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1

DOCUMENTATION STRUCTURE

This manual provides a functional and technical description of this MiCOM device, and gives a comprehensive set
of instructions for it's use and application. A summary of the different chapters of this manual is given here:

Si

10

11

12

Description

Safety Information

A guide to the safe handling, commissioning and testing of equipment. This provides typical
information and advice which covers a range of MiCOM Px4x products. It explains how to work
with equipment safely.

Introduction

A guide to the MiCOM range of relays and the documentation structure. General safety aspects of
handling Electronic Equipment are discussed with particular reference to relay safety symbols.
Also a general functional overview of the relay and brief application summary is given.

Technical Data

Technical data including setting ranges, accuracy limits, recommended operating conditions,
ratings and performance data. Compliance with norms and international standards is quoted
where appropriate.

Getting Started

A guide to the different user interfaces of the IED describing how to start using it. This chapter
provides detailed information regarding the communication interfaces of the IED, including a
detailed description of how to access the settings database stored within the IED.

Settings

List of all relay settings, including ranges, step sizes and defaults, together with a brief explanation
of each setting.

Operation
A comprehensive and detailed functional description of all protection and non-protection functions.
Application Notes

This section includes a description of common power system applications of the relay, calculation
of suitable settings, some typical worked examples, and how to apply the settings to the relay.

Using the PSL Editor
This provides a short introduction to using the PSL Editor application.
Programmable Logic

Overview of the Programmable Scheme Logic (PSL) and a description of each logical node. This
chapter includes the factory default and an explanation of typical applications.

Measurements and Recording

Detailed description of the relays recording and measurements functions including the
configuration of the event and disturbance recorder and measurement functions.

Product Design

Overview of the operation of the relay’s hardware and software. This chapter includes information
on the self-checking features and diagnostics of the relay.

Commissioning

Instructions on how to commission the relay, comprising checks on the calibration and functionality
of the relay.

Test and Setting Records
This is a list of the tests made and the settings stored on the MiCOM IED.

Chapter
Code

Px4x/EN Sl

P64x/EN IT

P64x/EN TD

P64x/EN GS

P64x/EN ST

P64x/EN OP

P64x/EN AP

Px4x/EN SE

P64x/EN PL

P64x/EN MR

P64x/EN PD

P64x/EN CM

P64x/EN RC

P64x/EN IT/E93 (P642, P643 & P645)
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Documentation Structure

13

14

15

16

17

18

19

20

21

22

23

24

SG Symbols and Glossary

Maintenance

Description

A general maintenance policy for the relay is outlined.

Troubleshooting

Advice on how to recognize failure modes and the recommended course of action. Includes
guidance on whom within Schneider Electric to contact for advice.

SCADA Communications

This chapter provides an overview regarding the SCADA communication interfaces of the relay.
Detailed protocol mappings, semantics, profiles and interoperability tables are not provided within
this manual. Separate documents are available per protocol, available for download from our

website.

Installation

Recommendations on unpacking, handling, inspection and storage of the relay. A guide to the
mechanical and electrical installation of the relay is provided, incorporating earthing
recommendations.

Connection Diagrams
A list of connection diagrams, which show the relevant wiring details for this relay.
Cyber Security

An overview of cyber security protection (to secure communication and equipment within a
substation environment). Relevant cyber security standards and implementation are described too.

Dual Redundant Ethernet Board (DREB)

Information about how MiCOM products can be equipped with Dual Redundant Ethernet Boards
(DREBSs) and the different protocols which are available. Also covers how to configure and
commission these types of boards.

Parallel Redundancy Protocol (PRP) Notes

Includes an introduction to Parallel Redundancy Protocols (PRP) and the different networks PRP
can be used with. Also includes details of PRP and MiCOM functions.

High-availability Seamless Redundancy (HSR)

Introduction to the High-availability Seamless Redundancy (HSR); and how it is implemented on
MiCOM-based products manufactured by Schneider Electric.

Rapid Spanning Tree Protocol (RSTP) Notes

This section gives an introduction to the Rapid Spanning Tree Protocol (RSTP); and how
it is implemented on MiCOM-based products manufactured by Schneider Electric.

Process Bus Notes (PB)

This section gives an introduction to the Process Bus Board (PB); and how it is
implemented on MiCOM-based products manufactured by Schneider Electric.

Version History (of Firmware and Service Manual)

This is a history of all hardware and software releases for this product.

List of common technical terms, abbreviations and symbols found in this documentation.

Chapter
Code

Px4x/EN MT

Px4x/EN TS

P64x/EN SC

Px4x/EN IN

P64x/EN CD

Px4x/EN CS

Px4x/EN REB

Px4x/EN PR

Px4x/EN HS

Px4x/EN TP

Px4x/EN PB

P64x/EN VH

Px4x/EN SG

Some of these chapters are Specific to a particular MiCOM product. Others are Generic — meaning that they cover

more than one MiCOM product. The generic chapters have a Chapter Code which starts with Px4x.
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2 INTRODUCTION TO MICOM

About MiCOM Range

MiCOM is a comprehensive solution capable of meeting all electricity supply
requirements. It comprises a range of components, systems and services from Schneider
Electric.

Central to the MiCOM concept is flexibility. MiCOM provides the ability to define an
application solution and, through extensive communication capabilities, integrate it with
your power supply control system.

The components within MiCOM are:

. P range protection relays

. C range control products

. M range measurement products for accurate metering and monitoring
. S range versatile PC support and substation control packages

MiCOM products include extensive facilities for recording information on the state and
behaviour of the power system using disturbance and fault records. They can also
provide measurements of the system at regular intervals to a control centre enabling
remote monitoring and control to take place.

For up-to-date information, please see:

www.schneider-electric.com

Note During 2011, the International Electrotechnical Commission classified the
voltages into different levels (IEC 60038). The IEC defined LV, MV, HV and
EHV as follows: LV is up to 1000V. MV is from 1000V up to 35 kV. HV is
from 110 kV or 230 kV. EHV is above 230 KV.
There is still ambiguity about where each band starts and ends. A voltage
level defined as LV in one country or sector, may be described as MV in a
different country or sector. Accordingly, LV, MV, HV and EHV suggests a
possible range, rather than a fixed band. Please refer to your local
Schneider Electric office for more guidance.

P64x/EN IT/E93 (P642, P643 & P645) Page (IT) 1-7
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3 PRODUCT SCOPE

The P64x (P642, P643 and P645) preserves transformer service life by offering fast
protection for transformer faults. Hosted on an advanced IED platform, the P64x
incorporates differential, REF, thermal, and overfluxing protection, plus backup protection
for uncleared external faults. Model variants cover two and three winding transformers
(including autotransformers), with up to five sets of 3-phase CT inputs. Large CT counts
are common in ring bus or mesh corner applications, where the P64x summates currents
to create each total winding current, easing application of backup protection. Backup
overcurrent can be directionalized, where the user includes the optional 3-phase VT input
in their chosen model.

3.1 Functional Overview

The P642/P643/P645 transformer protection relays have a wide variety of protection
functions which are summarized in the following table.

ANSII No | Description P64x
Time synchronization port (modulated / unmodulated IRIG-B) Option
P642/P643/P645
IEC 61850 Ed2 / Ed1 Option
P642/P643/P645
87 Phase-segregated transformer biased differential protection is provided for high-speed P642 / P643/ P645

discriminative protection for all fault types.

64 Biased low-impedance restricted earth fault element can be used to provide high-speed earth| P642/ P643/ P645
fault protection. High impedance restricted earth fault element is also available. The 64
function is applicable to conventional transformers and autotransformers.

50/51/67 | Four overcurrent protection stages are provided which can be selected as non-directional, P642/ P643/ P645
directional, forward or directional reverse. Stages 1 and 2 can be set as Inverse Definite
Minimum Time (IDMT) or Definite Time (DT); stages 3 and 4 can be set as DT only.

460C Four stages of negative phase sequence overcurrent protection are provided for remote P642/ P643/ P645
back-up protection for both phase-to-earth and phase-to-phase faults. Each stage can be
selected as non-directional, directional forward or directional reverse. Stages 1 and 2 can be
set as Inverse Definite Minimum Time (IDMT) or Definite Time (DT); stages 3 and 4 can be
setas DT only.

49 Thermal overload protection based on IEEE Std C57.91-1995. Thermal trip can be based on | P642/ P643/ P645
either hot spot or top oil temperature, each with three time-delayed stages available. Four
cooling modes are available to consider the transformer cooling classes.

LoL Two one-stage definite time delay alarms based on aging acceleration factor (Faa) or Loss-of-| P642/ P643/ P645
Life (LoL) are available.

Thru Through faults are a major cause of transformer damage and failure. Both the insulation and | P642/ P643/ P645
the mechanical effects of fault currents are considered. A one-stage alarm is available for
through-fault monitoring.

50N/51N/6 | Up to three derived or measured standby earth fault elements are available. Four stages are | P642/ P643/ P645
7N provided which can be selected as non-directional, directional, forward or directional reverse.
Stages 1 and 2 can be set as Inverse Definite Minimum Time (IDMT) or Definite Time (DT);
stages 3 and 4 can be set as DT only

59N The 59N element is a two-stage design, each stage having separate voltage and time delay | P642/ P643/ P645
settings. Stage 1 can be set to operate on either an IDMT or DT characteristic, while stage 2
can be set to DT only.

24 Two five-stage overfluxing (V/Hz) elements protect the transformer, against overexcitation. P642/ P643/ P645
The first stage is a Definite Time alarm, the second stage can be used to provide an inverse
or Definite Time trip characteristic and stages 3, 4 and 5 are Definite Time.

27 A two-stage undervoltage protection element, configurable as either phase-to-phase or P643/ P645
phase-to-neutral measuring is available, Stage 1 can be set as either IDMT or DT and stage
2is DT only.

Page (IT) 1-8 P64x/EN IT/E93 (P642, P643 & P645)
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tachometers. Each input has a Definite Time trip and alarm stage, each input can be set to
‘Over’ or ‘Under’ operation, and each input can be independently selected as 0 to 1, 0 to 10,
0 to 20 or 4 to 20 mA.

Four analogue (or current loop) outputs are provided for the analogue measurements in the
relay. Each output can be independently selected as 0 to 1, 0 to 10, 0 to 20 or 4 to 20 mA.

ANSII No | Description P64x

59 A two-stage overvoltage protection element, configurable as either phase-to-phase or phase- | P643/ P645
to-neutral measuring is available. Stage 1 can be set as either IDMT or DT and stage 2 is DT
only.

47 A one-stage negative phase sequence overvoltage protection element is available. Itis DT | P642/ P643/ P645
only.

81U/O Four-stage Definite Time underfrequency and two-stage Definite Time overfrequency P642/ P643/ P645
protection is provided for load shedding and back-up protection.

RTD Ten RTDs (PT100) are available to monitor the ambient and top oil temperature accurately. | Option P642/ P643/
Each RTD has an instantaneous alarm and Definite Time trip stage. P645

50BF A two-stage circuit breaker failure function is provided with a 3-pole initiation input from P642/ P643/ P645
external protection.

37P Phase undercurrent elements are available for use with, for example, the circuit breaker fail | P642/ P643/ P645
function.

VTS Voltage transformer supervision is provided (1, 2 & 3-phase fuse failure detection) to prevent | P642/ P643/ P645
mal-operation of voltage-dependent protection elements when a VT input signal is lost.

CTS Current transformer supervision prevents mal-operation of current-dependent protection P642/ P643/ P645
elements when a CT input signal is lost.

CLIO Four analog or current loop inputs are provided for transducers such as vibration sensors and| Option P642/ P643/

P645

CT saturation and no gap detection algorithms have been included to enhance to low set
differential element operating time

P642/ P643/ P645

External fault detection algorithm has bee included to maintain stability during external faults.

P642/ P643/ P645

Zero crossing detection algorithm has been included to prevent circuit breaker failure mal- P642/ P643/ P645
operations due to subsidence current.

Phase rotation. The rotation of the phases ABC or ACB for all 3-phase current and voltage | P642/ P643/ P645
channels can be selected. Also, for pumped storage applications, the swapping of two

phases can be emulated independently for the 3-phase voltage and 3-phase current

channels.

32 programmable user alarms P642/ P643/ P645
10 programmable function keys P643/ P645

18 programmable LEDs (tri-color P643/P645, red P642) P642/ P643/ P645
8 to 24 digital inputs (order option) depending on the model P642/ P643/ P645
Front communication port (EIA(RS)232) P642/ P643/ P645
Rear communication port (K-Bus/EIA(RS)485). The following communications protocols are | P642/ P643/ P645

supported: Courier, MODBUS, IEC870-5-103 (VDEW), DNP3.0.

Rear communication port (Fiber Optic). The following communications protocols are
supported: Courier, MODBUS, IEC870-5-103 (VDEW) and DNP3.0.

Option P642/ P643/
P645

Second rear communication port, EIA(RS)232/EIA(RS)485. Courier and K-Bus protocols.

Option P642/ P643/
P645

Rear IEC 61850-8-1 Ethernet communication port.

Option P642/ P643/
P645

Time synchronization port (IRIG-B)

Option P642/ P643/
P645

Table 1 - Protection functions overview

P64x/EN IT/E93 (P642, P643 & P645)
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The relay supports these relay management functions as well as the ones shown above.

Measurement of all instantaneous & integrated values
Circuit breaker, status & condition monitoring
Programmable Scheme Logic (PSL)

Trip circuit and coil supervision (using PSL)

Alternative setting groups

Programmable function keys

Control inputs

Programmable allocation of digital inputs and outputs
Sequence of event recording

Comprehensive disturbance recording (waveform capture)
Fault recording

Fully customizable menu texts

Power-up diagnostics and continuous self-monitoring of relay
Commissioning test facilities

Real time clock/time synchronization - time synchronization possible from IRIG-B
input, opto input or communications

Simple password management:
CSLO - No Security Administration Tool (SAT) required

Advanced Cyber Security:
CSL1 - Security Administration Tool (SAT) required

Read only mode

3.2

Process Bus

The Process Bus board interfaces to IEC 61850-9-2LE (80 samples/cycle) and
IEC61869-9 (F4800S214U4) compliant Merging Units (MU). The Process Bus board
replaces the conventional analogue inputs (analogue module) and is available in these
Easergy protection relays:

P141, P142, P143, P145 (feeder protection)
P442, P443, P445 and P446 (distance protection)
P543, P546 (line differential protection)

P642, P643 and P645 (transformer protection)
P746 (busbar protection)

P841(multifunction line terminal IED)

Process bus is mainly used to communicate the primary values of current and voltage to
a protection relay via an Ethernet network. Merging Units form the data acquisition layer
in the network. They connect to the primary sensor, determining the instantaneous
primary measurements and publishing them on the process bus.

Page (IT) 1-10
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Figure 1 - Process Bus principle

The Process Bus philosophy is to be able to isolate from the secondary system such as
protection or control IEDs the primary interfaces such as the breakers, isolators by
interposing Breaker IED or Switch IED and/or CTs or VTs by interposing new primary
equipment called LPIT (Low Power Instrument Transformers), previously known as NCIT
(Non-Conventional Instrument Transformers) or Stand Alone Merging Units (SAMU). The
Stand Alone Merging Unit (SAMU) converts 1/5A and 100/110V signals to process bus
measurements (called Sampled Values). One feature that is mandatory for the Merging
Unit is a very accurate clock source. Time is unique and common in the "analogue world"
but is not in the digital world. Sampled values must be synchronized via IEC61850-9-3
(refer to IEC 61588/IEEE1588 Precision Time Protocol) or 1 Pulse Per Second (PPS)
signal. The measurement values provided must be suitable for the protection application.
This performance is ensured by the selection of primary sensors meeting the CT
requirements of the protection application. These requirements must now be met by both
the primary CT and the Merging Unit.

The IMU can embed other digital functionality, sending information such as position of
breaker and isolators and receiving digital information such as close, open, trip or reclose
commands over the process bus.

The process bus links allow multiple measurement streams as well as the digital
information to be sent over common ethernet link which saves on the installation of
secondary wiring. Also, the same stream can be utilized by multiple relays reducing the
number of primary sensors required. This does, however, expose the system to a greater
outage due to a link or switch failure. In most cases, redundancy such as IEC62439 PRP
will be required to ensure system availability.

P64x/EN IT/E93 (P642, P643 & P645) Page (IT) 1-11



(IT) 1 Introduction

Product Scope

3.3

Application Overview
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4 ORDERING OPTIONS
4.1 Information Required with Order - Software Version B4
The options vary from one product to another:
. P642 Transformer Protection
. P643 Transformer Protection
. P645 Transformer Protection
Note The following tables list the options available as of the date shown of this

documentation. The most up-to-date versions of these tables can be found
on our web site (www.schneider-electric.com). It may not be possible to
select ALL of the options shown in this chart within a single item of
equipment.

P64x/EN IT/E93 (P642, P643 & P645) Page (IT) 1-13
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Ordering Options

4.2 P642 Transformer Protection

Order form MiCOM P642

Ready-to-use
configuration

Transformer Relay With Sigma-Delta Input P642 M
Module

Vx Aux Rating :

24 -32Vdc

48 - 110 Vdc

110 - 250 Vdc (100 - 240 Vac)

In/Vn Rating :

HV-LV (In = 1A/5A), (Vn = 100/120V) (8CT/1VT)

HV-LV (In = 1A/5A), (Vn = 100/120V) (8CT/2VT)

Hardware Options :

Standard - no options 1

IRIG-B only (modulated) 2

Fibre optic converter only 3

IRIG-B (modulated) & fibre optic converter 4

Second Rear Comms Port (Courier EIA232/EIA485/k-bus) 7

Second Rear Comms Port + IRIG-B (modulated) (Courier 8
EIA232/EIA485/k-bus)

Redundant Ethernet (100Mbit/s) PRP or HSR and Dual IP, 2 Q

LC ports + 1 RJ45 port + Modulated/Un-modulated IRIG-B

Redundant Ethernet (100Mbit/s) PRP or HSR and Dual IP, 3 R

RJ45 ports + Modulated/Un-modulated IRIG-B

Ethernet (100Mbit/s), 1 RJ45 port + Modulated/Un-modulated s

IRIG-B

Product Specific Options :

Size 8 (40TE) Case, 8 Optos + 8 Relays A

Size 8 (40TE) Case, 8 Optos + 8 Relays + RTD B

Size 8 (40TE) Case, 8 Optos + 8 Relays + CLIO (mA 1/0) C

Size 8 (40TE) Case, 12 Optos + 12 Relays D

Size 8 (40TE) Case, 8 Optos + 12 Relays (including 4 High E
Break)

Protocol Options :

K-Bus/Courier 1
Modbus 2
IEC60870-5-103 3
DNP3.0 4
IEC 61850 Edition 1 /2 and Courier via rear K-Bus/RS485 6
with simple password management - CSLO

IEC 61850 Edition 1/ 2 and DNP3 over Ethernet and DNP3.0 B
via rear RS485 with simple password management - CSLO

IEC 61850 Edition 1 /2 and Courier via rear K-Bus/RS485

with advanced Cyber Security - CSL1 - Security Administration G
Tool (SAT) required

IEC 61850 Edition 1/ 2 and DNP3 over Ethernet and DNP3.0

via rear RS485 with advanced Cyber Security - CSL1 - L
Security Administration Tool (SAT) required

Mounting Options :

Panel Mounting M
Language Options :

English, French, German, Spanish 0
English, French, German, Russian 5

Page (IT) 1-14
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Chinese, English or French via HMI, with English or French
only via Communications port

Software Version Options :

Unless specified the latest version will be delivered B3
Customisation:

Default 8
Customer Settings 9
Design Suffix :

Phase 3 CPU L

P64x/EN IT/E93 (P642, P643 & P645) Page (IT) 1-15
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Ordering Options

4.3 P643 Transformer Protection

Order form MiCOM P643

Ready-to-use
configuration

Transfromer Relay With Sigma-Delta Input Module P643

Vx Aux Rating :

24 -32Vdc

48 - 110 Vdc

110 - 250 Vdc (100 - 240 Vac)

In/Vn Rating :

HV-LV In = 1A/5A, Vn = (100/120V) (12CTAVT)

HV-LV In = 1A/5A, Vn = (100/120V) (12CT/4VT)

Hardware Options :

Standard - no options

IRIG-B only (modulated)

Fibre optic converter only

IRIG-B (modulated) & fibre optic converter

Second Rear Comms Port (Courier EIA232/EIA485/kbus)

Second Rear Comms Port + IRIG-B (modulated) (Courier
EIA232/EIA485/kbus)

0 ([ N[A~|lw N~

Redundant Ethernet (100Mbit/s) PRP or HSR and Dual IP, 2
LC ports + 1 RJ45 port + Modulated/Un-modulated IRIG-B

Redundant Ethernet (100Mbit/s) PRP or HSR and Dual IP, 3
RJ45 ports + Modulated/Un-modulated IRIG-B

Ethernet (100Mbit/s), 1 RJ45 port + Modulated/Un-modulated
IRIG-B

Product Specific Options :

Size 12 (60TE) case, 16 optos + 16 relays

Size 12 (60TE) case, 16 optos + 16 relays + RTD

Size 12 (60TE) case, 16 optos + 16relays + CLIO (mA 1/0)

Size 12 (60TE) case, 16 optos + 24 relays

(60TE)
(60TE)
Size 12 (60TE) case, 24 optos + 16 relays
(60TE)
(60TE)

Size 12 (60TE) case, 16 optos + 20 relays (including 4 High
Break)

m Mmoo w| >

Protocol Options :

K-Bus/Courier

Modbus

I[EC60870-5-103

DNP3.0

IEC 61850 Edition 1 /2 and Courier via rear K-Bus/RS485 with
simple password management - CSLO

(AW =

IEC 61850 Edition 1/ 2 and DNP3 over Ethernet and DNP3.0
via rear RS485 with simple password management - CSLO

IEC 61850 Edition 1 /2 and Courier via rear K-Bus/RS485 with
advanced Cyber Security - CSL1 - Security Administration Tool
(SAT) required

IEC 61850 Edition 1/2 and DNP3 over Ethernet and DNP3.0
via rear RS485 with advanced Cyber Security - CSL1 -
Security Administration Tool (SAT) required

Mounting Options :

Panel Mounting

Language Options :

English, French, German, Spanish

English, French, German, Russian
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Chinese, English or French via HMI, with English or French
only via Communications port

Software Version Options :

Unless specified the latest version will be delivered B3
Settings Files Options:

Default 8
Customer Specific 9
Design Suffix :

Extended Phase 3 CPU M
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Ordering Options

4.4 P645 Transformer Protection

Order form MiCOM P645
Ready-to-use
configuration

P645 Transformer Relay With Sigma-Delta Input Module

\Vx Aux Rating :

24 - 32 Vdc

48 - 110 Vdc

110 - 250 Vdc (100 - 240 Vac)

In/Vn Rating :

HV-LV In = 1A/5A, Vn = (100/120V) (18CTAVT)

HV-LV In = 1A/5A, Vn = (100/120V) (18CT/4VT)

Hardware Options :

Standard - no options

IRIG-B only (modulated)

Fibre optic converter only

IRIG-B (modulated) & fibre optic converter

Second Rear Comms Port (Courier EIA232/EIA485/k-bus)

Second Rear Comms Port + IRIG-B (modulated) (Courier
EIA232/EIA485/k-bus)

0 (N[ |lw N~

Redundant Ethernet (100Mbit/s) PRP or HSR and Dual IP, 2 LC
ports + 1 RJ45 port + Modulated/Un-modulated IRIG-B

Redundant Ethernet (100Mbit/s) PRP or HSR and Dual IP, 3
RJ45 ports + Modulated/Un-modulated IRIG-B

Ethernet (100Mbit/s), 1 RJ45 port + Modulated/Un-modulated
IRIG-B

Product Specific Options :

Size 12 (60TE) case, 16 optos + 16 relays

Size 12 (60TE) case, 16 optos + 16 relays + RTD

Size 12 (60TE) case, 16 optos + 16 relays + CLIO (mA I/O)

Size 12 (60TE) case, 24 optos + 16 relays

Size 12 (60TE) case, 16 optos + 24 relays

Size 16 (80TE) case, 24 optos + 24 relays + RTD

Size 16 (80TE) case, 24 optos + 24 relays + CLIO (mA I/0)

IO MMooO W >

(60TE)
(60TE)
(60TE)
(60TE)
Size 16 (80TE) case, 24 optos + 24 relays
(80TE)
(80TE)
(80TE)

Size 16 (80TE) case, 24 optos + 24 relays + RTD + CLIO (mA
1/0)

(-

Size 12 (60TE) case, 16 optos + 20 relays (including 4 high
break)

=

Size 16 (80TE) case, 24 optos + 20 relays (including 4 high
break)

Size 16 (80TE) case, 24 optos + 20 relays (including 4 high
break) + RTD

Size 16 (80TE) case, 24 optos + 20 relays (including 4 high
break) + CLIO (mA I/0)

Size 16 (80TE) case, 24 optos + 20 relays (including 4 high
break) + RTD + CLIO (mA I/O)

Size 16 (80TE) case, 16 optos + 24 relays (including 8 high
break)

Size 16 (80TE) case, 16 optos + 24 relays (including 8 high
break) + RTD

Size 16 (80TE) case, 16 optos + 24 relays (including 8 high
break) + CLIO (mA I/0)
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Order form MiCOM P645

Ready-to-use
configuration

P645 Transformer Relay With Sigma-Delta Input Module

Size 16 (80TE) case, 16 optos + 24 relays (including 8 high
break) + RTD + CLIO (mA 1/0)

Protocol Options :
K-Bus/Courier
Modbus
IEC60870-5-103
DNP3.0

IEC 61850 Edition 1/2 and Courier via rear K-Bus/RS485 with
simple password management - CSLO

IEC 61850 Edition 1/2 and DNP3 over Ethernet and DNP3.0
via rear RS485 with simple password management - CSLO

IEC 61850 Edition 1/ 2 and Courier via rear K-Bus/RS485 with

advanced Cyber Security - CSL1 - Security Administration Tool G
(SAT) required

IEC 61850 Edition 1 /2 and DNP3 over Ethernet and DNP3.0

via rear RS485 with advanced Cyber Security - CSL1 - Security L
Administration Tool (SAT) required

Mounting Options :
Panel Mounting M
Rack Mounting (only available on 80TE cases) N
Language Options :
English, French, German, Spanish 0
English, French, German, Russian 5

Chinese, English or French via HMI, with English or French only
via Communications port

Software Version Options :

Unless specified the latest version will be delivered B3
Settings Files Options :

Default 8
Customer Settings 9
Design Suffix :

Extended Phase 3 CPU M

D |l N~
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Notes:
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Date: 07/2018
Products covered by this This chapter covers the specific versions of the MiCOM products listed below. This includes
chapter: only the following combinations of Software Version and Hardware Suffix.
Hardware Suffix: L (P642) M (P643/P645)
Software Version: B4 - P64x (P642, P643 & P645)
Connection Diagrams: 10P642xx (xx = 01 to 10)
10P643xx (xx = 01 to 06)
10P645xx (xx = 01 to 09)
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1 MECHANICAL SPECIFICATIONS

1.1 Design
Modular MiCOM Px40 platform relay:
. P642 in 40TE case
. P643 in 60TE case
. P645 in 60TE or 80TE case.
Mounting is front of panel flush mounting, or 19” rack mounted (ordering options).

1.2 Enclosure Protection
Per IEC 60529:
. IP 52 Protection (front panel) against dust and dripping water.
. IP 50 Protection for the rear and sides of the case against dust.
o IP 10 Product safety protection for the rear due to live connections on the terminal
block.
1.3 Weight
Product: Case: Weight:
P642 (40TE) 7.9kg
P643 (60TE) 11.5kg
P645 (60TE) 11.5kg
P645 (80TE) 15.5kg

P64x/EN TD/E93 (P642, P643 & P645) Page (TD) 2-9



(TD) 2 Technical Data Terminals

TERMINALS

21

AC Current and Voltage Measuring Inputs

Located on heavy duty (black) terminal block:
Threaded M4 terminals, for ring terminal connection.
CT inputs have integral safety shorting, upon removal of the terminal block.

2.2

General Input/Output Terminals

For power supply, opto inputs, output contacts and RP1, COM1 and optional COM2 rear
communications.

Located on general purpose (grey) blocks:

Threaded M4 terminals, for ring lug/terminal connection.

2.3

Case Protective Earth Connection

Two rear stud connections, threaded M4.
Must be earthed (grounded) using the protective (earth) conductor for safety, minimum
earth wire size 2.5mm?2,

24

Front Port Serial PC Interface

EIA(RS)-232 DCE, 9 pin D-type female connector Socket SK1.

Courier protocol for interface to MiCOM S1 Studio software.

Isolation to SELV/ELV (Safety/Extra Low Voltage) level / PEB (Protective Equipotential
Bonded).

Maximum cable length 15m.

2.5

Front Download/Monitor Port

EIA(RS)-232, 25 pin D-type female connector Socket SK2.
For firmware and menu text downloads.
Isolation to SELV/PEB level.

2.6

Rear Communications Port (RP1)

EIA(RS)-485 signal levels, two wire connections located on general purpose block, M4
screw.

For screened twisted pair cable, multidrop, 1000 m max.

For Courier (K-Bus), IEC-60870-5-103 (not for P746/P849), MODBUS (not for
P14x/P445/P44x/P54x/P547/P746/P841/P849) or DNP3.0 protocol (not for
P24x/P746/P849) (ordering options).

Isolation to SELV (Safety Extra Low Voltage) level. Ethernet (copper and fibre).

2.7

Optional Rear Fiber Connection for SCADA/DCS

BFOC 2.5 -(ST)-interface for multi-mode glass fiber type 62.5, as for IEC 874-10.
850nm short-haul fibers, one Tx and one Rx. For Courier, IEC-60870-5-103, MODBUS or
DNP3.0 (but, see different ordering options for each model).

2.8

Optional Second Rear Communications Port (RP2)

EIA(RS)-232, 9 pin D-type female connector, socket SK4.
Courier protocol: K-Bus, EIA(RS)-232, or EIA(RS)485 connection.
Isolation to SELV level.

Maximum cable length 15m.
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29

Optional Rear IRIG-B Interface (Modulated or Unmodulated)

BNC plug
Isolation to SELV level.
50 ohm coaxial cable.

2.10

2101

2.10.1.1

2.10.1.2

Optional Rear Ethernet Connection for IEC 61850 or DNP 3.0

Optional Redundant Rear Ethernet Connection (optical)

100BaseTX Communications

Interface in accordance with IEEE802.3 and IEC 61850
Isolation: 1.5kV

Connector type: RJ45

Cable type: Screened Twisted Pair (STP)
Max. cable length: 100 m

100Base FX Interface
Interface in accordance with IEEE802.3 and IEC 61850

Wavelength: 1310 nm
Fiber: multi-mode 50/125 pm or 62.5/125 uym
Connector type: LC Connector Optical Interface

P64x/EN TD/E93 (P642, P643 & P645)
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3 RATINGS

31 AC Measuring Inputs

Nominal frequency: 50 and 60 Hz (settable)
Operating range: 4510 66 Hz

Phase rotation: ABC or ACB
3.2 AC Current

Nominal current (In): 1 and 5 A dual rated.

Nominal burden: Phase <0.2 VA at In

Earth <0.2 VA at In
Thermal withstand:  continuous 4 In for 10s: 30 In
for 1s; 100 In

Standard: linear to 64 In (non-offset AC current).
3.3 AC Voltage

Nominal voltage (Vn): 100 to 120 V

Nominal burden per phase: <0.06 VAat110V

Thermal withstand: continuous 2 Vn for 10s: 2.6 Vn

Linear to 200V (100V/120V).
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4 POWER SUPPLY
4.1 Auxiliary Voltage (Vx)
Three ordering options:
(i) Vx: 24 to 32 Vdc
(i) Vx: 48 to 125 Vdc
(i) Vx: 110 to 250 Vdc, and 100 to 240Vac (rms)
4.2 Operating Range
(i) 19 to 38V (dc only for this variant)
(i) 37 to 150V (dc only for this variant)
(i) 87 to 300V (dc), 80 to 265 V (ac).
With a tolerable ac ripple of up to 15% for a dc supply, per EN / IEC 60255-11, EN / IEC
60255-26.
4.3 Nominal Burden
Quiescent burden: 11W or 24 VA. (Extra 1.25 W when fitted with second rear
communications board).
Additions for energized binary inputs/outputs:
For each opto input:
0.09W (24 to 54 V)
0.12 W (110/125 V)
0.19 W (220/250 V)
For each energized output relay: 0.13W
4.4 Power-Up Time
Time to power up <25s
Ethernet Communications <70s
4.5 Power Supply Interruption
Per IEC60255-26: 2013
The relay will withstand a 20 ms interruption in the DC auxiliary supply, without
deenergizing except process bus relays operating between 37 and 43V which have
a 10 ms withstand.
The relay will withstand a 20 ms interruption in an AC auxiliary supply, without
deenergizing.
4.6 Battery Backup
Regulated 48 Vdc
Current limited at 112 mA maximum output
Operating range 40 to 60 V
4.7 Field Voltage Output

Regulated 48 Vdc
Current limited at 112 mA maximum output
Operating range 40 to 60 V
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Power Supply

4.8

Digital (“Opto”) Inputs

Universal opto inputs with programmable voltage thresholds (24/27, 30/34, 48/54,
110/125, 220/250 V). May be energized from the 48 V field voltage, or the external

battery supply.

Rated nominal voltage:

Operating range:
Withstand:

24 to 250 Vdc
19 to 265 Vdc

300 Vdc, 300 Vrms.

Peak current of opto input when energized is 3.5 mA (0-300 V)
Nominal pick-up and reset thresholds:
Pick-up approx 70% of battery nominal set
Reset approx 66% of battery nominal set

Nominal battery 24/27:

(logic 0) <16.2

Nominal battery 24/27:

(logic 0) <12.0

Nominal battery 30/34:

(logic 0) <20.4

Nominal battery 30/34:

(logic 0) <15.0

Nominal battery 48/54:

(logic 0) <32.4

Nominal battery 48/54:

(logic 0) <24.0

60 - 80% DO/PU
(logic 1) >19.2
50 - 70% DO/PU
(logic 1) >16.8
60 - 80% DO/PU
(logic 1) >24.0
50 - 70% DO/PU
(logic 1) >21.0
60 - 80% DO/PU
(logic 1) >38.4
50 - 70% DO/PU
(logic 1) >33.6

Nominal battery 110/125: 60 - 80% DO/PU

(logic 0) <75.0

(logic 1) >88.0

Nominal battery 110/125: 50 - 70% DO/PU

(logic 0) <55.0

(logic 1) >77.0

Nominal battery 220/250: 60 - 80% DO/PU

(logic 0) <150.0

Nominal battery 220/250:

(logic 0) <110
Recognition time:

(logic 1) >176.0
50 - 70% DO/PU
(logic 1) >154

<2 ms with long filter removed.

<12 ms with half cycle ac immunity filter on.
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5 OUTPUT CONTACTS
5.1 Standard Contacts
General purpose relay outputs for signaling, tripping and alarming:
Rated voltage: 300V
Continuous current: 10A
Short-duration current: 30Afor3s
Making capacity: 250 A for 30 ms
Breaking capacity: DC: 50 W resistive
DC: 62.5 W inductive (L/R =50 ms)
AC: 2500 VA resistive (cos ¢ = unity)
AC: 2500 VA inductive (cos ¢ =0.7)
AC: 1250 VA inductive (cos ¢ =0.5)
Subject to maxima of 10 A and 300 V
Response to command: <5ms
Durability: Loaded contact: 10 000 operations minimum,
Unloaded contact: 100 000 operations minimum.
5.2 High Break Contacts
Relay outputs for tripping:
Rated voltage: 300V
Continuous current: 10 Adc
Short-duration current: 30Adcfor3s
Making capacity: 250 A dc for 30 ms
Breaking capacity: DC: 7500 W resistive
DC: 2500 W inductive (L/R =50 ms)
Subject to maxima of 10 A and 300 V
Response to command: < 0.2 ms
Durability: Loaded contact: 10 000 operations minimum,
Unloaded contact: 100 000 operations minimum.
5.3 Watchdog Contacts
Non-programmable contacts for relay healthy or relay fail indication:
Breaking capacity: DC: 30 W resistive
DC: 15 W inductive (L/R = 40 ms)
AC: 375 VA inductive (cos ¢ = 0.7)
54 IRIG-B 12X Interface (Modulated)
External clock synchronization to IRIG standard 200-98, format B12x
Input impedance 6 kQ at 1000 Hz
Modulation ratio: 3:1 to 6:1
Input signal, peak-peak: 200 mV to 20 V
5.5 IRIG-B B00OX Interface (Un-Modulated)

External clock synchronization to IRIG standard 200-98, format BOOX.

Input signal TTL level
Input impedance at dc 10 kQ

P64x/EN TD/E93 (P642, P643 & P645)
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6 ENVIRONMENTAL CONDITIONS
6.1 Ambient Temperature Range
Per EN 60068-2-1 & EN / IEC 60068-2-2
Operating temperature range: -25°C to +55°C (or -13°F to +131°F)
Storage and transit: -25°C to +70°C (or -13°F to +158°F)
6.2 Ambient Humidity Range

Per EN /IEC 60068-2-78:
56 days at 93% relative humidity and +40 °C
Per EN / IEC 60068-2-14
5 cycles, -25°C to +55 °C
1°C / min rate of change
Per EN / IEC 60068-2-30
Damp heat cyclic, six (12 + 12) hour cycles, +25 to +55°C

6.3 Corrosive Environments

Per EN / IEC 60068-2-60, Part 2, Test Ke, Method (class) 3

Industrial corrosive environment/poor environmental control, mixed gas flow test.

21 days at 75% relative humidity and +30°C

Exposure to elevated concentrations of H2S, (100 ppb), NOz, (200 ppb) & Cl2 (20 ppb).
Per EN / IEC 60068-2-52 Salt mist (7 days)

Per EN / IEC 60068-2-43 for H2S (21 days), 15 ppm

Per EN / IEC 60068-2-42 for SOz (21 days), 25 ppm
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7 TYPE TESTS
71 Insulation
Per EN / IEC 60255-27:
Insulation resistance > 100 MQ at 500 Vdc
(Using only electronic/brushless insulation tester).
7.2 Creepage Distances and Clearances
Per EN / IEC 60255-27:
Pollution degree 3, Overvoltage category lll,
7.3 High Voltage (Dielectric) Withstand
(EIA RS-232 ports excepted and normally-open contacts of output relays excepted).
(i) As for EN / IEC 60255-27:
2 kV rms AC, 1 minute:
Between all independent circuits.
Between independent circuits and case earth (ground).
1 kV rms AC for 1 minute, across open watchdog contacts.
1 kV rms AC for 1 minute, across open contacts of changeover output relays.
1 kV rms AC for 1 minute for all D-type EIA(RS)-232 or EIA(RS)-485 ports between
the communications port terminals and protective (earth) conductor terminal.
1 kV rms AC for 1 minute between RJ45 ports and the case earth (ground).
(i)  As for ANSI/IEEE C37.90:
1.5 kV rms AC for 1 minute, across open contacts of normally open output relays.
1 kV rms AC for 1 minute, across open watchdog contacts.
1 kV rms AC for 1 minute, across open contacts of changeover output relays.
74 Impulse Voltage Withstand Test

As for EN / IEC 60255-27:
0] Front time: 1.2 ys, Time to half-value: 50 s,
Peak value: 5kV, 0.5 J

Between all independent circuits.
Between independent circuits and case earth ground.

(i)  Fronttime: 1.2 ys, Time to half-value: 50 ps,

Peak value: 1.5kV, 0.5 J

Between RJ45 ports and the case earth (ground).

EIA(RS)-232 & EIA(RS)-485 ports and normally open contacts of output relays
excepted.
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ELECTROMAGNETIC COMPATIBILITY (EMC)

8.1

1 MHz Burst High Frequency Disturbance Test

As for EN / IEC 60255-22-1, Class I,
Common-mode test voltage: 2.5kV,
Differential test voltage: 1.0 kV,
Test duration: 2s,
Source impedance: 200 Q
(EIA(RS)-232 ports excepted).

8.2

100 kHz and 1 Mhz Damped Oscillatory Test

EN /1EC 61000-4-18: Level 3
Common mode test voltage: 25kV
Differential mode test voltage: 1kV

8.3

Immunity to Electrostatic Discharge

As for EN / IEC 60255-22-2, EN / IEC 61000-4-2:
15kV discharge in air to user interface, display, communication ports and exposed
metalwork.
6kV contact discharge to the screws on the front of the front communication ports.
8kV point contact discharge to any part of the front of the product.

8.4

Electrical Fast Transient or Burst Requirements

As for EN / IEC 60255-22-4, Class B:
4.0 kV, 5kHz and 100kHz applied to all inputs / outputs excluding communication
ports
2.0 kV, 5kHz and 100kHz applied to all communication ports

As for EN / IEC 61000-4-4, severity level 4:
2.0 kV, 5kHz and 100kHz applied to all inputs / outputs and communication ports
excluding power supply and earth.
4.0 kV, 5kHz and 100kHz applied to all power supply and earth port

Rise time of one pulse: 5ns

Impulse duration (50% value): 50 ns

Burst duration: 15 ms or 0.75ms

Burst cycle: 300 ms

Source impedance: 50 Q

8.5

Surge Withstand Capability

As for IEEE/ANSI C37.90.1:

4 KV fast transient and 2.5 kV oscillatory

applied directly across each output contact, optically isolated input, and power supply
circuit.

8.6

Surge Immunity Test

As for EN / IEC 61000-4-5, EN / IEC 60255-26:

Time to half-value: 1.2 to 50 ps,

Amplitude: 4 kV between all groups and case earth (ground),
Amplitude: 2 kV between terminals of each group.
Amplitude: 1kV for LAN ports

8.7

Conducted/Radiated Immunity

For RTDs used for tripping applications the conducted and radiated immunity
performance is guaranteed only when using totally shielded RTD cables (twisted leads).
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8.8 Immunity to Radiated Electromagnetic Energy

Per EN / IEC 61000-4-3 and EN / IEC 60255-22-3, Class 3
Test field strength, frequency band 80 to 1000 MHz and

1.4 GHz to 2.7GHz: 10 V/m,
Test using AM: 1 kHz / 80%
Spot tests at: 80, 160, 450, 900, 1850, 2150 MHz

Per IEEE/ANSI C37.90.2:
80MHz to 1000MHz, zero and 100% square wave modulated.
Field strength of 35V/m.

8.9 Radiated Immunity from Digital Communications

As for EN / IEC61000-4-3, Level 4:
Test field strength, frequency band 800 to 960 MHz,
and 1.4 to 2.0 GHz: 30 V/m, Test using AM: 1 kHz/80%.

8.10 Radiated Immunity from Digital Radio Telephones
As for EN / IEC 61000-4-3: 10 V/m, 900 MHz and 1.89 GHz.

8.11 Immunity to Conducted Disturbances Induced by Radio Frequency
Fields

As for EN / IEC 61000-4-6, Level 3, Disturbing test voltage: 10 V.

8.12 Power Frequency Magnetic Field Immunity

As for EN / IEC 61000-4-8, Level 5,
100 A/m applied continuously, 1000 A/m applied for 3 s.
As for EN / IEC 61000-4-9, Level 5,
1000 A/m applied in all planes.
As for EN / IEC 61000-4-10, Level 5,
100 A/m applied in all planes at 100 kHz and 1 MHz with a burst duration of 2 s.

8.13 Conducted Emissions

As for CISPR 22 Class A:
Power supply:
0.15 - 0.5 MHz, 79 dBuV (quasi peak) 66 dBuV (average)
0.5 -30 MHz, 73 dBuV (quasi peak) 60 dBuV (average)
Permanently connected communications ports:
0.15 - 0.5MHz, 97dBuV (quasi peak) 84dBuV (average)
0.5 - 30MHz, 87dBuV (quasi peak) 74dBpV (average)

8.14 Radiated Emissions
As for CISPR 22 Class A:
30 to 230 MHz, 40 dBuV/m at 10m measurement distance
230 to 1 GHz, 47 dBuV/m at 10 m measurement distance.
1 - 3GHz, 76dBuV/m (peak), 56dBuV/m (average) at 3m measurement distance.
3 — 5GHz, 80dBuV/m (peak), 60dBuV/m (average) at 3m measurement distance.

P64x/EN TD/E93 (P642, P643 & P645) Page (TD) 2-19



(TD) 2 Technical Data EU Directives

9 EU DIRECTIVES
9.1 EMC Compliance
Electromagnetic Compatibility Directive Compliance demonstrated via a Technical File,
(EMC) 2014/30/EU with reference to EMC standards.
The following Product Specific Standard was used to establish compliance:
EN 60255-26: 2013
9.2 Product Safety
The following European directives may be applicable to the equipment, if so it will carry
the relevant marking(s) shown below:
( € Compliance with all relevant European Community directives:
Product safety: Compliance demonstrated via a Technical File,
Low Voltage Directive (LVD) 2014/35/EU with reference to product safety standards.
EN 60255-27: 2014
EN 60255-1: 2010
9.3 R&TTE Compliance

Radio and Telecommunications Terminal Equipment (R&TTE) directive 99/5/EC.

Compliance demonstrated by compliance to both the EMC directive and the Low voltage
directive, down to zero volts.

Applicable to rear communications ports.
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10 MECHANICAL ROBUSTNESS
101 Vibration Test
Per EN / IEC 60255-21-1 Response Class 2
Endurance Class 2
10.2 Shock and Bump
Per EN / IEC 60255-21-2 Shock response Class 2
Shock withstand Class 1
Bump Class 1
10.3 Seismic Test
Per EN / IEC 60255-21-3: Class 2
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11 PROTECTION FUNCTIONS
1.1 Transformer Differential Protection
Accuracy
Pick-up: formula +5%

Drop-off: 95% of formula +5%
Pick-up and drop-off repeatability: <1%
Low set differential element operating time:
<33 ms using normal contact, and
<28 ms using high-break contact, for currents applied at
3x pickup level or greater
High set 1 differential element operating time:
<15 ms for currents applied at 2x pickup level or greater
High set 2 differential element operating time:
<25 ms for currents applied at 2x pickup level or greater
DT operating time: £5% or <33 ms using normal contact, and
<28 ms using high-break contact, for currents applied at
3x pickup level or greater
Operating time repeatability: <2 ms

Disengagement time: <15 ms
11.2 Circuitry Fault Alarm

Accuracy

Pick-up: formula £5%

Drop-off: 0.95 of formula +5%

Pick-up and drop-off repeatability: <4%

Instantaneous operating time: <26 ms at 2.5x pick-up value

Disengagement time: <26 ms

Operating time repeatability: <8 ms

Timer: +2% or 50 ms, whichever is greater

ID>1 Alarm Timer: +2% or 50 ms, whichever is greater
11.3 Low Impedance Restricted Earth Fault

Accuracy

Pick-up: formula +5%

Drop-off: 0.90 x formula +5%

Pick-up and drop-off repeatability <5%
Low impedance operating time: <45 ms for currents applied at 2x pickup level or greater

High impedance operating time: <30 ms
Low impedance DT operation: < 45 ms for currents applied at 2x pickup level or greater
Operating time repeatability: <5ms
Disengagement time: <30 ms

1.4 High Impedance Restricted Earth Fault
Accuracy
Pick-up: formula +5%
Drop-off: 0.90 x formula +5%
Pick-up and drop-off repeatability: <5%
High impedance operating time: <30 ms
Operating time repeatability: <5 ms
Disengagement time: <30 ms
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11.5 Through Fault Monitoring
Accuracy
TF I> pick-up: setting £5% or 50 mA whichever is greater
TF I> drop-off: 0.95 of setting +5% or 50 mA whichever is greater
TF 12t> pick-up: setting +2% or 5A2s whichever is greater
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12 SYSTEM BACK-UP
12.1 Transient Overreach and Overshoot
Accuracy
Additional tolerance due to increasing X/R ratios: 1+5% over X/R 1 to0 120
Overshoot of overcurrent elements: <40 ms
Disengagement time: <30 ms
12.2 Non-Directional/Directional Phase Sequence Overcurrent and Voltage
Controlled Overcurrent
Accuracy
Pick-up: Setting +5% or 20 mA whichever is greater
Drop-off: 0.95 x Setting +5% or 20 mA whichever is greater
Vvconro pick-up: Setting £5% or 50 mV whichever is greater
Vvconro drop-off: 0.95 x Setting £5% or 50 mV whichever is greater
VpoL pick-up: Setting £5% or 50 mV whichever is greater
VeoL drop-off: 0.95 x Setting £5% or 50 mV whichever is greater
Pick-up and drop-off repeatability: <1%
Operating boundary pick-up: +2% of RCA
Operating boundary hysteresis: <2°
Operating boundary repeatability: <2%
Instantaneous operating time: < 60ms
Disengagement time: <35ms
Operating time repeatability: <6 ms
Characteristic: UK curves: IEC 60255-3 — 1998
US curves: IEEEC37.112 - 1996
12.3 Negative Phase Sequence Overcurrent

Accuracy
12>Pick-up:
12> Drop-off:
Vpol Pick-up:
Vpol Drop-off:

Pick-up and drop-off repeatability:

Operating boundary pick-up:
Operating boundary hysteresis:
Operating boundary repeatability:
DT operation:

Instantaneous operating time:
Disengagement time:

Operating time repeatability:
Characteristic:

UK curves:
US curves:

Setting £5% or 20 mA, whichever is greater

0.95 x Setting £5% or 20 mA, whichever is greater
Setting £5% or 50 mV whichever is greater

0.95 x Setting +5% or 50 mV, whichever is greater
<1%

+2° of RCA +90°

< 2°

<2%

+2% or 65 ms, whichever is greater

<65 ms

<35 ms

<6 ms

IEC 60255-3 - 1998

IEEEC37.112 - 1996
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12.4 Thermal Overload

Accuracy

Hot Spot> Pick-up:  Expected pick-up time +5% or 50ms whichever is greater
(expected pick-up time is the time required to reach
the temperature setting)

Hot Spot> DT: +5%or 50 ms whichever is greater

Top Oil> Pick-up: Expected Pick-up Time +5% or 50ms whichever is greater
(expected pick-up time is the time required to reach
the temperature setting)

Top Oil> DT: +5%or 50 ms whichever is greater
Repeatability: <2.5%
12.5 Non-Directional/Directional Earth Fault
Accuracy
Measured pick-up: Setting £5% or 20mA whichever is greater
Measured drop-off: 95% x setting £5% or 20mA whichever is greater
Derived pick-up: Setting £5% or 20mA whichever is greater
Derived drop-off: 90% x setting +5% or 20mA whichever is greater
Pick-up and drop-off repeatability: <1%
Vpol pick-up: Vpol £ 5% or 50mV whichever is greater
Vpol drop-off: 0.95 x Vpol = 5% or 50mV whichever is greater
Operating boundary pick-up: +2% of RCA
Operating boundary hysteresis: <1°
Operating boundary repeatability: <1%
Instantaneous operating time: <60ms
Disengagement time: <35 ms
Operating time repeatability: <6 ms
12.6 2-Stage Neutral Displacement or Residual Overvoltage
Accuracy
Pick-up VN> +5% or 50 mV whichever is greater
Drop-off: 0.95 x Setting +5%
Pick-up and Drop-off Repeatability: <1%
IDMT shape: +2% or 55 ms whichever is greater
DT operation: +2% or 70 ms whichever is greater
Reset: <50 ms

Timer repeatability: <10 ms
Disengagement time <35 ms
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12.7 Volts/Hz
Accuracy
Pick-up: V/Hz> £5%
Drop-off: 98% of V/Hz> +5%
Repeatability (operating threshold): <1%
IDMT operating time: +5% or 50 ms whichever is greater
Definite time: +2% or 50 ms whichever is greater
Instantaneous Operation: <50 ms
Disengagement time: <50 ms
Repeatability (operating times): <10 ms
V/Hz measurement: 1%
Reset time: +2% or 50 ms whichever is greater
12.8 2-Stage Undervoltage
Accuracy
Pick-up for DT and IDMT: Setting £5%
Drop-off: 1.02 x Setting £5%
IDMT shape: +2% or 50 ms whichever is greater
DT operation: +2% or 50 ms whichever is greater
Reset: <50 ms
Repeatability: <1%
12.9 KQE@& Overvoltage
DT Pick-up: Setting £5%
IDMT Pick-up: Setting £5%
Drop-off: 0.98 x Setting +5%
IDMT characteristic shape:  +2% or 50 ms whichever is greater
DT operation: +2% or 50 ms whichever is greater
Reset: <50 ms
Repeatability: <1%
12.10 Aé@g\g’ NPS Overvoltage
Pick-up: Setting £5%
Drop-off: 0.95 x Setting +5%

Repeatability (operating threshold):

Instantaneous operating time (accelerated mode)
Instantaneous operating time (normal mode)

DT operation (accelerated mode):
DT operation (normal mode):
Disengagement time:

Operating time repeatability:

<1%

<50 ms

<60 ms

+2% or 50 ms whichever is greater
+2% or 100 ms whichever is greater
<35 ms

<52 ms
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12.11 4-Stage Underfrequency

Accuracy

Pick-up: Setting £0.01 Hz

Drop-off: (Setting +0.025 Hz) +0.01 Hz

DT operation: +2% or 70 ms whichever is greater.

Repeatability: <1%

The operation also includes a time for the relay to frequency track (20 Hz/second)
12.12 2-Stage Overfrequency

Accurdcy

Pick-up: Setting £0.01 Hz

Drop-off: (Setting -0.025 Hz) £0.01 Hz

Repeatability: <1%

DT operation: +2% or 70 ms whichever is greater.

The operation also includes a time for the relay to frequency track (20 Hz/second)

12.13 CB Fail

Accuracy

| < Pick-up: 110% of setting £5% or 20 mA whichever is greater

| < Drop-off: 100% of setting £5% or 20 mA whichever is greater

Pick-up and drop-off repeatability: <1%

Timers: +2% or 50 ms whichever is greater

Disengagement time: <30ms

Reset time: < 1 cycle fully offset current waveforms considered
12.14 Pole Dead

| > Pick-up: Fixed Threshold (50 mA) 20 mA

| > Drop-off: Fixed Threshold (55 mA) 20 mA

V< Pick-up: Fixed Threshold (10 V) +5%

V< Drop-off: Fixed Threshold (30 V) +5%

Instantaneous operation: <50 ms
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13

SUPERVISION FUNCTIONS

13.1

Voltage Transformer Supervision (VTS)

Accuracy

VTS I> Pick-up: Setting £5% or 50 mA whichever is greater

VTS I> Drop-off: 90% of setting £5% or 50 mA whichever is greater
VTS I12> Pick-up: Setting +5% or 50 mA whichever is greater

VTS 12> Drop-off: 95% of setting +5% or 50 mA whichever is greater
P643/P645 models:

VTS V< Pick-up: Fixed Threshold (10 V) +5%

VTS V< Drop-off: Fixed Threshold (30 V) +5%

P642 model:

VTS V< Pick-up: Fixed Threshold (70 V) £5%

VTS V< Drop-off: Fixed Threshold (95 V) £5%

VTS V2> Pick-up: Fixed Threshold (10 V) £5%

VTS V2> Drop-off: Fixed Threshold (9.5 V) £5%

Pick-up and drop-off repeatability: <1%

Fast block operation: <25 ms

Fast block reset: <30 ms

Time delay: Setting £2% or 50 ms whichever is greater

13.2

Differential Current Transformer Supervision (CTS)

Accuracy
CTS 11 Pick-up ratio: Setting £5% or 20 mA whichever is greater
CTS 12/11>1 Pick-up ratio: 95% of setting +5% or 20 mA whichever is greater
CTS 12/11>2 Pick-up ratio: 105% of setting £5% or 20 mA
whichever is greater
CTS 11 Drop-off ratio: 95% of setting +5% or 20 mA whichever is greater
CTS 12/11>1 Drop-off ratio: setting +5% or 20 mA whichever is greater
CTS 12/11>2 Drop-off ratio: setting +5% or 20 mA whichever is greater
Pick-up and drop-off repeatability: <3%
Time delay operation: +2% or 50 ms whichever is greater
CTS terminal block operation: <25 ms
CTS differential block operation <30ms
CTS reset <25ms
CTS Disengagement time <30 ms
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14 PROGRAMMABLE SCHEME LOGIC
Output conditioner timer: Setting +2% or 50 ms whichever is greater
Dwell conditioner timer: Setting £2% or 50 ms whichever is greater
Pulse conditioner timer: Setting £2% or 50 ms whichever is greater
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15 MEASUREMENTS AND RECORDING FACILITIES
151 Measurements
Accuracy
Current: 0.05t0 3 In: +1% or 3 mA of reading
Voltage: 0.05to 2 Vn: +1% of reading
Power (W): 0.2to 2 Vn, 0.05 to 3 In: £5% of reading at unity power factor
Reactive Power (VArs): 0.2 to 2 Vn, 0.05 to 3 In: £5% of reading at zero power factor
Apparent Power (VA): 0.2 to 2 Vn, 0.05 to 3 In: £5% of reading
Energy (Wh): 0.2to 2 Vn, 0.2 to 3 In: +5% of reading at zero power factor
Energy (Varh): 0.2to2Vn, 0.2 to 3 In: +5% of reading at zero power factor
Phase accuracy: 0° to 360°: +0.5°
Frequency: 5to 70 Hz: +0.025 Hz
15.2 IRIG-B and Real-Time Clock
Performance
Year 2000: Compliant
Real time accuracy: < +1 second / day
External clock synchronisation: Conforms to IRIG standard 200-98, format B
Features
Real time 24 hour clock settable in hours, minutes and seconds
Calendar settable from January 1994 to December 2092
Clock and calendar maintained via battery after loss of auxiliary supply
Internal clock synchronization using IRIG-B Interface for IRIG-B signal is BNC
15.3 Current Loop Inputs and Outputs

Accuracy

Current loop input accuracy: +1% of full scale

CLI drop-off threshold Under: setting +1% of full scale

CLI drop-off threshold Over: setting +1% of full scale

CLI sampling interval: 50 ms

CLI instantaneous operating time: <200 ms for 20 Hz to 70 Hz;
< 300 ms for 5 Hz to 20 Hz

CLI DT operating time: +2% setting or 150 ms whichever is the greater
for 20 Hz to 70 Hz;
+2% setting or 200 ms whichever is the greater
for 5 Hz to 20 Hz

CLO conversion interval: 50 ms

CLO latency: <1.07 s or <70 ms depending on CLO output
parameter’s internal refresh rate - (1 s or 0.5 cycle)

Current loop output accuracy: +0.5% of full scale

Repeatability: <5%

CLI - Current Loop Input

CLO - Current Loop Output

Other Specifications

CLI load resistance 0-1 mA: <4 kQ

CLI load resistance 0-1 mA/0-20 mA /4-20 mA: <300 Q

Isolation between common input channels: zero

Isolation between input channels and case earth/other circuits: 2 kV rms for 1 minute

CLO compliance voltage 0-1 mA /0 10 mA: 10V

CLO compliance voltage 0-20 mA / 4-20 mA: 8.8V

Current Loop output open circuit voltage: <15V
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154 Disturbance Records
Accuracy
Magnitude and relative phases: +5% of applied quantities
Duration: +2%
Trigger Position: 2% (minimum 100 ms)
Record length: 50 records each 1.5 s duration
75 s total memory with
19, 26 or 30 analog channels and
32 digital channels.
15.5 Event, Fault and Maintenance Records

Maximum 512 events in a cyclic memory
Maximum 5 fault records

Maximum 10 maintenance records
Accuracy

Event time stamp resolution: 1 ms

15.6 IEC 61850 Ethernet Data

15.6.1 100 Base FX Interface

15.6.1.1 Transmitter Optical Characteristics (LC)

Parameter Sym Min. Typ. Max. Unit

Output Optical Power 62.5/125 um, NA = 0.275 Fiber | PO -20 -17.0 -14 dBm avg.
Output Optical Power 50/125 um, NA = 0.20 Fiber PO -23.5 -20.0 -14 dBm avg.
Optical Extinction Ratio 10 dB
Output Optical Power at Logic “0” State PO (0") -45 dBm avg.

Table 1 - Transmitter optical characteristics (LC)

15.6.1.2 Receiver Optical Characteristics (LC)

Parameter Sym Min. Typ. Max. Unit
Input Optical Power PIN -31 -14 dBm avg.
Note: The 10BaseFL connection will no longer be supported as IEC 61850 does not specify this interface.

Table 2 - Receiver optical characteristics (LC)
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16 SETTINGS LIST

16.1 Global Settings (System Data)
Language: English/French/German/Spanish

English/French/German/Russian
Chinese/English/French

Frequency: 50/60 Hz
IEC61850 Edition 1or2
ETH COMM Mode  Dual IP, PRP or HSR

16.2 Date and Time
IRIG-B Sync: Disabled/Enabled
Battery Alarm: Disabled/Enabled
LocalTime Enable:  Disabled/Fixed/Flexible
LocalTime Offset: -720 min...720 min
DST Enable: Disabled/Enabled
DST Offset: 30 min...60 min
DST Start: First/Second/Third/Fourth/Last
DST Start Day: Sun/Mon/Tues/Wed/Thurs/Fri/Sat
DST Start Month: Jan/Feb/Mar/Apr/May/Jun/Jul/Aug/Sept/Oct/Nov/Dec
DST Start Mins: 0 min...1425 min
DST End: First/Second/Third/Fourth/Last
DST End Day: Sun/Mon/Tues/Wed/Thurs/Fri/Sat
DST End Month: Jan/Feb/Mar/Apr/May/Jun/Jul/Aug/Sept/Oct/Nov/Dec
DST End Mins: 0 min...1425 min
RP1 Time Zone: UTC/Local
RP2 Time Zone: UTC/Local
Tunnel Time Zone:  UTC/Local

16.3 Configuration

Restore Defaults:

Setting Group:
Active Settings:
Save Changes:
Copy From:
Copy To:
Setting Group 1:
Setting Group 2:
Setting Group 3:
Setting Group 4:

No Operation/All settings, Setting Group 1, Setting Group 2,
Setting Group 3, Setting Group 4
Select from Menu / Select from Opto
Group 1/2/3/4

No Operation / Save / Abort

Group 1/2/3/4

Group 1/2/3/4

Disabled/Enabled

Disabled/Enabled

Disabled/Enabled

Disabled/Enabled
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Diff Protection
REF Protection
Overcurrent

NPS Overcurrent
Thermal Overload
Earth Fault
Residual O/V NVD
V/Hz

Through Fault
Volt Protection
Freq Protection
RTD Inputs

CB Fail
Supervision:
Input Labels:
Output Labels:
RTD Labels:

CT & VT Ratios:
Record Control
Disturb Recorder:
Measure’t Setup:
Comms Settings:

Commission Tests:

Setting Values:
Control Inputs:
CLIO Inputs:

CLIO Outputs:
Ctrl I/P Config:
Ctrl I/P Labels:
Direct Access:
IEC GOOSE:

Function Keys:
LCD Contrast:

Disabled/Enabled
Disabled/Enabled
Disabled/Enabled
Disabled/Enabled
Disabled/Enabled
Disabled/Enabled
Disabled/Enabled
Disabled/Enabled
Disabled/Enabled
Disabled/Enabled
Disabled/Enabled
Disabled/Enabled
Disabled/Enabled
Disabled/Enabled
Invisible/Visible
Invisible/Visible
Invisible/Visible
Invisible/Visible
Invisible/Visible
Invisible/Visible
Invisible/Visible
Invisible/Visible
Invisible/Visible
Primary/Secondary
Invisible/Visible
Disabled/Enabled
Disabled/Enabled
Invisible/Visible
Invisible/Visible

Disabled/Enabled/Hotkey

Invisible/Visible
Invisible/Visible
0...31
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16.4 CT and VT Ratios
Main VT Location HV/LVITV
Aux’ VT Location HV/LV
Main VT Primary: 100...1 000 000 V
Main VT Secondary: 80...140 V (100/120 V)
Aux’ VT Primary: 100...1 000 000 V
Aux’ VT Secondary: 80...140 V (100/120 V)
T1CT: CT Polarity /  Standard/Inverted
CT Primary: 1A...60 KA
CT Secondary: 1TA/5A
T2 CT: CT Polarity /  Standard/Inverted
CT Primary: 1A...60 KA
CT Secondary: 1TA/5A
T3 CT: CT Polarity /  Standard/Inverted
CT Primary: 1A...60 KA
CT Secondary: 1TA/5A
T4 CT: CT Polarity /  Standard/Inverted
CT Primary: 1A...60 KA
CT Secondary: 1TA/5A
T5CT: CT Polarity /  Standard/Inverted
CT Primary: 1A...60 KA
CT Secondary: 1TA/5A
TN1 CT: CT Polarity /  Standard/Inverted
CT Primary: 1A...60 KA
CT Secondary: 1TA/5A
TN2 CT: CT Polarity /  Standard/Inverted
CT Primary: 1A...60 KA
CT Secondary: 1TA/5A
TN3 CT: CT Polarity /  Standard/Inverted
CT Primary: 1A...60 KA
CT Secondary: 1TA/5A

16.5 Sequence of Event Recorder (Record Control)

Clear Events:
Clear Faults:
Clear Maint:
Alarm Event:
Relay O/P Event:
Opto Input Event:
General Event:
Fault Rec Event:
Maint Rec Event:
Protection Event:
Clear Dist Recs:
DDB 31 -0:

DDB 2047 - 2016:

No/Yes
No/Yes
No/Yes
Disabled/Enabled
Disabled/Enabled
Disabled/Enabled
Disabled/Enabled
Disabled/Enabled
Disabled/Enabled
Disabled/Enabled
No/Yes

(up to):

Binary function link strings selects which DDB signals are

stored as events and which are filtered out.
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16.6 Oscillography (Disturbance Recorder)

Duration: 0.10...10.50 s

Trigger Position: 0.0...100.0%

Trigger Mode: Single/Extended

Analog Channel 1:  (up to):

Analog Channel 30  depending on model):

Disturbance channels selected from:

IA-1/1B-1/1C-1/IN-1/1A-2/1B-2/1C-2 / IN-2, etc
(depending on model)

Digital Input 1: (up to):

Digital Input 32: Selected binary channel assignment from any DDB status point
in the relay such as opto input, output contact, alarms, starts,
trips, controls, logic.

Input 1 Trigger: No Trigger /

(up to): Trigger L/H/

Input 32 Trigger: Trigger H/L

Notes L/H (Low to High)  H/L (High to Low)

16.7 Measured Operating Data (Measure’t Setup)

Default Display: 3Ph + N Current / 3Ph Neutral Voltage / Power /
Date and Time / Description / Plant Reference /
Frequency

Access Permissions

Local Values: Primary/Secondary

Remote Values: Primary/Secondary

Measurement Ref:  Vx, VA, VB, VC, I1A1, IB1, IC1, 1A2, IB2, IC2, IA3, IB3, IC3, I1A4,
IB4, IC4, IA5, IB5, IC5, VAB or VBC

Measurement Mode: 0/1/2/3

16.8 Communications

RP2 Protocol:
RP1 Address:
RP1 Address:
RP1 Address:
RP1 InactivTimer:
RP1 Baud Rate:
RP1 Baud Rate:
RP1 Baud Rate:
RP1 Parity:

RP1 Meas Period:
RP1 PhysicalLink:
RP1 Time Sync:

(data)

(Courier or IEC870-5-103): 0...254

(DNP3.0): 0...65519

(MODBUS): 1...247

1...30 mins

(IEC870-5-103): 9600/19200/38400 bits/s
(MODBUS, Courier):  9600/19200/38400 bits/s
(DNP3.0): 9600/19200/38400 bits/s

Odd/Even/None (MODBUS, DNP3.0)
1...60s (IEC870-5-103)
Copper (EIA(RS)-485 or K bus) or Fiber Optic
Disabled/Enabled

P64x/EN TD/E93 (P642, P643 & P645)
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MODBUS IEC Timer: Standard/Reverse

RP1 CS103Blocking: Disabled Monitor Blocking Command Blocking
RP1 Card Status: (data) K-Bus OK EIA485 OK Fiber Optic OK (Courier)
RP1 Port Config: (Courier): K Bus EIA485 (RS485)
RP1 Comms Mode: (Courier):
IEC60870 FT1.2 IEC60870 10-bit, no parity
RP1 Baud Rate: 9600/19200/38400 bits/s
Note If RP1 Port Config is K Bus the baudrate is fixed at 64 kbits/s ‘

DNP Need Time: 1...30 mins

DNP App Fragment: 100...2048 bytes
DNP App Timeout: 1...120 s

DNP SBO Timeout: 1...10s

DNP Link Timeout: 0.1...60 s

MAC Addr 1 Factory Setting
MAC Addr 2 Factory Setting
MAC Addr 3 Factory Setting
IP Address 0.0.0.0. The default IP address is encoded from the MAC address.
169.254.2.zzz, zzz = mod (The last byte of MAC3, 128) + 1.
Subnet Mask 255.255.255.0
Gateway 169.254.2.250
16.9 Optional Ethernet or Redundant Ethernet Port
NIC Protocol: data
NIC MAC Address: data
NIC Tunl Timeout: 1...30 mins
NIC Link Timeout: 0.1..60s
16.10 Optional Additional Second Rear Communication (Rear Port2 (RP2))
RP2 Protocol: (data)
RP2 Card Status: (data)  Unsupported Card not fitted EIA232 OK
EIA485 OK  Kbus OK
RP2 Port Config: EIA(RS)-232 / EIA(RS)-485 / K-Bus
RP2 Comms Mode: IEC60870 FT1.2 IEC60870 10-bit no parity
RP2 Address: 0...255
RP2 InactivTimer: 1...30 mins
RP2 Baud Rate: 9600/19200/38400 bits/s
Note If RP2 Port Config is K Bus the baud rate is fixed at 64 kbits/s
DNP Need Time: 1...30 mins
DNP App Fragment: 100...2048 bytes
DNP App Timeout: 1...120 s
DNP SBO Timeout: 1...10s
16.11 Commission Tests

Opto I/P Status: (data) indicates the status of the opto inputs.

Rly O/P Status: (data) indicates the status of the output relays.

Test Port Status: (data) indicates the status of monitor bits 1 to 8.

Monitor bit 1: Binary function link strings, selecting which

(up to): DDB signals have their status visible in the

Monitor bit 8: Commissioning menu, for test purposes

Test Mode: Disabled Test Mode Blocked Contacts

Test Pattern: Configuration of which output contacts are to be energized

when the contact test is applied
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16.12 Opto Coupled Binary Inputs (Opto Config)
Global Nominal V: 24-27V/30-34V/48-54V/110-125V/220-250V /
Custom
Opto Input 1: (up to):
Opto Input #. (# = max. opto no. fitted):
Custom options allow independent thresholds to be set for each opto, from the same
range as above.
Opto Filter Control:  Binary function link string, selecting which optos have an extra
1/2 cycle noise filter, and which do not.
Characteristics: Standard 60% - 80% / 50% - 70%
16.13 Control Inputs into PSL (Ctrl. I/P Config.)
Hotkey Enabled: Binary function link string, selecting which of the control
inputs are driven from Hotkeys.
Control Input 1 (up to): Latched/Pulsed
Control Input 32:
Ctrl Command 1 (up to): On/Off / Set/Reset / In/Out / Enabled/Disabled
Ctrl Command 32:
16.14 Function Keys
Fn. Key Status 1 (up to) 10: Disable / Lock / Unlock / Enable
Fn. Key 1 Mode (up to) 10:  Toggled/Normal
Fn. Key 1 Label (up to) 10:  User defined text string to describe the function of the
particular function key.
16.15 IED Configurator
Switch Conf. Bank:  No Action/Switch Banks
Restore Conf.: No Action or Restore MCL
IP Address 1 0.0.0.0. The default IP address is encoded from the MAC address.
169.254.0.xxx, xxx = mod (The last byte of MAC1, 128) + 1.
Subnet Mask 1 255.255.255.0
Gateway 1 169.254.0.250
IP Address 2 0.0.0.0. The default IP address is encoded from the MAC address.
169.254.1.yyy, yyy = mod (The last byte of MAC2, 128) + 1.
Subnet Mask 2 255.255.255.0
Gateway 2 169.254.1.250
16.16 IEC 61850 GOOSE
GoEna: 0000000000000000(bin)... 1111111111111111(bin)
Pub.Simul.Goose: 0000000000000000(bin)... 1111111111111111(bin)
Sub.Simul.Goose: No/Yes
16.17 Control Input User Labels (Ctrl. I/P Labels)
Control Input 1: User defined text string
(up to): to describe the function
Control Input 32: of the particular control input
16.18 Settings in Multiple Groups

’ Note All settings here onwards apply for setting groups # = 1 to 4.
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17

PROTECTION FUNCTIONS

171

System Config

Winding Config:
Winding Type:
HV CT Terminals:
LV CT Terminals:
TV CT Terminals:
Ref power S:

HV Connection:
HV Grounding:
HV Nominal:

HV Rating:
Reactance:

LV Vector Group:
LV Connection:
LV Grounding:
LV Nominal:

LV Rating:

TV Vector Group:
TV Connection:
TV Grounding:
TV Nominal:

TV Rating:

Match Factor CT1:
Match Factor CT2:
Match Factor CT3:
Match Factor CT4:
Match Factor CT5:

Phase Sequence:
VT Reversal:
CT1 Reversal:
CT2 Reversal:
CT3 Reversal:
CT4 Reversal:
CT5 Reversal:

HV+LV+TV, HV+LV
Conventional/Auto

00001

10000

00100

100kVA to 5GVA

D-Delta / Y-Wye / Z-Zigzag
Grounded/Ungrounded
100 V to 100 MV

100 KVA to 5 GVA

1.00% to 100.00%

O0to 11

D-Delta / Y-Wye / Z-Zigzag
Grounded/Ungrounded
100 V to 100 MV

100 kVA to 5 GVA

O0to 11

D-Delta / Y-Wye / Z-Zigzag
Grounded/Ungrounded
100 V to 100 MV

100 kVA to 5 GVA

0.05 to 20

0.05 to 20

0.05 to 20

0.05 to 20

0.05 to 20

Standard ABC / Reverse ACB

No Swap / A-B Swapped / B-C Swapped / C-A Swapped
No Swap / A-B Swapped / B-C Swapped / C-A Swapped
No Swap / A-B Swapped / B-C Swapped / C-A Swapped
No Swap / A-B Swapped / B-C Swapped / C-A Swapped
No Swap / A-B Swapped / B-C Swapped / C-A Swapped
No Swap / A-B Swapped / B-C Swapped / C-A Swapped
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17.2

Differential Protection

Trans Diff:

Set Mode:

Is1:

K1:

Is2:

K2:

tDIFF LS:
Is-CTS:

Is-HS1:

H2S status:
Is-HS2:

Diff calc remove:
Transient bias:
Zero seq filt HV:
Zero seq filt LV:
Zero seqfilt TV:

2nd harmonic blocked:

Ih(2)%>:

Cross blocking:
CTSat and NoGap:
5th harm blocked:
Ih(5)%>:

Circuitry Fail:
Is-cctfail>:
K-cctfail:
tls-cctfail>:

Enabled/Disabled
Simple/Advance

100.0e-3 to 2.500 PU

0 to 150.0%
100.0e-3 to 10 PU
15 to 150.00%
0to 10.00 s

100.0e-3 to 2.500 PU

2.500 to 32.00 PU
Enabled/Disabled
2.500 to 32.00 PU
Enabled/Disabled
Enabled/Disabled
Enabled/Disabled
Enabled/Disabled
Enabled/Disabled
Enabled/Disabled
5.000 to 50.000%
Enabled/Disabled
Enabled/Disabled
Enabled/Disabled
0 to 100.00%

Enabled/Disabled

30.00e-3 to 1.000 PU

0 to 50.00%
0to0 10.00s
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17.3

REF Protection

REF HV status:
HV CT input:
HV IS1 Set:
HV I1S2 Set:
HV IREF K1:
HV IREF K2:
HV tREF:

HV Trans. Bias
REF LV status:
LV CT input:
LV IS1 Set:

LV IS2 Set:

LV IREF K1:
LV IREF K2:
LV tREF:

LV Trans. Bias
REF TV status:
TV CT input:
TV IS1 Set:
TV IS2 Set:
TV IREF K1:
TV IREF K2:
TV tREF:

TV Trans. Bias

REF Auto status:

Auto CT input:
Auto 1S1 Set:
Auto 1S2 Set:
Auto IREF K1:
Auto IREF K2:
Auto tREF:

Auto Trans. Bias

LowZ REF/HighZ REF/Disabled
TN1

0.02In to 1In

0.1In to 10In

0 to 150.0%

15.00 to 150.0%

0t010.00s

Enabled/Disabled

LowZ REF/HighZ REF/Disabled
TN2

0.02In to 1In

0.1In to 10In

0 to 150.0%

15.00 to 150.0%

0to 10.00 s

Enabled/Disabled

LowZ REF/HighZ REF/Disabled
TN3

0.02In to 1In

0.1In to 10In

0 to 150.0%

15.00 to 150.0%

0t0 10.00s

Enabled/Disabled

LowZ REF/HighZ REF/Disabled
TN1

0.02In to 1In

0.1In to 10In

0 to 150.0%

15.00 to 150.0%

0to0 10.00s

Enabled/Disabled
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17.4 NPS Overcurrent
NPS O/C 1: T1/T2/T3/T4/T5/HV winding/LV winding/TV winding
12>1 Status: Disabled/Enabled
12>1 Char: DT /IEC S Inverse / IEC V Inverse / IEC E Inverse /

UK LT Inverse / UK Rectifier / Rl / IEEE M Inverse /

IEEE V Inverse / IEEE E Inverse / US Inverse / US ST Inverse
12>1 Directional: Non-directional, Directional Fwd, Directional Rev
12>1 Current Set: 0.08 10 4.00 In
12>1 Time Delay: 0.00 to 100.00 s

12>1 TMS: 0.025 to 1.200

12>1 Time Dial: 0.01 to 100.00

12>1 K (RI): 0.10 t010.00

12>1 Reset Char: DT/Inverse

12>1 tRESET: 0.00 to 100.00 s

12>2 the same as 12>1

12>3 Status: Disabled/Enabled

12>3 Directional: Non-directional, Directional Fwd, Directional Rev

12>3 Current Set: 0.081t04.00 In
12>3 Time Delay: 0.00 to 100.00 s
12>4 the same as 12>3

12> VTS Blocking: 1111

12> V2pol Set: 0.5 to 25V
12> Char Angle: -95° to 95°
NPS O/C 2 and NPS O/C 3 same as NPS O/C 1
17.5 Phase Overcurrent
Overcurrent1: T1/T2/T3/T4/T5/HV winding/LV winding/TV winding
I>1 Status: Enabled/Disabled
I> 1 Char: DT /IEC S Inverse / IEC V Inverse / IEC E Inverse /

UK LT Inverse / UK Rectifier / Rl / IEEE M Inverse /
IEEE V Inverse / IEEE E Inverse / US Inverse / US ST Inverse

|1>1 Direction: Non-directional, Directional Fwd, Directional Rev
I>1 Current Set: 0.08 t0 4.00 In

I>1 Time Delay: 0.00 to 100.00 s

I>1 TMS: 0.025 to 1.200

I>1 Time Dial: 0.01 to 100.00

I>1 K (RI): 0.10 t010.00

I>1 Reset Char: DT/Inverse

1>1 tRESET: 0.00 to 100.00 s

|>2 the same as 1>1

>3 Status: Disabled/Enabled

|I>3 Direction: Non-directional, Directional Fwd, Directional Rev
>3 Current Set: 0.08 to 32.00 In

I>3 Time Delay: 0.00 to 100.00 s

I>4 the same as 1>3

I> Char Angle: -95° to 95°

> Function Link: 1111

Overcurrent2 and Overcurrent3 the same as Overcurrent1
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17.6 V DEPENDANT O/C
V Dep OC>1 Mode: VCO/VRO
V OC>1: T1/T2/T3/T4/T5/HV winding/LV winding/TV winding
V OC>1 Char: DT /IEC S Inverse / IEC V Inverse / IEC E Inverse /

UK LT Inverse / UK Rectifier / Rl / IEEE M Inverse /

IEEE V Inverse / IEEE E Inverse / US Inverse / US ST Inverse
V OC>1 Direction: Non-directional, Directional Fwd, Directional Rev
V OC>1 Curr' Set: 0.08t04.00 In
V OC>1 T Delay: 0.00 to 100.00 s

V OC>1 TMS: 0.025 to 1.200
V OC>1 Time Dial:  0.01 to 100.00
V OC>1 K (RI): 0.10 t010.00

V OC>1 Rst Char: DT/Inverse

V OC>1 tRESET: 0.00 to 100.00 s
V OC>1 Angle: -95° to 95°

V OC>1 V<1 Set: 5Vto 120.00 V
V OC>1 K Setting: 0.1to 1

V OC>1 V<1 Set: 5V to 120.00 V
V OC>2 the same as VCO>1
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17.7 Thermal Overload
Mon't Winding: HV/LV/TV/Biased Current
Ambient T: RTD1/RTD2/RTD3/RTD4 /RTD5/RTD5 / RTD7 / RTD8 /

RTD9 /RTD10/AVERAGE / CLIO1 / CLIO2 / CLIO3 / CLIO4
Amb CLIO Type: 0-1/0-10/0-20 / 4-20 mA

Amb CLIO Min: -9999 to +9999

Amb CLIO Max: -9999 to +9999

Average Amb T: -25.00 to +75.00 Cel

Top QIil T: RTD1/RTD2/RTD3/RTD4 /RTD5/RTD5/RTD7 / RTD8 /

RTD9 / RTD10/ CALCULATED / CLIO1 / CLIO2/ CLIO3 / CLIO4
Top Oil CLIO Typ: 0-1/0-10/0-20/ 4-20 mA
Top Qil CLIO Min: -9999 to +9999
Top Oil CLIO Max:  -9999 to +9999
IB: 0.1to 4.0 PU
Rated NoLoadLoss: 0.1to 100
Hot Spot overtop: 0.1 t0 200.0 Cel
Top Oil overamb: 0.1 to 200.0 Cel

Cooling mode: Cooling mode 1 / Cooling mode 2 / Cooling mode 3 /
Cooling mode 4 / Select Via PSL

Cooling Status: (data) Cooling mode 1 / Cooling mode 2 / Cooling mode 3 /
Cooling mode 4 / Cooling mode 1

Winding exp m: 0.01t0 2.0

Oil exp n: 0.01t0 2.0

Cooling mode 2, Cooling mode 3 and Cooling mode 4
same as Cooling mode 1

Hot spot rise co: 0.01 t0 20.0 min
Top oil rise co: 1.0 to 1000.0 min
TOL Status: Enabled/Disabled

Hot Spot>1 to 3 Set: 1.0 to 300.0 Cel
tHot Spot>1 to 3 Set: 0 to 60 k min

Top Oil>11t0 3 Set: 1.0 to 300.0 Cel
tTop Qil>1to 3 Set: 0 to 60k min
tPre-trip Set: 0 to 60 k min
LOL Status: Enabled/Disabled
Life Hours at HS: 1 to 300 000 hr
Designed HS temp: 1 to 200.0 Cel

Constant B Set: 1 to 100 000
FAA> Set: 0.1 to 30

tFAA> Set: 0 to 60 k min
LOL>1 Set: 0.1 to 300 000hr
tLOL> Set: 0 to 60 k min
Rst Life Hours: 0 to 300 000 hr
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17.8 4-Stage Directional Earth Fault
Earth Fault 1: Enabled, Disabled
EF 1 Input: Measured / Derived
EF 1 Derived: (data) T1/T2/T3/T4/T5/HV winding/LV winding/TV winding
EF 1 Measured: (data) TN1/TN2/TN3
IN>1 Status: Enabled/Disabled
IN>1 Char: DT /IEC S Inverse / IEC V Inverse / IEC E Inverse /

UK LT Inverse / Rl / IEEE M Inverse / IEEE V Inverse /
IEEE E Inverse / US Inverse / US ST Inverse / IDG

IN>1 Direction: Non-directional, Directional Fwd, Directional Rev
IN>1 Current: 0.08to 4 In
IN>1 IDG Is: 1t04 In

IN>1 Time Delay: 0.00 to 200.0 s
IN>1 TMS: 0.025 to 1.200
IN>1 Time Dial: 0.01 to 100.00
IN>1 K(RI): 0.1 to 10.00
IN>1 IDG Time: 110 2.00

IN>1 Reset Char: DT, Inverse
IN>1 tRESET: 0.00 to 100.00 s
IN>2 same as IN>1

IN>3 Status: Disabled, DT
IN>3 Current: 0.08 t0 32.00 In

IN>3 Time Delay: 0.00 to 200.00 s

IN>4 same as IN>3

Earth fault 2 and Earth fault 3 same as Earth fault 1

The IDG curve is commonly used for time delayed earth fault protection in the Swedish
market. This curve is available in stage 1 of the Earth Fault protection.

The IDG curve is represented by:
I

m] in seconds

t=5.8-1.35 Ioge(

Where:

I = Measured current

IN>Setting = An adjustable setting which defines the start point of the characteristic
Although the start point of the characteristic is defined by the “IN>" setting, the actual
relay current threshold is a different setting called “IDG Is”. The “IDG Is” setting is set as
a multiple of “IN>".

An additional setting “IDG Time” is also used to set the minimum operating time at high
levels of fault current.
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Figure 1 - IDG Characteristic
17.9 Through Fault
Through Fault: Disabled/Enabled
Monitored Input: HV/LV/TV
TF 1> Trigger: 0.08 to 20.00PU
TF 12t> Alarm: 0to 500 000 A2 s
17.10 Residual Overvoltage (NVD)
VN>1 Function: Disabled/DT/IDMT
VN>1 Voltage Set: 1to 80V
VN>1 Time Delay: 0to 100 s
VN>1 TMS: 0.5to 100
VN>1 tReset: 0to 100 s
VN>2 Status: Enabled/Disabled
VN>2 Voltage Set: 1t0 80V
VN>2 Time Delay: 0to 100 s
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17.11 Overfluxing (Volts/Hz)
Volts/Hz W2
V/Hz Alm Status: Disabled/Enabled
V/Hz Alarm Set: 1.5t0 3.5 V/Hz
V/Hz Alarm Delay: 0 to 6000 s
V/Hz>1 Status: Disabled/Enabled
V/Hz>1 Trip Func: DT /IDMT
V/Hz>1 Trip Set: 1.5t0 3.5 V/Hz
V/Hz>1 Trip TMS: 0.01t0 12
V/Hz>1 Delay: 0to 6000 s
V/Hz>1 tReset: 0 to 6000 s
V/Hz>2 Status: Disabled/Enabled
V/Hz>2 Trip Set: 1.5t03.5V/Hz
V/Hz>2 Delay: 0to 6000 s
V/Hz>3 and 4 same as V/Hz>2
TPre-trip Alarm: 1 to 6000.0 s
Volts/Hz W1 the same as Volts/Hz W2
The inverse time characteristic is given by
TMS
t =
(M-1)2
Where:
VIt
M = NI T O 2t
( V/f Trip Setting )
V = Measured voltage
F = Measured frequency
17.12 Voltage Protection - Undervoltage

V< Measur’t Mode:
V< Operate Mode:
V< 1 Function:
V<1 Voltage Set:
V<1 Time Delay:
V<1 TMS:

V<1 Poledead Inh:
V<2 Function:
V<2 Status:

V<2 Voltage Set:
V<2 Time Delay:
V<2 Poledead Inh:

Phase-Phase/Phase-Neutral
Any Phase/Three Phase
Disabled/DT/IDMT

10 to 120 V (100/120 V)
0.00t0o 00.00 s

0.05t0 100.0
Disabled/Enabled
Disabled/DT
Disabled/Enabled

10 to 120 V (100/120 V)
0.00 to 100.00 s
Disabled/Enabled

The inverse characteristic is given by:

K
t —

(1-M)
Where:

K = Time multiplier setting

t = Operating time in seconds
M = Applied input voltage/ undervoltage setting
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1713 Voltage Protection - Overvoltage
V> Measur't Mode:  Phase-Phase/Phase-Neutral
V> Operate Mode:  Any Phase/Three Phase
V> 1 Function: Disabled/DT/IDMT
V>1 Voltage Set: 60 to 185 V(100/120 V)
V>1 Time Delay: 0.00 to 100.00 s
V>1 TMS: 0.05 to 100.0
V>2 Status: Disabled/Enabled
V>2 Voltage Set: 60 to 185V (100/120 V)
V>2 Time Delay: 0.00 to 100.00 s
The inverse characteristic is given by:
K
R VR
Where:
K = Time multiplier setting
t = Operating time in seconds
M = Applied input voltage/overvoltage setting
17.14 Voltage Protection - NPS Overvoltage
V2>1 Status: Enabled/Disabled
V2>1 Voltage Set: 1t0 110V
V2>1 Time Delay: 0to100s
17.15 Frequency Protection - Underfrequency
F<1 Status: Disabled/Enabled
F<1 Setting: 46.00 to 65.00 Hz
F<1 Time Delay: 0t0100.0s
F<2/3/4 the same as F<1
17.16 Frequency Protection - Overfrequency
F>1 Status: Disabled/Enabled
F>1 Setting: 46.00 to 65.00 Hz
F>1 Time Delay: 0to 100.0 s
F>2 the same as F>1
1717 RTD Protection

Select RTD: Bit 0 - Select RTD 1, Bit 1 - Select RTD 2

to Bit 9 - Select RTD 10

Binary function link string, selecting which RTDs (1 - 10) are enabled.

RTD 1 Alarm Set: 0°C to 200°C

RTD 1 Alarm Dly: 0sto100s

RTD 1 Trip Set: 0°C to 200°C

RTD 1 Trip Dly: O0sto100s
RTD2/3/4/5/6/7/8/9/10 the same as RTD1
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17.18 Current Loop Input
CLIO1 Input 1: Disabled/Enabled
CLI1 Input Type: 0O-1mA 0-10mA 0-20mA 4-20mA
CLI1 Input Label: 16 characters (CLIO input 1)
CLI1 Minimum: -9999...+9999
CLI1 Maximum: -9999...49999
CLI1 Alarm: Disabled/Enabled
CLI1 Alarm Fn: Over/Under
CLI1 Alarm Set: CLI1 min to CLI1 max
CLI1 Alarm Delay: 0.0t0o 100.0 s
CLI1 Trip: Disabled/Enabled
CLI1 Trip Fn: CLI1 min to CLI1 max
CLI1 Trip Delay: 0.0t0 100.0 s
CLI1 I< Alarm (4 to 20 mA input only): Disabled/Enabled
CLI1 I< Alm Set (4 to 20 mA input only): 0.0to 4.0 mA
CLI2/3/4 the same as CLI1
17.19 Current Loop Output

CLO1 Output 1:

Disabled/Enabled

CLO1 Output Type: 0—-1mA 0-10mA 0-20mA 4-20mA
CLO1 Set Values: Primary/Secondary

CLO1 Parameter:
CLO1 Min:
CLO1 Max:

As shown below*
Range, step size and unit corresponds to the selected parameter
Same as CLO1 Min
CLO2/3/4 the same as CLO1

Current Loop Output Parameters:

IA-1 Magnitude
IB-1 Magnitude
IC-1 Magnitude
IA-2 Magnitude
IB-2 Magnitude
IC-2 Magnitude
IA-3 Magnitude
IB-3 Magnitude
IC-3 Magnitude
IA-4 Magnitude
IB-4 Magnitude
IC-4 Magnitude
IA-5 Magnitude
IB-5 Magnitude
IC-5 Magnitude
11-1 Magnitude
12-1 Magnitude
10-1 Magnitude
11-2 Magnitude
12-2 Magnitude
10-2 Magnitude
11-3 Magnitude
12-3 Magnitude
10-3 Magnitude

11-4 Magnitude

12-4 Magnitude

10-4 Magnitude

11-5 Magnitude

12-5 Magnitude

10-5 Magnitude

IA HV Magnitude

IB HV Magnitude

IC HV Magnitude

IN HV Measured Mag
IN HV Derived Mag
IA LV Magnitude

IB LV Magnitude

IC LV Magnitude

IN LV Measured Mag
IN LV Derived Mag
IA TV Magnitude

IB TV Magnitude

IC TV Magnitude

IN TV Measured Mag
IN TV Derived Mag
VAB Magnitude

VBC Magnitude
VCA Magnitude

VAN Magnitude
VBN Magnitude
VCN Magnitude
Vx Magnitude

VN Derived Mag
V1 Magnitude

V2 Magnitude

VO Magnitude
VAN RMS

VBN RMS

VCN RMS
Frequency

RTD 1 through to RTD 10
CL Input 1 through to CL Input 4
Volts/Hz W1
V/Hz W1 Thermal
Volts/Hz W2
V/Hz W2 Thermal
Hot Spot T

Top Oil T
Ambient T

LOL Status
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CB Fail & I<

T1 CBF Status:
I< Current Set:
IN< Status:

IN< Input:

IN< Terminal:
IN< Current Set:
CB Fail 1 Status:
CB Fail 1 Timer:
CB Fail 2 Status:
CB Fail 2 Timer:
CBF Non | Reset:
CBF Ext Reset:

17.20

Enabled/Disabled
5% to 400%
Enabled/Disabled
Measured/Derived
TN1/TN2/TN3

5% to 400%
Enabled/Disabled
0to 10s
Enabled/Disabled
0to 10s
[<Only /
[<Only /

Prot Reset & I<
Prot Reset & I<

CBOpen&lI< /
CBOpen&l< /

T2 CBF, T3 CBF, T4 CBF and T5 CBF the same as T1 CBF

P64x/EN TD/E93 (P642, P643 & P645)
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18 LABELS

18.1 Input Labels

Opto Input 1t0 32:  InputL1to Input L32
User-defined text string to describe the function of the particular opto input.

18.2 Output Labels

Relay 1 to 32: Output R1to  Output R32

User-defined text string to describe the function of the particular relay output contact.
18.3 RTD Labels

RTD 1-10: RTD1 to RTD10

User-defined text string to describe the function of the particular RTD.
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19 SUPERVISORY FUNCTIONS
19.1 Voltage Transformer Supervision
VTS Status: Blocking/ Indication/ Disabled

VTS Reset Mode:
VTS Time Delay:
VTS I> Inhibit:
VTS 12> Inhibit:

Negative phase sequence voltage (V2):

Phase overvoltage:
Pick-up
Drop-off

Superimposed Current:

Manual/Auto
1.0t010.0s
0.08 Into 32.0 In
0.05 In to 0.50 In
10 V (100/120 V)

30V,
10 V (100/120 V)
0.11n

19.2 Current Transformer Supervision
Diff CTS: Enabled/Disabled
CTS Status: Restrain/Indication
CTS Time Delay: 0to10s
CTS I1: 5 to 100%
CTS 12/11>1: 5 to 100%
CTS 12/11>2: 5 to 100%

P64x/EN TD/E93 (P642, P643 & P645)
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20 MEASUREMENTS LIST
20.1 Measurements 1
20.1.1 P642

IA-1 Magnitude
IA-1 Phase Angle
IB-1 Magnitude
IB-1 Phase Angle
IC-1 Magnitude
IC-1 Phase Angle
IA-2 Magnitude
IA-2 Phase Angle
IB-2 Magnitude
IB-2 Phase Angle
IC-2 Magnitude
IC-2 Phase Angle
IA-HV Magnitude
IA-HV Phase Ang
IB-HV Magnitude
IB-HV Phase Ang
IC-HV Magnitude
IC-HV Phase Ang
IA-LV Magnitude
IA-LV Phase Ang
IB-LV Magnitude
IB-LV Phase Ang

P643

IA-1 Magnitude
IA-1 Phase Angle
IB-1 Magnitude
IB-1 Phase Angle
IC-1 Magnitude
IC-1 Phase Angle
IA-2 Magnitude
IA-2 Phase Angle
IB-2 Magnitude
IB-2 Phase Angle
IC-2 Magnitude
IC-2 Phase Angle
IA-3 Magnitude
IA-3 Phase Angle
IB-3 Magnitude
IB-3 Phase Angle
IC-3 Magnitude
IC-3 Phase Angle

IC-LV Magnitude
IC-LV Phase Ang
10-1 Magnitude
11-1 Magnitude
12-1 Magnitude
IN-HV Mea Mag
IN-HV Mea Ang
IN-HV Deriv Mag
IN-HV Deriv Ang
10-2 Magnitude
11-2 Magnitude
12-2 Magnitude
IN-LV Mea Mag
IN-LV Mea Ang
IN-LV Deriv Mag
IN-LV Deriv Ang
IA-HV RMS
IB-HV RMS
IC-HV RMS
IA-LV RMS
IB-LV RMS
IC-LV RMS

IC-TV Phase Ang
10-1 Magnitude
11-1 Magnitude
12-1 Magnitude
IN-HV Mea Mag
IN-HV Mea Ang
IN-HV Deriv Mag
IN-HV Deriv Ang
10-2 Magnitude
11-2 Magnitude
12-2 Magnitude
IN-LV Mea Mag
IN-LV Mea Ang
IN-LV Deriv Mag
IN-LV Deriv Ang
10-3 Magnitude
11-3 Magnitude
12-3 Magnitude

Vx Magnitude

Vx Phase Angle
V1 Magnitude

V2 Magnitude
VAB Magnitude
VAB Phase Angle
VBC Magnitude
VBC Phase Angle
VCA Magnitude
VCA Phase Angle
Frequency

IN-T1 Deriv Mag
IN-T1 Deriv Ang
IN-T2 Deriv Mag
IN-T2 Deriv Ang
IN-TN1 Mea Mag
IN-TN1 Mea Ang
IN-TN2 Mea Mag
IN-TN2 Mea Ang

VCN Magnitude
VCN Phase Angle
Vx Magnitude

Vx Phase Angle
V1 Magnitude

V2 Magnitude

VO Magnitude

VN Derived Mag
VN Derived Angle
VAB Magnitude
VAB Phase Angle
VBC Magnitude
VBC Phase Angle
VCA Magnitude
VCA Phase Angle
VAN RMS

VBN RMS

VCN RMS
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IA-HV Magnitude
IA-HV Phase Ang
IB-HV Magnitude
IB-HV Phase Ang
IC-HV Magnitude
IC-HV Phase Ang
IA-LV Magnitude
IA-LV Phase Ang
IB-LV Magnitude
IB-LV Phase Ang
IC-LV Magnitude
IC-LV Phase Ang
IA-TV Magnitude
IA-TV Phase Ang
IB-TV Magnitude
IB-TV Phase Ang
IC-TV Magnitude

P645

IA-1 Magnitude
IA-1 Phase Angle
IB-1 Magnitude
IB-1 Phase Angle
IC-1 Magnitude
IC-1 Phase Angle
IA-2 Magnitude
IA-2 Phase Angle
IB-2 Magnitude
IB-2 Phase Angle
IC-2 Magnitude
IC-2 Phase Angle
IA-3 Magnitude
IA-3 Phase Angle
IB-3 Magnitude
IB-3 Phase Angle
IC-3 Magnitude
IC-3 Phase Angle
IA-4 Magnitude
IA-4 Phase Angle
IB-4 Magnitude
IB-4 Phase Angle
IC-4 Magnitude
IC-4 Phase Angle
IA-5 Magnitude
IA-5 Phase Angle
IB-5 Magnitude

IN-TV Mea Mag
IN-TV Mea Ang
IN-TV Deriv Mag
IN-TV Deriv Ang
IA-HV RMS
IB-HV RMS
IC-HV RMS

IA-LV RMS

IB-LV RMS

IC-LV RMS

IA-TV RMS

IB-TV RMS

IC-TV RMS

VAN Magnitude
VAN Phase Angle
VBN Magnitude
VBN Phase Angle

IA-TV Magnitude
IA-TV Phase Ang
IB-TV Magnitude
IB-TV Phase Ang
IC-TV Magnitude
IC-TV Phase Ang
10-1 Magnitude
11-1 Magnitude
12-1 Magnitude
IN-HV Mea Mag
IN-HV Mea Ang
IN-HV Deriv Mag
IN-HV Deriv Ang
10-2 Magnitude
11-2 Magnitude
12-2 Magnitude
IN-LV Mea Mag
IN-LV Mea Ang
IN-LV Deriv Mag
IN-LV Deriv Ang
10-3 Magnitude
11-3 Magnitude
12-3 Magnitude
IN-TV Mea Mag
IN-TV Mea Ang
IN-TV Deriv Mag
IN-TV Deriv Ang

Frequency

IN-T1 Deriv Mag

IN-T1 Deriv Ang

IN-T2 Deriv Mag

IN-T2 Deriv Ang

IN-T3 Deriv Mag

IN-T3 Deriv Ang

IN-TN1 Mea Mag
IN-TN1 Mea Ang
IN-TN2 Mea Mag
IN-TN2 Mea Ang
IN-TN3 Mea Mag
IN-TN3 Mea Ang

VAN Magnitude
VAN Phase Angle
VBN Magnitude
VBN Phase Angle
VCN Magnitude
VCN Phase Angle
Vx Magnitude

Vx Phase Angle
V1 Magnitude

V2 Magnitude

V0 Magnitude

VN Derived Mag
VN Derived Angle
VAB Magnitude
VAB Phase Angle
VBC Magnitude
VBC Phase Angle
VCA Magnitude
VCA Phase Angle
VAN RMS

VBN RMS

VCN RMS
Frequency

IN-T1 Deriv Mag
IN-T1 Deriv Ang
IN-T2 Deriv Mag
IN-T2 Deriv Ang

P64x/EN TD/E93 (P642, P643 & P645)
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IB-5 Phase Angle
IC-5 Magnitude

IC-5 Phase Angle
IA-HV Magnitude
IA-HV Phase Ang
IB-HV Magnitude

10-4 Magnitude
11-4 Magnitude
12-4 Magnitude
10-5 Magnitude
11-5 Magnitude
12-5 Magnitude

IN-T3 Deriv Mag
IN-T3 Deriv Ang
IN-T4 Deriv Mag
IN-T4 Deriv Ang
IN-T5 Deriv Mag
IN-T5 Deriv Ang

IB-HV Phase Ang IA-HV RMS IN-TN1 Mea Mag
IC-HV Magnitude IB-HV RMS IN-TN1 Mea Ang
IC-HV Phase Ang IC-HV RMS IN-TN2 Mea Mag
IA-LV Magnitude IA-LV RMS IN-TN2 Mea Ang
IA-LV Phase Ang IB-LV RMS IN-TN3 Mea Mag
IB-LV Magnitude IC-LV RMS IN-TN3 Mea Ang
IB-LV Phase Ang IA-TV RMS
IC-LV Magnitude IB-TV RMS
IC-LV Phase Ang IC-TV RMS

20.2 Measurements 2

20.2.1 P642
IA Differential IREF Auto HighZ Op RTD 1 label
IB Differential Thermal Overload RTD 2 label
IC Differential Hot Spot T RTD 3 label
IA Bias Top Oil T RTD 4 label
IB Bias Reset Thermal RTD 5 label
IC Bias Ambient T RTD 6 label
IA Diff 2H TOL Pretrip left RTD 7 label
IB Diff 2H LOL status RTD 8 label
IC Diff 2H Reset LOL RTD 9 label
IA Diff 5H Rate of LOL RTD 10 label
IB Diff 5H LOL Aging Factor RTD Open Cct
IC Diff 5H Lres at designed RTD Short Cct
IREF HV LoZ Diff FAA M RTD Data Error
IREF HV LoZ Bias Lres at FAAm Reset RTD Flags
IREF LV LoZ Diff Volts/Hz CLIO Input 1
IREF LV LoZ Bias Volts/Hz W2 CLIO Input 2
IREF Auto LoZ Diff V/Hz W2 tPretrip CLIO Input 3
IREF Auto LoZ Bias V/Hz W2 Thermal CLIO Input 4
IREF HV HighZ Op Reset V/Hz W2
IREF LV HighZ Op

20.2.2 P643 and P645
A Phase Watts A Phase VA 3Ph Power Factor
A Phase Watts A Phase VA APh Power Factor
A Phase Watts A Phase VA BPh Power Factor
B Phase Watts B Phase VA CPh Power Factor
B Phase Watts B Phase VA 3Ph WHours Fwd
B Phase Watts B Phase VA 3Ph WHours Rev
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C Phase Watts
C Phase Watts
C Phase Watts
A Phase VArs
A Phase VArs
A Phase VArs
B Phase VArs
B Phase VArs
B Phase VArs
C Phase VArs
C Phase VArs
C Phase VArs

C Phase VA

C Phase VA

C Phase VA

3 Phase Watts
3 Phase Watts
3 Phase Watts
3 Phase VArs
3 Phase VArs
3 Phase VArs
3 Phase VA

3 Phase VA

3 Phase VA

3Ph VArHours Fwd
3Ph VArHours Rev
3Ph W Fix Demand
3Ph VArs Fix Dem
3 Ph W Roll Dem
3Ph VArs RollDem
3Ph W Peak Dem
3Ph VAr Peak Dem

Reset Demand

20.3

20.3.1

Measurements 3

P643 and P645

IA Differential

IB Differential

IC Differential

IA Bias

IB Bias

IC Bias

IA Diff 2H

IB Diff 2H

IC Diff 2H

IA Diff 5H

IB Diff 5H

IC Diff 5H

IREF HV LoZ Diff
IREF HV LoZ Bias
IREF LV LoZ Diff
IREF LV LoZ Bias
IREF TV LoZ Diff
IREF TV LoZ Bias
IREF Auto LoZ Diff
IREF Auto LoZ Bias
IREF HV HighZ Op
IREF LV HighZ Op

IREF TV HighZ Op
IREF Auto HighZ Op
Thermal Overload
Hot Spot T

Top Oil T

Reset Thermal
Ambient T

TOL Pretrip left
LOL status

Reset LOL

Rate of LOL

LOL Aging Factor
Lres at designed
FAA,mM

Lres at FAAm
Volts/Hz

Volts/Hz W1

V/Hz W1 tPretrip
V/Hz W1 Thermal
Reset V/Hz W1
Volts/Hz W2
V/Hz W2 tPretrip

V/Hz W2 Thermal

Reset V/Hz W2
RTD 1 label
RTD 2 label
RTD 3 label
RTD 4 label
RTD 5 label
RTD 6 label
RTD 7 label
RTD 8 label
RTD 9 label
RTD 10 label
RTD Open Cct
RTD Short Cct

RTD Data Error

Reset RTD Flags

CLIO Input 1
CLIO Input 2
CLIO Input 3
CLIO Input 4

P64x/EN TD/E93 (P642, P643 & P645)
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Notes:
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Date: 07/2018
Products covered by this | This chapter covers the specific versions of the MiCOM products listed below. This includes
chapter: only the following combinations of Software Version and Hardware Suffix.
Hardware Suffix: L (P642) M (P643/P645)
Software Version: B4 - P64x (P642, P643 & P645)
Connection Diagrams: 10P642xx (xx = 01 to 10)
10P643xx (xx = 01 to 06)
10P645xx (xx = 01 to 09)
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1 INTRODUCTION TO THE RELAY
Warning Before carrying out any work on the equipment, you
A should be familiar with the contents of the latest issue of
the Safety Guide, Safety Information and Technical Data
chapters and the equipment rating label(s).

1.1 User Interfaces and Menu Structure

The settings and functions of the MiCOM protection relay can be accessed both from the
front panel keypad and LCD, and via the front and rear communication ports. Information
on each of these methods is given in this section to describe how to start using the relay.

1.2 Front Panel

The following figure shows the front panel of the relay; the hinged covers at the top and
bottom of the front panel are shown open. An optional transparent front cover physically
protects the front panel. With the cover in place, access to the user interface is read-
only. Removing the cover allows access to the relay settings and does not compromise
the protection of the product from the environment.

When editing relay settings, full access to the relay keypad is needed. To remove the
front cover:

1. Open the top and bottom covers, then unclip and remove the transparent cover. If
the lower cover is secured with a wire seal, remove the seal.

2. Using the side flanges of the transparent cover, pull the bottom edge away from
the relay front panel until it is clear of the seal tab.

3. Move the cover vertically down to release the two fixing lugs from their recesses in

the front panel.

Serial No and I*, V

@ = READ @ )
©O® &
°TM+ cE&go @ yu“rfuf‘u“;‘u"uﬂf%ﬂuﬂrfl @)u [ [ Keypad
|$ J—F A SK1\ 1T =2 T Lf_\
Bottom l I \ \\

cover | \ v
Battery Front Download/
compartment comms port monitor port PO103END

Ratings Top cover
z o=om|
= =11 T1 | — W
e | == VAN
D" DIAG No——— | VE——v~ ﬂc
] ) | | —cp
o Pl —— oy
Fixed - Hotkeys
function >O C__Jot+—
LEDs o|EEe ) @ @Kﬁ o
o CD|owe}}  user
C = CLEAR o programmable
function LEDs
o
o
(@)
—

Figure 1 - Relay front view (P642) (40TE)
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Serial No, Model No. & Ratings LCD Top Cover
|
| Y |
e ) ] ] D) ] ] ( ©)
r | /n CJA 50/60Hz E202519 A A —[
SERNo. 1 | Y% {% z: c@ Us LISTED
s} H DIAGNo. 1| Vo —J v~ IND-CONT. EQ. H 9 User
Fixed |1
. Programmable
Fun,ctlon \o Function LED’s
LED’s o [ ] [TR"’ ] @o D D ° @ (tri-color)
O { } (@] [ALARM }
o o
e S . @ | ©
|_»© { } of|(HeatHy ] < S 5 Hotkeys
User =] ° :} C = CLEAR @ @ D D
Programmable m = 25:::: o o
Function LED’s o = ‘» D D ‘@
(tri-color) @ @ Navigation
° @ @ e} o Keypad
| =
-
=] _ (Eam= 5000000000000 =
[ ‘Eq P ‘+C N0 O (e @ I
L SK1 SK2 SK3 J
OméD; [T il () il T (
| A |
OJ
Bottom Cover Battery Front Comms. Download/ Function
Compartment Port Monitor Port Keys
PO103ENe
Figure 2 - Relay front view (P643 and P645) (60TE)
Serial No. Model No. and Ratings LCD Hotkeys User Programmable

Fixed Function

Function LEDs (tri-

color)

Toi Cover
3 1 ) I=I_“) II
A

Function

LEDs
o oll=r ‘ 0 0@
User P = / C o
Programmable - 07 SERVIC: .‘
Function LEDs : : ,E:T:EWIC @ @ o o
(tri-color) o & @ @
o |1-I=ENT @ @ 0 0
O
?u/ o o S
Battery Front Comms. Navigation Download/
Bottom Cover Compartment  Port Keypad Monitor Port

Keys

PO103ENf

Figure 3 - Relay front view (P645) (80TE)

The front panel of the relay includes the following, as shown in the previous figures:

A 16-character by 3-line alphanumeric Liquid Crystal Display (LCD).

A 19-key (P643/P645), 9-key (P643) keypad with 4 arrow keys (9, §), @ and &),
an enter key (@), a clear key ((©), a read key (@), 2 hot keys (®) and 10
(> — @) programmable function keys (P645).
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121

1211

1.2.1.2

Function Key Functionality (P643/P645):

. The relay front panel has control keys with programmable LEDs for local control.
Factory default settings associate specific relay functions with these 10 direct-
action keys and LEDs, e.g. Enable or Disable the auto-recloser function. Using
programmable scheme logic, the user can change the default functions of the keys
and LEDs to fit specific needs.

. Hotkey functionality:
" SCROLL starts scrolling through the various default displays.
= STOP stops scrolling the default display.

For control of setting groups, control inputs and circuit breaker operation:

. 22 LEDs (P643/P645), 12 LEDs (P642); 4 fixed function LEDs, 8 tri-color
(P643/P645), 8 red (P642) programmable function LEDs on the left-hand side of
the front panel and 10 tri-color programmable function LEDs on the right-hand side
associated with the function keys (P643/P645).

Under the top hinged cover:

o The relay serial number, and the relay’s current and voltage rating information

Under the bottom hinged cover:

o Battery compartment to hold the 1/2 AA size battery which is used for memory
back-up for the real time clock, event, fault and disturbance records

o A 9-pin female D-type front port for communication with a PC locally to the relay
(up to 15m distance) via an EIA(RS)232 serial data connection

. A 25-pin female D-type port providing internal signal monitoring and high speed

local downloading of software and language text via a parallel data connection
LED Indications

Fixed Function
The Fixed Function LEDs on the left-hand side of the front panel show these conditions:

. Trip (Red) switches ON when the relay 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.

. Alarm (Yellow) flashes when the relay 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.

. Out of Service (Yellow) is ON when the relay is not fully operational.

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

To adjust the LCD contrast, from the CONFIGURATION column, select LCD Contrast.
This is only needed in very hot or cold ambient temperatures.

Programmable LEDs
The P642 has eight red programmable LEDs (numbers 1 to 8) used for alarm indications.

The P643 and P645 have eight programmable LEDs (numbers 1 to 8) for alarm
conditions and ten programmable LEDs (F1 to F10) to show the status of the function
keys. All of the programmable LEDs on the P643 and P645 are tri-color and can be set to
red, yellow or green.

The default behaviour and mappings for the programmable LEDs are shown here:

LED No | Default indication P64x relay
1 Red Differential trip
2 Red REF trip - REF HV Trip, REF LV trip, REF TV trip
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LED No | Default indication P64x relay

3 Red Top oil trip — Top oil 1 trip, Top oil 2 trip, Top oil 3 trip
Hot spot trip — Hot spot 1 trip, Hot spot 2 trip, Hot spot 3 trip
Overflux trip — W1 V/Hz>1, W1 V/Hz>2, W1 V/Hz>3, W1 V/Hz>4,
W2 V/Hz>1, W2 V/Hz>2, W2 V/Hz>3, W2 VIHZz>4
Underfrequency trip — F<1, F<2, F<3, F<4

4 Red Overfrequency trip — F>1, F>2
Undervoltage trip — V<1, V<2
Overvoltage trip — V>1, V>2
Residual overvoltage trip - VN>1, VN>2
HV overcurrent trip — POC 11>1, POC 11>2, POC 1 I>3, POC 1
>4,

5 Red HV earth fault trip — EF 1 IN>1, EF 1 IN>2, EF 1 IN>3, EF 1IN>4
HV NPOC trip — NPOC112>1, NPOC1 12>2, NPOC 12>3, NPOC
12>4
LV overcurrent trip — POC 2 I>1, POC 2 I>2, POC 2 I>3, POC 2
>4,

6 Red LV earth fault trip - EF 2 IN>1, EF 2 IN>2, EF 2 IN>3, EF 2 IN>4
LV NPSOC trip - NPOC2 12>1, NPOC2 12>2, NPOC2 12>3,
NPOC2 12>4
TV overcurrent trip — POC 3 I>1, POC 3 I>2, POC 3 I>3, POC 3
1>4

7 Green TV earth fault trip - EF 3 IN>1, EF 3 IN>2, EF 3 IN>3, EF 3 IN>4
TV NPOC trip - NPOC3 12>1, NPOC3 12>2, NPOC3 12>3, NPOC3
12>4

8 Red/Yellow/Green | CB Fail

F1 Red/Yellow/Green | Not used

F2 Red/Yellow/Green | Not used

F3 Red/Yellow/Green | Not used

F4 Red/Yellow/Green | Not used

F5 Red Setting Group 2 Enabled

F6 Yellow Overfluxing Reset

F7 Yellow Thermal overload reset

F8 Yellow Loss of life reset

F9 Yellow Relay/LED reset

F10 Yellow Manual Trigger Disturbance Recorder

Table 1 - Default settings

1.3

Relay Rear Panel

The following diagram shows the rear panel of the relay. Slots A and B are for optional
IRIG-B boards providing time-synchronization input and fiber optic communications.

Refer to the wiring diagrams in the Connection Diagrams chapter for further details.
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Optienal RIG-B board Digital input conneclions
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Power supply
connection

Rear comms port
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input terminals {relays} connections
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Figure 4 - P642 relay rear view
Note This is one example of a case layout. The exact layout will vary depending

Connection Diagrams chapter for complete connection details.

on model configuration and case size. Refer to the wiring diagrams in the

P64X/EN GS/E93 (P642, P643 & P645)
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1.4

Relay Connection and Power-Up

Before powering-up the relay, confirm that the relay power supply voltage and nominal ac
signal magnitudes are appropriate for your application. The relay serial number, and the
relay’s current and voltage rating, power rating information can be viewed under the top
hinged cover. The relay is available in the auxiliary voltage versions shown in this table:

Nominal Ranges Operative Ranges
dc ac dc ac
24 -32Vdc - 19-38Vdc -
48 - 110V dc - 37 -150 vV dc -
110-250Vdc** |100—240V ac rms ** 87 - 300V dc 80 - 265V ac
** rated for ac or dc operation

Table 2 - Nominal and Operative dc and ac Ranges

The relay has universal opto isolated logic inputs. These can be programmed for the
nominal battery voltage of the circuit where they are used. See Universal Opto isolated
logic inputs in the Product Design chapter for more information on logic input
specifications.

Note The opto inputs have a maximum input voltage rating of 300 V dc at any
setting.

Once the ratings have been verified for the application, connect external power according
to the power requirements specified on the label. See the Connection Diagrams chapter
for complete installation details, ensuring the correct polarities are observed for the dc

supply.
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2 USER INTERFACES AND SETTINGS

The relay has these user interfaces:
. The front panel using the LCD and keypad

. The front port which supports Courier communication
. The rear port which supports one of these protocols:
] Courier

. MODBUS

. IEC 60870-5-103

= DNP3.0
. The optional Ethernet port supports IEC 61850-8-1 and DNP3.0
. A second optional rear port which supports Courier, KBUS communication
protocol.
The protocol for the rear port must be specified when the relay is ordered.
Keypad /LCD | Courier | MODBUS | IEC870-5-103 | DNP3.0 | IEC 61850
Display and modification of all settings Yes Yes
Digital 1/0 signal status Yes Yes Yes Yes Yes
Display/extraction of measurements Yes Yes Yes Yes Yes
Display/extraction of fault records Yes Yes Yes Yes Yes
Extraction of disturbance records Yes Yes Yes Yes
Programmable scheme logic settings Yes
Reset of fault and alarm records Yes Yes Yes Yes Yes
Clear event and fault records Yes Yes Yes
Time synchronization Yes Yes Yes Yes
Control commands Yes Yes Yes Yes Yes

Table 3 - User interfaces and settings

P64X/EN GS/E93 (P642, P643 & P645)
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3 MENU STRUCTURE

The relay’s menu is arranged in a table. Each setting in the menu is referred to as a cell,
and each cell in the menu may be accessed using a row and column address. The
settings are arranged so that each column contains related settings, for example all the
disturbance recorder settings are contained within the same column. As shown in the
following diagram, the top row of each column contains the heading that describes the
settings contained within that column. Movement between the columns of the menu can
only be made at the column heading level.

For a complete list of all of the menu settings see the Settings chapter and the Menu
Database document.

Column Header Up to 4 protection setting groups
r —x‘ ————————————— 1 Fr—-———————— il Dl
I System View | Ground | Ground |

Il daa || records |77 Overcurrent | | Overcurrent
data records I fault | | fault |
| i | I
| ] | |
Iy |

|
|
|
|
|
|
|
|
|
Column | | | | __________ I
dataC | N
|

|

|

|

|

|

|

|

|

settings I | | | __________ I

Control & Support Group 1 Group 2
Repeated for groups 2, 3 and 4

PO106ENa

Figure 5 - Menu structure

The settings in the menu fall into one of these categories:

o Protection Settings

o Disturbance Recorder settings

) Control and Support (C&S) settings.

Different methods are used to change a setting depending on which category the setting

falls into.
) C&S settings are stored and used by the relay immediately after they are entered.
o For either protection settings or disturbance recorder settings, the relay stores the

new setting values in a temporary ‘scratchpad’. It activates all the new settings
together, but only after it has been confirmed that the new settings are to be
adopted. This technique is employed to provide extra security, and so that several
setting changes that are made within a group of protection settings will all take
effect at the same time.

Additional security settings can now be gained by using Cyber Security. This is now an
option for Software Release B2 and later.
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3.1 Protection Settings

The protection settings include the following items:

. Protection element settings

. Scheme logic settings

There are four groups of protection settings (only two groups for the P24x), with each

group containing the same setting cells. One group of protection settings is selected as

the active group, and is used by the protection elements.
3.2 Disturbance Recorder Settings

The Disturbance Recorder (DR) settings include the record duration and trigger position,

selection of analogue and digital signals to record, and the signal sources that trigger the

recording.

The number of digital channels varies depending on the product and the software

version.

For Software Version numbers A0 and BO, the disturbance recorder was enhanced so

that the maximum number of digital channels was increased to 128.

There are now four additional DDB Group Sig x Nodes that can be mapped to individual

or multiple DDBs in the PSL. These can then be set to trigger the DR via the

DISTURBANCE RECORD menu.

These "Nodes" are general and can also be used to group signals together in the PSL for

any other reason. These four nodes are available in each of the four PSL setting groups.

1. For a control input, the DR can be triggered directly by triggering directly from the
Individual Control Input (e.g. Low to High (L to H) change)

2. For an input that cannot be triggered directly, or where any one of a number of
DDBs are required to trigger a DR, map the DDBs to the new PSL Group sig n and
then trigger the DR on this.

e.g. in the PSL:

In the DR Settings:

. Digital Input 1 is triggered by the PSL Group Sig 1 (L to H)

. Digital Input 2 is triggered by Control Input 1 (L to H)

If triggering on both edges is required map another DR channel to the H/L as well

Digital Input 4 is triggered by the PSL Group Sig1 (Hto L)

Digital Input 5 is triggered by Control Input 1 (Hto L)

3.3 Control and Support Settings

The control and support settings include:

. Relay configuration settings

. Open/close circuit breaker (may vary according to relay type or model)
. CT & VT ratio settings

. Reset LEDs

. Active protection setting group

o Password & language settings

o Communications settings

o Measurement settings

. Event & fault record settings

. User interface settings

. Commissioning settings

. Circuit breaker control & monitoring settings (may vary according to relay
type/model)
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CYBER SECURITY

4.1

Cyber Security Settings

A detailed description of Schneider Electric Cyber Security features is provided in the
Cyber Security chapter.

Important We would strongly recommend that you understand the
contents of the Cyber Security chapter before you use any
cyber security features or make any changes to the settings.

Each MiCOM P40 IED includes a large number of possible settings. These settings are
very important in determining how the device works.

A detailed description of the settings is given in the Cyber Security chapter.

4.2

Role Based Access Control (RBAC)

The Role Based Access Control (RBAC) is a method to restrict resource access to
authorized users. RBAC is an alternative to traditional Mandatory Access Control (MAC)
and Discretionary Access Control (DAC).

A key feature of RBAC model is that all access is through roles. A role is essentially a
collection of permissions, and all users receive permissions only through the roles to
which they are assigned, or through roles they inherit through the role hierarchy.

Permission

User Assignment Assignment

Permissions

@
"
Functional
Roles

P0477ENa

Figure 6 - RBAC Role structure

Roles are created for various job activities. The Permissions, to perform certain
operations, are assigned to specific roles. Users are assigned particular roles, and
through those role assignments acquire the computer permissions to perform particular
computer-system functions. Since users are not assigned permissions directly, but only
acquire them through their role (or roles), management of individual user rights
becomes a matter of simply assigning appropriate roles to the user's account; this
simplifies common operations, such as adding a user, or changing user's account.
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4.3 User Roles and Rights
Different named roles are associated with different access rights. Roles and Rights are
setup in a pre-defined arrangement, according to the IEC62351 standard, but customized
to the MiCOM Px4x equipment.
When the user tries to access an IED, they need to login using their own username and
their own password. The username/password combination is then checked against the
records stored on the IED. If they are allowed to login, a message appears which shows
them what Role they have been assigned to. It is the role that defines their access to the
relevant parts of the system.
In a similar way in which a set of pre-defined Roles have been created, a pre-defined set
of Rights have been created.
These Rights give different permissions to look at what devices may be present, what
those devices may contain, manage data within those devices (directly or by using files)
and configure rights for other people.
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RELAY CONFIGURATION

The relay is a multi-function device that supports numerous different protection, control
and communication features. To simplify the setting of the relay, there is a configuration
settings column which can be used to enable or disable many of the functions of the
relay. The settings associated with any function that is disabled are made invisible, i.e.
they are not shown in the menu. To disable a function change the relevant cell in the
‘Configuration’ column from ‘Enabled’ to ‘Disabled’.

The configuration column controls which of the protection settings groups is selected as
active through the ‘Active settings’ cell. A protection setting group can also be disabled
in the configuration column, provided it is not the present active group. Similarly, a
disabled setting group cannot be set as the active group.

The column also allows all of the setting values in one group of protection settings to be
copied to another group.

To do this firstly set the ‘Copy from’ cell to the protection setting group to be copied, then
set the ‘Copy to’ cell to the protection group where the copy is to be placed. The copied
settings are initially placed in the temporary scratchpad, and will only be used by the relay
following confirmation.

To restore the default values to the settings in any protection settings group, set the
‘Restore defaults’ cell to the relevant group number. Alternatively it is possible to set the
‘Restore defaults’ cell to ‘All settings’ to restore the default values to all of the relay’s
settings, not just the protection groups’ settings. The default settings will initially be
placed in the scratchpad and will only be used by the relay after they have been
confirmed. Note that restoring defaults to all settings includes the rear communication
port settings, which may result in communication via the rear port being disrupted if the
new (default) settings do not match those of the master station.
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6 FRONT PANEL USER INTERFACE (KEYPAD AND LCD)

When the keypad is exposed it provides full access to the menu options of the relay, with
the information displayed on the LCD.

The @, @, & and & keys which are used for menu navigation and setting value
changes include an auto-repeat function that comes into operation if any of these keys

are held continually pressed. This can speed up both setting value changes and menu

navigation; the longer the key is held depressed, the faster the rate of change or
movement becomes.

System |— Other default displays —]

Frequency
y

3-phase
Voltage L]

Alarm
messages

Date and
Time

OF=

08

Column 1 Column 2 Column n
D — .
System Data View Records Other column headings Group 4
Overcurrent
Data 1.1 Data 2.1 Data n.1
Language Last Record 1>1 function
Note:
The © key will return
Data 2.2 to column header
Data 1.2 Time and from any menu cell Da_ua n_.2
Password Date 1>1 directional

Other setting @ Other setting @ Other setting @

cells in cells in cellsin
Column 1 ® Column 2 ® Column n ®
Data 1.n Data 2.n Data n.n
Password C-A Voltage I> Char Angle
PO105ENa

Figure 7 - Front panel user interface
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6.1 Default Display and Menu Time-Out
The front panel menu has a default display. To change it, the Engineer Role will be
required and the following items can be selected:
o Date and time
o Relay description (user defined)
o Plant reference (user defined)
) System frequency
) 3-phase voltage
) 3-phase and neutral current (P64x)
o Power (P64x)
) Access level
o Check zone bias currents (A, B, C) (P741/P742/P743)
o Check zone differential currents (A, B, C) (P741/P742/P743)
From the default display, the user can switch the default display to other default display
items using the (@ and §) keys. The default display will be saved as the last viewed items
automatically. If the user tries to change the default display, Engineer Role will be
requested (if the current access role is not that of an Engineer).
When user is browsing the relay menu structure with default access right, if there is no
keypad activity for the 15 minutes (i.e. the timeout period), the default display will revert
from the last viewed menu structure (can be any location from the menu structure) and
the LCD backlight will turn off.
When user is logged in with Engineer Role, the menu timeout time may be shorter than
15 minutes. This depends on the value of inactive timer (e.g. if the inactive timer is set to
shorter than 15 minutes). If menu timeout happens, any setting changes that have not
been confirmed will be lost and the original setting values maintained.
Whenever there is an uncleared alarm present in the relay (e.g. fault record, protection
alarm, control alarm etc.) the default display will be replaced by:

Alarms/Faults
Present

Entry to the menu structure of the relay is made from the default display and is not
affected if the display is showing the Alarms/Faults present message.

6.2 Navigating Menus and Browsing the Settings

Use the four arrow keys to browse the menu, following the menu structure shown above.
1. Starting at the default display, press the & key to show the first column heading.
2 Use the @ and @ keys to select the required column heading.

3. Use the & and <& keys to view the setting data in the column.
4

To return to the column header, either hold the & key down or press the clear key
(© once. ltis only possible to move across columns at the column heading level.

5. To return to the default display, press the & key or the clear key © from any of
the column headings. If you use the auto-repeat function of the & key, you

cannot go straight to the default display from one of the column cells because the
auto-repeat stops at the column heading.

6. Press the & key again to go to the default display.
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6.3

6.3.1

6.3.2

6.3.3

Navigating the Hotkey Menu

To access the hotkey menu from the default display:
1. Press the key directly below the HOTKEY text on the LCD.

2. Once in the hotkey menu, use the @ and @ keys to scroll between the available
options, then use the hotkeys to control the function currently displayed.
If neither the @ or @ keys are pressed within 20 seconds of entering a hotkey sub
menu, the relay reverts to the default display.

3. Press the clear key (© to return to the default menu from any page of the hotkey
menu.

The layout of a typical page of the hotkey menu is as follows:

. The top line shows the contents of the previous and next cells for easy menu
navigation

. The center line shows the function

. The bottom line shows the options assigned to the direct access keys

The functions available in the hotkey menu are listed in the following sections.

Setting Group Selection

The user can either scroll using <<NXT GRP>> through the available setting groups or
<<SELECT>> the setting group that is currently displayed.

When the SELECT button is pressed a screen confirming the current setting group is
displayed for 2 seconds before the user is prompted with the <<NXT GRP>> or
<<SELECT>> options again. The user can exit the sub menu by using the left and right
arrow keys.

For more information on setting group selection refer to “Setting group selection” section
in the Operation chapter.

Control Inputs - User Assignable Functions

The number of control inputs (user assignable functions — USR ASS) represented in the
hotkey menu is user configurable in the “CTRL I/P CONFIG” column. The chosen inputs
can be SET/RESET using the hotkey menu.

For more information refer to the “Control Inputs” section in the Operation chapter.

CB Control

The CB control functionality varies from one Px40 relay to another. For a detailed
description of the CB control via the hotkey menu refer to the “Circuit Breaker Control”
section of the Setting chapter.

P64X/EN GS/E93 (P642, P643 & P645) Page (GS) 3-19



(GS) 3 Getting Started Front Panel User Interface (Keypad and LCD)

6.4

6.4.1

6.4.2

6.4.3

How to Login

Local Default Access

If the Local Default Access is enabled, the user may login to the front panel with
associated roles.

See Table 4 for the applied cases.

Auto Login

Auto login means the user will login the IED automatically and no need to select the user
name and enter the password. In this case, the user will be authorized with relevant
rights. The auto login will be applied in these cases:

CS RBAC/PW .
Version Interface Cases Login Process
Factory L .
RBAC Auto login with EngineerLevel

Front Local Default Access Enabled: Login with Local Default
panel Customized | Access

CSLL RBAC Local Default Access Disabled: Login with Prompt User
List
Courier All cases | Login with Prompt User List
Interface
Factory L .
RBAC Auto login with EngineerLevel
EngineerLevel password is “AAAA” or is disabled/blank:
Front Auto login with EngineerLevel
panel Password | OperatorLevel password is “AAAA” or is disabled/blank:
changed | Auto login with OperatorLevel
EngineerLevel and OperatorLevel password changed:
csLo Facioy Auto login with ViewerLevel Access
RBAC Auto login with EngineerLevel

EngineerLevel password is “AAAA” or is disabled/blank:

Courier Auto login with EngineerLevel
Interface | Password | OperatorLevel password is “AAAA” or is disabled/blank:

changed | Auto login with OperatorLevel
EngineerLevel and OperatorLevel password changed:

Login with Prompt User List

Table 4 - Auto Login process
For more details about the Factory RBAC, please refer to the Cyber Security chapter.

Login with Prompt User List

This login process will happen if:

o The Auto login process is not applied.

o Or high authorization is required for the current operation.

In this case, the IED will prompt the user list, and the user needs to select proper user
name and enter the password to login.

Page (GS) 3-20

P64x/EN GS/E93 (P642, P643 & P645)



Front Panel User Interface (Keypad and LCD) (GS) 3 Getting Started

6.5 Reading and Clearing Alarm Messages and Fault Records

One or more alarm messages appear on the default display and the yellow alarm LED
flashes. The alarm messages can either be self-resetting or latched, in which case they
must be cleared manually.

1.

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

Scroll through the pages of the latest fault record, using the @ key. When all
pages of the fault record have been viewed, the following prompt appears.

Press clear to
reset alarms

To clear all alarm messages, press ©. To return to the display showing alarms or
faults present, and leave the alarms uncleared, press @.

Depending on the password configuration settings, you may need to enter a
password before the alarm messages can be cleared. See the How to Access the
IED/Relay section.

When all alarms are cleared, the yellow alarm LED switches OFF; also the red trip
LED switches OFF if it was switched ON after a trip.

To speed up the procedure, enter the alarm viewer using the key, then press
the © key. This goes straight to the fault record display. Press © again to move
straight to the alarm reset prompt, then press © again to clear all alarms.

6.6 Setting Changes

1.

To change the value of a setting, go to the relevant cell in the menu, then press the
enter key @& to change the cell value. A flashing cursor on the LCD shows the
value can be changed. If a password is required to edit the cell value, a password
prompt appears.

To change the setting value, press the & or & keys. If the setting to be changed
is a binary value or a text string, select the required bit or character to be changed
using the @ and ¢) keys.

Press @& to confirm the new setting value or the clear key © to discard it. The
new setting is automatically discarded if it is not confirmed in 15 minutes.

For protection group settings and disturbance recorder settings, the changes must
be confirmed before they are used by the relay.

To do this, when all required changes have been entered, return to the column
heading level and press the & key. Before returning to the default display, the
following prompt appears.

Update settings?
Enter or clear

Press @& to accept the new settings or press © to discard the new settings.

Note If the menu time-out occurs before the setting changes have been
confirmed, the setting values are also discarded.

Control and support settings are updated immediately after they are entered, without the
Update settings? prompt.
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6.7 How to Logout

6.7.1 How to Logout at the IED

For security consideration, it would be better to “logout’ the IED once the configuration
done. You can do this by going up to the default display. When you are at the default
display and you press the ‘Cancel’ button, you may be prompted to log out with the
following display:

ENTER TO LOGOUT
CLEAR TO CANCEL

You will be asked this question if you are logged in.
If you confirm, the following message is displayed for 2 seconds:

LOGGED OUT
User Name

If you decide not to log out (i.e. you cancel), the following message is displayed for 2
seconds.

LOGOUT CANCELLED
User Name

Note The MiICOM IED runs a timer, which logs the user out after a period of
inactivity. For more details, refer to the Inactivity Timer section.

6.7.2 How to Logout at Easergy Studio
o Right-click on the device name and select Log Off.
o In the Log Off confirmation dialog click Yes.
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7 FRONT COMMUNICATION PORT USER INTERFACE

The front communication port is provided by a 9-pin female D-type connector located
under the bottom hinged cover. It provides EIA(RS)232 serial data communication and is
intended for use with a PC locally to the relay (up to 15m distance) as shown in the
following diagram. This port supports the Courier communication protocol only. Courier is
the communication language developed by Schneider Electric to allow communication
with its range of protection relays. The front port is particularly designed for use with the
relay settings program Easergy Studio.

“&

0000000

9 pin
Battery  front comms port

Serial communication port
[COM 1 or COM 2)

Serial data connector
(up to 15m) PO107ENe

Figure 8 - Front port connection

The IED is a Data Communication Equipment (DCE) device. The pin connections of the
9-pin front port are as follows:

Pin no. Description
2 Tx Transmit data
3 Rx Receive data
5 0V Zero volts common

Table 5 - Front port DCE pin connections

None of the other pins are connected in the relay. The relay should be connected to the
serial port of a PC, usually called COM1 or COM2. PCs are normally Data Terminal
Equipment (DTE) devices which have a serial port pin connection as below (if in doubt
check your PC manual):

Pin 25 Way 9 Way Description
Pin no. 2 3 2 Rx Receive data
Pin no. 3 2 3 Tx Transmit data
Pin no. 5 7 5 0V Zero volts common

Table 6 - DTE devices serial port pin connections

For successful data communication, the Tx pin on the relay must be connected to the Rx
pin on the PC, and the Rx pin on the relay must be connected to the Tx pin on the PC, as
shown in the diagram. Therefore, providing that the PC is a DTE with pin connections as

given above, a ‘straight through’ serial connector is required, i.e. one that connects pin 2

to pin 2, pin 3 to pin 3, and pin 5 to pin 5.

Note A common cause of difficulty with serial data communication is connecting
Tx to Tx and Rx to Rx. This could happen if a ‘cross-over’ serial connector
is used, i.e. one that connects pin 2 to pin 3, and pin 3 to pin 2, or if the PC
has the same pin configuration as the relay.
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DCE Serial data connector — DI
Pin2 Tx

> >Pin2 Rx

v_|

Pin3 Rx € < <1—Pin3 Tx
Pin5 OV s OV || e
L L |
5

Note: PC connection shown assuming 9 Way serial port
P0108ENd

Figure 9 - PC - relay signal connection

Having made the physical connection from the relay to the PC, the PCs communication
settings must be configured to match those of the relay. The relays communication
settings for the front port are fixed as shown below:

Protocol Baud rate Courier address Message format

11 bit - 1 start bit, 8 data bits, 1 parity bit (even
parity), 1 stop bit

Courier 19,200 bits/s |1

Table 7 - Communication settings

7.1

Relay Front Port Settings

The inactivity timer for the front port is set at 15 minutes. This controls how long the relay
will maintain its password access on the front port. If no messages are received on the
front port for 15 minutes then any password access that has been enabled will be
revoked.

7.2

Front Courier Port

The front EIA(RS)232 9-pin port supports the Courier protocol for one to one
communication.

Note The front port is actually compliant to EIA(RS)574; the 9-pin version of
EIA(RS)232, see www.tiaonline.org.

The front port is designed for use during installation and commissioning/maintenance and
is not suitable for permanent connection. Since this interface will not be used to link the
relay to a substation communication system, some of the features of Courier are not
implemented. These are as follows:

o Automatic Extraction of Event Records:
= Courier Status byte does not support the Event flag
" Send Event/Accept Event commands are not implemented
o Automatic Extraction of Disturbance Records:
" Courier Status byte does not support the Disturbance flag
o Busy Response Layer: Courier Status byte does not support the Busy flag, the
only response to a request will be the final data
) Fixed Address: The address of the front courier port is always 1, the
Change Device address command is not supported.
) Fixed Baud Rate: 19200 bps
Note Although automatic extraction of event and disturbance records is not

supported, this data can be manually accessed using the front port.
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8 EASERGY STUDIO RELAY COMMUNICATIONS BASICS

The EIA(RS)232 front communication port is particularly designed for use with the relay
settings program Easergy Studio. Easergy Studio is the universal MiCOM IED Support
Software and provide users a direct and convenient access to all stored data in any
MiCOM IED using the EIA(RS)232 front communication port.

Easergy Studio provides full access to MiCOM Px10, Px20, Px30, Px40 and Mx20
measurements units.

The Easergy Studio product is updated periodically. These updates provide support for
new features (such as allowing you to manage new MiCOM products, as well as using
new software releases and hardware suffixes). The updates may also include fixes.
Accordingly, we strongly advise customers to use the latest Schneider Electric
version of Easergy Studio.

8.1 PC Requirements

The minimum and recommended hardware requirements for Easergy Studio (v7.0.0) are
shown below. These include the Studio application and other tools which are included:
UPCT, P746 RHMI, P74x Topology Tool:

Minimum requirements:

Platform Processor RAM HDD (Note 1 & 3) | HDD (Note 2 & 3)
Windows XP x86 1GHz 512 MB | 900 MB 1.5GB
Windows 7 x86 1GHz 1GB 900 MB 1.9GB
Windows 7 x64 1 GHz 2GB 900 MB 2.1GB
Windows Server 2008 x86 Spl| 1 GHz 512 MB | 900 MB 1.7 GB

Recommended requirements:

Platform Processor RAM HDD (Note 1 & 3) | HDD (Note 2 & 3)

Windows XP x86 1GHz 1GB 900 MB 1.5GB
Windows 7 x86 1GHz 2GB 900 MB 1.9GB
Windows 7 x64 1 GHz 4 GB 900 MB 2.1GB
Windows Server 2008 x86 Spl| 1 GHz 4GB 900 MB 1.7 GB

Note 1 Operating system with Windows Updates updated on 2015/05.

Note 2 Operating system without Windows Updates installed.

Note 3 Both configurations do not include Data Models HDD requirements. Data

Models typically need from 1 GB to 15 GB of hard disk space.

Screen resolution for minimum requirements: Super VGA (800 x 600).
Screen resolution for recommended requirements: XGA (1024x768) and higher.
Easergy Studio must be started with Administrator privileges.
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Easergy Studio Relay Communications Basics

Easergy Studio Additional components

The following components are required to run Easergy Studio and are installed by its

installation package.

Component Type Component
Package .NET Framework 2.0 SP 1 (x64)
Package .NET Framework 2.0 SP 1 (x86)
Package .NET Framework 4.0 Client (x64)
Package .NET Framework 4.0 Client (x86)
Package Visual C++ 2005 SP1 Redistributable Package (x86)
Package Visual C++ 2008 SP1 Redistributable Package (x86)

Merge modules

DAO 3.50

Merge modules

MFC 6.0

Merge modules

MFC Unicode 6.0

Merge modules

Microsoft C Runtime Library 6.0

Merge modules

Microsoft C++ Runtime Library 6.0

Merge modules

Microsoft Component Category Manager Library

Merge modules

Microsoft Data Access Components 2.8 (English)

Merge modules

Microsoft Jet Database Engine 3.51 (English)

Merge modules

Microsoft OLE 2.40 for Windows NT and Windows 95

Merge modules

Microsoft Visual Basic Virtual Machine 6.0

Merge modules

MSXML 4.0 - Windows 9x and later

Merge modules

MSXML 4.0 - Windows XP and later

Merge modules

Visual C++ 8.0 MFC (x86) WinSXS MSM

Merge modules

Visual C++ 8.0 MFC.Policy (x86) WinSXS MSM
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8.2 Connecting to the Relay using Easergy Studio

This section is a quick start guide to using Easergy Studio and assumes this is installed
on your PC. See the Easergy Studio online help for more detailed information.

1. Make sure the EIA(RS)232 serial cable is properly connected between the port on
the front panel of the relay and the PC.

2. To start Easergy Studio, select Start > All apps > Schneider Electric > Easergy
Studio.

3. Click the Quick Connect tab and select Create a New System.

4. Check the Path to System file is correct, then enter the name of the system in the
Name field. To add a description of the system, use the Comment field.

5. Click OK.

6. Select the device type.

7. Select the communications port, and open a connection with the device.

8. Once connected, select the language for the settings file, the device name, then
click Finish. The configuration is updated.

9. In the Studio Explorer window, select Device > Supervise Device... to control
the relay directly. (User Login necessary)

8.3 Off-Line Use of Easergy Studio

Easergy Studio can also be used as an off-line tool to prepare settings, without access to

the relay.

1. If creating a new system, in the Studio Explorer, select create new system. Then
right-click the new system and select New substation.

2. Right-click the new substation and select New voltage level.

3. Then right-click the new voltage level and select New bay.

4, Then right-click the new bay and select New device.
You can add a device at any level, whether it is a system, substation, voltage or
bay.

5. Select a device type from the list, then enter the relay type. Click Next.

6. Enter the full model number and click Next.

7. Select the Language and Model, then click Next.

8. If the IEC61850 protocol is selected, and an Ethernet board with hardware option
Q, R or S is selected, select IEC 61850 Edition:
IEC 61850 Edition 2 Mode or
IEC 61850 Edition 1 Compatible Mode.

9. Enter a unique device name, then click Finish.

10. Right-click the Settings folder and select New File. A default file 000 is added.

11. Right-click file 000 and select click Open. You can then edit the settings. See the

Easergy Studio program online help for more information.
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Date: 07/2018
Products covered by this This chapter covers the specific versions of the MiCOM products listed below. This includes
chapter: only the following combinations of Software Version and Hardware Suffix.
Hardware Suffix: L (P642) M (P643/P645)
Software Version: B4 - P64x (P642, P643 & P645)
Connection Diagrams: 10P642xx (xx = 01 to 10)
10P643xx (xx = 01 to 06)
10P645xx (xx = 01 to 09)
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1 INTRODUCTION

The IED must be configured to the system and the application by means of appropriate
settings.

The sequence in which the settings are listed and described in this chapter will be the
protection setting, control and configuration settings and the disturbance recorder
settings.

The IED is supplied with a factory-set configuration of default settings.
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2 RELAY SETTINGS

The IED is a multi-function device that supports numerous different control and
communication features. The settings associated with any function that is disabled are
made invisible; i.e. they are not shown in the menu. To disable a function change
the relevant cell in the ‘Configuration’ column from ‘Enabled’ to ‘Disabled’.

To simplify the setting of the IED, there is a configuration settings column, used to
enable or disable many of the IED functions. The aim of the configuration column is to
allow general configuration from a single point in the menu.

The configuration column controls which of the four settings groups is selected as active
through the ‘Active settings’ cell. A setting group can also be disabled in the
configuration column, provided it is not the present active group. Similarly, a disabled
setting group cannot be set as the active group.

The column also allows all of the setting values in one group of settings to be copied to
another group.

To do this firstly set the ‘Copy from’ cell to the setting group to be copied, then set the
‘Copy to’ cell to the group where the copy is to be placed. The copied settings are
initially placed in the temporary scratchpad, and will only be used by the IED following
confirmation.

21 Restore Default Settings

To restore the default values to the settings in any protection settings group, set the
‘restore defaults’ cell to the relevant group number. Alternatively, it is possible to set the
‘restore defaults’ cell to ‘all settings’ to restore the default values to all of the IEDs
settings, not just the protection groups’ settings. The default settings will initially be
placed in the scratchpad and will only be used by the IED after they have been
confirmed.

Important Restoring defaults to all settings includes the rear
communication port settings, which may result in
communication via the rear port being disrupted if the new
(default) settings do not match those of the master station.

Important If you restore settings, the settings for the IEC 61850 Edition
and the Communications Mode will not be restored, even if
“Restore All Settings” is set.
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3 CONFIGURATION MENU
Menu Text ‘ Col ‘ Row ‘ Default Setting ‘ Available Setting
Description

CONFIGURATION |09 |00 | |
This column contains CONFIGURATION parameters.

No operation, All settings,
Restore Defaults 09 01 No Operation Setting Group 1, Setting Group 2,
Setting Group 3, or Setting Group 4
Setting to restore a setting group to factory default settings.
Setting Group ‘ 09 ‘ 02 ‘ Menu Select from Menu or Select from PSL

Allows setting group changes to be initiated using 2 DDB signals in the programmable scheme logic or from the Menu settings.

Group 1, Group 2,

Active Settings 09 03 |Group 1 Group 3 or Group 4

Selects the active setting group.

Save Changes ‘ 09 ‘ 04 ‘ No Operation No Operation, Save or Abort

Saves all relay settings.

Group 1, Group 2,

Copy From 09 05 |Group1 Group 3 or Group 4

Allows displayed settings to be copied from a selected setting group.

No Operation,
Copy To 09 06 |No Operation Group 1, Group 2,
Group 3 or Group 4

Allows displayed settings to be copied to a selected setting group.

Setting Group 1 09 |07 | Enabled  Enabled or Disabled

Enables or disables Group 1 settings. If the setting group is disabled from the configuration, all associated settings and signals
are hidden, with the exception of this setting.

Setting Group 2 09 |08 | Disabled  Enabled or Disabled
Setting Group 2 works in the same way as Setting Group 1.
Setting Group 3 09 |09 | Disbaled  Enabled or Disabled
Setting Group 3 works in the same way as Setting Group 1.
Setting Group 4 09 |0A | Disabled  Enabled or Disabled
Setting Group 4 works in the same way as Setting Group 1.
Diff Protection 109 |0C |Enabled  Enabled or Disabled

Enables (activates) or disables (turns off) the differential protection. The unit provides bias differential protection with multiple
CT inputs.

REF Protection 09 |OE | Enabled  Enabled or Disabled

Enables (activates) or disables (turns off) the Restricted Earth Fault protection. The unit provides a low impedance REF
function per transformer winding.

Over Current ‘ 09 ‘ 10 ‘ Enabled ‘ Enabled or Disabled

Enables (activates) or disables (turns off) the overcurrent protection: ANSI 50/51/67P, 460C.

NPS OverCurrent |09 |11 | Enabled  Enabled or Disabled

Enables (activates) or disables (turns off) the Negative Phase Sequence overcurrent protection: ANSI 50/51/67P, 460C.
Thermal Overload |09 |12 | Enabled  Enabled or Disabled

Enables (activates) or disables (turns off) the Thermal Overload Protection: ANSI 49.

Earth Fault 109 |13 | Enabled  Enabled or Disabled

Enables (activates) or disables (turns off) the Earth Fault Protection: ANSI 50N/51N.

Residual OVNVD |09 |16 |Enabled  Enabled or Disabled
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Menu Text ‘ Col ‘ Row ‘ Default Setting Available Setting

Description

P643 and P645 only.
Enables (activates) or disables (turns off) the Residual Overvoltage (Neutral Voltage Displacement) Protection function: ANSI
59N.

Overfluxing 09 |18 |Disabled Enabled or Disabled
Enables (activates) or disables (turns off) the Overfluxing protection: ANSI 24.
Through Fault 09 |1B | Disabled  Enabled or Disabled

Enables (activates) or disables (turns off) the Through Fault function. The Through Fault current monitoring function in the
P64x gives the fault current level, the duration of the faulty condition, the date and time.

Volt Protection 09 1D |Disabled  Enabled or Disabled

Enables (activates) or disables (turns off) the Voltage Protection (Under/Overvoltage and NPS Overvoltage) function: ANSI
27/59/47.

Freq Protection ‘ 09 ‘ 1E ‘ Enabled ‘ Enabled or Disabled
Enables (activates) or disables (turns off) the Frequency Protection (Under/Overfrequency) function: ANSI 810/U.
RTD Inputs 109 |1F |Enabled Enabled or Disabled
Enables (activates) or disables (turns off) the RTD (Resistance Temperature Device) Inputs.

CB Fail 09 |20 | Disabled  Enabled or Disabled
Enables (activates) or disables (turns off) the Circuit Breaker Fail Protection function: ANSI 50BF.
Supervision 09 |21 | Disabled  Enabled or Disabled
Enables (activates) or disables (turns off) the Supervision (VTS&CTS) functions: ANSI VTS/CTS.
Input Labels 09 |25 |Visible Invisible or Visible
Sets the Input Labels menu visible in the relay settings menu.

Output Labels 09 |26 | Visible Invisible or Visible
NOT USED.

Sets the Output Labels menu to visible in the relay settings menu.

RTD Lables 09 |27 |Visible Invisible or Visible
Sets the RTD Labels menu visible in the relay settings menu.

CTandVTRatios |09 |28 | Visible Invisible or Visible
Sets the Current & Voltage Transformer Ratios menu visible in the relay settings menu.

Record Control 09 |29 |Visible Invisible or Visible
Sets the Record Control menu visible in the relay settings menu.

Disturb Recorder |09 |2A | Visible Invisible or Visible
Sets the Disturbance Recorder menu visible in the relay settings menu.

Measure't Setup 09 |2B |Visible Invisible or Visible
Sets the Measurement Setup menu visible in the relay settings menu.

Comms Settings 09 |2C | Visible Invisible or Visible

Sets the Communications Settings menu visible in the relay settings menu. These are the settings associated with the 1st and
2nd rear communications ports.

Commission Tests |09 | 2D | Visible ' Invisible or Visible

Sets the Commissioning Tests menu visible in the relay settings menu.

Setting Values ‘ 09 ‘ 2E ‘ Primary ‘ Primary or Secondary

This affects all protection settings that are dependent on CT and VT ratios.
Control Inputs 09 |2F | Visible Invisible or Visible

Sets the Control Inputs menu visible in the relay setting menu.

CLIO Inputs 09 |30 | Enabled  Enabled or Disabled

Enables (activates) or disables (turns off) the CLIO (Current Loop Input Output) function.
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Menu Text ‘ Col ‘ Row ‘ Default Setting ‘ Available Setting
Description
CLIO Outputs 109 |31 |Enabled  Enabled or Disabled
Enables (activates) or disables (turns off) the CLIO (Current Loop Input Output) Outputs function.
CLIO status (Hidden) |09 |32 | Hidden False or True

CLIO status (Hidden).
No Courier text. Cell value set to False if CLIO not fitted and Cell value set to True if CLIO is fitted.

Control IP Config |09 |35 | Visible Invisible or Visible

Sets the Control Input Configuration menu visible in the relay setting menu.

Ctrl /P Labels 09 |36 |Visible Invisible or Visible

Sets the Control Input Labels menu visible in the relay setting menu.

Direct Access 09 |39 |Enabled  Enabled, Disabled or Hotkey Only

Defines what controls are available using the direct access keys - Enabled (Hotkey and CB Control functions) / Hotkey Only
(Control Inputs and Setting group selection) / CB Cntrl Only (CB open/close).

PB CONFIG 09 |48 | Visible Invisible or Visible

Sets the PB CONFIG menu visible in the relay setting menu.

IEC GOOSE 09 |49 |Visible ' Invisible or Visible

Sets the IEC 61850 GOOSE menu visible in the relay setting menu.

Function Keys 09 |50 | Visible Invisible or Visible

Sets the Function Key menu visible in the relay setting menu.

VIR I/P Labels 09 |70 |Invisible Invisible or Visible

VIR I/P Labels Visible/Invisible

VIR O/P Labels 09 |80 | Invisible Invisible or Visible

VIR O/P Labels Visible/Invisible

Usr Alarm Labels 09 |90 |Invisible ' Invisible or Visible

USR Alarm Labels Visible/Invisible

RP1 Read Only 09 |FB |Disabled  Enabled, Disabled

Visible when comms options are:

1 — Courier 3-CS103 6 — IEC61850 with 1st Rear Courier, 7 — IEC61850 with 1st Rear CS103.
RP2 Read Only 09 |FC |Disabled  Enabled, Disabled

Visible when comms options are:

1 — Courier, or 3 — CS103; and hardware options are: 7, 8, E or F.

NIC Read Only 09 |FD |Disabled  Enabled, Disabled

Visible when comms options are: 6 — IEC61850 with 1st Rear Courier, 7 — IEC61850 with 1st Rear CS103.
SettingValueBeh. ‘ 09 ‘ FE ‘ Independent ‘ 0 = Independent or 1 = Locked Mode

Independent: cell [092E] Setting Values will be independent in each interface. For example, the Front Port can have [092E] set
to Secondary and a remote port can have [092E] set to Primary.

Locked Mode: cell [092E] Setting Values are locked to the same value for all interfaces. All interfaces have the same value for

[092E]. Whichever interface selects Locked Mode will have its setting for [092E] applied to all interfaces. Any interface can then
change [092E] and it will apply on all interfaces.

LCD Contrast 09 |FF |11 10to 31 step 1

To confirm the LCD contrast press the right and left arrow keys together instead of Enter. This prevents someone selecting a
black or blank contrast setting by accident. Note: The contrast can be set through the FP comms port using the MiCOM
software.

Table 1 - Configuration settings
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4 GROUPED PROTECTION SETTINGS

The grouped protection settings include all the following items that become active once
enabled in the configuration column of the relay menu database:

) Protection Element Settings.

) Programmable Scheme Logic (PSL).

There are four groups of protection settings, with each group containing the same setting
cells. One group of protection settings is selected as the active group, and is used by the

protection elements. The settings for group 1 are shown. The settings are discussed in
the same order in which they are displayed in the menu.

4.1 System Config

The relay maintains correct operation of all the protection functions through user-
configurable settings.

Menu Text ‘ Col ‘ Row ‘ Default Setting Available Setting

Description

GROUP 1:

SYSTEM CONFIG 30 00

This column contains GROUP 1 SYSTEM CONFIG parameters

Winding Config |30 |01 |HV+LV+TV 'HV+LV or HV-+LV+TV

P643 and P645 only.
This setting indicates if the protected transformer is a two or three winding transformer.

Winding Type ‘ 30 ‘ 02 ‘ Conventional ‘ Conventional or Auto

The winding type may be configured as Conventional or Auto. This setting is just for information.

HV CT Terminals |30 |03 |01 (P642) 01 (P642)

Each digit corresponds to a terminal. For further detailed connections refer to the installation section.
P642 only - from right to left the current inputs are T1, T2. 0 = disabled, 1 = enabled.

LV CT Terminals |30 |04 |10 (P645) 10 (P642)

P642 only.
Each digit corresponds to a terminal. From right to left the current inputs are T1, T2. 0 = disabled, 1 = enabled
For further detailed connections refer to the installation section.

TV CT Terminals |30 |05 | 010 (P643) 010 (P643)

P643 only.
Each digit corresponds to a terminal. From right to left the current inputs are T1, T2, T3. 0 = disabled, 1 = enabled
For further detailed connections refer to the installation section.

Sref 30 |07 |100MVA |0.1MVA to 5000MVA step 0.1MVA

Reference power. Used by the differential function to calculate the ratio correction factors. Used by the thermal function when
the monitored winding is set to biased current.

HV Connection |30 |08 | Y-Wye | Y-Wye, D-Delta or Z-Zigzag
The HV winding connections can be configured as Wye, Delta, or Zigzag.
HV Grounding ‘ 30 ‘ 09 ‘ Grounded ‘ Grounded or Ungrounded

In Simple mode:

Grounded = P64x filters zero sequence current on HV side.

Ungrounded = no zero sequence filtering is done on HV side.

In Advanced mode:

Grounding = Information only, and zero sequence filtering depends on Zero seq filt HV setting.

HV Nominal 30 |0A | 220kV 100V to 1MV step 1V

Nominal voltage of the HV winding, mid-tap voltage of the on-load tap changer, or no-load tap changer tap voltage.

HV Rating 30 0B | 100MVA |0.1MVA to 5000MVA step 0.1MVA

This rating is used by the thermal overload function if the monitored winding is set to HV.

% Reactance 30 |oC 0.1 | 1% to 100% step 0.63%
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Menu Text ‘ Col ‘ Row ‘ Default Setting ‘ Available Setting
Description
Transformer leakage reactance.
LV Vector Group ‘ 30 ‘ 0D ‘ 0 ‘ 0to 11 step 1
This is used to provide vector correction for phase shift between HV and LV windings.
LV Connection ‘ 30 ‘ OE ‘ Y-Wye ‘ Y-Wye, D-Delta or Z-Zigzag
The LV winding connections can be configured as Wye, Delta, or Zigzag.
LV Grounding ‘ 30 ‘ OF ‘ Grounded ‘ Grounded or Ungrounded

When set as grounded, the P64x filters the zero sequence current in the LV side.
When set as ungrounded, no zero sequence filtering is done in the LV side.

LV Nominal 30 |10 | 220kV 100V to 1MV step 1V

Nominal voltage of the LV winding, mid-tap voltage of the on-load tap changer, or no-load tap changer tap voltage.
LV Rating 30 |11 | 100MVA | 0.1MVA to 5000MVA step 0.1MVA
This rating is used by the thermal overload function if the monitored winding is set to LV.

TV Vector Group ‘ 30 ‘ 12 ‘ 0 ‘ 0to 11 step 1

P643 and P645 only.

This is used to provide vector correction for phase shift between HV and TV windings.

TV Connection ‘ 30 ‘ 13 ‘ Y-Wye ‘ Y-Wye,D-Delta or Z-Zigzag
P643 and P645 only.

The winding connections can be configured as Wye, Delta, or Zigzag.

TV Grounding ‘ 30 ‘ 14 ‘ Grounded ‘ Grounded or Ungrounded
P643 and P645 only.

Simple:

Grounded = P64x filters zero sequence current on TV side.

Ungrounded = no zero sequence filtering is done on LV side.

Advanced:
Grounding = Information only, and zero sequence filtering depends on Zero seq filt HV setting.
TV Nominal 30 |15 | 220kV 100V to 1MV step 1V

P643 and P645 only.
Nominal voltage of the TV winding.

TV Rating 30 |16 | 100MVA | 0.1MVA to 5000MVA step 0.1MVA

P643 and P645 only.
This rating is used by the thermal overload function if the monitored winding is set to TV.

Match Factor CT1 |30 |20 | Set by relay ' Set by relay
CT1 ratio correction factor used by the differential function.
Match Factor CT2 |30 |21 | Setby relay | Set by relay
CT2 ratio correction factor used by the differential function.
Match Factor CT3 ‘ 30 ‘ 22 ‘ Set by relay ‘ Set by relay

P643 and P645 only.
CT3 ratio correction factor used by the differential function.

Match Factor CT4 ‘ 30 ‘ 23 ‘ Set by relay ‘ Set by relay
P645 only.

CT4 ratio correction factor used by the differential function.

Match Factor CT5 ‘ 30 ‘ 24 ‘ Set by relay ‘ Set by relay
P645 only.

CTS5 ratio correction factor used by the differential function.

MatchFac REFHV |30 |25 |Set by relay ' Set by relay
Ratio correction factor used by REF HV protection.

MatchFac REFLV |30 |26 |Setby relay | Set by relay
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Menu Text ‘ Col ‘ Row ‘ Default Setting ‘ Available Setting
Description
Ratio correction factor used by REF LV protection.
MatchFac REF TV ‘ 30 ‘ 27 ‘ Set by relay ‘ Set by relay
P643 and P645 only.
Ratio correction factor used by REF TV protection.
MatchFac REFAuto ‘ 30 ‘ 28 ‘ Set by relay ‘ Set by relay

Ratio correction factor used by REF Auto protection.

Phase Sequence ‘ 30 ‘ 5E ‘ Standard ABC

‘ Standard ABC or Reverse ACB

This sets the phase rotation. It affects the positive and negative sequence quantities calculated by the relay. It also affects

functions that are dependent on phase quantities.

VT Reversal ‘ 30 ‘ 5F ‘ No Swap

‘ No Swap, A-B Swap or C-A Swap

P643 and P645 only.
For applications where 2-phase current inputs are swapped.

CT1 Reversal 30 |60 | NoSwap  No Swap, A-B Swap or C-A Swap
For applications where 2-phase current inputs are swapped.
CT2 Reversal ‘ 30 ‘ 61 ‘ No Swap ‘ No Swap, A-B Swap or C-A Swap
For applications where 2-phase current inputs are swapped.
CT3 Reversal ‘ 30 ‘ 62 ‘ No Swap ‘ No Swap, A-B Swap or C-A Swap

P643 and P645 only.
For applications where 2-phase current inputs are swapped.

CT4 Reversal ‘ 30 ‘ 63 ‘ No Swap ‘ No Swap, A-B Swap or C-A Swap
P645 only.

For applications where 2-phase current inputs are swapped.

CT5 Reversal 30 |64 | NoSwap  No Swap, A-B Swap or C-A Swap
P645 only.

For applications where 2-phase current inputs are swapped.

Table 2 - Group 1 system config settings

Page (ST) 4-14

P64x/EN ST/E93 (P642, P643 & P645)



Grouped Protection Settings (ST) 4 Settings

4.2 Differential Protection
Menu Text ‘ Col ‘ Row ‘ Default Setting Available Setting
Description
GROUP 1:
DIFF PROTECTION 31 00

This column contains the GROUP 1 DIFF PROTECTION parameters

Trans Diff 31 |01 |Enabled Enabled or Disabled
This enables or disables differential protection for setting group1.
Set Mode 31 |02 | Simple ' Simple or Advanced

Defines Simple or Advanced Mode, as per HV/LV/TV Grounding.
Advanced = zero sequence filtering enabled/disabled in Zero seq filt HV/LV/TV.
Simple = Is-HS1 calculated as 1/Xt (Xt=transformer reactance); and Zero seq filt HV/LV/TV, Is-HS1 and Is-Hs2 hidden

Is1 31 |03 |02 0.1pu to 2.5pu step 0.01pu
Minimum differential threshold of the low set differential characteristic

K1 31 |04 |03 0% to 150% step 1%
First slope setting of the low set differential characteristic

Is2 31 |05 |1 10.1pu to 10pu step 0.1pu
Bias current threshold for the second slope of the low set differential characteristic

K2 31 |06 |08 | 15% to 150% step 1%
Second slope setting of the low set differential characteristic

tDiff ‘ 31 ‘ 07 ‘ Os ‘ 0 to 10s step 10ms
Differential time delay

Is-CTS 31 |08 |15 0.1pu to 2.5pu step 0.01pu

In restrain mode, the differential protection Is1 setting is increased to Is-CTS setting after CT failure is detected. The Is-CTS
setting increases the restrain region of the differential characteristic

Is-HS1 31 |10 | UXt | 2.5pu to 32pu step 0.1pu

High set element one. In the simple mode the relay calculates Is-HS1 as 1/Xt. Where Xt is the transformer reactance. This
setting is hidden in simple mode. In advance mode Is-HS1 is visible and settable.

HS2 Status 31 |11 | Enabled  Enabled or Disabled
Enable or Disabled High set element two
Is-HS2 31 |12 |32 ' 2.5pu to 32pu step 0.1pu

High Set element two when HS2 Status is enabled. When HS2 Status is enabled, High set element two. In the simple mode the
relay calculates Is-HS2 as 1/Xt. Where Xt is the transformer reactance. This setting is hidden in simple mode. In advance
mode Is-HS2 is visible and settable.

Diff calc remove 31 |13 | Disabled ' Disabled or TV

P643 and P645 only.
Disable means diff protection is same as usual, 'TV' means phase currents of the ends which belong to TV are no effect on
trans diff protection. This setting is only settable in advance mode.

Transient Bias 31 |14 | Enabled  Enabled or Disabled

Default setting 'Enabled' means trans diff protection is same as version B2A,
'Disabled ' means the transient bias is removed from bias current for all cases.

Zero seq filt HV 31 |20 |Enabled Enabled or Disabled

Enables or disables zero sequence filtering on the HV winding. This setting is only visible and settable in advance mode.

Zero seq filt LV 31 |21 |Enabled Enabled or Disabled

Enables or disables zero sequence filtering on the LV winding. This setting is only visible and settable in advance mode.

Zero seq filt TV 31 |22 Enabled  Enabled or Disabled

P643 and P645 only.
Enables or disables zero sequence filtering on the TV winding. This setting is only visible and settable in advance mode.
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Menu Text ‘ Col ‘ Row ‘ Default Setting ‘ Available Setting
Description

2nd harmblocked |31 |28 | Enabled  Enabled or Disabled
2nd harm blocked
Ih(2)%> 31 |29 |02 5% to 50% step 1%
Second harmonic blocking threshold
Cross blocking 31 |2A | Enabled  Enabled or Disabled
Enables or disables cross blocking
CTSatandNoGap |31  |2B | Enabled  Enabled or Disabled
Enables or disables CT saturation detection
Sthharm blocked |31 |33 | Enabled  Enabled or Disabled
Enables or disables 5th harmonic blocking
Ih(5)%> 31 34 |035 0% to 100% step 1%
Fifth harmonic blocking threshold
Circuitry Fail 31 |40 | Disabled  Enabled or Disabled
Enables or disables the circuitry fail alarm
Is-cctfail 31 41 0.1 0.03pu to 1pu step 0.01pu
Minimum differential threshold of the circuitry fail alarm
K-cctfail 31 42 0.1 0% to 50% step 1%
Slope for the circuitry fail alarm function
CcfFail Delay 31 43 |5s 0s to 10s step 0.1s

Sets the circuitry fail alarm time delay

Table 3 - Group 1 DIFF protection settings

4.3 Restricted Earth Fault (REF) Protection
MenuText ~  Col Row Default Setting | Available Setting
Description
GROUP 1:
REF PROTECTION |32 |00

This column contains GROUP1 REF PROTECTION parameters.

REF HV status 32 |01 |LowZREF Disabled, LowZ REF or HighZ REF
Select to be HighZ REF or LowZ REF or disable for the HV winding

Neutral CTInput |32 |02 | TN1 TN

HV IS1 Set 32 |03 0.09 10.02In to 1In step 0.01In

Minimum differential threshold of the HV restricted earth fault characteristic

HV IS2 Set 32 04 09 10.1In to 10In step 0.1In

Bias current threshold for the second slope of the HV restricted earth fault characteristic

HV IREF K1 32 |05 |0 0% to 150% step 1%

First slope setting of the HV REF characteristic. Normally set to 0% to give optimum sensitivity for internal faults

HV IREF K2 32 (06 |15 15% to 150% step 1%

Second slope setting of the HV REF characteristic. Normally set to 150% to ensure adequate restraint for external faults.
HV tREF 32 |07 |0s 0s to 10s step 0.01s

Operating time delay for the HV REF element
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Menu Text ‘ Col ‘ Row ‘ Default Setting ‘ Available Setting
Description
HV IREF>Is 32 |08 |0.09 10.02In to 1In step 0.01In
Threshold of the HV HighZ restricted earth fault.
HV Trans Bias 32 |09 | Enabled  Enabled or Disabled

Default setting 'Enabled' means REF protection is same as version B2A,
'Disabled ' means the transient bias is removed from bias current for all cases.

REF LV status 32 |20 | Disabled Disabled, LowZ REF or HighZ REF
Select to be HighZ REF or LowZ REF or disable for the LV winding

Neutral CTInput |32 |21 |TN2 N2

LV IS1 Set 32 |22 [0.09 0.02In to 1In step 0.01In

Minimum differential threshold of the LV REF characteristic

LV IS2 Set 32 |23 |09 1011 to 10In step 0.1In

Bias current threshold for the second slope of the LV REF characteristic

LV IREF K1 32 |24 |0 0% to 150% step 1%

First slope setting of the LV REF characteristic. Normally set to 0% to give optimum sensitivity for internal faults

LV IREF K2 32 |25 |15 15% to 150% step 1%

Second slope setting of the LV REF characteristic. Normally set to 150% to ensure adequate restraint for external faults.
LV tREF 32 |26 |0s 0s to 10s step 0.01s

Operating time delay for the LV restricted earth fault element

LV IREF>Is 32 |27 009 10.02In to 1In step 0.01In

Threshold of the LV HighZ restricted earth fault.

LV Trans.Bias 32 |28 |Enabled  Enabled or Disabled

Default setting 'Enabled' means REF protection is same as version B2A,
'Disabled ' means the transient bias is removed from bias current for all cases.

REF TV status 32 |30 | Disabled Disabled, LowZ REF or HighZ REF

P643 and P645 only.
Select to be HighZ REF or LowZ REF or disable for the LV winding

Neutral CT Input 32 (31 |TN3 N3
P643 and P645 only.
TV IS1 Set 32 32 009 10.02In to 1In step 0.01In

P643 and P645 only.
Minimum differential threshold of the TV REF characteristic

TV 1S2 Set 32 (33 09 0.1In to 10In step 0.1In

P643 and P645 only.
Bias current threshold for the second slope of the TV REF characteristic

TV IREF K1 32 (34 0 0% to 150% step 1%

P643 and P645 only.
First slope setting of the TV REF characteristic. Normally set to 0% to give optimum sensitivity for internal faults

TV IREF K2 32 35 [15 | 15% to 150% step 1%

P643 and P645 only.
Second slope setting of the TV REF characteristic. Normally set to 150% to ensure adequate restraint for external faults

TV tREF 32 |36 |0s 0s to 10s step 0.01s

P643 and P645 only.
Operating time delay for the TV restricted earth fault element

TV IREF>Is 32 |37 0.9 10.02In to 1In step 0.01In
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Menu Text ‘ Col ‘ Row ‘ Default Setting ‘ Available Setting
Description
P643 and P645 only.
Threshold of the TV HighZ restricted earth fault.
TV Trans.Bias 32 |38 |Enabled  Enabled or Disabled
Default setting 'Enabled' means REF protection is same as version B2A,
'Disabled ' means the transient bias is removed from bias current for all cases.
REF Auto status 32 |40 |LowZ REF Disabled, LowZ REF or HighZ REF
Enables or disables restricted earth fault protection for the Auto
Neutral CT Input |32 |41 | TN1 TN
Indicates which single phase CT is used for Auto REF calculation.
Auto IS1 Set 32 42 0.09 10.02In to 1In step 0.01In
Minimum differential threshold of the Auto REF characteristic
Auto IS2 Set 32 |43 |09 1011 to 10In step 0.1In
Bias current threshold for the second slope of the Auto REF characteristic
Auto IREF K1 32 |44 |0 0% to 150% step 1%
First slope setting of the Auto REF characteristic. Normally set to 0% to give optimum sensitivity for internal faults
Auto IREF K2 32 |45 |15 15% to 150% step 1%
Second slope setting of the Auto REF characteristic. Normally set to 150% to ensure adequate restraint for external faults
Auto tREF 32 |46 |0s 0s to 10s step 0.01s
Operating time delay for the Auto restricted earth fault element
Auto IS1 Set 32 |47 | 0.09 10.02In to 1In step 0.01In
Threshold of the Auto HighZ restricted earth fault.
Auto Trans.Bias 32 |48 | Enabled  Enabled or Disabled
Default setting 'Enabled' means REF protection is same as version B2A,
'Disabled ' means the transient bias is removed from bias current for all cases.

Table 4 - Group 1 REF protection settings
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44 NPS Overcurrent
Menu Text ‘ Col ‘ Row ‘ Default Setting Available Setting

Description

GROUP 1:
NPS OVERCURRENT

This column contains GROUP 1: NPS OVERCURRENT parameters

Disabled, HV Winding, LV Winding, TV Winding, T1, T2,
T3, T4orT5

34 00

NPS O/C 1 34 01 |™M

Negative Sequence Overcurrent 1
12>1 Status 34 |02 | Disabled  Enabled or Disabled
Enables or disables stage 1 of NPS OC 1

DT (DT), IEC S Inverse (TMS), IEC V Inverse (TMS), IEC E
Inverse (TMS), UK LT Inverse (TMS), Rectifier (TMS), RI
(K), IEEE M Inverse (TD), IEEE V Inverse (TD), IEEE E
Inverse (TD), US Inverse (TD) or US ST Inverse (TD)

12>1 Char 34 03 | DT (DT)

Slelect the stage 1 of NPSOC element 1 time characteristic

12>1 Direction ‘ 34 ‘ 04 ‘ Non-Directional ‘ Non-directional, Directional Fwd or Directional Rev

Determines the direction of measurement for this element

12>1 Current Set 34 |05 |0.211 0.08*11 to 411 step 0.01*11
Current pick-up setting for the stage 1 NPS element 1

12>1 Time Delay 34 |06 |10s 0s to 100s step 0.01s
Operating time delay for the stage 1 NPS overcurrent element 1

12>1 TMS 34 07 |1s 10.025 to 1.2 step 0.025
Setting for the time multiplier setting to adjust the operating time of IEC IDMT characteristic
12>1 Time Dial 34 08 |1 10.01 to 100 step 0.01
Setting for the time dial setting to adjust the operating time of IEEE/US IDMT characteristic
12>1 K(RI) 34 09 |1 10.1t0 10 step 0.05
Setting for the time multiplier setting to adjust the oprating time for the RI IDMT characteristic
12>1 Reset Char 34 |oAa |DT DT or Inverse

Setting to determine the type of reset/release characteristic of the IEEE/US curves

12>1 tReset 34 0B |0s 0s to 100s step 0.01s
Setting that determine the reset/release time for definite time reset characteristic

12>2 Status 34 |12 | Disabled  Enabled or Disabled

Enables or disables stage 2 of NPS OC 1

DT (DT), IEC S Inverse (TMS), IEC V Inverse (TMS), IEC
E Inverse (TMS), UK LT Inverse (TMS), Rectifier (TMS), RI
(K), IEEE M Inverse (TD), IEEE V Inverse (TD), IEEE E
Inverse (TD), US Inverse (TD) or US ST Inverse (TD)

12>2 Char 34 13 |DT (DT)

Slelect stage 2 of NPSOC element 1 time characteristic

12>2 Direction ‘ 34 ‘ 14 ‘ Non-Directional ‘ Non-directional, Directional Fwd or Directional Rev

Determines the direction of measurement for this element

1252 Current Set 34 |15 021 0.08*11 to 4*11 step 0.01*I1
Current pick-up setting for the stage 2 NPS element 1

12>2 Time Delay 34 16 |10s 0s to 100s step 0.01s
Operating time delay for the stage 2 NPS overcurrent element 1

1252 TMS 34 17 |1 10.025 to 1.2 step 0.025
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Menu Text ‘ Col ‘ Row ‘ Default Setting ‘ Available Setting
Description

Setting for the time multiplier setting to adjust the operating time of IEC IDMT characteristic

12>2 Time Dial 34 18 |1 10.01 to 100 step 0.01
Setting for the time dial setting to adjust the operating time of IEEE/US IDMT characteristic
12>2 K(RI) 34 19 |1 10.11t0 10 step 0.05
Setting for the time multiplier setting to adjust the oprating time for the RI IDMT characteristic
12>2 Reset Char 34 [1A |DT DT or Inverse

Setting to determine the type of reset/release characteristic of the IEEE/US curves

12>2 tReset 34 |[1B |0s |0s to 100s step 0.01s
Setting that determine the reset/release time for definite time reset characteristic

12>3 Status 34 |21 | Disabled  Enabled or Disabled

Enables or disables stage 3 NPS definite time element 1

12>3 Direction ‘ 34 ‘ 22 ‘ Non-Directional ‘ Non-directional, Directional Fwd or Directional Rev

Determines the direction of measurement for this element

12>3 Current Set 34 23 [0.2°I1 0.08*11 to 411 step 0.01*11
Current pick-up setting for the stage 3 NPS element 1

12>3 Time Delay 34 24 | 10s | 0s to 100s step 0.01s
Operating time delay for the stage 3 NPS overcurrent element 1

12>4 Status 34 |27 | Disabled  Enabled or Disabled

Enables or disables stage 4 NPS definite time element 1

12>4 Direction ‘ 34 ‘ 28 ‘ Non-Directional ‘ Non-directional, Directional Fwd or Directional Rev

Determines the direction of measurement for this element

12>4 Current Set 34 29 |0.2°11 0.08*11 to 411 step 0.01*11
Current pick-up setting for the stage 4 NPS element 1

12>4 Time Delay 34 2A | 10s 0s to 100s step 0.01s
Operating time delay for the stage 4 NPS overcurrent element 1

12> VTS Block 34 2D |15 | 4-bit binary setting

Logic settings that determine whether VT supervision will block selected negative sequence overcurrent stages. VTS Block only
affects directional overcurrent protection. Setting 0 allows continued non-directional operation

12> V2pol Set 34 2 |5V 10.5*V1 to 25*V/1 step 0.5*V/1

The minimum threshold above which the relay must detect a polarizing voltage for the negative phase sequence directional
elements to operate

12> Char Angle 34 | 2F |-60° -95° to 95° step 1°"

Characteristic angle for directionalized NPS fault protection
P642: T2 . - - -

NPS O/C 2 34 31 P643: T3 Disabled, HV Winding, LV Winding, TV Winding, T1, T2,
P645: T5 T3, T4orT5

Negative Sequence Overcurrent 2

12>1 Status 34 |32 | Disabled  Enabled or Disabled

Enables or disables stage 1 of NPS OC 2

DT (DT), IEC S Inverse (TMS), IEC V Inverse (TMS), IEC E
Inverse (TMS), UK LT Inverse (TMS), Rectifier (TMS), RI
(K), IEEE M Inverse (TD), IEEE V Inverse (TD), IEEE E
Inverse (TD), US Inverse (TD) or US ST Inverse (TD)

12>1 Char 34 33 |DT (DT)

Slelect stage 1 of NPSOC element 2 time characteristic

12>1 Direction ‘ 34 ‘ 34 ‘ Non-Directional ‘ Non-directional, Directional Fwd or Directional Rev
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Menu Text ‘ Col ‘ Row ‘ Default Setting ‘ Available Setting
Description

Determines the direction of measurement for this element
12>1 Current Set 34 [35 |02 0.08*11 to 4*11 step 0.01*/1
Current pick-up setting for the stage 1 NPS element 2
12>1 Time Delay 34 36 |10s 0s to 100s step 0.01s
Operating time delay for the stage 1 NPS overcurrent element 2
12>1 TMS 34 [37 |1s 0.025 to 1.2 step 0.025
Setting for the time multiplier setting to adjust the operating time of IEC IDMT characteristic
12>1 Time Dial 34 |38 |1 10.01 to 100 step 0.01
Setting for the time dial setting to adjust the operating time of IEEE/US IDMT characteristic
12>1 K(RI) 34 39 |1 10.1t0 10 step 0.05
Setting for the time multiplier setting to adjust the oprating time for the RI IDMT characteristic
12>1 Reset Char 34 |3 |DT DT or Inverse
Setting to determine the type of reset/release characteristic of the IEEE/US curves
12>1 tReset 34 [3B |0s 0s to 100s step 0.01s
Setting that determine the reset/release time for definite time reset characteristic
12>2 Status 34 |42 | Disabled  Enabled or Disabled

Enables or disables stage 2 NPS OC 2

DT (DT), IEC S Inverse (TMS), IEC V Inverse (TMS), IEC E
Inverse (TMS), UK LT Inverse (TMS), Rectifier (TMS), RI
(K), IEEE M Inverse (TD), IEEE V Inverse (TD), IEEE E
Inverse (TD), US Inverse (TD) or US ST Inverse (TD)

12>2 Char 34 43 | DT (DT)

Slelect stage 2 of NPSOC element 2 time characteristic

12>2 Direction ‘ 34 ‘44 ‘ Non-Directional ‘ Non-directional, Directional Fwd or Directional Rev

Determines the direction of measurement for this element

12>2 Current Set 34 45 0211 10.08"11 to 4*11 step 0.01*11
Current pick-up setting for the stage 2 NPS element 2

122 Time Delay 34 46 |10s 05 to 100s step 0.01s
Operating time delay for the stage 2 NPS overcurrent element 2

12>2 TMS 34 47 |1s 10.025 to 1.2 step 0.025
Setting for the time multiplier setting to adjust the operating time of IEC IDMT characteristic
12>2 Time Dial 34 48 |1 10.01 to 100 step 0.01
Setting for the time dial setting to adjust the operating time of IEEE/US IDMT characteristic
12>2 K(RI) 34 49 |1 10.1t0 10 step 0.05

Setting for the time multiplier setting to adjust the oprating time for the RI IDMT characteristic
12>2 Reset Char 34 |4a DT DT or Inverse

Setting to determine the type of reset/release characteristic of the IEEE/US curves

12>2 tReset 34 [4B |0s 05 to 100s step 0.01s
Setting that determine the reset/release time for definite time reset characteristic

12>3 Status 34 |51 |Disabled  Enabled or Disabled
Enables or disables stage 3 NPS OC 2

12>3 Direction ‘ 34 ‘ 52 ‘ Non-Directional ‘ Non-directional, Directional Fwd or Directional Rev

Determines the direction of measurement for this element

12>3 Current Set 34 |53 |02 | 24A to 1200A step 3A

Current pick-up setting for the stage 3 NPS OC 2
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Menu Text ‘ Col ‘ Row ‘ Default Setting ‘ Available Setting
Description
12>3 Time Delay 34 |54 10 05 to 100s step 0.01s
Operating time delay for the stage 3 NPS OC 2
124 Status 34 |57 |Disabled  Enabled or Disabled
Enables or disables stage 4 NPS OC 2
12>4 Direction ‘ 34 ‘ 58 ‘ Non-Directional ‘ Non-directional, Directional Fwd or Directional Rev

Determines the direction of measurement for this element

12>4 Current Set 34 |59 0.2 0.08*11 to 4*11 step 0.01*I1
Current pick-up setting for the stage 4 OC 2

12>4 Time Delay 34 [5A | 10s 0s to 100s step 0.01s
Operating time delay for the stage 4 NPS OC2

12> VTS Block 34 5D |15 | 4-bit binary setting

Logic settings that determine whether VT supervision will block selected negative sequence overcurrent stages. VTS Block only
affects directional overcurrent protection. Setting 0 allows continued non-directional operation

12> VV2pol Set 34 |5E |5V 10.5"V1 to 25*V1 step 0.5*V1

The minimum threshold above which the relay must detect a polarizing voltage for the negative phase sequence directional
elements to operate

12> Char Angle 34 | 5F |-60° -95° to 95° step 1°
Characteristic angle for directionalized NPS fault protection

P643: T2 Disabled, HV Winding, LV Winding, TV Winding, T1, T2,
NPS O/C 3 34 61 P645: T3 T3, T4 or T5

P643 and P645 only.
Negetive Sequence Overcurrent 3

12>1 Status 34 |62 | Disabled  Enabled or Disabled

P643 and P645 only.
Enables or disables stage 1 of NPS OC 3

DT (DT), IEC S Inverse (TMS), IEC V Inverse (TMS), IEC E
Inverse (TMS), UK LT Inverse (TMS), Rectifier (TMS), RI
(K), IEEE M Inverse (TD), IEEE V Inverse (TD), IEEE E
Inverse (TD), US Inverse (TD) or US ST Inverse (TD)

12>1 Char 34 63 | DT (DT)

P643 and P645 only.
Slelect stage 1 of NPSOC element 3 time characteristic

12>1 Direction ‘ 34 ‘ 64 ‘ Non-Directional ‘ Non-directional, Directional Fwd or Directional Rev

P643 and P645 only.
Determines the direction of measurement for this element

12>1 Current Set 34 65 |0.2°1 10.08*11 to 411 step 0.01*11

P643 and P645 only.
Current pick-up setting for the stage 1 NPS element 3

12>1 Time Delay 34 66 | 10s 0s to 100s step 0.01s

P643 and P645 only.
Operating time delay for the stage 1 NPS overcurrent element 3

12>1 TMS 34 67 |1s 10.025 to 1.2 step 0.025

P643 and P645 only.
Setting for the time multiplier setting to adjust the operating time of IEC IDMT characteristic

12>1 Time Dial 34 68 |1 0.01 to 100 step 0.01

P643 and P645 only.
Setting for the time dial setting to adjust the operating time of IEEE/US IDMT characteristic

12>1 K(RI) 34 69 |1 10.1t0 10 step 0.05
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Menu Text ‘ Col ‘ Row ‘ Default Setting ‘ Available Setting

Description

P643 and P645 only.
Setting for the time multiplier setting to adjust the oprating time for the RI IDMT characteristic

12>1 Reset Char 34 |6A |DT DT or Inverse

P643 and P645 only.
Setting to determine the type of reset/release characteristic of the IEEE/US curves

12>1 tReset 34 |6B |0s 05 to 100s step 0.01s

P643 and P645 only.
Setting that determine the reset/release time for definite time reset characteristic

12>2 Status 34 |72 |Disabled | Enabled or Disabled

P643 and P645 only.
Enables or disables stage 2 of NPS OC 3

DT (DT), IEC S Inverse (TMS), IEC V Inverse (TMS), IEC E
Inverse (TMS), UK LT Inverse (TMS), Rectifier (TMS), RI
(K), IEEE M Inverse (TD), IEEE V Inverse (TD), IEEE E
Inverse (TD), US Inverse (TD) or US ST Inverse (TD)

12>2 Char 34 73 | DT (DT)

P643 and P645 only.
Slelect stage 2 of NPSOC element 3 time characteristic

12>2 Direction ‘ 34 ‘ 74 ‘ Non-Directional ‘ Non-directional, Directional Fwd or Directional Rev

P643 and P645 only.
Determines the direction of measurement for this element

12>2 Current Set 34 |75 0211 10.08"11 to 4*11 step 0.01*11

P643 and P645 only.
Current pick-up setting for the stage 2 NPS element 3

12>2 Time Delay 34 |76 |10s 0s to 100s step 0.01s

P643 and P645 only.
Operating time delay for the stage 2 NPS overcurrent element 3

12>2 TMS 34 |77 |1s 0.025 to 1.2 step 0.025

P643 and P645 only.
Setting for the time multiplier setting to adjust the operating time of IEC IDMT characteristic

12>2 Time Dial 34 |78 |1 0.01 to 100 step 0.01

P643 and P645 only.
Setting for the time dial setting to adjust the operating time of IEEE/US IDMT characteristic

12>2 K(RI) 34 |79 |1 10.1t0 10 step 0.05

P643 and P645 only.
Setting for the time multiplier setting to adjust the oprating time for the Rl IDMT characteristic

12>2 Reset Char 34 |7A |DT DT or Inverse

P643 and P645 only.
Setting to determine the type of reset/release characteristic of the IEEE/US curves

12>2 tReset 34 7B |0s 0s to 100s step 0.01s

P643 and P645 only.
Setting that determine the reset/release time for definite time reset characteristic

12>3 Status 34 81 |Disabled  Enabled or Disabled

P643 and P645 only.
Enables or disables stage 3 NPS OC 3

12>3 Direction ‘ 34 ‘ 82 ‘ Non-Directional ‘ Non-directional, Directional Fwd or Directional Rev

P643 and P645 only.
Determines the direction of measurement for this element

12>3 Current Set 34 |83 |02 0.08*11 to 4*11 step 0.01*I1
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Menu Text ‘ Col ‘ Row ‘ Default Setting ‘ Available Setting

Description

P643 and P645 only.
Current pick-up setting for the stage 3 NPS OC 3

12>3 Time Delay 34 |84 | 10s 05 to 100s step 0.01s

P643 and P645 only.
Operating time delay for the stage 3 NPS OC 3

12>4 Status 34 |87 | Disabled  Enabled or Disabled

P643 and P645 only.
Enables or disables stage 4 NPS OC 3

12>4 Direction ‘ 34 ‘ 88 ‘ Non-Directional ‘ Non-directional, Directional Fwd or Directional Rev

P643 and P645 only.
Determines the direction of measurement for this element

12>4 Current Set 34 89 |0.2°11 0.08*11 to 411 step 0.01*11

P643 and P645 only.
Current pick-up setting for the stage 4 NPS OC 3

12>4 Time Delay 34 [8A |10s 0s to 100s step 0.01s

P643 and P645 only.
Operating time delay for the stage 4 NPS OC 3

12> VTS Block 34 8D |15 | 4-bit binary setting

P643 and P645 only.
Logic settings that determine whether VT supervision will block selected negative sequence overcurrent stages. VTS Block only
affects directional overcurrent protection. Setting 0 allows continued non-directional operation

12> VV2pol Set 34 [8E |5V 10.5*V1 to 25"V1 step 0.5"V1

P643 and P645 only.
The minimum threshold above which the relay must detect a polarizing voltage for the negative phase sequence directional
elements to operate

12> Char Angle 34 8F

-60°

-95° to 95° step 1°

P643 and P645 only.
Characteristic angle for directionalized NPS fault protection

Table 5 - Group 1 NPS overcurrent settings

4.5 Overcurrent

MenuText ~  Col Row  Default Setting Available Setting

Description

GROUP 1:

OVERCURRENT1 3% |00

This column contains GROUP 1: OVERCURRENT 1 parameters

Disabled, HV Winding, LV Winding, TV Winding, T1, T2,

Overcurrent 1 35 01 T1 T3. T4 or T5

Overcurrent 1

>1 Status '35 |02 | Disabled  Enabled or Disabled
Setting to enable or disable the first stage overcurrent element

DT (DT), IEC S Inverse (TMS), IEC V Inverse (TMS), IEC E
Inverse (TMS), UK LT Inverse (TMS), Rectifier (TMS), RI
(K), IEEE M Inverse (TD), IEEE V Inverse (TD), IEEE E
Inverse (TD), US Inverse (TD) or US ST Inverse (TD)

1>1 Char 35 03 IEC S Inverse

Setting for the tripping characteristic for the first stage overcurrent element
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Menu Text ‘ Col ‘ Row ‘ Default Setting ‘ Available Setting

Description

1>1 Direction ‘ 35 ‘ 04 ‘ Non-Directional ‘ Non-directional, Directional Fwd or Directional Rev

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

I>1 Current Set 35 05 |1 | 24A to 1200A step 3A
Pick-up setting for the first stage overcurrent element

1>1 Time Delay 35 |06 |1s 0s to 100s step 0.01s
Setting for the time delay for the definite time setting if selected for the first stage element

1>1 TMS 35 07 |1 0.025 to 1.2 step 0.025
Setting for the time multiplier setting to adjust the operating time of the IEC IDMT characteristic
1>1 Time Dial 35 08 |1 10.01 to 100 step 0.01
Setting for the time multiplier setting to adjust the operating time of the IEEE/US IDMT curves
I>1 K (RI) 35 09 |1 10.11t0 10 step 0.05
Setting for the time multiplier to adjust the operating time for the RI curve

I>1 Reset Char 35 |oAa |DT DT or Inverse

Setting to determine the type of reset/release characteristic of the IEEE/US curves

1>1 tRESET 35 |[0B |0 0s to 100s step 0.01s
Setting that determines the reset/release time for definite time reset characteristic

1>2 Status '35 12 |Disabled  Enabled or Disabled

Setting to enable or disable the first stage overcurrent element

DT (DT), IEC S Inverse (TMS), IEC V Inverse (TMS), IEC E
Inverse (TMS), UK LT Inverse (TMS), Rectifier (TMS), RI
(K), IEEE M Inverse (TD), IEEE V Inverse (TD), IEEE E
Inverse (TD), US Inverse (TD) or US ST Inverse (TD)

1>2 Char 35 13 |DT (DT)

Setting for the tripping characteristic for the second stage overcurrent element

1>2 Direction ‘ 35 ‘ 14 ‘ Non-Directional ‘ Non-directional, Directional Fwd or Directional Rev

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

1>2 Current Set 35 15 |1 | 24 to 1200A step 3A
Pick-up setting for the second stage overcurrent element

1>2 Time Delay 35 16 |1s 0s to 100s step 0.01s
Setting for the time delay for the definite time setting if selected for the second stage element.
1>2 TMS 35 17 | 1s 10.025 to 1.2 step 0.025
Setting for the time multiplier setting to adjust the operating time of the IEC IDMT characteristic
1>2 Time Dial 35 18 |1 10.01 to 100 step 0.01
Setting for the time multiplier setting to adjust the operating time of the IEEE/US IDMT curves
1>2 K (RI) 35 (19 |1 10.1t0 10 step 0.05
Setting for the time multiplier to adjust the operating time for the RI curve

1>2 Reset Char 35 [1A |DT DT or Inverse

Setting to determine the type of reset/release characteristic of the IEEE/US curves

1>2 tRESET 35 1B |0s 0s to 100s step 0.01s
Setting that determines the reset/release time for definite time reset characteristic

>3 Status '35 |21 |Disabled  Enabled or Disabled

Setting to enable or disable the third stage overcurrent element

|1>3 Direction ‘ 35 ‘ 22 ‘ Non-Directional ‘ Non-directional, Directional Fwd or Directional Rev

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

>3 Current Set 35 |23 |10A | 24A to 3840A step 3A
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Pick-up setting for the third stage overcurrent element

>3 Time Delay 35 |24 |0s 05 to 100s step 0.01s
Setting for the time delay for the definite time setting if selected for the third stage element
>4 Status '35 |27 |Disabled  Enabled or Disabled

Setting to enable or disable the fourth stage overcurrent element

>4 Direction ‘ 35 ‘ 28 ‘ Non-Directional ‘ Non-directional, Directional Fwd or Directional Rev

This setting determines the direction of measurement for the fourth stage element

>4 Current Set 35 |29 |10 | 24 to 3840A step 3A

Pick-up setting for the fourth stage overcurrent element

>4 Time Delay 35 |2A |0s 0s to 100s step 0.01s

Setting for the time delay for the definite time setting if selected for the fourth stage element.

I> Char Angle 35 2D |30° -95°' to 95° step '1°"

Setting for the relay characteristic angle used for the directional decision

I> Function Link 35 2 |15 | 4-bit binary setting

Logic Settings that determine whether blocking signals from VT supervision affect certain overcurrent stages

Overcurrent 2 35 31 Eg%g Eg _Il?:i)’s‘a_l?iecc)ir, _:_-ISV Winding, LV Winding, TV Winding, T1, T2,

Overcurrent 2

1>1 Status 35 |32 | Disabled  Enabled or Disabled

Setting to enable or disable the first stage overcurrent element

DT (DT), IEC S Inverse (TMS), IEC V Inverse (TMS), IEC E
Inverse (TMS), UK LT Inverse (TMS), Rectifier (TMS), RI
(K), IEEE M Inverse (TD), IEEE V Inverse (TD), IEEE E
Inverse (TD), US Inverse (TD) or US ST Inverse (TD)

I>1 Char 35 33 IEC S Inverse

Setting for the tripping characteristic for the first stage overcurrent element

1>1 Direction ‘ 35 ‘ 34 ‘ Non-Directional ‘ Non-directional, Directional Fwd or Directional Rev

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

I>1 Current Set 35 (35 |1 | 24A to 1200A step 3A
Pick-up setting for the first stage overcurrent element

1>1 Time Delay 35 (36 |1s | 0s to 100s step 0.01s
Setting for the time delay for the definite time setting if selected for the first stage element

1>1 TMS 35 37 |1 0.025 to 1.2 step 0.025
Setting for the time multiplier setting to adjust the operating time of the IEC IDMT characteristic
I>1 Time Dial 35 38 |1 10.01 to 100 step 0.01
Setting for the time multiplier setting to adjust the operating time of the IEEE/US IDMT curves
I>1 K (RI) 35 39 |1 10.11t0 10 step 0.05
Setting for the time multiplier to adjust the operating time for the Rl curve

I>1 Reset Char ‘35 ‘3A ‘ DT ‘ DT or Inverse

Setting to determine the type of reset/release characteristic of the IEEE/US curves

>1 tRESET 35 3B |0s | 0s to 100s step 0.01s
Setting that determines the reset/release time for definite time reset characteristic

1>2 Status '35 |42 | Disabled  Enabled or Disabled

Setting to enable or disable the second stage overcurrent element
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Menu Text ‘ Col ‘ Row ‘ Default Setting ‘ Available Setting
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DT (DT), IEC S Inverse (TMS), IEC V Inverse (TMS), IEC E
Inverse (TMS), UK LT Inverse (TMS), Rectifier (TMS), RI
(K), IEEE M Inverse (TD), IEEE V Inverse (TD), IEEE E
Inverse (TD), US Inverse (TD) or US ST Inverse (TD)

I>2 Char 35 43 IEC S Inverse

Setting for the tripping characteristic for the first stage overcurrent element

1>2 Direction ‘ 35 ‘44 ‘ Non-Directional ‘ Non-directional, Directional Fwd or Directional Rev

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

I>2 Current Set 35 45 |1 | 24 to 1200A step 3A
Pick-up setting for the second stage overcurrent element

>2 Time Delay 35 46 1 05 to 100s step 0.01s
Setting for the time delay for the definite time setting if selected for the second stage element.
1>2 TMS 35 47 |1 0.025 to 1.2 step 0.025
Setting for the time multiplier setting to adjust the operating time of the IEC IDMT characteristic
1>2 Time Dial 35 48 |1 0.01 to 100 step 0.01
Setting for the time multiplier setting to adjust the operating time of the IEEE/US IDMT curves
1>2 K (RI) 35 49 |1 10.110 10 step 0.05
Setting for the time multiplier to adjust the operating time for the RI curve

I>2 Reset Char ‘ 35 ‘4A ‘ DT ‘ DT or Inverse

Setting to determine the type of reset/release characteristic of the IEEE/US curves

>2 tRESET 35 [4B |0 0s to 100s step 0.01s
Setting that determines the reset/release time for definite time reset characteristic

>3 Status '35 |51 |Disabled  Enabled or Disabled

Setting to enable or disable the third stage overcurrent element

>3 Direction ‘ 35 ‘ 52 ‘ Non-Directional ‘ Non-directional, Directional Fwd or Directional Rev

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

>3 Current Set 35 53 |10 | 24 to 3840A step 3A
Pick-up setting for the third stage overcurrent element

1>3 Time Delay 35 |54 |0 | 0s to 100s step 0.01s
Setting for the time delay for the definite time setting if selected for the third stage element
>4 Status '35 |57 |Disabled  Enabled or Disabled

Setting to enable or disable the fourth stage overcurrent element

>4 Direction ‘ 35 ‘ 58 ‘ Non-Directional ‘ Non-directional, Directional Fwd or Directional Rev

This setting determines the direction of measurement for the fourth stage element

>4 Current Set 35 59 |10 | 24 to 3840A step 3A
Pick-up setting for the fourth stage overcurrent element

>4 Time Delay 35 |[5A |0s 05 to 100s step 0.01s
Setting for the time delay for the definite time setting if selected for the fourth stage element.
I> Char Angle 35 5D | 30° -95° to 95° step 1°
Setting for the relay characteristic angle used for the directional decision

I> Function Link 35 | 5E |15 | 4-bit binary setting

Logic Settings that determine whether blocking signals from VT supervision affect certain overcurrent stages

P643: T2 P643 and P645 only.
Overcurrent 3 35 61 : Disabled, HV Winding, LV Winding, TV Winding, T1, T2,
P645: T3
T3, T4orT5
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Description

P643 and P645 only.
Overcurrent 3

I>1 Status 35 |62 | Disabled Enabled or Disabled

P643 and P645 only.
Setting to enable or disable the first stage overcurrent element

DT (DT), IEC S Inverse (TMS), IEC V Inverse (TMS), IEC E
Inverse (TMS), UK LT Inverse (TMS), Rectifier (TMS), RI
(K), IEEE M Inverse (TD), IEEE V Inverse (TD), IEEE E
Inverse (TD), US Inverse (TD) or US ST Inverse (TD)

1>1 Char 35 63 IEC S Inverse

P643 and P645 only.
Setting for the tripping characteristic for the first stage overcurrent element

1>1 Direction ‘ 35 ‘ 64 ‘ Non-Directional ‘ Non-directional, Directional Fwd or Directional Rev

P643 and P645 only.
This setting determines the direction of measurement for the first stage element

I>1 Current Set 35 65 |1 | 24A to 1200A step 3A

P643 and P645 only.
Pick-up setting for the first stage overcurrent element

1>1 Time Delay 35 66 |1 0s to 100s step 0.01s

P643 and P645 only.
Setting for the time delay for the definite time setting if selected for the first stage element

I>1 TMS 35 67 |1 10.025 to 1.2 step 0.025

P643 and P645 only.
Setting for the time multiplier setting to adjust the operating time of the IEC IDMT characteristic

1>1 Time Dial 35 68 |1 0.01 to 100 step 0.01

P643 and P645 only.
Setting for the time multiplier setting to adjust the operating time of the IEEE/US IDMT curves

I>1 K (RI) 35 69 |1 10.1t0 10 step 0.05

P643 and P645 only.
Setting for the time multiplier to adjust the operating time for the RI curve

1>1 Reset Char 35 |6A |DT DT or Inverse

P643 and P645 only.
Setting to determine the type of reset/release characteristic of the IEEE/US curves

1>1 tRESET 35 [6B |0 0s to 100s step 0.01s

P643 and P645 only.
Setting that determines the reset/release time for definite time reset characteristic

1>2 Status '35 |72 | Disabled  Enabled or Disabled

P643 and P645 only.
Setting to enable or disable the second stage overcurrent element

DT (DT), IEC S Inverse (TMS), IEC V Inverse (TMS), IEC E
Inverse (TMS), UK LT Inverse (TMS), Rectifier (TMS), RI
(K), IEEE M Inverse (TD), IEEE V Inverse (TD), IEEE E
Inverse (TD), US Inverse (TD) or US ST Inverse (TD)

1>2 Char 35 73 | DT (DT)

P643 and P645 only.
Setting for the tripping characteristic for the second stage overcurrent element

I>2 Direction '35 |74 | Non-Directional ' Non-directional, Directional Fwd or Directional Rev

P643 and P645 only.
This setting determines the direction of measurement for the second stage element

I>2 Current Set 35 |75 |1 | 24A to 1200A step 3A

P643 and P645 only.
Pick-up setting for the second stage overcurrent element
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1>2 Time Delay 35 |76 |1 |0s to 100s step 0.01s

P643 and P645 only.
Setting for the time delay for the definite time setting if selected for the second stage element.

1>2 TMS 35 |77 |1 10.025to 1.2 step 0.025

P643 and P645 only.
Setting for the time multiplier setting to adjust the operating time of the IEC IDMT characteristic

I>2 Time Dial 35 |78 |1 10.01 to 100 step 0.01

P643 and P645 only.
Setting for the time multiplier setting to adjust the operating time of the IEEE/US IDMT curves

1>2 K (RI) 35 79 |1 10.11t0 10 step 0.05

P643 and P645 only.
Setting for the time multiplier to adjust the operating time for the RI curve

1>2 Reset Char 35 |7A |DT DT or Inverse

P643 and P645 only.
Setting to determine the type of reset/release characteristic of the IEEE/US curves

>2 tRESET 35 |[7B |0 0s to 100s step 0.01s

P643 and P645 only.
Setting that determines the reset/release time for definite time reset characteristic

>3 Status '35 |81 |Disabled  Enabled or Disabled

P643 and P645 only.
Setting to enable or disable the third stage overcurrent element

>3 Direction ‘ 35 ‘ 82 ‘ Non-Directional ‘ Non-directional, Directional Fwd or Directional Rev

P643 and P645 only.
This setting determines the direction of measurement for the third stage element

>3 Current Set 35 83 |10 | 24 to 3840A step 3A

P643 and P645 only.
Pick-up setting for the third stage overcurrent element

>3 Time Delay 35 84 |0 0s to 100s step 0.01s

P643 and P645 only.
Setting for the time delay for the definite time setting if selected for the third stage element

>4 Status '35 |87 | Disabled  Enabled or Disabled

P643 and P645 only.
Setting to enable or disable the fourth stage overcurrent element

>4 Direction ‘ 35 ‘ 88 ‘ Non-Directional ‘ Non-directional, Directional Fwd or Directional Rev

P643 and P645 only.
This setting determines the direction of measurement for the fourth stage element

>4 Current Set 35 89 |10 | 24 to 3840A step 3A

P643 and P645 only.
Pick-up setting for the fourth stage overcurrent element

>4 Time Delay 35 [8A |0s 05 to 100s step 0.01s

P643 and P645 only.
Setting for the time delay for the definite time setting if selected for the fourth stage element.

I> Char Angle 35 |8D |30° -95° to 95° step 1°

P643 and P645 only.
Setting for the relay characteristic angle used for the directional decision

I> Function Link 35 8E |15 | 4-bit binary setting

P643 and P645 only.
Logic Settings that determine whether blocking signals from VT supervision affect certain overcurrent stages
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Description
VDEPENDANTO/C |35 90 | Sub-Heading ' Sub-Heading
Sub-Heading for voltage dependant over current
VDepOC>1Mode (35 |91 |VCO 10=VCO, 1=VRO

Voltage dependant overcurrent stage 1 mode

Disabled, HV Winding, LV Winding, TV Winding, T1, T2,

V OC>1 35 92 |Disabled T3. T4 or T5

Enable or disable Voltage dependant overcurrent stage 1

DT (DT), IEC S Inverse (TMS), IEC V Inverse (TMS), IEC E
Inverse (TMS), UK LT Inverse (TMS), Rectifier (TMS), RI
(K), IEEE M Inverse (TD), IEEE V Inverse (TD), IEEE E
Inverse (TD), US Inverse (TD) or US ST Inverse (TD)

V OC>1 Char 35 93 IEC S Inverse

Setting for the tripping characteristic for the first stage voltage dependant overcurrent element

V OC>1 Direction ‘ 35 ‘ 94 ‘ Non-Directional ‘ Non-directional, Directional Fwd or Directional Rev

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

voc>1Cur'set |35 |95 |1 |24 to 1200A step 3A
Current pick-up setting for first stage the voltage dependant over current

V OC>1 T Delay 35 96 |1 0s to 100s step 0.01s
Setting for the time delay for the definite time setting if selected for the first stage element

V OC>1 TMS 35 97 |1 10.025 to 1.2 step 0.025
Setting for the time multiplier setting to adjust the operating time of the IEC IDMT characteristic
VOC>1TimeDial |35 |98 |1 10.01 to 100 step 0.01
Setting for the time multiplier setting to adjust the operating time of the IEEE/US IDMT curves
V 0C>1 k (RI) 35 |99 |1 10.1t0 10 step 0.05
Setting for the time multiplier to adjust the operating time for the RI curve

VOC>1RstChar |35 |9A DT DT or Inverse

Setting to determine the type of reset/release characteristic of the IEEE/US curves

V OC>1 tRESET 35 9B |0s 0s to 100s step 0.01s
Setting that determines the reset/release time for definite time reset characteristic

V 0C>1 Angle 35 |oC |30° -95° to 95° step 1°
Setting for the relay characteristic angle used for the directional decision

V OC>1 V<1 Set 35 9D |80 5V to 120V step 1V

Sets the voltage V1 threshold at which the current setting of the overcurrent stage/stages becomes reduced, noting that this
occurs on a per phase basis.

V OC>1K Set 35 9 |0.25 10.110 1 step 0.25
Sets to determine the overcurrent multiplier factor used to reduce the pick-up overcurrent setting.
V OC>1 V<2 Set 35 |9F |60 |5V to 120V step 1V

Sets the voltage V2 threshold at which the current setting of the overcurrent stage/stages becomes reduced, noting that this
occurs on a per phase basis.

VDepOC>2Mode |35 A1 |VCO 10=VCO, 1=VRO
Allows selection of whether voltage control or voltage restrained should be applied.

Disabled, HV Winding, LV Winding, TV Winding, T1, T2,
T3, T4orT5

V OC>2 35 A2 | Disabled

Enable or disable Voltage dependant overcurrent stage 2
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DT (DT), IEC S Inverse (TMS), IEC V Inverse (TMS), IEC E
Inverse (TMS), UK LT Inverse (TMS), Rectifier (TMS), RI
(K), IEEE M Inverse (TD), IEEE V Inverse (TD), IEEE E
Inverse (TD), US Inverse (TD) or US ST Inverse (TD)

V OC>2 Char 35 A3 | IEC S Inverse

Setting for the tripping characteristic for the second stage voltage dependant overcurrent element

V OC>2 Direction ‘ 35 ‘A4 ‘ Non-Directional ‘ Non-directional, Directional Fwd or Directional Rev

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

voc>2Cur'Set |35 A5 |1 | 24 to 1200A step 3A
Current pick-up setting for second stage the voltage dependant over current

V OC>2 T Delay 35 A6 |1 05 to 100s step 0.01s
Setting for the time delay for the definite time setting if selected for the second stage element
V OC>2 TMS 35 A7 |1 0.025 to 1.2 step 0.025
Setting for the time multiplier setting to adjust the operating time of the IEC IDMT characteristic
VOC>2TimeDial |35 A8 |1 0.01 to 100 step 0.01
Setting for the time multiplier setting to adjust the operating time of the IEEE/US IDMT curves
V OC>2k (RI) 35 A9 1 10.110 10 step 0.05
Setting for the time multiplier to adjust the operating time for the RI curve

VOC>2RstChar |35 |AA DT DT or Inverse

Setting to determine the type of reset/release characteristic of the IEEE/US curves

V OC>2 tRESET 35 |AB |0s 0s to 100s step 0.01s
Setting that determines the reset/release time for definite time reset characteristic

V 0C>2 Angle 35 |AC 30° -95° to 95° step 1°
Setting for the relay characteristic angle used for the directional decision

V OC>2 V<1 Set 35 |AD |80 5V to 120V step 1V

Sets the voltage V1 threshold at which the current setting of the overcurrent stage/stages becomes reduced, noting that this
occurs on a per phase basis.

V OC>2 K Set 35 |AE 025 10.1to 1step 0.25
Sets to determine the overcurrent multiplier factor used to reduce the pick-up overcurrent setting.
V OC>2 V<2 Set 35 | AF |60 5V to 120V step 1V

Sets the voltage V2 threshold at which the current setting of the overcurrent stage/stages becomes reduced, noting that this
occurs on a per phase basis.

Table 6 - Group 1 overcurrent settings
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4.6 Thermal Overload
Menu Text ‘ Col ‘ Row ‘ Default Setting Available Setting
Description

GROUP 1:

THERMAL 37 00

OVERLOAD

This column contains GROUP1: THERMAL OVERLOAD parameters

Monit'd winding 37 |11 HV 'HV, LV, TV or Biased Current

An overall through loading picture of the transformer is provided when the monitor winding is set to Biased Current
Ambient T 37 |12 |AVERAGE 'RTD 1 to 10, CLIO 1 to 4 or Average
Ambient temperature

CLI Input Type 37 15 | 4-20mA 0-1 mA, 0-10m/a, 0-20mA or 4-20mA
This setting is available when Ambient T is set to CLIOx

CLI Minimum 37 16 |0 -9999 to 9999 step 0.1

This setting is available when Ambient T is set to CLIOx

CLI Maximum 37 17 100 -9999 to 9999 step 0.1

This setting is available when Ambient T is set to CLIOx

Average Amb T 37 18 |25 -25°C to 75°C step 0.1°C

This setting is available when Ambient T is set to Average

Top Oil Temp 37 |21 |CALCULATED 'RTD 1 to 10, CLIO 1 to 4 or Calculated
The top oil temperature may be calculated by the relay, or it may be measured using RTD or CLIO inputs

CLI Input Type 37 |24 |4-20mA [0to3step 1

This setting is available when Top Oil T is set to CLIOx

CLI Minimum 37 |25 |0 -9999 to 9999 step 0.1

This setting is available when Top Oil T is set to CLIOx

CLI Maximum 37 26 100 -9999 to 9999 step 0.1

This setting is available when Top QOil T is set to CLIOx

B 37 29 |1 0.1pu to 4pu step 0.01pu

The relay uses this setting to calculate the ratio of ultimate load to rated load

Rated NoLoadLoss |37  |2A |3 0.1 to 100 step 0.1

Ratio of load loss at rated load to no-load loss (iron loss). The transformer manufacturer should provide this parameter
Hot Spot Overtop |37 | 2B |25 0.1°C t0 200°C step 0.1°C

Hottest spot temperature over top oil temperature setting. The transformer manufacturer should provide this parameter
Top Oil Overamb |37 |2C |55 0.1°C to 200°C step 0.1°C

Top oil temperature over ambient temperature setting. The transformer manufacturer should provide this parameter

Cooling Mode Mode 3, Cooling Mode 4 or Select via PSL

37 2D | Cooling Mode 1 Cooling Mode 1, Cooling Mode 2, Cooling

This setting is uesed to select the cooling Mode
Cooling Mode 1 ‘ 37 ‘ 2F ‘ Sub-Heading ‘ Sub-Heading

This is the Sub-Heading for cooling mode 1. It is visible when cooling mode is selected to be cooling mode 1 or to be select
from PSL

Winding exp m 37 |30 |08 10.01 to 2 step 0.01
Winding exponient m for cooling mode 1, available when cooling mode is selected to be cooling mode 1 or select from PSL
Oil exp n 37 31 |08 10.01 to 2 step 0.01

oil exponient n for cooling mode 1, available when cooling mode is selected to be cooling mode 1 or select from PSL
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CoolingMode 2 |37 |32 | Sub-Heading ' Sub-Heading

This is the Sub-Heading for cooling mode 2. It is visible when cooling mode is selected to be cooling mode 2 or to be select
from PSL

Winding exp m 37 |33 |08 10.01 to 2 step 0.01
Winding exponient m for cooling mode 2, available when cooling mode is selected to be cooling mode 2 or select from PSL

Oil exp n 37 |34 |08 10.01 to 2 step 0.01

oil exponient n for cooling mode 2, available when cooling mode is selected to be cooling mode 2 or select from PSL

CoolingMode3 (37 |35 |Sub-Heading ' Sub-Heading

This is the Sub-Heading for cooling mode 3. It is visible when cooling mode is selected to be cooling mode 3 or to be select
from PSL

Winding exp m 37 |3 |08 10.01 to 2 step 0.01
Winding exponient m for cooling mode 3, available when cooling mode is selected to be cooling mode 3 or select from PSL

Oil exp n 37 37 |08 10.01 to 2 step 0.01

oil exponient n for cooling mode 3, available when cooling mode is selected to be cooling mode 3 or select from PSL

Cooling Mode 4 37 38 | Sub-Heading ' Sub-Heading

This is the Sub-Heading for cooling mode 4. It is visible when cooling mode is selected to be cooling mode 4 or to be select
from PSL

Winding exp m 37 |39 |08 10.01 to 2 step 0.01

Winding exponient m for cooling mode 4, available when cooling mode is selected to be cooling mode 4 or select from PSL
Oil exp n 37 (3A |08 10.01 to 2 step 0.01

oil exponient n for cooling mode 4, available when cooling mode is selected to be cooling mode 4 or select from PSL
Hot spot rise co ‘ 37 ‘ 3B ‘ 1 ‘ 0.01 min to 20 min step 0.01 min
Hot spot rise co parameters used to calculate the hot spot temperature

Top oil rise co 37 3C 120 1 min to 1000 min step 1 min

Top oil reis co parameters used to calculate the top oil temperature

Tol Status 137 |40 | Enabled  Enabled or Disabled

This setting enables or disables the three hot spot and the three top oil thermal stages

Hot Spot>1 Set 37 |5E |110degC 1°C to 300°C step 0.1°C

Hot spot first stage setting. The suggested temperature limits given by IEEE Std. C57.91-1995 may be used to setit. See the
application chapter for suggested values

tHot Spot>1 Set |37 |5F |10 mins 0 min to 60000 min step 1 min
Hot spot first stage time delay setting
Hot Spot>2 Set 37 60 |130degC | 1°C to 300°C step 0.1°C

Hot spot second stage setting. The suggested temperature limits given by IEEE Std. C57.91-1995 may be used to set it. See
the application chapter for suggested values

tHotSpot>2Set |37 |61 |10 mins 0 min to 60000 min step 0.1 min
Hot spot second stage time delay setting
Hot Spot>3 Set 37 62 |150degC | 1°C to 300°C step 0.1°C

Hot spot third stage setting. The suggested temperature limits given by IEEE Std. C57.91-1995 may be used to set it. See the
application chapter for suggested values

tHot Spot>3 Set 37 |63 |10mins 0 min to 60000 min step 1 min
Hot spot third stage time delay setting
Top Oil>1 Set 37 64 |70degC | 1°C to 300°C step 0.1°C

Top oil first stage setting. The suggested temperature limits given by IEEE Std. C57.91-1995 may be used to set it. See the
application chapter for suggested values.
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tTop Oil>1 Set 37 65 | 10mins 0 min to 60000 min step 1 min

Top oil second stage setting. The suggested temperature limits given by IEEE Std. C57.91-1995 (may be used to set it. See
the application chapter for suggested values

Top Oil>2 Set 137 |66 |80degC | 1°C t0 300°C step 0.1°C

Top oil second stage setting. The suggested temperature limits given by IEEE Std. C57.91-1995 (may be used to set it. See
the application chapter for suggested values

tTop Oil>2 Set 37 |67 | 10mins 0 min to 60000 min step 1 min
Top oil second stage time delay setting
Top Oil>3 Set 37 68 |90degC | 1°C to 300°C step 0.1°C

Top oil third stage setting. The suggested temperature limits given by IEEE Std. C57.91-1995 may be used to set it. See the
application chapter for suggested values

tTop Oil>3 Set 37 69 | 10mins 0 min to 60000 min step 1 min
Top oil third stage time delay setting
tPre-trip Set 37 |6A | 5mins 0 min to 60000 min step 1 min

After the tpre-trip timer has expired, a pre-trip alarm is given. This alarm indicates that if the load remains unchanged a thermal
trip will be asserted after the stage timer has expired

LOL Status 37 80 |Enable  Enabled or Disabled

Enables or disables the loss of life function

Life HoursatHS |37 |81 | 180000 hrs 1 hr to 300000 hrs step 1hr
Life hours at the reference hottest spot temperature. Advice from the transformer manufacturer may be required
Designed HStemp |37 (82 |110degC | 1°C to 200°C step 0.1°C

The designed hottest spot temperature is 110°C for a transformer rated 65°C average winding rise, and 95°C for a transformer
rated 55°C average winding rise

Constant B Set 37 83 | 15000 1 to 100000 step 1

Constant B is associated to the life expectancy curve. Itis based on modern experimental data, and it may be set to 15000 as
suggested by IEEE Std. C57.91-1995

FAA> Set 37 84 |2 0.1 to 30 step 0.01

Aging acceleration factor setting. If the aging acceleration factor calculated by the relay is above this setting and tFAA has
expired, an FAA alarm would be asserted. FAA calculation depends on constant B and the hottest temperature calculated by
the thermal element

tFAA> Set 37 85 |10mins 0 min to 60000 min step 1 min
Aging acceleration factor timer
LOL>1 Set 37 86 | 135000 hrs 1 hr to 300000 hrs step 1hr

Transformer loss of life setting. If the life already lost by the transformer is above this threshold, an LOL alarm would be
asserted after tLOL has expired. LOL calculation depends on the life hours at design hot spot temperature and the calculated
residual life

tLOL> Set 37 87 | 10mins 0 min to 60000 min step 1 min
Loss of life timer
ResetLife Hours |37 (88 |Ohr 1 hr to 300000 hrs step 1hr

Resets the LOL status parameter to the set value when the loss of life reset command is executed. For new transformers
Reset Life Hours is zero, so that when the commissioning of the thermal element is over, the loss of life statistics calculations
are reset to zero. For old transformers this setting should indicate how much life the transformer has already lost; therefore, it
should be set to the transformer loss of life

Table 7 - Group 1 thermal overload settings
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4.7 Earth Fault Protection

The standard Earth Fault (EF) protection elements are duplicated within the relay and are
referred to in the relay menu as “Earth Fault 1” (EF1) and “Earth Fault 2" (EF2). EF1
operates from earth fault current that is measured directly from the system; either by
means of a separate CT located in a power system earth connection or via a residual
connection of the three line CTs. The EF2 element operates from a residual current
quantity that is derived internally from the summation of the three phase currents.

EF1 and EF2 are identical elements, each having four stages. The first and second
stages have selectable IDMT or DT characteristics, whilst the third and fourth stages are
DT only. Each stage is selectable to be either non-directional, directional forward or
directional reverse. The timer hold facility, previously described for the overcurrent
elements, is available on each of the first two stages.

The following table shows the relay menu for "Earth Fault 1" protection, including the
available setting ranges and factory defaults. The menu for "Earth Fault 2" is identical to
that for EF1 and so is not shown here.

Menu Text ‘ Col ‘ Row ‘ Default Setting Available Setting
Description
GROUP 1:
EARTH FAULT 38 00

This colunm contains GROUP1 : EARTH FAULT parameters

Earth Fault 1 38 |01 | Enabled  Enabled or Disabled

Enable or Disable Earth Fault 1

EF 1 Input ‘ 38 ‘ 02 ‘ Measured ‘ Measured or Derived

Selects measured neutral current or derived neutral current

EF 1 Derived 38 03 |T1 'HV Winding, LV Winding, TV Winding, T1, T2, T3, T4 or T5
This is available when earth fault is selected to be derived for stage 1 to detemine the derived current source

EF 1 Measured 38 04 TN | TN1, TN2 or TN3

This is available when earth fault is selected to be measured for stage 1 to determine the measured current source

IN>1 Status 38 |05 | Enabled  Enabled or Disabled

Setting to enable or disable the first stage definite time element. If the function is disabled, all associated settings with the
exception of this setting, are hidden

DT (DT), IEC S Inverse (TMS), IEC V Inverse (TMS), IEC E
Inverse (TMS), UK LT Inverse (TMS), Rectifier (TMS), RI (K),
IEEE M Inverse (TD), IEEE V Inverse (TD), IEEE E Inverse
(TD), US Inverse (TD) or US ST Inverse (TD)

IN>1 Char 38 06 IEC S Inverse

Tripping characteristic for the first stage earth fault element 1

IN>1 Direction ‘ 38 ‘ 07 ‘ Non-Directional ‘ Non-directional, Directional Fwd or Directional Rev

Direction setting for the first stage earth fault protection 1

IN>1 Current 38 (08 |0.2%n | 24A to 1200A step 3A
Pick-up setting for the first stage earth fault element 1
IN>1 IDG Is 38 09 |15 110 4 step 0.1

Multiple of IN>1 setting for the IDG curve (Scandinavia), determines the actual relay current threshold at which the element
starts

IN>1 Time Delay |38 |0A |1 0s to 200s step 0.01s
Operating time delay setting for the first stage definite time element

IN>1 TMS 38 0B |1 10.025 to 1.2 step 0.025
Time multiplier setting to adjust the operating time of the IEC IDMT characteristic

IN>1 Time Dial 38 |oc |1 10.01 to 100 step 0.01
Time multiplier setting to adjust the operating time of the IEEE/US IDMT curves
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Menu Text ‘ Col ‘ Row ‘ Default Setting ‘ Available Setting
Description

IN>1 K (RI) 38 oD |1 10.1t0 10 step 0.05
Time multiplier to adjust the operating time for the RI curve
IN>1 IDG Time 38 |0E 1.2 1102 step 0.01
Minimum operating time at high levels of fault current for the IDG curve
IN>1 ResetChar |38 |OF |DT DT or Inverse
Type of reset/release characteristic of the IEEE/US curves
IN>1 tRESET 38 [10 |0 0s to 100s step 0.01s
Reset/release time setting for definite time reset characteristic
IN>2 Status 38 |15 | Disabled  Enabled or Disabled

Setting to enable or disable the second stage definite time element. If the function is disabled, all associated settings with the
exception of this setting, are hidden

Disabled, DT (DT), IEC S Inverse (TMS), IEC V Inverse (TMS),
IEC E Inverse (TMS), UK LT Inverse (TMS), Rectifier (TMS),
RI (K), IEEE M Inverse (TD), IEEE V Inverse (TD), IEEE E
Inverse (TD), US Inverse (TD) or US ST Inverse (TD)

IN>2 Char 38 16 |DT

Tripping characteristic for the second stage earth fault protection 1

IN>2 Direction ‘ 38 ‘ 17 ‘ Non-Directional ‘ Non-directional, Directional Fwd or Directional Rev

Direction setting for the second stage earth fault protection 1

IN>2 Current 38 18 |02 | 24A to 1200A step 3A
Pick-up setting for the second stage earth fault element 1
IN>2 IDG Is 38 |19 |15 1to4step 0.1

Multiple of IN>2 setting for the IDG curve (Scandinavia), determines the actual relay current threshold at which the element
starts

IN>2 Time Delay |38 |1A |1 | 0s to 200s step 0.01s
Operating time delay setting for the second stage definite time element

IN>2 TMS 38 (1B |1 10.025 to 1.2 step 0.025
Time multiplier setting to adjust the operating time of the IEC IDMT characteristic
IN>2 Time Dial 38 1C |1 10.01 to 100 step 0.01
Time multiplier setting to adjust the operating time of the IEEE/US IDMT curves

IN>2 K (RI) 38 1D |1 10.1t0 10 step 0.05
Time multiplier to adjust the operating time for the RI curve

IN>2 IDG Time 38 [1E 1.2 15 to 2s step 0.01s
Minimum operating time at high levels of fault current for the IDG curve

IN>2 ResetChar |38 |1F |DT DT or Inverse

Type of reset/release characteristic of the IEEE/US curves

IN>2 tRESET 38 20 |0 0 to 100s step 0.01s
Reset/release time setting for definite time reset characteristic

IN>3 Status 138 |25 | Disabled  Enabled or Disabled

Setting to enable or disable the third stage definite time element. If the function is disabled, all associated settings with the
exception of this setting, are hidden

IN>3 Direction ‘ 38 ‘ 26 ‘ Non-Directional ‘ Non-directional, Directional Fwd or Directional Rev

Direction setting for the third stage earth fault protection 1

IN>3 Current 38 |27 |05 | 24A to 9600A step 3A
Pick-up setting for the third stage earth fault element 1
IN>3 Time Delay |38 |28 |0 0s to 200s step 0.01s
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Menu Text ‘ Col ‘ Row ‘ Default Setting ‘ Available Setting
Description

Operating time delay setting for the third stage definite time element
IN>4 Status 38 |2C | Disabled  Enabled or Disabled

Setting to enable or disable the fourth stage definite time element. If the function is disabled, all associated settings with the
exception of this setting, are hidden

IN>4 Direction ‘ 38 ‘ 2D ‘ Non-Directional ‘ Non-directional, Directional Fwd or Directional Rev

Direction setting for the fourth stage earth fault protection 1

IN>4 Current 38 |2E 05 | 24 to 9600A step 3A
Pick-up setting for the fourth stage earth fault element 1

IN>4 Time Delay |38 |2F |0 | 0s to 200s step 0.01s
Operating time delay setting for the fourth stage definite time element

IN> Func Link 38 (33 |15 | 4-bit binary setting

Settings that determine whether VT supervision logic signals block selected earth fault stages. When set to 1, the VTS
operation will block the stage if directionalized. When set to 0, the stage will revert to non-directional on the operation of the
VTS

IN>DIRECTIONAL |38 |34 | Sub-Heading ' Sub-Heading
Sub-Heading for IN directional
IN> Char Angle 38 35 |-60 -95° to 95° step 1°

Setting for the relay characteristic angle used for the directional decision

IN> Pol ‘ 38 ‘ 36 ‘ Zero Sequence ‘ Zero sequence or Neg sequence

Setting that determines whether the directional function uses zero sequence or negative sequence voltage polarizing

IN> VNpol Set 38 [37 |5 0.5V to 80V step 0.5V

P643 and P645 only.
Setting for the minimum zero sequence voltage polarizing quantity for directional decision

IN> VV2pol Set 38 (38 |5 0.5V to 80V step 0.5V

Setting for the minimum negative sequence voltage polarizing quantity for directional decision

IN> 12pol Set 38 (39 008 | 24A to 300A step 3A

Setting for the minimum negative sequence current polarizing quantity for directional decision

Earth Fault 2 138 |41 |Enabled  Enabled or Disabled

Enable or Disable Earth Fault 2

EF 2 Input ‘ 38 ‘ 42 ‘ Measured ‘ Measured or Derived

Selects measured neutral current or derived neutral current
P642: T2

EF 2 Derived 38 43 |P643: T3 HV Winding, LV Winding, TV Winding, T1, T2, T3, T4 or T5
P645: T5

The setting is avaliable when earth fault input is derived to select the derived neural current source

EF 2 Measured 38 |44 | TN2 | TN1, TN2 or TN3

The setting is avaliable when earth fault input is measured to select the measured neural curernt source

IN>1 Status 138 |45 | Enabled  Enabled or Disabled

Setting to enable or disable the first stage definite time element. If the function is disabled, all associated settings with the
exception of this setting, are hidden

DT (DT), IEC S Inverse (TMS), IEC V Inverse (TMS), IEC E
Inverse (TMS), UK LT Inverse (TMS), Rectifier (TMS), RI (K),
IEEE M Inverse (TD), IEEE V Inverse (TD), IEEE E Inverse
(TD), US Inverse (TD) or US ST Inverse (TD)

IN>1 Char 38 46 IEC S Inverse

Tripping characteristic for the first stage earth fault protection 2

IN>1 Direction ‘ 38 ‘47 ‘ Non-Directional ‘ Non-directional, Directional Fwd or Directional Rev
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Menu Text ‘ Col ‘ Row ‘ Default Setting ‘ Available Setting
Description
Direction setting for the first stage earth fault protection 2
IN>1 Current 38 |48 0.2%In |24 to 1200A step 3A
Pick-up setting for the first stage earth fault element 2
IN>1 DG Is 38 49 |15 110 4 step 0.1

Multiple of IN>1 setting for the IDG curve (Scandinavia), determines the actual relay current threshold at which the element
starts

IN>1 Time Delay |38 |4A |1 05 to 200s step 0.01s
Operating time delay setting for the first stage definite time element

IN>1 TMS 38 4B |1 0.025 to 1.2 step 0.025
Time multiplier setting to adjust the operating time of the IEC IDMT characteristic

IN>1 Time Dial 38 [4C |1 0.01 to 100 step 0.01
Time multiplier setting to adjust the operating time of the IEEE/US IDMT curves

IN>1 K (RI) 38 4D |1 0.1 t0 10 step 0.05
Time multiplier setting to adjust the operating time for the RI curve

IN>1 IDG Time 38 [4E 1.2 15 to 2s step 0.01s
Minimum operating time at high levels of fault current for the IDG curve

IN>1 ResetChar |38 |4F |DT DT or Inverse

Type of reset/release characteristic of the IEEE/US curves

IN>1 tRESET 38 |50 |0 0s to 100s step 0.01s
Reset/release time setting for definite time reset characteristic

IN>2 Status 138 |55 | Disabled  Enabled or Disabled

Setting to enable or disable the second stage definite time element. If the function is disabled, all associated settings with the
exception of this setting, are hidden

DT (DT), IEC S Inverse (TMS), IEC V Inverse (TMS), IEC E
Inverse (TMS), UK LT Inverse (TMS), Rectifier (TMS), RI (K),
IEEE M Inverse (TD), IEEE V Inverse (TD), IEEE E Inverse
(TD), US Inverse (TD) or US ST Inverse (TD)

Tripping characteristic for the second stage earth fault protection 2

IN>2 Char 38 56 |DT

IN>2 Direction ‘ 38 ‘ 57 ‘ Non-Directional ‘ Non-directional, Directional Fwd or Directional Rev

Direction setting for the second stage earth fault protection 2

IN>2 Current 38 |58 |02 | 24 to 1200A step 3A
Pick-up setting for the second stage earth fault element 2
IN>2 IDG Is 38 |59 |15 1to4step 0.1

Multiple of IN>2 setting for the IDG curve (Scandinavia), determines the actual relay current threshold at which the element
starts

IN>2 Time Delay |38 |5A |1 0s to 200s step 0.01s
Operating time delay setting for the second stage definite time element

IN>2 TMS 38 5B |1 10.025 to 1.2 step 0.025
Time multiplier setting to adjust the operating time of the IEC IDMT characteristic

IN>2 Time Dial 38 |5C |1 0.01 to 100 step 0.01
Time multiplier setting to adjust the operating time of the IEEE/US IDMT curves

IN>2 K (RI) 38 5D |1 10.1t0 10 step 0.05
Time multiplier to adjust the operating time for the RI curve

IN>2 IDG Time 38 |5E 1.2 1s to 2s step 0.01s

Minimum operating time at high levels of fault current for the IDG curve
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Menu Text ‘ Col ‘ Row ‘ Default Setting ‘ Available Setting
Description
IN>2 ResetChar |38 |5F |DT DT or Inverse
Type of reset/release characteristic of the IEEE/US curves
IN>2 tRESET 38 |60 |0 0s to 100s step 0.01s
Reset/release time setting for definite time reset characteristic
IN>3 Status 38 |65 |Disabled  Enabled or Disabled

Setting to enable or disable the third stage definite time element. If the function is disabled, all associated settings with the
exception of this setting, are hidden

IN>3 Direction ‘ 38 ‘ 66 ‘ Non-Directional ‘ Non-directional, Directional Fwd or Directional Rev

Direction setting for the third stage earth fault protection 2

IN>3 Current 38 |67 |05 | 24/ to 9600A step 3A
Pick-up setting for the third stage earth fault element 2

IN>3 Time Delay |38 |68 |0 | 0s to 200s step 0.01s
Operating time delay setting for the third stage definite time element

IN>4 Status 38 |6C | Disabled  Enabled or Disabled

Setting to enable or disable the fourth stage definite time element. If the function is disabled, all associated settings with the
exception of this setting, are hidden

IN>4 Direction ‘ 38 ‘ 6D ‘ Non-Directional ‘ Non-directional, Directional Fwd or Directional Rev

Direction setting for the fourth stage earth fault protection 2

IN>4 Current 38 |6E 05 | 24 to 9600A step 3A
Pick-up setting for the fourth stage earth fault element 2

IN>4 Time Delay |38 |6F |0 0s to 200s step 0.01s
Operating time delay setting for the fourth stage definite time element

IN> Func Link 38 |73 |15 ' 4-bit binary setting

Settings that determine whether VT supervision logic signals block selected earth fault stages. When set to 1, the VTS
operation will block the stage if directionalized. When set to 0, the stage will revert to non-directional on the operation of the
VTS

IN>DIRECTIONAL |38 |74 | Sub-Heading ' Sub-Heading
Sub-Heading for IN directional
IN> Char Angle 38 |75 |60 -95° t0 95° step 1°

Setting for the relay characteristic angle used for the directional decision

IN> Pol ‘ 38 ‘ 76 ‘ Zero Sequence ‘ Zero sequence or Neg sequence

Setting that determines whether the directional function uses zero sequence or negative sequence voltage polarizing
IN> VNpol Set 38 |77 |5 0.5V to 80V step 0.5V

P643 and P645 only.
Setting for the minimum zero sequence voltage polarizing quantity for directional decision

IN> V2pol Set 38 (78 |5 0.5V to 25V step 0.5V
Setting for the minimum negative sequence voltage polarizing quantity for directional decision
IN> 2pol Set 38 |79 |0.08 | 24A to 300A step 3A

Setting for the minimum negative sequence current polarizing quantity for directional Decision
Earth Fault 3 138 |81 |Enabled  Enabled or Disabled

P643 and P645 only.

Earth Fault 3

EF 3 Input ‘ 38 ‘ 82 ‘ Measured ‘ Measured or Derived

P643 and P645 only.
Selects measured neutral current or derived neutral current
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Menu Text ‘ Col ‘ Row ‘ Default Setting Available Setting
Description
. P643: T2 - - -
EF 3 Derived 38 83 P645: T3 HV Winding, LV Winding, TV Winding, T1, T2, T3, T4 or TS

P643 and P645 only.

EF 3 Measured 38 |84 |TN3 | TN1, TN2 or TN3
P643 and P645 only.
IN>1 Status 38 |85 | Enabled  Enabled or Disabled

P643 and P645 only.
Setting to enable or disable the first stage definite time element. If the function is disabled, all associated settings with the
exception of this setting, are hidden

DT (DT), IEC S Inverse (TMS), IEC V Inverse (TMS), IEC E
Inverse (TMS), UK LT Inverse (TMS), Rectifier (TMS), RI (K),
IEEE M Inverse (TD), IEEE V Inverse (TD), IEEE E Inverse
(TD), US Inverse (TD) or US ST Inverse (TD)

IN>1 Char 38 86 IEC S Inverse

P643 and P645 only.
Tripping characteristic for the first stage earth fault protection

IN>1 Direction ‘ 38 ‘ 87 ‘ Non-Directional ‘ Non-directional, Directional Fwd or Directional Rev

P643 and P645 only.
Direction setting for the first stage earth fault protection 3

IN>1 Current 38 |88 |0.2%In | 24A to 1200A step 3A

P643 and P645 only.
Pick-up setting for the first stage earth fault element 3

IN>1 IDG Is 38 89 |15 110 4 step 0.1

P643 and P645 only.
Multiple of IN>1 setting for the IDG curve (Scandinavia), determines the actual relay current threshold at which the element
starts

IN>1 Time Delay |38 |8A |1 | 0s to 200s step 0.01s

P643 and P645 only.
Operating time delay setting for the first stage definite time element

IN>1 TMS 38 8B |1 0.025 to 1.2 step 0.025

P643 and P645 only.
Time multiplier setting to adjust the operating time of the IEC IDMT characteristic

IN>1 Time Dial 38 |8C |1 10.01 to 100 step 0.01

P643 and P645 only.
Time multiplier setting to adjust the operating time of the IEEE/US IDMT curves

IN>1 K (RI) 38 8D |1 10.1t0 10 step 0.05

P643 and P645 only.
Time multiplier to adjust the operating time for the RI curve

IN>1 IDG Time 38 |8E 1.2 1s to 2s step 0.01s

P643 and P645 only.
Minimum operating time at high levels of fault current for the IDG curve

IN>1 ResetChar |38 | 8F |DT DT or Inverse

P643 and P645 only.
Type of reset/release characteristic of the IEEE/US curves

IN>1 tRESET 38 (90 |0 0s to 100s step 0.01s

P643 and P645 only.
Reset/release time setting for definite time reset characteristic

IN>2 Status 138 |95 | Disabled  Enabled or Disabled
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Menu Text ‘ Col ‘ Row ‘ Default Setting Available Setting

Description

P643 and P645 only.
Setting to enable or disable the second stage definite time element. If the function is disabled, all associated settings with the
exception of this setting, are hidden

DT (DT), IEC S Inverse (TMS), IEC V Inverse (TMS), IEC E
Inverse (TMS), UK LT Inverse (TMS), Rectifier (TMS), RI (K),
IEEE M Inverse (TD), IEEE V Inverse (TD), IEEE E Inverse
(TD), US Inverse (TD) or US ST Inverse (TD)

IN>2 Char 38 96 |DT

P643 and P645 only.
Tripping characteristic for the second stage earth fault protection

IN>2 Direction ‘ 38 ‘ 97 ‘ Non-Directional ‘ Non-directional, Directional Fwd or Directional Rev

P643 and P645 only.
Direction setting for the second stage earth fault protection 2

IN>2 Current 38 |98 |02 | 24A to 1200A step 3A

P643 and P645 only.
Pick-up setting for the second stage earth fault element 2

IN>2 IDG Is 38 99 |15 110 4 step 0.1

P643 and P645 only.
Multiple of IN>2 setting for the IDG curve (Scandinavia), determines the actual relay current threshold at which the element
starts

IN>2 Time Delay |38 |9A |1 | 0s to 200s step 0.01s

P643 and P645 only.
Operating time delay setting for the second stage definite time element

IN>2 TMS 38 9B |1 10.025 to 1.2 step 0.025

P643 and P645 only.
Time multiplier setting to adjust the operating time of the IEC IDMT characteristic

IN>2 Time Dial 38 |9C |1 10.01 to 100 step 0.01

P643 and P645 only.
Time multiplier setting to adjust the operating time of the IEEE/US IDMT curves

IN>2 K (RI) 38 9D |1 10.1t0 10 step 0.05

P643 and P645 only.
Time multiplier to adjust the operating time for the RI curve

IN>2 IDG Time 38 |9E 1.2 1s to 2s step 0.01s

P643 and P645 only.
Minimum operating time at high levels of fault current for the IDG curve

IN>2 ResetChar |38 |9F |DT DT or Inverse

P643 and P645 only.
Type of reset/release characteristic of the IEEE/US curves

IN>2 tRESET 38 |A0 |0 0s to 100s step 0.01s

P643 and P645 only.
Reset/release time setting for definite time reset characteristic

IN>3 Status 138 |A5 | Disabled  Enabled or Disabled

P643 and P645 only.
Setting to enable or disable the third stage definite time element. If the function is disabled, all associated settings with the
exception of this setting, are hidden

IN>3 Direction 138 |A6 | Non-Directional ' Non-directional, Directional Fwd or Directional Rev

P643 and P645 only.
Direction setting for the third stage earth fault protection 3

IN>3 Current 38 (A7 05 | 24 to 9600A step 3A

P643 and P645 only.
Pick-up setting for the third stage earth fault element 3
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Menu Text ‘ Col ‘ Row ‘ Default Setting ‘ Available Setting

Description

IN>3 Time Delay 38 A8 |0 | 0s to 200s step 0.01s

P643 and P645 only.
Operating time delay setting for the third stage definite time element

IN>4 Status 38 |AC |Disabled  Enabled or Disabled

P643 and P645 only.
Setting to enable or disable the fourth stage definite time element. If the function is disabled, all associated settings with the
exception of this setting, are hidden

IN>4 Direction ‘ 38 ‘AD ‘ Non-Directional ‘ Non-directional, Directional Fwd or Directional Rev

P643 and P645 only.
Direction setting for the fourth stage TV winding earth fault protection

IN>4 Current 38 |AE 05 | 24 to 9600A step 3A

P643 and P645 only.
Pick-up setting for the fourth stage earth fault element on the TV winding

IN>4 Time Delay |38 |AF |0 0s to 200s step 0.01s

P643 and P645 only.
Operating time delay setting for the fourth stage definite time element

IN> Func Link 38 B3 |15 | 4-bit binary setting

P643 and P645 only.
Settings that determine whether VT supervision logic signals block selected earth fault stages. When set to 1, the VTS
operation will block the stage if directionalized. When set to 0, the stage will revert to non-directional on the o

IN>DIRECTIONAL (38 |B4 |Sub-Heading ' Sub-Heading
P643 and P645 only.
IN> Char Angle 38 |B5 |60 -95° to 95° step 1°

P643 and P645 only.
Setting for the relay characteristic angle used for the directional decision

IN> Pol ‘ 38 ‘ B6 ‘ Zero Sequence ‘ Zero sequence or Neg sequence

P643 and P645 only.
Setting that determines whether the directional function uses zero sequence or negative sequence voltage polarizing

IN> VNpol Set 38 |B7 |5 0.5V to 80V step 0.5V

P643 and P645 only.
Setting for the minimum zero sequence voltage polarizing quantity for directional decision

IN> VV2pol Set 38 B8 |5 0.5V to 25V step 0.5V

P643 and P645 only.
Setting for the minimum negative sequence voltage polarizing quantity for directional decision

IN> 12pol Set 38 B9 0.08 | 24A to 300A step 3A

P643 and P645 only.
Setting for the minimum negative sequence current polarizing quantity for directional decision

Table 8 - Group 1 earth fault settings

4.8 Through Fault (TF) Monitoring Protection
Menu Text ‘ Col ‘ Row ‘ Default Setting ‘ Available Setting
Description
GROUP 1:
TF MONITORING 39 00

This column contains GROUP1: THROUGH FAULT parameters
Through Fault 39 |01 |Enabled Enabled or Disabled
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Menu Text ‘ Col ‘ Row ‘ Default Setting ‘ Available Setting
Description
Enables or disables monitoring of through faults
Monitored Input ‘ 39 ‘ 02 ‘ HV ’ HV, LV, TV or Biased Current
Selects the input winding to be monitored
TF I> Trigger 39 |03 |3.85pu 0.08pu to 20pu step 0.01pu
A through fault event is recorded if any of the phase currents is larger than this setting
TF 12t> Alarm 39 |04 [100pu 0 to 1600pu step 0.1pu

An alarm is asserted if the maximum cumulative 12t in the three phases exceeds this setting

Table 9 - Group 1 TF monitoring settings
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4.9 Residual Overvoltage (Neutral Voltage Displacement)
The Neutral Voltage Displacement (NVD) element within the relay is of two-stage design,
each stage having separate voltage and time delay settings. Stage 1 may be set to
operate on either an IDMT or DT characteristic, whilst stage 2 may be set to DT only.
Menu Text ‘ Col ‘ Row ‘ Default Setting ‘ Available Setting
Description
GROUP 1:
RESIDUAL OV NvD | 3B |00

P643 and P645 only.

This column contains GROUP 1: RESIDUAL O/V NVD parameters

VN=>1 Function

3B

14 DT | Disabled, DT or IDMT

P643 and P645 only.

Setting for the tripping characteristic of the first stage residual overvoltage element

VN>1 Voltage Set

3B

16 |5°V1 | 1*V1 to 80*V1 step 1*V1

P643 and P645 only.

Pick-up setting for the first stage residual overvoltage characteristic

VN>1 Time Delay

3B

18 | 5s 0 to 100s step 0.01s

P643 and P645 only.

Operating time delay setting for the first stage definite time residual overvoltage element

VN>1 TMS

3B

1A |1 10.5t0 100 step 0.5

P643 and P645 only.

TMS to adjust the operating time of the IDMT characteristic. The characteristic is defined as follows:

t=K/(M-=1)
where: K = TMS

t = Operating time in seconds
M = Derived residual voltage/relay setting voltage (VN> Voltage Set)

VN>1 tReset

3B

1C | 0s 0 to 100s step 0.01s

P643 and P645 only.

Setting to determine the reset or release definite time for the first stage characteristic

VN>2 Status

3B

120 | Disabled  Enabled or Disabled

P643 and P645 only.

Setting to enable or disable the second stage definite time residual overvoltage element

VN>2 Voltage Set

3B

126 | 10*V1 | 1*V1 to 80*V1 step 1*V1

P643 and P645 only.

Pick-up setting for the second stage residual overvoltage element

VN>2 Time Delay

3B

28 |10s 0to 100s step 0.01s

P643 and P645 only.

Operating time delay for the second stage residual overvoltage element

Table 10 - Group 1 residual overvoltage NVD settings
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410 Overfluxing

The P64x relays have four-stage overfluxing elements. The P642 has one overfluxing
element and the P643 and P645 may have up to two overfluxing elements.

The element measures the ratio of voltage, (VAB), to frequency i.e. (V/Hz) and operates
when this ratio exceeds the setting. The higher the voltage-to-frequency ratio, the greater
the magnetizing current that would lead to heating and possible isolation failure. One
stage can be set to operate with a Definite Time (DT) or Inverse Definite Time Delay
(IDMT), this stage can be used to provide the protection trip output. When the flux level
drops below pickup, the reset timer starts. The different stages can be combined to
create a multi-stage V/Hz trip characteristic using PSL.

Menu Text ‘ Col ‘ Row ‘ Default Setting ‘ Available Setting
Description
GROUP 1:
OVERFLUXING 3D 00

This column contains GROUP 1: OVERFLUXING parameters
Volts/Hz W1 3D |01 |Sub-Heading ' Sub-Heading

Volts/Hz Overfluxing element W1.
P643 and P645 only if the optional three-phase VT is available.

V/HZ Alm Status 3D |02 |Enabled  Enabled or Disabled

P643 and P645 only.
Enables or disables the V/Hz alarm element

V/HZ Alm Set 3D (03 |231V/HZ | 1.5V/Hz to 3.5V/Hz step 0.01V/Hz

P643 and P645 only.
Pick-up setting for the V/Hz element

VHHzAlarmDelay ~ |3D |04 |10s | 0s to 6000s step 0.1s

P643 and P645 only.
Operating time delay setting of the V/Hz alarm element

V/Hz>1 Status 3D |10 |Enabled  Enabled or Disabled

P643 and P645 only.
Enables or disables the V/Hz first stage trip element

V/Hz>1 Function 3D (13 DT DT or IDMT

P643 and P645 only.
Tripping characteristic setting of the V/Hz first stage trip element

V/Hz>1 Trip Set 3D |16 | 242V/HZ | 1.5V/Hz to 3.5V/Hz step 0.01V/Hz

P643 and P645 only.
Pick-up setting for the V/Hz first stage trip element

VHz>1 TipTMS (3D (19 |0.1 10.01 to 12 step 0.01

P643 and P645 only.
Setting for the Time Multiplier Setting (TMS) to adjust the operating time of the IDMT characteristic

V/Hz>1 Delay 3D 1A |60s | 0s to 6000s step 0.1s

P643 and P645 only.
Operating time-delay setting of the V/Hz first stage trip element

V/Hz>1 tReset ‘ 3D ‘ 1B ‘ 60s ‘ 0Os to 6000s step 0.1s

P643 and P645 only.
Reset function so the user can reset overfluxing after injection testing

V/Hz>2 Status 3D |20 |Enabled | Enabled or Disabled

P643 and P645 only.
Enables or disables the V/Hz second stage trip element

V/Hz>2 Trip Set 3D |25 |2.64V/HZ | 1.5V/Hz to 3.5V/Hz step 0.01V/Hz
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Menu Text ‘ Col ‘ Row ‘ Default Setting ‘ Available Setting

Description

P643 and P645 only.
Pick-up setting for the V/Hz second stage trip element

V/Hz>2 Delay 3D 2A [3s |05 to 6000s step 0.1s

P643 and P645 only.
Operating time delay setting of the V/Hz alarm element

V/Hz>3 Status 3D |30 |Enabled  Enabled or Disabled

P643 and P645 only.
Enables or disables the V/Hz third stage trip element

V/Hz>3 Trip Set 3D (35 |2.86V/HZ | 1.5V/Hz to 3.5V/Hz step 0.01V/Hz

P643 and P645 only.
Pick-up setting for the V/Hz third stage trip element

V/Hz>3 Delay 3D [3A |200s 0s to 6000s step 0.1s

P643 and P645 only.
Operating time delay setting of the V/Hz alarm element

V/Hz>4 Status 3D |40 |Enabled  Enabled or Disabled

P643 and P645 only.
Enables or disables the V/Hz fourth stage trip element

V/Hz>4 Trip Set 3D |45 |3.08V/HZ | 1.5V/Hz to 3.5V/Hz step 0.01V/Hz

P643 and P645 only.
Pick-up setting for the V/Hz fourth stage trip element

V/Hz>4 Delay 3D [4A |1.00s |05 to 6000s step 0.1s

P643 and P645 only.
Operating time delay setting of the V/Hz alarm element

TPre-trip Alarm 3D |4F |200s | 0s to 6000s step 0.1s

P643 and P645 only.
Pre-trip alarm time delay

Volts/Hz W2 3D |50 | |

Volts/Hz Overfluxing element W2.

V/HZ Alm Status 3D |51 |Enabled  Enabled or Disabled

Enables or disables the V/Hz alarm element

V/HZ Alm Set 3D (52 |231V/HZ | 1.5V/Hz to 3.5V/Hz step 0.01V/Hz
Pick-up setting for the V/Hz element

VHHz Alarm Delay (3D |53 | 10s |05 to 6000s step 0.1s

Operating time delay setting of the V/Hz alarm element

V/Hz>1 Status 3D |60 | Enabled  Enabled or Disabled

Enables or disables the V/Hz first stage trip element

V/Hz>1 Function 3D |63 |DT DT or IDMT

Tripping characteristic setting of the V/Hz first stage trip element

V/Hz>1 Trip Set 3D |66 |242V/HZ | 1.5V/Hz to 3.5V/Hz step 0.01V/Hz
Pick-up setting for the V/Hz first stage trip element

VHz>1TripTMS (3D |69 |0.1s 10.01 to 12 step 0.01

Setting for the time multiplier setting to adjust the operating time of the IDMT characteristic.

V/Hz>1 Delay 3D |BA | 60s | 0s to 6000s step 0.1s

Operating time delay setting of the V/Hz alarm element

V/Hz>1 tReset 3D 6B |0s |05 to 6000s step 0.1s

Reset function so the user can reset overfluxing after injection testing
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Menu Text ‘ Col ‘ Row ‘ Default Setting ‘ Available Setting
Description
V/Hz>2 Status 3D |70 |Enabled  Enabled or Disabled
Enables or disables the VV/Hz second stage trip element
V/Hz>2 Trip Set 3D |75 |264V/HZ | 1.5V/Hz to 3.5V/Hz step 0.01V/Hz
Pick-up setting for the V/Hz second stage trip element
V/Hz>2 Delay 3D [7A |3s | 0s to 6000s step 0.1s
Operating time delay setting of the V/Hz alarm element
V/Hz>3 Status 3D 80 |Enabled  Enabled or Disabled
Enables or disables the V/Hz third stage trip element
V/Hz>3 Trip Set 3D |85 |2.86V/HZ | 1.5V/Hz to 3.5V/Hz step 0.01V/Hz
Pick-up setting for the V/Hz third stage trip element
V/Hz>3 Delay 3D |8A |200s | 0s to 6000s step 0.1s
Operating time delay setting of the V/Hz alarm element
V/Hz>4 Status 3D |90 |Enabled  Enabled or Disabled
Enables or disables the V/Hz fourth stage trip element
V/Hz>4 Trip Set 3D |95 |3.08V/HZ | 1.5V/Hz to 3.5V/Hz step 0.01V/Hz
Pick-up setting for the V/Hz fourth stage trip element
V/Hz>4 Delay 3D |9A | 1.00s | 0s to 6000s step 0.1s
Operating time delay setting of the V/Hz alarm element
TPre-trip alarm 3D |9F |200s 0 to 6000s step 0.1s

Pre-trip alarm time delay

Table 11 - Group 1 overfluxing settings

4.1 Voltage Protection

One two-stage undervoltage and one two-stage overvoltage functions are available in the
P643 and P645. These can be configured to measure either phase-to-phase or phase-to-
neutral voltages. Stage 1 has inverse time-delayed characteristics and can be selected
as IDMT, DT or Disabled. Stage 2 is DT only and is enabled or disabled in the V<2
status cell. The undervoltage stages can be blocked by a Poledead Inh setting.

One single stage negative phase sequence overvoltage function is available in the P642,
P643 and P645.

Menu Text ‘ Col ‘ Row ‘ Default Setting Available Setting

Description

GROUP 1:
VOLT PROTECTION

This column contains GROUP 1: VOLT PROTECTION parameters

42 00

UNDERVOLTAGE |42 |01 |Sub-Heading ' Sub-Heading

P643 and P645 only.

UNDER VOLTAGE

V< Measur't Mode ‘ 42 ‘ 02 ‘ Phase-Neutral ‘ Phase-Phase or Phase-Neutral

P643 and P645 only.
Sets the measured input voltage used for the undervoltage elements

V< Operate Mode ‘ 42 ‘ 03 ‘ Any Phase ‘ Any-Phase or Three-phase

P643 and P645 only.
Determines whether any phase or all three phases must satisfy the undervoltage criteria before a decision is made
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Menu Text ‘ Col ‘ Row ‘ Default Setting ‘ Available Setting

Description
V<1 Function 42 |04 |DT | IDMT or DT or Disabled

P643 and P645 only.

Tripping characteristic for the first stage undervoltage function. The characteristic is defined by:

t= K/(1-M)

Where:

K=TMS

t = Operating time in seconds

M = Measured voltage/relay setting voltage (V< Voltage Set)

V<1 Voltage Set 42 |05 |50V 10V to 120V step 1V

P643 and P645 only.
Sets the pick-up setting for the first stage undervoltage element

V<1 Time Delay 42 |06 |10s 0s to 100s step 0.01s

P643 and P645 only.
Sets the operating time-delay for the first stage definite time undervoltage element

V<1 TMS 42 o7 |1 0.05 to 100 step 0.05

P643 and P645 only.
Sets the time multiplier setting to adjust the operating time of the IEC IDMT characteristic

V<1PoledeadInh |42 |08 | Enabled  Enabled or Disabled

P643 and P645 only.

If the setting is enabled, the relevant stage is inhibited by the pole dead logic. This logic produces an output when it detects
either an open circuit breaker through auxiliary contacts feeding the relay opto inputs, or it detects a combination of both
undercurrent and undervoltage on any one phase. It allows the undervoltage protection to reset when the circuit breaker opens
to cater for line or bus side VT applications.

V<2 Status 42 |09 | Disabled  Enabled or Disabled

P643 and P645 only.
Enables or disables the second stage undervoltage element

V<2 Voltage Set 42 |0A |38V |10V to 120V step 1V

P643 and P645 only.
Sets the pick-up setting for the second stage undervoltage element

V<2 Time Delay 42 0B |5s 0s to 100s step 0.01s

P643 and P645 only.
Sets the operating time-delay for the second stage definite time undervoltage element

V<2Poledead Inh |42  |0C | Enabled  Enabled or Disabled

P643 and P645 only.
This works in the same way as V<1 Poledead Inh but for V<2 Poledead Inh instead.

OVERVOLTAGE 42 |20 |Sub-Heading ' Sub-Heading

P643 and P645 only.

OVERVOLTAGE

V> Measur't Mode ‘ 42 ‘ 21 ‘ Phase-Phase ‘ Phase-Phase or Phase-Neutral

P643 and P645 only.
Sets the measured input voltage used for the overvoltage elements

V> Operate Mode ‘ 42 ‘ 22 ‘ Any Phase ‘ Any-Phase or Three-phase

P643 and P645 only.
Determines whether any phase or all three phases must satisfy the overvoltage criteria before a decision is made

V>1 Function 42 |23 |DT | IDMT or DT or Disabled
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Menu Text ‘ Col ‘ Row ‘ Default Setting Available Setting

Description

P643 and P645 only.

Tripping characteristic for the first stage overvoltage function. The characteristic is defined by:

t= K/ (M-1)

Where:

K=TMS

t = Operating time in seconds

M = Measured voltage/relay setting voltage (V<> Voltage Set)

V>1 Voltage Set 42 |24 130V |60V to 185V step 1V
P643 and P645 only.

Sets the pick-up setting for the first stage overvoltage element

V>1 Time Delay 42 |25 |10s 0s to 100s step 0.01s
P643 and P645 only.

Sets the operating time-delay for the first stage definite time overvoltage element

V>1TMS 42 26 |1 0.05 to 100 step 0.05

P643 and P645 only.
Sets the time multiplier to adjust the operating time of the IEC IDMT characteristic

V>2 Status 42 |27 | Disabled  Enabled or Disabled

P643 and P645 only.
Enables or disables the second stage overvoltage element

V>2 Voltage Set 42 |28 150V |60V to 185V step 1V

P643 and P645 only.
Sets the pick-up setting for the second stage overvoltage element

V>2 Time Delay 42 29 05 0s to 100s step 0.01s

P643 and P645 only.
Sets the operating time-delay for the second stage definite time overvoltage element

NPS OV 42 |40 | Sub-Heading ' Sub-Heading
Negative phase sequence over voltage

V2> Status 42 |41 | Disabled  Enabled or Disabled
Enable or disable the NPS OV

V2> Voltage Set 42 |42 |15V |1V to 110V step 1V
Set up the pick up setting for Negative phase sequence over voltage

V2> Time Delay 42 |43 |5s 0s to 100s step 0.01s

Set the operating time delay for the definite time stage

Table 12 - Group 1 voltage protection settings

412 Frequency Protection

The relay includes four stages of underfrequency and two stages of overfrequency
protection to facilitate load shedding and subsequent restoration. The underfrequency
stages may be optionally blocked by a pole dead (CB Open) condition.

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

Description

GROUP 1:
FREQ PROTECTION

This column contains GROUP 1: FREQ PROTECTION parameters
UNDER FREQUENCY |43 |01 | Sub-Heading Sub-Heading
UNDER FREQUENCY

43 00
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Menu Text ‘ Col ‘ Row ‘ Default Setting ‘ Available Setting
Description

F<1 Status 43 |02 |Enabled  Enabled or Disabled
Enables or disables the first stage underfrequency element
F<1 Setting 43 |03 | 49.5Hz | 46Hz to 65Hz step 0.01Hz
Determines the pick-up threshold for the first stage underfrequency element
F<1 Time Delay 43 |04 |4s 0s to 100s step 0.01s
Determines the minimum operating time-delay for the first stage underfrequency element
F<2 Status 43 |05 | Disabled  Enabled or Disabled
Enables or disables the second stage underfrequency element
F<2 Setting 43 |06 |49Hz | 46Hz to 65Hz step 0.01Hz
Determines the pick-up threshold for the second stage underfrequency element
F<2 Time Delay 43 |07 |3s 0s to 100s step 0.01s
Determines the minimum operating time-delay for the second stage underfrequency element
F<3 Status 43 |08 | Disabled  Enabled or Disabled
Enables or disables the third stage underfrequency element
F<3 Setting 43 |09 | 485Hz | 46Hz to 65Hz step 0.01Hz
Determines the pick-up threshold for the third stage underfrequency element
F<3 Time Delay 43 |0A |2s 0s to 100s step 0.01s
Determines the minimum operating time-delay for the third stage underfrequency element
F<4 Status 43 0B |Disabled  Enabled or Disabled
Determines the pick-up threshold for the fourth stage underfrequency element
F<4 Setting 43 |0C | 48Hz | 46Hz to 65Hz step 0.01Hz
Enables or disables the fourth stage underfrequency element
F<4 Time Delay 43 oD |1s 0s to 100s step 0.01s
Determines the minimum operating time-delay for the fourth stage underfrequency element
OVER FREQUENCY |43  |OF | Sub-Heading ' Sub-Heading
OVER FREQUENCY
F>1 Status 43 |10 | Enabled  Enabled or Disabled
Enables or disables the first stage overfrequency element
F>1 Setting 43 |11 | 50.5Hz | 46Hz to 65Hz step 0.01Hz
Determines the pick-up threshold for the first stage overfrequency element
F>1 Time Delay 43 12 |2s 0s to 100s step 0.01s
Determines the minimum operating time-delay for the first stage overfrequency element
F>2 Status 43 |13 | Disabled  Enabled or Disabled
Enables or disables the second stage overfrequency element
F>2 Setting 43 14 | 51Hz | 46Hz to 65Hz step 0.01Hz
Determines the pick-up threshold for the second stage overfrequency element
F>2 Time Delay ‘ 43 ‘ 15 ‘ 1s ‘ Os to 100s step 0.01s

Determines the minimum operating time-delay for the second stage overfrequency element

Table 13 - Group 1 FREQ protection settings
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413 Resistor Temperature Device (RTD) Protection

The relays can optionally provide temperature protection from 10 PT100 Resistor
Temperature Devices (RTD). Each RTD has a definite time trip and alarm stage.

MenuText ~ Col Row Default Setting | Available Setting

Description

GROUP 1:

RTD PROTECTION 44 00

This column contains GROUP 1: RTD PROTECTION parameters

10-bit binary setting:

Bit 0 - Select RTD 1, Bit 1 - Select RTD 2, Bit

Select RTD 44 101 10 2 - Select RTD 3 through to Bit 9 - Select
RTD 10

10-bit setting to enable or disable the 10 RTDs. For each bit 1 = Enabled, 0 = Disabled

RTD1PROTECTION |44 |02 | Sub-Heading ' Sub-Heading

RTD1 PROTECTION

RTD Alarm Set 44 |03 | 80°C 0° to 200°C step 1°C

Temperature setting for the RTD 1 alarm element

RTD Alarm Dy 44 |04 105 0s to 100s step 1s

Operating time delay setting for the RTD 1 alarm element

RTD Trip Set 44 |05 | 85°C 0° to 200°C step 1°C

Operating time delay setting for the RTD 1 alarm element

RTD Trip Dly 44 06 |1s 0 to 100s step 1s

Operating time delay setting for the RTD 1 alarm element

RTD2 PROTECTION |44 |07 | Sub-Heading ' Sub-Heading

RTD2 PROTECTION

RTD Alarm Set 44 |08 | 80°C 0° to 200°C step 1°C

This setting works in the same way as the RTD 1 alarm element, but for RTD 2 instead

RTD Alarm Dy 44 09 105 0s to 100s step 1s

This setting works in the same way as the RTD 1 alarm element, but for RTD 2 instead

RTD Trip Set 44 0A |85°C 0° to 200°C step 1°C

This setting works in the same way as the RTD 1 alarm element, but for RTD 2 instead

RTD Trip Dly 44 0B |1s 0s to 100s step 1s

This setting works in the same way as the RTD 1 alarm element, but for RTD 2 instead

RTD3 PROTECTION |44 | 0C | Sub-Heading ' Sub-Heading

RTD3 PROTECTION

RTD Alarm Set 44 0D | 80°C 0° to 200°C step 1°C

This setting works in the same way as the RTD 1 alarm element, but for RTD 2 instead

RTD Alarm Dy 44 |0E 105 0s to 100s step 1s

This setting works in the same way as the RTD 1 alarm element, but for RTD 2 instead

RTD Trip Set 44 |OF |85°C 0° t0 200°C step 1°C

This setting works in the same way as the RTD 1 alarm element, but for RTD 2 instead

RTD Trip Dly 44 (10 |1s 05 to 100s step 1s

This setting works in the same way as the RTD 1 alarm element, but for RTD 2 instead

RTD4 PROTECTION |44 |11 | Sub-Heading ' Sub-Heading

RTD4 PROTECTION

RTD Alarm Set 44 |12 |8O°C 0° to 200°C step 1°C
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Menu Text ‘ Col ‘ Row ‘ Default Setting ‘ Available Setting
Description

This setting works in the same way as the RTD 1 alarm element, but for RTD 2 instead
RTD Alarm Dly 44 [13 105 0s to 100s step 1s
This setting works in the same way as the RTD 1 alarm element, but for RTD 2 instead
RTD Trip Set 44 |14 85°C 0° to 200°C step 1°C
This setting works in the same way as the RTD 1 alarm element, but for RTD 2 instead
RTD Trip Dly 44 15 |1s 0s to 100s step 1s
This setting works in the same way as the RTD 1 alarm element, but for RTD 2 instead
RTD5 PROTECTION |44 |16 | Sub-Heading ' Sub-Heading
RTD5 PROTECTION
RTD Alarm Set 44 |17 |8O°C 0° to 200°C step 1°C
This setting works in the same way as the RTD 1 alarm element, but for RTD 2 instead
RTD Alarm Dy 44 18 105 0s to 100s step 1s
This setting works in the same way as the RTD 1 alarm element, but for RTD 2 instead
RTD Trip Set 44 |19 |85°C 0° to 200°C step 1°C
This setting works in the same way as the RTD 1 alarm element, but for RTD 2 instead
RTD Trip Dly 44 1A |1s 0s to 100s step 1s
This setting works in the same way as the RTD 1 alarm element, but for RTD 2 instead
RTD6 PROTECTION |44 1B | Sub-Heading ' Sub-Heading
RTD6 PROTECTION
RTD Alarm Set 44 |1C | 80°C 0° to 200°C step 1°C
This setting works in the same way as the RTD 1 alarm element, but for RTD 2 instead
RTD Alarm Dy 44 [1D |10s 0s to 100s step 1s
This setting works in the same way as the RTD 1 alarm element, but for RTD 2 instead
RTD Trip Set 44 |1E  85°C 0° to 200°C step 1°C
This setting works in the same way as the RTD 1 alarm element, but for RTD 2 instead
RTD Trip Dly 44 [1F 1s s to 100s step 1s
This setting works in the same way as the RTD 1 alarm element, but for RTD 2 instead
RTD7 PROTECTION |44 |20 | Sub-Heading ' Sub-Heading
RTD7 PROTECTION
RTD Alarm Set 44 |21 |80°C 0° t0 200°C step 1°C
This setting works in the same way as the RTD 1 alarm element, but for RTD 2 instead
RTD Alarm Dy 44 |22 105 s to 100s step 1s
This setting works in the same way as the RTD 1 alarm element, but for RTD 2 instead
RTD Trip Set 44 23 85°C 0° to 200°C step 1°C
This setting works in the same way as the RTD 1 alarm element, but for RTD 2 instead
RTD Trip Dly 44 |24 |1s 0s to 100s step 1s
This setting works in the same way as the RTD 1 alarm element, but for RTD 2 instead
RTD8 PROTECTION |44 |25 | Sub-Heading ' Sub-Heading
RTD8 PROTECTION
RTD Alarm Set 44 |26 80°C 0° to 200°C step 1°C
This setting works in the same way as the RTD 1 alarm element, but for RTD 2 instead
RTD Alarm Dy 44 |27 105 0s to 100s step 1s

This setting works in the same way as the RTD 1 alarm element, but for RTD 2 instead
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Menu Text ‘ Col ‘ Row‘ Default Setting ‘ Available Setting
Description

RTD Trip Set 44 |28 |85°C 0° to 200°C step 1°C
This setting works in the same way as the RTD 1 alarm element, but for RTD 2 instead
RTD Trip Dly 44 |29 |1s 0s to 100s step 1s
This setting works in the same way as the RTD 1 alarm element, but for RTD 2 instead
RTD9 PROTECTION |44  |2A | Sub-Heading ' Sub-Heading
RTD9 PROTECTION
RTD Alarm Set 44 [2B |80°C 0° t0 200°C step 1°C
This setting works in the same way as the RTD 1 alarm element, but for RTD 2 instead
RTD Alarm Dly 44 |2¢c 105 0s to 100s step 1s
This setting works in the same way as the RTD 1 alarm element, but for RTD 2 instead
RTD Trip Set 44 2D 85°C 0° to 200°C step 1°C
This setting works in the same way as the RTD 1 alarm element, but for RTD 2 instead
RTD Trip Dly 44 |2 |1s 0s to 100s step 1s
This setting works in the same way as the RTD 1 alarm element, but for RTD 2 instead
RTD 10 PROTECTION|44 | 2F | Sub-Heading ' Sub-Heading
RTD 10 PROTECTION
RTD Alarm Set 44 |30 | 80°C 0° to 200°C step 1°C
This setting works in the same way as the RTD 1 alarm element, but for RTD 2 instead
RTD Alarm DIy 44 (31 [10s 0 to 100s step 1s
This setting works in the same way as the RTD 1 alarm element, but for RTD 2 instead
RTD Trip Set 44 |32 85°C 0° to 200°C step 1°C
This setting works in the same way as the RTD 1 alarm element, but for RTD 2 instead
RTD Trip Dly 44 33 |1s 0s to 100s step 1s
This setting works in the same way as the RTD 1 alarm element, but for RTD 2 instead

Table 14 - Group 1 RTD protection settings

414 Circuit Breaker (CB) Failure
Current-based protection: the reset condition depends on undercurrent to determine
whether the CB has opened.

Non current-based protection: the reset criteria can be selected from a setting to
determine a CB Failure.

MenuText  Col Row Default Setting Available Setting
Description
GBPAL % o0
GROUP 1: CB FAIL
T1 CBF 45 |01 | Disabled  Enabled or Disabled
BREAKER FAIL for CT1
I< Current Set 45 02 0.1 5% to 400% step 1%
Set the CT1 under current setting
IN< Status 45 |03 | Disabled | Enabled or Disabled

Enable or Disabel the IN<
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Menu Text ‘ Col ‘ Row ‘ Default Setting ‘ Available Setting

Description

IN< Input ‘ 45 ‘ 04 ‘ Measured ‘ Measured or Derived

Set the IN input, derived or measured

IN< Terminal 45 |05 |TNA | TN1, TN2 or TN3

If for IN is measured, set the measured netrual current source

IN< CurrentSet |45 |06 0.1 5% to 400% step 1%
Set IN under current setting

CBFail1Status |45 |07 |Disabled  Enabled or Disabled
Enables or disables the first stage of the circuit breaker function

CBFail1Timer |45 |08 |0.05s 05 to 10s step 0.001s
Circuit breaker fail timer setting for stage 1, for which the initiating condition must be valid
CBFail2Status |45 |09 |Enabled  Enabled or Disabled
Enables or disables the second stage of the circuit breaker function

CBFail2Timer |45 |0A |02s 0s to 10s step 0.001s
Circuit breaker fail timer setting for stage 2, for which the initiating condition must be valid

CBF Non|Reset |45 | 0C |CBOpen & I< 1< Only, CB Open & I< or Prot Reset & |

Setting which determines the elements that reset the circuit breaker fail time for non current-based protection functions (such
as voltage and frequency) initiating circuit breaker fail conditions

CBFExtReset |45 0D |CBOpen&I< 1< Only, CB Open & I< or Prot Reset & |

Setting which determines the elements that reset the circuit breaker fail time for external protection functions initiating circuit
breaker fail conditions

T2 CBF 45 |11 | Disabled  Enabled or Disabled

I< Current Set 45 12 0.1 5% to 400% step 1%

IN< Status 45 |13 | Disabled  Enabled or Disabled

IN< Input ‘ 45 ‘ 14 ‘ Measured ‘ Measured or Derived

IN< Terminal 45 15 | TNA | TN1, TN2 or TN3

IN< CurrentSet |45 |16 | 0.1 5% to 400% step 1%

CBFail1Status |45 |17 |Disabled  Enabled or Disabled

CBFail 1 Timer |45 |18 |0.05s 0s to 10s step 0.001s

CBFail2Status |45 |19 |Enabled  Enabled or Disabled

CBFail2Timer |45 1A |0.2s | 0s to 10s step 0.001s

CBF Non | Reset ‘ 45 ‘ 1C ‘ CB Open & I< ‘ I< Only, CB Open & I< or Prot Reset & |
CBF Ext Reset ‘ 45 ‘ 1D ‘ CB Open & I< ‘ I< Only, CB Open & I< or Prot Reset & |
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Menu Text ‘ Col ‘ Row ‘ Default Setting ‘ Available Setting
Description
T3 CBF 45 |21 | Disabled | Enabled or Disabled
P643 and P645 only.
I< Current Set 45 22 |01 5% to 400% step 1%
P643 and P645 only.
IN< Status 45 |23 | Disabled  Enabled or Disabled
P643 and P645 only.
IN< Input ‘ 45 ‘ 24 ‘ Measured ‘ Measured or Derived

P643 and P645 only.

IN< Terminal 45 |25 |TN1 | TN1, TN2 or TN3
P643 and P645 only.

IN< Current Set |45 |26 |0.1 5% to 400% step 1%
P643 and P645 only.

CBFail1Status |45 27 |Disabled  Enabled or Disabled
P643 and P645 only.

CBFail 1 Timer |45 |28 |0.05s | 0s to 10s step 0.001s
P643 and P645 only.

CBFail2Status |45 |29 | Enabled  Enabled or Disabled
P643 and P645 only.

CBFail2Timer |45  |2A |0.2s 05 to 10s step 0.001s
P643 and P645 only.

CBF Non|Reset |45 |2C |CBOpen & I< 1< Only, CB Open & I< or Prot Reset & |
P643 and P645 only.

CBF Ext Reset 45 |2D |CBOpen&I< 1< Only, CB Open & I< or Prot Reset & |
P643 and P645 only.

T4 CBF 45 |31 | Disabled  Enabled or Disabled
P645 only.

I< Current Set 45 32 041 5% to 400% step 1%
P645 only.

IN< Status 45 |33 | Disabled  Enabled or Disabled
P645 only.

IN< Input ‘45 ‘ 34 ‘ Measured ’ Measured or Derived
P645 only.

IN< Terminal 45 35 |TN1 | TN1, TN2 or TN3
P645 only.

IN< CurrentSet |45 |36 |0.1 5% to 400% step 1%
P645 only.

CBFail1Status |45 |37 |Disabled | Enabled or Disabled
P645 only.

CBFail 1 Timer |45 |38 |0.05s 0s to 10s step 0.001s
P645 only.

CBFail2Status |45 |39 | Enabled  Enabled or Disabled
P645 only.

CBFail2Timer |45  |3A |0.2s | 0s to 10s step 0.001s
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Menu Text ‘ Col ‘ Row ‘ Default Setting ‘ Available Setting
Description

P645 only.

CBF Non | Reset ‘ 45 ‘ 3C ‘ CB Open & I< ‘ I< Only, CB Open & I< or Prot Reset & |

P645 only.

CBF Ext Reset ‘ 45 ‘ 3D ‘ CB Open & I< ’ I< Only, CB Open & I< or Prot Reset & |

P645 only.

T5 CBF 45 |41 |Disabled | Enabled or Disabled

P645 only.

I< Current Set 45 42 |01 5% to 400% step 1%

P645 only.

IN< Status 45 |43 | Disabled  Enabled or Disabled

P645 only.

IN< Input ‘ 45 ‘ 44 ‘ Measured ’ Measured or Derived

P645 only.

IN< Terminal 45 |45 TN | TN1, TN2 or TN3

P645 only.

IN< Current Set |45 |46 0.1 5% to 400% step 1%

P645 only.

CBFail 1Status |45 |47 |Disabled  Enabled or Disabled

P645 only.

CBFail 1 Timer |45 |48 |0.05s 0s to 10s step 0.001s

P645 only.

CBFail2Status |45 |49 |Enabled  Enabled or Disabled

P645 only.

CBFail2Timer |45  |4A [0.2s 0s to 10s step 0.001s

P645 only.

CBF Non | Reset ‘ 45 ‘ 4C ‘ CB Open & I< ’ I< Only, CB Open & I< or Prot Reset & |

P645 only.

CBF Ext Reset 45 4D | CBOpen&I< 1< Only, CB Open & I< or Prot Reset & |

P645 only.

Table 15 - Group 1 CB fail settings
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415 VT and CT Supervision

The VTS feature in the relay operates when it detects a Negative Phase Sequence (NPS)
voltage when there is no NPS current. This gives operation for the loss of one or two-
phase voltages. Stability of the VTS function is assured during system fault conditions by
the presence of the NPS current. The use of negative sequence quantities ensures
correct operation even where 3-limb or V-connected VTs are used.

If all 3-phase voltages to the relay are lost, there are no NPS quantities to operate the
VTS function, and the 3-phase voltages collapse. If this is detected without a
corresponding change in any of the phase current signals (which would indicate a fault), a
VTS condition is raised. In practice, the relay detects superimposed current signals,
which are changes in the current applied to the relay.

If a VT is inadvertently left isolated before line energization, voltage-dependent elements
may operate incorrectly. The previous VTS element detected 3-phase VT failure due to
the absence of all 3-phase voltages with no corresponding change in current. However,
on-line energization there is a change in current, for example, due to load or line charging
current. An alternative method of detecting 3-phase VT failure is therefore required on
line energization.

The absence of measured voltage on all three phases on line energization can be as a
result of two conditions. The first is a 3-phase VT failure and the second is a close-up 3-
phase fault. The first condition would require blocking of the voltage dependent function
and the second would require tripping. To differentiate between these two conditions an
overcurrent level detector (VTS I> Inhibit) is used to prevent a VTS block from being
issued if it operates. This element should be set in excess of any non-fault based currents
on line energization (load, line charging current, transformer inrush current if applicable)
but below the level of current produced by a close-up 3-phase fault. If the line is closed
where a 3-phase VT failure is present, the overcurrent detector does not operate and a
VTS block is applied. Closing onto a 3-phase fault results in operation of the overcurrent
detector and prevents a VTS block from being applied.

This logic is only enabled during a live line condition to prevent operation under dead
system conditions. A live line condition is indicated by the relay’s pole dead logic. Dead
system conditions are where no voltage is present and the VTS I> Inhibit overcurrent
element is not picked up.

Differential CTS is based on measurement of the ratio of 12 and I1 at all ends. When this
ratio is not zero, either the system has an unbalanced fault or there is a 1 or 2 phase CT
problem. In both cases, both 12 and |1 are non-zero.

If the ratio of 12 and 11 is detected at all ends, it is almost certainly a genuine fault
condition and CTS is prevented from operating. If this ratio is detected at only one end, it
could be either a CT problem or a single end-fed fault condition. 11 is therefore detected
to determine whether it is a CT problem or not.

If 11 is detected at all ends, it must be CT problem and CTS is allowed to operate. If 11 is
detected at only one end, it is either an inrush condition or a single end-fed internal fault,
therefore the CTS operation is blocked.

Menu Text ‘ Col ‘ Row ‘ Default Setting Available Setting
Description
GROUP 1:
SUPERVISION 46 00
This column contains GROUP 1: SUPERVISION parameters
VT SUPERVISION (46 |01 |Sub-Heading ' Sub-Heading

VT Supervision does not apply to P642 when the optional three-phase VT input is available. Only visible if Main VT is fitted or
P642 model with 2 VT inputs.

VTS Status 46 |02 | Indication ' Blocking or Indication or Disabled
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Menu Text ‘ Col ‘ Row ‘ Default Setting Available Setting

Description

Determines whether on detection of VTS.

» VTS logic is Disabled.

* VTS alarm is Indication only.

« Voltage-dependent protection elements are Blocked. Optional conversion of directional overcurrent to non-directional
protection (blocking mode only).

VTSResetMode |46 |03 | Manual Manual or Auto

VTS block is latched after user-settable VTS Time Delay. Once latched, the reset methods are:
Manual using the front panel interface (or remote communications).
Auto provided VTS condition has been removed and 3-phase voltages have been restored above ph

VTS Time Delay 46 |04 |5s 15 to 10s step 0.1s
Operating time delay setting of the VTS element on detection of a voltage supervision condition.
VTS I> Inhibit 46 |05 |10 0.08pu to 32pu step 0.01pu

The overcurrent setting inhibits VT supervision if all 3-phase voltages are lost, due to a close-up 3-phase fault after CB is
closed.

In P643, CT1/CT2/CT3 if the VT is in the HV, TV or LV.

In P645, CT1/CT3/CT5 if the VT is in HV, TV or LV.

VTS 12> Inhibit 46 |06 |0.05 0.05pu to 0.5pu step 0.01pu

NPS overcurrent setting inhibits VT supervision if a fault occurs with excess negative sequence current.
In P643, always referred to CT1/CT2/CT3 if the VT is in the HV, TV or LV.
In P645, always referred to CT1/CT3/CT5 if the VT is in HV, TV or LV.

CTSUPERVISION |46 |20 |Sub-Heading ' Sub-Heading

CT Supervision applies to P642, P643, P645 and P746 when the optional CT input is available.

Diff CTS 46 |21 | Enable  Enabled or Disabled
Enables or disables the CTS function

CTS Status ‘ 46 ‘ 22 ‘ Restrain ‘ Indication or Restrain

In Indication mode, the CTS alarm is issued without delay when a CT failure is detected. In restrain mode, the differential
protection is desensitised to the Is-CTS setting

CTS Tdelay 46 |23 |25 0s to 10s step 0.1s
Determines the operating time delay of the element on detection of a current transformer supervision condition
CTS I1 46 |24 0.1 5% to 100% step 1%

Set release threshold

CTS [2/11>1 46 |25 |0.05 5% to 100% step 1%

Low set ratio of negative to positive sequence current

CTS 12/11>2 46 26 0.4 5% to 100% step 1%

High set ratio of negative to positive sequence current

Table 16 - Group 1 supervision settings
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416 Input Labels

The column GROUP x INPUT LABELS is used to individually label each opto input that
is available in the relay. The text is restricted to 16 characters and is available if ‘Input
Labels’ are set visible under CONFIGURATION column.

Menu Text ‘ Col ‘ Row ‘ Default Setting Available Setting
Description
GROUP 1:
INPUT LABELS 4A 00

This column contains GROUP 1: INPUT LABELS parameters

Opto Input 1 ‘4A ‘ 01 ‘ Input L1 ‘ 16-character text string (32 to 163)
Text label to describe each individual opto input
Opto Input 2 4A 02 |Inputl2 | 16-character text string (32 to 163)
Text label to describe each individual opto input
Opto Input 3 4A 03 |Inputl3 | 16-character text string (32 to 163)
Text label to describe each individual opto input
Opto Input 4 ‘4A ‘ 04 ‘ Input L4 ‘ 16-character text string (32 to 163)
Text label to describe each individual opto input
Opto Input 5 ‘4A ‘ 05 ‘ Input L5 ‘ 16-character text string (32 to 163)
Text label to describe each individual opto input
Opto Input 6 4A 06 |Inputl6 | 16-character text string (32 to 163)
Text label to describe each individual opto input
Opto Input 7 ‘4A ‘ 07 ‘ Input L7 ‘ 16-character text string (32 to 163)
Text label to describe each individual opto input
Opto Input 8 ‘4A ‘ 08 ‘ Input L8 ‘ 16-character text string (32 to 163)
Text label to describe each individual opto input
Opto Input 9 ‘4A ‘ 09 ‘ Input L9 ‘ 16-character text string (32 to 163)
Text label to describe each individual opto input
Opto Input 10 4A [0A |InputL10 | 16-character text string (32 to 163)
Text label to describe each individual opto input
Opto Input 11 4A 0B |InputL11 | 16-character text string (32 to 163)
Text label to describe each individual opto input
Opto Input 12 ‘4A ‘ oC ‘ Input L12 ‘ 16-character text string (32 to 163)
Text label to describe each individual opto input
Opto Input 13 ‘4A ‘ 0D ‘ Input L13 ‘ 16-character text string (32 to 163)
Text label to describe each individual opto input
Opto Input 14 4A |OE |InputL14 | 16-character text string (32 to 163)
Text label to describe each individual opto input
Opto Input 15 4A  |OF |InputL15 | 16-character text string (32 to 163)
Text label to describe each individual opto input
Opto Input 16 4A |10 |InputL16 | 16-character text string (32 to 163)
Text label to describe each individual opto input
Opto Input 17 4A |11 |InputL17 | 16-character text string (32 to 163)
Text label to describe each individual opto input
Opto Input 18 4A 12 |InputL18 | 16-character text string (32 to 163)
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Menu Text ‘ Col ‘Row‘

Default Setting

| Available Setting

Description

Text label to describe each individual opto input

Opto Input 19 ‘4A ‘ 13 ‘ Input L19 ‘ 16-character text string (32 to 163)
Text label to describe each individual opto input
Opto Input 20 ‘4A ‘ 14 ‘ Input L20 ‘ 16-character text string (32 to 163)
Text label to describe each individual opto input
Opto Input 21 4A |15 |InputL21 | 16-character text string (32 to 163)
Text label to describe each individual opto input
Opto Input 22 4A |16 | InputL22 | 16-character text string (32 to 163)
Text label to describe each individual opto input
Opto Input 23 ‘4A ‘ 17 ‘ Input L23 ‘ 16-character text string (32 to 163)
Text label to describe each individual opto input
Opto Input 24 ‘4A ‘ 18 ‘ Input L24 ‘ 16-character text string (32 to 163)
Text label to describe each individual opto input
Opto Input 25 4A |19 |InputL25 | 16-character text string (32 to 163)
Text label to describe each individual opto input
Opto Input 26 4A 1A |InputL26 | 16-character text string (32 to 163)
Text label to describe each individual opto input
Opto Input 27 ‘4A ‘ 1B ‘ Input L27 ‘ 16-character text string (32 to 163)
Text label to describe each individual opto input
Opto Input 28 ‘4A ‘ 1C ‘ Input L28 ‘ 16-character text string (32 to 163)
Text label to describe each individual opto input
Opto Input 29 4A 1D |InputL29 | 16-character text string (32 to 163)
Text label to describe each individual opto input
Opto Input 30 ‘4A ‘ 1E ‘ Input L30 ‘ 16-character text string (32 to 163)
Text label to describe each individual opto input
Opto Input 31 ‘4A ‘ 1F ‘ Input L31 ‘ 16-character text string (32 to 163)
Text label to describe each individual opto input
Opto Input 32 4A |20 |InputL32 | 16-character text string (32 to 163)

Text label to describe each individual opto input

Table 17 - Input label settings

417 Output Labels

The column GROUP x OUTPUT LABELS is used to individually label each output relay
that is available in the relay. The text is restricted to 16 characters and is available if
‘Output Labels’ are set visible under CONFIGURATION column.

MenuText  Col Row| Default Setting Available Setting
Description
GROUP 1:
ouTPuT LABELS 4B |00

This column contains GROUP 1: OUTPUT LABELS parameters

Relay 1 4B

101 | Output R1 Not Used

16-character text string (32 to 163)
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Menu Text ‘ Col ‘ Row ‘ Default Setting Available Setting

Description

P642, P643, P645 and P746.
Text label to describe each individual relay output contact. This text is displayed in the programmable scheme logic and event
record description of the relay output contact

Relay 2 4B |02 | Output R2 Not Used | 16-character text string (32 to 163)
This works in the same way as Relay 1.
Relay 3 ‘4B ‘ 03 ‘ Output R3 Not Used ‘ 16-character text string (32 to 163)
This works in the same way as Relay 1.
Relay 4 ‘4B ‘ 04 ‘ Output R4 Not Used ‘ 16-character text string (32 to 163)
This works in the same way as Relay 1.
Relay 5 4B |05 |Output R5 Not Used | 16-character text string (32 to 163)
This works in the same way as Relay 1.
Relay 6 ‘48 ‘ 06 ‘ Output R6 Not Used ‘ 16-character text string (32 to 163)
This works in the same way as Relay 1.
Relay 7 ‘4B ‘ 07 ‘ Output R7 Not Used ‘ 16-character text string (32 to 163)
This works in the same way as Relay 1.
Relay 8 ‘4B ‘ 08 ‘ Output R8 Not Used ‘ 16-character text string (32 to 163)
This works in the same way as Relay 1.
Relay 9 4B |09 |Output R9 Not Used | 16-character text string (32 to 163)
This works in the same way as Relay 1.
Relay 10 4B |0A | Output R10 Not Used | 16-character text string (32 to 163)
This works in the same way as Relay 1.
Relay 11 ‘4B ‘ 0B ‘ Output R11 Not Used ‘ 16-character text string (32 to 163)
This works in the same way as Relay 1.
Relay 12 4B |0C | Output R12 Not Used | 16-character text string (32 to 163)
This works in the same way as Relay 1.
Relay 13 4B 0D | Output R13 Not Used | 16-character text string (32 to 163)

P643, P645 and P746 only.
Text label to describe each individual relay output contact. This text is displayed in the programmable scheme logic and event
record description of the relay output contact

Relay 14 4B |OE | Output R14 Not Used | 16-character text string (32 to 163)

P643, P645 and P746 only.
This works in the same way as Relay 12.

Relay 15 4B |OF | Output R15 Not Used | 16-character text string (32 to 163)

P643, P645 and P746 only.
This works in the same way as Relay 12.

Relay 16 ‘48 ‘ 10 ‘ Output R16 Not Used ‘ 16-character text string (32 to 163)

P643, P645 and P746 only.
This works in the same way as Relay 12.

Relay 17 ‘48 ‘ 11 ‘ Output R17 Not Used ‘ 16-character text string (32 to 163)

P643, P645 and P746 only.
This works in the same way as Relay 12.

Relay 18 4B |12 | Output R18 Not Used | 16-character text string (32 to 163)

P643, P645 and P746 only.
This works in the same way as Relay 12.

Relay 19 4B |13 | Output R19 Not Used | 16-character text string (32 to 163)
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Menu Text ‘ Col ‘ Row ‘ Default Setting Available Setting

Description

P643, P645 and P746 only.
This works in the same way as Relay 12.

Relay 20 ‘4B ‘ 14 ‘ Output R20 Not Used ‘ 16-character text string (32 to 163)

P643, P645 and P746 only.
This works in the same way as Relay 12.

Relay 21 ‘4B ‘ 15 ‘ Output R21 Not Used ‘ 16-character text string (32 to 163)

P643, P645 and P746 only.
This works in the same way as Relay 12.

Relay 22 ‘4B ‘ 16 ‘ Output R22 Not Used ‘ 16-character text string (32 to 163)

P643, P645 and P746 only.
This works in the same way as Relay 12.

Relay 23 ‘4B ‘ 17 ‘ Output R23 Not Used ‘ 16-character text string (32 to 163)

P643, P645 and P746 only.
This works in the same way as Relay 12.

Relay 24 4B |18 | Output R24 Not Used | 16-character text string (32 to 163)

P643, P645 and P746 only.
This works in the same way as Relay 12.

Relay 25 4B |19 | Output R25 Not Used | 16-character text string (32 to 163)

P645 and P746 only.
Text label to describe each individual relay output contact. This text is displayed in the programmable scheme logic and event
record description of the relay output contact

Relay 26 4B 1A | Output R26 Not Used | 16-character text string (32 to 163)

P645 and P746 only.
This works in the same way as Relay 19.

Relay 27 ‘48 ‘ 1B ‘ Output R27 Not Used ‘ 16-character text string (32 to 163)

P645 and P746 only.
This works in the same way as Relay 19.

Relay 28 ‘48 ‘ 1C ‘ Output R28 Not Used ‘ 16-character text string (32 to 163)

P645 and P746 only.
This works in the same way as Relay 19.

Relay 29 ‘48 ‘ 1D ‘ Output R29 Not Used ‘ 16-character text string (32 to 163)

P645 and P746 only.
This works in the same way as Relay 19.

Relay 30 ‘48 ‘ 1E ‘ Output R30 Not Used ‘ 16-character text string (32 to 163)

P645 and P746 only.
This works in the same way as Relay 19.

Relay 31 ‘48 ‘ 1F ‘ Output R31 Not Used ‘ 16-character text string (32 to 163)

P645 and P746 only.
This works in the same way as Relay 19.

Relay 32 4B |20 | Output R32 Not Used | 16-character text string (32 to 163)

P645 and P746 only.
This works in the same way as Relay 19.

Table 18 - Output label settings
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418 RTD Labels
Menu Text ‘ Col ‘ Row ‘ Default Setting Available Setting
Description
RTDLABELS | 4C 00
This column contains GROUP 1: RTD LABELS parameters
RTD 1 4c |01 |RTD1 | 16-character text string (32 to 163)

Text label to describe each individual RTD. This text is displayed in the Measurements 3 menu and fault records for the
description of the RTDs.

RTD 2 4c |02 |RTD2 | 16-character text string (32 to 163)
This works in the same way as RTD 1.
RTD 3 4c |03 |RTD3 | 16-character text string (32 to 163)
This works in the same way as RTD 1.
RTD 4 4c |04 RTD4 | 16-character text string (32 to 163)
This works in the same way as RTD 1.
RTD 5 4c |05 RTDS | 16-character text string (32 to 163)
This works in the same way as RTD 1.
RTD 6 4c |08 RTD®G | 16-character text string (32 to 163)
This works in the same way as RTD 1.
RTD 7 4c |07 RTD7 | 16-character text string (32 to 163)
This works in the same way as RTD 1.
RTD 8 4c |08 RTDB | 16-character text string (32 to 163)
This works in the same way as RTD 1.
RTD 9 4c |09 RTDO | 16-character text string (32 to 163)
This works in the same way as RTD 1.
RTD 10 4c oA |RTD10 | 16-character text string (32 to 163)

This works in the same way as RTD 1.
Table 19 - RTD label settings
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4.19 Current Loop Inputs and Outputs (CLIO) Protection

Four analog or current loop inputs are optionally provided for transducers with ranges of
0to 1 mA, 0to 10 mA, 0 to 20 mA or 4 to 20 mA. The analog inputs can be used for
various transducers such as vibration monitors, tachometers, pressure and temperature
transducers. Associated with each input there are two protection stages, one for alarm
and one for trip. Each stage can be individually enabled or disabled, and each stage has
a Definite Time delay setting. The Alarm and Trip stages can be set for operation when
the input value falls below the Alarm/Trip threshold Under or when the input current is
above the input value Over. The 4 to 20 mA input has an undercurrent alarm element
which can be used to indicate a fault with the transducer or wiring.

There are four analog current outputs with ranges of 0 to 1 mA, 0 to 10 mA, 0 to 20 mA or
4 to 20 mA, which can reduce the need for separate transducers. These outputs can be
fed to standard moving coil ammeters for analog measurements or to a SCADA system
using an existing analog RTU.

Menu Text ‘ Col ‘ Row ‘ Default Setting Available Setting

Description

GROUP 1:
CLIO PROTECTION

This column contains GROUP 1: CLIO PROTECTION parameters

4D 00

CLI1 PROTECTION 4D |01 | Sub-Heading ' Sub-Heading

CLI1 PROTECTION

CLI Input Status 4D |02 |Enabled  Enabled or Disabled

Enables or disables the current loop (transducer) input 1 element

CLI Input Type 4D |04 |4-20mA 10 to 1mA, 0 to 10mA, 0 to 20mA or 4 to 20mA
Current loop 1 input type

CLI Input Label 4D 06 |CLIO Input 1 | 16-character text string (32 to 163)

Current loop 1 input description. The minimum and maximum settings define the range but they have no units. The user can
use the label to enter the transducer function and unit of measurement

CLI Minimum 4D |08 |0 -9999 to 9999 step 0.1
Current loop input 1 minimum setting. Defines the lower range of the physical or electrical quantity measured by the transducer
CLI Maximum 4D [0A [100 -9999 to 9999 step 0.1

Current loop input 1 maximum setting. Defines the upper range of the physical or electrical quantity measured by the
transducer

CLI Alarm 4D |0C | Disabled  Enabled or Disabled
Enables or disables the current loop input 1 alarm element
CLI Alarm Fn ‘ 4D ‘ OE ‘ Over ‘ Over or Under

Operating mode of the current loop input 1 alarm element

From "MIN(CLI1Min, Max)" to "MAX(CLI1Min,

CLI Alarm Set 4D 10 |50 Max))" step 0.1

Pick-up setting for the current loop input 1 alarm element

CLIAlarmDelay 4D |12 |1 | 0s to 100s step 0.1s
Operating time-delay setting of current loop input 1 alarm element

CLI Trip 4D |14 | Disabled | Enabled or Disabled
Pick-up setting for the current loop input 1 trip element

CLI Trip Fn 4D |16 | Over | Over or Under

Operating mode of the current loop input 1 alarm element

From "MIN(CLI1Min, Max)" to "MAX(CLI1Min,

CLI Trip Set 4D 18 |60 Max))" step 0.1

Page (ST) 4-64 P64x/EN ST/E93 (P642, P643 & P645)



Grouped Protection Settings (ST) 4 Settings

Menu Text ‘ Col ‘ Row ‘ Default Setting ‘ Available Setting
Description
Pick-up setting for the current loop input 1 trip element
CLI Trip Delay 4D 1A 0 05 to 100s step 0.1s
Operating mode of the current loop input 1 trip element
CLI I< Alarm 4D |1C |Disabled  Enabled or Disabled
Enables or disables the current loop input 1 undercurrent element used to supervise the 4-20 mA input only
CLI I< Alm Set 4D 1E |0.0035 | OMA to 4mA step 0.1mA
Pick-up setting for the current loop input 1 undercurrent element. (4 - 20 mA input only)
CLI2PROTECTION 4D |21 | Sub-Heading ' Sub-Heading
CLI2 PROTECTION
CLI Input Status 4D |22 | Enabled | Enabled or Disabled
Enables or disables the current loop (transducer) input 1 element
CLI Input Type 4D |24 |4-20mA |0to 1mA, 0 to 10mA, 0 to 20mA or 4 to 20mA
Current loop 1 input type
CLI Input Label 4D |26 | CLIO Input2 | 16-character text string (32 to 163)

Current loop 1 input description. The minimum and maximum settings define the range but they have no units. The user can
use the label to enter the transducer function and unit of measurement

CLI Minimum 4D 28 |0 -9999 to 9999 step 0.1

Current loop input 1 minimum setting. Defines the lower range of the physical or electrical quantity measured by the transducer

CLI Maximum 4D |2A [100 -9999 to 9999 step 0.1

Current loop input 1 maximum setting. Defines the upper range of the physical or electrical quantity measured by the
transducer

CLI Alarm 4D | 2C |Disabled  Enabled or Disabled
Enables or disables the current loop input 1 alarm element
CLI Alarm Fn 4D |2E |Over | Over or Under

Operating mode of the current loop input 1 alarm element

From "MIN(CLI2Min, Max)" to "MAX(CLI2Min,

CLI Alarm Set 4D 30 |50 Max))" step 0.1

Pick-up setting for the current loop input 1 alarm element

CLIAlarmDelay 4D |32 |1s 0s to 100s step 0.1s
Operating time-delay setting of current loop input 1 alarm element

CLI Trip 4D |34 |Disabled  Enabled or Disabled
Pick-up setting for the current loop input 1 trip element

CLI Trip Fn ‘ 4D ‘ 36 ‘ Over ‘ Over or Under

Operating mode of the current loop input 1 alarm element

From "MIN(CLI2Min, Max)" to "MAX(CLI2Min,

CLI Trip Set 4D 38 |60 Max))" step 0.1

Pick-up setting for the current loop input 1 trip element

CLI Trip Delay 4D [3A |0s s to 100s step 0.1s
Operating mode of the current loop input 1 trip element

CLI I< Alarm 4D |3C |Disabled  Enabled or Disabled
Enables or disables the current loop input 1 undercurrent element used to supervise the 4-20 mA input only
CLI I< Aim Set 4D |3E |0.0035 | OMA to 4mA step 0.1mA
Pick-up setting for the current loop input 1 undercurrent element. (4 - 20 mA input only)
CLI3PROTECTION 4D |41 | Sub-Heading | Sub-Heading
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Menu Text ‘ Col ‘ Row ‘ Default Setting ‘ Available Setting
Description

CLI3 PROTECTION
CLI Input Status 4D |42 | Enabled  Enabled or Disabled
Enables or disables the current loop (transducer) input 1 element
CLI Input Type 4D |44 |4-20mA |0to 1A, 0 to 10mA, 0 to 20mA or 4 to 20mA
Current loop 1 input type
CLI Input Label 4D |46 | CLIO Input3 | 16-character text string (32 to 163)

Current loop 1 input description. The minimum and maximum settings define the range but they have no units. The user can
use the label to enter the transducer function and unit of measurement

CLI Minimum 4D 48 |0 -9999 to 9999 step 0.1

Current loop input 1 minimum setting. Defines the lower range of the physical or electrical quantity measured by the transducer

CLI Maximum 4D [4A 100 -9999 to 9999 step 0.1

Current loop input 1 maximum setting. Defines the upper range of the physical or electrical quantity measured by the
transducer

CLI Alarm 4D | 4C |Disabled  Enabled or Disabled
Enables or disables the current loop input 1 alarm element
CLI Alarm Fn ‘ 4D ‘4E ‘ Over ‘ Over or Under

Operating mode of the current loop input 1 alarm element

From "MIN(CLI3Min, Max)" to "MAX(CLI3Min,

CLI Alarm Set 4D 50 |50 Max))" step 0.1

Pick-up setting for the current loop input 1 alarm element

CLIAlarmDelay 4D |52 |1s | 0s to 100s step 0.1s
Operating time-delay setting of current loop input 1 alarm element

CLI Trip 4D |54 |Disabled  Enabled or Disabled
Pick-up setting for the current loop input 1 trip element

CLI Trip Fn ‘ 4D ‘ 56 ‘ Over ‘ Over or Under

Operating mode of the current loop input 1 alarm element

From "MIN(CLI3Min, Max)" to "MAX(CLI3Min,

CLI Trip Set 4D 58 |60 Max))" step 0.1

Pick-up setting for the current loop input 1 trip element

CLI Trip Delay 4D |5A | 0s | 0s to 100s step 0.1s

Operating mode of the current loop input 1 trip element

CLI I< Alarm 4D | 5C |Disabled  Enabled or Disabled

Enables or disables the current loop input 1 undercurrent element used to supervise the 4-20 mA input only

CLI 1< Alm Set 4D |5E |0.0035 | OmA to 4mA step 0.TmA

Pick-up setting for the current loop input 1 undercurrent element. (4 - 20 mA input only)

CLI4 PROTECTION 4D |61 | Sub-Heading ' Sub-Heading

CLI4 PROTECTION

CLI Input Status 4D |62 |Enabled  Enabled or Disabled

Enables or disables the current loop (transducer) input 1 element

CLI Input Type 4D |64 |4-20mA |0 to 1mA, 0 to 10mA, 0 to 20mA or 4 to 20mA
Current loop 1 input type

CLI Input Label 4D |66 | CLIO Input 4 | 16-character text string (32 to 163)

Current loop 1 input description. The minimum and maximum settings define the range but they have no units. The user can
use the label to enter the transducer function and unit of measurement

-9999 to 9999 step 0.1

CLI Minimum 4D |68 |0
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Menu Text ‘ Col ‘ Row ‘ Default Setting ‘ Available Setting

Description

Current loop input 1 minimum setting. Defines the lower range of the physical or electrical quantity measured by the transducer
CLI Maximum 4D |6A 100 -9999 to 9999 step 0.1

Current loop input 1 maximum setting. Defines the upper range of the physical or electrical quantity measured by the
transducer

CLI Alarm 4D | 6C |Disabled  Enabled or Disabled
Enables or disables the current loop input 1 alarm element
CLI Alarm Fn 4D |6E |Over | Over or Under

Operating mode of the current loop input 1 alarm element

From "MIN(CLI4Min, Max)" to "MAX(CLI4Min,

CLI Alarm Set 4D 70 |50 Max))" step 0.1

Pick-up setting for the current loop input 1 alarm element

CLIAlarmDelay 4D |72 |f1s 0s to 100s step 0.1s
Operating time-delay setting of current loop input 1 alarm element

CLI Trip 4D |74 |Disabled  Enabled or Disabled
Pick-up setting for the current loop input 1 trip element

CLI Trip Fn ‘ 4D ‘ 76 ‘ Over ‘ Over or Under

Operating mode of the current loop input 1 alarm element

From "MIN(CLI4Min, Max)" to "MAX(CLI4Min,

CLI Trip Set 4D |78 |60 Max))" step 0.1

Pick-up setting for the current loop input 1 trip element

CLI Trip Delay 4D |[7A |0s |05 to 100s step 0.1s
Operating mode of the current loop input 1 trip element

CLI I< Alarm 4D | 7C |Disabled  Enabled or Disabled

Enables or disables the current loop input 1 undercurrent element used to supervise the 4-20 mA input only
CLI I< Alm Set 4D |7E |0.0035 | OmA to 4mA step 0.1TmA
Pick-up setting for the current loop input 1 undercurrent element. (4 - 20 mA input only)

CLO OUTPUTH 4D |9F |Sub-Heading ' Sub-Heading

CLO OUTPUT1

CLO Status 4D |AO | Disabled | Enabled or Disabled

Enable or disables the current loop (transducer) output 1 element

CLO Type 4D A2 |4-20mA |0 to 1mA, 0 to 10mA, 0 to 20mA or 4 to 20mA
Current loop 1 output type

CLO Set Values ‘ 4D ‘A4 ‘ Primary ‘ Primary or Secondary

This setting controls if the measured values from current loop output 1 are Primary or Secondary values

CLO Parameter ‘ 4D ‘Aﬁ ‘ IA Magnitude ‘ See CLIO measurement table
This setting defines the measured quantity assigned to current loop output 1

CLO Minimum ‘ 4D ‘AS ‘ See G155 table ‘ See CLIO measurement table
Current loop output 1 minimum setting. Defines the lower range of the measurement

CLO Maximum ‘ 4D ‘AA ‘ See G155 table ‘ See CLIO measurement table
Current loop output 1 maximum setting. Defines the upper range of the measurement

CLO OUTPUT2 4D |AF | Sub-Heading | Sub-Heading

CLO OUTPUT2

CLO Status 4D |BO |Disabled | Enabled or Disabled

Enable or disables the current loop (transducer) output 1 element

P64x/EN ST/E93 (P642, P643 & P645) Page (ST) 4-67



(ST) 4 Settings Grouped Protection Settings

Menu Text ‘ Col ‘ Row ‘ Default Setting ‘ Available Setting
Description
CLO Type 4D B2 |4-20mA |0to 1mA, 0 to 10mA, 0 to 20mA or 4 to 20mA
Current loop 1 output type
CLO Set Values ‘ 4D ‘ B4 ‘ Primary ‘ Primary or Secondary
This setting controls if the measured values from current loop output 1 are Primary or Secondary values
CLO Parameter 4D |B6 |IB Magnitude  See CLIO measurement table
This setting defines the measured quantity assigned to current loop output 1
CLO Minimum ‘ 4D ‘ B8 ‘ See G155 table ‘ See CLIO measurement table
Current loop output 1 minimum setting. Defines the lower range of the measurement
CLO Maximum ‘ 4D ‘ BA ‘ See G155 table ‘ See CLIO measurement table
Current loop output 1 maximum setting. Defines the upper range of the measurement
CLO OUTPUT3 4D |BF |Sub-Heading ' Sub-Heading
CLO OUTPUT3
CLO Status 4D |CO | Disabled  Enabled or Disabled
Enable or disables the current loop (transducer) output 1 element
CLO Type 4D |C2 |4-20mA 10 to 1A, 0 to 10mA, 0 to 20mA or 4 to 20mA
Current loop 1 output type
CLO Set Values ‘ 4D ‘ C4 ‘ Primary ‘ Primary or Secondary
This setting controls if the measured values from current loop output 1 are Primary or Secondary values
CLO Parameter ‘ 4D ‘ C6 ‘ IC Magnitude ‘ See CLIO measurement table
This setting defines the measured quantity assigned to current loop output 1
CLO Minimum ‘ 4D ‘ Cc8 ‘ See G155 Table ‘ See CLIO measurement table
Current loop output 1 minimum setting. Defines the lower range of the measurement
CLO Maximum ‘ 4D ‘ CA ‘ See G155 Table ‘ See CLIO measurement table
Current loop output 1 maximum setting. Defines the upper range of the measurement
CLO OUTPUT4 4D | CF |Sub-Heading ' Sub-Heading
CLO OUTPUT4
CLO Status 4D DO | Disabled  Enabled or Disabled
Enable or disables the current loop (transducer) output 1 element
CLO Type 4D D2 |4-20mA 10 to 1A, 0 to 10mA, 0 to 20mA or 4 to 20mA
Current loop 1 output type
CLO Set Values ‘ 4D ‘ D4 ‘ Primary ‘ Primary or Secondary
This setting controls if the measured values from current loop output 1 are Primary or Secondary values
CLO Parameter ‘ 4D ‘ D6 ‘ IN Measured Mag ‘ See CLIO measurement table
This setting defines the measured quantity assigned to current loop output 1
CLO Parameter ‘4D ‘ D6 ‘ IN Derived Mag ‘ See CLIO measurement table
P642 only.
This setting defines the measured quantity assigned to current loop output 1
CLO Minimum ‘ 4D ‘ D8 ‘ See G155 Table ‘ See CLIO measurement table
Current loop output 1 minimum setting. Defines the lower range of the measurement
CLO Maximum ‘ 4D ‘ DA ‘ See G155 Table ‘ See CLIO measurement table

Current loop output 1 maximum setting. Defines the upper range of the measurement

Table 20 - Group 1 CLIO Protection Settings
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The CLIO output measurements are updated using a software timer every 50 ms. The CLIO protection is called

every cycle (20 ms).

Current loop output parameters are shown in the following table:

R B O Unit Min. Max. Step  Defaultmin. ~ Dorault
IA-1 Magnitude A 0 16 In 0.011n 0 1.21n
IB-1 Magnitude A 0 16 In 0.011n 0 1.21n
IC-1 Magnitude A 0 16 In 0.011In 0 1.21In
IA-2 Magnitude A 0 16 In 0.011In 0 1.21n
IB-2 Magnitude A 0 16 In 0.011In 0 1.21n
IC-2 Magnitude A 0 16 In 0.011n 0 1.21n
IA-3 Magnitude A 0 16 In 0.011n 0 1.21n
IB-3 Magnitude A 0 16 In 0.011In 0 1.21n
IC-3 Magnitude A 0 16In 0.011In 0 1.21n
IA-4 Magnitude A 0 16In 0.011In 0 1.21In
IB-4 Magnitude A 0 16In 0.011In 0 1.21In
IC-4 Magnitude A 0 16In 0.011In 0 1.21In
IA-5 Magnitude A 0 16In 0.011In 0 1.21n
IB-5 Magnitude A 0 16In 0.011In 0 1.21n
IC-5 Magnitude A 0 16In 0.011In 0 1.21In
11-1 Magnitude A 0 16In 0.011In 0 1.21In
[2-1 Magnitude A 0 16In 0.011In 0 1.21n
10-1 Magnitude A 0 16In 0.011In 0 1.21n
11-2 Magnitude A 0 16 In 0.011In 0 1.21In
12-2 Magnitude A 0 16 In 0.011In 0 1.21In
10-2 Magnitude A 0 16In 0.011In 0 1.21In
[1-3 Magnitude A 0 16In 0.011In 0 1.21n
12-3 Magnitude A 0 16In 0.011In 0 1.21n
10-3 Magnitude A 0 16In 0.011In 0 1.21In
11-4 Magnitude A 0 16In 0.011In 0 1.21In
12-4 Magnitude A 0 16In 0.011In 0 1.21n
10-4 Magnitude A 0 16In 0.011In 0 1.21n
11-5 Magnitude A 0 16In 0.011In 0 1.21In
12-5 Magnitude A 0 16In 0.011In 0 1.21In
10-5 Magnitude A 0 16In 0.011In 0 1.21In
IA HV Magnitude A 0 16In 0.011In 0 1.21n
IB HV Magnitude A 0 16In 0.011In 0 1.21n
IC HV Magnitude A 0 16In 0.011In 0 1.21In
IN HV Measured Mag A 0 16In 0.011In 0 1.21In
IN HV Derived Mag A 0 16In 0.011In 0 1.21n
IA LV Magnitude A 0 16In 0.011In 0 1.21n
IB LV Magnitude A 0 16In 0.011In 0 1.21n
IC LV Magnitude A 0 16In 0.011In 0 1.21n
IN LV Measured Mag A 0 16In 0.011In 0 1.21n
IN LV Derived Mag A 0 16In 0.011In 0 1.21n
IA TV Magnitude A 0 16In 0.011In 0 1.21n
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Current loop output Unit Min. Max. Step Default min, |  Default
measurement max.

IB TV Magnitude A 0 16In 0.011In 0 1.21n
IC TV Magnitude A 0 16In 0.011n 0 1.21n
IN TV Measured Mag A 0 16In 0.011n 0 1.21n
IN TV Derived Mag A 0 16In 0.011n 0 1.21n
VAB Magnitude \Y 0 200 Vn 0.1Vn 0 140 Vn
VBC Magnitude \Y 0 200 Vn 0.1Vn 0 140 Vn
VCA Magnitude v 0 200 Vn 0.1Vn 0 140 Vn
VAN Magnitude v 0 200 Vn 0.1Vn 0 80 Vn
VBN Magnitude \Y 0 200 Vn 0.1Vn 0 80 Vn
VCN Magnitude \Y 0 200 Vn 0.1Vn 0 80 Vn
Vx Magnitude v 0 200 Vn 0.1Vn 0 80 Vn
VN Derived Mag v 0 200 Vn 0.1Vn 0 80Vn
V1 Magnitude \Y 0 200 Vn 0.1Vn 0 80Vn
V2 Magnitude v 0 200 Vn 0.1Vn 0 80 Vn
V0 Magnitude v 0 200 Vn 0.1Vn 0 80 Vn
VAN RMS v 0 200 Vn 0.1Vn 0 80 Vn
VBN RMS v 0 200 Vn 0.1Vn 0 80 Vn
VCN RMS v 0 200 Vn 0.1Vn 0 80 Vn
Frequency Hz 0 70 0.01 45 65
RTD 1 °C -40 300 0.1 0 200
RTD 2 °C -40 300 0.1 0 200
RTD 3 °C -40 300 0.1 0 200
RTD 4 °C -40 300 0.1 0 200
RTD 5 °C -40 300 0.1 0 200
RTD 6 °C -40 300 0.1 0 200
RTD7 °C -40 300 0.1 0 200
RTD 8 °C -40 300 0.1 0 200
RTD9 °C -40 300 0.1 0 200
RTD 10 °C -40 300 0.1 0 200
CL Input 1 -9999 9999 0.1 0 9999
CL Input 2 -9999 9999 0.1 0 9999
CL Input 3 -9999 9999 0.1 0 9999
CL Input 4 -9999 9999 0.1 0 9999
Volts/Hz W1 VIHz 0 20 0.01 0 4
VHz W1 Thermal % 0 200 0.01 0 120
Volts/Hz W2 VIHz 0 20 0.01 0 4
V/[Hz W2 Thermal % 0 200 0.01 0 120
Hot Spot T °C -40 300 0.1 0 200
TopQil T °C -40 300 0.1 0 200
Ambient T °C -40 300 0.1 0 200
LOL Status Hr 1 300000 1 1 300000

Note These settings are for nominal 1A and 100/120 V versions only. For other nominal versions they need to be multiplied accordingly.

Table 21 - Current loop output measurements
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5 CONTROL AND SUPPORT SETTINGS

The control and support settings are part of the main menu and are used to configure
the global configuration for the relay. It includes submenu settings as shown here.

. Relay function configuration settings
] Open/close circuit breaker

. CT & VT ratio settings

" Reset LEDs

= Active protection setting group

" Password & language settings

" Circuit breaker control & monitoring settings

= Communications settings

= Measurement settings

" Event & fault record settings

" User interface settings

= Commissioning settings

5.1 System Data
This menu provides information for the device and general status of the relay.
Menu Text ‘ Col ‘ Row ‘ Default Setting ‘ Available Setting

Description

SYSTEMDATA (00 |00 | |

This column contains general system settings

Language ‘ 00 ‘ 01 ‘ English ‘ English, Francais, Deutsch or Espafiol

The default language used by the device. Selectable as English, French, German, Spanish.
Sys Fn Links ‘ 00 ‘ 03 ‘ 0 = Latched ‘ 0 = latched or 1 = self-reset

Setting to allow the fixed function trip LED to be self resetting (set to 1 to extinguish the LED after a period of healthy
restoration of load current).

Description 00 |04 | MICOMP ' MICOM P64x
Editable 16-character description of the unit

Plant Reference |00 |05 | MiCOM ' MiCOM

Plant description: Can be edited

Model Number |00 |06 | Model Number | <Model number>
Displays the model number (e.g. P643?11???0010K). This can not be edited

Serial Number ‘ 00 ‘ 08 ‘ Serial Number ‘ <Serial number>

Displays the serial number (e.g. 149188B). This can not be edited.
Frequency 00 |09 |50 | 50Hz or 60Hz
Sets the mains frequency

Comms Level ‘ 00 ‘ 0A ‘ 2 ‘ <conformance level displayed>

Displays the conformance of the relay to the Courier Level 2 comms
Relay Address |00 OB | 255 | <Unit address>
Sets the first rear port relay address of the unit

16-bit binary data:
Plant Status 00 oCc |0 0 = Energised or
1 = de-energized

Displays the circuit breaker plant status for up to 8 circuit breakers. The P64x relay supports only a single circuit breaker
configuration

Control Status |00 | 0D |0 Not Used
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Menu Text ‘ Col ‘ Row ‘ Default Setting ‘ Available Setting
Description
Not used
Active Group 00 |0E |1 1,2,30r4
Displays the active settings group
Software Ref. 1 ‘ 00 ‘ 11 ‘ <Software Ref. 1> ‘ <Software Ref. 1>
Displays the relay software version including the protocol and relay model
Software Ref.2 |00 |12 | <Software Ref. 2>  <Software Ref. 1>

Displays the relay software version including the protocol and relay model.
This is displayed for those units which are used with thelEC 61850 protocol only and displays the software version of the
Ethernet card.

Software Ref.3 |00 |13 | <Software Ref. 2>  <Software Ref. 1>

Displays the relay software version including the protocol and relay model.
This is displayed for those units which are used with thelEC 61850 protocol only and displays the software version of the
Ethernet card.

NIC Platform Ref ‘ 00 ‘ 14 ‘ ‘ <NIC platform reference>
IEC61850 Edition |00 (15 |2 | Edition 1, Edition 2

Set the IEC61850 version (edition 1 or edition 2)

ETH COMM Mode |00 |16 | Dual IP Duanl IP, PRP, HSR, RSTP
Set the FPGA type for Ethernet board (substaion bord)

PBCOMMMode |00 |17 | Dual IP ' Duanl IP, PRP

Set the FPGA type for process board

16-bit binary data:
Opto I/P Status 00 30 |0 1 = Energised or
0 = de-energized

Displays the status of the relay’s opto-isolated inputs as a binary string. 1 indicates an energized opto-isolated input and 0 a de-
energized one

16-bit binarydata:
Relay O/P Status 00 40 |0 1 = Operated state or
0 = non-operated state

Displays the status of the relay’s output contacts as a binary string. 1 indicates an operated state and 0 a non-operated state

Alarm Status 1 ‘ 00 ‘ 50 ‘ 00000000000000000000000000000000 ‘ 32-bit binary data: 0 = Off or 1=0On

This menu cell displays the status of the first 32 alarms as a binary string.
1 indicates an ON state and 0 an OFF state. Includes fixed and user settable alarms.
See Data Type G96 in the Menu Database document, P64x/EN/MD for details.

Alarm Status 2 ‘ 00 ‘ 51 ‘ 00000000000000000000000000000000 ‘ 32-bit binary data: 0 = Off or 1=0On

This menu cell displays the status of the second 32 alarms as a binary string.1 indicates an ON state and 0 an OFF state. See
Data Type G128 in the Menu Database document, P64x/EN/MD for details.

Alarm Status 3 ‘ 00 ‘ 52 ‘ 00000000000000000000000000000000 ‘ 32-bit binary data: 0 = Off or 1=0On

This menu cell displays the status of the third 32 alarms as a binary string. 1 indicates an ON state and 0 an OFF state.
Assigned specifically for platform alarms. See Data Type G228 in the Menu Database document, P64x/EN/MD for details.

Usr Alarm Status |00 |53 | 00000000000000000000000000000000 | 32-bit binary data: 0 = Off or 1=On

This menu cell displays the status of the fourth 32 alarms as a binary string. 1 indicates an ON state and 0 an OFF state.
Assigned specifically for platform alarms. See Data Type G228 in the Menu Database document, P64x/EN/MD for details.

Access Level ‘ 00 ‘ DO ‘ ‘

Display the Role(s) of the current logged in user, if no one logged in, it shall be "NONE".

New Eng.Level PW |00 D3 | |ASCII 33 to 122
Common Engineer level password for all interfaces
New Op.Level PW |00 D4 | | ASCII 33 to 122
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Menu Text ‘ Col ‘ Row‘ Default Setting ‘ Available Setting

Description

Common Operator level password for all interfaces

Security Features ‘ 00 ‘ DF ‘ 3 ‘

Displays the level of cyber security implemented

Password 00 E1 | |ASCII 33 to 122
Common password for all interfaces

Encryption Salt ‘ 00 ‘ E5 ‘ ‘

Enter username ‘ 00 ‘ F1 ‘ ‘
Number of users ‘ 00 ‘ F2 ‘ ‘
New Ul pwd 00 |F3 | |

Cells reserved for second password modification. Not in use currently.

New password ‘ 00 ‘ F4 ‘ ‘

Table 22 - System data settings

5.2 View Records

This menu provides information on fault and maintenance records. The relay records the
last five fault records and the last ten maintenance records.

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

Description
VIEW RECORDS |01 |00 | |
This column contains View Records settings
Select Event o1 |01 |0 10to 511 step 1

Setting range from 0 to 511. This selects the required event record from the possible 512 that can be stored. A value of 0
corresponds to the latest event

Latched alarm active, Latched alarm inactive, Self reset alarm

active, Self reset alarm inactive, Relay contact event, Opto-
Menu Cell Ref 01 02 (From Record) isolated input event, Protection event, General event, Fault
record event, Maintenance record event

Indicates the type of event
Time & Date ‘ 01 ‘ 03 ‘ (From Record) ‘ From record
Time & Date Stamp for the event given by the internal Real Time Clock

Event Text ‘ 01 ‘ 04 ‘ 32-character string ‘ 32 character string

Up to 32 Character description of the Event. See the event sheet in the Measurements and Recording chapter, P64x/EN MR
or the Menu Database document, P64x/EN/MD for details.

32-bit binary string - ON (1) or OFF (0) for status of relay contact
Event Value 01 05 | 32-bit binary string or opto input or alarm or protection event depending on event
type.

Unsigned integer is used for maintenance records. See the event sheet in the Measurements and Recording chapter, P64x/EN
MR or the Menu Database document, P64x/EN/MD for details.

Select Fault o1 |06 |0 0to 19 step 1

Setting range from 0 to 19. This selects the required fault record from the possible 20 that can be stored. A value of 0
corresponds to the latest fault
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Menu Text ‘ Col ‘ Row ‘ Default Setting ‘ Available Setting
Description
Faulted Phase |01 |07 | 00000000 8-bit binary string

Displays the faulted phase as a binary string, bits 0 — 8 = Start A/B/C/N Trip A/B/C/N

00000000000000000000 I .
Start Elements1 01 08 000000000000 32-bit binary string
32-bit binary string gives status of first 32 start signals. See Data type G84 in the Menu Database document, P64x/EN/MD for
details.
00000000000000000000 I .
Start Elements2 01 09 000000000000 32-bit binary string
32-bit binary string gives status of second 32 start signals. See Data type G107 in the Menu Database document, P64x/EN/MD
for details.
00000000000000000000 I .
Start Elements3 01 0A 000000000000 32-bit binary string
32-bit binary string gives status of third 32 start signals. See Data type G129 in the Menu Database document, P64x/EN/MD for
details.
. 00000000000000000000 - .
Trip Elements1 01 10 000000000000 32-bit binary string
32-bit binary string gives status of first 32 trip signals. See Data Type G85 in the Menu Database document, P64x/EN/MD for
details.
. 00000000000000000000 - .
Trip Elements2 01 11 000000000000 32-bit binary string
32-bit binary string gives status of second 32 trip signals. See Data Type G86 in the Menu Database document, P64x/EN/MD
for details.
. 00000000000000000000 - .
Trip Elements3 01 12 000000000000 32-bit binary string
32-bit binary string gives status of third 32 trip signals. See Data Type G130 in the Menu Database document, P64x/EN/MD for
details.
00000000000000000000 I .
Fault Alarms 01 50 000000000000 32-bit binary string
32-bit binary string gives status of fault alarm signals. See Data Type G87 in the Menu Database document, P64x/EN/MD for
details.
Fault Time ‘ 01 ‘ 51 ‘ (From Record) ‘ From record

Displays the Fault Time and Date.

Fault Type 01

‘ 52 ‘ Data

‘ Internal or External

Displays the Fault Type (internal or external).

Active Group ‘ 01

53

Data

‘ <Active group>

Displays the Active setting group 1-4.

System Frequency ‘ 01 ‘ 54 | Data ‘ <System frequency>
Displays the System frequency.
Fault Duration ‘ 01 ‘ 55 ‘ Data ‘ <Fault duration>

Fault duration: Time from the start or trip until the undercurrent elements indicate the CB is open

CB Operate Time ‘ 01

‘ 56 ‘ Data

‘ <CB Operate time>

Circuit Breaker Operate Time: Time from protection trip to undercurrent elements indicating the CB is open

Relay Trip Time ‘ 01

‘ 60 ‘ Data

‘ <relay trip time>

Relay Trip Time: Time from protection start to protection trip

IA-1 Magnitude | 01

62

‘ Not settable

This provides measurement information about the fault.

IB-1 Magnitude | 01

64

‘ Not settable

This provides measurement information about the fault.
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Menu Text ‘ Col ‘Row‘ Default Setting

Available Setting

Description

IC-1 Magnitude |01 |66 |

‘ Not settable

This provides measurement information about the fault.

IA-2 Magnitude |01 |68 |

‘ Not settable

This provides measurement information about the fault.

IB-2Magnitude |01  |6A |

‘ Not settable

This provides measurement information about the fault.

IC-2 Magnitude |01 | 6C |

‘ Not settable

This provides measurement information about the fault.

IA-3 Magnitude |01  |6E |

‘ Not settable

P643, P645 and P746 only.

This provides measurement information about the fault.

IB-3Magnitude |01 |70 |

‘ Not settable

P643, P645 and P746 only.

This provides measurement information about the fault.

IC-3 Magnitude |01 |72 |

‘ Not settable

P643, P645 and P746 only.

This provides measurement information about the fault.

IA-4 Magnitude |01 |74 |

‘ Not settable

P645 and P746 only.

This provides measurement information about the fault.

IB-4 Magnitude |01 |76 |

‘ Not settable

P645 and P746 only.

This provides measurement information about the fault.

IC-4 Magnitude |01 |78 |

‘ Not settable

P645 and P746 only.

This provides measurement information about the fault.

IA'5 Magnitude |01 |[7A |

‘ Not settable

P645 and P746 only.

This provides measurement information about the fault.

IB-5 Magnitude |01 | 7C |

‘ Not settable

P645 and P746 only.

This provides measurement information about the fault.

IC-5 Magnitude |01 | 7E |

‘ Not settable

P645 and P746 only.

This provides measurement information about the fault.

IA-HV Magnitude |01 |90 |

‘ Not settable

This provides measurement information about the fault.

IB-HV Magnitude |01 |91 |

‘ Not settable

This provides measurement information about the fault.

IC-HV Magnitude |01 |92 |

‘ Not settable

This provides measurement information about the fault.

IA-LV Magnitude |01 |93 |

‘ Not settable

This provides measurement information about the fault.

IB-LV Magnitude |01 |94 |

‘ Not settable

This provides measurement information about the fault.

IC-LV Magnitude |01 |95 |

‘ Not settable
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This provides measurement information about the fault.
IATV Magnitude |01 |96 | Not settable

P643 and P645 only.
This provides measurement information about the fault.

IB-TV Magnitude |01 |97 | Not settable

P643 and P645 only.
This provides measurement information about the fault.

IC-TV Magnitude |01 |98 | Not settable

P643 and P645 only.
This provides measurement information about the fault.

2-HV Magnitude |01 |99 | Not settable
This provides measurement information about the fault.
2-LV Magnitude |01  |9A | Not settable
This provides measurement information about the fault.
2-TV Magnitude |01 (9B | Not settable

P643 and P645 only.
This provides measurement information about the fault.

IN-HV MeaMag |01 | 9C | Not settable
This provides measurement information about the fault.
IN-LVMeaMag |01 9D | Not settable
This provides measurement information about the fault.
IN-TV MeaMag |01 |9E | Not settable

P643 and P645 only.
This provides measurement information about the fault.

VAN Magnitude |01 |A0 | Not settable

P643, P645 and P746 only.
This provides measurement information about the fault.

VBN Magnitude |01 |A1 | Not settable

P643, P645 and P746 only.
This provides measurement information about the fault.

VCN Magnitude |01 |A2 | Not settable

P643, P645 and P746 only.
This provides measurement information about the fault.

Vx Magnitude ‘ 01 ‘ A3 ‘ ‘ Not settable
This provides measurement information about the fault.
V1Magnitude |01 A4 | Not settable
This provides measurement information about the fault.
V2Magnitude |01 A5 | Not settable
This provides measurement information about the fault.
VN Derived Mag |01  |A6 | Not settable

P643, P645 and P746 only.
This provides measurement information about the fault.

VAB Magnitude |01  |A7 | Not settable
This provides measurement information about the fault.
VBC Magnitude |01 |A8 | Not settable

This provides measurement information about the fault.
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Description

VCA Magnitude |01 |A9 |

‘ Not settable

This provides measurement information about the fault.

IN-TN1 MeaMag |01 | AA |

‘ Not settable

This provides measurement information about the fault.

IN-TN2MeaMag |01  |AB |

‘ Not settable

This provides measurement information about the fault.

IN-TN3 MeaMag |01 |AC |

‘ Not settable

P643 and P645 only.

This provides measurement information about the fault.

IA Differential 01 |BO |

‘ Not settable

This provides measurement information about the fault.

IB Differential 01 |B1 |

‘ Not settable

This provides measurement information about the fault.

IB Differential Current fault.

IC Differential o1 |B2 |

‘ Not settable

This provides measurement information about the fault.

IC Differential Current fault.

IA Bias 01 |B3 |

‘ Not settable

This provides measurement information about the fault.

|IA Bias Current fault.

IB Bias 01 |B4 |

‘ Not settable

This provides measurement information about the fault.

IB Bias Current fault.

IC Bias 01 |B5 |

‘ Not settable

This provides measurement information about the fault.

IC Bias Current fault.

IREF HV Loz Diff |01  |B9 |

‘ Not settable

This provides measurement information about the fault.

IREF HV LoZ Differential Current fault.

IREF HV LoZBias |01  |BA |

‘ Not settable

This provides measurement information about the fault.

IREF HV LoZ Bias Current fault.

IREF LV Loz Diff |01 BB |

‘ Not settable

This provides measurement information about the fault.

IREF LV LoZ Differential Current fault.

IREF LV LoZBias |01 | BC |

‘ Not settable

This provides measurement information about the fault.

IREF LV LoZ Bias Current fault.

IREF TV Loz Diff |01  |BD |

‘ Not settable

P643 and P645 only.

This provides measurement information about the IREF TV LoZ Differential Current fault.

IREF TV LoZBias |01 |BE |

‘ Not settable

P643 and P645 only.

This provides measurement information about the IREF TV LoZ Bias Current fault.

IREF Auto Loz Diff |01  |BF |

‘ Not settable

This provides measurement information about the IREF Auto Loz Differential Current fault

IREF Auto LoZ Bias |01 | CO |

‘ Not settable

This provides measurement information about the IREF Auto Loz Bias Current fault

IREF HV HighzOp |01 | C1 |

‘ Not settable

This provides measurement information about the IREF HV HighZ Operation Current fault

IREF LV HighzOp |01  [C2 |

‘ Not settable

This provides measurement information about the IREF LV HighZ Operation Current fault

IREF TV HighzOp |01  [C3 |

‘ Not settable
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This provides measurement information about the IREF TV TighZ Operation Current fault

IREF Auto HighZ Op 01  |C4 | Not settable

This provides measurement information about the IREF Auto TighZ Operation Current fault

A Peak Mag o1 |c5 | Not settable

This provides measurement information about the |IA Peak Magnitude fault.

IB Peak Mag 01 |C6 | Not settable

This provides measurement information about the IB Peak Magnitude fault.

IC Peak Mag 01 c7 | | Not settable

This provides measurement information about the IC Peak Magnitude fault.

12t Phase A 01 |c8 | Not settable

This provides measurement information about the 12t Phase A fault.

12t Phase B o1 |co | Not settable

This provides measurement information about the 12t Phase B fault.

12t Phase C 01 |CA | Not settable

This provides measurement information about the 12t Phase C fault.

RTD 1 01 |DO | Not settable

This provides measurement information about the RTD 1 fault.

RTD 2 01 |D1 | Not settable

This provides measurement information about the RTD 2 fault.

RTD 3 o1 |D2 | Not settable

This provides measurement information about the RTD 3 fault.

RTD 4 01 |D3 | Not settable

This provides measurement information about the RTD 4 fault.

RTD 5 01 |D4 | Not settable

This provides measurement information about the RTD 5 fault.

RTD 6 01 |D5 | Not settable

This provides measurement information about the RTD 6 fault.

RTD 7 01 |D6 | Not settable

This provides measurement information about the RTD 7 fault.

RTD 8 01 |D7 | Not settable

This provides measurement information about the RTD 8 fault.

RTD 9 01 |D8 | Not settable

This provides measurement information about the RTD 9 fault.

RTD 10 01 D9 | Not settable

This provides measurement information about the RTD 10 fault.

CLIO Input 1 01 |DA | Not settable

This provides measurement information about the CLIO Input 1 fault.

CLIO Input 2 01 |DB | Not settable

This provides measurement information about the CLIO Input 2 fault.

CLIO Input 3 01 |DC | Not settable

This provides measurement information about the CLIO Input 3 fault.

CLIO Input 4 01 |DD | Not settable

This provides measurement information about the CLIO Input 4 fault.
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Description

Evt Iface Source ‘ 01 ‘ FA ‘ ‘

Evt Access Level ‘01 ‘FB ‘ ‘

Evt Extra Info 01 |FC | |
Evt Unique Id 01 |FE | |
Reset Indication ‘ 01 ‘ FF ‘ No ‘ No or Yes

Resets latched LEDs and latched relay contacts provided the relevant protection element has reset

Table 23 - View records settings

5.3 Measurements 1
This menu provides measurement information.
Menu Text ‘ Col ‘ Row ‘ Default Setting Available Setting
Description
MEASUREMENTS1 02 |00 | |
Measurement 1 group for P642, P643, P645
IA-1 Magnitude 02 |01 |Data Not settable
This records the |IA-1 Magnitude measurement
IA-1 Phase Angle 02 |02 |Data Not settable
This records the IA-1 Phase Angle measurement
IB-1 Magnitude 02 |03 |Data Not settable
This records the IB-1 Magnitude measurement
IB-1 Phase Angle 02 |04 |Data Not settable
This records the IB-1 Phase Angle measurement
IC-1 Magnitude 02 |05 |Data Not settable
This records the IC-1 Magnitude measurement
IC-1 Phase Angle 02 |06 |Data Not settable
This records the IC-1 Phase Angle measurement
IA-2 Magnitude 02 |07 |Data Not settable
This records the |IA-2 Magnitude measurement
IA-2 Phase Angle 02 |08 |Data Not settable
This records the |IA-2 Phase Angle measurement
IB-2 Magnitude 02 |09 |Data Not settable
This records the IB-2 Magnitude measurement
IB-2 Phase Angle 02 |0A |Data Not settable
This records the IB-2 Phase Angle measurement
IC-2 Magnitude ‘ 02 ‘ 0B ‘ Data ‘ Not settable
This records the IC-2 Magnitude measurement
IC-2 Phase Angle ‘ 02 ‘ 0oC ‘ Data ‘ Not settable
This records the IC-2 Phase Angle measurement
IA-3 Magnitude 02 0D |Data Not settable
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Default Setting

| Available Setting

Description

P643, P645 and P746 only.
This records the IA-3 Magnitude measurement

IA-3 Phase Angle 02 |0E |Data

‘ Not settable

P643, P645 and P746 only.
This records the IA-3 Phase Angle measurement

IB-3 Magnitude 02 |OF |Data

‘ Not settable

P643, P645 and P746 only.
This records the IB-3 Magnitude measurement

IB-3 Phase Angle 02 |10 |Data

‘ Not settable

P643, P645 and P746 only.
This records the IB-3 Phase Angle measurement

IC-3 Magnitude 02 |11 |Data

‘ Not settable

P643, P645 and P746 only.
This records the IC-3 Magnitude measurement

IC-3 Phase Angle 02 |12 |Data

‘ Not settable

P643, P645 and P746 only.
This records the IC-3 Phase Angle measurement

IA-4 Magnitude 02 |13 |Data

‘ Not settable

P645 and P746 only.
This records the |IA-4 Magnitude measurement

IA-4 Phase Angle 02 |14 |Data

‘ Not settable

P645 and P746 only.
This records the |IA-4 Phase Angle measurement

IB-4 Magnitude 02 |15 |Data

‘ Not settable

P645 and P746 only.
This records the |1B-4 Magnitude measurement

IB-4 Phase Angle 02 |16 |Data

‘ Not settable

P645 and P746 only.
This records the IB-4 Phase Angle measurement

IC-4 Magnitude 02 |17 |Data

‘ Not settable

P645 and P746 only.
This records the IC-4 Magnitude measurement

IC-4 Phase Angle 02 |18 |Data

‘ Not settable

P645 and P746 only.
This records the IC-4 Phase Angle measurement

IA-5 Magnitude 02 |19 |Data

‘ Not settable

P645 and P746 only.
This records the |IA-5 Magnitude measurement

IA-5 Phase Angle 02 |1A |Data

‘ Not settable

P645 and P746 only.
This records the |IA-5 Phase Angle measurement

IB-5 Magnitude 02 1B |Data

‘ Not settable

P645 and P746 only.
This records the IB-5 Magnitude measurement

IB-5 Phase Angle 02 | 1C |Data

‘ Not settable

P645 and P746 only.
This records the IB-5 Phase Angle measurement

IC-5 Magnitude 02 1D |Data

‘ Not settable
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Menu Text ‘ Col ‘Row‘ Default Setting

Available Setting

Description

P645 and P746 only.
This records the IC-5 Magnitude measurement

IC-5Phase Angle |02 |1E |Data

‘ Not settable

P645 and P746 only.
This records the IC-5 Phase Angle measurement

IA-HV Magnitude 02 |50 |Data Not settable
This records the IA-HV Magnitude measurement

IA-HV Phase Ang 02 |51 |Data Not settable
This records the IA-HV Phase Ang measurement

IB-HV Magnitude 02 |52 |Data Not settable
This records the IB-HV Magnitude measurement

IBHV PhaseAng |02 |53 |Data | Not settable
This records the IB-HV Phase Ang measurement

IC-HV Magnitude 02 |54 |Data Not settable
This records the IC-HV Magnitude measurement

IC-HV Phase Ang 02 |55 | Data Not settable
This records the IC-HV Phase Ang measurement

IA-LV Magnitude 02 |56 |Data Not settable
This records the |IA-LV Magnitude measurement

IA-LV Phase Ang 02 |57 |Data Not settable
This records the |IA-LV Phase Ang measurement

IB-LV Magnitude 02 |58 |Data Not settable
This records the IB-LV Magnitude measurement

IB-LV Phase Ang 02 |59 |Data Not settable
This records the IB-LV Phase Ang measurement

IC-LV Magnitude 02 |5A |Data Not settable
This records the IC-LV Magnitude measurement

IC-LV Phase Ang 02 5B |Data Not settable
This records the IC-LV Phase Ang measurement

IA-TV Magnitude 02 |5C |Data Not settable

P643 and P645 only.
This records the IA-TV Magnitude measurement

IA-TV Phase Ang 02 |5D |Data

‘ Not settable

P643 and P645 only.
This records the IA-TV Phase Ang measurement

IB-TV Magnitude 02 |5E |Data

‘ Not settable

P643 and P645 only.
This records the IB-TV Magnitude measurement

IB-TV Phase Ang 02 |5F |Data

‘ Not settable

P643 and P645 only.
This records the IB-TV Phase Ang measurement

IC-TV Magnitude 02 |60 |Data

‘ Not settable

P643 and P645 only.
This records the IC-TV Magnitude measurement

IC-TV Phase Ang 02 |61 |Data

‘ Not settable
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Available Setting

Description

P643 and P645 only.
This records the IC-TV Phase Ang measurement

10-1 Magnitude ‘ 02 ‘ 62 ‘ Data zero sequence current ‘ Not settable

This records the 10-1 Magnitude measurement

11-1 Magnitude ‘ 02 ‘ 63 ‘ Data positive sequence current ‘ Not settable

This records the 11-1 Magnitude measurement

12-1 Magnitude ‘ 02 ‘ 64 ‘ Data negative sequence current ‘ Not settable
This records the 12-1 Magnitude measurement

IN-HV Mea Mag 02 |65 |Data Not settable
This records the IN-HV Mea Mag measurement

IN-HV Mea Ang 02 |66 |Data Not settable
This records the IN-HV Mea Ang measurement

IN-HV Deriv Mag 02 |67 |Data Not settable
This records the IN-HV Deriv Mag measurement

IN-HV Deriv Ang 02 |68 |Data Not settable

This records the IN-HV Deriv Ang measurement

10-2 Magnitude ‘ 02 ‘ 69 ‘ Data zero sequence current ‘ Not settable

This records the 10-2 Magnitude measurement

11-2 Magnitude ‘ 02 ‘ 6A ‘ Data positive sequence current ‘ Not settable

This records the 11-2 Magnitude measurement

12-2 Magnitude ‘ 02 ‘ 6B ‘ Data negative sequence current ‘ Not settable

This records the 12-2 Magnitude measurement

IN-LV Mea Mag 02 |6C |Data Not settable
This records the IN-LV Mea Mag measurement

IN-LV Mea Ang 02 6D |Data Not settable
This records the IN-LV Mea Ang measurement

IN-LV Deriv Mag 02 |6E |Data Not settable
This records the IN-LV Deriv Mag measurement

IN-LV Deriv Ang 02 |6F |Data Not settable

This records the IN-LV Deriv Ang measurement

Data zero sequence current. P643,P645

and P746 only Not settable

10-3 Magnitude 02 70

P643, P645 and P746 only.
This records the 10-3 Magnitude measurement

Data positive sequence current.

11-3 Magnitude 02 171 pe4a3,Pe4a5 and P746 only

Not settable

P643, P645 and P746 only.
This records the 11-3 Magnitude measurement

Data negative sequence current . P643,

12-3 Magnitude 02 72 P645 and P746 only

Not settable

P643, P645 and P746 only.
This records the 12-3 Magnitude measurement

IN-TV Mea Mag 02 |73 |Data Not settable

P643 and P645 only.
This records the IN-TV Mea Mag measurement

IN-TV Mea Ang 02 |74 |Data Not settable
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P643 and P645 only.
This records the IN-TV Mea Ang measurement

IN-TV Deriv Mag 02 |75 |Data

‘ Not settable

P643 and P645 only.
This records the IN-TV Deriv Mag measurement

IN-TV Deriv Ang 02 |76 |Data

‘ Not settable

P643 and P645 only.
This records the IN-TV Deriv Ang measurement

10-4 Magnitude 02 T p746 only

Data zero sequence current. P645 and

Not settable

P645 and P746 only.
This records the 10-4 Magnitude measurement

11-4 Magnitude 02 78 and P746 only

Data positive sequence current. P645

Not settable

P645 and P746 only.
This records the 11-4 Magnitude measurement

12-4 Magnitude 02 79 and P746 only

Data negative sequence current . P645

Not settable

P645 and P746 only.
This records the 12-4 Magnitude measurement

10-5 Magnitude 02 7C

P746 only.

Data zero sequence current. P645 and

Not settable

P645 and P746 only.
This records the 10-5 Magnitude measurement

11-5 Magnitude 02 7D

and P746 only.

Data positive sequence current. P645

Not settable

P645 and P746 only.
This records the 11-5 Magnitude measurement

12-5 Magnitude 02 7E

and P746 only.

Data negative sequence current . P645

Not settable

P645 and P746 only.
This records the 12-5 Magnitude measurement

IA-HV RMS 02 |86 |Data Not settable
This records the IA-HV RMS measurement
IB-HV RMS 02 |87 |Data Not settable
This records the IB-HV RMS measurement
IC-HV RMS 02 |88 |Data Not settable
This records the IC-HV RMS measurement
IA-LV RMS 02 |89 |Data Not settable
This records the IA-LV RMS measurement
IB-LV RMS 02 |8A |Data Not settable
This records the IB-LV RMS measurement
IC-LV RMS 02 8B |Data Not settable
This records the IC-LV RMS measurement
IA-TV RMS 02 |8C |Data Not settable

P643 and P645 only.
This records the IA-TV RMS measurement

IB-TV RMS 02 8D |Data

‘ Not settable
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P643 and P645 only.

This records the IB-TV RMS measurement

IC-TV RMS 02 |8E |Data Not settable

P643 and P645 only.

This records the IC-TV RMS measurement

VAN Magnitude 02 |8F |Data Not settable

P643, P645 and P746 only.

This records the VAN Magnitude measurement

VAN Phase Angle |02 |90 |Data Not settable

P643, P645 and P746 only.

This records the VAN Phase Angle measurement

VBN Magnitude 02 |91 |Data Not settable

P643, P645 and P746 only.

This records the VBN Magnitude measurement

VBN PhaseAngle |02 |92 |Data Not settable

P643, P645 and P746 only.

This records the VBN Phase Angle measurement

VCN Magnitude 02 |93 |Data Not settable

P643, P645 and P746 only.

This records the VCN Magnitude measurement

VCN Phase Angle |02 |94 |Data Not settable

P643, P645 and P746 only.

This records the VCN Phase Angle measurement

Vx Magnitude ‘ 02 ‘ 95 ‘ Data ‘ Not settable

This records the Vx Magnitude measurement

Vx Phase Angle ‘ 02 ‘ 96 ‘ Data ‘ Not settable

This records the Vx Phase Angle measurement

V1 Magnitude ‘ 02 ‘ 97 ‘ Data. Positive sequence Voltage ‘ Not settable

This records the V1 Magnitude measurement

V2 Magnitude ‘ 02 ‘ 98 ‘ Data Negative sequence Voltage ‘ Not settable

This records the V2 Magnitude measurement

VO Magnitude ‘ 02 ‘ 99 ‘ Data Zero sequence voltage ‘ Not settable

P643, P645 and P746 only.
This records the VO Magnitude measurement

VN Derived Mag 02 |9A |Data

‘ Not settable

P643, P645 and P746 only.
This records the VN Derived Mag measurement

VN Derived Angle |02 9B | Data

‘ Not settable

P643, P645 and P746 only.
This records the VN Derived Angle measurement

VAB Magnitude 02 |9C |Data Not settable
This records the VAB Magnitude measurement

VAB Phase Angle 02 9D | Data Not settable
This records the VAB Phase Angle measurement

VBC Magnitude ‘ 02 ‘ 9E ‘ Data ‘ Not settable
This records the VBC Magnitude measurement

VBC Phase Angle |02 |9F | Data Not settable
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This records the VBC Phase Angle measurement

VCA Magnitude 02 |A0 |Data Not settable
This records the VCA Magnitude measurement

VCAPhase Angle |02 |A1 |Data Not settable
This records the VCA Phase Angle measurement

VAN RMS 02 |A2 |Data Not settable

P643, P645 and P746 only.
This records the VAN RMS measurement

VBN RMS 02 |A3 |Data

‘ Not settable

P643, P645 and P746 only.
This records the VBN RMS measurement

VCN RMS 02 A4 |Data

‘ Not settable

P643, P645 and P746 only.
This records the VCN RMS measurement

Frequency ‘ 02 ‘AA ‘ Data ‘ Not settable
This records the Frequency measurement
IN-T1 Deriv Mag 02 |AB |Data Not settable

P642, P643 and P645 only.
This records the IN-T1 Derived Mag measurement.

IN-T1 Deriv Ang 02 |AC |Data

‘ Not settable

P642, P643 and P645 only.
This records the IN-T1 Derived Ang measurement.

IN-T2 Deriv Mag 02 |AD |Data

‘ Not settable

P642, P643 and P645 only.
This records the IN-T2 Derived Mag measurement.

IN-T2 Deriv Ang 02 |AE |Data

‘ Not settable

P642, P643 and P645 only.
This records the IN-T2 Derived Ang measurement.

IN-T3 Deriv Mag 02 |AF |Data

‘ Not settable

P643 and P645 only.
This records the IN-T3 Derived Mag measurement.

IN-T3 Deriv Ang 02 B0 |Data

‘ Not settable

P643 and P645 only.
This records the IN-T3 Derived Ang measurement.

IN-T4 Deriv Mag 02 |B1 |Data Not settable
P645 only.

This records the IN-T4 Derived Mag measurement.

IN-T4 Deriv Ang 02 B2 |Data Not settable
P645 only.

This records the IN-T4 Derived Ang measurement.

IN-T5 Deriv Mag 02 B3 |Data Not settable
P645 only.

This records the IN-T5 Derived Mag measurement.

IN-T5 Deriv Ang 02 B4 |Data Not settable
P645 only.

This records the IN-T5 Derived Ang measurement.

IN-TN1 Mea Mag 02 |B5 |Data Not settable
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This records the IN-TN1 Mea Mag measurement

IN-TN1 Mea Ang 02 |B6 |Data Not settable

This records the IN-TN1 Mea Ang measurement

IN-TN2 Mea Mag 02 |B7 |Data Not settable

This records the IN-TN2 Mea Mag measurement

IN-TN2 Mea Ang 02 B8 |Data Not settable

This records the IN-TN2 Mea Ang measurement

IN-TN3 Mea Mag 02 B9 |Data | Not settable

P643 and P645 only.
This records the IN-TN3 Mea Mag measurement

IN-TN3 Mea Ang 02 |BA |Data Not settable

P643 and P645 only.
This records the IN-TN3 Mea Ang measurement

Table 24 - Measurements 1 settings

54 Measurements 2
This menu provides measurement information.
Menu Text ‘ Col ‘ Row ‘ Default Setting ‘ Available Setting
Description
MEASUREMENTS2 03 00 | |
P643 and P645 only.
Measurement 2 Group.
A Phase Watts ‘ 03 ‘ 01 ‘ Data ‘ Not settable

P643 and P645 only.
This records the A Phase Watts measurement

A Phase Watts ‘ 03 ‘ 02 ‘ Data ‘ Not settable

P643 and P645 only.
This records the A Phase Watts measurement

A Phase Watts ‘ 03 ‘ 03 ‘ Data ‘ Not settable

P643 and P645 only.
This records the A Phase Watts measurement

B Phase Watts ‘ 03 ‘ 04 ‘ Data ‘ Not settable

P643 and P645 only.
This records the B Phase Watts measurement

B Phase Watts ‘ 03 ‘ 05 ‘ Data ‘ Not settable

P643 and P645 only.
This records the B Phase Watts measurement

B Phase Watts ‘ 03 ‘ 06 ‘ Data ‘ Not settable

P643 and P645 only.
This records the B Phase Watts measurement

C Phase Watts ‘ 03 ‘ 07 ‘ Data ‘ Not settable

P643 and P645 only.
This records the C Phase Watts measurement

C Phase Watts ‘ 03 ‘ 08 ‘ Data ‘ Not settable

P643 and P645 only.
This records the C Phase Watts measurement
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C Phase Watts 03 |09 |Data

‘ Not settable

P643 and P645 only.
This records the C Phase Watts measurement

A Phase VArs 03 |0A |Data

‘ Not settable

P643 and P645 only.
This records the A Phase VArs measurement

A Phase VArs 03 0B |Data

‘ Not settable

P643 and P645 only.
This records the A Phase VArs measurement

A Phase VArs 03 |0C |Data

‘ Not settable

P643 and P645 only.
This records the A Phase VArs measurement

B Phase VArs 03 0D |Data

‘ Not settable

P643 and P645 only.
This records the B Phase VArs measurement

B Phase VArs 03 |OE |Data

‘ Not settable

P643 and P645 only.
This records the B Phase VArs measurement

B Phase VArs 03 |OF |Data

‘ Not settable

P643 and P645 only.
This records the B Phase VArs measurement

C Phase VArs 03 10 |Data

‘ Not settable

P643 and P645 only.
This records the C Phase VArs measurement

C Phase VArs 03 |11 | Data

‘ Not settable

P643 and P645 only.
This records the C Phase VArs measurement

C Phase VArs 03 |12 | Data

‘ Not settable

P643 and P645 only.
This records the C Phase VArs measurement

A Phase VA 03 |13 | Data

‘ Not settable

P643 and P645 only.
This records the A Phase VA measurement

A Phase VA 03 |14 |Data

‘ Not settable

P643 and P645 only.
This records the A Phase VA measurement

A Phase VA 03 |15 |Data

‘ Not settable

P643 and P645 only.
This records the A Phase VA measurement

B Phase VA 03 |16 |Data

‘ Not settable

P643 and P645 only.
This records the B Phase VA measurement

B Phase VA 03 |17 |Data

‘ Not settable

P643 and P645 only.
This records the B Phase VA measurement

B Phase VA 03 |18 |Data

‘ Not settable

P643 and P645 only.
This records the B Phase VA measurement
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C Phase VA 03 |19 | Data Not settable

P643 and P645 only.
This records the C Phase VA measurement

C Phase VA 03 |1A | Data

‘ Not settable

P643 and P645 only.
This records the C Phase VA measurement

C Phase VA 03 1B |Data

‘ Not settable

P643 and P645 only.
This records the C Phase VA measurement

3 Phase Watts 03 |1C |Data

‘ Not settable

P643 and P645 only.
This records the 3 Phase Watts measurement

3 Phase Watts 03 1D |Data

‘ Not settable

P643 and P645 only.
This records the 3 Phase Watts measurement

3 Phase Watts 03 |1E |Data

‘ Not settable

P643 and P645 only.
This records the 3 Phase Watts measurement

3 Phase VArs 03 |1F |Data

‘ Not settable

P643 and P645 only.
This records the 3 Phase VArs measurement

3 Phase VArs 03 |20 |Data

‘ Not settable

P643 and P645 only.
This records the 3 Phase VArs measurement

3 Phase VArs 03 |21 |Data

‘ Not settable

P643 and P645 only.
This records the 3 Phase VArs measurement

3 Phase VA 03 |22 |Data

‘ Not settable

P643 and P645 only.
This records the 3 Phase VA measurement

3 Phase VA 03 |23 | Data

‘ Not settable

P643 and P645 only.
This records the 3 Phase VA measurement

3 Phase VA 03 |24 |Data

‘ Not settable

P643 and P645 only.
This records the 3 Phase VA measurement

3Ph Power Factor ‘ 03 ‘ 25 ‘ Data

‘ Not settable

P643 and P645 only.
This records the 3Ph Power Factor measurement

APh Power Factor |03 |26 |Data

‘ Not settable

P643 and P645 only.
This records the APh Power Factor measurement

BPh Power Factor ‘ 03 ‘ 27 ‘ Data

‘ Not settable

P643 and P645 only.
This records the BPh Power Factor measurement

CPh Power Factor ‘ 03 ‘ 28 ‘ Data

‘ Not settable

P643 and P645 only.
This records the CPh Power Factor measurement
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Menu Text ‘ Col ‘ Row‘ Default Setting

Available Setting

Description

3Ph WHours Fwd 03 |29 |Data

‘ Not settable

P643 and P645 only.
This records the 3Ph WHours Fwd measurement

3Ph WHours Rev 03 |2A |Data

‘ Not settable

P643 and P645 only.
This records the 3Ph WHours Rev measurement

3Ph VArHours Fwd |03 |2B | Data

‘ Not settable

P643 and P645 only.
This records the 3Ph VArHours Fwd measurement

3Ph VArHoursRev |03 |2C | Data

‘ Not settable

P643 and P645 only.
This records the 3Ph VArHours Rev measurement

3PhW FixDemand |03  |2D |Data

‘ Not settable

P643 and P645 only.
This records the 3Ph W Fix Demand measurement

3PhVArsFixDem |03  |2E |Data

‘ Not settable

P643 and P645 only.
This records the 3Ph VArs Fix Dem measurement

3 Ph W Roll Dem 03 |2F |Data

‘ Not settable

P643 and P645 only.
This records the 3 Ph W Roll Dem measurement

3PhVArsRollDem (03 |30 | Data

‘ Not settable

P643 and P645 only.
This records the 3Ph VArs RollIDem measurement

3PhWPeakDem 03 |31 |Data

‘ Not settable

P643 and P645 only.
This records the 3Ph W Peak Dem measurement

3Ph VArPeakDem (03 |32 | Data

‘ Not settable

P643 and P645 only.
This records the 3Ph VAr Peak Dem measurement

Reset Demand ‘ 03 ‘ 50 ‘ No ‘ No or Yes
P643 and P645 only.
Reset Demand
Table 25 - Measurements 2 settings
5.5 Measurements 3
This menu provides measurement information.
Menu Text  Col Row Default Setting | Available Setting
Description
MEASUREMENTS3 |04 00 | |
P643 and P645 only.
Measurement 3 Group.
IA Differential 04 |01 |Data | Not settable
This records the IA Differential measurement
IB Differential 04 |02 |Data | Not settable

This records the IB Differential measurement
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Menu Text ‘ Col ‘ Row ‘ Default Setting ‘ Available Setting
Description

IC Differential 04 |03 |Data | Not settable

This records the IC Differential measurement

IA Bias 04 |04 |Data ' Not settable

This records the |A Bias measurement

IB Bias 04 |05 |Data | Not settable

This records the IB Bias measurement

IC Bias 04 |06 |Data | Not settable

This records the IC Bias measurement

IA Diff 2H 04 |07 |Data ' Not settable

This records the IA Diff 2H measurement

IB Diff 2H 04 |08 |Data ' Not settable

This records the IB Diff 2H measurement

IC Diff 2H 04 |09 |Data | Not settable

This records the IC Diff 2H measurement

IA Diff 5H 04 |0A |Data | Not settable

This records the |A Diff 5SH measurement

IB Diff 5H 04 0B |Data | Not settable

This records the IB Diff 5H measurement

IC Diff 5H 04 |0C |Data | Not settable

This records the IC Diff 5H measurement

IREF HV LoZ Diff 04 |OD |Data | Not settable

This records the IREF HV LoZ Diff measurement

IREFHVLoZBias |04 |OE |Data | Not settable

This records the IREF HV LoZ Bias measurement

IREF LV LoZ Diff 04 |OF |Data | Not settable

This records the IREF LV LoZ Diff measurement

IREFLVLoZBias |04 |10 |Data Not settable

This records the IREF LV LoZ Bias measurement

IREF TV LoZ Diff 04 |11 |Data | Not settable

P643 and P645 only.
This records the IREF TV LoZ Diff measurement

IREF TV LoZ Bias 04 |12 |Data

‘ Not settable

P643 and P645 only.
This records the IREF TV LoZ Bias measurement

IREF Auto Loz Diff |04 |13 |Data

‘ Not settable

This records the IREF Auto LoZ Diff measurement

IREF Auto LoZBias |04 |14 |Data | Not settable
This records the IREF Auto LoZ Bias measurement
IREF HV HighzOp |04 |15 |Data | Not settable

This records the HV High measurement

IREFLVHighzOp |04 |16 | Data | Not settable
This records the LV HighZ measurement
IREF TVHighzOp |04 |17 | Data | Not settable
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Menu Text ‘ Col ‘ Row ‘ Default Setting ‘ Available Setting
Description

P643 and P645 only.
This records the IREF TV HighZ Operation measurement

IREF Auto HighzOp |04 |18 |Data ' Not settable
This records the IREF Auto measurement

Thermal Overload ‘ 04 ‘ 27 ‘ Sub-Heading ‘ Sub-Heading
Sub-Heading

Hot Spot T 04 |28 |Data ' Not settable
This records the Hot Spot T measurement

Top Oil T 04 |2A |Data | Not settable
This records the Top Oil T measurement

Reset Thermal ‘ 04 ‘ 2B ‘ No ‘ No or Yes
Reset Thermal Overload command. Resets thermal state to 0.

Ambient T 04 |2C |Data ' Not settable
This records the Ambient T measurement

TOL Pretrip left 04 2D |Data ' Not settable
Thermal Overload pre-trip time left. This records the TOL Pretrip left measurement

LOL status 04 |2F |Data | Not settable
Accumulated Loss Of Life. Invisible only when the turbine abnormal frequency protection is not enabled.
Reset LOL 04 30 |No 'Noor Yes
Reset Loss Of Life (LOL) command. Resets state to 0.

Rate of LOL 04 |31 |Data ' Not settable
This records the Rate of LOL (ROLOL) measurement

LOL Aging Factor |04 |32 |Data Not settable
Aging Acceleration Factor (FAA). This records the LOL Aging Factor measurement

Lres at designed ‘ 04 ‘ 33 ‘ Data ‘ Not settable
Residual life hours at design temperature QH,r. This records the Lres at designed measurement
FAAm 04 |34 |Data | Not settable
Mean Aging Acceleration Factor (FAA,m). This records the FAA,m measurement

Lres at FAA,m ‘ 04 ‘ 35 ‘ Data ‘ Not settable
Residual life hours at FAA,m (LRES(FAA,m)). This records the Lres at FAA,m measurement
Volts/Hz 04 38 |Sub-Heading ' Sub-Heading
Sub-Heading

Volts/Hz W1 04 |39 |Data | Not settable

P643 and P645 only.
This records the Volts/Hz W1 measurement

V/Hz W1 tPretrip 04 |3A |Data | Not settable

P643 and P645 only.
This records the V/Hz W1 tPretrip measurement

V/HzW1 Thermal |04 3B | Data | Not settable

P643 and P645 only.
This records the V/Hz W1 Thermal measurement

Reset \//Hz W1 04 3C |No 'Noor Yes
P643 and P645 only.

Reset V/Hz W1

Volts/Hz W2 04 3D |Data | Not settable
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| Available Setting

Description

This records the Volts/Hz W2 measurement

V/Hz W2 tPretrip 04 [3E |Data ' Not settable
This records the V/Hz W2 tPretrip measurement

VIHzW2 Thermal |04  |3F |Data ' Not settable
This records the V/Hz W2 Thermal measurement

Reset V/Hz W2 04 40 | No 'No or Yes
Reset V/IHz W2

RTD 1 label 04 |60 |Data | Not settable
This records the RTD 1 label measurement

RTD 2 label 04 |61 |Data ' Not settable
This records the RTD 2 label measurement

RTD 3 label 04 |62 |Data ' Not settable
This records the RTD 3 label measurement

RTD 4 label 04 |63 |Data | Not settable
This records the RTD 4 label measurement

RTD 5 label 04 |64 |Data | Not settable
This records the RTD 5 label measurement

RTD 6 label 04 |65 |Data | Not settable
This records the RTD 6 label measurement

RTD 7 label 04 |66 |Data ' Not settable
This records the RTD 7 label measurement

RTD 8 label 04 |67 |Data | Not settable
This records the RTD 8 label measurement

RTD 9 label 04 |68 |Data ' Not settable
This records the RTD 9 label measurement

RTD 10 label 04 69 |Data | Not settable
This records the RTD 10 label measurement

RTD Open Cct 04 | 6A | 0000000000 ' Not settable

Displays the status of the eight RTDs as a binary string.
0 = No Open Circuit, 1 = Open Circuit. The Open Cct alarms are latched.

RTD Short Cct 04 6B | 0000000000

‘ Not settable

Displays the status of the eight RTDs as a binary string.
0 = No Short Circuit, 1 = Short Circuit. The Short Cct alarms are latched.

RTD Data Error 04 | 6C | 0000000000

‘ Not settable

Displays the status of the eight RTDs as a binary string.
0 = No Data Error, 1 = Data Error. The Data Error alarms are latched.

Reset RTD Flags ‘ 04 ‘ 6D ‘ No

‘ No or Yes

Reset RTD alarms command. Resets latched RTD Open Cct, Short Cct, Data Error alarms.

CLIO Input 1 04 |70 |Data ' Not settable
This records the CLIO Input 1 measurement
CLIO Input 2 04 |71 |Data | Not settable
This records the CLIO Input 2 measurement
CLIO Input 3 04 |72 |Data | Not settable

This records the CLIO Input 3 measurement
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Menu Text ‘ Col ‘ Row ‘ Default Setting ‘ Available Setting
Description
CLIO Input 4 04 |73 |Data Not settable
This records the CLIO Input 4 measurement

Table 26 - Measurements 3 settings

5.6 Date and Time
Displays the date and time as well as the battery condition.
Menu Text ‘ Col ‘ Row ‘ Default Setting ‘ Available Setting
Description
DATEANDTIME (08 |00 | |
This column contains DATE AND TIME parameters.
Date/Time 08 |01 | |
Displays the relay’s date and time
1310111998 08 |NA <Date>

Displays the relay’s date

Time

12:00:00 08 N/A <Time>
Displays the relay’s time
IRIG-B Sync 08 |04 | Disabled Enabled or Disabled

Enables or disables the IRIG-B time synchronization

Card not fitted, Card failed, signal healthy or

IRIG-B Status 08 05 No signal

Displays the status of IRIG-B

Battery Status ‘ 08 ‘ 06 ‘ ‘ Dead or Healthy
Displays whether the battery is healthy or not

Battery Alarm 08 |07 |Enabled Enabled or Disabled

Enables or disables battery alarm. The battery alarm needs to be disabled when a battery is removed or not used

Disabled, Trying Server1, Trying Server 2,

SNTP Status 08 13 Server 1 OK, Server 2 OK, No response or
No Valid Clock

Displays information about the SNTP time synchronization status

LocalTime Enable |08 |20 | Flexible ' Disabled, Fixed or Flexible

LocalTime Enable

LocalTime Offset ‘ 08 ‘ 21 ‘ 0 -720 mins to +720 mins step 15 mins

LocalTime Offset

DST Enable 08 |22 | Enabled  Enabled or Disabled

Daylight Saving Time(DST) Enbale

DST Offset ‘ 08 ‘ 23 ‘ 60 ‘ 30 mins to 60 mins step 30mins

DST Offset

DST Start ‘ 08 ‘ 24 ‘ Last ‘ First, Second, Third, Fourth or Last

DST Start

oSTSanDsy o8 25 | sunay D Tuesdey, Wesnesday. Thursday
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Menu Text ‘ Col ‘ Row ‘ Default Setting ‘ Available Setting
Description
DST Start Day
DST Start Month 08 |26 |March  Any of the 12 months
DST Start Month
DST Start Mins 08 |27 |60 Omins to 1425 mins step 15mins
DST Start Mins
DST End 08 |28 | Last First, Second, Third, Fourth or Last
DST End
DST End Day 08 |29 Sunday Frday, Satnday or Sunday
DST End Day
DST End Month 08 |2A |October  Any of the 12 months
DST End Month
DST End Mins 08 |2B |60  Omins to 1425 mins step 15mins
DST End Mins
RP1 Time Zone 08 |30 |UTC |UTC or Local
RP1 Time Zone
RP2 Time Zone 08 |31 |UTC |UTC or Local
RP2 Time Zone
DNPOE Time Zone |08 |32 |UTC |UTC or Local
DNPOE Time Zone
Tunnel Time Zone |08 |33 | UTC |UTC or Local

Tunnel Time Zone

0 = Disabled or 1 = Intfc 1 Enabled or 2 =

1588 Sync 08 |40 |DISABLE Intfc 2 Enabled or 3 = Intfc 1 & 2 Enabled

The setting that indicate the 1588 enable or the Intfc 1,Intfc 2 OR Both.
1588 DomainNum |08 |41 |0 0 to 255 step 1

The domian number of 1588 which define the scope of PTP message communication, state, operations, data sets, and
timescale.

1588 Pdellnterv 08 (42 |0 | From 0 to 5 step 1
The initialization value is implementation-specific consistent

1588 KP 08 |43 1.2 'From 0 to 5 step 0.01
The coefficient Kp value that use calculate the sync time

1588 Status 08 |50 | Not Settable
Indication the status of 1588

InterfaceNum ‘ 08 ‘ 51 ‘ ‘ Not Settable

The value of the port number

OffsetFromMaster ‘ 08 ‘ 52 ‘ ‘ Not Settable

An implementation-specific representation of the current value of the time difference between a master and a slave as
computed by the slave

PeerMeanPDelay ‘ 08 ‘ 53 ‘ ‘ Not Settable
An estimate of the current one-way propagation delay on the link
StepsRemoved ‘ 08 ‘ 54 ‘ ‘ Not Settable

The number of communication paths traversed between the local
clock and the grandmaster clock.

ParentClockld 08 |55 | Not Settable
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Menu Text ‘ Col ‘ Row ‘ Default Setting ‘ Available Setting
Description
The clock clockldentity of the parent clock.
ParentPortNum ‘ 08 ‘ 56 ‘ ‘ Not Settable
The value of parent port number
ParentClockClass ‘ 08 ‘ 57 ‘ ‘ Not Settable
The parent clock class which is the attribute defining a clock’s TAl traceability
ParentClockAcc ‘ 08 ‘ 58 ‘ ‘ Not Settable
The parent clock accuracy which is the attribute defining the accuracy of a clock
ParentClockVar ‘ 08 ‘ 59 ‘ ‘ Not Settable
The parent clock variance which is the attribute defining the stability of a clock
ParentPriority1 ‘ 08 ‘ 5A ‘ ‘ Not Settable
A user configurable designation that a clock belongs to an ordered set of clocks from which a master is selected
ParentPriority2 ‘ 08 ‘ 5B ‘ ‘ Not Settable

A user configurable designation that provides finer grained ordering among otherwise equivalent clocks
Table 27 - Date and time settings

5.7 CT and VT Ratios

Menu Text ‘ Col ‘ Row ‘ Default Setting ‘ Available Setting
Description
CTANDVTRATIOS [0A |00 | |

This column contains CT AND VT RATIOS parameter
values for multipliers used elsewhere

Main VT Location ~ |OA |01 |HV/LV/TV 'HV, LV or TV

SMF for P643 and P645 only.
Sets main VT location

Aux VT Location ~ |0A |02 |HV 'HV or LV

P642 only.

Sets Auxiliary VT Location

Main VT Primary ~ |0A |03 | 110 100V to 1MV step 1V

P643 and P645 only.
Main voltage transformer input, primary voltage setting

Main VT Sec'y 0A |04 [110

P643 and P645 only.
Main voltage transformer input, secondary voltage setting

0*V1 to 140*V1 step 1*V1

Aux VT Primary ~ [0A |07 | 110 100V to 1MV step 1V
Single phase VT primary voltage used for W2 overfluxing

Aux VT Sec'y 0A |08 [110 |0*V1 to 140*V1 step 1*V1
Single phase VT secondary voltage used for W2 overfluxing

T1CT 0A |10 | Sub-Heading ' Sub-Heading

Terminal 1 CT

Polarity ‘ 0A ‘ 11 ‘ Standard ‘ Standard or Inverted
Polarity with respect to the other CTs

Primary 0A |12 300 1A to 60000A step 1A

CT primary nominal current
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Menu Text ‘ Col ‘ Row ‘ Default Setting ‘ Available Setting
Description

Secondary 0A 13 |1 1A to 5A step 4A

Secondary

T2CT 0A |14 |Sub-Heading ' Sub-Heading

Terminal 2 CT

Polarity 0A |15 |Standard ' Standard or Inverted

Polarity with respect to the other CTs

Primary 0A |16 300 1A to 60000A step 1A

CT primary nominal current

Secondary 0A 17 |1 1A to 5A step 4A

Secondary

T3CT 0A |18 |Sub-Heading ' Sub-Heading

P643, P645 and P746 only.

Terminal 3 CT

Polarity ‘ 0A ‘ 19 ‘ Standard ‘ Standard or Inverted

P643, P645 and P746 only.
Polarity with respect to the other CTs

Primary 0A  [1A 300

1A to 60000A step 1A

P643 and P645 only.
CT primary nominal current

Secondary oA 1B |1 1A to 5A step 4A
P643, P645 and P746 only.

CT secondary nominal current

T4 CT 0A  |1C | Sub-Heading | Sub-Heading

P645 and P746 only.

Terminal 4 CT

Polarity ‘ 0A ‘ 1D ‘ Standard ‘ Standard or Inverted

P645 and P746 only.
Polarity with respect to the other CTs

Primary oA [1E 300 1A to 60000A step 1A
P645 only.

CT primary nominal current

Secondary oA [1F |1 1A to 5A step 4A
P645 and P746 only.

CT secondary nominal current

T5CT 0A |20 |Sub-Heading | Sub-Heading

P645 and P746 only.

Terminal 5 CT

Polarity ‘ 0A ‘ 21 ‘ Standard ‘ Standard or Inverted

P645 and P746 only.
Polarity with respect to the other CTs

Primary 0A |22 300 1A to 60000A step 1A
P645 only.

CT primary nominal current

Secondary ‘ 0A ‘ 23 ‘ 1 ‘ 1A to 5A step 4A
P645 and P746 only.

CT secondary nominal current

TN1 CT 0A |58 |Sub-Heading ' Sub-Heading
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HV E/F CT
Polarity ‘ 0A ‘ 59 ‘ Standard ‘ Standard or Inverted
Polarity with respect to the other CTs
Primary 0A |5A [300 1A to 60000A step 1A
Earth fault CT primary nominal current
Secondary ‘ 0A ‘ 5B ‘ 1 ‘ 1A to 5A step 4A
Earth fault CT secondary nominal current
TN2 CT 0A 5D | Sub-Heading ' Sub-Heading
LV E/F CT
Polarity ‘ 0A ‘ 5E ‘ Standard ‘ Standard or Inverted
Polarity with respect to the other CTs
Primary 0A |5F [300 1A to 60000A step 1A
Earth fault CT primary nominal current
Secondary 0A 60 |1 1A to 5A step 4A
Earth fault CT secondary nominal current
TN3 CT 0A |62 | Sub-Heading ' Sub-Heading
P643 and P645 only.
TV E/F CT
Polarity ‘ 0A ‘ 63 ‘ Standard ‘ Standard or Inverted

P643 and P645 only.
Polarity with respect to the other CTs

Primary 0A |64 300 1A to BO00OA step 1A

P643 and P645 only.
Earth fault CT primary nominal current

Secondary 0A |65 |1 1A to 5A step 4A

P643 and P645 only.
Earth fault CT secondary nominal current

Table 28 - CT and VT ratio settings

5.8 Record Control

It is possible to disable the reporting of events from all interfaces that support setting
changes. The settings that control the various types of events are in the Record Control
column. The effect of setting each to disabled is as follows:

MenuText ~ Col Row Default Setting | Available Setting
Description

RECORD CONTROL (0B 00 |
This column contains RECORD CONTROL parameter

Clear Events ‘ 0B ‘ 01 ‘ No ‘ 0=Noor 1=Yes
Clear Event records
Clear Faults 0B |02 |No 0=Noor 1=VYes
Clear Fault records
Clear Maint ‘ 0B ‘ 03 ‘ No ‘ 0=Noor 1=Yes

Clear Maintenance records
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Menu Text ‘ Col ‘ Row ‘ Default Setting ‘ Available Setting
Description

Alarm Event 0B |04 |Enabled  Enabled or Disabled
Disabling this setting means that no event is generated for all alarms
Relay O/P Event (OB |05 |Enabled  Enabled or Disabled
Disabling this setting means that no event is generated for any change in relay output contact state
OptoInputEvent (OB |06 |Enabled  Enabled or Disabled
Disabling this setting means that no event is generated for any change in logic input state
General Event 0B |07 |Enabled  Enabled or Disabled
Disabling this setting means that no General Events is generated
FaultRecEvent (OB |08 |Enabled  Enabled or Disabled
Disabling this setting means that no event is generated for any fault that produces a fault record.
Maint Rec Event ~ (OB |09 |Enabled  Enabled or Disabled
Disabling this setting means that no event is generated for any maintenance records
Protection Event (OB |0A |Enabled  Enabled or Disabled
Disabling this setting means that no event is generated for any operation of the protection elements
ClearDistRecs (0B |30 |No 0=Noor 1=Yes
Clear Disturbance records
Security Event ‘ 0B ‘ 31 ‘ Enabled ‘ Enabled or Disabled
Disabling this setting means that any operation of security elements will not be logged as an event
DDB 31 - 0 0B |40 | OXFFFFFFFF | 32-bit binary setting

Digital Data Bus (DDB)
1 = event recording Enabled, 0 = event recording Disabled

DDB 63 - 32 0B |41 | OXFFFFFFFF 32-bit binary setting
This setting works in the same way as DDB 31 - 0 but for DDB 63 - 32 instead

DDB 95 - 64 0B |42 | OXFFFFFFFF 32-bit binary setting
This setting works in the same way as DDB 31 - 0 but for DDB 95 - 64 instead

DDB 127 - 96 0B |43 | OXFFFFFFFF ' 32-bit binary setting
This setting works in the same way as DDB 31 - 0 but for DDB 127 - 96 instead

DDB 159 - 128 0B |44 | OXFFFFFFFF ' 32-bit binary setting
This setting works in the same way as DDB 31 - 0 but for DDB 159 - 128 instead

DDB 191 - 160 0B |45 | OXFFFFFFFF 32-bit binary setting
This setting works in the same way as DDB 31 - 0 but for DDB 191 - 160 instead

DDB 223 - 192 0B |46 | OXFFFFFFFF | 32-bit binary setting
This setting works in the same way as DDB 31 - 0 but for DDB 223 - 192 instead

DDB 255 - 224 (0B |47 | OXFFFFFFFF ' 32-bit binary setting
This setting works in the same way as DDB 31 - 0 but for DDB 255 - 224 instead

DDB 287 - 256 0B |48 | OXFFFFFFFF | 32-bit binary setting
This setting works in the same way as DDB 31 - 0 but for DDB 287 - 256 instead

DDB 319 - 288 0B |49 | OXFFFFFFFF | 32-bit binary setting
This setting works in the same way as DDB 31 - 0 but for DDB 319 - 288 instead

DDB 351 - 320 0B |4A | OXFFFFFFFF ' 32-bit binary setting
This setting works in the same way as DDB 31 - 0 but for DDB 351 - 320 instead

DDB 383 - 352 0B 4B | OXFFFFFFFF ' 32-bit binary setting
This setting works in the same way as DDB 31 - 0 but for DDB 383 - 352 instead

DDB 415 - 384 0B |4C | OXFFFFFFFF ' 32-bit binary setting
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This setting works in the same way as DDB 31 - 0 but for DDB 415 - 384 instead

DDB 447 - 416 0B |4D | OXFFFFFFFF ' 32-bit binary setting

This setting works in the same way as DDB 31 - 0 but for DDB 447 - 416 instead

DDB 479 - 448 0B |4E | OXFFFFFFFF ' 32-bit binary setting

This setting works in the same way as DDB 31 - 0 but for DDB 479 - 448 instead

DDB 511 - 480 0B |4F | OXFFFFFFFF 32-bit binary setting

This setting works in the same way as DDB 31 - 0 but for DDB 511 - 480 instead

DDB 543 - 512 0B |50 | OXFFFFFFFF | 32-bit binary setting

This setting works in the same way as DDB 31 - 0 but for DDB 543 - 512 instead

DDB 575 - 544 0B |51 |OXFFFFFFFF ' 32-bit binary setting

This setting works in the same way as DDB 31 - 0 but for DDB 575 - 544 instead

DDB 607 - 576 0B |52 | OXFFFFFFFF 32-bit binary setting

This setting works in the same way as DDB 31 - 0 but for DDB 607 - 576 instead

DDB 639 - 608 0B |53 | OXFFFFFFFF 32-bit binary setting

This setting works in the same way as DDB 31 - 0 but for DDB 639 - 608 instead

DDB 671 - 640 0B |54 | OXFFFFFFFF ' 32-bit binary setting

This setting works in the same way as DDB 31 - 0 but for DDB 671 - 640 instead

DDB 703 - 672 0B |55 | OXFFFFFFFF ' 32-bit binary setting

This setting works in the same way as DDB 31 - 0 but for DDB 703 - 672 instead

DDB 735 - 704 0B |56 | OXFFFFFFFF ' 32-bit binary setting

This setting works in the same way as DDB 31 - 0 but for DDB 735 - 704 instead

DDB 767 - 736 0B |57 |OXFFFFFFFF | 32-bit binary setting

This setting works in the same way as DDB 31 - 0 but for DDB 767 - 736 instead

DDB 799 - 768 0B |58 | OXFFFFFFFF ' 32-bit binary setting

This setting works in the same way as DDB 31 - 0 but for DDB 799 - 768 instead

DDB 831 - 800 0B |59 | OXFFFFFFFF ' 32-bit binary setting

This setting works in the same way as DDB 31 - 0 but for DDB 831 - 800 instead

DDB 863 - 832 0B |5A | OXFFFFFFFF 32-bit binary setting

This setting works in the same way as DDB 31 - 0 but for DDB 863 - 832 instead

DDB 895 - 864 0B 5B | OXFFFFFFFF 32-bit binary setting

This setting works in the same way as DDB 31 - 0 but for DDB 895 - 864 instead

DDB 927 - 896 0B |5C | OXFFFFFFFF ' 32-bit binary setting

This setting works in the same way as DDB 31 - 0 but for DDB 927 - 896 instead

DDB 959 - 928 0B 5D |OXFFFFFFFF | 32-bit binary setting

This setting works in the same way as DDB 31 - 0 but for DDB 959 - 928 instead

DDB 991 - 960 0B |5E | OXFFFFFFFF 32-bit binary setting

This setting works in the same way as DDB 31 - 0 but for DDB 991 - 960 instead

DDB 1023-992 (OB  |5F |OXFFFFFFFF 32-bit binary setting

This setting works in the same way as DDB 31 - 0 but for DDB 1023 - 992 instead

DDB 1055-1024 (OB |60 |OXFFFFFFFF ' 32-bit binary setting

This setting works in the same way as DDB 31 - 0 but for DDB 1055-1024 instead

DDB 1087-1056 (OB |61 |OXFFFFFFFF ' 32-bit binary setting

This setting works in the same way as DDB 31 - 0 but for DDB 1087-1056 instead
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DDB 1119-1088 (0B |62 |OXFFFFFFFF 32-bit binary setting

This setting works in the same way as DDB 31 - 0 but for DDB 1119-1088 instead

DDB 1151-1120 (0B |63 |OXFFFFFFFF 32-bit binary setting

This setting works in the same way as DDB 31 - 0 but for DDB 1151-1120 instead

DDB 1183-1152 (OB |64 | OXFFFFFFFF | 32-bit binary setting

This setting works in the same way as DDB 31 - 0 but for DDB 1183-1152 instead

DDB 1215-1184 (OB |65 |OXFFFFFFFF | 32-bit binary setting

This setting works in the same way as DDB 31 - 0 but for DDB 1215-1184 instead

DDB 1247-1216 (0B |66 | OXFFFFFFFF ' 32-bit binary setting
This setting works in the same way as DDB 31 - 0 but for DDB 1247-1216 instead
DDB 1279-1248 (OB |67 |OXFFFFFFFF 32-bit binary setting

This setting works in the same way as DDB 31 - 0 but for DDB 1279-1248 instead

DDB 1311-1280 (OB |68 |OXFFFFFFFF 32-bit binary setting

This setting works in the same way as DDB 31 - 0 but for DDB 1311-1280 instead

DDB 13431312 (0B |69 |OXFFFFFFFF ' 32-bit binary setting

This setting works in the same way as DDB 31 - 0 but for DDB 1343-1312 instead

DDB 1375-1344 (OB | 6A |OXFFFFFFFF ' 32-bit binary setting

This setting works in the same way as DDB 31 - 0 but for DDB 1375-1344 instead

DDB 1407-1376 (0B | 6B | OXFFFFFFFF | 32-bit binary setting

This setting works in the same way as DDB 31 - 0 but for DDB 1407-1376 instead

DDB 1439-1408 (OB | 6C |OXFFFFFFFF 32-bit binary setting

This setting works in the same way as DDB 31 - 0 but for DDB 1439-1408 instead

DDB 14711440 (0B 6D | OxFFFFFFFF | 32-bit binary setting

This setting works in the same way as DDB 31 - 0 but for DDB 1471-1440 instead

DDB 1503-1472 (OB | 6E | OXFFFFFFFF ' 32-bit binary setting

This setting works in the same way as DDB 31 - 0 but for DDB 1503-1472 instead

DDB 1535-1504 (OB | 6F | OXFFFFFFFF | 32-bit binary setting

This setting works in the same way as DDB 31 - 0 but for DDB 1535-1504 instead

DDB 1567-1536 (OB |70 | OXFFFFFFFF 32-bit binary setting

This setting works in the same way as DDB 31 - 0 but for DDB 1567-1536 instead

DDB 1599-1568 (OB |71 | OXFFFFFFFF ' 32-bit binary setting

This setting works in the same way as DDB 31 - 0 but for DDB 1599-1568 instead

DDB 1631-1600 (OB |72 |OXFFFFFFFF ' 32-bit binary setting

This setting works in the same way as DDB 31 - 0 but for DDB 1631-1600 instead

DDB 1663-1632 (OB |73 | OXFFFFFFFF ' 32-bit binary setting

This setting works in the same way as DDB 31 - 0 but for DDB 1663-1632 instead
DDB 1695-1664 0B |74 | OXFFFFFFFF 32-bit binary setting
This setting works in the same way as DDB 31 - 0 but for DDB 1695-1664 instead
DDB 1727-1696 (OB |75 | OXFFFFFFFF | 32-bit binary setting
This setting works in the same way as DDB 31 - 0 but for DDB 1727-1696 instead
DDB 1759-1728 (OB |76 |OXFFFFFFFF ' 32-bit binary setting
This setting works in the same way as DDB 31 - 0 but for DDB 1759-1728 instead
DDB 1791-1760 (0B |77 |OXFFFFFFFF | 32-bit binary setting
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This setting works in the same way as DDB 31 - 0 but for DDB 1791-1760 instead

DDB 1823-1792 0B |78 |OXFFFFFFFF | 32-bit binary setting

This setting works in the same way as DDB 31 - 0 but for DDB 1823-1792 instead

DDB 1855-1824 (OB |79 | OXFFFFFFFF ' 32-bit binary setting

This setting works in the same way as DDB 31 - 0 but for DDB 1855-1824 instead

DDB 1887-1856 (OB | 7A | OXFFFFFFFF 32-bit binary setting

This setting works in the same way as DDB 31 - 0 but for DDB 1887-1856 instead

DDB 1919-1888 0B |7B | OXFFFFFFFF | 32-bit binary setting

This setting works in the same way as DDB 31 - 0 but for DDB 1919-1888 instead

DDB 1951-1920 0B |7C | OXFFFFFFFF | 32-bit binary setting

This setting works in the same way as DDB 31 - 0 but for DDB 1951-1920 instead

DDB 1983-1952 (0B | 7D | OXFFFFFFFF 32-bit binary setting

This setting works in the same way as DDB 31 - 0 but for DDB 1983-1952 instead

DDB 20151984 (OB | 7E |OXFFFFFFFF 32-bit binary setting

This setting works in the same way as DDB 31 - 0 but for DDB 2015-1984 instead

DDB 2047-2016 (OB | 7F | OxFFFFFFFF | 32-bit binary setting

This setting works in the same way as DDB 31 - 0 but for DDB 2047-2016 instead

Table 29 - Record control settings

5.9 Disturbance Recorder Settings

The disturbance recorder settings include the record duration and trigger position,
selection of analog and digital signals to record, and the signal sources that trigger the
recording.

The precise event recorder column (“Disturb. Recorder” menu) is visible when the
“Disturb recorder” setting (“Configuration” column) = “visible”.

Menu Text Col Row Defa_ult Available Setting
Setting

Description

DISTURB RECORDER 0C |00 | |

This column contains DISTURBANCE RECORDER paramaters

Duration oc |52 15 0.1s to 10.5s step 0.01s
Overall recording time setting
Trigger Position 0c |54 333 0% to 100% step 0.1%

Trigger point setting as a percentage of the duration. For example, the default settings show the overall recording time is set to
1.5 s with the trigger point being at 33.3% of this, giving 0.5 s pre-fault and 1 s post fault recording times

Trigger Mode 0C 56 |Single ' Single or Extended

If set to single mode, and if a further trigger occurs while a recording is taking place, the recorder ignores the trigger. However,
if this is set to Extended, the post trigger timer is reset to zero, extending the recording time

Unused, VA, VB, VC, VX, IA1, IB1, IC1, IN1, IA2, IB2, IC2, IN2, IAS3,
IB3, IC3, IN3, |IA4, IB4, IC4, IA5, IB5, IC5, IADIFF, IBDIFF, ICDIFF,
IABIAS, IBBIAS, ICBIAS, REFHVDIFF, REFHVBIAS, REFLVDIFF,
REFLVBIAS, REFTVDIFF, REFTVBIAS, REFAUTODIFF,
REFAUTOBIAS, REFHVOP, REFLVOP, REFTVOP, REFAUTOOP,
Frequency, VAB or VBC

Analog Channel 1 0C 58 |G31

Selects any available analog input to be assigned to this channel
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Analog Channel 2

0C 59

Unused, VA, VB, VC, VX, IA1, IB1, IC1, IN1, IA2, IB2, IC2, IN2, IA3,
IB3, IC3, IN3, 1A4, IB4, IC4, IA5, IB5, IC5, IADIFF, IBDIFF, ICDIFF,
IABIAS, IBBIAS, ICBIAS, REFHVDIFF, REFHVBIAS, REFLVDIFF,
REFLVBIAS, REFTVDIFF, REFTVBIAS, REFAUTODIFF,
REFAUTOBIAS, REFHVOP, REFLVOP, REFTVOP, REFAUTOOP,
Frequency, VAB or VBC

G31

This works in the same

way as Analog

Channel 1 but for Analog Channel 2 instead.

Analog Channel 3

0C 5A

Unused, VA, VB, VC, VX, IA1, IB1, IC1, IN1, 1A2, IB2, IC2, IN2, IA3,
IB3, IC3, IN3, 1A4, IB4, IC4, IA5, IB5, IC5, IADIFF, IBDIFF, ICDIFF,
IABIAS, IBBIAS, ICBIAS, REFHVDIFF, REFHVBIAS, REFLVDIFF,
REFLVBIAS, REFTVDIFF, REFTVBIAS, REFAUTODIFF,
REFAUTOBIAS, REFHVOP, REFLVOP, REFTVOP, REFAUTOOP,
Frequency, VAB or VBC

G31

This works in the same

way as Analog

Channel 1 but for Analog Channel 3 instead.

Analog Channel 4

0C 5B

Unused, VA, VB, VC, VX, IA1, IB1, IC1, IN1, IA2, IB2, IC2, IN2, IA3,
IB3, IC3, IN3, IA4, IB4, IC4, IA5, IB5, IC5, IADIFF, IBDIFF, ICDIFF,
IABIAS, IBBIAS, ICBIAS, REFHVDIFF, REFHVBIAS, REFLVDIFF,
REFLVBIAS, REFTVDIFF, REFTVBIAS, REFAUTODIFF,
REFAUTOBIAS, REFHVOP, REFLVOP, REFTVOP, REFAUTOOP,
Frequency, VAB or VBC

G31

This works in the same

way as Analog

Channel 1 but for Analog Channel 4 instead.

Analog Channel 5

0C 5C

Unused, VA, VB, VC, VX, IA1, IB1, IC1, IN1, I1A2, IB2, IC2, IN2, IA3,
IB3, IC3, IN3, 1A4, IB4, IC4, IA5, IB5, IC5, IADIFF, IBDIFF, ICDIFF,
IABIAS, IBBIAS, ICBIAS, REFHVDIFF, REFHVBIAS, REFLVDIFF,
REFLVBIAS, REFTVDIFF, REFTVBIAS, REFAUTODIFF,
REFAUTOBIAS, REFHVOP, REFLVOP, REFTVOP, REFAUTOOP,
Frequency, VAB or VBC

G31

This works in the same

way as Analog

Channel 1 but for Analog Channel 5 instead.

Analog Channel 6

0C 5D

Unused, VA, VB, VC, VX, IA1, IB1, IC1, IN1, I1A2, IB2, IC2, IN2, IA3,
IB3, IC3, IN3, 1A4, IB4, IC4, IA5, IB5, IC5, IADIFF, IBDIFF, ICDIFF,
IABIAS, IBBIAS, ICBIAS, REFHVDIFF, REFHVBIAS, REFLVDIFF,
REFLVBIAS, REFTVDIFF, REFTVBIAS, REFAUTODIFF,
REFAUTOBIAS, REFHVOP, REFLVOP, REFTVOP, REFAUTOOP,
Frequency, VAB or VBC

G31

This works in the same

way as Analog

Channel 1 but for Analog Channel 6 instead.

Analog Channel 7

0C 5E

Unused, VA, VB, VC, VX, IA1, IB1, IC1, IN1, IA2, IB2, IC2, IN2, IA3,
IB3, IC3, IN3, IA4, IB4, IC4, IA5, IB5, IC5, IADIFF, IBDIFF, ICDIFF,
IABIAS, IBBIAS, ICBIAS, REFHVDIFF, REFHVBIAS, REFLVDIFF,
REFLVBIAS, REFTVDIFF, REFTVBIAS, REFAUTODIFF,
REFAUTOBIAS, REFHVOP, REFLVOP, REFTVOP, REFAUTOOP,
Frequency, VAB or VBC

G31

This works in the same

way as Analog

Channel 1 but for Analog Channel 7 instead.

Analog Channel 8

oC 5F

Unused, VA, VB, VC, VX, IA1, IB1, IC1, IN1, IA2, IB2, IC2, IN2, IAS3,
IB3, IC3, IN3, IA4, IB4, IC4, IA5, IB5, IC5, IADIFF, IBDIFF, ICDIFF,
IABIAS, IBBIAS, ICBIAS, REFHVDIFF, REFHVBIAS, REFLVDIFF,
REFLVBIAS, REFTVDIFF, REFTVBIAS, REFAUTODIFF,
REFAUTOBIAS, REFHVOP, REFLVOP, REFTVOP, REFAUTOOP,
Frequency, VAB or VBC

G31

This works in the same

way as Analog

Channel 1 but for Analog Channel 8 instead.

Analog Channel 9

0C 60

Unused, VA, VB, VC, VX, IA1, IB1, IC1, IN1, IA2, IB2, IC2, IN2, IAS3,
IB3, IC3, IN3, |IA4, IB4, IC4, IA5, IB5, IC5, IADIFF, IBDIFF, ICDIFF,
IABIAS, IBBIAS, ICBIAS, REFHVDIFF, REFHVBIAS, REFLVDIFF,
REFLVBIAS, REFTVDIFF, REFTVBIAS, REFAUTODIFF,
REFAUTOBIAS, REFHVOP, REFLVOP, REFTVOP, REFAUTOOP,
Frequency, VAB or VBC

G31
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This works in the same way as Analog Channel 1 but for Analog Channel 9 instead.

AnalogChannel 10

0C 61

G31

Unused, VA, VB, VC, VX, IA1, IB1, IC1, IN1, IA2, IB2, IC2, IN2, IA3,
IB3, IC3, IN3, IA4, IB4, IC4, IA5, IB5, IC5, IADIFF, IBDIFF, ICDIFF,
IABIAS, IBBIAS, ICBIAS, REFHVDIFF, REFHVBIAS, REFLVDIFF,
REFLVBIAS, REFTVDIFF, REFTVBIAS, REFAUTODIFF,
REFAUTOBIAS, REFHVOP, REFLVOP, REFTVOP, REFAUTOORP,
Frequency, VAB or VBC

This works in the same

way as Analog

Channel 1 but for AnalogChannel 10 instead.

AnalogChannel 11

0C 62

G31

Unused, VA, VB, VC, VX, IA1, IB1, IC1, IN1, 1A2, IB2, IC2, IN2, IA3,
IB3, IC3, IN3, 1A4, IB4, IC4, IA5, IB5, IC5, IADIFF, IBDIFF, ICDIFF,
IABIAS, IBBIAS, ICBIAS, REFHVDIFF, REFHVBIAS, REFLVDIFF,
REFLVBIAS, REFTVDIFF, REFTVBIAS, REFAUTODIFF,
REFAUTOBIAS, REFHVOP, REFLVOP, REFTVOP, REFAUTOOP,
Frequency, VAB or VBC

This works in the same

way as Analog

Channel 1 but for AnalogChannel 11 instead.

AnalogChannel 12

0C 63

G31

Unused, VA, VB, VC, VX, IA1, IB1, IC1, IN1, IA2, IB2, IC2, IN2, IA3,
IB3, IC3, IN3, IA4, IB4, IC4, IA5, IB5, IC5, IADIFF, IBDIFF, ICDIFF,
IABIAS, IBBIAS, ICBIAS, REFHVDIFF, REFHVBIAS, REFLVDIFF,
REFLVBIAS, REFTVDIFF, REFTVBIAS, REFAUTODIFF,
REFAUTOBIAS, REFHVOP, REFLVOP, REFTVOP, REFAUTOOP,
Frequency, VAB or VBC

This works in the same

way as Analog

Channel 1 but for AnalogChannel 12 instead.

AnalogChannel 13

0C 64

G31

Unused, VA, VB, VC, VX, IA1, IB1, IC1, IN1, IA2, IB2, IC2, IN2, IA3,
IB3, IC3, IN3, IA4, IB4, IC4, IA5, IB5, IC5, IADIFF, IBDIFF, ICDIFF,
IABIAS, IBBIAS, ICBIAS, REFHVDIFF, REFHVBIAS, REFLVDIFF,
REFLVBIAS, REFTVDIFF, REFTVBIAS, REFAUTODIFF,
REFAUTOBIAS, REFHVOP, REFLVOP, REFTVOP, REFAUTOORP,
Frequency, VAB or VBC

This works in the same

way as Analog

Channel 1 but for AnalogChannel 13 instead.

AnalogChannel 14

0C 65

G31

Unused, VA, VB, VC, VX, IA1, IB1, IC1, IN1, I1A2, IB2, IC2, IN2, IA3,
IB3, IC3, IN3, 1A4, IB4, IC4, IA5, IB5, IC5, IADIFF, IBDIFF, ICDIFF,
IABIAS, IBBIAS, ICBIAS, REFHVDIFF, REFHVBIAS, REFLVDIFF,
REFLVBIAS, REFTVDIFF, REFTVBIAS, REFAUTODIFF,
REFAUTOBIAS, REFHVOP, REFLVOP, REFTVOP, REFAUTOOP,
Frequency, VAB or VBC

This works in the same

way as Analog

Channel 1 but for AnalogChannel 14 instead.

AnalogChannel 15

0C 66

G31

Unused, VA, VB, VC, VX, IA1, IB1, IC1, IN1, IA2, IB2, IC2, IN2, IA3,
IB3, IC3, IN3, IA4, IB4, IC4, IA5, IB5, IC5, IADIFF, IBDIFF, ICDIFF,
IABIAS, IBBIAS, ICBIAS, REFHVDIFF, REFHVBIAS, REFLVDIFF,
REFLVBIAS, REFTVDIFF, REFTVBIAS, REFAUTODIFF,
REFAUTOBIAS, REFHVOP, REFLVOP, REFTVOP, REFAUTOOP,
Frequency, VAB or VBC

This works in the same

way as Analog

Channel 1 but for AnalogChannel 15 instead.

AnalogChannel 16

0C 67

G31

Unused, VA, VB, VC, VX, IA1, IB1,1C1, IN1, IA2, IB2, IC2, IN2, IA3,
IB3, IC3, IN3, IA4, B4, IC4, IA5, IB5, IC5, IADIFF, IBDIFF, ICDIFF,
IABIAS, IBBIAS, ICBIAS, REFHVDIFF, REFHVBIAS, REFLVDIFF,
REFLVBIAS, REFTVDIFF, REFTVBIAS, REFAUTODIFF,
REFAUTOBIAS, REFHVOP, REFLVOP, REFTVOP, REFAUTOORP,
Frequency, VAB or VBC

This works in the same way as Analog Channel 1 but for AnalogChannel 16 instead.
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AnalogChannel 17

0C 68

Unused, VA, VB, VC, VX, IA1, IB1, IC1, IN1, 1A2, IB2, IC2, IN2, IA3,
IB3, IC3, IN3, 1A4, IB4, IC4, IA5, IB5, IC5, IADIFF, IBDIFF, ICDIFF,
IABIAS, IBBIAS, ICBIAS, REFHVDIFF, REFHVBIAS, REFLVDIFF,
REFLVBIAS, REFTVDIFF, REFTVBIAS, REFAUTODIFF,
REFAUTOBIAS, REFHVOP, REFLVOP, REFTVOP, REFAUTOOP,
Frequency, VAB or VBC

G31

This works in the same

way as Analog

Channel 1 but for AnalogChannel 17 instead.

AnalogChannel 18

0C 69

Unused, VA, VB, VC, VX, IA1, IB1, IC1, IN1, 1A2, IB2, IC2, IN2, IA3,
IB3, IC3, IN3, 1A4, IB4, IC4, IA5, IB5, IC5, IADIFF, IBDIFF, ICDIFF,
IABIAS, IBBIAS, ICBIAS, REFHVDIFF, REFHVBIAS, REFLVDIFF,
REFLVBIAS, REFTVDIFF, REFTVBIAS, REFAUTODIFF,
REFAUTOBIAS, REFHVOP, REFLVOP, REFTVOP, REFAUTOOP,
Frequency, VAB or VBC

G31

This works in the same

way as Analog

Channel 1 but for AnalogChannel 18 instead.

AnalogChannel 19

0C 6A

Unused, VA, VB, VC, VX, IA1, IB1,I1C1, IN1, IA2, IB2, IC2, IN2, IA3,
IB3, IC3, IN3, IA4, IB4, IC4, IA5, IB5, IC5, IADIFF, IBDIFF, ICDIFF,
IABIAS, IBBIAS, ICBIAS, REFHVDIFF, REFHVBIAS, REFLVDIFF,
REFLVBIAS, REFTVDIFF, REFTVBIAS, REFAUTODIFF,
REFAUTOBIAS, REFHVOP, REFLVOP, REFTVOP, REFAUTOORP,
Frequency, VAB or VBC

G31

This works in the same

way as Analog

Channel 1 but for AnalogChannel 19 instead.

AnalogChannel 20

0C 6B

Unused, VA, VB, VC, VX, IA1, IB1, IC1, IN1, I1A2, IB2, IC2, IN2, IA3,
IB3, IC3, IN3, 1A4, IB4, IC4, IA5, IB5, IC5, IADIFF, IBDIFF, ICDIFF,
IABIAS, IBBIAS, ICBIAS, REFHVDIFF, REFHVBIAS, REFLVDIFF,
REFLVBIAS, REFTVDIFF, REFTVBIAS, REFAUTODIFF,
REFAUTOBIAS, REFHVOP, REFLVOP, REFTVOP, REFAUTOOP,
Frequency, VAB or VBC

G31

P643, P645 and P746 only.

This works in the same

way as Analog

Channel 1 but for AnalogChannel 20 instead.

AnalogChannel 21

0C 6C

Unused, VA, VB, VC, VX, IA1, IB1, I1C1, IN1, IA2, IB2, IC2, IN2, IA3,
IB3, IC3, IN3, IA4, IB4, IC4, IA5, IB5, IC5, IADIFF, IBDIFF, ICDIFF,
IABIAS, IBBIAS, ICBIAS, REFHVDIFF, REFHVBIAS, REFLVDIFF,
REFLVBIAS, REFTVDIFF, REFTVBIAS, REFAUTODIFF,
REFAUTOBIAS, REFHVOP, REFLVOP, REFTVOP, REFAUTOOP,
Frequency, VAB or VBC

G31

P643, P645 and P746 only.
This works in the same way as Analog Channel 1 but for AnalogChannel 21 instead.

AnalogChannel 22

oC 6D

Unused, VA, VB, VC, VX, IA1, IB1, IC1, IN1, I1A2, IB2, IC2, IN2, IA3,
IB3, IC3, IN3, 1A4, IB4, IC4, IA5, IB5, IC5, IADIFF, IBDIFF, ICDIFF,
IABIAS, IBBIAS, ICBIAS, REFHVDIFF, REFHVBIAS, REFLVDIFF,
REFLVBIAS, REFTVDIFF, REFTVBIAS, REFAUTODIFF,
REFAUTOBIAS, REFHVOP, REFLVOP, REFTVOP, REFAUTOOP,
Frequency, VAB or VBC

G31

P643 and P645 only.
This works in the same

way as Analog

Channel 1 but for AnalogChannel 22 instead.

AnalogChannel 23

0C 6E

Unused, VA, VB, VC, VX, IA1, IB1, IC1, IN1, IA2, IB2, IC2, IN2, IA3,
IB3, IC3, IN3, |IA4, IB4, IC4, IA5, IB5, IC5, IADIFF, IBDIFF, ICDIFF,
IABIAS, IBBIAS, ICBIAS, REFHVDIFF, REFHVBIAS, REFLVDIFF,
REFLVBIAS, REFTVDIFF, REFTVBIAS, REFAUTODIFF,
REFAUTOBIAS, REFHVOP, REFLVOP, REFTVOP, REFAUTOOP,
Frequency, VAB or VBC

G31

P643 and P645 only.

This works in the same way as Analog Channel 1 but for AnalogChannel 23 instead.
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AnalogChannel 24

0C 6F

G31

Unused, VA, VB, VC, VX, IA1, IB1, IC1, IN1, 1A2, IB2, IC2, IN2, IA3,
IB3, IC3, IN3, 1A4, IB4, IC4, IA5, IB5, IC5, IADIFF, IBDIFF, ICDIFF,
IABIAS, IBBIAS, ICBIAS, REFHVDIFF, REFHVBIAS, REFLVDIFF,
REFLVBIAS, REFTVDIFF, REFTVBIAS, REFAUTODIFF,
REFAUTOBIAS, REFHVOP, REFLVOP, REFTVOP, REFAUTOOP,
Frequency, VAB or VBC

P643 and P645 only.

This works in the same way as Analog Channel 1 but for AnalogChannel 24 instead.

AnalogChannel 25

0C 70

G31

Unused, VA, VB, VC, VX, IA1, IB1, IC1, IN1, 1A2, IB2, IC2, IN2, IA3,
IB3, IC3, IN3, 1A4, IB4, IC4, IA5, IB5, IC5, IADIFF, IBDIFF, ICDIFF,
IABIAS, IBBIAS, ICBIAS, REFHVDIFF, REFHVBIAS, REFLVDIFF,
REFLVBIAS, REFTVDIFF, REFTVBIAS, REFAUTODIFF,
REFAUTOBIAS, REFHVOP, REFLVOP, REFTVOP, REFAUTOOP,
Frequency, VAB or VBC

P643 and P645 only.
This works in the same

way as Analog

Channel 1 but for AnalogChannel 25 instead.

AnalogChannel 26

0C 71

G31

Unused, VA, VB, VC, VX, IA1, IB1, IC1, IN1, IA2, IB2, IC2, IN2, IA3,
IB3, IC3, IN3, IA4, IB4, IC4, IA5, IB5, IC5, IADIFF, IBDIFF, ICDIFF,
IABIAS, IBBIAS, ICBIAS, REFHVDIFF, REFHVBIAS, REFLVDIFF,
REFLVBIAS, REFTVDIFF, REFTVBIAS, REFAUTODIFF,
REFAUTOBIAS, REFHVOP, REFLVOP, REFTVOP, REFAUTOORP,
Frequency, VAB or VBC

P643 and P645 only.
This works in the same

way as Analog

Channel 1 but for AnalogChannel 26 instead.

AnalogChannel 27

0C 72

G31

Unused, VA, VB, VC, VX, IA1, IB1, IC1, IN1, IA2, IB2, IC2, IN2, IA3,
IB3, IC3, IN3, 1A4, IB4, IC4, IA5, IB5, IC5, IADIFF, IBDIFF, ICDIFF,
IABIAS, IBBIAS, ICBIAS, REFHVDIFF, REFHVBIAS, REFLVDIFF,
REFLVBIAS, REFTVDIFF, REFTVBIAS, REFAUTODIFF,
REFAUTOBIAS, REFHVOP, REFLVOP, REFTVOP, REFAUTOOP,
Frequency, VAB or VBC

P645 only.
This works in the same

way as Analog

Channel 1 but for AnalogChannel 27 instead.

AnalogChannel 28

0C 73

G31

Unused, VA, VB, VC, VX, IA1, IB1, I1C1, IN1, IA2, IB2, IC2, IN2, IA3,
IB3, IC3, IN3, IA4, IB4, IC4, IA5, IB5, IC5, IADIFF, IBDIFF, ICDIFF,
IABIAS, IBBIAS, ICBIAS, REFHVDIFF, REFHVBIAS, REFLVDIFF,
REFLVBIAS, REFTVDIFF, REFTVBIAS, REFAUTODIFF,
REFAUTOBIAS, REFHVOP, REFLVOP, REFTVOP, REFAUTOOP,
Frequency, VAB or VBC

P645 only.
This works in the same

way as Analog

Channel 1 but for AnalogChannel 28 instead.

AnalogChannel 29

0C 74

G31

Unused, VA, VB, VC, VX, IA1, IB1, IC1, IN1, 1A2, IB2, IC2, IN2, IA3,
IB3, IC3, IN3, 1A4, IB4, IC4, IA5, IB5, IC5, IADIFF, IBDIFF, ICDIFF,
IABIAS, IBBIAS, ICBIAS, REFHVDIFF, REFHVBIAS, REFLVDIFF,
REFLVBIAS, REFTVDIFF, REFTVBIAS, REFAUTODIFF,
REFAUTOBIAS, REFHVOP, REFLVOP, REFTVOP, REFAUTOOP,
Frequency, VAB or VBC

P645 only.
This works in the same

way as Analog

Channel 1 but for AnalogChannel 29 instead.

AnalogChannel 30

0C 75

G31

Unused, VA, VB, VC, VX, IA1, IB1, IC1, IN1, IA2, IB2, IC2, IN2, IA3,
IB3, IC3, IN3, 1A4, IB4, IC4, IA5, IB5, IC5, IADIFF, IBDIFF, ICDIFF,
IABIAS, IBBIAS, ICBIAS, REFHVDIFF, REFHVBIAS, REFLVDIFF,
REFLVBIAS, REFTVDIFF, REFTVBIAS, REFAUTODIFF,
REFAUTOBIAS, REFHVOP, REFLVOP, REFTVOP, REFAUTOORP,
Frequency, VAB or VBC

P64x/EN ST/E93 (P642

. P643 & P645)

Page (ST) 4-105



(ST) 4 Settings Control and Support Settings

Default

Menu Text Col Row Setting

Available Setting

Description

P645 only.
This works in the same way as Analog Channel 1 but for AnalogChannel 30 instead.

Any of 12 O/P Contacts or Any of 12 Opto Inputs or Internal Digital

Digital Input 1 0oC 80 | Output R1 Signals

The digital channels can be mapped to any of the opto isolated inputs or output contacts, in addition to several internal relay
digital signals such as protection starts and LEDs

Input 1 Trigger ‘ oC ‘ 81 ‘ No Trigger No trigger, Trigger L/H or Trigger H/L

Any of the digital channels can be selected to trigger the disturbance recorder on either a low-to-high (L/H) or a high-to-low
(H/L) transition

Any of 12 O/P Contacts or Any of 12 Opto Inputs or Internal Digital

Digital Input 2 0C 82 | Output R2 Signals

This works in the same way as Digital Input 1 but for Digital Input 2 instead.

Input 2 Trigger ‘ 0oC ‘ 83 ‘ No Trigger No trigger, Trigger L/H or Trigger H/L

This works in the same way as Input 1 Trigger but for Input 2 Trigger instead.

Any of 12 O/P Contacts or Any of 12 Opto Inputs or Internal Digital
Signals

Digital Input 3 0oC 84 | Output R3

This works in the same way as Digital Input 1 but for Digital Input 3 instead.

Input 3 Trigger ‘ 0C ‘ 85 ‘ Trigger L/H No trigger, Trigger L/H or Trigger H/L

This works in the same way as Input 1 Trigger but for Input 3 Trigger instead.

Any of 12 O/P Contacts or Any of 12 Opto Inputs or Internal Digital

Digital Input 4 oC 86 | Output R4 Signals

This works in the same way as Digital Input 1 but for Digital Input 4 instead.

Input 4 Trigger ‘ oC ‘ 87 ‘ No Trigger No trigger, Trigger L/H or Trigger H/L

This works in the same way as Input 1 Trigger but for Input 4 Trigger instead.

Any of 12 O/P Contacts or Any of 12 Opto Inputs or Internal Digital

Digital Input 5 0C 88 | OutputR5 Signals

This works in the same way as Digital Input 1 but for Digital Input 5 instead.

Input 5 Trigger ‘ oC ‘ 89 ‘ No Trigger No trigger, Trigger L/H or Trigger H/L

This works in the same way as Input 1 Trigger but for Input 5 Trigger instead.

Any of 12 O/P Contacts or Any of 12 Opto Inputs or Internal Digital

Digital Input 6 0]0] 8A | Output R6 Signals

This works in the same way as Digital Input 1 but for Digital Input 6 instead.

Input 6 Trigger ‘ 0oC ‘ 8B ‘ No Trigger No trigger, Trigger L/H or Trigger H/L

This works in the same way as Input 1 Trigger but for Input 6 Trigger instead.

Any of 12 O/P Contacts or Any of 12 Opto Inputs or Internal Digital

Digital Input 7 oC 8C | Output R7 Signals

This works in the same way as Digital Input 1 but for Digital Input 7 instead.

Input 7 Trigger ‘ oC ‘ 8D ‘ No Trigger No trigger, Trigger L/H or Trigger H/L

This works in the same way as Input 1 Trigger but for Input 7 Trigger instead.

Any of 12 O/P Contacts or Any of 12 Opto Inputs or Internal Digital

Digital Input 8 0oC 8E | OutputR8 Signals

This works in the same way as Digital Input 1 but for Digital Input 8 instead.

Input 8 Trigger ‘ 0oC ‘ 8F ‘ No Trigger No trigger, Trigger L/H or Trigger H/L

This works in the same way as Input 1 Trigger but for Input 8 Trigger instead.

Any of 12 O/P Contacts or Any of 12 Opto Inputs or Internal Digital

Digital Input 9 0C 90 | OutputR9 Signals
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Default

Menu Text Col Row Setting

Available Setting

Description

This works in the same way as Digital Input 1 but for Digital Input 9 instead.

Input 9 Trigger ‘ oC ‘ 91 ‘ No Trigger No trigger, Trigger L/H or Trigger H/L

This works in the same way as Input 1 Trigger but for Input 9 Trigger instead.

Any of 12 O/P Contacts or Any of 12 Opto Inputs or Internal Digital

Digital Input 10 0oC 92 |InputlL3 Signals

This works in the same way as Digital Input 1 but for Digital Input 10 instead.

Input 10 Trigger ‘ oC ‘ 93 ‘ No Trigger No trigger, Trigger L/H or Trigger H/L

This works in the same way as Input 1 Trigger but for Input 10 Trigger instead.

Any of 12 O/P Contacts or Any of 12 Opto Inputs or Internal Digital

Digital Input 11 oC 94 |Input L4 Signals

This works in the same way as Digital Input 1 but for Digital Input 11 instead.

Input 11 Trigger ‘ 0oC ‘ 95 ‘ No Trigger No trigger, Trigger L/H or Trigger H/L

This works in the same way as Input 1 Trigger but for Input 11 Trigger instead.

Any of 12 O/P Contacts or Any of 12 Opto Inputs or Internal Digital

Digital Input 12 0oC 96 |InputlL5 Signals

This works in the same way as Digital Input 1 but for Digital Input 12 instead.

Input 12 Trigger ‘ oC ‘ 97 ‘ No Trigger No trigger, Trigger L/H or Trigger H/L

This works in the same way as Input 1 Trigger but for Input 12 Trigger instead.

Any of 12 O/P Contacts or Any of 12 Opto Inputs or Internal Digital

Digital Input 13 0C 98 |InputL6 Signals

This works in the same way as Digital Input 1 but for Digital Input 13 instead.

Input 13 Trigger ‘ 0oC ‘ 99 ‘ No Trigger No trigger, Trigger L/H or Trigger H/L

This works in the same way as Input 1 Trigger but for Input 13 Trigger instead.

Any of 12 O/P Contacts or Any of 12 Opto Inputs or Internal Digital

Digital Input 14 oC 9A |Input L7 Signals

This works in the same way as Digital Input 1 but for Digital Input 14 instead.

Input 14 Trigger ‘ oC ‘ 9B ‘ No Trigger No trigger, Trigger L/H or Trigger H/L

This works in the same way as Input 1 Trigger but for Input 14 Trigger instead.

Any of 12 O/P Contacts or Any of 12 Opto Inputs or Internal Digital

Digital Input 15 0oC 9C |InputlL8 Signals

This works in the same way as Digital Input 1 but for Digital Input 15 instead.

Input 15 Trigger ‘ oC ‘ 9D ‘ No Trigger No trigger, Trigger L/H or Trigger H/L

This works in the same way as Input 1 Trigger but for Input 15 Trigger instead.

Any of 12 O/P Contacts or Any of 12 Opto Inputs or Internal Digital

Digital Input 16 oC 9E | Unused Signals

This works in the same way as Digital Input 1 but for Digital Input 16 instead.

Input 16 Trigger ‘ 0oC ‘ 9F ‘ No Trigger No trigger, Trigger L/H or Trigger H/L

This works in the same way as Input 1 Trigger but for Input 16 Trigger instead.

Any of 12 O/P Contacts or Any of 12 Opto Inputs or Internal Digital

Digital Input 17 oC A0 | Unused Signals

This works in the same way as Digital Input 1 but for Digital Input 17 instead.

Input 17 Trigger ‘ 0C ‘ A1l ‘ No Trigger No trigger, Trigger L/H or Trigger H/L

This works in the same way as Input 1 Trigger but for Input 17 Trigger instead.

Any of 12 O/P Contacts or Any of 12 Opto Inputs or Internal Digital

Digital Input 18 oC A2 | Unused Signals
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Default

Menu Text Col Row Setting

Available Setting

Description

This works in the same way as Digital Input 1 but for Digital Input 18 instead.

Input 18 Trigger ‘ 0oC ‘ A3 ‘ No Trigger No trigger, Trigger L/H or Trigger H/L

This works in the same way as Input 1 Trigger but for Input 18 Trigger instead.

Any of 12 O/P Contacts or Any of 12 Opto Inputs or Internal Digital

Digital Input 19 0oC A4 | Unused Signals

This works in the same way as Digital Input 1 but for Digital Input 19 instead.

Input 19 Trigger ‘ 0oC ‘ A5 ‘ No Trigger No trigger, Trigger L/H or Trigger H/L

This works in the same way as Input 1 Trigger but for Input 19 Trigger instead.

Any of 12 O/P Contacts or Any of 12 Opto Inputs or Internal Digital

Digital Input 20 0oC A6 | Unused Signals

This works in the same way as Digital Input 1 but for Digital Input 20 instead.

Input 20 Trigger ‘ 0oC ‘ A7 ‘ No Trigger No trigger, Trigger L/H or Trigger H/L

This works in the same way as Input 1 Trigger but for Input 20 Trigger instead.

Any of 12 O/P Contacts or Any of 12 Opto Inputs or Internal Digital

Digital Input 21 0C A8 | Unused Signals

This works in the same way as Digital Input 1 but for Digital Input 21 instead.

Input 21 Trigger ‘ oC ‘ A9 ‘ No Trigger No trigger, Trigger L/H or Trigger H/L

This works in the same way as Input 1 Trigger but for Input 21 Trigger instead.

Any of 12 O/P Contacts or Any of 12 Opto Inputs or Internal Digital

Digital Input 22 0C AA | Unused Signals

This works in the same way as Digital Input 1 but for Digital Input 22 instead.

Input 22 Trigger ‘ 0oC ‘ AB ‘ No Trigger No trigger, Trigger L/H or Trigger H/L

This works in the same way as Input 1 Trigger but for Input 22 Trigger instead.

Any of 12 O/P Contacts or Any of 12 Opto Inputs or Internal Digital

Digital Input 23 oC AC | Unused Signals

This works in the same way as Digital Input 1 but for Digital Input 23 instead.

Input 23 Trigger ‘ oC ‘ AD ‘ No Trigger No trigger, Trigger L/H or Trigger H/L

This works in the same way as Input 1 Trigger but for Input 23 Trigger instead.

Any of 12 O/P Contacts or Any of 12 Opto Inputs or Internal Digital

Digital Input 24 0oC AE | Unused Signals

This works in the same way as Digital Input 1 but for Digital Input 24 instead.

Input 24 Trigger ‘ oC ‘ AF ‘ No Trigger No trigger, Trigger L/H or Trigger H/L

This works in the same way as Input 1 Trigger but for Input 24 Trigger instead.

Any of 12 O/P Contacts or Any of 12 Opto Inputs or Internal Digital

Digital Input 25 oC BO |Unused Signals

This works in the same way as Digital Input 1 but for Digital Input 25 instead.

Input 25 Trigger ‘ 0C ‘ B1 ‘ No Trigger No trigger, Trigger L/H or Trigger H/L

This works in the same way as Input 1 Trigger but for Input 25 Trigger instead.

Any of 12 O/P Contacts or Any of 12 Opto Inputs or Internal Digital

Digital Input 26 0oC B2 | Unused Signals

This works in the same way as Digital Input 1 but for Digital Input 26 instead.

Input 26 Trigger ‘ 0C ‘ B3 ‘ No Trigger No trigger, Trigger L/H or Trigger H/L

This works in the same way as Input 1 Trigger but for Input 26 Trigger instead.

Any of 12 O/P Contacts or Any of 12 Opto Inputs or Internal Digital

Digital Input 27 0oC B4 | Unused Signals
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Menu Text Col Row g:::ﬁg Available Setting
Description
This works in the same way as Digital Input 1 but for Digital Input 27 instead.
Input 27 Trigger ‘ oC ‘ B5 ‘ No Trigger No trigger, Trigger L/H or Trigger H/L
This works in the same way as Input 1 Trigger but for Input 27 Trigger instead.
Digital Input 28 oc B6 | Unused éir;ynglfsm O/P Contacts or Any of 12 Opto Inputs or Internal Digital
P746 only.

This works in the same way as Digital Input 1 but for Digital Input 28 instead.

Input 28 Trigger ‘ oC ‘ B7 ‘ No Trigger No trigger, Trigger L/H or Trigger H/L

This works in the same way as Input 1 Trigger but for Input 28 Trigger instead.

Any of 12 O/P Contacts or Any of 12 Opto Inputs or Internal Digital
Signals

Digital Input 29 oC B8 |Unused

This works in the same way as Digital Input 1 but for Digital Input 29 instead.
Input 29 Trigger ‘ 0oC ‘ B9 ‘ No Trigger No trigger, Trigger L/H or Trigger H/L

This works in the same way as Input 1 Trigger but for Input 29 Trigger instead.

Any of 12 O/P Contacts or Any of 12 Opto Inputs or Internal Digital
Signals

Digital Input 30 oC BA | Unused

This works in the same way as Digital Input 1 but for Digital Input 30 instead.

Input 30 Trigger ‘ oC ‘ BB ‘ No Trigger No trigger, Trigger L/H or Trigger H/L

This works in the same way as Input 1 Trigger but for Input 30 Trigger instead.

Any of 12 O/P Contacts or Any of 12 Opto Inputs or Internal Digital

Digital Input 31 0oC BC | Unused Signals

This works in the same way as Digital Input 1 but for Digital Input 31 instead.
Input 31 Trigger ‘ 0oC ‘ BD ‘ No Trigger No trigger, Trigger L/H or Trigger H/L

This works in the same way as Input 1 Trigger but for Input 31 Trigger instead.

Any of 12 O/P Contacts or Any of 12 Opto Inputs or Internal Digital
Signals

Digital Input 32 oC BE |Unused

This works in the same way as Digital Input 1 but for Digital Input 32 instead.
Input 32 Trigger ‘ 0oC ‘ BF ‘ No Trigger No trigger, Trigger L/H or Trigger H/L
This works in the same way as Input 1 Trigger but for Input 32 Trigger instead.

Table 30 - Disturbance recorder settings

5.10 Measurement Setup
Menu Text ‘ Col ‘ Row ‘ Default Setting ‘ Available Setting
Description
MEASURE'T SETUP |0D 00 | |
This column contains MEASUREMENT SETTINGS
Default Display ‘ 0D ‘ 01 ‘ User Banner ‘

Used to select the default display from a range of options

Local Values ‘ 0D ‘ 02 ‘ Primary ‘ Primary or Secondary

Controls whether measured local values from the rear communication port are displayed as primary or secondary quantities

Remote Values ‘ 0D ‘ 03 ‘ Primary ‘ Primary or Secondary

Controls whether measured remote values are displayed as primary or secondary quantities
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Menu Text ‘ Col ‘ Row ‘ Default Setting Available Setting
Description
Vx, VA, VB, VC, IA1, IB1, IC1, 1A2, IB2, IC2,
Measurement Ref oD 04 |IA1 IA3, IB3, IC3, I1A4, IB4, IC4, IA5, IB5, IC5,
VAB or VBC

Measurement Ref
Measurement Mode ‘ oD ‘ 05 ‘ 0 0,1,20r3
This setting is used to control the signing of the real and reactive power quantities

Table 31 - Measure’t setup settings

511 Communications

The communications settings apply to the rear communications ports only and will
depend upon the particular protocol being used. Further details are given in the SCADA
Communications chapter.

Depending on the values stored, the available settings may change too. The
applicability of each setting is given in the description or available setting cell. These
settings are available in the menu ‘Communications’ column and are displayed.

These settings potentially cover a variety of different protocols and ports, including:

. Courier

o MODBUS

o IEC60870-5-103
o DNP3.0

These can apply to the following ports:
o Ethernet Port
o Rear Port 2
Menu Text ‘ Col ‘ Row ‘ Default Setting ‘ Available Setting
Description
COMMUNICATIONS | 0E 00 | |
This column contains COMMUNICATIONS parameters

RP1 Protocol 0E |01 | ' <Protocol>
Indicates the communications protocol used on the rear communications port RP1
RP1 Address 0E |02 255 0 to 255 (Courier)

Sets the relay address (protocol dependent).
Build = Courier,Rear Port 1 Courier Protocol device address

RP1 Address 0E |02 |1 0 to 247 (Modbus)

Sets the relay address (protocol dependent).
Build = Modbus Default Modbus address is 1,Rear Port 1 Modbus Protocol device address

RP1 Address 0E 02 |1 0 to 255 (IEC60870)

Sets the relay address (protocol dependent).
Build = IEC60870-5-103,Rear Port 1 IEC60870-5-103 Protocol device address

RP1 Address 0E |02 |1 0 to 65534 (DNP3.0)

Sets the relay address (protocol dependent).
Build=DNP 3.0,Rear Port 1 DNP 3.0 Protocol device address

RP1 InactivTimer ‘ OE ‘ 03 ‘ 15 ‘ 1 min to 30 min step 1 min (Courier)

Defines the period of inactivity before relay reverts to its default state.
Build = Courier,Rear Port 1 Courier Protocol inactivity timer

RP1 InactivTimer 0E |03 |15 1 min to 30 min step 1 min (Modbus)
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Menu Text ‘ Col ‘ Row ‘ Default Setting ‘ Available Setting

Description

Defines the period of inactivity before relay reverts to its default state.
Build = Modbus,Rear Port 1 Modbus Protocol inactivity timer

RP1 InactivTimer 0E |03 |15 1 min to 30 min step 1 min (IEC60870)

Defines the period of inactivity before relay reverts to its default state.
Build = IEC60870-5-103,Rear Port 1 IEC60870-5-103 Protocol inactivity timer

RP1 Baud Rate OE |04 | 19200 bits/s 19600 bps, 19200 bps or 38400 bps (Modbus)

Defines the Baud rate for RP1.
Build = Modbus,Rear Port 1 Modbus Protcol serial bit/baud rate

9600 bps, 19200 bps or 38400 bps

RP1 Baud Rate OE 04 | 19200 bits/s (IEC60870)

Defines the Baud rate for RP1.
Build = IEC60870-5-103,Rear Port 1 IEC60870-5-103 Protcol serial bit/baud rate

RP1 Baud Rate 0E |04 | 19200 bits/s 19600 bps, 19200 bps or 38400 bps (DNP3.0)

Defines the Baud rate for RP1.
Build = DNP 3.0,Rear Port 1 DNP 3.0 Protcol serial bit/baud rate

RP1 Parity ‘ OE ‘ 05 ‘ None ‘ Odd, Even or None (Modbus)

The parity type for error correction.
Build = Modbus,Rear Port 1 Modbus Protocol parity

RP1 Parity 0E |05 | None | 0dd, Even or None (DNP3.0)

The parity type for error correction.
Build = DNP 3.0,Rear Port 1 DNP 3.0 Protocol parity

RP1 Meas Period 0E |06 |15 15 to 60s step 1s (IEC60870)

Defines the measurement period for the cyclic measurements.
Build = IEC60870-5-103,Rear Port 1 IEC60870-5-103 Protocol measurement period

RP1 PhysicalLink 0E |07 | Copper ' Copper, fiber Optic or Kbus

Defines whether an electrical EIA(RS)485, fiber optic or KBus connection is being used for communication between the master
station and relay. If Fiber Optic is selected, the optional fiber optic communications board is required. Visible if ((CPU2 or
(CPU1 and cs103)) and Fibre Optic Communications card specified by model number),Rear Port 1 Physical link selector,
Available when Fibre Optic Comms card is specified by model number

RP1 Time Sync 0E |08 |Disabled  Enabled or Disabled (DNP3.0)

If set to Enabled the master station can be used to synchronize the time on the relay. If set to Disabled either the internal free
running clock or IRIG-B input are used. Build=DNP 3.0 Visible when IRIG-B is disabled,Rear Port 1 DNP 3.0 Protocol time sync
configuration NB Not available when IRIG-B option fitted and enabled

Modbus [EC Time ~ |OE |09 | Standard ' Standard or Reverse (IEC60870)

When Standard is selected, the time format complies with IEC60870-5-4 requirements so that byte 1 of the information is
transmitted first, followed by bytes 2 through to 7. If Reverse is selected the transmission of information is reversed. Build =
Modbus,Controls the format of the time-date G12 data type. Modbus Only

Disabled, Monitor blocking or Command

RP1 CS103Bicking OE O0A | Disabled Blocking (IEC60870)

Sets the blocking type*.
Build=IEC60870-5-103,Rear Port 1 IEC60870-5-103 Protocol blocking configuration

K-Bus OK, EIA485 OK or Fiber Optic OK

RP1 Card Status OE 0B !
(Courier)

Displays the status of the card in RP1.
Build = Courier,Rear Port 1 Courier Protocol Status

RP1 Port Config 0E |0C |K-Bus ' Kbus or EIA485 (Courier)

Defines communications configuration type for RP1.
Build = Courier,Rear Port 1 Courier Protocol copper port configuration; K-Bus or EIA485

RP1 Comms Mode ~ |OE 0D | IEC60870 FT1.2 |IEC60870 FT1.2 Frame or 10-bit No parity
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Menu Text ‘ Col ‘ Row ‘ Default Setting ‘ Available Setting

Description

Defines communications mode for RP1.
Build = Courier,Rear Port 1 Courier Protocol EIA485 mode

RP1 Baud Rate 0E |OE | 19200 bits/s 19600 bps, 19200 bps or 38400 bps (Courier)

Defines the Baud rate for RP1.
Build = Courier,Rear Port 1 Courier Protocol EIA485 bit/baud rate

DNP Need Time 0E |11 |10 110 30 step 1 (DNP3.0)

The duration of time waited before requesting another time sync from the master

DNP App Fragment ~ |0E |12 | 2048 100 to 2048 step 1 (DNP3.0)

The maximum message length (application fragment size) transmitted by the relay

DNP App Timeout 0E (13 |2 110 120 step 1 (DNP3.0)

Duration of time waited, after sending a message fragment and awaiting a confirmation from the master

DNP SBO Timeout ~ |0E |14 |10 110 10 step 1 (DNP3.0)

Duration of time waited, after receiving a select command and awaiting an operate confirmation from the master

DNP Link Timeout ~ |0E |15 |0 0s to 120s step 1s

Duration of time that the unit will wait for a Data Link Confirmation from the master

ETH Protocol 0E |1F |IEC61850 | IEC61850 (Ethernet)

Indicates the protocol used on the Network Interface Card.
Build=IEC61850

MAC Addr 1 0E |22 |Ethernet MAC Addr | MAC address (Ethernet)

Shows the MAC address of the rear Ethernet port.
Build=IEC61850

MAC Addr 2 0E |23 |Ethernet MAC Addr | MAC address (Ethernet)

Shows the MAC address of the rear Ethernet port.
Build=IEC61850

PB MAC Addr 1 0E |24 | PBMAC Addr | MAC address (Ethernet)

Shows the MAC address of the process bus port.
Build=IEC61850

PB MAC Addr 2 0E |25 | PBMAC Addr | MAC address (Ethernet)

Shows the MAC address of the process bus port
Build=IEC61850

ETH Tunl Timeout ~ |OE |64 | 15.00 min 1 min to 30 min step 1 min (Ethernet)

Time waited before an inactive tunnel to MiCOM S1 Studio is reset.
Build=IEC61850

RSTPPriority 0E |75 |32768  From 0 to 61440 step 4096
The manageable component of the Bridge Identifier, also known as the Bridge Priority

RSTPMaxAge 0E |76 |20  From 6 to 40 step 1
The maximum age of the information transmitted by the Bridge when it is the Root Bridge
RSTPFwdDelay 0E |77 |15  From 4 to 30 step 1
The delay used by STP Bridges to transition Root and Designated Ports to Forwarding
RSTPHelloTime 0E |78 |2 'From 1 to 2 step 1
The interval between periodic transmissions of Configuration Messages by Designated Ports
RSTPPortAStatus ~ |0E | 7E | Not Settable
Indication the status of port A.

RSTPPortBStatus |0 |7F | Not Settable
Indication the status of port B.

RP2 Protocol ‘ OE ‘ 81 ‘ Courier ‘ <Protocol>
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Menu Text ‘ Col ‘ Row ‘ Default Setting Available Setting

Description

Indicates the communications protocol used on the rear communications port RP2.
Visible when Model no. Hardware option (Field 7) = 7 or 8 Implemented as datatype G71,Rear Port 2 Protocol - "Courier"

Unsupported, Card not fitted, EIA232 OK,
EIA485 OK or Kbus OK

RP2 Card Status OE 84

Displays the status of the card in RP2.
Visible when Model no. Hardware option (Field 7) = 7 or 8,Rear Port 2 Courier Protocol Status

RP2 Port Config 0E |88 |EIA232(RS232) | EIA232, EIA485 or Kbus

Defines communications configuration type for RP2.
Visible if RP2 Card status = OK,Rear Port 2 Courier Protocol port configuration; K-Bus or EIA485

RP2 Comms Mode ~ |OE  |8A | IEC60870 FT1.2 |IEC60870 FT1.2 Frame or 10-bit No parity

Defines communications mode for RP2.
Visible if RP2 Card status = OK and 0E88<2,Rear Port 2 Courier Protocol EIA485 mode

RP2 Address 0E |90 255 010255

Sets the relay address (protocol dependent).
Visible if RP2 Card status = OK,Rear Port 2 Courier Protocol device address

RP2 InactivTimer 0E |92 |15 1 min to 30 min step 1 min

Defines the period of inactivity before relay reverts to its default state.
Visible if RP2 Card status = OK,Rear Port 2 Courier Protocol inactivity timer

RP2 Baud Rate 0E |94 |19200 bits/s 19600 bps, 19200 bps or 38400 bps

Defines the Baud rate for RP2.
Visible if RP2 Card status = OK and 0E88<2,Rear Port 2 Courier Protocol EIA485 bit/baud rate

DNP Need Time 0E [B1 |10 11030 step 1

The duration of time waited before requesting another time sync from the master

DNP App Fragment ~ |0E | B2 | 2048 100 to 2048 step 1 (DNP3.0)
The maximum message length (application fragment size) transmitted by the relay

DNP App Timeout ~ |0E | B3 |2 110 120 step 1 (DNP3.0)
Duration of time waited, after sending a message fragment and awaiting a confirmation from the master

DNP SBO Timeout ~ |OE B4 |10 110 10 step 1 (DNP3.0)

Duration of time waited, after receiving a select command and awaiting an operate confirmation from the master

Table 32 - Communications settings
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5.12 Commissioning Tests

To help minimising the time required to test MiCOM relays the relay provides several test
facilities under the ‘COMMISSION TESTS’ menu heading.

There are menu cells which allow the status of the opto-isolated inputs, output relay
contacts, internal Digital Data Bus (DDB) signals and user-programmable LEDs to be
monitored. Additionally there are cells to test the operation of the output contacts, user-
programmable LEDs.

This column is visible when the “Commission tests” setting (“Configuration” column) =
“visible”.

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

Description

COMMISSION TESTS |OF |00 | |

This column contains COMMISSION TESTS parameters

16-bit binary string:
Opto I/P Status OF 01 1 = energized or
0 = de-energized

This displays the status of the relay’s opto-isolated inputs as a binary string: 1 = energized, 0 = de-energized

16-bit binary string:
Relay O/P Status OF 03 1 = energized or
0 = de-energized

This displays the status of the relay’s opto-isolated inputs as a binary string: 1 = operational 0 = unoperational

Test Port Status ‘ OF ‘ 05 ‘ 8-bit binary string

Displays the status of the eight digital data bus (DDB) signals

LED Status OF |06 | 8-bit binary string

8-bit binary string that indicates which of the LEDs are ON

Monitor Bit 1 OF |07 |64 |0=LED offor 1= LED on
LED 1 monitor bit

Monitor Bit 2 OF 08 |65 10=LED offor 1 = LED on
LED 2 monitor bit

Monitor Bit 3 OF 09 |66 10=LED offor 1= LED on
LED 3 monitor bit

Monitor Bit 4 OF |oA |67 |0=LED offor 1= LED on
LED 4 monitor bit

Monitor Bit 5 OF |0B |68 |0=LED offor 1= LED on
LED 5 monitor bit

Monitor Bit 6 OF 0C |69 |0=LED offor 1 = LED on
LED 6 monitor bit

Monitor Bit 7 OF 0D |70 10=LED offor 1= LED on
LED 7 monitor bit

Monitor Bit 8 OF [0E |71 |0=LEDoffor 1= LED on
LED 8 monitor bit

Test Mode OF |OF |Disabled ' Disabled, Test Mode or Contacts Blocked
Allows the setting of a Test mode

Test Pattern ‘ OF ‘ 10 ‘ 0 ‘ 32 bit binary string

Used to select the output relay contacts tested

Contact Test ‘ OF ‘ 11 ‘ No Operation ‘ No Operation, Apply Test or Remove Test
See*
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Menu Text ‘ Col ‘ Row ‘ Default Setting ‘ Available Setting
Description
Test LEDs ‘ OF ‘ 12 ‘ No Operation ‘ No Operation or Apply Test

When the Apply Test command is issued, the LEDs are ON for approximately 2 seconds. When they go OFF, the command

text on the LCD reverts to No Operation

Red LED Status OF |15 | | 18-bit binary string
Binary string that indicates which of the user-programmable LEDs on the relay are ON

Green LED Status ‘ OF ‘ 16 ‘ ‘ 18-bit binary string
Binary string that indicates which of the user-programmable LEDs on the relay are ON

DDB 31 - 0 OF |20 | ' 32-bit binary string
Displays the status of DDB signals

DDB 63 - 32 oOF |21 | ' 32-bit binary string
This works in the same way as DDB 31 - 0 but for DDB 63 - 32 instead.

DDB 95 - 64 OF |22 | ' 32-bit binary string
This works in the same way as DDB 31 - 0 but for DDB 95 - 64 instead.

DDB 127 - 96 OF |23 | ' 32-bit binary string
This works in the same way as DDB 31 - 0 but for DDB 127 - 96 instead.

DDB 159 - 128 OF |24 | ' 32-bit binary string
This works in the same way as DDB 31 - 0 but for DDB 159 - 128 instead.

DDB 191 - 160 OF |25 | ' 32-bit binary string
This works in the same way as DDB 31 - 0 but for DDB 191 - 160 instead.

DDB 223 - 192 OF |26 | | 32-bit binary string
This works in the same way as DDB 31 - 0 but for DDB 223 - 192 instead.

DDB 255 - 224 OF |27 | ' 32-bit binary string
This works in the same way as DDB 31 - 0 but for DDB 255 - 224 instead.

DDB 287 - 256 OF |28 | ' 32-bit binary string
This works in the same way as DDB 31 - 0 but for DDB 287 - 256 instead.

DDB 319 - 288 OF |29 | | 32-bit binary string
This works in the same way as DDB 31 - 0 but for DDB 319 - 288 instead.

DDB 351 - 320 OF |2A | | 32-bit binary string
This works in the same way as DDB 31 - 0 but for DDB 351 - 320 instead.

DDB 383 - 352 OF |2B | ' 32-bit binary string
This works in the same way as DDB 31 - 0 but for DDB 383 - 352 instead.

DDB 415 - 384 OF |2C | ' 32-bit binary string
This works in the same way as DDB 31 - 0 but for DDB 415 - 384 instead.

DDB 447 - 416 OF |20 | | 32-bit binary string
This works in the same way as DDB 31 - 0 but for DDB 447 - 416 instead.

DDB 479 - 448 OF |2E | ' 32-bit binary string
This works in the same way as DDB 31 - 0 but for DDB 479 - 448 instead.

DDB 511 - 480 OF |2F | ' 32-bit binary string
This works in the same way as DDB 31 - 0 but for DDB 511 - 480 instead.

DDB 543 - 512 OF |30 | | 32-bit binary string
This works in the same way as DDB 31 - 0 but for DDB 543 - 512 instead.

DDB 575 - 544 OF |31 | ' 32-bit binary string
This works in the same way as DDB 31 - 0 but for DDB 575 - 544 instead.

DDB 607 - 576 OF |32 | | 32-bit binary string
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Menu Text ‘ Col ‘Row‘ Default Setting

| Available Setting

Description

This works in the same way as DDB 31 - 0 but for DDB 607 - 576 instead.

DDB 639 - 608 OF |33 |

‘ 32-bit binary string

This works in the same way as DDB 31 - 0 but for DDB 639 - 608 instead.

DDB 671 - 640 OF |34 |

‘ 32-bit binary string

This works in the same way as DDB 31 - 0 but for DDB 671 - 640 instead.

DDB 703 - 672 OF |35 |

‘ 32-bit binary string

This works in the same way as DDB 31 - 0 but for DDB 703 - 672 instead.

DDB 735 - 704 OF [36 |

‘ 32-bit binary string

This works in the same way as DDB 31 - 0 but for DDB 735 - 704 instead.

DDB 767 - 736 OF |37 |

‘ 32-bit binary string

This works in the same way as DDB 31 - 0 but for DDB 767 - 736 instead.

DDB 799 - 768 OF |38 |

‘ 32-bit binary string

This works in the same way as DDB 31 - 0 but for DDB 799 - 768 instead.

DDB 831 - 800 OF |39 |

‘ 32-bit binary string

This works in the same way as DDB 31 - 0 but for DDB 831 - 800 instead.

DDB 863 - 832 OF |3A |

‘ 32-bit binary string

This works in the same way as DDB 31 - 0 but for DDB 863 - 832 instead.

DDB 895 - 864 OF |3B |

‘ 32-bit binary string

This works in the same way as DDB 31 - 0 but for DDB 895 - 864 instead.

DDB 927 - 896 OF |3C |

‘ 32-bit binary string

This works in the same way as DDB 31 - 0 but for DDB 927 - 896 instead.

DDB 959 - 928 OF |3D |

‘ 32-bit binary string

This works in the same way as DDB 31 - 0 but for DDB 959 - 928 instead.

DDB 991 - 960 OF |3E |

‘ 32-bit binary string

This works in the same way as DDB 31 - 0 but for DDB 991 - 960 instead.

DDB 1023 - 992 OF |3F |

‘ 32-bit binary string

This works in the same way as DDB 31 - 0 but for DDB 1023 - 992 instead.

DDB 1055-1024 OF |40 |

‘ 32-bit binary string

This works in the same way as DDB 31 - 0 but for DDB 1055-1024 instead.

DDB 1087-1056 OF |41 |

‘ 32-bit binary string

This works in the same way as DDB 31 - 0 but for DDB 1087-1056 instead.

DDB 1119-1088 OF |42 |

‘ 32-bit binary string

This works in the same way as DDB 31 - 0 but for DDB 1119-1088 instead.

DDB 1151-1120 OF 43 |

‘ 32-bit binary string

This works in the same way as DDB 31 - 0 but for DDB 1151-1120 instead.

DDB 1183-1152 OF |44 |

‘ 32-bit binary string

This works in the same way as DDB 31 - 0 but for DDB 1183-1152 instead.

DDB 1215-1184 OF |45 |

‘ 32-bit binary string

This works in the same way as DDB 31 - 0 but for DDB 1215-1184 instead.

DDB 1247-1216 OF |46 |

‘ 32-bit binary string

This works in the same way as DDB 31 - 0 but for DDB 1247-1216 instead.

DDB 1279-1248 OF |47 |

‘ 32-bit binary string

This works in the same way as DDB 31 - 0 but for DDB 1279-1248 instead.
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Menu Text ‘ Col ‘Row‘ Default Setting

| Available Setting

Description

DDB 1311-1280 OF |48 |

‘ 32-bit binary string

This works in the same way as DDB 31 - 0 but for DDB 1311-1280 instead.

DDB 1343-1312 OF |49 |

‘ 32-bit binary string

This works in the same way as DDB 31 - 0 but for DDB 1343-1312 instead.

DDB 1375-1344 OF  [4A |

‘ 32-bit binary string

This works in the same way as DDB 31 - 0 but for DDB 1375-1344 instead.

DDB 1407-1376 OF [4B |

‘ 32-bit binary string

This works in the same way as DDB 31 - 0 but for DDB 1407-1376 instead.

DDB 1439-1408 OF  |4C | OXFFFFFFFF

‘ 32-bit binary string

This works in the same way as DDB 31 - 0 but for DDB 1439-1408 instead.

DDB 1471-1440 OF |4D | OXFFFFFFFF

‘ 32-bit binary string

This works in the same way as DDB 31 - 0 but for DDB 1471-1440 instead.

DDB 1503-1472 (OF  |4E | OXFFFFFFFF

‘ 32-bit binary string

This works in the same way as DDB 31 - 0 but for DDB 1503-1472 instead.

DDB 1535-1504 OF  |4F | OXFFFFFFFF

‘ 32-bit binary string

This works in the same way as DDB 31 - 0 but for DDB 1535-1504 instead.

DDB 1567-1536 OF |50 |OXFFFFFFFF

‘ 32-bit binary string

This works in the same way as DDB 31 - 0 but for DDB 1567-1536 instead.

DDB 1599-1568 OF |51 | OXFFFFFFFF

‘ 32-bit binary string

This works in the same way as DDB 31 - 0 but for DDB 1599-1568 instead.

DDB 1631-1600 (OF |52 | OXFFFFFFFF

‘ 32-bit binary string

This works in the same way as DDB 31 - 0 but for DDB 1631-1600 instead.

DDB 1663-1632 (OF |53 | OXFFFFFFFF

‘ 32-bit binary string

This works in the same way as DDB 31 - 0 but for DDB 1663-1632 instead.

DDB 1695-1664 OF |54 |OXFFFFFFFF

‘ 32-bit binary string

This works in the same way as DDB 31 - 0 but for DDB 1695-1664 instead.

DDB 1727-1696 OF |55 | OXFFFFFFFF

‘ 32-bit binary string

This works in the same way as DDB 31 - 0 but for DDB 1727-1696 instead.

DDB 1759-1728 (OF |56 | OXFFFFFFFF

‘ 32-bit binary string

This works in the same way as DDB 31 - 0 but for DDB 1759-1728 instead.

DDB 1791-1760 (OF |57 | OXFFFFFFFF

‘ 32-bit binary string

This works in the same way as DDB 31 - 0 but for DDB 1791-1760 instead.

DDB 1823-1792 OF |58 |OXFFFFFFFF

‘ 32-bit binary string

This works in the same way as DDB 31 - 0 but for DDB 1823-1792 instead.

DDB 1855-1824 OF |59 | OXFFFFFFFF

‘ 32-bit binary string

This works in the same way as DDB 31 - 0 but for DDB 1855-1824 instead.

DDB 1887-1856 (OF  |5A |OXFFFFFFFF

‘ 32-bit binary string

This works in the same way as DDB 31 - 0 but for DDB 1887-1856 instead.

DDB 1919-1888 (OF 5B | OXFFFFFFFF

‘ 32-bit binary string

This works in the same way as DDB 31 - 0 but for DDB 1919-1888 instead.

DDB 1951-1920 OF |5C | OXFFFFFFFF

‘ 32-bit binary string

This works in the same way as DDB 31 - 0 but for DDB 1951-1920 instead.

DDB 1983-1952 OF |5D |OXFFFFFFFF

‘ 32-bit binary string
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Menu Text ‘ Col ‘ Row ‘ Default Setting ‘ Available Setting
Description
This works in the same way as DDB 31 - 0 but for DDB 1983-1952 instead.
DDB 2015-1984 OF |5E | OXFFFFFFFF ' 32-bit binary string
This works in the same way as DDB 31 - 0 but for DDB 2015-1984 instead.
DDB 2047-2016 OF |5F | OXFFFFFFFF ' 32-bit binary string

This works in the same way as DDB 31 - 0 but for DDB 2047-2016 instead.

Table 33 - Commission tests

5.13 Opto Configuration
Menu Text ‘ Col ‘ Row ‘ Default Setting ‘ Available Setting
Description
OPTO CONFIG 11 |00 | |

This column contains OPTO CONFIG parameters

24-27, 30-34, 48-54, 110-125, 220-250 or

Global Nominal V 11 01 48-54V
custom

Sets the nominal battery voltage for all opto inputs by selecting one of the five standard ratings in the Global Nominal V
settings.
If Custom is selected, each opto input can be set individually to a nominal voltage value

Opto Input 1 11 |02 | 48-54V 24-27, 30-34, 48-54, 110-125 or 220-250

Each opto input can be set individually to a nominal voltage value if custom is selected for the global setting

Opto Input 2 11 03 |48-54V 24-27, 30-34, 48-54, 110-125 or 220-250

This setting works in the same way as Opto Input 1 but for Opto Input 2 instead.

Opto Input 3 11 |04 | 48-54V 24-27, 30-34, 48-54, 110-125 or 220-250

This setting works in the same way as Opto Input 1 but for Opto Input 3 instead.

Opto Input 4 11 |05 | 48-54V 24-27, 30-34, 48-54, 110-125 or 220-250

This setting works in the same way as Opto Input 1 but for Opto Input 4 instead.

Opto Input 5 11 |06 | 48-54V 24-27, 30-34, 48-54, 110-125 or 220-250

This setting works in the same way as Opto Input 1 but for Opto Input 5 instead.

Opto Input 6 11 |07 | 48-54V 24-27, 30-34, 48-54, 110-125 or 220-250

This setting works in the same way as Opto Input 1 but for Opto Input 6 instead.

Opto Input 7 11 |08 | 48-54V 24-27, 30-34, 48-54, 110-125 or 220-250

This setting works in the same way as Opto Input 1 but for Opto Input 7 instead.

Opto Input 8 11 |09 | 48-54V 24-27, 30-34, 48-54, 110-125 or 220-250

This setting works in the same way as Opto Input 1 but for Opto Input 8 instead.

Opto Input 9 11 |OA | 48-54V 24-27, 30-34, 48-54, 110-125 or 220-250

This setting works in the same way as Opto Input 1 but for Opto Input 9 instead.

Opto Input 10 11 |0B | 48-54V 24-27, 30-34, 48-54, 110-125 or 220-250

This setting works in the same way as Opto Input 1 but for Opto Input 10 instead.

Opto Input 11 11 |oc |48-54v 24-27, 30-34, 48-54, 110-125 or 220-250

This setting works in the same way as Opto Input 1 but for Opto Input 11 instead.

Opto Input 12 11 0D | 48-54V 24-27, 30-34, 48-54, 110-125 or 220-250

This setting works in the same way as Opto Input 1 but for Opto Input 12 instead.

Opto Input 13 11 |0E | 48-54V 24-27, 30-34, 48-54, 110-125 or 220-250
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Menu Text ‘ Col ‘Row‘

Default Setting ‘ Available Setting

Description

This setting works in the same way as Opto Input 1

but for Opto Input 13 instead.

Opto Input 14 11 |oF |48-54v

‘ 24-27, 30-34, 48-54, 110-125 or 220-250

This setting works in the same way as Opto Input 1

but for Opto Input 14 instead.

Opto Input 15 11 10 | 48-54V

‘ 24-27, 30-34, 48-54, 110-125 or 220-250

This setting works in the same way as Opto Input 1

but for Opto Input 15 instead.

Opto Input 16 11 11 4854V

‘ 24-27, 30-34, 48-54, 110-125 or 220-250

This setting works in the same way as Opto Input 1

but for Opto Input 16 instead.

Opto Input 17 11 |12 |48-54v

‘ 24-27, 30-34, 48-54, 110-125 or 220-250

This setting works in the same way as Opto Input 1

but for Opto Input 17 instead.

Opto Input 18 11 |13 |48-54v

‘ 24-27, 30-34, 48-54, 110-125 or 220-250

This setting works in the same way as Opto Input 1

but for Opto Input 18 instead.

Opto Input 19 11 |14 4854V

‘ 24-27, 30-34, 48-54, 110-125 or 220-250

This setting works in the same way as Opto Input 1

but for Opto Input 19 instead.

Opto Input 20 11 |15 |48-54v

‘ 24-27, 30-34, 48-54, 110-125 or 220-250

This setting works in the same way as Opto Input 1

but for Opto Input 20 instead.

Opto Input 21 11 |16 |48-54V

‘ 24-27, 30-34, 48-54, 110-125 or 220-250

This setting works in the same way as Opto Input 1

but for Opto Input 21 instead.

Opto Input 22 11 17 48-54V

‘ 24-27, 30-34, 48-54, 110-125 or 220-250

This setting works in the same way as Opto Input 1

but for Opto Input 22 instead.

Opto Input 23 11 |18 4854V

‘ 24-27, 30-34, 48-54, 110-125 or 220-250

This setting works in the same way as Opto Input 1

but for Opto Input 23 instead.

Opto Input 24 11 |19 4854V

‘ 24-27, 30-34, 48-54, 110-125 or 220-250

This setting works in the same way as Opto Input 1

but for Opto Input 24 instead.

Opto Input 25 11 1A 48-54V

‘ 24-27, 30-34, 48-54, 110-125 or 220-250

P645 and P746 only.
This setting works in the same way as Opto Input 1

but for Opto Input 25 instead.

Opto Input 26 11 1B 48-54V

‘ 24-27, 30-34, 48-54, 110-125 or 220-250

P645 and P746 only.
This setting works in the same way as Opto Input 1

but for Opto Input 26 instead.

Opto Input 27 11 |1C | 48-54V

‘ 24-27, 30-34, 48-54, 110-125 or 220-250

P645 and P746 only.
This setting works in the same way as Opto Input 1

but for Opto Input 27 instead.

Opto Input 28 11 1D |48-54V

‘ 24-27, 30-34, 48-54, 110-125 or 220-250

P645 and P746 only.
This setting works in the same way as Opto Input 1

but for Opto Input 28 instead.

Opto Input 29 11 [1E 4854V

‘ 24-27, 30-34, 48-54, 110-125 or 220-250

P645 and P746 only.
This setting works in the same way as Opto Input 1

but for Opto Input 29 instead.

Opto Input 30 11 [1F | 48-54v

24-27, 30-34, 48-54, 110-125 or 220-250

P645 and P746 only.
This setting works in the same way as Opto Input 1

but for Opto Input 30 instead.

Opto Input 31 11 |20 |48-54v

24-27, 30-34, 48-54, 110-125 or 220-250

P645 and P746 only.
This setting works in the same way as Opto Input 1

but for Opto Input 31 instead.

Opto Input 32 11 |21 4854V

‘ 24-27, 30-34, 48-54, 110-125 or 220-250
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Menu Text ‘ Col ‘ Row ‘ Default Setting Available Setting

Description

P645 and P746 only.
This setting works in the same way as Opto Input 1 but for Opto Input 32 instead.

16-bit binary string:

OptoFilter Ctri1 " 50 | OxFFFFFFFF O=disable filtering or 1=enable filtering

A binary string is used to represent the opto inputs available. A 1 or 0 is used to enable or disable for each input a pre-set filter
of %2 cycle that renders the input immune to induced ac noise on the wiring

Characteristic 11 |80 | Standard 60%-80% 60-80% or 50-70%

Selects the pick-up and drop-off characteristics of the optos. The standard setting means the optos nominally provide a Logic 1
or ON value for voltages *80% of the set lower nominal voltage, and a Logic 0 or OFF value for the voltages £60% of the set
higher nominal voltage

Table 34 - Opto Config

5.14 Control Input Labels

Each custom input can be set or reset from a Bit Field or separate enable/disable
selection.

There are many of these inputs. These are all recorded in blocks of settings within the
MiCOM relay. They all have the same Default and Available Settings and the same
Description applies to all of them. The following table shows the first and last inputs in the
sequence(s).

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

Description

CONTROLINPUTS |12 00 | |

This column contains CONTROL INPUTS parameters

32-bit binary string:

Ctrl I/P Status 12 01 Set =1 or Reset = 0

Setting to allow the control inputs to be individually assigned to the Hotkey menu by setting 1 in the appropriate bit in the
Hotkey Enabled cell. The hotkey menu allows the control inputs to be set, reset or pulsed without the need to enter the
CONTROL INPUTS column.

Control Input 1 ‘ 12 ‘ 02 ‘ No Operation ‘ No Operation, Set or Reset

Configures the control inputs as either latched or pulsed

Control Input 2 ‘ 12 ‘ 03 ‘ No Operation ‘ No Operation, Set or Reset

Configures the control inputs as either latched or pulsed

Control Input 3 ‘ 12 ‘ 04 ‘ No Operation ‘ No Operation, Set or Reset

Configures the control inputs as either latched or pulsed

Control Input 4 ‘ 12 ‘ 05 ‘ No Operation ‘ No Operation, Set or Reset

Configures the control inputs as either latched or pulsed

Control Input 5 ‘ 12 ‘ 06 ‘ No Operation ‘ No Operation, Set or Reset

Configures the control inputs as either latched or pulsed

Control Input 6 ‘ 12 ‘ 07 ‘ No Operation ‘ No Operation, Set or Reset

Configures the control inputs as either latched or pulsed

Control Input 7 ‘ 12 ‘ 08 ‘ No Operation ‘ No Operation, Set or Reset

Configures the control inputs as either latched or pulsed

Control Input 8 ‘ 12 ‘ 09 ‘ No Operation ‘ No Operation, Set or Reset

Configures the control inputs as either latched or pulsed

Control Input 9 ‘ 12 ‘ 0A ‘ No Operation ‘ No Operation, Set or Reset
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Menu Text ‘ Col ‘ Row‘ Default Setting ‘ Available Setting

Description

Configures the control inputs as either latched or pulsed

Control Input 10 ‘ 12 ‘ 0B ‘ No Operation ‘ No Operation, Set or Reset

Configures the control inputs as either latched or pulsed

Control Input 11 ‘ 12 ‘ oC ‘ No Operation ‘ No Operation, Set or Reset

Configures the control inputs as either latched or pulsed

Control Input12 |12 |0D | No Operation  No Operation, Set or Reset

Configures the control inputs as either latched or pulsed

Control Input 13 [12 | OE | No Operation No Operation, Set or Reset

Configures the control inputs as either latched or pulsed

Control Input 14 ‘ 12 ‘ OF ‘ No Operation ‘ No Operation, Set or Reset

Configures the control inputs as either latched or pulsed

Control Input 15 ‘ 12 ‘ 10 ‘ No Operation ‘ No Operation, Set or Reset

Configures the control inputs as either latched or pulsed

Control Input 16 ‘ 12 ‘ 11 ‘ No Operation ‘ No Operation, Set or Reset

Configures the control inputs as either latched or pulsed

Control Input 17 ‘ 12 ‘ 12 ‘ No Operation ‘ No Operation, Set or Reset

Configures the control inputs as either latched or pulsed

Control Input 18 ‘ 12 ‘ 13 ‘ No Operation ‘ No Operation, Set or Reset

Configures the control inputs as either latched or pulsed

Control Input 19 ‘ 12 ‘ 14 ‘ No Operation ‘ No Operation, Set or Reset

Configures the control inputs as either latched or pulsed

Control Input 20 ‘ 12 ‘ 15 ‘ No Operation ‘ No Operation, Set or Reset

Configures the control inputs as either latched or pulsed

Control Input 21 ‘ 12 ‘ 16 ‘ No Operation ‘ No Operation, Set or Reset

Configures the control inputs as either latched or pulsed

Control Input 22 ‘ 12 ‘ 17 ‘ No Operation ‘ No Operation, Set or Reset

Configures the control inputs as either latched or pulsed

Control Input 23 ‘ 12 ‘ 18 ‘ No Operation ‘ No Operation, Set or Reset

Configures the control inputs as either latched or pulsed

Control Input 24 ‘ 12 ‘ 19 ‘ No Operation ‘ No Operation, Set or Reset

Configures the control inputs as either latched or pulsed

Control Input 25 ‘ 12 ‘ 1A ‘ No Operation ‘ No Operation, Set or Reset

Configures the control inputs as either latched or pulsed

Control Input 26 ‘ 12 ‘ 1B ‘ No Operation ‘ No Operation, Set or Reset

Configures the control inputs as either latched or pulsed

Control Input 27 ‘ 12 ‘ 1C ‘ No Operation ‘ No Operation, Set or Reset

Configures the control inputs as either latched or pulsed

Control Input 28 ‘ 12 ‘ 1D ‘ No Operation ‘ No Operation, Set or Reset

Configures the control inputs as either latched or pulsed

Control Input 29 ‘ 12 ‘ 1E ‘ No Operation ‘ No Operation, Set or Reset

Configures the control inputs as either latched or pulsed

Control Input 30 ‘ 12 ‘ 1F ‘ No Operation ‘ No Operation, Set or Reset

Configures the control inputs as either latched or pulsed

P64x/EN ST/E93 (P642, P643 & P645) Page (ST) 4-121




(ST) 4 Settings Control and Support Settings

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

Description

Control Input 31 ‘ 12 ‘ 20 ‘ No Operation ‘ No Operation, Set or Reset

Configures the control inputs as either latched or pulsed

Control Input 32 ‘ 12 ‘ 21 ‘ No Operation ‘ No Operation, Set or Reset

Configures the control inputs as either latched or pulsed

Table 35 - Control Inputs Labels

5.15 Control Input Configuration

The control inputs function as software switches that can be set or reset either locally or
remotely. These inputs can be used to trigger any function that they are connected to as
part of the PSL.

This column is visible when the “Control I/P Config” setting (“Configuration” column) =
“visible”.

There are many of these inputs. These are all recorded in blocks of settings within the
MiCOM relay. They all have the same Default and Available Settings and the same
Description applies to all of them. The following table shows the first and last inputs in the
sequence(s).

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

CTRL /P CONFIG |13 |00 | |

This column contains CTRL I/P CONFIG parameters

32-bit binary string:

Hotkey Enabled 13 01 |OxFFFFFFFF Enabled = 1 or Disabled = 0

Setting to allow the control inputs to be individually assigned to the Hotkey menu .

Control Input 1 ‘ 13 ‘ 10 ‘ Latched ‘ Latched or Pulsed

Configures the control inputs as either latched or pulsed

Ctl Command1 |13 |11 |SET/RESET ' Set/Reset, In/Out, Enabled/Disabled or On/Off
Defines the control command text (SET / RESET, In/Out, On/Off, Enabled/Disabled)

Control Input 2 13 |14 |Latched Latched or Pulsed

This setting works in the same way as Control Input 1.

CtlCommand2 |13 |15 |SET/RESET | Set/Reset, In/Out, Enabled/Disabled or On/Off
This setting works in the same way as Ctrl Command 1.

Control Input 3 ‘ 13 ‘ 18 ‘ Latched ‘ Latched or Pulsed

This setting works in the same way as Control Input 1.

CtrlCommand3 |13 |19 |SET/RESET ' Set/Reset, In/Out, Enabled/Disabled or On/Off
This setting works in the same way as Ctrl Command 1.

Control Input 4 13 |1C |Latched Latched or Pulsed

This setting works in the same way as Control Input 1.

Ctl Command4 |13 | 1D |SET/RESET | Set/Reset, In/Out, Enabled/Disabled or On/Off
This setting works in the same way as Ctrl Command 1.

Control Input 5 ‘ 13 ‘ 20 ‘ Latched ‘ Latched or Pulsed

This setting works in the same way as Control Input 1.

Ctl Command5 |13 |21 | SET/RESET | Set/Reset, In/Out, Enabled/Disabled or On/Off

This setting works in the same way as Ctrl Command 1.
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Menu Text ‘ Col ‘ Row‘ Default Setting

| Available Setting

Description

Control Input 6 ‘ 13 ‘ 24 ‘ Latched

‘ Latched or Pulsed

This setting works in the same way as Control Input 1.

Ctl Command6 |13 |25 |SET/RESET

‘ Set/Reset, In/Out, Enabled/Disabled or On/Off

This setting works in the same way as Ctrl Command 1.

Control Input 7 ‘ 13 ‘ 28 ‘ Latched

‘ Latched or Pulsed

This setting works in the same way as Control Input 1.

CtlCommand7 |13 |29 |SET/RESET

‘ Set/Reset, In/Out, Enabled/Disabled or On/Off

This setting works in the same way as Ctrl Command 1.

Control Input 8 ‘ 13 ‘ 2C ‘ Latched

‘ Latched or Pulsed

This setting works in the same way as Control Input 1.

CtlCommand8 |13  |2D |SET/RESET

‘ Set/Reset, In/Out, Enabled/Disabled or On/Off

This setting works in the same way as Ctrl Command 1.

Control Input 9 13 |30 |Latched

‘ Latched or Pulsed

This setting works in the same way as Control Input 1.

CtrlCommand9 |13 |31 |SET/RESET

‘ Set/Reset, In/Out, Enabled/Disabled or On/Off

This setting works in the same way as Ctrl Command 1.

Control Input 10 |13 |34 |Latched

‘ Latched or Pulsed

This setting works in the same way as Control Input 1.

Ctl Command 10 |13 |35 |SET/RESET

‘ Set/Reset, In/Out, Enabled/Disabled or On/Off

This setting works in the same way as Ctrl Command 1.

Control Input 11 |13 |38 |Latched

‘ Latched or Pulsed

This setting works in the same way as Control Input 1.

Ctrl Command 11 |13 |39 | SET/RESET

‘ Set/Reset, In/Out, Enabled/Disabled or On/Off

This setting works in the same way as Ctrl Command 1.

Control Input 12 ‘ 13 ‘ 3C ‘ Latched

‘ Latched or Pulsed

This setting works in the same way as Control Input 1.

Ctl Command 12 |13 3D |SET/RESET

‘ Set/Reset, In/Out, Enabled/Disabled or On/Off

This setting works in the same way as Ctrl Command 1.

Control Input 13 |13 |40 |Latched

‘ Latched or Pulsed

This setting works in the same way as Control Input 1.

Ctrl Command 13 |13 |41 | SET/RESET

‘ Set/Reset, In/Out, Enabled/Disabled or On/Off

This setting works in the same way as Ctrl Command 1.

Control Input 14 |13 |44 |Latched

‘ Latched or Pulsed

This setting works in the same way as Control Input 1.

Ctrl Command 14 |13 |45 |SET/RESET

‘ Set/Reset, In/Out, Enabled/Disabled or On/Off

This setting works in the same way as Ctrl Command 1.

Control Input15 |13 |48 | Latched

‘ Latched or Pulsed

This setting works in the same way as Control Input 1.

Ctrl Command 15 |13 |49 | SET/RESET

‘ Set/Reset, In/Out, Enabled/Disabled or On/Off

This setting works in the same way as Ctrl Command 1.

Control Input 16 |13 |4C | Latched

‘ Latched or Pulsed

This setting works in the same way as Control Input 1.

Ctrl Command 16 |13 |4D | SET/RESET

‘ Set/Reset, In/Out, Enabled/Disabled or On/Off
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This setting works in the same way as Ctrl Command 1.

Control Input17 |13 |50 | Latched

‘ Latched or Pulsed

This setting works in the same way as Control Input 1.

Ctrl Command 17 |13 |51 |SET/RESET

‘ Set/Reset, In/Out, Enabled/Disabled or On/Off

This setting works in the same way as Ctrl Command 1.

Control Input 18 |13 |54 |Latched

‘ Latched or Pulsed

This setting works in the same way as Control Input 1.

Ctl Command 18 |13 |55 |SET/RESET

‘ Set/Reset, In/Out, Enabled/Disabled or On/Off

This setting works in the same way as Ctrl Command 1.

Control Input 19 |13 |58 | Latched

‘ Latched or Pulsed

This setting works in the same way as Control Input 1.

Ctrl Command 19 |13 |59 |SET/RESET

‘ Set/Reset, In/Out, Enabled/Disabled or On/Off

This setting works in the same way as Ctrl Command 1.

Control Input20 |13 |5C | Latched

‘ Latched or Pulsed

This setting works in the same way as Control Input 1.

Ctl Command20 |13 |5D | SET/RESET

‘ Set/Reset, In/Out, Enabled/Disabled or On/Off

This setting works in the same way as Ctrl Command 1.

Control Input21 |13 |60 |Latched

‘ Latched or Pulsed

This setting works in the same way as Control Input 1.

Ctrl Command21 |13 |61 |SET/RESET

‘ Set/Reset, In/Out, Enabled/Disabled or On/Off

This setting works in the same way as Ctrl Command 1.

Control Input22 |13 |64 |Latched

‘ Latched or Pulsed

This setting works in the same way as Control Input 1.

Ctl Command22 |13 |65 |SET/RESET

‘ Set/Reset, In/Out, Enabled/Disabled or On/Off

This setting works in the same way as Ctrl Command 1.

Control Input23 |13 |68 |Latched

‘ Latched or Pulsed

This setting works in the same way as Control Input 1.

Ctrl Command23 |13 |69 | SET/RESET

‘ Set/Reset, In/Out, Enabled/Disabled or On/Off

This setting works in the same way as Ctrl Command 1.

Control Input24 |13 |6C | Latched

‘ Latched or Pulsed

This setting works in the same way as Control Input 1.

Ctrl Command24 |13 6D |SET/RESET

‘ Set/Reset, In/Out, Enabled/Disabled or On/Off

This setting works in the same way as Ctrl Command 1.

Control Input25 |13 |70 |Latched

‘ Latched or Pulsed

This setting works in the same way as Control Input 1.

Ctrl Command25 |13 |71 | SET/RESET

‘ Set/Reset, In/Out, Enabled/Disabled or On/Off

This setting works in the same way as Ctrl Command 1.

Control Input26 |13 |74 |Latched

‘ Latched or Pulsed

This setting works in the same way as Control Input 1.

Ctrl Command26 |13 |75 |SET/RESET

‘ Set/Reset, In/Out, Enabled/Disabled or On/Off

This setting works in the same way as Ctrl Command 1.

Control Input27 |13 |78 |Latched

‘ Latched or Pulsed

This setting works in the same way as Control Input 1.
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Ctrl Command 27 |13 |79 | SET/RESET

‘ Set/Reset, In/Out, Enabled/Disabled or On/Off

This setting works in the same way as Ctrl Command 1.

Control Input 28 ‘ 13 ‘ 7C ‘ Latched

‘ Latched or Pulsed

This setting works in the same way as Control Input 1.

Ctrl Command28 |13 |7D | SET/RESET

‘ Set/Reset, In/Out, Enabled/Disabled or On/Off

This setting works in the same way as Ctrl Command 1.

Control Input29 |13 |80 |Latched

‘ Latched or Pulsed

This setting works in the same way as Control Input 1.

Ctrl Command29 |13 |81 |SET/RESET

‘ Set/Reset, In/Out, Enabled/Disabled or On/Off

This setting works in the same way as Ctrl Command 1.

Control Input30 |13 |84 |Latched

‘ Latched or Pulsed

This setting works in the same way as Control Input 1.

Ctrl Command30 |13 |85 |SET/RESET

‘ Set/Reset, In/Out, Enabled/Disabled or On/Off

This setting works in the same way as Ctrl Command 1.

Control Input31 |13 |88 |Latched

‘ Latched or Pulsed

This setting works in the same way as Control Input 1.

Ctrl Command 31 |13 |89 |SET/RESET

‘ Set/Reset, In/Out, Enabled/Disabled or On/Off

This setting works in the same way as Ctrl Command 1.

Control Input 32 ‘ 13 ‘ 8C ‘ Latched

‘ Latched or Pulsed

This setting works in the same way as Control Input 1.

Ctrl Command32 |13 8D |SET/RESET

‘ Set/Reset, In/Out, Enabled/Disabled or On/Off

This setting works in the same way as Ctrl Command 1.

Table 36 - Control input config

5.16 Function Keys

Menu Text ‘ Col ‘ Row‘ Default Setting

| Available Setting

Description

FUNCTIONKEYS (17 |00 |

P643, P645 and P746 only.
This column contains FUNCTION KEYS parameters

Fn Key Status 17 (01 |0

‘ 8-bit binary string

P643, P645 and P746 only.
Displays the status of each function key

Fn Key 1 17 |02 | Unlocked

‘ Disable, Lock or Unlock

P643, P645 and P746 only.
This setting is used to activate the function key.

The ‘Lock’ setting allows a function key output that is set to toggle mode to be locked in its current active state.

Fn Key 1 Mode 17 |03 | Toggled

‘ Toggle or Normal

‘high’ as long as FKey is pressed.

P643, P645 and P746 only. Sets FKey in toggle/normal mode. In Toggle, 1st keypress latches FKey DDB output signal ON and
next keypress resets FKey DDB output to OFF. This enables/disables relay functions. In Normal, DDB signal remains ON/

Fn Key 1 Label 17 |04 | Function Key 1

‘ 16-character text string

P643, P645 and P746 only.

This setting allows the text of the function key to be changed to something more suitable for the application.
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Fn Key 2 17 |05 | Unlocked ' Disable, Lock or Unlock

P643, P645 and P746 only.
This setting works in the same way as Fn Key 1

Fn Key 2 Mode 17 |06 | Normal

‘ Toggle or Normal

P643 and P645 only.
This setting works in the same way as Fn Key 1 Mode

Fn Key 2 Label 17 |07 | Function Key 2

‘ Toggle or Normal

P643, P645 and P746 only.
This setting works in the same way as Fn Key 1 Label

Fn Key 3 17 |08 |Unlocked

‘ Disable, Lock or Unlock

P643, P645 and P746 only.
This setting works in the same way as Fn Key 1

Fn Key 3 Mode 17 |09 | Normal

‘ Toggle or Normal

P643, P645 and P746 only.
This setting works in the same way as Fn Key 1 Mode

Fn Key 3 Label 17 |OA | Function Key 3

‘ 16-character text string

P643, P645 and P746 only.
This setting works in the same way as Fn Key 1 Label

Fn Key 4 17 |0B | Unlocked

‘ Disable, Lock or Unlock

P643, P645 and P746 only.
This setting works in the same way as Fn Key 1

Fn Key 4 Mode 17 |0C | Normal

‘ Toggle or Normal

P643, P645 and P746 only.
This setting works in the same way as Fn Key 1 Mode

Fn Key 4 Label 17 |0D | Function Key 4

‘ 16-character text string

P643, P645 and P746 only.
This setting works in the same way as Fn Key 1 Label

Fn Key 5 17 |OE |Unlocked

‘ Disable, Lock or Unlock

P643, P645 and P746 only.
This setting works in the same way as Fn Key 1

Fn Key 5 Mode 17 |OF | Normal

‘ Toggle or Normal

P643, P645 and P746 only.
This setting works in the same way as Fn Key 1 Mode

Fn Key 5 Label 17 |10 | Function Key 5

‘ 16-character text string

P643, P645 and P746 only.
This setting works in the same way as Fn Key 1 Label

Fn Key 6 17 |11 |Unlocked

‘ Disable, Lock or Unlock

P643, P645 and P746 only.
This setting works in the same way as Fn Key 1

Fn Key 6 Mode 17 12 | Normal

‘ Toggle or Normal

P643, P645 and P746 only.
This setting works in the same way as Fn Key 1 Mode

Fn Key 6 Label 17 |13 | Function Key 6

‘ 16-character text string

P643, P645 and P746 only.
This setting works in the same way as Fn Key 1 Label

Fn Key 7 17 |14 |Unlocked

‘ Disable, Lock or Unlock

P643, P645 and P746 only.
This setting works in the same way as Fn Key 1
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Available Setting

Menu Text ‘ Col ‘ Row‘ Default Setting

Description

Fn Key 7 Mode ‘ 17 ‘ 15 ‘ Normal ‘ Toggle or Normal

P643 and P645 only.
This setting works in the same way as Fn Key 1 Mode

Fn Key 7 Label ‘ 17 ‘ 16 ‘ Function Key 7 ‘ 16-character text string

P643, P645 and P746 only.
This setting works in the same way as Fn Key 1 Label

Fn Key 8 17 |17 |Locked ' Disable, Lock or Unlock

P643 and P645 only.
This setting works in the same way as Fn Key 1

Fn Key 8 Mode ‘ 17 ‘ 18 ‘ Normal ‘ Toggle or Normal

P643, P645 and P746 only.
This setting works in the same way as Fn Key 1 Mode

Fn Key 8 Label ‘ 17 ‘ 19 ‘ Function Key 8 ‘ 16-character text string

P643, P645 and P746 only.
This setting works in the same way as Fn Key 1 Label

Fn Key 9 ‘ 17 ‘ 1A ‘ Unlocked ‘ Disable, Lock or Unlock

P643, P645 and P746 only.
This setting works in the same way as Fn Key 1

Fn Key 9 Mode ‘ 17 ‘ 1B ‘ Normal ‘ Toggle or Normal

P643, P645 and P746 only.
his setting works in the same way as Fn Key 1 Mode

Fn Key 9 Label ‘ 17 ‘ 1C ‘ Function Key 9 ‘ 16-character text string

This setting works in the same way as Fn Key 1 Label
Fn Key 10 17 1D | Unlocked ' Disable, Lock or Unlock

P643, P645 and P746 only.
This setting works in the same way as Fn Key 1

Fn Key 10 Mode ‘ 17 ‘ 1E ‘ Normal ‘ Toggle or Normal

P643, P645 and P746 only.
This setting works in the same way as Fn Key 1 Mode

FnKey10Label |17  |1F | Function Key 10 16 character text string

P643, P645 and P746 only.
This setting works in the same way as Fn Key 1 Label

Table 37 - Function keys

5.17 Process Bus (PB) Config
MenuText  Col Row Default Setting | Available Setting
Description
PB CONFIG 18 00 | |

This column contains settings and status parameters relative to process bus

MU OOS CONFIG 18 01 | 00000000(bin) 8 bits setting, 0 = MU OOS Disabled, 1 = MU

OOS Enabled
Used to set one or more Merging Units to be run in Out of Service mode .
AntiAlais Filter 18 |02 | Disabled 0 = Disabled, 1 = Enabled
This cell activates or deactivates the anti-aliasing filter, which conditions the Sampled Values from the Process Bus network.
SMV Version 18 |03 |IEC61850-9-2LE | 0=IEC61850-9-2LE, 1 = IEC61869
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Menu Text ‘ Col ‘ Row ‘ Default Setting Available Setting

Description

This cell selects which version of sampled values are used, if it is set to IEC61850-9-2LE, device will subscribe the sampled
value compliant with IEC61850-9-2LE, otherwise, device will subscribe the sampled value compliant with IEC61869. If the MU
device is configured to published IEC61850-9-2 compatible frames, the setting should be set to IEC61850-9-2LE.

MUs Delay Offset ‘ 18 ‘ 04 ‘ Os ‘ From Os to 3ms step 250us

This cell adjusts the maximum time-delay offset starting at the reception of the Ethernet message from the “first” Merging Unit
(MU) to the reception of the Ethernet message from the “last” Merging Unit (MU). This time-delay should be adjusted to ensure
all MU samples for the same time instant are received before sending to the relay processor.

Mon Delay Offset |18 |05 |No 10=No, 1= Yes

When sampled values are received at the IED from different Merging Units, they do not arrive simultaneously due to differences
in Merging Unit performance or different network path delays. After this setting is set to Yes, a command to monitor the
maximum time-delay will be sent to Process Bus board. After Process Bus board has calculated a delay, it will send the delay
time to main board for users to set a proper MUs Delay Offset.

Max Delay Offset |18 |06 | |

This setting specifies the maximum time-delay supervised, supervision starting at the reception of the sampled value frame
from the "first" Merging Unit to the reception of the sampled value frame from the last Merging Unit for each sample count.
If >3ms, a -1 will be displayed.

0 =No SYNC CLK, 1 = Local Clock 2 =

18 Global Clock

Synchro Mode

30 |No SYNC CLK

This setting specifies the type of Sampled Value synchronization expected by the IED, depending on the application.

Global Clock: The Sampled Values are synchronized with a global area clock (GPS like clock).

Local Clock: The Sampled Values are synchronized with a local area clock signal at the substation. Sampled Value frames
received with Global or Local synchronization are acceptable with this setting.

No SYNC CLK: The Sampled Values do not need to be synchronized. With this setting the IED ignores the synchronization flag
in the Sampled Value frames.

SV Absence Am |18 |31 | 00000000(bin)

This is a data cell with 8 binary flags. It indicates the presence or absence of Sampled Values from each of the Merging Units
the IED is communicating with. The cell data for each Merging Unit is continuously refreshed. Unused MUs will indicate a 0.
0: Sampled Values being received from the Merging Unit.

1: No Sampled Values being received from the Merging Unit.

SV SmpSynch Am |18 |32 | 00000000(bin)

This is a data cell with 8 binary flags. It indicates whether the Sampled Values being received from each of the Merging Units
has the Synchro as required by 1830 above. Unused MUs will indicate a 0

0: Sampled Values received are synchronized.

1: Sampled Values received are not synchronized.

SV Test Alm 18 |33 | 0000000000(bin) |

This is a data cell with a binary flag for each of the analogue groups within the relays. It indicates the status of the IEC 61850
Quality attribute ‘Test’ in the Sampled Value frame used for that channel. If a channel is marked Test then functions associated
with that channel are blocked unless the relay is in ‘“Test Mode’ or ‘Contacts Blocked’

SV Test Aim 18 |33 | 00000000(bin) |

This is a data cell with a binary flag for each of the analogue groups within the relays. It indicates the status of the IEC 61850
Quality attribute ‘Test’ in the Sampled Value frame used for that channel. If a channel is marked Test then functions associated
with that channel are blocked unless the relay is in ‘Test Mode’ or ‘Contacts Blocked’

SV Test Alm 18 |33 | 00000(bin) |

This is a data cell with a binary flag for each of the analogue groups within the relays. It indicates the status of the IEC 61850
Quality attribute ‘Test’ in the Sampled Value frame used for that channel. If a channel is marked Test then functions associated
with that channel are blocked unless the relay is in ‘Test Mode’ or ‘Contacts Blocked’

SV Invalid Aim 18 |34 | 0000000000(bin) |

This is a data cell with a binary flag for each of the analogue groups within the relay. It indicates the status of the IEC 61850
Quality attribute ‘Invalid’ in the Sampled Value frame used for that channel. If a channel is marked Invalid then functions
associated with that channel are blocked.

SV Invalid Aim 18 |34 | 00000000(bin) |
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Description

This is a data cell with a binary flag for each of the analogue groups within the relay. It indicates the status of the IEC 61850
Quality attribute ‘Invalid’ in the Sampled Value frame used for that channel. If a channel is marked Invalid then functions
associated with that channel are blocked.

SV Invalid Alm 18 |34 | 00000(bin) |

This is a data cell with a binary flag for each of the analogue groups within the relay. It indicates the status of the IEC 61850
Quality attribute ‘Invalid’ in the Sampled Value frame used for that channel. If a channel is marked Invalid then functions
associated with that channel are blocked.

SV Quest Alm 18 |35 | 0000000000(bin) |

This is a data cell with a binary flag for each of the analogue groups within the relay. It indicates the status of the IEC 61850
Quality attribute ‘Questionable’ in the Sampled Value frame used for that channel. If a channel is marked Questionable then
functions associated with that channel are blocked.

SV Quest Alm 18 |35 | 00000000(bin) |

This is a data cell with a binary flag for each of the analogue groups within the relay. It indicates the status of the IEC 61850
Quality attribute ‘Questionable’ in the Sampled Value frame used for that channel. If a channel is marked Questionable then
functions associated with that channel are blocked.

SV Quest Alm 18 |35 | 00000(bin) |

This is a data cell with a binary flag for each of the analogue groups within the relay. It indicates the status of the IEC 61850
Quality attribute ‘Questionable’ in the Sampled Value frame used for that channel. If a channel is marked Questionable then
functions associated with that channel are blocked.

Table 38 — Process Bus (PB) Config

5.18 IED Configurator (for IEC 61850 Configuration)

The contents of the IED CONFIGURATOR column (for IEC 61850 configuration) are
mostly data cells, displayed for information but not editable. To edit the configuration, you
need to use the IED (Intelligent Electronic Device) configurator tool within the Schneider
Electric MiCOM S1 Studio software.

MenuText | Col Row Default Setting | Available Setting
Description
IED CONFIGURATOR (19 |00 | |
This column contains IED CONFIGURATION parameters
Switch Conf.Bank ‘ 19 ‘ 05 ‘ No Action ‘ No action or Switch Banks

Setting which allows the user to switch between the current configuration, held in the Active Memory Bank, to the configuration
sent to and held in the Inactive Memory Bank

Restore Conf. ‘ 19 ‘ 0A ‘ No Action (0) ‘ No Action or Restore MCL
Restore IEC 61850 Configuration
Active ConfName |19 |10 |Not Available | <Active configuration name>

The name of the configuration in the Active Memory Bank, usually taken from the SCL file

Active Conf.Rev ‘ 19 ‘ 11 ‘ Not Available ‘ <Active configuration revision>

Configuration Revision number of the configuration in the Active Memory Bank, usually taken from the SCL file

Inact.Conf.Name ‘ 19 ‘ 20 ‘ Not Available ‘ <Inactive configuration name

The name of the configuration in the Inactive Memory Bank, usually taken from the SCL file

Inact.Conf.Rev ‘ 19 ‘ 21 ‘ Not Available ‘ <Inactive configuration revision>
Configuration Revision number of the configuration in the Inactive Memory Bank, usually taken from the SCL file
IP PARAMETERS |19 |30 | Sub-Heading ' Sub-Heading

IP PARAMETERS

IP Address 1 19 31 0.0.00 | <IP address of relay>
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Menu Text ‘ Col ‘ Row ‘ Default Setting ‘ Available Setting
Description
Displays the unique network IP address that identifies the relay
Subnet Mask 1 ‘ 19 ‘ 32 ‘ 0.0.0.0 ‘ <Subnet mask of relay>
Displays the sub-network the relay is connected to
Gateway 1 ‘ 19 ‘ 33 ‘ 0.0.0.0 ‘ <Gateway address>
Displays the IP address of the gateway (proxy) the relay is connected to, if any
IP Address 2 19 34 0.0.00 | <IP address of relay>
2nd IP address for MPC8313
Subnet Mask 2 19 |35 [0.0.00 | <Subnet mask of relay>
2nd sub-network for MPC8313
Gateway 2 ‘ 19 ‘ 36 ‘ 0.0.0.0 ‘ <Gateway address>
2nd Gateway for MPC8313
SNTP PARAMETERS |19 40 | Sub-Heading ' Sub-Heading
SNTP PARAMETERS
SNTP Server 1 19 |41 0.0.00 | <IP address of SNTP server 1>
Displays the IP address of the primary SNTP server
SNTP Server 2 19 42 0.0.00 | <IP address of SNTP server 2>
Displays the IP address of the secondary SNTP server
IEC 61850 SCL 19 |50 | Sub-Heading ' Sub-Heading
IEC 61850 SCL
IED Name ‘ 19 ‘ 51 ‘ Not Available ‘ <8 character IED name>
8 character IED name, which is the unique name on the IEC 61850 network for the IED, usually taken from the SCL file
IEC 61850 GOOSE |19 |60 | Sub-Heading ' Sub-Heading

IEC 61850 GOOSE

0000000000000000(bin) to

GoEna 19 70 | 0000000000000000(bin) 1111111111111111 (bin)

Setting to enable GOOSE publisher settings

0000000000000000(bin) to

Pub.Simul.Goose 19 71 | 0000000000000000(bin) 1111111111111111(bin)
Setting to enable simulation GOOSE publish for Ed.2 (in Ed.1 mode, this setting is to enable test GOOSE publish).
Sub.Simul.Goose ‘ 19 ‘ 73 ‘ No Yes or No

On Ed.2 mode, when set to Yes, both normal GOOSE (subscribed) and simulation GOOSE (subscribed) possible to be
processed as standard defined. When set to No, only the normal GOOSE will be processed. On Ed.1 mode, when set to Yes,
both normal GOOSE (subscribed) and test GOOSE (subscribed) will be processed synchronously. When set to No, only the
normal GOOSE will be processed.

Table 39 - IED configurator

5.19 Virtual Input Labels

There are many of these labels. These are all recorded in a block of settings within the
MiCOM relay. They all have the same Default and Available Settings and the same
Description applies to all of them. The following table shows the labels in the sequence.

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

Description
VIRIPLABELS |26 |00 | |
This column contains VIR I/P parameters
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Menu Text ‘ Col ‘ Row ‘ Default Setting ‘ Available Setting
Description
Virtual Input 1 ‘ 26 ‘ 01 ‘ Virtual Input 1 ‘ 16 character text string
Text label to describe each individual Virtual input
Virtual Input 2 ‘ 26 ‘ 02 ‘ Virtual Input 2 ‘ 16 character text string
Text label to describe each individual Virtual input
Virtual Input 3 ‘ 26 ‘ 03 ‘ Virtual Input 3 ‘ 16 character text string
Text label to describe each individual Virtual input
Virtual Input 4 ‘ 26 ‘ 04 ‘ Virtual Input 4 ‘ 16 character text string
Text label to describe each individual Virtual input
Virtual Input 5 ‘ 26 ‘ 05 ‘ Virtual Input 5 ‘ 16 character text string
Text label to describe each individual Virtual input
Virtual Input 6 ‘ 26 ‘ 06 ‘ Virtual Input 6 ‘ 16 character text string
Text label to describe each individual Virtual input
Virtual Input 7 ‘ 26 ‘ 07 ‘ Virtual Input 7 ‘ 16 character text string
Text label to describe each individual Virtual input
Virtual Input 8 ‘ 26 ‘ 08 ‘ Virtual Input 8 ‘ 16 character text string
Text label to describe each individual Virtual input
Virtual Input 9 ‘ 26 ‘ 09 ‘ Virtual Input 9 ‘ 16 character text string
Text label to describe each individual Virtual input
Virtual Input 10 ‘ 26 ‘ 0A ‘ Virtual Input 10 ‘ 16 character text string
Text label to describe each individual Virtual input
Virtual Input 11 26 |0B | Virtual Input 11 16 character text string
Text label to describe each individual Virtual input
Virtual Input 12~ |26 | 0C | Virtual Input 12 16 character text string
Text label to describe each individual Virtual input
Virtual Input 13 ‘ 26 ‘ 0D ‘ Virtual Input 13 ‘ 16 character text string
Text label to describe each individual Virtual input
Virtual Input 14 ‘ 26 ‘ OE ‘ Virtual Input 14 ‘ 16 character text string
Text label to describe each individual Virtual input
Virtual Input 15 ‘26 ‘ OF ‘Virtual Input 15 ‘ 16 character text string
Text label to describe each individual Virtual input
Virtual Input 16 ‘ 26 ‘ 10 ‘ Virtual Input 16 ‘ 16 character text string
Text label to describe each individual Virtual input
Virtual Input 17 ‘ 26 ‘ 11 ‘ Virtual Input 17 ‘ 16 character text string
Text label to describe each individual Virtual input
Virtual Input 18 ‘ 26 ‘ 12 ‘ Virtual Input 18 ‘ 16 character text string
Text label to describe each individual Virtual input
Virtual Input 19 ‘ 26 ‘ 13 ‘ Virtual Input 19 ‘ 16 character text string
Text label to describe each individual Virtual input
Virtual Input 20 ‘ 26 ‘ 14 ‘ Virtual Input 20 ‘ 16 character text string
Text label to describe each individual Virtual input
Virtual Input 21 ‘ 26 ‘ 15 ‘ Virtual Input 21 ‘ 16 character text string
Text label to describe each individual Virtual input
Virtual Input 22 ‘ 26 ‘ 16 ‘Virtual Input 22 ‘ 16 character text string

P64x/EN ST/E93 (P642, P643 & P645) Page (ST) 4-131



(ST) 4 Settings

Control and Support Settings

Menu Text ‘ Col ‘ Row‘ Default Setting

| Available Setting

Description

Text label to describe each individual Virtual input

Virtual Input 23 ‘ 26 ‘ 17 ‘Virtual Input 23 ‘ 16 character text string
Text label to describe each individual Virtual input
Virtual Input 24 ‘ 26 ‘ 18 ‘Virtual Input 24 ‘ 16 character text string
Text label to describe each individual Virtual input
Virtual Input 25 ‘ 26 ‘ 19 ‘Virtual Input 25 ‘ 16 character text string
Text label to describe each individual Virtual input
Virtual Input26 |26 | 1A | Virtual Input 26 16 character text string
Text label to describe each individual Virtual input
Virtual Input 27 ‘ 26 ‘ 1B ‘Virtual Input 27 ‘ 16 character text string
Text label to describe each individual Virtual input
Virtual Input 28 ‘ 26 ‘ 1C ‘Virtual Input 28 ‘ 16 character text string
Text label to describe each individual Virtual input
Virtual Input29 |26 1D | Virtual Input 29 16 character text string
Text label to describe each individual Virtual input
Virtual Input30 |26 | 1E | Virtual Input 30 16 character text string
Text label to describe each individual Virtual input
Virtual Input 31 ‘ 26 ‘ 1F ‘Virtual Input 31 ‘ 16 character text string
Text label to describe each individual Virtual input
Virtual Input 32 ‘ 26 ‘ 20 ‘Virtual Input 32 ‘ 16 character text string
Text label to describe each individual Virtual input
Virtual Input33 |26 |21 | Virtual Input 33 16 character text string
Text label to describe each individual Virtual input
Virtual Input 34 ‘ 26 ‘ 22 ‘Virtual Input 34 ‘ 16 character text string
Text label to describe each individual Virtual input
Virtual Input 35 ‘ 26 ‘ 23 ‘Virtual Input 35 ‘ 16 character text string
Text label to describe each individual Virtual input
Virtual Input36 |26 |24 | Virtual Input 36 16 character text string
Text label to describe each individual Virtual input
Virtual Input 37 ‘ 26 ‘ 25 ‘ Virtual Input 37 ‘ 16 character text string
Text label to describe each individual Virtual input
Virtual Input 38 ‘ 26 ‘ 26 ‘Virtual Input 38 ‘ 16 character text string
Text label to describe each individual Virtual input
Virtual Input 39 ‘ 26 ‘ 27 ‘Virtual Input 39 ‘ 16 character text string
Text label to describe each individual Virtual input
Virtual Input 40 ‘ 26 ‘ 28 ‘ Virtual Input 40 ‘ 16 character text string
Text label to describe each individual Virtual input
Virtual Input 41 26 |29 | Virtual Input 41 16 character text string
Text label to describe each individual Virtual input
Virtual Input 42 ‘ 26 ‘ 2A ‘Virtual Input 42 ‘ 16 character text string
Text label to describe each individual Virtual input
Virtual Input 43 ‘ 26 ‘ 2B ‘Virtual Input 43 ‘ 16 character text string

Text label to describe each individual Virtual input
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Menu Text ‘ Col ‘ Row ‘ Default Setting ‘ Available Setting
Description
Virtual Input 44 ‘ 26 ‘ 2C ‘ Virtual Input 44 ‘ 16 character text string
Text label to describe each individual Virtual input
Virtual Input 45 ‘ 26 ‘ 2D ‘ Virtual Input 45 ‘ 16 character text string
Text label to describe each individual Virtual input
Virtual Input46 |26 |2E | Virtual Input 46 |16 character text string
Text label to describe each individual Virtual input
Virtual Input 47 ‘ 26 ‘ 2F ‘ Virtual Input 47 ‘ 16 character text string
Text label to describe each individual Virtual input
Virtual Input 48 ‘ 26 ‘ 30 ‘ Virtual Input 48 ‘ 16 character text string
Text label to describe each individual Virtual input
Virtual Input 49 ‘ 26 ‘ 31 ‘ Virtual Input 49 ‘ 16 character text string
Text label to describe each individual Virtual input
Virtual Input 50 ‘ 26 ‘ 32 ‘ Virtual Input 50 ‘ 16 character text string
Text label to describe each individual Virtual input
Virtual Input 51 ‘ 26 ‘ 33 ‘ Virtual Input 51 ‘ 16 character text string
Text label to describe each individual Virtual input
Virtual Input 52 ‘ 26 ‘ 34 ‘ Virtual Input 52 ‘ 16 character text string
Text label to describe each individual Virtual input
Virtual Input 53 ‘ 26 ‘ 35 ‘ Virtual Input 53 ‘ 16 character text string
Text label to describe each individual Virtual input
Virtual Input 54 ‘ 26 ‘ 36 ‘ Virtual Input 54 ‘ 16 character text string
Text label to describe each individual Virtual input
Virtual Input 55 ‘ 26 ‘ 37 ‘ Virtual Input 55 ‘ 16 character text string
Text label to describe each individual Virtual input
Virtual Input 56 ‘ 26 ‘ 38 ‘ Virtual Input 56 ‘ 16 character text string
Text label to describe each individual Virtual input
Virtual Input 57 ‘ 26 ‘ 39 ‘ Virtual Input 57 ‘ 16 character text string
Text label to describe each individual Virtual input
Virtual Input 58 ‘ 26 ‘ 3A ‘ Virtual Input 58 ‘ 16 character text string
Text label to describe each individual Virtual input
Virtual Input 59 ‘ 26 ‘ 3B ‘ Virtual Input 59 ‘ 16 character text string
Text label to describe each individual Virtual input
Virtual Input 60 ‘ 26 ‘ 3C ‘ Virtual Input 60 ‘ 16 character text string
Text label to describe each individual Virtual input
Virtual Input 61 ‘ 26 ‘ 3D ‘ Virtual Input 61 ‘ 16 character text string
Text label to describe each individual Virtual input
Virtual Input 62 ‘ 26 ‘ 3E ‘ Virtual Input 62 ‘ 16 character text string
Text label to describe each individual Virtual input
Virtual Input 63 ‘ 26 ‘ 3F ‘ Virtual Input 63 ‘ 16 character text string
Text label to describe each individual Virtual input
Virtual Input 64 ‘ 26 ‘40 ‘ Virtual Input 64 ‘ 16 character text string

Text label to describe each individual Virtual input

Table 40 — Virtual Input Labels

P64x/EN ST/E93 (P642, P643 & P645)

Page (ST) 4-133



(ST) 4 Settings Control and Support Settings
5.20 Virtual Output Labels
There are many of these labels. These are all recorded in a block of settings within the
MiCOM relay. They all have the same Default and Available Settings and the same
Description applies to all of them. The following table shows the labels in the sequence.
MenuText  Col Row Default Setting | Available Setting
Description
Virtual Output1 |27 |01 | Virtual Output 1 16 character text string

Text label to describe each individual Virtual output

Virtual Output2 |27 |02 | Virtual Output 2

‘ 16 character text string

Text label to describe each individual Virtual output

Virtual Output3 |27 |03 | Virtual Output 3

‘ 16 character text string

Text label to describe each individual Virtual output

Virtual Output4 |27 |04 | Virtual Output 4

‘ 16 character text string

Text label to describe each individual Virtual output

Virtual Output5 |27 |05 | Virtual Output 5

‘ 16 character text string

Text label to describe each individual Virtual output

Virtual Output6 |27 |06 | Virtual Output 6

‘ 16 character text string

Text label to describe each individual Virtual output

Virtual Output7 |27 |07 | Virtual Output 7

‘ 16 character text string

Text label to describe each individual Virtual output

Virtual Output8 |27 |08 | Virtual Output 8

‘ 16 character text string

Text label to describe each individual Virtual output

Virtual Output9 |27 |09 | Virtual Output 9

‘ 16 character text string

Text label to describe each individual Virtual output

Virtual Output 10 |27 |OA | Virtual Output 10

‘ 16 character text string

Text label to describe each individual Virtual output

Virtual Output 11 |27 |0B | Virtual Output 11

‘ 16 character text string

Text label to describe each individual Virtual output

Virtual Output 12 |27 | 0C | Virtual Output 12

‘ 16 character text string

Text label to describe each individual Virtual output

Virtual Output 13 |27 0D | Virtual Output 13

‘ 16 character text string

Text label to describe each individual Virtual output

Virtual Output 14 |27 |OE | Virtual Output 14

‘ 16 character text string

Text label to describe each individual Virtual output

Virtual Output 15 |27 |OF | Virtual Output 15

‘ 16 character text string

Text label to describe each individual Virtual output

Virtual Output 16 |27 |10 | Virtual Output 16

‘ 16 character text string

Text label to describe each individual Virtual output

Virtual Output17 |27 |11 | Virtual Output 17

‘ 16 character text string

Text label to describe each individual Virtual output

Virtual Output 18 |27 |12 | Virtual Output 18

‘ 16 character text string

Text label to describe each individual Virtual output

Virtual Output 19 |27 |13 | Virtual Output 19

‘ 16 character text string
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Menu Text ‘ Col ‘Row‘ Default Setting

| Available Setting

Description

Text label to describe each individual Virtual output

Virtual Output20 |27 |14 | Virtual Output 20

‘ 16 character text string

Text label to describe each individual Virtual output

Virtual Output21 |27 |15 | Virtual Output 21

‘ 16 character text string

Text label to describe each individual Virtual output

Virtual Output22 |27 |16 | Virtual Output 22

‘ 16 character text string

Text label to describe each individual Virtual output

Virtual Output23 |27 |17 | Virtual Output 23

‘ 16 character text string

Text label to describe each individual Virtual output

Virtual Output24 |27 |18 | Virtual Output 24

‘ 16 character text string

Text label to describe each individual Virtual output

Virtual Output25 |27 |19 | Virtual Output 25

‘ 16 character text string

Text label to describe each individual Virtual output

Virtual Output26 |27 1A | Virtual Output 26

‘ 16 character text string

Text label to describe each individual Virtual output

Virtual Output27 |27 1B | Virtual Output 27

‘ 16 character text string

Text label to describe each individual Virtual output

Virtual Output28 |27 |1C | Virtual Output 28

‘ 16 character text string

Text label to describe each individual Virtual output

Virtual Output29 |27 1D | Virtual Output 29

‘ 16 character text string

Text label to describe each individual Virtual output

Virtual Output30 |27 |1E | Virtual Output 30

‘ 16 character text string

Text label to describe each individual Virtual output

Virtual Output31 |27 |1F | Virtual Output 31

‘ 16 character text string

Text label to describe each individual Virtual output

Virtual Output32 |27 |20 | Virtual Output 32

‘ 16 character text string

Text label to describe each individual Virtual output

Table 41 - Virtual Output Labels

5.21 User Alarms

There are many of these labels. These are all recorded in a block of settings within the
MiCOM relay. They all have the same Default and Available Settings and the same
Description applies to all of them. The following table shows the labels in the sequence.

Menu Text ‘ Col ‘Row‘ Default Setting

Available Setting

Description

USERALARMS |28 |00 |

This column contains USER ALARM parameters

Manual Reset 28 01 0x00000000

32 bit binary string (0 self-reset, 1 manual
reset)

Set the user alarm is maunal reset or self reset

Labels 28 |10 | Sub-Heading

‘ Sub-Heading
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Menu Text ‘ Col ‘ Row ‘ Default Setting ‘ Available Setting
Description

User Alarm 1 ‘ 28 ‘ 11 ‘ User Alarm 1 ‘ 16 character text string

Text label to describe each individual user alarm

User Alarm 2 ‘ 28 ‘ 12 ‘ User Alarm 2 ‘ 16 character text string

This setting works in the same way as user alarm 1

User Alarm 3 ‘ 28 ‘ 13 ‘ User Alarm 3 ‘ 16 character text string

This setting works in the same way as user alarm 1

User Alarm 4 ‘ 28 ‘ 14 ‘ User Alarm 4 ‘ 16 character text string

This setting works in the same way as user alarm 1

User Alarm 5 ‘ 28 ‘ 15 ‘ User Alarm 5 ‘ 16 character text string

This setting works in the same way as user alarm 1

User Alarm 6 ‘ 28 ‘ 16 ‘ User Alarm 6 ‘ 16 character text string

This setting works in the same way as user alarm 1

User Alarm 7 ‘ 28 ‘ 17 ‘ User Alarm 7 ‘ 16 character text string

This setting works in the same way as user alarm 1

User Alarm 8 ‘ 28 ‘ 18 ‘ User Alarm 8 ‘ 16 character text string

This setting works in the same way as user alarm 1

User Alarm 9 ‘ 28 ‘ 19 ‘ User Alarm 9 ‘ 16 character text string

This setting works in the same way as user alarm 1

User Alarm 10 ‘ 28 ‘ 1A ‘ User Alarm 10 ‘ 16 character text string

This setting works in the same way as user alarm 1

User Alarm 11 28 1B |User Alarm 11 16 character text string

This setting works in the same way as user alarm 1

User Alarm 12 28 |1C | User Alarm 12 16 character text string

This setting works in the same way as user alarm 1

User Alarm 13 ‘ 28 ‘ 1D ‘ User Alarm 13 ‘ 16 character text string

This setting works in the same way as user alarm 1

User Alarm 14 ‘ 28 ‘ 1E ‘ User Alarm 14 ‘ 16 character text string

This setting works in the same way as user alarm 1

User Alarm 15 28 |1F | User Alarm 15 16 character text string

This setting works in the same way as user alarm 1

User Alarm 16 ‘ 28 ‘20 ‘ User Alarm 16 ‘ 16 character text string

This setting works in the same way as user alarm 1

User Alarm 17 ‘ 28 ‘21 ‘ User Alarm 17 ‘ 16 character text string

This setting works in the same way as user alarm 1

User Alarm 18 ‘ 28 ‘22 ‘ User Alarm 18 ‘ 16 character text string

This setting works in the same way as user alarm 1

User Alarm 19 ‘ 28 ‘23 ‘ User Alarm 19 ‘ 16 character text string

This setting works in the same way as user alarm 1

User Alarm 20 ‘ 28 ‘ 24 ‘ User Alarm 20 ‘ 16 character text string

This setting works in the same way as user alarm 1

User Alarm 21 ‘ 28 ‘ 25 ‘ User Alarm 21 ‘ 16 character text string

This setting works in the same way as user alarm 1

User Alarm 22 ‘ 28 ‘ 26 ‘ User Alarm 22 ‘ 16 character text string
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Menu Text ‘ Col ‘ Row ‘ Default Setting ‘ Available Setting
Description
This setting works in the same way as user alarm 1
User Alarm 23 ‘ 28 ‘ 27 ‘ User Alarm 23 ‘ 16 character text string
This setting works in the same way as user alarm 1
User Alarm 24 ‘ 28 ‘ 28 ‘ User Alarm 24 ‘ 16 character text string
This setting works in the same way as user alarm 1
User Alarm 25 ‘ 28 ‘ 29 ‘ User Alarm 25 ‘ 16 character text string
This setting works in the same way as user alarm 1
User Alarm 26 ‘ 28 ‘ 2A ‘ User Alarm 26 ‘ 16 character text string
This setting works in the same way as user alarm 1
User Alarm 27 ‘ 28 ‘ 2B ‘ User Alarm 27 ‘ 16 character text string
This setting works in the same way as user alarm 1
User Alarm 28 ‘ 28 ‘ 2C ‘ User Alarm 28 ‘ 16 character text string
This setting works in the same way as user alarm 1
User Alarm 29 28 2D | User Alarm 29 16 character text string
This setting works in the same way as user alarm 1
User Alarm 30 ‘ 28 ‘ 2E ‘ User Alarm 30 ‘ 16 character text string

This setting works in the same way as user alarm 1

User Alarm 31 ‘ 28 ‘ 2F ‘ User Alarm 31 ‘ 16 character text string
This setting works in the same way as user alarm 1

User Alarm 32 ‘ 28 ‘ 30 ‘ User Alarm 32 ‘ 16 character text string
This setting works in the same way as user alarm 1

Table 42 - User Alarms

5.22 Ctrl I/P Labels

There are many of these labels. These are all recorded in a block of settings within the
MiCOM relay. They all have the same Default and Available Settings and the same
Description applies to all of them. The following table shows the labels in the sequence.

MenuText  Col Row Default Setting | Available Setting
Description
CTRLIPLABELS |29 |00 | |
This column contains CTRL I/P LABELS parameters
Control Input 1 ‘ 29 ‘ 01 ‘ Control Input 1 ‘ 16 character text string

Text label to describe each individual control input. This text is displayed when a control input is accessed by the hotkey menu.
It is displayed in the programmable scheme logic description of the control input

Control Input 2 ‘29 ‘ 02 ‘ Control Input 2 ‘ 16 character text string

This setting works in the same way as Control Input 1
Control Input 3 ‘29 ‘ 03 ‘ Control Input 3 ‘ 16 character text string
This setting works in the same way as Control Input 1

Control Input 4 ‘29 ‘ 04 ‘ Control Input 4 ‘ 16 character text string

This setting works in the same way as Control Input 1

Control Input 5 ‘29 ‘ 05 ‘ Control Input 5 ‘ 16 character text string

This setting works in the same way as Control Input 1
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Menu Text ‘ Col ‘ Row ‘ Default Setting ‘ Available Setting
Description

Control Input 6 ‘29 ‘ 06 ‘ Control Input 6 ‘ 16 character text string
This setting works in the same way as Control Input 1

Control Input 7 ‘29 ‘ 07 ‘ Control Input 7 ‘ 16 character text string
This setting works in the same way as Control Input 1

Control Input 8 ‘29 ‘ 08 ‘ Control Input 8 ‘ 16 character text string
This setting works in the same way as Control Input 1

Control Input 9 ‘29 ‘ 09 ‘ Control Input 9 ‘ 16 character text string
This setting works in the same way as Control Input 1

Control Input 10 ‘ 29 ‘ 0A ‘ Control Input 10 ‘ 16 character text string
This setting works in the same way as Control Input 1

Control Input 11 ‘29 ‘ 0B ‘ Control Input 11 ‘ 16 character text string
This setting works in the same way as Control Input 1

Control Input 12 ‘29 ‘ 0oC ‘ Control Input 12 ‘ 16 character text string
This setting works in the same way as Control Input 1

Control Input 13 ‘29 ‘ 0D ‘ Control Input 13 ‘ 16 character text string
This setting works in the same way as Control Input 1

Control Input 14 ‘29 ‘ OE ‘ Control Input 14 ‘ 16 character text string
This setting works in the same way as Control Input 1

Control Input 15 ‘29 ‘ OF ‘ Control Input 15 ‘ 16 character text string
This setting works in the same way as Control Input 1

Control Input 16 ‘29 ‘ 10 ‘ Control Input 16 ‘ 16 character text string
This setting works in the same way as Control Input 1

Control Input 17 |29 |11 | Control Input 17 16 character text string
This setting works in the same way as Control Input 1

Control Input 18 ‘29 ‘ 12 ‘ Control Input 18 ‘ 16 character text string
This setting works in the same way as Control Input 1

Control Input 19 ‘29 ‘ 13 ‘ Control Input 19 ‘ 16 character text string
This setting works in the same way as Control Input 1

Control Input 20 ‘29 ‘ 14 ‘ Control Input 20 ‘ 16 character text string
This setting works in the same way as Control Input 1

Control Input 21 ‘29 ‘ 15 ‘ Control Input 21 ‘ 16 character text string
This setting works in the same way as Control Input 1

Control Input 22 ‘29 ‘ 16 ‘ Control Input 22 ‘ 16 character text string
This setting works in the same way as Control Input 1

Control Input 23 ‘29 ‘ 17 ‘ Control Input 23 ‘ 16 character text string
This setting works in the same way as Control Input 1

Control Input 24 ‘29 ‘ 18 ‘ Control Input 24 ‘ 16 character text string
This setting works in the same way as Control Input 1

Control Input 25 ‘29 ‘ 19 ‘ Control Input 25 ‘ 16 character text string
This setting works in the same way as Control Input 1

Control Input 26 ‘29 ‘ 1A ‘ Control Input 26 ‘ 16 character text string
This setting works in the same way as Control Input 1

Control Input 27 ‘29 ‘ 1B ‘ Control Input 27 ‘ 16 character text string
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Menu Text ‘ Col ‘Row‘

Default Setting

Available Setting

Description

This setting works in the same way as Control Input 1

Control Input 28 ‘29 ‘ 1C ‘Control Input 28

‘ 16 character text string

This setting works in the same way as Control Input 1

Control Input 29 ‘29 ‘ 1D ‘Control Input 29

‘ 16 character text string

This setting works in the same way as Control Input 1

Control Input 30 ‘29 ‘ 1E ‘ Control Input 30 ‘ 16 character text string
This setting works in the same way as Control Input 1
Control Input 31 ‘29 ‘ 1F ‘ Control Input 31 ‘ 16 character text string

This setting works in the same way as Control Input 1

Control Input 32 ‘29 ‘ 20 ‘ Control Input 32

‘ 16 character text string

This setting works in the same way as Control Input 1

Table 43 - Ctrl I/P Labels

5.23 Recorder Extraction
Menu Text ‘ Col ‘ Row ‘ Default Setting Available Setting
Description
RECORDER
EXTRACTION B4 00

COLUMN (No Header)

RECORDER EXTRACTION COLUMN (No Header)

Select Record B4 |01 |0 -199 to 199 step 1
Select Record

Trigger Time ‘ B4 ‘ 02 ‘ ‘ Not settable
Trigger Time

Active Channels ‘ B4 ‘ 03 ‘ ‘ Not settable
Active Channels

Channel Types B4 |04 | | Not settable
Channel Types

Channel Offsets ‘ B4 ‘ 05 ‘ ‘ Not settable
Channel Offsets

Channel Scaling ‘ B4 ‘ 06 ‘ ‘ Not settable
Channel Scaling

Channel SkewVal ‘ B4 ‘ 07 ‘ ‘ Not settable
Channel SkewVal

Channel MinVal B4 |08 | | Not settable
Channel MinVal

Channel MaxVal B4 |09 | | Not settable
Channel MaxVal

Format ‘ B4 ‘ 0A ‘ ‘ Not settable
Format

Upload B4 0B | | Not settable
Upload

No. Of Samples ‘ B4 ‘ 10 ‘ ‘ Not settable
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Menu Text ‘ Col ‘ Row‘ Default Setting ‘ Available Setting
Description

No. Of Samples
Trig Position ‘ B4 ‘ 11 ‘ ‘ Not settable
Trig Position
Time Base ‘ B4 ‘ 12 ‘ ’ Not settable
Time Base
Sample Timer B4 |14 | | Not settable
Sample Timer
Dist. Channel 1 B4 |20 | | Not settable
Dist. Channel 1
Dist. Channel 2 ‘ B4 ‘ 21 ‘ ‘ Not settable
Dist. Channel 2
Dist. Channel 3 B4 |22 | | Not settable
Dist. Channel 3
Dist. Channel 4 B4 |23 | | Not settable
Dist. Channel 4
Dist. Channel 5 B4 |24 | | Not settable
Dist. Channel 5
Dist. Channel 6 B4 |25 | ' Not settable
Dist. Channel 6
Dist. Channel 7 B4 |26 | | Not settable
Dist. Channel 7
Dist. Channel 8 B4 |27 | | Not settable
Dist. Channel 8
Dist. Channel 9 B4 |28 | ' Not settable
Dist. Channel 9
Dist. Channel 10 B4 |29 | ' Not settable
Dist. Channel 10
Dist. Channel 11 B4 |2A | | Not settable
Dist. Channel 11
Dist. Channel 12 B4 2B | | Not settable
Dist. Channel 12
Dist. Channel 13~ |B4  |2C | ' Not settable
Dist. Channel 13
Dist. Channel 31 B4 [3E | ' Not settable
Dist. Channel 31
Dist. Channel 32 B4 |3 | | Not settable

Dist. Channel 32
Table 44 - Recorder Extraction
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5.24 Comms System Data
MenuText  Col Row Default Setting | Available Setting
Description

COMMS SYSDATA |BF (00 |

This column contains COMMS SYS DATA parameters

Dist Record Cntrl Ref |[BF |01 | B300 | Not settable

Dist Record Cntrl Ref

Dot Record Bxtract g 102 B400 Not settable
ef

Dist Record Extract Ref

Setting Transfer ‘ BF ‘ 03 ‘ ‘

This records the Setting Transfer parameter

Reset Demand ‘ BF ‘ 04 ‘ ’ Not settable

Reset Demand - this is data but it supports the Reset Menu cell.

Block Xfer Ref 'BF |06 | B200 | Not settable

Block Xfer Ref

Read Only Mode ~ |BF |07 | |

Read only mode

Connected i/face ‘ BF ‘ 11 ‘ ’

Security Column  |BF |12 2500 |

Port Disable BF |13 2505 |

PortDisableend ~ |BF |14 |250B |

PW Entry Needed |BF |15 |0

PW Entry Needed |BF |16 |0

Password Reset ‘ BF ‘ FO ‘

Table 45 - Comms System Data
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5.25 Ethernet Status

Menu Text ‘ Col ‘ Row‘ Default Setting

| Available Setting

Description

ETHERNET STATUS |[FO |00 |

This column contains ETHERNET STATUS parameters

Ethernet Status

Selector FO 01

0 to 239 step 1

Ethernet Status Selector

Ethernet Status

Number FO 03

Not settable

Ethernet Status Number

Ethernet Fatal Error ‘ FO ‘ 04 ‘

Not settable

Ethernet Fatal Error

Table 46 - Ethernet Status
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Products covered by this | This chapter covers the specific versions of the MiCOM products listed below. This includes
chapter: only the following combinations of Software Version and Hardware Suffix.
Hardware Suffix: L (P642) M (P643/P645)
Software Version: B4 - P64x (P642, P643 & P645)
Connection Diagrams: 10P642xx (xx = 01 to 10)
10P643xx (xx = 01 to 06)
10P645xx (xx = 01 to 09)
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1 SIGNAL PROCESSING

The sampling rate of the P64x is 24 samples per cycle. The raw samples of each channel
are buffered in a 2-cycle rotating buffer.

One-cycle Fourier filter is used to extract the fundamental sine and cosine components of
each signal channel, and the second and fifth harmonic sine and cosine components of
every phase differential current.

Magnitude and phase angle for each channel is calculated, as well as other derived
quantities.

The protection functions require a combination of raw samples, Fourier components,
magnitudes, phase, and other derived quantities as appropriate. These are specified in
the analogue input section of each function.

Data acquisition is performed at a rate of 24 samples per cycle. The frequency tracking
runs from the protection scheduler every 3rd sample. The differential protection task runs
every 3 samples. The programmable scheme logic and the current differential run at a
rate of 8 times per cycle. The following Execution rates table shows the execution rate
of other functions:

Execution rate

Function (times/cycle)

CTS, zero crossing detection algorithm used by the CBF function, CT
saturation detection, no gap detection, internal/external fault detector.

High impedance REF, Low impedance REF, VTS, poledead, circuit breaker
failure.

Phase overcurrent, negative phase overcurrent, standby overcurrent,
under/overvoltage, residual overvoltage, voltage controlled overcurrent, 2
negative sequence overvoltage.

CLIO, RTD, overflux, through fault monitoring, thermal overload. 1

Table 1 - Execution rates

The frequency tracking algorithm is used to determine the power system frequency and
to adjust the sampling clock so that it will be in exact multiples of the power system
frequency. The P64x frequency tracking range is 45 to 66 Hz. The relay will track
fundamental frequency down to the following levels of voltage (10V +5%) and current
(50 mA). The frequency tracking channel order is VA, VB, VC, VX, IAL, IB1, IC1, IA2, IB2,
IC2, IA3, IB3, IC3, |1A4, IB4, IC4, IA5, IB5, IC5. VA, VB, VC are only available in
P643/P645 when the three-phase VT option is selected. The voltage channels have the
priority. Only if a voltage channel is not available, a current channel would be used. If a
current channel is being used and a voltage channel becomes available, the frequency
tracking will automatically switch to the voltage channel. However, if neither a voltage
channel nor IA1 are on hand, IB1 would be used. If IA1 becomes available and not
voltage channel is available, the frequency tracking algorithm will continue using IB1.
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OPERATION OF INDIVIDUAL PROTECTION FUNCTIONS

2.1

211

2.1.2

Differential Protection (DIFF)

The P64x is designed for the protection of transformers as well as for the protection of
motors and reactors and of other two-winding (P642, P643, P645), three-winding (P643,
P645) or five biased inputs (P645) arrangements.

For application of the device as transformer differential protection, ratio correction is
required. This is achieved simply by setting of the reference power generally to the
nominal power of the transformer and of the primary nominal voltages for all windings of
the transformer. To minimize unbalance due to tap changer operation, current inputs to
the differential element should be matched for the mid-tap position and not the nominal
voltage.

Vector group matching is achieved by input of the relevant vector group identification
number. Zero-sequence current filtering is also available. For conditions where it is
possible to temporarily load the transformer with a voltage in excess of the nominal
voltage, the overfluxing blocking prevents unwanted tripping. The 5th harmonic blocking
feature does not require a voltage signal. A 5th harmonic signal is derived from the
differential current waveform on each phase and blocking is on a per phase basis. The
overfluxing protection should be used in such applications to protect the transformer
accordingly.

For applications as a differential protection device for motors, the second harmonic
blocking (inrush compensation) can be set to maximum. The start-up of directly switched
asynchronous motors represents a problem in differential protection due to transient
transformer saturation caused by a displacement of the start-up current for relatively high
primary time constants. The P64x uses transient bias to reduce the effects of CT
saturation.

Enabling or Disabling Differential Protection

Differential protection can be disabled or enabled from the local control panel. Moreover,
enabling can be done separately for each setting group.

To enable the differential protection, set the cell [090C: Diff Protection] to enabled under
the CONFIGURATION menu heading. Also the differential function must be enabled in
the required setting group, for example, set the cell [3101: Trans Diff] to enabled under
GROUP 1 DIFF PROTECTION menu heading. This enables setting groupl differential
protection.

Current Inputs Selection

The current inputs associated to each transformer winding are set in HV CT Terminals,
LV CT Terminals and TV CT Terminals.
The current inputs may be assigned as follows:

P642 P643 P645

00001
_ 001 00011
HV CT Terminals 01 011 00111

01011
01111

10000
_ 100 11000
LV CT Terminals 10 110 11100

11010
11110

00100
01100
00110
01110

TV CT Terminals 010
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2.1.3

Table 2 - Current inputs
The CT inputs are as follows:

. 1 means that the CT input is being used by the xx CT Terminals
. 0 means that the CT input is not being used by the xx CT Terminals
01111
L—T1CT
T2CT
T3CT
T4CT
T5CT P2678ENa

Figure 1 - CT inputs

If any CT is assigned to more than one winding, then a CT selection alarm is issued
(DDB 483). When DDB 483 is asserted, the protection is also blocked (see the CT
selection diagram).

One CT is configured to
more than one winding
simultaneously

CT selection alarm
(DDB 483)

P2679ENa

Figure 2 - CT selection diagram

Ratio Correction

The relay automatically calculates the ratio correction factor for each of the current inputs.
The matching factors are displayed under GROUP x SYSTEM CONFIG menu heading as
Match Factor CT1, Match Factor CT2, Match Factor CT3, Match Factor CT4 and
Match Factor CT5. The reference power for the protected object, identical for all
windings, needs to be defined. For two-winding arrangements, the nominal power will
usually be the reference power. For three transformers, the nominal power of the highest-
power winding should be set as the reference power. The reference power is set in the
cell [3007: Sref] under the GROUP x SYSTEM CONFIG menu heading.

The calculates the ratio correction factors on the basis of the reference power, winding
nominal voltage, and primary nominal currents of the current transformers.

Kamp,n = lnomn

S Sref

I = ref —

refn V3 Vnom,n \/ 3Vhomn
Sref: common reference power for all ends
n: is CT1 and CT2 (etc) for each of the available CT inputs
Iref, n: reference current for the respective CT input

Kamp, n: amplitude-matching factor for the respective CT input
Inom, n: primary nominal currents for the respective CT input
Vnom, n: primary nominal voltage for the respective CT input

The relay checks that the matching factors are within their permissible ranges. The
matching factors must satisfy the following condition:

. The matching factors must always be 0.05 < Kamp,n <20

The CT parameter mismatch logic diagram is shown below.
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One CT is configured to more than one

U Set CT Selection Alarm
winding simultaneously

—P643/P645 Only—»| DDB_CT_REPEATED_SELECTED_ALARM = TRUE

A4

If in CT Exclusion Function:
1. CT Position Mismatch

2. More than the Maximum Number of | 043/P645 Only— DDB_CT_EXCLU_DISABLE_PROT = TRUE > Set Insuff No of CT Alarms
CT Current Inputs are excluded
Winding configuration = HV/LV y
* oR | Reset Differential Protection related
DDB, clear current calculation values
AND x *
—T Differential Protection is blocked

The Ratio Correction Factor (Amplitude > OR

Matching Factor) of the CTs associated
with the HV winding is out of range

DDB_CT_MISMATCH_ALARM = TRUE

The Ratio Correction Factor (Amplitude A
Matching Factor) of the CTs iated
with the LV winding is out of range A

A 4

OR

The Ratio Correction Factor (Amplitude
Matching Factor) of the CTs associated AND Set CT Para mismatch alarm
with the TV winding is out of range *

AND

The Ratio Correction Factor (Ampli +
Matching Factor) of the CTs associated
with the TV winding is greater than 20

Remove the current inputs on TV
AND —  winding from the differential
calculation

The Ratio Correction Factor (Amplitude
Matching Factor) of the CTs associated
with the TV winding is less than 0.05

Winding configuration = HV/LV/TV

P4261ENd

Figure 3 - CT para mismatch logic diagram

If any of the ratio correction factors in two winding applications is out of range, the CT
para mismatch alarm is asserted. In three winding applications, if the ratio correction
factor of the CTs associated to HV or LV windings are out of range or if the ratio
correction factor of the CTs associated to TV winding is greater than 20, then the CT para
mismatch alarm is asserted. In some applications, if the ratio correction factor of the
CT associated to TV winding is lower than 0.05, it may be preferred to automatically
remove this current from the differential calculation. The logic shown in the
diagram allows the relay to do so.

If the CT para mismatch alarm is asserted the protection is also blocked.

The measured values of the phase currents of the windings of the protected object are
multiplied by the relevant matching factors and are then available for further processing.
Consequently, all threshold values and measured values always refer to the relevant
reference currents rather than to the transformer nominal currents or the nominal currents
of the device.

Caution If the CT para mismatch alarm is asserted, the differential
protection will be blocked. Other protection functions will still
be working.
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214

Vector Group Matching

The transformer HV windings are indicated by capital letters and the LV winding by lower
case letters. The numbers refer to positions on a clock face and indicate the phase
displacement of balanced 3-phase LV line currents with respect to balanced 3-phase HV
line currents. The HV side is taken as reference and it is the 12 o’clock position.
Therefore, each hour represents a 30° shift; i.e. 1 represents a 30° lag and 11 represents
a 30° lead (LV with respect to HV). An additional N, YNd1, (lower case for LV, d)
indicates a neutral to earth connection on the high voltage winding of the power
transformer.

By studying the relative phase shifts that can be obtained, it can be seen that star-star
windings allow even vector group configurations and star-delta/delta-star windings allow
odd group configurations.

Examples

A YNd1 connection indicates a two winding transformer with an earthed, Star-connected,
high voltage winding and a Delta-connected low voltage winding. The low voltage
balanced line currents lag the high voltage balanced line currents by 30° (-30° phase
shift).

A Dynlynll connection indicates a three winding transformer with a Delta-connected
high voltage winding and two earthed Star-connected low voltage windings. The phase
displacement of the first LV winding with respect to the HV winding is 30° lag (-30° phase
shift), the phase displacement of the second LV winding with respect to the HV winding is
30° lead (+30° phase shift).

Vector group matching is performed on the amplitude-matched phase currents of the low-
voltage and tertiary voltage side in accordance with the characteristic vector group
number.

When the relay is configured to protect a YNd1 transformer, the software interposing CTs
used by the relay to achieve vector correction are as shown in the Software interposing
CTs for a Yd1 transformer diagram. No vector correction is performed on the HV
amplitude matched phase currents. If the relay is in simple mode, zero sequence filtering
is applied when the cell [HV Grounding] under the GROUP 1 SYSTEM CONFIG menu
heading is set to grounded. If the relay is in advanced mode, the zero sequence filtering
is enabled or disabled in the cell [Zero seq filt HV] under the GROUP 1 DIFF
PROTECTION menu heading. Therefore, on the Y high voltage side of the transformer
the software interposing CT is either Yy0 (no zero sequence filtering is required) or YdyO
(zero sequence filtering is required). The currents on the low voltage side lag by 30° the
currents on the high voltage side due to the vector group (1). The relay brings the low
voltage current in phase with the high voltage current by using a Yd11 software
interposing CT on the low voltage side.
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A
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Figure 4 - Software interposing CTs for a Yd1 transformer

Consider the Y grounded winding of the Yd1 transformer during external ground faults on
the high voltage side. Also consider that a source is connected to the delta side. The
zero sequence component of the fault current flows through the grounded neutral that lies
inside the transformer differential protection zone. The zero sequence component of the
fault current is only seen by the CTs in the HV side. Therefore, zero sequence filtering
for a Y grounded winding must be enabled to avoid undesirable tripping when an external
ground fault occurs.

The YdyO software interposing CT is the equivalent of subtracting the zero sequence
component from the phase currents on the high voltage side. The zero-sequence current
is determined as follows from the amplitude-matched phase currents:

1
Iamp,zero,n = 3 (Iamp,A,n + Iamp,B,n + Iamp,C,nC)

|amp,A,n,fiItered = lamp,A,n - Iamp,zero,n
n: T1CT, T2 CT, T3 CT, T4 CT, T5 CT for each of the CT inputs
lamp, zero, n: zero sequence amplitude matched current for the
respective CT input
lamp, A, n: phase A amplitude matched current of the respective CT input

The grounding transformer connected to the LV side of the power transformer provides a
path for LV ground faults. To avoid misoperation during external ground faults the zero
sequence component needs to be filtered. In addition, the LV currents need to be in
phase with the HV currents. The relay achieves zero sequence filtering and vector
correction by using a Yd11 software interposing CT.

As previously discussed, star-star windings allow even vector group configurations and
star-delta/delta-star windings allow odd group configurations. The following tables show
that for all odd-numbered vector group characteristics the zero-sequence current on the
low-voltage side is basically always filtered out, whereas for even-numbered vector group
characteristics the zero-sequence current on the low-voltage side is never filtered out
automatically. The latter is also true for the high-voltage side since in that case, as
explained above, no vector correction is performed.

Vector group matching and zero-sequence current filtering must always be viewed in
combination. The following tables list the mathematical phasor operations executed by
the relay during vector correction.

. Table 3 - Mathematical phasor operations on the HV side

. Table 4 - Phasor operations on LV side of an even-numbered vector group
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. Table 5 - Phasor operations on LV side of an odd-numbered vector group

The indices in the formulae have the following meaning:
am: amplitude-matched

s: amplitude- and vector group-matched

X: phase A, Bor C

y: differential measuring system that corresponds to phases A, B or C.
n: T1CT, T2 CT, T3 CT, T4 CT, T5 CT for each of the CT inputs

x+1:  cyclically lagging phase

x-1: cyclically leading phase
No vector correction is done on the HV side of the transformer. Only zero sequence
filtering is carried on if in the simple mode the winding is set as grounded or if in the
advanced mode the high voltage zero sequence filter is enabled. As a result, the relay
may perform the following mathematical operations on the HV side:
With Izero filtering Without lzero filtering

amp,zero,n vec,y,n amp,x,n

0 Ivec,y,n = Iamp,x,n

Table 3 - Mathematical phasor operations on the HV side

The following Yy transformer connections diagram shows the various even-numbered
vector group configurations:
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P4251END - Page 1

Figure 5 - Even-numbered vector groups - Page 1
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Figure 6 - Even-numbered vector groups - Page 2

P64X/EN OP/E93 (P642, P643 & P645) Page (OP) 5-17



(OP) 5 Operation

Operation of Individual Protection Functions

Consider the configurations as shown in the above Yy transformer connections diagram.

In a YyO, DdO, Dz0 or ZdO power transformer configuration, the LV currents are
already in phase with the HV currents. Therefore, the relay only filters the zero
sequence current as required.

In a Yy2, Dd2, Dz2 or Zd2 power transformer configuration, the LV currents lag the
HV currents by 60°. To bring the LV currents in phase with the HV currents, the
P64x uses a Yy10 software interposing CT.

In a Yy4, Zd4 or Dz4 power transformer configuration, the LV currents lag the HV
currents by 120°. To bring the LV currents in phase with the HV currents, the P64x
uses a Yy8 software interposing CT.

In a Yy6, Dz6, Zd6 or Dd6 power transformer configuration, the LV currents lag the
HV currents by 180°. To bring the LV currents in phase with the HV currents, the
P64x uses a Yy6 software interposing CT.

In a Yy8, Dz8, Zd8 or Dd8 power transformer configuration, the LV currents lead
the HV currents by 120°. To bring the LV currents in phase with the HV currents,
the P64x uses a Yy4 software interposing CT.

Ina Yyl10, Dz10, Zd10 or Dd10 power transformer configuration, the LV currents
lead the HV currents by 60°. To bring the LV currents in phase with the HV
currents, the P64x uses a Yy2 software interposing CT.

The following Phasor operations on the LV side of Yy power transformers table shows the
mathematical operations, equivalent to the corresponding software interposing CT, on the
low-voltage side for an even-numbered vector group characteristic.

VG With lzero filtering Without |zero filtering
0 Ivec,y,n = Iamp,x,n _Iamp,zero,n Ivec,y,n = Iamp,x,n

2 Ivec,y,n = _(Iamp,x+1n - Iamp,zero,n) Ivec,y,n = _Iamp,x+1n

4 Ivec,y,n = Iamp,xf:l,n _Iamp,zero,n Ivec,y,n = Iamp,xfl,n

6 Ivec,y,n = _(Iamp,x,n - Iamp,zero,n) Ivec,y,n = _Iamp,x,n

8 Ivec,y,n = Iamp,x+],n _Iamp,zero,n Ivec,y,n = Iamp,x+:l,n

10 Ivec,y,n = _(Iamp,x—ln _Iamp,zero,n) Ivec,y,n = _Iamp,x—J,n

Table 4 - Phasor operations on LV side of an even-numbered vector group

The following Software interposing CTs for a YyO transformer diagram shows the
software interposing CTs used by the relay when a YyO power transformer is being
protected. Notice that zero sequence filter is enabled on the HV and LV sides since YdyO0
interposing CTs are being used.
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Figure 7 - Software interposing CTs for a YNynO transformer

The following Yd or Dy transformer connections diagram shows the various odd-
numbered vector group configurations:
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P4263END - Page 1

Figure 8 - Odd-numbered vector group connections - Page 1
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Figure 9 - Odd-numbered vector group connections - Page 2

Consider the configurations shown in the above Yd or Dy transformer connections

diagram.

o In a Dy1, Yd1, Yz1 or Zyl power transformer configuration, the LV currents lag the
HV currents by 30°. The P64x uses a Yd11 software interposing CT to bring the LV
currents in phase with the HV currents.

. In a Dy3 or Yd3 power transformer configuration, the LV currents lag the HV
currents by 90°. The P64x uses a Yd9 software interposing CT to bring the LV
currents in phase with the HV currents.

. In a Dy5, Yd5 or Yz5 power transformer configuration, the LV currents lag the HV
currents by 150°. The P64x uses a Yd7 software interposing CT to bring the LV
currents in phase with the HV currents.

o In a Dy7, Yd7 or Zy7 power transformer configuration, the LV currents lead the HV
currents by 150°. The P64x uses a Yd5 software interposing CT to bring the LV
currents in phase with the HV currents.

. In a Dy9 or Yd9 power transformer configuration, the LV currents lead the HV
currents by 90°. The P64x uses a Yd3 software interposing CT to bring the LV
currents in phase with the HV currents.

. Ina Dyll, Yd11, Yz11 or Zyl1l power transformer configuration, the LV currents
lead the HV currents by 30°. The P64x uses a Yd1 software interposing CT to bring
the LV currents in phase with the HV currents.
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The following Phasor operations on the LV side of Yd or Dy power transformers table
shows the mathematical operations, equivalent to the corresponding software interposing
CT, on the low-voltage side for an odd-numbered vector group characteristic:

VG With or without lzero filtering
1
1 Ivecyn Z\/—'(Iampxn_lampxﬂ,n)
Y, 3 . X, ,
1
3 Ivecyn :T'(Iampx—ln _Iampx+ln)
WY, 3 : )
1
5 Ivecyn Z\/—’(Iampx—ln _Iampxn)
Y, 3 , . X,
1
7 Ivecyn :T'(lampx+ln_|ampxn)
Y, 3 , X,
1
9 Ivec y,n :T'(Iamp X+1n _Iamp xfln)
Y, 3 ) )
1
11 Ivecyn :T'(Iampxn _Iampx—ln)
Y, 3 X, \

Table 5 - Phasor operations on LV side of an odd-numbered vector group

Vector group matching is by input of the vector group identification number provided that
the phase currents of the high and low voltage side(s) are connected in standard
configuration. For other configurations, special considerations may apply. A reverse
phase rotation (phase sequence A-C-B) needs to be taken into account by making the
appropriate setting at the relay. The relay will then automatically form the complementary
value of the set vector group ID to the number 12 (vector group ID = 12 - set ID).

Tripping Characteristics
The differential and bias currents for each phase are calculated from the current variables
after amplitude and vector group matching.

Calculation of differential and biased currents is as follows:
—_— ——> —— — —>

Is,y,CTl + Is,y,CT2 I + Is,y,CT3 + Is,y,CT4 + Is,y,CTS |

laitry =

—_— — E— E— —
Ibiasy = 0.5 [IIS,y,CTll + ||s,y,CT2| + ||s,y,CT3| + ||s,y,CT4| + ||s,y,CT5|]

y is the measuring system that corresponds to phases A, B or C.

s is the current after the amplitude and vector group are matched.

To provide further stability for external faults, additional measures are considered on the
calculation of the bias current:
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2.15.1 Delayed Bias

The bias quantity is the maximum of the mean bias quantities calculated within the last
cycle. The mean bias is the fundamental bias current. This is to maintain the bias level,
therefore stability is provided when an external fault is cleared. This feature is
implemented on a per-phase basis. The algorithm is expressed as follows; the function is
executed 8 times per cycle:

Igias A_delayed = Maximum [lpias, a(N), lbias, A(N-1), ......... » Ipias, a(N-7)]

Igias B_delayed = Maximum [lyias, 8(N), lpias, 8(N-1), -........ + Ibias, 8(N-7)]

Igias c_delayed = Maximum [lpias, c(n), lbias, c(N-1), ......... y Ibias, c(N-7)]
2152 Maximum Bias

The maximum delayed bias current calculated from all three phases is the maximum bias:
Ibias,max = Maximum [IbiasA_deIayed- IbiasB_deIayed: IbiasC_deIayed]

The maximum bias is used to calculate the differential operating current. The differential
operating current is calculated using the following characteristic equations:

Isl
o . 0< Ibiasmax < K
Characteristic equation for the range !

|op =ls1

Isl
< Ibiasmax < IsZ
Ky

Characteristic equation for the range

|op = K1 Ibiasmax
Characteristic equation for the range Ibiasmax 2 ls2

lop = K1 Is2 + K2 (Ibiasmax — Is2)

51
. o é < Ibiasmax < |32
K1 gradient of characteristic in range 1

Kz gradient of characteristic in range Ibiasmax 2 |s2
1diff/ P64x transformer biased
Inom differential characteristic
Is-HS2

Is-HS1

Operating region

Is-CTS

Is1
Is-cctfail

Is2 Ibias/Inom P4266ENa

Figure 10 - Tripping characteristic of differential protection

The tripping characteristic of the differential protection device P64x has two knees. The
first knee is dependent on the settings of Is1 and K1. The second knee of the tripping
characteristic is defined by the setting Is2. The lower slope provides sensitivity for internal
faults. The higher slope provides stability under through fault conditions, since transient
differential currents may be present due to current transformer saturation.
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2.153

Transient Bias

If there is a sudden increase in the mean-bias measurement, an additional bias quantity
is introduced in the bias calculation, on a per-phase basis. This quantity, named transient
bias, decays exponentially. The transient bias resets to zero once the relay trips, or if the
mean bias quantity is below the Is1 setting. The mean bias is the fundamental of the bias
current. As explained in the Maximum Bias section the relay calculates the operating
current at the maximum bias current. The transient bias is calculated on a per phase
basis and it is added to the operating current calculated at the maximum bias. Therefore,
these differential current thresholds are available:

Differential threshold phase A = lop at max bias + transient bias_phase A

Differential threshold phase B = lop at max bias + transient bias_phase B

Differential threshold phase C = lop at max bias + transient bias_phase C
The fundamental of the differential current is compared against the differential current
threshold given above on a per phase basis. The relay calculates the differential current
on a sample basis using the following equation:

— > — > — > > —
laitty = |lsymiet + lsyt2ct + lsyT3ct + lsyTact + lsytscr

The relay calculates the fundamental of the differential current using a Fourier filter.

If the fundamental of the differential current is above the threshold, then the low set
differential element might trip as long as there is no second harmonic or fifth harmonic
blocking.

The transient bias technique considers a time decay constant, stability coefficients and
the differential function settings to provide a dynamic bias characteristic. The following
diagram shows the relay behavior during an external fault. The transient bias enhances
relay stability. For the relay to trip, the fundamental of the differential current should be
above the operating current at max bias + transient bias.

transient bias - phaseA
14 N e |adiff fundamental
4 i
N —— lop at max bias + transient bias - phaseA

1 \I
0.8

| (pu)

N\

0 0.2 0.4 0.6

0.8 1 1.2 14 1.6
t(S) P2680ENa

Figure 11 - Transient bias characteristic

The transient bias enhances the stability of the differential element during external faults
and allows for the time delay in CT saturation caused by small external fault currents and
high X/R ratios. For internal single-end or double-end fed faults the differential current is
dominant and the transient bias has no effect.

The transient bias is removed after the relay has tripped to avoid the possibility of
chattering. It is also removed when Ibias is less than Is1 to avoid the possibility of
residual values due to the numerical effects.

No transient bias is produced under load switching conditions. Also, no transient bias is
generated when the CT comes out of saturation.
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2.1.6

2.1.7

2.1.8

High-Set Differential Protection Function

The high set 1 algorithm uses a peak detection method to achieve fast operating times.
The peak value is the largest absolute value in the latest 24 samples (latest cycle). Since
the high set 1 algorithm uses a peak detection method, Is-HS1 is set above the expected
highest magnetizing inrush peak to maintain immunity to magnetizing inrush conditions.
To declare high set 1 trip, two conditions must be fulfilled:

. The peak value of the differential current is greater than Is-HS1 setting

. The bias characteristic is in the operating region

Above the adjustable threshold Is-HS1 of the differential current, the relay will trip without
taking into account either the second harmonic blocking or the overfluxing blocking, but
the bias current is considered. The high set 1 resets when the differential and bias
currents are in the restraint area (i.e. the gray area in the Tripping characteristic of
differential protection diagram).

The high set 2 algorithm uses Fourier quantities. If the differential current exceeds the
adjustable threshold 1s-HS2, the bias current, the second harmonic and overfluxing
restraints are no longer taken into account. As a result, the relay issues a high set 2 trip
regardless of the harmonic blocking or biased current. The high set 2 element resets
when the differential current drops below 0.95*Is-HS2.

Low-Set Differential Protection Function

Transient bias is added for through fault stability. The transient bias is on a per-phase
basis and is not affected by K1 or K2 settings.

Once the differential and bias currents are calculated, the following comparisons are
made and an operate/restrained signal is obtained:

Flat slope:

laitt 2 Is1 + Transient Bias

K1 slope:
laif 2 K1 Ibiasmax + Transient Bias

K2 slope: Ibias 2 ls2
laitt = K1 Is2 + K2 (Ibiasmax — Is2) + Transient Bias

A count strategy is used so that the protection operates slower near the boundary of
operation. This approach is used to stabilize the relay under some marginal transient
conditions. The protection trips on a count of 2, which is approximately 5 ms after fault
detection. The count is increased to 4 if the differential current is within 0.5*Is1 of the
threshold.

Magnetizing Inrush Current Blocking

The phenomenon of magnetizing inrush is a transient condition which occurs primarily
when a transformer is energized. It is not a fault condition, and therefore does not require
the operation of the protection, which, on the contrary must remain stable during the
inrush transient.

Magnetizing inrush can occur under three conditions:

. Initial

. Recover

. Sympathetic

Initial Magnetization Inrush:

The initial magnetizing inrush may occur when energizing the transformer after a prior
period of de-energization. This has the potential of producing the maximum magnetizing
inrush.
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The following diagram shows a transformer magnetizing characteristic. To minimize
material costs, weight and size, transformers are generally operated near to the knee
point of the magnetizing characteristic. Consequently, only a small increase in core flux
above normal operating levels will result in a high magnetizing current.

Flux

2Fnm

Fm

Magnetising current, le

P4267ENa

Figure 12 - Transformer magnetizing characteristic

Under normal steady state conditions, the magnetizing current associated with the
operating flux level is relatively small (2-5% of full load current). However, if a
transformer winding is energized at a voltage zero, with no remnant flux, the flux level
during the first voltage cycle (2 x normal max flux) will result in core saturation and in a
high, non-sinusoidal magnetizing current waveform. This current is commonly referred to
as magnetizing inrush current and may persist for several cycles. The maximum initial-
magnetizing current may be as high as 8-30 times the full-load current. Resistance in the
supply circuit and transformer and the stray losses in the transformer reduce the peaks of
the inrush current such that it decays to the normal exciting current value. The time
constant varies from 10 cycles to as long as 1 minute in very high inductive circuits. The
following diagram shows the magnetizing inrush phenomenon.
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Figure 13 - Magnetizing inrush phenomenon

The magnitude and duration of magnetizing inrush current waveforms are dependant on
a number of factors such as transformer design, size, system fault level, point on wave of
switching, number of banked transformers etc.

Some inrush will always occur in one or two phases and generally all three phases in a
three phase circuit. The following diagram indicates typical magnetizing inrush wave
forms as seen by the differential protection.
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Figure 14 - Magnetizing inrush current waveforms
Recovery magnetizing inrush:

As stated in IEEE Std. C37.91-2000, magnetizing inrush can be caused by any
abrupt change of magnetizing voltage. These include the occurrence of a fault, the
removal of the fault, change of character of a fault (a single phase fault evolving to
two phase fault). The recovery inrush is when the voltage returns back to normal.
The worst case of recovery inrush occurs after a solid three phase external fault
near a transformer bank is removed and the voltage gets back to normal.
Sympathetic magnetizing inrush:
According to IEEE Std. C37.91-2000, a severe magnetizing inrush may occur
when energizing a transformer at a station at which at least one other transformer
is already energized. This inrush will involve transformers that are already
energized as well as transformers being energized. This inrush transient may be
particularly long in duration. The inrush into the transformer being energized
occurs during the opposite half-cycle to that of the already energized transformer.
Therefore, the net inrush into all transformers may approximate a sine wave of
fundamental frequency, and therefore not operate the second harmonic blocking
unit of the differential relay if it is protecting both parallel transformers.

As described above, when an unloaded transformer is energized, the inrush current at
unfavorable points on wave such as for voltage zero may have values that exceed the
transformer nominal current several times over. Since the high inrush current flows on
the connected side only, the tripping characteristic of differential protection may give rise
to a trip unless stabilizing action is taken. The fact that the inrush current has a high
proportion of second harmonics offers a possibility of stabilization against tripping by the
inrush current.

The MiCOM relay filters the differential current. The fundamental lqi(fn) and second
harmonic components lai(2*fn) of the differential current are determined. Second
harmonic blocking is phase segregated. If the ratio lai(2*fn)/lui(fn) exceeds a specific
adjustable value in at least one phase in two consecutive calculations, and if the
differential current is larger than 0.1 pu (minimum setting of Is1), tripping is blocked
optionally in one of the following modes:

. Across all three phases
. Selectively for one phase

There will be no blocking if the differential current exceeds the set thresholds Is-HS1 or
Is-HS2.
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2.1.9
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Figure 15 - Inrush stabilization (second harmonic blocking)

CT Saturation Detection

A CT saturation detection technique has been implemented in the P64x relay. This
technique unblocks the low set differential element during internal faults with heavy CT
saturation. During CT saturation the content of second harmonic may be high enough so
that the second harmonic blocking element would be asserted thus blocking the low set
differential element. As a result, the operation of the low set differential element is
delayed. The CT saturation detection logic unblocks the low set differential element
during CT saturation. During magnetizing inrush conditions, the ratio of second harmonic
to fundamental is used to stabilize the relay. The CT saturation detection technique
distinguishes between magnetizing inrush and saturation; therefore, the relay stability is
maintained during inrush conditions.

To detect a CT saturation condition the differential current samples on a per phase basis
are considered. The relay analyzes the differential current waveforms considering their
derivatives, dynamic and fixed thresholds that were determined by Real Time Digital
Simulator (RTDS) tests.
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2.1.10 No Gap Detection Technique

The no gap detection technique detects light CT saturation on a per phase basis. During
CT saturation the content of second harmonic may be high enough so that the second
harmonic blocking element is asserted thus blocking the low set differential element. As a
result, the operation of the low set differential element is delayed. The no gap detection
technique unblocks the low set differential element during light CT saturation allowing the
low set differential element to trip faster. Stability during inrush conditions is maintained,
as this technique distinguishes between an inrush and a saturated waveform.

The no gap detection technique considers two dynamic thresholds. One is related to the
gap region and the other to the wave width region of the differential current waveform.
The derivatives of the differential current on a per phase basis are considered as well. To
assert the no gap detection algorithm the following two conditions must be fulfilled:

. The number of continuous samples within a cycle above the dynamic gap
threshold is below a fixed threshold.
. The number of continuous samples within a cycle above the dynamic wave width

threshold is above a fixed threshold.

2.1.11 External Fault Detection Technique

An external fault detection technique has been implemented so that the CT saturation
and No gap detection techniques do not affect the second harmonic blocking during an
external fault.

The external fault detection technique considers the time to saturation, a delta bias start
signal, a delta differential start signal and the ratio of delta differential to delta bias at the
time of start. As soon as an external fault occurs, the bias current changes, but the
differential current only increases after the time to saturation as shown in the following
Time to saturation - External AN fault diagram. The external fault detection algorithm is
asserted if the following conditions are fulfilled:

. The delta bias start signal is asserted first. The delta bias start signal and the delta
differential start signal are asserted if the delta bias and delta differential currents
are greater than 0.65Is1 respectively.

. The time difference between the assertion of the delta bias start signal and the
assertion of the delta differential signal is greater than the time to saturation. The
time to saturation in a 50Hz system is 2.5ms and it is 2.08ms in a 60Hz system.

. The ratio of delta differential to delta bias is smaller than a fixed threshold when the
delta bias start signal is asserted.
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Figure 16 - Time to saturation - External AN fault

The external fault detection algorithm is on a per phase basis. If an external fault is

detected on phase A, B or C, signals Ext Flt Phase A (DDB 839), Ext Flt Phase B (DDB

840) or Ext Flt Phase C (DDB 841) are asserted.
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2.1.12

Differential Biased Trip Logic

The differential biased trip is affected by the CT saturation technigque and by the no gap
detection technique. If the second harmonic blocking is asserted and either the CT
saturation detection or no gap detection technique is asserted, then the biased differential
trip is unblocked. A biased differential trip will occur if the fifth harmonic blocking is not
asserted and the bias differential start signal is asserted. The differential biased trip logic
is described in this diagram:

5" Har BIKA
Is CrossBlock enabled? DDB 555,

Yes=1
No=0 ldBiasStart A Id Bias Trip A
- DDB 1313 & (DDB 909)
| 2" Har BIKA (DDB 552) Ii
3
CT Saturation A & L
DDB 742 ]

No Gap A
(DDB 912)
External Fault A
DDB 839

5" Har BIkB
DDB 556

IdBiasStart B Id Bias Trip B
DDB 1314 & DDB 910

| 2" Har BIkB (DDB 553) Ii
E
&
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(DDB 743)
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External Fault B ldBiasStart C & 1d Bias Trip C
DDB 840 DDB 1315 DDB 911
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&
2" Har BIKC (DDB 554) | &l—
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Figure 17 - Differential biased trip logic
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2.1.13 Overfluxing Restraint
If the transformer is loaded with a voltage in excess of the nominal voltage, saturation
effects occur. Without stabilization, these could lead to differential protection tripping.
The fact that the current of the protected object under saturation conditions has a high
proportion of fifth harmonic serves as the basis of stabilization.
The MICOM relay filters the differential current and determines the fundamental
component lgir(fn) and the fifth harmonic component lqi(5-fn). If the ratio laitr(5-fn)/lair(fn)
exceeds the set value 1h(5)%> in at least one phase in two consecutive calculations, and
if the differential current is larger than 0.1 pu (minimum setting of Is1), tripping is blocked
selectively for one phase.
There will be no blocking if the differential current exceeds the set thresholds Is-HS1 or
Is-HS2.
No-{ Counter=0 —
Settings
Yes
Yes
No ¥ Y
| Block single phase low-set dif‘fl Drop off
@< P4271ENa
Figure 18 - Overfluxing restraint
The following logic diagram shows the inhibiting of the differential algorithm by
magnetizing inrush or overfluxing conditions:
| 5" harmonic overfluxing | I diff 5 H Block
detection
| 2" harmonic mag inrush | 1 diff 2 H Block
detection
AND
H
AND o Py e— Id biased Tri
AND delay
Differential
Biased
Change Is 1 to Characteristic | diff HS 1 Trip 1diiff Trip
Is_ CTSin Id biased OR
CT . restraint mode K2 Start
Supervision i
Is1]
1s2
First High Set element
Idiff > Is_HS1 AND
Second High Set element _ )
diff > Is_HS2 | diff HS 2 Trip P4850ENa
Figure 19 - Differential protection
2.2 Restricted Earth Fault (REF) Protection

The settings REF HV status, REF LV status, REF TV status and REF Auto can be set to
disabled, low impedance REF or high impedance REF.
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221

2211

Low Impedance Restricted Earth Fault (REF)

A low impedance REF protection function per transformer winding is available for up to
three ends. The low impedance REF uses a triple slope biased characteristic, the same
as the differential current function. Low impedance REF is based on comparing the vector
sum of the phase currents of the transformer winding to the neutral point current. The
differential and bias currents are calculated from the current variables after scaling the
phase currents.

If current transformer supervision operates, the low impedance REF is blocked. The
activation of HV StubBus Act, LV StubBus Act or TV StubBus Act signals also blocks the
low impedance REF on a per-winding basis.

In a biased differential relay, the through current is measured and used to increase the
setting of the differential element. For heavy through faults, one CT in the scheme can be
expected to become more saturated than the other and hence differential current can be
produced. However, biasing increases the relay setting so the resulting differential current
is insufficient to cause operation of the relay.

To provide further stability for external faults and CT saturation, a transient bias current is
considered on the calculation of the operating current.

Single Breaker Applications
The calculation of differential and mean bias currents in single breaker applications is:

1

lbias = %’]aX“IACTJ’|IBCTn|’|ICCTn ]* In x K}
- — — -

= lacr * lBer +leer )+ In xK

Where:
CTn is the reference current.
For HV REF CTn=T1 CT.
For LV REF CTn =T2 CT for P642, T3 CT for P643 and T5 CT for P645.
For TV REF CTn =T2 CT for P643 and T3 CT for P645.
If the CTn setting changes, Is1 and Is2 settings are affected accordingly.
Up to three neutral CT inputs are available depending on the relay model:
TN1 CT is related to the HV REF function;
TN2 CT to the LV REF function and
TN3 CT to the TV REF function.

scaling factor K = Neutral CT ratio/CTn ratio

The scaling factor is required to match the summation of the line currents with the current
measured in the star point.

In = current measured by the neutral CT

Note In some previous firmware versions, the reference CT is not the phase CT.
Please check the relevant P64x Technical Manual.
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2.2.1.2

One and a Half Breaker Applications

The low impedance REF function in the P64x can also be used in one and a half breaker
applications. Also the line CT ratios can be different. The relay uses these equations to
calculate the mean bias and differential currents:

X K1:|+ In X Kz}

1 b
Ibias = ? max
> - - —> - - -
+ + + + + XKy |+ X
I/'\CTn IBCTn ICCTn <IACTm IBCTm ICCTm> 1)+ InxKe

-l
Where:

CThand CTm=T1CT,T2CT, T3CT,T4CT or T5 CT. CTnand CTn are the

current inputs assigned to each transformer winding, and they are given in the

settings HV CT Terminals, LV CT Terminals and TV CT Terminals. CTx is always

the reference current, so Is1 and Is2 settings are relative to this CT.

For HV REF CTn = T1 CT.

For LV REF CTn=T3 CT for P643 and T5 CT for P645.

For TV REF CTn= T3 CT for P645.

If the CTn setting changes, Is1 and Is2 settings are affected accordingly.

Up to three neutral CT inputs are available depending on the relay model. TN1 CT

is related to the HV REF function; TN2 CT to the LV REF function and TN3 CT to

the TV REF function.

K1 = CTm ratio / CTn ratio

K2 = Neutral CT ratio/CTn ratio

IN = current measured by the neutral CT
From the differential and bias equations, it can be observed that first the current flowing
through CTn is referred to CTn. Second, the neutral CT is also referred to CTn.
Consider the HV REF function in a P645. If the HV CT Terminals setting is 00011, then
CTh=T1 CT and CTm =T2 CT. Therefore, K1 = T2 CT ratio / T1 CT ratio and K2 =
Neutral CT ratio/T1 CT ratio.
Now, consider the LV REF function. If the LV CT Terminals setting is 11000, then CTn =5
and CTm = 4. Therefore, K1 = T4 CT ratio / T5 CT ratio and K2 = Neutral CT/T5 CT ratio.
Finally, consider the TV REF function. In this example, only current input three is
available; so the LV CT Terminals setting is 00100. In this case, the relay uses the
differential and bias equations for single breaker applications, and K = Neutral CT ratio/T3
CT ratio.
If more than two line current transformers are assigned to the HV/LV/TV CT Terminals,
the low impedance REF can also be applied. The number of scaling factors is increased
accordingly.

-

I —>
CcT,

[ |
B |'CcTn

IA Ky I Ky
X , X ,
CT, B CT

CTH‘

laie =
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2.2.1.3 Autotransformer Applications

The low impedance REF function in the P64x can also be used to protect an
autotransformer as shown in the Low impedance REF diagram. The line CT ratios can be
different and Kn is the scaling factor of each of the current transformers involved in the
application. The setting cell REF Auto Status is only available when the Winding Type
setting cell is set to Auto.

T1CT

LowZ
REF

T4CT ’:’3 T5CT
o o

Figure 20 - Low impedance REF
The relay uses these equations to calculate the mean bias and differential currents:
1A

1 — —
Iyias =—< ma K
bias =M WAL o7 xKnl+ | pgerxK

m -~

— — — —
i = * + X
diff E A et + Brner * ICTnCT Kn |* lmuzer xK

n=1 —
Where:
m = HV CT and LV CT terminals
Km = TmCT ratio/T1CT ratio
Kn = TnCT ratio/T1CT ratio
K = TN1CT ratio/T1CT ratio
For example, the bias and differential calculations for the application shown in the Low
impedance REF diagram are as follows:

P4925ENa

— —
me’lB XKm,IC

TnCT TnCT

—
||7°\>T1CT|. ||T°\>T2CT |X Kz y||AT4CT|X Ky ,||7°\>T50T |X Ks,
1
Ibias =EX max |I§T1CT|1 |I§T2CT |X K2 v|I§T4CT|X Ka v|I§T5CT |X Ks, +||T1CT |XK

|I€T1CT|1 ||€T2CT|X Ka ,||6T4CT|X Ky 1||€T5CT|X Ks ,

—> —>
laifr = (IAT1CT +Bricr +|€T1CT) + (IATZCT +[Bracr +i TZCT) Ko+
—> —>
(IAT4CT +Bracr +|6TACT) LV (IATSCT +1Brscr +i TSCT) *Ks + (et xK )

Where:

K2 =T2 CT_ratio/ T1 CT_ratio

K4 = T4 CT ratio/ T1 CT_ratio

K5 =T5CT ratio/ T1 CT_ratio

K = Neutral CT _ratio/ T1 CT_ratio

T1 CT is always the reference CT in an autotransformer application.

If T1 CT setting changes, Is1 and Is2 settings are affected accordingly.
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2.2.2

2221

2222

Scaling Factor(s)

The scaling factor(s) are described in these sections:
) 2.2.1.1 - Single Breaker Applications

. 2.2.1.2 - One and a Half Breaker Applications

3 2.2.1.3 - Autotransformer Applications
Autotransformer applications must satisfy the following condition:
o The scaling factor(s) must always be 0.05 < K <20

(except for TV applications where scaling factors less than 0.05 will be excluded
from the differential calculations)
If this condition is not satisfied, then an alarm is issued and the low impedance REF
protection is blocked. The alarm of scaling factor will be raised when the scaling factor is
out-of-range whether the REF HV (LV or TV or Auto) Status is enabled or disabled.

Transient Bias

An additional bias quantity is introduced on a per-winding basis, if there is a sudden
increase in the mean bias calculation. Transient bias is added for through fault stability
and it decays exponentially. The transient bias is reset to zero once the relay trip or if the
mean bias quantity is below 0.5*Is1.

The transient bias is removed after the relay has tripped to avoid the possibility of
chattering. It is also removed when lIbias is less than 0.5*Is1 to avoid the possibility of
residual values due to the numerical effects.

No transient bias is produced under load switching conditions or when the CT comes out
of saturation, which will also cause an increase of bias.

The mean bias current is available as a measurement display and in the fault records.

Tripping Characteristic

The tripping characteristic of the low impedance REF has two knees. The first knee is
dependent on the settings of Is1 and K1. The second knee of the tripping characteristic is
defined by the setting Is2. The lower slope provides sensitivity for internal faults. The
higher slope provides stability under through fault conditions, since transient differential
currents may be present due to current transformer saturation.

Once the differential and bias currents are calculated, the following comparisons are
made and an operate/restrained signal is obtained:

I
<sl

|bias = K
Flat slope: 1

laiff = Is1 + Transient Bias

IS_l < I < I

Ky, = bias = Is2

K1 slope: 1

laif = K1 Ivias + Transient Bias
K2 slope: Ibias 2 |s2

laitt = K1 ls2 + K2 (lvias - Is2) + Transient Bias
In the equations above, lniasy is the delayed bias and as explained previously it is the
highest bias current in the last cycle.
The protection trips on a count of 5, which is approximately 25 ms after fault detection.

The Low impedance REF characteristic diagram shows the operating characteristic for
the low impedance REF.
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2.2.3

P64x low impedance REF

IREF
Diff

Operating Region

Restraint Region

Isif—=

Is2 IREF Bias P4274ENa

Figure 21 - Low impedance REF characteristic

High Impedance Restricted Earth Fault (REF)

A high impedance Restricted Earth Fault (REF) protection function per transformer
winding is available for up to three ends. An external resistor is required to provide
stability in the presence of saturated line current transformers.

The high impedance REF protection works on the high impedance circulating current
principle shown in this diagram.

Healthy CT Saturated CT
Java Protected
B R circuit
A-G
Zml
[
| I
— 1 > —— 1
Ri1 Is Ris
Vs Rst
RLZ | RL4
| — | | | P4488ENa

Figure 22 - High impedance differential principle

When subjected to heavy through faults the line current transformer may enter saturation
unevenly, resulting in unbalance. To ensure stability under these conditions a series
connected external resistor is required, so that most of the unbalanced current will flow
through the saturated CT. As a result, the current flowing through the relay will be less
than the setting, thus maintaining stability during external faults. Harmonics are rejected
by basing the measurement on the fundamental frequency Fourier magnitude.

TN1 CT is associated to the HV winding high impedance REF, or to the autotransformer
high impedance .

TN2 CT is associated to the LV winding high impedance REF.

TN3 CT is associated to the TV winding high impedance REF.

Current transformer supervision, HV StubBus Act, LV StubBus Act or TV StubBus Act

signals do not block the high impedance REF. The appropriate logic must be configured
in PSL to block the high impedance REF when any of the above signals is asserted.
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2.3

Overcurrent Protection (50/51)

Three four-stage overcurrent elements are included in the P64x relays.

The overcurrent protection included in the relay provides four-stage non-directional/
directional three-phase overcurrent protection with independent time delay
characteristics. All overcurrent and directional settings apply to all three phases but are
independent for each of the four stages.

The overcurrent element operating quantity may be selected in the setting cell
Overcurrent x. It can be setas T1, T2, T3, T4, T5, HV winding, LV winding and TV
winding. HV, LV and TV winding consider the vectorial sum of the CT inputs associated
to a particular winding.

. In a P642 relay, the HV Winding I>x Current Set settings are relative to T1 CT,
and the LV Winding I>x Current Set settings are relative to T2 CT.
. In a P643 relay, the HV Winding I>x Current Set settings are relative to T1 CT. If

the HV CT Terminals setting is 011, then T1 CT and T2 CT are assigned to the HV
winding. If the T1 CT setting changes, I>x Current Set is affected accordingly.
However, if the T2 CT setting changes, I1>x Current Set settings are not affected.
LV Winding I>x Current Set settings are relative to T3 CT. TV Winding I>x
Current Set settings are relative to T2 CT.

) In a P645 relay, the HV Winding I>x Current Set settings are relative to T1 CT.
The LV Winding I>x Current Set settings are relative to T5 CT. The TV Winding
I>x Current Set settings are relative to T3 CT. If the TV CT Terminals setting is
00110, then T2 CT and T3 CT are assigned to the TV winding. If T3 CT setting
changes, I>x Current Set settings are affected accordingly. However, if the T2 CT
setting changes, I>x Current Set settings are not affected.

The overcurrent element may be set as directional only if the three phase VT input is
available in the P643/P645 and if the two single phase VT inputs are available in the
P642. The VT may be assigned to the HV, LV or TV winding. Therefore, overcurrent
directional elements are available to the current inputs associated to the winding which
has the VT input assigned.

The first two stages of overcurrent protection have time-delayed characteristics which are
selectable between Inverse Definite Minimum Time (IDMT), or Definite Time (DT). The
third and fourth stages have definite time characteristics only.

Various methods are available to achieve correct relay co-ordination on a system; by
means of time alone, current alone or a combination of both time and current. Grading by
means of current is only possible where there is an appreciable difference in fault level
between the two relay locations. Grading by time is used by some utilities but can often
lead to excessive fault clearance times at or near source substations where the fault level
is highest. For these reasons the most commonly applied characteristic in co-ordinating
overcurrent relays is the IDMT type.

The inverse time delayed characteristics indicated above, comply with the following
formula:

IEC curves or IEEE curves

I _ p
t-Tx[(Ma_1)+Lj+C t—TDx(Ma_1+L)+C
Where:
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t = Operation time

B = Constant

M = I/ls

I = Measured current

Is = Current threshold setting

a = Constant

L = ANSI/IEEE constant (zero for IEC curves)

T = Time multiplier setting for IEC curves

TD = Time dial setting for IEEE curves

C = Definite time adder (zero for standard curves)

IDMT Curve description Standard B constant a constant L constant

Standard Inverse IEC 0.14 0.02 0

Very Inverse IEC 13.5 1 0
Extremely Inverse IEC 80 2 0
Long Time Inverse UK 120 1 0
Rectifier UK 45900 5.6 0
Moderately Inverse IEEE 0.0515 0.02 0.114
Very Inverse IEEE 19.61 2 0.491
Extremely Inverse IEEE 28.2 2 0.1217
Inverse usS 5.95 2 0.18
Short Time Inverse us 0.16758 0.02 0.11858

Table 6 - Curve descriptions, standards and constants

Note

The IEEE and US curves are set differently to the IEC/UK curves, with
regard to the time setting. A Time Multiplier Setting (TMS) is used to adjust
the operating time of the IEC curves, whereas a time dial setting is
employed for the IEEE/US curves. The menu is arranged so that if an
IEC/UK curve is selected, the I>1 Time Dial cell is not visible and if the
IEEE/US curve is selected the I>1 TMS cell is not visible.

The IEC/UK inverse characteristics can be used with a definite time reset characteristic,
however, the IEEE/US curves may have an inverse or definite time reset characteristic.
The following equation can used to calculate the inverse reset time for IEEE/US curves:

TDx S
tRESET = ——— in seconds
(1-M)
Where:
TD = Time dial setting for IEEE curves
S = Constant
M = I/ls
Curve Description Standard S Constant
Moderately Inverse IEEE 4.85
Very Inverse IEEE 21.6
Extremely Inverse IEEE 29.1
Inverse us 5.95
Short Time Inverse us 2.261

Table 7 - Curve description standards

Note

The rectifier curve is only provided in the first and second stage
characteristic setting options for phase overcurrent protection.
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2.3.1

2.3.2

RI Curve

The RI curve (electromechanical) has been included in the first and second stage
characteristic setting options for phase overcurrent and earth protections. The curve is
represented by the following equation.

Where K is adjustable from 0.1 to 10 in steps of 0.05, and M =1/ Is

1
t=Kx 0.339 - (0'236/M )] in seconds

Timer Hold Facility

The first two stages of overcurrent protection in the relays are provided with a timer hold
facility, which may either be set to zero or to a definite time value. Setting of the timer to
zero means that the overcurrent timer for that stage will reset instantaneously once the
current falls below 95% of the current setting. Setting of the hold timer to a value other
than zero, delays the resetting of the protection element timers for this period.

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

The timer hold facility can be found for the first and second overcurrent stages as settings
I>1 tRESET and 1>2 tRESET, respectively.

If an IEC inverse or DT operating characteristic is chosen, this time delay is set using the
I>1/2 tRESET setting. If an IEEE/US operate curve is selected, the reset characteristic
may be set to either definite time or inverse time as selected in cell I>1/2 Reset Char. If
definite time (DT’) is selected the 1>1/2 tRESET cell may be used to set the time delay. If
inverse time reset (Inverse) is selected the reset time will follow the inverse time
operating characteristic, modified by the time dial setting, selected for 1>1/2 Function.
The functional logic diagram for non-directional overcurrent is shown in the
Non-directional overcurrent logic diagram.

A timer block input is available for each stage which will reset the overcurrent timers of all
three phases if energized, taking account of the reset time delay if selected for the 1>1
and 1>2 stages.

A DDB (Digital Data Bus) signal is available to indicate the start and trip of each phase of
the short circuit protection stages (Start 1>1/2/3/4 A,B,C: DDB 242,243,244/DDB
253,254,255/DDB 343,344,345/DDB 354,355,356 Trip 1>1/2/3/4 A,B,C: DDB
245,246,247/ DDB 256,257,258/DDB 346,347,348/DDB 357,358,359). In addition a three
phase start and trip DDB signal is provided (Start 1>1/2/3/4: DDB 241/252/342/353 Trip
1>1/2/3/4: DDB237/ 248/338/349). These signals are used to operate the output relays
and trigger the disturbance recorder as programmed into the programmable Scheme
Logic (PSL). The state of the DDB signals can also be programmed to be viewed in the
Monitor Bit x cells of the COMMISSION TESTS column in the relay.

DDB signals are also available to indicate the start and trip of each phase of each stage
of protection. The state of the DDB signals can be programmed to be viewed in the
Monitor Bit x cells of the COMMISSION TESTS column in the relay.

Overcurrent protection starts 1/2/3/4 are mapped internally to the ANY START DDB
signal - DDB 1312.
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A Phase

L 4 ( I>xStart A )
Overcurrent
>|> x Setting I>x Time Delay )
& (IDMT/DT) \ & (__>xipa )

L 4 ( I>xStart B )
B Phase
Overcurrent -
>|> x Setting & I>x Time Delay
(IDMT/DT)
L 4 { I>xStart C )
C Phase
Overcurrent -
(IDMT/DT)
1
I>x Timer Block

1>xTrip

[EEY

X=1,23,4

P1627ENd

Figure 23 - Non-directional overcurrent logic diagram
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2.4

Directional Overcurrent Protection (67)

The P643 and P645 can be provided with an additional three-phase VT input. Therefore it
will only be possible to set the directionality of the overcurrent phase fault protection
when this optional VT input is provided in the P643/P645. It is possible to set the
directionality of the overcurrent phase fault protection in the P642 when two single phase
VT inputs are available.

In a P643 relay, the HV Winding I>x Current Set settings are relative to T1 CT. If the HV
CT Terminals setting is 011, then T1 CT and T2 CT are assigned to the HV winding. If the
T1 CT setting changes, I>x Current Set is affected accordingly. However, if the T2 CT
setting changes, I>x Current Set settings are not affected. LV Winding I>x Current Set
settings are relative to T3 CT. TV Winding I>x Current Set settings are relative to T2 CT.

In a P645 relay, the HV Winding I>x Current Set settings are relative to T1 CT. The LV
Winding I>x Current Set settings are relative to T5 CT. The TV Winding I>x Current Set
settings are relative to T3 CT. If the TV CT Terminals setting is 00110, then T2 CT and T3
CT are assigned to the TV winding. If the T3 CT setting changes, I>x Current Set
settings are affected accordingly. However, if the T2 CT setting changes, I>x Current Set
settings are not affected.

The phase fault elements of the P64x relays are internally polarized by the quadrature
phase-phase voltages, as shown in the table below:

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

Table 8 - Phase, Operating Current and Polarizing Voltages
Under system fault conditions, the fault current vector will lag its nominal phase voltage
by an angle dependent upon the system X/R ratio. It is therefore a requirement that the
relay operates with maximum sensitivity for currents lying in this region. This is achieved
by means of the relay characteristic angle (RCA) setting; this defines the angle by which
the current applied to the relay must be displaced from the voltage applied to the relay to
obtain maximum relay sensitivity. This is set in cell "I>Char Angle" in the overcurrent
menu. On the relays, it is possible to set characteristic angles anywhere in the range —95°
to +95°.
The functional logic block diagram for directional overcurrent is shown in the following
Directional overcurrent logic diagram.
The overcurrent block is a level detector that detects that the current magnitude is above
the threshold and together with the respective polarizing voltage, a directional check is
performed based on the following criteria:
Directional forward -90° < (angle(l) - angle(V) - RCA) < 90°
Directional reverse -90° > (angle(l) - angle(V) - RCA) > 90°
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Figure 24 - Directional overcurrent logic

Any of the four overcurrent stages may be configured to be directional noting that IDMT
characteristics are only selectable on the first two stages. When the element is selected
as directional, a VTS Block option is available in the I> Function Link setting. When the
relevant bit is set to 1, operation of the Voltage Transformer Supervision (VTS), will block
the stage if directionalized. When set to 0, the stage will revert to non-directional upon
operation of the VTS.

241 Synchronous Polarization

For a close-up 3-phase fault, all three voltages will collapse to zero and no healthy phase
voltages will be present. For this reason, the MiCOM relays include a synchronous
polarization feature that stores the pre-fault voltage information and continues to apply it
to the Directional Overcurrent (DOC) elements for a period of 3.2 seconds. This ensures
that either instantaneous or time-delayed directional overcurrent elements will be allowed
to operate, even with a 3-phase voltage collapse.
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2.5

Voltage Controlled Overcurrent (VCO)

A two-stage 3-phase Voltage Controlled Overcurrent (VCO) element is available in
P643/P645 when the 3-phase VT has been fitted and in P642 when the two single-phase
VTs have been fitted. Phase-to-phase voltages are used by the VCO function. In
P643/P645, the phase-to-phase voltages are derived from the measured phase-to-neutral
voltages. In the P642, two phase-to-phase voltages are measured and the third one is
calculated. In the P642 Vab and Vbc are measured, then Vca is calculated as:

—» —>
Vea = - (Vbc + Vab)

If the current seen by a local relay for a remote fault condition is below it's overcurrent
setting, a VCO element may be used to increase the relay sensitivity to such faults. In this
case, a reduction in system voltage will occur; this is used to reduce the pick-up level of
the overcurrent protection. The current setting is modified by a multiplier K when the
voltage falls below a threshold as shown in the following table:

El Phase to Phase Element pickup when Element pickup when

ement . .
control voltage control voltage > setting control voltage < setting

VCO>1 K(RI) * VCO>1 |>Set,

la> Vab VCO>1 |>Set, VCO>1 K Set * VCO>1 I>Set,

VCO>2 |>Set VCO>2 K(RI) * VCO>2 |>Set,

VCO>2 K Set * VCO>2 |>Set,

VCO>1 K(RI) * VCO>1 I>Set,

Ib> Vbe VCO>1 I>Set, VCO>1 K Set * VCO>1 |>Set,

VCO>2 |>Set VCO>2 K(RI) * VCO>2 I>Set,

VCO>2 K Set * VCO>2 I>Set,

VCO>1 K(RI) * VCO>1 I>Set,

Ic> Vea VCO>1 I>Set, VCO>1 K Set * VCO>1 [>Set,

VCO>2 |>Set VCO>2 K(RI) * VCO>2 |>Set,

VCO>2 K Set * VCO>2 |>Set,

Table 9 - Current setting modification multipliers

The voltage threshold is set in VCO>1 V< Set, VCO>2 V< Set setting cells. The current
setting is set in VCO>1 |>Set and VCO>2 I>Set setting cells. The K multiplier is set in
VCO>1 K(RI), VCO>2 K(RI), VCO>1 K Set, or VCO>2 K Set settings cells.

Two VCO stages are available and each one can be set to HV winding, LV winding, TV
winding, TL CT, T2 CT, T3 CT, T4 CT, T5 CT or disabled. If the current signal chosen for
a VCO stage does not belong to the winding where the VT is located, then the VCO
element is blocked and a configuration error alarm is asserted. VCO1 Config err (DDB
472) or VCO2 Config err (DDB 473) alarms might be asserted.

Note Voltage-dependent overcurrent relays are more often applied in generator
protection applications to give adequate overcurrent relay sensitivity for
close-up fault conditions. The fault characteristic of this protection must then
co-ordinate with any of the downstream overcurrent relays that are
responsive to the current decrement condition.
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2.6 Voltage Restrained Overcurrent Protection

In voltage restrained mode the effective operating current of the protection element is
continuously variable as the applied voltage varies between two voltage thresholds,
“V OC V<1 Set” and “V OC V<2 Set”, as shown in the figure below. In this mode, it is
quite difficult to determine the behaviour of the protection function during a fault. This
protection mode is, however, considered to be better suited to applications where the
generator is connected to the system via a generator transformer.

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

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

ForV > V<1: Current setting (Is) = I>
For V<2 <V <V<1l: Currentsetting (Is)=K.I>+ (1>-K. I>){V-V<2/V<1l-V<2}
For V <V<2: Current setting (Is) = K.I>

Where:

I> = Over current stage setting

Is = Current setting at voltage V

V = Voltage applied to relay element
V<1 ="V OC V<1 Set”

V<2 ="V OC V<2 Set’

Currentd
setting
I>Setp —————————— — — |
I
I
I
I
I
KI> Set T I
I I
I I
I I
| | Measured
| | voltage>
V<2 Set V<1 Set
P2164ENa

Figure 25 - Modification of current pickup level for voltage restrained overcurrent
protection
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2.7

Earth Fault (EF)

The earth fault element is based on the neutral current of any of the transformer windings
or any of the current transformer inputs. The user can select between measured neutral
current or derived neutral current in the EF x Input setting. The earth fault derived current
signal may be selected in the EF x Derived setting and the options are HV winding, LV
winding, TV winding, T1, T2, T3, T4 and T5. If HV winding, LV winding or TV winding is
chosen, then the derived zero sequence current considers the CTs assigned in HV CT
Terminals, LV CT Terminals or TV CT Terminals respectively. If the EF x Input is set
to measured, then the EF x Measured setting options are TN1, TN2 and TN3.

Three four-stage earth fault elements are available. The first and second stages have
selectable IDMT or DT characteristics, while the third and fourth stages are DT only. Each
stage is selectable to be either non-directional, directional forward or directional reverse.
The Timer Hold facility, previously described for the overcurrent element, is available on
each of the first two stages.

The description in these paragraphs is valid when the EF x Input setting is Derived.

o In a P642 relay, the HV Winding IN>x Current settings are relative to T1 CT, and
the LV Winding IN>x Current settings are relative to T2 CT.
o In a P643 relay, the HV Winding IN>x Current settings are relative to T1 CT. If the

HV CT Terminals setting is 011, then T1 CT and T2 CT are assigned to the HV
winding. If the T1 CT setting changes, IN>x Current is affected accordingly.
However, if the T2 CT setting changes, the IN>x Current settings are not affected.
The LV Winding IN>x Current settings are relative to T3 CT. The TV Winding IN>x
Current settings are relative to T2 CT.

o In a P645 relay, the HV Winding IN>x Current settings are relative to T1 CT. The
LV Winding IN>x Current settings are relative to T5 CT. The TV Winding IN>x
Current settings are relative to T3 CT. If the TV CT Terminals setting is 00110,
then T2 CT and T3 CT are assigned to the TV winding. If the T3 CT setting
changes, the IN>x Current settings are affected accordingly. However, if the T2
CT setting changes, the IN>x Current settings are not affected.

The logic diagram for non-directional earth fault overcurrent is shown below:

EF start
IN derived & d
CTS block ‘
& & | —1 IDMT/DT — EF trip
IN derived/Measured
> Setting
EF timer block P4275ENa

Figure 26 - Non-directional EF logic (single stage)
The earth fault protection can be set IN/JOUT of service using the appropriate DDB inhibit
signal that can be operated from an opto input or control command.

For inverse time delayed characteristics refer to the phase overcurrent elements, see the
Overcurrent Protection (50/51) section.
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271

IDG Curve

The IDG curve is commonly used for time delayed earth fault protection in the Swedish
market. This curve is available in stages 1 and 2 of Earth Fault protection.
The IDG curve is represented by the following equation:

1
t=5.8-1.35log, (m} in seconds
Where:
I = Measured current
IN>Setting = An adjustable setting which defines the start point of the

characteristic
Although the start point of the characteristic is defined by the “IN>” setting, the actual
relay current threshold is a different setting called “IDG Is”. The “IDG Is” setting is set as
a multiple of “IN>".
An additional setting “IDG Time” is also used to set the minimum operating time at high
levels of fault current.
The following IDG characteristic diagram shows how the IDG characteristic is
implemented.

10

9

8 IDG Is Setting Range

6\

Operating time (seconds)
(62

3 ~
\ IDG Time Setting Range

1 10 100 pyoazena
I/IN>

Figure 27 - IDG characteristic
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2.8

28.11

Directional Earth Fault (DEF) Protection

If the earth fault element is set as directional and the EF x Input is set to measured, then
only TN1 might be chosen to measure the zero current on the HV winding or the zero
sequence current of any of the CTs assigned to the HV winding. Only TN2 might be
chosen to measure the zero current on the LV winding or the zero sequence current of
any of the CTs assigned to the LV winding. Only TN3 might be chosen to measure the
zero current on the TV winding or the zero sequence current of any of the CTs assigned
to the TV winding.

The following description is valid when the EF x Input setting is set to Derived.

o In a P642 relay, if EF x Derived is set to HV Winding, then IN>x Current settings
are relative to T1 CT. If EF x Derived is set to LV Winding, then IN>x Current
settings are relative to T2 CT.

o In a P643 relay, if EF x Derived is set to HV Winding, then IN>x Current settings
are relative to T1 CT. Consider that HV CT Terminals is set to 011, therefore T1 CT
and T2 CT are assigned to the HV winding. If T1 CT setting changes, IN>x
Current is affected accordingly. However, if T2 CT setting changes, IN>x Current
settings are not affected. If EF x Derived is set to LV Winding, then IN>x Current
settings are relative to T3 CT. If EF x Derived is set to TV Winding, then IN>x
Current settings are relative to T2 CT.

o In a P645 relay, if EF x Derived is set to the HV Winding, then IN>x Current
settings are relative to T1 CT. If EF x Derived is set to The LV Winding, then IN>x
Current settings are relative to T5 CT. If EF x Derived is set to The TV Winding,
then IN>x Current settings are relative to T3 CT. Consider that TV CT Terminals
is 00110; therefore, T2 CT and T3 CT are assigned to the TV winding. If the T3 CT
setting changes, IN>x Current settings are affected accordingly. However, if the
T2 CT setting changes, IN>x Current settings are not affected.

Each of the four stages may be set to be directional if required. Consequently, a suitable
voltage supply is required by the relay to provide the necessary polarization. The P643
and P645 may be provided with an additional three-phase VT input. Therefore, only when
this optional VT input is provided in the P643 or P645, it is possible to set the
directionality of the overcurrent earth fault protection. In P643/P645 two options are
available for polarization; Residual Voltage or Negative Sequence. In P642, it may also
be possible to directionalize the earth fault element when two single phase VTs are
available. In the P642, only negative sequence can be used for polarization.

Residual Voltage Polarization

With earth fault protection, the polarizing signal must be representative of the earth fault
condition. As residual voltage is generated during earth fault conditions, this quantity is
commonly used to polarize DEF elements. The P64x relay internally derives this voltage
from the 3-phase voltage input that must be supplied from either a 5-limb or three single-
phase VTs. A three-limb VT has no path for residual flux and is therefore unsuitable to
supply the relay.

It is possible that small levels of residual voltage will be present under normal system
conditions due to system imbalances, VT inaccuracies, relay tolerances etc. Hence, the
relay includes a user settable threshold (IN>VNPol set) which must be exceeded for the
DEF function to be operational. The residual voltage measurement provided in the
Measurements 1 column of the menu may assist in determining the required threshold
setting during the commissioning stage, as this will indicate the level of standing residual
voltage present.

Note Residual voltage is nominally 180° out of phase with residual current.
Consequently, the DEF elements are polarized from the "-Vres" quantity.
This 180° phase shift is automatically introduced within the relay.

The Directional EF with neutral voltage polarization logic diagram is shown below:
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2.8.2

VT Supervision (VTS) selectively blocks the directional protection or causes it to revert to
non-directional operation. When selected to block the directional protection, VTS
blocking is applied to the directional checking which effectively blocks the start outputs as
well.

IN derived — L 4
CTS block

-
IN derived/Measured
> Setting
\_ EF start

VN polarizing Directional & IDMT/DT EF trip
Voltage VN pol> & check

Slow VTS Block

. P4276EN
EF timer block 6ENa

Figure 28 - Directional EF with neutral voltage polarization (single state)

Negative Sequence Polarization

In certain applications, the use of residual voltage polarization of DEF may either be not
possible to achieve, or problematic. An example of the former case would be where a
suitable type of VT was unavailable, for example if only a three limb VT was fitted. An
example of the latter case would be an HV/EHV parallel line application where problems
with zero sequence mutual coupling may exist.

In either of these situations, the problem may be solved by using Negative Phase
Sequence (NPS) quantities for polarization. This method determines the fault direction
by comparison of NPS voltage with NPS current. The operate quantity, however, is still
residual current.

This is available for selection on both the derived and measured standard earth fault
elements (EF1 and EF2) but not on the SEF protection. It requires a suitable voltage and
current threshold to be set in cells "IN>V2pol set" and "IN>I2pol set", respectively.

Negative sequence polarizing is not recommended for impedance earthed systems
regardless of the type of VT feeding the relay. This is due to the reduced earth fault
current limiting the voltage drop across the negative phase sequence source impedance
(V2pol) to negligible levels. If this voltage is less than 0.5 volts the relay will cease to
provide DEF.

The logic diagram for Directional Earth Fault (DEF) overcurrent with negative sequence
polarization is shown in this diagram.

IN derived

& I
CTS block

( IN derived/Measured
> Setting

EF start

NPS polarizing L &
Current 12> Directional & [ IDMT/DT |— EF trip

check
NPS polarizing ||

Voltage V2> 9 &

Slow VTS Block —
EF timer block P4277ENa

Figure 29 - Directional EF with negative sequence polarization (single stage)
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The directional criteria with negative sequence polarization is given below:
Directional forward -90° < (angle(12) - angle(V2 + 180°) - RCA) < 90°
Directional reverse -90° > (angle(12) - angle(V2 + 180°) - RCA) > 90°
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2.9

Negative Phase Sequence (NPS) Overcurrent Protection (46 OC)

Three four-stage Negative Phase Sequence (NPS) overcurrent elements are available.
The negative sequence overcurrent element operating quantity is either the vectorial sum
of the negative sequence currents of the CT inputs associated to a particular winding or
the negative sequence current flowing through any of the current inputs. The operating
quantity may be selected in the setting cell NPS O/C x.

. In a P642 relay, if NPS O/C x is set to HV Winding, then I2>x Current Set settings
are relative to T1 CT. I, and f NPS O/C x is set to LV Winding, then 12>x Current
Set settings are relative to T2 CT.

. In a P643 relay, if NPS O/C x is set to HV Winding, then 12>x Current Set settings
are relative to T1 CT. If the HV CT Terminals setting is 011, then TL CT and T2 CT
are assigned to the HV winding. If the T1 CT setting changes, 12>x Current Set is
affected accordingly. However, if the T2 CT setting changes, 12>x Current Set
settings are not affected. If NPS O/C x is set to LV Winding, then I12>x Current Set
settings are relative to T3 CT. If NPS O/C x is set to TV Winding, then 12>x
Current Set settings are relative to T2 CT.

. In a P645 relay, if NPS O/C x is set to HV Winding, then I2>x Current Set settings
are relative to T1 CT. If NPS O/C x is set to LV Winding, then 12>x Current Set
settings are relative to T5 CT. If NPS O/C x is set to TV Winding, then 12>x
Current Set settings are relative to T3 CT. If the TV CT Terminals setting is 00110,
then T2 CT and T3 CT are assigned to the TV winding. If the T3 CT setting
changes, 12>x Current Set settings are affected accordingly. However, if the T2
CT setting changes, 12>x Current Set settings are not affected.

The relay provides four independent stages of Negative Phase Sequence (NPS)
overcurrent protection.

The first two stages have time-delayed characteristics which are selectable between
Inverse Definite Minimum Time (IDMT) and Definite Time (DT). The third and fourth
stages have definite time characteristics only. The user may choose to directionalize
operation of the elements, for either forward or reverse fault protection for which a
suitable relay characteristic angle may be set. Alternatively, the elements may be set as
non-directional.

For the NPS directional elements to operate, the relay must detect a polarizing voltage
above a minimum threshold, "12> V2pol Set".

When the element is selected as directional, a VTS Block option is available. When the
relevant bit is set to 1, operation of the Voltage Transformer Supervision (VTS), will block
the stage if directionalized. When set to 0, the stage will revert to non-directional upon
operation of the VTS.

A timer block input is available for each stage which will reset the NPS overcurrent
timers of the relevant stage if energized, (DDB 664-667, 669-672, 674-677). All 4 stages
can be blocked by energizing the inhibit DDB signal via the PSL (12> Inhibit: DDB 663,
668, 673). DDB signals are also available to indicate the start and trip of each stage of
protection, (Starts: DDB 1532-1543, Trips: DDB 1154-1165).

The state of the DDB signals can be programmed to be viewed in the Monitor Bit x cells
of the COMMISSION TESTS column in the relay.

NPS overcurrent protection starts 1/2/3/4 are mapped internally to the ANY START DDB
signal - DDB 1312.

The non-directional and directional operation is shown in these diagrams:

. Negative sequence overcurrent non-directional operation

. Directionalizing the negative phase sequence overcurrent element
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12> Inhibit 12>x Start
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Figure 30 - Negative sequence overcurrent non-directional operation
X=1,2,3,4
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Figure 31 - Directionalizing the negative phase sequence overcurrent element
Directionality is achieved by comparison of the angle between NPS voltage and the NPS
current and the element may be selected to operate in either the forward or reverse
direction. A suitable relay characteristic angle setting (12> Char Angle) is chosen to
provide optimum performance. This setting should be set equal to the phase angle of the
negative sequence current with respect to the inverted negative sequence voltage (-V2),
in order to be at the center of the directional characteristic.

For the NPS directional elements to operate, the relay must detect a polarizing voltage
above a minimum threshold, "12> V2pol Set". This must be set in excess of any steady
state NPS voltage. This may be determined during the commissioning stage by viewing
the NPS measurements in the relay.
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2.10 Stub Bus Protection

The stub bus protection is only available in the P643 and P645.

When the protection is used in one-and-half breaker busbar topology and the
disconnector of any of the three windings of the transformer is open, the differential, REF,
breaker failure, and differential CTS elements related to this winding are affected.

The differential and REF protections should not trip for a stub bus fault. Therefore, the
differential trip may be blocked on a per winding basis if the PSL given in the Differential
trip blocked due to stub bus activation diagram is used. The signals HV StubBus Act
(DDB 647), LV StubBus Act (DDB 648) and TV StubBus Act (DDB 649) are asserted
when the appropriate conditions are met as shown in the Stub bus trip diagram. The REF
is blocked internally on a per winding basis by the fixed logic. For example, if HV StubBus
Act (DDB 647) is activated, then HV REF is blocked.

The differential and REF protection trips are blocked when the signals HV StubBus Act
(DDB 647), LV StubBus Act (DDB 648) and TV StubBus Act (DDB 649) are on.

The stub bus can be protected by a non-directional DT phase overcurrent element with a
delay time set to zero seconds. To issue a stub bus trip, the overcurrent element and the
StubBus Act DDB signal must assert. This can be configured in the PSL, and it is shown
in the Stub bus trip diagram.

| HV StubBus Act (DDB 647) l— 100
& < Output R11 |_/ *

Duwell DDB #010

HV I>1 Trip 0
DDB #960

| LV StubBus Act (DDB 648) l— 100
& Dwell < Output R12 |_/ *

> LV I>1 Trip o DDB #011
DDB #976

| TV StubBus Act (DDB 649)

r

100
Output R12
& Dwell < |_/-._
TV I>1 Trip o DDB #012
> DDB #992

Figure 32 - Stub bus trip

P4278ENa

2.10.1 Inputs
Signal name Description
IA-1, IB-1, IC-1,
IA-2, IB-2, IC-2,
IA-3, IB-3, IC-3, Phase current levels (Fourier magnitudes)
IA-4, IB-4, IC-4,
IA-5, IB-5, IC-5
HV StubBus En High voltage stub bus enabled
LV StubBus En Low voltage stub bus enabled
TV StubBus En Tertiary voltage stub bus enabled

Table 10 - Inputs
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2.10.2 Outputs

Sighal name Description
HV StubBus Act High voltage stub bus activated
LV StubBus Act Low voltage stub bus activated
TV StubBus Act Tertiary voltage stub bus activated
HV UndCurrent HV undercurrent detection
LV UndCurrent LV undercurrent detection
TV UndCurrent TV undercurrent detection

Table 11 - Outputs

2.10.3 Operation

The stub bus activation logic is shown in the Stub bus activation logic diagram. The
inputs HV StubBus En, LV StubBus En and TV StubBus En may be assigned to opto
inputs in the PSL. Each opto input is connected to a normally closed auxiliary contact
from the HV, LV and TV disconnector respectively. When the opto input is energized and
the undercurrent element is asserted, the StubBus Act signal will also be asserted. The
outputs of this logic (HV StubBus Act, LV StubBus Act and TV StubBus Act) can be used
to change the trip logic and to initiate an indication if necessary.

[ HV Undercurrent (DDB 1693) ——— L Is
&

| v StbBus En (DDB 644) Q HV StubBus Act (DDB 647)
R

| LV Undercurrent (DDB 1694) |—— s
&

| LV StubBus En (DDB 645) Q LV StubBus Act (DDB 648)
R

[ TV Undercurrent (DDB 1695) |—— —I's
&

| TV StbBus En (DDB 646) Q _| TV StubBus Act (DDB 649)
R
P4279ENa

Figure 33 - Stub bus activation logic

Whenever stub bus is activated, the current signals from the winding whose isolator is
open are not taken into consideration in the calculation of the differential and bias
currents. For example, if a fault occurs within the protected zone and the low voltage stub
bus is activated, the differential element would only trip the breakers connected to the
high and tertiary sides of the transformer if the configuration shown in the Differential trip
blocked due to stub bus activation diagram is used. Considering a lockout relay (86) per
circuit breaker, the trip output contacts may be configured as shown in the Differential trip
blocked due to stub bus activation diagram.
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| HV StubBus Act (DDB 647) | —

Output R8
> & = o [ _ooglionr -
I diff Trip DDB #007
DDB #902 °

| LV StubBus Act (DDB 648) | —

Output R9
> ¢ over K_opisan |/
I diff Trip DDB #008
DDB #902 °

| TV StubBus Act (DDB 649) | —

Output R10
> & | oot (_ooblions’ |-
1 diff Trip DDB #009
DDB #902 °

Figure 34 - Differential trip blocked due to stub bus activation

In applications where the 86 is per differential scheme, it is not possible to apply the logic
in the Differential trip blocked due to stub bus activation diagram since the differential
protection trip will be blocked each time any stub bus is activated. Hence, for this
application, the stub bus protection can not be used.

The REF protection is internally blocked by the stub bus activation logic on a per winding
basis. The CTS is also internally blocked by the stub bus activation logic on a per CT
input basis. The breaker failure is not initiated by any general overall trip if the stub bus
protection is activated (see the Circuit Breaker Fail (CBF) Protection section).

P4280ENa
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2.11

Circuit Breaker Fail (CBF) Protection

Up to five independent sets of Circuit Breaker Failure (CBF) settings are available. It is
possible to set five breaker failure functions in the P645, three in the P643 and two in the
P642. One phase and one earth undercurrent element are available per CBF function.
The earth undercurrent element can be set as enabled or disabled. When enabled, it can
be set as measured or derived. In the P645 and P643, TN1, TN2 and TN3 are single
phase CTs that might be used by the CBF function. In the P642, single phase CTs TN1
and TN2 are available. Whenever TN1, TN2 or TN3 is wired to measure the neutral
current associated to a particular breaker and In< Input is set as measured then TN1,
TN2 or TN3 can be set in In< Terminal.

When there is a fault and the circuit breaker interrupts the CT primary current, the flux in
the CT core decays to a residual level. This decaying flux introduces a decaying DC
current in the CT secondary circuit known as subsidence current. The closer the CT is
driven to its saturation point, the higher the subsidence current. The time constant of this
subsidence current depends on the CT secondary circuit time constant and it is generally
long. If the primary/secondary protection clears the fault, then the CBF function should
reset fast to avoid operation of the CBF due to the subsidence current. A zero crossing
detection algorithm has been implemented so that the CBF re-trip and back-trip signals
are not asserted while subsidence current is flowing preventing the undercurrent
elements to assert. The zero crossing detection algorithm considers the current inputs
T1, T2, T3, T4 and T5 on a per phase basis. If In< Input is set as measured, current
inputs TN1, TN2 and TN3 are considered by the zero crossing detection algorithm. If In<
Input is set as derived, the neutral currents derived from T1, T2, T3, T4 and T5 current
inputs are considered. If more than 12 consecutive samples are greater than OA or more
than 12 consecutive samples are smaller than OA, then zero crossing detection is
asserted; thus blocking the operation of the CBF. The zero crossing detection is asserted
once the breaker in the primary system has opened so that the current flowing in the AC
secondary circuit is the subsidence current.

The CBF protection incorporates two timers, CB Fail 1 Timer and CB Fail 2 Timer,
allowing configuration for these situations:

o Simple CBF, where only CB Fail 1 Timer is enabled. Where Internal CB Fail is
initiated, the CB Fail 1 Timer is started, and normally reset when the Circuit
Breaker (CB) opens to isolate the fault.

) Internal Trip using the Programmable Scheme Logic (PSL):

o If CB opening is not detected, CB Fail 1 Timer times out and closes an output
contact assigned to CB failure (using the PSL). This contact is used to backtrip
upstream switchgear, generally tripping all infeeds connected to the same busbar
section. DDB’s 1528, 1530, 1532, 1534 and 1536 are associated to CBF timer1.

o A re-tripping scheme, plus delayed backtripping. Here, CB Fail 1 Timer is used to
route a trip to a second trip circuit of the same CB. This requires duplicated CB trip
coils, and is known as re-tripping. Should re-tripping fail to open the CB, a backtrip
may be issued following an additional time delay. The backtrip uses CB Fail 2
Timer, which is also started at the instant of the initial protection element trip.
DDBs 1528, 1530, 1532, 1534 and 1536 are re-trip signals and they are associated
to CBF timer1. DDB’s 1529, 1531, 1533, 1535 and 1537 are back-trip signals and
they are associated to CBF timer2.

o CBF elements CB Fail 1 Timer and CB Fail 2 Timer can be configured to operate
for trips triggered by protection elements in the relay or using an external protection
trip. The latter is achieved by allocating one of the relay opto-isolated inputs to
External Trip using the PSL.

Resetting of the CBF is possible from a breaker open indication (from the relay’s pole

dead logic) or from a protection reset. In these cases, resetting is only allowed provided

the undercurrent elements have also reset. The resetting options are summarized in this
table:
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Initiation (menu selectable)

CB fail timer reset mechanism

Current based protection
(e.g. 50/51/46/87.)

The resetting mechanism is fixed.

[IA< operates] &
[IB< operates] &
[IC< operates]

Non-current based protection
CBF Non | Reset setting
(e.g. 27/59/81)

Three options are available.
The user can select from these options.

[All I< elements operate] AND [Protection element reset]
[All I< elements operate] AND CB open (all 3 poles)
[All I< elements operate]

External protection
CBF Ext Reset

Three options are available. The user can select any or all of the
options.

[All I< elements operate] AND [External trip reset]
[All I< elements operate] AND CB open (all 3 poles)
[All I< elements operate]

Table 12 -Resetting options

If the reset option is set to 1<Only, then the INTSIG Latch ResetState signal as shown in
the CB fail logic diagram is always zero. In this case the zero-crossing detection algorithm
prevents the re-trip and back-trip signals from asserting.

The CB failure logic for CB 1 is shown in the CB fail logic diagram. The current signals
come from T1 CT. Five CBF logics are available in the P645, three in the P643 and two in

the P642.
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|Int CBF Init T1 (DDB1262) |7
|Extern CB1 Trip (DDB 1257) |——— Q

R INTSIG

|cT1A UndCurrent (DDB 1678) || J TripState

OR
CT1B UndCurrent (DDB 1679) |
| AND
|cT1c Undcurrent (DB 1680)  |———

|CTLIn Undercur (DDB 1711)  |————
Any Trip (DDB 886) s

V < Trip — AND

V > Trip — —R

VN > Trip .

VIF > Trip —

F > Trip T OR INTSIG Latch
F < Trip | OR ResetState

CLIO<Trip [ |

RTD<Trip [

Top Oil < Trip

Hot Spot < Trip o AND

Setting
Non | Reset

OR [

Prot Reset & I<

AND

CB Open & I<

I< Only

CB Closed
(DDB 719)

AND

OR

AND

Setting
Ext Reset Q

1< Only R
B |
CB Open & I< AND

Prot Reset & I< OR

Ext CB1 Trip
(DDB 1257) AND

AND

OR

AND

P4927ENc

Figure 35 - CB fail logic
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|CT selection Alarm (DDB 483) —
OR
| CT1Excluded (DDB 704) |—
- Setting
Setting ;
CB Fail 1Status - CB'Z& Timer
Enabled !
Disabled AND AND I CB1 ReTrip 3ph (DDB 1528)
0S|
__4 OR J
Setting
CBF 2 Timer |_
Setting —( bf2
CB Fail 2 Status
Enabled AND AND I CB1 BKTrip 3ph (DDB1529)
Disabled O os
= +— OR
INTSIG TripState [

INTSIG Latch ResetState

| CT1A UndCurrent (DDB 1678)

OR
[ cT1A zCD (DDB 1658)

| CT1B UndCurrent (DDB 1679)

OR

| cT1B zCD (DDB 1659)

AND

| CT1C UndCurrent (DDB 1680)

OR

| cT1C ZCD (DDB 1660)

0

| CT1 In UnderCur (DDB 1711)

OR

ILLL T LT

| CT1 In ZCD (DDB 1673) P4928ENa

Figure 36 - CB fail logic

The waveforms shown in previous diagrams were injected to the relay. A differential trip is
expected and no retrip or backtrip signals should be asserted. Note that a current
waveform with maximum offset has been injected; therefore, a high flux level is expected
in the CT core.

Prefault Fault Postfault

W
40

-40
-0

172,

40
20 -0.05 o 0.0s 010 015
n} 1 1 1 1
] | | R SR,

L — Lz —— L3

P4929ENa

Figure 37 - CBF test - injected waveforms
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The following diagram shows the disturbance record extracted from the relay. The
subsidence current in phase A due to the internal CT within the relay can be observed. It
takes 15ms approximately for CT1A ZCD to assert once the current is interrupted. Even if
CT1A UndCurrent is not asserted, the activation of CB1 BkTrip 3ph is prevented,
because CT1A ZCD asserts.

k&

Qutput R3

141

i 0ioa 0o 0.1

I I I I I l I | v T T I
J Subsidence current

IB-1

Cutput RA

CT1AZCD

CT1B ZCD

i
:

CTiC ZCD

CT1A UndCurrent

CT18 UndCurrent

CT1C UndCurrent

CB1 BKTrip 3ph

P4930ENa

Figure 38 - CBF test - relay disturbance record
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2.12 Overvoltage Protection
The overvoltage protection function is in the relay menu Volt Protection and it is only
included in the P643 and P645 when the 3-phase VT input is available. It consists of two
independent stages. These are configurable as either phase to phase or phase to neutral
measuring in the V>Measur't mode cell.
Stage 1 may be selected as IDMT, DT or Disabled, in the V>1 Function cell. Stage 2 is
DT only and in the V>2 status cell can be set as enabled or disabled.
The IDMT characteristic available on the first stage is defined by the formula:

t=K/(M-1)

Where:

K = Time Multiplier Setting (TMS)

t = Operating Time in seconds

M = Measured voltage / relay setting voltage (V> Voltage Set)

The logic diagram of the first stage overvoltage function is shown in this diagram.

A Phase Start

VA> | VAB> A Phase Trip
& +— IDMT/DT
<
B Phase Start
VB> /VBC>
CP & — IDMT/DT B Phase Trip
C Phase Start
VC>/VCA> C Phase Tri
& +— IDMT/DT I_ P
(P
1 +—3Phase Trip
Overvoltage
Timer Block — 1 +—3Phase Start

(single stage)

P1637ENa

Figure 39 - Overvoltage logic diagram (single stage)
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2.13 Negative Sequence Overvoltage

One definite time stage of negative sequence overvoltage is available in the P643 and
P645 when the three phase VT option is fitted. This function is also available in the P642
when two single phase VTs are fitted. The negative sequence overvoltage element may
be enabled/disabled within the V2>status cell.
In the P642, phase-to-phase voltages Vab and Vic are required, and the relay calculates
the negative sequence voltage as:
Vab —aVie

3
Where:

a=1/120° = -0.5+j0.866
The logic diagram for the negative sequence overvoltage protection is shown here:

VTS Block

l
)

VV2>1 Time Delay -
& ©T V23| Trip

V2> V2>| Setting

V2>1 Start

Accelerates V2>1 Start and

V2>1 Accelerate & ) V2>1 Trip if Set Instantaneous P1635END

Figure 40 - Negative sequence overvoltage logic diagram

DDB signals are available to indicate a start and a trip, (Start: DDB 1622, Trip: DDB
1215). There is also a signal to accelerate the NPS overvoltage protection start (V2>1
Accelerate: DDB 663) which accelerates the operating time of the function from typically
80 ms to 40 ms when set to instantaneous.

The state of the DDB signals can be programmed to be viewed in the Monitor Bit x cells
of the COMMISSION TESTS column in the relay.
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2.14

Undervoltage Protection

The undervoltage protection function is in the relay menu Volt Protection, and it is only
included in the P643 and P645 when the 3-phase VT input is available It consists of two
independent stages. These are configurable as either phase-to-phase or phase-to -
neutral measuring in the V<Measur't mode cell.

Stage 1 may be selected as IDMT, DT or Disabled, in the V<1 Function cell. Stage 2 is
DT only and in the V<2 status cell it can be is enabled or disabled.

The IDMT characteristic available on the first stage is defined by the following formula:

t=K/(1- M)

Where:

K = Time multiplier setting

t = Operating time in seconds

M = Measured voltage/relay setting voltage (V< Voltage Set)

Two stages are included to provide both alarm and trip stages, where required.
Alternatively, different time settings may be required depending upon the severity of the
voltage dip, i.e. motor loads will be able to withstand a small voltage depression for a
longer time than if a major voltage excursion were to occur.

Outputs are available for single or three-phase conditions via the "V<Operate Mode" cell.
The logic diagram of the first stage undervoltage function is shown in the Undervoltage -
single and three phase tripping mode (single stage) diagram below:

L 2 A Phase Start
VA</VAB<
Undervoltage &
& — IDMT/IDT L 2 A Phase Trip
L 2 B Phase Start
VB</VBC< —
Undervoltage P &
& — IDMT/IDT L 3 B Phase Trip
L 2 C Phase Start
VC</NCA< —
Undervoltage P &
& — IDmMT/IDT I C Phase Trip
Fast VTS Block —— & 3 Phase Trip
All Poles Dead
& —3Phase Start
Undervoltage Timer Block
(One stage) P1636ENa

Figure 41 - Undervoltage logic diagram (single stage)

When the protected feeder is de-energized, or the circuit breaker is opened, an
undervoltage condition would be detected. Therefore, the "V<Poledead Inh" cell is
included for each of the two stages to block the undervoltage protection from operating
for this condition. If the cell is enabled, the relevant stage will become inhibited by the in-
built pole dead logic within the relay. This logic produces an output when it detects either
an open circuit breaker via auxiliary contacts feeding the relay opto inputs or it detects a
combination of both undercurrent and undervoltage on any one phase.

Note When the setting “oper mode” set to ‘Any Phase’, the stage DDB will be
from an OR gate output of the three individual phases start/trip and when it
is set to ‘Three Phase’, the stage DDB will be from an AND gate output of
the three individual phases signal. This is applicable for over voltage and
rate of change of voltage protection.
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2.15

Residual Overvoltage (Neutral Displacement) Protection

The residual overvoltage protection is included in the P643 and P645 when the 3-phase
VT input is available.

On a healthy 3-phase power system, the addition of each of the 3-phase to earth voltages
is nominally zero, as it is the vector addition of three balanced vectors at 120° to one
another. However, when an earth fault occurs on the primary system this balance is
upset and a ‘residual’ voltage is produced. This could be measured, for example, at the
secondary terminals of a voltage transformer having a “broken delta” secondary
connection. Hence, a residual voltage-measuring relay can be used to offer earth fault
protection on such a system.

Note This condition causes a rise in the neutral voltage with respect to earth that
is commonly referred to as “neutral voltage displacement” or NVD.

The detection of a residual overvoltage condition is an alternative means of earth fault
detection, which does not require any measurement of current. This may be particularly
advantageous in high impedance earthed or insulated systems, where the provision of
core balance CTs on each feeder may be either impractical, or uneconomic.

The relay internally derives the NVD voltage from the 3-phase voltage input that must be
supplied from either a 5-limb or three single-phase VTs. The NVD element in the P64x
relays is a two-stage design, each stage having separate voltage and time delay settings.
Stage 1 may be set to operate on either an IDMT or DT characteristic, while stage 2 may
be set to DT only.

The IDMT characteristic available on the first stage is defined by the formula:

t=K/(M-1)

Where:

K = Time multiplier setting

t = Operating time in seconds

M = Derived residual voltage/relay setting voltage (VN> Voltage Set)

Two stages are included for the NVD protection to account for applications that require
both alarm and trip stages, for example, an insulated system. It is common in such a
case for the system to have been designed to withstand the associated healthy phase
overvoltages for a number of hours following an earth fault. In such applications, an
alarm is generated soon after the condition is detected, which serves to indicate the
presence of an earth fault on the system. This gives time for system operators to locate
and isolate the fault. The second stage of the protection can issue a trip signal if the fault
condition persists.

The functional block diagram of the first stage residual overvoltage is shown in the
following Residual overvoltage logic (single stage) diagram:

1 Stage V> Start
V> |— |
&

IDMT/ )
& — ( — 1% Stage V> Tri
VTS Block —’_L |—() DT) ge ¥n P
Vn> X Timer Block

Figure 42 - Residual overvoltage logic (single stage)

P1635ENa
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VTS blocking when asserted, effectively blocks the start outputs.

When enabled, these signals are set by the residual overvoltage logic according to the
status of the monitored function:

VN>1 Start
VN>2 Start
VN>1 Timer Blk
VN>2 Timer Blk
VN>1 Trip
VN>2 Trip

(DDB 1596)
(DDB 1597)
(DDB 566)
(DDB 567)
(DDB 1238)
(DDB 1239)

1st Stage Residual Overvoltage Start

2nd Stage Residual Overvoltage Start

Block Residual Overvoltage Stage 1 Time Delay
Block Residual Overvoltage Stage 2 Time Delay
1st Stage Residual Overvoltage Trip

2nd Stage Residual Overvoltage Trip

P64X/EN OP/E93 (P642, P643 & P645)
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2.16

Frequency Protection

The P14x/P341/P34x/P391/P445/P44y/P54x/P64x/P841 feeder relay includes 4 stages of
underfrequency and 2 stages of overfrequency protection to facilitate load shedding and
subsequent restoration. The underfrequency stages may be optionally blocked by a pole
dead (CB Open) condition. All the stages may be enabled/disabled in the "F<n Status"
or "F>n Status" cell depending on which element is selected.

The logic diagram for the underfrequency logic is as shown in the following
Underfrequency logic (single stage) diagram. Only a single stage is shown. The other
three stages are identical in functionality.

If the frequency is below the setting and not blocked the DT timer is started. Blocking
may come from the All_Poledead signal (selectively enabled for each stage) or the
underfrequency timer block.

If the frequency cannot be determined, the function is also blocked.

1 — Underfrequency
start

Definite |_
Underfrequency & & H Time

4,—c 9 (DOT)
Underfrequency tri
Freg. not found a yip

Underfrequency Timer block

P4281ENa

Figure 43 - Underfrequency logic (single stage)

The functional logic for the overfrequency function as shown in the Overfrequency logic
(single stage) diagram. Only a single stage is shown as the other stages are functionally
identical. If the frequency is above the setting and not blocked the DT timer is started
and after this has timed out the trip is produced. Blocking may come from the
All_Poledead signal (selectively enabled for each stage) or the overfrequency timer block.

1 l— Overfrequency start
Overfrequency & & Definite Time
1 ©n _
_I_C —d Overfrequency trip
Freq. not found
Overfrequency
Timer Block P4282ENa

Figure 44 - Overfrequency logic (single stage)
When enabled, the following signals are set by the under/overfrequency logic according
to the status of the monitored functions.
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Function DDb Description
F<1 Timer Block (DDB 638) Block Underfrequency Stage 1 Timer
F<2 Timer Block (DDB 639) Block Underfrequency Stage 2 Timer
F<3 Timer Block (DDB 640) Block Underfrequency Stage 3 Timer
F<4 Timer Block (DDB 641) Block Underfrequency Stage 4 Timer
F>1 Timer Block (DDB 642) Block Overfrequency Stage 1 Timer
F>2 Timer Block (DDB 643) Block Overfrequency Stage 2 Timer
F<1 Start (DDB 1608) Underfrequency Stage 1 Start
F<2 Start (DDB 1609) Underfrequency Stage 2 Start
F<3 Start (DDB 1610) Underfrequency Stage 3 Start
F<4 Start (DDB 1611) Underfrequency Stage 4 Start
F>1 Start (DDB 1612) Overfrequency Stage 1 Start
F>2 Start (DDB 1613) Overfrequency Stage 2 Start
F<1 Trip (DDB 1230) Underfrequency Stage 1 Trip
F<2 Trip (DDB 1231) Underfrequency Stage 2 Trip
F<3 Trip (DDB 1232) Underfrequency Stage 3 Trip
F<4 Trip (DDB 1233) Underfrequency Stage 4 Trip
F>1 Trip (DDB 1228) Overfrequency Stage 1 Trip
F>2 Trip (DDB 1229) Overfrequency Stage 2 Trip

Table 13 - Signals logic

P64x/EN OP/E93 (P642, P643 & P645)
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2.17

Thermal Overload Protection (49)

Transformer thermal overload protection is designed to protect the equipment from
sustained overload that results in the machine’s thermal rating being exceeded. Thermal
overload protection compliments the transformer overcurrent protection by allowing
modest but transient overload conditions to occur, while tripping for sustained overloads
that the overcurrent protection will not detect.

The thermal overload function is based on the IEEE Standard C57.91-1995. This function
can be enabled or disabled in the setting or it can be blocked in the PSL. Two three-stage
definite time-delayed trip elements based on hot spot or top oil temperature are available.
A pre-trip alarm is offered in the tPre-trip Set setting. This alarm indicates that thermal
overload will trip after the settable time if load level remains unchanged.

Four cooling modes are available, and the oil exponent and winding exponent can be set
independently for each mode. The cooling mode selection can be done automatically via
PSL or manually in the setting file. Two opto inputs must be configured as CM Select 1X
(DDB 709) and CM Select X1 (DDB 710) in PSL and the appropriate contacts must be
wired to energize/de-energize these inputs. The selected cooling mode would vary as
indicated below:

CM Select 1X (DDB 709) CM Select X1 (DDB 710) Selected Cooling Mode

|k |O|O
| O |O

AIWIN|PF

Table 14 - Selected cooling modes

The monitor winding can be set to HV, LV, TV or biased current. If the monitor winding is
set to HV and the HV breaker is open, then the current flows from LV to TV. Likewise, if
the monitor winding is set to LV and the LV breaker is open, then the current flows from
HV to TV. If the monitor winding is set to biased current an overall through loading picture
of the transformer is provided.

To calculate the top oil and hot spot winding temperature, the relay takes into
consideration the ratio of the ultimate load to the rated load. The rated load is determined
by the IB and the rating settings. When the monitored winding is set as the HV winding,
the rated load is calculated using the HV Rating and the IB settings. When the monitored
winding is set as the LV winding, the rated load is calculated using the LV Rating and the
IB settings. When the monitored winding is set as the TV winding, the rated load is
calculated using the TV Rating and the IB settings. When the monitored winding is set as
the biased current, the rated load is calculated using the REF Power S and the IB
settings. The ultimate load is the load that is actually being fed by the transformer.

The biased current used by the thermal protection is not the same as the biased current
used by the differential protection. No vector correction or zero sequence filtering is taken
into account. To calculate the bias current, the thermal element considers the maximum
rms current on a per winding basis. Note that the bias current calculation performed by
the thermal element is not on a per-phase basis. The thermal bias current calculation is
as follows:

Max [lHVArms,|HVBrms,|HVCrms,] + Max [lLVArms,|LVBrms,|LVCrms,] + Max [lTVArms,lTVBrms,lTVCrms,]
HV_FLCosref LV_FLCsref TV_FLCsref

2

lbias =

Where:

HV_FLCsret = HV full load current at the reference power
LV_FLCsret = LV full load current at the reference power
TV_FLCsref = TV full load current at the reference power

The thermal overload model is executed once every power cycle. The thermal overload
trip can be based on either hot spot temperature or top oil temperature, or both.
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2171

2.17.2

2.17.3

Inputs

Signal name

Description

IA-HV, IB-HV, IC-HV,
IA-LV, IB-LV, IC-LV,
IA-TV, IB-TV, IC-TV

Phase current levels (raw samples). The currents required by
the thermal overload element are the currents of the winding
being monitored.

|A-bias, IB-bias, IC-bias

Bias currents

®to0

Measured top oil temperature

Oa

Measured ambient temperature

Reset thermal (DDB 888)

Reset thermal overload

TRF De-energized (DDB 878)

Transformer de-energized. If it is asserted, the transformer no-
load losses are not considered.

CM Select 1X (DDB 709)

CM Select 1X is used together with CM Select X1 to configure
the cooling mode selector in PSL. This selector allows choosing
one of four cooling modes.

CM Select X1 (DDB 710)

CM Select 1X is used together with CM Select X1 to configure
the cooling mode selector in PSL. This selector allows choosing
one of four cooling modes.

Table 15 - Inputs

Outputs

Signal name

Description

Top oil >1 start (DDB 1337)

Top oil first stage start

Top oil >2 start (DDB 1338)

Top oil second stage start

Top oil >3 start (DDB 1339)

Top oil third stage start

Top oil >1 trip (DDB 957)

Top oil first stage trip

Top oil >2 trip (DDB 958)

Top oil second stage trip

Top oil >3 trip (DDB 959)

Top oil third stage trip

Hot spot >1 start (DDB 1334)

Hot spot first stage start

Hot spot >2 start (DDB 1335)

Hot spot second stage start

Hot spot >3 start (DDB 1336)

Hot spot third stage start

Hot spot >1 trip (DDB 954)

Hot spot first stage trip

Hot spot >2 trip (DDB 955)

Hot spot second stage trip

Hot spot >3 trip (DDB 956)

Hot spot third stage trip

Pre-trip alarm (DDB 478)

Thermal pre-trip alarm

Ambient T

Ambient temperature measurement

Topoil T

Top oil temperature measurement

Hot spot T

Hot spot temperature measurement

TOL Pre-trip left

Pre-trip time left measurement

Table 16 - Outputs

Operation

The thermal overload protection in the relay uses the thermal model given by the
equations for hot spot and top oil temperatures. A discrete time thermal replica model is
implemented and it is described by the equations for A®ton and AG®Hn.

If the top oil temperature is not available as a measured input quantity, it is calculated
every cycle by the following equation:

O70 = Op + AB70

P64X/EN OP/E93 (P642, P643 & P645)
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Where:

®T1o = Top oil temperature

®a = Ambient temperature

A®t0 = Top oil rise over ambient temperature due to a step load change

The ambient temperature can be measured directly or it can be set in the Average Amb T
setting. A®ro is given by the following exponential expression containing an oil time
constant:

o)
ABOron = (A@roy — AB10 1) \1-€° T© ) + A®1o 01

Where:
A®to,u = ultimate top oil rise over ambient temperature for load L
A®To,n1 = the previous top oil rise over ambient temperature
= elapsed time between the ultimate top oil rise and the initial top oil rise
1o = 0il time constant of the transformer for any load L between the ultimate top oil rise
and the initial top oil rise. This parameter is set by the user.

By using power series, top oil rise, A®ton, can be approximated as shown below:

At
AB®+on = (AO10,u — AOT0 1) ?o) + AB®ton1

AOtou ) (AGTO n- 1)

AB®1o R A®1or

ABtou ) ) (A®To n—l)

AOtoR AOtoR
Where:

T1o = 0il time constant of the transformer for any load L between the ultimate top oil rise
and the initial top oil rise. This parameter is set by the user.

A®To,u = ultimate top oil rise over ambient temperature for load L.

A®to,n1 = the previous top oil rise over ambient temperature.

n = Oil exponent. This parameter is set by the user.

TTocomected = to X

The ultimate top oil rise is given by the following equation:

Ky?R+1 1"

AOtou = ABt0R R+1

Where:

K= the ratio of ultimate load L to rated load

R = the ratio of the load loss at rated load to no load loss. This parameter is set by the
user.

n = Oil exponent. This parameter is set by the user.

A®tor = top oil rise over ambient temperature at rated load. This parameter is set by the
user.

The hot spot temperature can only be obtained by calculation. This equation is used to
calculate the hot spot temperature every cycle:

O = O70 + AOH
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Where:

®x = Hot spot (winding) temperature

Oto = Top oil temperature

A®n = Hot spot rise above top oil temperature

The hot spot temperature rise over top oil temperature, AGw, is given by:

=)
AB®un = (AByy — AByi 1) \1-€ Tw + ABOp 1

Where:

A®H,u = ultimate hot spot rise over top oil temperature for load L

A®nn1 = previous hot spot rise over top oil temperature

At = elapsed time between the ultimate hot spot rise and the initial hot spot rise. Atis one
cycle.

ww = winding time constant at hot spot location. This parameter is set by the user.

By using power series, hot spot temperature rise, A®wn, can be approximated as below:

At
ABun = (ABHu — AB 1) ( T ) + AB®n1
w

The ultimate hot spot rise over top oil is given by:
ABpy = AOu g K"
Where:

A®w R = winding hottest spot rise over top oil temperature at rated load. This parameter is
set by the user.

Ku = the ratio of ultimate load L to rated load
m = winding exponent. This parameter is set by the user.

The load current used in the calculations is the rms value. The rms current is calculated
according to the following equation:

L2+ L2 + ...+ Lyg?
erS = 24

Where Ln is the sample, there are 24 sample per cycle.

Hot spot temperature, Top oil temperature and ambient temperature are stored in non-
volatile memory. These measurements are updated every power cycle. The thermal
state can be reset to zero by any of the following:

. The Reset X Thermal cell under the MEASUREMENT 4 heading on the front

panel
. A remote communications interface command
J A status input state change.

The top oil temperature, hot spot temperature, ambient temperature and pre-trip time left
are available as a measured value in the Measurement 4 column.

If a more accurate representation of the thermal state of the transformer is required, the
use of temperature monitoring devices (RTDs or CLIO) which target specific areas is
recommended. Also, for short time overloads the application of RTDs/CLIO and
overcurrent protection can provide better protection.
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The transformer de-energized signal (DDB 878) has been configured in the default PSL
logic. It is asserted when all the breakers are open. If this signal is asserted, the
transformer no-load losses are not considered. As a result, the top oil and hottest spot
temperatures are equal to the ambient temperature when the monitored current is zero. If
this signal is de-asserted, the top oil and hottest spot temperatures are not equal to the
ambient temperature even when the monitored current is zero. In this case the top oil and
hottest spot temperatures will increase according to the equations described above.
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2.18

2.18.1

2.18.2

2.18.3

Loss Of Life (LOL) Statistics

Deterioration of insulation is a time function of temperature. Since the temperature
distribution is not uniform, the part that is operating at the highest temperature undergoes
the greatest deterioration. Therefore the hot spot temperature is considered in loss of life
statistics. The loss of life model is executed every cycle.

Two one-stage definite time delay alarm based on aging acceleration factor (Faa) or loss
of life (LOL) are available.

A reset command is provided to allow the user to reset the calculated parameters: LOL
status, LOL aging factor (Faa), mean aging factor (Faam), rate of loss of life (Rate of LOL),
residual life at Faam (Lres at Faa,m), residual life at designed (Lres at designed).

Inputs
Signal name Description
IA-HV, IB-HV, IC-HV, Phase current levels (raw samples). The currents required by the
IA-LV, IB-LV, IC-LV, thermal overload element are the currents of the winding being
IA-TV, IB-TV, IC-TV monitored.
IA-bias, IB-bias, IC-bias | Bias currents
om Calculated hot spot temperature
Reset LOL Reset loss of life

Table 17 - Inputs

Outputs

Signal name Description
FAA Alarm Aging acceleration factor alarm
Loss of Life Alm Loss of life alarm
LOL status Accumulated loss of life (LOL) measurement in hrs
Lres at designed Residual life at reference hottest spot temperature
Rate of LOL Rate of loss of life (ROLOL) measurement in %
LOL aging factor Aging acceleration factor (Faa) measurement
FAA,mM Mean aging acceleration factor (Faa,m) measurement
Lres at FAA/m Residual life hours at Faa,m (Lres(Faa,m)) measurement

Table 18 - Outputs

Operation

As indicated in IEEE Std. C57.91-1995 the aging acceleration factor is the rate at which
transformer insulation aging for a given hottest spot temperature is accelerated compared
with the aging rate at a reference hottest spot temperature. For 65°C average winding
rise transformers, the reference hottest spot temperature is 110°C. For 55°C average
winding rise transformers, the reference hottest spot temperature is 95°C. For hottest
spot temperatures in excess of the reference hottest spot temperature the aging
acceleration factor is greater than 1. For hottest spot temperatures lower than the
reference hottest spot temperature, the aging acceleration factor is less than 1.

The model used for loss of life statistics is given by the equations for LOL and Faa. LOL
is calculated every hour according to this formula:

LOL = L(®p,) — Lres (®pr)
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Where:

L(®n.r) = life hours at reference winding hottest-spot temperature. This parameter is set
by the user.

Lres(®n,r) = residual life hours at reference winding hottest-spot temperature

The aging acceleration factor Faa is calculated every cycle as follows:

A4 B B B
On, + 273 On, + 273 ©,+273

FAA = t(gH)r = A + B -
. On + 273

If a 65°C average winding rise transformer is considered, the equation for Faa is:

e ars]
FAA = ol 383 @y +273

If a 55°C average winding rise transformer is considered, the equation for Faa is:

e e ars]
FAA = ol 368 ©n+273

Where:

L(®n) = life hours at winding hottest-spot temperature

On = hottest-spot temperature as calculated in thermal overload protection

Onr = hottest-spot temperature at rated load.

B = constant B from life expectancy curve. This parameter is set by the user. IEEE Std.
C57.91-1995 recommends a B value of 15000.

The residual life hours at reference hottest-spot temperature is updated every hour as
follows:
3600

ZFAAJ ©n)
Lres(®n,r) = LreS,p(G)H:’) — 3600

Where:

Lres,p(®H,r) = residual life hours at reference temperature one hour ago

Fan,i(®H) = Mean aging acceleration factor, as calculated above. It is calculated every
second.

The accumulated Loss Of Life (LOL) will be updated in non-volatile memory once per
hour. It will be possible to reset and set a new loss of life figure, in the event that a relay
is applied in a new location with a pre-aged resident transformer.

The Rate Of Loss Of Life (ROLOL) in percent per day is given as follows, and it is
updated every day:

24
ROLOL= ———~F B4 ) 100%
Lres(®H,r) AAm ( H ) °

The mean aging acceleration factor, Faa,m, is updated per day, and it is given by:
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N N
Z:AAn Atn Z:AAn

F - n=1 - n=1

AA,M N N

n=1

Where:
Faan is calculated every cycle
Atn = 1cycle

Faa, m states the latest one-day statistics of Faa. When the relay is energized for the first
time, Faa, m default value is 1.

The residual life in hours at Faa,m is updated per day, and it is given by:

Lres(®,
Lres(FAA,m) = #Aﬁ,_r)_

TTF
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2.19

2.19.1

Through Fault Monitoring

Through faults are a major cause of transformer damage and failure. Both the insulation
and the mechanical effects of fault currents are considered. The through fault current
monitoring function in the relay gives the fault current level, the duration of the faulty
condition, the date and time for each through fault. An 12t calculation based on the
recorded time duration and maximum current is performed for each phase. This
calculation is only performed when the current is above the TF I> Trigger setting and if
Any Differential Start is not asserted. Cumulative stored calculations for each phase are
monitored so that the user may schedule the transformer maintenance based on this
data. This may also justify possible system enhancement to reduce through fault level.
One stage alarm is available for through-fault monitoring. The alarm is issued if the
maximum cumulative 12t in the three phases exceeds the TF 12t> Alarm setting. A
through fault event is recorded if any of the phase currents is bigger than the TF I>
Trigger setting. Set TF I> Trigger greater than the overload capability of the transformer.
According to IEEE Std. C57.109-1993, values of 3.5 or less times normal base current
may result from overloads rather than faults. IEEE Std. C57.91-1995, states that the
suggested limit of load for loading above the nameplate of a distribution transformer with
65°C rise is 300% of rated load during short-time loading (0.5 hours or less). On the
other hand, the suggested limit of load for loading above the nameplate of a power
transformer with 65°C rise (55°C in the P64x) is 200% maximum.

To set TF 12t> Alarm consider the recommendations given in IEEE Std. C57.109-1993
for transformers built beginning in the early 1970s. Consult the transformer manufacturer
regarding the short circuit withstand capabilities for transformers built prior the early

1970s.
| Mag_lA > I>trigger
& —| Phase A through fault alarm l—
Through fault alarm
—— DDB 508

—| Phase B through fault alarm |— 1
Through fault recorder

— DDB 1779

& —| Phase C through fault alarm |—

|IA*IA*t > 12S threshold

|Mag_IB > I>trigger

| IBXIB*t > 125 threshold

|Mag_IC > I>trigger

T T T T T T
Qo

| IC*IC* > 125 threshold

Any Differential Start
DDB 1508 P4435ENa

Figure 45 - Through fault alarm logic

Inputs

Signal name Description

IA-HV, IB-HV, IC-HV or
IA-LV, IB-LV, IC-LV or Phase current levels (Fourier magnitudes) of the selected winding
IA-TV, IB-TV, IC-TV

Any 87 or 64 start used by the through fault monitoring logic to
avoid:calculating 1%t if either the 87 or 64 element has started.
Asserting a through fault alarm when either the 87 or 64 element has
started.

Any Diff start (DDB1508)

Table 19 - Inputs
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2.19.2 Outputs

Signal name

Description

IA peak, IB peak, IC peak

Peak current in the monitor winding in a per phase basis

I’t phase A, I%t phase B, I’ phase C

12t magnitude in the monitor winding in a per phase basis

Through fault alarm (DDB508)

Through fault monitoring alarm

Through fault recorder (DDB1779)

Output signal from the through fault monitoring logic

used to trigger the fault recorder

Table 20 - Outputs

IA peak, IB peak, IC peak, 12t phase A, 12t phase B and 12t phase C are given in the
VIEW RECORDS menu in the setting file.

P64X/EN OP/E93 (P642, P643 & P645)
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2.20

Resistive Temperature Device (RTD) Thermal Protection

To protect against any general or localized overheating, the relay can accept inputs from
up to 10 - 3-wire Type A PT100, Ni100 or Ni120 Resistive Temperature Sensing Devices
(RTD). These are connected as shown in the Connection for RTD thermal probes
diagram below.

Such probes can be strategically placed in areas of the machine that are susceptible to
overheating or heat damage.

The probes can also be used to measure the external ambient temperature. The ambient
temperature can be used to adapt the thermal overload protection operating time. A main
and back-up RTD can be selected in the settings for the external ambient temperature.

3-wire PT100 RTD 2-wire PT100 RTD

RTD1 RTD1

RTD2 RTD2

* RTD10 * RTD10

MiICOM P64x MiCOM P64x

P2178ENc

Figure 46 - Connection for RTD thermal probes

The units of temperature measurement Celsius or Fahrenheit can also be selected.
Typically, a PT100 RTD probe can measure temperature within the range -40° to +300°C.
The resistance of these devices changes with temperature, at 0°C they have a resistance
of 1000.

If the measured resistance is outside the permitted range, an RTD failure alarm will be
raised, indicating an open or short circuit RTD input.

These conditions are signaled using DDB signals available in the PSL (DDB 453-456)
and are also shown in the Measurements 3 menu.

DDB signals are also available to indicate the alarm and trip of the each and any RTD,
(Alarm: DDB 1728-1737, 452 Trip: DDB 1188-1197, 1198). The state of the DDB signals
can be programmed to be viewed in the Monitor Bit x cells of the COMMISSION TESTS
column in the relay.

See the Installation chapter, for recommendations on RTD connections and cables.
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RTDx Alarm > Setting

x=1-10
(RTD Open CCT ) O g —( RTDxAlarm )
(RTD Short CCT )
(RTD Data Error )
(RTD Board Fail )

(RTDLAlarm  ——
(RTDZ Alarm )7 1 —C RTDx Thermal Alarm )
(RTD10 Alarm ~ }——

| RTDx Trip > Setting '—

x=1-10
(RTD Open CCT ) C

(RTD Short CCT ) & —(_RrxTip )

(RTD Data Error )
(RTD Board Fail )

(RTD1 Trip —
(RTD2 Trip >—— 1 ——— AyRTDTip )
(RTDlO Trip )7 P2006ENa

Figure 47 - RTD logic diagram
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2.21

2211

Current Loop Inputs and Outputs

Current Loop Inputs

Four analog (or current loop) inputs are provided for transducers with ranges of 0 - 1 mA,
0-10mA, 0-20 mA or 4 - 20 mA. The analog inputs can be used for various
transducers such as vibration monitors, tachometers and pressure transducers.
Associated with each input there are two protection stages, one for alarm and one for trip.
Each stage can be individually enabled or disabled and each stage has a definite time
delay setting.

The Alarm and Trip stages can be set for operation when the input value falls below the
Alarm/Trip threshold Under or when the input current is above the input value Over. The
sample interval is nominally 50 ms per input.

The relationship between the transducer measuring range and the current input range is
linear. The maximum and minimum settings correspond to the limits of the current input
range. This relationship is shown in the Relationship between the transducer measuring
quantity and the current input range diagram.

This diagram also shows the relationship between the measured current and the Analog-
to-Digital Conversion (ADC) count. The hardware design allows for over-ranging, with the
maximum ADC count (4095 for a 12-bit ADC) corresponding to 1.0836 mA for the

0 - 1 mA range, and 22.7556 mA for the 0 - 10 mA, 0 - 20 mA and 4 - 20 mA ranges.

The relay will therefore continue to measure and display values beyond the Maximum
setting, within its numbering capability (-9999 to 9999).

Transducer Value Transducer Value

Maximum Maximum

! ADC

| Count
Minimum
4095 | 4095

l [

0 I

10mA Curkent I/P
22.7556mA

Minimum

OmA 1mA  Clrrent I/P OmA
0-1mA

1.0836mA 0-10mA

Transducer Value
Transducer Value

Maximum = — — — — — — — — — — — — Maximum - — — —m — — — — — — — — —

Minimum
ADC
Count I
4095 | | 4095
1 | [
I |

I
20MA current 1P
22.7556mA

Minimum

OmA 20mA Crrent /P omA 4mA

0-20mA 1.0336mA 4-20 mA P1417ENa

Figure 48 - Relationship between transducer value and current input range

Note If the Maximum is set less than the Minimum, the slopes of the graphs will
be negative. This is because the mathematical relationship remains the
same irrespective of how Maximum and Minimum are set, e.g., for 0 - 1 mA
range, Maximum always corresponds to 1 mA and Minimum to 0 mA.
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2.21.2

Power-on diagnostics and continuous self-checking are provided for the hardware
associated with the current loop inputs. When a failure is detected, the protection
associated with all the current loop inputs is disabled and a single alarm signal (CL Card
I/P Fail, DDB 470) is set and an alarm (CL Card I/P Fail) is raised. A maintenance record
with an error code is also recorded with additional details about the type of failure.

For the 4 - 20 mA input range, a current level below 4 mA indicates that there is a fault
with the transducer or the wiring. An instantaneous under current alarm element is
available, with a setting range from 0 to 4 mA. This element controls an output signal
(CLI1/2/3/4 1< Fail Alm., DDB 461- 464) which can be mapped to a user defined alarm if
required.

Hysteresis is implemented for each protection element. For ‘Over’ protection, the drop-
off/pick-up ratio is 95%, for ‘Under’ protection, the ratio is 105%.

A timer block input is available for each current loop input stage which will reset the CLI
timers of the relevant stage if energized, (DDB 714-717).1f a current loop input is blocked
the protection and alarm timer stages and the 4 - 20 mA undercurrent alarm associated
with that input are blocked. The blocking signals may be useful for blocking the current
loop inputs when the CB is open for example.

DDB signals are available to indicate starting an operation of the alarm and trip stages of
the each current loop inputs, (CLI1/2/3/4 Alarm Start: DDB 1614-1617, CLI1/2/3/4 Trip
Start: DDB 1618-1621, CL Input 1/2/3/4 Alarm: DDB 457-460, CLI Inputl/2/3/4 Trip: DDB
1199-1202). The state of the DDB signals can be programmed to be viewed in the
Monitor Bit x cells of the COMMISSION TESTS column in the relay.

The current loop input starts are mapped internally to the ANY START DDB signal — DDB

1312.
- { CLIx Alarm Start )
| Current Loop Input alarm > Setting

x=1-4 & DT |—<CL Input x AIarm)

(CLix I<Fail (4-20mA Input Only) )

(CL Card I/P Fall

- - { CLIx Trip Start )
| Current Loop Input x Trip > Setting
DT |—< CL Input x Trip )

x=1-4 &

(CLIX I< Fail Alarm (4-20mA Input Only)

(CL Card I/P Fail P2013ENa

Figure 49 - Current loop input logic diagram

Current Loop Output

Four analog current outputs are provided with ranges of 0 - 1 mA, 0 - 10 mA, 0 - 20 mA or
4 - 20 mA which can alleviate the need for separate transducers. These may be used to
feed standard moving coil ammeters for analog indication of certain measured quantities
or into a SCADA using an existing analog RTU.

The CLIO output conversion task runs every 50 ms and the refresh interval for the output
measurements is nominally 50 ms. The exceptions are marked with an asterisk in the
table of current loop output parameters below. Those exceptional measurements are
updated once every second.

The user can set the measuring range for each analog output. The range limits are
defined by the Maximum and Minimum settings.

This allows the user to “zoom in” and monitor a restricted range of the measurements
with the desired resolution. For voltage, current and power quantities, these settings can
be set in either primary or secondary quantities, depending on the CLO1/2/3/4 Set
Values - Primary/Secondary setting associated with each current loop output.
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The output current of each analog output is linearly scaled to its range limits, as defined
by the Maximum and Minimum settings. The relationship is shown in the Relationship
between the current output and the relay measurement diagram.

Current Output
MAF - — - — — - - —— —

|

| Relay

| Measurement
OmA

Minimum 0—-1mA Maximum

Current Output
20MAF — — — — — — —— — — — — —

|
| Relay
| Measurement

0-20 mA Maximum

OmA
Minimum

10mA

OmA

20mA

4mA}

OmA

Current Output

|
| Relay
| Measurement

Minimum 0 - 10 mA Maximum

Current Output

|
| | Relay
| | Measurement

Minimum 4 _20 mA Maximum P1418ENa

Figure 50 - Relationship between the current output and the relay measurement

Note

0 mA.

If the Maximum is set less than the Minimum, the slopes of the graphs will
be negative. This is because the mathematical relationship remains the
same irrespective of how Maximum and Minimum are set, e.g., for 0 - 1 mA
range, Maximum always corresponds to 1 mA and Minimum corresponds to

The relay transducers are of the current output type. This means that the correct value of
output will be maintained over the load range specified. The range of load resistance
varies a great deal, depending on the design and the value of output current.
Transducers with a full-scale output of 210mA will normally feed any load up to a value of
100002 (compliance voltage of 10V). This equates to a cable length of 15 km
(approximately) for lightweight cable (1/0.6 mm cable). A screened cable earthed at one
end only is recommended to reduce interference on the output current signal. The table
below gives typical cable impedances/km for common cables. The compliance voltage
dictates the maximum load that can be fed by a transducer output. Therefore, the 20mA
output will be restricted to a maximum load of 500Q2 approximately.

Cable 1/0.6 mm 1/0.85 mm 1/1.38 mm
CSA (mm?) 0.28 0.57 1.50
R (©/km) 65.52 32.65 12.38

Table 21 - Cable sizes

The receiving equipment, whether it be a simple moving-coil (DC milliamp meter)
instrument or a remote terminal unit forming part of a SCADA system, can be connected
at any point in the output loop and additional equipment can be installed at a later date
(provided the compliance voltage is not exceeded) without any need for adjustment of the

transducer output.

Where the output current range is used for control purposes, it is sometimes worthwhile
to fit appropriately rated diodes, or Zener diodes, across the terminals of each of the units
in the series loop to guard against the possibility of their internal circuitry becoming open
circuit. In this way, a faulty unit in the loop does not cause all the indications to disappear
because the constant current nature of the transducer output simply raises the voltage
and continues to force the correct output signal round the loop.
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Power-on diagnostics and continuous self-checking are provided for the hardware
associated with the current loop outputs. When failure is detected, all the current loop
output functions are disabled and a single alarm signal (CL Card O/P Fail) is set and an
alarm (CL Card O/P Fall) is raised. A maintenance record with an error code is also
recorded with additional details about the type of failure.

Current loop output parameters are shown in this table:

Current loop .
output Abbreviation Unit Range Step Def_ault Dzl
S min. Max.
parameter
IA-1 Magnitude IB-1 Magnitude IC-1 Magnitude
IA-2 Magnitude IB-2 Magnitude IC-2 Magnitude
IA-3 Magnitude IB-3 Magnitude IC-3 Magnitude
IA-4 Magnitude IB-4 Magnitude IC-4 Magnitude
. IA-5 Magnitude IB-5 Magnitude IC-5 Magnitude
Current Magnitude | |\ Magnitude 1B HV Magnitude 1 HV Magnitude A |0w16A 1001A  1OA 127
IALV Magnitude  IB LV Magnitude  IC LV Magnitude
IA TV Magnitude (P643/P645)
IB TV Magnitude (P643/P645)
IC TV Magnitude (P643/P645)
IN HV Measured Mag IN HV Derived Mag
Current Magnitude | IN LV Measured Mag IN LV Derived Mag A Oto16 A |0.01A 0A 12A
IN TV Measured Mag (P643/P645) IN TV Derived Mag (P643/P645)
10-1 Magnitude 11-1 Magnitude 12-1 Magnitude
10-2 Magnitude 11-2 Magnitude 12-2 Magnitude
10-3 Magnitude (P643/P645)
Phase Sequence | 11-3 Magnitude (P643/P645)
Current 12-3 Magnitude (P643/P645) A 0to16A |0.01A 0A 12A
Components 10-4 Magnitude (P645) [1-4 Magnitude (P645) 12-4 Magnitude
(P645)
10-5 Magnitude (P645) [1-5 Magnitude (P645) 12-5 Magnitude
(P645)
P-P Voltage VAB Magnitude ~ VBC Magnitude  VCA Magnitude V. 0to200V 04V OV 140V
Magnitude
VAN Magnitude (P643/P645)
P-N voltage VBN Magnitude (P643/P64
Magnitude agnitude ( 5) v 0t0200V |01V oV 80V
VCN Magnitude (P643/P645)
Neutral Voltage |\ perived Mag. (P643/645) V. 0to200V 04V OV 80V
Magnitude
P-P Voltage .
Magnitude Vx Magnitude \% 0to200V | 0.1V ov 80V
Phase Sequence
Voltage V1 Magnitude V2 Magnitude V0 Magnitude \% 0to200V |01V ov 80V
Components
VAN RMS (P643/P645)
5272 F;hsase VBN RMS (P643/P645) V. 0t200V |04V 0V 80V
g VCN RMS (P643/P645)
Frequency Frequency Hz 0to70Hz |0.01Hz | 45Hz 65 Hz
RTD Temperatures | RTD 1 through to RTD 10 °C ;‘E)%o%to 0.1°C 0°C 200°C
Current Loop . -9999 to
Inputs CL Input 1 through to CL input 4 - 9999 01 0 9999
Vov‘qe”'“" element | \/ojts/Hz W1 (P643/P645) VHz |0t020 001 0 4
V//Hz W1 Thermal (P643/P645) % 0t0200 |0.01 0 120
VOV";”'“X element |\ oits/Hz W2 VHz |0t020 | 0.01 0 4
V//Hz W2 Thermal % 0t0200 |0.01 0 120
tHOtteSt spot Hot Spot T °C | -40t0300 | 0.1 0 200
emperature
Top oil temperature| Top Oil T °C -40t0 300 |0.1 0 200

P64X/EN OP/E93 (P642, P643 & P645)
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Current loop .
output Abbreviation Al Range Step Def_ault Dzl
S min. Max.
parameter
Ambient Ambient T °C | 40t0300 |01 0 200
temperature
. 1to
Loss of life status | LOL Status hr 300000 1 1 300000
Note 1  The measurements internal refresh rate is 50 ms.
Note 2  These settings are for nominal 1 A and 100/120 V versions only. For other nominal versions they need to be multiplied accordingly.

Table 22 - Current loop output parameters

Page (OP) 5-84 P64x/EN OP/E93 (P642, P643 & P645)



Operation of Individual Protection Functions (OP) 5 Operation

2.22

Overfluxing Protection (V/f)

Magnetic flux in the transformer core is directly proportional to the voltage and inversely
proportional to the frequency. The higher the V/f ratio, the greater the magnetizing current
that would lead to heating and possible insulation failure. The overfluxing protection
function detects an inadmissibly high flux level in the iron core of transformers as caused
by a voltage increase or a frequency decrease, or both. The rise in V/f ratio does not
require an immediate trip since this condition may be transient, and the normal condition
should be restored within 1 to 2 minutes as a maximum.

The P64x relay provides two four stages overfluxing element. The overfluxing element
Volts/Hz W1 gets the voltage signal from the three phase VT input. The overfluxing
element Volts/Hz W2 acquires the voltage signal from the single-phase VT input. The
protection measures the ratio of phase to phase voltage, (VAB), to frequency, V/Hz, and
will operate when this ratio exceeds the setting. One stage can be set to operate with a
definite time or inverse time delay (IDMT), this stage can be used to provide the
protection trip output. There are also 3 other definite time stages which can be combined
with the inverse time characteristic to create a combined multi-stage V/Hz trip operating
characteristic using PSL. A blocking signal is provided for the V/Hz>1 stage 1 only, which
has the inverse time characteristic option. The blocking signals are BLK W1 VPERHZ>1
(DDB 712) and BLK W2 VPERHZ>1 (DDB 713). This allows a definite time stage to
override a section of the inverse time characteristic if required. The blocking signal has
the effect of resetting the timer, the start signal and the trip signal.

There is also one definite time alarm stage that can be used to indicate unhealthy
conditions before damage has occurred to the transformer.

The P642 has only one overflux element. On the other hand, the P643/P645 has two
separate overflux elements for both HV side and LV side respectively.

Overfluxing is a thermal heating based function, therefore the reset timer starts whenever
the flux level drops below pickup. The accumulated heat is linearly decreased from the
present value down to zero over the course of the reset time. If after half the reset time,
another overfluxing condition appears, the heating will restart from half of the previous
accumulated level.

A reset command is provided so that the user can reset the element after injection
testing. The reset command will reset all start, trip and alarm DDBs of V/Hz.
Measurement related to overflux will also be reset. The overfluxing function can be reset
by energizing the relevant DDB signal via the PSL (W1 Rest V/Hz: DDB 889, W2 Rest
V/Hz: DDB 890).

The V/Hz>1 stages can be blocked by energizing the relevant DDB signals using the PSL
(BLK W1 VPERHZ>1: DDB 712, BLK W2 VPERHZ>1: DDB 713). DDB signals are also
available to indicate the start and trip of the protection, (Start: DDB 1599-1602, 1604-
1607, Trip: DDB 1240-1247). A further DDB W1 V/Hz> Alarm Start, W2 V/Hz> Alarm
Start signals are generated from the overfluxing alarm stage (DDB 1598, DDB 1603).
The state of the DDB signals can be programmed to be viewed in the Monitor Bit x cells
of the COMMISSION TESTS column in the relay.

The overfluxing protection starts are mapped internally to the ANY START DDB signal -
DDB 1312.

The first trip stage can be set as an IDMT characteristic given as below:

(= _TMS
T (M-1)

Where:
M = VIf
(V/f Trip Setting)
\% = Measured voltage
F = Measured frequency
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|_|_ (VIHz>1 Start )
¥ omTon
(Frequency Not Found )—C & (IDMT/DT) V/Hz>1 Trip

(BLK VPERHZ>1
(VIHz>2/3/4 Start )
| ViHz>213/4 Trip Setting  |——
VIHz>2/3/4 Delay .
& ©T) —Q/Hz>2/3/4 Trip )

(Frequency Not Found

| ViHz>1 Setting

-

V/Hz Alarm > Setti |—
| z Alarm > Setting 2 VIHz Alarm AG/HZ Aarmm )

Delay (DT
(Frequency Not Found ALY

P1987ENc

Figure 51 - Overfluxing logic diagram
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Figure 52 - IDMT overfluxing protection characteristic
The IDMT characteristic is implemented as a thermal function. The internal IDMT timer is
treated as a thermal replica with a cooling characteristic. After a V/Hz excursion, the timer
should reset according to the reset cooling characteristic. Otherwise, if the unit is
subjected to another V/Hz excursion before it has cooled to normal condition, damage
could occur before the V/Hz trip point is reached.
A linear reset curve with a Reset Time (V/Hz>x tReset) setting is used for this purpose.
The actual reset time left is:

Reset time = tReset * IDMTtimer/tTarget

Where:

tTarget = TMS/(M-1)32

The actual trip time delay is:

Trip delay = tTarget * (1-RESETtimer/tReset)
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The following example explains the reset characteristic. It will take tReset time for the
thermal replica to reset completely to zero after the thermal replica reaches 100% of
V/f>1 Trip at stage 1. If the thermal replica has not reached 100% of V/f>1 Trip, the reset
time will be reduced proportionally. For example, if the Reset Time setting is set to 100 s,
and the thermal replica has only reached 50% of V/f>1 Trip when V/Hz resets, the reset
time will be 50 s, as shown in Stage 2. If another V/Hz excursion appears before the first
reset reaches V/f>1 Reset, the V/Hz time delay takes the reset time left into
consideration, as shown in Stage 3.

- Stage1 - Stage2 — Stage3
Vif>1 Tri — ; ‘
e T |
V/f>1 Reset| | | \\A
o FReseto Ly
i | bbb

:

t  PazssENa

Figure 53 - Reset characteristic
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OPERATION OF NON-PROTECTION FUNCTIONS

3.1

Current Transformer Supervision (CTS)

Current Transformer Supervision (CTS) is based on the measurement of the ratio of 12/11
at all ends. When this ratio is not zero, one of these two conditions may be present:

o An unbalanced fault is present on the system - both 12 and I1 are non-zero
o There is a 1 or 2 phase CT problem - both 12 and 11 are non-zero

If the 12/11 ratio is greater than the set value, CTS 12/I1>2, at all ends, it is almost certainly
a genuine fault condition (CTS 12/I1>2 set above maximum unbalanced load and below
the minimum unbalanced fault current). Therefore CTS will not operate. If this ratio is
detected at one end only, one of the following conditions may be present:

o A CT problem

o A single end fed fault condition

11 is used to confirm whether it is a CT problem or not. If 11 > CTS I1 is detected at all
ends, it must be a CT problem and CTS is allowed to operate. If this condition (I1 > CTS

11) is detected at only one end, it is assumed that either an inrush condition or a single
end fed internal fault is present. Therefore, the CTS operation is blocked.

The CTS status under the CT SUPERVISION sub-heading can be set either as indication
or restraint. In indication mode, the CTS alarm time delay is automatically set to zero. If a
CT failure is present, an alarm would be issued without delay, but the differential
protection would remain unrestricted. Therefore, the risk of unwanted tripping under load
current is present. In restraint mode, the differential protection is blocked for 20 ms after
CT failure has been detected. Then the new setting Is-CTS is applied to the differential
protection, as shown in the following diagram, the restraint region of the bias
characteristic increases. The low impedance REF, earth fault and NPS overcurrent
protections are internally blocked by CTS when a CT failure is detected in the CT used by
each protection function. Earth fault protection is immune to CTS blocking if IN> input is
set to measured.

1diff/In
Operating region K2
1
Is-CT87 i
|
Is1] ////////% |
e Restraint !
s ! region i
Is1/K1 I1s2 Ibias/In P4285ENa

Figure 54 - CTS I1 setting applied to the differential protection
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Figure 55 - Differential CTS logic diagram

The previous diagram shows that CTS monitors the positive and negative sequence
currents of all ends (2 to 5, depending on the relay model). A faulty CT is determined if

the following conditions are present at the same time:

The positive sequence current in at least two current inputs exceeds the set
release threshold 11 (CTS 11 setting under the SUPERVISION menu). This also
means that CTS can only operate if minimum load current of the protected object is

present.

On exactly one end a high set ratio of negative to positive sequence current, CTS

12/11>2, is exceeded.

On all other ends the ratio of negative to positive sequence current is less than a
low set value, CTS 12/11> 1, or no significant current is present (positive sequence

current is below the release threshold 11)

Only a single or double-phase CT failure can be detected by this logic. The probability of
symmetrical 3-phase CT failures is very low, therefore in practice this is not a significant
problem.
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3.2

Current Input Exclusion

It is possible to exclude current inputs from the protection functions in the P643 and
P645. Any current input can be excluded as follows:

The appropriate DDB (DDB 737, 738, 739, 740 or 741) is asserted and the undercurrent

condition is satisfied.

The DDB 736 is asserted and DDB 737, 738, 739, 740 or 741 is asserted.

When a current input is excluded, the relay sets to zero the current from that input, so
that the protection functions considering the excluded current input detect zero current.
On the other hand, the relay still measures the current that might be flowing through the

excluded current input and

compares it against the under current element threshold. The

under current threshold is fixed to 0.05 In.
The inputs required are as follows:

Signal name

This signal should be asserted:

CT Exclusion enabled (DDB 736)

to exclude any of the CT inputs without considering the
undercurrent elements.

T1 CT Exclusion enabled (DDB 737)

so that T1 CT may be excluded.

T2 CT Exclusion enabled (DDB 738)

so that T2 CT may be excluded.

T3 CT Exclusion enabled (DDB 739)

so that T3 CT may be excluded.

T4 CT Exclusion enabled (DDB 740)

so that T4 CT may be excluded.

T5 CT Exclusion enabled (DDB 741)

so that T5 CT may be excluded.

Table 23 — Inputs
The outputs are as follows:

Signal name

Description

T1 CT Excluded (DDB 704)

When this signal is asserted, T1 CT is excluded from every
protection function.

T2 CT Excluded (DDB 705)

When this signal is asserted, T2 CT is excluded from every
protection function.

T3 CT Excluded (DDB 706)

When this signal is asserted, T3 CT is excluded from every
protection function.

T4 CT Excluded (DDB 707)

When this signal is asserted, T4 CT is excluded from every
protection function.

T5 CT Excluded (DDB 708)

When this signal is asserted, T5 CT is excluded from every
protection function.

CT exclusion-protection
disabled (DDB 1723)

The status of the Tx CT excluded is stored in NVRAM. During the
relay initialization after an auxiliary power supply failure, the stored
state is compared with the present state. If there is a discrepancy,
then this signal is asserted. When this DDB is asserted, all the
protection functions using current signals are blocked.

Insufficient number of CTs
(DDB 485)

This alarm is asserted when more than one current input is excluded
from the P643 or when more than three current inputs are excluded
from the P645.

Table 24 — Outputs
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Only one current input can be excluded from the P643 and a maximum of three current
inputs can be excluded from the P645. An alarm (DDB 485) is issued when more than the
maximum number of current inputs is excluded. The status of DDBs 704, 705, 706, 707,
and 708 is stored in NVRAM. An alarm (DDB 1723) is raised if the stored statuses do not
match the statuses after the power supply is re-established. When DDB 1723 is asserted,
the following functions are blocked: differential, REF, Overcurrent, negative phase
sequence overcurrent, earth fault, thermal overload, through fault, circuit breaker failure,
CT supervision and VT Supervision.

The following diagram shows the current input exclusion logic.
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Figure 56 - Current input exclusion logic
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3.3 Circuitry Fail Alarm

The circuitry fail alarm logic requires the following settings: Is-cctfail>, K-cctfail and
tls-cctfail>. If the differential current is bigger than Is-cctfail> setting and not trip is
issued after the tls-cctfail> time delay has elapsed, an alarm would be issued indicating
a CT problem.

Idiff/ilnom

Is_HS2)

Is_HS1

K2

Is_CT '

I K-cctfalil
—ﬂ. |
Is1 =
Is-cctfail> |

P p——

Is2 Ibias/Inom P4286ENa

Figure 57 - Circuitry fail alarm fault characteristic
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3.4

3.4.1

Voltage Transformer Supervision (VTS)

The Voltage Transformer Supervision (VTS) feature is used to detect failure of the ac
voltage inputs to the relay. This may be caused by internal voltage transformer faults,
overloading, or faults on the interconnecting wiring to relays. This usually results in one or
more VT fuses blowing. Following a failure of the ac voltage input there would be a
misrepresentation of the phase voltages on the power system, as measured by the relay,
which may result in maloperation.

The VTS status may be set to disabled, blocking or indication. The VTS logic in the relay
is designed to detect the voltage failure, and automatically adjust the configuration of
protection elements whose stability would otherwise be compromised. A time-delayed
alarm output is also available.

VTS can be declared by a Miniature Circuit Breaker (MCB) status input, or by an internal
logic using relay measurement.

For the measured method, there are three main aspects to consider regarding the failure
of the VT supply. These are defined below:

o Loss of one or two phase voltages
o Loss of all three phase voltages under load conditions
o Absence of three phase voltages upon line energization

The settings VTS I>Inhibit and VTS I2>Inhibit are in pu values. The VTS logic considers
the current associated to the winding where the VT is located.

o In a P642, the VTS I>Inhibit and VTS I2>Inhibit settings are always referred to
CT1lor CT2if the VT is located in the HV or LV windings respectively.

) In a P643, the VTS I>Inhibit and VTS I2>Inhibit settings are always referred to
CT1, CT2 or CT3 if the VT is located in the HV, TV or LV windings respectively.

) In a P645, the VTS I>Inhibit and VTS I2>Inhibit settings are always referred to

CT1, CT3 or CT5 if the VT is located in the HV, TV or LV windings respectively. In
a P645, if the VT is in the HV winding, and the HV CT Terminals setting is 00011,
then T1 CT and T2 CT are associated to the HV winding. The relay compares the
HV current on a per-phase basis to the VTS I>Inhibit setting, and the HV negative
sequence current to the VTS 12>Inhibit setting. In this case, the settings are
always relative to T1 CT.

Loss of One or Two Phase Voltages

The VTS feature within the relay operates on detection of Negative Phase Sequence
(NPS) voltage without the presence of negative phase sequence current. This gives
operation for the loss of one or two-phase voltages. Stability of the VTS function is
assured during system fault conditions, by the presence of NPS current. The use of
negative sequence quantities ensures correct operation even where three-limb or ‘V’
connected VT’s are used.

Negative sequence VTS element:

) The negative sequence thresholds used by the element are V2 =10 V (V2 drop off
is 9.5 V) and 12 = 0.05 to 0.5In settable (defaulted to 0.05 In).
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3.4.2

3.4.3

Loss of all Three Phase Voltages under Load Conditions

Under the loss of all three phase voltages to the relay, there will be no negative phase
sequence quantities present to operate the VTS function. However, under such
circumstances, a collapse of the three phase voltages will occur. If this is detected
without a corresponding change in any of the phase current signals (which would be
indicative of a fault), a VTS condition will be raised. In practice, the relay detects the
presence of superimposed current signals, which are changes in the current applied to
the relay. These signals are generated by comparison of the present value of the current
with that exactly one cycle previously. Under normal load conditions, the value of
superimposed current should therefore be zero. Under a fault condition a superimposed
current signal will be generated which will prevent operation of the VTS.

The phase voltage level detectors are fixed and will drop off at 10V (40V on 380/440V
relays) and pickup at 30V (120V on 380/440V relays).

The sensitivity of the superimposed current elements is fixed at 0.1 In.

Absence of Three Phase Voltages upon Line Energization

If a VT were inadvertently left isolated prior to line energization, incorrect operation of
voltage dependent elements could result. The previous VTS element detected 3-phase
VT failure by absence of all 3-phase voltages with no corresponding change in current.
On line energization there will, however, be a change in current (as a result of load or line
charging current for example). An alternative method of detecting 3-phase VT failure is
therefore required on-line energization.

The absence of measured voltage on all three-phases on line energization can be due to:
. A three-phase VT failure
. A close-up 3-phase fault

The first condition would require blocking of the voltage dependent function and the
second would require tripping.

To differentiate between these two conditions an overcurrent level detector (VTS 1>
Inhibit) is used which will prevent a VTS block from being issued if it operates. This
element should be set in excess of any non-fault based currents on line energization
(load, line charging current, transformer inrush current if applicable) but below the level of
current produced by a close-up 3-phase fault. If the line is now closed where a 3-phase
VT failure is present the overcurrent detector will not operate and a VTS block will be
applied. Closing onto a 3-phase fault will result in operation of the overcurrent detector
and prevent a VTS block being applied.

This logic will only be enabled during a live line condition (as indicated by the relays pole
dead logic) to prevent operation under dead system conditions, where no voltage will be
present and the VTS I> Inhibit overcurrent element will not be picked up.
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Required to drive the VTS logic are a number of dedicated level detectors as follows:

IA>, IB>, IC>, these level detectors operate in less than 20 ms and their settings
should be greater than load current. This setting is specified as the VTS current
threshold. These level detectors pick-up at 100% of setting and drop-off at 95% of
setting.

12>, this level detector operates on negative sequence current and has a user
setting. This level detector picks-up at 100% of setting and drops-off at 95% of
setting.

AlIA>, AIB>, AIC>, these level detectors operate on superimposed phase currents
and have a fixed setting of 10% of nominal. These level detectors are subject to a
count strategy such that 0.5 cycle of operate decisions must have occurred before
operation.

VA>, VB>, VC>, these level detectors operate on phase voltages and have a fixed
setting, Pick-up level = 30 V (Vn = 100/120 V), 120V (Vn = 380/480 V), Drop Off
level = 10V (Vn = 100/120 V), 40V (Vn = 380/480 V).

VAB>, VBC>, these level detectors operate on phase-phase voltages and have a
fixed setting, Pick-up level =95 V (Vn = 100/120 V), Drop Off level = 70V (Vn =
100/120 V).

V2>, this level detector operates on negative sequence voltage, it has a fixed
setting of 10V/40 V depending on VT rating (100/120 or 380/480) with pick-up at
100% of setting and drop-off at 95% of setting.
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Figure 59 - VTS logic - P642
3431 Inputs
Signal name Description
IA>, IB>, IC> Phase current levels (Fourier magnitudes)
12> 12 level (Fourier magnitude).
AlA, AIB, AIC Phase current samples (current and one cycle previous)
VA>, VB>, VC> Phase voltage signals (Fourier magnitudes)
V2> Negative sequence voltage (Fourier magnitude)

ALL POLE DEAD (DDB
1772)

Breaker is open for all phases (driven from auxiliary contact or pole
dead logic).

VTS_MANRESET

A VTS reset performed via front panel or remotely.

VTS_AUTORESET

A setting to allow the VTS to automatically reset after this delay.

MCB/VTS OPTO (DDB 874)

To remotely initiate the VTS blocking using an opto

Any Voltage Dependent
Function (DDB 1739)

Output from any function that uses the system voltage, if any of
these functions operate before a VTS is detected; the VTS is
blocked from operation. The outputs include starts and trips. Itis a
hidden DDB not available for customer use.

Accelerate Ind (DDB 1738)

Signal from a fast tripping voltage dependent function used to
accelerate indications when the indicate only option is selected. It is
a hidden DDB not available for customer use.

Any Pole Dead (DDB 1773)

Breaker is open on one or more than one phases (driven from
auxiliary contact or pole dead logic)

tVTS

The VTS timer setting for latched operation

Table 25 - Inputs
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3.4.3.2

3.4.4

Outputs

Signal name Description
VTS Fast Block (DDB1 800) Used to block voltage dependent functions
VTS Slow Block (DDB 1801) Used to block the Any Pole dead signal

Table 26 - Outputs

Operation
The relay may respond as follows to an operation of any VTS element:
o VTS set to provide alarm indication only (DDB 477 VT Fail Alarm);

) Optional blocking of voltage dependent protection elements (DDB 1800 VTS Fast
Block, DDB 1801 VTS Slow Block);

o Optional conversion of directional overcurrent directional earth fault and directional
NPS overcurrent elements to non-directional protection (available when set to
blocking mode only). These settings are found in the function links cell of the
relevant protection element columns in the menu.

Time delayed protection elements (Directional NPS Overcurrent) are blocked after the

VTS Time Delay on operation of the VTS Slow Block. Fast operating protection elements

(Directional overcurrent, Neutral Voltage Displacement, Undervoltage) are blocked on

operation of the VTS Fast Block.

Note The neutral voltage displacement protection is only blocked by VTS if the
neutral voltage input is set to Derived and not Measured.

Other protections can be selectively blocked by customizing the PSL, integrating DDB
1800 VTS Fast Block and DDB 1801 VTS Slow Block with the protection function logic.
The VTS I> Inhibit or VTS I12> Inhibit elements are used to override a VTS block in event
of a fault occurring on the system which could trigger the VTS logic. Once the VTS block
has been established, however, then it would be undesirable for subsequent system
faults to override the block. The VTS block will therefore be latched after a user settable
time delay VTS Time Delay. Once the signal has latched then two methods of resetting
are available. The first is manually using the front panel interface (or remote
communications) provided the VTS condition has been removed and secondly, when in
‘Auto’ mode, by the restoration of the three-phase voltages above the phase level
detector settings mentioned previously.

A VTS indication will be given after the VTS Time Delay has expired. In the case where
the VTS is set to indicate only the relay may potentially mal-operate, depending on which
protection elements are enabled. In this case the VTS indication will be given before the
VTS time delay expires if a trip signal is given.

Where a Miniature Circuit Breaker (MCB) is used to protect the voltage transformer ac
output circuits, it is common to use MCB auxiliary contacts to indicate a 3-phase output
disconnection. As previously described, it is possible for the VTS logic to operate
correctly without this input. However, this facility has been provided for compatibility with
various utilities current practices. Energizing an opto-isolated input assigned to DDB 362
MCB/VTS or MCB Open on the relay will therefore provide the necessary block.

Where directional overcurrent elements are converted to non-directional protection on
VTS operation, it must be ensured that the current pick-up setting of these elements is
higher than full load current.
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3.5 Pole Dead Logic

The pole dead logic in the P642 requires two single-phase VT inputs. It requires the three
phase VT input in the P643 and P645. VAB and VBC are considered in P642 and in
P643/P645 VAN, VBN and VCN are considered.

The pole dead logic is only available for the winding where the three-phase VT or two
single phase VTs are located. This logic is used by the relay to determine when the circuit
breaker poles are open (“pole dead”). This indication may be forced, using status
indication from CB auxiliary contacts (52a or 52b), or internally determined by the relay.
52b contacts need to be inverted in the PSL because only the CB closed DDB signal is
available for each breaker.

The relay will also initiate a pole dead condition if the following conditions are asserted:
. 3PH_CB_OPEN signal low

. Slow Block VTS signal low

. The line current and voltage fall below a preset threshold

This is necessary so that a pole dead indication is still given even when an upstream
breaker is opened. The undervoltage (V<) and undercurrent (I<) thresholds have the
following, fixed, pick-up and drop-off levels:

. VA<, VB<, VC<, these level detectors operate on phase voltages and have a fixed
setting, Pick-up level =10 V (Vn = 100/120 V), 40V (Vn = 380/480 V), Drop Off
level = 30V (Vn =100/120 V), 120V (Vn = 380/480 V).

. VAB<, VBCx<, these level detectors operate on phase-phase voltages and have a
fixed setting, Pick-up level = 70 V (Vn = 100/120 V), Drop Off level = 95V (Vn =
100/120 V).

. IA<, IB<, IC<, these level operate on phase currents and have a fixed setting, Pick-

up level = 0.05 In, Drop Off level = 0.055 In.

Note If the VT is connected at the busbar side, auxiliary contacts (52a or 52b)
must be connected to the relay for a correct pole dead indication. The logic
diagrams below show the details:
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Slow Block VTS
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| Mag_VAB <UnderVoltagePickUp

Pole dead A

_ (DDB1775
— Delay Counter N
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N1 Any pole dead
(DDB1773)

| Mag_VCA <UnderVoltagePickUp

Mag_IB <UnderCurrentPickUp

&

Mag_VAB <UnderVoltagePickUp

Mag_VBC <UnderVoltagePickUp

Mag_IC <UnderCurrentPickUp I— &

Mag_VCB <UnderVoltagePickUp
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|
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Delay Counter
1
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Mag_VCA <UnderVoltagePickUp

Mag_IA=MAG_IAHV
Mag_IB = MAG_IBHV
HV Mag_IC=MAG_ ICHV
3PH_CB_ Open= CBHV_OPEN

CBHVOPEN= ~DDB_CB1_AUX 3PH_CLOSED
Mag 1A= MAG ALY CBLV_OPEN= ~DDB_CB2_AUX 3PH_CLOSED

Mag_IB=MAG_IBLV

LV Mag_IC =MAG_ICLV

3 _PH_CB_ Open=
CBLV_OPEN P4287END

Figure 60 - P642 Pole dead logic
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ij} Note When no auxiliary contacts are available, the 3PH_CB_OPEN signal

Slow Block VTS
3PH_CB_Open

L] 1H Pole Dead A
Mag_IA <UnderCurrentPickUp M & i{L0|unFer N (DDB 1774) &H A(Il!_):;oBlel7D7eZa)d
Mag_VA <UnderVoltagePickUp —
] 1 Pole Dead B

| Mag_IB <UnderCurrentPickUp

Any Pole Dead

] Pole Dead C 1 “(oos1773)

L
| Mag_IC <UnderCurrentPickUp |— & Delay Counter 1 (DDB 1776) L |

| Mag_VC <UnderVoltagePickUp

| Mag_VB <UnderVoltagePickUp

Mag_IA = MAG_IAHV

HV Mag_IB = MAG_IBHV
Mag_IC = MAG_ICHV

3PH_CB_Open = CBHV_OPEN

LV Mag_IA = MAG_IALV
Mag_IB = MAG_IBLV
VT Connect to Mag_IC = MAG_ICLV

3_PH_CB_Open = CBLV_OPEN

Mag_IA = MAG_IATV

TV Mag_IB = MAG_IBTV
Mag_IC = MAG_ICTV

3_PH_CB_Open = CBTV_OPEN

==001)(==00001) CBHV_OPEN=(~DDB_CB1_AUX_3PH_CLOSED)
g (==011)(==00011) CBHV_OPEN=(~DDB_CB1_AUX_3PH_CLOSED) &&(~ DDB_CB2_AUX_3PH_CLOSED)
==100) CBLV_OPEN=(~DDB_CB3_AUX_3PH_CLOSED)

==110) CBLV_OPEN=(~DDB_CB3_AUX_3PH_CLOSED) && (~DDB_CB2_AUX_3PH_CLOSED)
g (==10000) CBLV_OPEN=(~DDB_CB5_AUX_3PH_CLOSED)

(==11000) CBLV_OPEN=(~DDB_CB5_AUX_3PH_CLOSED) &&(~ DDB_CB4_AUX_3PH_CLOSED)

==010)  CBTV_OPEN=(~ DDB_CB2_AUX_3PH_CLOSED)
$ (==00100) CBLV_OPEN=(~ DDB_CB3_AUX_3PH_CLOSED)
J (==00110) CBTV_OPEN=(~DDB_CB3_AUX_3PH_CLOSED) && (~DDB_CB2_AUX_3PH_CLOSED)

(==01100) CBTV_OPEN=(~DDB_CB4_AUX_3PH_CLOSED) && (~DDB_CB3_AUX_3PH_CLOSED) P4287ENa

Figure 61 - P643/P645 Pole dead logic

If one or more poles are dead, the relay will indicate which phase is dead and will also
assert the ANY POLE DEAD DDB signal (DDB 1773). If all phases were dead the ANY
POLE DEAD signal would be accompanied by the ALL POLE DEAD DDB signal (DDB
1772).

If the VT fails a signal is taken from the VTS logic (DDB 1801 - Slow Block) to block the
pole dead indications that would be generated by the undervoltage and undercurrent
thresholds. However, the VTS logic will not block the pole dead indications if they are
initiated by a CB Open signal.

must be forced low to avoid a wrong indication of a pole dead condition.
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The 3PH_CB_Open signal is the output of an AND gate. The inputs of this AND gate are
the statuses of the breakers associated with the winding where the pole dead logic is
available. When no auxiliary contacts are available, the 3PH_CB_Open signal shown in
the pole dead logic diagram must be forced low, so that valid all pole dead (DDB 1772)
and any pole dead (DDB 1773) conditions are given. In the programmable scheme logic,
the relay only has CB closed signals (DDBs 719, 721, 723, 725, 727). If there are no
auxiliary breaker contacts, the CB closed signals should be forced high, so that the
3PH_CB_Open signal is low. If the 3PH_CB_Open signal is low, and the VTS Slow Block
(DDB 1801) is also low, the relay checks on the currents and voltages to detect an all
pole or any pole dead condition.

The following diagram shows a way of forcing the CB closed signals high when there are
no auxiliary contacts.

It is important to notice that in the absence of auxiliary breaker contacts, the CB close
signals should be forced high. If not, the logic will assert the “all pole dead” and “any pole
dead” signals when the winding may still be energized.
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DDB #7125 '<:||
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DDB #074
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LD
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DDB #7157 '<:||
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Figure 62 - P643/P645 Pole dead logic - CB closed signals

3.6 User Alarms
Thirty two user alarms are available, the first 16 are self-reset and the next 16 are manual
reset. The user alarm labels can be set in the setting file and these labels are displayed in
the PSL file as well.

3.7 Changing Setting Groups

The setting groups can be changed using 2 DDB signals or by a menu selection or by
using the hotkey menu. In the Configuration column if Setting Group - select via PSL
is selected, DDBs 885 (SG Select 1x) and 884 (SG Select x1), which are dedicated for
setting group selection, can be used to select the setting group as shown in the table
below. These DDB signals can be connected to opto inputs for local selection or control
inputs for remote selection of the setting groups. If Setting Group - select via menu is
selected, in the Configuration column the Active Settings - Group1/2/3/4 can be used
to select the setting group. The setting group can be changed using the hotkey menu
providing that Setting Group - select via menu is chosen.
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SG select 1x SG select x1 Selected setting group

| O~ |O
|l |O|O
ArITWIN|(PFP

Table 27 - Setting Group select

Note Setting groups comprise both Settings and Programmable Scheme Logic
(PSL). Each is independent per group - not shared as common. The
settings are generated in the Settings and Records application in MiCOM
S1 Studio, or can be applied directly from the relay front panel menu. The
PSL can only be set using the PSL Editor application in MiCOM S1 Studio,
generating files with extension ".psl".

Warning It is essential that where the installation needs
A application-specific PSL that the appropriate .psl file is
downloaded (sent) to the relay, for each and every
setting group that will be used. If the user fails to
download the required .psl file to any setting group that
may be brought into service, then factory default PSL
will still be resident. THIS MAY HAVE SEVERE
OPERATIONAL AND SAFETY CONSEQUENCES.

3.8 Control Inputs

The control inputs function as software switches that can be set or reset either locally or
remotely. These inputs can be used to trigger any function that they are connected to as
part of the PSL. There are three setting columns associated with the control inputs that
are: “CONTROL INPUTS”, “CTRL. I/P CONFIG.” and “CTRL. I/P LABELS”. The function
of these columns is described below:

Menu Text Default Setting Setting Range Step Size
CONTROL INPUTS
Ctrl I/P Status 00000000000000000000000000000000
Control Input 1 No Operation No Operation, Set, Reset
Control Input 2 to 32 No Operation No Operation, Set, Reset

Table 28 - Control inputs

The Control Input commands can be found in the ‘Control Input’ menu. In the ‘Ctrl. I/P
status’ menu cell there is a 32 bit word which represent the 32 control input commands.
The status of the 32 control inputs can be read from this 32-bit word. The 32 control
inputs can also be set and reset from this cell by setting a 1 to set or O to reset a
particular control input. Alternatively, each of the 32 Control Inputs can be set and reset
using the individual menu setting cells ‘Control Input 1, 2, 3’ etc. The Control Inputs are
available through the relay menu as described above and also via the rear
communications.

In the programmable scheme logic editor 32 Control Input signals, DDB 1824 - 1855,
which can be set to a logic 1 or On state, as described above, are available to perform
control functions defined by the user.

The status of the Control Inputs configured as latched is stored in flash memory.
Therefore, in the event that the auxiliary supply is interrupted, the status of the control
inputs is recorded even if the battery is missing or discharged. Once the auxiliary supply
is restored, the control input is set to the same status as before the auxiliary supplied
failed.
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Menu Text Default Setting Setting Range Step Size
CTRL. I/P CONFIG.
Hotkey Enabled 1111111121212121111111111212121111111
Control Input 1 Latched Latched, Pulsed

SET/RESET, IN/OUT,

Ctrl Command 1 SET/RESET ENABLED/DISABLED, ON/OFF

Control Input 2 to 32 Latched Latched, Pulsed

SET/RESET, IN/OUT,

Ctrl Command 2 to 32 SET/RESET ENABLED/DISABLED, ON/OFF
Menu Text Default Setting Setting Range Step Size
CTRL. I/P LABELS
Control Input 1 Control Input 1 16 character text
Control Input 2 to 32 Control Input 2 to 32 | 16 character text
Table 29 - Ctrl I/P Config
Menu Text Default Setting Setting Range Step Size
CTRL. I/P LABELS
Control Input 1 Control Input 1 16 character text
Control Input 2 to 32 Control Input 2to 32 | 16 character text

Table 30 - Ctrl I/P labels

The CTRL. I/P CONFIG. column has several functions one of which allows the user to
configure the control inputs as either latched or pulsed. A latched control input will
remain in the set state until a reset command is given, either by the menu or the serial
communications. A pulsed control input, however, will remain energized for 10ms after
the set command is given and will then reset automatically (i.e. no reset command
required).

In addition to the latched/pulsed option this column also allows the control inputs to be
individually assigned to the Hotkey menu by setting 1 in the appropriate bit in the Hotkey
Enabled cell. The hotkey menu allows the control inputs to be set, reset or pulsed without
the need to enter the CONTROL INPUTS column. The Ctrl. Command cell also allows
the SET/RESET text, displayed in the hotkey menu, to be changed to something more
suitable for the application of an individual control input, such as ON/OFF, IN/OUT etc.
The CTRL. I/P LABELS column makes it possible to change the text associated with
each individual control input. This text will be displayed when a control input is accessed
by the hotkey menu, or it can be displayed in the PSL.
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3.9 PSL DATA Column

The relay contains a PSL DATA column that can be used to track PSL modifications. A
total of 12 cells are contained in the PSL DATA column, 3 for each setting group. The
function for each cell is shown below:

Grp PSL Ref When downloading a PSL to the relay, the user will be prompted to
enter which groups the PSL is for and a reference ID. The first 32
characters of the reference ID will be displayed in this cell.

The © and §) keys can be used to scroll through 32 characters as
only 16 can be displayed at any one time.

18 Nov 2002 This cell displays the date and time when the PSL was down loaded
08:59:32.047 to the relay.
Grp 1 PSLID - This is a unigue number for the PSL that has been entered. Any
2062813232 change in the PSL will result in a different number being displayed.
Note The above cells are repeated for each setting group.
3.10 Auto Reset of Trip LED Indication

The trip LED can be reset when the flags for the last fault are displayed. The flags are
displayed automatically after a trip occurs, or can be selected in the fault record menu.
The reset of trip LED and the fault records is performed by pressing the © key once the
fault record has been read.

Setting Sys Fn Links in the SYSTEM DATA Column to logic 1 sets the trip LED to
automatic reset. Resetting will occur when the circuit is reclosed and the Any Pole Dead
signal (DDB 1773) has been reset for three seconds. Resetting, however, will be
prevented if the Any start signal is active after the breaker closes.

Tr3Ph (Any Trip) S
Reset (Command) J_ R Q Trip LED
Reset (Logic Input) 1
SETTING: —| Enable |
SELF RESET 3s
e H

Any Pole Dead

Any Start P2129ENa

Figure 63 - Trip LED logic diagram
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3.11 Reset of Programmable LEDs and Output Contacts
The programmable LEDs and output contacts can be set to be latched in the
programmable scheme logic. If there is a fault record then clearing the fault record by
pressing the © key once the fault record has been read will clear any latched LEDs and
output contacts. If there is no fault record, then as long as the initiating signal to the LED
or output contact is reset the LEDs and contacts can be reset by one of these methods.
o Using the View Records - Reset Indications menu command cell
o Using DDB 876 Reset Relays/LED which can be mapped to an Opto Input or a

Control Input for example
3.12 Real Time Clock Synchronization via Opto-Inputs

In modern protective schemes it is often desirable to synchronize the relays real time
clock so that events from different relays can be placed in chronological order. This can
be done using the IRIG-B input, if fitted, or via the communication interface connected to
the substation control system. In addition to these methods the P64x range offers the
facility to synchronize using an opto-input by routing it in PSL to DDB 881 (Time Sync.).
Pulsing this input will result in the real-time clock snapping to the nearest minute if the
pulse input is £3 s of the relay clock time. If the real-time clock is within 3 s of the pulse
the relay clock will crawl (the clock will slow down or get faster over a short period) to the
correct time. The recommended pulse duration is 20 ms to be repeated no more than
once per minute. An example of the time sync. function is shown below:

Time of “Sync. Pulse” Corrected time
19:47:00 to 19:47:29 19:47:00 This assumes a time format of hh:mm:ss
19:47:30 to 19:47:59 19:48:00

Note The above assumes a time format of hh:mm:ss

Table 31 - Time Sync function

To avoid the event buffer from being filled with unnecessary time sync. events, it is
possible to ignore any event that generated by the time sync. opto input. This can be
done by applying the following settings:

Menu text Value
RECORD CONTROL
Opto Input Event Enabled
Protection Event Enabled
DDB 064 - 079 (Opto Inputs) Set “Time Sync.” associated opto to 0

Table 32 - Record control

To improve the recognition time of the time sync. opto input by approximately 10 ms, the
opto input filtering could be disabled. This is achieved by setting the appropriate bit to 0 in
the Opto Filter Cntl cell in the OPTO CONFIG column.

Disabling the filtering may make the opto input more susceptible to induced noise.

Fortunately the effects of induced noise can be minimized by using the methods
described in the Product Design chapter.
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3.13

Function Keys

The relay offers users 10 function keys for programming any operator control functionality
via PSL. Each function key has an associated programmable 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 can be found in the ‘Function Keys’ menu
(see the Settings chapter). In the ‘Fn. Key Status’ menu cell there is a 10-bit word which
represent the 10 function key commands and their status can be read from this 10-bit
word.

In the programmable scheme logic editor 10 function key signals, which can be set to a
logic 1 or On state, as described above, are available to perform control functions defined
by the user.

The “Function Keys” column has ‘Fn. Key n Mode’ cell which allows the user to configure
the function key as either ‘Toggled’ or ‘Normal’. In the ‘Toggle’ mode the function key
DDB signal output will remain 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 will remain energized for as long as the function key is pressed and will then
reset automatically.

A minimum pulse duration can be programmed for a function key by adding a minimum
pulse timer to the function key DDB output signal.

The “Fn. Key n Status” cell is used to enable/unlock or disable the function key signals in
PSL. The ‘Lock’ setting has been specifically provided to allow the locking of a function
key thus preventing further activation of the key on consequent key presses. This allows
function keys that are set to ‘Toggled’ mode and their DDB signal active ‘high’, to be
locked in their active state thus preventing any further key presses from deactivating the
associated function. Locking a function key that is set to the “Normal” mode causes the
associated DDB signals to be permanently off. This safety feature prevents any
inadvertent function key presses from activating or deactivating critical relay functions.

The “Fn. Key Labels” cell makes it possible to change the text associated with each
individual function key. This text will be displayed when a function key is accessed in the
function key menu, or it can be displayed in the PSL.

The status of the function keys is stored in battery backed memory. In the event that the
auxiliary supply is interrupted the status of all the function keys will be recorded.
Following the restoration of the auxiliary supply the status of the function keys, prior to
supply failure, will be reinstated. If the battery is missing or flat the function key DDB
signals will set to logic 0 once the auxiliary supply is restored.

Note The relay will only recognize a single function key press at a time and that a
minimum key press duration of approximately 200msec. is required before
the key press is recognized in PSL. This deglitching feature avoids
accidental double presses.
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1 INTRODUCTION
1.1 Transformer Protection
1.1.1 Introduction

The development of modern power systems has been reflected in the advances in
transformer design. This has resulted in a wide range of transformers with power rating
from a few kVA to several hundred MVA being available for use in a wide variety of
applications.

The considerations for transformer protection vary with the application and importance of
the transformer. To reduce the effects of thermal stress and electrodynamic forces, the
overall protection should minimize the time that a fault is present within a transformer.

On smaller distribution transformers, effective and economically justifiable protection can
be achieved by using either fuse protection or IDMT/instantaneous overcurrent relays.
Due to the requirements of co-ordination with the downstream power system protection,
this results in time-delayed fault clearance for some low-level faults. Time delayed
clearance of major faults is unacceptable on larger distribution, transmission and
generator transformers, where the effects on system operation and stability must be
considered. High speed protection is desirable for all faults.

Transformer faults are generally classified into these categories:

. Winding and terminal faults

. Core faults

. Abnormal operating conditions such as overvoltage, overfluxing and overload
o Sustained or uncleared external faults

All of the above conditions must be considered individually and the transformer protection
designed accordingly.

To provide effective protection for faults within a transformer and security for normal
operation and external faults, the design and application of transformer protection must
consider factors such as:

. Magnetizing inrush current

Winding arrangements

Winding connections

o Connection of protection secondary circuits

The way that the protection of larger transformers is typically achieved is best illustrated
by examining the protective devices associated with common applications.
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1.1.2

Transformer Connections

There are several possible transformer connections but the more common connections
are divided into the main groups shown in the following table:

Group Phase displacement Transformer connections
Group 1 0° Phase displacement Yy0 or Dz0 or DdO
Group 2 180° Phase displacement Yy6 or Dd6 or Dz6
Group 3 30° lag Phase displacement Dyl or Yz1 or Yd1
Group 4 30° lead Phase displacement Yd11 or Dy1l or Yz11

Table 1 - Four main transformer connection groups

High voltage windings use capital letters and low voltage windings by lower-case letters
(reference to high and low is relative). The numbers refer to positions on a clock face and
indicate the phase displacement of the low voltage phase to neutral vector with respect to
the high voltage phase to neutral vector. For example, Yd1 indicates that the low voltage
phase vectors lag the high voltage phase vectors by 30° (-30° phase shift).

Determining transformer connections is best shown with a particular example. These
points should be noted:

) The line connections are normally made to the end of the winding which carries the
subscript 2, such as: Az, Bz, Cz and az, bz, c2.
o The line terminal designation (both letter and subscript) are the same as those of

the phase winding to which the line terminal is connected.

Consider the Yd1 connection. The transformer windings shown in the following diagram
should be connected in Yd1 configuration.

High Low

Voltag(\ / Voltage

A Phase
Windings

B Phase
Windings

C Phase
Windings

2R ) R
c2 c1 cl c2 P4288ENa

Figure 1 - Transformer windings to be connected in Yd1 configuration
Follow these steps to connect the transformer windings:

1. Draw the primary and secondary phase to neutral vectors showing the required
phase displacement.

"\ I ‘\
A | a
I 30
|
C
¢ B b P4289ENa

Figure 2 - Phase-neutral voltage vectors
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1. Complete the delta winding connection on the secondary side and indicate the
respective vector directions. Magnetically coupled windings are drawn in parallel,
winding “A” in the star side is parallel to winding “a” in the delta side. The same
applies for the other two phases.

A;\ \
cl
A a2
c2
Cl] Al
B1 bl
C2 B2
al
b2 P4290ENa

Figure 3 - Draw the delta

1. It is now possible to indicate the winding subscript numbers bearing in mind that if
the direction of induced voltage in the high voltage winding at a given instant is
from Al to A2 (or vice versa) then the direction of the induced voltage in the low
voltage winding at the same instant will also be from al to a2.

1. The delta connection should be made by connecting a2 to c1, b2 to al and c2 to

bl:
v?&%';.\ "/véﬁ’awge
R [/1]] [/ .
— = & e
_ Wndnge 1//]] [//]]
é | — punl
| 82 B1 b 2

s | I T ITIT]

— —$
C: C1 C.

C

c2

- P4291ENa

Figure 4 - Yd1 transformer configuration
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Overview of Existing Practices

The “Typical transformer protection package” diagram shows typical protection functions
for a sub-transmission or large distribution transformer.

VOO

A

D,
D

NCE.
HE

ICT

3¢

Winding temp'
Buchholz

Oil temp'

REF

Biased diff'
Standby E/F

Inst' earth fault
IDMT overcurrent

5IN
50N

51
24

Figure 5 - Typical transformer protection package

High speed protection is provided for faults on both the HV and LV windings by biased
differential protection (87). The relay operates on the basic differential principle that HV
and LV CT secondary currents entering and leaving the zone of protection can be
balanced under load and through fault conditions, whereas under internal fault conditions
balance will be lost and a differential current will cause the relay to trip. The zone of
protection is clearly defined by the CT locations and, as the protection is stable for
through faults, it can be set to operate without any intentional time delay.

The following figure shows the application of the P64x differential relay with software
vector group and amplitude matching. This provides phase and ratio correction of CT
signals in addition to filtering LV zero sequence current to prevent maloperation of the
differential element for external LV earth faults. Interposing CTs (ICTs) are no longer
required.

More sensitive high-speed earth fault protection for the LV winding is provided by
restricted earth fault protection (64). Due to the limitation of phase fault current on the HV
side for LV winding earth faults, and the fact that any unrestricted earth fault protection in
the transformer earth path requires a discriminative time delay, restricted earth fault
protection is widely applied.

Earth fault protection is provided on the HV winding by the inherently restricted earth fault
element associated with the HV overcurrent protection (50N). The delta winding of the
transformer draws no HV zero sequence current for LV earth faults and passes no zero
sequence current to upstream HV earth faults. Hence, there is no requirement to grade
this element with other earth fault protection and it can be set to operate without any
intentional time delay. For delta windings this is known as balanced earth fault protection.

Overfluxing relay

P1937ENa
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Sustained external LV faults are cleared by the IDMT overcurrent protection on the HV
winding (51) or by the standby earth fault protection (51N) in the transformer earth
connection. The extent of backup protection used will vary according to the transformer
installation and application.

The protection scheme may be further enhanced by the use of other protective devices
associated with the transformer, such as the Buchholz, pressure relief and winding
temperature devices. These devices can act as another main protective system for large
transformers. They may also provide clearance for some faults which might be difficult to
detect by protection devices operating from line current transformers, for example,
winding inter turn faults or core lamination faults. These devices are connected to directly
trip the breaker in addition to operating auxiliary relays for indication purposes.

@MJ\U@ i
I3

|
=

Standby E/F
IDMT overcurrent
Overfluxing relay

— N ICT
\64/ UAL WT = Winding temp’
— YYYY B = Buchholz
= OT = Oiltemp’
64 = REF
87 = Biased diff'

51N
) o
24

Figure 6 - Typical protection package for a transformer
The protection of a generator transformer is similar to that for any other large transformer.

High speed protection is provided for phase to phase faults by the provision of biased
differential protection. In addition, for large generators, the transformer is commonly
included within an overall second main differential arrangement, which incorporates the
generator and transformer within the overall zone of protection. Earth fault protection is
provided by a restricted earth fault element on the star winding.

Overfluxing protection is commonly applied to generator circuits to prevent generator or
transformer damage from prolonged overfluxing conditions.

Other protection devices will again complement the main relay protection.
Auto-transformers are commonly used to couple EHV and HV power networks if the ratio
of their voltages is moderate. The protection arrangements for an auto-transformer are
similar in most respects to the protection of a two-winding transformer. Protection of all
windings can be offered by a biased differential relay such as the P64x.

P1938ENa
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1.2

121

Protection Relay

The P64x relay has been designed to bring the latest numerical technology to the
protection of power transformers. The increased functionality of numerical relays allows
enhanced protection functions to be offered for a wide variety of applications, which,
when combined with a host of non-protective features, can provide power system control
and monitoring requirements.

Protection Functions
The main protection functions offered by the P64x are listed below:

o Biased differential protection (87)

) Restricted earth fault protection for individual transformer windings (64)

o Directional/non-directional instantaneous/time delayed phase overcurrent
protection (50/51)

) Derived/measured, directional/non-directional, instantaneous/time delayed earth
fault protection (50N/51N)

o Directional/non-directional, instantaneous/time delayed negative phase sequence
overcurrent protection (46)

) Thermal overload protection (49)

o Under/overvoltage and residual overvoltage protection (27/59/59N)

o Under/overfrequency protection (81)

o Overfluxing protection (24)

o Stub bus/Winding overcurrent. It is only available in P643/P645.
o Breaker failure

o Opto-isolated inputs and programmable logic for alarm/trip indication of external
devices
Note Directional overcurrent elements, under/overvoltage and residual

overvoltage elements are available on request of the three-phase VT input.

The biased differential element has a triple slope bias characteristic to ensure sensitivity,
with load current, to internal faults and stability under heavy through-fault conditions.

The differential element can be blocked for magnetizing inrush conditions, based on the
ratio of second harmonic to fundamental current. Also the differential element can be
blocked during transient overfluxing conditions, based on the ratio of fifth harmonic to
fundamental current. Fast operating times for heavy internal faults can be achieved using
the unrestrained instantaneous differential high set elements.

Restricted earth fault protection, based on the low/high impedance principle, is available
for up to three transformer windings to offer increased sensitivity to low-level winding
earth faults.

Three four-stage overcurrent protection elements are provided for each transformer
winding. Three four-stage earth fault protection elements are provided based on the
neutral current of every winding. Hence, each winding has its dedicated earth fault
protection elements. The user can select between measured neutral current and derived
neutral current. Three four-stage negative phase sequence overcurrent protection
elements are provided for each transformer winding.

Thermal overload protection can be used to prevent equipment from operating at
temperatures in excess of the designed maximum withstand. Prolonged overloading
causes excessive heating, which may result in premature ageing of the insulation, or in
extreme cases, insulation failure. The thermal overload protection is based on IEEE
Standard C57.91-1995. The trip command is based on either the hot spot temperature or
the top oil temperature, each one with three time-delayed stages.
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Transformer loads are becoming increasingly non-linear, causing increased current
harmonics. Since increased harmonics content raise the winding temperature, the relay
incorporates a current based thermal replica, using rms load current to model heating and
cooling of the protected transformer. The element can be set with both alarm and trip
stages.

The V/f overfluxing element provides protection against transformer damage which may
result from prolonged operation at increased voltages or decreased frequency, or both.
Independent alarm and trip characteristics are provided to enable corrective action to be
undertaken before tripping is initiated.

Stub bus protection is used in a one and a half breaker scheme. When the disconnector
associated to a winding is open, the differential, REF, breaker failure and differential CTS
elements related to the open winding are affected. The output of the stub bus detection
logic can be used to change the trip logic and to trigger an indication if necessary.

It is common practice to install Circuit Breaker Failure (CBF) protection to monitor that the
circuit breaker has opened within a reasonable time after the main protection has tripped.
If the fault current has not been interrupted following a set time delay from circuit breaker
trip initiation, CBF protection will operate. CBF operation can be used to backtrip
upstream circuit breakers to ensure that the fault is isolated correctly. CBF operation can
also reset all start output contacts, ensuring that any blocks asserted on upstream
protection are removed.

Use of the opto-inputs as trip repeat and alarm paths for other transformer protection
devices, (Buchholz, Oil pressure, winding temperature) allows operation of these devices
to be event-logged. Interrogation of the relay fault, event and disturbance records offers
an overall picture of an event or fault, of the transformer protection performance and
sequences of operation.

All models of the P64x are 3-phase units with internal phase compensation, CT ratio
correction and zero sequence filtering, eliminating the need for external interposing
transformers. Up to five biased inputs can be provided to cater for power transformers
with more than two windings or more than one set of CTs associated with each winding,
such as in mesh or one-and-a-half circuit breaker substation arrangements.

The variety of protective functions offered by the P64x makes it ideal not only for the
protection of power transformers but also for a variety of applications where biased
differential is commonly applied, these include:

o Overall generator/transformer protection
. Generators

. Reactors

3 Motors
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1.2.2 Non-Protection Features
In addition to providing all the common relaying requirements for a transformer protection
package, the P64x relay shares many common features with the other relays in the
MiCOM range.

The P64x offers this variety of additional features due to its digital design and
standardization of hardware. These features are listed below:

o Loss of life statistic

o Through-fault monitoring

) CT and VT supervision

o Pole dead. It is only available in P643/P645 on request of the 3-phase VT input

o Fault records (summary of reasons for tripping)

) Event records (summary of alarms and relay events)

) Disturbance records (record of analogue waveforms and operation of opto-inputs
and output relays)

) Date and time tagging of all records

o Setting aids

o Remote communications

o High level of continuous self monitoring and diagnostic information
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APPLICATION OF INDIVIDUAL PROTECTION FUNCTIONS

These sections detail the individual protection functions in addition to where and how they
may be applied. Worked examples show how the settings are applied to the relay.

2.1

211

Overall Differential Protection (87)

In applying the well established principles of differential protection to transformers, a
variety of considerations have to be taken into account. These include compensation for
any phase shift across the transformer, possible unbalance of signals from current
transformers either side of the windings and the effects of the variety of earthing
(grounding) and winding arrangements. In addition to these factors, which can be
compensated for by correct application of the relay, the effects of normal system
conditions on relay operation must also be considered. The differential element must be
blocked for system conditions which could result in maloperation of the relay, such as
high levels of magnetizing current during inrush conditions or during transient overfluxing.

In traditional transformer differential schemes, the requirements for phase and ratio
correction were met by the application of external interposing current transformers, as a
secondary replica of the main transformer winding arrangements, or by a delta
connection of main CTs (phase correction only). The P64x has settings to allow flexible
application of the protection to a wide variety of transformer configurations, or to other
devices where differential protection is required, without the need for external interposing
CTs or delta connection of secondary circuits.

Biased Elements

The P64x percentage bias calculation is performed 8 times per cycle. A triple slope
percentage bias characteristic is implemented. Both the flat and the lower slope provide
sensitivity for internal faults. Under normal operation steady state magnetizing current
and the use of tap changers result in unbalanced conditions and hence differential
current. To accommodate these conditions the initial slope, K1, may be set to 30%. This
ensures sensitivity to faults while allowing for mismatch when the power transformer is at
the limit of its tap range and CT ratio errors. At currents above rated, extra errors may be
gradually introduced as a result of CT saturation, Hence, the higher slope may be set to
80% to provide stability under through fault conditions, during which there may be
transient differential currents due to saturation effect of the CTs. The through fault
current, in all but ring bus or mesh fed transformers, is given by the inverse of the per unit
reactance of the transformer. For most transformers, the reactance varies between 0.05
to 0.2 pu, therefore typical through fault current is given by 5 to 20 In.

The number of biased differential inputs required for an application depends on the
transformer and its primary connections. It is recommended that, where possible, a set of
biased CT inputs is used for each set of current transformers. According to IEEE Std.
C37.110-2007 separate current inputs should be used for each power source to the
transformer. If the secondary windings of the current transformers from two or more supply
breakers are connected in parallel, under heavy through fault conditions, differential current
resulting from the different magnetizing characteristics of the current transformers flows in the
relay. This current only flows through one current input in the relay and can cause misoperation. If
each CT is connected to a separate current input, the total fault current in each breaker provides
restraint. It is only advisable to connect CT secondary windings in parallel when both circuits are
outgoing loads. In this condition, the maximum through fault level is restricted solely by the power
transformer impedance.
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Application of Individual Protection Functions

There are three basic models of the P64x relay:

o P642 Two biased differential inputs

o P643 Three biased differential inputs

o P645 Five biased differential inputs

Where a P643 or P645 is chosen, it can be programmed to provide 2 or 3 biased inputs.

The following table shows the variety of connections which can be catered for by the
range of P64x relays.

Configuration No. of CT sets Recommended relay

2 P642

Lv

HV
/@\ 3 P643
L Lv2

3 P643

3 P643

L
L
L

V1
HV
Lv
@
V1
@
HV

4or5 P645

HV
Lv2
HV
4o0r5 P645
LVv2
HV
4o0r5 P645
Lv2
LV

Table 2 - Applications of the P64x transformer differential protection relay
The P64x relay achieves stability for through faults in two ways, both of which are
essential for correct relay operation. The first is the correct sizing of the current
transformers; the second is by providing a relay bias characteristic as shown here:
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Idiff/iInom Transformer biased differential
characteristic

Is-HS2

Is-HS1
Operating
Is-CTS region
Is1
Is-cctfail

Is2 Ibias/Inom

P4266END

Figure 7 - P64x triple slope (flat, K1, K2) biased differential protection

The flat and lower slope, K1, provides sensitivity for internal faults. The higher slope, K2,
provides stability under through fault conditions, during which there may be transient
differential currents due to asymmetric CT saturation.

The differential and biased current calculations are done on a per phase basis after
amplitude, vector group matching and zero sequence filtering are performed. The
following equations are valid for uniformly defined current directions relative to the
protected equipment, such that the current directions of all windings are either towards
the protected object or away from it.

The differential current, lgir, and the bias current Ivias are defined by these expressions:

T o ] ] s « s
Idiff:|1+|2+|3+|4+|5 as= 2

bi

The differential current, lditr, is the vector sum of the phase currents measured at all ends
of the transformer. The mean bias current, lvias is the scalar mean of the magnitude of the
currents at all ends of the transformer.

To provide stability for external faults these measures are taken on the bias calculations:

. Delayed bias: the bias quantity is the maximum of the bias quantities calculated
within the last cycle. This is to maintain the bias level, providing stability during the
time when an external fault is cleared. This feature is implemented on a per phase
basis.

. Transient bias: an additional bias quantity is introduced into the bias calculation,
on a per phase basis, if there is a sudden increase in the mean-bias measurement.
This quantity will decay exponentially afterwards. The transient bias is reset to zero
once the relay has tripped or if the mean-bias quantity is below the Is1 setting. The
transient bias algorithm is executed 8 times per cycle.

. Maximum bias: the bias quantity used per phase for the percentage bias
characteristic is the maximum delayed bias current calculated from all three
phases.

Ibiasmax = Maximum [Iabias, Ibbias, chias]

For the P64x relays the restraining effect (bias current) never disappears when there is
an internal fault; the restraining effect is even reinforced. However, the restraining current
factor %2 means that the differential current la has twice the value of the restraining
current Ivias, SO that safe and reliable tripping is also guaranteed in the case of multi-end
infeed for internal faults.

As shown in the above “P64x triple slope (flat, K1, K2) biased differential protection®
diagram, the tripping characteristic of the differential protection has two knees. The first
knee is dependent on the setting of the basic threshold value Is1. The second knee of the
tripping characteristic is defined by the setting I1s2.
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The basic pick up level of the low set differential element, Is1, is dependant on the item of
the plant being protected and by the amount of differential current that might be seen
during normal operating conditions. A setting of 0.2 pu is generally recommended when
the P64x is used to protect a transformer. When protecting generators and other items of
the plant, where shunt magnetizing current is not present, a lower differential setting can
be used and 0.1 pu is more typical.

The flat section of the tripping curve represents the most sensitive region of the tripping
characteristic in the form of the settable basic threshold value Is1. The default setting of
0.2 pu considers the steady state magnetizing current of the transformer, which flows
even in a no-load condition and is generally less than 5% of the nominal transformer
current.

Characteristic equation:

. Is1
Ibias <KL

For
The flat and K1 slopes of the tripping curve cover the load current range, so that in these
sections we must account for not only the transformer steady state magnetizing current,
which appears as differential current, but also with differential currents that can be
attributed to the transformation errors of the current transformer sets and on load tap
changers.

If we calculate the worst case with IEC class 10P current transformers, the maximum
allowable amplitude error according to IEC 60044-1 is 3 % for nominal current. The
phase-angle error can be assumed to be 2° for nominal current. The maximum allowable
total error for nominal current is then obtained, in approximation, as

(0.03 + sin 2°) ~ 6.5 %. If the current is increased to the nominal accuracy limit current,
the total error for Class 10P current transformers can be 10 % maximum, as may be the
case under heavy fault conditions. Beyond the nominal accuracy limit current, the
transformation error can be of any magnitude.

The dependence of the total error of a current transformer on current is therefore non-
linear. In the operating current range (the current range below the nominal accuracy limit
current) we can expect a worst case total error of approximately 10 % per current
transformer set.

The first slope section of the tripping characteristic forms a straight line, the slope of
which should correspond to the cumulative total error of the participating current
transformer sets and on load tap changer. The curve slope, K1, can be set. The default
setting for K1 is 30%.

Characteristic equation:

For Idiff > Is1 Ibias < I1s2 Idiff >= K1 x Ibias

The second knee point, I1s2, is settable. It has a default setting of 1 pu and must be set in
accordance with the maximum possible operating current.

Restraining currents that go beyond the set knee point (Is2) are typically considered as
through fault currents. For through fault currents, the third section of the tripping
characteristic could therefore be given an infinitely large slope. However, a fault can
occur in the transformer differential protected zone, therefore a finite slope K2 is provided
for the third section of the tripping curve. The default setting for K2 is 80%.

Characteristic equation:
For Idiff >= Is2 Idiff >= K1 x 1s2 + K2 (Ibias — 1s2)
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2.1.2 Ratio Correction

To ensure correct operation of the differential element, it is important that under load and
through fault conditions the currents into the differential element of the relay balance. In
many cases, the HV and LV current transformer primary ratings will not exactly match the
transformer winding rated currents. Ratio correction factors are therefore provided. The
CT ratio correction factors are applied to ensure that the signals to the differential
algorithm are correct.

A reference power, identical for all windings, is defined in the St setting cell under the
SYSTEM CONFIG menu heading. For two-winding arrangements, the nominal power is
usually the reference power. For three-winding transformers, the nominal power of the
highest-power winding should be set as the reference power. The ratio correction factor
for each winding of the transformer is calculated by the relay on the basis of the set
reference power, the set primary nominal voltages of the transformer and the set primary
nominal currents of the current transformers.

Kamp,n = IprimCT,nom,n

Sprim,ref

/\/ 3VprimCT,nom,n

Where:

Kamp,n = amplitude matching factor for the respective CT input

lprimcT nom,n: Primary nominal current for the respective CT input

VprimcT,nom,n: NOMinal voltage for the respective CT input. Where on-load tap

changing is used, the nominal voltage chosen should be that for the mid tap

position.

Sprimref: COMmon primary reference value of S for all windings
Therefore, the only data needed for ratio correction or amplitude matching calculations
done by the relay are the nominal values read from the generator/transformer nameplate.
For the two-winding transformer shown in the “Ratio Correction or Amplitude Matching

Factor” diagram, the phase C amplitude matched currents of the HV and LV windings are
the same.

lamp,rv.c = Kampiv X lhvc

lamp,Lv.c = Kamp,ov X lve

Where:

lamp, Hv,c; HV side phase C amplitude matched current
Kamp,nv: HV side calculated ratio correction factor
Ihv.c: HV side phase C current magnitude

lamp, Lv,c; LV side phase C amplitude matched current
Kamp,Lv: LV side calculated ratio correction factor

Ivc: LV side phase C current magnitude
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Figure 8 - Ratio correction or amplitude matching factor

Matching factors are displayed by the relay in the Match Factor CT1, Match Factor CT2,
Match Factor CT3, Match Factor CT4 and Match Factor CT5 data cells under the
SYSTEM CONFIG menu heading. The relay derives amplitude matching factors
automatically so that all biased currents are compared on a like for like basis. The range
of the calculated matching factors is from 0.05 to 20.

Caution Amplitude matching factors above 20 are not
A recommended as the probability of tripping due to
electrical noise is very high.
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2.13

Vector Group Correction

To compensate for any phase shift between two windings of a transformer it is necessary
to provide vector group correction. This was traditionally provided by the appropriate
connection of physical interposing current transformers, as a replica of the main
transformer winding arrangements, or by a delta connection of main CTs. This matching
operation can be carried out regardless of the phase winding connections, since the
phase relationship is described unambiguously by the characteristic vector group
number.

Hence, vector group matching is performed by mathematical phasor operations on the
amplitude-matched phase currents of the low-voltage side as per the characteristic vector
group number. The vector group is the clock-face hour position of the LV A-phase
voltage, with respect to the A-phase HV voltage at 12-0’clock (zero) reference. Phase
correction is provided in the P64x using SYSTEM CONFIG then LV Vector Group for
phase shift between HV and LV windings and SYSTEM CONFIG then TV Vector Group
for phase shift between HV and TV windings. This is shown in the following diagram for
vector group characteristic number 5, where vector group Yd5 is used as the example:

Yd5
HV Winding LV Winding

B z S & b
C_-o c
T 13

4

IampC,LV - IampA,LV
- IampA, LV

IampA,H\A IampC,LV
1/\/3'(|ampc, [V Ie\mpA,LV)
IampB, LV
5-30°
|ampC,HV |ampB,HV
I ampA, LV P4293ENa

Figure 9 - Yd5 transformer example
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214

The angle of positive sequence primary current is used as a default; therefore no vector
correction is applied to the high voltage side.

As shown in the above Yd5 transformer example diagram, the positive sequence current
at the low voltage end is shifted by 150° clockwise for ABC (anti-clockwise) rotation.
Therefore, the relay setting, LV Vector Group, equal to “5” rotates back the current at the
low side for 150° in an anti-clockwise direction. This assures that the primary and
secondary currents are in phase for load and external fault conditions. The vector
correction also considers amplitude matching. If the vector group is any odd number, the

calculated current will be greater by \/§ ; therefore this current will be automatically

divided by \/5 . Hence, this effect does not need to be taken into account when CT
correction compensation is automatically calculated or set.

Setting the vector group matching function is very simple and does not require any
calculations. Only the characteristic vector group number needs to be setin LV Vector
Group and TV Vector Group.

HV Winding LV Winding
A

A o
]

B . B
]

c .. C
1 [ ]

0,1,23,4,56,7,8,9,100r 11

P4294ENa

Figure 10 - Vector group selection

Other nameplate designations may be used instead of the clock notation.
Common examples are:

Alternatives Equivalent standard LV group setting
Das/Y Das—Y Dyl 1
DaclY Dac-Y Dy11 11
YIY Yo- YO YyO0
YIY Yo-Y6 Yy6

Table 3 - Examples of nameplate designations

Zero Sequence Filter

In addition to mimicking the phase shift of the protected transformer, it is also necessary
to mimic the distribution of primary zero sequence current in the protection scheme. The
necessary filtering of zero sequence current has also been traditionally provided by
appropriate connection of interposing CTs or by delta connection of main CT secondary
windings. In the relay, the user does not need to decide which windings need zero
sequence filtering. The user just needs to set which windings are grounded using a Yn,
Zn or in zone-earthing transformer. The relay will adjust itself accordingly. In the
advanced setting mode, it is possible to override the self adaptive setting with the zero
sequence filtering enabled/disabled setting.
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Where a transformer winding can pass zero sequence current to an external earth fault, it
is essential that some form of zero sequence current filtering is used. This ensures that
out of zone earth faults will not cause the relay to maloperate.

An external earth fault on the star side of a Dyn11 transformer will result in zero
sequence current flowing in the current transformers associated with the star winding.
However, due to the effect of the delta winding, there will be no corresponding zero
sequence current in the current transformers associated with the delta winding.

To ensure stability of the protection, the LV zero sequence current must be eliminated
from the differential current. Traditionally this has been achieved by either delta
connected line CTs or by the inclusion of a delta winding in the connection of an
interposing current transformer.

In accordance with its definition, the zero-sequence current is determined as follows from
vector and amplitude matched phase currents:

> 1 > > >

IO - 3 ( IA,vectorﬁcomp + IB,vectoricomp + IC,vectcer:omp)

The current that is used in the differential equation is the filtered current per phase:

> > >
IA,filtered - IA,vector_comp - I0
> _ > >
IB,filtered - IB,vector_comp - I0

> -
IC,filtered = IC,vector_comp —_|:

Setting the zero-sequence current filtering function is very simple and does not require
any calculations. Zero-sequence current filtering should only be activated for those ends
where there is operational earthing (grounding) of a neutral point:

(a) HV Winding LV Winding

o o °| o
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| e &

C_ﬁm ' |O £ ¢
I
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filtering filtering Grounding
transformer
E/ E/ inside the

protected zone
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Figure 11 - Zero sequence current filtering

The following figure shows the current distribution for an AN fault on the delta side of a
Yd1 transformer with a grounding transformer inside the protected zone.
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Figure 12 - Current distribution for AN external fault on delta side of Yd1 transformer
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2.15

Magnetizing Inrush Stabilization

When a transformer is first energized, a transient magnetizing current flows, which may
reach instantaneous peaks of 8 to 30 times the full load current. The factors controlling
the duration and magnitude of the magnetizing inrush are:

. Size of the transformer bank

. Size of the power system

. Resistance in the power system from the source to the transformer bank
. Residual flux level

. Type of iron used for the core and its saturation level.

There are three conditions which can produce a magnetizing inrush effect:

. First energization

. Voltage recovery following external fault clearance

. Sympathetic inrush due to a parallel transformer being energized.

The following diagram shows under normal steady state conditions the flux in the core
changes from maximum negative value to maximum positive value during one half of the
voltage cycle, which is a change of 2.0 maximum.

\%
F
+Fm | m
W Steady

state

-Fpn

P4297ENa

Figure 13 - Steady state magnetizing inrush current

If the transformer is energized at a voltage zero when the flux would normally be at its
maximum negative value, the flux will rise to twice its normal value over the first half cycle
of voltage. To establish this flux, a high magnetizing inrush current is required. The first
peak of this current can be as high as 30 times the transformer rated current. This initial
rise could be further increased if there was any residual flux in the core at the moment the

transformer was energized.
Switch on
at voltage
zero — No

2Fm

residual
flux

P4298ENa

Figure 14 - Magnetizing inrush current during energization
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As the flux enters the highly saturated portion of the magnetizing characteristic, the
inductance falls and the current rises rapidly. Magnetizing impedance is of the order of
2000% but under heavily saturated conditions this can reduce to around 40%, which is an
increase in magnetizing current of 50 times normal. This figure can represent 5 or 6
times normal full load current.

Analysis of a typical magnitude inrush current wave shows (fundamental = 100%):

DC 2nd H 3rdH 4th H 5th H 6th H 7th H

55% 63% 26.8% 5.1% 4.1% 3.7% 2.4%

Component

The offset in the wave is only restored to normal by the circuit losses. The time constant
of the transient can be quite long, typically 0.1 second for a 100 KVA transformer and up
to 1 second for larger units. The initial rate of decay is high due to the low value of air
core reactance. When below saturation level, the rate of decay is much slower. The
following graph shows the rate of decay of the DC offset in a 50 Hz or 60 Hz system in
terms of amplitude reduction factor between successive peaks.
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Figure 15 - Variation of amplitude reduction factor
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2.1.6

The magnitude of the inrush current is limited by the air core inductance of the windings
under extreme saturation conditions. A transformer with concentric windings will draw a
higher magnetizing current when energized from the LV side, since this winding is usually
on the inside and has a lower air core inductance. Sandwich windings have
approximately equal magnitude currents for both LV and HV. Resistance in the source
will reduce the magnitude current and increase the rate of decay.

The magnetizing inrush phenomenon is associated with a transformer winding which is
being energized where no balancing current is present in the other winding(s). This
current appears as a large operating signal for the differential protection. Therefore,
special measures are taken with the relay design to ensure that no maloperation occurs
during inrush. The fact that the inrush current has a high proportion of harmonics having
twice the system frequency offers a possibility of stabilization against tripping by the
inrush current.

The second harmonic blocking may not be effective in all applications with all types of
transformers. The relay filters the differential current. The fundamental lqii(fo) and second
harmonic components lair(2*fo) of the differential current are determined. If the ratio
lairr(2*fo)/lait(fo) exceeds a specific adjustable value (typical setting 20%) in at least one
phase, the low-set differential element is blocked optionally in one of these modes:

. Across all three phases if cross blocking is selected

. Selectively for one phase because the harmonic blocking is phase segregated

. There is no blocking if the differential current exceeds the high set thresholds Is-
HS1 or Is-HS2.

CT Saturation and no Gap Detection

No settings are required by the CT saturation and no gap detection features. It is only
possible to either enable or disable them on the CTSat and NoGap setting cell. It is
recommended to enable CTSat and NoGap because faster operating times are
achievable under CT saturation with fault levels below Is-HS1 threshold. The assertion of
CTSat and NoGap prevents the second harmonic element from blocking the low set
differential element. Therefore, at fault levels below Is-HS1 threshold fast fault clearance
is achievable even with CT saturation.

The following two figures are the same AN internal fault.

. The “CT saturation and no gap detection enabled” diagram shows the disturbance
record from a P64x with CT saturation an