 = July, 7 = August, 8 = September,
9 = October, 10 = November or 11 = December

This setting specifies the month in which daylight saving time adjustment starts

DST Start Mins 08 27 60 From 0 mins to 1425 mins step 15 mins

Setting to specify the time of day in which daylight saving time adjustment starts. This is set relative to 00:00 hours on the selected day when time
adjustment is to start

0 =First, 1 = Second, 2 = Third, 3 = Fourth or 4 =

DST End 08 28 Last
Last

This setting specifies the week of the month in which daylight saving time adjustment ends

0 = Sunday, 1 = Monday, 2 = Tuesday, 3 =
DST End Day 08 29 Sunday Wednesday, 4 = Thursday, 5 = Friday or 6 =
Saturday

This setting specifies the day of the week in which daylight saving time adjustment ends.

0 = January, 1 = February, 2 = March, 3 = April, 4 =
DST End Month 08 2A | October May, 5 = June, 6 = July, 7 = August, 8 = September,
9 = October, 10 = November or 11 = December

This setting specifies the month in which daylight saving time adjustment ends.

DST End Mins \08 \23 \60 ‘FromOmto1425mstep15m

This setting specifies the time of day in which daylight saving time adjustment ends. This is set relative to 00:00 hours on the selected day when
time adjustment is to end.

RP1 Time Zone ‘08 ‘30 ‘Local ‘0 =UTC or 1 = Local
Setting for the rear port 1 interface to specify if time synchronisation received will be local or universal time co-ordinated.
RP2 Time Zone 08 31 |Local 0=UTCor 1 = Local
Setting for the rear port 2 interface to specify if time synchronisation received will be local or universal time co-ordinated
DNPOE Time Zone 08 32 Local 0=UTCor 1 = Local
This setting specifies whether DNP3.0 over Ethernet time synchronisation is coordinated by local time or universal time.
Tunnel Time Zone ‘08 ‘33 ‘Local ‘0 =UTC or 1 = Local

This setting specifies whether tunnelled Courier time synchronisation is coordinated by local time or universal time.

5.3 GENERAL CONFIGURATION

Menu Text ‘ Col ‘ Row ‘ Default Setting ‘ Available Options

Description

CONFIGURATION \09 \oo \ \

This column contains the general configuration options
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Menu Text \ Col \ Row \ Default Setting Available Options

Description

0 = No Operation, 1 = All Settings, 2 = Setting
Restore Defaults 09 01 No Operation Group 1, 3 = Setting Group 2, 4 = Setting Group
3, 5 = Setting Group 4

This setting restores the chosen setting groups to factory default values. Note: Restoring defaults to all settings includes the rear communication
port settings, which may result in communication via the rear port being disrupted if the new (default) settings do not match those of the master
station.

Setting Group ‘09 ‘02 ‘Select via Menu ‘0 = Select via Menu or 1 = Select via PSL

This setting allows you to choose whether the setting group changes are to be initiated via an Opto-input or the HMI menu.

0=Group 1, 1=Group 2, 2 = Group 3, 3 = Group

Active Settings 09 03 Group 1 4

This setting selects the active settings group.

Save Changes ‘09 ‘04 ‘No Operation 0 = No Operation, 1 = Save, 2 = Abort

This command saves all IED settings.

0=Group 1, 1=Group 2, 2 = Group 3, 3 = Group

Copy From 09 05 Group 1 4

This setting copies settings from a selected setting group.

0 = No Operation, 1= Group 1,2 = Group 2, 3 =

Copy To 09 06 No Operation Group 3

This command allows the displayed settings to be copied to a selected setting group.

Setting Group 1 09 07 |Enabled 0= Disabled or 1 = Enabled
This setting enables or disables settings Group 1.

Setting Group 2 \09 \08 \ Disabled \o = Disabled or 1 = Enabled
This setting enables or disables settings Group 2.

Setting Group 3 ‘09 ‘09 ‘Disabled ‘0 = Disabled or 1 = Enabled
This setting enables or disables settings Group 3.

Setting Group 4 \09 \OA \ Disabled \0 = Disabled or 1 = Enabled
This setting enables or disables settings Group 4.

System Config 09 0B lInvisble 0= Invisible o 1 = Visible
This setting hides or unhides the System Config menu.

Overcurrent ‘09 ‘ 10 ‘ Enabled ‘O = Disabled or 1 = Enabled
This setting enables or disables the Phase Overcurrent Protection function.

Neg Sequence O/C \09 \ 1 ‘Disabled \0 = Disabled or 1 = Enabled
This setting enables or disables the Negative Sequence Overcurrent Protection function.

Broken Conductor 09 12 Disabled 0= Disabled or 1 = Enabled
This setting enables or disables the Broken Conductor function.

Earth Fault 1 09 13 Disabled 0= Disabled or 1 = Enabled
This setting enables or disables the measured Earth Fault Protection function.

Earth Fault 2 09 14 |Enabled 0= Disabled or 1 = Enabled
This setting enables or disables the derived Earth Fault Protection function.

SEF Protection 09 15  Disabled 0= Disabled or 1 = Enabled
This setting enables or disables the Sensitive Earth Fault Protection function.

Residual OV NVD 09 16 Disabled 0= Disabled or 1 = Enabled
This setting enables or disables the Residual Overvoltage Protection function.

Thermal Overload 09 17 Disabled 0= Disabled or 1 = Enabled

P14D-B/G/L/Z-TM-EN-1 73



Chapter 4 - Configuration P14D

Menu Text \ Col \ Row \ Default Setting \ Available Options

Description

This setting enables or disables the Thermal Overload Protection function.

Neg Sequence OV \09 \ 18 ‘Disabled \0 = Disabled or 1 = Enabled
This setting enables or disables the Negative Sequence Overvoltage Protection function.

Cold Load Pickup \09 \ 19 \ Disabled \o = Disabled or 1 = Enabled
This setting enables or disables the Cold Load Pickup protection.

Selective Logic 09 1A Disabled 0= Disabled or 1 = Enabled
This setting enables or disables the the Selective Logic element.

Power Protection 09 1C  Disabled 0= Disabled or 1 = Enabled
This setting enables or disables the Power protection function.

Power Protection 09 1C  Disabled 0= Disabled

This setting disables the Power protection function for Model B

Volt Protection 09 1D Disabled 0= Disabled or 1 = Enabled
This setting enables or disables the Voltage protection.

REF Protection 09 ME  Disabled 0= Disabled or 1 = Enabled
This setting enables or disables the Restricted Earth Fault Protection.

DC SupplyMonitor 09 1F |Enabled 0= Disabled or 1 = Enabled
This setting enables or disables the DC Supply Monitoring supervision function.

CB Fail 09 20  Disabled 0= Disabled or 1 = Enabled
This setting enables or disables the Circuit Breaker Fail Protection function.

Supervision \09 \21 \ Enabled \o = Disabled or 1 = Enabled
This setting enables or disables the Supervision (VTS & CTS) functions.

Fault Locator 09 22 Disabled 0= Disabled or 1 = Enabled
This setting enables or disables the Fault Locator function.

Fault Locator 09 22 Disabled 0= Disabled

This setting disables the Fault Locator function for models B and G.

System Checks 09 238 Disabled 0= Disabled or 1 = Enabled
This setting enables or disables the System Checks function (Check Synchronisation and Voltage Monitor).

System Checks 09 23 Disabled 0= Disabled

This setting disables the System Checks function (Check Synchronisation and Voltage Monitor) for some models
Auto-Reclose 09 24 Disabled 0= Disabled or 1 = Enabled
This setting enables or disables the Autoreclose function.

Auto-Reclose 09 24 Disabled 0= Disabled

This setting disables the Autoreclose function for some models

Input Labels 09 25 |Visile 0= Invisible or 1 = Visible
This setting hides or unhides the Input Labels menu from the IED display.

Output Labels 09 26 |Visile 0= Invisible or 1 = Visible
This setting hides or unhides the Output Labels menu from the IED display.

Freq Protection 09 27 Disabled 0= Disabled or 1 = Enabled
This setting enables or disables the Frequency Protection function.

TransformerRatio ‘09 ‘28 ‘Visible ‘0 = Invisible or 1 = Visible
This setting hides or unhides the Transformer Ratios menu from the IED display.

Record Control ‘09 ‘29 ‘ Invisible ‘0 = Invisible or 1 = Visible
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Menu Text \ Col \ Row \ Default Setting \ Available Options

Description

This setting hides or unhides the Record Control menu from the IED display.

Disturb Recorder 09 24 Invisble 0= Invisible or 1 = Visible

This setting hides or unhides the Disturbance Recorder menu from the IED display.

Measure't Setup \09 \25 \ Invisible \o = Invisible or 1 = Visible

This setting hides or unhides the Measurement Setup menu from the IED display.

Comms Settings \09 \2C ‘Visible \o = Invisible or 1 = Visible

This setting hides or unhides the Communication Settings menu from the |ED display.

Commission Tests 09 2D |Visile 0= Invisible or 1 = Visible

This setting hides or unhides the Commission Tests menu from the IED display.

Setting Values ‘09 ‘ZE ‘ Primary ‘0 = Primary or 1 = Secondary

This setting determines the reference for all settings dependent on the transformer ratios; either referenced to the primary or the secondary.

Control Inputs \09 \ZF ‘Visible \o = Invisible or 1 = Visible

Activates the Control Input status and operation menu further on in the IED setting menu.

Ctrl I/P Config \09 \35 ‘Visible \o = Invisible or 1 = Visible

Sets the Control Input Configuration menu visible further on in the |ED setting menu.

Ctrl IIP Labels \09 \36 ‘Visible \o = Invisible or 1 = Visible

Sets the Control Input Labels menu visible further on in the IED setting menu.

HIF Detection \09 \37 ‘Disabled \o = Disabled or 1 = Enabled

This setting enables or disables the High Impedance (HIF) function.

Direct Access \09 \39 ‘Enabled ‘O=Disabledor1=EnabIed

This setting enables or disables direct control of the Circuit Breakers from the IED's hotkeys.

Function Key 09 50 |Visile 0= Disabled or 1 = Enabled

This setting enables or disables the Function Key menu.

RP1 Read Only 09  FB Disabled 0= Disabled or 1 = Enabled

This setting enables or disables Read Only Mode for Rear Port 1.

RP2 Read Only 09 FC  Disabled 0= Disabled or 1 = Enabled

This setting enables or disables Read Only Mode for Rear Port 2.

NIC Read Only 09  FD  Disabled 0= Disabled or 1 = Enabled

This setting enables or disables Read Only Mode of the Network Interface Card for Ethernet models.

LCD Contrast 09 FF 11 0to31step 1

This setting sets the LCD contrast.

54 TRANSFORMER RATIOS
Menu Text ‘ Col ‘ Row ‘ Default Setting ‘ Available Options
Description
TRANS. RATIOS 0A 00 |

This column contains settings for Current and Voltage Transformer ratios

Main VT Primary \OA \01 \110 ‘100Vto1 MV step 1V

This setting sets the main voltage transformer input primary voltage.

Main VT Sec'y \OA \02 \110 \80Vto 140V step 0.2V

This setting sets the main voltage transformer input secondary voltage.
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Menu Text \ Col \ Row \ Default Setting \ Available Options
Description

C/S VT Primary \OA \03 \110 ‘100Vto1 MV step 1V
This setting sets the System Check Synchronism voltage transformer input primary voltage.
C/S VIT Secondary \OA \ 04 \ 110 \ 80V to 140 V step 0.2V
This setting sets the System Check Synchronism voltage transformer input secondary voltage.
NVD VT Primary \OA \05 \110 ‘100Vto1 MV step 1V
This setting sets the NVD transformer input primary voltage.
NVDVT Secondary ~ 0A (06 110 80Vto 140V step 0.2V
This setting sets the NVD transformer input secondary voltage.
Phase CT Primary \OA \07 \ 1 \ From 1A to 30000A step 1A
This setting sets the phase current transformer input primary current rating.
Phase CT Secly 0A 08 1 1A or5A
This setting sets the phase current transformer input secondary current rating.
E/F CT Primary \OA \ 09 \ 1 \ From 1A to 30000A step 1A
This setting sets the earth fault current transformer input primary current rating.
EJF CT Secondary \OA \ 0A \ 1 \ 1A or 5A
This setting sets the earth fault current transformer input secondary current rating.
SEF CT Primary \OA \ 0B \ 1 \ From 1A to 30000A step 1A
This setting sets the sensitive earth fault current transformer input primary current rating.
SEF CT Secondary \OA \ 0c \ 1 \ 1A or 5A
Sets the sensitive earth fault current transformer input secondary current rating.
C/S Input \OA \OF ‘A-N ‘0=AN,1=BN,2=CN,3=AB,4=BC,5=CA
This setting selects the System Check Synchronism Input voltage measurement.
Main VT Location 0A 10 Lie 0=Line or 1 =Bus
This setting defines the Main VT Location.
CIS V kSM \OA \ 14 \ 1 \ From 0.1 to 5 step 0.001
This setting sets the voltage magnitude correction factor for check synchronism in case of different VT ratios.
C/S Phase kSA \OA \ 15 \ 0 \ From -150 to 180 step 30

This setting sets the phase angle correction factor for check synchronism.

5.5 SYSTEM CONFIGURATION
Menu Text ‘ Col ‘ Row ‘ Default Setting Available Options
Description
GROUP 1
sysTemconrig 0 %0

This column contains settings for setting the phase rotation and 2nd harmonic blocking

0=Standard ABC

Phase Sequence 30 02 Standard ABC 1=Reverse ACB

This setting sets the phase rotation to standard (ABC) or reverse (ACB). Warning: This will affect the positive and negative sequence quantities
calculated by the IED as well as other functions that are dependant on phase quantities.
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5.6 SECURITY CONFIGURATION

Menu Text ‘ Col ‘ Row ‘ Default Setting ‘ Available Options

Description
SECURITYCONFIG 25 00 | |
This column contains settings for the Cyber Security configuration

User Banner 25 |01 ACCESS ONLY FOR AUTHORISED USERS |ASCII 32 to 234

With this setting, you can enter text for the NERC compliant banner.

Attempts Limit \ 25 \02 \3 \ Oto 3 step 1

This setting defines the maximum number of failed password attempts before action is taken.

Attempts Timer ‘ 25 ‘03 ‘2 ‘ 1103 step 1

This setting defines the time window used in which the number of failed password attempts is counted.

Blocking Timer \ 25 \04 \5 \ 110 30 step 1

This setting defines the time duration for which the user is blocked, after exceeding the maximum attempts limit.

Front Port 25 05 Enabled 0= Disabled or 1 = Enabled
This setting enables or disables the physical Front Port.

Rear Port 1 25 06 Enabled 0= Disabled or 1 = Enabled
This setting enables or disables the primary physical rear port (RP1).

Rear Port 2 25 07 Enabled 0= Disabled or 1 = Enabled
This setting enables or disables the secondary physical rear port (RP2).

Ethernet Port 25 08 Enabled 0= Disabled or 1 = Enabled
This setting enables or disables the physical Ethernet Port

Courier Tunnel 25 09 Enabled 0= Disabled or 1 = Enabled
This setting enables or disables the logical tunnelled Courier port

IEC 61850 25 0A Enabled 0= Disabled or 1 = Enabled
This setting enables or disables the logical IEC 61850 port.

DNP3 OE 25 0B Enabled 0= Disabled or 1 = Enabled
This setting enables or disables the logical DNP3 over Ethernet port.

Attempts Remain R Not Settable

This cell displays the number of password attempts remaining

Blk Time Remain 25 12 Not Settable

This cell displays the remaining blocking time.

0 = Password Level 0, 1 = Password Level 1,2 =

Fallock PW level 25 2 Password Level 2, 3 = Password Level 3

This cell displays the password level adopted by the [ED after an inactivity timeout, or after the user logs out. This will be either the level of the
highest level password that is blank, or level 0 if no passwords are blank.

Security Code ‘ 25 ‘ FF ‘ Not Settable

This cell displays the 16-character security code required when requesting a recovery password.
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1 CHAPTER OVERVIEW

The P14D provides a wide range of current protection functions. This chapter describes the operation of
these functions including the principles, logic diagrams and applications.

This chapter contains the following sections:

Chapter Overview 81
Overcurrent Protection Principles 82
Phase Overcurrent Protection 89
Voltage Dependent Overcurrent Element 108
Cold Load Pickup 114
Selective Overcurrent Logic 120
Negative Sequence Overcurrent Protection 122
Earth Fault Protection 130
Sensitive Earth Fault Protection 149
Restricted Earth Fault Protection 164
Thermal Overload Protection 171
Broken Conductor Protection 176
Circuit Breaker Fail Protection 179
Blocked Overcurrent Protection 186
Second Harmonic Blocking 190
Load Blinders 194
High Impedance Fault Detection 199
Current Transformer Requirements 205
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2 OVERCURRENT PROTECTION PRINCIPLES

Most power system faults result in an overcurrent of one kind or another. It is the job of protection devices,
formerly known as 'relays' but now known as Intelligent Electronic Devices (IEDs) to protect the power
system from such faults. The general principle is to isolate the faults as quickly as possible to limit the
danger and prevent unwanted fault currents flowing through systems, which can cause severe damage to
equipment and systems. At the same time, we wish to switch off only the parts of the grid that are absolutely
necessary, to prevent unnecessary blackouts. The protection devices that control the tripping of the grid's
circuit breakers are highly sophisticated electronic units, providing an array of functionality to cover the
different fault scenarios for a multitude of applications.

The described products offer a range of overcurrent protection functions including:

e Phase Overcurrent protection

e Earth Fault Overcurrent protection

e Negative Sequence Overcurrent protection
e Sensitive Earth Fault protection

e Restricted Earth Fault protection

To ensure that only the necessary circuit breakers are tripped and that these are tripped with the smallest
possible delay, the IEDs in the protection scheme need to co-ordinate with each other. Various methods are
available to achieve correct co-ordination between IEDs in a system. These are:

e By means of time alone

e By means of current alone

e By means of a combination of both time and current.

Grading by means of current is only possible where there is an appreciable difference in fault level between
the two locations where the devices are situated. Grading by time is used by some utilities but can often lead
to excessive fault clearance times at or near source substations where the fault level is highest.

For these reasons the most commonly applied characteristic in co-ordinating overcurrent devices is the IDMT
(Inverse Definite Minimum Time) type.

21 IDMT CHARACTERISTICS

There are two basic requirements to consider when designing protection schemes:

e All faults should be cleared as quickly as possible to minimise damage to equipment
e Fault clearance should result in minimum disruption to the electrical power grid.

The second requirement means that the protection scheme should be designed such that only the circuit
breaker(s) in the protection zone where the fault occurs, should trip.

These two criteria are actually in conflict with one another, because to satisfy (1), we increase the risk of
shutting off healthy parts of the grid, and to satisfy (2) we purposely introduce time delays, which increase
the amount of time a fault current will flow. This problem is exacerbated by the nature of faults in that the
protection devices nearest the source, where the fault currents are largest, actually need the longest time
delay.

The old electromechanical relays countered this problem somewhat due to their natural operate time v. fault
current characteristic, whereby the higher the fault current, the quicker the operate time. The characteristic
typical of these electromechanical relays is called Inverse Definite Minimum Time or IDMT for short.
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211 IEC60255 IDMTCURVES
There are three well-known variants of this characteristic, as defined by IEC 60255:

e Inverse
e Veryinverse
e Extremely inverse

These equations and corresponding curves governing these characteristics are very well known in the power
industry.
Inverse

The curve is very steep. The relay can operate at low values of fault current, but at high fault currents has a
significant operate time. The inverse characteristic equation is as follows:

_7 0.14

Lop IT
]S

Very Inverse

The curve lies somewhere between inverse and extremely inverse. The inverse characteristic equation is as
follows.

Extremely Inverse

The curve is very shallow. The relay does not operate at very low values of fault current, but operates very
quickly at high levels of fault current.

In the above equations:
e top is the operating time
e T is the time multiplier setting
e | is the measured current
e | is the current threshold setting.

The ratio I/l5 is sometimes defined as ‘M’ or ‘PSM’ (Plug Setting Multiplier).

These three curves are plotted as follows:

P14D-B/G/L/Z-TM-EN-1 83



Chapter 5 - Current Protection Functions P14D
300,000
260,000 \ ]\
200,000 \ \
= \ \ —— Moderatehy Inwerse
E 150000 —VeryInerse
[ \\ \ —— Extemely inwerse
100,000
50000 \&
0.000
S2EEEEESSSESEESE
A pplied Cument (1)
W60
Figure 15: IEC 60255 IDMT curves
21.2 EUROPEAN STANDARDS
The IEC 60255 IDMT Operate equation is:
t,=|T f +L |+C
M* -1
and the IEC 60255 IDMT Reset equation is:
t. =T P —+L [+C
1-M
where:
e top is the operating time
e T is the Time Multiplier setting
e M is the ratio of the measured current divided by the threshold current (I/Is)
e [3is a constant, which can be chosen to satisfy the required curve characteristic
e a is a constant, which can be chosen to satisfy the required curve characteristic
e C is a constant for adding Definite Time (Definite Time adder)
e L is a constant (usually only used for ANSI/IEEE curves)
The constant values for the IEC IDMT curves are as follows:
Curve Description B constant o constant L constant
IEC Standard Inverse Operate 0.14 0.02 0
IEC Standard Inverse Reset 8.2 6.45 0
IEC Very Inverse Operate 13.5 1 0
IEC Very Inverse Reset 50.92 2.4 0
IEC Extremely Inverse Operate 80 2 0
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Curve Description B constant o constant L constant
IEC Extremely Inverse Reset 441 3.03 0
UK Long Time Inverse Operate* 120 1 0
BPN (EDF) Operate*® 1000 2 0.655
UK Rectifier Operate* 45900 5.6 0
FR Short Time Inverse Operate 0.05 0.04 0

Rapid Inverse (RI) characteristic

The RI operate curve is represented by the following equation:

op G ET S
0.339—%
M

where:
e top is the operating time
e Kiis the Time Multiplier setting
e M is the ratio of the measured current divided by the threshold current (l/lg)

Note:
* When using UK Long Time Inverse, BPN, UK Rectifier, FR Short Time Inverse, or Rl for the Operate characteristic,
DT is always used for the Reset characteristic.

21.3 NORTH AMERICAN STANDARDS
The IEEE IDMT Operate equation is:

a

t :(TD b +LJ+C
? M* -1

and the IEEE IDMT Reset equation is:

t =(TD P +LJ+C
P l_Ma

where:

e top is the operating time

TD is the Time Dial setting
M is the ratio of the measured current divided by the threshold current (I/lg)

j is a constant, which can be chosen to satisfy the required curve characteristic
a is a constant, which can be chosen to satisfy the required curve characteristic
C is a constant for adding Definite Time (Definite Time adder)

L is a constant (usually only used for ANSI/IEEE curves)

The constant values for the IEEE curves are as follows:

Curve Description B constant a constant L constant
IEEE Moderately Inverse Operate 0.0515 0.02 0.114
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Curve Description B constant o constant L constant
IEEE Moderately Inverse Reset 4.85 2 0
IEEE Very Inverse Operate 19.61 2 0.491
IEEE Very Inverse Reset 21.6 2 0
IEEE Extremely Inverse Operate 28.2 2 0.1217
IEEE Extremely Inverse Reset 29.1 2 0
CO8 US Inverse Operate 5.95 2 0.18
CO8 US Inverse Reset 5.95 2 0
CO2 US Short Time Inverse Operate 0.16758 0.02 0.11858
CO2 US Short Time Inverse Reset 2.261 2 0
ANSI Normally Inverse Operate 8.9341 2.0938 0.17966
ANSI Normally Inverse Reset 9 2 0
ANSI Short Time Inverse Operate 0.03393 1.2969 0.2663
ANSI Short Time Inverse Reset 0.5 2 0
ANSI Long Time Inverse Operate 2.18592 1 5.6143
ANSI Long Time Inverse Reset 15.75 2 0

Note:
* When using UK Long Time Inverse, BPN, UK Rectifier, or FR Short Time Inverse for the Operate characteristic, DT
is always used for the Reset characteristic.

214
STANDARDS

DIFFERENCES BETWEEN THE NORTH AMERICAN AND EUROPEAN

The IEEE and US curves are set differently to the IEC/UK curves, with regard to the time setting. A time
multiplier setting (TMS) is used to adjust the operating time of the IEC curves, whereas a time dial setting is
used for the IEEE/US curves. The menu is arranged such that if an IEC/UK curve is selected, the I> Time
Dial cell is not visible and vice versa for the TMS setting. For both IEC and IEEE/US type curves, a definite
time adder setting is available, which will increase the operating time of the curves by the set value.

215

PROGRAMMABLE CURVES

As well as the standard curves as defined by various countries and standardising bodies, it is possible to
program custom curves using Alstom Grid's User Programmable Curve Tool, described in the MiCOM S1
Agile chapter. This is a user-friendly tool by which you can create curves either by formula or by entering
data points. Programmable curves help you to match more closely the withstand characteristics of the

electrical equipment than standard curves.

2.2

PRINCIPLES OF IMPLEMENTATION

The MiCOM range of protection products provides a very wide range of protection functionality. Despite the
diverse range of functionality provided, there is some commonality between the way many of the protection
functions are implemented. It is important to describe some of these basic principles before going deeper

into the individual protection functions.

A very simple representation of protection functionality is shown in the following diagram:
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Figure 16: Principle of Protection Function Implementation

An energising quantity is either a voltage input from a system voltage transformer, a current input from a
system current transformer or another quantity derived from one or both of these. The energising quantities
are extracted from the power system and presented to the IED in the form of analogue signals. These
analogue signals are then converted to digital quantities where they can be processed by the IEDs internal
computer.

In general, an energising quantity, be it a current, voltage, power, frequency, or phase quantity, is compared
with a threshold value, which may be settable, or hard-coded depending on the function. If the quantity
exceeds (for overvalues) or falls short of (for undervalues) the threshold, a signal is produced, which when
gated with the various inhibit and blocking functions becomes the Start signal for that protection function.
This Start signal is generally made available to Fixed Scheme logic and Programmable scheme logic for
further processing. It is also passed through a timer function to produce the Trip signal. The timer function
may be an IDMT curve, or a Definite Time delay, depending on the function. This timer may also be blocked
with timer blocking signals and settings. The timer can be configured by a range of settings to define such
parameters as the type of curve, The Time Multiplier Setting, the IDMT constants, the Definite Time delay
etc.

Many protection functions require a direction-dependent decision. Such functions can only be implemented
where both current and voltage inputs are available. For such functions, a directional check is required,
whose output can block the Start signal should the direction of the fault be wrong.

In MiCOM products, there are usually several independent stages for each of the functions, and for three-
phase functions, there are usually independent stages for each of the three phases.

Typically in MiCOM products, stages 1,2 and 5 (if available) use an IDMT timer function, whilst stages 3,4
and 6 (if available) use a Definite Time timer function. If the DT time delay is set to '0', then the function is
known to be "instantaneous". In many instances, the term 'instantaneous protection" is used loosely to
describe Definite Time protection stages, even when the stage may not theoretically be instantaneous.
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2.21 TIMER HOLD FACILITY

This feature may be useful in certain applications, such as when grading with upstream electromechanical
overcurrent relays, which have inherent reset time delays. If you set the hold timer to a value other than zero,
the resetting of the protection element timers will be delayed for this period. This allows the element to
behave in a similar way to an electromechanical relay. If you set the hold timer to zero, the overcurrent timer
for that stage will reset instantaneously as soon as the current falls below a specified percentage of the
current setting (typically 95%).

Another possible situation where the timer hold facility may be used to reduce fault clearance times is for
intermittent faults. An example of this may occur in a plastic insulated cable. In this application it is possible
that the fault energy melts and reseals the cable insulation, thereby extinguishing the fault. This process
repeats to give a succession of fault current pulses, each of increasing duration with reducing intervals
between the pulses, until the fault becomes permanent.

When the reset time is instantaneous, the device will repeatedly reset and not be able to trip until the fault
becomes permanent. By using the Timer Hold facility the device will integrate the fault current pulses,
thereby reducing fault clearance time.

The Timer Hold facility is only available for stages with IDMT functionality , and is controlled by the timer
reset settings for the relevant stages (e.g. I>1 tReset, 1>2 tReset ). These cells are not visible for the
IEEE/US curves if an inverse time reset characteristic has been selected, because in this case the reset time
is determined by the time dial setting (TDS).
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3 PHASE OVERCURRENT PROTECTION

Phase current faults are faults where fault current flows between two or more phases of a three-phase power
system. The fault current may be between the phase conductors only or, between two or more phase
conductors and earth. There are three types of phase fault:

e Line to Line (accounting for approximately 8% of all faults)
e Line to Line to Earth (accounting for approximately 5% of all faults)
e Line to Line to Line (accounting for approximately 2% of all faults)
Although not as common as earth faults (single line to earth), phase faults are typically more severe.

An example of a phase fault is where a fallen tree branch bridges two or more phases of an overhead line.

31 PHASE OVERCURRENT PROTECTION IMPLEMENTATION
Phase Overcurrent Protection is implemented in the OVERCURRENT column of the relevant settings group.

The product provides six stages of three-phase overcurrent protection with independent time delay
characteristics. All settings apply to all three phases but are independent for each of the six stages.

Stages 1, 2 and 5 provide a choice of operate and reset characteristics, where you can select between:

e A range of standard IDMT (Inverse Definite Minimum Time) curves
e A range of User-defined curves
e DT (Definite Time)

This is achieved using the cells

e [>(n) Function for the overcurrent operate characteristic
e [>(n) Reset Char for the overcurrent reset characteristic
e [>(n) Usr RstChar for the reset characteristic for user -defined curves

where (n) is the number of the stage.

The IDMT-capable stages, (1,2 and 5) also provide a Timer Hold facility (on page 88). This is configured
using the cells I>(n) tReset, where (n) is the number of the stage. This is not applicable for curves based on
the IEEE standard.

Stages 3, 4 and 6 can have definite time characteristics only.
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3.2 NON-DIRECTIONAL OVERCURRENT LOGIC
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Figure 17: Non-directional Overcurrent Logic Diagram
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Note:

*1 The threshold settings are influenced by Voltage Dependent and Cold Load Pickup functionality
*2 Load blinder functionality is only available for stages 1,2 and 5 and on selected models

*3 Autoreclose blocking is only available for stages 3,4 and 6 and on selected models

*4 The timer settings are influenced by Cold Load Pickup and Selective Overcurrent Logic

Phase Overcurrent Modules are level detectors that detect when the current magnitude exceeds a set
threshold. When this happens, the Phase Overcurrent Module in question issues a signal, which is gated
with some blocking signals to produce the Start signal. This Start signal is gated with other blocking signals
and applied to the IDMT/DT timer module. It is also made available directly to the user for use in the PSL.
For each stage, there are three Phase Overcurrent Modules, one for each phase. The three Start signals
from each of these phases are OR'd together to create a 3-phase Start signal.

The outputs of the IDMT/DT timer modules are the trip signals which are used to drive the tripping output
relay. These tripping signals are also OR'd together to create a 3-phase Trip signal.

The IDMT/DT timer modules can be blocked by:

e A Phase Overcurrent Timer Block (I>(n) Timer Block)

e For models with Autoreclose functionality, an Autoreclose blocking signal, produced by the DDB AR
Blk Main Prot and the relevant settings in the I>Blocking cell. This is only valid for the DT-only
stages

If any one of the above signals is high, or goes high before the timer has counted out, the IDMT/DT timer
module is inhibited (effectively reset) until the blocking signal goes low again. There are separate phase
overcurrent timer block signals, which are independent for each overcurrent stage.

The start signal can be blocked by:

e The Second Harmonic blocking function on a per phase basis or for all three phases. The relevant bits
are set in the I> Blocking cell and this is combined with the relevant second harmonic blocking DDBs.

e The Load Blinder function, on a per phase basis or for all three phases. The relevant bits are set in the
I> Blocking 2 cell and this is combined with the relevant Load Blinder blocking DDBs.

The G14 Data type is used for the I>Blocking setting:

Bit number 1> Blocking function
Bit 0 VTS Blocks [>1
Bit 1 VTS Blocks 1>2
Bit 2 VTS Blocks >3
Bit 3 VTS Blocks >4
Bit 4 VTS Blocks I>5
Bit 5 VTS Blocks I>6
Bit 6 AR Blocks >3
Bit 7 AR Blocks >4
Bit 8 AR Blocks I>6
Bit 9 2H Blocks 1>1
Bit 10 2H Blocks 1>2
Bit 11 2H Blocks 1>3
Bit 12 2H Blocks 1>4
Bit 13 2H Blocks I1>5
Bit 14 2H Blocks 1>6
Bit 15 2H 1PH Block

These can be set via the Front panel HMI or with the settings application software.
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The Phase Overcurrent threshold setting can be influenced by the Cold Load Pickup (CLP) (on page 114)
and Voltage Dependent Overcurrent (VDep OC) (on page 108) functions, if this functionality is available and
used. Likewise, the timer settings can be influenced by the Selective Logic (on page 120) function.

3.3 CURRENT SETTING THRESHOLD SELECTION

The threshold setting used in the level detector depends on whether there is a Voltage Dependent condition
or a Cold Load Pickup condition. The Overcurrent function selects the threshold setting according to the
following diagram:

Use the threshold setting
calculated by the Voltage
Dependent function

Does a Voltage Dependent
condition exist?

Use the current threshold setting
defined in the COLD LOAD
PICKUP column

Does a cold Load Pickup
condition exist?

Use the current threshold setting
defined in the OVERCURRENT
column

i
e

Figure 18: Selecting the current threshold setting

V00646

3.4 TIMER SETTING SELECTION

The timer settings used depend on whether there is a Selective Overcurrent condition or a Cold Load Pickup
condition. The Overcurrent function selects the settings according to the following flow diagram:
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Use the timer settings calculated
by the Selective Overcurrent

o "
condition exist? Logic function

Use the timer settings defined in
the COLD LOAD PICKUP
column

Does a cold Load Pickup
condition exist?

Use the timer settings defined in
the OVERCURRENT column

l
e

V00652

Figure 19: Selecting the timer settings

3.5 DIRECTIONAL ELEMENT

If fault current can flow in both directions through a protected location, you will need to use a directional
overcurrent element to determine the direction of the fault. Typical systems that require such protection are
parallel feeders (both plain and transformer) and ring main systems, each of which are relatively common in
distribution networks.

To determine the direction of a phase overcurrent fault, the device must provide a voltage transformer input
for each phase. Direction can be determined by establishing the phase angle between the measured voltage
and the fault current.

A directional element is available for all of the phase overcurrent stages in this device. These are found in
the direction setting cells for the relevant stage (e.g. I>1 Direction, 1>2 Direction). They can be set to non-
directional, directional forward, or directional reverse.

Under system fault conditions, the fault current vector will lag its nominal phase voltage by an angle
dependent upon the system X/R ratio. Therefore the device must operate with maximum sensitivity for
currents lying in this region. This is achieved by means of the characteristic angle (RCA) setting, which
defines the angle by which the applied current must be displaced from the applied voltage in order to obtain
maximum sensitivity. This is set in cell I>Char Angle. You can set characteristic angles anywhere in the
range from —95° to +95°.

3.5.1 SYNCHRONOUS POLARISATION

For a close up three-phase fault, all three voltages will collapse to zero and no healthy phase voltages will be
present. For this reason, the device includes a synchronous polarisation feature that stores the pre-fault
voltage information and continues to apply this to the directional overcurrent elements for a time period of a
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few seconds. This ensures that either instantaneous or time-delayed directional overcurrent elements will be
allowed to operate, even with a three-phase voltage collapse.

3.5.2 DIRECTIONAL OVERCURRENT LOGIC
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1Ph(based on Z) ——
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1> Blocking
2H Blocks I>(n) ——
2H 1PH Block ——)
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o
1>(n) Timer Block Z
>
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Figure 20: Directional Overcurrent Logic Diagram

The directional logic overcurrent logic works the same way as non-directional logic (on page 90) except that
there is a Directional Check function, based on the following criteria:

e Directional forward: -90° < (angle(l) - angle(V) - RCA) < 90°
e Directional reverse: -90° > (angle(l) - angle(V) - RCA) > 90°

The polarising voltages for each phase are as follows:

Phase of Protection Operate Current Polarising Voltage
A Phase 1A VBC
B Phase 1B VCA
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Phase of Protection Operate Current Polarising Voltage
C Phase IC VAB

When the element is selected as directional, blocking of the Voltage Transformer Supervision (VTS Block) is
available (I>Blocking cell). When the relevant bit is set to 1, operation of the VTS will block the stage if
directionalised. When set to 0, the stage will revert to non-directional upon operation of the VTS. This is
shown in the G14 Data Type table in the non-directional logic (on page 90) section.

3.6 OVERCURRENT DDB SIGNALS

Ordinal ‘ Signal Name ‘ Source ‘ Type ‘ Response

Description

203 ‘ [>1 Timer Block ‘ Programmable Scheme Logic ‘ PSL Output ‘ No response
This DDB signal blocks the first stage overcurrent time delay
204 ‘ [>2 Timer Block ‘ Programmable Scheme Logic ‘ PSL Output ‘ No response
This DDB signal blocks the second stage overcurrent time delay
205 ‘ [>3 Timer Block ‘ Programmable Scheme Logic ‘ PSL Output ‘ No response
This DDB signal blocks the third stage overcurrent time delay
206 ‘ [>4 Timer Block ‘ Programmable Scheme Logic ‘ PSL Output ‘ No response
This DDB signal blocks the fourth stage overcurrent time delay
243 ‘ [>1 Trip ‘Software ‘ PSL Input ‘ Protection event
This DDB signal is the first stage any-phase Phase Overcurrent trip signal
244 ‘ [>1 Trip A ‘Software ‘ PSL Input ‘ Protection event
This DDB signal is the first stage A-phase Phase Overcurrent trip signal
245 ‘ [>1 Trip B ‘Software ‘ PSL Input ‘ Protection event
This DDB signal is the first stage B-phase Phase Overcurrent trip signal
246 ‘ [>1 Trip C ‘Software ‘ PSL Input ‘ Protection event
This DDB signal is the first stage C-phase Phase Overcurrent trip signal
247 ‘ [>2 Trip ‘ Software ‘ PSL Input ‘ Protection event
This DDB signal is the second stage any-phase Phase Overcurrent trip signal
248 ‘ [>2 Trip A ‘ Software ‘ PSL Input ‘ Protection event
This DDB signal is the second stage A-phase Phase Overcurrent trip signal
249 >2Trip B ‘Software PSL Input Protection event
This DDB signal is the second stage B-phase Phase Overcurrent trip signal
250 \ 152 Trip C \ Software \ PSL Input \ Protection event
This DDB signal is the second stage C-phase Phase Overcurrent trip signal
251 ‘ [>3 Trip ‘ Software ‘ PSL Input ‘ Protection event
This DDB signal is the third stage any-phase Phase Overcurrent trip signal
252 ‘ [>3 Trip A ‘ Software ‘ PSL Input ‘ Protection event
This DDB signal is the third stage A-phase Phase Overcurrent trip signal
253 ‘ [>3 Trip B ‘Software ‘ PSL Input ‘ Protection event
This DDB signal is the third stage B-phase Phase Overcurrent trip signal
254 ‘ [>3 Trip C ‘ Software ‘ PSL Input ‘ Protection event
This DDB signal is the third stage C-phase Phase Overcurrent trip signal
255 ‘ [>4 Trip ‘ Software ‘ PSL Input ‘ Protection event
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Ordinal ‘ Signal Name ‘ Source ‘ Type

‘ Response

Description

This DDB signal is the fourth stage any-phase Phase Overcurrent trip signal

256 ‘ [>4 Trip A ‘ Software ‘ PSL Input ‘ Protection event
This DDB signal is the fourth stage A-phase Phase Overcurrent trip signal

257 ‘ [>4 Trip B ‘Software ‘ PSL Input ‘ Protection event
This DDB signal is the fourth stage B-phase Phase Overcurrent trip signal

258 ‘ [>4 Trip C ‘ Software ‘ PSL Input ‘ Protection event
This DDB signal is the fourth stage C-phase Phase Overcurrent trip signal

295 ‘ [>1 Start ‘Software ‘ PSL Input ‘ Protection event
This DDB signal is the first stage any-phase Overcurrent start signal

296 ‘ [>1 Start A ‘Software ‘ PSL Input ‘ Protection event
This DDB signal is the first stage A-phase Overcurrent start signal

297 ‘ [>1 Start B ‘ Software ‘ PSL Input ‘ Protection event
This DDB signal is the first stage B-phase Overcurrent start signal

298 ‘ [>1 Start C ‘ Software ‘ PSL Input ‘ Protection event
This DDB signal is the first stage C-phase Overcurrent start signal

299 ‘ [>2 Start ‘ Software ‘ PSL Input ‘ Protection event
This DDB signal is the second stage any-phase Overcurrent start signal

300 ‘ [>2 Start A ‘ Software ‘ PSL Input ‘ Protection event
This DDB signal is the second stage A-phase Overcurrent start signal

301 ‘ [>2 Start B ‘ Software ‘ PSL Input ‘ Protection event
This DDB signal is the second stage B-phase Overcurrent start signal

302 ‘ [>2 Start C ‘ Software ‘ PSL Input ‘ Protection event
This DDB signal is the second stage C-phase Overcurrent start signal

303 ‘ [>3 Start ‘ Software ‘ PSL Input ‘ Protection event
This DDB signal is the third stage any-phase Overcurrent start signal

304 ‘ [>3 Start A ‘ Software ‘ PSL Input ‘ Protection event
This DDB signal is the third stage A-phase Overcurrent start signal

305 ‘ [>3 Start B ‘ Software ‘ PSL Input ‘ Protection event
This DDB signal is the third stage B-phase Overcurrent start signal

306 ‘ [>3 Start C ‘ Software ‘ PSL Input ‘ Protection event
This DDB signal is the third stage C-phase Overcurrent start signal

307 ‘ [>4 Start ‘ Software ‘ PSL Input ‘ Protection event
This DDB signal is the fourth stage any-phase Overcurrent start signal

308 ‘ [>4 Start A ‘ Software ‘ PSL Input ‘ Protection event
This DDB signal is the fourth stage A-phase Overcurrent start signal

309 ‘ [>4 Start B ‘ Software ‘ PSL Input ‘ Protection event
This DDB signal is the fourth stage B-phase Overcurrent start signal

310 ‘ [>4 Start C ‘ Software ‘ PSL Input ‘ Protection event
This DDB signal is the fourth stage C-phase Overcurrent start signal

351 ‘VTS Slow Block ‘ Software ‘ PSL Input ‘ No response
This DDB signal is a purposely delayed output from the VTS which can block other functions

358 ‘AR Blk Main Prot ‘ Software ‘ PSL Input ‘ Protection event
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Ordinal ‘ Signal Name ‘ Source ‘ Type ‘ Response

Description
This DDB signal, generated by the Autoreclose function, blocks the Main Protection elements (POC, EF1, EF2, NPSOC)

567 ‘ [>5 Timer Block ‘ Programmable Scheme Logic ‘ PSL Output ‘ No response
This DDB signal blocks the fifth stage overcurrent time delay

568 ‘ [>6 Timer Block ‘ Programmable Scheme Logic ‘ PSL Output ‘ No response
This DDB signal blocks the sixth stage overcurrent time delay

570 ‘ [>5 Trip ‘ Software ‘ PSL Input ‘ Protection event
This DDB signal is the fifth stage three-phase Phase Overcurrent trip signal

571 ‘ [>5 Trip A ‘ Software ‘ PSL Input ‘ Protection event
This DDB signal is the fifth stage A-phase Phase Overcurrent trip signal

572 ‘ [>5 Trip B ‘Software ‘ PSL Input ‘ Protection event
This DDB signal is the fifth stage B-phase Phase Overcurrent trip signal

573 ‘ [>5 Trip C ‘ Software ‘ PSL Input ‘ Protection event
This DDB signal is the fifth stage C-phase Phase Overcurrent trip signal

574 ‘ [>6 Trip ‘ Software ‘ PSL Input ‘ Protection event
This DDB signal is the sixth stage three-phase Phase Overcurrent trip signal

575 \ 1>6 Trip A \ Software \ PSL Input \ Protection event
This DDB signal is the sixth stage A-phase Phase Overcurrent trip signal

576 ‘ [>6 Trip B ‘Software ‘ PSL Input ‘ Protection event
This DDB signal is the sixth stage B-phase Phase Overcurrent trip signal

577 ‘ [>6 Trip C ‘ Software ‘ PSL Input ‘ Protection event
This DDB signal is the sixth stage C-phase Phase Overcurrent trip signal

579 ‘ [>5 Start ‘ Software ‘ PSL Input ‘ Protection event
This DDB signal is the fifth stage three-phase Phase Overcurrent start signal

580 ‘ [>5 Start A ‘ Software ‘ PSL Input ‘ Protection event
This DDB signal is the fifth stage A-phase Phase Overcurrent start signal

581 ‘ [>5 Start B ‘ Software ‘ PSL Input ‘ Protection event
This DDB signal is the fifth stage B-phase Phase Overcurrent start signal

582 ‘ [>5 Start C ‘ Software ‘ PSL Input ‘ Protection event
This DDB signal is the fifth stage C-phase Phase Overcurrent start signal

583 ‘ [>6 Start ‘ Software ‘ PSL Input ‘ Protection event
This DDB signal is the sixth stage three-phase Phase Overcurrent start signal

584 ‘ [>6 Start A ‘ Software ‘ PSL Input ‘ Protection event
This DDB signal is the sixth stage A-phase Phase Overcurrent start signal

585 ‘ [>6 Start B ‘ Software ‘ PSL Input ‘ Protection event
This DDB signal is the sixth stage B-phase Phase Overcurrent start signal

586 ‘ [>6 Start C ‘ Software ‘ PSL Input ‘ Protection event
This DDB signal is the sixth stage C-phase Phase Overcurrent start signal

538 ‘ IA2H Start ‘ Software ‘ PSL Input ‘ Protection event
This DDB signal is the A-phase 2nd Harmonic start signal

539 ‘ IB2H Start ‘ Software ‘ PSL Input ‘ Protection event
This DDB signal is the B-phase 2nd Harmonic start signal

540 ‘ IC2H Start ‘Software ‘ PSL Input ‘ Protection event
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Ordinal ‘ Signal Name ‘ Source ‘ Type ‘ Response
Description
This DDB signal is the C-phase 2nd Harmonic start signal
541 ‘ [2H Any Start ‘ Software ‘ PSL Input ‘ Protection event
This DDB signal is the 2nd Harmonic start signal for any phase
630 ‘A LoadBlinder ‘ Software ‘ PSL Input ‘ Protection event
This DDB signal is the Phase A Load Blinder signal, either direction
633 ‘ B LoadBlinder ‘ Software ‘ PSL Input ‘ Protection event
This DDB signal is the Phase B Load Blinder signal, either direction
636 C LoadBlinder ‘Software PSL Input Protection event
This DDB signal is the Phase C Load Blinder signal, either direction
639 ‘21 LoadBlinder ‘Software ‘PSL Input ‘Protection event
This DDB signal is the 3-phase Load Blinder signal, either direction
3.7 OVERCURRENT SETTINGS
Menu Text ‘ Col ‘ Row ‘ Default Setting Available Options
Description
e B
This column contains settings for Overcurrent
0=Disabled
1=DT

[>1 Function 35 23 IEC S Inverse

2=IEC S Inverse
3=IEC V Inverse
4=|EC E Inverse
5=UK LT Inverse
6=UK Rectifier
7=RI

8=IEEE M Inverse
9=IEEE V Inverse
10=IEEE E Inverse
11=US Inverse
12=US ST Inverse
13=User curve 1
14=User curve 2
15=User curve 3
16=User curve 4

This setting determines the tripping characteristic for the first stage overcurrent element.

[>1 Direction 35 24 Non-Directional

0 = Non-Directional
1 = Directional Fwd
2 = Directional Rev

This setting determines the direction of measurement for the first stage overcurrent element.

I>1 Current Set \ 35 \27 \ 1 \ From 0.05*In to 4.0*In step 0.01In

This setting sets the pick-up threshold for the first stage overcurrent element.

I>1 Time Delay 3% 29 1 'From 0s to 100s step 0.01s

This setting sets the DT time delay for the first stage overcurrent element.

I>1 TMS 35 2A 1 ‘From 0.025 to 1.2 step 0.005

This is the Time Multiplier Setting to adjust the operate time of IEC IDMT curves.

I>1 Time Dial \35 \23 \ 1 \ From 0.01 to 100 step 0.01
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Menu Text ‘ Col ‘ Row ‘ Default Setting ‘ Available Options
Description
This is the Time Multiplier Setting to adjust the operate time of IEEE/US IDMT curves.

>4 k (RI) K 'From 0.1 to 10 step 0.05
This setting defines the TMS constant to adjust the operate time of the RI curve.

I>1 DT Adder \ 35 \ 2D \ 0 \ From Os to 100s step 0.01s
This setting adds an additional fixed time delay to the IDMT Operate characteristic.

[>1 Reset Char 3 2€ DT o

This setting determines the type of Reset characteristic used for the IEEE/US curves.
> tRESET \35 \2F \o From Os to 100s step 0.01s
This setting determines the Reset time for the Definite Time Reset characteristic

0=DT

1=User Curve 1
[>1 Usr RstChar 35 30 DT 2=User Curve 2
3=User Curve 3
4=User Curve 4

This setting determines the type of Reset characteristic used for the user defined curves.

0=Disabled

1=DT

2=IEC S Inverse
3=IEC V Inverse
4=|EC E Inverse
5=UK LT Inverse
6=UK Rectifier
7=RI

|>2 Function 35 32 Disabled 8=IEEE M Inverse
9=IEEE V Inverse
10=IEEE E Inverse
11=US Inverse
12=US ST Inverse
13=User curve 1
14=User curve 2
15=User curve 3
16=User curve 4

This setting determines the tripping characteristic for the second stage overcurrent element.

0 = Non-Directional
|>2 Direction 35 33 Non-Directional 1 = Directional Fwd
2 = Directional Rev

This setting determines the direction of measurement for the second stage overcurrent element.

[>2 Current Set ‘35 ‘36 ‘ 1 ‘ From 0.05%In to 4.0%In step 0.01In
This setting sets the pick-up threshold for the second stage overcurrent element.

[>2 Time Delay ‘ 35 ‘38 ‘ 1 ‘ From Os to 100s step 0.01s
This setting sets the DT time delay for the second stage element.

1>2 TMS \ 35 \39 \ 1 \ From 0.025 to 1.2 step 0.005
This is the Time Multiplier Setting to adjust the operate time of IEC IDMT curves.

I>2 Time Dial \35 \3A \ 1 \ From 0.01 to 100 step 0.01
This is the Time Multiplier Setting to adjust the operate time of IEEE/US IDMT curves.

1>2 k (RI) 3% 3B 1 'From 0.1 to 10 step 0.05
This setting defines the TMS constant to adjust the operate time of the Rl curve.

1>2 DT Adder \ 35 \ 3C \ 0 \ From Os to 100s step 0.01s
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Menu Text \ Col \Row\ Default Setting Available Options

Description

This setting adds an additional fixed time delay to the IDMT Operate characteristic.

0=DT

|>2 Reset Char 35 3D DT _
1=Inverse

This setting determines the type of Reset characteristic used for the IEEE/US curves.
> tRESET \35 \3E \0 From Os to 100s step 0.01s
This setting determines the Reset time for the Definite Time Reset characteristic

0=DT

1=User Curve 1
[>2 Usr RstChar 35 3F DT 2=User Curve 2
3=User Curve 3
4=User Curve 4

This setting determines the type of Reset characteristic used for the user defined curves.
1>3 Status 35 40 Disabled 0 = Disabled, 1 = Enabled
This setting enables or disables the third stage overcurrent element. There is no choice of curves because this stage is DT only.

0 = Non-Directional,
|>3 Direction 35 41 Non-Directional 1 = Directional Fwd,
2 = Directional Rev

This setting determines the direction of measurement for the third stage overcurrent element.

1>3 Current Set 3 420 'From 0.05"In to 32.0*In step 0.01In
This setting sets the pick-up threshold for the third stage overcurrent element.

>3 Time Delay 35 45 0 'From Os to 100s step 0.01s

This setting sets the DT time delay for the third stage overcurrent element.

I>4 Status 3 47 Disabled 0= Disabled, 1 = Enabled

This setting enables or disables the fourth stage overcurrent element. There is no choice of curves because this stage is DT only.

0 = Non-Directional,
|>4 Direction 35 48 Non-Directional 1 = Directional Fwd,
2 = Directional Rev

This setting determines the direction of measurement for the third stage overcurrent element.

>4 Current Set \35 ‘4B \20 \ From 0.05*In to 32.0%In step 0.01In
This setting sets the pick-up threshold for the fourth stage overcurrent element.
>4 Time Delay \ 35 \4C \ 0 \ From Os to 100s step 0.01s

This setting sets the DT time delay for the fourth stage overcurrent element.

Bit 0=VTS Blocks 1>1
Bit 1=VTS Blocks 1>2
Bit 2=VTS Blocks >3
Bit 3=VTS Blocks >4
Bit 4=VTS Blocks >5
Bit 5=VTS Blocks 1>6
Bit 6=AR Blocks I>3

Bit 7=AR Blocks 1>4

Bit 8=AR Blocks >6

Bit 9=2H Blocks |>1

Bit 10=2H Blocks 1>2
Bit 11=2H Blocks 1>3
Bit 12=2H Blocks 1>4
Bit 13=2H Blocks I>5
Bit 14=2H Blocks |1>6
Bit 15=2H 1PH Block

|> Blocking 35 4E 0x003F
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Menu Text \ Col \Row\ Default Setting Available Options

Description

This setting cell contains a binary string where you can define which blocking signals block which stage. The available settings depend on the
model chosen. This description is for models with Autoreclose, VTS and second harmonic blocking

Bit 0=VTS Blocks 1>1
Bit 1=VTS Blocks 1>2
Bit 2=VTS Blocks >3
Bit 3=VTS Blocks >4
Bit 4=VTS Blocks 1>5
Bit 5=VTS Blocks 1>6
Bit 6=Unused

Bit 7=Unused

Bit 8=Unused

Bit 9=2H Blocks >1
Bit 10=2H Blocks 1>2
Bit 11=2H Blocks 1>3
Bit 12=2H Blocks 1>4
Bit 13=2H Blocks I>5
Bit 14=2H Blocks |1>6
Bit 15=2H 1PH Block

This setting cell contains a binary string where you can define which blocking signals block which stage. The available settings depend on the
model chosen. This description is for models with VTS and second harmonic blocking.

> Char Angle \ 35 ‘4F \45 From -95 to 95 step 1
This setting defines the characteristic angle for the directional element. This setting is aplicable to all overcurrent stages.

Bit 0=Blinder Blk [>1
Bit 1=Blinder Blk I>2
Bit 2=Blinder Blk I>5
Bit 3=unused

1> Blocking 35 4E | 0x003F

I> Blocking 2 35 50 0x0

This setting cell contains a binary string (data type G406), where you can define which Load Blinder blocking signals block which stage.

0=Disabled

1=DT

2=|EC S Inverse
3=IEC V Inverse
4=|EC E Inverse
5=UK LT Inverse
6=UK Rectifier
7=RI

[>5 Function 35 63 Disabled 8=IEEE M Inverse
9=IEEE V Inverse
10=IEEE E Inverse
11=US Inverse
12=US ST Inverse
13=User curve 1
14=User curve 2
15=User curve 3
16=User curve 4

This setting determines the tripping characteristic for the fifth stage overcurrent element.

0 = Non-Directional,
|>5 Direction 35 64 Non-Directional 1 = Directional Fwd,
2 = Directional Rev

This setting determines the direction of measurement for the fifth stage overcurrent element.

I>5 Current Set \ 35 \67 \ 1 \ From 0.05*In to 4.0*In step 0.01In
This setting sets the pick-up threshold for the fifth stage overcurrent element.
I>5 Time Delay \ 35 \69 \ 1 \ From Os to 100s step 0.01s
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Menu Text \ Col \Row\ Default Setting \ Available Options

Description

This setting sets the DT time delay for the fifth stage overcurrent element.

1>5 TMS \ 35 \eA \ 1 \ From 0.025 to 1.2 step 0.005
This is the Time Multiplier Setting to adjust the operate time of IEC IDMT curves.

I>5 Time Dial \ 35 ‘68 \ 1 \ From 0.01 to 100 step 0.01
This is the Time Multiplier Setting to adjust the operate time of IEEE/US IDMT curves.

155 k (RI) 35 [6C |t 'From 0.1 to 10 step 0.05
This setting defines the TMS constant to adjust the operate time of the Rl curve.

[>5 DT Adder ‘ 35 ‘GD ‘ 0 ‘ From Os to 100s step 0.01s
This setting adds an additional fixed time delay to the IDMT Operate characteristic.

I>5 Reset Char 35 6 DT o

This setting determines the type of Reset characteristic used for the IEEE/US curves.
I>5 tRESET \35 \6F \0 From Os to 100s step 0.01s
This setting determines the Reset time for the Definite Time Reset characteristic

0=DT

1=User Curve 1
[>5 Usr RstChar 35 70 DT 2=User Curve 2
3=User Curve 3
4=User Curve 4

This setting determines the type of Reset characteristic used for the user defined curves.
1>6 Status 3 71  Disabled 0 = Disabled, 1 = Enabled

This setting enables or disables the sixth stage overcurrent element. There is no choice of curves because this stage is DT only.

0 = Non-Directional,
|>6 Direction 35 72 Non-Directional 1 = Directional Fwd,
2 = Directional Rev

This setting determines the direction of measurement for the sixth stage overcurrent element.

I Current Set \ 35 \75 \20 \ From 0.05*In to 32.0*In step 0.01In
This setting sets the pick-up threshold for the sixth stage overcurrent element.
I>6 Time Delay 3% 76 0 'From 0s to 100s step 0.01s

This setting sets the DT time delay for the sixth stage overcurrent element.
VDEPENDANTOIC 35 81 | |
The settings under this sub-heading relate to

0=Disabled

1=VCO I>1

2=VCO I>2

3=VCO I>1 & I>2
4=VCO I>5

5=VCO I>1&1>2&I>5
6=VCO I>1 & I>5

V Dep OC Status 35 82 Disabled 7=VCO I>2 & I>5
8=VRO I>1

9=VRO I>2

10=VRO I>5
11=VRO I>1 & I>2
12=VRO I>1 & I>5
13=VRO I>2 & I>5
14=VRO [>1&1>2&I>5

This setting cell contains a binary string (data type G100), where you can define which stages are influenced by the Voltage Controlled
Overcurrent (VCO) and Voltage Restrained Overcurrent (VRO) functions. Note: Some models do not provide VRO.
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Menu Text \ Col \ Row \ Default Setting Available Options
Description
0=Disabled
1=VCO I>1
2=VCO I>2
V Dep OC Status 35 82 Disabled 2328 :Z; & 1>2
5=VCO I>1&1>2&I>5
6=VCO I>1 & I>5
7=VCO I>2 & I>5
Allows selection of whether voltage control should be applied to each of the first or second stage overcurrent elements.
V Dep OC V<1 Set \35 \83 \80 \ From 10 to 120 step 1
This setting sets the voltage V1 threshold at which the current setting of the overcurrent stages becomes reduced. This is on a per phase basis.
V Dep OC k Set \35 \84 \0.25 \ From 0.1 to 1 step 0.05
This setting determines the Overcurrent multiplier factor used to reduce the pick-up overcurrent setting.
V Dep OC V<2 Set 35 85 60 (From 1010 120 step 1

This setting sets the voltage V2 threshold at which the current setting of the overcurrent stages becomes reduced. This is on a per phase basis.
LOAD BLINDER ERREN |
The settings under this sub-heading relate to the Load Blinder function

Blinder Status \ 35 \91 \ Disabled \ 0 = Disabled, 1 = Enabled
This setting enables or disables the Load Blinder blocking function.
Blinder Status \35 \91 \ Disabled \0 = Disabled

This setting disables the Load Blinder blocking function for models B and G

0=3Ph(based on Z1)

Blinder Function 35 92 3Ph(based on Z1) 1=1Ph(based on Z)

This setting sets the Load Blinder to three-phase or single-phase blocking.

0=Reverse
Blinder Mode 35 93 Both 1=Forward
2=Both
This setting sets the Load Blinder direction measurement.
FWD Z Impedance \35 \94 \ 15 \ From 0.1 to 500 step 0.01
This setting sets the Forward Impedance (in ohms) for the Load Blinder function.
FWD Z Angle \35 \95 \30 \ From 5 to 85 step 1
This setting sets the Forward Angle (in degrees) for the Load Blinder function.
RVS Z Impedance \35 \97 \ 15 \ From 0.1 to 500 step 0.01
This setting sets the Reverse Impedance (in ohms) for the Load Blinder function.
RVS Z Angle \35 \98 \30 \ From 5 to 85 step 1
This setting sets the Reverse Angle (in degrees) for the Looad Blinder function.
Blinder V< Block \35 \9A \ 15 \ From 10 to 120 step 1
This setting sets the undervoltage threshold for the Load Blinder function.
Blinder 12>Block \35 \95 \0.2 \ From 0.08"!1 to 4*1 step 0.01*I1
This setting sets the Negative Phase Sequence current threshold for the Load Blinder function.
PU Cycles 3 o (From 0 to 50 step 0.5
This setting sets the pick-up count threshold for the Load Blinder function.
DO Cycles 3 o 1 (From 0 to 50 step 0.5

This setting sets the drop-off count threshold for the Load Blinder function.
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3.8 APPLICATION NOTES
3.8.1 PARALLEL FEEDERS
N 33KV
! !
( R1 d R2
| oc/EF (| oc/EF
~
J b
R3 = F/_ R4
: DOC/DEF TDOC/DEF
OC/EF - OC/EF
T y 11KV
E-_ R5
| oc/EF
E00603 Loads

Figure 21: Typical distribution system using parallel transformers

In the application shown in the diagram, a fault at ‘F’ could result in the operation of both R3 and R4 resulting
in the loss of supply to the 11 kV busbar. Hence, with this system configuration, it is necessary to apply
directional protection devices at these locations set to 'look into' their respective transformers. These devices
should co-ordinate with the non-directional devices, R1 and R2, to ensure discriminative operation during
such fault conditions.

In such an application, R3 and R4 may commonly require non-directional overcurrent protection elements to
provide protection to the 11 kV busbar, in addition to providing a back-up function to the overcurrent devices
on the outgoing feeders (R5).

For this application, stage 1 of the R3 and R4 overcurrent protection would be set to non-directional and time
graded with R5, using an appropriate time delay characteristic. Stage 2 could then be set to directional
(looking back into the transformer) and also have a characteristic which provides correct co-ordination with
R1 and R2. Directionality for each of the applicable overcurrent stages can be set in the cell I>Direction.

Note:
The principles outlined for the parallel transformer application are equally applicable for plain feeders that are
operating in parallel.
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3.8.2 RING MAIN ARRANGEMENTS

E00604

Figure 22: Typical ring main with associated overcurrent protection

Current may flow in either direction through the various device locations, therefore directional overcurrent
devices are needed to achieve correct discrimination.

The normal grading procedure for overcurrent devices protecting a ring main circuit is to open the ring at the
supply point and to grade the devices first clockwise and then anti-clockwise. The arrows shown at the
various device locations depict the direction for forward operation of the respective devices (i.e. the
directional devices are set to look into the feeder that they are protecting).

The diagram shows typical time settings (assuming definite time co-ordination is used), from which it can be
seen that any faults on the interconnections between stations are cleared discriminatively by the devices at
each end of the feeder.

Any of the overcurrent stages may be configured to be directional and co-ordinated, but bear in mind that
IDMT characteristics are not selectable on all the stages.

3.8.3 SETTING GUIDELINES

Standard principles should be applied in calculating the necessary current and time settings. The example
detailed below shows a typical setting calculation and describes how the settings are applied.

This example is for a device feeding a LV switchboard and makes the following assumptions:

e CT Ratio = 500/1
e Full load current of circuit = 450A
e Slowest downstream protection = 100A Fuse
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The current setting on the device must account for both the maximum load current and the reset ratio,
therefore:

I> must be greater than: 450/0.95 = 474A.

The device allows the current settings to be applied in either primary or secondary quantities. This is done by
setting the Setting Values cell of the CONFIGURATION column. When this cell is set to primary, all phase
overcurrent setting values are scaled by the programmed CT ratio, which is found in the TRANS. RATIOS
column [OA].

In this example, assuming primary currents are to be used, the ratio should be programmed as 500/1.
The required setting is therefore 0.95A in terms of secondary current or 475A in terms of primary.

A suitable time delayed characteristic will now need to be chosen. When co-ordinating with downstream
fuses, the applied characteristic should be closely matched to the fuse characteristic. Therefore, assuming
IDMT co-ordination is to be used, an Extremely Inverse (El) characteristic would normally be chosen. This is
found under the I1>1 Function cell as 'I[EC E Inverse'.

Finally, a suitable time multiplier setting (TMS) must be calculated and entered in cell I>1 TMS.

3.8.4 SETTING GUIDELINES (DIRECTIONAL ELEMENT)

The applied current settings for directional overcurrent devices are dependent upon the application in
question. In a parallel feeder arrangement, load current is always flowing in the non-operate direction.
Hence, the current setting may be less than the full load rating of the circuit; typically 50% of In.

Note:

The minimum setting that may be applied has to take into account the IEDs thermal rating. Some electro-mechanical
directional overcurrent devices have continuous withstand ratings of only twice the applied current setting and hence
50% of rating was the minimum setting that could be applied. With the Px4x devices, the continuous current rating is
4 times rated current and so it is possible to apply much more sensitive settings if required.

You need to observe some setting constraints when applying directional overcurrent protection at the
receiving-end of parallel feeders. These minimum safe settings are designed to ensure that there is no
possibility of undesired tripping during clearance of a source fault. For a linear system load, these settings
are as follows:

e Parallel plain feeders: Set to 50% pre-fault load current
e Parallel transformer feeders: Set to 87% pre-fault load current

When the above setting constraints are infringed, independent-time protection is more likely to issue an
unwanted trip than time-dependent protection, during clearance of a source fault. Where the above setting
constraints are unavoidably infringed, secure phase fault protection can be provided with devices having '2-
out-of-3 directional protection’ tripping logic.

In a ring main application, it is possible for load current to flow in either direction through the relaying point.
Therefore, the current setting must be above the maximum load current, as in a standard non-directional
application.

The required characteristic angle settings for directional devices will differ depending on the exact application
in which they are used. Recommended characteristic angle settings are as follows:

e Plain feeders, or applications with an earthing point (zero sequence source) behind the device
location, should use a +30° RCA setting

e Transformer feeders, or applications with a zero sequence source in front of the device location,
should use a +45° RCA setting
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Whilst it is possible to set the RCA to exactly match the system fault angle, we recommend that you adhere
to the above guidelines, as these settings provide satisfactory performance and stability under a wide range
of system conditions.
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4 VOLTAGE DEPENDENT OVERCURRENT ELEMENT

Overcurrent IEDs are co-ordinated throughout a system such that a cascaded operation is achieved. This
means that the failure of a downstream circuit breaker to trip for a fault condition, whether due to the failure
of a protection device, or of the breaker itself, should result in the tripping of the next upstream circuit
breaker.

However, where long feeders are protected by overcurrent IEDs, the detection of remote phase-to-phase
faults may prove difficult due to the fact that the current pick-up of phase overcurrent elements must be set
above the maximum load current, thereby limiting the element's minimum sensitivity.

If the current seen by a local device for a remote fault condition is below its overcurrent setting, a voltage
dependent element may be used to increase the sensitivity to such faults. As a reduction in system voltage
will occur during overcurrent conditions, this may be used to enhance the sensitivity of the overcurrent
protection by reducing the pick up level.

Voltage dependent overcurrent devices are often applied in generator protection applications in order to give
adequate sensitivity for close up fault conditions. The fault characteristic of this protection must then co-
ordinate with any of the downstream overcurrent devices that are responsive to the current decrement
condition. It therefore follows that if the device is to be applied to an outgoing feeder from a generator
station, the use of voltage dependent overcurrent protection in the feeder device may allow better co-
ordination with the Voltage Dependent device on the generator.

4.1 VOLTAGE DEPENDENT OVERCURRENT PROTECTION IMPLEMENTATION

Voltage Dependent Overcurrent Protection (VDep OC) is implemented in the OVERCURRENT column of the
relevant settings group, under the sub-heading V DEPENDANT O/C.

The function is available for stages 1,2 and 5 of the main overcurrent element. When VDep OC is enabled,
the overcurrent threshold setting is modified when the voltage falls below a set threshold.

If voltage dependant overcurrent operation is selected, the element can be set in one of two modes, voltage
controlled overcurrent or voltage restrained overcurrent. The mode of operation is set in the V Dep OC
Status cell according to the data type G100 as follows:

The G100 Data type is an indexed string and is used for the V Dep OC Status setting:

String number V Dep OC Options
Disabled

VCO I>1

VCO I>2

VCO I>1 & I>2
VCO I>5

VCO I>1&I>2&I>5
VCO I>1 & I>5
VCO I>2 & I>5
VRO I>1

VRO I>2

VRO I>5

VRO I>1 & |>2
VRO I>1 & I>5
VRO I>2 & I>5
VRO I>1&I>2&I>5

O N OOl A~ WIN ~|O

©

-
o

—_
—_

N
N

-
w

N
N
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411 VOLTAGE CONTROLLED OVERCURRENT PROTECTION

In Voltage Controlled Operation (VCO) mode of operation, the under voltage detector is used to produce a
step change in the relay current setting, when the voltage falls below the voltage setting V Dep OC V<1 Set.
The operating characteristic of the current setting when voltage controlled mode is selected is as follows:

A

Current
setting

5 Setbp———————

K/> Set

>
V<1 Set Measured voltage

E00642

Figure 23: Modification of current pickup level for voltage controlled overcurrent protection

41.2 VOLTAGE RESTRAINED OVERCURRENT PROTECTION

In Voltage Restrained Operation (VRO) mode the effective operating current of the protection element is
continuously variable as the applied voltage varies between two voltage thresholds. This protection mode is
considered to be better suited to applications where the generator is connected to the system via a generator
transformer.

With indirect connection of the generator, a solid phase-phase fault on the local busbar will result in only a
partial phase-phase voltage collapse at the generator terminals.

The voltage-restrained current setting is related to measured voltage as follows:

e If Vis greater than V<1, the current setting (Is) = I>
e [f Vis greater than V<2 but less than V<1, the current setting (Is) =
V-V<2
V<1-V<2
e If Vis less than V<2, the current setting (Is) = K.I>
where:

KI>+(1>-KI)

e |>= Over current stage setting

e Is = Current setting at voltage V

e V =Voltage applied to relay element
e V<1 =V Dep OC V<1 Set

e V<2 =V Dep OC V<2 Set
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Figure 24: Modification of current pickup level for voltage restrained overcurrent protection
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4.2 VOLTAGE DEPENDENT OVERCURRENT LOGIC

V Dep OC Status
VCO I>(n)

VRO >(n)

VAB

<

B

V Dep OC V<1 Set

1>(n) Current Set

Vdep OC Start AB

V Dep OC k Set

VAB————p

V Dep OC V<1 Set

[> (n)Current Set

.

VAB———p

1> Threshold

:

V Dep OC V<2 Set

1> (n)Current Set

V Dep OC k Set

VAB———

V Dep OC V<2 Set

VAB————p

V Dep OC V<1 Set

V Dep OC k Set '—

[>(n) Current Set

VAB———»

Functional
Operator

V00644

:

:

Key:
Energising Quanitty ————

External DDB Signal :}

Setting cell
Setting value

Function

Derived Setting

1> Threshold

AND gate OR gate
Multiplier @ Switch

Comparator for overvalues &

Comparator for undervalues

Figure 25: Voltage dependant overcurrent logic (Phase A to phase B)

The current threshold setting for the Overcurrent function is determined by the voltage.

If the voltage is greater than V<1 Set, the normal overcurrent setting I>(n) current set is used. this applies to

both VCO and VRO modes.

If the voltage is less than V<1 Set AND it is in VCO mode, the overcurrent setting I>(n) current set is
multiplied by the factor set by V Dep OC k set.

If the voltage is less than V<2 Set AND it is in VRO mode, the overcurrent setting I>(n) current set is
multiplied by the factor set by V Dep OC k set.

If the voltage is between V<1 Set and V<2 Set AND it is in VRO mode, the overcurrent setting is multiplied
by a functional operator to determine the setting.
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4.3 VOLTAGE DEPENDENT OVERCURRENT DDB SIGNALS
Ordinal ‘ English Text ‘ Source ‘ Type ‘ Response Function

Description

31 ‘VDep OC Start AB ‘ Software ‘ PSL Input ‘ Protection event

This DDB signal is the Voltage Dependent Overcurrent start signal for phase A-B

312 ‘VDep OC Start BC ‘ Software ‘ PSL Input ‘ Protection event

This DDB signal is the Voltage Dependent Overcurrent start signal for phase B-C

313 ‘VDep OC Start CA ‘ Software ‘ PSL Input ‘ Protection event

This DDB signal is the Voltage Dependent Overcurrent start signal for phase C-A

4.4 VOLTAGE DEPENDENT OVERCURRENT SETTINGS
Menu Text ‘ Col ‘ Row ‘ Default Setting ‘ Available Options
Description

VDEPENDANTOIC 135 81 | |
The settings under this sub-heading relate to

0=Disabled

1=VCO I>1

2=VCO I>2

3=VCO I>1 & >2
4=VCO I>5

5=VCO I>1&1>2&I>5
6=VCO I>1 & I>5

V Dep OC Status 35 82 Disabled 7=VCO I>2 & I>5
8=VRO |>1

9=VRO I>2

10=VRO I>5
11=VRO I>1 & I>2
12=VRO I>1 & I>5
13=VRO I>2 & I>5
14=VRO >1&I>2&I>5

This setting cell contains a binary string (data type G100), where you can define which stages are influenced by the Voltage Controlled
Overcurrent (VCO) and Voltage Restrained Overcurrent (VRO) functions. Note: Some models do not provide VRO.

0=Disabled

1=VCO I1>1

2=VCO I>2

. 3=VCO I>1 & I>2

V Dep OC Status 35 82 Disabled 4=VCO |55

5=VCO >1&I>2&I>5

6=VCO I>1 & I>5

7=VCO I>2 & I>5
Allows selection of whether voltage control should be applied to each of the first or second stage overcurrent elements.
V Dep OC V<1 Set \35 \83 \80 \ From 10 to 120 step 1
This setting sets the voltage V1 threshold at which the current setting of the overcurrent stages becomes reduced. This is on a per phase basis.
V Dep OC k Set \35 \84 \0.25 \ From 0.1 to 1 step 0.05
This setting determines the Overcurrent multiplier factor used to reduce the pick-up overcurrent setting.
V Dep OC V<2 Set \35 \85 \60 \ From 10 to 120 step 1

This setting sets the voltage V2 threshold at which the current setting of the overcurrent stages becomes reduced. This is on a per phase basis.
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4.5 APPLICATION NOTES

451 SETTING GUIDELINES
The V Dep OC k setting should be set low enough to allow operation for remote phase-to-phase faults,
typically:

1

F

k =
1.27 >

where:

e | = Minimum fault current expected for the remote fault

e [>=Phase current setting for the element to have VCO control

Example

If the overcurrent device has a setting of 160% In, but the minimum fault current for the remote fault
condition is only 80% In, then the required k factor is given by:

0.8

=——=042
1.6x1.2

The voltage threshold, Vdep OC V< setting would be set below the lowest system voltage that may occur
under normal system operating conditions, whilst ensuring correct detection of the remote fault.
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5 COLD LOAD PICKUP

When a feeder circuit breaker is closed in order to energise a load, the current levels that flow for a period of
time following energisation may be far greater than the normal load levels. Consequently, overcurrent
settings that have been applied to provide overcurrent protection may not be suitable during this period of
energization (cold load), as they may initiate undesired tripping of the circuit breaker. This scenario can be
prevented with Cold Load Pickup (CLP) functionality.

The Cold Load Pick-Up (CLP) logic works by either:

e Inhibiting one or more stages of the overcurrent protection for a set duration
e Raising the overcurrent settings of selected stages, for the cold loading period.

The CLP logic therefore provides stability, whilst maintaining protection during the start-up.

5.1 COLD LOAD PICKUP

Cold Load Pickup Protection is implemented in the COLD LOAD PICKUP column of the relevant settings
group.
This function acts upon the following protection functions:

e All overcurrent stages (both non-directional and directional if applicable)
e The first stage of Earth Fault 1 (both non-directional and directional if applicable)
e The first stage of Earth Fault 2 (both non-directional and directional if applicable)

The principle of operation is identical for the 3-phase overcurrent protection and the first stages of Earth
Fault overcurrent protection for both EF1 and EF2.

CLP operation occurs when the circuit breaker remains open for a time greater than tcold and is
subsequently closed. CLP operation is applied after tcold and remains for a set time delay of tclp following
closure of the circuit breaker. The status of the circuit breaker is provided either by means of the CB auxiliary
contacts or by means of an external device via logic inputs. Whilst CLP operation is in force, the CLP
settings are enabled After the time delay tclp has elapsed, the normal overcurrent settings are applied and
the CLP settings are disabled.

If desired, instead of applying different current setting thresholds for the cold load time, it is also possible to
completely block the overcurrrent operation during this time, for any of the overcurrent stages.

Voltage-dependent operation can also affect the overcurrent settings. If a Voltage Dependent condition
arises, this takes precedence over the CLP. If the CLP condition prevails and the Voltage Dependent
function resets, the device will operate using the CLP settings. Time-delayed elements are reset to zero if
they are disabled during the transitions between normal settings and CLP settings.

Note:
In the event of a conflict between Selective Logic and CLP, Selective Logic takes precedence.
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Figure 26: Cold Load Pickup logic

The CLP Operation signal indicates that CLP logic is in operation. This only happens when CLP is enabled
AND CLP is initiated either externally or from a CB Open condition after the tcold period has elapsed. The
CLP Operation indicator goes low when CLP is disabled or when the external CLP trigger is removed or
when there is a CB closed condition.

tcold and tclp are initiated via the CB open and CB closed signals generated within the device. These
signals are produced by connecting auxiliary contacts from the circuit breaker or starting device to the IED's
opto-inputs

If dual CB contacts are not available (one for Open (52a) and for Close (52b)) you can configure the device
to be driven from a single contact (either 52a or 52b). The device would then simply invert one signal to
provide the other. This option is available using the CB status input cell in the CB CONTROL column. The
setting can be set to 'None', '52a', '52b' or '52a and 52b'.

5.3 CLP DDB SIGNALS
Ordinal ‘ Signal Name ‘ Source ‘ Type Response
Description
226 CLP Initiate E(I;Z?(l:'ammable Scheme PSL Output No response
This DDB signal initiates the CLP operation
347 ‘ CLP Operation ‘Software ‘ PSL Input ‘ Protection event

This DDB signal indicates that the CLP is operating and informs the Overcurrent protection to use the CLP settings
378 ‘CB Open 3 ph ‘Software ‘ PSL Input ‘ Protection event
This DDB signal indicates that the CB is open on all 3 phases

379 ‘CB Closed 3 ph ‘Software ‘ PSL Input ‘ Protection event

This DDB signal indicates that the CB is closed on all 3 phases

P14D-B/G/L/Z-TM-EN-1 115



Chapter 5 - Current Protection Functions P14D

54 CLP SETTINGS
Menu Text ‘ Col ‘ Row ‘ Default Setting Available Options
Description
GROUP 1
COLD LOAD PICKUP 3 00
This column contains settings for Cold Load Pickup
tcold Time Delay ‘3E ‘ 01 ‘ 7200 ‘ From Os to 14400s step 1s
This setting determines the time the load needs to be de-energised (dead time) before the new settings are applied.
tclp Time Delay \3E \ 02 \ 7200 \ From Os to 14400s step 1s

This setting controls the period of time for which the relevant overcurrent and earth fault settings are altered or inhibited following circuit breaker
closure.

OVERCURRENT \3E \20 \ \

The settings under this sub-heading relate to the Phase Overcurrent elements

0=Block
1=Enable

Selecting 'Enable’ means that the current and time settings in these cells will be used during the "tclp" time. Selecting 'Block' simply blocks the
protection stage during the "tclp" time.

|>1 Status 3E 21 Enable

I>1 Current Set \ 3E \ 22 \ 15 \ 0.05*In to 4*In step 0.01In
This setting determines the new pick-up setting for the first stage Overcurrent element during the tclp time delay.

I>1 Time Delay \3E \24 \ 1 \ From Os to 100s step 0.01s
This setting sets the new operate DT time delay for the first stage Overcurrent element during the tclp time.

I>1 TMS \3E \ 25 \ 1 \ From 0.025 to 1.2 step 0.005
This is the Time Multiplier Setting to adjust the operate time of IEC IDMT curves.

>1 Time Dial \3E \26 \ 1 \ From 0.01 to 100 step 0.01
This is the Time Multiplier Setting to adjust the operate time of IEE/US IDMT curves.

>4 k (RI) E 27 'From 0.1 to 10 step 0.05
This setting sets the new time multiplier setting to adjust the operate time of the RI curve during the tclp time.

1>2 Status 3E 29 Enable ?:E'::t')‘le

Selecting 'Enable’ means that the current and time settings in these cells will be used during the "tclp" time. Selecting 'Block' simply blocks the
protection stage during the "tclp" time.

I>2 Current Set 3E A 15 10.05%In to 4°In step 0.01In
This setting determines the new pick-up setting for the second stage Overcurrent element during the tclp time delay.

I>2 Time Delay \35 \ 2C \ 1 \ From Os to 100s step 0.01s
This setting sets the new operate DT time delay for the second stage Overcurrent element during the tclp time.

1>2 TMS \3E \ 2D \ 1 \ From 0.025 to 1.2 step 0.005

This setting sets the new time multiplier setting for the second stage Overcurrent element to adjust the operate time of the IEC IDMT characteristic
during the tclp time.

I>2 Time Dial \3E \ 2E \ 1 \ From 0.01 to 100 step 0.01
This setting sets the new time multiplier setting to adjust the operate time of the IEEE/US IDMT curves during the tclp time.
1>2 k (RI) 3E F [ 'From 0.1 to 10 step 0.05
This setting defines the TMS constant to adjust the operate time of the Rl curve.

0=Block
[>3 Status 3E 31 Block 1=Enable

Selecting 'Enable’ means that the current and time settings in these cells will be used during the "tclp" time. Selecting 'Block' simply blocks the
protection stage during the "tclp" time.
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Menu Text \ Col \ Row \ Default Setting \ Available Options
Description
>3 Current Set \3E \32 \25 \0.05*|n to 32*In step 0.01In
This setting sets the new pick-up setting for the third stage Overcurrent element during the tclp time delay.
>3 Time Delay \3E \33 \o \ From Os to 100s step 0.01s
This setting sets the new operate DT time delay for the first stage Overcurrent element during the tclp time.
>4 Status \3E \ 35 \ Block \ From 0to 1 step 1

Selecting 'Enable’ means that the current and time settings in these cells will be used during the "tclp" time. Selecting 'Block' simply blocks the
protection stage during the "tclp" time.

>4 Current Set 3E 36 |25 10.05%In to 32°In step 0.01In
This setting sets the new pick-up setting for the fourth stage Overcurrent element during the tclp time delay.

>4 Time Delay E 37 0 'From 0s to 100s step 0.01s
Setting for the new operate time delay for the fourth stage definite time element during the tclp time.

STAGE 1 E/F 1 3E 39 |

The settings under this sub-heading relate to measured Earth Fault protection (EF1)

IN1>1 Status 3 3A Enable ?:Elr?:tl)(le

Selecting 'Enable’ means that the current and time settings in these cells will be used during the "tclp" time. Selecting 'Block' simply blocks the
protection stage during the "tclp" time.

IN1>1 Current \3E \ 3B \ 0.2 \ 0.05%In to 4*In step 0.01In
This setting sets the new pick-up setting for the measured Earth Fault element during the tclp time delay.
IN1>1 DG Is \3E \30 \1.5 ‘From 1104 step 0.1
This setting defines the new TMS of the IDG curve during the tclp time.
IN1>1 Time Delay \35 \35 \ 1 \ From Os to 200s step 0.01s
This setting sets the new operate DT time delay for the measured Earth Fault element during the tclp time.
IN1>1 TMS \35 \ 3F \ 1 \ From 0.025 to 1.2 step 0.005
This is the Time Multiplier Setting to adjust the operate time of IEC IDMT curves.
IN1>1 Time Dial \35 \40 \1 \From 0.01 to 100 step 0.01
This is the Time Multiplier Setting to adjust the operate time of IEEE/IDMT curves.
IN1>1 k (RI) \3E \41 \1 \From 0.110 10 step 0.05
This setting defines the TMS constant to adjust the operate time of the Rl curve.
STAGE 1 E/F 2 3E 48 |
The settings under this sub-heading relate to derived Earth Fault protection (EF2)
IN2>1 Status 3E 44 Enable 0=Block

1=Enable

Selecting 'Enable’ means that the current and time settings in these cells will be used during the "tclp" time. Selecting 'Block' simply blocks the
protection stage during the "tclp" time.

IN2>1 Current \ 3E \ 45 \ 0.2 \ 0.05*In to 4*In step 0.01In
This setting sets the new pick-up setting for the derived Earth Fault element during the tclp time delay.

IN2>1 DG Is \3E \46 \ 15 \ From 1 to 4 step 0.1

This setting defines the new TMS of the IDG curve during the tclp time.

IN2>1 Time Delay \3E \48 \ 1 \ From Os to 200s step 0.01s
This setting sets the new operate DT time delay for the derived Earth Fault element during the tclp time.

IN2>1 TMS \3E \49 \ 1 \ From 0.025 to 1.2 step 0.005
This is the Time Multiplier Setting to adjust the operate time of IEC IDMT curves.

IN2>1 Time Dial 3E A 'From 0.01 to 100 step 0.01
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Menu Text \ Col \ Row \ Default Setting \ Available Options

Description

This is the Time Multiplier Setting to adjust the operate time of IEEE/IDMT curves.

IN2>1 k (R) 3E 4B | 'From 0.1 to 10 step 0.05
This setting defines the TMS constant to adjust the operate time of the Rl curve.

OVERCURRENT 3E 4F |

The settings under this sub-heading relate to the Phase Overcurrent elements

1>5 Status 3 50  Enable ?:Elr?actl)(le

Selecting 'Enable’ means that the current and time settings in these cells will be used during the "tclp" time. Selecting 'Block' simply blocks the
protection stage during the "tclp" time.

I>5 Current Set \ 3E \ 51 \ 15 \ 0.05*In to 4*In step 0.01In
This setting sets the new pick-up setting for the fifth stage Overcurrent element during the tclp time delay.

[>5 Time Delay ‘3E ‘ 53 ‘ 1 ‘ From Os to 100s step 0.01s
This setting sets the new operate DT time delay for the fifth stage Overcurrent element during the tclp time.

>5 TMS 3E 54 | ‘From 0.025 to 1.2 step 0.005
This is the Time Multiplier Setting to adjust the operate time of IEC IDMT curves.

I>5 Time Dial E 5 | 'From 0.01 to 100 step 0.01
This is the Time Multiplier Setting to adjust the operate time of IEE/US IDMT curves.

1>5 k (RI) 3E %6 |1 'From 0.1 to 10 step 0.05
This setting sets the new time multiplier setting to adjust the operate time of the RI curve during the tclp time.

|>6 Status ‘3E ‘58 ‘ Block ‘ From 0 to 1 step 1

Selecting 'Enable" means that the current and time settings in these cells will be used during the "tclp” time. Selecting 'Block' simply blocks the
protection stage during the "tclp" time.

1> Current Set \3E \ 59 \ 25 \ 0.05*In to 32*In step 0.01In
This setting sets the new pick-up setting for the sixth stage Overcurrent element during the tclp time delay.
I>6 Time Delay \3E \ 5A \ 0 \ From Os to 100s step 0.01s

This setting sets the new operate DT time delay for the sixth stage Overcurrent element during the tclp time.

5.5 APPLICATION NOTES

5.5.1 CLP FOR RESISTIVE LOADS

A typical example of where CLP logic may be used is for resistive heating loads such as such as air
conditioning systems. Resistive loads typically offer less resistance when cold than when warm, hence the
start-up current will be higher.

To set up the CLP, you need to select 'Enable' from the I> status option to enable the settings of the
temporary current and time settings. These settings should be chosen in accordance with the expected load
profile. Where it is not necessary to alter the setting of a particular stage, the CLP settings should be set to
the same level as the standard overcurrent settings.

It may not be necessary to alter the protection settings following a short supply interruption. In this case a
suitable tcold timer setting can be used.

5.5.2 CLP FOR MOTOR FEEDERS

In general, a dedicated motor protection device would protect feeders supplying motor loads. However, if
CLP logic is available in a feeder device, this may be used to modify the overcurrent settings during start-up.
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Depending on the magnitude and duration of the motor starting current, it may be sufficient to simply block
operation of instantaneous elements. If the start duration is long, the time-delayed protection settings may
also need to be raised. A combination of both blocking and raising of the overcurrent settings may be
adopted. The CLP overcurrent settings in this case must be chosen with regard to the motor starting
characteristic.

This may be useful where instantaneous earth fault protection needs to be applied to the motor. During
motor start-up conditions, it is likely that incorrect operation of the earth fault element would occur due to
asymmetric CT saturation. This is due to the high level of starting current causing saturation of one or more
of the line CTs feeding the overcurrent/earth fault protection. The resultant transient imbalance in the
secondary line current quantities is thus detected by the residually connected earth fault element. For this
reason, it is normal to either apply a nominal time delay to the element, or to use a series stabilising resistor.

The CLP logic may be used to allow reduced operating times or current settings to be applied to the earth
fault element under normal running conditions. These settings could then be raised prior to motor starting, by
means of the logic.

5.5.3 CLP FOR SWITCH ONTO FAULT CONDITIONS

In some feeder applications, fast tripping may be required if a fault is already present on the feeder when it is
energised. Such faults may be due to a fault condition not having been removed from the feeder, or due to
earthing clamps having been left on following maintenance. In either case, it is desirable to clear the fault
condition quickly, rather than waiting for the time delay imposed by IDMT overcurrent protection.

The CLP logic can cater for this situation. Selected overcurrent/earth fault stages could be set to
instantaneous operation for a defined period following circuit breaker closure (typically 200 ms). Therefore,
instantaneous fault clearance would be achieved for a switch onto fault (SOTF) condition.
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6 SELECTIVE OVERCURRENT LOGIC

With Selective Overcurrent Logic you can use the Start contacts to control the time delays of upstream IEDs,
as an alternative to simply blocking them. This provides an alternative approach to achieving non-cascading
types of overcurrent scheme, which may be more familiar to some utilities than blocked overcurrent
schemes.

6.1 SELECTIVE LOGIC IMPLEMENTATION

Selective Overcurrent Logic is implemented in the SELECTIVE LOGIC column of the relevant settings group.

The Selective Logic function works by temporarily increasing the time delay settings of the chosen
overcurrent elements. This logic is initiated by energising the relevant opto-input on the upstream IED.

This function acts upon the following protection functions:
e Non-Directional/Directional phase overcurrent (3rd, 4th and 6th stages)
e Non-Directional/Directional earth fault — 1 (3rd, 4th and 6th stages)
e Non-Directional/Directional earth fault — 2 (3rd, 4th and 6th stages)
e Non-Directional/Directional sensitive earth fault (3rd, 4th and 6th stages)

6.2 SELECTIVE OVERCURRENT LOGIC DIAGRAM
ey | — [ Tmerseings |

Selective Logic
Enabled

N
-

1>(n) Timer Block

I>(n) Start A
AR Blk Main Prot * Key:
[>Blocking Setting cell |:| Derived setting |:|
AR Blocks I>(n)
setingvae [ | swich [ ]
V00647

Figure 27: Selective Overcurrent Logic

The logic diagram is shown for overcurrent phase A, but is valid for all three phases for each of the stages
3,4 and 6. the principle of operation is also identical for EF1, EF2 and SEF.

When the selective logic function is enabled, the action of the blocking input is as follows:

No block applied

In the event of a fault condition that continuously asserts the start output, the function will assert a trip signal
after the normal time delay has elapsed.

Logic input block applied

In the event of a fault condition that continuously asserts the start output, the function will assert a trip signal
after the selective logic time delay has elapsed.
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Auto-reclose input block applied

In the event of a fault condition that continuously asserts the start output, when an auto-reclose block is
applied the function will not trip. The auto-reclose block also overrides the logic input block and will block the
selective logic timer.

Noted that the Auto-reclose function outputs two signals that block protection, namely; AR Blk Main Prot
and AR Blk SEF Prot.

AR Blk Main Prot is common to Phase Overcurrent, Earth Fault 1 and Earth Fault 2, whereas AR Blk SEF
Prot is used for SEF protection.

6.3 SELECTIVE OVERCURRENT LOGIC SETTINGS
Menu Text ‘ Col ‘ Row ‘ Default Setting ‘ Available Options
Description
siecmelose %0
This column contains settings for selective logic
OVERCURRENT F 01 |
The settings under this sub-heading relate to Phase Overcurrent Protection (POC). Selective Logic is only available for stages 3 and 4 and 6.
>3 Time Delay \3F \02 \ 1 \ From Os to 100s step 0.01s
This setting sets the new operate DT time delay for the third stage Overcurrent element when the Selective Logic function is active.
>4 Time Delay \3F \03 \ 1 \ From Os to 100s step 0.01s
This setting sets the new operate DT time delay for the fourth stage Overcurrent element when the Selective Logic function is active.
>6 Time Delay \3F \OD \ 1 \ From Os to 100s step 0.01s

This setting sets the new operate DT time delay for the sixth stage Overcurrent element when the Selective Logic function is active.
EARTH FAULT 1 F 14 |

The settings under this sub-heading relate to measured Earth Fault Protection (EF1). Selective Logic is only available for stages 3 and 4.

IN1>3 Time Delay \ 3F \ 15 \ 2 \ From Os to 200s step 0.01s
Setting for the third stage definite time earth fault (measured) element operate time when the selective logic is active.
IN1>4 Time Delay \ 3F \ 16 \ 2 \ From Os to 200s step 0.01s

Setting for the fourth stage definite time earth fault (measured) element operate time when the selective logic is active.
EARTH FAULT 2 F 17 |
The settings under this sub-heading relate to derived Earth Fault Protection (EF1). Selective Logic is only available for stages 3 and 4.

IN2>3 Time Delay \ 3F \ 18 \ 2 \ From Os to 200s step 0.01s
Setting for the third stage definite time earth fault (derived) element operate time when the selective logic is active.
IN2>4 Time Delay \ 3F \ 19 \ 2 \ From Os to 200s step 0.01s

Setting for the fourth stage definite time earth fault (derived) element operate time when the selective logic is active.
SENSITIVE E/F F 1A |
The settings under this sub-heading relate to Sensitive Earth Fault Protection (EF1). Selective Logic is only available for stages 3 and 4.

ISEF>3 Delay \ 3F \ 1B \ 1 \ From Os to 200s step 0.01s
Setting for the third stage definite time sensitive earth fault element operate time when the selective logic is active.
ISEF>4 Delay \3F \ 1C \0.5 \ From Os to 200s step 0.01s

Setting for the fourth stage definite time sensitive earth fault element operate time when the selective logic is active.
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7 NEGATIVE SEQUENCE OVERCURRENT PROTECTION

When applying standard phase overcurrent protection, the overcurrent elements must be set significantly
higher than the maximum load current, thereby limiting the element’s sensitivity. Most protection schemes
also use an earth fault element operating from residual current, which improves sensitivity for earth faults.
However, certain faults may arise which can remain undetected by such schemes. Negative Sequence
Overcurrent elements can be used in such cases.

Any unbalanced fault condition will produce a negative sequence current component. Therefore, a negative
phase sequence overcurrent element can be used for both phase-to-phase and phase-to-earth faults.
Negative Sequence Overcurrent protection offers the following advantages:

e Negative phase sequence overcurrent elements are more sensitive to resistive phase-to-phase faults,
where phase overcurrent elements may not operate.

e In certain applications, residual current may not be detected by an earth fault element due to the
system configuration. For example, an earth fault element applied on the delta side of a delta-star
transformer is unable to detect earth faults on the star side. However, negative sequence current will
be present on both sides of the transformer for any fault condition, irrespective of the transformer
configuration. Therefore, a negative phase sequence overcurrent element may be used to provide
time-delayed back-up protection for any uncleared asymmetrical faults downstream.

e Where rotating machines are protected by fuses, loss of a fuse produces a large amount of negative
sequence current. This is a dangerous condition for the machine due to the heating effect of negative
phase sequence current. An upstream negative phase sequence overcurrent element could therefore
be applied to provide back-up protection for dedicated motor protection relays.

e |t may be sufficient to simply trigger an alarm to indicate the presence of negative phase sequence
currents on the system. Operators may then investigate the cause of the imbalance.

71 NEGATIVE SEQUENCE OVERCURRENT PROTECTION IMPLEMENTATION

Negative Sequence Overcurrent Protection is implemented in the NEG SEQ O/C column of the relevant
settings group.

The product provides four stages of negative sequence overcurrent protection with independent time delay
characteristics.

Stages 1, 2 provide a choice of operate and reset characteristics, where you can select between:

e A range of standard IDMT (Inverse Definite Minimum Time) curves
e A range of User-defined curves
e DT (Definite Time)

This is achieved using the cells

e 12>(n) Function for the overcurrent operate characteristic
e [2>(n) Reset Char for the overcurrent reset characteristic
e 12>(n) Usr RstChar for the reset characteristic for user -defined curves

where (n) is the number of the stage.

The IDMT-capable stages, (1 and 2) also provide a Timer Hold facility (on page 88). This is configured using
the cells 12>(n) tReset, where (n) is the number of the stage. This is not applicable for curves based on the
IEEE standard.

Stages 3 and 4 can have definite time characteristics only.
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7.2 NON-DIRECTIONAL NEGATIVE SEQUENCE OVERCURRENT LOGIC
" 12>(n) Start
IDMT/DT
‘ 12>1 Current Set & i2>(m) Trip
CTS Block
12> Inhibit KeY:  Energising Quanitity >
i2H Any Start External DDB Signal :
12> Blocking Internal function ‘ ‘
2H Blocks 12>(n) X
Setting cell ‘ ‘
Setting value ‘ ‘
i25(n) Trr Bik AND gate & OR gate
Timer
Comparator for detecting
overvalues
V00607

Figure 28: Negative Sequence Overcurrent logic - non-directional operation

For Negative Phase Sequence Overcurrent Protection, the energising quanitity 12> is compared with the
threshold voltage 12>1 Current Set. If the value exceeds this setting a Start signal (12>(n) Start) is
generated, provided there are no blocks. 5% hysteresis is built into the comparator such that the drop-off
value is 0.95 x of the current set threshold.

The function can be blocked by an Inhibit signal, CTS, or second harmonic blocking.

The 12>Start signal is fed into a timer to produce the 12> trip signal. The timer can be blocked by the timer
block signal 12> (n) Tmr Blk.

This diagram and description applies to each stage.

7.3 DIRECTIONAL ELEMENT

Where negative phase sequence current may flow in either direction through an IED location, such as
parallel lines or ring main systems, directional control should be used.

Directionality is achieved by comparing the angle between the negative phase sequence voltage and the
negative phase sequence current. A directional element is available for all of the negative sequence
overcurrent stages. This is found in the 12> Direction cell for the relevant stage. It can be set to non-
directional, directional forward, or directional reverse.

A suitable characteristic angle setting (12> Char Angle) is chosen to provide optimum performance. This
setting should be set equal to the phase angle of the negative sequence current with respect to the inverted
negative sequence voltage (-V2), in order to be at the centre of the directional characteristic.
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7.31 DIRECTIONAL NEGATIVE SEQUENCE OVERCURRENT LOGIC

[2>(n) Start
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J & 12>(n) Trip
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12H Any Start Key:
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12>(n) Tmr Blk Comparator for detecting
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V00608

Figure 29: Negative Sequence Overcurrent logic - directional operation

Directionality is achieved by comparing the angle between the negative phase sequence voltage and the
negative phase sequence current. The element may be selected to operate in either the forward or reverse
direction. A suitable characteristic angle setting (12>Char Angle) is chosen to provide optimum performance.
This setting should be set equal to the phase angle of the negative sequence current with respect to the
inverted negative sequence voltage (—V2), in order to be at the centre of the directional characteristic.

For the negative phase sequence directional elements to operate, the device must detect a polarising
voltage above a minimum threshold, 12>V2pol Set. This must be set in excess of any steady state negative
phase sequence voltage. This may be determined during the commissioning stage by viewing the negative
phase sequence measurements in the device.

When the element is selected as directional (directional devices only), a VTS Block option is available. When
the relevant bit is set to 1, operation of the Voltage Transformer Supervision (VTS) will block the stage.
When set to 0, the stage will revert to non-directional.

7.4 NPS OVERCURRENT DDB SIGNALS
Ordinal ‘ English Text ‘ Source ‘ Type ‘ Response Function
Description
351 VTS Slow Block ‘Software PSL Input No response
This DDB signal is a purposely delayed output from the VTS which can block other functions
352 ‘ CTS Block ‘ Software ‘ PSL Input ‘ No response

This DDB signal is an instantaneously blocking output from the CTS which can block other functions

504 ‘ 12> Inhibit ‘Programmable Scheme Logic ‘ PSL Output ‘No response
This DDB signal inhibits the Negative Phase Overcurrent protection

505 ‘ 12>1 Tmr Blk ‘Programmable Scheme Logic ‘ PSL Output ‘No response

This DDB signal blocks the first stage Negative Phase Overcurrent timer
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Ordinal ‘ English Text ‘ Source ‘ Type ‘ Response Function
Description

506 ‘ [2>2 Tmr Blk ‘ Programmable Scheme Logic ‘ PSL Output ‘ No response
This DDB signal blocks the second stage Negative Phase Overcurrent timer
507 ‘ [2>3 Tmr Blk ‘ Programmable Scheme Logic ‘ PSL Output ‘ No response
This DDB signal blocks the third stage Negative Phase Overcurrent timer
508 ‘ [2>4 Tmr Blk ‘ Programmable Scheme Logic ‘ PSL Output ‘ No response
This DDB signal blocks the fourth stage Negative Phase Overcurrent timer
509 ‘ [2>1 Start ‘Software ‘ PSL Input ‘Protection event
This DDB signal is the first stage NPSOC start signal
510 ‘ [2>2 Start ‘Software ‘ PSL Input ‘ Protection event
This DDB signal is the second stage NPSOC start signal
511 ‘ [2>3 Start ‘Software ‘ PSL Input ‘ Protection event
This DDB signal is the third stage NPSOC start signal
512 ‘ 12>4 Start ‘Software ‘ PSL Input ‘ Protection event
This DDB signal is the fourth stage NPSOC start signal
513 ‘ 12>1 Trip ‘Software ‘ PSL Input ‘ Protection event
This DDB signal is the first stage NPSOC trip signal
514 ‘ 12>2 Trip ‘Software ‘ PSL Input ‘ Protection event
This DDB signal is the second stage NPSOC trip signal
515 ‘ 12>3 Trip ‘Software ‘ PSL Input ‘ Protection event
This DDB signal is the third stage NPSOC trip signal
516 ‘ 12>4 Trip ‘Software ‘ PSL Input ‘ Protection event
This DDB signal is the fourth stage NPSOC trip signal
541 ‘ [2H Any Start ‘Software ‘ PSL Input ‘ Protection event
This DDB signal is the 2nd Harmonic start signal for any phase
7.5 NEGATIVE SEQUENCE OVERCURRENT SETTINGS

Menu Text ‘ Col ‘ Row ‘ Default Setting Available Options

Description

NEG 820 010 % |0
This column contains settings for Negative Sequence overcurrent
12>1 Status 3 10 Disabled 0 = Disabled or 1 = Enabled

This setting enables or disables the first stage NPSOC element.
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P14D

MenuText  Col Row Default Setting

Available Options

Description

12>1 Function 36 1 DT

0=DT

1=IEC S Inverse
2=lEC V Inverse
3=IEC E Inverse
4=UK LT Inverse
5=IEEE M Inverse
6=IEEE V Inverse
7=IEEE E Inverse
8=US Inverse
9=US ST Inverse
10=User Curve 1
11=User Curve 2
12=User Curve 3
13=User Curve 4

This setting determines the tripping characteristic for the first stage NPSOC element.

12>1 Direction 36 12 Non-Directional

Directional Rev

0 = Non-Directional, 1 = Directional Fwd, 2 =

This setting determines the direction of measurement for the first stage NPSOC element.

12>1 Usr RstChar 36 1E DT

1=User Curve 1
2=User Curve 2
3=User Curve 3
4=User Curve 4

12>1 Current Set \36 \ 15 \0.2 \o.os*m to 4*In step 0.01In
This setting sets the pick-up threshold for the first stage NPSOC element.
12>1 Time Delay \36 \ 17 \ 10 \ From Os to 100s step 0.01s
This setting sets the DT time delay for the first stage NPSOC element.
12>1 TMS % 18 0,025 to 1.2 step 0.005
This is the Time Multiplier Setting to adjust the operate time of IEC IDMT curves.
12>1 Time Dial % 19 10,01t 100 step 0.0t
This is the Time Multiplier Setting to adjust the operate time of IEEE/US IDMT curves.
12>1 DT Adder % 1B 0 'From 0s to 100s step 0.01s
This setting adds an additional fixed time delay to the IDMT Operate characteristic.
12>1 Reset Char 3% 1cC DT 0=DTor 1= Inverse
This setting determines the type of Reset characteristic used for the IEEE/US curves.
2>1 tRESET \36 \ 1D \0 \ From Os to 100s step 0.01s
This setting determines the Reset time for the Definite Time Reset characteristic

0=DT

This setting determines the type of Reset characteristic used for the user defined curves.

1252 Status \36 \20 \ Disabled

0 = Disabled or 1 = Enabled

This setting enables or disables the second stage NPSOC element.
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Menu Text \ Col \Row\ Default Setting Available Options

Description

0=DT

1=IEC S Inverse
2=lEC V Inverse
3=IEC E Inverse
4=UK LT Inverse
5=IEEE M Inverse
6=IEEE V Inverse
7=IEEE E Inverse
8=US Inverse
9=US ST Inverse
10=User Curve 1
11=User Curve 2
12=User Curve 3
13=User Curve 4

12>2 Function 36 21 DT

This setting determines the tripping characteristic for the second stage overcurrent element.

0 = Non-Directional, 1 = Directional Fwd, 2 =

|2>2 Direction 36 22 Non-Directional L
Directional Rev

This setting determines the direction of measurement for the second stage NPSOC element.

252 Current Set \36 \25 \0.2 \o.os*m to 4*In step 0.01In
This setting sets the pick-up threshold for the second stage NPSOC element.
12>2 Time Delay \36 \27 \ 10 \ From Os to 100s step 0.01s
This setting sets the DT time delay for the second stage NPSOC element.
1252 TMS % 28 0,025 to 1.2 step 0.005
This is the Time Multiplier Setting to adjust the operate time of IEC IDMT curves.
1252 Time Dial % 29 10,01t 100 step 0.0t
This is the Time Multiplier Setting to adjust the operate time of IEEE/US IDMT curves.
12>2 DT Adder % B 0 'From 0s to 100s step 0.01s
This setting adds an additional fixed time delay to the IDMT Operate characteristic.
12>2 Reset Char 3% ¢ DT 0=DTor 1= Inverse
This setting determines the type of Reset characteristic used for the IEEE/US curves.
252 tRESET \36 \20 \0 \ From Os to 100s step 0.01s
This setting determines the Reset time for the Definite Time Reset characteristic

0=DT

1=User Curve 1
12>2 Usr RstChar 36 2E DT 2=User Curve 2

3=User Curve 3
4=User Curve 4

This setting determines the type of Reset characteristic used for the user defined curves.
12>3 Status 3 30 Disabled 0 = Disabled or 1 = Enabled

This setting enables or disables the third stage NPSOC element. There is no choice of curves because this stage is DT only.

0 = Non-Directional, 1 = Directional Fwd, 2 =

|2>3 Direction 36 32 Non-Directional L
Directional Rev

This setting determines the direction of measurement for the third stage NPSOC element.

253 Current Set \ 36 \ 35 \ 0.2 \ 0.08*In to 32*In step 0.01In
This setting sets the pick-up threshold for the third stage NPSOC element.

12>3 Time Delay \36 \37 \ 10 \ From Os to 100s step 0.01s
This setting sets the DT time delay for the third stage NPSOC element.

12>4 Status 3 40 Disabled 0= Disabled or 1 = Enabled
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Menu Text ‘ Col ‘ Row ‘ Default Setting Available Options

Description

This setting enables or disables the fourth stage NPSOC element. There is no choice of curves because this stage is DT only.

0 = Non-Directional, 1 = Directional Fwd, 2 =

12>4 Direction 36 42 Non-Directional L
Directional Rev

This setting determines the direction of measurement for the fourth stage NPSOC element.

254 Current Set \ 36 \45 \ 0.2 \ 0.08*In to 32*In step 0.01In
This setting sets the pick-up threshold for the fourth stage NPSOC element.
2>4 Time Delay 3% 4710 'From 0s to 100s step 0.01s

This setting sets the DT time delay for the fourth stage NPSOC element.

Bit 0=VTS Blocks 2>1
Bit 1=VTS Blocks 12>2
Bit 2=VTS Blocks 12>3
Bit 3=VTS Blocks 12>4
Bit 4=2H Blocks 12>1
Bit 5=2H Blocks 12>2
Bit 6=2H Blocks 12>3
Bit 7=2H Blocks 12>4

This setting cell contains a binary string (data type G158), where you can define which blocking signals block which stage. The available settings
depend on the model chosen. This description is for models with VTS blocking and second harmonic blocking.

12> Blocking 36 50 0xOF

12> Char Angle 3% 51 60 |From 95 to 95 step 1
This setting defines the characteristic angle for the directional element. This setting is aplicable to all NPSOC stages.
12> V2pol Set R IE From 0.5V to 25°V1 step 0.5°V1

This setting determines the minimum negative sequence voltage threshold that must be present to determine directionality.

7.6 APPLICATION NOTES

7.6.1 SETTING GUIDELINES (CURRENT THRESHOLD)

The current pick-up threshold must be set higher than the negative phase sequence current due to the
maximum normal load imbalance. This can be set practically at the commissioning stage, making use of the
measurement function to display the standing negative phase sequence current. The setting should be at
least 20% above this figure.

Where the negative phase sequence element needs to operate for specific uncleared asymmetric faults, a
precise threshold setting would have to be based on an individual fault analysis for that particular system due
to the complexities involved. However, to ensure operation of the protection, the current pick-up setting must
be set approximately 20% below the lowest calculated negative phase sequence fault current contribution to
a specific remote fault condition.

7.6.2 SETTING GUIDELINES (TIME DELAY)

Correct setting of the time delay for this function is vital. You should also be very aware that this element is
applied primarily to provide back-up protection to other protection devices or to provide an alarm. It would
therefore normally have a long time delay.

The time delay set must be greater than the operating time of any other protection device (at minimum fault
level) that may respond to unbalanced faults, such as:
e Phase overcurrent elements
Earth fault elements
Broken conductor elements
Negative phase sequence influenced thermal elements
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7.6.3 SETTING GUIDELINES (DIRECTIONAL ELEMENT)

Where negative phase sequence current may flow in either direction through an IED location, such as
parallel lines or ring main systems, directional control of the element should be employed.

Directionality is achieved by comparing the angle between the negative phase sequence voltage and the
negative phase sequence current and the element may be selected to operate in either the forward or
reverse direction. A suitable characteristic angle setting (12> Char Angle) is chosen to provide optimum
performance. This setting should be set equal to the phase angle of the negative sequence current with
respect to the inverted negative sequence voltage (—V2), in order to be at the centre of the directional
characteristic.

The angle that occurs between V2 and |12 under fault conditions is directly dependent upon the negative
sequence source impedance of the system. However, typical settings for the element are as follows:

e For a transmission system the RCA should be set equal to —60°
e For a distribution system the RCA should be set equal to —-45°

For the negative phase sequence directional elements to operate, the device must detect a polarizing
voltage above a minimum threshold, 12>V2pol Set. This must be set in excess of any steady state negative
phase sequence voltage. This may be determined during the commissioning stage by viewing the negative
phase sequence measurements in the device.
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8 EARTH FAULT PROTECTION

Earth faults are simply overcurrent faults where the fault current flows to earth (as opposed to between
phases). They are the most common type of fault. There are a few different kinds of earth fault, but the most
common is the single phase-to-earth fault. Consequently this is the first and foremost type of fault that
protection devices must cover.

Typical settings for earth fault IEDs are around 30-40% of the full load current. If greater sensitivity is
required, then Sensitive Earth Fault should be used.

Earth faults can be measured directly from the system by means of:

e A separate CT located in a power system earth connection

e A separate Core Balance CT (CBCT)

e A residual connection of the three line CTs, whereby the Earth faults can be derived mathematically by
summing the three measured phase currents.

Depending on the device model, it will provide one or more of the above means for Earth fault protection.

8.1 EARTH FAULT PROTECTION ELEMENTS

Earth fault protection is implemented in the columns EARTH FAULT 1 and EARTH FAULT 2 of the relevant
settings group.

Each column contains an identical set of elements, whereby the EARTH FAULT 1 (EF1) column is used for
earth fault current that is measured directly from the system, whilst the EARTH FAULT 2 (EF2) column
contains cells, which operate from a residual current quantity that is derived internally from the summation of
the three-phase currents.

The product provides four stages of Earth Fault protection with independent time delay characteristics, for
each EARTH FAULT column.

Stages 1 and 2 provide a choice of operate and reset characteristics, where you can select between:

e A range of standard IDMT (Inverse Definite Minimum Time) curves

e A range of User-defined curves

e DT (Definite Time)
For the EF1 column, this is achieved using the cells:

e [IN1>(n) Function for the overcurrent operate characteristics

e [N1>(n) Reset Char for the overcurrent reset characteristic

e IN1>(n) Usr RstChar for the reset characteristic for user-defined curves
For the EF2 column, this is achieved using the cells:

e [IN2>(n) Function for the overcurrent operate characteristics

e IN2>(n) Reset Char for the overcurrent reset characteristic

e [IN2>(n) Usr RstChar for the reset characteristic for user-defined curves
where (n) is the number of the stage.

Stages 1 and 2 provide a Timer Hold facility (on page 88). This is configured using the cells IN1>(n) tReset
for EF1 and IN2>(n) tReset for EF2.

Stages 3 and 4 can have definite time characteristics only.

The fact that both EF1 and EF2 elements may be enabled at the same time leads to a number of
applications advantages. For example, some applications may require directional earth fault protection for
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upstream equipment and backup earth fault protection for downstream equipment. This can be achieved with
a single IED, rather than two.

8.2 NON-DIRECTIONAL EARTH FAULT LOGIC
IN1>(n) Start
IN1
‘ IN1>(n) Current™ ibuTioT
& IN1>(n) Trip
—
IN1> Inhibit Key:  Energising Quanitity P
12H Any Start — External DDB Signal :)
IN1> Blocking & Internal function ‘ ‘
2H Blocks IN(n) —— .
e Setting cell ‘ ‘
Setting value ‘ ‘
(' ARBIk Main Prot? ~ }——
IN1>Blocking & AND gate & OR gate D
AR Blocks IN(n) —
IN1>(n) Timer Bk Timer
Comparator for detecting
overvalues
V00610

Note:
*1 If a CLP condition exists, the I>(n) Current Set threshold is taken from the COLD LOAD PICKUP column
*2 Autoreclose blocking is only available for stages 3,4 and 6 and on selected models

Figure 30: Non-directional EF logic (single stage)

The Earth Fault current is compared with a set threshold (IN1>(n) Current) for each stage. If it exceeds this
threshold, a Start signal is triggered, providing it is not blocked. This can be blocked by the second harmonic
blocking function, or an Inhibit Earth Fault DDB signal.

The autoreclose logic can be set to block the Earth Fault trip after a prescribed number of shots (set in
AUTORECLOSE column). This is achieved using the AR Blk Main Prot setting. this can also be blocked by
the relevant timer block signal IN1>(n)TimerBlk DDB signal.

Earth Fault protection can follow the same IDMT characteristics as described in the Overcurrent Protection
Principles section. Please refer to this section for details of IDMT characteristics.

The diagram and description also applies to the Earth Fault 2 element (IN2).

8.3 IDG CURVE

The IDG curve is commonly used for time delayed earth fault protection in the Swedish market. This curve is
available in stage 1 of the Earth Fault protection.

The IDG curve is represented by the following equation:

1
t,, =5.8-135log,| ————
IN > Setting

where:
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top is the operating time
| is the measured current

IN> Setting is an adjustable setting, which defines the start point of the characteristic

Note:
Although the start point of the characteristic is defined by the "IN>" setting, the actual current threshold is a different
setting called "IDG Is". The "IDG Is" setting is set as a multiple of "IN>".

Note:
When using an IDG Operate characteristic, DT is always used with a value of zero for the Rest characteristic.

An additional setting "IDG Time" is also used to set the minimum operating time at high levels of fault
current.

HU \wvLvIivg)

vy

Mo

1 10 100
I/IN>

V00611

Figure 31: IDG Characteristic

8.4 DIRECTIONAL ELEMENT

If Earth fault current can flow in both directions through a protected location, you will need to use a
directional overcurrent element to determine the direction of the fault. Typical systems that require such
protection are parallel feeders (both plain and transformer) and ring main systems, each of which are
relatively common in distribution networks.

A directional element is available for all of the Earth Fault stages for both Earth fault columns. These are
found in the direction setting cells for the relevant stage (e.g. IN1>1 Direction, IN2>2 Direction). They can
be set to non-directional, directional forward, or directional reverse.

For standard earth fault protection, two options are available for polarisation; Residual Voltage or Negative
Sequence.

8.4.1 RESIDUAL VOLTAGE POLARISATION

With earth fault protection, the polarising signal needs to be representative of the earth fault condition. As
residual voltage is generated during earth fault conditions, this quantity is commonly used to polarise
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directional earth fault elements. This is known as Residual Voltage polarisation or Neutral Displacement
Voltage (NVD) polarisation.

Some of the models derive this voltage internally, from the 3-phase voltage input supplied from either a 5-
limb or three single-phase VTs. With some models (those with no Check Synchronism function) the voltage
transformer may be used to measure the Residual Voltage VN. This gives a more accurate result than with
derived voltage.

Small levels of residual voltage could be present under normal system conditions due to system imbalances,
VT inaccuracies, device tolerances etc. for this reason, the device includes a user settable threshold
(IN>VNPol set), which must be exceeded in order for the DEF function to become operational. The residual
voltage measurement provided in the MEASUREMENTS 1 column of the menu may assist in determining
the required threshold setting during the commissioning stage, as this will indicate the level of standing
residual voltage present.

Note:
Residual voltage is nominally 180° out of phase with residual current. Consequently, the DEF elements are polarized
from the "-Vres" quantity. This 180° phase shift is automatically introduced within the device.

8.4.11 DIRECTIONAL EARTH FAULT LOGIC WITH RESIDUAL VOLTAGE POLARISATION

INT>(n) Start

IDMT/DT
& & INT>(n) Trip

IN1

‘ IN1>(n) Current™

CTS Block

IN1> Inhibit
12H Any Start
IN1> Blocking
2H Blocks IN1>(n)
| INt>Directon |
v Key:
> — Energising Quanitity »
>
[Nt WpolSet | Exemal DDBSignal ()
INf——— Directional )
> | check Internal function ‘ ‘
‘ Low Current }— Setting cell ‘ ‘
VTS Slow Block ] Sefting value | |
IN1> Blocking & ——— Hardcoded setting ‘ ‘
VTS Blocks IN1>(n) ——
AND gate & OR gate D
( ARBIk Main Prot?2  }——
IN1>Blocking & )
AR Blocks IN1>(n) —— Timer
IN1>(n) Timer Blk Comparator for detecting
overvalues
V00612

Note:
*1 If a CLP condition exists, the I>(n) Current Set threshold is taken from the COLD LOAD PICKUP column
*2 Autoreclose blocking is only available for stages 3,4 and 6 and on selected models

Figure 32: Directional EF logic with neutral voltage polarization (single stage)
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Voltage Transformer Supervision (VTS) selectively blocks the directional protection or causes it to revert to
non-directional operation. When selected to block the directional protection, VTS blocking is applied to the
directional checking which effectively blocks the Start outputs as well.

8.4.2 NEGATIVE SEQUENCE POLARISATION

In some applications, the use of residual voltage polarization may be not possible to achieve, or at the very
least, problematic. For example, a suitable type of VT may be unavailable, or an HV/EHV parallel line
application may present problems with zero sequence mutual coupling.

In such situations, the problem may be solved by using Negative Phase Sequence (NPS) quantities for
polarization. This method determines the fault direction by comparing the NPS voltage with the NPS current.
The operate quantity, however, is still residual current.

This can be used for both the derived and measured standard earth fault elements (EF1 and EF2) but not on
the SEF protection. It requires a suitable voltage and current threshold to be set in cells IN>V2pol set and
IN>I12pol set respectively.

Negative sequence polarising is not recommended for impedance earthed systems regardless of the type of
VT feeding the relay. This is due to the reduced earth fault current limiting the voltage drop across the
negative sequence source impedance to negligible levels. If this voltage is less than 0.5 volts the device will
stop providing DEF.

134 P14D-B/G/L/Z-TM-EN-1



P14D Chapter 5 - Current Protection Functions

8.4.21 DIRECTIONAL EARTH FAULT LOGIC WITH NPS POLARISATION

IN1>(n) Start

IDMT/DT
& & IN1>(n) Trip

IN1

| IN1>(n) Current

CTS Block

IN1> Inhibit
12H Any Start —
IN1> Blocking
2H Blocks IN1>(n) ———
| IN1>Directon |
22—
[ INt>V2polSet  |—
Key:
12 > Directional
> ————  check Energising Quanitity >
>
[ NtpoiSet | Exemal DDBSignal ()
VTS Slow Block Internal function ‘ ‘
IN1> Blocking & —m——— Setting cell ‘ ‘
VTS Blocks IN1>(n) ——— Setting value ‘ ‘
( ARBlkMainProt  }—— AND gate & OR gate
IN1>Blocking &
AR Blocks IN1>(n) —— Timer
IN1>(n) Timer Blk
L Comparator for detecting
overvalues
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Note:
*1 If a CLP condition exists, the I>(n) Current Set threshold is taken from the COLD LOAD PICKUP column
*2 Autoreclose blocking is only available for stages 3,4 and 6 and on selected models

Figure 33: Directional Earth Fault logic with negative sequence polarisation (single stage)

Voltage Transformer Supervision (VTS) selectively blocks the directional protection or causes it to revert to
non-directional operation. When selected to block the directional protection, VTS blocking is applied to the
directional checking which effectively blocks the Start outputs as well.

The directional criteria with negative sequence polarisation is given below:

e Directional forward: -90° < (angle(12) - angle(V2 + 180°) - RCA) < 90°
e Directional reverse : -90° > (angle(12) - angle(V2 + 180°) - RCA) > 90°

8.5 MEASURED AND DERIVED EARTH FAULT DDB SIGNALS
Ordinal ‘ English Text ‘ Source ‘ Type ‘ Response Function
Description
208 ‘ IN1>1 Timer Blk ‘ Programmable Scheme Logic ‘ PSL Output ‘ No response
This DDB signal blocks the first stage measured Earth Fault time delay
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Ordinal ‘ English Text ‘ Source ‘ Type ‘ Response Function

Description

209 ‘ IN1>2 Timer Blk ‘ Programmable Scheme Logic ‘ PSL Output ‘ No response
This DDB signal blocks the second stage measured Earth Fault time delay

210 ‘ IN1>3 Timer Blk ‘ Programmable Scheme Logic ‘ PSL Output ‘ No response
This DDB signal blocks the third stage measured Earth Fault time delay

211 ‘ IN1>4 Timer Blk ‘ Programmable Scheme Logic ‘ PSL Output ‘ No response
This DDB signal blocks the fourth stage measured Earth Fault time delay

212 ‘ IN2>1 Timer Blk ‘ Programmable Scheme Logic ‘ PSL Output ‘ No response
This DDB signal blocks the first stage derived Earth Fault time delay

213 ‘ IN2>2 Timer Blk ‘ Programmable Scheme Logic ‘ PSL Output ‘ No response
This DDB signal blocks the second stage derived Earth Fault time delay

214 ‘ IN2>3 Timer Blk ‘ Programmable Scheme Logic ‘ PSL Output ‘ No response
This DDB signal blocks the third stage derived Earth Fault time delay

215 ‘ IN2>4 Timer Blk ‘ Programmable Scheme Logic ‘ PSL Output ‘ No response
This DDB signal blocks the fourth stage derived Earth Fault time delay

351 ‘VTS Slow Block ‘ Software ‘ PSL Input ‘ No response
This DDB signal is a purposely delayed output from the VTS which can block other functions

352 ‘ CTS Block ‘ Software ‘ PSL Input ‘ No response
This DDB signal is an instantaneously blocking output from the CTS which can block other functions

358 ‘AR Blk Main Prot ‘Software ‘ PSL Input ‘ Protection event
This DDB signal, generated by the Autoreclose function, blocks the Main Protection elements (POC, EF1, EF2, NPSOC)

528 ‘ IN1> Inhibit ‘ Programmable Scheme Logic ‘ PSL Output ‘ No response
This DDB signal inhibits the measured Earth Fault protection

529 ‘ IN2> Inhibit ‘ Programmable Scheme Logic ‘ PSL Output ‘ No response
This DDB signal inhibits the derived Earth Fault protection

541 ‘ I2H Any Start ‘ Software ‘ PSL Input ‘ Protection event

This DDB signal is the 2nd Harmonic start signal for any phase

8.6 EARTH FAULT PROTECTION 1 SETTINGS

Menu Text ‘ Col ‘ Row ‘ Default Setting ‘ Available Options

Description

GROUP 1

EARTH FAULT 1 38 00

This column contains settings for Measured Earth Fault protection (EF1)

IN1> Input ‘ 38 ‘ 01 ‘ Measured Not Settable

This cell displays the input type. For EF1 it is always 'Measured'
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MenuText  Col Row Default Setting

Available Options

Description

IN1>1 Function 38 25 IEC S Inverse

0=Disabled
1=DT

2=IEC S Inverse
3=IEC V Inverse
4=|EC E Inverse
5=UK LT Inverse
6=RI

8=IEEE V Inverse
9=IEEE E Inverse
10=US Inverse

12=IDG

13=User curve 1
14=User curve 2
15=User curve 3
16=User curve 4

7=IEEE M Inverse

11=US ST Inverse

This setting determines the tripping characteristic for the first stage EF1 element.

IN1>1 Direction 38 26 Non-Directional

Directional Rev

0 = Non-Directional, 1 = Directional Fwd, 2 =

This setting determines the direction of measurement for the first stage EF1 element.

IN1>1 Current \ 38 \29 \ 0.2 \ 0.08*In to 4*In step 0.01In
This setting sets the pick-up threshold for the first stage EF1 element.
IN1>1 DG Is 38 A 15 todstep 0.1

element starts.

This setting is set as a multiple of the Earth Fault overcurent setting IN> for the IDG curve. It determines the actual current threshold at which the

IN1>1Time Delay 38 |2C |1

‘ From Os to 200s step 0.01s

This setting sets the DT time delay for the first stage EF1 element.

IN1>1 TMS EXNE R 0,025 t0 1.2 step 0.005
This is the Time Multiplier Setting to adjust the operate time of IEC IDMT curves.

IN1>1 Time Dial EXEE 0,01t 100 step 0.01

This is the Time Multiplier Setting to adjust the operate time of IEEE/US IDMT curves.

IN1>1 k (RI) 8 F 'From 0.1 to 10 step 0.05
This setting defines the TMS constant to adjust the operate time of the Rl curve.

IN1>1 IDG Time \38 \30 \1.2 \From 1s to 2s step 0.01s
This setting sets the minimum operate time at high levels of fault current for IDG curves.

IN1>1 DT Adder ‘38 \31 \0 ‘From 0s to 100s step 0.01s

This setting adds an additional fixed time delay to the IDMT Operate characteristic.

IN1>1 Reset Char \38 \32 ‘DT

‘0 =DTor 1 =Inverse

This setting determines the type of Reset characteristic used for the IEEE/US curves.

IN1>1 tRESET \38 \33 \o

‘ From Os to 100s step 0.01s

This setting determines the Reset time for the Definite Time Reset characteristic

IN1>1 Usr RstChr 38 34 DT

0=DT

1=User Curve 1
2=User Curve 2
3=User Curve 3
4=User Curve 4

This setting determines the type of Reset characteristic used for the user defined curves.
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MenuText  Col Row Default Setting

Available Options

Description

IN1>2 Function 38 36 Disabled

0=Disabled

1=DT

2=IEC S Inverse
3=IEC V Inverse
4=|EC E Inverse
5=UK LT Inverse
6=RI

7=IEEE M Inverse
8=IEEE V Inverse
9=IEEE E Inverse
10=US Inverse
11=US ST Inverse
12=IDG

13=User curve 1
14=User curve 2
15=User curve 3
16=User curve 4

This setting determines the tripping characteristic for the second stage EF1 element.

IN1>2 Direction 38 37 Non-Directional

0 = Non-Directional, 1 = Directional Fwd, 2 =
Directional Rev

This setting determines the direction of measurement for the second stage EF1 element.

IN1>2 Current \ 38 \ 3A \ 0.2 \ 0.08*In to 4*In step 0.01In
This setting sets the pick-up threshold for the second stage EF1 element.
IN1>2 1DG Is 3% B 15 todstep 0.1

element starts.

This setting is set as a multiple of the Earth Fault overcurent setting IN> for the IDG curve. It determines the actual current threshold at which the

IN1>2Time Delay |38 (3D |

‘ From Os to 200s step 0.01s

This setting sets the DT time delay for the second stage EF1 element.

IN1>2 TMS EXREE 0,025 t0 1.2 step 0.005
This is the Time Multiplier Setting to adjust the operate time of IEC IDMT curves.

IN1>2 Time Dial EXEE 0,01t 100 step 0.01

This is the Time Multiplier Setting to adjust the operate time of IEEE/US IDMT curves.

IN1>2 k (RI) EXRZIE 'From 0.1 to 10 step 0.05
This setting defines the TMS constant to adjust the operate time of the Rl curve.

IN1>2 IDG Time \38 \41 \1.2 \From 1s to 2s step 0.01s
This setting sets the minimum operate time at high levels of fault current for IDG curves.

IN1>2 DT Adder ‘38 \42 \0 \ From Os to 100s step 0.01s

This setting adds an additional fixed time delay to the IDMT Operate characteristic.

IN1>2 Reset Char \38 \43 ‘DT

‘0 =DTor 1 =Inverse

This setting determines the type of Reset characteristic used for the IEEE/US curves.

IN1>2 tRESET \38 \44 \o

‘ From Os to 100s step 0.01s

This setting determines the Reset time for the Definite Time Reset characteristic

IN2>1 Usr RstChr 38 45 DT

0=DT

1=User Curve 1
2=User Curve 2
3=User Curve 3
4=User Curve 4

This setting determines the type of Reset characteristic used for the user defined curves.

IN1>3 Status \38 \46 ‘Disabled

0 = Disabled, 1 = Enabled
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Menu Text \ Col \Row\ Default Setting Available Options

Description

This setting enables or disables the third stage EF1 element. There is no choice of curves because this stage is DT only.

0 = Non-Directional, 1 = Directional Fwd, 2 =

IN1>3 Direction 38 47 Non-Directional L
Directional Rev

This setting determines the direction of measurement for the third stage EF1 element.

IN1>3 Current \ 38 \4A \ 0.2 \ 0.08*In to 32*In step 0.01In
This setting sets the pick-up threshold for the third stage EF1 element.

IN1>3 Time Delay \ 38 \43 \ 1 \ From Os to 200s step 0.01s
This setting sets the DT time delay for the third stage EF1 element.

IN1>4 Status 38 4D Disabled 0= Disabled, 1 = Enabled

This setting enables or disables the fourth stage EF1 element. There is no choice of curves because this stage is DT only.

0 = Non-Directional, 1 = Directional Fwd, 2 =

4E Directional Rev

IN1>4 Direction 38 Non-Directional

This setting determines the direction of measurement for the fourth stage EF1 element.

IN1>4 Current 38 51 02 10.08°In to 32°In step 0.01In
This setting sets the pick-up threshold for the fourth stage EF1 element.
IN1>4 Time Delay \ 38 \ 52 \ 1 \ From Os to 200s step 0.01s

This setting sets the DT time delay for the fourth stage EF1 element.

Bit 0=VTS Blocks IN>1
Bit 1=VTS Blocks IN>2
Bit 2=VTS Blocks IN>3
Bit 3=VTS Blocks IN>4
Bit 4=AR Blocks IN>3
Bit 5=AR Blocks IN>4
Bit 6=2H Blocks IN>1
Bit 7=2H Blocks IN>2
Bit 8=2H Blocks IN>3
Bit 9=2H Blocks IN>4

This setting cell contains a binary string (data type G63), where you can define which blocking signals block which stage. The available settings
depend on the model chosen. This description is for models with Autoreclose.

IN1> Blocking 38 54 0x00F

Bit 0=VTS Blocks IN>1
Bit 1=VTS Blocks IN>2
Bit 2=VTS Blocks IN>3
Bit 3=VTS Blocks IN>4
Bit 4=Not Used

Bit 5=Not Used

Bit 6=2H Blocks IN>1
Bit 7=2H Blocks IN>2
Bit 8=2H Blocks IN>3
Bit 9=2H Blocks IN>4

This setting cell contains a binary string (data type G63A), where you can define which blocking signals block which stage. The available settings
depend on the model chosen. This description is for models without Autoreclose.

IN1> Blocking 38 54 0x00F

IN1> POL EXNE |
The settings under this sub-heading relate to the polarisation for directional control for EF1 (measured)
IN1> Char Angle \ 38 \ 56 \ 45 \ -95 10 95 step 1

This setting defines the characteristic angle used for the directional decision.

0=Zero Sequence

IN1> Pol 38 57 Zero Sequence 1=Neg Sequence

This setting determines whether the directional function uses zero sequence or negative sequence voltage polarisation.
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Menu Text \ Col \ Row \ Default Setting Available Options
Description
IN1> VNpol Set 38 59 go 0.5V to 80V step 0.5V
This setting sets the minimum zero sequence voltage polarising quantity required for a directional decision.
IN1> VNpol Set 38 59 go 0.5V to 80V step 0.5V
This setting sets the minimum zero sequence voltage polarising quantity required for a directional decision.
IN1> V2pol Set \ 38 \ 5A \ 5 \ 0.5V to 80V step 0.5V
This setting sets the minimum zero sequence voltage polarising quantity required for a directional decision. Derived
IN1> 12pol Set 38 5B 008 10.08°In to 1°In step 0.01In

This setting sets the minimum negative sequence current polarising quantity for directional decision.

8.7 EARTH FAULT PROTECTION 2 SETTINGS
Menu Text ‘ Col ‘ Row ‘ Default Setting ‘ Available Options
Description
GROUP 1
EARTH FAULT 2 39 00
This column contains settings for Derived Earth Fault
IN2> Input \39 \01 \ Derived Not Settable
This cell displays the input type. For EF2 it is always 'Derived'
0=Disabled
1=DT

2=|EC S Inverse
3=IEC V Inverse
4=IEC E Inverse
5=UK LT Inverse
6=RI

7=IEEE M Inverse
IN2>1 Function 39 25 IEC S Inverse 8=IEEE V Inverse
9=|EEE E Inverse
10=US Inverse
11=US ST Inverse
12=IDG

13=User curve 1
14=User curve 2
15=User curve 3
16=User curve 4

This setting determines the tripping characteristic for the first stage EF2 element.

0 = Non-Directional, 1 = Directional Fwd, 2 =

IN2>1 Direction 39 26 Non-Directional N
Directional Rev

This setting determines the direction of measurement for the first stage EF2 element.

IN2>1 Current 39 29 02 10.08°In to 4°In step 0.01In
This setting sets the pick-up threshold for the first stage EF2 element.
IN2>1 IDG Is 39 A 15 to4step 0.1

This setting is set as a multiple of the Earth Fault overcurent setting IN> for the IDG curve. It determines the actual current threshold at which the
element starts.

IN2>1 Time Delay \39 \2c \ 1 \ From Os to 200s step 0.01s
This setting sets the DT time delay for the first stage EF2 element.
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Menu Text \ Col \ Row \ Default Setting \ Available Options
Description
IN2>1 TMS \39 \2D \ 1 \0.025 0 1.2 step 0.005
This is the Time Multiplier Setting to adjust the operate time of IEC IDMT curves.
IN2>1 Time Dial \39 \2E \ 1 \0.01 0 100 step 0.01
This is the Time Multiplier Setting to adjust the operate time of IEEE/US IDMT curves.
IN2>1 k (RI) 39 F From 0.1 to 10 step 0.05
This setting defines the TMS constant to adjust the operate time of the Rl curve.
IN2>1 IDG Time 39 30 12 151025 step 0.01s
This setting sets the minimum operate time at high levels of fault current for IDG curves.
IN2>1 DT Adder \39 \31 \0 \ From Os to 100s step 0.01s
This setting adds an additional fixed time delay to the IDMT Operate characteristic.
IN2>1ResetChar |39 (32 |DT 0=DTor 1= Inverse
This setting determines the type of Reset characteristic used for the IEEE/US curves.
IN2>1 tRESET 39 3B 0 'From 0s to 100s step 0.01s
This setting determines the Reset time for the Definite Time Reset characteristic
0=DT
1=User Curve 1
IN2>1 Usr RstChr 39 34 DT 2=User Curve 2

3=User Curve 3
4=User Curve 4

This setting determines the type of Reset characteristic used for the user defined curves.

0=Disabled

1=DT

2=lEC S Inverse
3=IEC V Inverse
4=|EC E Inverse
5=UK LT Inverse
6=RI

7=IEEE M Inverse
IN2>2 Function 39 36 Disabled 8=IEEE V Inverse
9=IEEE E Inverse
10=US Inverse
11=US ST Inverse
12=IDG

13=User curve 1
14=User curve 2
15=User curve 3
16=User curve 4

This setting determines the tripping characteristic for the second stage EF2 element.

0 = Non-Directional, 1 = Directional Fwd, 2 =

IN2>2 Direction 39 37 Non-Directional L
Directional Rev

This setting determines the direction of measurement for the second stage EF2 element.

IN2>2 Current \ 39 \ 3A \ 0.2 \ 0.08*In to 4*In step 0.01In
This setting sets the pick-up threshold for the second stage EF2 element.
IN2>2 IDG Is \ 39 \ 3B \ 15 \ 1104 step 0.1

This setting is set as a multiple of the Earth Fault overcurent setting IN> for the IDG curve. It determines the actual current threshold at which the
element starts.

IN2>2 Time Delay \ 39 \ 3D \ 1 \ From Os to 200s step 0.01s
This setting sets the DT time delay for the second stage EF2 element.
IN2>2 TMS \ 39 \ 3E \ 1 \ 0.025 to0 1.2 step 0.005
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Menu Text \ Col \Row\ Default Setting \ Available Options

Description

This is the Time Multiplier Setting to adjust the operate time of IEC IDMT curves.

IN2>2 Time Dial \39 \3F \ 1 \0.01 0 100 step 0.01
This is the Time Multiplier Setting to adjust the operate time of IEEE/US IDMT curves.
IN2>2 k (RI) 39 40 'From 0.1 to 10 step 0.05
This setting defines the TMS constant to adjust the operate time of the Rl curve.
IN2>2 IDG Time \39 \41 \ 12 \ From 1s to 2s step 0.01s
This setting sets the minimum operate time at high levels of fault current for IDG curves.
IN2>2 DT Adder 9 42 0 'From 0s to 100s step 0.01s
This setting adds an additional fixed time delay to the IDMT Operate characteristic.
IN2>2ResetChar |39 43 DT 0=DTor 1= Inverse
This setting determines the type of Reset characteristic used for the IEEE/US curves.
IN2>2 tRESET 39 4 0 'From 0s to 100s step 0.01s
This setting determines the Reset time for the Definite Time Reset characteristic

0=DT

1=User Curve 1
IN2>2 Usr RstChr 39 45 DT 2=User Curve 2

3=User Curve 3
4=User Curve 4

This setting determines the type of Reset characteristic used for the user defined curves.
IN2>3 Status 39 46 Disabled 0 = Disabled, 1= Enabled
This setting enables or disables the third stage EF2 element. There is no choice of curves because this stage is DT only.

0 = Non-Directional, 1 = Directional Fwd, 2 =

IN2>3 Direction 39 47 Non-Directional L
Directional Rev

This setting determines the direction of measurement for the third stage EF2 element.

IN2>3 Current \ 39 \4A \ 0.2 \ 0.08*In to 32*In step 0.01In
This setting sets the pick-up threshold for the third stage EF2 element.

IN2>3 Time Delay \ 39 ‘4B \ 1 \ From Os to 200s step 0.01s
This setting sets the DT time delay for the third stage EF2 element.

IN2>4 Status 39 4D Disabled 0= Disabled, 1 = Enabled

This setting enables or disables the fourth stage EF2 element. There is no choice of curves because this stage is DT only.

0 = Non-Directional, 1 = Directional Fwd, 2 =

IN2>4 Direction 39 4E Non-Directional L
Directional Rev

This setting determines the direction of measurement for the fourth stage EF2 element.

IN2>4 Current \ 39 \ 51 \ 0.2 \ 0.08*In to 32*In step 0.01In
This setting sets the pick-up threshold for the fourth stage EF2 element.
IN2>4 Time Delay |39 (52 |1 'From 0s to 200s step 0.01s

This setting sets the DT time delay for the fourth stage EF2 element.

Bit 0=VTS Blocks IN>1
Bit 1=VTS Blocks IN>2
Bit 2=VTS Blocks IN>3
Bit 3=VTS Blocks IN>4
Bit 4=AR Blocks IN>3
Bit 5=AR Blocks IN>4
Bit 6=2H Blocks IN>1
Bit 7=2H Blocks IN>2
Bit 8=2H Blocks IN>3
Bit 9=2H Blocks IN>4

IN2> Blocking 39 54 0x00F
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Menu Text \ Col \Row\ Default Setting Available Options

Description

This setting cell contains a binary string (data type G63), where you can define which blocking signals block which stage. The available settings
depend on the model chosen. This description is for models with Autoreclose.

Bit 0=VTS Blocks IN>1
Bit 1=VTS Blocks IN>2
Bit 2=VTS Blocks IN>3
Bit 3=VTS Blocks IN>4
Bit 4=Not Used

Bit 5=Not Used

Bit 6=2H Blocks IN>1
Bit 7=2H Blocks IN>2
Bit 8=2H Blocks IN>3
Bit 9=2H Blocks IN>4

This setting cell contains a binary string (data type G63A), where you can define which blocking signals block which stage. The available settings
depend on the model chosen. This description is for models without Autoreclose.

IN2> Blocking 39 54 0x00F

IN2> POL 39 5% |
The settings under this sub-heading relate to the polarisation for directional control for EF2 derived
IN2> Char Angle \ 39 \ 56 \ 45 \ -95 10 95 step 1

This setting defines the characteristic angle used for the directional decision.

0=Zero Sequence

IN2> Pol 39 57 Zero Sequence 1=Neg Sequence

This setting determines whether the directional function uses zero sequence or negative sequence voltage polarisation.

IN2> VNpol Set 39 59 go 0.5V to 80V step 0.5V
This setting sets the minimum zero sequence voltage polarising quantity required for a directional decision. Derived

IN2> VNpol Set 39 59 go 0.5V to 80V step 0.5V
This setting sets the minimum zero sequence voltage polarising quantity required for a directional decision. Measured
IN2> V2pol Set 39 A 5 0.5V to 80V step 0.5V
This setting sets the minimum zero sequence voltage polarising quantity required for a directional decision. Derived

IN2> 12pol Set \39 \58 \0.08 \o.os*m to 1*In step 0.01In

This setting sets the minimum negative sequence current polarising quantity for directional decision.

8.8 APPLICATION NOTES

8.8.1 SETTING GUIDELINES (DIRECTIONAL ELEMENT)

With directional earth faults, the residual current under fault conditions lies at an angle lagging the polarizing
voltage. Hence, negative RCA settings are required for DEF applications. This is set in the cell I>Char Angle
in the relevant earth fault menu.

We recommend the following RCA settings:

e Resistance earthed systems: 0°
e Distribution systems (solidly earthed): -45°
e Transmission systems (solidly earthed): -60°

8.8.2 PETERSON COIL EARTHED SYSTEMS

Power systems are usually earthed to limit transient overvoltages during arcing faults and also to assist with
detection and clearance of earth faults. Impedance earthing has the advantage of limiting damage incurred
by plant during earth fault conditions and also limits the risk of explosive failure of switchgear, which is a
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danger to personnel. In addition, it limits touch and step potentials at a substation or in the vicinity of an earth
fault.

If a high impedance device is used for earthing the system, the earth fault current will be reduced but the
steady state and transient overvoltages on the sound phases can be very high. Consequently, high
impedance earthing is generally only used in distribution voltage networks, where it is not expensive to
provide the necessary insulation against such overvoltages.

One way of providing high impedance earthing is where the inductive earthing reactance is made equal to
the total system capacitive reactance to earth at system frequency. This practice is known as Petersen Coil
Earthing, or Resonant Coil Earthing. With a correctly tuned system, the steady state earth fault current is
zero, so that arcing earth faults become self-extinguishing. Such a system can be run with one phase
earthed for a long period until the cause of the fault is identified and rectified.

The figure below shows a source earthed through a Petersen Coil, with an earth fault applied on the A
Phase. Under this situation, the A phase shunt capacitance becomes short-circuited by the fault.
Consequently, the calculations show that if the reactance of the earthing coil is set correctly, the resulting
steady state earth fault current is zero.

Y Y 4
ST .
/ (I ®
If = -Ib - Ic + Van (Ib) | (Ie)
vba A (IL XL Vb v
_st (t =0ifVan=1b + Ic _jT:A A_j%’
XL
XL % I Xe __ :;jXCZZ 4Xc
T Current vectors for A phase fault

E00631

Figure 34: Current distribution in Petersen Coil earthed system

The figure below shows a three-feeder radial distribution system with a source that is earthed via a Petersen
Coil, where a phase-to-earth fault is present on the C-phase.
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Figure 35: Distribution of currents during a C phase to earth fault

The associated vector diagrams shown below assume that it is fully compensated (i.e. coil reactance fully
tuned to system capacitance), and that the resistance in the earthing coil and in the feeder cables is
negligible.

IL

\
IRT = IH1 -IH1
Ib]x M2
i - RN\ IR3 = IF + TH3
b) Unfaulted line e c) Faulted line S - o
\ \
\ \
\ \
\ \
Vres = -3Vo \ Vres=-3Vo \

E00633

Figure 36: Theoretical case - no resistance present in XL or XC
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In figure (a), the C phase to earth fault causes the voltages on the healthy phases to rise by a factor of V3.
The A phase charging currents (la1, 1a2 and Ia3), then lead the resultant A phase voltage by 90°; likewise for
the B phase charging currents with respect to the resultant Vb.

The imbalance detected by a core balanced current transformer on the healthy feeders is a simple vector
addition of la1 and Ib1, giving a residual current which lies at exactly 90° lagging the residual voltage (figure
(b)). As the healthy phase voltages have risen by a factor of V3, the charging currents on these phases are
also V3 times larger than their steady state values. Therefore the magnitude of residual current IR1 is equal
to 3 times the steady state per phase charging current.

The actual residual voltage used as a reference signal for directional earth fault IEDs is phase shifted by
180° and is therefore shown as —3Vo in the vector diagrams. This phase shift is automatically introduced
within the IEDs.

On the faulted feeder, the residual current is the addition of the charging current on the healthy phases (IH3)
plus the fault current (IF). The net imbalance is therefore equal to IL-IH1-IH2, as shown below.

IOF
JROF i
—1 1 > «4—Faulted feeder
— JROH
—
JROH >Hec|th feeders
1L —T1+— Y
Key:
IH?IIHQIIHI IROF = Residual current on faulted feeder
3XL -Vo Xcot L L IROH = Residual current on healthy feeder
It can therefore be seen that:-
IOF = IL-IH1 -IH2 - IH3
IROF = IH3 + IOF
T So:
IROF = IL-1IHT1 - 1IH2

E00640

Figure 37: Zero sequence network showing residual currents

When comparing the residual currents occurring on the healthy and faulted feeders, using the above
analysis, it can be seen that the currents would be similar in both magnitude and phase; hence it would not
be possible to apply an IED, which could provide discrimination.

However, the scenario of negligible resistance being present in the coil or feeder cables is purely theoretical.
Therefore further consideration needs to be given to a practical application in which the resistive component

is no longer ignored. This situation may be more readily explained by considering the zero sequence network
for this fault condition.
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Figure 38: Practical case - resistance present in XL and Xc

Due to the presence of resistance in the feeders, the healthy phase charging currents are now leading their
respective phase voltages by less than 90°. In a similar manner, the resistance present in the earthing coil
has the effect of shifting the current IL to an angle less than 90° lagging.

The residual current now appears at an angle in excess of 90° from the polarising voltage for the healthy
feeder and less than 90° on the faulted feeder. Therefore, a directional IED having a characteristic angle
setting of 0° (with respect to the polarising signal of -3Vo) could be applied to provide discrimination. The
healthy feeder residual current would appear within the restrain section of the characteristic but the residual
current on the faulted feeder would lie within the operate region.

In practical systems, it may be found that a value of resistance is purposely inserted in parallel with the
earthing coil. This serves two purposes; firstly to increase the earth fault current to a more practically
detectable level and secondly to increase the angular difference between the residual signals in order to
facilitate discriminating protection.

8.8.3 SETTING GUIDELINES (COMPENSATED NETWORKS)

The directional setting should be such that the forward direction is looking down into the protected feeder
(away from the busbar), with a 0° RCA setting.

For a fully compensated system, the residual current detected by the relay on the faulted feeder is equal to
the coil current minus the sum of the charging currents flowing from the rest of the system. Further, the
addition of the two healthy phase charging currents on each feeder gives a total charging current which has
a magnitude of three times the steady state per phase value. Therefore, for a fully compensated system, the
detected unbalanced current is equal to three times the per phase charging current of the faulted circuit. A
typical setting may therefore be in the order of 30% of this value, i.e. equal to the per phase charging current
of the faulted circuit. In practise, the exact settings may well be determined on site, where system faults can
be applied and suitable settings can be adopted based on practically obtained results.
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In most situations, the system will not be fully compensated and consequently a small level of steady state
fault current will be allowed to flow. The residual current seen by the IED on the faulted feeder may therefore
be a larger value, which further emphasises the fact that the IED settings should be based upon practical
current levels, wherever possible.

The above also holds true for the RCA setting. As has been shown, a nominal RCA setting of 0° is required.
However, fine-tuning of this setting on-site may be necessary in order to obtain the optimum setting in
accordance with the levels of coil and feeder resistances present. The loading and performance of the CT
will also have an effect in this regard. The effect of CT magnetising current will be to create phase lead of
current. Whilst this would assist with operation of faulted feeder IEDs, it would reduce the stability margin of
healthy feeder IEDs. A compromise can therefore be reached through fine adjustment of the RCA. This is
adjustable in 1° steps.
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9 SENSITIVE EARTH FAULT PROTECTION

With some earth faults, the fault current flowing to earth is limited by either intentional resistance (as is the
case with some HV systems) or unintentional resistance (e.g. in very dry conditions and where the substrate
is high resistance, such as sand or rock).

To provide protection in such cases, it is necessary to provide an earth fault protection system with a setting
that is considerably lower than for normal line protection. Such sensitivity cannot be provided with
conventional CTs, therefore SEF would normally be fed from a core balance current transformer (CBCT)
mounted around the three phases of the feeder cable. Also a special measurement class SEF transformer
should be used in the IED.

With SEF protection, settings as low as 10% can be used

9.1 SEF PROTECTION IMPLEMENTATION

Sensitive Earth Fault protection is implemented in the SEF PROTECTION column of the relevant settings
group.

The product provides four stages of SEF protection with independent time delay characteristics.

Stages 1, 2 provide a choice of operate and reset characteristics, where you can select between:

e A range of standard IDMT (Inverse Definite Minimum Time) curves

e A range of User-defined curves

e DT (Definite Time)
This is achieved using the cells

e [SEF>(n) Function for the overcurrent operate characteristic

e [ISEF>(n) Reset Char for the overcurrent reset characteristic

e [SEF>(n) Usr RstChar for the reset characteristic for user -defined curves
where (n) is the number of the stage.

Stages 1 and 2 also provide a Timer Hold facility (on page 88). This is configured using the cells
ISEF>(n) tReset.

Stages 3 and 4 can have definite time characteristics only.
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9.2 NON-DIRECTIONAL SEF LOGIC

ISEF(n) Start

— ISEF
| ISEF>(n) Current IDTIDT
& & ISEF>(n) Trip

ISEF>(n) Direction iﬁJ

Non-directional '
Inhibit SEF SZ't?negs
12H Any Start ——1
ISEF> Blocking & . . ” -
2H Blocks ISEF> 1) Key:  Energising Quanitity »
External DDB Signal :)
AR Blk Main P ——
an - rot Internal function ‘ ‘
ISEF>Blocking &
AR Blocks ISEF>(n) |—— Setting cel \ \
Setti I
ISEF>(n) Timer Bk eling valie | |
AND gate & OR gate
Timer
Comparator for detecting
overvalues
V00615

Figure 39: Non-directional SEF logic

The SEF current is compared with a set threshold (ISEF>(n) Current) for each stage. If it exceeds this
threshold, a Start signal is triggered, providing it is not blocked. This can be blocked by the second harmonic
blocking function, or an Inhibit SEF DDB signal.

The autoreclose logic can be set to block the SEF trip after a prescribed number of shots (set in
AUTORECLOSE column). This is achieved using the AR Blk Main Prot setting. this can also be blocked by
the relevant timer block signal ISEF>(n)TimerBlk DDB signal.

SEF protection can follow the same IDMT characteristics as described in the Overcurrent Protection
Principles section. Please refer to this section for details of IDMT characteristics.

9.3 EPATR B CURVE

The EPATR B curve is commonly used for time-delayed Sensitive Earth Fault protection in certain markets.
This curve is only available in the Sensitive Earth Fault protection stages 1 and 2. It is based on primary
current settings, employing a SEF CT ratio of 100:1 A.

The EPATR_B curve has 3 separate segments defined in terms of the primary current. It is defined as
follows:

Segment Primary Current Range Based on 100A:1A CT Ratio Current/Time Characteristic
1 ISEF = 0.5A to 6.0A t =432 x TMS/ISEF 0.655 secs
2 ISEF = 6.0A to 200A t =800 x TMS/ISEF secs
3 ISEF above 200A t=4 x TMS secs

where TMS (time multiplier setting) is 0.025 - 1.2 in steps of 0.025.
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Figure 40: EPATR B characteristic shown for TMS = 1.0

9.4 DIRECTIONAL ELEMENT

Where SEF current may flow in either direction through an IED location, directional control should be used.

A directional element is available for all of the SEF overcurrent stages. This is found in the
ISEF>(n) Direction cell for the relevant stage. It can be set to non-directional, directional forward, or
directional reverse.

Directionality is achieved by using different techniques depending on the application and design philosophy.
With reference to the figure below, you can see that directional SEF can be used for:

e Solidly earthed systems

e Unearthed systems (insulated systems)

e Compensated systems

e Resistance earthed systems

The diagram shows which type of directional control can be used for which systems
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Solidly Earthed Systems l_Jnearthed Systems Compensated Sy§tems Resistance-earthed Systems
(insulated systems) (Peterson coil)
1 Directional SEF t Directional SEF L Directional SEF — Directional SEF
L Core-balanced | | INsin(uu INcos(w INcos(w
CT characteristic characteristic characteristic
Directional Wattmetric Wattmetric Core-balanced
Earth Fault 1 VN X IN sin(uu VN x IN cos(uu cr
(reactive power) (active power)
High Impedance Fault | Directional
(HIF) Earth Fault
| | Core-balanced
CT
| | HighImpedance Fault
V00655 (HIF)

Figure 41: Types of directional control

The device supports standard core-balanced directional control as well as Isin(phi), Icos(phi) and Wattmetric
characteristics.

9.4.1 WATTMETRIC CHARACTERISTIC

Analysis has shown that a small angular difference exists between the spill current on healthy and faulted
feeders for earth faults on compensated networks. This angular difference gives rise to active components of
current which are in anti-phase to one another.

Vres = -3Vo

A

Active component
of residual current: Rz —IH1-1H2
Faulted Feeder

Operate

/

Active component

of residual current: IR1
Healthy Feeder
Zero torque line Restrain

for 0° RCA

Key:
IR3 - Residual current on faulty feeder

IR1 - Residual current on healthy feeder
IH1, IH2 - Charging current from rest of system

L - Current through earthed coil
E00617

Figure 42: Resistive components of spill current

Consequently, the active components of zero sequence power will also lie in similar planes, meaning an IED
capable of detecting active power can make discriminatory decisions. If the Wattmetric component of zero
sequence power is detected in the forward direction, then this would indicate fault on that feeder. If power is
detected in the reverse direction, then the fault must be present on an adjacent feeder or at the source.
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For operation of the directional earth fault element, all three of the settable thresholds must be exceeded;
namely the current ISEF>, the voltage ISEF>VNpol Set and the power PN> Setting.

The power setting is called PN> and is therefore calculated using residual rather than zero sequence
quantities. Residual quantities are three times their respective zero sequence values and so the complete
formula for operation is as shown below:

The PN> setting corresponds to:

Vieslyescos(¢ — @) = 9Volycos(d — @)
where:
e ¢ = Angle between the Polarising Voltage (-Vres) and the Residual Current
e (¢ = Relay Characteristic Angle (RCA) Setting (ISEF> Char. Angle)
e Vs = Residual Voltage
® les = Residual Current
e V= Zero Sequence Voltage
e |, =Zero Sequence Current

The action of setting the PN> threshold to zero would effectively disable the wattmetric function and the
device would operate as a basic, sensitive directional earth fault element. However, if this is required, then
the SEF option can be selected from the SEF/REF Options cell in the menu.

Note:
The residual power setting, PN>, is scaled by the programmed Transformer ratios.

A further point to note is that when a power threshold other than zero is selected, a slight alteration is made
to the angular boundaries of the directional characteristic. Rather than being +90° from the RCA, they are
made slightly narrower at £85°.

The directional check criteria is as follows:
Directional forward: -85° < (angle(IN) - angle(VN + 180°) - RCA) < 85°
Directional reverse: -85° > (angle(IN) - angle(VN + 180°) - RCA) > 85°

9.4.2 ICOS PHI/ISIN PHI CHARACTERISTIC

In some applications, the residual current on the healthy feeder can lie just inside the operating boundary
following a fault condition. The residual current for the faulted feeder lies close to the operating boundary.
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Figure 43: Operating characteristic for Icos

The diagram illustrates the method of discrimination when the real (cos¢ ) component is considered. Faults
close to the polarising voltage will have a higher magnitude than those close to the operating boundary. In
the diagram, we assume that the current magnitude | is in both the faulted and non-faulted feeders.

e For the active component Icos, the criterion for operation is: Icos¢ > Isef
e For the reactive component Isin, the criterion for operation is: Ising > Isef
Where Isef is the sensitive earth fault current setting for the stage in question

If any stage is set to non-directional, the element reverts back to normal operation based on current
magnitude | with no directional decision. In this case, correct discrimination is achieved by means of an Icos
characteristic as the faulted feeder will have a large active component of residual current, whilst the healthy
feeder will have a small value.

For insulated earth applications, it is common to use the Isin characteristic.

All of the relevant settings can be found under the SEF column.
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9.4.3 DIRECTIONAL SEF LOGIC
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Figure 44: Directional SEF with VN polarisation (single stage)

The sensitive earth fault protection can be set IN/OUT of service using the appropriate DDB inhibit signal,
which can be operated from an opto-input or control command. VT Supervision (VTS) selectively blocks the
directional protection or causes it to revert to non-directional operation. When selected to block the
directional protection, VTS blocking is applied to the directional checking which effectively blocks the start
outputs as well.

The directional check criteria are given below for the standard directional sensitive earth fault element:

e Directional forward: -90° < (angle(IN) - angle(VN + 180°) - RCA) < 90°
e Directional reverse: -90° > (angle(IN) - angle(VN + 180°) - RCA) > 90°
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Three possibilities exist for the type of protection element that you can use for sensitive earth fault detection:

e A suitably sensitive directional earth fault IED having a characteristic angle setting (RCA) of zero
degrees, with the possibility of fine adjustment about this threshold.

e A sensitive directional zero sequence wattmetric IED having a characteristic angle setting (RCA) of
zero degrees, with the possibility of fine adjustment about this threshold.
e A sensitive directional earth IED having Icos¢ and Ising characteristics.

All stages of the sensitive earth fault element can be set down to 0.5% of rated current and would therefore
fulfil the requirements of the first method listed above. These could therefore be applied successfully if
desired. However, many utilities (particularly in central Europe) have standardised on the wattmetric method
for sensitive earth fault detection.

9.5 SEF DDB SIGNALS

Ordinal ‘ English Text ‘ Source ‘ Type ‘ Response Function

Description

216 ‘ ISEF>1 Timer Blk ‘Programmable Scheme Logic ‘ PSL Output ‘No response
This DDB signal blocks the first stage Sensitive Earth Fault time delay

217 ‘ ISEF>2 Timer Blk ‘ Programmable Scheme Logic ‘ PSL Output ‘ No response
This DDB signal blocks the second stage Sensitive Earth Fault time delay

218 \ ISEF>3 Timer Blk \ Programmable Scheme Logic \ PSL Output \ No response
This DDB signal blocks the third stage Sensitive Earth Fault time delay

219 ‘ ISEF>4 Timer Blk ‘ Programmable Scheme Logic ‘ PSL Output ‘ No response
This DDB signal blocks the fourth stage Sensitive Earth Fault time delay

216 ‘ ISEF>1 Timer Blk ‘Programmable Scheme Logic ‘ PSL Output ‘No response
This DDB signal blocks the first stage Sensitive Earth Fault time delay

217 ‘ ISEF>2 Timer Blk ‘ Programmable Scheme Logic ‘ PSL Output ‘ No response
This DDB signal blocks the second stage Sensitive Earth Fault time delay

218 ‘ ISEF>3 Timer Blk ‘ Programmable Scheme Logic ‘ PSL Output ‘ No response
This DDB signal blocks the third stage Sensitive Earth Fault time delay

219 ‘ ISEF>4 Timer Blk ‘ Programmable Scheme Logic ‘ PSL Output ‘ No response
This DDB signal blocks the fourth stage Sensitive Earth Fault time delay

269 ‘ ISEF>1 Trip ‘ Software ‘ PSL Input ‘ Protection event
This DDB signal is the first stage Sensitive Earth Fault trip signal
270 ‘ ISEF>2 Trip ‘ Software ‘ PSL Input ‘ Protection event
This DDB signal is the second stage Sensitive Earth Fault trip signal
271 ISEF>3 Trip ‘Software PSL Input Protection event
This DDB signal is the third stage Sensitive Earth Fault trip signal
272 ‘ ISEF>4 Trip ‘Software ‘ PSL Input ‘ Protection event
This DDB signal is the fourth stage Sensitive Earth Fault trip signal
323 ISEF>1 Start ‘Software PSL Input Protection event
This DDB signal is the first stage Sensitive Earth Fault start signal
324 ‘ ISEF>2 Start ‘Software ‘ PSL Input ‘ Protection event
This DDB signal is the second stage Sensitive Earth Fault start signal
325 ‘ ISEF>3 Start ‘Software ‘ PSL Input ‘ Protection event

This DDB signal is the third stage Sensitive Earth Fault start signal
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Ordinal ‘ English Text ‘ Source ‘ Type ‘ Response Function

Description

326 ‘ ISEF>4 Start ‘Software ‘ PSL Input ‘ Protection event
This DDB signal is the fourth stage Sensitive Earth Fault start signal

351 ‘VTS Slow Block ‘ Software ‘ PSL Input ‘ No response
This DDB signal is a purposely delayed output from the VTS which can block other functions

352 ‘ CTS Block ‘Software ‘ PSL Input ‘ No response
This DDB signal is an instantaneously blocking output from the CTS which can block other functions

358 ‘AR Blk Main Prot ‘Software ‘ PSL Input ‘ Protection event
This DDB signal, generated by the Autoreclose function, blocks the Main Protection elements (POC, EF1, EF2, NPSOC)

442 Inhibit SEF Programmable Scheme Logic 'PSL Output No response
This DDB signal inhibits Sensitive Earth Fault protection

541 12H Any Start ‘Software PSL Input Protection event
This DDB signal is the 2nd Harmonic start signal for any phase

626 ‘ ISEF> Any Start ‘ Fixed Scheme Logic ‘ PSL Input ‘ Protection event

This DDB signal is the any-phase start signal for SEF

9.6 SEF SETTINGS
Menu Text ‘ Col ‘ Row ‘ Default Setting Available Options
Description
GROUP 1
SEF PROTECTION SA 00

This column contains settings for Sensitive Earth Fault protection

0=SEF, 1=SEF cos(PHI), 2=SEF sin(PHI),

SEF Options A 01 SEF 3=Wattmetric

This setting selects the type of sensitive earth fault protection function.

0=Disabled1=DT
2=IEC S Inverse
3=IEC V Inverse
4=|EC E Inverse
5=UK LT Inverse
6=IEEE M Inverse
7=IEEE V Inverse
8=IEEE E Inverse
9=US Inverse
10=US ST Inverse
11=IDG
12=EPATR B
13=User curve 1
14=User curve 2
15=User curve 3
16=User curve 4

ISEF>1 Function 3A 2A DT

This setting determines the tripping characteristic for the first stage SEF element.

0 = Non-Directional, 1 = Directional Fwd, 2 =

ISEF>1 Direction 3A 2B Non-Directional o
Directional Rev

This setting determines the direction of measurement for the first stage SEF element.

ISEF>1 Current \3A \25 \0.05 \0.001*|n 0 0.1*In step 0.00025In
This setting sets the pick-up threshold for the first stage SEF element.
ISEF>1 DG Is A F 15 1to4step 0.1
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Menu Text ‘ Col ‘ Row ‘ Default Setting ‘ Available Options

Description

This setting is set as a multiple of ISEF> setting for the IDG curve (Scandinavian) and determines the actual IED current threshold at which the
element starts.

ISEF>1 Delay \3A \ 31 \ 1 \ From Os to 200s step 0.01s
This setting sets the DT time delay for the first stage SEF element.
ISEF>1 TMS \3A \ 32 \ 1 \ 0.025 to 1.2 step 0.005
This is the Time Multiplier Setting to adjust the operate time of IEC IDMT curves.
ISEF>1 Time Dial A 3 10,01t 100 step 0.01
This is the Time Multiplier Setting to adjust the operate time of IEEE/US IDMT curves.
ISEF>1 IDG Time A M 12 |From 15to 25 step 0.01s
This setting sets the minimum operate time at high levels of fault current for IDG curves.
ISEF>1 DT Adder A 30 'From 0s to 100s step 0.01s
This setting adds an additional fixed time delay to the IDMT Operate characteristic.
ISEF>1 Reset Chr A 3 OT 0=DTor 1= Inverse
This setting determines the type of Reset characteristic used for the IEEE/US curves.
ISEF>1 tRESET \3A \ 37 \ 0 \ From Os to 100s step 0.01s
This setting determines the Reset time for the Definite Time Reset characteristic

0=DT

1=User Curve 1
ISEF>1 Usr RstChr 3A 38 DT 2=User Curve 2

3=User Curve 3
4=User Curve 4

This setting determines the type of Reset characteristic used for the user defined curves.

0=Disabled1=DT
2=|EC S Inverse
3=IECV Inverse
4=|EC E Inverse
5=UK LT Inverse
6=IEEE M Inverse
7=IEEE V Inverse
8=IEEE E Inverse
9=US Inverse
10=US ST Inverse
11=IDG
12=EPATR B
13=User curve 1
14=User curve 2
15=User curve 3
16=User curve 4

ISEF>2 Function 3A 3A Disabled

This setting determines the tripping characteristic for the first stage SEF element.

0 = Non-Directional, 1 = Directional Fwd, 2 =

ISEF>2 Direction 3A 3B Non-Directional o
Directional Rev

This setting determines the direction of measurement for the first stage SEF element.

ISEF>2 Current \3A \ 3E \ 0.05 \ 0.005*In to 0.1*In step 0.00025In
This setting sets the pick-up threshold for the first stage SEF element.
ISEF>2 IDG Is \3A \3F \1.5 \1 to 4 step 0.1

This setting is set as a multiple of ISEF> setting for the IDG curve (Scandinavian) and determines the actual IED current threshold at which the
element starts.

ISEF>2 Delay \3A \41 \1 \FromOstozoosstepo.on

This setting sets the DT time delay for the first stage SEF element.
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Menu Text ‘ Col ‘ Row ‘ Default Setting ‘ Available Options
Description
ISEF>2 TMS \3A \42 \ 1 \0.025 0 1.2 step 0.005
This is the Time Multiplier Setting to adjust the operate time of IEC IDMT curves.
ISEF>2 Time Dial \3A \43 \ 1 \0.01 to 100 step 0.01
This is the Time Multiplier Setting to adjust the operate time of IEEE/US IDMT curves.
ISEF>2 IDG Time \3A \44 \ 12 \ From 1s to 2s step 0.01s
This setting sets the minimum operate time at high levels of fault current for IDG curves.
ISEF>2 DT Adder \3A \45 \o \ From Os to 100s step 0.01s
This setting adds an additional fixed time delay to the IDMT Operate characteristic.
ISEF>2 Reset Chr A 46 DT 0=DTor 1= Inverse
This setting determines the type of Reset characteristic used for the IEEE/US curves.
ISEF>2 tRESET \3A \47 \o \ From Os to 100s step 0.01s
This setting determines the Reset time for the Definite Time Reset characteristic
0=DT
1=User Curve 1
ISEF>2 Usr RstChr 3A 48 DT 2=User Curve 2

3=User Curve 3
4=User Curve 4

This setting determines the type of Reset characteristic used for the user defined curves.
ISEF>3 Status 3A 49 Disabled 0 = Disabled, 1 = Enabled
This setting enables or disables the third stage SEF element. There is no choice of curves because this stage is DT only.

0 = Non-Directional, 1 = Directional Fwd, 2 =

ISEF>3 Direction 3A 4A Non-Directional L
Directional Rev

This setting determines the direction of measurement for the third stage SEF element.

ISEF>3 Current \3A \4D \ 0.4 \ 0.08*In to 32*In step 0.01In
This setting sets the pick-up threshold for the third stage SEF element.

ISEF>3 Delay \3A \4E \ 0.5 \ From Os to 200s step 0.01s
This setting sets the DT time delay for the third stage SEF element.

ISEF>4 Status A 50 Disabled 0= Disabled, 1 = Enabled

This setting enables or disables the fourth stage SEF element. There is no choice of curves because this stage is DT only.

0 = Non-Directional, 1 = Directional Fwd, 2 =

ISEF>4 Direction 3A 51 Non-Directional o
Directional Rev

This setting determines the direction of measurement for the fourth stage SEF element.

ISEF>4 Current \3A \54 \0.6 \o.os*m to 32*In step 0.01In
This setting sets the pick-up threshold for the fourth stage SEF element.
ISEF>4 Delay \3A \ 55 \ 0.25 \ From Os to 200s step 0.01s

This setting sets the DT time delay for the fourth stage SEF element.
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Menu Text \ Col \Row\ Default Setting Available Options

Description

Bit 0=VTS Blks ISEF>1,
Bit 1=VTS Blks ISEF>2,
Bit 2=VTS Blks ISEF>3,
Bit 3=VTS Blks ISEF>4,
Bit 4=AR Blks ISEF>3,
Bit 5=AR Blks ISEF>4,
Bit 6=2H Blocks ISEF>1,
Bit 7=2H Blocks ISEF>2,
Bit 8=2H Blocks ISEF>3,
Bit 9=2H Blocks ISEF>4,
Bit 10=Not Used

Bit 11=Not Used

This setting cell contains a binary string (data type G64), where you can define which blocking signals block which stage. The available settings
depend on the model chosen. This description is for models with Autoreclose.

ISEF> Blocking 3A 57 0x00F

Bit 0=VTS Blks ISEF>1,
Bit 1=VTS Blks ISEF>2,
Bit 2=VTS Blks ISEF>3,
Bit 3=VTS Blks ISEF>4,
Bit 4=Not Used,
Bit 5=Not Used,
Bit 6=2H Blocks ISEF>1,
Bit 7=2H Blocks ISEF>2,
Bit 8=2H Blocks ISEF>3,
Bit 9=2H Blocks ISEF>4,
Bit 10=Not Used
Bit 11=Not Used

This setting cell contains a binary string (data type G64A), where you can define which blocking signals block which stage. The available settings
depend on the model chosen. This description is for models without Autoreclose.

ISEF> Blocking 3A 57 0x00F

ISEF POL A 58| |

ISEF> Char Angle A 59 % |From 95 to 95 step 1
This setting defines the characteristic angle used for the directional decision.

ISEF> VNpol Set \ 3A \ 5B \ 5 \ 0.5V to 80V step 0.5V
This setting sets the minimum zero sequence voltage polarising quantity required for a directional decision.

ISEF> VNpol Set ENE: 0.5V to 80V step 0.5V

This setting sets the minimum zero sequence voltage polarising quantity required for a directional decision.
WATTMETRICSEF ~ [3A 5D | |
The settings under this sub-heading relate to Wattmetric directional control for SEF

PN> Setting ESRERE 0.0t0 20 step 0.05
This setting sets the threshold for the wattmetric component of zero sequence power.
PN> Setting \3A \ 5E \ 9 \ 0.0 to 20 step 0.05

This setting sets the threshold for the wattmetric component of zero sequence power.

9.7 APPLICATION NOTES

9.71 INSULATED SYSTEMS

When insulated systems are used, it is not possible to detect faults using standard earth fault protection. It is
possible to use a residual overvoltage device to achieve this, but even with this method full discrimination is
not possible. Fully discriminative earth fault protection on this type of system can only be achieved by using
a SEF (Sensitive Earth Fault) element. This type of protection detects the resultant imbalance in the system
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charging currents that occurs under earth fault conditions. A core balanced CT must be used for this
application. This eliminates the possibility of spill current that may arise from slight mismatches between
residually connected line CTs. It also enables a much lower CT ratio to be applied, thereby allowing the
required protection sensitivity to be more easily achieved.

The following diagram shows an insulated system with a C-phase fault.
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IR3 =1IH1 + IH2 —

E00627

Figure 45: EL00627 Current distribution in an insulated system with C phase fault

The IEDs on the healthy feeders see the charging current imbalance for their own feeder. The IED on the
faulted feeder, however, sees the charging current from the rest of the system (IH1 and IH2 in this case). Its
own feeder's charging current (IH3) is cancelled out.

With reference to the associated vector diagram, it can be seen that the C-phase to earth fault causes the
voltages on the healthy phases to rise by a factor of V3. The A-phase charging current (la1), leads the
resultant A phase voltage by 90°. Likewise, the B-phase charging current leads the resultant Vb by 90°.

P14D-B/G/L/Z-TM-EN-1 161



Chapter 5 - Current Protection Functions P14D

Vaf

Restrain

\
\

Operate

> Vbf

Vres
(=-3Vo)

An RCA setting of +90° shifts the
“centre of the characteristic” to here IR3 = - (IH1+ IH2)

E00628

Figure 46: EL00628 Phasor diagrams for insulated system with C phase fault

The current imbalance detected by a core balanced current transformer on the healthy feeders is the vector
addition of 1a1 and Ib1. This gives a residual current which lags the polariing voltage (-3Vo) by 90°. As the
healthy phase voltages have risen by a factor of O3, the charging currents on these phases are also O3
times larger than their steady state values. Therefore, the magnitude of the residual current IR1, is equal to 3
times the steady state per phase charging current.

The phasor diagrams indicate that the residual currents on the healthy and faulted feeders (IR1 and IR3
respectively) are in anti-phase. A directional element could therefore be used to provide discriminative earth
fault protection.

If the polarising is shifted through +90°, the residual current seen by the relay on the faulted feeder will lie
within the operate region of the directional characteristic and the current on the healthy feeders will fall within
the restrain region.

We have said that the required characteristic angle setting for the SEF element when applied to insulated
systems, is +90°. This is for the case when the IED is connected such that its direction of current flow for
operation is from the source busbar towards the feeder. If the forward direction for operation were set such
that it is from the feeder into the busbar, (which some utilities may standardise on), then a -90° RCA would
be required.

Note:

Discrimination can be provided without the need for directional control. This can only be achieved, however, if it is
possible to set the IED in excess of the charging current of the protected feeder and below the charging current for
the rest of the system.

9.7.2 SETTING GUIDELINES (INSULATED SYSTEMS)

The residual current on the faulted feeder is equal to the sum of the charging currents flowing from the rest
of the system. Further, the addition of the two healthy phase charging currents on each feeder gives a total
charging current which has a magnitude of three times the per phase value. Therefore, the total imbalance
current is equal to three times the per phase charging current of the rest of the system. A typical setting may
therefore be in the order of 30% of this value, i.e. equal to the per phase charging current of the remaining
system. Practically though, the required setting may well be determined on site, where suitable settings can
be adopted based on practically obtained results.
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When using a core-balanced transformer, care must be taken in the positioning of the CT with respect to the
earthing of the cable sheath:

Cable gland

Cable box

Cable gland/sheath

earth connection

Incorrect

\

7

A

No operation

SEF

\

% “Correct”
J Operation

YA

E00614

Figure 47: Positioning of core balance current transformers

If the cable sheath is terminated at the cable gland and directly earthed at that point, a cable fault (from
phase to sheath) will not result in any unbalanced current in the core balance CT. Therefore, prior to
earthing, the connection must be brought back through the CBCT and earthed on the feeder side. This then
ensures correct relay operation during earth fault conditions.
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10 RESTRICTED EARTH FAULT PROTECTION

Winding-to-core faults in a transformer are quite common due to insulation breakdown. Such faults can have
very low fault currents, but they are faults nevertheless and have to be picked up, as they can still severely
damage expensive equipment. Often the fault currents are even lower than the nominal load current. Clearly,
neither overcurrent nor percentage differential protection is sufficiently sensitive in this case. We therefore
require a different type of protection arrangement. Not only should the protection arrangement be sensitive,
but it must create a protection zone, which is limited to the transformer windings. Restricted Earth Fault
(REF) protection satisfies these conditions.

The first figure shows an REF protection arrangement for the delta side of a delta-star transformer. The
current transformers measuring the currents in each phase are connected in parallel. A fault outside the
protection zone (i.e. outside the delta winding) will not result in a spill current, as the fault current would
simply circulate in the delta windings. However, if any of the three delta windings were to develop a fault, the
impedance of the faulty winding would change and that would result in a mismatch between the phase
currents, resulting in a spill current, sufficient to trigger a trip command.

3

ngx;r iﬁ Load

REF
~— IED | protection zone

3

V00620

Figure 48: REF protection for delta side

The second figure shows an REF protection arrangement for the star side of a delta-star transformer. Here
we have a similar arrangement of current transformers connected in parallel. The only difference is that we
need to measure the zero sequence current in the neutral line as well. We know that an external unbalanced
fault causes zero sequence current to flow through the neutral line, resulting in uneven currents in the
phases, which would cause the IED to maloperate. By measuring this zero sequence current and placing the
current transformer in parallel with the other three, the currents are balanced up resulting in stable operation.
Now only a fault inside the star winding can create an imbalance sufficient to cause the IED to issue a trip
command.

REF
protection zone
YT m
r Y Y m Load
. Y Y m
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Figure 49: REF protection for star side

Two methods of REF are commonly used; bias or high impedance. The biasing technique operates by
measuring the level of through-current flowing and altering the protection device sensitivity accordingly. In a
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biased differential IED, the through-current is measured and used to increase the setting of the differential
element. For heavy through-faults, one CT in the scheme can be expected to become more saturated than
the other and so differential current can be produced. However, biasing will increase the IED setting such
that the resulting differential current is insufficient to cause the IED to operate, therefore ensuring the
integrity of the tripping scheme.

The high impedance technique ensures that the circuit is of sufficiently high impedance such that the
differential voltage that may occur under external fault conditions is less than that required to drive setting
current through the device.

10.1 RESTRICTED EARTH FAULT PROTECTION IMPLEMENTATION

Restricted Earth Fault Protection is implemented in the Restricted E/F column of the relevant settings group.
It is here that the constants and bias currents are set.

The REF protection may be configured to operate as either a high impedance or biased element.

10.2 REF SETTINGS

Menu Text ‘ Col ‘ Row ‘ Default Setting Available Options
Description
g??#FSC!TED E/F 43 00
This column contains settings for Restricted Earth Fault Protection
REF Options \43 \01 \ Lo Z REF 0=Hi Z REF or 1=Lo Z REF
This setting determines the Restricted Earth Fault mode of operation - high impedance or low impedance.
IREF> k1 \43 \02 \20 \ From 0 to 20 step 1
This setting sets the first slope constant of the low impedance biased characteristic.
IREF> k2 \43 \03 \ 150 \ From 0 to 150 step 1
This setting sets the second slope constant of the low impedance biased characteristic.
IREF> Is1 \43 \04 \0.2 \ From 0.08 to 1 step 0.01
This setting sets the bias current threshold for the first slope of the low impedance characteristic.
IREF> Is2 \43 \05 \ 1 \ From 0.1 to 1.5 step 0.01
This setting sets the bias current threshold for the second slope of the low impedance characteristic.
IREF> Is \43 \oe \0.2 \ From 0.05 to 1 step 0.01

Setting that determines the minimum differential operate current for the hi-impedance element.

10.3 APPLICATION NOTES

10.3.1 BIASED DIFFERENTIAL PROTECTION

The three line CTs are connected to the three-phase CTs, and the neutral CT is connected to the EF1 CT
input. These currents are then used internally to derive both a bias and a differential current quantity for use
by the low impedance REF protection (Lo-Z). The advantage of this mode of connection is that the line and
neutral CTs are not differentially connected, so the neutral CT can also be used to drive the EF1 protection
to provide Standby Earth Fault Protection. Also, no external components such as stabilizing resistors or
Metrosils are required.
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Figure 50: REF bias principle

Where the neutral CT also drives the EF1 protection element to provide standby earth fault protection, you
may require that the neutral CT has a lower ratio than the line CTs in order to provide better earth fault
sensitivity. This must be accounted for in the REF protection, otherwise the neutral current value used would
be incorrect. For this reason, the device automatically scales the level of neutral current used in the bias
calculation by a factor equal to the ratio of the neutral to line CT primary ratings. The use of this scaling
factor is shown in the figure, where the formulae for bias and differential currents are given.
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10.3.2 SETTING GUIDELINES FOR BIASED DIFFERENTIAL OPERATION

' DIFF

BIAS

E00622

Figure 51: REF bias characteristic
The formulae used by the device to calculate the required bias quantity is as follows:
Ipius = {(Highest of la, Ib or Ic) + (Io4r41 X Scaling Factor)}/2

For Igiys < Isl: Operate when Ipjpr > Isl + K1 (Igj4s)
For Igiys = Is2: Operate when Ippp > Isl + Kl(Is2)
For Igrys > Is2: Operate when Ipipr > Isl + K1(Is2) + K2(Igj45-152)

Two bias settings are provided in the REF characteristic. The K1 level of bias is applied up to through
currents of I1s2, which is normally set to the rated current of the transformer. K1 should normally be set to 0%
to give optimum sensitivity for internal faults. However, if any CT mismatch is present under normal
conditions, then K1 may be increased accordingly, to compensate.

K2 bias is applied for through currents above Is2 and would typically be set to 150%.

10.3.3 HIGH IMPEDANCE REF

The high impedance principle is best explained by considering a differential scheme where one CT is
saturated for an external fault, as shown below.
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Healthy CT Saturated CT
Javm) Protected Javm)
R I - circuit R I - f
| " Zn Y A-G
[JRcr Rerz ()
IF
Ri1 Ris
VSI RST
Ri2 Ri4

Voltage across relay circuit
Vs = I Rer + 2p)

Stabilising resistor Rg7 limits spill current to I's (relay setting)

Rst = Vs - Rg
Is
It = Maximum secondary through fault current

Where Ry = Relay burden
Rct = Current transformer secondary winding resistance

R, = Resistance of a single lead from the relay to the current transformer
E00624

Figure 52: High Impedance principle

If the IED circuit has a very high impedance, the secondary current produced by the healthy CT will flow
through the saturated CT. If CT magnetising impedance of the saturated CT is considered to be negligible,
the maximum voltage across the circuit will be equal to the secondary fault current multiplied by the
connected impedance, (R 3 + R 4 + RcT2).

The IED can be made stable for this maximum applied voltage by increasing the overall impedance of the
circuit, such that the resulting current through it is less than its current setting. As the impedance of the IED
input alone is relatively low, a series connected external resistor is required. The value of this resistor, RgT,
is calculated by the formula shown. An additional non-linear, Metrosil, may be required to limit the peak
secondary circuit voltage during internal fault conditions.

To ensure that the protection will operate quickly during an internal fault, the CTs used to operate the
protection must have a knee-point voltage of at least 4 Vs.

The necessary connections for high impedance REF are as follows:
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Figure 53: High Impedance REF connectivity

10.3.4 SETTING GUIDELINES FOR HIGH IMPEDANCE OPERATION
First, go to the SEF PROT'N column and set the SEF/REF Options cell to 'Hi Z' to enable this protection.

The only setting cell then visible in the RESTRICTED E/F column is IREF>Is, which may be programmed
with the required differential current setting. This would typically be set to give a primary operating current of
either 30% of the minimum earth fault level for a resistance earthed system or between 10 and 60% of rated
current for a solidly earthed system.

The primary operating current (lop) will be a function of the current transformer ratio, the IED operating
current (IREF>Is1), the number of current transformers in parallel with an IED element (n) and the
magnetising current of each current transformer (le) at the stability voltage (Vs). This relationship can be
expressed in three ways:

1) To determine the maximum current transformer magnetising current to achieve a specific primary
operating current with a particular relay operating current:

1 1
[ <—| —2 1, .>1I
¢ n(CTRatio REE éj

2) To determine the minimum current setting to achieve a specific primary operating current with a given
current transformer magnetising current:

I
Lpe > 1, <| —2——nl
e [CTRatio j

3) To express the protection primary operating current with a particular level of magnetising current:
I,y =(CTRatio)(I s )> 1, +nl,

In order to achieve the required primary operating current with the current transformers that are used, a
current setting (IREF>Is) must be selected for the high impedance element, as detailed in expression (ii)
above. The setting of the stabilising resistor (RST) must be calculated in the following manner, where the
setting is a function of the required stability voltage setting (Vs) and the relay current setting (IREF>Is).
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_ " :]f(RCT+2RL)

R Y Lepe> 1,

REF s

The stabilising resistor that can be supplied is continuously adjustable up to its maximum declared
resistance.

Note:
The above formula assumes negligible relay burden.
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11 THERMAL OVERLOAD PROTECTION

The heat generated within an item of plant, such as a cable or a transformer, is the resistive loss (I12Rt). The
thermal time characteristic is therefore based on the square of the current integrated over time. The device
automatically uses the largest phase current for input to the thermal model.

Equipment is designed to operate continuously at a temperature corresponding to its full load rating, where
the heat generated is balanced with heat dissipated. Over-temperature conditions occur when currents in
excess of their maximum rating are allowed to flow for a period of time. It is known that temperature changes
during heating follow exponential time constants.

The device provides two characteristics that may be selected according to the application; single time
constant characteristic and dual time constant characteristic.

11.1 SINGLE TIME CONSTANT CHARACTERISTIC

This characteristic is used to protect cables, dry type transformers (e.g. type AN), and capacitor banks.

The single constant thermal characteristic is given by the equation:

P —(KI )

t=—-1log FERaE
—4p

e

where:

t = time to trip, following application of the overload current |
1 = heating and cooling time constant of the protected plant
| = largest phase current

IFLc full load current rating (the Thermal Trip setting)

K = a constant with the value of 1.05
I, = steady state pre-loading before application of the overload

11.2 DUAL TIME CONSTANT CHARACTERISTIC

This characteristic is used to protect oil-filled transformers with natural air cooling (e.g. type ONAN). The
thermal model is similar to that with the single time constant, except that two timer constants must be set.

For marginal overloading, heat will flow from the windings into the bulk of the insulating oil. Therefore, at low
current, the replica curve is dominated by the long time constant for the oil. This provides protection against
a general rise in oil temperature.

For severe overloading, heat accumulates in the transformer windings, with little opportunity for dissipation
into the surrounding insulating oil. Therefore at high current levels, the replica curve is dominated by the
short time constant for the windings. This provides protection against hot spots developing within the
transformer windings.

Overall, the dual time constant characteristic serves to protect the winding insulation from ageing and to
minimise gas production by overheated oil. Note however that the thermal model does not compensate for
the effects of ambient temperature change.

The dual time constant thermal characteristic is given by the equation:

P (Kl )

0.4¢"™ 10.6e ) = | 1 1n
I - I p
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where:
e 14 = heating and cooling time constant of the transformer windings

e 15 = heating and cooling time constant of the transformer windings

11.3 THERMAL OVERLOAD PROTECTION IMPLEMENTATION

The device incorporates a current-based thermal characteristic, using RMS load current to model heating
and cooling of the protected plant. The element can be set with both alarm and trip stages.

Thermal Overload Protection is implemented in the THERMAL OVERLOAD column of the relevant settings
group.

This column contains the settings for the characteristic type, the alarm and trip thresholds and the time
constants.

11.4 THERMAL OVERLOAD PROTECTION LOGIC

[A——
———B——» Max (—
X } Thermal State ‘
IC———>
; Thermal Trip
Char Thermal trip
Disabled Thermal threshold
Single Calculation
Dual
Reset Thermal
> Thermal Alarm
Thermal Alarm
Key:  Energising Quanitity >
Comparator for
Extenal DDBSignal () detecting overvalues
Internal function ‘ ‘
Setting cell ‘ ‘ Measurement cell ‘ ‘
V00630 Setting value ‘ ‘ Hard-coded setting ‘ ‘

Figure 54: Thermal overload protection logic diagram

The magnitudes of the three phase input currents are compared and the largest magnitude is taken as the
input to the thermal overload function. If this current exceeds the thermal trip threshold setting a start
condition is asserted.

The Start signal is applied to the chosen thermal characteristic module, which has three outputs signals;
alarm trip and thermal state measurement. The thermal state measurement is made available in the
MEASUREMENTS 3 column.

The thermal state can be reset by either an opto-input (if assigned to this function using the programmable
scheme logic) or the HMI panel menu. This reset command is also found in the MEASUREMENTS 3 column.
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11.5 THERMAL OVERLOAD DDB SIGNALS

Ordinal ‘ English Text ‘ Source ‘ Type ‘ Response Function
Description
236 ‘ Reset Thermal ‘ Programmable Scheme Logic ‘ PSL Output ‘ No response

This DDB signal resets the Thermal State

329 ‘ Thermal Alarm ‘ Software ‘ PSL Input ‘ Protection event
This DDB signal is the Thermal Overload start signal

276 ‘ Thermal Trip ‘ Software ‘ PSL Input ‘ Protection event
This DDB signal is the Thermal Overload trip signal

11.6 THERMAL OVERLOAD SETTINGS

Menu Text ‘ Col ‘ Row ‘ Default Setting Available Options
Description
'(I%I-ITSFEI\;’;L OVERLOAD E 00
This column contains settings for Thermal Overload
Characteristic 3C |01 Single 0= Disabled, 1 = Single, 2 = Dual
This setting determines the operate characteristic for the thermal overload element.
Thermal Trip \ 3C \ 02 \ 1 \ 0.08*In to 4*In step 0.01In
This setting sets the pick-up threshold of the thermal characteristic. This would normally be the maximum full load current.
Thermal Alarm ‘ 3C ‘ 03 ‘70 ‘ 50 to 100 step 1
This setting sets the thermal state threshold at which an alarm will be generated. This corresponds to a percentage of the trip threshold
Time Constant 1 \3C \04 \ 10 \ 1 t0 200 step 1
This setting sets the thermal time constant for a single time constant characteristic.
Time Constant 2 \30 \05 \5 \ 1 t0 200 step 1

This setting sets the thermal time constant for a dual time constant characteristic.

11.7 APPLICATION NOTES

11.7.1 SETTING GUIDELINES FOR DUAL TIME CONSTANT CHARACTERISTIC

The easiest way of solving the dual time constant thermal equation is to express the current in terms of time
and to use a spreadsheet to calculate the current for a series of increasing operating times using the
following equation, then plotting a graph.

041,27 +0.61 2. -k 1, 2
0.4 10667 —1
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Figure 55: Dual time constant thermal characteristic

The current setting is calculated as:

Thermal Trip = Permissible continuous loading of the transformer item/CT ratio.

For an oil-filled transformer with rating 400 to 1600 kVA, the approximate time constants are:
e 11 =25 minutes
e 15 =120 minutes

An alarm can be raised on reaching a thermal state corresponding to a percentage of the trip threshold. A
typical setting might be "Thermal Alarm" = 70% of thermal capacity.

Note:
The thermal time constants given in the above tables are typical only. Reference should always be made to the plant
manufacturer for accurate information.

11.7.2 SETTING GUIDELINES FOR SINGLE TIME CONSTANT CHARACTERISTIC

The time to trip varies depending on the load current carried before application of the overload, i.e. whether
the overload was applied from hot or cold.

The thermal time constant characteristic may be rewritten as:
e(—t/‘[) _ 0 - 917
0-1
e

® 9 = thermal state = 12/K2Ig 2

where:

® 0, = pre-fault thermal state = 1,2/K?Ip ¢?

Note: A current of 105%ls (KIFLC) has to be applied for several time constants to cause a thermal state
measurement of 100%

The current setting is calculated as:
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Thermal Trip = Permissible continuous loading of the plant item/CT ratio.

The following tables show the approximate time constant in minutes, for different cable rated voltages with
various conductor cross-sectional areas, and other plant equipment.

Area mm2 6 -11 kV 22 kV 33 kV 66 kV

25-50 10 minutes 15 minutes 40 minutes -

70-120 15 minutes 25 minutes 40 minutes 60 minutes

150 25 minutes 40 minutes 40 minutes 60 minutes

185 25 minutes 40 minutes 60 minutes 60 minutes

240 40 minutes 40 minutes 60 minutes 60 minutes

300 40 minutes 60 minutes 60 minutes 90 minutes
Plant type Time Constant (Minutes)

Dry-type transformer <400 kVA 40

Dry-type transformers 400 — 800 kVA 60 - 90

Air-core Reactors 40

Capacitor Banks 10

Overhead Lines with cross section > 100 mm? 10

Overhead Lines 10

Busbars 60
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12 BROKEN CONDUCTOR PROTECTION

One type of unbalanced fault is the 'Series' or 'Open Circuit' fault. This type of fault can arise from, among
other things, broken conductors. Series faults do not cause an increase in phase current and so cannot be
detected by overcurrent IEDs. However, they do produce an imbalance, resulting in negative phase
sequence current, which can be detected.

It is possible to apply a negative phase sequence overcurrent element to detect broken conductors.
However, on a lightly loaded line, the negative sequence current resulting from a series fault condition may
be very close to, or less than, the full load steady state imbalance arising from CT errors and load
imbalances, making it very difficult to distinguish. A regular negative sequence element would therefore not
work at low load levels. To overcome this, the device incorporates a special Broken Conductor protection
element.

The Broken Conductor element measures the ratio of negative to positive phase sequence current (12/11).
This ratio is approximately constant with variations in load current, therefore making it more sensitive to
series faults than standard negative sequence protection.

12.1 BROKEN CONDUCTOR PROTECTION IMPLEMENTATION

Broken Conductor protection is implemented in the BROKEN CONDUCTOR column of the relevant settings
group.

This column contains the settings to enable the function, for the pickup threshold and the time delay.

12.2 BROKEN CONDUCTOR PROTECTION LOGIC

The ratio of Io/l4 is calculated and compared with the threshold. If the threshold is exceeded, the delay timer
is initiated. The CTS block signal is used to block the operation of the delay timer.

BrokenLine Start
12/1——
12/ Setting e & Broken Line Trip
22—
> Key:
‘ Low current }— Energising Quanitity » AND gate &
ExternalDDBSignal ()
) Timer Z
TS Block Internal function ‘ ‘
Setting cell ‘ ‘ .
Comparator for detecting
Hardcoded setting ‘ ‘ overvalues >
V00609

Figure 56: Broken conductor logic

12.3 BROKEN CONDUCTOR DDB SIGNALS

Ordinal ‘ English Text ‘ Source ‘ Type ‘ Response Function
Description

260 ‘ Broken Line Trip ‘Software ‘ PSL Input ‘Protection event

This DDB signal is the Broken Conductor trip signal
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Ordinal ‘ English Text ‘ Source ‘ Type ‘ Response Function

Description
352 ‘ CTS Block ‘ Software ‘ PSL Input ‘ No response
This DDB signal is an instantaneously blocking output from the CTS which can block other functions
535 ‘ BrokenLine Start ‘ Software ‘ PSL Input ‘ Protection event
This DDB signal is the Broken Conductor start signal

124 BROKEN CONDUCTOR SETTINGS

Menu Text ‘ Col ‘ Row ‘ Default Setting Available Options
Description
SROKEN ConpUCToR | 0
This column contains settings for Broken Conductor
Broken Conductor 37 |01 Enabled 0= Disabled or 1 = Enabled
This setting enables or disables the Broken Conductor function.
12/11 Setting \37 \02 \0.2 \ From 0.2 to 1 step 0.01
This setting determines the pick-up threshold of the negative to positive sequence current ratio.
12/11 Time Delay \37 \03 \60 \ From Os to 100s step 0.1s
This setting sets the time delay for the broken conductor element

12.5 APPLICATION NOTES

12.5.1 SETTING GUIDELINES

For a broken conductor affecting a single point earthed power system, there will be little zero sequence
current flow and the ratio of 15/l that flows in the protected circuit will approach 100%. In the case of a
multiple earthed power system (assuming equal impedance’s in each sequence network), the ratio 15/11 will
be 50%.

In practise, the levels of standing negative phase sequence current present on the system govern this
minimum setting. This can be determined from a system study, or by making use of the measurement
facilities at the commissioning stage. If the latter method is adopted, it is important to take the measurements
during maximum system load conditions, to ensure that all single-phase loads are accounted for.

Note:
A minimum value of 8% negative phase sequence current is required for successful operation.

Since sensitive settings have been employed, we can expect that the element will operate for any
unbalanced condition occurring on the system (for example, during a single pole autoreclose cycle). For this
reason, a long time delay is necessary to ensure co-ordination with other protection devices. A 60 second
time delay setting may be typical.

The following example was recorded by an IED during commissioning:
Lt 1oaa = 5004
1, =504

therefore the quiescent I»/11 ratio = 0.1

To allow for tolerances and load variations a setting of 20% of this value may be typical: Therefore set:
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L/ =02

In a double circuit (parallel line) application, using a 40% setting will ensure that the broken conductor
protection will operate only for the circuit that is affected. A setting of 0.4 results in no pick-up for the parallel
healthy circuit.

Set Io/l4 Time Delay = 60 s to allow adequate time for short circuit fault clearance by time delayed
protections.
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13 CIRCUIT BREAKER FAIL PROTECTION

When a fault occurs, one or more protection devices will operate and issue a trip command to the relevant
circuit breakers. Operation of the circuit breaker is essential to isolate the fault and prevent, or at least limit,
damage to the power system. For transmission and sub-transmission systems, slow fault clearance can also
threaten system stability.

For these reasons, it is common practise to install Circuit Breaker Failure protection (CBF). CBF protection
monitors the circuit breaker and establishes whether it has opened within a reasonable time. If the fault
current has not been interrupted following a set time delay from circuit breaker trip initiation, the CBF
protection will operate, whereby the upstream circuit breakers are back-tripped to ensure that the fault is
isolated.

CBF operation can also reset all start output contacts, ensuring that any blocks asserted on upstream
protection are removed.

13.1 CIRCIUIT BREAKER FAIL IMPLEMENTATION
Circuit Breaker Failure Protection is implemented in the CB FAIL & I< column of the relevant settings group.

The circuit breaker failure protection incorporates two timers, CB Fail 1 Timer and CB Fail 2 Timer, allowing
configuration for the following scenarios:

e Simple CBF, where only CB Fail 1 Timer is enabled. For any protection trip, the CB Fail 1 Timer is
started, and normally reset when the circuit breaker opens to isolate the fault. If breaker opening is not
detected, the CB Fail 1 Timer times out and closes an output contact assigned to breaker fail (using
the programmable scheme logic). This contact is used to back-trip upstream switchgear, generally
tripping all infeeds connected to the same busbar section.

e A re-tripping scheme, plus delayed back-tripping. Here, CB Fail 1 Timer is used to issue a trip
command to a second trip circuit of the same circuit breaker. This requires the circuit breaker to have
duplicate circuit breaker trip coils. This mechanism is known as re-tripping. Should re-tripping fail to
open the circuit breaker, then a back-trip may be issued following an additional time delay. The back-
trip uses CB Fail 2 Timer, which was also started at the instant of the initial protection element trip.
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Figure 57: Circuit Breaker Fail Logic - three phase start
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Figure 58: Circuit Breaker Fail Logic - single phase start

CBF elements CB Fail 1 Timer and CB Fail 2 Timer can be configured to operate for trips triggered by
protection elements within the device or via an external protection trip. The latter is achieved by allocating
one of the opto-isolated inputs to "External Trip" using the programmable scheme logic.

It is possible to reset the CBF from a breaker open indication (from the Pole Dead logic) or from a protection
reset. In these cases resetting is only allowed provided the undercurrent elements have also been reset. The

resetting options are summarised in the following table:

Initiation (Menu Selectable)

CB Fail Timer Reset Mechanism

Current based protection

The resetting mechanism is fixed (e.g. 50/51/46/21/87)
IA< operates AND IB< operates AND IC< operates AND IN<

operates
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Initiation (Menu Selectable) CB Fail Timer Reset Mechanism

The resetting mechanism is fixed.
ISEF< Operates

Three options are available:

All I< and IN< elements operate

Protection element reset AND all I< and IN< elements operate
- CB open (all 3 poles) AND all I< and IN< elements operate

Sensitive Earth Fault element

Non-current based protection (e.g. 27/59/81/32L) :

Three options are available.

- All I< and IN< elements operate

- External trip reset AND all I< and IN< elements operate

- CB open (all 3 poles) AND all I< and IN< elements operate

External protection

The Remove I> Start and Remove IN> Start settings are used to remove starts issued from the overcurrent
and earth elements respectively following a breaker fail time out. The start is removed when the cell is set to
'Enabled'.

13.3 CB FAIL DDB SIGNALS

Ordinal ‘ English Text ‘ Source ‘ Type ‘ Response Function
Description

150 ‘CB Fail Alarm ‘Software ‘ PSL Input ‘Alarm latched event
This DDB signal is an alarm indicating CB Failure

227 ‘ Ext. Trip 3ph ‘ Programmable Scheme Logic ‘ PSL Output ‘ No response
This DDB signal receives an external three-phase trip signal

353 ‘ Bfail1 Trip 3ph ‘Software ‘ PSL Input ‘Protection event
This DDB signal is the three-phase trip signal for the stage 1 CB Fail function

354 ‘ Bfail2 Trip 3ph ‘ Software ‘ PSL Input ‘ Protection event
This DDB signal is the three-phase trip signal for the stage 2 CB Fail function

373 ‘ IA< Start ‘ Software ‘ PSL Input ‘ No response
This DDB signal is the A-phase Phase Undercurrent start signal

374 ‘ IB< Start ‘ Software ‘ PSL Input ‘ No response
This DDB signal is the B-phase Phase Undercurrent start signal
375 ‘ IC< Start ‘ Software ‘ PSL Input ‘ No response
This DDB signal is the C-phase Phase Undercurrent start signal

376 ‘ IN< Start ‘ Software ‘ PSL Input ‘ No response
This DDB signal is the Earth Fault undercurrent start signal

377 ‘ ISEF< Start ‘ Software ‘ PSL Input ‘ No response
This DDB signal is the Sensitive Earth Fault undercurrent start signal
380 ‘AII Poles Dead ‘ Software ‘ PSL Input ‘ No response
This DDB signal indicates that all poles are dead
382 ‘ Pole Dead A ‘ Software ‘ PSL Input ‘ No response
This DDB signal indicates that the A-phase pole is dead.
383 ‘ Pole Dead B ‘Software ‘ PSL Input ‘No response
This DDB signal indicates that the B-phase pole is dead.
384 ‘ Pole Dead C ‘ Software ‘ PSL Input ‘ No response
This DDB signal indicates that the C-phase pole is dead.
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Ordinal ‘ English Text ‘ Source ‘ Type ‘ Response Function

Description

499 ‘ External Trip A ‘ Programmable Scheme Logic ‘ PSL Output ‘ No response

This DDB signal is connected to an external A-Phase trip, which initiates a CB Fail condition

500 ‘ External Trip B ‘ Programmable Scheme Logic ‘ PSL Output ‘ No response

This DDB signal is connected to an external B-Phase trip, which initiates a CB Fail condition

501 ‘ External Trip C ‘ Programmable Scheme Logic ‘ PSL Output ‘ No response

This DDB signal is connected to an external C-Phase Trip, which initiates a CB Fail condition

502 ‘ External Trip EF ‘ Programmable Scheme Logic ‘ PSL Output ‘ No response

This DDB signal is connected to an external Earth Fault trip, which initiates a CB Fail condition

503 ‘ External TripSEF ‘ Programmable Scheme Logic ‘ PSL Output ‘ No response

This DDB signal is connected to an external Sensitive Earth Fault trip, which initiates a CB Fail condition

536 ‘Trip Command In ‘ Programmable Scheme Logic ‘ PSL Output ‘ Protection event

This DDB signal is the Trip Command In signal, which triggers the fixed trip LED and is mapped to the Trip Command Out signal in the FSL.

13.4 CB FAIL SETTINGS

Menu Text ‘ Col ‘ Row ‘ Default Setting Available Options
Description
B FAL &1 © 0
This column contains settings for Circuit Fail and Under Current.
BREAKER FAIL 45 01| |
The settings under this sub-heading relate to Circuit Breaker Fail (CB Fail) settings
CB Fail 1 Status 45 02 Enabled 0= Disabled or 1 = Enabled
This setting enables or disables the first stage of the CB Fail protection.
CB Fail 1 Timer \45 \03 \0.2 \From 0s to 50s step 0.01s
This setting sets the first stage CB Fail timer in which the CB opening must be detected.
CB Fail 2 Status 45 |04 Disabled 0= Disabled or 1 = Enabled
This setting enables or disables the second stage of the CB Fail protection.
CB Fail 2 Timer 45 05 04 |From 0s to 50 step 0.01s
This setting sets the second stage CB Fail timer in which the CB opening must be detected.
0=I< Only
Volt Prot Reset 45 06 CB Open & I< 1=CB Open & I<

2=Prot Reset & I<

This setting determines the elements that will reset the CB fail timer for CB Failures, which were initiated by the voltage protection function.

0=I< Only
Ext Prot Reset 45 07 CB Open & I< 1=CB Open & I<
2=Prot Reset & I<

This setting determines the elements that will reset the CB fail timer for CB Failures initiated by external protection functions.

UNDER CURRENT \45 \08 \ \

The settings under this sub-heading relate to Undercurrent settings

I< Current Set \45 \09 \0.1 \ From 0.02*11 to 3.2*I1 step 0.01*I1

This setting determines the current threshold, which will reset the CB Fail timer for Overcurrent-based protection

IN< Current Set \45 \OA \0.1 From 0.02*12 to 3.2*12 step 0.01*12

This setting determines the current threshold, which will reset the CB Fail timer for Earth Fault-based protection
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Menu Text ‘ Col ‘ Row ‘ Default Setting ‘ Available Options
Description
ISEF< Current \45 ‘OB \0.02 \ From 0.001*13 to 0.8*I3 step 0.0005*13
This setting determines the current threshold, which will reset the CB Fail timer for SEF-based protection
BLOCKED 0/C 45 oC
The settings under this sub-heading relate to Blocked Overcurrent settings
Remove |> Start 45 (0D Disabled 0= Disabled or 1 = Enabled

This setting enables or disables the Remove [>Start signal
Remove IN> Start 45 (0E Disabled 0= Disabled or 1 = Enabled
This setting enables or disables the Remove IN>Start signal

13.5 APPLICATION NOTES

13.5.1 RESET MECHANISMS FOR CB FAIL TIMERS

It is common practise to use low set undercurrent elements to indicate that circuit breaker poles have
interrupted the fault or load current. This covers the following situations:

e Where circuit breaker auxiliary contacts are defective, or cannot be relied on to definitely indicate that
the breaker has tripped

e Where a circuit breaker has started to open but has become jammed. This may result in continued
arcing at the primary contacts, with an additional arcing resistance in the fault current path. Should this
resistance severely limit fault current, the initiating protection element may reset. Therefore, reset of
the element may not give a reliable indication that the circuit breaker has opened fully

For any protection function requiring current to operate, the device uses operation of undercurrent elements
to detect that the necessary circuit breaker poles have tripped and reset the CB fail timers. However, the
undercurrent elements may not be reliable methods of resetting CBF in all applications. For example:

e Where non-current operated protection, such as under/overvoltage or under/overfrequency, derives
measurements from a line connected voltage transformer. Here, I< only gives a reliable reset method
if the protected circuit would always have load current flowing. In this case, detecting drop-off of the
initiating protection element might be a more reliable method.

e Where non-current operated protection, such as under/overvoltage or under/overfrequency, derives
measurements from a busbar connected voltage transformer. Again using I< would rely upon the
feeder normally being loaded. Also, tripping the circuit breaker may not remove the initiating condition
from the busbar, and hence drop-off of the protection element may not occur. In such cases, the
position of the circuit breaker auxiliary contacts may give the best reset method.

13.5.2 SETTING GUIDELINES (CB FAIL TIMER)

The following examples consider direct tripping of a 2-cycle circuit breaker. Typical timer settings to use are
as follows:

CB Fail R’_eset {BF Time Delay Typical Delay For 2 Cycle Circuit
Mechanism Breaker

CB interrupting time + element reset time (max.) + error in tBF

; . 50+50+ 10 + 50 = 160 ms
timer + safety margin

Initiating element reset

CB auxiliary contacts opening/ closing time (max.) + error in tBF

; . 50+10+50=110 ms
timer + safety margin

CB open

CB interrupting time + undercurrent element (max.) + safety

. 2 50 +25+50=125ms
margin operating time

Undercurrent elements
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Note:

All CB Fail resetting involves the operation of the undercurrent elements. Where element resetting or CB open
resetting is used, the undercurrent time setting should still be used if this proves to be the worst case.

Where auxiliary tripping relays are used, an additional 10-15ms must be added to allow for trip relay operation.

13.5.3 SETTING GUIDELINES (UNDERCURRENT)

The phase undercurrent settings (1<) must be set less than load current to ensure that I< operation correctly
indicates that the circuit breaker pole is open. A typical setting for overhead line or cable circuits is 20%In.
Settings of 5%In are common for generator circuit breaker CBF.

The SEF protection and standard earth fault undercurrent elements must be set less than the respective trip
setting, typically as follows:

ISEF< = (ISEF> trip)/2
IN< = (IN> trip)/2
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14 BLOCKED OVERCURRENT PROTECTION

With Blocked Overcurrent schemes, you connect the start contacts from downstream IEDs to the timer
blocking inputs of upstream IEDs. This allows identical current and time settings to be used on each of the
IEDs in the scheme, as the device nearest to the fault does not receive a blocking signal and so trips
discriminatively. This type of scheme therefore reduces the number of required grading stages, and
consequently fault clearance times.

The principle of Blocked Overcurrent protection may be extended by setting fast-acting overcurrent elements
on the incoming feeders to a substation, which are then arranged to be blocked by start contacts from the
devices protecting the outgoing feeders. The fast-acting element is thus allowed to trip for a fault condition
on the busbar, but is stable for external feeder faults due to the blocking signal.

This type of scheme provides much reduced fault clearance times for busbar faults than would be the case
with conventional time-graded overcurrent protection. The availability of multiple overcurrent and earth fault
stages in the Alstom Grid IEDs allows additional time-graded overcurrent protection for back-up purposes.

14.1 BLOCKED OVERCURRENT IMPLEMENTATION

Blocked Overcurrent schemes are implemented using the PSL. The start outputs, available from each stage
of the overcurrent and earth fault elements (including the sensitive earth fault element) can be mapped to
output relay contacts. These outputs can then be connected to the relevant timer block inputs of the
upstream IEDs via opto-inputs.

14.2 BLOCKED OVERCURRENT LOGIC

To facilitate the implementation of blocked overcurrent schemes, the device provides the following logic to
provide a Blocked Overcurrent Start signal I>BlockStart:

CB Fail Alarm &
Remove |> Start — “
Enabled 1 ( I> BlockStart )
Disabled
&
1>1 Start .
P Key: ExternalDDBSignal ()
1>3 Start : .
>4 Start Setting cell ‘ ‘
1>5 Start Setting value ‘ ‘
‘_I tart
65t S AND gate OR gate
V00648

Figure 59: Blocked Overcurrent logic

The I>BlockStart signal is derived from the logical OR of the phase overcurrent start outputs. This output is
then gated with the CB Fail Alarm DDB signal and the setting Remove I> Start setting.

14.3 BLOCKED EARTH FAULT LOGIC

To facilitate the implementation of blocked overcurrent schemes, the device provides the following logic to
provide the Blocked Earth Fault signal IN/ISEF Blk Start:
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(__ CBFalAarm ) N
Remove IN> S;:artbled - \;ﬂ @
Disabled 3

GETEET D S——— —
1
Key: ExtenalDDBSignal ()
Setting cell \ \
Setting value ‘ ‘
COnsERsEan ) ——

INSEF>4 Start AND gate OR gate

V00649

Figure 60: Blocked Earth Fault logic

The IN/SEF Blk Start signal is derived from the logical OR of the phase overcurrent start outputs. This
output is then gated with the CB Fail Alarm DDB signal and the Remove IN> Start setting.

14.4 BLOCKED OVERCURRENT DDB SIGNALS

Ordinal ‘ English Text ‘ Source ‘ Type ‘ Response Function

Description

150 ‘ CB Fail Alarm ‘ Software ‘ PSL Input ‘Alarm latched event
This DDB signal is an alarm indicating CB Failure

295 ‘ [>1 Start ‘Software ‘ PSL Input ‘ Protection event
This DDB signal is the first stage any-phase Overcurrent start signal

299 ‘ [>2 Start ‘ Software ‘ PSL Input ‘ Protection event
This DDB signal is the second stage any-phase Overcurrent start signal

303 ‘ [>3 Start ‘ Software ‘ PSL Input ‘ Protection event
This DDB signal is the third stage any-phase Overcurrent start signal

307 ‘ [>4 Start ‘ Software ‘ PSL Input ‘ Protection event
This DDB signal is the fourth stage any-phase Overcurrent start signal

315 ‘ IN1>1 Start ‘Software ‘PSL Input ‘Protection event
This DDB signal is the first stage measured Earth Fault start signal

316 ‘ IN1>2 Start ‘ Software ‘ PSL Input ‘ Protection event
This DDB signal is the second stage measured Earth Fault start signal

317 ‘ IN1>3 Start ‘ Software ‘ PSL Input ‘ Protection event
This DDB signal is the third stage measured Earth Fault start signal

318 ‘ IN1>4 Start ‘ Software ‘ PSL Input ‘ Protection event
This DDB signal is the fourth stage measured Earth Fault start signal

319 ‘ IN2>1 Start ‘Software ‘PSL Input ‘Protection event
This DDB signal is the first stage derived Earth Fault start signal
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Ordinal ‘ English Text ‘ Source ‘ Type ‘ Response Function

Description

320 ‘ IN2>2 Start ‘ Software ‘ PSL Input ‘ Protection event
This DDB signal is the second stage derived Earth Fault start signal

321 ‘ IN2>3 Start ‘ Software ‘ PSL Input ‘ Protection event
This DDB signal is the third stage derived Earth Fault start signal

322 ‘ IN2>4 Start ‘ Software ‘ PSL Input ‘ Protection event
This DDB signal is the fourth stage derived Earth Fault start signal

323 ISEF>1 Start ‘Software PSL Input Protection event
This DDB signal is the first stage Sensitive Earth Fault start signal

324 ISEF>2 Start ‘Software PSL Input Protection event
This DDB signal is the second stage Sensitive Earth Fault start signal

325 ‘ ISEF>3 Start ‘ Software ‘ PSL Input ‘ Protection event
This DDB signal is the third stage Sensitive Earth Fault start signal

326 ISEF>4 Start ‘Software PSL Input Protection event
This DDB signal is the fourth stage Sensitive Earth Fault start signal

348 ‘ [> BlockStart ‘ Software ‘ PSL Input ‘ Protection event
This DDB signal is the start signl for Blocked Overcurrent functionality

349 ‘ IN/SEF>BIk Start ‘ Software ‘ PSL Input ‘ Protection event
This DDB signal is the start signal for Blocked Earth Fault functionality

579 ‘ [>5 Start ‘ Software ‘ PSL Input ‘ Protection event
This DDB signal is the fifth stage three-phase Phase Overcurrent start signal

583 ‘ [>6 Start ‘ Software ‘ PSL Input ‘ Protection event

This DDB signal is the sixth stage three-phase Phase Overcurrent start signal

14.5 BLOCKED OVERCURRENT SETTINGS

Menu Text ‘ Col ‘ Row ‘ Default Setting ‘ Available Options
Description
BLOCKED O/C 45 oCc | |
The settings under this sub-heading relate to Blocked Overcurrent settings
Remove I> Start 45 (0D Disabled 0= Disabled or 1 = Enabled
This setting enables or disables the Remove I>Start signal
Remove IN> Start 45 [0E Disabled 0= Disabled or 1 = Enabled

This setting enables or disables the Remove IN>Start signal
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14.6 APPLICATION NOTES

14.6.1 BUSBAR BLOCKING SCHEME

Incomer
Block highset element
IED _
X CB fail backirip
IED —1 |ED —1 IED — |ED
O/P| CB | |
from| fail
start| backtrip
contact
A A A A
Feeder 1 Feeder 2 Feeder 3 Feeder 4
E00636
Figure 61: Simple busbar blocking scheme
10.0
) 1.0 —
Time Incomer IDMT element
(secs) IDMT margin
0.1 ) Feeder IDMT element
o Incomer high set element
0.08 —
Time to block
Feeder start contact
0.01 T T T
1.0 10.0 100.0
Current (kA)

EL00637

Figure 62: Simple busbar blocking scheme characteristics
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15 SECOND HARMONIC BLOCKING

When a transformer is initially connected to a source of AC voltage, there may be a substantial surge of
current through the primary winding called inrush current. This is analogous to the inrush current exhibited by
an electric motor that is started up by sudden connection to a power source, although transformer inrush is
caused by a different phenomenon.

In an ideal transformer, the magnetizing current would rise to approximately twice its normal peak value as
well, generating the necessary MMF to create this higher-than-normal flux. However, most transformers are
not designed with enough of a margin between normal flux peaks and the saturation limits to avoid saturating
in a condition like this, and so the core will almost certainly saturate during this first half-cycle of voltage.
During saturation, disproportionate amounts of MMF are needed to generate magnetic flux. This means that
winding current, which creates the MMF to cause flux in the core, could rise to a value way in excess of its
steady state peak value. Furthermore, if the transformer happens to have some residual magnetism in its
core at the moment of connection to the source, the problem could be further exacerbated.

We can see that inrush current is a regularly occurring phenomenon and should not be considered a fault, as
we do not wish the protection device to issue a trip command whenever a transformer, or machine is
switched on. This presents a problem to the protection device, because it should always trip on an internal
fault. The problem is that typical internal transformer faults may produce overcurrents which are not
necessarily greater than the inrush current. Furthermore faults tend to manifest themselves on switch on,
due to the high inrush currents. For this reason, we need to find a mechanism that can distinguish between
fault current and inrush current. Fortunately this is possible due to the different natures of the respective
currents. An inrush current waveform is rich in harmonics, whereas an internal fault current consists only of
the fundamental. We can thus develop a restraining method based on the harmonic content of the inrush
current. The mechanism by which this is achieved is called second harmonic blocking.

15.1 SECOND HARMONIC BLOCKING IMPLEMENTATION

Second harmonic blocking can be applied to the following overcurrent protection types:

e Phase Overcurrent protection (POC)

e Earth Fault protection (derived and measured) (EF1 and EF2)
e Sensitive Earth Fault protection (SEF)

e Negative Phase Sequence Overcurrent protection (NPSOC)

Second harmonic blocking is implemented in the GROUP (n) SYSTEM CONFIG column, where (n) is the
number of the setting group.

Second harmonic blocking It is applicable to all stages of each of the elements. For POC, 2nd harmonic
blocking can be applied to each phase individually (phase segregated), or to all three phases at once (cross-
block).

The function works by identifying and measuring the inrush currents present at switch on. It does this by
comparing the value of the second harmonic current components to the value of the fundamental
component. If this ratio exceeds the set thresholds, then the blocking signal is generated. The threshold is
defined by the 2ndHarm Thresh setting.

We only want the function to block the protection if the fundamental current component is within the normal
range. If this exceeds the normal range, then this is indicative of a fault, which must be protected. For this
reason there is another settable trigger I> lift 2H, which when exceeded, stops the 2nd harmonic blocking
function.

Each overcurrent protection element has an I>Blocking setting with which the type of blocking is defined. It
is with this setting that phase segregated or 3-phase blocking is chosen.

The G14 Data type is used for the I>Blocking setting:
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Bit number I> Blocking function
Bit 0 VTS Blocks 1>1
Bit 1 VTS Blocks 1>2
Bit 2 VTS Blocks 1>3
Bit 3 VTS Blocks 1>4
Bit 4 VTS Blocks 1>5
Bit 5 VTS Blocks 1>6
Bit 6 AR Blocks >3
Bit 7 AR Blocks >4
Bit 8 AR Blocks |1>6
Bit 9 2H Blocks 1>1
Bit 10 2H Blocks 1>2
Bit 11 2H Blocks 1>3
Bit 12 2H Blocks 1>4
Bit 13 2H Blocks 1>5
Bit 14 2H Blocks 1>6
Bit 15 2H 1PH Block
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15.2 SECOND HARMONIC BLOCKING LOGIC

Select
—u
I>Lift 2H

12H Any Start

Low current (hard-coded)

|A2H Start

Select 2nd

IB2H Start

harmonic

2nd Harm thresh

B Select
I fundamental <
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Low current (hard-coded)

Select 2nd
harmonic

2nd Harm thresh
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fundamental <
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Low current (hard-coded)

Select 2nd
harmonic
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Key:

AND gate OR gate
Multiplier @

Comparator for overvalues &
Comparator for undervalues &
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Energising Quanitty —————

ExtemalDDBSignal ()
Setting cell |:|
Function |:|
Hard-coded setting |:|

Figure 63: 2nd Harmonic Blocking Logic

15.3 SECOND HARMONIC DDB SIGNALS

Ordinal ‘ English Text ‘ Source ‘ Type ‘ Response Function
Description

538 ‘ IA2H Start ‘Software ‘ PSL Input ‘ Protection event

This DDB signal is the A-phase 2nd Harmonic start signal

539 ‘ IB2H Start ‘Software ‘ PSL Input ‘ Protection event

This DDB signal is the B-phase 2nd Harmonic start signal

540 ‘ IC2H Start ‘Software ‘PSL Input ‘ Protection event

This DDB signal is the C-phase 2nd Harmonic start signal

541 12H Any Start ‘Software PSL Input Protection event

This DDB signal is the 2nd Harmonic start signal for any phase
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15.4 SECOND HARMONIC SETTINGS

Menu Text ‘ Col ‘ Row ‘ Default Setting Available Options
Description
GROUP 1
SYSTEM CONFIG 30 00

This column contains settings for setting the phase rotation and 2nd harmonic blocking

0=Standard ABC
1=Reverse ACB

This setting sets the phase rotation to standard (ABC) or reverse (ACB). Warning: This will affect the positve and negative sequence quantities
calculated by the IED as well as other functions that are dependant on phase quantities.

2NDHARMBLOCKING 130 03 | |
The settings under this sub-heading relate to 2nd harmonic blocking

Phase Sequence 30 02 Standard ABC

2nd Harmonic 30 04 Disabled 0= Disabled or 1 = Enabled
This setting enables or disables the 2nd Harmonic blocking of the overcurrent protection.
2ndHarm Thresh \ 30 \ 05 \ 20 \ From 5% to 70% step 1

This setting sets the lower threshold for 2nd harmonic blocking in percent. If the 2nd harmonic component exceeds this threshold, the overcurrent
protection will be blocked.

Ilift 2H \ 30 \ 06 \ 10 \ From 4A to 32A step 0.01

This setting sets the upper threshold for 2nd harmonic blocking in amps If the 2nd harmonic exceeds this threshold, there wil be no blocking
applied.

15.5 APPLICATION NOTES

15.5.1 SETTING GUIDELINES

During the energization period, the second harmonic component of the inrush current may be as high as
70%. The second harmonic level may be different for each phase, which is why phase segregated blocking
is available.

If the setting is too low, the 2nd harmonic blocking may prevent tripping during some internal transformer
faults. If the setting is too high, the blocking may not operate for low levels of inrush current which could
result in undesired tripping of the overcurrent element during the energization period. In general, a setting of
15% to 20% is suitable.
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16 LOAD BLINDERS

Load blinding is a mechanism, whereby IEDs are prevented from tripping under heavy load, but healthy
conditions. In the past this mechanism was mainly used for transmission systems and was rarely needed at
distribution voltage levels. In the last few years, however, distribution networks have become more subject to
periods of sustained heavy loads. This is due to a number of reasons, one of which is the increase of
distributed generation. For this reason, it has become very desirable to equip overcurrent IEDs, normally
targeted at distribution networks, with load blinding functionality.

Load blinders work by measuring, not only the system current levels, but also the system voltage levels and
making tripping decisions based on analysis of both of these measurements. This is known as Impedance
measurement.

When the measured current is higher than normal, this can be caused by one of two things; either a fault or a
heavy load. If the cause is a fault, the system voltage level will reduce significantly. However, if the cause is
a heavy, but healthy load, the voltage will not decrease significantly. Therefore, by measuring the both the
system voltage and currents, the IED can make a decision not to trip under heavy load conditions.

The principle of a load blinder is to configure a blinder envelope, which surrounds the expected worst case
load limits, and to block tripping for any impedance measured within this blinder region. Only fault impedance
outside the load area is allowed to cause a trip. It is possible to set the impedance and angle setting
independently for the forward and reverse regions in the Z plane.

kA

WOO0G45

Figure 64: Load blinder and angle

16.1 LOAD BLINDER IMPLEMENTATION

The Load blinder function is implemented in the OVERCURRENT column of the relevant settings group,
under the sub-heading LOAD BLINDER.

The settings allow you to set the impedance and angle limits for both reverse and forward directions, the
undervoltage and negative sequence current thresholds for blocking the function, and the operation mode.

There are two modes of operation; single phase and three phase;

The single phase mode uses the normal impedance (Z) of each phase. When single phase mode is
selected, the overcurrent blocking is phase segregated and is dependant on the individual overcurrent
settings per phase. In single phase mode, only the undervoltage threshold (Blinder V<Block) can block the
function.
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The three phase mode uses positive sequence impedance (Z1). The three phase mode uses both the
negative sequence overcurrent threshold (Blinder 12>Block) and the undervoltage threshold
(Blinder V<Block) to block the function.

16.2 LOAD BLINDER LOGIC

Z1 Angle » <
FWD Z Angl
ngie Z1 FWD Blinder
»
Z1 Magnitude—————p» >
FWD Z Impedance Z1 LoadBlinder
Blinder Mode
Forward 1
Both
Z1 Angle »
o] > &
REVZAngle | -180° | Z1 REV Blinder
Drop off
- o < Cycles
[ +180° |
+180
Z1 Magnitude————| >
REV Z Impedance
Blinder Mode Key:
y: . "
Energising Quanitity »
R
everse 1
Both External DDB Signal (:)
Vi > > Setting cell ‘ \
Blinder V<Block . Setting value | |
— Internal function ‘ ‘
[2——— S 1
Blinder 12<Block AND gate & | ORgae D
Blinder Status .
Enabled Timer
Blinder Function Comparator for
3ph(based on Z1) detecting >
(" VTS Slow Block ) overvalues
Comparator for
CTS Block
w detecting <
V00650 undervalues

Figure 65: Load Blinder logic 3phase

For the forward direction, the positive sequence impedance magnitude is compared with a set value, and the
positive sequence impedance angle is compared with two values, which define the angular range. If the
criteria are satisfied and the Blinder mode is in the direction Forward or Both, the blinder signals Z1 FWD
Blinder and Z1 LoadBlinder are produced.

For the reverse direction, the positive sequence impedance magnitude is compared with a set value, and the
positive sequence impedance angle is compared with two values, which define the angular range. If the
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criteria are satisfied and the Blinder mode is in the direction Forward or Both, the blinder signals Z1 REV
Blinder and Z1 LoadBlinder are produced.
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Figure 66: Load Blinder logic phase A

The diagram shows the single-phase Load Blinder logic for phase A. The same principle applies to phases B
and C. The single phase Load Blinder logic is very similar to the three-phase Load Blinder logic. The main
differences are:

The single-phase function does not use positive sequence impedance, it uses normal impedance
measurment. It also does not use negative sequence overcurrent to block the function.

196 P14D-B/G/L/Z-TM-EN-1



P14D Chapter 5 - Current Protection Functions

16.3 LOAD BLINDER DDB SIGNALS

Ordinal ‘ English Text ‘ Source ‘ Type ‘ Response Function
Description

351 ‘VTS Slow Block ‘ Software ‘ PSL Input ‘ No response
This DDB signal is a purposely delayed output from the VTS which can block other functions

352 ‘ CTS Block ‘ Software ‘ PSL Input ‘ No response
This DDB signal is an instantaneously blocking output from the CTS which can block other functions

627 ‘ Blinder Inhibit ‘ Programmable Scheme Logic ‘ PSL Output ‘ Protection event
This DDB signal inhibits the Load Blinder function

628 ‘A FWD Blinder ‘Software ‘ PSL Input ‘Protection event
This DDB signal is the Phase A Load Blinder signal for the forward direction

629 ‘A REV Blinder ‘ Software ‘ PSL Input ‘ Protection event
This DDB signal is the Phase A Load Blinder signal for the reverse direction

630 ‘A LoadBlinder ‘ Software ‘ PSL Input ‘ Protection event
This DDB signal is the Phase A Load Blinder signal, either direction

631 ‘ B FWD Blinder ‘Soﬂware ‘ PSL Input ‘Protection event
This DDB signal is the Phase B Load Blinder signal for the forward direction

632 ‘ B REV Blinder ‘Soﬂware ‘ PSL Input ‘Protection event
This DDB signal is the Phase B Load Blinder signal for the reverse direction

633 ‘ B LoadBlinder ‘ Software ‘ PSL Input ‘ Protection event
This DDB signal is the Phase B Load Blinder signal, either direction

634 C FWD Biinder ‘Software PSL Input Protection event
This DDB signal is the Phase C Load Blinder signal for the forward direction

635 ‘C REV Blinder ‘Soﬂware ‘ PSL Input ‘Protection event
This DDB signal is the Phase C Load Blinder signal for the reverse direction

636 ‘ C LoadBlinder ‘ Software ‘ PSL Input ‘ Protection event
This DDB signal is the Phase C Load Blinder signal, either direction
637 21 FWD Biinder ‘Software PSL Input Protection event
This DDB signal is the 3-phase Load Blinder signal for the forward direction
638 ‘21 REV Blinder ‘Software ‘ PSL Input ‘Protection event
This DDB signal is the 3-phase Load Blinder signal for the reverse direction
639 ‘21 LoadBlinder ‘Software ‘PSL Input ‘Protection event

This DDB signal is the 3-phase Load Blinder signal, either direction

16.4 LOAD BLINDER SETTINGS

Menu Text ‘ Col ‘ Row ‘ Default Setting ‘ Available Options
Description
LOAD BLINDER ERE |
The settings under this sub-heading relate to the Load Blinder function
Blinder Status 35 91 Disabled 0= Disabled, 1 = Enabled
This setting enables or disables the Load Blinder blocking function.
Blinder Status 3 |91  Disabled 0= Disabled
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Menu Text \ Col \Row\ Default Setting \ Available Options

Description

This setting disables the Load Blinder blocking function for models B and G

0=3Ph(based on Z1)

Blinder Function 35 92 3Ph(based on Z1) 1=1Ph(based on Z)

This setting sets the Load Blinder to three-phase or single-phase blocking.

0=Reverse
Blinder Mode 35 93 Both 1=Forward
2=Both
This setting sets the Load Blinder direction measurement.
FWD Z Impedance EREE |From 0.1 to 500 step 0.01
This setting sets the Forward Impedance (in ohms) for the Load Blinder function.
FWD Z Angle \35 \ 95 \30 \ From 5 to 85 step 1
This setting sets the Forward Angle (in degrees) for the Looad Blinder function.
RVS Z Impedance 3% 9 15 |From 0.1 to 500 step 0.01
This setting sets the Reverse Impedance (in ohms) for the Load Blinder function.
RVS Z Angle 35 98 30 From 5 t0 85 step 1
This setting sets the Reverse Angle (in degrees) for the Looad Blinder function.
Blinder V< Block 35 A 15 From 100 120 step 1
This setting sets the undervoltage threshold for the Load Blinder function.
Blinder [2>Block \35 ‘QB \0.2 \ From 0.08*!1 to 411 step 0.01*I1
This setting sets the Negative Phase Sequence current threshold for the Load Blinder function.
PU Cycles ‘ 35 ‘ 9C ‘ 1 ‘ From 0 to 50 step 0.5
This setting sets the pick-up count threshold for the Load Blinder function.
DO Cycles \ 35 \ 9 \ 1 \ From 0 to 50 step 0.5

This setting sets the drop-off count threshold for the Load Blinder function.
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17 HIGH IMPEDANCE FAULT DETECTION

A High Impedance Fault, also known as a Downed Conductor, happens when a primary conductor makes
unwanted electrical contact with a road surface, pathway, tree etc., whereby due to the high impedance of
the fault path, the fault current is restricted to a level below that which can be reliably detected by standard
overcurrent devices. Even in cases where the instantaneous fault current may exceed the thresholds, the
duration of this transient is usually so small that the standard overcurrent IED will not pick up. It is quite a
challenging problem to detect such faults, and it requires a special method combining multiple techniques.

Due to the high impedance and transient nature of such faults it is not possible to derive the fault calculation
from short-circuit computing. HIF detection therefore relies on the detection of the fault current and voltage
waveform signatures. These waveforms may be very different from fault to fault, but they often have
commonalities typified by:

e Third harmonic content

e The transient bursting (intermittent change of amplitude)

We can use these phenomena to detect the fault.

We may need to establish the direction of the fault. For this, we can use instantaneous power measurement.
Hence we can see there are three components necessary to provide a reliable HIF detection function:

e Component harmonic Analysis (CHA)
e Fundamental Analysis (FA) (with or without directional analysis (DIR)

17.1 HIGH IMPEDANCE FAULT PROTECTION IMPLEMENTATION

17.1.1 FUNDAMENTAL ANALYSIS

Fundamental Analysis (FA) captures the intermittent characteristics associated with a fault current.
Generally, the system current is fairly stable and it tracks the load conditions. An average of this current is
calculated by continually averaging the latest samples, and this value is stored in a buffer. This value is
being continually compared with latest current value. If there is a sudden increase in current, its value will
significantly exceed the average value. It is this increment that is used to start the fault evaluation process.

The averaged current load tracks system load conditions using an averaging process. A discrepancy
between the actual amplitude and the average amplitude starts the fault evaluation process. If the increment
is greater than a start threshold, determined by the setting FA> Start Thresh, the FA will start fault
evaluation. A Burst Valid (BV) threshold, determined by the setting FA> Burst Thresh, is used to judge
whether the increment indicates conduction of fault current. By counting the changes of the BV states within
a time window, an event is issued and it is possible to establish whether an intermittent fault has been
detected.

FA detection can be triggered by any sudden increase of the amplitude. However, only those sustained
series of changes within a specified time-window can be evaluated as a High Impedance Fault (HIF). Fault
classification criteria can be determined using timing and counting of these bursts. The following table shows
the classification criteria.

Counter Status Timer Status Result

BV state changes exceed count limit Within time window of one FA section HIF

BV stage changes do not exceed count limit, but

Within time window of one FA section Transient Event
are more than two

While fundamental amplitude remains above BV threshold

Less than two changes within time window

Steady Event

Others Noises
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17.1.2 COMPONENT HARMONIC ANALYSIS

The Component Harmonic Analysis (CHA) function monitors the measured SEF current, compares this with
the average current value and uses the increment of the sampled value to extract the 3rd harmonic
component. By evaluating the phase and amplitude differences between the fundamental and the third
harmonic, it is possible to establish criteria, which can help determine the presence of a High Impedance
Fault.

Note:
CHA is ONLY applicable in directly grounded or lower to medium resistance grounded systems.

An array of increment samples is obtained and used to calculate the fault characteristic. A so called Satisfied
State (SS) is a value that meets the criteria to indicate HIF non-linearity. Fault evaluation and classification
are mainly based on measuring the duration of the Satisfied State. The fault evaluation process can be
triggered internally or externally.

The criteria determining non-linearities characteristic of high impedance faults consists of the following:

e The fundamental amplitude is above a set threshold (setting CHA> Fund Thresh)

e The phase difference between 3rd harmonic and fundamental is within a range around 180° (settings
CHA Del Ang180-x and CHA Del Ang180+x)

e The amplitude ratio between 3rd harmonic and fundamental is above a set threshold (setting CHA>
3rdharmThrsh) and not above 90% of the fundamental.

e The above requirements last for a significant time duration.
The CHA function detects a fault by timing the duration of the Satisfied State (SS). If this time duration is

longer than the HIF Setting time, a HIF event is reported. If the time duration is shorter, but still longer than a
Transient Setting time, a Transient event is reported.

Harmonic State SS Timer Status Result
Persisting Satisfied State Lasts for HIF duration setting (CHA tDuration) HIF established
Intermittent Satisfied State Lasts for transient setting time (CHA tTransient) Transient Event established
Others Noises

Similar to Fundamental Analysis, a Transient Event needs further confirmation. Three individual timers are
activated once the CHA function starts.

e Areset timer is used to reset all the procedures of CHA.

e A HIF duration timer is used to measure the duration of this Satisfied State to issue HIF.

e A Transient timer is used to detect any transient event:

If the Satisfied State lasts for the entire time duration set by the HIF timer, an HIF is reported and all
procedures are reset.

If the Satisfied State lasts for less then the HIF duration but is still more than the Transient time duration, a
Transient Suspicion event is reported and the detection process will evaluate another section. If any HIF
requirement is satisfied within the reset time, a HIF is reported and the detection is reset.

If there are more than three Transient Suspicion events reported within the reset time, a HIF is reported.

1713 DIRECTIONAL ANALYSIS

The described FA algorithm has no capability of detecting direction. It can be used in a system with limited
capacitance, or a system with directly grounded neutral point. In these cases, the fault current on healthy
lines are limited. However, when a system is resistance-grounded with a relatively large distributed
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capacitance, the fault-generated transient may be distributed along both healthy and faulted lines due to the
large distributed capacitance. Therefore, a directional element is needed to enhance the FA performance.

Transient directionality is obtained by using the instantaneous power direction of the fault component. The
instantaneous power is calculated directly from the samples of the fault component. In Transient situations,
this is a more accurate method than using phasor based power calculations .

The fault component circuit is used for analysis. The source is the fault itself. The capacitive branch
produces the reactive power while the inductance branch absorbs the reactive power. The resistance branch
absorbs the active power. The active power is from the source. The reactive power from the source balances
the total consumption of the reactive power by the other part of the circuit.

Resistor in Neutral Peterson Coil in Neutral Isolated
Faulty Line Healthy Line Faulty Line Healthy Line Faulty Line Healthy Line
P Rev Fwd Rev Fwd Rev Fwd
Fwd Rev - - Fwd Rev

Generally, the reactive power is more distinctive, since the distributed capacitance is often greater than the
distributed conductance. Therefore, in resistance-grounded or isolated systems, the reactive power direction
is used for transient direction detection.

In Peterson coil grounded systems, the active power direction is used to detect the direction because the
Peterson coil distorts the reactive power flow.

The output of the direction detection function (DIR) are flags indicating the fault direction: FA DIR Forward
and FA DIR Reverse.

These flags are set if the algorithm is in the Start stage and the criteria have been met. The FA function uses
the flag status to determine whether it is a forward fault or a reverse fault. An alarm can also be set to
indicate the faulted line. When counting a spike into the FA function's counter, the FA first refers to the
direction flag. Only spikes with forward direction (Forward transient) are counted for fault evaluation.

17.1.4 SUMMARY

The type of High Impedance Fault detection solution should be selected according to the different system
grounding conditions. The solution consists of two major algorithms and a facility algorithm that forms a
matrix to cover these different conditions.

CHA detects situations where there is a continuous earth fault harmonic. CHA should only be used for
directly grounded or low resistance grounded system.

FA detects intermittent faults where the fault current is changing between conducting and non-conducting.
This can be used in any system grounding conditions. However, a continuous fault will only be detected as a
steady event. The solution matrix is as follows:

Solid Resistor Peterson Coil Isolated
FA+DIR(Active P) Applicable Applicable Recommended Applicable
FA+DIR(Reactive Q) Applicable Recommended Not applicable Recommended
FA (non DIR) Recommended Not applicable Not applicable Not applicable
CHA Recommended Recommended Not applicable Not applicable
Recommended Solution CHA+FA CHA+FA+DIR(Q) FA+DIR(P) FA+DIR(Q)
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17.2 HIGH IMPEDANCE FAULT PROTECTION LOGIC

VN (derived)
Directionaliser
ISEF: »
| Average
"1 Amplitude
FA Decision
| Increment ] Transient Fault FA Transient
> Amplitude || FA Analysis
Steady Fault FA Steady Fault
| Average HIF @
| Sample Array
CHA Decision
| Increment .
> Amplivde || CHA Analysis HIF CHAHIF
@ CHA Transient )
FA Settings )
CHA Settings >
( HIF Forced Reset ) { Reset buffers HIF Function
: isi iti _—
Key: Energising Quanitity OR gate
External DDBSignal ()
sngeel [ ]
V00653 Internal function |:|
Figure 67: HIF Protection Logic
17.3 HIGH IMPEDANCE PROTECTION DDB SIGNALS
Ordinal ‘ Signal Name ‘ Source ‘ Type ‘ Response
Description
1209 ‘ HIF Alarm ‘ Software ‘ PSL Input ‘ Alarm latched event
This DDB signal indicates that the High Impedance Fault Alarm is active
1210 ‘ FA HIF ‘ Software ‘ PSL Input ‘ Protection event
This DDB signal indicates that Fundamental Analysis has detected a high impedance fault
1211 ‘ FA Transient ‘ Software ‘ PSL Input ‘ Protection event
This DDB signal indicates that Fundamental Analysis has detected a Transient Event
1212 ‘ FA Steady Fault ‘ Software ‘ PSL Input ‘ Protection event
This DDB signal indicates that Fundamental Analysis has detected a steady state Fault
1213 ‘ CHAHIF ‘ Software ‘ PSL Input ‘ Protection event
This DDB signal indicates that Component Harmonic Analysis has detected a high impedance fault
1214 ‘ CHA Transient ‘ Software ‘ PSL Input ‘ Protection event
This DDB signal indicates that Component Harmonic Analysis has detected a Transient Event
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Ordinal ‘ Signal Name ‘ Source ‘ Type ‘ Response

Description

1216 ‘ HIF Forced Reset ‘ Programmable Scheme Logic ‘ PSL Output ‘ No response
This DDB signal forces a HIF Reset

17.4 HIGH IMPEDANCE PROTECTION SETTINGS

Menu Text ‘ Col ‘ Row ‘ Default Setting  Available Options

Description

HIF DETECTION 4c 00

This column contains settings for High Impedance Fault Detection

HIF SEF AnyStart 4c 01 Disabled 0= Disabled or 1 = Enabled

This setting allows the ISEF> Any Start DDB signal to trigger the HIF detection

HIF tPREPARE \40 \ 02 \2 \ From 0.03s to 30s step 0.01s

This setting sets the preparation time required to produce the initial data, such as the average amplitude value.

FUNDAMENT ANALYS 4c 05 | |

This sub-heading contains settings for the Fundamental Analysis (FA) algorithm.

FA Status 4c 06 ‘Enabled 0= Disabled or 1 = Enabled

This setting enables or disables Fundamental Analysis.

FA> Start Thresh \40 \ 07 \0.01 \ From 0.00025A to 2A step 0.00025A

This setting defines the Fundamental Analysis increment Start threshold. The FA algorithm starts the evaluation process when the current
increments exceeds this threshold.

AdaptBurstThresh 4c 08 ‘Enabled 0= Disabled or 1 = Enabled
This setting enables or disables the Adaptive Burst Threshold setting. When enabled, the Burst Threshold is adapted automatically.

FA> Burst Thresh 4c 09 0.05 From 0.00025A to 2 step 0.00025A
This setting defines the Burst Valid threshold. When the measured current amplitude exceeds this threshold, a valid burst is recognised.
FA tAVERAGE \ 4C \ 0A \ 10 From 1s to 60s step 1s

This setting defines the time duration window for calculating the average value.

FA tINTERMITTENT 4c 08 2 |From 0.5s to 5s step 0.5
This setting defines the time duration in which the Burst Valid shots are counted for a HIF to be recognised.

FAtRESET 4c oc 10 |From 10s to 60s step 5s
This setting defines the reset time for the FA evaluation process.

FA> Burst Count ‘4C ‘ 0D ‘8 ‘ From 3 to 30 step 1

This setting sets the number of burst valid shots which is used to determine a HIF condition.

FA Trans Sec Lmt ‘4C ‘ 0E ‘3 ‘ From 1 to 10 step 1

This setting sets the number of sections which are evaluated for determining a FA transient event.

FA DIR Status 4c 10 Disabled 0= Disabled or 1 = Enabled
This setting enables or disables FA Direction Detection.

FADIRPorQ 4C 1 Reactive Q ?:Q‘;g‘(’ft’“z a

This setting determines whether real power (P) or reactive power (Q) is to be used for detection.

From 0.05 watts to 100 watts in steps

FA DIR>Power Fwd 4C 12 1 of 0.05 watts

This setting defines the power value threshold for a forward event.
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Menu Text Col Row Default Setting  Available Options
Description

FA DIR>Power Rev 4c 13 ¥ Etr:;; jfog O“éax: tig 005 watts in
This setting defines the power value threshold for a reverse event.
FA DIR AutoThrsh 4c 14 ‘Enabled 0= Disabled or 1 = Enabled
This setting enables or disables the auto-adjust power threshold.
COMP.HARM.ANALYS 4c 20 | |
This sub-heading contains settings for the Component Harmonic Analysis (CHA) algorithm.
CHA Status 4c 21 ‘Enabled 0= Disabled or 1 = Enabled
This setting enables or disables CHA.
CHA> Fund Thresh 4c 22 0,01 From 0.00025A to 2 step 0.00025A
This setting defines the CHA amplitude threshold.
CHA>3rdHarmThrsh 4c 23 2 |From 0.5% to 70% step 0.5%
This setting defines the amplitude ratio (3Harmonic to fundamental).
CHA Del Ang180-x 4c 2 85 ‘From Odeg to 90deg step 1deg
This setting sets the lower angle boundary of the phase angle between third harmonic and fundamental.
CHA Del Ang180+x \40 \25 \0 \ From Odeg to 90deg step 1deg
This setting sets the upper angle boundary of the phase angle between third harmonic and fundamental.
CHA tAVERAGE \40 \ 26 \20 \ From 55 to 60s step 1
This setting defines the time duration window for calculating the average value.
CHA {TRANSIENT \40 \27 \0.2 \ From 0.04s to 1s step 0.02s
This setting defines the time duration for determining a transient event
CHA tDURATION \40 \ 28 \2 \ From 1s to 5s step 1s
This setting defines the time duration for determining a HIF condition.
CHA tRESET \ 4C \ 29 \ 10 \ From 10s to 30s step 5s
This setting defines the reset time for the CHA evaluation process.
CHA Trans SecLmt ‘40 ‘ 2A ‘3 ‘ From 1 to 10 step 1
This setting sets the number of sections which are evaluated for determining a CHA transient event.
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18 CURRENT TRANSFORMER REQUIREMENTS

The current transformer requirements are based on a maximum fault current of 50 times the rated current
(In) with the device having an instantaneous overcurrent setting of 25 times the rated current. The current
transformer requirements are designed to provide operation of all protection elements.

Where the criteria for a specific application are in excess of this, or the lead resistance exceeds the limiting
lead resistance shown in the following table, the CT requirements may need to be modified according to the
formulae in the subsequent sections:

Nominal Rating Nominal Output Accuracy Class Accuracy Limited Factor L|m|t|_ng s
Resistance
1A 2.5VA 10P 20 1.3 ohms
5A 7.5VA 10P 20 0.11 ohms

The formula subscripts used in the subsequent sections are as follows:

Vk = Required CT knee-point voltage (volts)

If = Maximum through-fault current level (amps)

Ifn = Maximum prospective secondary earth fault current (amps)

Ifp = Maximum prospective secondary phase fault current (amps)

Icn = Maximum prospective secondary earth fault current or 31 times I> setting (whichever is lower) (amps)
Icp = Maximum prospective secondary phase fault current or 31 times 1> setting (whichever is lower) (amps)
I, = Rated secondary current (amps)

Isn = Stage 2 & 3 earth fault setting (amps)

Isp = Stage 2 and 3 setting (amps)

RcT = Resistance of current transformer secondary winding (ohms)

R| = Resistance of a single lead from relay to current transformer (ohms)

Rp = Impedance of the phase current input at 30In (ohms)

Rn = Impedance of the neutral current input at 30In (ohms)

Rst = Value of stabilising resistor for REF applications (ohms)

Is = Current setting of REF elements (amps)

18.1 OVERCURRENT AND EARTH FAULT PROTECTION
18.1.1 DIRECTIONAL ELEMENTS

Time-delayed phase overcurrent elements

IC
2 (Rey + R, +R,)

VK:2
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Instantaneous phase overcurrent elements

1y
Vy ZT(RCT +R, +Rp)

Instantaneous earth fault overcurrent elements

I n
Ve =7f(RCT+2RL+Rp+Rn)

18.1.2 NON-DIRECTIONAL ELEMENTS

Time-delayed phase overcurrent elements

]L'
Ve = 2p (Rer +R.+R)

Time-delayed earth fault overcurrent elements

['n
Vi = 2‘ (RCT+2RL+RP+Rn)

Instantaneous phase overcurrent elements

Vi =15P(RCT +R, +Rp)

Instantaneous earth fault overcurrent elements

Ve=1_,(R.;+2R, +R, +R))

18.2 SEF PROTECTION (RESIDUALLY CONNECTED)

18.2.1 DIRECTIONAL ELEMENTS

Time delayed SEF protection

1
Vi Zf(RCT+2RL +R, + Rn)

Instantaneous SEF protection

I
2 (Rer +2R, + R, + Rn)

VK22

18.2.2 NON-DIRECTIONAL ELEMENTS

Time delayed SEF protection

1

Vi 2 2”’ (Re; +2R, + R, + Rn)
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Instantaneous SEF protection

1
2"’ (Rer +2R, + R, + Rn)

V>

18.3 SEF PROTECTION (CORE-BALANCED CT)

18.3.1 DIRECTIONAL ELEMENTS

Instantaneous element

~

Ve >—L(R. +2R, + Rn)

2

Note:
Ensure that the phase error of the applied core balance current transformer is less than 90 minutes at 10% of rated
current and less than 150 minutes at 1% of rated current.

18.3.2 NON-DIRECTIONAL ELEMENTS

Time delayed element

I
2”’ (R.; +2R, + Rn)

Ve 2

Instantaneous element

Ve21_ (R +2R, +Rn)

Note:
Ensure that the phase error of the applied core balance current transformer is less than 90 minutes at 10% of rated
current and less than 150 minutes at 1% of rated current.

18.4 LOW IMPEDANCE REF PROTECTION
For X/R < 40 and Iz < 151,

V, 2241 (R., +2R,)

For 40 < X/R <120 and 151}, < If < 401,

V, 2481 (R., +2R,)

P14D-B/G/L/Z-TM-EN-1 207



Chapter 5 - Current Protection Functions P14D

Note:
Class x or Class 5P CTs should be used for low impedance REF applications.

18.5 HIGH IMPEDANCE REF PROTECTION

The high impedance REF element will maintain stability for through-faults and operate in less than 40ms for
internal faults, provided the following equations are met:

I, (R +2R))
Rst =
]S
V, >4l R,

Note:
Class x CTs should be used for high impedance REF applications.

18.6 USE OF ANSI C-CLASS CTS

Where American/IEEE standards are used to specify CTs, the C class voltage rating can be used to
determine the equivalent knee point voltage according to IEC. The equivalence formula is:

Ve =1.05(C rating involts) +100R .,
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Chapter 6 - Voltage & Frequency Protection Functions

1 CHAPTER OVERVIEW

The P14D provides a wide range of voltage and frequency protection functions. This chapter describes the

operation of these functions including the principles, logic diagrams and applications.

This chapter contains the following sections:

Chapter Overview

Undervoltage Protection

Overvoltage Protection

Rate of Change of Voltage Protection
Residual Overvoltage Protection

Negative Sequence Overvoltage Protection
Frequency Protection Overview
Underfrequency Protection

Overfrequency Protection

Independent R.O.C.O.F Protection
Frequency-supervised R.O.C.O.F Protection
Average Rate of Change of Frequency Protection
Load Shedding and Restoration

Frequency Protection DDB signals
Frequency Protection Settings

Frequency Statistics

211
212
218
223
229
234
236
237
239
241
244
247
250
255
260
273
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2 UNDERVOLTAGE PROTECTION

Undervoltage conditions may occur on a power system for a variety of reasons, some of which are outlined
below:

e Undervoltage conditions can be related to increased loads, whereby the supply voltage will decrease
in magnitude. This situation would normally be rectified by voltage regulating equipment such as AVRs
(Auto Voltage Regulators) or On Load Tap Changers. However, failure of this equipment to bring the
system voltage back within permitted limits leaves the system with an undervoltage condition, which
must be cleared.

e |[f the regulating equipment is unsuccessful in restoring healthy system voltage, however, then tripping
by means of an undervoltage element is required.

e Faults occurring on the power system result in a reduction in voltage of the faulty phases. The
proportion by which the voltage decreases is dependent on the type of fault, method of system
earthing and its location. Consequently, co-ordination with other voltage and current-based protection
devices is essential in order to achieve correct discrimination.

e Complete loss of busbar voltage. This may occur due to fault conditions present on the incomer or
busbar itself, resulting in total isolation of the incoming power supply. For this condition, it may be
necessary to isolate each of the outgoing circuits, such that when supply voltage is restored, the load
is not connected. Therefore, the automatic tripping of a feeder on detection of complete loss of voltage
may be required. This can be achieved by a three-phase undervoltage element.

e Where outgoing feeders from a busbar are supplying induction motor loads, excessive dips in the
supply may cause the connected motors to stall, and should be tripped for voltage reductions that last
longer than a pre-determined time.

21 UNDERVOLTAGE PROTECTION IMPLEMENTATION

Undervoltage Protection is implemented in the VOLT PROTECTION column of the relevant settings group.
The Undervoltage parameters are contained within the sub-heading UNDERVOLTAGE.

The product provides three stages of Undervoltage protection with independent time delay characteristics.
Stages 1 and 3 provide a choice of operate characteristics, where you can select between:

e An IDMT characteristic

e DT (Definite Time)
You set this using the V<1 Function and V<3 Function cells depending on the stage.
The IDMT characteristic is defined by the following formula:

t=K/(M-1)

where:

e K= Time multiplier setting

e t = Operating time in seconds

e M = Measured voltage / IED setting voltage (V< Voltage Set)
The undervoltage stages can be configured either as phase-to-neutral or phase-to-phase voltages in the
V< Measure't mode cell.
There is no Timer Hold facility for Undervoltage.
Stage 2 can have definite time characteristics only. This is set in the V<2 status cell.

Three stages are included in order to provide multiple output types, such as alarm and trip stages.
Alternatively, different time settings may be required depending upon the severity of the voltage dip. For
example, motor loads will be able to cope with a small voltage dip for a longer time than a major one.
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Outputs are available for single or three-phase conditions via the V<Operate Mode cell for each stage.

2.2 UNDERVOLTAGE PROTECTION LOGIC

V<(n) Start A/AB

V< Measure't Mode
—VA

——VAB—> < IDMT/DT
& & — V<(n) Trip A/AB
V<(n) Voltage Set —q <(n) Trip

V<(n) Start B/BC

V
——VBC—p < IDMT/DT

& & — V<(n) Trip B/BC
V<(n) Voltage Set . <(n) Trip
—(
V< Measure't Mode

V< Measure't Mode

!

V<(n) Start C/CA
—V

< IDMT/DT,
V<(n) Trip C/CA
V<(n) Voltage Set H:%ﬁ & <(n) Tip
All Poles Dead '
V<(n) Poledead Inh =
Enabled

VTS Fast Block

V<(n) Timer Block

V<(n) Start

1 V<(n) Trip

1
&
1
&

N
n
o
|

V< Operate mode
Any Phase
Three Phase

Key:

Energising Quanitity ——————»  AND gate
External DDB Signal <:>

Setting cell |:| OR gate
Setting value |:|

Switch
Comparator for undervalues &

V00803

Figure 68: Undervoltage - single and three phase tripping mode (single stage)

The Undervoltage protection function detects when the voltage magnitude for a certain stage falls short of a
set threshold. If this happens a Start signal, signifying the "Start of protection”, is produced. This Start signal
can be blocked by the VTS Fast Block signal and an All Poles Dead signal. This Start signal is applied to
the timer module to produce the Trip signal, which can be blocked by the undervoltage timer block signal
(V<(n) Timer Block). For each stage, there are three Phase undervoltage detection modules, one for each
phase. The three Start signals from each of these phases are OR'd together to create a 3-phase Start signal
(V<(n) Start), which can be be activated when any of the three phases start (Any Phase), or when all three
phases start (Three Phase), depending on the chosen V<Operate Mode setting.

The outputs of the timer modules are the trip signals which are used to drive the tripping output relay. These
tripping signals are also OR'd together to create a 3-phase Trip signal, which are also controlled by the
V<Operate Mode setting.

If any one of the above signals is low, or goes low before the timer has counted out, the timer module is
inhibited (effectively reset) until the blocking signal goes high.
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In some cases, we do not want the undervoltage element to trip; for example, when the protected feeder is
de-energised, or the circuit breaker is opened, an undervoltage condition would obviously be detected, but
we would not want to start protection. To cater for this, an "All Poles Dead" signal is blocks the Start signal
for each phase. This is controlled by the V<Poledead Inh cell, which is included for each of the stages. If the
cell is enabled, the relevant stage will be blocked by the integrated pole dead logic. This logic produces an
output when it detects either an open circuit breaker via auxiliary contacts feeding the opto-inputs or it
detects a combination of both undercurrent and undervoltage on any one phase.

23 UNDERVOLTAGE DDB SIGNALS

Ordinal ‘ Signal Name ‘ Source ‘ Type ‘ Response

Description

222 ‘V<1 Timer Block ‘ Programmable Scheme Logic ‘ PSL Output ‘ No response
This DDB signal blocks the first stage Phase Undervoltage time delay
223 ‘V<2 Timer Block ‘ Programmable Scheme Logic ‘ PSL Output ‘ No response
This DDB signal blocks the second stage Phase Undervoltage time delay
278 ‘V<1 Trip ‘Software ‘PSL Input ‘Protection event
This DDB signal is the first stage three-phase or any-phase Undervoltage trip signal
279 ‘V<1 Trip A/AB ‘Software ‘ PSL Input ‘Protection event
This DDB signal is the first stage A-phase Undervoltage trip signal
280 ‘V<1 Trip B/BC ‘Software ‘ PSL Input ‘Protection event
This DDB signal is the first stage B-phase Undervoltage trip signal
281 ‘V<1 Trip C/CA ‘Software ‘ PSL Input ‘Protection event
This DDB signal is the first stage C-phase Undervoltage trip signal
282 ‘V<2 Trip ‘ Software ‘ PSL Input ‘ Protection event
This DDB signal is the second stage three-phase or any-phase Undervoltage trip signal
283 ‘V<2 Trip A/AB ‘ Software ‘ PSL Input ‘ Protection event
This DDB signal is the second stage A-phase Undervoltage trip signal
284 V<2 Trip B/BC ‘Software PSL Input Protection event
This DDB signal is the second stage B-phase Undervoltage trip signal
285 V<2 Trip CICA ‘Software PSL Input Protection event
This DDB signal is the second stage C-phase Undervoltage trip signal
331 ‘V<1 Start ‘Software ‘ PSL Input ‘Protection event
This DDB signal is the first stage three-phase or any-phase Undervoltage start signal
332 V<1 Start AIAB ‘Software PSL Input Protection event
This DDB signal is the first stage A-phase Phase Undervoltage start signal
333 V<1 Start BIBC ‘Software PSL Input Protection event
This DDB signal is the first stage B-phase Phase Undervoltage start signal
334 ‘V<1 Start C/CA ‘Software ‘ PSL Input ‘Protection event
This DDB signal is the first stage C-phase Phase Undervoltage start signal
335 ‘V<2 Start ‘ Software ‘ PSL Input ‘ Protection event
This DDB signal is the second stage three-phase or any-phase Undervoltage start signal
336 ‘V<2 Start A/AB ‘ Software ‘ PSL Input ‘ Protection event
This DDB signal is the second stage A-phase Phase Undervoltage start signal
337 ‘V<2 Start BIBC ‘ Software ‘ PSL Input ‘ Protection event
This DDB signal is the second stage B-phase Phase Undervoltage start signal
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Ordinal ‘ Signal Name ‘ Source ‘ Type

‘ Response

Description

338 ‘V<2 Start C/CA ‘ Software ‘ PSL Input ‘ Protection event
This DDB signal is the second stage C-phase Phase Undervoltage start signal

350 ‘VTS Fast Block ‘Software ‘ PSL Input ‘No response
This DDB signal is an instantaneously blocking output from the VTS which can block other functions

380 ‘AII Poles Dead ‘ Software ‘ PSL Input ‘ No response
This DDB signal indicates that all poles are dead (not all models)

608 ‘V<3 Start ‘ Software ‘ PSL Input ‘ Protection event
This DDB signal is the third stage three-phase or any-phase Phase Undervoltage start signal

609 ‘V<3 Start A/AB ‘ Software ‘ PSL Input ‘ Protection event
This DDB signal is the third stage A-phase Phase Undervoltage start signal

610 V<3 Start B/BC ‘Software PSL Input Protection event
This DDB signal is the third stage B-phase Phase Undervoltage start signal

611 V<3 Start C/CA ‘Software 'PSL Input Protection event
This DDB signal is the third stage C-phase Phase Undervoltage start signal

612 ‘V<3 Trip ‘ Software ‘ PSL Input ‘ Protection event
This DDB signal is the first stage three-phase or any-phase Phase Undervoltage trip signal

613 ‘V<3 Trip A/AB ‘ Software ‘ PSL Input ‘ Protection event
This DDB signal is the first stage A-phase Phase Undervoltage trip signal

614 ‘V<3 Trip B/BC ‘Software ‘ PSL Input ‘Protection event
This DDB signal is the first stage B-phase Phase Undervoltage trip signal

615 ‘V<3 Trip C/CA ‘ Software ‘ PSL Input ‘ Protection event
This DDB signal is the first stage C-phase Phase Undervoltage trip signal

624 ‘V<3 Timer Block ‘ Programmable Scheme Logic ‘ PSL Output ‘ No response

This DDB signal blocks the third stage Phase Undervoltage time delay

24 UNDERVOLTAGE SETTINGS
Menu Text ‘ Col ‘ Row ‘ Default Setting Available Options
Description
GROUP 1
voLTPROTECTION 42 | @0
This column contains settings for Voltage protection
UNDER VOLTAGE 20

The settings under this sub-heading relate to Undervoltage

V< Measur't Mode 42 02 Phase-Phase

0=Phase-Phase
1=Phase-Neutral

This set determines the voltage input mode - phase-to-phase or phase-to-neutral.

V< Operate Mode 42 03 Any Phase

0=Any Phase
1=Three Phase

This setting determines whether any one of the phases or all three of the phases has to satisfy the undervoltage criteria before a decision is made.
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Menu Text \ Col \ Row \ Default Setting Available Options
Description
0 = Disabled,
1=DT,
2 = |DMT,
V<1 Function 42 04 DT 3= User Curve 1,

4= User Curve 2,
5= User Curve 3,
6= User Curve 4

This setting determines the tripping characteristic for the first stage undervoltage element.

V<1 Voltage Set \42 \05 \80 \ From 10*V1 to 120*V1 step 1*V1
This setting sets the pick-up threshold for the first stage undervoltage element.

V<1 Time Delay \42 \ 06 \ 10 \ From Os to 100s step 0.01s

This setting sets the DT time delay for the first stage undervoltage element.

V<1 TMS \42 \ 07 \ 1 \ From 0.5 to 100 step 0.5

This is the Time Multiplier Setting to adjust the operate time of IEC IDMT curves.

V<1 Poledead Inh 42 08 |Enabled 0= Disabled or 1 = Enabled
This setting enables or disables the Pole Dead inhibit logic (not all models)

V<2 Status 42 09 |Disabled 0= Disabled or 1 = Enabled

This setting enables or disables the second stage undervoltage element. There is no choice of curves because this stage is DT only.

V<2 Voltage Set 2 o 60 (From 10°V1 to 120°V1 step 1°V1
This setting sets the pick-up threshold for the second stage undervoltage element.

V<2 Time Delay ‘42 ‘ 0B ‘5 ‘ From Os to 100s step 0.01s

This setting sets the DT time delay for the second stage undervoltage element.

V<2 Poledead Inh 42 0C |Enabled 0= Disabled or 1 = Enabled

This setting enables or disables the Pole Dead inhibit logic.

V<3 Function 42 0D

0 = Disabled,
1=DT,

2 =|DMT,
3=User Curve 1,
4= User Curve 2,
5= User Curve 3,
6= User Curve 4

This setting determines the tripping characteristic for the third stage undervoltage element.

V<3 Voltage Set \42 \OE \ \ From 10*V1 to 120"V1 step 1*V1
This setting sets the pick-up threshold for the third stage undervoltage element.

V<3 Time Delay \42 \ OF \ \ From Os to 100s step 0.01s

This setting sets the DT time delay for the third stage undervoltage element.

V<3 TMS \42 \ 10 \ \ From 0.5 to 100 step 0.5

This is the Time Multiplier Setting to adjust the operate time of [IEC IDMT curves.

V<3 Poledead Inh 2 1 0= Disabled or 1 = Enabled

This setting enables or disables the Pole Dead inhibit logic.
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2.5 APPLICATION NOTES

2.51 UNDERVOLTAGE SETING GUIDELINES

In most applications, undervoltage protection is not required to operate during system earth fault conditions.
If this is the case you should select phase-to-phase voltage measurement, as this quantity is less affected by
single-phase voltage dips due to earth faults.

The voltage threshold setting for the undervoltage protection should be set at some value below the voltage
excursions that may be expected under normal system operating conditions. This threshold is dependent on
the system in question but typical healthy system voltage excursions may be in the order of 10% of nominal
value.

The same applies to the time setting. The required time delay is dependent on the time for which the system
is able to withstand a reduced voltage.

If motor loads are connected, then a typical time setting may be in the order of 0.5 seconds.
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3 OVERVOLTAGE PROTECTION

Overvoltage conditions are generally related to loss of load conditions, whereby the supply voltage increases
in magnitude. This situation would normally be rectified by voltage regulating equipment such as AVRs (Auto
Voltage Regulators) or On Load Tap Changers. However, failure of this equipment to bring the system
voltage back within permitted limits leaves the system with an overvoltage condition which must be cleared.

Note:
During earth fault conditions on a power system there may be an increase in the healthy phase voltages. Ideally, the
system should be designed to withstand such overvoltages for a defined period of time.

3.1 OVERVOLTAGE PROTECTION IMPLEMENTATION

Overvoltage Protection is implemented in the VOLT PROTECTION column of the relevant settings group.
The Overvoltage parameters are contained within the sub-heading OVERVOLTAGE.

The product provides three stages of overvoltage protection with independent time delay characteristics.
Stages 1 and 3 provide a choice of operate characteristics, where you can select between:

e An IDMT characteristic

e DT (Definite Time)
You set this using the V>1 Function and V>3 Function cells depending on the stage.
The IDMT characteristic is defined by the following formula:

t=K/(M-1)

where:

e K = Time multiplier setting
e t = Operating time in seconds
e M = Measured voltage setting voltage (V> Voltage Set)

The overvoltage stages can be configured either as phase-to-neutral or phase-to-phase voltages in the
V> Measure't mode cell.

There is no Timer Hold facility for Overvoltage.
Stage 2 can have definite time characteristics only. This is set in the V>2 status cell.

Three stages are included in order to provide multiple output types, such as alarm and trip stages.
Alternatively, different time settings may be required depending upon the severity of the voltage increase.

Outputs are available for single or three-phase conditions via the V>Operate Mode cell for each stage.
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3.2 OVERVOLTAGE PROTECTION LOGIC

V> Measure’'t Mode V>(n) Start A/AB
—VA

——VAB—p

> IDMT/DT
& & — V>(n) Trip A/AB

V>(n) Voltage Set

!
)

V>(n) Start B/BC

V> Measure't Mode

V
——VBC—p > IDMT/DT
& & V>(n) Trip B/BC

V>(n) Voltage Set L -
V> Measure't Mode

——VCA—pA~ IDMT/DT
V>(n) Trip CICA
V>(n) Voltage Set & & >(n) Trip

V>(n) Start

V>(n) Start C/CA

VTS Fast Block

V/>(n) Timer Block

1 V>(n) Trip

1
&
1
&

n
N
o
s

V> Operate mode
Any Phase
Three Phase

Key:

Energising Quanitity ——————»  AND gate
External DDB Signal <:>

Setting cell |:| OR gate
Setting value |:|

Switch
Comparator for overvalues &

V00804

Figure 69: Overvoltage - single and three phase tripping mode (single stage)

The Overvoltage protection function detects when the voltage magnitude for a certain stage exceeds a set
threshold. If this happens a Start signal, signifying the "Start of protection”, is produced. This Start signal can
be blocked by the VTS Fast Block signal. This Start signal is applied to the timer module to produce the
Trip signal, which can be blocked by the overvoltage timer block signal (V>(n) Timer Block). For each
stage, there are three Phase overvoltage detection modules, one for each phase. The three Start signals
from each of these phases are OR'd together to create a 3-phase Start signal (V>(n) Start), which can be be
activated when any of the three phases start (Any Phase), or when all three phases start (Three Phase),
depending on the chosen V>Operate Mode setting.

The outputs of the timer modules are the trip signals which are used to drive the tripping output relay. These
tripping signals are also OR'd together to create a 3-phase Trip signal, which are also controlled by the
V>Operate Mode setting.

If any one of the above signals is low, or goes low before the timer has counted out, the timer module is
inhibited (effectively reset) until the blocking signal goes high.
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3.3 OVERVOLTAGE DDB SIGNALS

Ordinal ‘ Signal Name ‘ Source ‘ Type ‘ Response

Description

222 ‘V<1 Timer Block ‘ Programmable Scheme Logic ‘ PSL Output ‘ No response
This DDB signal blocks the first stage Phase Undervoltage time delay
223 ‘V<2 Timer Block ‘ Programmable Scheme Logic ‘ PSL Output ‘ No response
This DDB signal blocks the second stage Phase Undervoltage time delay
286 ‘V>1 Trip ‘Software ‘ PSL Input ‘ Protection event
This DDB signal is the first stage three-phase or any-phase Overvoltage trip signal
287 ‘V>1 Trip A/AB ‘Software ‘ PSL Input ‘ Protection event
This DDB signal is the first stage A-phase Overvoltage trip signal
288 ‘V>1 Trip B/BC ‘Software ‘ PSL Input ‘ Protection event
This DDB signal is the first stage B-phase Overvoltage trip signal
289 ‘V>1 Trip C/CA ‘Software ‘ PSL Input ‘ Protection event
This DDB signal is the first stage C-phase Overvoltage trip signal
290 ‘V>2 Trip ‘ Software ‘ PSL Input ‘ Protection event
This DDB signal is the second stage three-phase or any-phase Overvoltage trip signal
291 ‘V>2 Trip A/AB ‘ Software ‘ PSL Input ‘ Protection event
This DDB signal is the second stage A-phase Overvoltage trip signal
292 V>2 Trip B/BC ‘Software PSL Input Protection event
This DDB signal is the second stage B-phase Overvoltage trip signal
293 V>2 Trip CICA ‘Software PSL Input Protection event
This DDB signal is the second stage C-phase Overvoltage trip signal
339 ‘V>1 Start ‘ Software ‘ PSL Input ‘ Protection event
This DDB signal is the first stage three-phase or any-phase Overvoltage start signal
340 V>1 Start AIAB ‘Software PSL Input Protection event
This DDB signal is the first stage A-phase Phase Overvoltage start signal
341 V>1 Start BIBC ‘Software PSL Input Protection event
This DDB signal is the first stage B-phase Phase Overvoltage start signal
342 ‘V>1 Start C/CA ‘Software ‘ PSL Input ‘ Protection event
This DDB signal is the first stage C-phase Phase Overvoltage start signal
343 ‘V>2 Start ‘ Software ‘ PSL Input ‘ Protection event
This DDB signal is the second stage three-phase or any-phase Overvoltage start signal
344 ‘V>2 Start A/AB ‘ Software ‘ PSL Input ‘ Protection event
This DDB signal is the second stage A-phase Phase Overvoltage start signal
345 ‘V>2 Start BIBC ‘ Software ‘ PSL Input ‘ Protection event
This DDB signal is the second stage B-phase Phase Overvoltage start signal
346 ‘V>2 Start C/CA ‘ Software ‘ PSL Input ‘ Protection event
This DDB signal is the second stage C-phase Phase Overvoltage start signal
350 ‘VTS Fast Block ‘Software ‘ PSL Input ‘ No response
This DDB signal is an instantaneously blocking output from the VTS which can block other functions
380 ‘AII Poles Dead ‘ Software ‘ PSL Input ‘ No response
This DDB signal indicates that all poles are dead
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Ordinal ‘ Signal Name ‘ Source ‘ Type ‘ Response
Description

616 ‘V>3 Start ‘ Software ‘ PSL Input ‘ Protection event
This DDB signal is the third stage three-phase or any-phase Phase Overvoltage start signal
617 ‘V>3 Start A/AB ‘ Software ‘ PSL Input ‘ Protection event
This DDB signal is the third stage A-phase Phase Overvoltage start signal
618 ‘V>3 Start B/BC ‘Software ‘ PSL Input ‘ Protection event
This DDB signal is the third stage B-phase Phase Overvoltage start signal
619 V>3 Start CICA ‘Software PSL Input Protection event
This DDB signal is the third stage C-phase Phase Overvoltage start signal
620 ‘V>3 Trip ‘ Software ‘ PSL Input ‘ Protection event
This DDB signal is the first stage three-phase or any-phase Phase Overvoltage trip signal
621 V>3 Trip AIAB ‘Software PSL Input Protection event
This DDB signal is the first stage A-phase Phase Overvoltage trip signal
622 V>3 Trip B/BC ‘Software PSL Input Protection event
This DDB signal is the first stage B-phase Phase Overvoltage trip signal
623 \v>3 Trip CICA \ Software \ PSL Input \ Protection event

This DDB signal is the first stage C-phase Phase Overvoltage trip signal

625 ‘V>3 Timer Block ‘ Programmable Scheme Logic ‘ PSL Output ‘ No response

This DDB signal blocks the third stage Phase Overvoltage time delay

3.4 OVERVOLTAGE SETTINGS
Menu Text ‘ Col ‘ Row ‘ Default Setting Available Options
Description
GROUP 1
VOLT PROTECTION 42 00
This column contains settings for Voltage protection
OVERVOLTAGE 2 12

The settings under this sub-heading relate to Overvoltage

0=Phase-Phase

V> Measur't Mode 42 13 Phase-Phase 1=Phase-Neutral

This set determines the voltage input mode - phase-to-phase or phase-to-neutral.

0=Any Phase
1=Three Phase

This setting determines whether any one of the phases or all three of the phases has to satisfy the overvoltage criteria before a decision is made.

0 = Disabled,
1=DT,

2 =|DMT,

V>1 Function 42 15 DT 3= User Curve 1,
4= User Curve 2,
5= User Curve 3,
6= User Curve 4

V/> Operate Mode 42 14 Any Phase

This setting determines the tripping characteristic for the first stage overvoltage element.

V>1 Voltage Set \42 \ 16 \ 130 \ From 40*V1 to 185*V1 step 1*V1
This setting sets the pick-up threshold for the first stage overvoltage element.
V>1 Time Delay \42 \ 17 \ 10 \ From Os to 100s step 0.01s
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Menu Text  Col Row Default Setting

\ Available Options

Description

This setting sets the DT time delay for the first stage overvoltage element.

V>1TMS \42 \ 18 \ 1 \ From 0.5 to 100 step 0.5
This is the Time Multiplier Setting to adjust the operate time of IEC IDMT curves.
V>2 Status 42 19 |Disabled 0= Disabled or 1 = Enabled

This setting enables or disables the second stage overvoltage element. There is no choice of curves because this stage is DT only.

V>3 Function 42 1C DT

V>2 Voltage Set 2 1A 150 (From 40°V1 to 185°V1 step 1°V1
This setting sets the pick-up threshold for the second stage overvoltage element.
V>2 Time Delay 42 1B 05 'From Os to 100s step 0.01s
This setting sets the DT time delay for the second stage overvoltage element.
0 = Disabled,
1=DT,
2 =|DMT,

3=User Curve 1,
4= User Curve 2,
5= User Curve 3,
6= User Curve 4

This setting determines the tripping characteristic for the third stage overvoltage element.

V>3 Voltage Set 2 1D 130 (From 40°V1 to 185°V1 step 1°V1
This setting sets the pick-up threshold for the third stage overvoltage element.

V>3 Time Delay 2 E 10 'From Os to 100s step 0.01s

This setting sets the DT time delay for the third stage overvoltage element.

V>3 TMS 2 F From 0.5 to 100 step 0.5

This is the Time Multiplier Setting to adjust the operate time of IEC IDMT curves.

3.5 APPLICATION NOTES

3.5.1 OVERVOLTAGE SETTING GUIDELINES

The provision of the two stages and their respective operateing characteristics allows for a number of

possible applications:

e Definite Time can be used for both stages to provide the required alarm and trip stages

e Use of the IDMT characteristic allows grading of the time delay according to the severity of the
overvoltage. As the voltage settings for both of the stages are independent, the second stage could
then be set lower than the first to provide a time-delayed alarm stage.

e [f only one stage of overvoltage protection is required, or if the element is required to provide an alarm

only, the remaining stage may be disabled.

This type of protection must be co-ordinated with any other overvoltage devices at other locations on the

system.
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4 RATE OF CHANGE OF VOLTAGE PROTECTION

Where there are very large loads, imbalances may occur, which could result in rapid decline in system
voltage. The situation could be so bad that shedding one or two stages of load would be unlikely to stop this
rapid voltage decline. In such a situation, standard undervoltage protection will normally have to be
supplemented with protection that responds to the rate of change of voltage. An element is therefore
required, which identifies the high rate of decline of voltage and adapts the load shedding scheme
accordingly.

Such protection can identify voltage variations occurring close to nominal voltage thereby providing early
warning of a developing voltage problem. The element can also be used as an alarm to warn operators of
unusually high system voltage variations.

Rate of Change of Voltage protection is also known as dv/dt protection.

4.1 RATE OF CHANGE OF VOLTAGE PROTECTION IMPLEMENTATION

The dv/dt protection functions can be found in the the VOLT PROTECTION column under the sub-heading
dv/dt PROTECTION. The dv/dt protection consists of four independent stages, which can be configured as
either 'phase-to-phase’ or 'phase-to-neutral’ using the dv/dt Meas mode cell.
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4.2 RATE OF CHANGE OF VOLTAGE LOGIC
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Figure 70: Rate of Change of Voltage protection logic

The dv/dt logic works by differentiating the RMS value of each phase voltage input, which can be with
respect to neutral, or respect to another phase depending on the selected measurement mode. This
differentiated value is then averaged over a number of cycles, determined by the setting dv/dt(n)AvgCycles
and comparing this with a threshold (dv/dt(n)Threshold) in both the positive and negative directions. A start
signal is produced depending on the selected direction (positive, negative or both), set by the setting dv/
dt(n)Function, which can also disable the function on a per stage basis. Each stage can also be blocked by
the DDB signal dvV/dt(n)Blocking. The trip signal is produced by passing the Start signal through a DT
timer.
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The function also produces three-phase Start and Trip signals, which can be set to 'Any Phase' (where any
of the phases can trigger the start) or 'Three Phase' (where all three phases are required to trigger the start).
The averaging buffer is reset either when the stage is disabled or no frequency is found (Freq Not Found
DDB signal).

4.3 DV/DT DDB SIGNALS

Ordinal ‘ Signal Name ‘ Source ‘ Type ‘ Response

Description

411 ‘ Freq Not Found ‘Software ‘ PSL Input ‘ No response
This DDB signal indicates that no frequency has been found

545 ‘dv/dt1 StartA/AB ‘Software ‘PSL Input ‘Protection event
This DDB signal is the first stage dv/dt start signal for phase A-N or A-B
546 ‘dv/dt1 StartB/BC ‘Software ‘PSL Input ‘Protection event
This DDB signal is the first stage dv/dt start signal for phase B-N or B-C
547 ‘dv/dﬂ StartC/CA ‘Software ‘PSL Input ‘Protection event
This DDB signal is the first stage dv/dt start signal for phase C-N or C-A
548 ‘dv/dt1 Start ‘Software ‘PSL Input ‘Protection event
This DDB signal is the first stage dv/dt start signal for any phase or three-phase (select with setting).
549 ‘dv/dt2 StartA/AB ‘Software ‘ PSL Input ‘ Protection event
This DDB signal is the second stage dv/dt start signal for phase A-N or A-B
550 ‘dv/dt2 StartB/BC ‘ Software ‘ PSL Input ‘ Protection event
This DDB signal is the second stage dv/dt start signal for phase B-N or B-C
551 ‘dv/dt2 StartC/CA ‘ Software ‘ PSL Input ‘ Protection event
This DDB signal is the second stage dv/dt start signal for phase C-N or C-A
552 ‘dv/dtZ Start ‘Software ‘ PSL Input ‘ Protection event
This DDB signal is the second stage dv/dt start signal for any phase or three-phase (select with setting).
553 ‘dv/dt1 Trip A/AB ‘Software ‘ PSL Input ‘ Protection event
This DDB signal is the first stage dv/dt trip signal for phase A-N or A-B
554 \dv/dn Trip B/BC ‘Software \ PSL Input \ Protection event
This DDB signal is the first stage dv/dt trip signal for phase B-N or B-C
555 dvidt1 Trip CICA ‘Software PSL Input Protection event
This DDB signal is the first stage dv/dt trip signal for phase C-N or C-A
556 ‘dv/dt1 Trip ‘Software ‘ PSL Input ‘ Protection event
This DDB signal is the first stage dv/dt trip signal for any phase or three-phase (select with setting).
557 ‘dv/dtZ Trip A/AB ‘Software ‘ PSL Input ‘ Protection event
This DDB signal is the second stage dv/dt trip signal for phase A-N or A-B
558 ‘dv/dt2 Trip B/BC ‘Software ‘ PSL Input ‘ Protection event
This DDB signal is the second stage dv/dt trip signal for phase B-N or B-C
559 ‘dv/dt2 Trip C/CA ‘Software ‘ PSL Input ‘ Protection event
This DDB signal is the second stage dv/dt trip signal for phase C-N or C-A
560 ‘dv/dt2 Trip ‘Software ‘ PSL Input ‘ Protection event
This DDB signal is the second stage dv/dt trip signal for any phase or three-phase (select with setting).
561 ‘dv/dt1 Blocking ‘Programmable Scheme Logic ‘ PSL Output ‘ Protection event
This DDB signal blocks the first stage dv/dt protection.
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Ordinal‘ Signal Name ‘ Source ‘ Type ‘ Response

Description

562 ‘dv/dt2 Blocking ‘Programmable Scheme Logic ‘ PSL Output ‘ Protection event

This DDB signal blocks the second stage dv/dt protection.

4.4 DV/DT SETTINGS
Menu Text ‘ Col ‘ Row ‘ Default Setting Available Options
Description
GROUP 1
voLTprotEcTION 4200
This column contains settings for Voltage protection
dvidt PROTECTION 20

The settings under this sub-heading relate to rate of change of voltage

0=Phase-Phase

dv/dt Meas Mode 42 21 Phase-Phase 1=Phase-Neutral

This set determines the voltage input mode - phase-to-phase or phase-to-neutral.

0=Disabled
1=Negative
2=Positive
3=Both

This setting determines the tripping direction for the first stage of dv/dt element - either disabled, for a rising voltage (positive), or a falling voltage
(negative).

dv/dt1 Function 42 22 Disabled

0=Disabled
1=Negative
2=Positive
3=Both

This setting determines the tripping direction for the first stage of dv/dt element - either disabled, for a rising voltage (positive), or a falling voltage
(negative).

dv/dt1 Function 42 22 Disabled

0=Any Phase
1=Three Phase

This setting determines whether any one of the phases or all three of the phases has to satisfy the dv/dt criteria before a decision is made.

dv/dt1 Oper Mode 42 23 Any Phase

dv/dtt AvgCycles \42 \ 2% \ 10 \ From 5 to 50 step 1
This setting sets the number of averaging cycles for the first stage dv/dt element.
dvidt1 Threshold 2 5 10 |From 0.5 V/s to 200 Vis step 0.5 Vs
This setting sets the voltage threshold for the first stage dv/dt element.
dv/dtt TimeDelay \42 \ 2 \0.5 \ From Os to 100s step 0.01s
This setting sets the DT time delay for the first stage dv/dt element.
dvidtt tRESET 2 o o ‘From Os to 100s step 0.01s
This setting determines the Reset time for the Definite Time Reset characteristic

0=Disabled
dvidt2 Function 42 28 Disabled ;:ggg;t‘l‘f

3=Both

This setting determines the tripping direction for the second stage of dv/dt element - either disabled, for a rising voltage (positive), or a falling
voltage (negative).

0=Disabled
1=Negative
2=Positive
3=Both

dv/dt2 Function 42 28 Disabled
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Menu Text \ Col \ Row \ Default Setting Available Options

Description

This setting determines the tripping direction for the second stage of dv/dt element - either disabled, for a rising voltage (positive), or a falling
voltage (negative).

0=Any Phase

dv/dt2 Oper Mode 42 29 Any Phase 1=Three Phase

This setting determines whether any one of the phases or all three of the phases has to satisfy the dv/dt criteria before a decision is made.

dvidt2 AvgCycles 2 A 5 (From 50 50 step 1
This setting sets the number of averaging cycles for the second stage dv/dt element.
dv/dt2 Threshold \42 \ 2B \50 \ From 0.5 /s to 200 V/s step 0.5 Vis
This setting sets the voltage threshold for the second stage dv/dt element.
dv/dt2 TimeDelay \42 \ 2C \0.3 \ From Os to 100s step 0.01s
This setting sets the DT time delay for the second stage dv/dt element.
dv/dt2 tRESET \42 \ 2D \0.03 \ From Os to 100s step 0.01s
This setting determines the Reset time for the Definite Time Reset characteristic

0=Disabled
dvidt3 Function 42 26 Disabled ;:Egg;t‘l‘f

3=Both

This setting determines the tripping direction for the third stage of dv/dt element - either disabled, for a rising voltage (positive), or a falling voltage
(negative).

0=Disabled
1=Negative
2=Positive
3=Both

dv/dt3 Function 42 2E Disabled

This setting determines the tripping direction for the third stage of dv/dt element - either disabled, for a rising voltage (positive), or a falling voltage
(negative).

0=Any Phase

dv/dt3 Oper Mode 42 2F Any Phase 1=Three Phase

This setting determines whether any one of the phases or all three of the phases has to satisfy the dv/dt criteria before a decision is made.

dv/dt3 AvgCycles ‘42 ‘ 30 ‘ 10 ‘ From 5 to 50 step 1
This setting sets the number of averaging cycles for the third stage dv/dt element.
dv/dt3 Threshold \42 \ 31 \ 10 \ From 0.5 VV/s to 200 V/s step 0.5 Vis
This setting sets the voltage threshold for the third stage dv/dt element.
dv/dt3 TimeDelay \42 \ 32 \0.5 \ From Os to 100s step 0.01s
This setting sets the DT time delay for the third stage dv/dt element.
dv/dt3 tRESET \42 \ 33 \0.03 \ From Os to 100s step 0.01s
This setting determines the Reset time for the Definite Time Reset characteristic

0=Disabled
dvidia Function ©2 34 Disabled Jonegaive

3=Both

This setting determines the tripping direction for the fourth stage of dv/dt element - either disabled, for a rising voltage (positive), or a falling
voltage (negative).

0=Disabled
1=Negative
2=Positive
3=Both

dv/dt4 Function 42 34 Disabled

This setting determines the tripping direction for the fourth stage of dv/dt element - either disabled, for a rising voltage (positive), or a falling
voltage (negative).
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Menu Text ‘ Col ‘ Row ‘ Default Setting Available Options

Description

0=Any Phase

dv/dt4 Oper Mode 42 35 Any Phase 1=Three Phase

This setting determines whether any one of the phases or all three of the phases has to satisfy the dv/dt criteria before a decision is made.

dvidt4 AvgCycles 2 % |5 (From 50 50 step 1

This setting sets the number of averaging cycles for the fourth stage dv/dt element.

dv/dt4 Threshold \ 42 \ 37 \ 50 \ From 0.5 /s to 200 V/s step 0.5 Vis
This setting sets the voltage threshold for the fourth stage dv/dt element.

dvidt4 TimeDelay 42 8 (03 'From Os to 100s step 0.01s

This setting sets the DT time delay for the fourth stage dv/dt element.

dv/dt4 tRESET 42 39 003 'From Os to 100s step 0.01s

This setting determines the Reset time for the Definite Time Reset characteristic
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5 RESIDUAL OVERVOLTAGE PROTECTION

On a healthy three-phase power system, the sum of the three-phase to earth voltages is nominally zero, as it
is the vector sum of three balanced vectors displaced from each other by 120°. However, when an earth fault
occurs on the primary system, this balance is upset and a residual voltage is produced. This condition
causes a rise in the neutral voltage with respect to earth. Consequently this type of protection is also
commonly referred to as 'Neutral Voltage Displacement' or NVD for short.

This residual voltage may be derived (from the phase voltages) or measured (from a measurement class
open delta VT). Derived values will normally only be used where the model does not support measured
functionality (a dedicated measurement class VT). If a measurement class VT is used to produce a
measured Residual Voltage, it cannot be used for other features such as Check Synchronisation.

This offers an alternative means of earth fault detection, which does not require any measurement of current.
This may be particularly advantageous in high impedance earthed or insulated systems, where the provision
of core balanced current transformers on each feeder may be either impractical, or uneconomic, or for
providing earth fault protection for devices with no current transformers.

5.1 RESIDUAL OVERVOLTAGE PROTECTION IMPLEMENTATION

Residual Overvoltage Protection is implemented in the RESIDUAL O/V NVD column of the relevant settings
group.

Some applications require more than one stage. For example an insulated system may require an alarm
stage and a trip stage. It is common in such a case for the system to be designed to withstand the
associated healthy phase overvoltages for a number of hours following an earth fault. In such applications,
an alarm is generated soon after the condition is detected, which serves to indicate the presence of an earth
fault on the system. This gives time for system operators to locate and isolate the fault. The second stage of
the protection can issue a trip signal if the fault condition persists.

The product provides three stages of Residual Overvoltage protection with independent time delay
characteristics.

Stages 1 and 3 provide a choice of operate characteristics, where you can select between:
e An IDMT characteristic
e DT (Definite Time)
The IDMT characteristic is defined by the following formula:
t=K/(M-1)
where:

e K= Time multiplier setting
e t = Operating time in seconds
e M = Derived residual voltage setting voltage (VN> Voltage Set)

You set this using the VN>1 Function and VN>3 Function cells depending on the stage.
Stages 1 and 3 also provide a Timer Hold facility as described in Timer Hold facility (on page 88)
Stage 2 can have definite time characteristics only. This is set in the VN>2 status cell

The device derives the residual voltage internally from the three-phase voltage inputs supplied from either a
5-limb VT or three single-phase VTs. These types of VT design provide a path for the residual flux and
consequently permit the device to derive the required residual voltage. In addition, the primary star point of
the VT must be earthed. Three-limb VTs have no path for residual flux and are therefore unsuitable for this
type of protection.
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5.2 RESIDUAL OVERVOLTAGE LOGIC
VN>(n) Start
—VN— )
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VTS Fast Block
- Key:
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External DDB Signal :)
Comparator for overvalues &
V00802

Figure 71: Residual overvoltage logic

The Residual Overvoltage module (VN>) is a level detector that detects when the voltage magnitude
exceeds a set threshold, for each stage. When this happens, the comparator output produces a Start signal
(VN>(n) Start), which signifies the "Start of protection". This can be blocked by a VTS Fast block signal.
This Start signal is applied to the timer module. The output of the timer module is the VN> (n) Trip signal
which is used to drive the tripping output relay.

5.3 RESIDUAL OVERVOLTAGE DDB SIGNALS

Ordinal ‘ Signal Name ‘ Source ‘ Type ‘ Response

Description

220 ‘VN>1 Timer Blk ‘ Programmable Scheme Logic ‘ PSL Output ‘ No response
This DDB signal blocks the first stage Residual Overvoltage time delay

221 ‘VN>2 Timer Blk ‘ Programmable Scheme Logic ‘ PSL Output ‘ No response
This DDB signal blocks the second stage Residual Overvoltage time delay

274 ‘VN>1 Trip ‘Soﬂware ‘ PSL Input ‘Protection event
This DDB signal is the first stage Residual Overvoltage trip signal

275 ‘VN>2 Trip ‘ Software ‘ PSL Input ‘ Protection event
This DDB signal is the second stage Residual Overvoltage trip signal

327 ‘VN>1 Start ‘Soﬂware ‘ PSL Input ‘Protection event
This DDB signal is the first stage Residual Overvoltage start signal

328 ‘VN>2 Start ‘ Software ‘ PSL Input ‘ Protection event
This DDB signal is the second stage Residual Overvoltage start signal

350 ‘VTS Fast Block ‘Soﬂware ‘ PSL Input ‘No response
This DDB signal is an instantaneously blocking output from the VTS which can block other functions
605 ‘VN>3 Start ‘ Software ‘ PSL Input ‘ Protection event
This DDB signal is the third stage Residual Overvoltage start signal
606 ‘VN>3 Trip ‘ Software ‘ PSL Input ‘ Protection event

This DDB signal is the third stage Residual Overvoltage trip signal

607 ‘VN>3 Timer Blk ‘ Programmable Scheme Logic ‘ PSL Output ‘ No response

This DDB signal blocks the third stage Residual Overvoltage time delay
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54 RESIDUAL OVERVOLTAGE SETTINGS
Menu Text ‘ Col ‘ Row ‘ Default Setting ‘ Available Options
Description

SEgBEZ\L ovnpo B 00

This column contains settings for Residual Overvoltage (Neutral Voltage Displacement)

N Input \ 3B \01 \ Derived \ Not Settable

This cell indicates that VN Input is always derived from the 3 phase voltages

VN Input ‘ 3B ‘01 ‘ Measured ‘ Not Settable

This cell indicates that VN Input is always measured
0 = Disabled
1=DT
2=IDMT

VN>1 Function 3B 02 DT 3= User Curve 1

4= User Curve 2
5= User Curve 3
6= User Curve 4

This setting determines the tripping characteristic for the first stage residual overvoltage element.

VN>1 Voltage Set \ 3B \03 \5 \ 1V to 80V step 1V
This setting sets the pick-up threshold for the first stage.
VN>1 Time Delay \ 3B \04 \5 \ From Os to 100s step 0.01s
This setting sets the operate time delay for the first stage.
VN>1 TMS \35 \05 \1 \0.5 0 100 step 0.5
This setting sets the time multiplier setting for the IDMT characteristic.
VN>1 tReset \ 3B \06 \o \ From Os to 100s step 0.01s
This setting sets the DT reset time.
UN>2 Status 38 07 Disabled 0= Disabled or 1 = Enabled
This setting enables or disables the second stage SEF element. There is no choice of curves because this stage is DT only.
VN>2 Voltage Set 3B 08 |10 1V 10 80V step 1V
This setting sets the pick-up threshold for the second stage.
VN>2 Time Delay 3B 09 |10 |From 0s to 100s step 0.01s
This setting sets the operate time delay for the second stage.

0 = Disabled

1=DT

2=IDMT
VN>3 Function 3B 0A DT 3= User Curve 1

4= User Curve 2
5= User Curve 3
6= User Curve 4

This setting determines the tripping characteristic for the third stage residual overvoltage element.

VN>3 Voltage Set \ 3B \05 \ 5 \ 1V to 80V step 1V

This setting sets the pick-up threshold for the third stage.

VN>3 Time Delay \ 3B \oc \ 5 \ From Os to 100s step 0.01s
This setting sets the operate time delay for the third stage.

VN>3 TMS ‘SB \OD \1 \0.5 o 100 step 0.5

This setting sets the time multiplier setting for the IDMT characteristic.

VN>3 tReset \ 3B \ 0E \ 0 \ From Os to 100s step 0.01s
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Menu Text \ Col \Row\ Default Setting Available Options

Description

This setting sets the DT reset time.

5.5 APPLICATION NOTES

5.5.1 CALCULATION FOR SOLIDLY EARTHED SYSTEMS

Consider a phase A to Earth fault on a simple radial system.

c S IED F
i Zs i ZL i
I — I — I f
| | |
| | |
| | |
| | |
| | |
-_— | | |
| | |
| | |
Va y
A
Ve VB Ve VB V¢ Vg
v
A VRES
Vv \
Ve A Vg RES VB
Ve Ve Ve
7
VRES = S0 x3E

2751 + Lso + 2711 + Z)p
E00800

Figure 72: Residual voltage for a solidly earthed system

As can be seen from the above diagram, the residual voltage measured on a solidly earthed system is solely
dependent on the ratio of source impedance behind the IED to the line impedance in front of the IED, up to
the point of fault. For a remote fault far away, the Zg/Z : ratio will be small, resulting in a correspondingly

small residual voltage. Therefore, the protection only operates for faults up to a certain distance along the
system. The maximum distance depends on the device setting.

5.5.2 CALCULATION FOR IMPEDANCE EARTHED SYSTEMS

Consider a phase A to Earth fault on a simple radial system.
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Figure 73: Residual voltage for an impedance earthed system

An impedance earthed system will always generate a relatively large degree of residual voltage, as the zero
sequence source impedance now includes the earthing impedance. It follows then that the residual voltage
generated by an earth fault on an insulated system will be the highest possible value (3 x phase-neutral
voltage), as the zero sequence source impedance is infinite.

5.5.3 CALCULATION FOR IMPEDANCE EARTHED SYSTEMS

The voltage setting applied to the elements is dependent on the magnitude of residual voltage that is
expected to occur during the earth fault condition. This in turn is dependent upon the method of system
earthing employed.

Also, you must ensure that the IED setting is set above any standing level of residual voltage that is present
on the system.
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6 NEGATIVE SEQUENCE OVERVOLTAGE PROTECTION

Where an incoming feeder is supplying rotating plant equipment such as an induction motor, correct phasing
and balance of the supply is essential. Incorrect phase rotation will result in connected motors rotating in the
wrong direction. For directionally sensitive applications, such as elevators and conveyor belts, it is
unacceptable to allow this to happen.

Imbalances on the incoming supply cause negative phase sequence voltage components. In the event of
incorrect phase rotation, the supply voltage would effectively consist of 100% negative phase sequence
voltage only.

6.1 NEGATIVE SEQUENCE OVERVOLTAGE IMPLEMENTATION

Negative Sequence Overvoltage Protection is implemented in the NEG SEQUENCE O/V column of the
relevant settings group.

The device includes one Negative Phase Sequence Overvoltage element with a single stage. Only Definite
time is possible.

This element monitors the input voltage rotation and magnitude (normally from a bus connected voltage
transformer) and may be interlocked with the motor contactor or circuit breaker to prevent the motor from
being energised whilst incorrect phase rotation exists.

The element is enabled using the V2> status cell.

6.2 NEGATIVE SEQUENCE OVERVOLTAGE LOGIC
V2> Start
V2
DT
V2> Tri
o Cem )
VTS Fast Block
Key:
(Vo> Accelerate ) Energising Quanity ————— 3 AND gate
ExternalDDBSignal ()
R e N
T
Start Counter SC
Comparator for overvalues &
V00805

Figure 74: Negative Sequence Overvoltage logic

The Negative Voltage Sequence Overvoltage module (V2>) is a level detector that detects when the voltage
magnitude exceeds a set threshold. When this happens, the comparator output Overvoltage Module
produces a Start signal (V2> Start), which signifies the "Start of protection". This can be blocked by a VTS
Fast block signal. This Start signal is applied to the DT timer module. The output of the DT timer module is
the V2> Trip signal which is used to drive the tripping output relay.

The V2> Accelerate signal accelerates the operating time of the function, by reducing the number of cyles
needed to start the function from 4 cycles to 2 cycles. At 50 hz, this means the protection start is reduced
from 80 ms to 40 ms.
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6.3 NEGATIVE SEQUENCE OVERVOLTAGE DDB SIGNALS

Ordinal ‘ Signal Name ‘ Source ‘ Type ‘ Response
Description

277 ‘V2> Trip ‘ Software ‘ PSL Input ‘ Protection event
This DDB signal is the negative Sequence Overvoltage trip signal

330 ‘V2> Start ‘ Software ‘ PSL Input ‘ Protection event
This DDB signal is the Negative Sequence Overvoltage start signal

350 ‘VTS Fast Block ‘Software ‘PSL Input ‘No response
This DDB signal is an instantaneously blocking output from the VTS which can block other functions

517 ‘V2> Accelerate ‘ Programmable Scheme Logic ‘ PSL Output ‘ No response
This DDB reduces the pickup delay of the negative sequence overvoltage function.

6.4 NEGATIVE SEQUENCE OVERVOLTAGE SETTINGS
Menu Text ‘ Col ‘ Row ‘ Default Setting ‘ Available Options
Description
N stauencEoy (P00
This column contains settings for Negative Sequence Over Voltage protection (NPSOV)
V2> Status 3D 01 Enabled 0= Disabled, 1 = Enabled
This setting enables or disables NPSOV.
V2> Voltage Set ‘SD ‘02 ‘ 15 ‘ From 1*V1 to 110*V1 step 1*V1
This setting sets the pick-up threshold for the NPSOV protection element.
V2> Time Delay \ 3D \ 03 \ 5 \ From Os to 100s step 0.01s
This setting sets the operate time-delay for the NPSOV protection element.

6.5 APPLICATION NOTES

6.5.1 SETTING GUIDELINES

The primary concern is usually the detection of incorrect phase rotation (rather than small imbalances),
therefore a sensitive setting is not required. The setting must be higher than any standing NPS voltage,
which may be present due to imbalances in the measuring VT, device tolerances etc.

A setting of approximately 15% of rated voltage may be typical.

Note:
Standing levels of NPS voltage (V2) are displayed in the V2 Magnitude cell of the MEASUREMENTS 1 column.

The operation time of the element is highly dependent on the application. A typical setting would be in the
region of 5 seconds.
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7 FREQUENCY PROTECTION OVERVIEW

Power generation and utilisation needs to be well balanced in any industrial, distribution or transmission
network. These electrical networks are dynamic entities, with continually varying loads and supplies, which
are continually affecting the system frequency. Increased loading reduces the system frequency and
generation needs to be increased to maintain the frequency of the supply. Conversely decreased loading
increases the system frequency and generation needs to be reduced. Sudden fluctuations in load can cause
rapid changes in frequency, which need to be dealt with quickly.

Unless corrective measures are taken at the appropriate time, frequency decay can go beyond the point of
no return and cause widespread network collapse, which has dire consequences.

Protection devices capable of detecting low frequency conditions are generally used to disconnect
unimportant loads in order to re-establish the generation-to-load balance. However, with such devices, the
action is initiated only after the event and this form of corrective action may not be effective enough to cope
with sudden load increases that cause large frequency decays in very short times. In such cases a device
that can anticipate the severity of frequency decay and act to disconnect loads before the frequency reaches
dangerously low levels, are very effective in containing damage. This is called instantaneous rate of change
of frequency protection.

During severe disturbances, the frequency of the system oscillates as various generators try to synchronise

to a common frequency. The measurement of instantaneous rate of change of frequency can be misleading

during such a disturbance. The frequency decay needs to be monitored over a longer period of time to make
the correct decision for load shedding. This is called average rate of dchange of frequency protection.

Normally, generators are rated for a particular band of frequency. Operation outside this band can cause
mechanical damage to the turbine blades. Protection against such contingencies is required when frequency
does not improve even after load shedding steps have been taken. This type of protection can be used for
operator alarms or turbine trips in case of severe frequency decay.

Clearly a range of methods is required to ensure system frequency stability. The Alstom Grid frequency
devices provides several protection means:

e Underfrequency Protection: abbreviated to f+t<

e Overfrequency Protection: abbreviated to f+t>

e Independent Rate of Change of Frequency Protection: abbreviated to Independent R.O.C.O.F, or df/dt
+t

e Frequency-supervised Rate of Change of Frequency Protection: abbreviated to Frequency-supervised
R.O.C.O.F, or f+df/dt

e Average Rate of Change of Frequency Protection: abbreviated to Average R.O.C.O.F, or f+Df/Dt (note
the uppercase 'D')

e Load Shedding and Restoration

71 FREQUENCY PROTECTION IMPLEMENTATION

Frequency Protection is implemented in the FREQ PROTECTION column of the relevant settings group.

The device includes 9 stages for all the frequency protection methods (f+t<, f+t>, df/dt+t, f+df/dt, f+Df/Dt) to
facilitate load shedding and subsequent restoration.

Each stage can be disabled or enabled with the Stage (n) setting. The frequency protection can also be
blocked by an undervoltage condition if required.
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8 UNDERFREQUENCY PROTECTION

A reduced system frequency implies that the net load is in excess of the available generation. Such a
condition can arise, when an interconnected system splits, and the load left connected to one of the
subsystems is in excess of the capacity of the generators in that particular subsystem. Industrial plants that
are dependent on utilities to supply part of their loads will experience underfrequency conditions when the
incoming lines are lost.

Many types of industrial loads have limited tolerances on the operating frequency and running speeds (e.g.
synchronous motors). Sustained underfrequency has implications on the stability of the system, whereby any
subsequent disturbance may damage equipment and even lead to blackouts. It is therefore essential to
provide protection for underfrequency conditions.

8.1 UNDERFREQUENCY PROTECTION IMPLEMENTATION

The following settings are relevant for underfrequency:

e Stg (n) f+t Status: determines whether the stage is underfrequency, overfrequency, or disabled
e Stg (n) f+t Freq: defines the frequency pickup setting
e Stg (n) f+t Time: sets the time delay

8.2 UNDERFREQUENCY PROTECTION LOGIC
Stg(n) f+t Sta
— g
DT
‘ Stg (n) f+t Freq & Stg(n) f+t Trp
ﬁJ
4
Stage (n)
Enabled
Key: N
Stg (n) f+t Status Energising Quanitty ————————»  ANDgate | &
Under ) [
External DDB Signal :) -
Adv Freq Inh 1 Setting cell || ORgate |1
Setinguae [ ] —
V<B Status Intenal functon [ ] Timer ;
Enabled
1
Comparator for undervalues
V00850

Figure 75: Underfrequency logic (single stage)

If the frequency is below the setting and not blocked the DT timer is started. If the frequency cannot be
determined, the function is blocked.

8.3 APPLICATION NOTES

8.3.1 SETTING GUIDELINES

In order to minimise the effects of underfrequency, a multi-stage load shedding scheme may be used with
the plant loads prioritised and grouped. During an underfrequency condition, the load groups are
disconnected sequentially, with the highest priority group being the last one to be disconnected.
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The effectiveness of each load shedding stage depends on the proportion of power deficiency it represents.
If the load shedding stage is too small compared with the prevailing generation deficiency, then there may be
no improvement in the frequency. This should be taken into account when forming the load groups.

Time delays should be sufficient to override any transient dips in frequency, as well as to provide time for the
frequency controls in the system to respond. These should not be excessive as this could jeopardize system
stability. Time delay settings of 5 - 20 s are typical.

An example of a four-stage load shedding scheme for 50 Hz systems is shown below:

Stage Element Frequency Setting (Hz) Time Setting (Sec)
1 Stage 1(f+t) 49.0 20s
2 Stage 2(f+t) 48.6 20s
3 Stage 3(f+t) 48.2 10s
4 Stage 4(f+t) 47.8 10s

The relatively long time delays are intended to provide sufficient time for the system controls to respond. This
will work well in a situation where the decline of system frequency is slow. For situations where rapid decline
of frequency is expected, this load shedding scheme should be supplemented by rate of change of
frequency protection elements.

238 P14D-B/G/L/Z-TM-EN-1



P14D Chapter 6 - Voltage & Frequency Protection Functions

9 OVERFREQUENCY PROTECTION

An increased system frequency arises when the mechanical power input to a generator exceeds the
electrical power output. This could happen, for instance, when there is a sudden loss of load due to tripping
of an outgoing feeder from the plant to a load centre. Under such conditions, the governor would normally
respond quickly to obtain a balance between the mechanical input and electrical output, thereby restoring
normal frequency. Overfrequency protection is required as a backup to cater for cases where the reaction of
the control equipment is too slow.

9.1 OVERFREQUENCY PROTECTION IMPLEMENTATION

The following settings are relevant for overfrequency:

e Stg (n) f+t Status: determines whether the stage is underfrequency, overfrequency, or disabled
e Stg (n) f+t Freq: defines the frequency pickup setting
e Stg (n) f+t Time: sets the time delay

9.2 OVERFREQUENCY PROTECTION LOGIC
Stg(n) f+t Sta
—req
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ﬁJ
4
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1
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Figure 76: Overfrequency logic (single stage)

If the frequency is above the setting and not blocked, the DT timer is started and after this has timed out, the
trip is produced. If the frequency cannot be determined, the function is blocked.

9.3 APPLICATION NOTES

9.3.1 SETTING GUIDELINES

Following changes on the network caused by faults or other operational requirements, it is possible that
various subsystems will be formed within the power network. It is likely that these subsystems will suffer from
a generation/load imbalance. The "islands" where generation exceeds the existing load will be subject to
overfrequency conditions. Severe over frequency conditions may be unacceptable to many industrial loads,
since running speeds of motors will be affected. The overfrequency element can be suitably set to sense this
contingency.
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An example of two-stage overfrequency protection is shown below using stages 5 and 6 of the f+t elements.
However, settings for a real system will depend upon the maximum frequency that equipment can tolerate
for a given period of time.

Stage Element Frequency Setting (Hz) Time Setting (Sec.)
Stage 5(f+t) 50.5 30
2 Stage 6(f+t) 51.0 20

The relatively long time delays are intended to provide time for the system controls to respond and will work
well in a situation where the increase of system frequency is slow.

For situations where rapid increase of frequency is expected, the protection scheme above could be
supplemented by rate of change of frequency protection elements.

In the system shown below, the generation in the MV bus is sized according to the loads on that bus,
whereas the generators linked to the HV bus produce energy for export to utility. If the links to the grid are
lost, the IPP generation will cause the system frequency to rise. This rate of rise could be used to isolate the
MV bus from the HV system.

To utilit
/ IPP generation

L e,
Load @

l MV bus

Load Local generation

E00857

Figure 77: Power system segregation based upon frequency measurements
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10 INDEPENDENT R.O.C.O.F PROTECTION

Where there are very large loads imbalances may occur that result in rapid decline in system frequency. The
situation could be so bad that shedding one or two stages of load is unlikely to stop this rapid frequency
decline. In such a situation, standard underfrequency protection will normally have to be supplemented with
protection that responds to the rate of change of frequency. An element is therefore required which identifies
the high rate of decline of frequency, and adapts the load shedding scheme accordingly.

Such protection can identify frequency variations occurring close to nominal frequency thereby providing
early warning of a developing frequency problem. The element can also be used as an alarm to warn
operators of unusually high system frequency variations.

Independent Rate of Change of Frequency protection is also known as df/dt+t protection.

10.1 INDEPENENT R.O.C.O.F PROTECTION IMPLEMENTATION

The device provides nine independent stages of protection. Each stage can respond to either rising or falling
frequency conditions. This depends on whether the frequency threshold is set above or below the system
nominal frequency. For example, if the frequency threshold is set above nominal frequency, the rate of
change of frequency setting is considered as positive and the element will operate for rising frequency
conditions. If the frequency threshold is set below nominal frequency, the setting is considered as negative
and the element will operate for falling frequency conditions.

The following settings are relevant for df/dt+t protection:

o df/dt+t (n) Status: determines whether the stage is for falling or rising frequency conditions
o df/dt+t (n) Set: defines the rate of change of frequency pickup setting
o df/dt+t (n) Time: sets the time delay
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P14D

10.2 INDEPENDENT R.O.C.O.F PROTECTION LOGIC
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Figure 78: Independent rate of change of frequency logic (single stage)

10.3

10.3.1

APPLICATION NOTES

SETTING GUIDELINES

Considerable care should be taken when setting this element because it is not supervised by a frequency
setting. Setting of the time delay or increasing the number of df/dt averaging cycles will improve stability but
this is traded against reduced tripping times.

It is likely that this element would be used in conjunction with other frequency based protection elements to
provide a scheme that accounts for severe frequency fluctuations. An example scheme is shown below:

Frequency "f+t [81U/810]"

Frequency Supervised Rate of Change of Frequency "f

Elements +df/dt [B1RF]" Elements

Stage Fret_quency Time Setting Frequency Setting Rate of Change of Frequency Setting
Setting (Hz) (Sec.) (Hz) (Hz/Sec.)
1 49 20 49.2 1.0
2 48.6 20 48.8 1.0
3 48.2 10 484 1.0
4 47.8 10 48.0 1.0
5 - - - -
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Stage Rate of Change of Frequency
"df/dt+t [81R]" Elements
Rate of Change of Frequency Setting (Hz/Sec.) Time Setting (Sec.)
1 - -
2 - -
3 -3.0 0.5
4 -3.0 0.5
5 -3.0 0.1

In this scheme, tripping of the last two stages is accelerated by using the independent rate of change of
frequency element. If the frequency starts falling at a high rate (> 3 Hz/s in this example), then stages 3 & 4
are shed at around 48.5 Hz, with the objective of improving system stability. Stage 5 serves as an alarm and
gives operators advance warning that the situation is critical.
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11 FREQUENCY-SUPERVISED R.O.C.O.F PROTECTION

Frequency-supervised Rate of Change of Frequency protection works in a similar way to Independent Rate
of change of Frequency Protection. The only difference is that with frequency supervision, the actual
frequency itself is monitored and the protection operates when both the rate of change of frequency AND the
frequency itself go outside the set limits.

Frequency-supervised Rate of Change of Frequency protection is also known asf+df/dt protection.

11.1 FREQUENCY-SUPERVISED R.O0.C.O.F IMPLEMENTATION

The device provides nine independent stages of protection. Each stage can respond to either rising or falling
frequency conditions. This depends on whether the frequency threshold is set above or below the system
nominal frequency. For example, if the frequency threshold is set above nominal frequency, the rate of
change of frequency setting is considered as positive and the element will operate for rising frequency
conditions. If the frequency threshold is set below nominal frequency, the setting is considered as negative
and the element will operate for falling frequency conditions.

The following settings are relevant for f+ df/dt protection:

o f+df/dt 1 Status: determines whether the stage is for falling or rising frequency conditions
o f+df/dt 1 freq: defines the frequency pickup setting
o f+df/dt 1 df/dt: defines the rate of change of frequency pickup setting

The device will also indicate when an incorrect setting has been applied if the frequency threshold is set to
the nominal system frequency. There is no intentional time delay associated with this element, but time
delays could be applied using the PSL if required.
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11.2 FREQUENCY-SUPERVISED R.O.C.O.F LOGIC
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Figure 79: Frequency-supervised rate of change of frequency logic (single stage)

Key:

-

AN

11.3 APPLICATION NOTES

11.3.1 APPLICATION EXAMPLE

In the load shedding scheme below, we assume that for falling frequency conditions, the system can be
stabilised at frequency f2 by shedding a stage of load. For slow rates of decay, this can be achieved using
the underfrequency protection element set at frequency f1 with a suitable time delay. However, if the
generation deficit is substantial, the frequency will rapidly decrease and it is possible that the time delay
imposed by the underfrequency protection will not allow for frequency stabilisation. In this case, the chance
of system recovery will be enhanced by disconnecting the load stage based on a measurement of rate of
change of frequency and bypassing the time delay.
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Figure 80: Frequency supervised rate of change of frequency protection

11.3.2 SETTING GUIDELINES

We recommend that the frequency supervised rate of change of frequency protection (f+df/dt) element be
used in conjunction with the time delayed frequency protection (f+t) elements.

A four stage high speed load shedding scheme may be configured as indicated below, noting that in each
stage, both the "f+t" and the "f+df/dt" elements are enabled.

Frequency "f+t [81U/810]" Elements AL SupervisetEIBI:;tFe]'?E:.‘:::r?; of Frequency "f+df/dt
Stage Frequency Setting Time Setting Frequency Setting | Rate of Change of Frequency Setting
(Hz) (Sec.) (Hz) (Hz/sec.)
1 49 20 49 1.0
2 48.6 20 48.6 1.0
3 48.2 10 48.2 1.0
4 47.8 10 47.8 1.0

It may be possible to further improve the speed of load shedding by changing the frequency setting on the f
+df/dt element. In the settings outlined below, the frequency settings for this element have been set slightly
higher than the frequency settings for the f+t element. This difference will allow for the measuring time, and
will result in the tripping of the two elements at approximately the same frequency value. Therefore, the slow
frequency decline and fast frequency decline scenarios are independently monitored and optimised without
sacrificing system security.

Frequency "f+t [81U/810]" Elements ALY Supiz\;ilzt:t:;sI:;t:]SfE(I:eh;:gtesof Frequency "f
Stage Frequency Setting Time Setting Frequency Setting Rate of Change of Frequency Setting
(Hz) (Sec.) (Hz) (Hz/sec.)
1 49 20 49.2 1.0
2 48.6 20 48.8 1.0
3 48.2 10 48.4 1.0
4 47.8 10 48.0 1.0
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12 AVERAGE RATE OF CHANGE OF FREQUENCY PROTECTION

Owing to the complex dynamics of power systems, variations in frequency during times of generation-to-load
imbalance are highly non-linear. Oscillations will occur as the system seeks to address the imbalance,
resulting in frequency oscillations typically in the order of 0.1 Hz to 1 Hz, in addition to the basic change in
frequency.

The independent and frequency-supervised rate of change of frequency elements use an instantaneous
measurement of the rate of change of frequency, based on a 3-cycle, filtered, rolling average technique. Due
to the oscillatory nature of frequency excursions, this instantaneous value can sometimes be misleading,
either causing unexpected operation or excessive instability. For this reason, the device also provides an
element for monitoring the longer term frequency trend, thereby reducing the effects of non-linearity in the
system.

Average Rate of Change of Frequency protection is also known as f+Df/Dt protection (note the upper-case
IIDII).

12.1 AVERAGE R.O.C.O.F PROTECTION IMPLEMENTATION

The device provides nine independent stages of protection. Each stage can respond to either rising or falling
frequency conditions. This depends on whether the frequency threshold is set above or below the system
nominal frequency. For example, if the frequency threshold is set above nominal frequency, the rate of
change of frequency setting is considered as positive and the element will operate for rising frequency
conditions. If the frequency threshold is set below nominal frequency, the setting is considered as negative
and the element will operate for falling frequency conditions.

When the measured frequency crosses the supervising frequency threshold, a timer is initiated. At the end of
this time period, the frequency difference is evaluated and if this exceeds the setting, a trip output is given.

Supervising frequency

True slope for the time At

/

At

EL00856

Figure 81: Average rate of change of frequency characteristic
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After time At, the element is blocked from further operation until the frequency recovers to a value above the
supervising frequency threshold. If the element has operated, the trip DDB signal will be ON until the
frequency recovers to a value above the supervising frequency threshold.

The average rate of change of frequency is then measured based on the frequency difference, Af over the
settable time period, At.

The following settings are relevant for Df/Dt protection:
o f+Df/Dt (n) Status: determines whether the stage is for falling or rising frequency conditions
o f+Df/Dt (n) Freq: defines the frequency pickup setting

o f+Df/Dt (n) Dfreq: defines the change in frequency that must be measured in a set time period
o f+Df/Dt (n) Dtime: sets the time period over which the frequency is monitiored

12.2 AVERAGE R.O.C.O.F LOGIC
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comparision
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Figure 82: Average rate of change of frequency logic (single stage)

12.3 APPLICATION NOTES

12.3.1 SETTING GUIDELINES

The average rate of change of frequency element can be set to measure the rate of change over a short
period as low as 20 ms (1 cycle @ 50 Hz) or a relatively long period up to 2 s (100 cycles @ 50 Hz). With a
time setting, Dt, towards the lower end of this range, the element becomes similar to the frequency
supervised rate of change function, "f+df/dt". With high Dt settings, the element acts as a frequency trend
monitor.
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Although the element has a wide range of setting possibilities we recommend that the Dt setting is set
greater than 100 ms to ensure the accuracy of the element.

A possible four stage load shedding scheme using the average rate of change frequency element is shown
in the following table:

Frequency Average Rate of Change of Frequency "f+Df/Dt [B1RAV]"
"f+t [81U/810]" Elements Elements
(f+t) t (f+Df/Dt) f ’
(f+t) f Frequency . . . (f+Df/Dt) Df Frequency (f+Df/Dt) Dt Time
Stage " getting (Hz) Time Setting  Frequency Setting ™ py,¢¢ gotting, (Hz) Period, (Sec.)
(Sec.) (Hz)
1 49 20 49 0.5 0.5
2 48.6 20 48.6 0.5 0.5
3 48.2 10 48.2 0.5 0.5
4 47.8 10 47.8 0.5 0.5

In the above scheme, the faster load shed decisions are made by monitoring the frequency change over
500 ms. Therefore tripping takes place more slowly than in schemes employing frequency-supervised df/dt,
but the difference is not very much at this setting. If the delay jeopardises system stability, then the scheme
can be improved by increasing the independent "f" setting. Depending on how much this value is increased,
the frequency at which the "f+Df/Dt" element will trip also increases and so reduces the time delay under
more severe frequency fluctuations. For example, with the settings shown below, the first stage of load
shedding would be tripped approximately 300 msecs after 49.0 Hz is reached and at a frequency of
approximately 48.7 Hz.

Frequency Average Rate of Change of Frequency
"f+t [81U/810]" Elements "f+Df/Dt [B1RAV]" Elements
Stage (f+2eftt|: rr‘equency . (f+t.) : Freq(::ch;I)I/JQ(:tting Fr((:;ng?g(?)flff (f+DfI.Dt) Pme
g (Hz) Time Setting (Sec) (H2) Setting (Hz) Period, (Sec.)
1 49 20 49.2 0.5 05s
2 48.6 20 48.8 0.5 05s
3 48.2 10 48.4 0.5 05s
4 47.8 10 48.0 0.5 05s
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13 LOAD SHEDDING AND RESTORATION

The goal of load shedding is to stabilise a falling system frequency. As the system stabilises and the
generation capability improves, the system frequency will recover to near normal levels and after some time
delay it is possible to consider the restoration of load onto the healthy system. However, load restoration
needs to be performed carefully and systematically so that system stability is not jeopardized again.

In the case of industrial plants with captive generation, load restoration should be linked to the available
generation since connecting additional load when the generation is still inadequate, will only result in
declining frequency and more load shedding. If the in-plant generation is insufficient to meet the load
requirements, then load restoration should be interlocked with recovery of the utility supply.

Whilst load shedding leads to an improvement in the system frequency, the disconnected loads need to be
reconnected after the system is stable again. Loads should only be restored if the frequency remains stable
for some period of time (minor frequency excursions can be ignored during this time period). The number of
load restoration steps is normally less than the load shedding steps to reduce repeated disturbances while
restoring load.

13.1 LOAD RESTORATION IMPLEMENTATION

The device uses the measurement of system frequency as the main criteria for load restoration. For each
stage of load restoration, it is necessary that the same stage of load shedding has occurred previously and
that no elements within that stage are configured for overfrequency or rising frequency conditions. If load
shedding has not previously occurred, the load restoration for that stage is inactive.

The device provides nine independent stages of Load Restoration. It is implemented in the FREQ
PROTECTION column of the relevant settings group. The following settings are relevant for Load
Restoration:

e Restore(n) Status: determines whether the stage is disabled or enabled

e Restore(n) Freq: defines the frequency pickup setting

e Restore(n) Time: Timer period for which the measured frequency must be higher than the stage
restoration.

e Holding Timer: Sets the holding timer value

13.2 HOLDING BAND

Load restoration for a given stage begins when the system frequency rises above the Restore(n) Freq
setting for that stage and the stage restoration timer Restore(n) Time is initiated. If the system frequency
remains a