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1.1 CHAPTER OVERVIEW

This chapter provides some general information about the technical manual and an introduction to the device(s)
described in this technical manual.

This chapter contains the following sections:

Chapter Overview 2
Foreword 3
Product Scope 5
Features and Functions 6
Logic Diagrams 9
Functional Overview 11
Functional Overview 12
Functional Overview 13
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1.2 FOREWORD

This technical manual provides a functional and technical description of GE Vernova's 5th Generation transformer
protection IED, as well as a comprehensive set of instructions for using the device. The level at which this manual is
written assumes that you are already familiar with protection engineering and have experience in this discipline. The
description of principles and theory is limited to that which is necessary to understand the product. For further
details on general protection engineering theory, we refer you to GE Vernova's publication, Protection and
Automation Application Guide, which is available online or from our Contact Centre.

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. Our policy is to
provide the information necessary to help you safely specify, engineer, install, commission, maintain, and eventually
dispose of this product. We consider that this manual provides the necessary information, but if you consider that
more details are needed, please contact us.

All feedback should be sent to our contact centre via:

contact.centre@ge.com

1.2.1 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. Also, system and protection engineers have a thorough knowledge of protection
systems and associated equipment.

1.2.2 TYPOGRAPHICAL CONVENTIONS

The following typographical conventions are used throughout this manual.

e The names for special 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 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 |[f reference is made to the IED's internal settings and signals database, the menu group heading (column)
text is written in upper case italics
For example: The SYSTEM DATA column

e If reference is made to the IED's internal settings and signals database, the setting cells and DDB signals are
written in bold italics
For example: The Language cell in the SYSTEM DATA column

e |[f reference is made to the IED's internal settings and signals database, the value of a cell's content is written
in the Courier font
For example: The Language cell in the SYSTEM DATA column contains the value English
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1.2.3 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 GE Vernova. The first instance of any acronym or term used in a particular chapter is
explained. In addition, a separate glossary is available on the GE Vernova website, or from the GE Vernova contact
centre.

We would like to highlight the following changes of nomenclature however:

e The word 'relay’ is no longer used to describe the device itself. Instead, the device is referred to as the 'IED'
(Intelligent Electronic Device), the 'device', or the 'product'. 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'.

1.2.4 COMPLIANCE

The device has undergone a range of extensive testing and certification processes to ensure and prove
compatibility with all target markets. A detailed description of these criteria can be found in the Technical
Specifications chapter.
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1.3 PRODUCT SCOPE

The P443 and P446 devices have been designed for distance protection of overhead line, underground cable
applications as well as solidly grounded systems and Petersen Coil grounded systems.

The P443 applies to single circuit breaker applications and the P446 applies to dual circuit breaker applications. As
well as distance protection, this device can also be used for 4-shot phase segregated autoreclose protection, and a
range of standard current, voltage, power and frequency backup protection applications.

The P44 can be ordered in 40/60/80TE cases with several different digital input/output options also offered.
The P44 is available with conventional 1A/5A CT inputs and 100/120V VT inputs.

The differences between the P443 and the P446 models are summarised in the table below:

Feature P443 P446
Number of CT Inputs 5 8
Number of VT inputs 4 5
Opto-coupled digital inputs 8-40 8-24
Standard relay output contacts 7-43 7-32
High speed high break output contacts 4-8 4-8

The 5 VTs in this model allow flexible configuration options, where one can be used to measure the residual voltage
if required. To do this, you must first set all relevant residual voltage input settings to measured, then the VT2
Selection setting to Broken Delta.

1.3.1 PRODUCT VERSIONS

Products detailed in this manual belong to the 5th Generation of P40 protection devices.
The P44 relay software is based on 4th Generation software (SW):

e P443-91SW
e P446 - 82SW
e P446 - 86SW (specific features)

5th Generation P443 and P446 models cover the digital input and output options of 4th Generation P443/5 single
breaker and P544/6 dual breaker versions.

P44 models are available in 40TE/60TE/80TE case sizes, whereas previous P443-6 models only offered 60/80TE.

In the P44 Cortec a new order option is also included to select subcylce 1/3 pole tripping transmission distance
protection or non subcycle subtransmission/distribution distance protection with 3 Pole tripping only. The non
subcycle distance protection aligns with the distance protection in the 4th Generation P445 model. Rear
communication port protocol is selectable in the settings, so there is no Cortec option. For 4th Generation this was
required as an order option.

1.3.2 ORDERING OPTIONS

All current models and variants for this product are defined in an interactive spreadsheet called the Cortec. This is
available on the company website.

Alternatively, you can obtain it via the Contact Centre at:
contact.centre@ge.com

A copy of the Cortec is also supplied as a static table in the Appendices of this document. However, it should only
be used for guidance as it provides a snapshot of the interactive data taken at the time of publication.
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1.4 FEATURES AND FUNCTIONS

1.4.1 DISTANCE PROTECTION FUNCTIONS

Feature IEC 61850
Distance zones, full-scheme protection (9) DisPDIS
Phase characteristic (Mho and quadrilateral)
Ground characteristic (Mho and quadrilateral)
CVT transient overreach elimination
Load blinder
Easy setting mode
Communication-aided schemes, PUTT, POTT, Blocking, Weak Infeed DisPSCH

Accelerated tripping - loss of load and Z1 extension

ANSI
21/21N

85

Switch on to fault and trip on reclose - elements for fast fault clearance on breaker SofPSOF/ TorPSOF 50SOTF/27SOTF

closure
Power swing blocking PsbRPSB 68
Directional earth fault (DEF) unit protection 67N
Out of step OstRPSB 78
Delta directional comparison - fast channel schemes operating on fault generated 78DCB/78DCUB
superimposed quantities
Mutual compensation (for fault locator and distance zones)
Cross-country fault detection
InterMiCOM®# teleprotection for direct device-to-device communication (optional)
1.4.2 PROTECTION FUNCTIONS
Feature IEC 61850 ANSI
Tripping Mode (1 & 3 pole) PTRC
ABC and ACB phase rotation
Phase overcurrent, with optional directionality (4 stages) OcpPTOC/RDIR  50/51/67
Earth/Ground overcurrent stages, with optional directionality (4 stages) EfdPTOC/RDIR  50N/51N/ 67N
Sensitive earth fault (SEF) (4 stages) SenPTOC/RDIR  50N/51N/67N
High impedance restricted earth fault (REF) SenRefPDIF 64
Transient Earth Fault Detection (TEFD) PTEF
Negative sequence overcurrent stages, with optional directionality (4 stages) NgcPTOC/RDIR  67/46
Broken conductor, used to detect open circuit faults 46
Thermal overload protection ThmPTTR 49
Phase directional power (4 stages) PdpPDOP/PDUP 32
Undervoltage protection (2 stages) VtpPhsPTUV 27
Overvoltage protection (2 stages) VtpPhsPTOV 59
6 P44-TM-EN-2
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Feature IEC 61850 ANSI

Remote overvoltage protection (2 stages) VtpCmpPTOV 59R
Residual voltage protection (2 stages) VtpResPTOV 59N
Underfrequency protection (4 stages) FrqPTUF 81
Overfrequency protection (2 stages) FrqPTOF 81
Rate of change of frequency protection (4 stages) DfpPFRC 81
High speed breaker fail suitable for re-tripping and back-tripping (2 stages) RBRF 50BF
Current Transformer supervision 46
Voltage transformer supervision 47/27
Auto-reclose (4 shots) RREC 79
Check synchronisation (2 stages) RSYN 25

1.4.3 CONTROL FUNCTIONS

Feature IEC 61850 ANSI
Watchdog contacts
Read-only mode
Function keys FnkGGIO
Programmable LEDs LedGGIO

Programmable hotkeys

Programmable allocation of digital inputs and outputs

Fully customizable menu texts

Circuit breaker control, status & condition monitoring XCBR 52

CT supervision

VT supervision

Trip circuit and coil supervision

Control inputs PloGGIO1

Power-up diagnostics and continuous self-monitoring

Dual rated 1A and 5A CT inputs

Alternative setting groups (4)

Graphical programmable scheme logic (PSL)

Fault locator RFLO

1.4.4 MEASUREMENT FUNCTIONS

Measurement Function IEC 61850 ANSI
Measurement of all instantaneous & integrated values MET
(Exact range of measurements depend on the device model)
Disturbance recorder for waveform capture — specified in samples per cycle RDRE DFR
Fault Records
Maintenance Records
Event Records/Event logging Event records
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Measurement Function IEC 61850 ANSI
Time Stamping of Opto-inputs Yes Yes
1.4.5 COMMUNICATION FUNCTIONS
Feature ANSI

NERC compliant cyber-security

Front RS232 serial communication port for configuration 16S
Rear serial RS485 communication port for SCADA control 16S
2 Additional rear serial communication ports for SCADA control and

teleprotection (fibre and copper) (optional) 16S
Ethernet communication (optional) 16E
Redundant Ethernet communication (optional) 16E
Rear Ethernet engineering port for configuration 16E
Courier Protocol 16S
IEC 61850 edition 1 or edition 2 (optional) 16E
IEC 60870-5-103 (optional) 16S
DNP3.0 over serial link (optional) 16S
SNMP 16E
IRIG-B time synchronisation (optional) CLK

IEEE 1588 PTP (Edition 2 devices only)
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1.5 LOGIC DIAGRAMS

This technical manual contains many logic diagrams, which should help to explain the functionality of the device.
Although this manual has been designed to be as specific as possible to the chosen product, it may contain
diagrams, which have elements applicable to other products. If this is the case, a qualifying note will accompany the
relevant part.

The logic diagrams follow a convention for the elements used, using defined colours and shapes. A key to this
convention is provided below. We recommend viewing the logic diagrams in colour rather than in black and white.
The electronic version of the technical manual is in colour, but the printed version may not be. If you need coloured
diagrams, they can be provided on request by calling the contact centre and quoting the diagram number.
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Key:

Energising Quantity

Internal Signal
DDB Signal
Internal function
Setting cell

Setting value

Hardcoded setting

Measurement Cell

Internal Calculation ]

Derived setting

HMI key

Connection / Node

Switch

Switch

Bandpass filter

V00063

C
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|

AND gate
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XORgate
NOT gate
Logic 0

Timer

Pulse / Latch

SR Latch

SR Latch
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Latched on positive edge
Inverted logicinput

Soft switch

Multiplier

Comparator for detecting
undervalues

Comparator for detecting
overvalues

XOR

Figure 1: Key to logic diagrams
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1.6 FUNCTIONAL OVERVIEW

This diagram is applicable to the P443.
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Figure 2: Functional Overview
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1.7 FUNCTIONAL OVERVIEW

This diagram is applicable to three products in the P40L family; P443, P445 and P446. Use the key on the diagram
to determine the features relevant to the product described in this technical manual.
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: [ IEC I { 2nRemote ] { Remote } [ Local Fault records
! 61850 comm. port comm. port Communication
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Figure 3: Functional Overview
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1.8 FUNCTIONAL OVERVIEW

This diagram is applicable to P44 product models. Use the key on the diagram to determine the features relevant to
the product described in this technical manual.

BUSBAR 2 or Breaker and a Half

BUSBAR 1 | i

90000000, ¢00 60

J

TELEPROTECTION y | 4
TO REMOTE ENDIS) Key:

B Dual Breaker Applications

V00078

Figure 4: Functional Overview

The following table lists the P44 ANSI numbers and the corresponding function descriptions:

Device Number Function
25 Check Sychronising
27 Phase and Line Undervoltage
32 Directional Power Protection
37 Undercurrent
46 Negative Sequence Overcurrent
49 Thermal Overload
50 Phase Definite Time Overcurrent
51 Phase Inverse-Time Overcurrent
52 Circuit Breaker Control
59 Phase and Line Overvoltage
67 Directional Phase Overcurrent
68 Power Swing blocking
78 Out-of-Step Tripping
78DC Delta (Increment) Protection
79 Autoreclose/Adaptive Autoreclose
85 Teleprotection Channel Schemes
86 Latching/Lockout Contacts
87ST Stub Bus Protection
21BL Load Encroachment/Blinder
21FL Fault Locator
21PIG Phase and Ground Distance
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Device Number Function
46BC Broken Conductor
50/27 Switch-on to Fault
50BF CB Failure
50N Earth Fault Definite Time Overcurrent
50ST Stub Bus Protection
51N Neutral/Ground IDMT Overcurrent
59N Neutral Voltage Displacement
59R Remote End Overvoltage
64N Restricted Earth Fault
67N Directional Neutral/Ground Overcurrent
81df/dt Rate of Change of Frequency
810 Overfrequency
81U Underfrequency
CTS CT Supervision
PSL Programmable Logic
SEF Sensitive Earth Fault
TEFD Transient Earth Fault Detection
TCS Trip Circuit Supervision
VTS VT Supervision

14
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2.1 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 16
Health and Safety 17
Symbols 18
Installation, Commissioning and Servicing 19
Decommissioning and Disposal 25
Regulatory Compliance 26
16 P44-TM-EN-2
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2.2 HEALTH AND SAFETY

Personnel associated with the equipment must be familiar with the contents of this Safety Information.

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 are:
e familiar with the installation, commissioning, and operation of the equipment and the system to which it is
being connected.

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

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

The documentation provides instructions for installing, commissioning and operating the equipment. It cannot,
however cover all conceivable circumstances. In the event of questions or problems, do not take any action without
proper authorisation. Please contact your local sales office and request the necessary information.
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2.3 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

Warning:
Risk of damage to eyesight

Earth terminal. Note: This symbol may also be used for a protective conductor (earth) terminal if that terminal
is part of a terminal block or sub-assembly.

Protective conductor (earth) terminal

Instructions on disposal requirements

© o+ BB >

Note:
The term 'Earth’ used in this manual is the direct equivalent of the North American term 'Ground".
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24 INSTALLATION, COMMISSIONING AND SERVICING
241 LIFTING HAZARDS

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

Plan carefully, identify any possible hazards and determine how best to move the product. Look at other ways of
moving the load to avoid manual handling. Use the correct lifting techniques and Personal Protective Equipment
(PPE) to reduce the risk of injury.

2.4.2

ELECTRICAL HAZARDS

Caution:
All personnel involved in installing, commissioning, or servicing 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 as specified. Failure to do so 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 care when there is unlocked access
to the rear of the equipment.

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

> BB DD

Warning:
Use a suitable protective barrier 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.

P44-TM-EN-2
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Warning:
NEVER look into optical fibres or optical output connections. Always use optical
power meters to determine operation or signal level.

Warning:
Testing may leave capacitors charged to dangerous voltage levels. Discharge
capacitors by reducing test voltages to zero before disconnecting 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.

| >B>B B

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

243 UL/CSA/CUL REQUIREMENTS

The information in this section is applicable only to equipment carrying UL/CSA/CUL markings.

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, install the equipment using UL/CSA-
recognised parts for: cables, protective fuses, fuse holders and circuit breakers,
insulation crimp terminals, and replacement internal batteries.

> >

244 FUSING REQUIREMENTS

Caution:

Where UL/CSA listing of the equipment is required for external fuse protection, a UL
or CSA Listed fuse must be used for the auxiliary supply. 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 the auxiliary supply (for example Red Spot type NIT or TIA).

For P50 models, use a 1A maximum T-type fuse.

For P60 models, use a 4A maximum T-type fuse.

> P
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Caution:

Digital input circuits should be protected by a high rupture capacity NIT or TIA fuse
with maximum rating of 16 A. for safety reasons, current transformer circuits must
never be fused. Other circuits should be appropriately fused to protect the wire used.

Caution:
CTs must NOT be fused since open circuiting them may produce lethal hazardous
voltages

> >

2.4.5 EQUIPMENT CONNECTIONS

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

Caution:

Tighten M4 clamping screws of heavy duty terminal block connectors to a nominal
torque of 1.3 Nm.

Tighten captive screws of terminal blocks to 0.5 Nm minimum and 0.6 Nm maximum.

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
on some products. We strongly recommend that you hard wire these contacts into the
substation's automation system, for alarm purposes.

> D> DB B

N

4.6 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.

> PP
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Caution:
Use a locknut or similar mechanism to ensure the integrity of 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.
For P60 products, the recommended minimum PCT wire size is 6 mm?2 See product
documentation for details.

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, or connected to a common grouped
potential.

>D B P

N

4.7 PRE-ENERGISATION 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.

> B>

2438 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. Short the secondary of the line
CT before opening any connections to it.

>
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Note:

For most GE Vernova equipment with ring-terminal connections, the threaded terminal block for current transformer
termination is automatically shorted if the module is removed. Therefore external shorting of the CTs may not be required.
Check the equipment documentation and wiring diagrams first to see if this applies.

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 P990, as hazardous voltages may be exposed. Ensure that CT shorting
links are in place before removing test plugs, to avoid potentially lethal voltages.

Warning:

Data communication cables with accessible screens and/or screen conductors,
(including optical fibre cables with metallic elements), may create an electric shock
hazard in a sub-station environment if both ends of the cable screen are not
connected to the same equipotential bonded earthing system.

To reduce the risk of electric shock due to transferred potential hazards:

i. The installation shall include all necessary protection measures to ensure that no
fault currents can flow in the connected cable screen conductor.

ii. The connected cable shall have its screen conductor connected to the protective
conductor terminal (PCT) of the connected equipment at both ends. This connection
may be inherent in the connectors provided on the equipment but, if there is any
doubt, this must be confirmed by a continuity test.

iii. The protective conductor terminal (PCT) of each piece of connected equipment
shall be connected directly to the same equipotential bonded earthing system.

iv. If, for any reason, both ends of the cable screen are not connected to the same
equipotential bonded earth system, precautions must be taken to ensure that such
screen connections are made safe before work is done to, or in proximity to, any such
cables.

v. No equipment shall be connected to any download or maintenance circuits or
connectors of this product except temporarily and for maintenance purposes only.

vi. Equipment temporarily connected to this product for maintenance purposes shall
be protectively earthed (if the temporary equipment is required to be protectively
earthed), directly to the same equipotential bonded earthing system as the product.

Warning:

Small Form-factor Pluggable (SFP) modules which provide copper Ethernet
connections typically do not provide any additional safety isolation. Copper Ethernet
SFP modules must only be used in connector positions intended for this type of
connection.
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2.4.9

UPGRADING/SERVICING

Warning:

Do not insert or withdraw modules, PCBs or expansion boards from the equipment
while energised, as this may result in damage to the equipment. Hazardous live
voltages would also be exposed, endangering personnel.

Caution:

Internal modules and assemblies can be heavy and may have sharp edges. Take care
when inserting or removing modules into or out of the IED.

24
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2.5 DECOMMISSIONING AND DISPOSAL

it

Caution:

Before decommissioning, completely isolate 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 using
the external terminals before decommissioning.

Caution:

Avoid incineration or disposal to water courses. Dispose of the equipment in a safe,
responsible and environmentally friendly manner, and if applicable, in accordance
with country-specific regulations.

P44-TM-EN-2
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2.6 REGULATORY COMPLIANCE

Compliance with the European Commission Directive on EMC and LVD is demonstrated using a technical file.

C€

2.6.1 EMC COMPLIANCE: 2014/30/EU

The product specific Declaration of Conformity (DoC) lists the relevant harmonised standard(s) or conformity
assessment used to demonstrate compliance with the EMC directive.

2.6.2 LVD COMPLIANCE: 2014/35/EU

The product specific Declaration of Conformity (DoC) lists the relevant harmonized standard(s) or conformity
assessment used to demonstrate compliance with the LVD directive.

Safety related information, such as the installation | overvoltage category, pollution degree and operating
temperature ranges are specified in the Technical Data section of the relevant product documentation and/or on the
product labelling.

Unless otherwise stated in the Technical Data section of the relevant product documentation, the equipment is
intended for indoor use only. Where the equipment is required for use in an outdoor location, it must be mounted in
a specific cabinet or housing to provide the equipment with the appropriate level of protection from the expected
outdoor environment.

2.6.3 R&TTE COMPLIANCE: 2014/53/EU
Radio and Telecommunications Terminal Equipment (R&TTE) directive 2014/53/EU.

Conformity is demonstrated by compliance to both the EMC directive and the Low Voltage directive, to zero volts.

2.6.4 UL/CUL COMPLIANCE

If marked with this logo, the product is compliant with the requirements of the Canadian and USA Underwriters
Laboratories.

The relevant UL file number and ID is shown on the equipment.

GUS
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3.1 CHAPTER OVERVIEW

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

This chapter contains the following sections:

Chapter Overview 28
Hardware Architecture 29
Mechanical Implementation 31
Front Panel 33
Rear Panel 37
Boards and Modules 39

28
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3.2 HARDWARE ARCHITECTURE

The main components comprising devices based on the Px4x 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 A selection of plug-in boards and modules with presentation at the rear for the power supply, communication
functions, digital I/0, analogue inputs, and time synchronisation connectivity

All boards and 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 following figure, which shows typical modules and the flow of data between
them.

Keypad <> = 2 i | Qutput relay boards | — Output relay contacts
il
LCD =» = :
g (& g < | Opto-input boards | «— Digital inputs
LEDs =-» %
S <) I/0
L a
Front port <
- CTs -— Power system currents
Memory S
- 3
Flash mgglyoffdrssemngs - é - VTs -<— Power system voltages
% Analogue Inputs
- =
- RS485 modules - RS485 communication
Watchdog
Coftféts R I GETE - IRIG-B module -— Time synchronisation
Js - Ethernet modules > Ethernet communication
Auxiliary
PSU module -
Supply Communications
Note: Not all modules are applicable to all products
V00309

Figure 5: Hardware architecture

3.2.1 COPROCESSOR HARDWARE ARCHITECTURE

Some products are equipped with a coprocessor board for extra computing power. There are several variants of
coprocessor board, depending on the required communication requirements. Some models do not need any
external communication inputs, some models need inputs for current differential functionality and some models
need an input for GPS time synchronisation.
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Figure 6: Coprocessor hardware architecture
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3.3 MECHANICAL IMPLEMENTATION

All products based on the Px4x platform have common hardware architecture. The hardware is modular and
consists of the following main parts:

e Case and terminal blocks

e Boards and modules

e Front panel
The case comprises the housing metalwork and terminal blocks at the rear. The boards fasten into the terminal
blocks and are connected together by a ribbon cable. This ribbon cable connects to the processor in the front panel.

The following diagram shows an exploded view of a typical product. The diagram shown does not necessarily
represent exactly the product model described in this manual.

R00113

Figure 7: Exploded view of IED

3.3.1 HOUSING VARIANTS

The Px4x range of products are implemented in a range of 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=1.75inches =44.45 mm
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 resistance 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 three different case widths for the
described range of products: 40TE, 60TE and 80TE. The case dimensions and compatibility criteria are as follows:

Case width (TE) Case width (mm) Case width (inches)
40TE 203.2 8
60TE 304.8 12
80TE 406.4 16
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3.3.2 LIST OF BOARDS

The product's hardware consists of several modules drawn from a standard range. The exact specification and
number of hardware modules depends on the model number and variant. Depending on the exact model, the
product in question will use a selection of the following boards.

Board

Use

Main Processor board - 40TE or smaller

Main Processor board - without support for function keys

Main Processor board - 60TE or larger

Main Processor board - with support for function keys

Power supply board - 24/54V DC

Power supply input. Accepts DC voltage between 24V and 54V

Power supply board - 48/125V DC

Power supply input. Accepts DC voltage between 48V and 125V

Power supply board - 110/250V DC

Power supply input. Accepts DC voltage between 110V and 125V

Transformer board

Contains the voltage and current transformers

Input board

Contains the A/D conversion circuitry

Input board with opto-inputs

Contains the A/D conversion circuitry + 8 digital opto-inputs

IRIG-B board - modulated input

Interface board for modulated IRIG-B timing signal

Fibre board + IRIG-B

Interface board for fibre-based RS485 connection + demodulated IRIG-B

2nd rear communications board

Interface board for RS232/RS485 connections

2nd rear communications board with IRIG-B
input

Interface board for RS232/RS485 + IRIG-B connections

High-break output relay board

Output relay board with high breaking capacity relays

Single Ethernet, universal IRIG-B, IEEE1588,
maintenance port

Single LC duplex Ethernet port with universal IRIG-B and 1 RJ45 maintenance/
engineering port

Redundant Ethernet RSTP + PRP + HSR +
Failover ports, serial fibre port, universal IRIG-
B

2 LC duplex redundant Ethernet ports running RSTP + PRP + HSR + Failover
(two fibre pairs), with IEC 60870-5-103 serial fibre ST ports with on-board
universal IRIG-B and 1 RJ45 maintenance/engineering port

Redundant Ethernet RSTP + PRP + HSR +
Failover universal IRIG-B

2 RJ45 duplex redundant Ethernet ports running RSTP + PRP + HSR +
Failover (two copper pairs), with on-board universal IRIG-B and 1 RJ45
maintenance/engineering port

Redundant Ethernet RSTP + PRP + HSR +
Failover ports, universal IRIG-B

2 LC duplex redundant Ethernet ports running RSTP + PRP + HSR + Failover
(two fibre pairs), with on-board universal IRIG-B and 1 RJ45 maintenance/
engineering port

Output relay output board

Standard output relay board

Combined opto-input/output relay board

Combined digital input/output board with opto-inputs + output relays

Power line carrier board

Power line carrier board for phase comparison

Coprocessor board

Coprocessor board for processing special algorithms

Coprocessor board with on-board GPS

Coprocessor board with GPS input for time synchronisation

32
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3.4 FRONT PANEL

Depending on the exact model and chosen options, the product will be housed in either a 40TE, 60TE or 80TE
case. By way of example, the following diagram shows the front panel of a typical unit. The front panels of the
products based on 40TE, 60TE and 80TE cases have a lot of commonality and differ only in that the 40TE front
panel does not include 10 function keys with their associated user-programmable LEDs.

com
&) P40 Agile

R00110

Figure 8: Front panel (80TE)

The front panel consists of:

Top and bottom compartments with hinged cover
LCD display

Keypad

USB Type B port inside the bottom compartment
Fixed function LEDs

Function keys and LEDs (60TE and 80TE models)
Programmable LEDs

3.41 FRONT PANEL COMPARTMENTS

The top compartment contains labels for the:
e Serial number
e Current and voltage ratings.

The bottom compartment contains:
e USB type B port

3.4.2 HMI PANEL

The keypad provides full access to the device functionality using a range of menu options. The information is
displayed on the colour LCD display.
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The colour LCD display is an active matrix Thin Film Transistor (TFT) Liquid Crystal Display (LCD) that uses
amorphous silicon TFT as a switching device. This module is composed of a Transmissive type TFT-LCD Panel,
driver circuit and back-light unit. The resolution of the 4.0” TFT-LCD is 480x480 pixels and it can display up to
16.7M colours.

COLOUR GRAPHICAL DISPLAY USEH I"TER FAGE
« 480 x 480 TFT, 16M colours

« Configurable Single Line Diagram (SLD) 8OTE

+ Clearvisual configuration MENU NAVIGATION

«  Intuitive menu navigation

+  Dynamic menu reduces complexity
PROGRAMMABLE LEDs by ~70%

+  Upto 28, tri-colour
(5 fixed function)

+  Clear indication of
breaker status, alarms,
functions and activation

FUNCTION KEYS
= Simple activation or

togaling of states
»  Uses incdude infout
switching, setting
group changes etc.
LEDs for status
indication
BREAKER CONTROL KEYS
= Physical Control Keys
»  Colour coded
Open/Close
e ke » Local & Remote mode
MEN[.‘I I"L"'NTEK.—I— KBS ! with status LED
+  Simple navigation via menu context keys
= Show previcus/next pages _
USB 2.0 ENGINEERING INTERFACE
» Readily interfaces to PCs without special leads or convertors
«  Faster interactions and configuration
Pre-configured connection - Plug & Work
+ Nointernal battery, UN3091 air transit compliance

ROD111a

Figure 9: HMI panel

3.4.3 KEYPAD

The keypad consists of the following keys:

4 arrow keys to navigate the menus, changing values within the cell or
to select the next item on the SLD (organised around the Enter key).

An enter key for changing and executing settings. When a bottom
banner menu context key label is selected, the OK key can also be
used to navigate between pages.

A clear/reset key for clearing the current setting dialogue or to navigate
to the top menu.

A home key for navigating to the default menu view.

2 menu context keys used to navigate between pages.
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Open/Close keys (colour coded) @ @ |

Note: Colour coding is selectable via labels and configuration of PSL/
p
A0pen)[AClose]
N

SLD.

Local/remote key to select between local or remote modes. @

3.4.4 USB PORT

The USB port is situated inside the bottom compartment, and is used to communicate with a locally connected PC.
It has two main purposes:

e To transfer settings between the PC and 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 5 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.

3.4.5 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 functions are 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.
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3.4.6 FUNCTION KEYS

The programmable function keys are available for custom use for some models.

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 LEDs, which are usually set to be associated with their respective function keys. The device has 10
function keys in the 60TE and 80TE case size models and no function keys in the 40TE case size model.

3.4.7 PROGRAMABLE LEDS

The device has 13 of programmable LEDs, which can be associated with PSL-generated signals. The
programmable LEDs are tri-colour and can be set to RED, YELLOW or GREEN.
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3.5 REAR PANEL

The MiCOM Px40 series uses a modular construction. Most of the internal structure consists of boards and modules
that fit into slots. Some of the boards plug into terminal blocks, which are bolted onto the rear of the unit. However,
some boards such as the communications boards have their own connectors. The rear panel consists of these
terminal blocks plus the rears of the communications boards.

The back panel cut-outs and slot allocations vary. This depends on the product, the type of boards and the terminal
blocks needed to populate the case. The following diagram shows a typical rear view of a case populated with
various boards.
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Figure 10: Rear view of populated case

Note:
This diagram is just an example and may not show the exact product described in this manual. It also does not show the full
range of available boards, just a typical arrangement.

Not all slots are the same size. The slot width depends on the type of board or terminal block. For example, HD
(heavy duty) terminal blocks, as required for the analogue inputs, require a wider slot size than MD (medium duty)
terminal blocks. The board positions are not generally interchangeable. Each slot is designed to house a particular
type of board. Again this is model-dependent.

The device may use one or more of the terminal block types shown in the following diagram. The terminal blocks
are fastened to the rear panel with screws.
e Heavy duty (HD) terminal blocks for CT and VT circuits

e Medium duty (MD) terminal blocks for the power supply, opto-inputs, relay outputs and rear communications
port

e MiDOS terminal blocks for CT and VT circuits
e RTD/CLIO terminal block for connection to analogue transducers
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HD Terminal Block MD Terminal Block Midos Terminal Black RTD/CLIO Terminal Block
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Figure 11: Terminal block types

Note:
Not all products use all types of terminal blocks. The product described in this manual may use one or more of the above

types.

3.5.1 TERMINAL BLOCK INGRESS PROTECTION

IP2x shields and side cover panels are designed to provide IP20 ingress protection for MiCOM terminal blocks. The
shields and covers may be attached during installation or retrofitted to upgrade existing installations - see figure
below. For more information, contact your local sales office or our worldwide Contact Centre.
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Figure 12: Example - fitted IP2x shields (cabling omitted for clarity)
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3.6 BOARDS AND MODULES

Each product comprises a selection of PCBs (Printed Circuit Boards) and subassemblies, depending on the chosen
configuration.

3.6.1 PCBS

A PCB typically consists of the components, a front connector for connecting into the main system parallel bus via a
ribbon cable, and an interface to the rear. This rear interface may be:
e Directly presented to the outside world (as is the case for communication boards such as Ethernet Boards)

e Presented to a connector, which in turn connects into a terminal block bolted onto the rear of the case (as is
the case for most of the other board types)

R00227

Figure 13: Rear connection to terminal block

3.6.2 SUBASSEMBLIES

A sub-assembly consists of two or more boards bolted together with spacers and connected with electrical
connectors. It may also have other special requirements such as being encased in a metal housing for shielding
against electromagnetic radiation.

Boards are designated by a part number beginning with ZN, whereas pre-assembled sub-assemblies are
designated with a part number beginning with GN. Sub-assemblies, which are put together at the production stage,
do not have a separate part number.
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The products in the Px40 series typically contain two sub-assemblies:

e The power supply assembly comprising:
o A power supply board
o An output relay board

e The input module comprising:
o One or more transformer boards, which contains the voltage and current transformers (partially or fully
populated)
o One or more input boards
o Metal protective covers for EM (electromagnetic) shielding
The input module is pre-assembled and is therefore assigned a GN number, whereas the power supply module is
assembled at production stage and does not therefore have an individual part number.

3.6.3 MAIN PROCESSOR BOARD
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Figure 14: Main processor board

The main processor board performs all calculations and controls the operation of all other modules in the IED,
including the data communication and user interfaces. This is the only board that does not fit into one of the slots. It

resides in the front panel and connects to the rest of the system using an internal ribbon cable.
The LCD and LEDs are mounted on the processor board along with the front panel communication ports.

The memory on the main processor board is split into two categories: volatile and non-volatile. The volatile memory
is DRAM, used by the processor to run the software and store data during calculations. The non-volatile memory is
Flash memory and is used to store Product Firmware, text and configuration data including the present setting

values, disturbance records, events, fault and maintenance record data.
There are two board types available depending on the size of the case:

e For models in 40TE cases
e For models in 60TE cases and larger
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3.6.4 POWER SUPPLY BOARD

R00228

Figure 15: Power supply board

The power supply board provides power to the unit. One of three different configurations of the power supply board
can be fitted to the unit. This is specified at the time of order and depends on the magnitude of the supply voltage
that will be connected to it.

There are three board types, which support the following voltage ranges:
e 24/54V DC
e 48/125V DC or 40-100V AC
e 110/250 V DC or 100-240V AC

The power supply board connector plugs into a medium duty terminal block. This terminal block is always
positioned on the right hand side of the unit looking from the rear.

The power supply board is usually assembled together with a relay output board to form a complete subassembly,
as shown in the following diagram.
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R00229

Figure 16: Power supply assembly

The power supply outputs are used to provide isolated power supply rails to the various modules within the unit.
Three voltage levels are used by the unit's modules:

e 5.1V for all of the digital circuits

e +/- 16 V for the analogue electronics such as on the input board

e 22V for driving the output relay coils.
All power supply voltages, including the 0 V earth line, are distributed around the unit by the 64-way ribbon cable.

The power supply board incorporates inrush current limiting. This limits the peak inrush current to approximately 10
A.

Power is applied to pins 1 and 2 of the terminal block, where pin 1 is negative and pin 2 is positive. The pin
numbers are clearly marked on the terminal block as shown in the following diagram.
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Power: Terminals 1 + 2 of
PSU terminal block.
T1=-ve

T2 = +ve

R00230

Figure 17: Power supply terminals

3.6.4.1 WATCHDOG

The Watchdog contacts are also hosted on the power supply board. The Watchdog facility provides two output relay

contacts, one normally open and one normally closed. These are used to indicate the health of the device and are
driven by the main processor board, which continually monitors the hardware and software when the device is in

service.

P44-TM-EN-2
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Watchdog contacts: Terminals 11, 12, 13 and 14
of PSU terminal block

T11=NC

T12=NC

T13=NO

T14 =NO

R00231

Figure 18: Watchdog contact terminals

3.6.4.2 REAR SERIAL PORT

The rear serial port (RP1) is housed on the power supply board. This is a three-terminal EIA(RS)485 serial
communications port and is intended for use with a permanently wired connection to a remote control centre for
SCADA communication. The interface supports half-duplex communication and provides optical isolation for the
serial data being transmitted and received.

The physical connectivity is achieved using three screw terminals; two for the signal connection, and the third for
the earth shield of the cable. These are located on pins 16, 17 and 18 of the power supply terminal block, which is
on the far right looking from the rear. The interface can be selected between RS485 and K-bus. When the K-Bus
option is selected, the two signal connections are not polarity conscious.

The polarity independent K-bus can only be used for the Courier data protocol. The polarity conscious MODBUS,
IEC 60870-5-103 and DNP3.0 protocols need RS485.

The following diagram shows the rear serial port. The pin assignments are as follows:

e Pin 16: Earth shield
e Pin 17: Negative signal
e Pin 18: Positive signal
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RP1: Terminals 16, 17 and 18 of
PEU terminal block.

T16 = Ground

T17 = Negative

T18 = Positive

RO0Z232

Figure 19: Rear serial port terminals

An additional serial port with D-type presentation is available as an optional board, if required.

3.6.5 INPUT MODULE -1 TRANSFORMER BOARD

Exploded view Assembled view

R00235

Figure 20: Input module - 1 transformer board

The input module consists of the main input board coupled together with an instrument transformer board. The
instrument transformer board contains the voltage and current transformers, which isolate and scale the analogue
input signals delivered by the system transformers. The input board contains the A/D conversion and digital
processing circuitry, as well as eight digital isolated inputs (opto-inputs).

The boards are connected together physically and electrically. The module is encased in a metal housing for
shielding against electromagnetic interference.
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3.6.5.1 INPUT MODULE CIRCUIT DESCRIPTION
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Figure 21: Input module schematic

A/D Conversion

The differential analogue inputs from the CT and VT transformers are presented to the main input board as shown.
Each differential input is first converted to a single input quantity referenced to the input board’s earth potential. The
analogue inputs are sampled and converted to digital, then filtered to remove unwanted properties. The samples
are then passed through a serial interface module which outputs data on the serial sample data bus.

The calibration coefficients are stored in non-volatile memory. These are used by the processor board to correct for
any amplitude or phase errors introduced by the transformers and analogue circuitry.

Opto-isolated inputs

The other function of the input board is to read in the state of the digital inputs. As with the analogue inputs, the
digital inputs must be electrically isolated from the power system. This is achieved by means of the 8 on-board
optical isolators for connection of up to 8 digital signals. The digital signals are passed through an optional noise
filter before being buffered and presented to the unit’s processing boards in the form of a parallel data bus.

This selectable filtering allows the use of a pre-set filter of ¥z cycle which renders the input immune to induced
power-system noise on the wiring. Although this method is secure it can be slow, particularly for inter-tripping. This
can be improved by switching off the % cycle filter, in which case one of the following methods to reduce ac noise
should be considered.

e Use double pole switching on the input
e Use screened twisted cable on the input circuit
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The opto-isolated logic inputs can be configured for the nominal battery voltage of the circuit for which they are a
part, allowing different voltages for different circuits such as signalling and tripping.

Note:

The opto-input circuitry can be provided without the A/D circuitry as a separate board, which can provide supplementary opto-

inputs.
3.6.5.2 TRANSFORMER BOARD

R00237

Figure 22: Transformer board
The transformer board hosts the current and voltage transformers. These are used to step down the currents and
voltages originating from the power systems' current and voltage transformers to levels that can be used by the
devices' electronic circuitry. In addition to this, the on-board CT and VT transformers provide electrical isolation
between the unit and the power system.

The transformer board is connected physically and electrically to the input board to form a complete input module.
For terminal connections, please refer to the wiring diagrams.
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3.6.5.3 INPUT BOARD

R00238

Figure 23: Input board

The input board is used to convert the analogue signals delivered by the current and voltage transformers into
digital quantities used by the IED. This input board also has on-board opto-input circuitry, providing eight optically-
isolated digital inputs and associated noise filtering and buffering. These opto-inputs are presented to the user by
means of an MD terminal block, which sits adjacent to the analogue inputs HD terminal block.

The input board is connected physically and electrically to the transformer board to form a complete input module.

The terminal numbers of the opto-inputs are as follows:

Terminal Number Opto-input
Terminal 1 Opto 1 -ve
Terminal 2 Opto 1 +ve
Terminal 3 Opto 2 -ve
Terminal 4 Opto 2 +ve
Terminal 5 Opto 3 -ve
Terminal 6 Opto 3 +ve
Terminal 7 Opto 4 -ve
Terminal 8 Opto 4 +ve
Terminal 9 Opto 5 -ve
Terminal 10 Opto 5 +ve
Terminal 11 Opto 6 -ve
Terminal 12 Opto 6 +ve
Terminal 13 Opto 7 —ve
Terminal 14 Opto 7 +ve
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Terminal Number Opto-input
Terminal 15 Opto 8 —ve
Terminal 16 Opto 8 +ve
Terminal 17 Common
Terminal 18 Common

3.6.6 STANDARD OUTPUT RELAY BOARD

R00234

Figure 24: Standard relay output board - 8 contacts

This output relay board has 8 relays with 6 Normally Open contacts and 2 Changeover contacts.

The output relay board is provided together with the power supply board as a complete assembly, or independently

for the purposes of relay output expansion.

There are two cut-out locations in the board. These can be removed to allow power supply components to protrude
when coupling the output relay board to the power supply board. If the output relay board is to be used

independently, these cut-out locations remain intact.

The terminal numbers are as follows:

Terminal Number Output Relay
Terminal 1 Relay 1 NO
Terminal 2 Relay 1 NO
Terminal 3 Relay 2 NO
Terminal 4 Relay 2 NO
Terminal 5 Relay 3 NO
Terminal 6 Relay 3 NO
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Terminal Number Output Relay
Terminal 7 Relay 4 NO
Terminal 8 Relay 4 NO
Terminal 9 Relay 5 NO
Terminal 10 Relay 5 NO
Terminal 11 Relay 6 NO
Terminal 12 Relay 6 NO
Terminal 13 Relay 7 changeover
Terminal 14 Relay 7 changeover
Terminal 15 Relay 7 common
Terminal 16 Relay 8 changeover
Terminal 17 Relay 8 changeover
Terminal 18 Relay 8 common

3.6.7 HIGH BREAK OUTPUT RELAY BOARD

R00245

Figure 25: High Break relay output board

A High Break output relay board is available as an option. It comprises four normally open output contacts, which
are suitable for high breaking loads.

A High Break contact consists of a high capacity relay with a MOSFET in parallel with it. The MOSFET has a
varistor placed across it to provide protection, which is required when switching off inductive loads. This is because
the stored energy in the inductor causes a high reverse voltage that could damage the MOSFET, if not protected.

When there is a control input command to operate an output contact the miniature relay is operated at the same
time as the MOSFET. The miniature relay contact closes in nominally 3.5 ms and is used to carry the continuous
load current. The MOSFET operates in less than 0.2 ms, but is switched off after 7.5 ms.
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When the control input is reset, the MOSFET is again turned on for 7.5 mS. The miniature relay resets in nominally
3.5 ms before the MOSFET. This means the MOSFET is used to break the load. The MOSFET absorbs the energy
when breaking inductive loads and so limits the resulting voltage surge. This contact arrangement is for switching

DC circuits only.
The board number is:
e ZNO0042 001

High Break Contact Operation

The following figure shows the timing diagram for High Break contact operation.

Databus
control input

MOSFET operate

MOSFET reset

Relay contact

Load current

V00246

off

Closed

ms
on

3.5ms + contact bounce

3.5ms

Figure 26: High Break contact operation
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High Break Contact Applications

Efficient scheme engineering

In traditional hard wired scheme designs, High Break capability could only be achieved using external
electromechanical trip relays. Instead, these internal High Break contacts can be used thus reducing space
requirements.

Accessibility of CB auxiliary contacts

It is common practise to use circuit breaker 52a (CB Closed) auxiliary contacts to break the trip coil current on
breaker opening, thereby easing the duty on the protection contacts. In some cases (such as operation of
disconnectors, or retrofitting), it may be that 52a contacts are either unavailable or unreliable. In such cases,
High Break contacts can be used to break the trip coil current in these applications.

Breaker fail

In the event of failure of the local circuit breaker (stuck breaker), or defective auxiliary contacts (stuck
contacts), it is incorrect to use 52a contact action. The interrupting duty at the local breaker then falls on the
relay output contacts, which may not be rated to perform this duty. High Break contacts should be used in this
case to avoid the risk of burning out relay contacts.

Initiation of teleprotection

The High Break contacts also offer fast making, which results in faster tripping. In addition, fast keying of
teleprotection is a benefit. Fast keying bypasses the usual contact operation time, such that permissive,
blocking and intertrip commands can be routed faster.

Warning:
These relay contacts are POLARITY SENSITIVE. External wiring must comply with the polarity
requirements described in the external connection diagram to ensure correct operation.

3.6.8

IRIG-B BOARD

R00240

Figure 27: IRIG-B board
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The IRIG-B board can be fitted to provide an accurate timing reference for the device. The IRIG-B signal is
connected to the board via an BNC connector. The timing information is used to synchronise the IED's internal real-
time clock to an accuracy of 1 ms. The internal clock is then used for time tagging events, fault, maintenance and
disturbance records.

IRIG-B interface is available in modulated or demodulated formats.

The IRIG-B facility is provided in combination with other functionality on a number of additional boards, such as:
e Fibre board with IRIG-B
e Second rear communications board with IRIG-B

e Ethernet board with IRIG-B
e Redundant Ethernet board with IRIG-B

There are three types of each of these boards; one type which accepts a modulated IRIG-B input, one type which
accepts a demodulated IRIG-B input and one type which accepts a universal IRIG-B input. The order code will
indicate which variant it supports.

3.6.9 FIBRE OPTIC BOARD

R00244

Figure 28: Fibre optic board

This board provides an interface for communicating with a master station. This communication link can use all
compatible protocols (Courier, IEC 60870-5-103, MODBUS and DNP 3.0). It is a fibre-optic alternative to the
metallic RS485 port presented on the power supply terminal block. The metallic and fibre optic ports are mutually
exclusive.

The fibre optic port uses BFOC 2.5 ST connectors.

The board comes in two varieties; one with an IRIG-B input and one without:
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3.6.10 REAR COMMUNICATION BOARD

R00243

Figure 29: Rear communication board

The optional communications board containing the secondary communication ports provide two serial interfaces
presented on 9 pin D-type connectors. These interfaces are known as SK4 and SK5. Both connectors are female
connectors, but are configured as DTE ports. This means pin 2 is used to transmit information and pin 3 to receive.

SK4 can be used with RS232, RS485 and K-bus. SK5 can only be used with RS232 and is used for electrical
teleprotection. The optional rear communications board and IRIG-B board are mutually exclusive since they use the
same hardware slot. However, the board comes in two varieties; one with an IRIG-B input and one without.

3.6.11 SINGLE ETHERNET BOARD
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ZN0098001

V80016

Figure 30: Ethernet board

This board provides one optical 100Mbps LC duplex Ethernet port (NP2A) for station bus communications, with a
universal IRIG-B interface for time synchronisation, and a separate 10/100Mbps RJ45 Ethernet maintenance/
engineering interface (NP 1) for monitoring and configuration purposes.

The Ethernet and other connection details are described below:

RJ45 Connector (NP1 only)

Pin Signal Name Signal Definition

1 TXP Transmit (positive)

2 TXN Transmit (negative)

3 RXP Receive (positive)

4 - Not used

5 - Not used

6 RXN Receive (negative)

7 - Not used

8 - Not used

UNIVERSAL IRIG-B Connector

e Centre connection: Signal
e OQuter connection: Earth
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LC Optical Fibre Connector (NP2A only)
Connector

X
RX

SFP

3.6.12 REDUNDANT ETHERNET BOARD
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ZN0098002 ZN0098003 ZN0098005

V80017

Figure 31: Redundant Ethernet board

This board provides dual redundant Ethernet (NP2A and NP2B) for station bus communications. A universal IRIG-B
interface for time synchronisation and a separate Ethernet interface (NP1) for monitoring two variants. A new
variant also provides serial protocol support on fiber optics (RP1).

The available redundancy protocols are:
RSTP (Rapid Spanning Tree Protocol)
PRP (Parallel Redundancy Protocol)

HSR (High-availability Seamless Redundancy)
Failover

There are several variants for this board as follows:

Two LC duplex redundant 100Mbps Ethernet ports running RSTP + PRP + HSR + Failover, with a serial protocol
communications ST fibre port with on-board universal IRIG-B and one 10/100Mbps RJ45 maintenance/engineering
port.

Two RJ45 duplex redundant 10/100Mbps Ethernet ports running RSTP + PRP + HSR + Failover, with on-board
universal IRIG-B and one 10/100Mbps RJ45 maintenance/engineering port.

Two LC duplex redundant 100Mbps Ethernet ports running RSTP + PRP + HSR + Failover, with on-board universal
IRIG-B and one 10/100Mbps RJ45 maintenance/engineering port.

The Ethernet and other connection details are described below:

UNIVERSAL IRIG-B Connector

e Centre connection: Signal
e Quter connection: Earth
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LC Optical Fibre Connector (only for NP2A or NP2B when ordering fibre ports on station bus ports)

Connector SFP

RX

ST Optical Fibre Connector (only for RP1 serial communications)

Connector Communications
RP1 TX
RP2 RX

RJ45 Connector (NP1 or NP2A/NP2B when ordering two copper ports on station bus ports only)

Pin Signal Name Signal Definition

1 TXP Transmit (positive)

2 TXN Transmit (negative)

3 RXP Receive (positive)

4 - Not used

5 - Not used

6 RXN Receive (negative)

7 - Not used

8 - Not used

58 P44-TM-EN-2



P44 Chapter 3 - Hardware Design

3.6.13 COPROCESSOR BOARD

R00115

Figure 32: Fully populated Coprocessor board

Note:

The above figure shows a coprocessor complete with GPS input and 2 fibre-optic serial data interfaces, and is not necessarily
representative of the product and model described in this manual. These interfaces will not be present on boards that do not
require them.

Where applicable, a second processor board is used to process the special algorithms associated with the device.
This second processor board provides DRAM for use with both program and data memory storage. This memory
can be accessed by the main processor board via the parallel bus. The Co-Processor Firmware image is stored
locally in Flash Memory and the firmware is then transferred directly from the flash memory to DRAM on the Co-Pro
at power up. Further communication between the two processor boards is achieved via interrupts and the shared
DRAM. The serial bus carrying the sample data is also connected to the co-processor board, using the processor’s
built-in serial port, as on the main processor board. There are several different variants of this board, which can be
chosen depending on the exact device and model. The variants are:

There are several different variants of this board, which can be chosen depending on the exact device and model.
The variants are:

e Coprocessor board with current differential inputs and GPS input
e Coprocessor board with current differential inputs only
e Coprocessor board with GPS input only

3.6.13.1 CURRENT DIFFERENTIAL INPUTS

Where applicable, the coprocessor board can be equipped with up to two daughter boards, each containing a fibre-
optic interface for a serial data link. BFOC 2.5 ST connectors are used for this purpose. One or two channels are

P44-TM-EN-2 59



Chapter 3 - Hardware Design P44

provided, each channel comprising a fibre pair for transmitting and receiving (Rx Tx). These channels are labelled
Ch1 and Ch2. These serial data links are used to transfer information between two or three IEDs for current
differential applications.

3.6.13.2 COPROCESSOR BOARD WITH 1PPS INPUT

In some applications, where the communication links between two remote devices are provided by a third party
telecommunications partner, the transmit and receive paths associated with one channel may differ considerably in
length, resulting in very different transmission and receive times.

If, for example, Device A is transmitting to Device B information about the value of its measured current, the
information Device A is receiving from Device B about the current measured at the same time, may reach device B
at a different time. This has to be compensated for. A 1pps GPS timing signal applied to both devices will help the
IEDs achieve this, because it is possible to measure the exact time taken for both transmission and receive paths.

Note:
The 1 pps signal is always supplied by a GPS receiver (such as a RT430).

Note:
This signal is used to control the sampling process, and timing calculations and is not used for time stamping or real time
synchronisation.
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4.1 CHAPTER OVERVIEW

This chapter describes the software design of the IED.

This chapter contains the following sections:

Chapter Overview 62
Sofware Design Overview 63
System Level Software 64
Platform Software 67
Protection and Control Functions 68
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4.2 SOFWARE DESIGN OVERVIEW

The device software can be conceptually categorized into several elements as follows:

e The system level software
e The platform software

e The protection and control software

These elements are not distinguishable

to the user, and the distinction is made purely for the purposes of

explanation. The following figure shows the software architecture.

Protection and Control Software Layer
Protection Task
Programmable & fixed Coprocessor protection
scheme logic algorithms
Faultlocator Disturbance
Signal processing Protection algorithms task recorder task
Supervisor task
B
S
3
= §2 ¢
f52
5o 8
£g°
Platform Software Layer
Event, fault,
disturbance, i Rem'ote'
maintenance record Setings database communications
Sampling function logging interfaces
Front panel Local
interface communications
(LCD +Keypad) interfaces
Ea?g‘?ﬁ;ta + digital Control of interfaces to keypad , LCD, LEDs,
9 Control of output contacts front & rear ports.
and programmable LEDs Self-checking maintenance records
System Level Software Layer
System services (e.g. device drivers) / Real time operating system / Self-diagnostic software
Hardware Device Layer
LEDs / LCD / Keypad / Memory / FPGA
V00307

Figure 33: Software Architecture

The software, which executes on the main processor, can be divided into a number of functions as illustrated above.
Each function is further broken down into a number of separate tasks. These tasks are then run according to a
scheduler. They are run at either a fixed rate or they are event driven. The tasks communicate with each other as

and when required.
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4.3 SYSTEM LEVEL SOFTWARE

4.3.1 REAL TIME OPERATING SYSTEM

The real-time operating system is used to schedule the processing of the various tasks. This ensures that they are
processed in the time available and in the desired order of priority. The operating system also plays a part in
controlling the communication between the software tasks, through the use of operating system messages.

43.2 SYSTEM SERVICES SOFTWARE

The system services software provides the layer between the hardware and the higher-level functionality of the
platform software and the protection and control software. For example, the system services software provides
drivers for items such as the LCD display, the keypad and the remote communication ports. It also controls things
like the booting of the processor and the downloading of the processor code into DRAM at startup.

43.3 SELF-DIAGNOSTIC SOFTWARE

The device includes several self-monitoring functions to check the operation of its hardware and software while in
service. If there is a problem with the hardware or software, it should be able to detect and report the problem, and
attempt to resolve the problem by performing a reboot. In this case, the device would be out of service for a short
time, during which the ‘Healthy’ LED on the front of the device is switched OFF and the watchdog contact at the
rear is ON. If the restart fails to resolve the problem, the unit takes itself permanently out of service; the ‘Healthy’
LED stays OFF and watchdog contact stays ON.

If a problem is detected by the self-monitoring functions, the device attempts to store a maintenance record to allow
the nature of the problem to be communicated to the user.

The self-monitoring is implemented in two stages: firstly a thorough diagnostic check which is performed on boot-
up, and secondly a continuous self-checking operation, which checks the operation of the critical functions whilst it
is in service.

434 STARTUP SELF-TESTING

The self-testing takes a few seconds to complete, during which time the IEDs measurement, recording, control, and
protection functions are unavailable. On a successful start-up and self-test, the ‘Healthy' state LED on the front of
the device is switched on. If a problem is detected during the start-up testing, the device remains out of service until
it is manually restored to working order.

The operations that are performed at start-up are:
1. System boot

2. System software initialisation
3. Platform software initialisation and monitoring

4.3.41 SYSTEM BOOT

The integrity of the Flash memory is verified using a checksum before the program code and stored data is loaded
into DRAM for execution by the processor. When the loading has been completed, the data held in DRAM is

compared to that held in the Flash memory to ensure that no errors have occurred in the data transfer and that the
two are the same. The entry point of the software code in DRAM is then called. This is the IED's initialisation code.
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4.3.4.2 SYSTEM LEVEL SOFTWARE INITIALISATION

The initialization process initializes the processor registers and interrupts, starts the watchdog timers (used by the
hardware to determine whether the software is still running), starts the real-time operating system and creates and
starts the supervisor task. In the initialization process the device checks the following:

e The status of the supercapacitor to maintain the real time clock

e The operation of the LCD controller

e The watchdog operation

At the conclusion of the initialization software the supervisor task begins the process of starting the platform
software. Coprocessor board checks are also made as follows:

e A check is made for the presence of the coprocessor board
e The DRAM on the coprocessor board is checked

If any of these checks produces an error, the coprocessor board is left out of service. The other protection functions
provided by the main processor board are left in service.

4.3.4.3 PLATFORM SOFTWARE INITIALISATION AND MONITORING
When starting the platform software, the IED checks the following:

e The integrity of the data held in non-volatile memory (using a checksum)

e The operation of the real-time clock

e The optional IRIG-B function (if applicable)

e The presence and condition of the input board

The analog data acquisition system (it does this by sampling the reference voltage)

At the successful conclusion of all of these tests the unit is entered into service and the application software is
started up.

43.5 CONTINUOUS SELF-TESTING

When the IED is in service, it continually checks the operation of the critical parts of its hardware and software. The
checking is carried out by the system services software and the results are reported to the platform software. The
functions that are checked are as follows:

e The Flash memory containing all program code and language text is verified by a checksum.

e The code and constant data held in system memory is checked against the corresponding data in Flash
memory to check for data corruption.

e The system memory containing all data other than the code and constant data is verified with a checksum.

e The integrity of the digital signal /O data from the opto-inputs and the output relay coils is checked by the
data acquisition function every time it is executed.

e The operation of the analog data acquisition system is continuously checked by the acquisition function every
time it is executed. This is done by sampling the reference voltages.

e The operation of the optional Ethernet board is checked by the software on the main processor board. If the
Ethernet board fails to respond an alarm is raised and the board is reset in an attempt to resolve the problem.

e The operation of the optional IRIG-B function is checked by the software that reads the time and date from
the board.

In the event that one of the checks detects an error in any of the subsystems, the platform software is notified and it
attempts to log a maintenance record.

If the problem is with the IRIG-B board, the device continues in operation. For problems detected in any other area,
the device initiates a shutdown and re-boot, resulting in a period of up to 10 seconds when the functionality is
unavailable.
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A restart should clear most problems that may occur. If, however, the diagnostic self-check detects the same
problem that caused the IED to restart, it is clear that the restart has not cleared the problem, and the device takes
itself permanently out of service. This is indicated by the “health-state’ LED on the front of the device, which
switches OFF, and the watchdog contact which switches ON.
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44 PLATFORM SOFTWARE

The platform software has three main functions:
e To control the logging of records generated by the protection software, including alarms, events, faults, and
maintenance records
e To store and maintain a database of all of the settings in non-volatile memory

e To provide the internal interface between the settings database and the user interfaces, using the front panel
interface and the front and rear communication ports

441 RECORD LOGGING

The logging function is used to store all alarms, events, faults and maintenance records. The records are stored in
non-volatile memory to provide a log of what has happened. The IED maintains four types of log on a first in first out
basis (FIFO). These are:

e Alarms

e Eventrecords

e Fault records

e Maintenance records

The logs are maintained such that the oldest record is overwritten with the newest record. The logging function can
be initiated from the protection software. The platform software is responsible for logging a maintenance record in
the event of an IED failure. This includes errors that have been detected by the platform software itself or errors that
are detected by either the system services or the protection software function. See the Monitoring and Control
chapter for further details on record logging.

44.2 SETTINGS DATABASE

The settings database contains all the settings and data, which are stored in non-volatile memory. The platform
software manages the settings database and ensures that only one user interface can modify the settings at any
one time. This is a necessary restriction to avoid conflict between different parts of the software during a setting
change. Changes to protection settings and disturbance recorder settings, are first written to a temporary location
DRAM memory. This is sometimes called 'Scratchpad' memory. These settings are not written into non-volatile
memory immediately. This is because a batch of such changes should not be activated one by one, but as part of a
complete scheme. Once the complete scheme has been stored in DRAM, the batch of settings can be committed to
the non-volatile memory where they will become active.

443 INTERFACES

The settings and measurements database must be accessible from all of the interfaces to allow read and modify
operations. The platform software presents the data in the appropriate format for each of the interfaces (LCD
display, keypad and all the communications interfaces).
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4.5 PROTECTION AND CONTROL FUNCTIONS

The protection and control software processes all of the protection elements and measurement functions. To
achieve this it has to communicate with the system services software, the platform software as well as organise its
own operations.

The protection task software has the highest priority of any of the software tasks in the main processor board. This
ensures the fastest possible protection response.

The protection and control software provides a supervisory task, which controls the start-up of the task and deals
with the exchange of messages between the task and the platform software.

4.5.1 ACQUISITION OF SAMPLES

After initialization, the protection and control task waits until there are enough samples to process. The acquisition
of samples on the main processor board is controlled by a ‘sampling function’ which is called by the system services
software.

This sampling function takes samples from the input module and stores them in a two-cycle FIFO buffer. These
samples are also stored concurrently by the coprocessor. The sample rate is 48 samples per cycle. This results in a
nominal sample rate of 2,400 samples per second for a 50 hz system and 2,880 samples per second for a 60 Hz
system. However the sample rate is not fixed. It tracks the power system frequency as described in the next
section.

In normal operation, the protection task is executed 16 times per cycle.

4.5.2 FREQUENCY TRACKING

The device provides a frequency tracking algorithm so that there are always 48 samples per cycle irrespective of
frequency drift. The frequency range in which 48 samples per second are provided is between 45 Hz and 66 Hz. If
the frequency falls outside this range, the sample rate reverts to its default rate of 2,400 Hz for 50 Hz or 2,880 Hz
for 60 Hz.

The frequency tracking of the analog input signals is achieved by a recursive Fourier algorithm which is applied to
one of the input signals. It works by detecting a change in the signal’'s measured phase angle. The calculated value
of the frequency is used to modify the sample rate being used by the input module, in order to achieve a constant
sample rate per cycle of the power waveform. The value of the tracked frequency is also stored for use by the
protection and control task.

The frequency tracks off any voltage or current in the order VA, VB, VC, IA, IB, IC, down to 10%Vn for voltage and
5%lIn for current.

453 DIRECT USE OF SAMPLED VALUES

Most of the IED’s protection functionality uses the Fourier components calculated by the device’s signal processing
software. However RMS measurements and some special protection algorithms available in some products use the
sampled values directly.

The disturbance recorder also uses the samples from the input module, in an unprocessed form. This is for
waveform recording and the calculation of true RMS values of current, voltage and power for metering purposes.

In the case of special protection algorithms, using the sampled values directly provides exceptionally fast response
because you do not have to wait for the signal processing task to calculate the fundamental. You can act on the
sampled values immediately.

454 SYSTEM LEVEL SOFTWARE INITIALISATION

The differential protection requires that the devices at the line ends exchange data messages four times per cycle.
To achieve this the coprocessor retrieves the frequency-tracked samples at 48 samples per cycle from the input
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board and converts these to 8 samples per cycle based on the nominal frequency. The coprocessor calculates the
Fourier transform of the fixed rate samples after every sample, using a one-cycle window. This generates current
measurements eight times per cycle which are used for the differential protection algorithm. These are transmitted
to the remote device(s) using the HDLC (high-level data link control) communication protocol.

The coprocessor is also responsible for managing intertripping commands via the communication link, as well as re-
configuration instigated from the remote device(s).

Data exchange between the coprocessor board and the main processor board is achieved through the use of
shared memory on the coprocessor board. When the main processor accesses this memory, the coprocessor is
temporarily halted. After the coprocessor code has been copied onto the board at initialization, the main traffic
between the two boards consists of setting change information, commands from the main processor, differential
protection measurements and output data.

4.5.5 DISTANCE PROTECTION

The current and voltage inputs are filtered using Finite Impulse Response (FIR) digital filters. This reduces the
effects of non-power frequency components in the input signals, such as DC offsets in current waveforms, and
capacitor voltage transformer (CVT) transients in the voltages. The device uses a combination of a 1/4 cycle filter
using 12 coefficients, a 1/2 cycle filter using 24 coefficients, and a single cycle filter using 48 coefficients. The
device automatically performs intelligent switching in the application of the filters, to select the best balance of
removal of transients with fast response. The protection elements themselves then perform additional filtering,
implemented for example, by the trip count strategy.

The following figure shows the frequency response of the 12, 24 and 48 coefficient filters, noting that all have a gain
of unity at the fundamental frequency:

Filter Response
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Figure 34: Frequency response of FIR filters

4.5.6 FOURIER SIGNAL PROCESSING

All backup protection and measurement functions use single-cycle fourier digital filtering to extract the power
frequency component. This filtering is performed on the main processor board.

When the protection and control task is re-started by the sampling function, it calculates the Fourier components for
the analog signals. Although some protection algorithms use some Fourier-derived harmonics (e.g. second
harmonic for magnetizing inrush), most protection functions are based on the Fourier-derived fundamental
components of the measured analog signals. The Fourier components of the input current and voltage signals are
stored in memory so that they can be accessed by all of the protection elements’ algorithms.

The Fourier components are calculated using single-cycle Fourier algorithm. This Fourier algorithm always uses the
most recent 48 samples from the 2-cycle buffer.

Most protection algorithms use the fundamental component. In this case, the Fourier algorithm extracts the power
frequency fundamental component from the signal to produce its magnitude and phase angle. This can be
represented in either polar format or rectangular format, depending on the functions and algorithms using it.
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The Fourier function acts as a filter, with zero gain at DC and unity gain at the fundamental, but with good harmonic
rejection for all harmonic frequencies up to the nyquist frequency. Frequencies beyond this nyquist frequency are
known as alias frequencies, which are introduced when the sampling frequency becomes less than twice the
frequency component being sampled. However, the Alias frequencies are significantly attenuated by an anti-aliasing
filter (low pass filter), which acts on the analog signals before they are sampled. The ideal cut-off point of an anti-
aliasing low pass filter would be set at:

(samples per cycle) x (fundamental frequency)/2
At 48samples per cycle, this would be nominally 1200 Hz for a 50 Hz system, or 1440 Hz for a 60 Hz system.

The following figure shows the nominal frequency response of the anti-alias filter and the Fourier filter for a 48-
sample single cycle fourier algorithm acting on the fundamental component:
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Figure 35: Frequency Response (indicative only)

4.5.7 PROGRAMMABLE SCHEME LOGIC

The purpose of the programmable scheme logic (PSL) is to allow you to configure your own protection schemes to
suit your particular application. This is done with programmable logic gates and delay timers. To allow greater
flexibility, different PSL is allowed for each of the four setting groups.

The input to the PSL is any combination of the status of the digital input signals from the opto-isolators on the input
board, the outputs of the protection elements such as protection starts and trips, and the outputs of the fixed
protection scheme logic (FSL). The fixed scheme logic provides the standard protection schemes. The PSL consists
of software logic gates and timers. The logic gates can be programmed to perform a range of different logic
functions and can accept any number of inputs. The timers are used either to create a programmable delay, and/or
to condition the logic outputs, such as to create a pulse of fixed duration on the output regardless of the length of
the pulse on the input. The outputs of the PSL are the LEDs on the front panel of the relay and the output contacts
at the rear.

The execution of the PSL logic is event driven. The logic is processed whenever any of its inputs change, for
example as a result of a change in one of the digital input signals or a trip output from a protection element. Also,
only the part of the PSL logic that is affected by the particular input change that has occurred is processed. This
reduces the amount of processing time that is used by the PSL. The protection & control software updates the logic
delay timers and checks for a change in the PSL input signals every time it runs.

The PSL can be configured to create very complex schemes. Because of this PSL design is achieved by means of
a PC support package called the PSL Editor. This is available as part of the settings application software MiCOM S1
Agile.

45.8 EVENT RECORDING

A change in any digital input signal or protection element output signal is used to indicate that an event has taken
place. When this happens, the protection and control task sends a message to the supervisor task to indicate that
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an event is available to be processed and writes the event data to a fast buffer controlled by the supervisor task. Up
to 5000 time-tagged event records can be stored.

When the supervisor task receives an event record, it instructs the platform software to create the appropriate log in
non-volatile memory (DRAM). The operation of the record logging to Flash is slower than the supervisor buffer. This
means that the protection software is not delayed waiting for the records to be logged by the platform software.
However, in the rare case when a large number of records to be logged are created in a short period of time, it is
possible that some will be lost, if the supervisor buffer is full before the platform software is able to create a new log
in Flash memory. If this occurs then an event is logged to indicate this loss of information.

Maintenance records are created in a similar manner, with the supervisor task instructing the platform software to
log a record when it receives a maintenance record message. However, it is possible that a maintenance record
may be triggered by a fatal error in the relay in which case it may not be possible to successfully store a
maintenance record, depending on the nature of the problem.

For more information, see the Monitoring and Control chapter.

4.5.9 DISTURBANCE RECORDER

The disturbance recorder operates as a separate task from the protection and control task. It can record the
waveforms for up to 30 calibrated analogue channels and values of up to 32 digital signals all at a high resolution of
24 samples/cycle. The recording time is user selectable. Typically, 100 waveforms of 10.5 seconds duration can be
stored. The disturbance recorder is supplied with data by the protection and control task once per cycle. The
disturbance recorder collates the data that it receives into the required length disturbance record. The disturbance
records can be extracted by settings application software such as S1 Agile, which can also store the data in
COMTRADE format, therefore allowing the use of other packages to view the recorded data.

For more information, see the Monitoring and Control chapter.

4.5.10 FAULT LOCATOR

The fault locator uses 12 cycles of the analog input signals to calculate the fault location. The result is returned to
the protection and control task, which includes it in the fault record. The pre-fault and post-fault voltages are also
presented in the fault record. When the fault record is complete, including the fault location, the protection and
control task sends a message to the supervisor task to log the fault record.

The Fault Locator is not available on all models.

4.5.11 FUNCTION KEY INTERFACE

The function keys interface directly into the PSL as digital input signals. A change of state is only recognized when
a key press is executed on average for longer than 200 ms. The time to register a change of state depends on
whether the function key press is executed at the start or the end of a protection task cycle, with the additional
hardware and software scan time included. A function key press can provide a latched (toggled mode) or output on
key press only (normal mode) depending on how it is programmed. It can be configured to individual protection
scheme requirements. The latched state signal for each function key is written to non-volatile memory and read
from non-volatile memory during relay power up thus allowing the function key state to be reinstated after power-up,
should power be inadvertently lost.
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5.1 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.

Some of the communications setup cannot be carried out using the settings applications software, it can only be
carried out using the HMI. This chapter includes concise instructions on how to configure the device, as well as a
description of the common methodology used to configure the device in general.

This chapter contains the following sections:

Chapter Overview 74
Settings Application Software 75
Using the HMI Panel 76
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5.2 SETTINGS APPLICATION SOFTWARE

To configure this device, you will need to use the Settings Application Software. The settings application software
used in this range of IEDs is called MiCOM S1 Agile. It is a collection of software tools, which is used for setting up
and managing the IEDs.

Although you can change many settings using the front panel HMI, some of the features cannot be configured
without the Settings Application Software. For example, the programmable scheme logic, or the IEC 61850
communications or the SLD.

If you do not already have a copy of the Settings Application Software, you can obtain it from GE Vernova contact
centre.

To configure your product, you will need a data model that matches your product. When you launch the Settings
Application Software, you will be presented with a panel that allows you to invoke the “Data Model Manager”. This
will close the other aspects of the software to allow an efficient import of the chosen data model. If you don’t have,
or can't find, the data model relating to your product, please call the GE Vernova contact centre.

When you have loaded all the data models you need, you should restart the Settings Application Software and start
to create a model of your system using the “System Explorer” panel.

The software is designed to be intuitive, but help is available in an online help system and in the Settings
Application Software user guide P40-M&CR-SAS-UG-EN-n, where 'Language' is a 2-letter code designating the
language version of the user guide and 'n' is the latest version of the settings application software.
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5.3 USING THE HMI PANEL

Using the Graphical HMI, you can:

Display and modify settings

Display measurements

Display fault records

Display the Single Line Diagram (SLD)
View the digital I/0O signal status

Reset fault and alarm indications

The keypad provides full access to the device functionality using a range of menu options. The information is

displayed on the screen.

Keys Description

Up and down cursor keys

Left and right cursor keys

ENTER/OK key

Menu context keys

@ Cancel/Reset key
Read/Home key

Function keys (not all models)

Function

To change between settings in a particular column, changing
values within a cell or to select the next item on the SLD

To change between settings in a particular column, change values
within a cell or to select the next item on the SLD

For changing and executing settings. When a bottom banner
Menu context key label is selected, the OK key can also be used
to navigate between pages.

Menu context keys situated directly below the graphical HMI are
used to navigate between pages.

To return to the menu header from any menu cell, or to cancel a
setting input.

To navigate to the default Home page from anywhere in the menu.

For executing user programmable functions

76
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Keys Description Function

Control key OPEN used to open the CB/Switch.

Control key OPEN Note: Colour coding is selectable via labels and configuration of
PSL/SLD.

o

Control key CLOSE used to close the CB/Switch.
Control key CLOSE Note: Colour coding is selectable via labels and configuration of
PSL/SLD.
@ Local/Remote key To select between local and remote operating modes.

5.3.1 NAVIGATING THE HMI PANEL

The cursor keys are used to navigate the menu. To navigate between different menus, use the Menu context keys,
which are located below the graphical display.

The cursor 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 down, the faster the rate of change or movement.

5.3.2 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 the
default display. If there are alarms present, the yellow Alarms LED will be flashing and the alarm counter on the top
banner will show the number of alarms that are active.

The device should be in full working order when you first start it, but an alarm could still be present. For example, if
there is no network connection for a device fitted with a network board. If this is the case, you can read the alarm by
selecting the Alarm counter on the top banner of the display.

If the device is fitted with an Ethernet board, you will need to connect the device to an active Ethernet network to
clear the alarm.

5.3.3 DEFAULT DISPLAY

The graphical HMI default display contains shortcuts to various sections of the menu, as well as a snapshot of the
current device status.
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Figure 36: HMI Default Display

The graphical display screen consists of three main areas, which can be selected using the navigation keypad.

1. The top banner displays information left to right and includes the menu label for the current display, the user
access level, the number of active alarms and the time.
2. The content area displays information related to the chosen area of navigation. For example, settings,
measurements or SLD.
3. The bottom banner displays labels for the two Menu context keys, which are used for navigating between the
menus.
Note:

After a period defined by the “LCD screen saver”, setting the HMI will enter rest mode. This allows the HMI to reduce power
consumption and will dim the LCD backlight. The HMI may be woken from rest mode by pressing any front panel key. This
mode has no effect on IED functional performance.

5.3.4 DEFAULT DISPLAY NAVIGATION

The default display provides quick and simple navigation of the complete menu database. Use the navigation
keypad to change the highlighted cell. The highlighted entry can be selected using the Enter/OK Key. When the
bottom of the screen is reached, the selected area moves to the Bottom Banner. From here the OK key can also be
used to navigate between the pages.

The Menu view can be directly navigated to by long pressing the "Read/Home" key.

Home

Previous level in the navigation hierarchy may be reached by pressing the "Cancel/Reset" key.

From the HMI Default Display, you can navigate to the required view or open up a Submenu using hierarchical
navigation. For example, by selecting Controls & Monitor, a Submenu is opened.
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Control&Monitor

MENU 14:40
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As an alternative to hierarchical navigation, the views may be navigated to in sequence by using the hot keys as
“Next” and “Previous” buttons, and is referred as horizontal navigation.

For example, you can move to either SYSTEM DATA or MEASUREMENTS 2 Views using the horizontal
navigation, menu contexts hot keys situated directly under the screen.

MEASUREMEMNTS 1 14:43

IBCT1Magnitude 0.000A
IBCT1 Phase Ang 0.000 deg
IC CT1 Magnitude 0.000 A
ICCT1Phase Ang  0.000 deg
IACT2 Magnitude  0.000 A
IACT2Phase Ang  0.000 deg
IBCT2 Magnitude 0.000 A
IBCT2 Phase Ang 0.000 deg
ICCT2 Magnitude 0.000 A
ICCT2 Phase Ang 0.000 deg

SYSTEM DATA MEASUREMENTS 2

5.3.5 PROCESSING ALARMS AND RECORDS

When there are no alarms, the Alarm Icon on the top banner is shown as:

While there are any standing alarms, the standing alarm count will be highlighted in red in the top HMI banner and
the yellow alarm LED will flash.
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To launch the alarm list view, select the alarm counter in the HMI top banner and press the OK key. The alarm view
list may be scrolled to view all alarms.

New standing and fleeting alarms may be accepted by selecting the alarm and pressing the Ack/Clear menu
context key. Rescinded alarms may also be cleared by selecting the alarm and pressing the Ack/Clear menu
context key.

All visible alarms may be selected by pressing the Select All menu context key.

The "reset indication" command may be issued to reset latched alarms and accept the flashing led
notification. A "reset indication" may be issued from the "View Records" HMI settings view or by pressing
Ack/Clear alarm context key.

"Ack/Clear" and "reset indication" commands are available to users with ENGINEER or OPERATOR or
INSTALLER roles.

To return to the launch view from the alarm view press the Cancel key.

Alarms

fAck/Clear

Figure 37: HMI Alarms Display

5.3.6 SINGLE LINE DIAGRAM (SLD) VIEWER

The SLD menu displays the saved SLD on the graphical HMI screen. You can navigate to the SLD menu using the
bottom Menu context keys or by using the quick launch menu on the Home page. The SLD is configured and
uploaded into the IED using the S1 Agile configuration tool. ltems of plant can be selected on the SLD screen using
the navigation keypad.

5.3.6.1 CIRCUIT BREAKER CONTROL (SLD VIEW ONLY)

You can OPEN and CLOSE the circuit breaker selected on the SLD using the dedicated OPEN, CLOSE and L/R
buttons on the front HMI Panel.

When the CB Control by setting is selected, to option 1 Local, option 3 Local+Remote, option 5 Opto+local,
option 7 Opto+Rem+1ocal oroption 8 L/R Key inthe CB CONTROL column users are allowed to use the Trip
and Close Key on the front panel to operate the CB.

To control an item of plant using the Open and Close and L/R buttons:
e Set CB control by settingto /R Key
e Select the Local operating mode by pressing the L/R button

When the L/R button on the front panel is pressed, it will toggle the status of DDB L/R Key Status. When the DDB
status is TRUE, the L/R Key LED is red and the Local mode is selected. When the DDB status is FALSE, the L/R
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Key LED is green and the REMOTE mode is selected. The L/R Key Status DDB status is stored in non-volatile
memory, so that it's status is recovered after an IED power cycle.

e Inthe SLD menu, navigate to the item of plant which you require to control using the navigation keypad

e The selected plant is highlighted with an orange border

e Use the Enter key to select the item

e Press the Open or Close key to operate

SINGLE LINE DIAG Login A0 10552
W1 SW2
Mogmitude  Angle
A 0,000 0.000
B :0.000 Q0D
C :0.000 0.000
WA DOD0  0.000 L.
VB 0000 0.000 |
WC & 0L0D0 0L.000
Freq.: 0,000 i SW3
mnﬁ'jc' Co ij--' Trip F
MENU SYSTEM DATA
RO0440

Figure 38: HMI SLD Display

For the Circuit Breaker Commands from HMI, additional checks are done:

If the CB is in indeterminant state, the switchgear command will not be available and HMI will raise a warning
dialogue with the message - "Commands blocked - Intermediate State".

If the associated "Control by" setting is set to "disabled" the switchgear command will not be available and HMI will
raise a warning dialogue with the message - "Commands blocked due to Settings".

If the associated "Control by" setting is set to "remote" the switchgear command will not be available and HMI will
raise a warning dialogue with the message "Commands blocked due to Settings".

If the associated "Control by" setting is set to "L/R key" and soft key status is set to remote, the switchgear
command will not be available, and HMI will pop-up the message - "Commands blocked - In Remote Control".

If the associated local DDB is set to local, the switchgear command will not be available, and HMI will pop-up the
message - "Commands blocked - Switchgear in Local".

5.3.6.2 SWITCH CONTROL (SLD VIEW ONLY)

You can OPEN and CLOSE the switches selected on the SLD using the dedicated OPEN, CLOSE and L/R buttons
on the front HMI Panel.

When the Switch Control by setting is selected to option 1 LOCAL, option 3 Local+Remote or option 4 L/R Key
in the SWITCH CONTROL column, users are allowed to use the Open and Close Key on the front panel to operate
the SWITCH.

To control an item of plant using the Open and Close and L/R buttons:
e Set Switch Control by settingto L/R Key

e Select the Local operating mode by pressing the L/R button

When the L/R button on the front panel is pressed, it will toggle the status of DDB L/R Key Status. When the DDB
status is TRUE, the L/R Key LED is red and the Local mode is selected. When the DDB status is FALSE, the L/R
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Key LED is green and the REMOTE mode is selected. The L/R Key Status DDB status is stored in non-volatile
memory, so that its status is recovered after an IED power cycle.

e Inthe SLD menu, navigate to the item of plant you want to control using the navigation keypad

e The selected plant is highlighted with an orange border

e Use the Enter key to select the item

e Press the OPEN or CLOSE key to operate
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SW4
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Figure 39: HMI SLD display
Figure 40: For the Switch Commands from HMI, these additional checks are done:
If the Switch is in indeterminant state, the switchgear command will not be available and HMI will raise a warning

dialogue with the message - "Commands blocked - Intermediate State".

If the associated "Control by" setting is set to "disabled" the switchgear command will not be available and HMI will
raise a warning dialogue with the message - "Commands blocked due to Settings".

If the associated "Control by" setting is set to "remote" the switchgear command will not be available and HMI will
raise a warning dialogue with the message "Commands blocked due to Settings".

If the associated "Control by" setting is set to "L/R key" and soft key status is set to remote, the switchgear
command will not be available and HMI will pop-up the message - "Commands blocked - In Remote Control."

If the associated local DDB is set to local, the switchgear command will not be available and HMI will pop-up the
message - "Commands blocked - Switchgear in Local".

5.3.7 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 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.

You do not need to scroll through each of the columns horizontally to access a specific setting view. The ‘Home
Page’ can be used to quickly access the required column/setting view. Each column contains all related items, for
example all of the disturbance recorder settings and records are in the same column.
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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 an 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 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
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 much of the product ranges. 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.

5.3.8 DIRECT ACCESS (MENU CONTEXT KEYS)

The IED provides a pair of menu context keys directly below the LCD display, which allows scrolling between
column headings (navigation between menu screens). These keys can be pressed at any time during menu
navigation to quickly access the menu label displayed in the bottom banner of the graphical HMI.
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5.3.8.1 CONTROL INPUTS

Control inputs cannot be operated through the Menu context keys. To operate control inputs, navigate to the Control
Inputs settings view on the front graphical HMI screen, select the relevant control input and Set/Reset as required.
RBAC is now applied to access control inputs for operation.

5.3.9 CHANGING THE SETTINGS

Appropriate user authority or bypass access is required to change the Settings. Please refer to the Cyber Security
chapter for user authority details.

e Starting at the default display, highlight the required settings column/menu
e Use the OK key to enter the highlighted settings menu.

e To change the value of a setting, highlight the relevant cell in the menu, then press the Enter key to change
the cell value. A settings screen will appear next to the cell. If the currently logged in user does not have the
level of access required for changing the setting, a pop-up dialog box will inform the user and prevent the
settings from being changed. Acknowledge the pop-up message, then navigate to the ‘user accounts’ section
to the top of the screen (top banner) to enter the password for the required access level to change settings.

e To change the value on the settings screen, use the cursor keys to change the desired settings. When more
settings are available than can fit on the screen, a scroll bar on the right-hand side appears. In some cases, a
virtual keyboard is provided to enter complex characters. The IED maintains dependencies between various
settings, and only the applicable settings are displayed for changing.

For Analog Value update, the new analogue value may be entered by selecting the +ve and -ve step buttons or

free-form numerals entered by virtual keyboard.
Main VT Primary

| 100.0V-> 1.0000 MV :1.000V 100.0V-> 1.0000 MV : 1.000V

I - 110.0V + | - 110.0 +
| 1 2 3 x
x m v |8 s s

'L J +/- 0 = < >

If the setting cell has the facility of drop down, the required setting can be selected from the drop down list.

Language English W
Sys Fn Links English !
Description Francais

Plant Reference Deutsch

Model Number | Espanol

Serial Number Italiano

Frequency | Polski

Comms Level L EMngEs

Some of the settings are in the form of Binary Data Bits update. By selecting each of the Bit position the data can be
toggled.

Note:
Binary Data Bits can also be used to verify the present data of each bits for monitoring purpose.
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Bit 0-Output R1

17-24
¢ o0 0 0 0 ©° 0 0

oK Cancel

e Press the Enter key to confirm the new setting value or the Clear key or the on-screen ‘X’ to discard it.

e To confirm the new settings, press the Enter key. Navigate away from the currently active group settings or
press the Home key. A Settings update confirmation dialogue box will appear that requires choosing of one of
the following options:

e Save - accept all settings including the recently changed settings
e Abort - discard recent changes and keep existing settings
e Stay on page - return to the active settings page without saving recent changes

Please confirm operation

Abort  Stay On Page Save

e To return to the top of the menu, hold down the Up cursor key for a second or so, or press the Clear key
once. It is possible to move across columns from anywhere in the menu by using the Menu context keys at
the bottom of the display.

e To return to the default display, press the Home key at any time.
e Press the Enter key to accept the new settings or press the Clear key to discard the new settings.

e The Date and time can be adjusted by navigating to the top banner and selecting the displayed time. Press
the Enter key to adjust the date and time using the calendar/clock widget that pops up.

Note:
For the protection group and disturbance recorder settings, the changes are not saved unless confirmed using the Settings
update confirmation prompt.

Note:
All other Control and support settings (such as Communications and Control inputs), however, are updated immediately after
they are entered on the front HMI without the need to confirm using the Settings update confirmation prompt.

5.3.10 FUNCTION KEYS

Most products have 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.
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FUNCTIONM KEYS Login Ao 1052

Fn Key Status 0000000001

Frn Key 1 Unlocked d
Fn Key 1 Mode Toggled L
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Fn Key 2 Unlocked ~
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Fn Key 3 Unlocked -
Fn Key 3 Mode Toggled -
Fn Key 3 Label Function Key 3

REOD16

Figure 41: HMI Function Keys Display

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

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 functions.

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.

The next cell down (Fn Key 1 Label) allows you to change the label assigned to the function. The default label is
Function key 1 inthis 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.

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. This feature avoids
accidental double presses.

The function keys needs operator permissions to operate. If operator permissions are not held by the present user
an information dialogue is raised to inform the operation has failed.

5.3.10.1 VISUALISATION OF PROTECTION OPERATION

Where there is a protection operation/trip, in addition to the front panel LED indications, the standing trip is indicated
on the LCD screen by a red trim around the top banner. Additionally, the LCD backlight becomes lit and a dialogue
is presented with three options:
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MICOM P546
P5469CVLATBABDQ

single LineDiag__ ]| SystemData |

Protection Operation

Protection Operated

COMMS 3YS DATA SINGLE LINE DIAG

e “OK” - close the dialogue
e “View” - Navigate to the “record” data view and open the latest fault record
e “Reset Ind” - Attempt to reset the trip indication
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6.1 CHAPTER OVERVIEW

This chapter introduces the principles and theory behind the protection and describes how it is implemented in this
product. Guidance for applying this protection is also provided.

This chapter contains the following sections:

Chapter Overview 90
Introduction 91
Distance Measuring Zones Operating Principles 93
Quadrilateral Characteristic 105
Earth Fault Quadrilateral Characteristics 112
Quadrilateral Characteristic for Phase Faults 121
Phase and Earth Fault Distance Protection Implementation 129
Distance Isolated and Compensated Systems 141
Application Notes 155
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6.2 INTRODUCTION

Amongst protection engineers, the basic principles of Distance Protection are widely documented and understood.
If you are reading this chapter, we assume that you are familiar with the principles of distance protection and
associated components such as Aided Schemes. However, to help you choose suitable settings, some of the
principles of operation of the Distance Measuring Zones is included in this chapter.

6.2.1 DISTANCE PROTECTION PRINCIPLE

The principle behind Distance protection is based on using measured values of voltage and current to calculate
impedance seen from a relaying point. If the impedance calculated is an unexpected value, this may indicate a fault.

The impedance of a transmission line is proportional to its length. If voltage and current signals are available at a
relaying point, they can be used to calculate the impedance value seen from the relaying point. Impedance values
looking forward into the line, as well as values looking in the reverse direction behind the relaying point can be
calculated. The calculated impedance is compared with so called 'Reach Points'. Reach Points are impedance
values, which are used to define zones of protection. The device contains settings by which you can configure these
Reach Points. The zones are usually numbered (for example: Zone 1, Zone 2, Zone 3). By comparing the
calculated impedance with the zone reach points, the device can determine whether a fault is present and if
necessary, trip the associated circuit breakers.

6.2.2 PERFORMANCE INFLUENCING FACTORS

As well as the accuracy of the signals presented by the input transducers, an important factor that influences the
performance of distance protection is the relationship between the source and line impedance. This is the System
Impedance Ratio (SIR), and is defined by Zg/Z; .

The following figure represents a fault condition on an electrical power system, and can be used to demonstrate the
relationship.

R
<«—Sou rce—>:<—Line4>:

V02753 @

Figure 42: System Impedance Ratio

The voltage V applied to the impedance loop is the open circuit voltage of the power system. Point R represents the
protection location; Igr and VR are the current and voltage measured by the relay, respectively.

The impedances Zg and Z; are described as source and line impedances because of their position with respect to
the protection location. Source impedance Zg is a measure of the fault level at the relaying point. For faults involving
earth it is dependent on the method of system earthing behind the relaying point. Line impedance Z is a measure
of the impedance of the protected section. The voltage VR applied to the relay is, therefore, IrZ| . For a fault at the
reach point, this may be expressed in terms of the System Impedance Ratio, using the following expression:

VR = V/(SIR+1)
where SIR = Zg/Z|
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From the equation above, it can be seen that the measured voltage has a significant impact on the decision making
process.

The ability of distance protection to measure accurately for a given reach point fault, depends on the voltage at the
relaying location being above a minimum value at the time of the fault. If the voltage is above this minimum value, it
is generally used to polarize the distance protection and indicate the direction of the fault. This is called self-
polarization.

If the voltage collapses below the minimum threshold necessary to make a sensible decision, alternative methods of
polarization to determine the direction of the fault are needed. Two methods that are applied are cross-polarization
and memory polarization. If a fault doesn't affect all phases, the voltage signals on the healthy phases can be used
for the directional decision. This is called cross-polarization. If the fault causes all phase voltages to collapse, a
stored record of the pre-fault voltage can be used to make the directional decision. This is called memory
polarization. Memory polarization, cross-polarization, and self-polarization can sometimes be used in combination.

6.2.3 IMPEDANCE CALCULATION

Careful selection of the reach settings and tripping times for the various measurement zones enables correct
coordination between Distance protection devices. Basic Distance protection will comprise instantaneous directional
Zone 1 protection and one or more time delayed zones. A basic distance protection scheme is likely to feature 3
zones of protection, but numerical distance protection devices may have several more zones, some set to measure
in the forward direction and some set to measure in the reverse direction.

Some numerical distance protection devices measure the fault voltage and current directly then calculate the
impedance, after which they determine whether operation is required according to impedance boundaries defined
on an R/X diagram. Many numerical IEDs emulate their traditional electro-mechanical counterparts. Rather than
calculating the absolute impedance, they compare the measured fault voltage with a replica voltage derived from
the fault current and the zone impedance setting to determine whether the fault is within zone or out-of-zone.

Typically, a comparator will compare either the relative amplitude or relative phase of input quantities to determine
impedance limits. Limits may be either straight line characteristics (quadrilaterals), or circular characteristics (Mhos).

6.2.4 IMPLEMENTATION WITH COMPARATORS

The distance protection in this product uses measured values of voltage and current, together with setting values
such as line impedance, to determine whether fault conditions exist. The determination as to whether a fault
condition exists is performed by so-called ‘comparators’. These comparators use voltage and current inputs in
conjunction with impedance settings to decide whether a fault is in a particular zone. Multiple zones can provide
protection for the protected line as well as providing back-up protection for connected lines.

All distance zone calculations in this product are constructed using one or more comparators. Each comparator
uses two vector quantities which are generally referenced as S1 and S2. S1 and S2 comparators are used to
construct either circular (Mho) and/or Quadrilateral characteristics. In the case of Mho characteristics, a single
comparator is used to make a tripping decision. In the case of Quadrilateral characteristics, multiple comparators
are used to make a tripping decision.

6.2.5 POLARIZATION OF DISTANCE CHARACTERISTICS

The distance zone characteristics are polarized (directionalized) to reflect the characteristic angle of the line. Some
of the zones of the distance protection are forward looking, some are reverse looking, and some are of the offset
type. Polarization is generally achieved by directional self-polarization, but memory-polarization, or cross-
polarization, might be adopted for close-up zero-voltage faults.
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6.3

DISTANCE MEASURING ZONES OPERATING PRINCIPLES

All distance zone characteristics in this product are constructed with one or more comparators. The comparators
are used to construct either Mho, or Quadrilateral characteristics. This section outlines the principles behind the
construction of the characteristics in order to provide an understanding of how best to set them.

The following table details signal definitions used to construct the measuring zone characteristics.

Name Description
1 Current
1 Current used by the Distance protection measuring element
Im Residual current of parallel line (mutual current)
IN Neutral Current (derived)
Iph Faulted phase current (for example IA for A-N fault)
j The complex operator
km Mutual compensation co-efficient
kzN Residual compensation co-efficient

Distance polarizing factor. A percentage of the memory voltage polarizing signal that is added to the self-

p polarizing voltage signal to dictate the level of Mho expansion and help establish a directional decision.
R Resistance
R Forward Resistance Reach
R’ Reverse Resistance Reach
S A voltage vector value comprising one or more voltage components
M A voltage vector input to a comparator
S2 A second voltage vector input to a comparator
14 Voltage
14 Voltage used by the Distance protection measuring element
v/ Impedance measured by the Distance protection element
Vimem Voltage memory signal used for polarization
Voh Faulted phase voltage (for example VA for A-N fault)
Vo/Iph Loop impedance measurement
Vs Source voltage
X Reactance
Z Impedance Reach setting
z’ Reverse Impedance Reach setting
Z4 Positive sequence impedance
Z1p Loop impedance
Zreplica Forward replica reach in the loop impedance plane = Z(1+kZN.IN/Iph+kZM.IM/Iph)
Z'replica Reverse replica reach in the loop impedance plane = Z’(1+kZN.IN/Iph+kZM.IM/Iph)
Zs Source impedance
o An angle (in degrees) usually associated with the tilt of a reactive line on a Quadrilateral characteristic
Lo A vectorial operator that rotates a vector quantity by an angle of ¢° (alternative representation ejc)
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Note:
The faulted phase current () is generally used as the reference (0°) for the vector diagrams.

6.3.1 MHO CHARACTERISTICS

There are different types of Mho characteristic, but two specific ones are well suited to introducing the defining
principles. These are the directional Self-polarized Mho and the Offset Mho. Both types are used for both phase
faults and earth faults.

In practice, self-polarized Mhos are rarely used since voltage collapses for close-up faults render self-polarization
unreliable. Rather, memory-polarization components and/or cross-polarization components are usually used to
provide a polarizing reference. Directional Self-Polarized Mhos, however, are simpler to understand and are used
by way of introduction.

Mho characteristics are available for phase and earth-fault protection. A mix of Directional Forward, Directional
Reverse, and Offset characteristics are available. Zone 1 and Zone 4 are settable as Forward or Reverse. Zones 2,
3, P and Q are settable as Forward or Reverse or Offset.

6.3.1.1 DIRECTIONAL MHO CHARACTERISTIC FOR PHASE FAULTS

The following diagram illustrates how the Directional Self-Polarized Mho characteristic for phase Distance protection
is created.

r
\4

V02710

Figure 43: Directional mho element construction
The two signals provided to the comparator are:
S1=V
So=V-1Z

Operation occurs when the angle between the signals is greater than 90°

6.3.1.2 OFFSET MHO CHARACTERISTIC FOR PHASE FAULTS

The following diagram illustrates how the Offset Mho characteristic for phase Distance protection is created:
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1-Z

Figure 44: Offset Mho characteristic

The two signals provided to the comparator are:

S1=v-1Z
S,=V-1Z

Operation occurs when the angle between the signals is greater than 90°

6.3.1.3

DIRECTIONAL SELF-POLARIZED MHO CHARACTERISTIC FOR EARTH FAULTS

Characteristics of earth-fault elements can be represented in two different complex planes - the positive sequence
impedance plane (Z1 -plane) and the loop impedance plane (Z, p -plane). The reach impedance setting defines the

reach in positive sequence impedance terms. The characteristic in the Z|_p -plane is generally dynamic because it
depends on fault currents. However, the Z| p—plane representation is often more convenient for reference,
especially if an injection test kit is used, which cannot apply the residual compensation to the impedance plot, or in

the case that the load blinders have to be verified.

The following diagram illustrates how a directional Mho characteristic for earth-faults is created.

P44-TM-EN-2

95




Chapter 6 - Distance Protection

P44

Z, Plane Z r Plane

+jX 4 Z'kZN'IN/Iph

+j)(A
V/I—Z
VA VA
Zreplica //-
- < 90°
> 90° \
\\
> 4
\ +R )< +R
1
V/ Vph/lph

V02712

Vph /Iph - Zreplica

Figure 45: Directional Mho element construction — impedance domain

The two signals provided to the comparator are:
S1=V
S,=V-1Z
where (for an A-N fault for example) with residual compensation applied:
V="ra
I=15+kyNIN
where kzn = (Zg - Z1) / 324 and is defined by two settings: kZN Res Comp and KZN Res Angle.
and if mutual compensation is applied:
I=1Ip + kzNIN T+ kzv-IM
where kzym = 3Z) / 3Z1 and is defined by two settings: kZm Mutual Set and kZm Mutual Angle.

Operation occurs when the angle between the signals is greater than 90°.

To obtain a Z_ p-plane representation in the directional Mho element construction, V is replaced with Vp, and | is

replaced with Ipn + kzn.IN, Where Vpn and Ipp are the faulty phase voltage and current respectively (assuming no

mutual current compensation).

The two signals provided to the comparator in this case are:
S1="Voh
S2 = Vph - Iph-Z(1+kzn-In/Iph)

We can define a replica impedance reach, Zyepjica, as:
Zreplica = Z(1+kzN-IN/Iph)

or if mutual compensation is applied:

96
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Z(1+tkzn.IN/ Iph+kZM'I M/ Iph)

Then if healthy phase currents are much less then the current of the faulty phase and the mutual compensation is
disabled:

IN=1Ipn
so that
Zreplica =Z(1 +kzN)

Thus the Z| p plane representation of the characteristic becomes static.

6.3.1.4 OFFSET MHO CHARACTERISTIC FOR EARTH FAULTS

The diagram below illustrates how the Offset Mho characteristic for earth-fault distance protection is created in the
impedance domain.

+jXA Z, -plane
V/iI-Z
VA
I 4
/
2 90°
V/I \,
V/I-Z'
>
, +R
VA

V02713

Figure 46: Offset Mho characteristics — impedance domain

The two signals provided to the comparator are:
S1=V-1Z
S,=V-1Z
Operation occurs when the angle between the signals is greater than 90°.

The following diagram below how the Offset Mho characteristic for earth-fault distance protection translates to the
loop impedance domain.
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VA

Vph /Iph - ;eplica
Z,'kZN 'IN/Iph
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Figure 47: Offset mho characteristics — voltage domain

where: Zgpiica is the replica forward reach and Z'rgpjica is the replica reverse reach.
With mutual compensation applied:

Zreplica =Z(1+kzNIN/ Iph +kzm-Im/ Iph)

Z'replica = Z'(1+kzn-IN/Iph + kzv:Im/Ipn)

If the healthy phase currents are much less than the current of the faulty phase, then the neutral current is
approximately the same as the phase current, and the terms can be simplified as follows:

Zreplica =Z(1+kzN + kzm-Im/ Iph)
Z'replica =Z'(1+kzN + kzm Im/ Iph)

If the healthy phase currents are much less than the current of the faulty phase, and mutual current compensation is
not applied, then these terms can be simplified as follows:

Zreplica = Z(1+kzN)
Zvreplica = Z'(1+kzN)

So, as with the Directional Self-Polarized Mho characteristic for earth-faults, the Z, p plane representation of the
characteristic becomes static.
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6.3.1.5 MEMORY POLARIZATION OF MHO CHARACTERISTICS

Self-Polarized Directional Mho characteristics require sufficient polarizing voltage to detect the voltage angle.
Therefore such a characteristic is unable to operate for close-up faults where there would be insufficient polarizing
voltage. To ensure the correct Mho element response for zero-voltage faults, the protection algorithm adds a
percentage of voltage from the memory to the main polarizing voltage as a substitute phase reference.

This technique is called memory polarizing. Not only does it preserve the directional property of the Mho
characteristic, it actually enhances it by dynamically expanding or contracting the characteristic.

Note:
The Force No Mem. DDB may be used to force the relay to work as if the memory time has elapsed, i.e. a combination of self]
and cross polarisation voltage.

Note:
The Self Pol DDB indicates when the relay is working with voltage self polarization.

6.3.1.6 DYNAMIC MHO EXPANSION AND CONTRACTION
The signals provided to the Mho comparators for memory polarization are:
S1=V+pVmem
So=V-1Z
where:
e V is the self-polarization voltage
® Vmem is the memory polarization voltage
Operation occurs when the angle between the signals is greater than 90°.

The memory voltage Viem is the pre-fault voltage. Assuming the pre-fault current is close to zero at the relaying
point, he pre-fault voltage is equal to the source voltage. Therefore:

Vimem = Vs

Dynamic Mho Expansion for Forward Faults

The contribution of additional polarizing input creates dynamic Mho expansion for forward faults and increases the
fault arc resistance coverage.

Referring to the diagram below:

IED
Dist —>

Ve Bus 1
—

N / Line
ZS ZF
S Vv i

V02715

Figure 48: Simplified forward fault
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For a fault condition we can write the following equations:

Vg=V+1Zg
90° sz[v/ni.zs ]—L(V/I—Z) <-90°
I+p

The Mho expansion for a forward fault is illustrated in the following diagram:

Self-polarised

i

V/iI-Z

,/
> 9(°
\
\‘
>
R
p
— Zy »
l+p .z,
1+
V02716

Figure 49: Mho expansion - forward fault

The Mho expansion associated with forward faults is as follows:
Mho Expansion = Zg p/(1 +p)
where Zg is the impedance of the source behind the relaying point.

Using the source and line impedances is a simple way of representing the Mho expansion. The protection algorithm
does not calculate Zg internally, it only deals with the signals S1 and S, provided to the Mho comparators. In some

cases the source and line impedances are different from their actual values used in various power system studies.
This is mainly due to pre-fault current and the residual compensation for phase-to-ground loops. To plot an accurate
impedance characteristic, calculate the values of Zg as follows:

Zs = (Viem - V)1

Dynamic Mho Contraction for Reverse Faults

The contribution of additional polarizing input creates dynamic Mho contraction for reverse faults and enhances the
directional decision

Referring to the following diagram:
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IED
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Figure 50: Simplified Reverse Fault

For a fault condition we can write the following equations:
Vs=V-1I(Zs +Zr)

90° < L(V/I—IL-(ZS +ZL)j—L(V/I—Z) <-90°
+p

The Mho contraction for a reverse fault is illustrated in the following diagram:
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TP

~ -
~~———’

Self-polarised
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Figure 51: Mho contraction — reverse fault

The Mho contraction associated with reverse faults is as follows:
Mho Contraction = (Zg + Zp).p/(1 + p)
where Zg + 7| is the impedance of the line and the source ahead of the relaying point.

Using the source and line impedances is a simple way of representing the Mho contraction. The protection does not
calculate Zg + Z|_internally, it only deals with the signals S1 and S» provided to the Mho comparators. In some

cases the source and line impedances are different from their actual values used in various power system studies.
This is mainly due to pre-fault current and the residual compensation for phase-to-ground loops. To plot an accurate
impedance characteristic, calculate the values of Zg + Z| as follows:

Zs+7Z1,=(V-Vmem)/l

6.3.1.7 CROSS POLARIZATION OF MHO CHARACTERISTICS

If the voltage collapses on a faulted phase, it may be possible to use healthy phase voltage components to derive a
polarizing signal to make the directional decision. This process is called cross-polarization.
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The cross-polarization voltage is generated using phase(s) not otherwise used for the particular distance or
directional measurement. While one pole is dead, and the memory is not available, the elements associated with
the remaining phases are polarized as shown in the following table:

Cross Polarizing Signal

Loop (No Poles Dead) Cross Polarizing if a Pole is Dead

A-N 0.5(aVB + 02VC) aVB if C pole is dead or a2VC if B pole is dead
B-N 0.5(aVC + a2VA) aVC if A pole is dead or a2VA if C pole is dead
C-N 0.5(aVA + a2VB) aVA if B pole is dead or o2VB if A pole is dead
A-B V3VC £ -90° 0

B-C V3VA £ -90° 0

C-A V3VB £ -90° 0

Where o is a mathematical operator which rotates a vector through 120° and a2 denotes a rotation of 240°.

8 For Phase to ground Vy For Phase to Phase

E02796

Figure 52: Cross polarizing voltage for phase to ground and phase to phase faults

The table and diagram shows polarizing signal contributions for each loop under the different operating conditions.
The proportion of cross-polarization voltage used is defined by the Dist. Polarizing (p) setting.

Note:
Cross polarization is used only when there is no memory polarization quantity available.

6.3.1.8 IMPLEMENTATION OF MHO POLARIZATION

This product does not allow the directional Mho characteristics to be purely self-polarized or purely memory-
polarized. The polarizing voltage always contains the directly measured self-polarized voltage, onto which a
percentage of the pre-fault memory voltage is added.

Note:
If no memory voltage is available or Force No Mem. is set, then the cross-polarized quantity is used instead.

The setting Dist. Polarizing (p) defines the amount of memory polarization (or if need be, cross polarization
voltage), which should be added with respect to the existing self-polarizing voltage so that:
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S1=V +pViem-
The value "p" can be set from 0.2 (20%) to 5 (500%).

This will have an affect on the characteristic where operation occurs when the fault impedance lies inside a circle
whose diameter is set by the points 1Z and p/(1+p)lZsource

This means for example:
e |[f p =1, the characteristic will have an expansion of 50% lzsource

e |[f p =35, the characteristic will have an expansion of 83.3% Izsource

The memory algorithm works as follows:

1. Memory voltage is stored for two cycles after line energisation, whereafter the voltage signals are considered
valid and stored in the voltage memory buffers. The voltage memory used for polarizing is taken from a buffer
corresponding to a value taken two cycles previously, so the voltage memory can be used after four cycles
following line energisation.

2. Following fault inception, voltage signals buffered in the polarizing memory can be recycled and re-used for a
period set with the Mem Volt Dura setting. This can be set between 16 and 32 cycles.

3. If a power swing condition is detected, the voltage memory signal expires after a reduced period of 3.2
cycles.

4. If the fault is cleared before the voltage memory signal expires, the memory algorithm resets and restarts the
two/four cycle validation process.

5. If there is no voltage memory available (either because the line has just been energised, or because the

memory voltage has expired), cross polarization is used instead. The contribution of cross polarizing signals
is only used when memory polarizing is invalid and is only valid for certain pole dead conditions.

6. If neither memory polarization voltage nor cross-polarization voltage is available (pole dead condition for
phase-to-phase element), then the phase-to-phase elements are self polarized. If the polarizing voltage is
less than 1V, only zone 1 is allowed to operate. In this case a Mho characteristic with a reverse offset of 25%
is applied. This ensures operation when closing on to a close-up three-phase fault (SOTF/ TOR condition).

One of the additional benefits of adding memory into the polarizing mix is that Mho characteristics offer dynamic
expansion if there is a forward fault, therefore covering greater fault arc resistance
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6.4 QUADRILATERAL CHARACTERISTIC

A number of zones are provided to make up the Quadrilateral characteristics. The following diagram shows
examples of Directional Forward, Directional Reverse, and Offset zones:

X A Line Angle
+HX
Z3 (offset)
2P (forward)
22
Z1
Forward
-R \L /f‘ #+R
Reverse
24
2Q (reverse)
E02785

Figure 53: Simplified quadrilateral characteristics
Programmable zones (zone P and Q) are also available. Similar to Zone 3, the programmable zones can be
configured as Offset, Directional Forward, or Directional Reverse.

A combination of simple comparators, each using signals derived from measured currents and voltages, determines
whether measured impedance is within a tripping zone. A separate comparator is used for each line of each
Quadrilateral.

Each tripping zone is constructed from a Quadrilateral based on that depicted in the following diagram:
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Figure 54: General Quadrilateral Characteristic Limits

In the figure, an Offset Quadrilateral characteristic is defined by its Impedance Reach, Z, (and Reverse Impedance
Reach, Z'), its Resistive Reach, R, (and Reverse Resistive Reach, R’), and the zone angle (8).

The two near-horizontal lines (Impedance Reach Line and Reverse Impedance Reach Line) set the reactive
impedance limits of the tripping zone. The two near-vertical lines (Resistive Reach Line and Reverse Resistive
Reach Line) set the resistive impedance limits.

The Resistive Reach Lines (also called Resistive Blinders) are parallel and set at the angle of the zone’s
characteristic impedance.

The Impedance Reach Lines exhibit a characteristic tilt (slope). A line that tilts to reduce the reactive reach
(negative tilt/tilt down) encourages underreaching; A line that tilts to increase the reactive reach (positive tilt/tilt up)
encourages overreaching. The tilt can be used to reinforce the overreaching/underreaching requirements of the
zone. For example, for an underreaching Forward zone, a negative tilt will ensure that the measurement continues
to underreach, even with increasing fault resistance.

The Impedance Reach, Z, and the Resistive Reach, R, apply in the context of the direction of the protection. For a
Forward Zone, or an Offset Zone, Z and R look into the protected plant. For a Reverse Zone, Z and R look behind
the protected plant. Reactive Line tilts follow the same convention.

6.4.1 DIRECTIONAL QUADRILATERALS

A Directional Line overlaid onto an Offset characteristic is used to create a Directional one as shown in the following
figure:
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Directional Line
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Figure 55: Directional Quadrilateral Characteristic

This product has a Delta Directional element that is normally used to directionalise the Distance protection.

By default, the Delta Directional element is enabled (Dir. Status in DELTADIRECTIONAL set to Enabled). In this
case, the Directional Line for the Quadrilateral is derived using superimposed fault-current (Delta I). When using the
Delta Directional element, the Directional Line angle has a default value of 60°, but you can change it with the Dir.
Char Angle setting.

If you want to use a conventional directional technique, then you can do this by disabling the Delta Directional
element. The protection will then use a conventional directional element with a fixed angle of 60°. If the conventional
directional decision is used, the directional elements are polarized by a mix of self (actual) and memory voltage.
The polarizing voltage always contains self-polarized voltage and a percentage of the pre-fault memory voltage.
The setting Dist. Polarizing varies from 0.2 (20%) to 5 (500%) and defines the proportion between self-polarizing
voltage and memory-polarizing voltage used for the directional voltage polarization as follows:

V polarising = Vself-polarizing/Dist. Polarizing + \V memory-polarizing

As it can be seen from the formula, the higher the setting Dist. Polarizing, the higher the value of memory-
polarizing voltage used.

Once the memory expires, the value of V memory-polarising is replaced by V cross-polarising cross as shown in the
following table:

Cross Polarizing Signal

Loop (No Poles Dead) Cross Polarizing if a Pole is Dead

AN 0.5(aVB + 02VC) aVB if C pole is dead or a2VC if B pole is dead
B-N 0.5(aVC + a2VA) aVC if A pole is dead or a2VA if C pole is dead
C-N 0.5(aVA + a2VB) aVA if B pole is dead or o2VC if A pole is dead
A-B V3VC £ -90° 0

B-C V3VA £ -90° 0
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Cross Polarizing Signal
(No Poles Dead)

C-A \3VB £ -90° 0

Loop Cross Polarizing if a Pole is Dead

Where o is a mathematical operator which rotates a vector through 120° and o2 denotes a rotation of 240°.

If Dir. Status in DELTADIRECTIONAL is set to Disabled, we recommend a setting of 1 for correct directionality in
typical applications.

The relay has the facility to deter the use of memory, with the Force No Mem. DDB. This DDB forces the relay to
work without voltage memory polarization, making it operate as if the voltage memory timer Mem Volt Dura has
expired.

The following figure illustrates two Offset zones that have been converted into Directional Forward zones by the
overlay of a Directional Line. An Offset zone is also shown for reference.

X

Offset zone

Directiond zone

Directiond Line

Directiond zone

+R

/ Forward direction

V05003 X Reverse direction

Figure 56: Quadrilateral Characteristic featuring 2 directional forward zones and 1 offset zone

Directional Quadrilateral Limits

The implementation of Directional Quadrilaterals in this product produces Directional Zone characteristics that are
formed by the combination of five comparators. Each comparator produces a straight line on the complex
impedance plane. The lines produced are:

Impedance Reach Line

Reverse Impedance Reach Line

Resistance Reach Line

Reverse Resistance Reach Line

Directional Line.

Each of the lines produced by the comparators defines a tripping limit: Impedance on one side of the line prevents
tripping whereas impedance on the other side of the line may, if the other comparators agree, allow tripping. For
example, impedance beyond the Impedance Reach Line will not allow tripping.
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The combination of the comparator outputs produces a polygon shaped tripping region. The polygon may be either
4-sided or 5-sided. The shape depends according to the settings that are applied by the five comparators and how
the Directional Line interacts with the reach lines (usually the Reverse Impedance Reach Line):

e The Directional Line may completely mask a reach line. If that is the case, the polygon will be 4-sided
(quadrilateral).

e |[f the Directional Line intersects a reach line, the polygon will be 5-sided.

Creation of a 5-sided polygon is illustrated in the following figure:

X

Directional Line

Forward direction

X ~<_y Reverse direction
~

E05002

Figure 57: Five-sided polygon formed by Quadrilateral characteristic with Directional-Line intersection of
Reverse Impedance Reach Line

The applied settings will determine the intersection point. When the settings have been chosen, the following values
will affect the line intersection point:

e Impedance Reach

e Reverse Impedance Reach

e Resistive Reach

e Reverse Resistive Reach

e Directional Line Angle

e Zone Characteristic Impedance Angle

e Tilt Angles of Impedance Reach Lines

The Impedance Reach, the Resistive Reach, and the Zone Characteristic Impedance Angle, can be freely
assigned. The Directional Line Angle is 60° by default but can be varied if the Delta Directional element is enabled.
The Tilt Angle of the impedance lines has a default setting of -3°, but some variation is allowed if the Advanced
setting option is chosen.

The Reverse Impedance Reach, and the Reverse Resistive Reach are applied as a fixed ratio of the Impedance
Reach and the Resistive Reach for Directional characteristics. The