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Disclaimer

Please read these instructions carefully before using the equipment or taking any other actions with
respect to the equipment. Only trained and qualified persons are allowed to perform installation,
operation, service or maintenance of the equipment. Such qualified persons have the responsibility to
take all appropriate measures, including e.g. use of authentication, encryption, anti-virus programs,
safe switching programs etc. necessary to ensure a safe and secure environment and usability of the
equipment. The warranty granted to the equipment remains in force only provided that the instructions
contained in this document have been strictly complied with.

Nothing contained in this document shall increase the liability or extend the warranty obligations of the
manufacturer Arcteq Relays Ltd. The manufacturer expressly disclaims any and all liability for any
damages and/or losses caused due to a failure to comply with the instructions contained herein or
caused by persons who do not fulfil the aforementioned requirements. Furthermore, the manufacturer
shall not be liable for possible errors in this document.

Please note that you must always comply with applicable local legislation and regulations. The
manufacturer gives no warranties that the content of this document is in all respects in line with local
laws and regulations and assumes no liability for such possible deviations.

You are advised to notify the manufacturer in case you become aware of any errors in this document or
of defects in the equipment.

The manufacturer reserves the right to update or amend this document at any time.

Copyright

Copyright © Arcteq Relays Ltd. 2025. All rights reserved.
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1 Document information

1 Document information

1.1 Version 2 revision notes

Table. 1.1 - 1. Version 2 revision notes

Revision 2.00
Date 6.6.2019
- New more consistent look.
- Improved descriptions generally in many chapters.
- Improved readability of a lot of drawings and images.
- Updated protection functions included in every manual.
Changes - Every protection relay type now has connection drawing, application example drawing with
function block diagram and application example with wiring.
- Added current measurement side selection description to functions with such feature.
- Added fault registers to Z< function description.
- Added General-menu description.
Revision 2.01
Date 6.11.2019
- Added description for LED test and button test.
- Added display sleep timer description.
- Complete rewrite of every chapter.
Changes - Improvements to many drawings and formula images.
- Order codes revised.
- Added double ST 100 Mbps Ethernet communication module and Double RJ45 10/100
Mbps Ethernet communication module descriptions
Revision 2.02
Date 7.7.2020
Changes - A number of image descriptions improved.
Revision 2.03
Date 27.8.2020
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- Terminology consistency improved (e.g. binary inputs are now always called digital inputs).
- Tech data modified to be more informative about what type of measurement inputs are
used (phase currents/voltages, residual currents/voltages), what component of that
measurement is available (RMS, TRMS, peak-to-peak) and possible calculated
measurement values (powers, impedances, angles etc.).

- Tech data updated: non-directional overcurrent

- Tech data updated: non-directional earthfault

- Tech data updated: directional earthfault

- Tech data updated: current unbalance

- Tech data updated: transformer differential

- Tech data updated: overfrequency, underfrequency and rate-of-change-of-frequency.
- Improvements to many drawings and formula images.

- AQ-G257 Functions included list Added: Additional instance of underimpedance, voltage
memory, indicator objects, vector jump protection, running hour counter and measurement
recorder.

- Added "32N" ANSI code to directional earth fault protection modes "unearthed" and
"petersen coil grounded".

- Added 6th harmonic to harmonic overcurrent protection function.

- Fixed reset ratio of under- and overfrequency protection function from 103 % / 97 % to +/-
20 mHz..

- Fixed reset ratio of rate-of-change-of-frequency protection function from 20 mHz/s to 100
mHz/s.

Changes - Changed disturbance recorder maximum digital channel amount from 32 to 95.

- Added residual current coarse and fine measurement data to disturbance recorder
description.

- Event read mode parameter added to Modbus description.

- HSO1 and HSO2 connection swapped in arc protection card (was way wrong before).
- Updated 101 and 102 rated current range.

- Added inches to Dimensions and installation chapter.

- Added raising frames, wall mounting bracket, combiflex frame to order code.

- Added logical input and logical output function descriptions.

- Additions to Abbreviations chapter.

- Added button test description to Local panel structure chapter.

- Added note to Configuring user levels and passwords chapter that AQ-250 frame units
generate a time-stamped event from locking and unlocking user levels.

- Added note to Configuring user levels and passwords chapter that user level with a
password automatically locks itself after 30 minutes of inactivity.

- Added more "Tripped stage" indications and fault types to Measurement value recorder
function.

- Updated: Digital input activation and release threshold setting ranges and added drop-off
delay setting.

- Added sample rate to voltage and current measurement tech data.

- Fixed overvoltage, undervoltage, neutral overvoltage and sequence voltage stage
misspelled IDMT curve formula.

- Note added to power protection tech data.

Revision 2.04

Date 8.6.2021

- Increased the consistency in terminology
Changes - Various image upgrades
- Visual update to the order codes

Revision 2.05

Date 22.6.2021
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1 Document information

Changes

Revision

Date

- Fixed phase current measurement continuous thermal withstand from 30A to 20A.

- Fixed lots of timing errors written to registers table. "Prefault" is -200 ms from Start event,
"Pretrigger" is -20 ms from trip (or start if fault doensn't progress to trip), "Fault" is start (or
trip if fault doesn't progress to trip).

- Added event history technical data

2.06

21.6.2022

Changes

Revision

Date

- Improved descriptions generally in many chapters.

- Improved readability of a lot of drawings and images.

- Order codes have been revised.

- Added pole slip function description.

- Added inadvertent energizing function description.

- Added additional instance of underimpedance protection.

- Added LN mode parameters to all functions (On, Blocked, Test, Test/Blocked, Off).
- Added color themes parameter description.

- Improved color sleep mode description.

- Improved alarm function color behavior description and images.

- Added operation time with different measurement values vs setting ratio in instant
operation mode to non-directional overcurrent function description.

- Added power measurement side selection to power functions.

- Added synchrocheck start check parameter description.

- Added 30 s pretriggering time for disturbance recorder (AQ-250 devices only).

- Added new trip detections and fault types to measurement value recorder.

- Added user description parameter descriptions for digital inputs, digital outputs, logical
inputs, logical outputs and GOOSE inputs.

- Arc point sensor HSO1 and HSO2 position fixed.

- Added spare part codes and compatibilities to option cards.

2.07

7.7.2022

Changes

Revision

Date

- Added THD voltage measurements.

- Fixed number of logical inputs.

- Added common signals function description.
- Added PTP time synchronization description.
- Added Modbus Gateway description.

2.08

8.9.2022

Changes

- Added stage forcing parameter to function descriptions.
- Fixes to "Real time signals to comm" description.

- Added "Ethernet port" parameter description to IEC61850, IEC104 and Modbus TCP
descriptions.

- Removed "Measurement update interval" settings from Modbus description. No longer in
use.

- Renamed "System integration" chapter to "Communication" and restructured the chapters
to be closer to how they are in the menus.

- Added "Event logger" chapter.

- Added more descriptions to new IEC 61850 ed2 GOOSE parameters.

- Added "Condition monitoring / CB wear" description to object description.
- Added "User button" description.

- Added logical device and logical node mode descriptions.
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Revision 2.09

Date 14.3.2023
- Updated the Arcteq logo on the cover page and refined the manual's visual look.

- Added the "Safety information" chapter and changed the notes throughout the document
accordingly.

- Changed the "IED user interface" chapter's title to "Device user interface" and replaced all
'IED' terms with 'device' or 'unit'.

Changes - Updated the rated values for the change-over CPU digital outputs in "Technical data".

- Updated the input impedance for the voltage measurement module in "Technical data".
- Added double ethernet port configuration parameters to "Connections menu" chapter.
- Added event overload detection description to "Event logger" chapter.

- Added parameter descriptions to Synchronizer description chapter.

Revision 210

Date 19.6.2023

Changes - Updated order codes.

Revision 2.11

Date 29.11.2023
- Added the 5 ms update time in the measurement chapters.

- Added spring lock cage options for connectors. See the "Ordering information" chapter.

Changes - Updated the contact address for technical support in the "Contact and reference
information" chapter.

- Circuit breaker wear is not integrated to the objects.

Revision 212

Date January 2024

Changes - Added Chinese and Kazakh languages as language options in "General menu".

Revision 213

Date September 2024
- Added 5th harmonic maximum uptime parameter to transformer differential protection
function.

Changes ) ) . . s ) . .
- Corrected the number of devices that fit a 19 in rack in the "Dimensions and installation
chapter.

Revision 214

Date June 2025
- Increased phase current measurement range. See current measurement technical data
chapter.

- Added clarification that transformer differential protection can be used for motor differential
protection.
- Updated the product and packaging weights.
Changes - Added new "User access control" description.
- Added circuit breaker wear to "Object control and monitoring" description.
- Added "High-speed and high-current output" option card description.
- Added "Milliampere input module (4x mA in & 1x mA out)" option card description.
- Added "Double SFP Ethernet & IRIG-B communication module" option card description.
- Order code table updated.
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1.2 Version 1 revision notes

Table. 1.2 - 2. Version 1 revision notes

Revision 1.00
Date 13.4.2016
Changes + The first revision for AQ-G257.
Revision 1.01
Date 9.2.2017
Changes * Order code updated.
Revision 1.02
Date 4.1.2017
* Measurement value recorder description added.
« ZCT connection added to the current measurement description.
 Internal harmonics blocking added to the I>, 10>, Idir>, and 10dir> function descriptions.
« Non-standard delay curves added.
« Event lists revised on several functions.
* RTD & mA card description improved.
» Ring-lug CT card option description added.
Changes + Fault view description added.
* New U> and U< function measurement modes documented.
» Vector jump protection description added.
» Power factor protection description added.
» Over/Under/Reverse protection descriptions removed, and replaced with power
protection function description.
* Order code revised.
Revision 1.03
Date 14.8.2018
Changes » Added the mA output option card description and updated the order code.
9 + Added the HMI display technical data.

1.3 Safety information

This document contains important instructions that should be saved for future use. Read the document
carefully before installing, operating, servicing, or maintaining this equipment. Please read and follow all
the instructions carefully to prevent accidents, injury and damage to property.

Additionally, this document may contain four (4) types of special messages to call the reader's attention
to useful information as follows:

NOTICE!

"Notice" messages indicate relevant factors and conditions to the the concept discussed in

the text,

as well as to other relevant advice.

11

© Arcteq Relays Ltd
IMO0017



AQ-G257

1 Document information :
Instruction manual

Version: 2.14

CAUTION!

"Caution" messages indicate a potentially hazardous situation which, if not avoided,
could result in minor or moderate personal injury, in equipment/property damage, or
software corruption.

WARNING!

"Warning" messages indicate a potentially hazardous situation which, if not avoided, could
result in death or serious personal injury as well as serious damage to equipment/property.

DANGER!

& "Danger" messages indicate an imminently hazardous situation which, if not avoided, will
result in death or serious personal injury.

These symbols are added throughout the document to ensure all users' personal safety and to avoid
unintentional damage to the equipment or connected devices.

Please note that although these warnings relate to direct damage to personnel and/or equipment, it
should be understood that operating damaged equipment may also lead to further, indirect damage to
personnel and/or equipment. Therefore, we expect any user to fully comply with these special
messages.

© Arcteq Relays Ltd 12
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Al — Analog input

AR — Auto-recloser

ASDU - Application service data unit
AVR — Automatic voltage regulator
BCD - Binary-coded decimal

CB — Circuit breaker

CBFP — Circuit breaker failure protection
CLPU - Cold load pick-up

CPU - Central processing unit

CT — Current transformer

CTM — Current transformer module
CTS — Current transformer supervision
DG - Distributed generation

DHCP — Dynamic Host Configuration Protocol
DI — Digital input

DO - Digital output

DOL - Direct-on-line

DR — Disturbance recorder

DT — Definite time

FF — Fundamental frequency

FFT — Fast Fourier transform

FTP — File Transfer Protocol

Gl — General interrogation

HMI — Human-machine interface

HR — Holding register

HV — High voltage

HW — Hardware

IDMT — Inverse definite minimum time

IGBT — Insulated-gate bipolar transistor

1 Document information
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I/O — Input and output

IRIG-B — Inter-range instruction group, timecode B
LCD - Liquid-crystal display

LED — Light emitting diode

LV — Low voltage

NC — Normally closed

NO — Normally open

NTP — Network Time Protocol

RMS — Root mean square

RSTP — Rapid Spanning Tree Protocol

RTD — Resistance temperature detector

RTU — Remote terminal unit

SCADA — Supervisory control and data acquisition
SG — Setting group

SOTF — Switch-on-to-fault

SW — Software

THD — Total harmonic distortion

TRMS — True root mean square

VT - Voltage transformer

VTM - Voltage transformer module

VTS — Voltage transformer supervision

© Arcteq Relays Ltd 14
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2 General

The AQ-G257 generator protection device is a member of the AQ 250 product line. The hardware and
software are modular: the hardware modules are assembled and configured according to the
application's I/O requirements and the software determines the available functions. This manual
describes the specific application of the AQ-G257 generator protection device. For other AQ 200 and
AQ 250 series products please consult their respective device manuals.

The AQ-G257 generator protection device is well-suited for large machines requiring complete
generator protection and differential protection. There are up to nine (9) option card slots available for
additional I/O or communication cards for more comprehensive monitoring and control applications.
AQ-G257 communicates using various protocols including the IEC 61850 substation communication
standard.

15 © Arcteq Relays Ltd
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3 Device user interface

3.1 Panel structure

The user interface section of an AQ 200 or AQ 250 series device is divided into two user interface
sections: one for the hardware and the other for the software. You can access the software interface
either through the front panel or through the AQtivate 200 freeware software suite.

3.1.1 Local panel structure

The front panel of AQ-250 series devices have multiple LEDs, control buttons and a local RJ-45
Ethernet port for configuration. Each unit is also equipped with an RS-485 serial interface and an RJ-45
Ethernet interface on the back of the device.

Figure. 3.1.1 - 1. Local panel structure.

@POWER O ERROR O START O TRIP

I Block EF
protection

o—
o—
o—
o—
o—
o—
o—
o—
o—]
o—
o—
o—
o—
o—
o—
o—]

—IHE R EHe
—lnjclnsoliaio

1. Four (4) default LEDs: "Power", "Error", "Start" (configurable) and "Trip" (configurable).

2. Sixteen (16) freely configurable LEDs (red, orange, green) with programmable legend texts.

3. Three (3) object control buttons: Choose the controllable object with the Ctrl button and control
the breaker or other object with the | and the O buttons.

4. The L/R button switches between the local and the remote control modes.

5. Eight (8) buttons for device local programming: the four navigation arrows, the Back and the OK
buttons, the Home and the password activation buttons).

6. Twelve (12) freely configurable function buttons (F1...F12). Each button has a freely configurable
LED (red, orange, green).

7. One (1) RJ-45 Ethernet port for device configuration.

© Arcteq Relays Ltd 16
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When the unit is powered on, the green "Power" LED is lit. When the red "Error" LED is lit, the device
has an internal (hardware or software) error that affects the operation of the unit. The activation of the
yellow "Start" LED and the red "Trip" LED are based on the setting the user has put in place in the
software.

The sixteen freely configurable LEDs are located on the left side of the display. Their activation and
color (green, orange, red) are based on the settings the user has put in place in the software.

The view in the screen is freely configurable. Virtual switches and buttons can be added which can be
used to change the setting groups or control the device's general logic locally or remotely. The status
of the object (circuit breaker, disconnector) can be displayed on the screen. All measured and
calculated values regardless of the magnitude catecory (current, voltage, power, energy, frequency,
etc.) can be shown on the screen.

Holding the | (object control) button down for five seconds brings up the button test menu. It displays
all the physical buttons on the front panel. Pressing any of the listed buttons marks them as tested.
When all buttons are marked as having been tested, the device will return back to the default view.
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4 Functions

4.1 Functions included in AQ-G257

The AQ-G257 generator protection device includes the following functions as well as the number of
stages in those functions.

Table. 4.1 - 3. Protection functions of AQ-G257.

Name

(number of Description
stages)

|>
NOC (4) ::> 50/51 Non-directional overcurrent protection

|>>>>

[dir>
DOC (4) :g:z; 67 Directional overcurrent protection

Idir>>>>

10>
NEF (4) :8;; 50N/51N Non-directional earth fault protection

10>>>>

10dir>
DEF (4) :83:;;; 67N/32N Directional earth fault protection

[0dir>>>>

U>
U>> )
oV (4) Uso> 59 Overvoltage protection

U>>>>

U<
U<< .
uv (4) U<<< 27 Undervoltage protection

U<

uo>
NOV (4) Bgi; 59N Neutral overvoltage protection

Uo>>>>

>
f>>
>>>

>>>>
FRQV (8) L 810/81U Overfrequency and underfrequency protection

f<<
f<<<
f<<<<

ROCOF (8) df/dt>/< (1...8) 81R Rate-of-change of frequency
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Name
(number of Description
stages)
12> .
125> Negative sequence overcurrent/
CUB (4) 155> 46/46R/46L | phase current reversal/
125555 current unbalance protection
u1/Uz>/<
U1/U2>>/<< .
VUB (4) U1/U25>>/<<< 47/27P/59PN | Sequence voltage protection
U1/U2>>>>/<<<<
[h>
[h>> 50H/51H/ . .
HOC (4) Ih>>> 63H Harmonic overcurrent protection
h>>>>
CBFP (1) CBFP 50BF/52BF Circuit breaker failure protection
P Q, S>/<
P Q, S>>/<< .
PQS (4) P Q S>>>/<<< 32 Power protection
P Q, S>>>>/<<<<
. 87T/87G/ Generator/ motor / transformer differential protection
DIF (1) \db>/1di>/10dHV>/10dLv> 87M/87N with integrated restricted earth fault protection
TOLM (1) T™> 49M Machine thermal overload protection
SEF (1) U03rd< 64S 100 % stator earth fault protection
UEX (1) Q< 40 Underexcitation protection
Z< . )
UIM (2) Ze< 21U Underimpedance protection
X< .
URX (2) X<< 21/40 Underreactacne protection
VOC (1) [v> 51V Voltage-restrained overcurrent protection
IAE (1) [>U<IAE 50/27 Inadvertent energizing protection
00S (1) Pslip 78 Pole slip protection
VHZ (1) V/Hz> 24 Volts-per-hertz overexcitation protection
UPF (1) PF< 55 Power factor protection
RTD (1...16) |- - RTD alarms (Resistance temperature detector)
PGS (1) PGx>/< 99 Programmable stage
50Arc/ . .
ARC (1) IArc>/I0Arc> 50NATC Arc fault protection (optional)

© Arcteq Relays Ltd
IMO0017




4 Functions

Table. 4.1 - 4. Control functions of AQ-G257.

AQ-G257
Instruction manual

Version: 2.14

Name IEC ANSI Description

sGs ) i Setting group selection
(8 setting groups available)

oBJ ) ) Object control and monitoring
(10 objects available)

CIN . ) Indicator object monitoring
(10 indicators available)

VJP AQ 78 Vector jump

SYN AV/Na/Af 25 Synchrocheck

GSYN AV/Na/Af 25 Synchronizer (optional)

Table. 4.1 - 5. Monitoring functions of AQ-G257.

Name IEC ANSI Description
CTS (2) - - Current transformer supervision
VTS - 60 Voltage transformer supervision
DR - - Disturbance recorder
THD - - Current total harmonic distortion.
THDV - - Voltage total harmonic distortion.
CBW - - Circuit breaker wear monitor
RHC - - Running hour counter
MREC - - Measurement recorder
VREC - - Fault register

4.2 Measurements

4.2.1 Current measurement and scaling in differential applications

The current measurement module (CT module, or CTM) is used for measuring the currents from
current transformers. The current measurements are updated every 5 milliseconds. The measured
values are processed into the measurement database and they are used by measurement and
protection functions. It is essential to understand the concept of current measurements to be able to
get correct measurements.
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Figure. 4.2.1 - 2. Current measurement terminology.

4 Functions
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PRI: The primary current, i.e. the current which flows in the primary circuit and through the primary side
of the current transformer.

SEC: The secondary current, i.e. the current which the current transformer transforms according to its
ratios. This current is measured by the device.

NOM: The nominal primary current of the protected transformer. The nominal current on the HV side
differs from that on the LV side according to the transformer voltage ratio. The nominal current is
calculated based on the transformer's MVA and the nominal voltage on each winding.

For the measurements to be correct the user needs to ensure that the measurement signals are
connected to the correct inputs, that the current direction is connected correctly, and that the scaling
is set correctly.

21
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The device calculates the scaling factors based on the set values of the CT primary, the CT secondary
and the nominal current. The device measures the secondary current, the current output from the
current transformer installed into application's primary circuit. The rated primary and secondary
currents of the CT need to be set for the device to "know" the primary and per-unit values. In power
transformers, the protected unit's nominal current in both windings is calculated based on the given
nominal power (MVA) and the nominal voltage. The settings can only give the apparatus nominal in p.u.
(per-unit) when the nominal current is known. Also, knowing what the transformer's nominal current is
makes the unit protection much easier and more straightforward to configure. In modern protection
devices this scaling calculation is done internally after the current transformer's primary current,
secondary current and machine nominal current are set.

Figure. 4.2.1 - 3. Nominal current calculation in differential protection devices.

Stage activation M TrafoModule Current Sequence Supporting

CESEE * x> [877870]
Trafo Status [TRF]
MR * on-imEDATA | # REGISTERS |4 10 | & EVENTS
Transformer Characteristics
Transformernominal MVA

HV side nominal voltage

LV side nominal voltage

CT Scaling HV Side
i

Normmnal current In

CT Scaling LV Side
—

Nommnal current:In

Normally, the primary current ratings for phase current transformers are ten amperes to thousands of
amperes and their decimal multiples, while the secondary current ratings are 1 A and 5 A. Other, non-
standard ratings can be directly connected as the scaling settings are flexible and have large ranges.
For example, the ring core current transformer ratings may vary. Ring core current transformers are
commonly used for sensitive earth fault protection and their rated secondary may be as low as 0.2 A in
some cases.

The following chapter is an example on how to set the scaling of the device measurements for the
selected current transformer and nominal load.

Example of CT scaling (application 1)

The following figure presents how CTs are connected to the device's measurement inputs. It also shows
the CT ratings and the transformer nominal current. Note that S1 is always connected to an odd
connector regardless of the CT direction. The CT direction is selected in the settings of the transformer
differential protection function.
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Figure. 4.2.1 - 4. Connections (application 1).
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Low voltage

Because of the direction of the CTs and because the CTs' P1/S1 side is always wired to the modules's
odd inputs, the "Differential calculation mode" setting has to be set to "Subtract" (Protection —
TrafoModule — ldx> [87T,87N] — Settings). This way the direction of the measured currents are
checked correctly from the device's perspective.

The following table presents the initial data of the connection as well as the ratings.

Table. 4.2.1 - 6. Initial data.

High-voltage side CT:
» CT primary: 800 A
» CT secondary: 1 A

High-voltage side nominal current:
669 A

Ring core CT in Input 102:

+ 3I0CT primary: 250 A
+ 3I0CT secondary: 1 A

Low-voltage side CT:
+ CT primary: 8 000 A
+ CTsecondary: 1A

Low-voltage side nominal current:
5888 A

» Both CTs are pointing through the transformer (HV-S2 and LV-S2 are pointing in the same direction).

23
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The nominal current for both the HV and LV sides of the protected transformer are calculated based on
the values set in the Transformer characteristics menu (Protection — TrafoModule — TSTAT — INFO).
The ratio between the CT modules 1 and 2 can be set in their respective tabs at Measurement —
Transformers. The per-unit scaling ("Scale meas. to In") is automatically set to "Object in p.u."in all
machine protection devices and it cannot be changed.

Figure. 4.2.1 - 5. Phase CT scaling to machine nominal.

Transformer Characteristics  CT Module 2

Phase CT scaling

iransformer nommal MVA

HV side nominal voltage 32 av Scale meas to In | o Ty
. . Phase Gl primary,
LV side nommal voltaoe
0. 1..500.0 [0.1]
. Phase G ndary
Transformer, &

_ ~ Nommal currentIn
Transformer nom freq.

IL1 Polarity
HV side nominal current{pri)

HV side nommal current{sec)
HV CTinom ko TR nom factor,
LV side nominal current{pri)
Ipu scaling prmary,
LV side nominal current{sec)

Ipu scaling secondary
LV CT nom to TR no

As seen in the image above, device calculates both the HV side nominal current (669.2 A) and the LV
side nominal current (5,888.97 A). The nominal current calculations are done according to the
following formulas:

i‘mfﬂnum/z 153 000 000/3
UHV/ ~ 7132000, ~ 669.201 A
V3 V3

Wﬂfﬂnum/S 153 000 000/3
Ty =z oou}, ~ 588897 A
/3 ¥

The HV and LV side nominal current can also be calculated in per unit values as follows:

HV side nominal current (pri) =

LV side nominal current (pri) =

HV side nominal current (pri)  669.2A

HV CT nom to TR nom factor = 7~ 0.84 p.u.

Phase CT primary 800 A

LV side nominal current (pri)  5888.97 A
Fhase CT primary 8000 A

LV CT nom to TR nom factor =

074 pou.

The secondary nominal current (in amperes) is the result of multiplying the per unit value with the
phase CT secondary side current. This current can be used when the unit is commissioned and when
the directions of CTs are checked. See the example calculation below:

HV side nominal current (sec)
= HV CT nom to TR nom factor X Phase CT secondary = 0.84p.u. X 1A=084A

LV side nominal current (sec)
= LV CT nom to TR nom factor X Phase CT secondary =0.74p.u. xX1A=074A
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In case the phase current CTs are connected to the module via a Holmgren (summing) connection, the
use of coarse residual current measurement settings is required: the "I01 CT" settings are set
according to the phase current CTs' ratings (800/1 A).

Figure. 4.2.1 - 6. Residual 101 CT scaling (coarse).

Residual I01 CT scaling
——

101 Cl primary.

101 T secondary

101 Polarity

CT scaling factor P[5

The residual current CT is connected to the first CTM directly, which requires the use of
sensitive residual current measurement settings: the "Residual 102 CT scaling" settings are set
according to the residual current CT's ratings (250/1 A).

Figure. 4.2.1 - 7. Residual 102 CT scaling (sensitive).

Residual 102 CT scaling
-
I02 CT primary
102 CT secondary

102 Polarity

CT scaling factor P[5

Example of CT scaling (application 2)

The following figure presents how the CTs are connected to the device's measurement inputs. It also
shows the CT ratings and the transformer nominal current. Note that S1 is always connected to an odd
connector regardless of the CT direction. The CT direction is selected in the settings of the transformer
differential protection function.
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Figure. 4.2.1 - 8. Connections (application 2).
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Because of the direction of the CTs and because the CTs' P1/S1 side is always wired to the modules's
odd inputs, the "Differential calculation mode" has to be set to "Add" (Protection — TrafoModule — Idx>
[87T,87N] — Settings). The difference with the first application is that here the CTs point towards the
protected object instead of pointing through it.

The following table presents the initial data of the connection as well as the ratings.

Table. 4.2.1 - 7. Initial data.

Machine nominal power: 153 MVA
Machine high voltage side nominal

amplitude: 132 kV

Machine low voltage side nominal amplitude: 15 kV

High voltage side CT:
« CT primary: 800 A
» CT secondary: 2 A

High-voltage side nominal current:
669 A

» 3I0CT primary: 250 A
« 3I0CT secondary: 1 A

Residual current CT in Input 102:

Low voltage side CT.
» CT primary: 8 000 A
» CTsecondary: 5 A

Low-voltage side nominal current:
5888 A
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+ Both CTs are pointing towards the protected object (HV-S2 and LV-S2 are pointing at each other).

The nominal currents on both the HV and the LV sides are the same as in Application 1. However, the
CTs' secondary current levels have been changed to 2 A (on the HV side) and to 5 A (on the LV side).
The nominal currents are still calculated the same way:

ffafﬂmm/ 153 000 000

V3 V3

HV side nominal current (pri) = i

t‘]"ﬂfonnm{fs 153 000 000/3 588897 A

LV side nominal current (pri) = Ty = 1t oo
V3 j’\'ri

The HV and LV side nominal current can also be calculated in per unit values as follows:

HV side nominal current (pri 669.2 A
HV CT nom to TR nom factor = (pr) _

: ~ 0.84 p.u.
FPhase CT primary 800A

LV side nominal current (pri) _ 5888.97 A
Phase CT primary 8000 A

LV CT nom to TR nom factor =

~0.74p.u

The secondary nominal current (in amperes) is the result of multiplying the per unit value with the
phase CT secondary side current. This current can be used when the unit is commissioned and when
the directions of CTs are checked. In Application 2 it is necessary to inject higher amplitudes to the CTs
via the secondary injection tool in order to reach the nominal currents. See the example calculation
below:

HV side nominal current (sec)

= HV CT nom to TR nom factor X Phase CT secondary = 0.84p.u. X 2A=1.68A

LV side nominal current (sec)

= LV CT nom to TR nom factor X Phase CT secondary = 0.74p.u. X5A=370A

Settings
Table. 4.2.1 - 8. Settings of the Phase CT scaling.

Name Unit Range Step Default Description

The selection of the reference used in
the device's per-unit system scaling.
Either the set phase current CT

+ CTnom primary or the protected object's
Scale i p.u. ) + CTnom nominal current.
measurement to In + Object In p.u.
p.u. CAUTION!

Not applicable in
machine protection!

The rated primary current of the

Phase CT primary A 1...25 000 0.001 | 100
current transformer.
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Name Unit

Phase CT secondary | A

Range

0.2...

10

Step

0.001

Default
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Description

The rated secondary current of the
current transformer.

Nominal current In A

1...25000

0.001

100

The nominal current of the protected
object. This setting is only visible if
the option "Object In p.u." has been
selected in the "Scale meas. to In"
setting.

IL1 Polarity -

e In

vert

The selection of the first current
measurement channel's (IL1) polarity
(direction). The default setting is for
the positive current to flow from
connector 1 to connector 2, with the
secondary currents' starpoint pointing
towards the line.

IL2 Polarity -

e In

vert

The selection of the second current
measurement channel's (IL2) polarity
(direction). The default setting is for
the positive current to flow from
connector 3 to connector 4, with the
secondary currents' starpoint pointing
towards the line.

IL3 Polarity -

e In

vert

The selection of the third current
measurement channel's (IL3) polarity
(direction). The default setting is for
the positive current to flow from
connector 5 to connector 6, with the
secondary currents' starpoint pointing
towards the line.

CT scaling factor P/S | -

A feedback value; the calculated
scaling factor that is the ratio
between the primary current and the
secondary current.

CT scaling factor
NOM

A feedback value; the calculated
scaling factor that is the ratio
between the set primary current and
the set nominal current.

Ipu scaling primary -

A feedback value; the scaling factor
for the primary current's per-
unit value.

Ipu scaling secondary | -

A feedback value; the scaling factor
for the secondary current's per-
unit value.

Table. 4.2.1 - 9. Settings of the Residual 101 CT scaling.

Name Unit  Range Step Default Description
101 CT 0.2...25 ]0.000 .
primary A 000 01 100 The rated primary current of the current transformer.
01 CT A 0.1...10 0.000 1.0 The rated secondary current of the current transformer.
secondary 01
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Name Unit Range Step Default Description
101 . The selection of the coarse residual measurement channel's
. - - - (101) polarity (direction). The default setting is for the positive
Polarity * Invert
current to flow from connector 7 to connector 8.
CT . . . .
. A feedback value; the calculated scaling factor that is the ratio
scaling - - - - :
factor P/S between the primary current and the secondary current.

Table. 4.2.1 - 10. Settings of the Residual 102 CT scaling.

Name Unit Range Step Default Description
|0.2 cr A 1...25 000 0.000 100 The rated primary current of the current transformer.
primary 01
102 CT A 0.001...10 0.000 0.2 The rated secondary current of the current transformer.
secondary 01
102 . The selection of the sensitive residual measurement channel's
) - - - (102) polarity (direction). The default setting is for the positive
Polarity + Invert
current to flow from connector 9 to connector 10.

CT ) . ) .

. A feedback value; the calculated scaling factor that is the ratio
scaling ) ) ) ) between the primary current and the secondary current
factor P/S '

Measurements

The following measurements are available in the measured current channels.

Table. 4.2.1 - 11. Per-unit phase current measurements.

Name Unit Range Step Description
Pha.currILx | x In 0.000...1 0.001 The RMS current measurement (in p.u.) from each of the phase
250.000 current channels.
Pha.curr.ILx 0.000...1 The TRMS current (inc. harmonics up to 31%) measurement (in
X In 0.001
TRMS 250.000 p.u.) from each of the phase current channels.
p-p currlix | xin | 0.000.500.000 | 0.001 The peak-to-peak current measurement (in p.u.) from each of
the phase current channels.

Table. 4.2.1 - 12. Primary phase current measurements.

Name Unit Range Step Description
' 0.000...1 The primary RMS current measurement from each of the phase
Pri.Pha.curr.[Lx | A 000 000.000 0.001 current channels.

Pha.curr.ILx A [0:000..1 0.004 | The primary TRMS current (inc. harmonics up to 31%
TRMS Pri 000 000.000 | ™ measurement from each of the phase current channels.
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Table. 4.2.1 - 13. Secondary phase current measurements.

Name Unit Range Step Description

The primary RMS current measurement from each of the

Sec.Pha.curr.lLx [ A 0.000...300.000 | 0.001
phase current channels.

Pha.curr.ILx A 0.000...300.000 | 0.001 | The primary TRMS current (inc. harmonics up to 31St)
TRMS Sec measurement from each of the phase current channels.

Table. 4.2.1 - 14. Phase current angle measurements.

Name Unit Range Step Description

Pha.angle
ILx

The phase angle measurement from each of the three phase

deg | 0.000...360.000 | 0.001 .
current inputs.

Table. 4.2.1 - 15. Per-unit residual current measurements.

Name Unit Range Step Description
0.000...1 The RMS current measurement (in p.u.) from the residual
Res.curr.l0x 1 >In | 550,000 0-00 1 ¢rrent channel 101 o 102,
Calculated | n 0.000...1 0.001 The RMS current measurement (in p.u.) from the calculated 10
10 250.000 ' current channel.
Res.curr.10x 0.000...1 The TRMS current (inc. harmonics up to 31%Y) measurement (in
xIn 0.001 )
TRMS 250.000 p.u.) from the residual current channel 101 or 102.
p-p currlox | xin 1 0.000.. 500,000 | 0.001 Thg peak-to-peak current measurement (in p.u.) from the
residual current channel 101 or 102.

Table. 4.2.1 - 16. Primary residual current measurements.

Name Unit Range Step Description

0.000...1 The primary RMS current measurement from the residual current
Pri.Res.curr.lox | A | 000 0.001 Chan'%el lo?’or 0o

000.000 '

0.000...1 The primary RMS current measurement from the calculated
Pri.calc.l0 A | o000 0.001 currepnt Ch;ynnel o

000.000 ’

0.000...1 ) . st
Res.curr.!01 A 000 0.001 | The TRMS current (inc. harmonics up to 31%) measurement from
TRMS Pri 000.000 ' the primary residual current channel 101 or 102.

Table. 4.2.1 - 17. Secondary residual current measurements.

Unit Range Step Description

The secondary RMS current measurement from the residual

Sec.Res.curr.l0Ox | A 0.000...300.000 | 0.001 current channel 101 or 102
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Name Unit Range Step Description
Sec.calc. |0 A 0.000...300.000 | 0.001 The secondary RMS current measurement from the
calculated current channel 10.
Res.curr.10x The secondary TRMS current (inc. harmonics up to 31St)
TRMS Sec A 10.000...300.000 | 0.001 | measurement from the secondary residual current channel
101 or 102.

31

Table. 4.2.1 - 18. Residual current phase angle measurements.

Name Unit Range Step Description
Res.curr.angle deg | 0.000...360.000 | 0.001 The re3|dua! current angle measurement from the 101 or
10x 102 current input.
gr?gl’g'ated 0" 1 deg | 0.000...360.000 | 0.001 | The calculated residual current angle measurement.

Table. 4.2.1 - 19. Per-unit sequence current measurements.

Name Unit Range Step Description

Positive sequence < In 0.00...1 0.001 The measurement (in p.u.) from the calculated positive
curr. 250.0 ' sequence current.

Negative sequence % In 0.00...1 0.001 The measurement (in p.u.) from the calculated negative
curr. 250.0 ' sequence current.

Zero sequence 0.00...1 The measurement (in p.u.) from the calculated zero

xIn 0.001
curr. 250.0 sequence current.

Table. 4.2.1 - 20. Primary sequence current measurements.

Name Unit Range Step Description

Pri.Positive 0.00...1 000 The primary measurement from the calculated positive
A 0.001

sequence curr. 000.0 sequence current.

Pri.Negative 0.00...1 000 The primary measurement from the calculated negative
A 0.001

sequence curr. 000.0 sequence current.

Pri.Zero sequence 0.00...1 000 The primary measurement from the calculated zero
A 0.001

curr. 000.0 sequence current.

Table. 4.2.1 - 21. Secondary sequence current measurements.

Name

Sec.Positive
sequence curr.

Unit Range

A 0.000...300.000

Step

0.001

Description

The secondary measurement from the calculated
positive sequence current.

Sec.Negative
sequence curr.

A 0.000...300.000

0.001

The secondary measurement from the calculated
negative sequence current.
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Range

Step Description

Sec.Zero sequence
curr.

The secondary measurement from the calculated zero

A 0.000...300.000 | 0.001
sequence current.

Table. 4.2.1 - 22. Sequence phase angle measurements.

Name Unit Range Step Description
Positive sequence curr.angle | deg | 0.000...360.0 | 0.001 | The calculated positive sequence current angle.
Negative sequence curr.angle | deg | 0.000...360.0 | 0.001 | The calculated negative sequence current angle.
Zero sequence curr.angle deg | 0.000...360.0 | 0.001 | The calculated zero sequence current angle.

Table. 4.2.1 - 23. Harmonic current measurements.

Name Unit Range Step Default Description
Harm Abs.pr ) » Percent ) Percent Defines whether the harmonics are calculated as
Perc. * Absolute percentage or absolute values.
Harmonics Eﬁ;nir;'t A Defines how the harmonics are displayed: in p.u.
disola - . Seconéla - Per unit | values, as primary current values, or as secondary
piay A a current values.
IxxMaximum A 0.000...1 000 0001 | - Displays the maximum harmonics value of the
harmonic 000.000 ' selected current input ILx or 10x.
Displays the current value of the fundamental
lfﬁﬁdamental A 8'00008661 000 0.001 | - frequency measurement (RMS) from the selected
’ current input ILx or [0x.
Ixx harmonics . .
nd st A 0.000...1 000 0001 | - Displays the selected harmonic from the current
azam;o'r?il) 000.000 ' input ILx or 10x.

4.2.2 Voltage measurement and scaling

The voltage measurement module (VT module, or VTM) is used for measuring the voltages from
voltage transformers. The voltage measurements are updated every 5 milliseconds. The measured
values are processed into the measurement database and they are used by measurement and
protection functions. It is essential to understand the concept of voltage measurements to be able to
get correct measurements.
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Figure. 4.2.2 - 9. Voltage measurement terminology
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PRI: The primary voltage, i.e. the voltage in the primary circuit which is connected to the primary side of
the voltage transformer.

SEC: The secondary voltage, i.e. the voltage which the voltage transformer transforms according to the
ratio. This voltage is measured by the device.

For the measurements to be correct the user needs to ensure that the measurement signals are
connected to the correct inputs, that the voltage direction correct, and that the scaling is set correctly.

The device calculates the scaling factors based on the set VT primary, and secondary voltage values.
The device measures secondary voltages, which are the voltage outputs from the VT installed into the
application's primary circuit. The voltage can be measured directly from the system as well (up to 400 V
nominal line to neutral voltage). When connecting voltage directly, measuring mode must be set to
3LN+U4 mode. The rated primary and secondary voltages of the VT need to be set for the device to
"know" the primary and per-unit values. In modern protection devices this scaling calculation is done
internally after the voltage transformer's primary and secondary voltages are set.

Normally, the primary line-to-line voltage rating for VTs is 400 V...60 kV, while the secondary voltage
ratings are 100 V...210 V. Non-standard ratings can also be directly connected as the scaling settings
are flexible and have large ranges.

Example of VT scaling

The following figure presents how VTs are connected to the device's measurement inputs. It also shows
the VT ratings. In the figure below, three line-to-neutral voltages are connected along with the zero
sequence voltage; therefore, the 3LN+U4 mode must be selected and the U4 channel must be set as
UO0. Other possible connections are presented later in this chapter.
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Figure. 4.2.2 - 10. Connections.
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The following table presen

Table. 4.2.2 - 24. Initial data.

=

ts the initial data of the connection.
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Phase voltage VT
- VT primary: 20 000 V
- VT secondary: 100 V

Zero sequence voltage VT
- U4 VT primary: 20 000 V
- U4 VT secondary: 100 V

- the zero sequence voltage is connected similarly to line-to-neutral voltages (+UO).
- in case wiring is incorrect, all polarities can be individually switched by 180 degrees in the device.

Once the settings have been sent to the device, device calculates the scaling factors and displays
them for the user. The "VT scaling factor P/S" describes the ratio between the primary voltage and the
secondary voltage. The per-unit scaling factors ("VT scaling factor p.u.") for both primary and
secondary values are also displayed.

There are several different ways to use all four voltage channels. The voltage measurement modes are

the following:

» 3LN+U4 (three line-to-neutral voltages and U4 can be used for either zero sequence voltage or

synchrochecking)

+ 3LL+U4 (three line-to-line voltages and U4 can be used either for zero sequence voltage or

synchrochecking)

» 2LL+U3+U4 (two line-to-line voltages and the U3 and the U4 channels can be used for
synchrochecking, zero sequence voltage, or for both)

The 3LN+UQ is the most common voltage measurement mode. See below for example connections of

voltage line-to-line measu
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Figure. 4.2.2 - 11. Example connections for voltage line-to-line measurement.

L1 L3 L1
20 kv/100 V 20 kv/100 V
]
y [
Wa'al

If only two line-to-line voltages are measured, the third one (UL31) is calculated based on the UL 12 and
UL23 vectors. When measuring line-to-line voltages, the line-to-neutral voltages can also be calculated
as long as the value of UO is measured.

The voltage measurement channel U4 can be used to measure the zero sequence voltage (U0), the
side 2 voltage of the circuit breaker (Synchrocheck), or for automatic voltage regulator function. If the
2LL+U3+U4 mode is selected, the third channel (U3) can be used for this purpose. Please note that
U0 can only be measured by using a single channel.

In the image below is an example of 2LL+U0+SS, that is, two line-to-line measurements with the zero
sequence voltage and voltage from side 2 for Synchrocheck. Since UQ is available, line-to-neutral
voltages can be calculated.
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Figure. 4.2.2 - 12. 2LL+U0+SS settings and connections.
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Ugs (synchrocheck)

The image collection below presents the device's behavior when nominal voltage is injected into the
device via secondary test equipment. The measurement mode is 3LN+U4 which means that the device
is measuring line-to-neutral voltages. The VT scaling has been set to 20 000 : 100 V. The U4 channel
measures the zero sequence voltage which has the same ratio (20 000 : 100 V).

Figure. 4.2.2 - 13. Measurement behavior when nominal voltage injected.

Primary Voltage Magnitudes
’,7

“oltage
Module  Angle

Va | 5773V one
Vi [8T73Y | -
Ve |57735Y
vz | 0.000v 0.0°
dc | 48.000 V

Frequency
50.000 Hz
@ |50.000 Hz
= [50.000 Fz
50,000 Hz

Injection signhals

The image collecti

Secondary voltages

pltcpr

Per-Unit voltages
5

ULVIEp )
UZV i)
sVl

0.00 v UAYolE pius

Phase Angles
—

U1 Angle
Uz Angle

U3 Angle:
Uisystem

U3l angle

on below presents the device's behavior when voltage is injected into the device via

secondary test equipment during an earth fault. The measurement mode is 3LN+U4 which means that
the device is measuring line-to-neutral voltages. The VT scaling has been set to 20 000 : 100 V. The
U4 channel measures the zero sequence voltage which has the same ratio (20 000 : 100 V).
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Figure. 4.2.2 - 14. Device behavior when voltage injected during an earth fault.
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vz [70710Y [135.00° [£0.000 Hz Uz sl
e [48.000

- U3System
Uasystem

U3 Angle

Injection signals

U angle

Troubleshooting

When the measured voltage values differ from the expected voltage values, the following table offers
possible solutions for the problems.

Problem Check / Resolution

The measured

voltage amplitude in all
phases does not match
the injected voltage.

The scaling settings or the voltage measurement mode may be wrong, check that the
settings match with the connected voltage transformer
(Measurement — Transformers — VT Module).

The measured

voltage amplitude does
not match one of the
measured phases./ Check the wiring connections between the injection device or the VTs and the device.
The calculated UO is
measured even though
it should not.

The voltages are connected to the measurement module but the order or polarity of
The measured one or all phases is incorrect. In device settings, go to Measurement — Phasors and
voltage amplitudes are | check the "System voltage vectors" diagram. When all connections are correct, the
OK'but the angles are | diagram (symmetric feeding) should look like this:

strange./

The voltage unbalance
protection trips
immediately after
activation./

The earth fault
protection trips
immediately after it is
activated and voltage
calculated.
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Name Range Step Default Description
Voltage « 3LN+U4 L .
measurement |+ 3LLAUA |- SLNSUA | (8T tage measurement mode
mode o 2LL+U3+U4 '
The voltage channel U3 can be used to measure zero
U3 mode UO sequence voltage (UQ) or the Synchrocheck voltage (SS).
or SS If neither is needed, the (default) option "Not Used" should
be active. This setting is only valid if the "2LL+U3+U4"
* Not Used .
. U0 ) Not mode is selected.
. 53 Used
The voltage channel U4 can be used to measure zero
U4 mode UO sequence voltage (UQ) or the Synchrocheck voltage (SS).
or SS If neither is needed, the (default) option "Not Used" should
be active.
Defines how the secondary voltage is scaled to the
primary. "Broken Delta" is the most common mode. Does
not affect how protection operates, it only affects the
displayed primary voltages. This parameter is visible when
Uo (U3) the "U4 mode UO or SS" has been set to the "U0" mode.
Measured Example with scaling 20000/100 for Uo and injection 10V
from secondary:
» Broken delta: 1155V (10%)
« Broken + Neutral point: 2000 V (17.34%)
Delta + Open delta: 667V (5.78%)
Broken
* Neutral - delta
point Defines how the secondary voltage is scaled to the
» Open delta primary. "Broken Delta" is the most common mode. Does
not affect how protection operates, it only affects the
displayed primary voltages. This parameter is visible when
Uo (U4) the "U4 mode UO or SS" has been set to the "U0" mode.
Measured Example with scaling 20000/100 for Uo and injection 10V
from secondary:
» Broken delta: 1155V (10%)
» Neutral point: 2000 V (17.34%)
* Open delta: 667V (5.78%)
Set input + No If this parameter is enabled, it is possible to set minimum
voltage - Yes )
* Yes voltage required for voltage measurement to start.
thresholds
U1 input
threshold
U2 input
threshold 0.10..50.00 | 0.01 | 1.00 |
v vV v Sets the lowest voltage the channel is allowed to measure.
U3 input sec sec sec
threshold
U4 input
threshold
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Name Range Step Default Description
Voltage » Disabled ) Disabled Activates the voltage memory. The "Voltage memory"
memory » Activated chapter describes the function in more detail.
« NoP-E
voltages
available Indicates whether or not phase-to-earth voltages are
- P-E available. Also indicates whether P-E voltages are
P-E Voltage . .
Voltages - - measured from the voltage channels directly or if they are
measurements . .
calculated calculated from measured line-to-line and zero sequence
« P-E voltages.
Voltages
measured
. 1.0...1 000 20 .
VT primary 000.0V 0.1V 000.0V The rated primary voltage of the voltage transformer.
VT secondary | 0.2...400.0V 0.1V [ 100.0V | The rated secondary voltage of the voltage transformer.
The primary nominal voltage of the connected UO or SS
U:.)’ Res/SS VT 11.0...1000 0.1V 20 VT. This setting is only valid if the "2LL+U3+U4" mode is
primary 0ooov 000.0V
selected.
U3 Res/SS VT The secondary nominal voltage of the connected U0 or SS
0.2...400.0V 0.1V [ 100.0V | VT. This setting is only valid if the "2LL+U3+U4" mode is
secondary
selected.
U4 Res/SS VT [ 1.0...1 000 0.1V 20 The primary nominal voltage of the connected UO or SS
primary 000.0V ' 000.0V | VT.
U4 Res/SS VT 0.2 400.0V 0.1v | 100.0v The secondary nominal voltage of the connected UO or SS
secondary VT.
The selection of the first voltage measurement channel's
(U1) polarity (direction). The default setting is for the
U1 Polarity positive voltage to flow from connector 1 to connector 2,
with the secondary voltage's starpoint pointing towards
the line.
The selection of the second voltage measurement
channel's (U2) polarity (direction). The default setting is for
U2 Polarity the positive voltage to flow from connector 3 to connector
4, with the secondary voltage's starpoint pointing towards
. the line.
+ Invert ) ) . . ,
The selection of the third voltage measurement channel's
(U3) polarity (direction). The default setting is for the
U3 Polarity positive voltage to flow from connector 5 to connector 6,
with the secondary voltage's starpoint pointing towards
the line.
The selection of the fourth voltage measurement channel's
(U4) polarity (direction). The default setting is for the
U4 Polarity positive voltage to flow from connector 7 to connector 8,

with the secondary voltage's starpoint pointing towards
the line.
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Table. 4.2.2 - 26. Read-only parameters of the VT scaling.

Name Description

VT scaling factor
P/S

The calculated scaling factor that is the ratio between the primary voltage and the
secondary voltage.

VT scaling factor
p.u. Pri

The scaling factor for the primary voltage's per-unit value.

VT scaling factor
p.u. Sec

The scaling factor for the secondary voltage's per-unit value.

U3 VT scaling
factor P/S U0/SS

The scaling factor that is the ratio between the U3 channel's primary and secondary
voltages. This setting is only valid if the "2LL+U3+U4" mode is selected.

U3 scaling factor
p.u. Pri

Scaling factor for the primary voltage's per-unit value. This setting is only valid if the
"2LL+U3+U4" mode is selected.

U3 scaling factor
p.u. Sec

Scaling factor for the secondary voltage's per-unit value. This setting is only valid if the
"2LL+U3+U4" mode is selected.

U4 VT scaling
factor P/S UO/SS

Scaling factor that is the ration between the U4 channel's primary and secondary voltages.

This setting is only valid is the "2LL+U3+U4" mode is selected.

U4 scaling factor
p.u. Pri

Scaling factor for the primary voltage's per-unit value. This setting is only valid if the
"2LL+U3+U4" mode is selected.

U4 scaling factor
p.u. Sec

Scaling factor for the secondary voltage's per-unit value. This setting is only valid if the
"2LL+U3+U4" mode is selected.

Measurements

The following measurements are available in the measured voltage channels.

Table. 4.2.2 - 27. Per-unit voltage measurements.

Name Range Step Description
UxVolt 0.00...500.00xUn | 0.01xUn The voltage measurement fundamental frequency component (in
p.U. p.u.) from each of the voltage channels.
UxVolt 0.00...500.00xUn | 0.01xUy | The TRMS voltage (inc. harmonics up to 31%!) measurement (in
TRMS p.u. p.u.) from each of the voltage channels.

Table. 4.2.2 - 28. Secondary voltage measurements.

Name Range Step Description
Ux Volt 0.00.. 500.00V | 0.01v The secondary voltage measurement fundamental frequency component
sec from each of the voltage channels.
UxVolt 0.00...500.00V | 0.01v | The secondary TRMS voltage (inc. harmonics up to 31 S measurement
TRMS sec from each of the voltage channels.
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Table. 4.2.2 - 29. Voltage phase angle measurements.

Description

Ux Angle | 0.00...360.00° | 0.01° | The phase angle measurement from each of the four voltage inputs.

Table. 4.2.2 - 30. Per-unit sequence voltage measurements.

Name Range Step Description

The measurement (in p.u.) from the calculated positive

Pos.seq.Volt.p.u. | 0.00...500.00xUN | 0.01xUN sequence voltage.

The measurement (in p.u.) from the calculated negative

Neg.seq.Volt.p.u. | 0.00...500.00xUN | 0.01xUN sequence voltage.

The measurement (in p.u.) from the calculated zero

Zero.seq.Volt.p.u. | 0.00...500.00xUN [ 0.01xUN sequence voltage.

Table. 4.2.2 - 31. Primary sequence voltage measurements.

Name Range Step Description
Pos.seq.Volt.pri 80000001/ 000 001V l'ggup;rrz@:?/o?:;;urement from the calculated positive
Neg.seq.Volt.pri 80000001/ 000 001V lggurérri]rgsrgoﬂw:;;urement from the calculated negative
Zero.seqVolt.pri 80000001/ 000 0.01V :I/'Sl?agreir'nary measurement from the calculated zero sequence

Table. 4.2.2 - 32. Secondary sequence voltage measurements.

Name Range Step Description
Pos.seqVolt.sec 0.00...4 001V The secondary measurement from the calculated positive
800.00V sequence voltage.
0.00...4 The secondary measurement from the calculated negative
Neg.seq.Volt.sec 800.00V 0.01v sequence voltage.
Zero.seqVolt.sec 0.00...4 0.01V The secondary measurement from the calculated zero sequence
800.00V voltage.

Table. 4.2.2 - 33. Sequence voltage angle measurements.

Name Range Step Description

Pos.seq.Volt.Angle 0.00...360.00° 0.01° | The calculated positive sequence voltage angle.

Neg.seq.Volt.Angle 0.00...360.00° 0.01° | The calculated negative sequence voltage angle.

Zero.seq.Volt.Angle 0.00...360.00° 0.01° | The calculated zero sequence voltage angle.
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Table. 4.2.2 - 34. System primary voltage measurements.

Name Range Step Description
System 0.00.. 1
volt ObO 0.01V The primary line-to-line UL12 voltage fundamental frequency component
uL12 000.00V ' (measured or calculated). You can also select the row where the unit for this is kV.
mag ’
System 0.00.. 1
volt PN The primary line-to-line UL23 voltage fundamental frequency component

000 0.01Vv . o
uL23 000.00V (measured or calculated). You can also select the row where the unit for this is kV.
mag '
System 000 1
volt P The primary line-to-line UL31 voltage fundamental frequency component

000 0.01V . o
UL31 000.00V (measured or calculated). You can also select the row where the unit for this is kV.
mag '
System 0.00.. 1
volt P The primary line-to-neutral UL1 voltage fundamental frequency component

000 0.01Vv . L
uL1 000.00V (measured or calculated). You can also select the row where the unit for this is kV.
mag ’
System 0.00.. 1
volt ObO 0.01V The primary line-to-neutral UL2 voltage fundamental frequency component
uL2 000.00V ' (measured or calculated). You can also select the row where the unit for this is kV.
mag '
System 000 1
volt P The primary line-to-neutral UL3 voltage fundamental frequency component

000 0.01Vv . L
UuL3 000.00V (measured or calculated). You can also select the row where the unit for this is kV.
mag '
System [ 0.00...1 The primary zero sequence UQ voltage fundamental frequency component
volt U0 | 000 0.01V | (measured or calculated). You can also select the row where the unit for this is kV.
mag 000.00V There is also a row where the unit is %.

Svstern | 0,00 1 The primary measured Synchrocheck voltage fundamental frequency component
y P (SS). This magnitude is displayed only when the "2LL+U3+U4" mode is selected
volt U3 | 000 0.01Vv . : .

and both U3 and U4 are in use. You can also select the row where the unit for this
mag 000.00V is KV
Svstem | 0.00.. 1 The primary measured Synchrocheck voltage fundamental frequency component
Y PN (SS). This magnitude is displayed only when the "2LL+U3+U4" mode is selected
volt U4 | 000 0.01Vv . . .
and both U3 and U4 are in use. You can also select the row where the unit for this
mag 000.00V is KV

Table. 4.2.2 - 35. Primary system voltage angles.

Name

System
volt UL12
ang

Range

0.00...360.00°

Step Description

0.01° | The primary line-to-line angle UL12 (measured or calculated).

System
volt UL23
ang

0.00...360.00°

0.01° | The primary line-to-line angle UL23 (measured or calculated).
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Name Range Step Description
System
volt UL31 | 0.00...360.00° | 0.01° | The primary line-to-line angle UL23 (measured or calculated).
ang
System
volt UL1 0.00...360.00° | 0.01° | The primary line-to-neutral angle UL1 (measured or calculated).
ang
System
volt UL2 | 0.00...360.00° | 0.01° | The primary line-to-neutral angle UL2 (measured or calculated).
ang
System
volt UL3 | 0.00...360.00° | 0.01° | The primary line-to-neutral angle UL3 (measured or calculated).
ang
System
volt U0 0.00...360.00° | 0.01° | The primary zero sequence angle U0 (measured or calculated).
ang
System The primary measured Synchrocheck angle SS. This magnitude is only
volt U3 0.00...360.00° | 0.01° | valid when the "2LL+U3+U4" mode is selected and both U3 and U4 are in
ang use.
System The primary measured Synchrocheck angle SS. This magnitude is
volt U4 0.00...360.00° | 0.01° [ displayed only when the "2LL+U3+U4" mode is selected and both U3 and
ang U4 are in use.

Table. 4.2.2 - 36. Harmonic voltage measurements.

Name Range Step Description
Harm Abs.or + Percent ) Defines whether the harmonics are calculated as
Perc. + Absolute percentages or absolute values.
) ) ’ Per unit Defines how the harmonics are displayed: in p.u. values, as
Harmonics display |+ Primary V ) rimary voltage values, or as secondary voltage values
+ Secondary V P y 9 ' y 9 '

0.00...100 Displays the maximum harmonics value of the selected

UxMaxH 000.00V 0.01v voltage input Ux.

Ux Fund 0.00...100 001V Displays the voltage value of the fundamental frequency
000.00V ' component of the selected voltage input Ux.

Ux harmonics 0.00...100

(2”",,,313t ObO OOV 0.01V | Displays the selected harmonic from the voltage input Ux.

harmonic) '

Ux Amplitude . . .

THD 0.000...100.000V | 0.001V [ Amplitude ratio THD voltage. Recognized by IEC.

Ux Power THD 0.000...100.000V | 0.001V | Power ratio THD voltage. Recognized by the IEEE.
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Voltage memory

Some protection functions (such as directional overcurrent) use the device's measured current and
voltage to determine whether the electrical network fault appears to be inside the protected area. The
determination is made by comparing the angle between the operating quantity (zone/tripping area)
and the actual measured quantity. The function then produces an output when the required terms are
met.

In close-in faults the system voltage on the secondary side may fall down to a few volts or close to
nothing. In such cases, when the measured voltage is absent, the fault direction cannot be solved. As a
backup, non-directional protection can be used for tripping, but in such cases the selectivity of the
network will be reduced. However, an angle memory for voltage can be used to prevent this from
happening. An adjustable voltage level with pre-fault voltage angles can be used as a reference for
fault direction and/or distance. The reference can be set manually for duration. Configurable voltage
memory enables even time-delayed backup tripping to be initiated.

The user can activate voltage memory (and find all related settings) by following this path in device
settings: Measurement — Transformers — VT Module (3U/4U) 1 — Voltage memory
("Activated"/"Disabled").

The activation of voltage memory depends of following criteria:

1. Normal voltage levels have been present for longer than 2.5 seconds before voltages have
dropped.

2. All used line-to-line or line-to-neutral voltages need to be below the set value for the "VMEM
activation voltage" parameter.

3. Atleast one phase current must be above the set value for the "Measured current condition 31>"
parameter. This setting limit is optional.

Figure. 4.2.2 - 15. Directional overcurrent characteristics.

UL3

» UL1

uL2

Voltage memory activates when the above-mentioned criteria are met. Voltage memory uses

the "VMEM activation voltage" parameter as voltage amplitude even when the actual measured voltage
has decreased below it or close to zero. The angle used by this function is the one captured

the moment before the fault occurred and voltage memory was activated. When voltage memory is
activated, the output "Voltage memory on" signal is activated. This signal can be found in the device's
I/O matrix.
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While voltage memory is active, voltages are absent and therefore angle measurement is not possible.
Healthy state angles (before a fault) are used during a fault. This is why a drift between the assumed
voltage angle and the actual measured phase current angle takes place. While voltage memory is
used, the angle of phase currents drifts approximately one degree for each passing second (see the
graph below).

Figure. 4.2.2 - 16. Voltage angle drift.
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The blocking signal for voltage memory can be found among other stage-related settings in the tab VT
Module (3U/4U) 1. The blocking signal is checked in the beginning of each program cycle.

VMEM activation voltage and Measured current condition 31>

When the voltage memory function is enabled, it activates when all line voltages drop below the "VMEM
activation voltage" threshold limit. When "Measured current condition 3I1>" is used, activation cannot be
based on just the voltage. Therefore, at least one of the three-phase currents must also rise above the

set current pick-up setting.

VMEM max active time

Voltage memory can be active for a specific period of time, set in "VMAX active time". It can be
anything between 0.02...50.00 seconds. The function supports the definite time (DT) delay type. It
depends on the application for how long the memory should be used. During massive bolted faults, the
fault should be cleared and the breaker opened as soon as possible; therefore, a short operating time
for voltage memory is usually applied. A typical delay for voltage memory is between 0.5...1.0 s. When
the operating time passes and voltage memory is no longer used, the protection function operation is
blocked and possible START or TRIP signals are reset. The memory uses longer operating times

when a backup protection is applied.

Forced CT f tracking on VMEM

While fixed frequency tracking is used, all protection stage-based sampling (apart from frequency
protection) is based on a set fixed frequency such as 50 Hz or 60 Hz. When the frequency drops
massively during a fault while angle memory is in use, it is also possible that the frequency of the
system starts to fluctuate. In such cases, if current sampling of used protection stages is based on 50/
60 Hz, there could be an error in current magnitude and in angle measurement. To minimize these
errors, it is recommended that the frequency is measured and protection-based sampling from the
current is performed while voltages are gone.
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When the "Forced CT f tracking" parameter is activated and voltages are gone, the frequency from the
selected current-based reference channel 3 (the current from IL3) is used for current sampling. This
eliminates any possible measurement errors in the fixed frequency mode.

For example, let us say a 500 A current is measured on the primary side while the fixed frequency is set

to 50 Hz. This results in the frequency dropping to 46 Hz, while the actual current measurement would
be 460 A. Therefore, the system would have an error of 40 A.

Table. 4.2.2 - 37. Voltage memory parameters.

Name Range Step  Default Description
Voltage : D|s_abled - Enabled | Enables or activates voltage memory function.
memory « Activated
VMlEM_ 0.10...50.00 001 |15.00 Voltage threshold for activating volta_lge memory. When all
activation o o o voltage measurements are under this setting value, voltage
%Un %Un | %Un ) .
voltage memory is activated.

VMEM max | 0.020...50.000 | 0.005 | 15.000 | Maximum duration for voltage memory. After the time set in

activetime | s S S this parameter has passed, voltage memory is reset.
Enable When in use, frequency tracking is forced to "reference 3"
forced CTf | + Disabled , requency 9

- Disabled | when no voltage can be measured. If this parameter is

tracting on * Activated used, frequency reference 3 should be set to "IL3".
VMEM
Forced CT .

. « Disabled . " A
tracking ) - - Displays the current status of the "forced CT tracking".

+ Activated

status
Measured . Enables or activates current condition monitoring. When in
current » Disabled . .

" ) - Disabled | use, at least one of the phase currents must rise above a set
condition « Activated .
3> value for the voltage memory to activate.
Minimum
current for 0.01...50.00 0.01 1.00 xIn | Minimum required current for current condition.

xIn xIn

VMEM
Current .
condition D|sgbled - - Displays the current monitoring status.
status » Activated

Table. 4.2.2 - 38. Voltage memory event messages.

Event block name Event names

M1VT1 Voltage memory enabled
M1VT1 Voltage memory disabled
M1VT1 Voltage low detected ON
M1VTA1 Voltage low detected OFF
M1VTA1 Current high detected ON
M1VT1 Current high detected OFF
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M1VT1 Frequency tracked from CT ON
M1VTA1 Frequency tracked from CT OFF
M1VTA1 Using Voltage memory ON
M1VT1 Using Voltage memory OFF
M1VT1 Voltage memory blocked ON
M1VTA1 Voltage memory blocked OFF

4.2.3 Power and energy calculation

Power is divided into three magnitudes: apparent power (S), active power (P) and reactive power (Q).
Energy measurement calculates magnitudes for active and reactive energy. Energy can flow to the
forward direction (exported) or to the reverse direction (imported).

If a unit has more than one CT measurement module, the user can choose which module's current
measurement is used by the power calculation. The power and energy measurements are updated
every 5 milliseconds.

Line-to-neutral voltages available

Power is calculated from line-to-neutral voltages and phase currents. If line-to-line voltages are
connected, the device can calculate line-to-neutral voltages based on the measured zero sequence

voltage. The following equations apply for power calculations with the line-to-neutral mode and the line-
to-line voltage mode (with UO connected and measured):

Figure. 4.2.3 - 17. Three-phase power (S) calculation.

Spa=Up X1y
Sp2 = Uy Xy
Sz =Ups X i3

S :SLl +SL2 +SL3

Figure. 4.2.3 - 18. Three-phase active power (P) calculation.

Pri=Up X[ c05¢
Pro = Uy X I, cOs@
Pz = Upz X Iz cos @

P:PL1+PL2+PL3

In these equations, phi (@) is the angle difference between voltage and current.
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Figure. 4.2.3 - 19. Three-phase reactive power (Q) calculation.

Qp = Upy X Iy sing
Qpz = Uy X Iy sing
Qpz = Upz X [13sing

Q=011 +0Q;+03

Active power can be to the forward or the reverse direction. The direction of active power can be
indicated with the power factor (Cos (@), or Cosine phi), which is calculated according the following
formula:

3PH Cos(phi) =P/

c )y =
os(phi) = "1/

12¢ ) = Fi2
osphi) = "7/5

L3 Cos(phi) = PL3/SL3

The direction of reactive power is divided into four quadrants. Reactive power may be inductive or
capacitive on both forward and reverse directions. Reactive power quadrant can be indicated with Tan
(@) (tangent phi), which is calculated according the following formula:

3PH Tan(phi) = ¢/, -
P<0 P>0
O o e+
— - i +
L1 Tan(phi) / P, oot - cost +
. o ettt 5
N — Wiz - -
L2 Tan(phi) = /pLZ pco IIT|IV pso
Q<o Q<0
0 ind - cap +
L3 Tan(phi) = LH/P i P
L3 PF + PF -
-Qcap)

Power factor calculation is done similarly to the Cosine phi calculation but the polarity is defined by the
reactive power direction. Therefore, the power factor is calculated with the following formula:

3pH PF =P/ O o)

e =afe Gy
12pr=Pfizjg «Qap,
sare =Py O,

Only line-to-line voltages available
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If the line-to-line voltages are measured but the zero sequence voltage is not measured or is not
otherwise known, the three-phase power calculation is based on Aron’s theorem:

S= Uzs X ILl COS(30) + U31 X ILZ COS(30)

P= U23 X ILl COS(SO - (p) + U31 X ILZ COS(SO + (p)

Q = U23 X ILl + Sin(30 - (p) + U31 X ILZ Sin(30 + (,0)

Both cos(@) and tan(@) are calculated in the same way as in the line-to-neutral mode.

Troubleshooting

Check the "Troubleshooting" section in chapters “Current measurement and scaling” and “Voltage
measurement and scaling” for more information. Most power and energy measurement problems are
usually related to the same issues (i.e. wiring errors, wrong measurement modes, faulty frequency

settings, etc.).

Settings

Table. 4.2.3 - 39. Power and energy measurement settings

Name Range Step Default Description
Power « CT1 Defines which current transformer module is
measurement - CT1 . :
« CT2 used in power and energy calculation.
currents from
3ph active + Disabled . Enables/disables the active energy
energy - Disabled
» Enabled measurement.
measurement
3ph reactive + Disabled . Enables/disables the reactive and apparent
energy - Disabled
+ Enabled energy measurement.
measurement
3ph energy . Mega Defines whether energy is measured with
megas or ; - Mega a3y V146
Kilos * Kilo the prefix 'kilo' (10°) or 'mega’ (10°).
When this parameter is enabled it is possible to
manually edit exported and imported active
energy values.
Edit energy + Disabled ) Disabled NOTICE!
values + Enabled
e "E 3ph M or k" parameter has to be
I set to "kilo" for this feature to
function.
Invert imp/ . Not inverted Not Inverts thle direction qf |mport_ed ar_1d exported
exp energy - . energy without affecting the direction of power
o * Inverted inverted .
directions calculation.
Nominal 0.10...500000.00kVA | 0.01kVA | 100kvA Defmes the nominal power of the protected
power kVA object.
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Name Range Step Default Description
» Undefined
+ Q1 Fwd Ind . .
PQ Quadrant | = Q2 Rev Cap Undefined Indicates what the power PQ quadrant is at
that moment.
* Q3Revind
* Q4 Fwd Cap
» Undefined
+ Q1 Fwd Cap AV . .
VA Quadrant | + Q2RevInd AV Undefined m‘g'f;toe;!’rnat the power VA quadrant s at
*+ Q3RevCapVA '
* Q4 Fwd Ind VA
Reset energy Resets the memory of the three-phase energy
calculators . - . "
" - calculators. Goes automatically back to the "-
("Reset 3ph * Reset . o
o state after the reset is finished.
Energies")
Phase active » Disabled . Enables/disables the active energy per phase
energy Disabled
» Enabled measurement.
measurement
Phase
reactive » Disabled , Enables/disables the reactive energy per phase
Disabled
energy + Enabled measurement.
measurement
Phase
energies + Mega M Defines whether energy (per phase) is measured
. ega
megas or * Kilo o with the prefix kilo' (10%) or 'mega’ (10°).
kilos
Reset energy
calculators . Resets the memory of the indivisual phase
(per phase) . Reset - energy calculator. Goes automatically back to
("Reset E per the "-" state after the reset is finished.
phase")
Table. 4.2.3 - 40. Energy Dose Counter 1 settings
Name Range Step Default Description
Energy
dose Disabled . Enables/disables energy dose
) - Disabled
counter Activated counters generally.
mode
On
Energy Blocked Set mode of DOS block.
dose Test } on This parameter is visible only
counter LN when Allow setting of individual LN
Test/Blocked i .
mode Off mode is enabled in General menu.
Energy glgcked Displays the mode of DOS block.
does Test ) ) This parameter is visible only
counter LN when Allow setting of individual LN
; Test/Blocked ! .
behaviour off mode is enabled in General menu.
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Name Range Step Default Description

Clearpulse | « - ) ) Resets the "DC 1...4 Pulses sent"
counter * Clear counters back to zero.
DC1..4 + Disabled ) Disabled Enables/disables the energy dose
enable + Enabled counter 1...4 individually.

+ 3PH.Fwd.Act.EP

DCA 4 . 3PH.Rev Avt EP Selects whether the energy is active

or reactive, whether the direction of

Input » 3PH.Fwd.React.EQ.CAP )
s |t RdnezanD @ | FPHOGALER | e s oo mere oo
select » 3PH.Rev.React.EQ.CAP Rl

« 3PH.Rev.React.EQ.IND or capacitive.

DC 1.4 The total amount of energy
6 6 -

Input -1x107..1x10 0.01 consumed.
signal
DC1..4 0.005KW/ The set pulse size. An energy pulse
Pulse 0...1800kW/var ) 1kW/Var is given every time the set

. var i .
magnitude magnitude is exceeded.
DC1..4
Pulse 0...1800s 0.005s 1s The total length of a control pulse.
length
DC1...4 .
PUIses 0..4294 967 295 ’ ) Isr1edr1|i:ates the total number of pulses
sent '

Table. 4.2.3-41. DC 1...4 Pulse out settings

Range Step Default Description

DC 1...4 Pulse out | OUT1...OUTx | - None selected | The selection of the controlled physical outputs.

Power measurements

The following power calculations are available when the voltage and the current cards are available.

Table. 4.2.3 - 42. Three-phase power calculations.

Name Range Step Description

The total three-phase apparent power in kilo-

6 6
3PH Apparent power (S) | -1x10°...1x10°kVA | 0.001kVA volt-ampere

3PH Active power (P) 21x10%. . 1x108kw 0.001kW The total three-phase active power in kilowatts

3PH Reactive power (Q) -1x106___1x106kvar 0.001kVar | The total three-phase reactive power in kilovars

3PH Apparent power (S The total three-phase apparent power in

5 5

VA, -1x10”...1x10°MVA | 0.00TMVA megawatts

3MF\>/|V-|)Act|ve power (P “1x10°...1x10°Mw | 0.001MW | The total three-phase active power in mewatts
5 © Arcteq Relays Ltd
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Name Range Step Description
?grﬂ\?;?otive power -1x10°...1x10°Mvar | 0.001MVar | The total three-phase active power in megavars
3PH Tan(phi) 1x10%. 1x10° 0.001 The direction of three-phase active power
3PH Cos(phi) 21x10%.1x10° 0.001 The direction of three-phase reactive power
3PH Power factor -1x106...1x106 0.0001 The three-phase power factor

Table. 4.2.3 - 43. Single-phase power calculations (L1...L3).

Name Unit Range Step Description

Lx Apparent power (S) | kVA _1x106_,_1x106 0.001 | The apparent power of Phase Lx in kilo-volt-amperes

Lx Active power (P) KW | -1x10%...1x10% | 0.001 | The active power of Phase Lx in kilowatts

Lx Reactive power (Q) | kVar “1x10%. 1x108 | 0.001 | The reactive power of Phase Lx kilovars

Lx Tan(phi) - “1x10%..1x108 | 0.001 | The direction of Phase Lx's active power
Lx Cos(phi) - 1x108...1x108 | 0.001 | The direction of Phase Lx's reactive power
Lx Power factor - ~1x10%.. 1x108 | 0.0001 | The power factor of Phase Lx

Energy measurements
The following energy calculations are available when the voltage and the current cards are available.

Please note that the unit prefix is determined by the user's selection between 'kilo' and 'mega’ in "Three-
phase energy prefix ("E 3ph M or k")" under the general "Power and energy measurement settings".

Table. 4.2.3 - 44. Three-phase energy calculations.

Name Range Step Description
Exported Active Energy (P) (kWh 1x102. 1x10% | 1 The total amount of exported active energy.
or MWh)
Imported Active Energy (P) (kWh 1x10%.1x10% | 1 The total amount of imported active energy.
or MWh)
Active Energy (P) Export/Import 9 9 . .
balance (KWh or MWh) 1x107...1x10° | 1 The sum of imported and exported active energy.
Exported (Q) while Export (P) 9 94 The total amount of exported reactive energy while
(kVarh or MVarh) -1x107...1x10 active power is exported.
Imported (Q) while Export 9 94 Total amount of imported reactive energy while
(P). (kVarh or MVarh) -1x107...1x10 active energy is exported.
Reactive energy (Q) balance 9 94 The sum of imported and exported reactive
while export (P) (kVarh or MVarh) -1x10%...1x10 capacitive energy while active power is exported.
Exported (Q) while Import (P) 9 94 The total amount of exported reactive energy while
(kVarh or MVarh) -1x107...1x10 active energy is imported.
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Name Range Step Description
Imported (Q) while Import (P) 9 94 The total amount of imported reactive energy while
(kVarh or MVarh) -1x10%...1x10 active energy is imported.
Reactive energy (Q) balance 9 9|4 The sum of imported and exported reactive energy
while Import (P) (kVarh or Mvarh) | ~1x107...1x10 while active energy is imported.
Apparent Energy (S) while Export 9 94 The total amount of exported apparent energy
(P) (KVAh or MVAR) -1x107...1x10 while active energy is exported.
Apparent Energy (S) while Import 9 94 The total amount of exported apparent energy
(P) (KVAh or MVAh) -1x107...1x10 while active energy is imported.
Apparent Energy (S) Net x10%...1x10% | 1 Total amount of apparent energy.
Real Energy (P) Net 1x10%..1x10% | 1 The sum of active energy supply and demand.
Reactive Energy (Q) Net x10%...1x10% | 1 The sum of reactive energy supply and demand.
Total amount of active energy supplied. Default
9 9
Real Energy (P) Supply -1x107...1x107 | 1 supply direction towards busbar.
. Total reactive energy supplied. Default supply
9 9
Reactive Energy (Q) Supply -1x10°...1x107 | 1 direction towards busbar.
Total amount of active energy demand. Default
9 9
Real Energy (P) Demand -1x107...1x107 | 1 demand direction from busbar.
Reactive Energy (Q) Demand 1510°. 1x10° | 1 Total amount of reactive energy demand. Default

demand direction from busbar.

Table. 4.2.3 - 45. Single-phase energy calculations (L1...L3).

Name Range Step Description
'I\E/lxv?/ro];t Active Energy Lx (kWh or x10%. 1x10% | 1 The exported active energy of the phase.
:\T\m;t Active Energy (kWh or 1x10%.1x10% | 1 The imported active energy of the phase.
Active Energy (P) Export/Import 9 94 The sum of the phase's imported and
balance (kWh or MWh) -1x10%...1x10 exported active energy.
Exported (Q) while Export (P) 9 94 The exported reactive energy of the phase while
Lx (kVarh or MVarh) -1x107...1x10 active energy is exported.
Imported (Q) while Export (P) 9 94 The imported reactive energy of the phase while
Lx (kVarh or MVarh) -1x107...1x10 active energy is exported.
Reactive Energy (Q) balance while 9 94 The sum of the phase's imported and exported
Export (P) Lx (kVarh or MVarh) -1x10%...1x10 reactive energy while active energy is exported.
Exported (Q) while Import (P) Lx 9 94 The exported reactive energy of the phase while
(kVarh or MVarh) -1x10%...1x10 active energy is imported.
Imported (Q) while Import (P) Lx 110 1x10° | 1 The imported reactive energy of the phase while

-1x107...1x

(kVarh or MVarh)

active energy is imported.

© Arcteq Relays Ltd
IMO0017




4 Functions

Name

Reactive energy (Q) balance while
Import (P) Lx (kVarh or MVarh)

Range
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Step
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The sum of the phase's imported and exported
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(P) Lx

Apparent Energy (S) while Export

1x10%...1x10°

The apparent energy of the phase while active
energy is exported.

(P) Lx

Apparent Energy (S) while Import

Ax10%...1x10°

The apparent energy of the phase while active
energy is imported.

Calculation examples

Here is an example of power calculation. Both wiring methods (line-to-line and line-to-neutral) are
checked with the same signal injection. The voltage scaling is set to 20 000 : 100 V and the current
scaling is set to 1000 : 5 A.

Voltages (line-to-neutral):

Currents:

UL1=40.825V, 45.00°

IL1=2.5A,0.00°

UL2=61.481V, -159.90°

lLo=2.5A,-120.00°

UL =97.742V, 126.21°

IL3=2.5A,120.00°

Uss

«
U

rl

Sp1 = Uy X1, =40.825V X 2.5 A =102 VA (secondary) 4.08 MVA (primary)

P, =U;; XI;,cos¢@ = 40.825V X 2.5 Acos(45° — 0°) = 72.2 W (secondary) 2.89 MW (primary)

Q. = Uy X1, sing = 40.825V X 2.5 Asin(45° — 0°) = 72.2 var (secondary) 2.89 MVar (primary)

L1 Tan(phi) = Qm/PM =289/, 09 = 1.00

L1 Cos(phi) = PLI/SM =289/, 0=071

Name Value Name Value Name Value Name Value
L1(S) 4.08 MVA L2 (S) 6.15 MVA L3 (S) 9.77 MVA 3PH (S) 20.00 MVA
L1 (P) 2.89 MW L2 (P) 4.72 MW L3 (P) 9.71 MW 3PH (P) 17.32 MW
L1(Q) 2.89 Mvar L2 (Q) -3.94 Mvar L3 (Q) 1.06 Mvar 3PH (Q) 0.01 Mvar
L1 Tan 1.00 L2 Tan -0.83 L3 Tan 0.11 3PH Tan 0.00
L1Cos |0.71 L2Cos |0.77 L3Cos |0.99 3PH Cos 0.87
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Voltages (line-to-line): Currents:
UpL12=100.00V, 30.00° IL1=2.5A, 0.00°
U2z =100.00 V, -90.00° lLo=2.5A,-120.00°

IL3=2.5A, 120.00°

Uiz A I3
Uiz

— &

rli>

S=Upp X1y + Uy X1Ipp

S=100VXx25A+ 100V x 25A =500 VA (sec) 20.00 MVA (pri)

P = Uy X1y cos(—¢@) + U,z X I, cos(¢)

P =100V x 2.5 Acos —(30° — 0°) + 100 V X 2.5 A cos(270° — 240°) = 433 W (sec) 17.32 MW (pri)
Q = Uyp X Iy +sin(—¢) + Uz X I sin(g)

Q =100V X 2.5 Asin —(30°— 0°) + 100 V X 2.5 Asin(270° — 240°) = 0 var (sec) 0 Mvar (pri)

3PH Tan(phi) = Q/P = 0.01/ _ 55 =0.00 3PH Cos(phi) = P/¢ = 1732/, - =087
3PH (S) 20.00 MVA

3PH (P) 17.32 MW

3PH (Q) 0.00 Mvar

3PH Tan 0.00

3PH Cos 0.87

4.2.4 Frequency tracking and scaling

Measurement sampling can be set to the frequency tracking mode or to the fixed user-

defined frequency sampling mode. The benefit of frequency tracking is that the measurements are
within a pre-defined accuracy range even when the fundamental frequency of the power system
changes.
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Table. 4.2.4 - 46. Frequency tracking effect (FF changes from 6 Hz to 75 Hz).

Error{%]
IS
S
T
Error(%] |

-60 [

-80 -0.25

40 60 80 0 20 60 80
f[Hz]

The measurement error with a fixed 50 Hz sampling
frequency when the frequency changes. The constant
currentis 5 A, the frequency sweep is from 6 Hz to 75
Hz.

The measurement error with frequency tracking
when the frequency changes. The constant current
is 5 A, the frequency sweep is from 6 Hz to 75 Hz.

As the figures above show, the sampling frequency has a major effect on the device's measurement
accuracy. If the sampling is not tracked to the system frequency, for example a 10 Hz difference
between the measured and the set system frequency can give a measurement error of over 5 %. The
figures also show that when the frequency is tracked and the sampling is adjusted according to the
detected system frequency, the measurement accuracy has an approximate error of 0.1...- 0.2 % error
in the whole frequency range.

AQ -200 series devices have a measurement accuracy that is independent of the system frequency.
This has been achieved by adjusting the sample rate of the measurement channels according to the
measured system frequency; this way the FFT calculation always has a whole power cycle in the buffer.
The measurement accuracy is further improved by Arcteq's patented calibration algorithms

that calibrate the analog channels against eight (8) system frequency points for both magnitude and
angle. This frequency-dependent correction compensates the frequency dependencies in the used,
non-linear measurement hardware and improves the measurement accuracy significantly. Combined,
these two methods give an accurate measurement result that is independent of the system frequency.

Troubleshooting

When the measured current, voltage or frequency values differ from the expected values, the following
table offers possible solutions for the problems.

Problem Check / Resolution

The measured current
or voltage amplitude is
lower than it should
be./

The values are
“jumping" and are not
stable.

The set system frequency may be wrong. Please check that the frequency settings
match the local system frequency, or change the measurement mode to "Tracking"
(Measurement — Frequency — "Sampling mode") so the device adjusts the frequency
itself.

In Tracking mode the device may interpret the frequency incorrectly if no current is
injected into the CT (or voltage into the VT). Please check the frequency measurement
settings (Measurement — Frequency).

The frequency
readings are wrong.
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Settings

Table. 4.2.4 - 47. Settings of the frequency tracking.

4 Functions

Name Range Step Default Description
Samplin . Fixed Defines which measurement sampling mode is in
ping . - Fixed use: the fixed user-defined frequency, or the
mode » Tracking
tracked system frequency.
System The user-defined system nominal frequency that is
nominal 7.000...75.000Hz | 0.001Hz | 50Hz used when the "Sampling mode" setting has been
frequency set to "Fixed".
Tracked
system 0.000...75.000Hz | 0.001Hz | - Displays the rough measured system frequency.
frequency
Sampling . . .
frequency in 0.000...75.000Hz | 0.001Hz | - Displays the tracking frequency that is in use at
that moment.
use
* None
Frequenc - CTHIL
d Y - CT21L1 - CT1IL1 The first reference source for frequency tracking.
reference 1
« VT1U1
+ VT2U1
* None
Frequenc - CTI2 The second reference source for frequenc
refeienceyZ - Cral2 ) criiLe trackin e
.« VT1U2 9-
« VT2U2
* None
Frequenc - CTIILS
d y + CT2IL3 - CT1IL3 The third reference source for frequency tracking.
reference 3
* VT1US3
+ VT2U3

Frequency
tracking
quality

No trackable
channels
Reference 1
trackable
Reference 2
trackable
References 1
& 2 trackable
Reference 3
trackable
Reference 1
& 3 trackable
References 2
& 3 trackable
All references
trackable

Defines the frequency tracker quality. If the
measured current (or voltage) amplitude is below
the threshold, the channel tracking quality is O
and cannot be used for frequency tracking. If all
channels' magnitudes are below the threshold,
there are no trackable channels.

Frequency
measurement
in use

No track ch
Ref1
Ref2
Ref3

Indicates which reference is used at the moment
for frequency tracking.
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Name Range Step Default Description
+ Start tracking Defines the how the tracking starts. Tracking can
. . Start . . .
. immediately . start immediately, or there can be a set delay time
Start behavior ) ) - tracking - '
 First nominal immediatel between the receiving of the first trackable
or tracked Y| channel and the start of the tracking.
* Use track Defines the start of the sampling. Sampling can
Start sampling frequency Use track L ) ping. pling can
. - begin with a previously tracked frequency, or with
with * Use nom frequency )
f a user-set nominal frequency.
requency
Defines how long the nominal frequency is used
Use nominal after the tracking has started. This setting is only
frequency 0...1800.000s 0.005s | 0.100s valid when the "Sampling mode" setting is set to
until "Tracking" and when the "Start behavior" is set to
"First nominal or tracked".
Tracked f 0.000...75.000Hz | 0.001Hz | - D|splays the rough value of the tracked frequency
channel A in Channel A.
Tracked f 0.000...75.000Hz | 0.001Hz | - D|splays the rough value of the tracked frequency
channel B in Channel B.
Tracked f 0.000...75.000Hz | 0.001Hz | - D|splays the rough value of the tracked frequency
channel C in Channel C.
* Onef
Svstem measured
Y e Twof Displays the amount of frequencies that are
measured - -
frequenc measured measured.
q y * Threef
measured
Frequency measurement value used by protection
f.atm. . 0.000.. .75.000Hz | 0.001Hz | - functions. When frequency |§ not measurgble this
Protections value returns to value set to "System nominal
frequency" parameter.
Frequency measurement value used in display.
f.atm. Display | 0.000...75.000Hz | 0.001Hz | - When frequency is not measurable this value is "0
HZz".
* Not
measurable
* AvgRef 1
* AvgRef2
f * AvgRef3 . . .
measurement | « Track Ref 1 ) ) a|sg>lsi)/rse¥2|r::th reference is used for frequency
from » Track Ref 2 '
* Track Ref 3
» Fast Ref1
+ FastRef2
+ FastRef3
SS1.meas.frgs . " "
0.000...75.000Hz | 0.001Hz | - Displays frequency used by "system set" channel
1and 2.
SS2.meas.frgs
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* Not
SSHf measurable ) ) Displays which voltage channel frequency
meas.from » Fast Ref U3 reference is used by "system set" voltage channel.
» Fast Ref U4
* Not Displays if U4 channel frequency reference is
SS2f
meas. from measurable - - measurable or not when the channel has been set
’ + FastRef U4 to "system set" mode.

4.3 General menu

The General menu consists of basic settings and indications of the device. Additionally, the all activated
functions and their status are displayed in the Protection, Control and Monitor profiles.

Table. 4.3 - 48. The General menu read-only parameters

Serial number The unique serial number identification of the unit.
Firmware version The firmware software version of the unit.
Hardware configuration The order code identification of the unit.

System phase rotating order at | The selected system phase rotating order. Can be changed with parameter
the moment "System phase rotating order".

UTC time The UTC time value which the device's clock uses.

Table. 4.3 - 49. Parameters and indications in the General menu.

Name Range Default Description
Device name | - Unitname
The file name uses these fields when loading the .ags
Device . . configuration file from the AQ-200 unit.
; - Unitlocation
location

When this parameter is enabled it is possible for the user to
Enable stage | ¢ Disabled Disabled force the protection, control and monitoring functions to
forcing » Enabled different statuses like START and TRIP. This is done in the

function’s Info page with the Force status to parameter.

Allows global mode to be modified from setting tool, HMI and

+ Prohibited IEC61850.
Allow setting | + From HMI/ Prohibited: Cannot be changed.
of device setting tool | Prohibited | From HMlI/setting tool only: Can only be changed from the
mode only setting tool or HMI
¢ Allowed Allowed: Can be changed from the setting tool, HMI, and IEC
61850 client.
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Name Range Default Description
Allow local modes to be modified from setting tool, HMI and
Prohibited IEC61850.
Allow setting From HMI/ Prohibited: Cannot be changed.
of individual setting tool | Prohibited | From HMlI/setting tool only: Can only be changed from the
LN mode only setting tool or HMI
Allowed Allowed: Can be changed from the setting tool, HMI, and I[EC
61850 client.
System A-B-C Allows the user to switch the expected order in which the
phase A-B-C ; .
: A-C-B phase measurements are wired to the unit.
rotating order
User
defined
English
Finnish - .
. Changes the language of the parameter descriptions in the
Chinese " " :
Language Spanish English HMI. If the language has been set to "Other" in the settings of
French the AQtivate setting tool, AQtivate follows the value set into this
parameter.
German
Russian
Ukrainian
Kazakh
All
. COMA If the device has a double Ethernet option card it is possible to
AQtivate . . . . .
Double All choose which ports are available for connecting with AQtivate
ethernet port
Ethernet software.
card
Clear events _Clear - Clears the event history recorded in the AQ-200 device.
Display 8 4 Changes the display brightness. Brightness level 0 turns the
brightness display off.
If no buttons are pressed after a set time, the display changes
the brightness to whatever is set on the "Display sleep
Display sleep 36005 0s brightness" parameter. If set to O s, this feature is not in use.
timeout When the device is in sleep mode, all button actions are
disabled. Pressing any of the buttons on the front panel will
wake up the display, which enables the buttons again.
Display slee Defines the brightness of the display when the set display sleep
spiay Plo..8s 0 timeout has elapsed. The brightness level "0" turns the display
brightness off
Return to If the user navigates to a menu and gives no input after a period
default view ...3600s Os of time defined with this parameter, the unit automatically
returns to the default view. If set to 0 s, this feature is not in use.
LED test - ) When activated, all LEDs are lit up. LEDs with multiple possible
Activated colors blink each color.
HMI restart Restart - When activated, display restarts.
Display color Light theme Light theme | Defines the color theme used in the HMI.
theme Dark theme
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. Resets the latched signals in the logic and the matrix. When a
Reset latches - reset command is given, the parameter automatically returns
¢ Reset -
back to "-".
Measurement [ ¢ Disabled . Enables the measurement recorder tool, further configured in
Disabled ;
recorder » Enabled Tools — Misc — Measurement recorder.
« OBJ1
« OBJ2
+ OBJ3
- OBJ4 ap N i
1/0 default . OBJ5 |"and "0" push buttons on the front panel of the device have an
object OBJ1 indication LED. This parameter defines which objects' status
. + OBJ6 o
selection . OBJ7 push buttons follow when lighting up the LEDs.
+ OBJ8
+ OBJ9
« OBJ10
« On
: _lB_éoS?ked Set mode of device block.
Device Mode | | Test/ On This parameter is visible only when Allow setting of device
Blocked mode is enabled in General menu.
« Off
Reconfigure T . - Reloads the mimic to the unit.
mimic » Reconfigure

Table. 4.3 - 50. General menu

logical inputs.

Name Description

Reset last fault registers

Signal set to this point can be used for resetting latest recorded fault register.

Reset latches

Signals set to this point can be used for resetting latched signals. An alternative to
using the "Back" button on the front panel of the device.

Ph.Rotating Logic control
0=A-B-C, 1=A-C-B

Signals set to this point can be used for switching the expected phase rotating
order.

4 .4 Protection functions

4.4.1 General properties of a protection function

The following flowchart describes the basic structure of any protection function. The basic structure is
composed of analog measurement values being compared to the pick-up values and operating time

delay characteristics.
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Measurement

Processing cycles
Database

: l= ll lu .H Analog Values

o

Selected Analog Measurements

DATA

Parameters
Read

Processed Values

SG1
T Settings Comparation FALSE
SG Selection

Comparison TRUE

Binary Signal Status ‘-‘Bockng TRUE

Blocking FALSE

: Time Charact FALSE ————

Time Charact TRUE

Start Again
(next cycle)

BLOCKED

Status Events
Output Control
HMI Output
Matrix ‘Mﬂ_

The protection function is run in a completely digital environment with a protection CPU
microprocessor which also processes the analog signals transformed into the digital form.
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Figure. 4.4.1 - 20. Principle diagram of the protection device platform.
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In the following chapters the common functionalities of protection functions are described. If a
protection function deviates from this basic structure, the difference is described in the corresponding
chapter of the manual.

Pick-up

The Xset parameter defines the pick-up level of the function, and this in turn defines the maximum or
minimum allowed measured magnitude (in per unit, absolute or percentage value) before the function
takes action. The function constantly calculates the ratio between the pick-up parameter set by the
user and the measured magnitude (Xm). The reset ratio of 97 % is built into the function and is always
relative to the Xset value. If a function's pick-up characteristics vary from this description, they are
defined in the function section in the manual.

Figure. 4.4.1 - 21. Pick up and reset.
A

Pick-up
Reset = Pick-up * 97 %

Measured magnitude

A
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Figure. 4.4.1 - 22. Measurement range in relation to the nominal current.

I, [A]

|nax Meas = 250A
0.2A->1250xIn
1A->250xIn
5A->50xIn
10A->25xIn

I, max set

02A->005xIn [T T3
1A>001xIn | | !
5A->0002xIn | |

10A -> 0.001 x In
lmin meas= 0.01 AO

Is [A]

150 200 250

The In magnitude refers to the user set nominal current which can range from 0.2...10 A, typically 0.2
A, 1A or 5 A. With its own current measurement card, the device will measure secondary currents from
0.001 A up to 250 A. To this relation the pick-up setting in secondary amperes will vary.

Function blocking

The blocking signals are checked in the beginning of each program cycle. A blocking signal is received
from the blocking matrix for the function dedicated input. If the blocking signal is not active when the
pick-up element is activated, a START signal is generated and the function proceeds to the time
characteristics calculation.

If the blocking signal is active when pick-up element is activated, a BLOCKED signal is generated and
the function will not process the situation further. Blocking signal will reset an active START signal and
the release time characteristics are processed similarly to when the pick-up element is reset.

The blocking of the function causes a time stamped blocking event with information of the startup
current values and its fault type to be issued.

The blocking inputs users can set are binary signals from the system. The blocking input signal needs
to reach the device minimum of 5 ms before the set operating delay has passed in order for the
blocking to activate in time.

Operating time characteristics
Three basic modes are available for delaying function operation:

 Instant operation: activates the trip signal simultaneously with the start signal with no additional
time delay.

+ Definite time operation (DT): activates the trip signal after a user-defined time delay regardless of
themagnitude of the measured value(s) as long as the pick-up element is active.

* Inverse definite minimum time (IDMT): activates the trip signal after a time which is in relation to
the set pick-up value and the measured value.

Both IEC and IEEE/ANSI standard characteristics as well as user settable parameters are available for
the IDMT operation. Please note that in the IDMT mode Definite (minimum)operating time delay also
determines the minimum time for protection tripping (see the figure below). If this function is not desired
the parameter should be set to 0 seconds.
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Figure. 4.4.1 - 23. Operating time delay: Definite (minimum) operating time delay and the minimum for tripping.

0,016 L ey

0.14.4...... [ e

010§

- Definite (Min) Operating Time Delay

resmm— e IDMT Inverse Curve Setting
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Table. 4.4.1 - 51. Operating time characteristics setting parameters (general).

Name

Delay type

Range

DT
IDMT

Step

Default

DT

Description

Selects the delay type for the time counter. The
selection is made between "Inverse definite minimum
time" (IDMT) and "Definite time operation" (DT)
characteristics.

Definite
(minimum)
operating time
delay

0.000...1800.000s

0.005s

0.040s

When the "Delay type" parameter is set to "DT", this
parameter acts as the expected operating time for the
protection function.

When set to 0 s, the stage operates instantaneously
without any additional delay. When the parameter is set
t0 0.005...1800 s, the stage operates as independent
delayed.

When the "Delay type" parameter has been set to
"IDMT", this parameter can be used to determine the
minimum operating time for the protection function.
Example of this is presented in the figure above.

Delay curve
series

IEC
IEEE

IEC

Selects whether the delay curve series for an IDMT
operation follows either IEC or IEEE/ANSI standard
defined characteristics.

This setting is active and visible when the "Delay type"
parameter is set to "IDMT".

65

© Arcteq Relays Ltd
IMO0017




AQ-G257

4 Functions !
Instruction manual

Version: 2.14

Name Range Step  Default Description

Selects the IEC standard delay characteristics.

The options include the following: Normally Inverse
("NI"), Extremely Inverse ("EI"), Very Inverse ("VI") and

*+ NI Long Time Inverse ("LTI") characteristics. Additionally,
Delay « El the "Param" option allows the tuning of the constants A
characteristics | + VI - NI and B which then allows the setting of characteristics
IEC o LTI following the same formula as the IEC curves

« Param mentioned here.

This setting is active and visible when the "Delay type"
parameter is set to "IDMT" and the "Delay curve series"
parameter is set to "IEC".

Selects the IEEE and ANSI standard delay
characteristics.

The options for ANSI include the following: Normal

« ANSINI Inverse ("ANSI NI"), Very Inverse ("ANSI VI"), Extremely
* ANSIVI inverse ("ANSI EI"), Long time inverse ("ANSI LTI")
Delay * ANSI EI characteristics. IEEE: Moderately Inverse ("IEEE MI"),
characteristics | ANSI LTI ) ANSI Very Inverse ("IEEE VI"), Extremely Inverse ("IEEE EI")
\EEE + |[EEE MI NI characteristics. Additionally, the "Param" option allows
» |EEE VI the tuning of the constants A, B and C which then

« IEEEEI allows the setting of characteristics following the same
* Param formula as the IEEE curves mentioned here.

This setting is active and visible when the "Delay type"
parameter is set to "IDMT" and the "Delay curve series"
parameter is set to "IEEE".

Defines the time dial/multiplier setting for IDMT

Time dial characteristics.
) .01...25. .01 .
setting k 0.0 5.00s 0.01s 1 0.05 This setting is active and visible when the "Delay type"

parameter is set to "IDMT".

Defines the Constant A for IEC/IEEE characteristics.
This setting is active and visible when the "Delay type"
parameter is set to "IDMT" and the "Delay
characteristic" parameter is set to "Param".

A 0.0000...250.0000 | 0.0001 | 0.0860

Defines the Constant B for IEC/IEEE characteristics.
This setting is active and visible when the "Delay type"

B . ...250. .0001 [ 0.1

0-0000...250.0000 | 0.0001 | 0.1850 parameter is set to "IDMT" and the "Delay

characteristic" parameter is set to "Param".

Defines the Constant C for IEEE characteristics.

This setting is active and visible when the "Delay type"
C 0.0000...250.0000 | 0.0001 | 0.0200
parameter is set to "IDMT" and the "Delay
characteristic" parameter is set to "Param".
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Figure. 4.4.1 - 24. Inverse definite minimum time formulas for IEC and |EEE standards.

IEC

IEEE/ANSI

t = Operating delay (s)

k = Time dial setting

Im = Measured maximum current
Lser = Pick-up setting

A = Operating characteristics constant
B = Operating characteristics constant

t = Operating delay (s)

k = Time dial setting

Im = Measured maximum current

Lset = Pick-up setting

A = Operating characteristics constant
B = Operating characteristics constant
C = Operating characteristics constant

Standard delays IEC constants

Standard delays ANSI constants

Type A B Type A B C
Normally Inverse (NI) 0,14 0,02 Normally Inverse (NI) 8,934 0,1797 | 2,094
Extremely Inverse (ET) 80 2 Very Inverse (V) 3,922 0,0982 2
Very Inverse (VI) 13,5 1 Extremely Inverse (EI) 5,64 0,02434 2
Long Time Inverse (LTI) 120 1 Long Time Inverse (LTI) 5,614 2,186 1
Standard delays IEEE constants
Type A B C
Moderately Inverse (MI) 0,0515 0,114 0,02
Very Inverse (V) 19,61 0,491 2
Extremely Inverse (£I) 282 0,1217 2

Non-standard delay characteristics

In addition to the previously mentioned delay characteristics, some functions also have delay
characteristics that deviate from the IEC or IEEE standards. These functions are the following:

* non-directional overcurrent stages

» non-directional earth fault stages
+ directional overcurrent stages
+ directional earth fault stages.

The setting parameters and their ranges are documented in the chapters of the respective function

blocks.

Table. 4.4.1 - 52. Inverse definite minimum time formulas for nonstandard characteristics.

RI-type RD-type

Used for getting the time grading with
mechanical relays.

Mostly used in earth fault protection which grants selective tripping
even in non-directional protection.

k

t=— 7
0.339 — 0.236 = f—"f
m

I
t:5.8—1.35*ln( m )
L

t = Operation delay (s)

k = Time dial setting

Im = Measured maximum current
Iset = Pick-up setting

t = Operation delay (s)

k = Time dial setting

Im = Measured maximum current
Iset = Pick-up setting
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NOTICE!
When using RD-type and "k" has been set lower than 0.3 calculated operation time can be

lower than 0 seconds with some measurement values. In these cases operation time will be
instant.

When using the release delay option where the operating time counter is calculating the operating time
during the release time, the function will not trip if the input signal is not activated again during the
release time counting.

The behavior of the stages with different release time configurations are presented in the figures below.

Table. 4.4.1 - 53. Setting parameters for reset time characteristics.

Name Range Step Default Description
Delayed Resetting characteristics selection (either time-delayed or
. . NO . . : " "
pick-up .« Ves - Yes instant) after the pick-up element is released. If set to "Yes",
release the START signal is reset after a set release time delay.
Resetting time. The time allowed between pick-ups if the
Release pick-up has not led into a trip operation.
. 0.000...150.000s | 0.005s | 0.06 ) L
time delay s s s If the "Delayed pick-up release" setting is set to "Yes", the
START signal is held on for the duration of the timer.
Op.Time Operating timer resetting characteristics selection. When set
calculation to "Yes", the operating time counter is reset after a set
« No S ) . . .
reset after | Yes - Yes release time if the pick-up element is not activated during
release this time. When set to "No", the operating time counter is
time reset directly after the pick-up element is reset.
Continue
time . Time calculation characteristics selection. If set to "Yes", the
calculation | + No o : ; ;
) - No operating time counter continues until a set release time
during * Yes . . .
even if the pick-up element is reset.
release
time
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Figure. 4.4.1 - 25. No delayed pick-up release.
Delayed pick-up release: Disabled
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Figure. 4.4.1 - 26. Delayed pick-up release, delay counter is reset at signal drop-off.
Delayed pick-up release: Enabled
Op.time calc reset after release time: Disabled
Continue time calculation during release time: Disabled
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Figure. 4.4.1 - 27. Delayed pick-up release, delay counter value is held during the release time.
Delayed pick-up release: Enabled
Op.time calc reset after release time: Enabled
Continue time calculation during release time: Disabled
— Pick-up and release
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Figure. 4.4.1 - 28. Delayed pick-up release, delay counter value is decreasing during the release time.
Delayed pick-up release: Enabled
Op.time calc reset after release time: Enabled
Continue time calculation during release time: Enabled
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Stage forcing

It is possible to test the logic, event processing and the operation of the device's logic by controlling the
state of the protection functions manually without injecting any current into the device with stage
forcing. To enable Stage forcing set the Enable stage forcing to ENABLED in the General menu. After
this it is possible to control the status of a protection function (Normal, Start, Trip, Blocked etc.) in the
Info page of the function.

NOTICE!

When Stage forcing is enabled protection functions will also change state through user
input. Injected currents/voltages also affect the behavior of the device. Regardless, it is
recommended to disable Stage Forcing after testing has ended.

4.4.2 Non-directional overcurrent protection (I1>; 50/51)

7

The non-directional overcurrent function is used for instant and time-delayed overcurrent and short-
circuit protection. The function is used for one-phase, two-phase or three-phase overcurrent and short
circuit protection. The function offers four (4) independent stages. The operating decisions are based
on phase current magnitude, constantly measured by the function.

Figure. 4.4.2 - 29. Simplified function block diagram of the 1> function.

AQ-2xx Protection relay platform - Protection CPU

Function scheduler Protection tasks
NOC Functional Logic
Output
[MEASMAG] Measuring Thresholcfcamparator ___________ Handling
Measurement element [PICKUP SET] ] 1Phase L3 pick-up logic
U : 10
Database - TPhase L1 pick-up logic i Start OK Blocking HMI data
IL1,2,3 ff RMS 0 ’:@ I S & X Registers
< Blocked BLOCKED
IL1,2,3 TRMS 1 & |Racke Events
if ILpp > ILRMS § Max IL/lset Counters
IL1,2,3 p-to-p 2 out = ILpp |E Start allow START
else &
>| out=ILRMS e hal
. ) H1 [Faurt TRIP
10 Logic Matrix Saturation M yee
P Check [ L
i [NOC BLOCK] E Timers
77777777777777 Setting database
Operating timer selection
- Instant
- Definite time
- IDMT
- IEC (A.B.K) #
- IEEEFANSI (A,B,C k)
Release timer parameters To Comm
~ Release time [TIME CHARACTERISTICS]
- Release time holdoff anCdPEW

Measured input
The function block uses phase current measurement values. The user can select the monitored

magnitude to be equal either to RMS values (fundamental frequency component), to TRMS values from
the whole harmonic specter of 32 components, or to peak-to-peak values.

Table. 4.4.2 - 54. Measurement inputs of the I> function.

Signal Description

IL1RMS Fundamental frequency component of phase L1 (A) current measurement
IL2RMS Fundamental frequency component of phase L2 (B) current measurement
IL.3RMS Fundamental frequency component of phase L3 (C) current measurement

IL1TRMS TRMS measurement of phase L1 (A) current
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Signal Description

[LoTRMS TRMS measurement of phase L2 (B) current

[L3TRMS TRMS measurement of phase L3 (C) current

IL1PP Peak-to-peak measurement of phase L1 (A) current
ILoPP Peak-to-peak measurement of phase L2 (B) current
IL3PP Peak-to-peak measurement of phase L3 (C) current

General settings

The following general settings define the general behavior of the function. These settings are static i.e.
it is not possible to change them by editing the setting group.

Table. 4.4.2 - 55. General settings of the function.

Name Range Default Description

Setting control  Disabled | Disabled Activating this parameter allows changing the pick-up level of
from comm bus + Allowed the protection stage via SCADA.

* On

* Blocked Set mode of NOC block.
o Test

I> LN mode * On This parameter is visible only when Allow setting of individual

» Test/ . .
Blocked LN mode is enabled in General menu.

+ Off

« Normal

+ Start

« Trip

» Blocked

« StartA

+ StartB

« StartC

« TripA

« TripB

« TripC .« Normal Force the status of the function. Visible only when Enable

+ Start AB stage forcing parameter is enabled in General menu.

» Start BC

« Start CA

+ Start
ABC

+ Trip AB

+ TripBC

« Trip CA

« Trip
ABC

|> force status to

+ RMS
Measured « TRMS Defines which available measured magnitude is used by the
magnitude + Peak-to- function.

peak

Measurement + Side 1 . Defines which current measurement module is used by the
: . * Side 1 .
side + Side 2 function.
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Pick-up settings

The Iset setting parameter controls the pick-up of the I> function. This defines the maximum allowed
measured current before action from the function. The function constantly calculates the ratio between
the Iset and the measured magnitude (/m) for each of the three phases. The reset ratio of 97 % is built
into the function and is always relative to the Iset value. The setting value is common for all measured
phases, and when the Im exceeds the Iset value (in single, dual or all phases) it triggers the pick-up
operation of the function.

Setting group selection controls the operating characteristics of the function, i.e. the user or user-
defined logic can change function parameters while the function is running.

Table. 4.4.2 - 56. Pick-up settings.

Description

Iset 0.10...50.00%In 0.01x%In 1.20xIn Pick-up setting

Read-only parameters

The function's Info page displays useful, real-time information on the state of the protection function. It
is accessed either through the device's HMI display, or through the setting tool software when it is
connected to the device and its Live Edit mode is active.

Table. 4.4.2 - 57. Information displayed by the function.

Name Range Step Description

« On
» Blocked Displays the mode of NOC block.

* Test - This parameter is visible only when Allow setting of individual LN
» Test/Blocked mode is enabled in General menu.

+ Off

[> LN
behaviour

* Normal
|> o Start
condition | < Trip

* Blocked

- Displays status of the protection function.

* Normal
« StartA
+ StartB
« StartC
« TripA
* TripB
e TripC
« Start AB - Displays the status of phases individually.
« Start BC

« Start CA

» Start ABC
« Trip AB

« Trip BC

« Trip CA

» Trip ABC

|> phases
condition
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Name Range Step Description
Displays the expected operating time when a fault occurs. When
Expected IDMT mode is used, the expected operating time depends on the
operating | 0.000...1800.000s 0.005s | measured highest phase current value. If the measured current
time changes during a fault, the expected operating time changes
accordingly.
Time When the function has detected a fault and counts down time
remaining | -1800.000...1800.000s | 0.005s | towards a trip, this displays how much time is left before tripping
to trip occurs.
Imeas/Iset . .
at the 0.00...1250.00 0.01 The ratio between the highest measured phase current and the
moment pick-up value.

Function blocking

The block signal is checked in the beginning of each program cycle. The blocking signal is received
from the blocking matrix in the function's dedicated input. Additionally, the function includes an internal
inrush harmonic blocking option which is applied according to the parameters set by the user. If the
blocking signal is not activated when the pick-up element activates, a START signal is generated and
the function proceeds to the time characteristics calculation.

Table. 4.4.2 - 58. Internal inrush harmonic blocking settings.

INET[) Range Step Default Description
Inrush harmonic blocking *+ No . < No Enables and disables the 2"
(internal-only trip) * Yes harmonic blocking.

nd : T : i nd
2™ harmonic blocking limit 0.10...50.00%lfung | 0.01%lsung | 0.01%lsund Defines the limit of the 2

(Iharm/Ifund) harmonic blocking.

If the blocking signal is active when the pick-up element activates, a BLOCKED signal is generated and
the function does not process the situation further. If the START function has been activated before the
blocking signal, it resets and the release time characteristics are processed similarly to when the pick-

up signal is reset.

The variables the user can set are binary signals from the system. The blocking signal needs to reach
the device minimum of 5 ms before the set operating delay has passed in order for the blocking to
activate in time.

Operating time characteristics for trip and reset
This function supports definite time delay (DT) and inverse definite minimum time delay (IDMT). For

detailed information on these delay types please refer to the chapter "General properties of a protection
function" and its section "Operating time characteristics".
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Figure. 4.4.2 - 30. Typical operation time delays with different current to setting ratios in instant operation mode.
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Events and registers

The non-directional overcurrent function (abbreviated "NOC" in event block names) generates events
and registers from the status changes in the events listed below. The user can select which event
messages are stored in the main event buffer: ON, OFF, or both. The events triggered by the function
are recorded with a time stamp.

The function's output can be used for direct I/O controlling and user logic programming. The function
also provides a resettable cumulative counter for the START, TRIP and BLOCKED events.

Table. 4.4.2 - 59. Event messages.

Event block name Event names

NOC1...NOC4 Start ON
NOC1...NOC4 Start OFF
NOC1...NOC4 Trip ON
NOC1...NOC4 Trip OFF
NOC1...NOC4 Block ON
NOC1...NOC4 Block OFF
NOC1...NOC4 Phase A Start ON
NOC1...NOC4 Phase A Start OFF
NOC1...NOC4 Phase B Start ON
NOC1...NOC4 Phase B Start OFF
NOC1...NOC4 Phase C Start ON
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Event block name Event names

NOC1...NOC4 Phase C Start OFF
NOC1...NOC4 Phase A Trip ON
NOC1...NOC4 Phase A Trip OFF
NOC1...NOC4 Phase B Trip ON
NOC1...NOC4 Phase B Trip OFF
NOC1...NOC4 Phase C Trip ON
NOC1...NOC4 Phase C Trip OFF

The function registers its operation into the last twelve (12) time-stamped registers; this information is
available for all provided instances separately. The register of the function records the ON event
process data for START, TRIP or BLOCKED. The table below presents the structure of the function's

register content.

Table. 4.4.2 - 60. Register content.

Name Description

Date and time

dd.mm.yyyy hh:mm:ss.mss

Event

Event name

Fault type

L1-E...L1-L2-L3

Pre-trigger current

Start/Trip -20ms current

Fault current

Start/Trip current

Pre-fault current

Start -200ms current

Trip time remaining

0 ms...1800s

Setting group in use

Setting group 1...8 active.

4.4.3 Non-directional earth fault protection (10>; 50N/51N)

The non-directional earth fault function is used for instant and time-delayed earth fault protection. The
number of stages in the function depend on the device model. The operating characteristics are based
on the selected neutral current magnitude which the function measures constantly.
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Figure. 4.4.3 - 31. Simplified function block diagram of the 10> fucntion.

AQ-2xx Protection relay platform - Protection CPU

Function scheduler Protection tasks
NEF Functional Logic
Output
[MEASMAG] [PICK UP SET] Threshold Comparator Handling
Measuring 10 pick-up logic
Measurement alement  [I0INPUT] | — Start OK X 10
Database —_—r | B Blocking
Saturation X - HMI data
101 ff RMS 0 Check Blocked BLOCKED _ |Registers
101TRMS AN |, Lo | - Events
101 p-to-p > @ < o 10/1set Start allow START Counters
s PRI (0B
out = ILpp - - )
= o e i Deadband -3% of setting | TRIP
102 ff RMS 0 Timers
102TRMS 1\__2_&:&?_ 11
102 p-to-p 2 Lo o s Setting database
— ‘nu( = iLpp Operating timer selection
ef:it:\LllMS - Inst.al:\t .
- Definite time
10Calc 2 - IDMT
-IEC (A.B.K) ,L
10 Logic Matrix - IEEE/ANSI (A,B.C.k)
| | Release timer parameters [TIME CHARACTERISTICS] To Comm
} [NEF BLOCK] ] - Release time and HW
| S e—— - Release time holdoff CPU

Measured input

The function block uses residual current measurement values. The available analog measurement
channels are lo1 and lp2 (residual current measurement) and localc (residual current calculated from
phase current). The user can select the monitored magnitude to be equal either to RMS values

(fundamental frequency component), to TRMS values from the whole harmonic specter of 32
components, or to peak-to-peak values.

Table. 4.4.3 - 61. Measurement inputs of the 10> function.

Signal Description

I01RMS | Fundamental frequency component of coarse residual current measurement input 101

l01TRMS | TRMS measurement of coarse residual current measurement input 101

lo1PP Peak-to-peak measurement of coarse residual current measurement input 101

02RMS | Fundamental frequency component of sensitive residual current measurement input 102

l02TRMS | TRMS measurement of coarse sensitive current measurement input 102

looPP Peak-to-peak measurement of sensitive residual current measurement input 102

Fundamental frequency component of the calculated zero sequence current calculated from the

|
0Calc three phase currents

General settings

The following general settings define the general behavior of the function. These settings are static i.e.
it is not possible to change them by editing the setting group.
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Table. 4.4.3 - 62. General settings of the function.
Name Range Default Description
Setting . I . . . .
» Disabled | . Activating this parameter permits changing the pick-up level of the
control from Disabled . .
* Allowed protection stage via SCADA.
comm bus
« On
: ?elcsxt:ked Set mode of NEF block.
10> LN mode | Test/ On This parameter is visible only when Allow setting of individual LN
Blocked mode is enabled in General menu.
+ Off
* Normal
10> force « Start Force the status of the function. Visible only when Enable stage
. Normal ; . .
status to « Trip forcing parameter is enabled in General menu.
* Blocked
+ RMS ) . . . . .
Defines which available measured magnitude is used by the function.
Measured « TRMS : : . " o
) RMS This parameter is available when "Input selection" has been set to
magnitude * Peak-to- WA iAo
101" or "l02".
peak
Measurement [ <« Side 1 . ) . . .
: . Side 1 Defines which current measurement module is used by the function.
side « Side 2
Input - 101
but. « 102 101 Defines which measured residual current is used by the function.
selection . l0Calc

Pick-up settings

The I0set setting parameter controls the the pick-up of the 10> function. This defines the maximum
allowed measured current before action from the function. The function constantly calculates the ratio
between the I0set and the measured magnitude (/m) for each of the three phases. The reset ratio of 97
% is built into the function and is always relative to the /0set value. The setting value is common for all
measured phases. When the Im exceeds the [0set value (in single, dual or all phases) it triggers the
pick-up operation of the function.

Setting group selection controls the operating characteristics of the function, i.e. the user or user-
defined logic can change function parameters while the function is running.

Table. 4.4.3 - 63. Pick-up settings.

Default Description

[0set 0.0001...40.00 x In 0.0001 x In 1.20 % In Pick-up setting

Read-only parameters

The function's Info page displays useful, real-time information on the state of the protection function. It
is accessed either through the device's HMI display, or through the setting tool software when it is
connected to the device and its Live Edit mode is active.
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Table. 4.4.3 - 64. Information displayed by the function.
NET[) Range Step Description
+ On
05 LN « Blocked Displays the mode of NEF block.
behaviour | Test - This parameter is visible only when Allow setting of individual LN
» Test/Blocked mode is enabled in General menu.
« Off
» Normal
10> + Start . . .
condition | « Trip - Displays status of the protection function.
» Blocked
Angle of 10 against reference. If phase voltages are available,
Detected -360.00...360.00 deg 0.01 | positive sequence volltgge angle is used as referenpe. If voltages
10 angle deg are not available, positive sequence current angle is used as
reference.
« A-G-R
Detected | ° B-G-F Displays the detected fault type and direction of previous fault. "A/
fault tvoe | C-G-R - B/C" stand for one of the three phases. "G" stands for "ground". "F"
P « A-G-F stands for "forward" direction and "R" stands for "reverse" direction.
+ B-G-R
« C-G-F
Expected Displays the expected operating time when a fault occurs. When
o Zratin -1800.000...1800.000 | 0.005 | IDMT mode is used, the expected operating time depends on the
P 9 S S measured current value. If the measured current changes during a
time L ;
fault, the expected operating time changes accordingly.
Time 0.005 When the function has detected a fault and counts down time
remaining | 0.000...1800.000 s s. towards a trip, this displays how much time is left before tripping
to trip occurs.
|meas/|set
at the 0.00...1250.00 0.01 | The ratio between the measured current and the pick-up value.
moment

Function blocking

The block signal is checked in the beginning of each program cycle. The blocking signal is received
from the blocking matrix in the function's dedicated input. Additionally, the function includes an internal
inrush harmonic blocking option which is applied according to the parameters set by the user. If the
blocking signal is not activated when the pick-up element activates, a START signal is generated and
the function proceeds to the time characteristics calculation.

Table. 4.4.3 - 65. Internal inrush harmonic blocking settings.

Name

Inrush harmonic blocking
(internal-only trip)

Range Step Default Description
No i No 2" harmonic blocking
Yes enable/disable

2nd
[fund)

harmonic block limit (Iharm/

0.10...50.00%lfund

0.01 %lfund 0.01 %|fund

2" harmonic blocking limit
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If the blocking signal is active when the pick-up element activates, a BLOCKED signal is generated and
the function does not process the situation further. If the START function has been activated before the
blocking signal, it resets and processes the release time characteristics similarly to when the pick-up
signal is reset.

The variables the user can set are binary signals from the system. The blocking signal needs to reach
the device minimum of 5 ms before the set operating delay has passed in order for the blocking to
activate in time.

Operating time characteristics for trip and reset

This function supports definite time delay (DT) and inverse definite minimum time delay (IDMT). For
detailed information on these delay types please refer to the chapter "General properties of a protection
function" and its section "Operating time characteristics".

Events and registers

The non-directional earth fault function (abbreviated "NEF" in event block names) generates events and
registers from the status changes in the events listed below. The user can select which event
messages are stored in the main event buffer: ON, OFF, or both. The events triggered by the function
are recorded with a time stamp.

The function's outputs can be used for direct I/O controlling and user logic programming. The function
also provides a resettable cumulative counter for the START, TRIP and BLOCKED events.

The function offers four (4) independent stages; the events are segregated for each stage operation.

Table. 4.4.3 - 66. Event messages.

Event block name Event names

NEF1...NEF4 Start ON
NEF1...NEF4 Start OFF
NEF1...NEF4 Trip ON
NEF1...NEF4 Trip OFF
NEF1...NEF4 Block ON
NEF1...NEF4 Block OFF

The function registers its operation into the last twelve (12) time-stamped registers. The register of the
function records the ON event process data for START, TRIP or BLOCKED. The table below presents
the structure of the function's register content.

Table. 4.4.3 - 67. Register content.

Name Description

Date and time dd.mm.yyyy hh:mm:ss.mss
Event Event name
Fault type A-G-R...C-G-F
Pre-trigger current Start/Trip -20ms current
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Fault current Start/Trip current

Pre-fault current Start -200ms current

Trip time remaining 0 ms...1800s

Setting group in use Setting group 1...8 active.

4.4.4 Directional overcurrent protection (Idir>; 67)

The directional overcurrent function is used for instant and time-delayed overcurrent and short-circuits.
A device with both voltage and current protection modules can have four (4) available stages of the
function (Idir>, Idir>>, Idir>>>, Idir>>>>). The operating decisions are based on phase current
magnitudes which the function constantly measures.

Figure. 4.4.4 - 32. Simplified function block diagram of the Idir> function.

AQ-2xx Protection relay platform - Protection CPU
Function scheduler Protection tasks

(MEASMAG] DOC Functional Logic output
Measarement Melasuring Threshold Comparator Handling
element
Database - [PICK UP SETY | [Hiase s pice i Togic START 10
Phase L1 pick-up fogic Start OK HMI data
Iy1.23 ff RMS 0 | I Blocking Registers
li1.2.5 TRMS 1 A Events
‘ -] Blocked BLOCKED
[/ -t0-) &
L1,2,3 P-LO-P 2 | Counters
if ILpp > ILRMS.
e‘;::t = ILpp Trip allow
out = ILRMS
Saturation TRIP
Check
Timers
U1 Pos seq volt [ANGLE SET]
ANGLE
i1 Pos seq volt DIFF v |—
b
o
10 Logic Matrix ¢ H —{ [TIME CHARACTERISTICS]
i [DOC BLOCK] | Setting database
O | L__| Operating timer selection
- Instant
- Definite time
- IDMT
- IEC (A,B k) l‘
- IEEE/ANSI (A,B,C,k)
Release timer parameters To Comm
- Release time
- Release time holdoff anCdPEW

Measured input

The function block uses phase current and voltage measurement values. The user can select the
monitored current magnitude to be equal either to RMS values (fundamental frequency component), to
TRMS values from the whole harmonic specter of 32 components, or to peak-to-peak values.

The fault current angle is based on the comparison between the positive sequence voltage U7 and the
positive sequence current /1. If the positive sequence voltage is not available (three line-to-line voltages
but no Up), the voltage angle is based on a faulty phase line-to-line voltage. If the voltage drops below
1V in the secondary side during a fault, the voltage memory is used for 0.5 seconds. After that the
reference angle of voltage is forced to 0°.

Table. 4.4.4 - 68. Measurement inputs of the Idir> function.

Description

IL1IRMS Fundamental frequency component of phase L1 (A) current measurement
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Signal Description
[LoORMS Fundamental frequency component of phase L2 (B) current measurement
[L.3RMS Fundamental frequency component of phase L3 (C) current measurement

IL1TRMS TRMS measurement of phase L1 (A) current

IL2TRMS TRMS measurement of phase L2 (B) current

IL3TRMS TRMS measurement of phase L3 (C) current

IL1PP Peak-to-peak measurement of phase L1 (A) current
ILoPP Peak-to-peak measurement of phase L2 (B) current
IL.3PP Peak-to-peak measurement of phase L3 (C) current
U1RMS Fundamental frequency component of U1/V voltage measurement
U2RMS Fundamental frequency component of U2/V voltage measurement
U3RMS Fundamental frequency component of U3/V voltage measurement
U4RMS Fundamental frequency component of U4/V voltage measurement

General settings

The following general settings define the general behavior of the function. These settings are static i.e.
it is not possible to change them by editing the setting group.

Table. 4.4.4 - 69. General settings of the function.

Name Range Default Description
« On
i LN  Dlocked Set mode of DOC block.
mode . Test/ On This parameter is visible only when Allow setting of individual LN mode
Blocked is enabled in General menu.
« Off
* Normal
Idir> force » Start Force the status of the function. Visible only when Enable stage forcing
. Normal : .
status to o Trip parameter is enabled in General menu.
» Blocked
« RMS
Measgred * TRMS RMS Defines which available measured magnitude is used by the function.
magnitude * Peak-
to-peak
Measurement [ <« Side 1 Side 1 Defines which current measurement module is used by the function.
side + Side?2 Visible if the unit has more than one current measurement module.
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Pick-up settings

The Iset setting parameter controls the pick-up of the I> function. This defines the maximum allowed
measured current before action from the function. The function constantly calculates the ratio between
the Iset and the measured magnitude (/m) for each of the three phases. The reset ratio of 97 % is built
into the function and is always relative to the Iset value. The setting value is common for all measured
phases, and when the Im exceeds the Iset value (in single, dual or all phases) it triggers the pick-up
operation of the function.

The trip characteristic can be set to directional or non-directional. In the non-directional mode only the
pick-up value of the positive sequence current magnitude must be fulfilled in order for the function to
trip. In the directional mode the fault must also be in the monitored direction to fulfill the terms to trip.
By default, the tripping area is +88° (176°). The reference angle is based on the calculated positive
sequence voltage U7 angle. If the Uyvoltage is not available and only line-to-line voltages are
measured, the reference angle is based on a healthy line-to-line voltage. During a short-circuit the
reference angle is based on impedance calculation.

If the voltage drops below 1 V in the secondary side, the angle memory is used for 0.5 seconds. The
angle memory forces the reference angle to be equal to the value measured or calculated before the
fault. The angle memory captures the measured voltage angle 100 ms before the fault starts. After 0.5
seconds the angle memory is no longer used, and the reference angle is forced to 0°. The inbuilt reset
ratio for the tripping area angle is 2°.

Setting group selection controls the operating characteristics of the function, i.e. the user or user-
defined logic can change function parameters while the function is running.

Table. 4.4.4 - 70. Pick-up settings.

Name Range Step Default Description
Characteristic Bgi_chonal ) Directional Switches between directional and non-directional
direction L overcurrent mode.

directional

Qperatlng sector +1.0...170.0° | 0.1° +88° Pick-up area size in degrees.
size (+/-)
Operating sector -180.0...180.0° [ 0.1° 0° Turns the operating sector
center
Pick-up setting Iset | 0.10...40.00%In | 0.01XIn | 1.20%In Pick-up setting
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Figure. 4.4.4 - 33. Angle tracking of the Idir> function (3LN/3LL + Ug mode).

Tripping permitted

Please note in the picture above that the tripping area is linked to the angle of the positive sequence
voltage U1. The angle of the positive sequence current /7 is compared to U7 angle, and if the fault is in
the correct direction, it is possible to perform a trip when the amplitude of /. 1, I 2 or I 3increases
above the pick-up limit.

If the 3LL mode is used without the Up measurement in a single-phase fault situation, the voltage
reference comes from the healthy phase and the current reference from the faulty phase. In a short-
circuit the angle comes from impedance calculation.
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Figure. 4.4.4 - 34. Operation sector area when the sector center has been set to -45 degrees.

Figure. 4.4.4 - 35. When Idir> function has been set to "Non-directional" the function works basically just like a
traditional non-directional overcurrent protection function.
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Read-only parameters
The function's Info page displays useful, real-time information on the state of the protection function. It

is accessed either through the device's HMI display, or through the setting tool software when it is
connected to the device and its Live Edit mode is active.

Table. 4.4.4 - 71. Information displayed by the function.

Name Range Step Description
+ On
. « Blocked Displays the mode of DOC block.
Idir> LN . o , o
behaviour | Test - This parameter is visible only when Allow setting of individual
+ Test/Blocked LN mode is enabled in General menu.
« Off
Operating " . . L
angle -360.00...360.00deg | 0.01deg The positive sequence current angle in relation to the positive
sequence voltage.
now
Displays the expected operating time when a fault occurs.
Expected When IDMT mode is used, the expected operating time
operating | 0.000...1800.00s 0.005s depends on the highest measured phase current value. If the
time measured current changes during a fault, the expected
operating time changes accordingly.
Time When the function has detected a fault and counts down time
remaining | -1800.000...1800.00s | 0.005s towards a trip, this displays how much time is left before
to trip tripping occurs.
Imeas/lset . .
at the 0.00...1250.00m/lset | 0.011m/lset The ratio between the highest measured phase current and the
moment pick-up value.

Function blocking

The block signal is checked in the beginning of each program cycle. The blocking signal is received
from the blocking matrix in the function's dedicated input. Additionally, the function includes an internal
inrush harmonic blocking option which is applied according to the parameters set by the user. When
the pick-up element activates, a START signal is generated and the function proceeds to the time
characteristics calculation.

Table. 4.4.4 - 72. Internal inrush harmonic blocking settings.

INET[) Range Step Default Description
Inrush harmonic blocking * No . No Enables and disables the 2"
(internal-only trip) + Yes harmonic blocking.
nd , N
2 harmonic blocking limit | o 10_.50.00%lfung | 0.01%liund | 0.01%lfund | The 2" harmonic blocking limit.
(Iharm/Ifund)

If the blocking signal is active when the pick-up element activates, a BLOCKED signal is generated and
the function does not process the situation further. If the START function has been activated before the
blocking signal, time characteristics are reset and the release time characteristics are processed
similarly to when the pick-up signal is reset.
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The variables the user can set are binary signals from the system. The blocking signal needs to reach
the device minimum of 5 ms before the set operating delay has passed in order for the blocking to
activate in time.

Operating time characteristics for trip and reset
This function supports definite time delay (DT) and inverse definite minimum time delay (IDMT). For

detailed information on these delay types please refer to the chapter "General properties of a protection
function" and its section "Operating time characteristics".

Events and registers

The directional overcurrent function (abbreviated "DOC" in event block names) generates events and
registers from the status changes in the events listed below. The user can select which event
messages are stored in the main event buffer: ON, OFF, or both. The events triggered by the function
are recorded with a time stamp.

The function's outputs can be used for direct I/0O controlling and user logic programming. The function
also provides a resettable cumulative counter for the START, TRIP and BLOCKED events.

The function offers four (4) independent stages; the events are segregated for each stage operation.

Table. 4.4.4 - 73. Event messages.

Event block name Event names

DOC1...DOC4 Start ON

DOC1...DOC4 Start OFF

DOC1...DOC4 Trip ON

DOC1...DOC4 Trip OFF

DOC1...DOC4 Block ON

DOC1...DOC4 Block OFF
DOC1...DOC4 No voltage, Blocking ON
DOC1...DOC4 Voltage measurable, Blocking OFF
DOC1...DOC4 Measuring live angle ON
DOC1...DOC4 Measuring live angle OFF
DOC1...DOC4 Using voltmem ON
DOC1...DOC4 Using voltmem OFF

The function registers its operation into the last twelve (12) time-stamped registers; this information is
available for all provided instances separately. The register of the function records the ON event
process data for START, TRIP or BLOCKED. The table below presents the structure of the function's
register content.
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Register name Description

Date and time

dd.mm.yyyy hh:mm:ss.mss
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Event

Event name

Fault type

L1-E...L1-L2-L3

Pre-trigger current

Start/Trip -20ms current

Fault current

Start/Trip current

Pre-fault current

Start -200ms averages

Trip time remaining

0s...1800s

Setting group in use

Setting group 1...8 active

Operating angle

0...250°

4.4.5 Directional earth fault protection (I0dir>; 67N/32N)

The directional earth fault function is used for instant and time-delayed earth fault protection. A device
with both voltage and current protection modules can have four (4) stages in the function (10dir>,
|0dir>>, 10dir>>>, 10dir>>>>). The operating decisions are based on selected neutral current and

voltage magnitudes which the function constantly measures.

Figure. 4.4.5 - 36. Simplified function block diagram of the 10dir> function.
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Measured input

The function block uses residual current measurement values and neutral voltage measurement
values. The available residual current measurement channels are lp1 and lo2 (residual current
measurement) and I0Calc (residual current calculated from phase current).The user can select the

monitored current magnitude to be equal either to RMS values (fundamental frequency component), to
TRMS values from the whole harmonic specter of 32 components, or to peak-to-peak values.
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The fault current angle is based on comparing the neutral voltage Up angle to the residual current g

angle. Both lp and Up must be above the squelch limit to be able to detect the angle. The squelch limit
for the Ip current is 0.01 x /p and for the Up voltage 0.01 x Un.

Table. 4.4.5 - 75. Measurement inputs of the 10dir> function.

Signal Description

[01RMS | Fundamental frequency component of coarse residual current measurement input 101

01 TRMS | TRMS measurement of coarse residual current measurement input 101

lo1PP Peak-to-peak measurement of coarse residual current measurement input 101

l02RMS | Fundamental frequency component of sensitive residual current measurement input 102

l02TRMS | TRMS measurement of coarse sensitive current measurement input 102

lo2PP Peak-to-peak measurement of sensitive residual current measurement input 102

localc Fundamental frequency component of residual current calculated from the three phase currents

UoRMS | Fundamental frequency component of zero sequence voltage measurement input U0

Fundamental frequency component of of the zero sequence voltage calculated from the three phase

U
0Cale 1 \oltages

General settings

The following general settings define the general behavior of the function. These settings are static i.e.
it is not possible to change them by editing the setting group.

Table. 4.4.5 - 76. General settings of the function.

Name Range Default Description
On
10dir> LN Blocked Set mode of DEF block.
mode Test On This parameter is visible only when Allow setting of individual LN
Test/Blocked mode is enabled in General menu.
Off
* Normal
» Start
o Trip
» Blocked
* Unearthed
|0dir> force Start Force the status of the function. Visible only when Enable stage
Normal . . .
status to * Unearthed forcing parameter is enabled in General menu.
Trip
» Compensated
Start
» Compensated
Trip
uo If the connected neutral voltage polarity is opposite to the
o « U0 . .
directional . U0 uo connected residual current, this parameter can swap the angle
reference reference.
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Name Range Default Description
Select
uo Defines which available neutral voltage measurement is used.
U0> Meas . :
input select Calculated Select | Available neutral voltages depend on measurement settings
U3 Input (Measurements — Transformers — VT module).
U4 Input
Measured RMS Defines which available measured magnitude is used by the
maanitude TRMS RMS function. This parameter is available when "Input selection" has
9 Peak-to-peak been set to "I01" or "I02".
Measurement Side 1 . Defines which current measurement module is used by the
. . Side 1 .
side Side 2 function.
Input 101
but 102 101 Defines which measured residual current is used by the function.
selection 10Calc

Pick-up settings

The the pick-up of the 10dir> function is controlled by the /0set setting parameter and the UOset setting
parameter. The former defines the maximum allowed measured current, while the latter defines the

maximum allowed measured voltage and checks the angle difference before action from the function.

The function constantly calculates the ratio between the 10set and the UOset and the measured
magnitudes (Imand Um). The reset ratio of 97 % is built into the function and is always relative to the
10set (or UOser) value. When the Im exceeds the [0set value it triggers the pick-up operation of the

function.

Setting group selection controls the operating characteristics of the function, i.e. the user or user-
defined logic can change function parameters while the function is running.

Table. 4.4.5 - 77. Pick-up settings.

Name Range Step Default Description
* Unearthed
[32N Var]
+ Petersen coll
GND [32N
Watt]
) + Grounded )
Grounding type [67N] - Unearthed | Network grounding method
* 10cos & 10sin
broad range
with MCD
[32N Var/
Watt]
Pick-up setting
|0set> . . .
Current pick-up setting. If broadrange mode is
. 0.005...40.00xIn [ 0.001%In | 1.20xIn selected, unearthed and compensated networks
Comp. pick-up have separate pick-up settings
setting 10set '
(I0Cosfi)>
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Name Range Step Default Description
Unearth. pick-
up setting 10set
(10Sinfi)>
Pick-up setting
UOset>
gﬁ?ﬂp. pick-up Voltage pick-up setting. If broadrange mode is
Uo g(IOCosfi)> 1...75%Un 0.01%Un | 20%Un selected, unearthed and compensated networks
set have separate pick-up settings.
Unearth. pick-
up setting
UOset (10Sinfi)>
Activation of detecting healthy or unhealthy feeder
Multi-criteria » Not used ) Not used by analyzing symmetrical components of currents
detection + Used and voltages. Visible when broadrange mode is
used.
Dividing the angle between unearthed and
Unearthed/ R o R compensated tripping (see description later in this
Compensated | -45.0...90 0.1 45 - . .
border anale document). Visible when earthing type is set to
9 I0cos & 10sin broad range mode.
Fig(szisti\f{e d 10 angle blinder. Used in broadrange and Petersen
|(0 ar?gsl;) Mo%e 1 .90.0...0.0° 0.1° -90° coil grounded mode.
blinder. Not in use when set to zero.
Tripping area 1450, 135.0° 01° 188° Defines the tripping area sector size in grounded
size (+/-) network mode.
Tripping area -360.00...360.00 | 0.1° 0.0° Turns the tripping area in grounded network
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Unearthed network

Figure. 4.4.5 - 37. Angle tracking of 10dir> function (unearthed network model) (32N)
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When the unearthed (capacitive) network mode is chosen, the function expects the fault current to be
lagging zero sequence voltage by 90 degrees. Healthy phases of healthy feeders produce capacitive
current during earth fault just like a faulty feeder but the current is floating towards the busbar and
through an incoming feeder transformer or a earthing transformer and into a faulty feeder. Healthy
feeders do not trip since capacitive current is floating to the opposite direction and selective tripping
can be ensured.

The amplitude of the fault current depends on the capacitance of the network. The outgoing feeders
are the sources for capacitive currents. The bigger the network the greater the capacitive current
during a fault. Each outgoing feeder produces capacitance according to the zero sequence capacitive
reactance of the line (ohms per kilometer). It is normal that in cable networks fault currents are higher
than in overhead lines.
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The resistance of the fault affects the size of the voltage drop during a fault. In direct earth fault the
zero sequence voltage amplitude is equal to the system's line-to-earth voltage. In direct earth fault the
voltage of a faulty phase drops close to zero and healthy phase voltages increase to the amplitude of
line-to-line voltages.

Petersen coil earthed (Compensated) network (32N)

There are many benefits to a Petersen coil earthed network. The amount of automatic reclosing is
highly decreased and the maintenance of the breakers is therefore diminished. Arc faults die on their
own, and cables and equipment suffer less damage. In emergency situations a line with an earth fault
can be used for a specific time.

Figure. 4.4.5 - 38. Angle tracking of 10dir> function (Petersen coil earthed network model).

|
0Fl lcr Hlre

-
<=

Syl
\

o2 1 g,
R[DEL /I\ CF2<-RF2
1 [ ) <=

L —1
1

S
lg +lrF1 +lrr2 | [E: —
IEF 1 1
I +1g = T =
e (i
Undercompensated
A
U IO F2 |
0 € » >
Y Y
lo F1 Overcompensated
Trip area

© Arcteq Relays Ltd
IMO0017



AQ-G257

4 Function :
unctions Instruction manual

Version: 2.14

When the Petersen coil earthed (compensated) network mode is chosen, the function expects the fault
current to be in the opposite direction to the zero sequence voltage. Healthy phases of both healthy
and faulty feeders produce a capacitive current similar to the unearthed network. The inductance of
the Petersen coil compensates the capacitive current and therefore the residual current in a fault
location is close to zero. The size of the inductance is chosen according to the prospective earth fault
current of the network. The desired compensation grade is achieved when the K factor is close to 1.0
and the network is fully compensated. The network is overcompensated when the K factor is greater
than 1.0, and undercompensated when the K factor is smaller than 1.0.

The inductance connected to the star point of an incoming feeder transformer or -as in most cases- to
a earthing transformer compensates the capacitance of the network; however, this prevents the
capacitive fault current to be measured. The fault detection is handled by connecting the resistance in
parallel with the inductance. This resistance includes the amplitude of the fault current. In
undercompensated or overcompensated situations the resistive component does not change during
the fault; therefore, selective tripping is ensured even when the network is slightly undercompensated
or overcompensated.
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Directly earthed or small impedance network (67N)

Figure. 4.4.5 - 39. Angle tracking of 10dir> function (directly earthed or small impedance network).
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In a directly earthed network the amplitude of a single-phase fault current is similar to the amplitude of
a short-circuit current. Directly earthed or small impedance network schemes are normal in
transmission, distribution and industry.

The phase angle setting of the tripping area is adjustable as is the base direction of the area (angle
offset).
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Broad range mode with multi-criteria detection for unearthed and compensated
networks

When detecting earth faults in compensated long-distance cables and overhead lines, it is in some
cases difficult to distinguish between a healthy and a faulty feeder. Merely measuring the angle and the
magnitude of residual voltage and currents is not always enough, as changes in symmetrical
components of phase currents and voltages are also needed. Additionally, when protecting feeders
from earth faults, two modes are used depending on the network status (unearthed or compensated).
When changing between these two statuses the setting group must be changed, and especially with
distributed compensation the change may be difficult or impossible to arrange. Finally, in a
compensated network protection relays with traditional algorithms may sporadically detect an earth
fault in a long healthy feeder due to CT errors. For all these reasons, Arcteq has developed an
improved alternative to these traditional directional earth fault protections.

Figure. 4.4.5 - 40. Angle tracking of the 10dir> function (broad range mode).
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The new broad range mode is capable of detecting an earth fault directionally in both unearthed and
compensated networks not only by combining the two stages together but by using a new multi-criteria
detection. This optional additional tripping condition for compensated networks uses Arcteq’s patented,
high-resolution intermittent earth fault algorithm with added symmetrical component calculation of
phase currents and voltages. If this mode is activated, the alarming criteria is comprised of a measured
residual current in the fourth quadrant and the symmetrical components of voltages and currents
detecting a fault. No extra parameterization is required compared to the traditional method. The multi-
criteria algorithm can be tested with COMTRADE files supplied by Arcteq. The function requires a
connection of three-phase currents, residual current and residual voltage to operate correctly.

To avoid unnecessary alarms the user can add an encroachment area against 10 CT errors in
compensated long healthy lines.

Figure. 4.4.5 - 41. Effect of angle divider when in use and when disabled.
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To receive a more accurate indication as to whether the fault was in a compensated or an unearthed
network the angle divider can divide the area which would otherwise be overlapped between the two
network models. By default the setting is 45 degrees. When the divider is disabled the angle is set to
zero degrees.

Read-only parameters

The function's Info page displays useful, real-time information on the state of the protection function. It
is accessed either through the device's HMI display, or through the setting tool software when it is
connected to the device and its Live Edit mode is active.

Table. 4.4.5 - 78. Information displayed by the function.

Description
« On
. » Blocked Set mode of NOC block.

|0dir> LN ) T )

behaviour  Test On This parameter is visible only when Allow setting of
+ Test/Blocked individual LN mode is enabled in General menu.
o Off
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Name Range Step Description
+ Normal
10dir> + Start . . .
condition . Trip - Displays the status of the protection function.
+ Blocked
Displays which voltage channel is used by the function.
. No U0 availl If no voltage channel has been selected the function
uo> ) defaults to calculated residual voltage if line-to-neutral
. + UOCalc .
Measuring . U3 Inout - voltages have been connected to device. If no channel
now . U4 Input is set to "UO" mode and line-to-line voltages are
P connected, no residual voltage is available and "No UO
availl" will be displayed.
UO>' Pick-up 0.0...1 000 000V 0.1V The rleqwred. residual voltage on the primary side for the
setting function to trip.
Detected UO/ -360.00...360.00deg 0.01deg The angle in degrees between the monitored residual
10 angle (fi) voltage and the current.
|10 Magnitude | 0.000...250.000x10n 0.001xI0n | The per-unit-value of the monitored residual current.
10 Wattmetrlc -250.000...250.000x105 | 0.001x10, The wattmetric per-unit-value of the monitored residual
10xCos(fi) current.
10 Varmetric ~250.000...250.000%105 | 0.001x10, The varmetric per-unit-value of the monitored residual
10xSin(fi) current.
|0 direction * Undefined
now + Forward - The detected direction of the residual current.
* Reverse
10 meas/ 10 -250.000...250.000%10r | 0.001x10, The rgtlo between the monitored residual current and
set now the pick-up value.
uo
measurement | 0.000...500.000%U0n | 0.001%UOn | The measured voltage in the chosen voltage channel.
now
Displays the expected operating time when a fault
Expected occurs. When IDMT mode is used, the expected
operating 0.000...1800.000s 0.005s operating time depends on the measured current value.
time If the measured current changes during a fault, the
expected operating time changes accordingly.
Time When the function has detected a fault and counts
remaining to | -1800.000...1800.000s | 0.005s down time towards a trip, this displays how much time is
trip left before tripping occurs.

Function blocking

The block signal is checked in the beginning of each program cycle. The blocking signal is received
from the blocking matrix in the function's dedicated input. Additionally, the function includes an internal
inrush harmonic blocking option which is applied according to the parameters set by the user. If the
blocking signal is not activated when the pick-up element activates, a START signal is generated and
the function proceeds to the time characteristics calculation.
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Table. 4.4.5 - 79. Internal inrush harmonic blocking settings.
Name Range Step Default Description
Inrush harmonic blocking * No ) No Enables and disables the 2™
(internal-only trip) * Yes harmonic blocking.

nd . . .
2 ™ harmonic blocking it | g 10...50.00%lfund | 0.01%luna | 0.01%lfund | The 2" harmonic blocking limit.
(Iharm/Ifund)

If the blocking signal is active when the pick-up element activates, a BLOCKED signal is generated and
the function does not process the situation further. If the START function has been activated before the
blocking signal, it resets and the release time characteristics are processed similarly to when the pick-

up signal is reset.

The variables the user can set are binary signals from the system. The blocking signal needs to reach
the device minimum of 5 ms before the set operating delay has passed in order for the blocking to
activate in time.

Operating time characteristics for trip and reset
This function supports definite time delay (DT) and inverse definite minimum time delay (IDMT). For

detailed information on these delay types please refer to the chapter "General properties of a protection
function" and its section "Operating time characteristics".

NOTICE!
IDMT settings are not available in broadrange mode.

Table. 4.4.5 - 80. Time delay settings specific to the directional earth fault function.

Name Range Step  Default Description
+ Common
Delay type of . tslrgp?arate Common If broadrange mode is selected, it is possible to set

broad range - separate time delay for earth faults in grounded

characteristics time fo_r time networks and Petersen coil compensated networks.
|0Cosfi and

10Sinfi

Definite
operating time
delay
(Compensated) 0.000...1800.000 | 0.005 Time delays"for compensated and unearthed eart'hl )
— S S 0.040 s | faults when "Delay type of broad range characteristics
Definite has been set to "Separate".

operating time
delay
(Unearthed)

Events and registers

The directional overcurrent function (abbreviated "DEF" in event block names) generates events and
registers from the status changes in the events listed below. The user can select which event
messages are stored in the main event buffer: ON, OFF, or both. The events triggered by the function
are recorded with a time stamp.
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The function's outputs can be used for direct I/0O controlling and user logic programming. The function
also provides a cumulative counter for the START, TRIP and BLOCKED events.

The function offers four (4) independent stages; the events are segregated for each stage operation.

Table. 4.4.5 - 81. Event messages.

Event block name Event name

DEF1...DEF4 Start ON
DEF1...DEF4 Start OFF
DEF1...DEF4 Trip ON
DEF1...DEF4 Trip OFF
DEF1...DEF4 Block ON
DEF1...DEF4 Block OFF
DEF1...DEF4 |0Cosfi Start ON
DEF1...DEF4 |0Cosfi Start OFF
DEF1...DEF4 10Sinfi Start ON
DEF1...DEF4 10Sinfi Start OFF
DEF1...DEF4 I0Cosfi Trip ON
DEF1...DEF4 I0Cosfi Trip OFF
DEF1...DEF4 10Sinfi Trip ON
DEF1...DEF4 10Sinfi Trip OFF

The function registers its operation into the last twelve (12) time-stamped registers; this information is
available for all provided instances separately. The register of the function records the ON event
process data for START, TRIP or BLOCKED. The table below presents the structure of the function's
register content.

Table. 4.4.5 - 82. Register content.

Register Description

Event Event name
Date and time dd.mm.yyyy hh:mm:ss.mss
lo pre-triggering current Start/Trip -20ms current
lo fault current Start/Trip current
Fault capacitive lp Start/Trip capacitive current
Fault resistive lp Start/Trip resistive current
Fault Ug (%) Start/Trip voltage (percentage of nominal)
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Register Description

Fault Uo (V) Start/Trip voltage (in Volts)

lo fault angle 0...360°

Trip time remaining 0 ms...1800s

Setting group in use Setting group 1...8 active

Network GND Unearthed, Petersen coil earthed, Earthed network
lo pre-fault current Start -200ms current

4.4.6 Negative sequence overcurrent/ phase current reversal/ current
unbalance protection (12>; 46/46R/46L)

101

The current unbalance function is used for instant and time-delayed unbalanced network protection
and for detecting broken conductors. The number of stages in the function depends on the device
model. The operating decisions are based on negative and positive sequence current magnitudes
which the function constantly measures. In the broken conductor mode (12/11) the minimum allowed
loading current is also monitored in the phase current magnitudes.

There are two possible operating modes available: the 12 mode monitors the negative sequence
current, while the 12/11 mode monitors the ratio between the negative sequence current and the
positive sequence current. The device calculates the symmetrical component magnitudes in use from
the phase current inputs /.1, lL2 and /r.3. The zero sequence current is also recorded into the registers
as well as the angles of the positive, negative and zero sequence currents in order to better verify any
fault cases.

Figure. 4.4.6 - 42. Simplified function block diagram of the 12> function.

AQ-2xx Protection relay platform - Protection CPU

Function scheduler Protection tasks
CUB Functional Logic
Output
[MEASMAG] ] Threshold Comparator Handling
[PICK UP SET] 0 12 & 12/11 pick-up logic o
Measurement [PICK UP PERI1 SET] L ; Blacking HMI data
Database — Registers
[ 12 Neg.5eq.curr Megnitude prep . T | Blocked BLOCKED._|Events
| X | Counters
i 11 Pos.Seq.Curr ~Hroe L \Nset & [ Start allow START
{ — B
! ] ' 5
i Min phase current check B ‘Deadband -3% of setting’ ] TRIP
| [IPMINSET] [=
| IL1 ff RMS L1 1 Timers
i IL2 ff RMS % X — Setting database
| IL3 ffRMS = Operating timer selection
SO ——— - \nstgnt
10 Logic Matrix - ‘DDEF;'_’[‘WQ time
Pt -
| [CUB BLOCK] | ~IEC (A.B.K) ¢
| — ) - IEEE/JANSI (A,B.C.k)
Release timer parameters To Comm
- Release time and HW
- Release time holdoff [TIME CHARACTERISTICS] cPU

Measured input

The function block uses positive and negative sequence currents calculated from the phase current
measurement channels. In the broken conductor mode (12/11) the function also uses fundamental
frequency component of all phase currents to check the minimum current. Zero sequence and
component sequence angles are used for fault registering and for fault analysis processing.
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Table. 4.4.6 - 83. Measurement inputs of the 12> function.

Signal Description

11 Positive sequence current magnitude

12 Negative sequence current magnitude

1z Zero sequence current magnitude

11 ANG Positive sequence current angle

12 ANG Negative sequence current angle

IZ ANG Zero sequence current angle

IL1RMS Fundamental frequency component of phase L1 (A) current measurement
ILoRMS Fundamental frequency component of phase L2 (B) current measurement
IL.3RMS Fundamental frequency component of phase L3 (C) current measurement

General settings

The following general settings define the general behavior of the function. These settings are static i.e.
it is not possible to change them by editing the setting group.

Table. 4.4.6 - 84. General settings of the function.

Name Range Default Description
« On
 Dlocked Set mode of CUB block,
2> LN mode | |, Test/ On This parameter is visible only when Allow setting of individual LN mode
Blocked is enabled in General menu.
« Off
* Normal
|2> force » Start Force the status of the function. Visible only when Enable stage forcing
. Normal : .
status to o Trip parameter is enabled in General menu.
» Blocked
Measurement [ <« Side 1 Side 1 Defines which current measurement module is used by the function.
side + Side?2 Visible if the unit has more than one current measurement module.
Defines whether the ratio between the positive and the negative
Measured * 2pu . .
) 12pu sequence currents are supervised or whether only the negative
magnitude o 12/ . . .
sequence is used in detecting unbalance.

Pick-up settings

The setting parameters 12set and 12/11set control the the pick-up of the 12> function. They define the
maximum allowed measured negative sequence current or the negative/positive sequence current ratio
before action from the function. The function constantly calculates the ratio between the Isetand the
measured magnitude (/m). The reset ratio of 97 % is built into the function and is always relative to the
Ixset value. The reset ratio is the same for both modes.
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Setting group selection controls the operating characteristics of the function, i.e. the user or user-
defined logic can change function parameters while the function is running.

Table. 4.4.6 - 85. Pick-up settings.

Name Range Step Default Description
12set 0.01...40.00x%In 0.01%In 0.2XIn Pick-up setting for 12 mode
12/11set 1...200% 0.01% 20% Pick-up setting for 12/I1 mode

Read-only parameters

The function's Info page displays useful, real-time information on the state of the protection function. It
is accessed either through the device's HMI display, or through the setting tool software when it is
connected to the device and its Live Edit mode is active.

Table. 4.4.6 - 86. Information displayed by the function.

Name Range Description

On

Blocked .
12> LN Tost Displays the mode of CUB block.

behaviour Test/ This parameter is visible only when Allow setting of individual LN mode is enabled
Blocked in General menu.

Off

Normal
iy Start . . .
|2> condition Trip Displays the status of the protection function.
Blocked

Function blocking

The block signal is checked in the beginning of each program cycle. The blocking signal is received
from the blocking matrix in the function's dedicated input. If the blocking signal is not activated when
the pick-up element activates, a START signal is generated and the function proceeds to the time
characteristics calculation.

If the blocking signal is active when the pick-up element activates, a BLOCKED signal is generated and
the function does not process the situation further. If the START function has been activated before the
blocking signal, it resets and processes the release time characteristics similarly to when the pick-up
signal is reset.

The variables the user can set are binary signals from the system. The blocking signal needs to reach
the device minimum of 5 ms before the set operating delay has passed in order for the blocking to
activate in time.

Operating time characteristics for trip and reset
The operating timers’ behavior during a function can be set for TRIP signal and also for the release of
the function in case the pick-up element is reset before the trip time has been reached. There are three

basic operating modes available for the function:

» Instant operation: gives the TRIP signal with no additional time delay simultaneously with the start
signal.
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+ Definite time operation (DT): gives the TRIP signal after a user-defined time delay regardless of the
measured current as long as the current is above or below the iset value and thus the pick-up
element is active (independent time characteristics).

* Inverse definite minimum time (IDMT): gives the TRIP signal after a time which is in relation to the
set pick-up value Iset and the measured current Im (dependent time characteristics).

Both IEC and IEEE/ANSI standard characteristics as well as user settable parameters are available for
the IDMT operation.

Unique to the current unbalance protection is the availability of the “Curve2” delay which follows the
formula below:

k

t= 5

2
IZmeas

- Iset

» t= Operating time

* I2meas = Calculated negative sequence

» k= Constant k value (user settable delay multiplier)
* Iser= Pick-up setting of the function

Figure. 4.4.6 - 43. Operation characteristics curve for 12> Curve2.

Operating characteristics 12> Curve 2 (I2Pu meas mode)

1000

-
o
o

Operating time [s]

-
o

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Izmeas X IN

For a more detailed description on the time characteristics and their setting parameters, please refer to
the "General properties of a protection function" chapter and its "Operating time characteristics"
section.
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Events and registers

The current unbalance function (abbreviated "CUB" in event block names) generates events and
registers from the status changes in the events listed below. The user can select which event
messages are stored in the main event buffer: ON, OFF, or both. The events triggered by the function
are recorded with a time stamp.

The function's outputs can be used for direct I/O controlling and user logic programming. The function
also provides a resettable cumulative counter for the START, TRIP and BLOCKED events.

The function offers four (4) independent stages; the events are segregated for each stage operation.

Table. 4.4.6 - 87. Event messages.

Event block name Event names

CuB1...CUB4 Start ON
CuB1...CUB4 Start OFF
CuUB1...CUB4 Trip ON
CUB1...CUB4 Trip OFF
CuB1...CUB4 Block ON
CuB1...CUB4 Block OFF

The function registers its operation into the last twelve (12) time-stamped registers. The register of the
function records the ON event process data for START, TRIP or BLOCKED. The table below presents
the structure of the function's register content.

Table. 4.4.6 - 88. Register content.

Register Description

Event Event name

Date and time dd.mm.yyyy hh:mm:ss.mss
Pre-trigger current Start/Trip -20ms current
Fault current Start/Trip current

Pre-fault current Start -200ms current

Fault currents 11,12, IZ mag. and ang.
Trip time remaining 0 ms...1800s

Setting group in use Setting group 1...8 active

4.4.7 Harmonic overcurrent protection (Ih>; 50H/51H/68H)

105

The harmonic overcurrent function is used for non-directional instant and time-delayed overcurrent
detection and clearing. The number of stages in the function depends on the device model. The
function constantly measures the selected harmonic component of the selected measurement
channels, the value being either absolute value or relative to the RMS value.
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Figure. 4.4.7 - 44. Simplified function block diagram of the Ih> function.
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Measured input

The function block uses analog current measurement values from phase or residual currents. Each
measurement input of the function block uses RMS (fundamental frequency component) values and
harmonic components of the selected current input. The user can select the monitored magnitude to
be equal to the per-unit RMS values of the harmonic component, or to the harmonic component
percentage content compared to the RMS values.

Table. 4.4.7 - 89. Measurement inputs of the Ih> function.

Signal Description

IL1FFT

The magnitudes (RMS) of phase L1 (A) current components:
- Fundamental

- 2" harmonic
-3 harmonic

- 4™ harmonic

- 5" harmonic

- 6™ harmonic

- 7" harmonic

- 9™ harmonic

- 11" harmonic
- 13" harmonic
- 15" harmonic
- 17" harmonic
- 19" harmonic.
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Signal Description

The magnitudes (RMS) of phase L2 (B) current components:
- Fundamental

- 2" harmonic
-3 harmonic
- 4" harmonic
- 5™ harmonic
LoFFT - 6:: harmonic
- 7" harmonic
- 9™ harmonic
- 11" harmonic
- 13" harmonic
- 15" harmonic
- 17" harmonic

- 19™ harmonic.

The magnitudes (RMS) of phase L3 (C) current components:
- Fundamental

- 2" harmonic
- 3" harmonic
- 4™ harmonic
- 5" harmonic
-6 harmonic
ILaFFT - 7™ harmonic
- 9" harmonic
- 11" harmonic
- 13" harmonic
- 15" harmonic
- 17" harmonic

- 19th harmonic.

The magnitudes (RMS) of residual 101 current components:
- Fundamental

- 2" harmonic
- 3™ harmonic
- 4™ harmonic
- 5™ harmonic
lo1FFT - 6:: harmonic
- 7" harmonic
- 9™ harmonic
- 11" harmonic
- 13" harmonic
- 15" harmonic
- 17" harmonic

- 19th harmonic.
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Signal Description

The magnitudes (RMS) of residual 102 current components:
- Fundamental

- 2" harmonic
-3 harmonic
- 4th harmonic
- 5th harmonic
l0oFET - Gth harmonic
02 - 7th harmonic
- 9th harmonic
-1 1th harmonic
- 13™ harmonic
- 15th harmonic
- 17th harmonic

- 19th harmonic.

General settings
The function can be set to monitor the ratio between the measured harmonic and either the measured

fundamental component or the per unit value of the harmonic current. The user must select the correct
measurement input.

Table. 4.4.7 - 90. Operating mode selection settings.

Name Range Default Description
« On
: ?(cht:ked Set mode of HOC block.
lh>LNmode | |, Test/ On This parameter is visible only when Allow setting of individual LN
Blocked mode is enabled in General menu.
o Off
* Normal
Ih> force « Start Force the status of the function. Visible only when Enable stage
. Normal ; . .
status to o Trip forcing parameter is enabled in General menu.
» Blocked
Ih> + Side1 . Defines which current measurement module is used by the function.
measurement . Side 1 e ;
side + Side?2 Visible if the unit has more than one current measurement module.
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Name Range Default Description

2nd
harmonic
. 3rd
harmonic
. g4th
harmonic
. gth
harmonic
. gh
harmonic
7th
Harmonic harmonic | ond
selection . ofh harmonic
harmonic
. 1t
harmonic
. 13th
harmonic
. 15th
harmonic
. 17th
harmonic
.« 19
harmonic

Selection of the monitored harmonic component.

Per unit or e Xlp
relative Ih/IL

Selection of the monitored harmonic mode. Either directly per unit x

X In In or in relation to the fundamental frequency magnitude.

IL1/1L2/
Measurement IL3 IL1/IL2/ | Selection of the measurement input (either phase current or residual
input - 101 IL3 current).

« 102

Pick-up settings

The setting parameter lhset per unit or /h/IL (depending on the selected operating mode) controls the
pick-up of the Ih> function. This defines the maximum allowed measured current before action from the
function. The function constantly calculates the ratio between the lhset per unitor /h/IL and the
measured magnitude (/m) for each of the three phases. The reset ratio of 97 % is built into the function
and is always relative to the lhset per unit or Ih/ILvalue. The setting value is common for all measured
phases, and when the Im exceeds the Isgt value (in single, dual or all phases) it triggers the pick-up
operation of the function.

Setting group selection controls the operating characteristics of the function, i.e. the user or user-
defined logic can change function parameters while the function is running.

Table. 4.4.7 - 91. Pick-up settings.

Default Description

Pick-up setting

Ihset pu 0.05...2.00xIn 0.01xIn 0.20xIn (oer unit monitoring)
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Default Description

Pick-up setting

Ih/IL 5.00...200.00% 0.01% 20.00% L
(percentage monitoring)

Read-only parameters
The function's Info page displays useful, real-time information on the state of the protection function. It

is accessed either through the device's HMI display, or through the setting tool software when it is
connected to the device and its Live Edit mode is active.

Table. 4.4.7 - 92. Information displayed by the function.

Name Range Step Description
+ On
Ih> » Blocked Displays the mode of HOC block.
behaviour | * Test - This parameter is visible only when Allow setting of individual
» Test/Blocked LN mode is enabled in General menu.
« Off
* Normal
Ih> « Start . : .
condition . Tip - Displays the status of the protection function.
» Blocked
Ih meas/ . . .
Ih st 0.00...100000.00lm/lset | 0.01Im/lset The ratio between the monitored residual current and the
pick-up value.
now
Displays the expected operating time when a fault occurs.
Expected When IDMT mode is used, the expected operating time
operating | 0.000...1800.000s 0.005s depends on the measured voltage value. If the measured
time voltage changes during a fault, the expected operating time
changes accordingly.
Time When the function has detected a fault and counts down time
remaining | -1800.000...1800.000s | 0.005s towards a trip, this displays how much time is left before
to trip tripping occurs.

Function blocking

The block signal is checked in the beginning of each program cycle. The blocking signal is received
from the blocking matrix in the function's dedicated input. If the blocking signal is not activated when
the pick-up element activates, a START signal is generated and the function proceeds to the time
characteristics calculation.

If the blocking signal is active when the pick-up element activates, a BLOCKED signal is generated and
the function does not process the situation further. If the START function has been activated before the
blocking signal, it resets and the release time characteristics are processed similarly to when the pick-

up signal is reset.

The variables the user can set are binary signals from the system. The blocking signal needs to reach
the device minimum of 5 ms before the set operating delay has passed in order for the blocking to
activate in time.
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Operating time characteristics for trip and reset

This function supports definite time delay (DT) and inverse definite minimum time delay (IDMT). For
detailed information on these delay types please refer to the chapter "General properties of a protection
function" and its section "Operating time characteristics".

Events and registers

The harmonic overcurrent function (abbreviated "HOC" in event block names) generates events and
registers from the status changes in the events listed below. The user can select which event
messages are stored in the main event buffer: ON, OFF, or both. The events triggered by the function
are recorded with a time stamp.

The function's outputs can be used for direct I/O controlling and user logic programming. The START
signal can be used to block other stages; if the situation lasts longer, the TRIP signal can be used on
other actions as time-delayed. The function also provides a resettable cumulative counter for the
START, TRIP and BLOCKED events.

The function offers four (4) independent stages; the events are segregated for each stage operation.

Table. 4.4.7 - 93. Event description.

Event block name Event names

HOC1...HOC4 Start ON
HOC1...HOC4 Start OFF
HOC1...HOC4 Trip ON
HOC1...HOC4 Trip OFF
HOC1...HOC4 Block ON
HOC1...HOC4 Block OFF

The function registers its operation into the last twelve (12) time-stamped registers. The register of the
function records the ON event process data for START, TRIP or BLOCKED. The table below presents
the structure of the function's register content.

Table. 4.4.7 - 94. Register content.

Register Description

Date and time dd.mm.yyyy hh:mm:ss.mss
Event Event name

Fault type L1-G...L1-L2-L3
Pre-trigger current Start/Trip -20ms current
Fault current Start/Trip current

Pre-fault current Start -200ms current

Trip time remaining 0 ms...1800s
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Register Description

Setting group in use Setting group 1...8 active

4.4.8 Circuit breaker failure protection (CBFP; 50BF/52BF)

The circuit breaker failure protection function is used for monitoring the circuit breaker operation after it
has received a TRIP signal. The function can also be used to retrip a failing breaker; if the retrip fails, an
incoming feeder circuit breaker can be tripped by using the function's CBFP output. The retrip
functionality can be disabled if the breaker does not have two trip coils.

The function can be triggered by the following:

» overcurrent (phase and residual)

« digital output monitor

 digital signal

* any combination of the above-mentioned triggers.

In the current-dependent mode the function constantly measures phase current magnitudes and the
selected residual current. In the signal-dependent mode any of the device's binary signals (trips, starts,
logical signals etc.) can be used to trigger the function. In the digital output-dependent mode the
function monitors the status of the selected output relay control signal.

Figure. 4.4.8 - 45. Simplified function block diagram of the CBFP function.

AQ-2xx Protection relay platform - Protection CPU

Function scheduler Protection tasks
CBF Functional Logic
Output
Threshold Comparator —
. P [ACTMODE] [~ Handling
PICK UP PH 0
[ 1 7\ 10
2 \ Blocking HMI data
Messurement _ g_; T | Blockes BLockep | [Registers
Database - Counters
IL1 ff RMS %L & Stert allow START
IL2 ff RMS :
IL3 ff RMS -—!& |5
[PICK UP 10] | . Timers
[10INPUT] ‘ !z}»— [ENARETR] [
1 10, RETRIP
101 ff RMS 0 | , O\ Zor
102 ff RMS 1 ] [TRETR]
CBFP
10Calc 2 H—].lle. I?%T
N [TCBFP]
10 Logic Matrix
9
[CBF DOIN] E|'_
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Measured input
The function block uses fundamental frequency component of phase current and residual current

measurement values. The user can select 101, 102 or the calculated 10 for the residual current
measurement.

Table. 4.4.8 - 95. Measurement inputs of the CBFP function.

Description

IL1IRMS Fundamental frequency component of phase L1 (A) current measurement
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[LoORMS Fundamental frequency component of phase L2 (B) current measurement
[L.3RMS Fundamental frequency component of phase L3 (C) current measurement
l01RMS Fundamental frequency component of residual input lp1 measurement
l02RMS Fundamental frequency component of residual input lp2 measurement
localc Calculated residual current from the phase current inputs

General settings

The following general settings define the general behavior of the function. These settings are static i.e.
it is not possible to change them by editing the setting group.

Table. 4.4.8 - 96. CBFP monitoring signal definitions.

Name

Description

Signal
in
monitor

Defines which TRIP events of the used protection functions trigger the CBFP countdown. For the
CBFP function to monitor the signals selected here, the "Operation mode selection" parameter must
be set to a mode that includes signals (e.g. "Signals only", "Signals or DO", "Current and signals and
DO").

Defines which output relay of the used protection functions trigger the CBFP countdown. For the
Trip CBFP function to monitor the output relays selected here, the "Operation mode selection" parameter
monitor | must be set to a mode that includes digital outputs (e.g. "DO only", "Current and DO", "Current or
signals or DO").

Table. 4.4.8 - 97. General settings of the function.

Name Range Default Description
On
CBEP LN %Z?ked Set mode of CBF block.
mode Test/ On This parameter is visible only when Allow setting of individual LN mode
Blocked is enabled in General menu.
Off
Normal
CBFP force EgteaTrrt, Normal Force the status of the function. Visible only when Enable stage forcing
status to CBFFE) parameter is enabled in General menu.
Blocked
g/ilgeasurement 2:32 ; Side 1 | Defines which current measurement module is used by the function.

113
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CBFP function. They define the minimum allowed measured current before action from the function.
The function constantly calculates the ratio between the Iset or the /0set and the measured magnitude
(Im) for each of the three phases and the selected residual current input. The reset ratio of 97 % is built

into the function and is always relative to the Iset value. The setting value is common for all measured

phases. When the Im exceeds the Iset value (in single, dual or all phases) it triggers the pick-up

operation of the function.

Setting group selection controls the operating characteristics of the function, i.e. the user or user-
defined logic can change function parameters while the function is running.

Table. 4.4.8 - 98. Operating mode and input signals selection.

Name

[0Input

Range

Not in
use
101
102
|0Calc

Step Default

Not in
use

Description

Selects the residual current monitoring source, which can be either
from the two separate residual measurements (101 and 102) or from
the phase current's calculated residual current.

Actmode

Current
only
DO
only
Signals
only
Current
and

DO
Current
or DO
Current
and
signals
Current
or
signals
Signals
and

DO
Signals
or DO
Current
or DO
or
signals
Current
and

DO
and
Signals

Current
only

Selects the operating mode. The mode can be dependent on current

measurement, binary signal status, output relay status ("DO"), or a
combination of the three.
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Table. 4.4.8 - 99. Pick-up settings.

Name

Range

Iset 0.01...40.00xIn

0.

Step Default Description

The pick-up threshold for the phase current measurement.
01xln | 0.20%In | This setting limit defines the upper limit for the phase current
pick-up element.

[0set | 0.005...40.000%In

0.

The pick-up threshold for the residual current measurement.
001xIn | 1.200x%In | This setting limit defines the upper limit for the phase current
pick-up element.

Read-only parameters

The function's Info page displays useful, real-time information on the state of the protection function. It
is accessed either through the device's HMI display, or through the setting tool software when it is
connected to the device and its Live Edit mode is active.

Table. 4.4.8 - 100. Information displayed by the function.

Name

CBFP LN
behaviour

Range

On
Blocked
Test
Test/
Blocked
Off

Description

Displays the mode of CBF block.

This parameter is visible only when Allow setting of individual LN mode is
enabled in General menu.

CBFP
condition

Normal
Start
ReTrip
CBFP
On
Blocked

Displays status of the protection function.

Function blocking

The block signal is checked in the beginning of each program cycle. The blocking signal is received
from the blocking matrix in the function's dedicated input. If the blocking signal is not activated when
the pick-up element activates, a START signal is generated and the function proceeds to the time
characteristics calculation.

If the blocking signal is active when the pick-up element activates, a BLOCKED signal is generated and
the function does not process the situation further. If the START function has been activated before the
blocking signal, it resets and processes the release time characteristics similarly to when the pick-up

signal is reset.

The variables the user can set are binary signals from the system. The blocking signal needs to reach
the device minimum of 5 ms before the set operating delay has passed in order for the blocking to
activate in time.
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The operating timers’ behavior during a function can be set depending on the application. The same
pick-up signal starts both timers. When retrip is used the time grading should be set as follows: the
sum of specific times (i.e. the retrip time, the expected operating time, and the pick-up conditions'
release time) is shorter the set CBFP time. This way, when retripping another breaker coil clears the
fault, any unnecessary function triggers are avoided.

The following table presents the setting parameters for the function's operating time characteristics.

Table. 4.4.8 - 101. Setting parameters for operating time characteristics.

Name Range Step Default Description
. No Retrip enabled or disabled. When the retrip is disabled, the

Retrip . Yes - Yes output will not be visible and the TRetr setting parameter will
not be available.

Retrip Retrip start the timer. This setting defines how long the startin

time | 0.000...1800.000s | 0.005s | 0.100s b ' g aetines how'long 9

delay condition has to last before a RETRIP signal is activated.
CBFP starts the timer. This setting defines how long the

CBFP | 0.000...1800.000s | 0.005s | 0.200s | starting condition has to last before the CBFP signal is
activated.

The following figures present some typical cases of the CBFP function.
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Trip, Retrip and CBFP in the device configuration

Figure. 4.4.8 - 46. Wiring diagram when Trip, Retrip and CBFP are configured to the device.
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The retrip functionality can be used in applications whose circuit breaker has a retrip or a redundant
trip coil available. The TRIP signal is normally wired to the breaker's trip coil from the device's trip
output. The retrip is wired from its own device output contact in parallel with the circuit breaker's
redundant trip coil. The CBFP signal is normally wired from its device output contact to the incoming
feeder circuit breaker. Below are a few operational cases regarding the various applications.
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Figure. 4.4.8 - 47. Retrip and CBFP when "Current" is the selected criterion.
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When the current threshold setting of Iset and/or [0set is exceeded, the current-based protection is
activated and the counters for RETRIP and CBFP start calculating the set operating time. The tripping
of the primary protection stage is not monitored in this configuration. Therefore, if the current is not
reduced below the setting limit, a RETRIP signal is sent to the redundant trip coil. If the current is not
reduced within the set time limit, the function also sends a CBFP signal to the incoming feeder breaker.
If the primary protection function clears the fault, both counters (RETRIP and CBFP) are reset as soon
as the measured current is below the threshold settings.
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Figure. 4.4.8 - 48. Retrip and CBFP when "Current and DO" is the selected criterion.
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When the current threshold setting of Iser and/or 10set is exceeded, the current-based protection is
activated. At the same time, the counters for RETRIP and CBFP are halted until the monitored output
contact is controlled (that is, until the primary protection operates). When the tripping signal reaches
the primary protection stage, the RETRIP and CBFP counters start calculating the set operating time.
The tripping of the primary protection stage is constantly monitored in this configuration. If the current
is not reduced below the setting limit or the primary stage tripping signal is not reset, a RETRIP signal is
sent to the redundant trip coil. If the retripping fails and the current is not reduced below the setting
limit or the primary stage tripping signal is not reset, the function also sends a CBFP signal to the
incoming feeder circuit breaker. If the primary protection function clears the fault, both counters
(RETRIP and CBFP) are reset as soon as the measured current is below the threshold settings or the
tripping signal is reset. This configuration allows the CBFP to be controlled with current-based
functions alone, and other function trips can be excluded from the CBFP functionality.
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Figure. 4.4.8 - 49. Retrip and CBFP when "Current or DO" is the selected criterion.
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When the current threshold setting of Iset and/or [0set is exceeded, or the TRIP signal reaches the
primary protection stage, the function starts counting down towards the RETRIP and CBFP signals.
The tripping of the primary protection stage is constantly monitored in this configuration regardless of
the current's status. The pick-up of the CBFP is active unless the current is reduced below the setting
limit and the primary stage tripping signal is reset. If either of these conditions is met (i.e. the current is
above the limit or the signal is active) for the duration of the set RETRIP time delay, a RETRIP signal is
sent to the redundant trip coil. If either of the conditions is active for the duration of the set CBFP time
delay, a CBFP signal is sent to the incoming feeder circuit breaker. If the primary protection function
clears the fault, both counters (RETRIP and CBFP) are reset as soon as the measured current is below
the threshold settings and the tripping signal is reset. This configuration allows the CBFP to be
controlled with current-based functions alone, with added security from current monitoring. Other
function trips can also be included in the CBFP functionality.
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Trip and CBFP in the device configuration

Figure. 4.4.8 - 50. Wiring diagram when Trip and CBFP are configured to the device.
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Probably the most common application is when the device's trip output controls the circuit breaker trip
coil, while one dedicated CBFP contact controls the CBFP function. Below are a few operational cases
regarding the various applications and settings of the CBFP function.
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Figure. 4.4.8 - 51. CBFP when "Current" is the selected criterion.
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When the current threshold setting of Iset and/or [0set is exceeded, the current-based protection is
activated and the counter for CBFP starts calculating the set operating time. The tripping of the
primary protection stage is not monitored in this configuration. Therefore, if the current is not reduced
below the setting limit, a CBFP signal is sent to the incoming feeder circuit breaker. If the primary
protection function clears the fault, the counter for CBFP resets as soon as the measured current is
below the threshold settings.
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Figure. 4.4.8 - 52. CBFP when "Current and DO" is the selected criterion.
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When the current threshold setting of Iset and/or [0set is exceeded, the current-based protection is
activated. At the same time, the counter for CBFP is halted until the monitored output contact is
controlled (that is, until the primary protection operates). When the tripping signal reaches the primary
protection stage, the CBFP counter starts calculating the set operating time. The tripping of the
primary protection stage is constantly monitored in this configuration. If the current is not reduced
below the setting limit or the primary stage tripping signal is not reset, a CBFP signal is sent to the
incoming feeder circuit breaker. The time delay counter for CBFP is reset as soon as the measured
current is below the threshold settings or the tripping signal is reset. This configuration allows the CBFP
to be controlled by current-based functions alone, and other function trips can be excluded from the
CBFP functionality.
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Figure. 4.4.8 - 53. CBFP when "Current or DO" is the selected criterion.
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When the current threshold setting of Iset and/or [0set is exceeded, or the TRIP signal reaches the
primary protection stage, the function starts counting down towards the CBFP signal. The tripping of
the primary protection stage is constantly monitored in this configuration regardless of the current's
status. The pick-up of the CBFP is active unless the current is reduced below the setting limit and the
primary stage tripping signal is reset. If either of these conditions is met (i.e. the current is above the
limit or the signal is active) for the duration of the set CBFP time delay, a CBFP signal is sent to the
incoming feeder circuit breaker. The time delay counter for CBFP is reset as soon as the measured
current is below the threshold settings and the tripping signal is reset. This configuration allows the
CBFP to be controlled by current-based functions alone, with added security from current monitoring.
Other function trips can also be included to the CBFP functionality.
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Device configuration as a dedicated CBFP unit

Figure. 4.4.8 - 54. Wiring diagram when the device is configured as a dedicated CBFP unit.
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Some applications require a dedicated circuit breaker protection unit. When the CBFP function is
configured to operate with a digital input signal, it can be used in these applications. When a device is
used for this purpose, the tripping signal is wired to the device's digital input and the device's own TRIP
signal is used only for the CBFP purpose. In this application's incoming feeder the RETRIP and CBFP
signals are also available with different sets of requirements. The RETRIP signal can be used for
tripping the section's feeder breaker and the CBFP signal for tripping the incoming feeder. The
following example does not use retripping and the CBFP signal is used as the incoming feeder trip from
the outgoing breaker trip signal. The TRIP signal can also be transported between different devices by
using GOOSE messages.

Figure. 4.4.8 - 55. Dedicated CBFP operation from digital input signal.
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In this mode the CBFP operates only from a digital input signal. Both current and output relay
monitoring can be used. The counter for the CBFP signal begins when the digital input is activated. If
the counter is active until the CBFP counter is used, the device issues a CBFP command to the
incoming feeder circuit breaker. In this application the device tripping signals from all outgoing feeders
can be connected to one, dedicated CBFP device which operates either on current-based protection
or on all possible faults' CBFP protection.

Events and registers

The circuit breaker failure protection function (abbreviated "CBF" in event block names) generates
events and registers from the status changes in the events listed below. The user can select which
event messages are stored in the main event buffer: ON, OFF, or both. The events triggered by the
function are recorded with a time stamp.

The function's outputs can be used for direct I/O controlling and user logic programming. The function
also provides a resettable cumulative counters for RETRIP, CBFP, CBFP START and BLOCKED events.

Table. 4.4.8 - 102. Event messages.

Event block name Event names

CBF1 Start ON
CBF1 Start OFF
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CBF1 Retrip ON
CBF1 Retrip OFF
CBF1 CBFP ON
CBF1 CBFP OFF
CBF1 Block ON
CBF1 Block OFF
CBF1 DO monitor ON
CBF1 DO monitor OFF
CBF1 Signal ON
CBF1 Signal OFF
CBF1 Phase current ON
CBF1 Phase current OFF
CBF1 Res current ON
CBF1 Res current OFF

The function registers its operation into the last twelve (12) time-stamped registers. The register of the
function records the ON event process data for ACTIVATED, BLOCKED, etc. The table below presents
the structure of the function's register content.

Table. 4.4.8 - 103. Register content.

Register Description

Date and time dd.mm.yyyy hh:mm:ss.mss

Event Event name

Max phase current Highest phase current

Residual current 101, 102 channel or calculated residual current
Time to RETR Time remaining to retrip activation

Time to CBFP Time remaining to CBFP activation

Setting group in use Setting group 1...8 active

4.4.9 Overvoltage protection (U>; 59)

The overvoltage function is used for instant and time-delayed overvoltage protection. Devices with a
voltage protection module has four (4) available stages of the function (U>, U>>, U>>>, U>>>>). The
function constantly measures phase voltage magnitudes or line-to-line magnitudes.
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Figure. 4.4.9 - 56. Simpilified function block diagram of the U> function.
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Measured input

The function block uses fundamental frequency component of line-to-line or line-to-neutral (as the user
selects). If the protection is based on line-to-line voltage, overvoltage protection is not affected by earth
faults in isolated or compensated networks.

Table. 4.4.9 - 104. Measurement input of the U> function.

Signal Description

UL12RMS Fundamental frequency component of UL 12/V voltage measurement
UL23RMS Fundamental frequency component of U 23/V voltage measurement
UL31RMS Fundamental frequency component of UL31/V voltage measurement
UL1RMS Fundamental frequency component of U 1/V voltage measurement
UL2RMS Fundamental frequency component of UL 2/V voltage measurement
UL3RMS Fundamental frequency component of UL 3/V voltage measurement

Table. 4.4.9 - 105. Measured magnitude selection settings.

Name

Measured
magnitude

Range Default Description

P-P
voltages
P-E
voltages
U3
input
(2LL-
U3SS)
U4
input
(S9)

p-P Selection of phase-to-phase or phase-to-earth voltages. Additionally, the
voltages | U3 or U4 input can be assigned as the voltage channel to be supervised.
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Figure. 4.4.9 - 57. Selectable measurement magnitudes with 3LN+U4 VT connection.
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Figure. 4.4.9 - 58. Selectable measurement magnitudes with 3LL+U4 VT connection (P-E voltages not available
without residual voltage).
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Figure. 4.4.9 - 59. Selectable measurement magnitudes with 2LL+U3+U4 VT connection (P-E voltages not
available without residual voltage).
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P-P Voltages and P-E Voltages selections follow phase-to-neutral or phase-to-phase voltages in the
first three voltage channels (or two first voltage channels in the 2LL+U3+U4 mode). U4 input selection
follows the voltage in Channel 4. U3Input selection only follows the voltage in Channel 3 if the
2LL+U3+U4 mode is in use.

General settings

The following general settings define the general behavior of the function. These settings are static i.e.
it is not possible to change them by editing the setting group.

Table. 4.4.9 - 106. General settings of the function.

Name Range Default Description
+ On
Us LN ' Eéifked Set mode of OV block.
mode . Test/ On This parameter is visible only when Allow setting of individual LN mode is
Blocked enabled in General menu.
« Off
* Normal
U> force + Start Force the status of the function. Visible only when Enable stage forcing
: Normal : ;
status to « Trip parameter is enabled in General menu.
+ Blocked

Pick-up settings

The Uset setting parameter controls the pick-up of the U> function. This defines the maximum allowed
measured voltage before action from the function. The function constantly calculates the ratio between
the Usetand the measured magnitude (Um) for each of the three voltages. The reset ratio of 97 % is
built into the function and is always relative to the Uset value. The setting value is common for all
measured amplitudes, and when the Um exceeds the Uset value (in single, dual or all voltages) it
triggers the pick-up operation of the function.

Setting group selection controls the operating characteristics of the function, i.e. the user or user-
defined logic can change function parameters while the function is running.
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Table. 4.4.9 - 107. Pick-up settings.
Name Range Step Default Description
+ 1 voltage
Operation mode + 2 voltages - 1 voltage Pick-up criteria selection
+ 3 voltages
Uset 0.01...250.00%Un 0.01%Un 105%Un Pick-up setting

Read-only parameters

The function's Info page displays useful, real-time information on the state of the protection function. It
is accessed either through the device's HMI display, or through the setting tool software when it is
connected to the device and its Live Edit mode is active.

Table. 4.4.9 - 108. Information displayed by the function.

Name Range Step Description
* On
» Blocked Displays the mode of OV block.
U> LN . o )
behaviour * Test - This parameter is visible only when Allow setting of
» Test/Blocked individual LN mode is enabled in General menu.
« Off
U< pick- The primary voltage required for tripping. The displayed
pict 0.0...1 000 000.0V 0.1V pick-up voltage level depends on the pick-up setting and
up setting .
the voltage transformer settings.
Displays the expected operating time when a fault occurs.
Expected When IDMT mode is used, the expected operating time
operating | 0.000...1800.000s 0.005s depends on the measured voltage value. If the measured
time voltage changes during a fault, the expected operating
time changes accordingly.
Time When the function has detected a fault and counts down
remaining | -1800.000...1800.000s | 0.005s time towards a trip, this displays how much time is left
to trip before tripping occurs.
Uam)
meas/Uset 0.00...1250.00Ur/Uset | 0.01Urm/Uset The ratio between Ua or Uag voltage and the pick-up
at the value.
moment
UB(c)
meas/Uset 0.00...1250.00Ur/Uset | 0.01Urm/Uset The ratio between Up or Ugc voltage and the pick-up
at the value.
moment
Uca)
meas/Uset 0.00...1250.00Ur/Uset | 0.01Urm/Uset The ratio between Uc or Uca voltage and the pick-up
at the value.
moment
Umeas/Uset The ratio between the measured voltage and the pick-up
at the 0.00...1250.00Um/Uset | 0.01Um/Uset value
moment '
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Function blocking

The block signal is checked in the beginning of each program cycle. The blocking signal is received
from the blocking matrix in the function's dedicated input. If the blocking signal is not activated when
the pick-up element activates, a START signal is generated and the function proceeds to the time
characteristics calculation.

If the blocking signal is active when the pick-up element activates, a BLOCKED signal is generated and
the function does not process the situation further. If the START function has been activated before the
blocking signal, it resets and the release time characteristics are processed similarly to when the pick-

up signal is reset.

The variables the user can set are binary signals from the system. The blocking signal needs to reach
the device minimum of 5 ms before the set operating delay has passed in order for the blocking to
activate in time.

Operating time characteristics for trip and reset

The operating timers’ behavior during a function can be set for TRIP signal and also for the release of
the function in case the pick-up element is reset before the trip time has been reached. There are three
basic operating modes available for the function:

+ Instant operation: gives the TRIP signal with no additional time delay simultaneously with the
START signal.

+ Definite time operation (DT): gives the TRIP signal after a user-defined time delay regardless of the
measured voltage as long as the voltage is above the Uset value and thus the pick-up element is
active (independent time characteristics).

* Inverse definite minimum time (IDMT): gives the TRIP signal after a time which is in relation to the
set pick-up voltage Uset and the measured voltage Um (dependent time characteristics).

The IDMT function follows this formula:

k

(7%) -1

Where:

» t=operating time

* k=time dial setting

* Um = measured voltage

» Us = pick-up setting

* a=IDMT Multiplier setting

The following table presents the setting parameters for the function's time characteristics.

Table. 4.4.9 - 109. Setting parameters for operating time characteristics.

Step Default Description

Selection of the delay type time counter. The selection

Iti)eleay : :IDZ)TMT - DT possibilities are dependent (IDMT, Inverse Definite Minimum
P Time) and independent (DT, Definite Time) characteristics.
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Name Range Step Default Description
Definit Definite time operating delay. The setting is active and visible
o eeTa: tien when DT is the selected delay type.
tir%e 9 0.000...800.000s [ 0.005s [ 0.040s | When set to 0.000 s, the stage operates as instant stage
delay without added delay. When the parameter is set to
0.005...1800 s, the stage operates as independent delayed.
Time dial This setting is active and visible when IDMT is the selected
Sett‘fn i 0.01..60.00s | 0.01s |0.05s |delay type.
9 Time dial/multiplier setting for IDMT characteristics.
DMT This setting is active and visible when IDMT is the selected
Multiolier 0.01...25.00s 0.01s | 1.00s | delay type.
P IDMT time multiplier in the Urn/Uset power.

133

Table. 4.4.9 - 110. Setting parameters for reset time characteristics.

Name Range Step Default Description
Resetting time. The time allowed between pick-ups if the
Release pick-up has not led to a trip operation. During this time the
time delay 0.000...150.000s | 0.005s | 0.06s START signal is held on for the timers if the delayed pick-up
release is active.
Delayed Resetting characteristics selection either as time-delayed or
: * No . - . .
pick-up .« Ves - Yes as instant after the pick-up element is released. If activated
release the START signal is reset after the set release time delay.
) Operating timer resetting characteristics selection. When
Time calc ) o .
active, the operating time counter is reset after a set release
reset after | » No o . : . ! o
- Yes time if the pick-up element is not activated during this time.
release * Yes . . : )
. When disabled, the operating time counter is reset directly
time . .
after the pick-up element is reset.
Continue
time . Time calculation characteristics selection. If activated, the
calculation | « No o . o . )
. - No operating time counter is continuing until a set release time
during * Yes ) . .
has passed even if the pick-up element is reset.
release
time

Events and registers

The overvoltage function (abbreviated "OV" in event block names) generates events and registers from
the status changes in the events listed below. The user can select which event messages are stored in
the main event buffer: ON, OFF, or both. The events triggered by the function are recorded with a time
stamp.

The function's outputs can be used for direct I/O controlling and user logic programming. The function
also provides a resettable cumulative counter for the START, TRIP and BLOCKED events.

The function offers four (4) independent stages; the events are segregated for each stage operation.
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Table. 4.4.9 - 111. Event messages.

Event block name Event names

OVv1..0v4 Start ON
OV1...0v4 Start OFF
OV1...0v4 Trip ON
OV1..0v4 Trip OFF
OV1..0v4 Block ON
OV1..0v4 Block OFF

The function registers its operation into the last twelve (12) time-stamped registers; this information is
available for all provided instances separately. The register of the function records the ON event
process data for START, TRIP or BLOCKED. The table below presents the structure of the function's
register content.

Table. 4.4.9 - 112. Register content.

Register Description

Date and time dd.mm.yyyy hh:mm:ss.mss
Event Event name

Fault type L1-G...L1-L2-L3
Pre-trigger voltage Start/Trip -20ms voltage
Pre-fault voltage Start -200ms voltage

Trip time remaining 0 ms...1800s

Used SG Setting group 1...8 active

4.4.10 Undervoltage protection (U<; 27)

The undervoltage function is used for instant and time-delayed undervoltage protection. Devices with a
voltage protection module has four (4) available stages of the function (U>, U>>, U>>>, U>>>>). The
function constantly measures phase voltage magnitudes or line-to-line voltage magnitudes.
Undervoltage protection has two blocking stages: internal blocking (based on voltage measurement
and low voltage), or external blocking (e.g. during voltage transformer fuse failure).
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Figure. 4.4.10 - 60. Simplified function block diagram of the U< function.
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Measured input
The function block uses fundamental frequency component of line-to-line or line-to-neutral (as the user

selects). If the protection is based on line-to-line voltage, undervoltage protection is not affected by
earth faults in isolated or compensated networks.

Table. 4.4.10 - 113. Measurement input of the U> function.

Signal Description

UL12RMS Fundamental frequency component of UL 12/V voltage measurement
UL23RMS Fundamental frequency component of UL 23/V voltage measurement
UL31RMS Fundamental frequency component of UL31/V voltage measurement
UL1RMS Fundamental frequency component of U 1/V voltage measurement
UL2RMS Fundamental frequency component of UL 2/V voltage measurement
UL3RMS Fundamental frequency component of UL3/V voltage measurement

Table. 4.4.10 - 114. Measured magnitude selection settings.

Name Range Default Description

« P-P
voltages
+ P-E
voltages
* U3 input
(2LL-
U3SS)
* U4 input
(SS)

Measured
magnitude

P-P Selection of P-P or P-E voltages. Additionally, the U3 or U4 input can
voltages | be assigned as the voltage channel to be supervised.
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Figure. 4.4.10 - 61. Selectable measurement magnitudes with 3LN+U4 VT connection.
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Figure. 4.4.10 - 62. Selectable measurement magnitudes with 3LL+U4 VT connection (P-E voltages not available
without residual voltage).
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Figure. 4.4.10 - 63. Selectable measurement magnitudes with 2LL+U4 VT connection (P-E voltages not available
without residual voltage).
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P-P Voltages and P-E Voltages selections follow phase-to-neutral or phase-to-phase voltages in the
first three voltage channels (or two first voltage channels in the 2LL+U3+U4 mode). U4 input selection
follows the voltage in Channel 4. U3Input selection only follows the voltage in Channel 3 if the
2LL+U3+U4 mode is in use.

General settings

The following general settings define the general behavior of the function. These settings are static i.e.
it is not possible to change them by editing the setting group.

Table. 4.4.10 - 115. General settings of the function.

Name Range Default Description
+ On
U< LN ' Eéifked Set mode of UV block.
mode . Test/ On This parameter is visible only when Allow setting of individual LN mode is
Blocked enabled in General menu.
« Off
* Normal
U< force + Start Force the status of the function. Visible only when Enable stage forcing
: Normal : ;
status to « Trip parameter is enabled in General menu.
+ Blocked

Pick-up settings

The Uset setting parameter controls the pick-up of the U< function. This defines the minimum allowed
measured voltage before action from the function. The function constantly calculates the ratio between
the Usetand the measured magnitude (Um) for each of the three voltages. The reset ratio of 103 % is
built into the function and is always relative to the Uset value. The setting value is common for all
measured amplitudes, and when the Um exceeds the Uset value (in single, dual or all voltages) it
triggers the pick-up operation of the function.

Setting group selection controls the operating characteristics of the function, i.e. the user or user-
defined logic can change function parameters while the function is running.
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Table. 4.4.10 - 116. Pick-up settings.

Name Range Step Default Description
Uset 0.00...120.00%Un [ 0.01%Un | 60%Un | Pick-up setting
U B!ock 0.00...100.00%Un | 0.01%Un | 10%U Block §ett|'ng. If sgt to zero, blocking is not in use. The
setting operation is explained in the next chapter.

Using Block setting to prevent nuisance trips

It is recommended to use the Block setting parameter to prevent the device from tripping in a situation
where the network is de-energized. When the measured voltage drops below the set value, the device
does not give a tripping signal. If the measured voltage has dropped below the Block setting
parameter, the blocking continues until all of the line voltages have increased above the U< pick-up
setting. Please see the image below for a visualization of this function. If the block level is set to zero
(0), blocking is not in use.

Figure. 4.4.10 - 64. Example of the block setting operation.

A

Uieser = U<ee ¥103% | = = = = = = = 7{ ------- Ne------------— -

U<set

Under Voltage Block

Measured voltage U,

A

Pick-up
Under Voltage Block Under Voltage Block

Read-only parameters

The function's Info page displays useful, real-time information on the state of the protection function. It
is accessed either through the device's HMI display, or through the setting tool software when it is
connected to the device and its Live Edit mode is active.

Table. 4.4.10 - 117. Information displayed by the function.

Name Range Step Description
« On
U< LN - Blocked Displays the mode of UV block.
behaviour * Test - This parameter is visible only when Allow setting of
» Test/Blocked individual LN mode is enabled in General menu.
« Off
U< pick- The primary voltage required for tripping. The displayed
pick 0.0...1 000 000.0V 0.1V pick-up voltage level depends on the pick-up setting and
up setting .
the voltage transformer settings.
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Name Range Step Description
The primary voltage level required for trip blocking. If the
U< block measured voltage is below this value, the network is
settin 0.0...1 000 000.0V 0.1V considered de-energized and the function will not trip. To
9 deactivate the blocking the measured voltage must
exceed the pick-up setting value.
Displays the expected operating time when a fault occurs.
Expected When IDMT mode is used, the expected operating time
operating | 0.000...1800.000s 0.005s depends on the measured voltage value. If the measured
time voltage changes during a fault, the expected operating
time changes accordingly.
Time When the function has detected a fault and counts down
remaining | -1800.000...1800.000s | 0.005s time towards a trip, this displays how much time is left
to trip before tripping occurs.
UA(B)
meas/Uset 0.00...1250.00Ur/Uset | 0.01Urm/Uset The ratio between Ua or Uap voltage and the pick-up
at the value.
moment
UB(c)
meas/Uset 0.00...1250.00Ur/Uset | 0.01Urm/Uset The ratio between Up or Upc voltage and the pick-up
at the value.
moment
Uc)
meas/Uset 0.00...1250.00Ur/Uset | 0.01Um/Uset The ratio between Uc or Uca voltage and the pick-up
at the value.
moment
Umeas/Uset The ratio between the lowest measured phase or line
at the 0.00...1250.00Um/Uset | 0.01Um/Uset .
moment voltage and the pick-up value.
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Function blocking

The block signal is checked in the beginning of each program cycle. The blocking signal is received
from the blocking matrix in the function's dedicated input. If the blocking signal is not activated when
the pick-up element activates, a START signal is generated and the function proceeds to the time
characteristics calculation.

If the blocking signal is active when the pick-up element activates, a BLOCKED signal is generated and
the function does not process the situation further. If the START function has been activated before the
blocking signal, it resets and the release time characteristics are processed similarly to when the pick-

up signal is reset.

The variables the user can set are binary signals from the system. The blocking signal needs to reach
the device minimum of 5 ms before the set operating delay has passed in order for the blocking to
activate in time.

Operating time characteristics for trip and reset

The operating timers’ behavior during a function can be set for TRIP signal and also for the release of
the function in case the pick-up element is reset before the trip time has been reached. There are three
basic operating modes available for the function:

+ Instant operation: gives the TRIP signal with no additional time delay simultaneously with the
START signal.
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» Definite time operation (DT): gives the TRIP signal after a user-defined time delay regardless of the
measured voltage as long as the voltage is above the Uset value and thus the pick-up element is
active (independent time characteristics).

* Inverse definite minimum time (IDMT): gives the TRIP signal after a time which is in relation to the
set pick-up voltage Uset and the measured voltage Um (dependent time characteristics).

The IDMT function follows this formula:

. k
TN

1- (%)
Where:

* = operating time

* k=time dial setting

* Um = measured voltage

» Us = pick-up setting

* a=IDMT multiplier setting

The following table presents the setting parameters for the function's time characteristics.

Table. 4.4.10 - 118. Setting parameters for operating time characteristics.

Name Range Step  Default Description

Dela . DT Selection of the delay type time counter. The selection

¢ ey . IDMT - DT possibilities are dependent (IDMT, Inverse Definite Minimum

P Time) and independent (DT, Definite Time) characteristics.

Definit Definite time operating delay. This setting is active and

o eelrr;t(ien visible when DT is the selected delay type.

tirr;e 9 0.000...1800.000s | 0.005s | 0.040s | When set to 0.000 s, the stage operates as instant stage

delay without added delay. When the parameter is set to
0.005...1800 s, the stage operates as independent delayed.

Time dial This setting is active and visible when IDMT is the selected

sottmo' | 0.01...60.00s 0.01s |0.05s | delay type.

¢ Time dial/multiplier setting for IDMT characteristics.

IDMT This setting is active and visible when IDMT is the selected
delay type.

Multiplier 0.01...25.00s 0.01s | 1.00s elay type

IDMT time muiltiplier in the Um/Uset power.

Table. 4.4.10 - 119. Setting parameters for reset time characteristics.

Step Default Description

Resetting time. The time allowed between pick-ups if the
Release pick-up has not led to a trip operation. During this time the
time delay 0.000...150.000s | 0.005s | 0.06s START signal is held on for the timers if the delayed pick-up

release is active.
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Name Range Step Default Description
Delayed . No Resetting characteristics selection, either time-delayed or
pick-up < Ves - Yes instant after the pick-up element is released. If activated, the
release START signal is reset after a set release time delay.
) Operating timer resetting characteristics selection. When
Time calc ) T .
actived, the operating time counter is reset after a set
reset after | « No oo : . . '
- Yes release time if the pick-up element is not activated during
release * Yes o : L :
. this time. When disabled, the operating time counter is reset
time X )
directly after the pick-up element reset.
Continue
time . Time calculation characteristics selection. If activated, the
calculation | < No o : . .
. - No operating time counter continues until a set release time
during * Yes . .
even when the pick-up element is reset.
release
time
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Events and registers

The undervoltage function (abbreviated "UV" in event block names) generates events and registers
from the status changes in the events listed below. The user can select which event messages are
stored in the main event buffer: ON, OFF, or both. The events triggered by the function are recorded
with a time stamp.

The function's outputs can be used for direct I/O controlling and user logic programming. The function
also provides a resettable cumulative counter for the START, TRIP and BLOCKED events.

The function offers four (4) independent stages; the events are segregated for each stage operation.

Table. 4.4.10 - 120. Event messages.

Event block name Event names

uv1...uv4 Start ON

uv1...uv4 Start OFF

Uv1...uv4 Trip ON

uv1..uv4 Trip OFF

uv1..uv4 Block ON

uv1...uv4 Block OFF

UVv1..uv4 Undervoltage Block ON
Uv1..uv4 Undervoltage Block OFF

The function registers its operation into the last twelve (12) time-stamped registers; this information is
available for all provided instances separately. The register of the function records the ON event
process data for START, TRIP or BLOCKED. The table below presents the structure of the function's
register content.
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Table. 4.4.10 - 121. Register content.

Register Description

Date and time dd.mm.yyyy hh:mm:ss.mss
Event Event name

Fault type A...A-B-C

Pre-trigger voltage Start/Trip -20ms voltage
Fault voltage Start/Trip voltage

Pre-fault voltage Start -200ms voltage

Trip time remaining 0 ms...1800s

Used SG Setting group 1...8 active

4.4.11 Neutral overvoltage protection (U0>; 59N)

The neutral overvoltage function is used for non-directional instant and time-delayed earth fault
protection.

Below is the formula for symmetric component calculation (and therefore to zero sequence voltage
calculation).

U0 = 1/3(UL1 + ULZ + UL3)

U;1._ 3 = Line to neutral voltages
Below are some examples of zero sequence calculation.

Figure. 4.4.11 - 65. Normal situation.

Vector sum
U divided by three
UL1 UL1 -
Uis Up
1 4 U|_2 l-JL2
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Figure. 4.4.11 - 66. Earth fault in isolated network.
Ui Vector sum
U divided by three
L3
UL1 ULl
\/ ‘UO\.
ULZ
ULZ

Figure. 4.4.11 - 67. Close-distance short-circuit between phases 1 and 3.

Vector sum
divided by three
UL3
7 Us Un
5 Ui < U>
0
lJL2 UL2

Figure. 4.4.11 - 68. Simplified function block diagram of the U0> function.

AQ-2xx Protection relay platform - Protection CPU
Function scheduler Protection tasks
NOV Functional Logic

Threshold Comparator '_%‘:]tgﬁ';
U0 pick-up logic 9
[PICK UP SET] - Start OK . 10
[MEASMAG] % Blocking HMI data
X
Measurement ] 'EI Blocked BLOCKED _ |Registers
Database - J il "~"|Events
Uy,..; fERMS 0 - Uo/Uset Start allow START Counters
1:2:3 X &
Uo ff RMS 1 > @
_J iDeadband -3% of setting : TRIP
10 Logic Matrix
P Timers
| INOV BLOCK] |
1

Setting database

Operating timer selection
- Instant

- Definite time
- IDMT
Release tlm.er parameters To Comm
- Release time
- Release time holdoff 3| [TIME CHARACTERISTICS] and HW
CPU

Measured input

The function block uses phase-to-neutral voltage magnitudes or calculated zero sequence component
(as the user selects). Neutral overvoltage protection is scaled to line-to-line RMS level. When the line-
to-line voltage of a system is 100 V in the secondary side, the earth fault is 100 % of the Un and the
calculated zero sequence voltage reaches 10043 V = 57.74 V.

The selection of the used measurement channel is made with a setting parameter.
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Table. 4.4.11 - 122. Measurement inputs of the UO> function.

Signal Description

UoRMS Fundamental frequency component of UO/V voltage measurement
UL1RMS Fundamental frequency component of U 1/V voltage measurement
UL2RMS Fundamental frequency component of UL2/V voltage measurement
UL3RMS Fundamental frequency component of UL 3/V voltage measurement

General settings

The following general settings define the general behavior of the function. These settings are static i.e.
it is not possible to change them by editing the setting group.

Table. 4.4.11 - 123. General settings of the function.

Name Range Default Description
« On
U0 LN : _?ég?ked Set mode of NOV block.
mode . Test/ On This parameter is visible only when Allow setting of individual LN mode is
Blocked enabled in General menu.
o Off
* Normal
Uo0> force | « Start Force the status of the function. Visible only when Enable stage forcing
. Normal ; ;
status to « Trip parameter is enabled in General menu.
* Blocked
> Select Defines which availabl d magnitude is used by the functi
Uo> . U0Calc efines which available measured magnitude is used by the function.
meas . U3 UOCalc calculates the voltage from phase voltages.
. Select | Please note that U3 Input and U4 Input selections are available only if the
input Input
select . U4 channel has been set to U0 mode at Measurements — Transformers — VT
Input module.

Pick-up settings

The Uset setting parameter controls the pick-up of the UO> function. This defines the maximum allowed
measured voltage before action from the function. The function constantly calculates the ratio between
the Usetand the measured magnitude (Um) for neutral voltage. The reset ratio of 97 % is built into the
function and is always relative to the Uset value. The setting value is common for all measured
amplitudes, and when the Um exceeds the Usetvalue it triggers the pick-up operation of the function.

Setting group selection controls the operating characteristics of the function, i.e. the user or user-
defined logic can change function parameters while the function is running.

Table. 4.4.11 - 124. Pick-up settings.

Default Description

Pick-up setting UOset> 1.00...99.00%Un 0.01%Un 20.00%Un Pick-up setting
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Read-only parameters

The function's Info page displays useful, real-time information on the state of the protection function. It
is accessed either through the device's HMI display, or through the setting tool software when it is
connected to the device and its Live Edit mode is active.

Name Range Step Description
« On
U0> LN » Blocked Displays the mode of NOV block.
mode o Test - This parameter is visible only when Allow setting of individual LN
behaviour » Test/Blocked mode is enabled in General menu.
« Off

Displays which voltage channel is used by the function. If no

* No U0 avail! voltage channel has been selected the function defaults to
uo> . o
Measurin » UOCalc ) calculated residual voltage if line-to-neutral voltages have been
91 . U3 Input connected to device. If no channel is set to "U0" mode and line-
now . . . .
e U4 Input to-line voltages are connected, no residual voltage is available
and "No U0 avail!" will be displayed.
Primary voltage required for tripping. The displayed pick-up
uo> P|pk— 0.0..1 000 000.0V 0.1V voltag_e level deperjds on the _chosen U0 measurement input
up setting selection, on the pick-up settings and on the voltage
transformer settings.
Displays the expected operating time when a fault occurs. When
Expected IDMT mode is used, the expected operating time depends on
operating | 0.000...1800.000s 0.005s : P perating P
: the measured voltage value. If the measured voltage changes
time . . ) )
during a fault, the expected operating time changes accordingly.
Time When the function has detected a fault and counts down time

remaining | -1800.000...1800.000s | 0.005s | towards a trip, this displays how much time is left before tripping
to trip occurs.

Umeas/Uset )
at the 0.00...1250.00 0.01 The ratio petween the measured or calculated neutral voltage
moment and the pick-up value.

Function blocking

The block signal is checked in the beginning of each program cycle. The blocking signal is received
from the blocking matrix in the function's dedicated input. If the blocking signal is not activated when
the pick-up element activates, a START signal is generated and the function proceeds to the time
characteristics calculation.

If the blocking signal is active when the pick-up element activates, a BLOCKED signal is generated and
the function does not process the situation further. If the START function has been activated before the
blocking signal, it resets and the release time characteristics are processed similarly to when the pick-

up signal is reset.

The variables the user can set are binary signals from the system. The blocking signal needs to reach
the device minimum of 5 ms before the set operating delay has passed in order for the blocking to
activate in time.

Operating time characteristics for trip and reset

The operating timers’ behavior during a function can be set for TRIP signal and also for the release of
the function in case the pick-up element is reset before the trip time has been reached. There are three
basic operating modes available for the function:
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* Instant operation: gives the TRIP signal with no additional time delay simultaneously with the
START signal.

« Definite time operation (DT): gives the TRIP signal after a user-defined time delay regardless of the
measured or calculated voltage as long as the voltage is above the Uset value and thus the pick-
up element is active (independent time characteristics).

* Inverse definite minimum time (IDMT): gives the TRIP signal after a time which is in relation to the
set pick-up voltage Uset and the measured voltage Um (dependent time characteristics).

The IDMT function follows this formula:

k

(75) -1

t =

Where:

» (= operating time

* k= time dial setting

* Um = measured voltage

» Us = pick-up setting

* a=IDMT multiplier setting

The following table presents the setting parameters for the function's time characteristics.

Table. 4.4.11 - 125. Setting parameters for operating time characteristics.

Name Range Step  Default Description

Dela DT Selection of the delay type time counter. The selection

¢ ey DMT - DT possibilities are dependent (IDMT, Inverse Definite Minimum

P Time) and independent (DT, Definite Time) characteristics.

Definit Definite time operating delay. The setting is active and visible

o eelrnallt(ien when DT is the selected delay type.

tir%e 9 0.000...1800.000s | 0.005s | 0.040s | When set to 0.000 s, the stage operates as instant without

delay added delay. When the parameter is set to 0.005...1800 s,
the stage operates as independent delayed.

Time dial The setting is active and visible when IDMT is the selected

sottna | 0-01...60.00s 0.01s |0.05s | delay type.

¢ Time dial/multiplier setting for IDMT characteristics.

IDMT The setting is active and visible when IDMT is the selected
delay type.

Multiplier 0.01...25.00s 0.01s | 1.00s elay type

IDMT time multiplier in the Um/Uset power.

Table. 4.4.11 - 126. Setting parameters for reset time characteristics.

Step Default Description

Resetting time. Time allowed between pick-ups if the pick-up

Release has not led to a trip operation. During this time the START
time delay 0.000...150.000s | 0.005s | 0.06s signal is held on for the timers if the delayed pick-up release
is active.
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Name Range Step Default Description
Delayed Resetting characteristics selection either as time-delayed or
: * No . ) . .
pick-up < Ves - Yes as instant after the pick-up element is released. If activated,
release the START signal is reset after a set release time delay.
) Operating timer resetting characteristics selection. When
Time calc ) o .
active, the operating time counter is reset after a set release
reset after | + No o . : . ! o
- Yes time if the pick-up element is not activated during this time.
release * Yes . . . .
. When disabled, the operating time counter is reset directly
time )
after the pick-up element reset.
Continue
time . Time calculation characteristics selection. If activated, the
calculation | « No o : ; )
. - No operating time counter continues until a set release time has
during * Yes ) . .
passed even if the pick-up element is reset.
release
time
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The user can reset characteristics through the application. The default setting is a 60 ms delay; the
time calculation is held during the release time.

In the release delay option the operating time counter calculates the operating time during the release.
When using this option the function does not trip if the input signal is not re-activated while the release
time count is on-going.

Events and registers

The neutral overvoltage function (abbreviated "NOV" in event block names) generates events and
registers from the status changes in the events listed below. The user can select which event
messages are stored in the main event buffer: ON, OFF, or both. The events triggered by the function
are recorded with a time stamp.

The function's outputs can be used for direct I/0O controlling and user logic programming. The function
also provides a cumulative counter for the START, TRIP and BLOCKED events.

The function offers four (4) independent stages; the events are segregated for each stage operation.

Table. 4.4.11 - 127. Event messages.

Event block name Event names

NOV1...NOV4 Start ON
NOV1...NOV4 Start OFF
NOV1...NOV4 Trip ON
NOV1...NOV4 Trip OFF
NOV1...NOV4 Block ON
NOV1...NOV4 Block OFF

The function registers its operation into the last twelve (12) time-stamped registers; this information is
available for all provided instances separately. The register of the function records the ON event
process data for START, TRIP or BLOCKED. The table below presents the structure of the function's
register content.
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Table. 4.4.11 - 128. Register content.

Register Description

Date and time dd.mm.yyyy hh:mm:ss.mss
Event Event name

Fault type L1-G...L1-L2-L3
Pre-trigger voltage Start/Trip -20ms voltage
Fault voltage Start/Trip voltage

Pre-fault voltage Start -200ms voltage

Trip time remaining 0 ms...1800s

Setting group in use Setting group 1...8 active

4.4.12 Sequence voltage protection (U1/U2>/<; 47/27P/59PN)

The sequence voltage function is used for instant and time-delayed voltage protection. It has positive
and negative sequence protection for both overvoltage and undervoltage (the user selects the needed
function). The user can select the voltage used. Sequence voltage is based on the system's line-to-line
voltage level. Protection stages can be set to protect against either undervoltage or overvoltage.
Positive sequence voltage calculation
Below is the formula for symmetric component calculation (and therefore to positive sequence voltage
calculation).

Ul =1/5 (U, + aly, + a?Uys)

a=1,120°

a? = 1:240°

U;,_3 = Line to neutral voltages

In what follows are three examples of positive sequence calculation (positive sequence component
vector).

Figure. 4.4.12 - 69. Normal situation.

Uss U, swapped 1202 Vector sum
Uis swapped 240 divided by three

Un » Un U U »
Ul

y
UL2
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Figure. 4.4.12 - 70. Earth fault in an isolated network.
ULs BLZ Swappeg %igz Vector sum
3 SWAPPE divided by three
Ul
‘/LZ
Fs
UL2 UL3

Figure. 4.4.12 - 71. Close-distance short-circuit between phases 1 and 3.

U, swapped 2402 Vector sum
U.; swapped 120 divided by three

U,
U < LJLl
L3 Uss \
Ul
U

Negative sequence voltage calculation

Below is the formula for symmetric component calculation (and therefore to negative sequence voltage
calculation).

U2 = 1/5 (U1 + a®Uy, + als)
a=1,120°
a’ = 1,240°

Uy, 3 = Line to neutral voltages

In what follows are three examples of negative sequence calculation (negative sequence component
vector).

Figure. 4.4.12 - 72. Normal situation.

U, swapped 240° Vector sum
Uis U; swapped 120° divided by three
9]
ULl L2 .
uz2
)’ULz UL3 l-JLl
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Figure. 4.4.12 - 73. Earth fault in isolated network.

U U, swapped 240° Vector sum
E Uis swapped 120° divided by three
lJL1 UL2
U2
0
. UL3 ULl

Figure. 4.4.12 - 74. Close-distance short-circuit between phases 1 and 3.

U, swapped 240° Vector sum

Ui; swapped 120° divided by three
VE U

Ul
AUL]_ UL2 f

l-JLl

Figure. 4.4.12 - 75. Simplified function block diagram of the U1/U2>/< function.

AQ-2xx Protection relay platform - Protection CPU

Function scheduler Protection tasks
VUB Functional Logic
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[PlCK uP SET] Overvoltage pick-up logic Start OK : g 10
! & | Blocked BLOCKED _ [HMI data
[MEASMAG] 0 Registers
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Measurement 1 & Start allow START
Database |_)_| Counters
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Ul ff RMS 0 B
U2 ff RMS 1 W ‘D€§dbaﬁd 3% of;gmqgg Timers
Threshold Comparator
Undervoltage pick-up logic
Start OK TRIP
[TIME CHARACTERISTICS]
10 Logic Matrix Deadband +3% of setting |
[ ——
| [VUB BLOCK] |
1 +
Setting database
UV block logic g .
[UV BLOCK SET] - Operating timer selection
- Instant
- Definite time
- IDMT
Release timer parameters
- Release time ¢
- Release time holdoff
To Comm
Deadband +3% of setting : and HW
CPU
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Measured input
The function block uses fundamental frequency component of phase-to-phase, phase-to-neutral and

zero sequence voltage measurements. The user can select the monitored magnitude to be either
positive sequence voltage or negative sequence voltage values.

Table. 4.4.12 - 129. Measurement inputs of the U1/U2>/< function.

Signal Description

U1RMS Fundamental frequency component of U1/V voltage channel
U2RMS Fundamental frequency component of U2/V voltage channel
U3RMS Fundamental frequency component of U3/V voltage channel
U4RMS Fundamental frequency component of U4/V voltage channel

General settings

The following general settings define the general behavior of the function. These settings are static i.e.
it is not possible to change them by editing the setting group.

Table. 4.4.12 - 130. General settings of the function.

Name Range Default Description
+ On
+ Blocked Set mode of VUB block.
U1/2 >/< . o )
LN mode + Test On This parameter is visible only when Allow setting of
+ Test/Blocked individual LN mode is enabled in General menu.
« Off
U1/2 >/< « Normal
+ Start Force the status of the function. Visible only when Enable
force status . Normal ) . .
o « Trip stage forcing parameter is enabled in General menu.
+ Blocked
« U1 Positive
sequence U1 Positive
Measured voltage . . .
) . sequence Selects which calculated voltage is supervised.
magnitude + U2 Negative
voltage
sequence
voltage

Pick-up settings

The Uset setting parameter controls the pick-up of the U1/U2>/< function. This defines the maximum or
minimum allowed calculated U1 or U2 voltage before action from the function. The function constantly
calculates the ratio between the Uset and the calculated U1 or U2 magnitude (Uc). The monitored
voltage is chosen in the Info page with the parameter Measured magnitude. The reset ratio of 97 % in
overvoltage applications is built into the function and is always relative to the Uset value. The reset ratio
of 103 % in undervoltage applications is built into the function and is always relative to the Uset value.
When the Uc goes above or below the Uset value it triggers the pick-up operation of the function.

Setting group selection controls the operating characteristics of the function, i.e. the user or user-
defined logic can change function parameters while the function is running.
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Table. 4.4.12 - 131. Pick-up settings.

Name Range Step Default Description
Pick- + Over> Selects whether the function picks-up when the monitored
up - Over>

* Under< voltage is under or over the set pick-up value.
terms

Uset 5.00...150.00%Un | 0.01%Un | 105%Un | Pick-up setting

Undervoltage blocking (visible when the pick-up term is

Ublk 0.00...80.00%Un [ 0.01%Un | 5%Un Under<)

Using Block setting to prevent nuisance trips

It is recommended to use the Under block setting Upik parameter when Under< is the chosen tripping
condition to prevent the function from tripping in a situation where the network is de-energized. When
the measured voltage drops below the set value, the function does not give a tripping signal. If the
measured voltage has dropped below the Under block setting Upik parameter, the blocking continues
until all of the line voltages have increased above the U< pick-up setting. Please see the image below
for a visualization of this function. If the block level is set to zero (0), blocking is not in use.

Figure. 4.4.12 - 76. Example of the block setting operation.

A

U<peser = U<qer ¥ 103 % | = — = — = — = 7{ ——————— -

U<set

Under Voltage Block

Measured voltage U,

A

Pick-up
Under Voltage Block Under Voltage Block

Read-only parameters

>

The function's Info page displays useful, real-time information on the state of the protection function. It
is accessed either through the device's HMI display, or through the setting tool software when it is
connected to the device and its Live Edit mode is active.

Table. 4.4.12 - 132. Information displayed by the function.

Description
* On
U1/2 >/< « Blocked Displays the mode of VUB block.
LN o Test - This parameter is visible only when Allow setting of
behaviour » Test/Blocked individual LN mode is enabled in General menu.
« Off
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Name Range Step Description
U1/2 >/< The primary voltage required for tripping. The displayed
Pick-up 0.0...1 000 000.0V 0.1V pick-up voltage level depends on the pick-up setting and
setting the voltage transformer settings.
Displays the expected operating time when a fault occurs.
Expected When IDMT mode is used, the expected operating time
operating | 0.000...1800.000s 0.005s depends on the measured voltage value. If the measured
time voltage changes during a fault, the expected operating
time changes accordingly.
Time When the function has detected a fault and counts down
remaining | -1800.000...1800.000s | 0.005s time towards a trip, this displays how much time is left
to trip before tripping occurs.
Umeas/Uset The ratio between the measured voltage and the pick-up
at the 0.00...1250.00Um/Uset | 0.01Um/Uset value
moment '

Function blocking

The block signal is checked in the beginning of each program cycle. The blocking signal is received
from the blocking matrix in the function's dedicated input. If the blocking signal is not activated when
the pick-up element activates, a START signal is generated and the function proceeds to the time
characteristics calculation.

If the blocking signal is active when the pick-up element activates, a BLOCKED signal is generated and
the function does not process the situation further. If the START function has been activated before the
blocking signal, it resets and the release time characteristics are processed similarly to when the pick-

up signal is reset.

The variables the user can set are binary signals from the system. The blocking signal needs to reach
the device minimum of 5 ms before the set operating delay has passed in order for the blocking to
activate in time.

Operating time characteristics for trip and reset

The operating timers’ behavior during a function can be set for TRIP signal and also for the release of
the function in case the pick-up element is reset before the trip time has been reached. There are three
basic operating modes available for the function:

* Instant operation: gives the TRIP signal with no additional time delay simultaneously with the
START signal.

+ Definite time operation (DT): gives the TRIP signal after a user-defined time delay regardless of the
measured or calculated voltage as long as the voltage is above the Uset value and thus the pick-
up element is active (independent time characteristics).

* Inverse definite minimum time (IDMT): gives the TRIP signal after a time which is in relation to the
set pick-up voltage Uset and the measured voltage Um (dependent time characteristics).

The IDMT function follows one of the following formulas:

Overvoltage Undervoltage
t= K t= «
_(U_m“_l _1_(U_m)“
Us Us
153 © Arcteq Relays Ltd

IMO0017



4 Functions

Where:

* t=ope

rating time

* k= time dial setting

* Um = measured voltage

* Us = pick-up setting

* a=IDMT multiplier setting

AQ-G257
Instruction manual

Version: 2.14

The following table presents the setting parameters for the function's time characteristics.

Table. 4.4.12 - 133. Setting parameters for operating time characteristics.

Name Range Step Default Description
Dela . DT Selection of the delay type time counter. The selection
¢ ey . IDMT - DT possibilities are dependent (IDMT, Inverse Definite Minimum
P Time) and independent (DT, Definite Time) characteristics.
Definit Definite time operating delay. The setting is active and visible
o eelrne;t(ien when DT is the selected delay type.
m‘;e 910.000...1800.000s | 0.005s | 0.040s | When set to 0.000 s, the stage operates as instant without
delay added delay. When the parameter is set to 0.005...1800 s,
the stage operates as independent delayed.

Time dial The setting is active and visible when IDMT is the selected
sottna | 0-01...60.00s 0.01s |0.05s | delay type.

g Time dial/multiplier setting for IDMT characteristics.
IDMT The setting is active and visible when IDMT is the selected
Multiolier 0.01...25.00s 0.01s |[1.00s | delay type.

P IDMT time multiplier in the Um/Uset power.

Table. 4.4.12 - 134. Setting parameters for reset time characteristics.

Name Range Step Default Description
Resetting time. Time allowed between pick-ups if the pick-up
Release 0.000...150.000s | 0.005s | 0.06s hgs nqt led to a trip operghon. IDunng this t|m§ the START
time delay signal is held on for the timers if the delayed pick-up release
is active.
Delayed Resetting characteristics selection either as time-delayed or
: * No . . : .
pick-up . Yes - Yes as instant after the pick-up element is released. If activated,
release the START signal is reset after a set release time delay.
) Operating timer resetting characteristics selection. When
Time calc ) S !
active, the operating time counter is reset after a set release
reset after | « No o . ) ) : o
- Yes time if the pick-up element is not activated during this time.
release * Yes : L ; .
. When disabled, the operating time counter is reset directly
time .
after the pick-up element reset.
Continue
time . Time calculation characteristics selection. If activated, the
calculation | + No o : ; .
) - No operating time counter continues until a set release time has
during * Yes ) . .
passed even if the pick-up element is reset.
release
time
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The user can reset characteristics through the application. The default setting is a 60 ms delay; the
time calculation is held during the release time.

In the release delay option the operating time counter calculates the operating time during the release.
When using this option the function does not trip if the input signal is not re-activated while the release
time count is on-going.

Events and registers

The sequence voltage function (abbreviated "VUB" in event block names) generates events and
registers from the status changes in the events listed below. The user can select which event
messages are stored in the main event buffer: ON, OFF, or both. The events triggered by the function
are recorded with a time stamp.

The function's outputs can be used for direct I/O controlling and user logic programming. The function
also a resettable cumulative counter for the START, TRIP and BLOCKED events.

The function offers four (4) independent stages; the events are segregated for each stage operation.

Table. 4.4.12 - 135. Event messages.

Event block name Event names

VUB1..VUB4 Start ON
VUB1..VUB4 Start OFF
VUB1..VUB4 Trip ON
VUB1..VUB4 Trip OFF
VUB1..VUB4 Block ON
VUB1..VUB4 Block OFF

The function registers its operation into the last twelve (12) time-stamped registers; this information is
available for all provided instances separately. The register of the function records the ON event
process data for START, TRIP or BLOCKED. The table below presents the structure of the function's
register content.

Table. 4.4.12 - 136. Register content.

Register Description

Date and time dd.mm.yyyy hh:mm:ss.mss
Event Event name

Pre-trigger voltage Start/Trip -20ms voltage
Fault voltage Start/Trip voltage

Pre-fault voltage Start -200ms voltage

Trip time remaining 0 ms...1800s

Setting group in use Setting group 1...8 active
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4.4.13 Overfrequency and underfrequency protection (f>/<; 810/81U)

The frequency protection function can be used both in overfrequency and in underfrequency situations,
and it has four (4) stages for both. Frequency protection can be applied to protect feeder, bus,
transformer, motor and generator applications. The difference between the generated power and the
load demand can cause the frequency to drop below or rise above the allowed level. When the
consumption is larger than the generated power, the frequency may drop. When more power is
generated than is consumed, overfrequency can occur.

In generator applications too big a load or a malfunction in the power controller can cause the
frequency to decrease. Underfrequency causes damage to turbine wings through vibration as well as
heating due to increased iron losses, dropped cooling efficieny and over-magnetization in step-up
transformers. Overfrequency protection prevents the generator from running too fast which can cause
damage to the generator turbine.

Underfrequency and overfrequency protection can be used as an indicator of an accidental island
operation in distributed generation and in some consumers (as it is unlikely that the consumed and
generated power are the same). Overfrequency is also often used to control power generation to keep
the system's frequency consistent.

Each stage can be activated and deactivated individually. After the f>/< mode has been activated
(Protection — Stage activation — Frequency stages), the user can activate and deactivate the
individual stages at will (Protection — Frequency — Frequency protection f >/< — INFO — Stage
operational setup).

Figure. 4.4.13 - 77. Simplified function block diagram of the f> function.

AQ-2xx Protection relay platform - Protection CPU

Function scheduler Protection tasks
FRQV Functional Logic Outout
[PICK UP SET] Threshold Comparator H u glg
Measurement T Tk Toaie : andling
Database | = | StartOK ) 10
! Frequency Hz | x Blocking HMI data
e ——) ] . ;
‘ | T o ocked BLOCKED _ |Registers
— Events
+ Counters
—| & Start allow START
10 Logic Matrix {Deadband -20 mHz of setting | - TRIF
i [FRQV BLOCK] | Timers
|
Setting database 1o > ‘l
Operating timer selection - To Comm
- Instant and HW
- Definite time || [TIME CHARACTERISTICS]
CPU
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Figure. 4.4.13 - 78. Simplified function block diagram of the f< function.

AQ-2xx Protection relay platform - Protection CPU

Function scheduler Protection tasks
FRQV Functional Logic
[PICK UP SET] Threshold Comparator F?”tgll_'t
Measurement ook o . andling
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1 - H .
| Frequency Hz | ' Blocking HMI data
S — - B
[ | Blocked BLOCKED __ |Registers
L & Events
Counters
20 mHz Start allow START
10 Logic Matrix TRIP
it -
| [FRQV BLOCK] | Timers
—
Setting database 50 > J’
Operating timer selection - To Comm
- Instant and HW
- Definite time |—| [TIME CHARACTERISTICS] CPU

Measured input

The frequency protection function compares the measured frequency to the pick-up setting (given in
Hz). There are three (3) frequency references available. Please refer to "Frequency tracking and
scaling" chapter for a detailed description of frequency tracking.

Table. 4.4.13 - 137. Measurement inputs of the f>/< function.

Signals Description

Frequency reference 1 Primary frequency reference
Frequency reference 2 Secondary frequency reference
Frequency reference 3 Tertiary frequency reference

General settings

The following general settings define the general behavior of the function. These settings are static i.e.
it is not possible to change them by editing the setting group.

Table. 4.4.13 - 138. General settings of the function.

Name Range Default Description

« On

» Blocked

f</> LN + Test

mode « Test/
Blocked

- Off

Set mode of FRQV block.
On This parameter is visible only when Allow setting of individual LN mode is
enabled in General menu.
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Name Range Default Description

f> enable
f>> enable
f>>> enable
>>>>
enable * No
f< enable * Yes
f<< enable
f<<< enable
fe<<<
enable

No Enables or disables the stage.

> force
status to
>> force
status to
f>>> force
status to
f>>>> force * Normal
status to + Start Force the status of the function. Visible only when Enable stage forcing
. Normal : ;
f< force « Trip parameter is enabled in General menu.
status to » Blocked
f<< force
status to
f<<< force
status to
f<<<< force
status to

Pick-up settings

The fset>, fset>>, etc.setting parameters control the pick-up of each stage of the >/< function. They
define the maximum or minimum allowed measured frequency before action from the function. The
function constantly calculates the ratio between the pick-up setting and the measured frequency. The
reset ratio of 20mHz is built into the function and is always relative to the pick-up value.

Setting group selection controls the operating characteristics of the function, i.e. the user or user-
defined logic can change function parameters while the function is running.

Table. 4.4.13 - 139. Pick-up settings.

INETl) Range Step Default Description
> used in . . .

; + No Enables or disables the protection stage in the
setting - No .

* Yes setting group.
group
fset> 10.00...80.00Hz | 0.01Hz 51Hz Pick-up setting
fset< 5.00...75.00Hz 0.01Hz 49Hz Pick-up setting
f< Block setting. If set to zero, blocking is not in use.
undervoltage | 0.00...120.00%Un | 0.01%Un | 0.00%Un [ When the measured voltage drops below the set
block value, the operation of the functions is blocked.
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Operating time characteristics for trip and reset

This function supports definite time delay (DT). For detailed information on these delay types please
refer to the chapter "General properties of a protection function" and its section "Operating time
characteristics".

Read-only parameters
The function's Info page displays useful, real-time information on the state of the protection function. It

is accessed either through the device's HMI display, or through the setting tool software when it is
connected to the device and its Live Edit mode is active.

Table. 4.4.13 - 140. Information displayed by the function.

Name Range Step Description
+ On
» Blocked Displays the mode of FRQV block.
f</> LN . o )
behaviour | Test - This parameter is visible only when Allow setting of
+ Test/Blocked individual LN mode is enabled in General menu.
« Off
* Normal
f</> + Start . . .
condition . Tip - Displays the status of the protection function.
+ Blocked
fmeas/f 0.000..20.000f n/fset 0.001fr/fset The ratio between the measured frequency and the pick-up
set value.
Expected
operating | 0.000...1800.000s 0.005s Displays the expected operating time when a fault occurs.
time
Time When the function has detected a fault and counts down
remaining | -1800.000...1800.000s | 0.005s time towards a trip, this displays how much time is left
to trip before tripping occurs.

Function blocking

The block signal is checked in the beginning of each program cycle. The blocking signal is received
from the blocking matrix in the function's dedicated input. If the blocking signal is not activated when
the pick-up element activates, a START signal is generated and the function proceeds to the time
characteristics calculation.

If the blocking signal is active when the pick-up element activates, a BLOCKED signal is generated and
the function does not process the situation further. If the START function has been activated before the
blocking signal, it resets and the release time characteristics are processed similarly to when the pick-

up signal is reset.

The variables the user can set are binary signals from the system. The blocking signal needs to reach
the device minimum of 5 ms before the set operating delay has passed in order for the blocking to
activate in time.
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Events and registers

The frequency function (abbreviated "FRQV" in event block names) generates events and registers
from the status changes in the events listed below. The user can select which event messages are
stored in the main event buffer: ON, OFF, or both. The events triggered by the function are recorded
with a time stamp.

The function's outputs can be used for direct I/O controlling and user logic programming. The function
also provides a resettable cumulative counter for the START, TRIP and BLOCKED events.

Table. 4.4.13 - 141. Event messages.

Event block name Event names

FRQV1 f>/< Start ON
FRQV1 f>/< Start OFF
FRQV1 f>/< Trip ON
FRQV1 f>/< Trip OFF
FRQV1 f>/< Blocked ON
FRQV1 f>/< Blocked OFF

The function registers its operation into the last twelve (12) time-stamped registers. The table below
presents the structure of the function's register content.

Table. 4.4.13 - 142. Register content.

Register Description

Date and time dd.mm.yyyy hh:mm:ss.mss
Event Event name

f Pre-trig (Hz) Start/Trip -20ms frequency
f Fault (Hz) Fault frequency

Setting group in use Setting group 1...8 active

4.4.14 Rate-of-change of frequency (df/dt>/<; 81R)

The rate-of-change of frequency function is used to detect fast drops or increases in frequency. If the

load changes fast this function detects and clears the frequency-based faults faster than conventional
underfrequency and overfrequency protections. One of the most common causes for the frequency to
deviate from its nominal value is an unbalance between the generated power and the load demand. If
the unbalance is big the frequency changes rapidly.

The rate-of-change of frequency protection can also be applied to detect a loss of mains situation. Loss
of mains is a situation where a part of the network (incorporating generation) loses its connection with
the rest of the system (i.e. becomes an islanded network). A generator that is not disconnected from
the network can cause safety hazards. A generator can also be automatically reconnected to the
network, which can cause damage to the generator and the network.
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Figure. 4.4.14 - 79. Operation of the df/dt>/< function when the frequency starts but doesn't trip.
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The figure above presents an example of the df/dt>/< function's operation when the frequency is
decreasing. If the f<jimit and/or f>limit is activated, the function does not trip no matter how fast the
measured frequency changes if it's over the f<jimit or under f>|imit. As can be seen in the figure above,
when the frequency decreases under the f<jimit,tripping is allowed although the change of frequency is
not yet fast enough for the function to trip. Later the frequency makes a fast dip and as a result the
change of frequency is faster than the set pick-up value which then causes the function to operate.

Each stage can be activated and deactivated individually. After the f>/< mode has been activated
(Protection — Stage activation — Frequency stages), the user can activate and deactivate the
individual stages at will (Protection — Frequency — Frequency protection f >/< — INFO — Stage
operational setup).

Figure. 4.4.14 - 80. Simplified function block diagram of the df/dt>/< function.
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Measured input

The rate-of-change of frequency protection function compares the measured df/dt>/< ratio to the pick-
up setting (given in Hz/s). There are three (3) frequency references available. Please refer to
"Frequency tracking and scaling" chapter for a detailed description of frequency tracking.

Table. 4.4.14 - 143. Measurement inputs of the df/dt>/< function.

Signals Description

Frequency reference 1 Primary frequency reference
Frequency reference 2 Secondary frequency reference
Frequency reference 3 Tertiary frequency reference

General settings

The following general settings define the general behavior of the function. These settings are static i.e.
it is not possible to change them by editing the setting group.

Table. 4.4.14 - 144. General settings of the function.

Name Range Step Default Description

* On

» Blocked
dffdt >/< LN . Tost Set mode of DFT block.

- On This parameter is visible only when Allow setting of individual
mode o Test/ . .
Blocked LN mode is enabled in General menu.

« Off

Max allowed dff | 0.10...50.00 | 0.10 1 20 If df/dt rate exceeds this setting, the function is blocked.

dt rate Hz/s Hz/s | Hz/s
difat >/< (1..8) * No - No Enables or disables the stage.
enable * Yes
* Normal
df/dt >/< (1...8) « Start Force the status of the function. Visible only when Enable
: - Normal ) ) .
force status to o Trip stage forcing parameter is enabled in General menu.
* Blocked

Pick-up and time delay

The df/dt>/< (1) pick-up, df/dt>/< (2) pick-up, etc. setting parameters control the pick-up of each stage
of the df/dt>/< function. They define the maximum or minimum allowed change of frequency before
action from the function. The function constantly calculates the ratio between the pick-up setting and
the measured df/dt>/<. The reset ratio of +/- 100 mHz/s is built into the function and is always relative
to the pick-up value. The f>/< limit value is used to block the funtion from operating near the nominal
frequency.

Setting group selection controls the operating characteristics of the function, i.e. the user or user-
defined logic can change function parameters while the function is running.
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Table. 4.4.14 - 145. Pick-up settings.
Name Range Step Default Description
df/dt>/<
(1...8) . No
used in . Yes - No Enables the protection stage in setting group.
setting
group
df/dt>/< Defines the operation mode of the protection stage. In
* Rising "Rising" mode df/dt function can trip only from
(1...8)
o -e”ratin + Falling - Rising increasing frequency. In "Falling" mode df/dt function
mpo de 91 . Both can trip only from decreasing frequency. "Both" allows
df/dt to trip from both.
df/dt>/<
ge-c.]-USe)ncy ' Egttaﬁslii?it - Not used | Displays if frequency limits are used or not.
limit
df/dt>/<
(1...8) 0.01...10.00Hz/s | 0.01Hz/s | 0.2Hz/s Pick-up setting.
pick-up
df/dts/< Underfrequency limit. Tripping is permitted when
measured frequency is under this value. This parameter
I(i:n-i.t-8) f< | 7.00...65.00Hz/s | 0.01Hz/s | 49.95Hz/s is visible only when operation mode is set to "Falling" or
"Both".
df/dt>/< Overfrequency limit. Tripping is permitted if measured
...8) > .00...70.00Hz/s | O. s z/s requency is above this value. This parameter is visible
1...8) > | 10.00...70.00Hz/s | 0.01Hz/s | 51Hz/ fi is ab his value. Thi is visibl
limit only when operation mode is set to "Rising" or "Both".

Operating time characteristics for trip and reset

This function supports definite time delay (DT). For detailed information on these delay types please
refer to the chapter "General properties of a protection function" and its section "Operating time
characteristics".

Read-only parameters
The function's Info page displays useful, real-time information on the state of the protection function. It

is accessed either through the device's HMI display, or through the setting tool software when it is
connected to the device and its Live Edit mode is active.

Table. 4.4.14 - 146. Information displayed by the function.

Name Range Step Description
*+ On
df/dt >/< LN + Blocked D|§p|ays the mo.de of DFT block. ’
behaviour + Test - This parameter is visible only when Allow setting of
+ Test/Blocked individual LN mode is enabled in General menu.
« Off

Measured df/

ot 0.000...20.000Hz/s 0.001Hz/s | Rate-of-change-of-frequency at the moment.
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Description

dffct >/< - ol
(1...8) . - Displays the status of the protection function.
condition » Tip

» Blocked
df/dt >/<
(1...8) df/dt 0.000...20.000p.u. 0.005p.u. The rgno between the rate-of-change-of-frequency and
meas / df/dt the pick-up value.
set
Expect.ed ' 0.000...1800.000s 0.005s Displays the expected operating time when a fault
operating time occurs.
Time When the function has detected a fault and counts down
remaining to -1800.000...1800.000s | 0.005s time towards a trip, this displays how much time is left
trip before tripping occurs.

Function blocking

The block signal is checked in the beginning of each program cycle. The blocking signal is received
from the blocking matrix in the function's dedicated input. If the blocking signal is not activated when
the pick-up element activates, a START signal is generated and the function proceeds to the time
characteristics calculation.

If the blocking signal is active when the pick-up element activates, a BLOCKED signal is generated and
the function does not process the situation further. If the START function has been activated before the
blocking signal, it resets and the release time characteristics are processed similarly to when the pick-

up signal is reset.

The variables the user can set are binary signals from the system. The blocking signal needs to reach
the device minimum of 5 ms before the set operating delay has passed in order for the blocking to
activate in time.

Events and registers

The rate-of-change of frequency function (abbreviated "DFT" in event block names) generates events
and registers from the status changes in the events listed below. The user can select which event
messages are stored in the main event buffer: ON, OFF, or both. The events triggered by the function
are recorded with a time stamp.

The function's outputs are can be used for direct I/O controlling and user logic programming. The
function also provides a resettable cumulative counter for the START, TRIP and BLOCKED events.

Table. 4.4.14 - 147. Event messages.

Event block name Event names

DFT1 df/dt>/< (1...8) Start ON
DFT1 df/dt>/< (1...8) Start OFF
DFT1 df/dt>/< (1...8) Trip ON
DFT1 df/dt>/< (1...8) Trip OFF
DFT1 df/dt>/< (1...8) Blocked ON
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Event block name Event names

DFT1 df/dt>/< (1...8) Blocked OFF

The function registers its operation into the last twelve (12) time-stamped registers. The table below
presents the structure of the function's register content.

Table. 4.4.14 - 148. Register content.

Register Description

Date and time dd.mm.yyyy hh:mm:ss.mss
Event Event name

df/dt>/< Pre-trig (Hz/s) Start/Trip —20ms df/dt>/<

f Pre-trig (Hz) Start/Trip —20ms frequency
df/dt>/< Fault (Hz/s) Fault df/dt>/<

f Fault (Hz) Fault frequency

Setting group in use Setting group 1...8 active

4.4.15 Power protection (P, Q, S>/<; 32)

The power protection function is for instant and time-delayed, three-phase overpower or underpower
protection (active, reactive, or apparent). The user can select the operating mode with parameter
settings.
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Figure. 4.4.15 - 81. PQ diagram of the pick-up areas in various modes.
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Figure. 4.4.15 - 82. Simplified function block diagram of the power protection function.
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Measured input

The function block uses three phase currents and line-to-neutral or line-to-line voltages to calculate
active, reactive or apparent power (as the uset chooses). Please refer to "Power and energy
calculation" chapter for a detailed description of power calculation.
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Table. 4.4.15 - 149. Measurement inputs of the P> function.

Signal Description

IL1RMS Fundamental frequency component of phase L1 (A) current measurement
IL2RMS Fundamental frequency component of phase L2 (B) current measurement
IL.3RMS Fundamental frequency component of phase L3 (C) current measurement
U1RMS Fundamental frequency component of U1/V voltage measurement
U2RMS Fundamental frequency component of U2/V voltage measurement
U3RMS Fundamental frequency component of U3z/V voltage measurement
U4RMS Fundamental frequency component of U4/V voltage measurement

General settings

The following general settings define the general behavior of the function. These settings are static i.e.
it is not possible to change them by editing the setting group.

Table. 4.4.15 - 150. General settings of the function.

Name Range Default Description
*+ On
» Blocked Set mode of PWR block.
PQS>/< LN + Test . o ) o
mode . Test/ On ThIS parameter is visible only when Allow setting of individual LN mode
Blocked is enabled in General menu.
+ Off
« Normal
PQS>/<force | « Start Force the status of the function. Visible only when Enable stage forcing
. Normal : :
status to « Trip parameter is enabled in General menu.
» Blocked
PQS>/< ) L .
« POW1 Defines which side of power measurement is used. POW1 and POW?2
measurement POW1
side « POW2 can be set up at Measurements — Power and energy measurements.

Pick-up settings

The PQS>/< setting parameter controls the pick-up of the power protection function. This defines the
maximum or minimum allowed measured three-phase power (active, reactive, or apparent) before
action from the function. The function constantly calculates the ratio between the PQS>/< and the
measured power magnitude. The reset ratios of 97 % (pick-up mode "Over") and 103 % (pick-up mode
"Under") are built into the function and is always relative to the pick-up value.

Setting group selection controls the operating characteristics of the function, i.e. the user or user-
defined logic can change function parameters while the function is running.
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Table. 4.4.15 - 151. Pick-up settings.
Name Range Step Default Description
* P3PH ' . . )
Measured Defines which three phase power is used:
; * QS3PH - P3PH . )
magnitude | | S3PH Active, reactive or apparent power.

Defines whether the used nominal power is set
Set manually or if transformer or generator status
manually | monitoring function defines the nominal power
automatically.

Nominal + Set manually
MVA ¢ Use Gen nom MVA | -
reference ¢ Use Trafo nom MVA

Set Nominal MVA used by the function. This
nominal 0.0001...1000.0000MVA [ 0.0001MVA | 10MVA | parameter is visible only when "Nominal MVA
MVA reference" parameter is set to "Set manually"
Pick-up * >Over Defines whether the function operates in

- Over -
mode * < Under underpower or overpower protection mode.

Pick-up setting. Related to the nominal power

Pick-up -500.000...500.000% 0.005% 0%
set by the user.

Read-only parameters
The function's Info page displays useful, real-time information on the state of the protection function. It

is accessed either through the device's HMI display, or through the setting tool software when it is
connected to the device and its Live Edit mode is active.

Table. 4.4.15 - 152. Information displayed by the function.

Name Range Step Description
On
PQS>/< LN Blocked D|§p|ays the mo‘de of PWR block. ’
behaviour Test - This parameter is visible only when Allow setting of
Test/Blocked individual LN mode is enabled in General menu.
Off
Normal
PQS>/< Start . . .
condition Trip - Displays the status of the protection function.
Blocked
POW1CT1
PQS>/< POW1CT2 Displays the selected power measurement.
selected POW2CT1 - This indication is visible if the device has more than
measurement [ POW2CT2 one current measurement unit.
Undefined
Displays the nominal power used by the function. This
Nominal MVA 0.000...1800.000MVA 0.001MVA parameter is displayed if N"ommal MVA referen?e
used parameter has been set to "Use Gen nom MVA" or
"Use Trafo nom MVA".
Pick-up Pick-up setting used at the moment by the function.

-1800.000...1800.000MVA [ 0.001MVA [ Value of this parameter can change if setting group

setting has been changed.
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Name Range Step Description

Measurement ~1800.000...1800.000MVA | 0.001MVA Measured active, reactive or apparent power at the
now moment.
Meas/Set at -1250.00...1250.00p.u. 0.01p.u. Ratlp between the measured power and pick-up
the moment setting.
Meas/Nom at -1250.00...1250.00p.u. 0.01p.u. Ratio between the measured power and used nominal
the moment power value.
Expected Displays the expected operating time when a fault
operating 0.000...1800.000s 0.005s piay P perating
! occurs.
time
Time When the function has detected a fault and counts
remaining to | -1800.000...1800.000s 0.005s down time towards a trip, this displays how much time
trip is left before tripping occurs.

Function blocking

The block signal is checked in the beginning of each program cycle. The blocking signal is received
from the blocking matrix in the function's dedicated input. If the blocking signal is not activated when
the pick-up element activates, a START signal is generated and the function proceeds to the time
characteristics calculation.

If the blocking signal is active when the pick-up element activates, a BLOCKED signal is generated and
the function does not process the situation further. If the START function has been activated before the
blocking signal, it resets and the release time characteristics are processed similarly to when the pick-

up signal is reset.

The variables the user can set are binary signals from the system. The blocking signal needs to reach
the device minimum of 5 ms before the set operating delay has passed in order for the blocking to
activate in time.

Operating time characteristics for trip and reset

This function supports definite time delay (DT). For detailed information on these delay types please
refer to the chapter "General properties of a protection function" and its section "Operating time
characteristics".

Events and registers

The power protection function (abbreviated "PWR" in event block names) generates events and
registers from the status changes in the events listed below. The user can select which event
messages are stored in the main event buffer: ON, OFF, or both. The events triggered by the function
are recorded with a time stamp.

The function's output can be used for direct I/O controlling and user logic programming. The function
also a resettable cumulative counter for the START, TRIP and BLOCKED events.

The function offers four (4) independent stages; the events are segregated for each stage operation.

Table. 4.4.15 - 153. Event messages.

Event block name Event names

PWR1...PWR4 Start ON
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PWR1...PWR4 Start OFF
PWR1...PWR4 Trip ON
PWR1...PWR4 Trip OFF
PWR1...PWR4 Block ON
PWR1...PWR4 Block OFF

The function registers its operation into the last twelve (12) time-stamped registers. The register of the
function records the ON event process data for START, TRIP or BLOCKED. The table below presents
the structure of the function's register content.

Table. 4.4.15 - 154. Register content.

Register Description

Date and time dd.mm.yyyy hh:mm:ss.mss
Event Event name

Pre-trigger power Start/Trip -20ms power
Fault power Start/Trip power

Pre-fault power Start -200ms power

Trip time remaining 0 ms...1800s

Setting group in use Setting group 1...8 active

4.4.16 Generator/motor/transformer differential protection
(Idb>/1di>/10dHV>/10dLV>; 87T/87G/87M/87N)

The generator/motor/transformer differential function is used for protecting the following power
transformers: two-winding transformers, and to some extent three-winding and two-winding
transformers that have double outputs and a summing application. This function can also be used for
protecting generators and motors.
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Figure. 4.4.16 - 83. Differential protection function can be used for protecting transformers, machines (generators/
motors) and both at the same time.

[ R — L1
L2
L3

L1
L2
L3

Power transformers are seen in electric power generation, transmission, and distribution. They are also
part of application networks for a wide range of purposes (eg. power and voltage levels). The most
common use for a transformer is (as the name implies) to transform alternating voltage from one
voltage level to another. What is common for all transformers is that they are a crucial and one of the
most important single components in a network because a transformer's failure affects a wide area in
the network. While transformers do not have many moving parts (apart from tap changers), their
electric and mechanical properties are far from being simple.

When designing transformer protection it is usual to consider the transformer's usage as well as the
power level it transforms. This is because the economical aspect becomes more significant as the size
of the transformer increases, and the applied protection should be in line with the cost of the
transformer. For example, there is little point in installing a high-level multifunction transformer device
into a distribution transformer of a few kVA that feeds a handful of farms in a rural area network.
Similarly, it is pointless to have nothing but fuses protecting a transmission transformer of a few
hundred MVA that feeds entire cities.

When designing transformer protection one should consider which protection elements are needed to
apply sufficient protection. The following table gives a rough idea what protection methods and
elements as well as risks exist for the different types of transformers. Overlooking these points when
designing transformers increase the risk of costly problems with the transformer.

Transformer Risk level Protection

Pole-

mounted <100 Risks are mostly environmental; the most common Protection includes feeder

KVA issue is a lightning hitting an overhead line. A broken overcurrent and earth fault
transformer device can be switched to a new one within hours. protection. No separate protection
Distribution. Relatively cheap. devices are normally applied.
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Protection

Protection includes feeder
overcurrent and earth fault

:gzt;ﬂ(l)lrastfon hours. Possible fault extension to other parts of the protection. Fuses are used to limit the
o network or to building should be reduced. Relatively possible short-circuit current.
Distribution, cheap.
applications.
Protection includes overcurrent and
earth fault protection, a dedicated
500kVA...2 o . .

MVA Risks include overloading, overvoltage, transients, and pressurelguard (Bu_chhol_z gas rglay),
N cooling. Replacing a broken device is costly, so fixing overloading protection with winding
D|str.|bu‘F|on, might be the better option if a fault occurs. It is temperature monitors. Fuses could be

applications, important to monitor the device as the cost of fixing considered for limiting the short-
motors, small failures is probably higher than the cost of monitoring. | circuit current.
generators. o .
If the transformer is oil-insulated, oil
level monitoring should be applied.
Includes the following protections:
differential, overcurrent and earth
fault protection, backup overcurrent
and earth fault protection, tap
changer protection, a dedicated
Risks include overloading, overvoltage, transients, pressure guard (Buchholz gas relay),
2MVA...100 | cooling, and environmental issues. Replacing a broken | overloading protection with numerical
MVA device is problematic as the process is difficult and and winding temperature monitors.
Distribution, normally takes the network off-line for a long time. The | If the transformer is oil-insulated, oil
generation, device is relatively expensive. Its failure affects a wide | level monitoring should be applied in
sub area regardless of where it is installed (transmission, addition to monitoring of loading and
transmission distribution, generation). Monitoring, clearing faults oil-ageing estimations.
<130 kV. quickly, and limiting the device's internal fault time are If the transformer has forced cooling,
all very important. monitoring and protection for cooling
systems should be applied.
Multifunction relays need protections
and monitoring; dedicated protection
relays require backup overcurrent and
earth fault protections.
Includes the following protections:
redundant differential overcurrent and
earth fault protection, redundant
backup overcurrent and earth fault
Risks include overloading, overvoltage, transients, protection, tap changer protection, a
cooling, and environmental issues. Replacing a broken | dedicated pressure guard (Buchholz
device is problematic as the process is difficult and gas relay), overloading protection with
>100 MVA normally takes the network off-line for a long time. The | numerical and redundant winding
Transmission | device is extremely expensive. lts failure affects a wide | temperature monitors.
> 130 kV area regardless where it is installed (transmission, Oil level monitor should be applied, as

distribution, generation). Monitoring, clearing faults
quickly, and limiting the device's internal fault time are
all very important.

well as monitoring of loading and oil-
ageing estimations.

If the transformer has forced cooling,
monitoring and protection for cooling
systems should be applied.
Separated devices for control,
monitoring and protection.

There are many transformer faults, e.g. dirty, watered or old transformer ail, oil leakage from the tank,
as well as multiple, prolonged heavy overloading and other faults in the cooling systems. These can
cause earth faults, interturn faults or even phase-to-phase faults in the windings of the transformer.
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Why is differential protection needed in transformer protection?

The transformer differential function is based on calculating the difference between the ingoing and
outgoing currents. If the operating status is normal, all power that comes in also goes out. If this is not
the case, the transformer has an internal fault and the device should be de-energized as soon as
possible to avoid extensive damage to the transformer. An operating differential function takes a faulty
transformer off-line for a long time. A quick de-energizing of the fault saves money because in most
cases the transformer can still be repaired which is significantly cheaper than replacing the broken
device with a new one. However, there are some exceptions to this. Faults that occur within the
differential protection zone but without the transformer itself (such as in the bus or in the cables
connected to the transformer). Faults of this type are easily repaired and the transformer can be re-
energized soon after the fault has bee cleared.

If a transformer is protected only by conventional overcurrent and earth-fault protections, the operating
time should be set in coordination with the low-voltage side protection relays to ensure selectivity.
Therefore, transformer protection should be set to delayed operation (not instant) so that the low-
voltage side protection relays can operate before transformer protection. This is necessary because
under normal conditions the transformer's energizing and its short-circuit supply to the high or low
voltage side is seen directly on both sides of the transformer. An overcurrent protection with instant
operation causes problems with timing coordination or sensitivity, especially if the instant protection is
set on high-current starting criteria. However, this is not a significant issue with smaller transformers as
the installation and maintenance of various differential protections is considered more expensive than
not having full protection.

Differential protection is very sensitive and it is scaled internally to the loading and fault current flowing
through the transformer. For example, an interturn fault in the transformer's windings could go entirely
unnoticed by an overcurrent relay while a differential relay could trip it in the very first power cycle. The
same goes for internal earth faults: they can be impossible for conventional earth fault protection to
notice until the fault causes heavier fault currents (such as when the fault location is close to the neutral
side inside the star winding).

These are the main arguments for using differential protection: they are sensitive, their operation in
internal in-zone faults is fast, and they have a high stability for out-zone faults. These guarantee a
minimum of unwanted power outages as well as minimized and reduced damage to the transformer
itself. On the other hand, differential protection has its negative properties: it is not very easy to set up
to operate correctly, and it requires a second set of current transformers which increases installation
costs. However, this cost is marginal in larger scale power transformers.

The following chapter explains the principles of transformers. It also shows how how to set the
differential protection correctly for the example application.

Transformer properties and basic concepts for differential protection

Setting the differential protection requires some intial data of the transformer to be known. At minimum,
the following data needs to be available:

+ the transformer's nominal power

+ the nominal voltages of both the HV and LV sides

+ the transformer's special properties, such as tap changer and auxiliary windings
+ the transformer's vector group (for matching the transformer vectors in p.u.)

+ the ratios and properties of the transformers HV and LV sides.

This chapter shows the setting and the principle of transformer differential protection step by step.
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Figure. 4.4.16 - 84. Transformer and its components forming the differential zone.

= @

Differential zone

The differential protection area is the area between the current transformers. This is called the
differential zone which means that the currents going in from one side must come out from the other
side. This is true whether the signal is scaled higher or lower, or whether the phase angle is shifted.
Unless both side currents match there is a problem within the protected zone which either blocks or
keeps the current inside the zone.

The image below shows what a typical transformer name plate looks like, what data it includes and
what to do with it.

Figure. 4.4.16 - 85. Transformer name plate data.

&
M.G.TRAFO & Sons. Co. Ltd.

PHASE
POWER | 2000 kVA
VECTOR | Yd1
IMP.Zk% %
VOLT.H. \
VOLT.L. \
AMP.H. A
AMP.L. A
FREQUENCY 50 | Hz

According to the data on this example name plate, this transformer is designed for three-phase

usage and therefore it has two windings. The nominal power of the transformer is 2 MVA. Its vector
group is Yd1: this means that the high-voltage side is connected to the Y and the low-voltage side to
the delta, resulting in the LV side having a 30-degree lag in relation to the HV side. Additionally, the HV
side's nominal voltage is 10 kV and its amperage is 116 A, on the LV side the nominal voltage is 1kV
and its amperage is 1.155 kA. The transformer's short-circuit impedance is 4.95 %; it is based on the
transformer's final test and presents how much short-circuit current the transformer is able to feed. The
transformer's frequency is 50 Hz. This kind of information is usually available in a transformer's name
plate and documentation. If the transformer has a tap changer, its information is usually also available
in the name plate data.
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Nominal current matching is the first thing to consider in differential protection. Usually a modern
numerical protection relay can calculate these factors itself as long as the transformer's nominal power
and voltage levels are known. However, if one feels inclined to calculate the amplitude matching factor,
they can do so with the formulas presented below.

For this example, let us say we want to do these calculation for the transformer whose name plate we
have in the image above. Let us further say the HV side current transformers are 150/5 A and the LV
side current transformers are 1200/5 A. The primary side factor (p.u.) and current are then calculated
as follows:

. s, 2000000VA _ .
HV = = = .
" V3 X Ugy V3 X 10000V

I 11547 A

nHV =0.77

I . =
puprtHV e imy 150 A

Ipu.sec,HV = ‘{pu,prEJHV X CTSBC.HV =077x5A=385A

Then, the secondary side factor (p.u.) and current are calculated as follows:

L _ __Sn_2000000VA_ .
T Bx U, V3x 1000V '
by _11547A

I o — =
pupritlV = er v 1200 A

I

pu,sec,lV = Ipu,pri,LV X CTsec,LV =096 Xx5A=481A

The calculations show that if 2 MVA of power go through the transformer the CT's secondary current
on the high-voltage side will be 3.85 A and the CT secondary current on the low-voltage side will be
4.81 A. The differential function uses these values to change them into measured currents in per unit.
Therefore, it would show 1.0 - In for both HV and LV side measurements, eventhough the measured
currents are different. This is called amplitude matching of the HV and LV sides. In modern differential
relays this is done automatically when the nominal values and CT ratings are set for the transformer.
Thus, these calculations only have nice-to-know informational value.
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Figure. 4.4.16 - 86. Amplitude scaling to match the nominal currents and CTs in the differential relay.
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Nominal current matching is only part of the differential protection settings. The vector group of the

transformer is also important, since the differential function is interested in the angle difference of the
measured current vectors. In this example the transformer's vector group is Yd1, which means that the

transformer's HV side is connected to the Y and the LV side to the delta. Therefore, the LV side is in

30-degree lag in relation to the HV side vectors.

The number 1" in the vector group's name comes from the angle in the phase current difference

between the HV and the LV side. If one imagines the HV side current's Y placed upside down on the

face of a clock (with the Y's leg pointing at 12), the LV side's delta would be pointing at 1. Likewise, '11'

means that the LV side is leading 30 degrees; '5' and '7' are just the other ends of the windings thus

causing a 180-degree difference between the '1' and '11' clock numbers.

The following example explains transformer current vectors and what a connection might look like.
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In modern protection relays these standard vector groups (Y or delta, lead or lag) are defined by a
setting selection and there is no need for interposing transformers. Even if the transformer's vector
group is not standard it should still be settable within the protection relay (such as with zigzag
transformers).

In this example, the function translates the delta side currents. The correction applies not only to the
angles but also to the amplitudes because the delta side (in p.u.) is relative to the amplitude difference
with the Y-connected side.

_ IL1;y —IL2
I[1D5,, = Whlw —1L2uw)

NE)
. IL2,, — IL3
112D5,, = (2w ~ L3w)
VE)
. IL3;, —IL1
IL3DSLV - ( LV LV)
NE)

This process is called vector group matching for the currents (in p.u.) of the transformer. This matching
is necessary whenever one side is connected to the delta and another to the Y. Previously in non-
numerical relays, this matching was done by interposing CTs which connected the power transformer's
Y side to the delta, and the transformer's delta side to the Y. This got the HV and LV side vectors to
match each other. Then the currents in the protection relay inputs are summed up. If there is no
difference (as the HV and LV side currents negate each other), the pick-up is not triggered. If the
currents do have a difference, the current flows to the protection relay input and with enough difference
causes a pick-up and a trip. However, as modern differential relays do this transformation by
calculating the corrected vector internally, this is also just nice-to-know information not related to the
actual operation of the relay.

Figure. 4.4.16 - 88. Expected phase shifts from HV side to LV side (a symmetrical situation).

Phase angles HV side Phase angles LV side

shift{deg) [IL1 L2 L3 " 2" IL3"
Yy0, Yyn0, YNy0, Dd0 o 0 240 120 1] 240 120
Yy6,Yynb, YNy6, YNyn6, Dd6 180 o 240 120 180 60 300
¥d1, YNd1, Dy1, Dynl -30 o 240 120 330 210 90
¥d11, YNd11, Dy11, Dyn1l 30 o 240 120 30 270 150
¥d5, YNd5, Dy5, Dyn5s -150 o 240 120 210 90 330
Yd7, YNd7, Dy7, Dyn7 150 o 240 120 150 30 270

The direction of the CTs' Y legs on the HV and LV sides affects how the differential calculation method
is set. The setting options are "add" and "subtract" which is why the CTs' currenct direction has to be
taken into account. The "add" mode is used when the CT's starpoints are either pointing towards each
other or away from each other. The "subtract" mode is used when those points are pointing in the same
direction. In this example the correct setting would be the "add" mode because the CTs in the main
circuit are connected to the opposite and thus the measured currents from the CTs are also opposite.
The user selects how they want the signals shown: the CTs' currents can be negated with the "subtract"
option, resulting in a one Y-connected vector diagram.

The images below present the differential algorithm itself (one calculating formula for each phase
difference); first the "subtract" formulas, then the "add" formulas. Selection is based on the CT
connections.
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Figure. 4.4.16 - 89. "Subtract" formula.
L1DIFFsypt = IL1zy — IL1.y|
L2DIFFgupe = |IL2gy — L2,y |
L3DIFFgyupt = |IL3yy — IL3,y|
Figure. 4.4.16 - 90. "Add" formula.
LlD[FFAdd = “LIHV + IL]—LV|
LZDIFFAdd = |IL2HV + ILZLV|
L3D[FFAdd = |IL3HV + ILSLV|
Figure. 4.4.16 - 91. CTs' starpoints requiring the "Add" mode.
High voltage CT module 1 High voltage CT module 1

=
L ER S

454 Rl
L~ L~
_ N —1

T
]

paVat

[ q
tic

‘g.J E.r ¢« ]

gzl

Low voltage Low voltage

179 © Arcteq Relays Ltd
IMO0017



AQ-G257

4 Functions .
Instruction manual
Version: 2.14
Figure. 4.4.16 - 92. CTs' starpoints requiring the "Subtract" mode.
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The differential function has two (2) separate stages built into the function. Non-restraint characteristics
use only the "Average mode and Max mode formulas (described below) as the comparison base.
Restraint characteristics also make a so-called bias calculation for each of the phases in order to adjust
the differential stage towards the measured currents. Bias calculation can be sensitive or coarse (see
the following formulas).

Figure. 4.4.16 - 93. Average mode (sensitive biasing).

[IL1gy | + |11,y

LIBIASAVG = 2
IL2 | + |IL2
L2BIASave = M
IL3 .| + |IL3
LBBIASAVG: | HV| | LV‘

2

Figure. 4.4.16 - 94. Max mode (coarse biasing).

L1BIASyax = max (|IL1gyl, [IL1y])
L2BIASyax = max (|IL2gxy|, [IL21y])

L3BIASax = max (|IL3gyl, [TL31v])

Next, these two formulas are combined in a graph: the x-axis presents the measured differential
current, and the y-axis presents the calculated bias current. The following graph shows the differential
function characteristic, both biased and non-biased.
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Figure. 4.4.16 - 95. Differential function characteristic, biased and non-biased.
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The graph is the function of measured biasing current and the differential protection current. The red
line presents the allowed differential current in percentages. In this example the non-biased pick-up is
set lower than in a normal transformer application. The settings and the ranges of the differential
protection function are presented in the "Settings and signals" section of this topic.

The biasing characteristic is formed with the following formulas:

Dif fyias<rp1 = la>pick—up
Dif foiasTP1.TP2 = SL1 X (Ix — TP1) + Ig>pick—up

Dif fyias>rp2 = SL2 X (Ix — TP2) + SL1 x (TP2 —TP1) + li=pick-up

These form a straight line from zero current to Turnpoint (TP1). From TP1 to TP2 is the first slope
(Slope 1) which causes the set biasing to be coarser when the measured current amplitude increases.
When the measured current is higher that the TP2 set value, the second slope (Slope 2) is used.

Differential characteristics settings
Characteristics parts

One needs to understand what the various parts of the characteristics mean in order to set the
characteristics for the transformer application.

Diffbias<TP1 = ld>pick-up

This is the first straight line which represents the differential current created by the transformer's normal
operation. It takes into account measurement errors, possible variations caused by the transformer's
tap changer (if available), and the various reasons why the application might have caused a different
load inside the protected differential zone. In differential relays this is known as the pick-up current
(Id>pick-up). It is the basic sensitivity limit: when the measured differential current is below this limit, the
transformer still operates normally and the protection does not trigger. In other words, the pick-up
current setting must be higher than the combination of all the normal operation factors that cause
differential currents.
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When calculating the differential current in a basic situation, it is strongly recommended to consider the
following transformer component errors (the illustrated parts in the image below).

Figure. 4.4.16 - 96. Differential current sources (normal operation).
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There seven (7) differential current sources for normal operation:

1) Primary side CT measurement accuracy (CTEpri)
In this example the primary side CTs are Class 10P, which means the measurement error is 10 %.

2) Secondary side CT measurement accuracy (CTEsec)
In this example the secondary side CTs are Class 5P, which means the measurement error is 5 %.

3) Protection relay measurement accuracy (primary and secondary) (REm)
The protection relay measurement error is below 0.5 %, its optional accuracy below 0.2 % per
measurement channel: the combined value for both sides is either 1 % or 0.4 %.
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4) Possible auxiliary transformer or auxiliary winding, currents not measured separately (AUTE)

In this example a 50 kVA auxiliary transformer is connected to the LV side output before the CTs, and
this needs to be noted in the calculations. The same is true when the transformer itself is connected to
auxiliary power output and those currents are not measured. The auxiliary power output's effect can be
calculated by calculating the percentage of the auxiliary transformer/winding VA in relation to the
transformer nominal VA (see formula below; assumes the auxiliary load to be nominal):

avTE = 2% 1000y = DQ000VA L 00 = 259
~ NoM ® 7~ 2000000VA b e

5) Transformer core magnetizing current (TME)

Transformer magnetizing current is the current which flows in the primary winding. Since it is running
only in the primary side, this needs to be taken into account in the settings calculations. The
approximate magnetizing current value can be calculated according to the following formula:

_ Upnr
jwlp

ITM

When the primary inductance is known, the magnetizing current value is compared to the HV side's
nominal current and the resulting percentage is directly the TME value. If the transformer's primary
inductance is unknown, one can use a conservative estimate of 3 % as the TME value.

6) Safety margin (SME)
Conservative settings typically use a safety margin up to 5 %.

7) Tap changer on load side (TCE)

This example transformer has a tap changer with the rating of +/- 5 X 2.5 %. This means that the
secondary side windings can be set +/- 5 x 2.5 % from the nominal center position, causing a
maximum deviation of 5 X 2.5 % from the nominal conditions. Therefore the TCE is 12.5 % in this case.
Please note that the tap position is not always in the nominal center position: check the application and
calculate the maximum effect to the worst side.

Generally the tap changer means that the transformer transformation ratio can be adjusted in order to
receive the nominal voltage more accurately to the secondary side of the transformer. There a multiple
reasons for voltage variations, e.g. heavy or light loading in the HV side. In practice this means that if
the secondary side needs more or less voltage, the secondary side uses more or less winding rounds.
This causes a difference in the nominal current condition, which can be noticed as a differential current
in the protection relay. Usually tap changer positions are presented as deviation steps for the
secondary voltage to both positive and negative direction from the center (see the second image
below).
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Figure. 4.4.16 - 97. Transformer tap changer.
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Calculating the generated differential current — The biased settings

Now we have all the necessary data to calculate a naturally generated differential current based on the
known errors and possible variables.

First we need to calculate the maximum uncertainty (Imeas, unc) from the various magnitudes inside the
transformer. In this example, the transformer has a tap changer that affects the internal currents;
however, its effects cannot be estimated reliably and the current's maximum uncertainty needs to be
calculated. If there is no tap changer, the maximum uncertainty can be calculated sufficiently enough
by summing the maximum inaccuracies of the CTs on the HV and LV sides.

absolute uncertainty
= X 100
absolute measurement

Imeas,lmc
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Looking at the formula above, one can see that the absolute maximum uncertainty as well as the
absolute measurement are needed. The former is the sum of the primary CT error (CTEpyri), the
secondary CT error (CTEsec), the tap changer maximum error (TCE) and the product of multiplying the
secondary CT error with the tap changer maximum error (CTEsec X TCE). The latter is the sum of the
so-called expected value (1 x In) and the tap changer maximum error (TCE). The images below show
the full formula (on the left) as well as the formula and its result when filled with the figures from our
example configuration (on the right):

00=25%

CTE. + CTE... + TCE + (CTE.... + TCE I 01+ 0.05 4+ 0.125 + (0.05 x 0.125) X1
Imeasunc = pri sec —— ( sec ) %« 100 meas,unc — 140125

The calculation result (25 %) presents the maximum caused differential current to nominal that can be
caused by the transformer's properties. If we know other uncertainties, they can now be added to
Imeas, unc to get the following operation:

Lipspick—up = Tmeasunc ¥ (2 X RE,,) + AUTE + TME =25% + (2X05%) +25%+3% =315%

This means that in the worst case scenario, the differential current flows while the transformer's
operation is normal. This is why the final result usually gets an added safety margin: the stable
operation of the differential protection must be ensured and possible calculation errors negated. The
following image shows the base sensitivity (i.e. the minimum setting for the differential current that the
relay operation requires) given to the differential protection characteristics:

CTEpy; + CTEge. + TCE + CTE . X TCE
Lap> pick—up — ( 1+ TCE

><100)+2><REm+AUTE+TME+SME:36%

Now the base sensitivity takes into account the starting situation (no load to Turnpoint 1) in the
characteristics. Next, it needs to be decided where to set Turnpoint 1. In most of differential relays this
point is either fixed or automatically defined based on the base sensitivity and Slope 1; however, in this
type of differential relay this point can be set by the user. If the user wants a high sensitivity, TP1 can be
set to 1 X Ip since the calculated base sensitivity already factors in the tap changer effect and all other
differential current sources that normal operating causes. If the user prefers coarse settings, TP1 can
be set to 0.5 % Iy, even 0.01 %X In. The limit is determined by the sum of the protection principle the user
wants. A smaller value results in a conservative and stable operation, while a larger value results in a
highly sensitive but possibly unstable protection.

Please note that if TP 1 is set to 0.01 x I, Slope 1 starts directly from the setting and no unbiased
sensitive section is available. This is useful when the user does not want base sensitivity to include the
tap changer effect, but instead have it be accounted for in Slope 1 directly. This can lead to optimal
sensitivity and stable settings for a differential relay even if there are no non-biased sensitive section in
the characteristics. In this case, the formula to calculate the base sensitivity is as follows:

Lab> pick—up = CTEpy; + CTEqpe + 2 X RE,, + AUTE + TME + SME

Iabs pick—up = 10% +5% +2x 0.5% +2.5% +3 % +5 % = 26 %

Next are the Slope 1 settings, which present the protection relay's restrain characteristics over the
transformer's load current range. This slope should be effective up to the maximum transformer
loading. This value for power transformers is usually around 1.0 to 2.0 x In; for large power transformer
a typical value is 1.5 X In. The purpose is to compensate the measurement errors caused by a relatively
high current, including the tap changer effect. Slope 1 is calculated by using the transformer and CT
nominal values in the maximum full load (Turnpoint 2) of the transformer with highest possible
differential current causing tap position. Generally the Slope 1 setting is calculated as follows:
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Laigs TP2

————x 1009
Ipias TP2 %

Slope 1 =

Now the calculation of the maximum differential current in Turnpoint 2 includes the previously
calculated correction factors for the HV and LV side CTs.

, _ gy _11547A
PUPRIHV — CTopmy  150A =

In,  11547A
CTpriy  1200A

Ipu PRILV —

Also is needed the corrected transformation ratio effect (TRcorr) due to the tap changer position on the
maximum voltage position (usually this generates the highest differential current).

Unv vorrs min % (UHV)

TRcorr = Uy

UH v

To get the HV volts minimum value the user needs to apply the calculation on a situation when the tap
changer on the secondary side is at maximum output voltage and the output is nominal. In this
example we had a maximum of +12.5% increasing effect from the tap changer, resulting in the
following calculation:

10000V x (1.0 — 0.125) (10 000V

10 000 V 1ooov> =875

TRcorr =

Next we calculate the the currents that flow in the HV and LV sides, when the loading of the
transformer is e.g. 1.5 times its rated power.

Therefore, the LV side currents are as follows:

Iyw X 15 11547 A x 1.5
Ly = CT = T200Ax = 1.5xIn
CTyy sec X Ipupri Ly %X (CTZI;:Z) 5A %096 x (T)
The currents of the HV side are as follows:
(hvu/ X 1-5) (1154.7A X 1.5)
Iy = MRaorg = 8.75 —17xIn
CT, 150 A !
CTuy sgc X Ipu prinv X (CT:;;;;) 5A%0.77 x ( =A )

These currents present the worst-case scenario that the tap changer effect can cause to the
differential relay's measured currents.

Next, we need to calculate the differential current. In theory there are two ways to use biasing
calculation to do this, but in practice only one: the results of add and subtract modes are the same
because they just compensate the connected CTs differently (starpoint towards or away from the
transformer). Thus, the differential current is always calculated as follows:

IIHV - !LVI
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This gives the absolute difference in the measured currents.

If the user wants more sensitive settings, the Average mode is selected and the Slope 1 calculation is
as follows:

_ I x wvl + Ly vl
Ly pras ave = 2

laigrrp2 [y — Lyl 1.5—-1.7
Sl 1= """ x100%=—+———+x100% =———-—x100% = 12.59
ope Ly B1as ave % (ILV ‘|2‘ IHV) % (1.5 —5 1.7) % %

If the user wants more stable settings, the Maximum mode is selected and the Slope 1 calculation is as
follows:

Ly gras max = max (px gy |y e 1))

Lai Ly —1 1.5—-17
arrrer o000 My Tl
x BIAS max max ([ ], Iy ) 1.7

Slope 1 = X 100% = 11.7 %

If the user wants to be on the safe side, yet another safety margin (in addition to the 5 % already in the
base sensitivity settings) can be added to ensure stability.

At this point the only setting still missing is that of Slope 2. This setting is used for biasing the
differential characteristics against heavy faults outside the differential zone that can cause heavy
saturation on one or both sides of the CTs causing heavy differential current in the measurements even
though the transformer itself does not have a fault. Please note that if there is a heavy end

fault causing the biasing current to increase, this setting should not be set to maximum as the biasing
may block the differential characteristics. This makes the trip not applicable even if there is an end
fault.

When the transformer is fed from the HV side and the differential current is direct, the fault that feeds
the end current can be accounted in the Slope 2 setting.

If the Average mode is used for biasing (due to a single end fault), the bias current is calculated as
follows:

L _ Uixavl+lo]
x BIAS AVG — 2

Therefore, the differential current is the following:

|ILxHV|
Upx mvl [1]

Slope 2 = ——— %100 % = ——x 100 % = 200 %
|1Lx2HV| %

If the Maximum mode is used for biasing (due to a single end fault), the bias current is the same as the
differential current. Therefore, the Slope 2 setting is calculated as follows:
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I 1
Slope 2 = M><100%=u><100%=100%

|1LxHV| |1|

Calculating the generated differential current — The non-biased settings
Now that the biased characteristic is set, we consider the settings for the non-biased stage ldi>Pick-up-

The purpose of this stage is to ensure fast and selective tripping of faults inside the differential zone,
and also to ensure a stable operation on heavy outside faults. This stage operates only on the
measured absolute differential current and is not blocked by harmonics or bias restraints. The setting of
the stage should be based on the weakest full saturation of the CT under worst-case fault conditions
because then only the other side current is measured and all current seen is differential current.

Let us calculate the maximum three-phase short-circuit current on the LV side in our example case
from earlier:

Sy Sy 2000 000 VA

Ispnsciv = BxZ, = 10000VZ _ 4950 ~ 253274

Up?  Ziy
‘/Ex(it Xloﬁ/%) \/gx(ZOOOOOOVAXIOO%)

On the HV side this current is seen as:

) Lyppsciy | 23327A
3ph SCLy—HV = (M) = (10 000 V)
Uy 1000V

=2332A

Next, let us remind ourselves of the given CT ratings for our example:
CTopri,Hv = 150/5A (10P10)
CToriLv = 1200/5A (5P10)

Now we can calculate the secondary currents:

ISphSCLV—>HV _ 2332A

Inv max = CTow o 150A = 77.7 Asgc (20.18 x In)
5A
Iypnsc,, 23327A
Iy max = Ty e 12008 ~ 97.2 Asgc (20.2 x In)
S5A

This is the theoretical maximum of the current flowing in the CTs, when a bolted and symmetrical three-
phase fault occurs in the LV side of the transformer. Based on the previous calculations, we can see
that the HV side maximum current is approximately 15 times higher than the CT rating, and the LV side
appr. 19 times higher. No full CT saturation should be seen in either side even though the accuracy
limit factor for both CTs is ten times the nominal. The protection class information in the CT ratings tell
us that the CT output is for both CTs ten times the rated current in their given measurement class (5 %
and 10 %, respectively). However, this is related to the nominal burden that is normally very high
compared to the CT input in modern protection relays.

Next, the real CT accuracy limit factor needs to be checked in both CTs, in both sides. This check has
much important initial data: the VA of the CTs on both sides, the length of the wiring between the relay
and the CTs, the connection between the CTs, as well as the cross-section and material of the wires.
Let us begin with the burden the wiring causes to the relay, and calculate the resistance in a
conductor:
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Reona = pTXl’ where R - pna= resistance of conductor (Q)
p = resistivity of the conductor material (Q /m)
| = length of the wire in meters (m)
A = cross-section of the conductor (m?)

When designing the CTs and their wiring, please keep in mind the following: the resistance of the wire
doubles when the length is doubled, and the resistance halves when the wire's cross-section are
doubles. When 1 A secondary is used (instead of 5 A secondary), all burdens drop to a level smaller to

portion of 5A? ,e.g. 1/25.

Although copper cables are normally used to connect CTs to a protection relay, the table below also
presents the resistivity (rho) and conductivity (sigma) properties of aluminum (at +20 °C):

- Temperature
Material pQm) at20°C) | oy at 20 °C|coefficient
(68 °F, 293 K)
(K-1)
Copper 1.68%10-5 5.96x107 0.003862
Aluminum Hz.ezxwa H3.5x10? Ho.oosg

You can use the following formula to calculate the resistivity in temperatures other than +20 °C:

Ap: ((a x AT) X py, where A,= change of resistivity (Q / m)
a= temperature coefficient (K-1)
AT = temperature change (t;-t;)
po = resistivity in given temperature (°C)

For example, the resistivity of copper at +75 °C is calculated like this:
po+Ap= po+ (ax AT x pg)

1.68 x 1078 + ((0.003862 x (75 °C — 20°C)) x 1.68 x 10—8) =0.0203 0/ m

With this value we can calculate the resistances (per meter) of the most commonly used copper wires
given value most common used copper wires at +75 °C by using the above-mentioned formula for
Reond.

Cross-section (mmz) Resistance (©/m)
1.5 0.0135
25 0.00812
4.0 0.00508
6.00 0.00338

It is recommended that you use the worst-case scenario as the basis for calculating the CT burden. In
most cases these +75 °C values are sufficient. If the ambient temperature in your application is higher
than +75 °C, the resistance should be calculated for that specific temperature.
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It is also Important to know the wiring of the CTs: do the CTs have a common return wire or are both
ends of both CTs wired to the terminal connector? Usually there are four wires coming from the CTs to
the terminal: in these cases the length per phase is the sum of the distance from the CT to the relay
and the distance from the relay OR from the CTs to the common coupling point. When both sides of all
CTs are wired to the relay or to the terminal, the length of the wiring is double the distance from the CTs
to the relay. If the connection is a combination of these two wiring types, the length can be estimated
by increasinf the distance in proportion to the six-wire or four-wire connection. For example, if six wires
connecting the CTs to the terminal account for 30 % of the wiring (in addition to the four wires
connecting the and the terminal), the estimated length of the wire is 1.3 times the distance between
the relay and the CTs.

The next loading factor is the resistance of the relay's measuring input. In this relay type the resistance
is 0.0005 for the current input, which gives approximately 0.001 VA with a current of 1 A. Then we
need to calculate the accuracy limit factor (ALF). This requires the CT nominal ALF value and we can
get that from the above-mentioned CT rating: the figure after P gives the current overload as a factor of
the nominal rated value and therefore gives the ALF applicable at that overload of the CT. The actual
ALF can be calculated with the following common method:

Sctrn + Sratea , Where
ALFgce = ALFrqreq % S +S ALF eq = the rated accuracy limit factor, the “factor
ctrn actual after P”

Setrn= internal burden of the CT secondary (VA)
Srateq= the rating of the CT (VA)
Sactuar= the actual power taken from the CT (VA)

The main issue with this equation is the ScTrN, the internal burden of the CT secondary. The internal
resistance is related to the CT rating, to the winding length as well as to the dimensions of the wire
used in the winding. Some CT manufacturers include the SCTRN value in their product documentation.
However, as the value is only a small portion of the CT burden as a whole (the wirings cause most of it
in typical relay applications), one should not worry if the value is unknown.

For example, let us assume that the internal resistance of the CT's HV side is 0.05 Q and is rated 5 VA,
and that the internal resistance of the CT's LV side 0.09 Q, also rated 5 VA. The wiring from the HV

side to the relay is 10 m and from the LV side to the relay 5 m; both sides have 30% of the wiring made
with a six-wire connection and 70% of the wiring with a four-wire connection. The wirings on both sides

are made with 4 mm? wires. The HV side is 150/5 A, with the protection class 10P10; the LV side is
1200/5 A, with the protection class 5P10. Therefore, the actual accuracy limit factor on both sides is as
follows (the HV side on the left, the LV side on the right):

ALFyqpeq = 10 ALF,gieq = 10
Sratea = 5 VA Sratea = 5 VA
Setrn = Iys? X CTps = 52 A x 0.05 Q = 1.25 VA Setrn = Ins? X CTrs = 524 x 0.09 Q = 2.25 VA
Q Q

Ryire = (10m x 1.3) X 0.00508 — = 0.066 0 Ryire = (5m x 1.3) X 0.00508 —= 00330

Sactuar = Ins? X (Ruire + Rretay) = 52 A x (0.066 Q + 0.0005 ) = 1.65 VA Sactuat = Ins® X (Rwire + Rretay) = 5% A x (0.033 Q + 0.0005 Q) = 0.838 VA
Setrn + S, 225VA+5VA
_ |Sctrn + Sratea | _ | 1L25VA+5VA | ALF.. = ALF. « |Sctrn + Sratea | _ < | | = 235

AlFace = AlFrarea % o = e~ | = 10X [ Toeva T 165 val — 21 ot 7964 |Setrn + Sactuatl [225vA+ 0838 V4l

When comparing the corrected CT accuracy limit factors to the estimated maximum through fault
currents, we can see that the current will not saturate the CTs. The HV side can repeat the current
21.6 X I, while the calculated HV through fault current is at maximum 20.2 X I,. The same is true for
the LV side where the maximum output is 20.2 x |5 when the LV side CT is able to repeat 23.5 % In.
From this we can expect that through faults will not cause problems with this power transformer and CT
combination. It also shows us that the non-biased differential stage can be set to operate sensitively
during in-zone faults. If the CTs have the possibility to saturate (that is, the calculated through fault
current is bigger than the ALF on either CT side), the setting of the instant stage must be set high
enough so that it does not operate on through fault saturation.
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The inrush peak current should also be considered when setting the instant stage. In normal-power
transformers the energizing inrush current may be 10 x I, while the measured current is FFT-filtered
for the fundamental frequency which is used for differential calculation. Typically, the found differential
current is half of the maximum peak current. The instant stage should be 5 X I if the setting should be
according to the theoretical maximum and the margin. Conservative settings should use the 10 X /.
The setting value should never cause trips for energizing, but still operate fast during energizing fault
cases. This stage is usually never blocked in applications, and therefore the stage settings should
consider the absolute differential current that is possible in normal operations while keeping the
settings sensitive enough for inrush currents (especially in energiszing cases).

Thus, the setting suggestion for this Igi>Pick-up stage is 6.0 % In...10 x I, for sensitive and conservative
operations respectively.

Finalising the settings

Now the basic settings for the differential stages are applied and the differential protection is ready to
operate. Our example transformer is very small but the formulas presented in this manual can be
applied to transformers of all sizes. If so selected, the relay automatically calculates these settings
(using these same formulas) in the Transformer status monitoring (TRF) module. When everything is set
up correctly in the relay and when the transformer is feeding the load with nominal power, the result
should look like the following example configuration when the example settings and transformer are
used.
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Figure. 4.4.16 - 98. Example configuration for the transformer differential function.
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Figure. 4.4.16 - 99. Example differential characteristics
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The four characteristics (the image above) present the setting variations based to the Average restraint
calculation mode (figures A and B) and the Maximum restraint calculation modes (figures C and D).
The characteristics are set to be equally sensitive in each of them. You can also see the variations in
Turnpoint 1 settings: in Figures A and C it is set at 1.0 X [, whereas in Figures B and D it is set

at 0.01 x In.

Zero sequence compensation for external earth faults

Our example presented only one type of transformer and its properties. Another very common variation
is the type of transformer where the star side (HV, LV, or both) is earthed and thus forms a route
outside the differential zone (see the image below).
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Figure. 4.4.16 - 100. Transformer earthing settings that do not compensate for external earth faults.
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The differential relay looks at this situation and sees a fault inside the differential zone. This is because
the other side is not affected at all by the fault (or only very little), and the relay sees a high current
entering but not exiting the zone.

In many cases the zero sequence current is monitored by the CT in the earthing.
Earthing (directly or via a resistor) forms a route outside the differential zone.
When an external earth fault happens, only the earthed side of the transformer is involved in the fault.

The differential earthing requires the earthing to be known: if not compensated, any low-impedance
earth fault outside the differential zone causes a differential current and possibly trips the differential
protection. This is why the calculated zero sequence compensation is used. The vector group selection
has either "N" or "n" to signify either HV side or LV side earthing. The selection then deducts the
calculated zero sequence current from the currents (in p.u.) before differential calculation and thus
negates the effect of an external earth fault. Correctly selected transformer settings prevent the
differential function from being tripped by out-of-zone earth faults (see the image below).
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Figure. 4.4.16 - 101. Transformer earthing settings that compensates for external earth faults.
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When the transformer settings are correct, the differential relay compensates the zero sequence
current and does not trip due to earth faults outside the differential zone.

Earthing (directly or via a resistor) forms a route outside the differential zone.
When an external earth fault happens, only the earthed side of the transformer is involved in the fault.

The "N" or "n" selection applies the correction and eliminates the zero sequence effect with the
following formulas:

. . ILT+ILZ+1L3
Mgy = LT - —————

. ., ILT+1LZ+1L3
MZeory = 12 ——————

. . ILT+1LZ+1L3
L e

Note! When you enable the zero sequence compensation by selecting the "N" or "n" in the transformer
vector group, the sensitivity to single-phase one end fault decreases by a third simultaneously. This is
why restricted earth fault protection (I0>, REF) should be enabled for the side where the zero sequence
is compensated. However, enabling the REF protection requires that both the phase

current measurements and the starpoint current are available and can be connected to the relay's
residual current channel on the corresponding (HV/LV) side measurement.
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Restricted earth fault

When the transformer's earthed side is compensated with afore-mentioned zero sequence
compensation, that side will be a third (appr. 33 %) less sensitive in detecting single-phase faults inside
the differential zone. For this reason it is advised that the restricted earth fault (REF) stage is activated
on the transformer side that compensates the zero sequence current. Additionally, it should be enabled
whenever the Y side of the starpoint is earthed; normal phase differential protection cannot be set to
provide the maximum sensitivity to detect single-phase (earth) faults within the differential are because
the properties dependant on the transformer and the application that were described in the previous
section. This differential stage monitors the incoming calculated residual current and compares it to the
outgoing starpoint current. If the single-phase (earth) fault occurs outside the differential zone, this
function does not operate; if the fault occurs inside the differential zone, this function operates quickly.
This protection's sensitivity to earth faults only within the protection zone is referred to as the "restricted
earth fault protection".

The transformer differential functions offers two stages of low-impedance, restricted earth fault
protection.

The operating characters of the restricted earth fault function (I0d>) on both the high voltage and the
low voltage side are more similar to each other than to the percentage characteristics presented by the
Idb> function, even though both sides are independent and can be set freely. The calculation of
differential and biasing currents on both sides is as follows (the HV side on the left, the LV side on the

right).
o ¢ LTy + 1124y + 1L3y) + 0py meas| I( TL1,, + 1L2,, + 1L3,,) + 10, meas|
10d bias avg = 2 LV104 bias avg = 2
HVi0a bias max = max(( [L1yy + IL2hy + 1L3HV) 108y meas) LV104 bias max = max(( mLV + ELV + ﬁu,) ,ELV meas)

HVi0a> airy aaa = |CTLTy + 102y + 1L3py) + 0y meas| LVioa> aiff aaa = |( mLV + mLV + Ew) + mLV measl

HVioa> diff substract = |( Ly + Ih2yy + ILBHV) ~ 10 measl LVIOd> dif f subtract = |(mLV + mLV + m)w) - mLV meusl

Similarly to the phase differential stages, both sides with the restricted earth fault stages have options
between the average and the maximum bias current calculation, as well as the option between the add
and the subtract current calculation. The use of these stages depends on the CTs' installation
directions and the desired sensitivity for bias calculation.

In the transformer differential stage the reference current for the REF protection is always the protected
side nominal current, which is calculated in the relay's Transformer status monitoring (TRF) module.

The transformer REF stage (regardless of the side) may be set to be a lot more sensitive than the
phase differential. The setting sensitivity should be defined by whether or not one expects CT
saturation (transformer's maximum single-phase output compared to the neutral point CT ratings). The
tripping characteristics may be set differently when the network is earthed either directly or through
impedance, and therefore the fault current may be expected to saturate the CTs even during external
faults. For this reason there are three sections also in the REF function characteristics (non-biased,
slightly biased, and heavily biased). For high-impedance or close-to-neutral winding faults the first (non-
biased) section should consider the CTs' possible measurement errors as well as the desired sensitivity
for internal faults close-to-neutral. The Turnpoint 1 setting should be twice the CT's nominal current.
Normally the setting calculation is guided by the primary-to-maximum current rating because the CTs'
neutral point has a lower primary current rating than the phase current. The first biased section (that is,
Slope 1) should consider how a possible saturation in the CTs' neutral point affects normal

(external) earth faults, and the how a heavy fault going fully through the second biased section (Slope
2) can cause saturation in the CTs' phase currents.

The recommended base settings:
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» Pick-up (base sensitivity): typically 5 % to 10 % of the phase current CT error (Px)

» Turnpoint 1: double the neutral current CT nominal primary to transformer nominal current ratio

+ Slope 1: calculate the maximum single-phase through fault overcurrent to nominal ratio and used
biasing mode ratio

» Turnpoint2: set to maximum accuracy limit factor to transformer nominal ratio of the neutral point
CT (typically 5 or 10); if the single-phase overcurrent fault exceeds this value, set Turnpoint 2 to
that value

+ Slope 2: set the maximum restraint calculation mode to 100 % and the average mode to 200 %.

Blockings from harmonics (2nOI and 5th)

In transformer protection harmonics are always present in energizing situations: they are generated by
the high current in the transformer inductances when the coils are energized. They are also preent in
the currents during overfluxing and overvoltage situations. Energizing situations generate even

harmonics: the 2" harmonic is the most commonly used harmonic in inrush blocking. Overvoltage
(and overexcitation) situations generate odd harmonics: the 5" harmonic is mainly used for blocking

(the 3" harmonic is also present in Y windings but absent in delta windings which is why the 5
harmonic has been chosen for overfluxing and excitation detection). In this chapter 'blocking' refers to

the Idb> (the biased differential) stage and it has both these blocking (2nd and 5th) applied internally. If
the Idi> stage (the non-biased differential) needs to be blocked, external blocking must be used.

2" harmonic for magnetizing inrush blocking (principle and usage)

When the primary side of a power transformer is energized (secondary side open), the transformer
acts as a simple inductance. During normal operation the flux produced in the transformer core lags
behind the fed voltage by 1.58 radians (90 degrees). This means that when the voltage is in zero
crossing, the steady state value of the flux is in its negative or positive maximum value. In

energizing situations there is no flux available at the instant the winding is energized because there is
no (live) magnetic flux linked to the transformer core prior to switching on the supply (however,
remanence flux may still exist). The flux reaches its steady state operation some time after energization
(depends on the transformer's properties such as its size, its R/X ratio, etc.). In practice this means that
the flux in the transformer core starts from zero, as does the voltage in the winding; when energizing
the transformer's primary side, the flux ends up 90 degrees behind the winding voltage and the system
is in a steady state.

This start-up transition in the transformer has the effect of making the flux value be double the nominal
flux value in the first half of the cycle after energization. The transformer core is generally saturated just
above the steady state value of the flux and because of this the transformer core is decreasingly
saturated during the transition time. During this saturation time the transformer's primary side draws a

very high current with a heavy amount of even harmonics (the highest being the Z”d). This current is
called the "magnetizing inrush current in transformer". The inrush current can be up to ten times higher
than the nominal rated current of a transformer. The energizing characteristics of a transformer depend
on the ratings of the transformer as well on the transformer's design (limb constructions, etc.).

The differential relay sees the energization current as a differential current since it only flows through

the primary side winding only. The saturation of the transformer core generates the 2" harmonic
component which can be used to block the biased sensitive differential stage during energization.
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Figure. 4.4.16 - 102. Energizing behavior of a small transformer.
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The figure above presents the energizing behavior of a small transformer. The first graph depicts the
applied voltage, the second graph depicts the phase currents' peak and FFT values (as mentioned

earlier, the calculated FFT value is about 50% of the peak value), the third graph depicts the ond
harmonic absolute values (in amperes), the fourth graph depicts the fundamental (50 Hz) FFT-

calculated currents (in amperes), and fifth graph depicts the 2" harmonic components relative to the
corresponding fundamental component currents (with the 15 % setting limit).
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The magnetizing inrush current in a 2 MVA transformer is over quickly, in about seven seconds.
Afterwards there is still the nominal measurable current (seen only in the transformer's primary side)
which would cause the differential relay to trip if energized without magnetizing the inrush blocking.

Looking at the currents more closely one can see that the input values of the fundamental frequency
currents (used for differential calculations) are roughly as follows:

Ijipear = 140A = 12xIn
Ipapear = 75A = 0.65xIn

Lpear = 70A = 0.60x In

In our previous example the transformer's nominal current on the HV (primary) side was 115.5 A; with it
we can count the following:

1.2xIn
114 diff = 120 %, I11 pias avg = 2 =0.6x1In, I11piasmax = 1.2x In
0.65 x In
I, diff = 65 %, 12 bias avg = f =033 x1In, I;5 pigs max = 0.65x In
0.60 x In
Ip3 diff = 60 %, I3 bias avg = 2 =030x1In, I13pias max = 0.60x In

The graph below shows how the differential currents look like when used in the set characteristics.

Figure. 4.4.16 - 103. Differential currents in the energization of a 2 MVA transformer.
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While the results are very low compared to the magnetizing inrush current magnitudes, the differential

relay would still definitely trip without the 2" harmonic blocking. The situation is the same with all of the
calculted setting variations.
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The following figure presents the principle operation of the harmonic blocking in the transformer

differential. When the transformer is energized, both the fundamental frequency and the 2" harmonic
increase significantly. In this example the harmonic blocking limit was set to 15 % (the ratio between

the 2" harmonic and the fundamental frequency, all phases), which seems more than sufficient for this
transformer. The pick-up in the example is set to 30 %. Now, when the flux in the transformer core
starts to catch up, the saturation in the core is reduced and the current for magnetizing is reduced as
well. The blocking remains active until the setting is reached after which the blocking is released

for each phase separately. With our example transformer the harmonic blocking limit could be set to 30

% and the energizing would still be successful because the 2" harmonic s stil heavily present by the
time the fundamental currents are reduced below the differential stage's pick-up limit.

2nd

Figure. 4.4.16 - 104. Inrush blocking by using the harmonic (relative to fundamental frequency).
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A conservative setting recommendation for standard type transformers:
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» enabling the 2" harmonic blocking
* sensitivity appr. 15...20 %
» harmonic content compared to the fundamental frequency.

The user can fine-tune the transformer settings during the commissioning phase if there are any issues
with the transformer energization.

5" harmonic for overexcitation blocking (principle and usage)

When the transformer's primary side voltage increases for some reason, the voltage-frequency (V/

f) ratio exceeds the desing limits and the transformer overexcited very quickly. This may be caused

by two things: a fault in the LV side can throw off the loading and cause a temporary overvoltage, or the
frequency in the network decreases for some reason (e.g. overloading or generation drop). The
differential relay should not trip in either of these cases even though the overexcitation in the
transformer's core result in the primary side measured currents being higher than those on the
secondary side.

Figure. 4.4.16 - 106. Transformer behavior in case of overvoltage caused by overexcitation.
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The figure above presents the simulated behavior of a power transformer when overvoltage occurs. In
the simulation the transformer was unloaded on the secondary side while the voltage on the primary

side was increased with a ramp. The first graph depicts the excitation current, the 5" harmonic
component and their relation (which is used in the blocking); the green lines represents the suggested

setting limits for 5" harmonic detection (30 %, 35 %, and 40 %). The second graph depicts the
primary and secondary currents, plotted as a function of the voltage. The third graph depicts the
differential characteristics as well as the differential and bias currents.

As can be noted from the first graph, the 5" harmonic component begins increasing rapidly (compared
to the fundamental) in the start situation when the voltage is about 120 % of the nominal (depends
entirely on the transformer properties and its saturation characteristics). This behavior is common to all

transformers: when the core starts to be saturated there is a heavy amount of the 5" harmonic in the
magnetizing current. When the overvoltage exceeds a certain point in the magnetizing characteristics,

the 51 harmonic remains; however, the fundamental component of the current starts to grow very

rapidly and as a result the relation of the 5" harmonic to fundamental decreases rapidly as a function
of the primary side voltage. The growing magnetizing current is only seen on the transformer's primary
side and the differential relay sees it as pure differential current. From the third graph we can see that
the differential pick-up setting is reached when the voltage is approximately 125 % of the nominal
value. This means that the differential current generated by the overexcitation could trip the
transformer, as the ratio between the 5th harmonic and the fundamental magnitude decreases. If the
overvoltage were, for example, 130 % of the nominal value, no blocking would be available; even the
differential current would be greatly over the setting limit (appr. 40 % vs. the set 25 %). Nevertheless,
this behavior can still be considered to be correct for the power transformer because an overvoltage
like this can cause many serious problems and therefore tripping is desired.

The figures below present example waveforms of a transformer that is running with a 200 % rated

voltage with the corresponding ratio between the 5" harmonic and the fundamental frequency
component.

Figure. 4.4.16 - 107. Example waveforms.

Traditionally, the ratio between the 5" harmonic and the fundamental frequency component has been
used in blocking the differential relay from tripping in overvoltage and overexcitation situations.
However, the ratio is not a reliable method because you need to know the magnetizing properties and
the hysteresis values exactly in order to set it correctly and for it to be of any use.

The figures below present the system voltage and the magnitude of the 5" harmonic component (both
in per-unit), absolute and scaled to the transformer nominal.
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Figure. 4.4.16 - 108. System voltage and magnitude of the 5" harmonic component.

As can be seen in the figure above, the 5" harmonic component first increases, then decreases and

then increases again as the system voltage rises. In this case the 5" harmonic seems to disappear
completely when around an overvoltage of 160 %. When the harmonic behaves this way, the previously
mentioned blocking can be used as it automatically blocks on a smaller overvoltage (in case there is
any differential current) and releases when the overvoltage is too heavy and the differential current is
most probably over the tripping limit.

However, one should note that the behavior of this blocking is very unpredictable if the exact saturation
characteristic and the transformer design are not known. If there is a chance that the overexcitation
can cause problems (that is, no overvoltage relays are available), this blocking can be enabled with the
setting of 30...40 % with the disturbance recorder enabled. If a trip occurs as a result of overexcitation,
the settings can be adjusted based on the data captured by the disturbance recorder.
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Differential function details
Figure. 4.4.16 - 109. Simplified function block diagram of the transformer differential function.
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The transformer differential function outputs TRIP and BLOCKED signals from the biased and non-

biased functions as well as the 2" and 5™ harmonic block activation signals. These signals can be
used in protection applications.

Settings and signals
The settings of the differential function are a combination of transformer monitor and differential stage

function settings. The following table shows the function's settings, including the general settings (in
p.u.) used for pre-calculations.

Table. 4.4.16 - 155. Settings related to the differential function's pre-calculation.

Name Range Step Default Function Description
+ On
+ Blocked Set mode of DIF block.
ldx> LN + Test _ on ) This parameter is visible only when Allow
mode + Test/ setting of individual LN mode is enabled
Blocked in General menu.
« Off
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Name Range Step Default Function Description
* Normal
* |db Blocked
« Idb Trip
» |di Blocked
+ Idi Trip
+ H2block
On Force the status of the function. Visible
» H5block
ldx> force only when Enable stage
On - Normal - . .
status to . HVI0d> forcing parameter is enabled
Block On in General menu.
* HVI0d>
Trip On
e LVIOd>
Block On
« LVI0d> Trip
On
+ On
» Blocked Displays the mode of DIF block.
ldx> LN + Test ) . ) This parameter is visible only when Allow
behaviour + Test/ setting of individual LN mode is enabled
Blocked in General menu.
o Off
Transformer The nominal MVA of the transformer. This
nominal 0.1...500.0MVA | 0.1MVA | 1.0MVA | All value is used to calculate the nominal
currents onf both the HV and the LV side.
. The HV side nominal voltage of the
HV side transformer. This value is used to
nominal 0.1...500.0kV 0.1kV 110.0kV | All ’ .
calculate the nominal currents of the HV
voltage .
side.
. The LV side nominal voltage of the
LV side transformer. This value is used to
nominal 0.1...500.0kV 0.1kV 110.0kV | All ’ .
calculate the nominal currents of the LV
voltage .
side.
Transformer The transformer's short-circuit
ZK% 0.01...25.00% | 0.01% [ 3.00% Info impedance in percentages. Used for
? calculating short-circuit current.
Transformer The transformer's nominal frequency.
nom. freq 10...75Hz 1Hz 50Hz Info Used for calculating the transformer's

nominal short-circuit inductance.
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Name Range Step Default Function Description
Manual
YyO
YynO
YNyO
YNynO
Yy6
Yyn6 The selection of the transformer's vector
YNy6 group. The selection values (1-26) are
YNyn6 predefined so that the scaling and vector
Yat matching are applied in the relay
YNd1 automatically when the correct vector
i?\lij? —ttr?nsformer group is selected.
Transf. vect. status - The predefinitions assume that the HV
Yd11 Yy0 monitoring Co
group side is connected to the CT1 module and
YNd11 - transformer T
. . that the LV side is connected to the CT2
Yd5 differential
YNd5 module.
Dy1 If the protected transformer vector group
Dyn1 is not found in the predefined list, it can
Dy7 be manually set by selecting the option
Dyn7 "Manual set".
Dy11
Dyn11
Dy5
Dyn5
DdO
Dd6
- transformer | The selection of the HV side connection.
HV side Star Star/Ziaza Star/ status Can be selected between star or zigzag
or Zigzag/ Delta 9229 Ziaza monitoring and delta. This selection is visible only if
Delta 9zag - transformer | the option "Manual set" is selected for the
differential vector group setting.
The selection of whether or not the zero
- transformer L oo
Not status sequence compensation is applied in the
HV side rounded Not monitorin HV side current calculation. The
grounded 9 grounded 9 selection is visible only if the option
Grounded - transformer | ,, "
differential Manual set" is selected for the vector
group setting.
-Stt;tal:]szormer The selection of whether the HV side
HV side lead Lead o leads or lags the LV side. The selection is
Lead monitoring . . o "
orlag LV Lag visible only if the option "Manual set" is
- transformer .
differential selected for the vector group setting.
- transformer | The selection of the LV side connection.
LV side Star/ Star/Zigza Star/ status Can be selected between star or zigzag
Zigzag or Delta 9289 Zioza monitoring and delta. This selection is visible only if
Delta 9zag - transformer | the option "Manual set" is selected for the
differential vector group setting.
- transformer | The selection of whether or not the zero
LV side Not Not status sequence compensation is applied in the
rounded grounded rounded monitoring LV side current calculation. The selection
9 Grounded 9 - transformer | is visible only if the option "Manual set" is
differential selected for the vector group setting.
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Name Range Step Default Function Description
;tt;fl:ssformer The selection of whether the LV side
LV side lead * Lead o leads or lags the HV side. The selection
- Lead monitoring AR ) o L
orlag HV + Lag is visible only if the option "Manual set" is
- transformer | o ted for the vector group settin
differential group 9
_ transformer The angle correction factor for HV/LV
status sides, looked from the HV side. E.qg. if the
HV-LVsside 1 ) 360.00deg | 0.1deg | 0.0deg | monitoring | (ransformer is Dy1, this is setto 30
phase angle degrees. The selection is visible only if
- transformer o "
. . the option "Manual set" is selected for the
differential )
vector group setting.
The magnitude correction for the HV-LV
- transformer | . ; .
. side currents (in p.u.), if the currents are
HV-LV side status .
- not directly matched through the
mag 0.0...100.0xIn | 0.1xIn | 0.0%In monitoring . )
. calculations of the nominal values. The
correction - transformer Co . .
. . selection is visible only if the option
differential " " ;
Manual set" for the vector group setting.
The selection of whether or not the
function checks the current going
- transformer | through the transformer and then
Check . status compares it to the settings. For this to
online HV-LV - - monitoring work, the transformer needs to have a
) . + Check . ; emah
configuration - transformer | current flowing on both sides and "see
differential no faults. The selection is visible only if
the option "Manual set" is selected for the
vector group setting.
- transformer
Enable 10d> . Disabled status The selection of whether the restricted
(REF) HV - Disabled | monitoring earth fault stage on the HV side is
: + Enabled )
side - transformer | enabled or disabled.
differential
The selection of the starpoint
- transformer :
. measurement channel for the restricted
HV side status ) .

. * o1 o earth fault protection on the HV side.
starpoint - lo1 monitoring . L S i
meas * o2 - transformer This setting is only visible if the option

' differential "Enabled" is selected for the "Enable 10d>
(REF) HV side" setting.
- transformer
Enable 10d> . Disabled status The selection of whether the restricted
(REF) LV - Disabled | monitoring earth fault stage on the LV side is
} + Enabled :
side - transformer | enabled or disabled.
differential
The selection of the starpoint
- transformer :
. measurement channel for the restricted
LV side status ) . .
. * o1 o earth fault protection on the LV side. This
starpint - 101 monitoring L T .
meas * lo2 - transformer setting is only visible if the option
’ differential "Enabled" is selected for the "Enable 10d>
(REF) LV side" setting.
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Setting group selection controls the operating characteristics of the function, i.e. the user or user-
defined logic can change function parameters while the function is running.
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Table. 4.4.16 - 156. Settings for the operating characteristics.

Name Range Step Default Description
The calculation mode of the differential current. The
mode selection depends on the CTs' installation
Differential | Add direction and the desired current directions. If the
calculation - Subtract | current flow on both sides is in the same direction, the
» Subtract
mode differential current is subtracted. If the current flows are
in the opposite directions, the differential current is
added.
Bias The calculation mode of the biasing current. With the
. » Average average mode the operation may be set to be more
calculation . - Average o . . o
* Maximum sensitive. With the maximum mode the bias is always
mode ) . .
higher and thus provides a more stable operation.
prb> Pick- 0.01...100.00% 0.01% | 10.00% | The base sensitivity for the differential characteristics.
Iurnpomt 0.01...50.00xIn 0.01xIn | 1.00xIn | Turnpoint 1 for the differential characteristics.
Slope 1 0.01...250.00% 0.01% | 10.00% | Slope 1 for the differential characteristics.
;“mpo'”t 0.01...50.00xIn 0.01xI | 3.00xIn | Turnpoint 2 for the differential characteristics.
Slope 2 0.01...250.00% 0.01% | 200.00% | Slope 2 of the differential characteristics-
* No harmonic
blocking
« 2" harmonic
Enable blocking ond The selection of the internal blockings to be used for
harmonic « 5 harmonic - harmonic | the detection of transformer normal operations that
blocking blocking blocking | cause differential currents.
« 2™ang 5™
harmonic
blocking
ond The pick-up detection for the 2" harmonic blocking
harmonic 0.01...50.00% 0.01% |15.00% | Stage. This setting is only visible if the "Enable harmonic
blocking T ' ' blocking" setting is set to "2nd harm" or "2nd and 5th
pick-up harm".
5th The pick-up detection for the 5" harmonic blocking
harmonic 0.01...50.00% 0.01% |35.00% | Stage. This setting is only visible if the "Enable harmonic
blocking R ' ' blocking" setting is set to "5th harm" or "2nd and 5th
pick-up harm".
5th
harmonic | 5 9010, 10000 s 0.010 |4 5gps | Determines the maximum time the detection of 5t
maximum | s ' harmonic can block the operation of the function.
uptime
Enable » Disabled ) Enabled The selection of whether the non-biased and the non-
|di> stage * Enabled blocked differential stage is enabled or disabled.
Idi> Non- The pick-up setting for the non-biased and non-blocked
biased 200.00...1500.00% | 0.01% | 600.00% | differential stage. This setting is only visible if the
pick-up "Enable Idi> stage" is disabled.
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Name Range Step Default Description
HV 10d> The base sensitivity for the HV side restricted earth fault
Pick-u 0.01...100.00% 0.01% | 10.00% | differential characteristics. This setting is only visible if
P the "Enable 10d> (REF) HV side" setting is enabled.
HV 10d> Turnpoint 1 for the HV side restricted earth fault
Turnpoint | 0.01...50.00%In 0.01xIn | 1.00xIln | differential characteristics. This setting is only visible if
1 the "Enable 100> (REF) HV side" setting is enabled.
HV 10d> Slope 1 of the HV side restricted earth fault differential
Slope 1 0.01...250.00% 0.01% | 10.00% [ characteristics. This setting is only visible if the "Enable
P |0d> (REF) HV side" setting is enabled.
HV 10d> Turnpoint 2 for the HV side restricted earth fault
Turnpoint | 0.01...50.00%In 0.01xIn | 3.00xIln | differential characteristics. This setting is only visible if
2 the "Enable 10d> (REF) HV side" setting is enabled.
HV 10d> Slope 2 of the HV side restricted earth fault differential
Slope 2 0.01...250.00% 0.01% | 200.00% | characteristics. This setting is only visible if the "Enable
P I0d> (REF) HV side" setting is enabled.
LV 10d> The base sensitivity for the LV side restricted earth fault
Pick-u 0.01...100.00% 0.01% | 10.00% | differential characteristics. This setting is only visible if
P the "Enable 10d> (REF) LV side" setting is enabled.
LV 10d> Turnpoint 1 for the LV side restricted earth fault
Turnpoint | 0.01...50.00%In 0.01xIn | 1.00xIn | differential characteristics. This setting is only visible if
1 the "Enable 10d> (REF) LV side" setting is enabled.
LV [0d> Slope 1 of the LV side restricted earth fault differential
Slope 1 0.01...250.00% 0.01% | 10.00% | characteristics. This setting is only visible if the "Enable
P I0d> (REF) LV side" setting is enabled.

LV [0d> Turnpoint 2 for the LV side restricted earth fault
Turnboint? 0.01...50.00x%In 0.01xIn | 3.00xIn | differential characteristics. This setting is only visible if
P the "Enable 10d> (REF) LV side" setting is enabled.

LV [0d> Slope 2 of the LV side restricted earth fault differential
Slope 2 0.01...250.00% 0.01% | 200.00% | characteristics. This setting is only visible if the "Enable
P I0d> (REF) LV side" setting is enabled.

Table. 4.4.16 - 157. Calculations of the transformer differential function.

Name Description

L1Bias The calculated phase L1 bias current

L2Bias The calculated phase L2 bias current

L3Bias The calculated phase L3 bias current

L1Diff The calculated phase L1 differential current

L2Diff The calculated phase L2 differential current

L3Diff The calculated phase L3 differential current

L1Char The calculated phase L1 maximum differential current allowed with current bias level
L2Char The calculated phase L1 maximum differential current allowed with current bias level
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Description

L3Char The calculated phase L1 maximum differential current allowed with current bias level
?J/rrlgg: Bias The calculated HV side restricted earth fault bias current

HV 10d> Diff current

The calculated HV side restricted earth fault differential current

HV 10d> Char
current

The calculated HV side restricted earth fault differential current allowed with current bias
level

LV 10d> Bias current

The calculated LV side restricted earth fault bias current

LV 10d> Diff current

The calculated LV side restricted earth fault differential current

LV 10d> Char
current

The calculated LV side restricted earth fault differential current allowed with current bias
level

Table. 4.4.16 - 158. Output signals of the transformer differential function.

Name

Description

|db> Bias Trip

The TRIP output signal from the biased differential stage

|di> Nobias Trip

The TRIP output signal from the non-biased and non-blocked differential stage

|db> Bias Blocked

The BLOCKED output from the biased differential stage (external blocking)

|di> Bias Blocked

The BLOCKED output from the non-biased and non-blocked differential stage (external
blocking)

on

Idb> 2" harm block

The output of the 2" harmonic activation signal

Idb> 5™ harm block

The output of the 5" harmonic activation signal

on

HV 10d> Trip ;ziTRIP output signal from the biased restricted earth fault differential stage on the HV
HV 10d> Trip ;I'hheeﬁ\l/_giggED output signal from the biased restricted earth fault differential stage on
LV 10d> Trip 'Sl'ifé(-;TRlP output signal from the biased restricted earth fault differential stage on the LV
LV 10d> Trip The BLOCKED output signal from the biased restricted earth fault differential stage on

the LV side

Events and registers

The transformer differential function (abbreviated "DIF" in event block names) generates events from
the status changes in the events listed below. The user can select which event messages are stored in
the main event buffer: ON, OFF, or both. The events triggered by the function are recorded with a time

stamp.

The function's outputs can be used for direct I/O controlling and user logic programming. The function

also provides a resettable cumulative counter for the TRIP,

2nd Harmonic Block, 5th Harmonic Block,

External Block events.
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Table. 4.4.16 - 159. Event messages.

Event block name Event names

DIF1 |db> Trip ON
DIF1 Idb> Trip OFF
DIF1 Ido> Blocked (ext) ON
DIF1 Idb> Blocked (ext) OFF
DIF1 |di> Trip ON
DIF1 |di> Trip OFF
DIF1 Idi> Blocked (ext) ON
DIF1 Idi> Blocked (ext) OFF
DIF1 2" Harmonic Block ON
DIF1 2" Harmonic Block OFF
DIF1 5" Harmonic Block ON
DIF1 5™ Harmonic Block OFF
DIF1 L1 2" harmonic ON
DIF1 L1 2" harmonic OFF
DIF1 L2 2" harmonic ON
DIF1 L2 2" harmonic OFF
DIF1 L3 2" harmonic ON
DIF1 L3 2" harmonic OFF
DIF1 L1 5™ harmonic ON
DIF1 L1 5™ harmonic OFF
DIF1 L2 5" harmonic ON
DIF1 L2 5™ harmonic OFF
DIF1 L3 5™ harmonic ON
DIF1 L3 5™ harmonic OFF
DIF1 HV 10d> Block ON
DIF1 HV 10d> Block OFF
DIF1 HV 10d> Trip ON
DIF1 HV 10d> Trip OFF
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Event names

DIF1 LV 10d> Block ON
DIF1 LV 10d> Block OFF
DIF1 LV 10d> Trip ON
DIF1 LV 10d> Trip OFF

The function registers its operation into the last twelve (12) time-stamped registers. The table below
presents the structure of the function's register content.

Table. 4.4.16 - 160. Register content.

Name Description

Date and time

dd.mm.yyyy hh:mm:ss.mss

Event

Event name

L1 bias current

Phase L1 bias current

L1 diff. current

Phase L1 maximum differential current

L1 char. current

Phase L1 maximum differential current with bias

L2 bias current

Phase L2 bias current

L2 diff. current

Phase L2 maximum differential current

L2 char. current

Phase L2 maximum differential current with bias

L3 bias current

Phase L3 bias current

L3 diff. current

Phase L3 maximum differential current

L3 char. current

Phase L3 maximum differential current with bias

HV 10d> bias current

HV side REF bias current

HV 10d> differential current

HV side REF differential current

HV 10d> characteristics current

HV side REF maximum differential current with bias

LV 10d> bias current

LV side REF bias current

LV 10d> differential current

LV side REF differential current

LV 10d> characteristics current

LV side REF maximum differential current with bias

Setting group in use

Setting group in use

Ftype

Detected fault type (faulty phases)
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4.4.17 100 % stator earth fault protection (U03rd<; 64S)

213

When using conventional neutral overvoltage protection function (U0>; 59N) even in the best case
scenario at least 5 % of the stator remains outside the function's range. The 100 % stator earth fault
protection function (also known as neutral 3rd harmonic overvoltage protection) is used to detect earth
faults near the neutral point. When an Earth fault occurs near the neutral point, it does not produce
enough neutral voltage for a conventional neutral overvoltage protection to detect the fault. Generators

induce some of the 3™ harmonic neutral voltage; when there is an earth fault near the neutral point,

this function detects the drop in the 3 harmonic neutral voltage and trips the breaker. If the 3"
harmonic neutral voltage induced by the generator is high enough, the whole stator can be protected
by combining the neutral overvoltage and the 100 % stator earth fault protection functions.

The figure below demonstrates the overlapping range of the neutral overvoltage and the 100 % stator
earth fault protection function.

Figure. 4.4.17 - 110. Overlapping demonstration.

Operating range
of Uo> and Io>

Operating
range of U0 3rd harmonic >

Uo
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Figure. 4.4.17 - 111. Simplified function block diagram of the U03rd> function.
AQ-2xx Protection relay platform - Protection CPU
Function scheduler Protection tasks
SEF Functional Logic
[PICK UP SET] Threshold Comparator Blocking |_?Utg|l_1t
Measurement 100% Stator Earth Fault Pick-up Logic andiing
Database BLOCKED 10
3rd harm. voltage HMI data
Pos.Seq.Curr START > Registers
Events
Counters
10 Logic Matrix
I
E [SEF BLOCK] TRIP N

[TIME CHARACTERISTICS]

Setting database

Operating timer selection
- Instant
- Definite time

Release timer parameters
- Release time

- Release time holdoff

To Comm
and HW
CPU

Measured input

The function block uses 3™ harmonic voltage value of the user selected voltage channel. The function
uses fundamental frequency component of phase currents to calculated positive sequence current.

Table. 4.4.17 - 161. Measurement inputs of the U03rd> function.

Signal Description

3" harmonic neutral voltage (U3)

3™ harmonic of U3 voltage channel

3" harmonic neutral voltage (U4) 3" harmonic of U4 voltage channel

IL1IRMS Fundamental frequency component of phase L1 (A) current measurement
[LoORMS Fundamental frequency component of phase L2 (B) current measurement
[L3RMS Fundamental frequency component of phase L3 (C) current measurement

General settings

The following general settings define the general behavior of the function. These settings are static i.e.
it is not possible to change them by editing the setting group.

© Arcteq Relays Ltd
IMO0017

214



AQ-G257

Instruction manual

Version: 2.14

215

4 Functions
Table. 4.4.17 - 162. General settings of the function.
Name Range Default Description
+ On
* Blocked Set mode of SEF block.
U03rd> LN + Test : L ) o
mode . Test/ On This parameter is visible only when Allow setting of individual LN mode
Blocked is enabled in General menu.
+ Off
+ Normal
U03rd< force | + Start Force the status of the function. Visible only when Enable stage forcing
. Normal : .
status to « Trip parameter is enabled in General menu.
+ Blocked

Pick-up settings

The function has an inbuilt low-current blocking feature to prevent faulty trips. It is set by the Low
current blocking 1< set parameter. If this parameter is set above zero (0), the measured positive
sequence current must be above the set limit for the function to trip.

The Pick-up setting UO3h< set setting parameter controls the pick-up of the 100 % stator earth fault
protection function. This defines the minimum allowed measured neutral 3™ harmonic voltage before
action from the function. The function constantly calculates the ratio between the Uset< and the

measured magnitude. The reset ratio of 103 % is built into the function and is always relative to the
Uset< value.

Setting group selection controls the operating characteristics of the function, i.e. the user or user-
defined logic can change function parameters while the function is running.

Table. 4.4.17 - 163. Pick-up settings.

Name Range Step Default Description
Vo 3rd * U3input Voltage input must be selected if both U3 and U4 have
meas input | + U4 input - Select been set to "UO" mode
select + Select :
Uset< 1.00...100.00%Un | 0.01%Un | 20%Un | Pick-up setting

If the measured positive sequence current is below this
[1<block |0.00...100.00xln | 0.01xln | 0%Un | value, tripping is not allowed. O x /5 setting disables
block.

Read-only parameters

The function's Info page displays useful, real-time information on the state of the protection function. It
is accessed either through the device's HMI display, or through the setting tool software when it is
connected to the device and its Live Edit mode is active.
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Table. 4.4.17 - 164. Information displayed by the function.

Name Range Step Description
« On
» Blocked Displays the mode of SEF block.
Uo 3rd< LN . o .
behaviour o Test - This parameter is visible only when Allow setting of
» Test/Blocked individual LN mode is enabled in General menu.
« Off
* Normal
Uo 3rd< « Start . . .
condition . Tip - Displays the status of the protection function.
» Blocked
. Displays used voltage measurement channel. If both U3
. |
Uo 3rd<. . Eg .UO atvall. and U4 channels have been set to "U0" mode the used
measurng npu ) input channel must be selected with "Uoparg< meas input
now * U4 input "
select" parameter.
Uoard<
pick-up 0.0...1 000 000V 0.1V Displays the pick-up setting currently used in volts.
setting
Expected
operating | 0.000...1800.000s 0.005s Displays the expected operating time when a fault occurs.
time
Time When the function has detected a fault and counts down
remaining | -1800.000...1800.000s | 0.005s time towards a trip, this displays how much time is left
to trip before tripping occurs.
The ratio between the measured third harmonic residual
Umeas/Uset | 0.00...1250.00Um/Uset | 0.01Um/Uset valtage and the pick-up value.
Measured M d third harmonic residual voltage in relation
Uo 31 0.00...1250.00%Uon 0.01%Uon easured third harmonic residual voltage in relation to
voltage transformer nominal.
harm (%)
Measured Measured third harmonic residual voltage on the prima
Uo 3rd 0.00...1250.00V 0.01V . 9 primary
) side of voltage transformer.
harm (Pri)

Function blocking

The block signal is checked in the beginning of each program cycle. The blocking signal is received
from the blocking matrix in the function's dedicated input. If the blocking signal is not activated when
the pick-up element activates, a ALARM or TRIP signal is generated and the function proceeds to the
time characteristics calculation.

If the blocking signal is active when the pick-up element activates, a BLOCKED signal is generated and
the function does not process the situation further.

The variables the user can set are binary signals from the system. The blocking signal needs to reach
the device minimum of 5 ms before the set operating delay has passed in order for the blocking to
activate in time.
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Operating time characteristics for trip and reset

The operating timers’ behavior during a function can be set for TRIP signal and also for the release of
the function in case the pick-up element is reset before the trip time has been reached. There are three
basic operating modes available for the function:

 Instant operation: gives the TRIP signal with no additional time delay simultaneously with the
START signal.

 Definite time operation (DT): gives the TRIP signal after a user-defined time delay regardless of the
measured or calculated voltage as long as the voltage is above the Uset value and thus the pick-
up element is active (independent time characteristics).

* Inverse definite minimum time (IDMT): gives the TRIP signal after a time which is in relation to the
set pick-up voltage Uset and the measured voltage Um (dependent time characteristics).

The IDMT function follows this formula:

Where:

» (= operating time

* k= time dial setting

* Um = measured voltage

» Us = pick-up setting

* a=IDMT multiplier setting

The following table presents the setting parameters for the function's time characteristics.

Table. 4.4.17 - 165. Setting parameters for operating time characteristics.

NETg[) Range Step Default Description

Selection of the delay type time counter. The selection

Delay - DT - DT possibilities are dependent (IDMT, Inverse Definite Minimum

type * IDMT Time) and independent (DT, Definite Time) characteristics.
Definit Definite time operating delay. The setting is active and visible
o eelpallt(ien when DT is the selected delay type.

tirﬁ)we 9 0.000...1800.000s | 0.005s | 0.040s | When set to 0.000 s, the stage operates as instant without

added delay. When the parameter is set to 0.005...1800 s,

|

delay the stage operates as independent delayed.

Time dial The setting is active and visible when IDMT is the selected

sottna | 0-01...60.00s 0.01s | 0.05s | delay type.

9 Time dial/multiplier setting for IDMT characteristics.

IDMT The setting is active and visible when IDMT is the selected
delay type.

Multiplier 0.01...25.00s 0.01s | 1.00s elay type

IDMT time multiplier in the Um/Uset power.
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Table. 4.4.17 - 166. Setting parameters for reset time characteristics.

INETg[) Range Step Default Description
Resetting time. Time allowed between pick-ups if the pick-up
Release 0.000...150.000s | 0.005s | 0.06s hgs nqt led to a trip opergtlon. IDurlng this t|m§ the START
time delay signal is held on for the timers if the delayed pick-up release
is active.
Delayed Resetting characteristics selection either as time-delayed or
: * No . . : !
pick-up . Yes - Yes as instant after the pick-up element is released. If activated,
release the START signal is reset after a set release time delay.
) Operating timer resetting characteristics selection. When
Time calc . S .
active, the operating time counter is reset after a set release
reset after | * No o . ) . ! o
- Yes time if the pick-up element is not activated during this time.
release * Yes . L . .
. When disabled, the operating time counter is reset directly
time .
after the pick-up element reset.
Continue
time . Time calculation characteristics selection. If activated, the
calculation | + No o . . .
. - No operating time counter continues until a set release time has
during * Yes ) . .
passed even if the pick-up element is reset.
release
time

The user can reset characteristics through the application. The default setting is a 60 ms delay; the
time calculation is held during the release time.

In the release delay option the operating time counter calculates the operating time during the release.
When using this option the function does not trip if the input signal is not re-activated while the release
time count is on-going.

Events and registers

The 100 % stator earth fault protection function (abbreviated "SEF" in event block names) generates
events and registers from the status changes in the events listed below. The user can select which
event messages are stored in the main event buffer: ON, OFF, or both. The events triggered by the

function are recorded with a time stamp.

The function's outputs can be used for direct I/O controlling and user logic programming. The function
also provides a resettable cumulative counter for the START, TRIP and BLOCKED events.

Table. 4.4.17 - 167. Event messages.

Event block name Event names

SEF1 Start ON
SEF1 Start OFF
SEF1 Trip ON
SEF1 Trip OFF
SEF1 Block ON
SEF1 Block OFF
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The function registers its operation into the last twelve (12) time-stamped registers. The register of the
function records the ON event process data for START, TRIP or BLOCKED. The table below presents
the structure of the function's register content.

Table. 4.4.17 - 168. Register content.

Register Description

Date and time dd.mm.yyyy hh:mm:ss.mss
Event Event name

Pre-trigger voltage Start/Trip -20ms impedance
Fault voltage Start/Trip voltage

Pre-fault voltage Start -200ms voltage

Trip time remaining 0 ms...1800s

Setting group in use Setting group 1...8 active

4.4.18 Underexcitation protection (Q<; 40)

219

Synchronous machines require a certain amount of excitation to stay stable. If the excitation drops too
low a synchronous machine can drop out of step. One way for the function to sense underexcitation is
by measuring reactive power. When the generator induces capacitive power, the value of reactive
power is negative (and thus the excitation current can be low enough for the synchronous machine to
drop out of step). Underexcitation protection supervises capacitive power and picks up when the set
kvar value is exceeded.

The image below presents the two modes of underexcitation and their protection areas. The Fixed
mode is depicted on the left, the P-dependent mode on the right.

Figure. 4.4.18 - 112. Underexcitation modes.

AQ AQ
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Figure. 4.4.18 - 113. Simplified function block diagram of the Q< function.
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Measured input

The function block uses three-phase reactive power values. Please refer to "Power and energy
calculation" chapter for a detailed description of power calculation.

Table. 4.4.18 - 169. Measurement inputs of the Q< function.

Description

3PH Reactive power (P) Total three-phase reactive power

General settings

The following general settings define the general behavior of the function. These settings are static i.e.
it is not possible to change them by editing the setting group.

Table. 4.4.18 - 170. General settings of the function.

Name Range Default Description
* On
: _?ek;?ked Set mode of UEX block.
Q<LNmode | |, Test/ On This parameter is visible only when Allow setting of individual LN mode
Blocked is enabled in General menu.
« Off
+ Normal
Q< force + Start Normal Force the status of the function. Visible only when Enable stage forcing
status to « Trip parameter is enabled in General menu.
« Blocked
gZasurement « POW1 POWA Defines which side of power measurement is used. POW1 and POW2
selection + POW2 can be set up at Measurements — Power and energy measurements.
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Pick-up settings

The Qset< setting parameter controls the pick-up of the Q< function. This defines the minimum allowed
measured three-phase reactive power before action from the function. The function constantly
calculates the ratio between the Qset< and the measured magnitude (Qm). The reset ratio of 97 % is
built into the function and is always relative to the Qset< value.

Setting group selection controls the operating characteristics of the function, i.e. the user or user-
defined logic can change function parameters while the function is running.

Table. 4.4.18 - 171. Pick-up settings.

Name Range Step Default Description
Qset * Fixed ) Decides whether the pick-up area is defines only by the
mode - P ) Fixed Qset< parameter or by two points set in the PQ plane
dependent '

00..-100 In Fixed mode: sets the pick-up value for the function.

Qset< Obo.l;var 0.01kvar | -100kvar [ In P-dependent mode: chooses the reactive power for the

first point.

Pick-up .

P1 for SOOOKW1 00 001kwW | 100kwW ;Ij'he v:(ljui toIT;[hs aiotli\r/]e power for Qset< when the P-

Qset< ependent mode is in use.

Qseto< 0.0...-100 0.01kvar | -100kvar Chooses the reactlvg power for the second point when the
000kvar P-dependent mode is in use.

Pick-up . )

P2 for 0.0...-100 001kwW | 100kwW The value of the a.ct|lve power for Qseto< when the P

Qset< 000kW dependent mode is in use.

Read-only parameters
The function's Info page displays useful, real-time information on the state of the protection function. It

is accessed either through the device's HMI display, or through the setting tool software when it is
connected to the device and its Live Edit mode is active.

Table. 4.4.18 - 172. Information displayed by the function.

Name Range Step Description
* On
» Blocked Displays the mode of UEX block.
Q< LN . N )
behaviour + Test - This parameter is visible only when Allow setting of
+ Test/Blocked individual LN mode is enabled in General menu.
« Off
« Normal
" + Start . . .
Q< condition . Trip - Displays the status of the protection function.
» Blocked
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Name Range Step Description
« POW1CT1
Q< selected « POWI1CT2 Displays the selected power measurement.
measurement | POW2CT1 - This indication is visible if the device has more than
« POW2CT2 one current measurement unit.
+ Undefined
Expected Displays the expected operating time when a fault
operating 0.000...1800.000s 0.005s piay P perating
. occurs.
time
Time When the function has detected a fault and counts
remaining to | -1800.000...1800.000s 0.005s down time towards a trip, this displays how much
trip time is left before tripping occurs.
Qmeas/Qset The ratio between the measured reactive power
at the -1250.00...1250.00Qm/Qset | 0.01Qm/Qset .
moment and the pick-up value.

Function blocking

The block signal is checked in the beginning of each program cycle. The blocking signal is received
from the blocking matrix in the function's dedicated input. If the blocking signal is not activated when
the pick-up element activates, a START signal is generated and the function proceeds to the time
characteristics calculation.

If the blocking signal is active when the pick-up element activates, a BLOCKED signal is generated and
the function does not process the situation further. If the START function has been activated before the
blocking signal, it resets and processes the release time characteristics similarly to when the pick-up
signal is reset.

The variables the user can set are binary signals from the system. The blocking signal needs to reach
the device minimum of 5 ms before the set operating delay has passed in order for the blocking to
activate in time.

Operating time characteristics for trip and reset

This function supports definite time delay (DT). For detailed information on these delay types please
refer to the chapter "General properties of a protection function" and its section "Operating time
characteristics".

Events and registers

The underexcitation function (abbreviated "UEX" in event block names) generates events and registers
from the status changes in the events listed below. The user can select which event messages are
stored in the main event buffer: ON, OFF, or both. The events triggered by the function are recorded
with a time stamp.

The function's output can be used for direct I/O controlling and user logic programming. The function
also provides a resettable cumulative counter for the START, TRIP and BLOCKED events.

Table. 4.4.18 - 173. Event messages.

Event block name Event names

UEX1 Start ON
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UEX1 Start OFF
UEX1 Trip ON
UEX1 Trip OFF
UEX1 Block ON
UEX1 Block OFF

The function registers its operation into the last twelve (12) time-stamped registers. The register of the
function records the ON event process data for START, TRIP or BLOCKED. The table below presents
the structure of the function's register content.

Table. 4.4.18 - 174. Register content.

Register Description

Date and time dd.mm.yyyy hh:mm:ss.mss
Event Event name

Pre-trigger power (P&Q) Start/Trip -20ms power
Fault power (P&Q) Start/Trip power

Pre-fault power (P&Q) Start -200ms power

Trip time remaining 0 ms...1800s

Setting group in use Setting group 1...8 active

4.4.19 Underimpedance protection (Z<; 21U)

Underimpedance protection is an alternative for voltage-restrained overcurrent protection. It can be
used to detect short-circuit faults near the generator even when the short-circuit current is small.
Additionally, under impedance protection can be used as backup protection for transformer protection.
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Figure. 4.4.19 - 114. Operating characteristics of underimpedance protection.
Figure. 4.4.19 - 115. Simplified function block diagram of the Z< function.
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Measured input

The function block uses phase currents and phase-to-phase or phase-to-neutral voltage measurement
values. These values are used for calculating impedance.

Table. 4.4.19 - 175. Measurement inputs of the Z< function.

Signal Description

IL1IRMS Fundamental frequency component of phase L1 (A) current
[LoORMS Fundamental frequency component of phase L2 (B) current
IL.3RMS Fundamental frequency component of phase L3 (C) current
U1RMS Fundamental frequency component of voltage channel U1/V
U2RMS Fundamental frequency component of voltage channel U2/V
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Signal Description

U3RMS Fundamental frequency component of voltage channel Uz/V

U4RMS Fundamental frequency component of voltage channel U4/V

General settings

The following general settings define the general behavior of the function. These settings are static i.e.
it is not possible to change them by editing the setting group.

Table. 4.4.19 - 176. General settings of the function.

Name Range Default Description

« On

* Blocked

Z< LN o Test

mode o Test/
Blocked

. Off

Set mode of UIM block.

On This parameter is visible only when Allow setting of individual LN
mode is enabled in General menu.

* Normal
Z< force » Start Force the status of the function. Visible only when Enable stage

: Normal . . .
status to « Trip forcing parameter is enabled in General menu.

» Blocked

+ P-E
Impedances

Operation | + P-P P-E

mode Impedances | Impedance

* Pos. seq.
Impedance

Selects the used impedances.

Pick-up settings

The Zset (pri)< setting parameter controls the the pick-up of the Z< function. This defines the minimum
allowed measured impedance before action from the function. The function constantly calculates the
ratio between the impedance pick-up leveland the calculated impedance for each of the three stages
or the positive sequence impedance. The reset ratio of 103 % is built into the function and is always
relative to the current pick-up value.

Setting group selection controls the operating characteristics of the function, i.e. the user or user-
defined logic can change function parameters while the function is running.

Table. 4.4.19 - 177. Pick-up settings.

Step Default Description

Zset (pri)< 0.10...150.00Q 0.01Q | 10Q Pick-up setting as primary side impedance

Read-only parameters

The function's Info page displays useful, real-time information on the state of the protection function. It
is accessed either through the device's HMI display, or through the setting tool software when it is
connected to the device and its Live Edit mode is active.
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Table. 4.4.19 - 178. Information displayed by the function.
Name Range Step Description
* On
Z<LN » Blocked Displays the mode of UIM block.
behaviour + Test - This parameter is visible only when Allow setting of individual LN
+ Test/Blocked mode is enabled in General menu.
+ Off
+ Normal
Z< + Start . . .
condition . Tiip - Displays status of the protection function.
» Blocked
Expected
operating | 0.000...1800.000s 0.005s | Displays the expected operating time when a fault occurs.
time
Time When the function has detected a fault and counts down time
remaining | -1800.000...1800.000s | 0.005s | towards a trip, this displays how much time is left before tripping
to trip occurs.
Zmeas/Zset The ratio between the lowest measured impedance and the
at the 0.00...1250.00 0.01 .
moment pick-up value.

Function blocking

The block signal is checked in the beginning of each program cycle. The blocking signal is received
from the blocking matrix in the function's dedicated input. If the blocking signal is not activated when
the pick-up element activates, a START signal is generated and the function proceeds to the time
characteristics calculation.

If the blocking signal is active when the pick-up element activates, a BLOCKED signal is generated and
the function does not process the situation further. If the START function has been activated before the
blocking signal, it resets and the release time characteristics are processed similarly to when the pick-

up signal is reset.

The variables the user can set are binary signals from the system. The blocking signal needs to reach
the device minimum of 5 ms before the set operating delay has passed in order for the blocking to
activate in time.

Operating time characteristics for trip and reset

This function supports definite time delay (DT). For detailed information on these delay types please
refer to the chapter "General properties of a protection function" and its section "Operating time
characteristics".

Events and registers

The underimpedance protection function (abbreviated "UIM" in event block names) generates events
and registers from the status changes in the events listed below. The user can select which event
messages are stored in the main event buffer: ON, OFF, or both. The events triggered by the function
are recorded with a time stamp.

The function's outputs can be used for direct I/0O controlling and user logic programming. The function

also provides a resettable cumulative counter for the START, TRIP and BLOCKED events.
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The function offers two (2) independent stages; the events are segregated for each stage operation.

Table. 4.4.19 - 179. Event messages.

Event block name Event names

UiM1...UIM2 Start ON
UIM1...UIM2 Start OFF
uiM1...UIM2 Trip ON
UiM1...UIM2 Trip OFF
UiM1...UIM2 Block ON
UiM1...UIM2 Block OFF

The function registers its operation into the last twelve (12) time-stamped registers. The register of the
function records the ON event process data for START, TRIP or BLOCKED. The table below presents
the structure of the function's register content.

Table. 4.4.19 - 180. Register content.

Register Description

Date and time dd.mm.yyyy hh:mm:ss.mss
Event Event name

Fault type A-E..A-B-C

Pre-trigger impedance Start/Trip -20ms impedance
Fault impedance Start/Trip impedance
Pre-fault impedance Start -200ms impedance
Trip time remaining 0 ms...1800s

Setting group in use Setting group 1...8 active

4.4.20 Underexcitation protection (X<; 40)

Synchronous machines require a certain amount of excitation to stay stable. If the excitation drops too
low a synchronous machine can drop out of step. One way for the protection relay to sense
underexcitation is by measuring the impedance. When the measured impedance enters the defined
circle, the function will trip.
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Figure. 4.4.20 - 116. Underexcitation protection with impedance measurement.

X
A
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RX circle radius

Measured input

R
>

Z measurement

The function block uses phase currents and line-to-line or line-to-neutral voltages to calculate phase-
to-phase impedance values, phase-to-neutral impedance values or positive sequence impedance

values.

Table. 4.4.20 - 181. Measurement inputs of the X< function.

Signal Description

Z1 Impedance loop

Phase-to-neutral impedance loop

Z2 Impedance loop

Phase-to-neutral impedance loop

Z3 Impedance loop

Phase-to-neutral impedance loop

Z12 Impedance loop

Phase-to-phase impedance loop

Z23 Impedance loop

Phase-to-phase impedance loop

Z31 Impedance loop

Phase-to-phase impedance loop

Positive sequence impedance

Pos.seq. impedance calculated from three phases

General settings

The following general settings define the general behavior of the function. These settings are static i.e.
it is not possible to change them by editing the setting group.

Table. 4.4.20 - 182. General settings of the function.

Name

X< LN
mode

Range

On
Blocked
Test
Test/
Blocked
Off

Default

Description

Set mode of URX block.
This parameter is visible only when Allow setting of individual LN
mode is enabled in General menu.
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Name Range Default Description
+ Normal
X< force + Start Force the status of the function. Visible only when Enable stage
. Normal ; . .
status to « Trip forcing parameter is enabled in General menu.
» Blocked
+ P-E
impedances
Operation |« .POS' Seq. P £ Defines which available measurement is used by the function.
mode impedances | impedances
 P-P
impedances

229

Pick-up settings

The X circle offset and RX circle radius setting parameters control the pick-up of the X< function. This
defines the tripping area of the function. The function constantly monitors the distance between the
defined circle and the measured impedance. The reset ratio of 103 % is built into the function and is
always relative to the RX circle radius.

Setting group selection controls the operating characteristics of the function, i.e. the user or user-
defined logic can change function parameters while the function is running.

Table. 4.4.20 - 183. Pick-up settings.

Name Range Step Default Description
X circle offset -50 000...50 000 0.01 -50.00 Sets the distance from origo to the edge of
(pri) Ohm Ohm Ohm tripping area.
RX circle radius | 0.01...50 000 0.01 50.00 Sets the radius of tripoing area
(pri) Ohm Ohm | Ohm bping area.

Read-only parameters
The function's Info page displays useful, real-time information on the state of the protection function. It

is accessed either through the device's HMI display, or through the setting tool software when it is
connected to the device and its Live Edit mode is active.

Table. 4.4.20 - 184. Information displayed by the function.

Name Range Step Description
« On
X< LN » Blocked Displays the mode of URX block.
behaviour | ° Test - This parameter is visible only when Allow setting of
« Test/Blocked individual LN mode is enabled in General menu.
« Off
+ Normal
X< + Start . . .
condition . Tiip - Displays the status of the protection function.
» Blocked
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Name Range Step Description

Expected

operating | 0.000...1800.000s 0.005s Displays the expected operating time when a fault occurs.

time

Time When the function has detected a fault and counts down

remaining | -1800.000...1800.000s | 0.005s time towards a trip, this displays how much time is left

to trip before tripping occurs.

Ztmtf]as/zset -1250.00...1250.00 0.01Z/7< | The ratio between the measured impedance and the pick-

amomeent Zm/Zset SlemEsetlh value.

Function blocking

The block signal is checked in the beginning of each program cycle. The blocking signal is received
from the blocking matrix in the function's dedicated input. If the blocking signal is not activated when
the pick-up element activates, a START signal is generated and the function proceeds to the time
characteristics calculation.

If the blocking signal is active when the pick-up element activates, a BLOCKED signal is generated and
the function does not process the situation further. If the START function has been activated before the
blocking signal, it resets and processes the release time characteristics similarly to when the pick-up
signal is reset.

The variables the user can set are binary signals from the system. The blocking signal needs to reach
the device minimum of 5 ms before the set operating delay has passed in order for the blocking to
activate in time.

Operating time characteristics for trip and reset
This function supports definite time delay (DT). For detailed information on this delay type please refer

to the chapter "General properties of a protection function" and its section "Operating time
characteristics".

Events and registers

The underexcitation function (abbreviated "URX" in event block names) generates events and registers
from the status changes in the events listed below. The user can select which event messages are
stored in the main event buffer: ON, OFF, or both. The events triggered by the function are recorded
with a time stamp.

The function's outputs can be used for direct I/O controlling and user logic programming. The function
also provides a resettable cumulative counter for the START, TRIP and BLOCKED events.

Table. 4.4.20 - 185. Event messages.

Event block name Event names

URX1...URX2 Start ON
URX1...URX2 Start OFF
URX1...URX2 Trip ON
URX1...URX2 Trip OFF
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Event block name Event names

URX1...URX2 Block ON

The function registers its operation into the last twelve (12) time-stamped registers. The register of the
function records the ON event process data for START, TRIP or BLOCKED. The table below presents
the structure of the function's register content.

Table. 4.4.20 - 186. Register content.

Register Description

Date and time dd.mm.yyyy hh:mm:ss.mss
Event Event name

Pre-trigger impedance (2) Start/Trip -20ms impedance
Fault impedance (2) Start/Trip impedance
Pre-fault impedance (2) Start -200ms impedance
Trip time remaining 0 ms...1800s

Setting group in use Setting group 1...8 active

4.4.21 Voltage-restrained overcurrent protection (lv>; 51V)

Short-circuits that occur close to the generator decrease the fault current which in turn inhibits the
operation of a high-set overcurrent stage. The decreasing voltage caused by these faults can be used
to decrease the current pick-up level and thus to improve sensitivity. This voltage-restrained
overcurrent protection function can be used as an alternative for the underimpedance function for
more sensitive short-circuit detection in generator protection applications.

When there is a short-circuit near the generator, the voltage decreases which in this function's case
decreases the overcurrent's pick-up level according to set parameters. The function can work as
voltage-controlled overcurrent protection or as voltage-restrained overcurrent protection. When the set
parameter value Ux2 is greater than Ux1, the protection function works as voltage-restrained
overcurrent protection. In this case the overcurrent pick-up value increases as the voltage increases
between the set values Ux1 and Ux2. The protection function uses positive sequence voltage to define
the pick-up level at that moment.

When the set value of Ux1 is equal to Ux2, the function works as voltage-controlled overcurrent
protection. Now the overcurrent protection doesn’'t operate until a fault reduces the voltage below a set
value, usually about 80 % of the normal. A fixed pick-up level of voltage-controlled overcurrent
protection is easier to coordinate with other protection devices. However, the voltage-restrained
overcurrent protection function is less prone to making unwanted operations on motor starting currents
and system swings.
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Figure. 4.4.21 - 118. Simplified function block diagram of the Iv> function.
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Measured input

The function block uses fundamental frequency component of phase current measurement values. The
function block uses fundamental frequency component of phase-to-phase, phase-to-neutral and zero
sequence voltage.

Table. 4.4.21 - 187. Measurement inputs of the voltage-restrained overcurrent protection function.

Signal Description

IL1RMS Fundamental frequency component of phase L1 (A) current
IL2RMS Fundamental frequency component of phase L2 (B) current
IL.3RMS Fundamental frequency component of phase L3 (C) current
U1RMS Fundamental frequency component of voltage channel U1/V
U2RMS Fundamental frequency component of voltage channel Ua/V
U3RMS Fundamental frequency component of voltage channel Uz/V
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Description

U4RMS Fundamental frequency component of voltage channel U4/V

General settings

The following general settings define the general behavior of the function. These settings are static i.e.
it is not possible to change them by editing the setting group.

Table. 4.4.21 - 188. General settings of the function.

NETg[) Range Default Description
*+ On
N : _'?;‘;fked Set mode of VOC block.
mode . Test/ On This parameter is visible only when Allow setting of individual LN mode is
Blocked enabled in General menu.
« Off
» Normal
Iv> force » Start Force the status of the function. Visible only when Enable stage forcing
. Normal : ;
status to e Trip parameter is enabled in General menu.
» Blocked

Pick-up settings

The Iv1, Iv2, Ux1, Ux2 setting parameters and the positive sequence voltage measurement control the
pick-up level of the voltage-restrained overcurrent protection function. The pick-up level defines the
maximum allowed measured current before action from the function. The function constantly calculates
the ratio between the current pick-up level and the measured magnitude (/m) for each of the three
phases. The reset ratio of 97 % is built into the function and is always relative to the current pick-up
value.

Setting group selection controls the operating characteristics of the function, i.e. the user or user-

defined logic can change function parameters while the function is running.

Table. 4.4.21 - 189. Pick-up settings.

Name Range Step Default Description

1st

knee
point
(Iv>)

0.10...40.00xIn 0.01xIn 0.2 xIn The lower current limit.

2nd
knee
point
(Iv2>)

0.10...40.00xIn 0.01xln 1.2xIn The higher current limit.

1st
knee
point 0.00...150.00%Un [ 0.01%Un | 20%Un | The lower voltage limit.
voltage
(Ux1)
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Description

2nd
knee
point
voltage
(Ux2)

0.00...150.00%Un

0.01%Un

100%Un

The higher voltage limit.

When this value is higher than Ux1, the function operates
as voltage-restrained overcurrent protection. If the two
values are equal, the function operates as voltage-
controlled overcurrent protection.

Read-only parameters

The function's Info page displays useful, real-time information on the state of the protection function. It
is accessed either through the device's HMI display, or through the setting tool software when it is
connected to the device and its Live Edit mode is active.

Table. 4.4.21 - 190. Information displayed by the function.

Name Range Step Description
+ On
> LN + Blocked Displays the mode of VOC block.
behaviour + Test - This parameter is visible only when Allow setting of
+ Test/Blocked individual LN mode is enabled in General menu.
« Off
« Normal
. + Start . . .
Iv> condition - Trip - Displays status of the protection function.
» Blocked
Displays the expected operating time when a fault occurs.
Expected When IDMT mode is used, the expected operating time
operating 0.000...1800.000s 0.005s depends on the measured highest phase current value. If
time the measured current changes during a fault, the expected
operating time changes accordingly.
Time When the function has detected a fault and counts down
remaining to | -1800.000...1800.000s | 0.005s time towards a trip, this displays how much time is left
trip before tripping occurs.
If phase voltages are not available the function is not able
* Invalid U1 not to calculate positive sequence voltage (U1). This can
Voltage .
measurement avail. - happen when voltage measurement mode has been set to
+ Ok "3LL+U4" or "2LL+U3+U4" mode but none of the channels
have been set to "UQ0" mode.
> pick-u Overcurrent pick-up level used by the function at the
| P P 0.00...1250.00xIn 0.01xIn moment. The pick-up level changes with positive sequence
evel now X
voltage setting changes.
Measured Calculated positive sequence voltage at the moment. This
0.00...1250.00%Un 0.01%Un | influences the overcurrent pick-up level used by the
voltage now .
function.
Imeas/Iset at 0.00..1250.00 0.01 The ratio _between the highest measured phase current
the moment and the pick-up value.
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Function blocking

The block signal is checked in the beginning of each program cycle. The blocking signal is received
from the blocking matrix in the function's dedicated input. If the blocking signal is not activated when
the pick-up element activates, a START signal is generated and the function proceeds to the time
characteristics calculation.

If the blocking signal is active when the pick-up element activates, a BLOCKED signal is generated and
the function does not process the situation further. If the START function has been activated before the
blocking signal, it resets and processes the release time characteristics similarly to when the pick-up
signal is reset.

The variables the user can set are binary signals from the system. The blocking signal needs to reach
the device minimum of 5 ms before the set operating delay has passed in order for the blocking to
activate in time.

Operating time characteristics for trip and reset

This function supports definite time delay (DT) and inverse definite minimum time delay (IDMT). If IDMT
is selected for this function, the time delay depends on the ratio between the measured current and the
current pick-up level at that moment. This means that the operation time can also shorten as a result of
the reduced voltage. For detailed information on these delay types please refer to the chapter "General
properties of a protection function" and its section "Operating time characteristics".

Events and registers

The voltage-restrained overcurrent protection function (abbreviated "VOC" in event block names)
generates events and registers from the status changes in the events listed below. The user can select
which event messages are stored in the main event buffer: ON, OFF, or both. The events triggered by
the function are recorded with a time stamp.

The function's outputs can be used for direct I/0O controlling and user logic programming. The function
also provides a resettable cumulative counter for the START, TRIP and BLOCKED events.

Table. 4.4.21 - 191. Event messages.

Event block name Event names

VOCA1 Start ON
VOC1 Start OFF
VOCH1 Trip ON
VOC1 Trip OFF
VOC1 Block ON
VOC1 Block OFF

The function registers its operation into the last twelve (12) time-stamped registers. The register of the
function records the ON event process data for START, TRIP or BLOCKED. The table below presents
the structure of the function's register content.

© Arcteq Relays Ltd
IMO0017



AQ-G257

4 Functions !
Instruction manual

Version: 2.14

Table. 4.4.21 - 192. Register content.

Register Description

Date and time dd.mm.yyyy hh:mm:ss.mss
Event Event name

Fault type L1-E...L1-L2-L3
Pre-trigger current Start/Trip -20ms current
Fault current Start/Trip current

U1 Voltage Positive sequence voltage
Current pick-up Pick-up current level
Pre-fault current Start -200ms current

Trip time remaining 0 ms...1800s

Setting group in use Setting group 1...8 active

4.4.22 Inadvertent energizing protection (1> U< .A.E; 50/27)

Inadvertent energizing protection function is intended to be used for protection the generator from
connecting the generator to network when it is not rotating. A machine that is accidentally energized
from the power system can be damaged or completely destroyed.

Measured input
The function block uses fundamental frequency component of phase current measurement values. The

function block uses fundamental frequency component of phase-to-phase, phase-to-neutral and zero
sequence voltage.

Table. 4.4.22 - 193. Measurement inputs of the I> U< |.A.E function.

Signal Description

IL1RMS Fundamental frequency component of phase L1 (A) current
[LoRMS Fundamental frequency component of phase L2 (B) current
IL.3RMS Fundamental frequency component of phase L3 (C) current
U1RMS Fundamental frequency component of voltage channel U1/V
U2RMS Fundamental frequency component of voltage channel U2/V
U3RMS Fundamental frequency component of voltage channel Uz/V
U4RMS Fundamental frequency component of voltage channel Us/V

General settings

The following general settings define the general behavior of the function. These settings are static i.e.
it is not possible to change them by editing the setting group.
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Table. 4.4.22 - 194. General settings of the function.
Name Range Default Description
*+ On
* Blocked Set mode of IAE block.
I>U<LAEELN * Test . o . o
mode . Test/ On This pgrameter is visible only when Allow setting of individual LN
Blocked mode is enabled in General menu.
o Off
* Normal
I>U< I.LA.E. » Start Force the status of the function. Visible only when Enable stage
. Normal . . .
force status to « Trip forcing parameter is enabled in General menu.
* Blocked

Pick-up settings

Figure. 4.4.22 - 119. Operating characteristics of inadvertent energizing protection.
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Voltage limit Us feeeeeed e ey e e e

Current limit I>/< : e —— —_——
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:
Start release U< delay : .
dela : S
y . . Start release
-

The Voltage limit U< and Current limit I>/< activation setting parameter controls the the pick-up of the
function. Whenever the measured voltage is under the Voltage limit U< setting value the function is
"Started". If voltage rises over the setting limit the function will wait for the duration set to Time delay for
releasing start condition before releasing the start condition. When voltage decreases under Voltage
limit U< the function will wait until duration set to Time delay for U< activation has passed. If the
measured current rises over Current limit [>/< activation parameter while voltage is under the Voltage
limit U< parameter the function will trip. Keep in mind that even if voltage is over the set limit the
function can trip form rising current if start release time delay is still counting down.

Setting group selection controls the operating characteristics of the function, i.e. the user or user-
defined logic can change function parameters while the function is running.

Table. 4.4.22 - 195. Pick-up settings.

Range Step Default Description
Voltage | 0.00...99.00 0.01 |50.00 . .
imit U< | %Un %Un | %Un Sets the under voltage limit for the function.
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Name Range Step Default Description
Time When the voltage drops under the Voltage limit U< setting the
delay for | 0.000...1800.000 | 0.005 | 5.000 ! the voltage arop ! "ag ing
U< S S S function will wait for the duration of this parameter setting to
L activate "start" condition.
activation
Current 0.05 |[0.05 If "start" condition is on and each phase current is above this
o 0.05...3.00 xIn S . e
limit I>/< xIn xIn limit the function will trip.
Time When measured voltage rises over Voltage limit U< setting the
delay for function will wait for the duration of this parameter setting
. 0.000...1800.000 | 0.005 | 0.250 o L .
releasing S S S before disabling start condition. If each phase current rises
start over Current limit I>/< setting while start release is still going on
condition the function will trip.

Read-only parameters
The function's Info page displays useful, real-time information on the state of the protection function. It

is accessed either through the device's HMI display, or through the setting tool software when it is
connected to the device and its Live Edit mode is active.

Table. 4.4.22 - 196. Information displayed by the function.

Name Range Step Description

+ On

» Blocked Displays the mode of IAE block.
I>U<LAE . o ) o
LN behaviour | ° Test - This parameter is visible only when Allow setting of individual

+ Test/Blocked LN mode is enabled in General menu.

« Off

* Normal
I>U<LAE + Start . . :
condition . Tip - Displays status of the protection function.

+ Blocked
Expected
operating 0.000...1800.000s 0.005s | Displays the expected operating time when a fault occurs.
time
Time When the function has detected a fault and counts down time
remaining to | -1800.000...1800.000s [ 0.005s | towards a trip, this displays how much time is left before
trip tripping occurs.
Measured The ratio between the positive sequence voltage and the
voltage / set | 0.00...1250.00 0.01 ! . P q 9

pick-up setting.

now
Measured The ratio between the lowest measured phase current and
min current / | 0.00...1250.00 0.01 ) . P
set now the pick-up setting.

Function blocking

The block signal is checked in the beginning of each program cycle. The blocking signal is received
from the blocking matrix in the function's dedicated input. If the blocking signal is not activated when
the pick-up element activates, a START signal is generated and the function proceeds to the time
characteristics calculation.
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If the blocking signal is active when the pick-up element activates, a BLOCKED signal is generated and
the function does not process the situation further. If the START function has been activated before the
blocking signal, it resets and the release time characteristics are processed similarly to when the pick-

up signal is reset.

The variables the user can set are binary signals from the system. The blocking signal needs to reach
the device minimum of 5 ms before the set operating delay has passed in order for the blocking to
activate in time.

Events and registers

The inadvertent energizing protection function (abbreviated "IAE" in event block names) generates
events and registers from the status changes in the events listed below. The user can select which
event messages are stored in the main event buffer: ON, OFF, or both. The events triggered by the
function are recorded with a time stamp.

The function's outputs can be used for direct I/0O controlling and user logic programming. The function
also provides a resettable cumulative counter for the START, TRIP and BLOCKED events.

Table. 4.4.22 - 197. Event messages.

Event block name Event names

IAE1 Start ON
IAE1 Start OFF
IAE1 Trip ON
IAE1 Trip OFF
IAE1 Block ON
IAE1 Block OFF

The function registers its operation into the last twelve (12) time-stamped registers. The register of the
function records the ON event process data for START, TRIP or BLOCKED. The table below presents
the structure of the function's register content.

Table. 4.4.22 - 198. Register content.

Register Description

Date and time dd.mm.yyyy hh:mm:ss.mss
Event Event name

Phase current Phase 1,2,3 [A,B,C] currents
Phase voltage Phase AB, BC and CA voltages
Setting group in use Setting group 1...8 active
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4.4.23 Volts-per-hertz overexcitation protection (V/Hz>; 24)

Generators, transformers, and motors have their own, specific volts-per-hertz ratios under which these
machines are expected to operate. Exceeding the V/Hz ratio results in machine overexcitation which
causes iron core saturation in generators and transformers. This causes a breakdown of the insulation
in the core's interlamination due to excessive voltage and eddy current heating. Additionally, stray flux
is induced into non-laminated components which are not designed to carry flux-caused currents. In
generators overexcitation typically occurs if the V/Hz ratio goes five percent above the nominal V/Hz
ratio, with any possible damage happening within seconds. The most common situation for
overexcitation is when a machine is off-line prior to synchronization.

The figure below shows how the pick-up settings and the measured frequency affect the pick-up level
of the volts-per-hertz protection function.

Figure. 4.4.23 - 120. Effect of pick-up settings and the measured frequency to the overvoltage function's pick-up
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Figure. 4.4.23 - 121. Simplified function block diagram of the V/Hz> function.

AQ-2xx Protection relay platform - Protection CPU
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Start OK
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[FREQ NOM] x Registers
" Events
Measurement — 1 & Start allow START Counters
Database § & = . >
X B V/Hz per pick-up setting
Uy, ff RMS < ; - TRIP
< iDeadband -3% of setting!
System freq = Timers
10 Logic Matrix Setting database
[ Operating timer selection
IL[VHZ BLOCK] ,! Instant
TTTTTTTTTTTT - Definite time
- IDMT »1«
Release timer parameters
- Release time To Comm
- Release time holdoff [TIME CHARACTERISTICS] and HW
CPU

Measured input

The function block uses fundamental frequency component of phase-to-phase voltage measurements.
Frequency measurement values is used for determining the overvoltage pick-up level. Please refer to
"Frequency tracking and scaling" chapter for a detailed description of frequency tracking.

NOTICE!
The used sampling mode for frequency must be "Tracking".

Table. 4.4.23 - 199. Measurement inputs of the volts-per-hertz function.

Signal Description

U1RMS Fundamental frequency component of U1/V voltage channel
U2RMS Fundamental frequency component of U1/V voltage channel
U3RMS Fundamental frequency component of U1/V voltage channel
U4RMS Fundamental frequency component of U1/V voltage channel
Frequency reference 1 Primary frequency reference

Frequency reference 2 Secondary frequency reference

Frequency reference 3 Tertiary frequency reference

General settings

The following general settings define the general behavior of the function. These settings are static i.e.
it is not possible to change them by editing the setting group.
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Table. 4.4.23 - 200. General settings of the function.
Name Range Default Description
+ On
V/Hz> LN ' ?(Ieosi,ked Set mode of VHZ block.
mode . Test/ On This parameter is visible only when Allow setting of individual LN mode is
Blocked enabled in General menu.
« Off
* Normal
V/Hz > force « Start Force the status of the function. Visible only when Enable stage
: Normal . . .
status to « Trip forcing parameter is enabled in General menu.
* Blocked

Pick-up settings

Volts-per-hertz protection is based on the ratio between the maximum phase-to-phase voltage and the
measured system frequency. The Pick-up V/Hz > (% of nominal) setting parameter controls the pick-up
of the volts-per-hertz function. This defines the maximum measured voltage allowed in relation to the
measured frequency before action from the function. The function constantly calculates the ratio
between the Pick-up V/Hz (% of nominal)and the calculated Umeas/fmeas ratio. The reset ratio of 97 %
is built into the function and is always relative to the Pick-up V/Hz (% of nominal)value.

Setting group selection controls the operating characteristics of the function, i.e. the user or user-
defined logic can change function parameters while the function is running.

Table. 4.4.23 - 201. Pick-up settings.

Name Range Step Default Description

Po|ck-up V/Hz > 0.01...30.00% 001% | 5.00% Th_e maximum allowed increase in the measured V/Hz

(% of nominal) ratio in relation to the nominal V/Hz ratio.

/(A[I)?_r)m delay 0.000...1800.000s | 0.005s | 0.040s | The definite operation time delay for alarm event.

« DT
Delay type : B}/earrsmz - DT Selects the delay type(s) for the time counter.
inverse

Defines the time dial/multiplier setting for inverse

Time dial curve characteristics.

) 0.01...65.00 0.01 0.01

setting k This setting is active and visible when the "Delay type"
parameter is set to "Inverse" or "DT and inverse".

Definite The definite operating time delay which is applied no

Co tter h h the V/Hz ratio i ded.

operating time | 0.000...1800.000s | 0.005s | 0.040s | T2 o oW much the V/Hz ratio s exceede

delay This setting is only visible, when the selected delay
type is "DT" or "DT and inverse".

Inverse operating time characteristics are calculated according to the following equation:

0.18 X TimeDial k
Vv

Hzmeasured

tinverse = DTser +

— I)IDMTmultipIier
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Figure. 4.4.23 - 122. Inverse (above) and inverse and DT (below) time characteristics with the TimeDial k setting
effect.
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Figure. 4.4.23 - 123. Inverse (above) and inverse and DT (below) time characteristics with the inverse constant
setting effect.
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Read-only parameters
The function's Info page displays useful, real-time information on the state of the protection function. It

is accessed either through the device's HMI display, or through the setting tool software when it is
connected to the device and its Live Edit mode is active.

Table. 4.4.23 - 202. Information displayed by the function.

Name Range Step Description

+ On
V/Hz> LN » Blocked Displays the mode of VHZ block.
behaviour + Test - This parameter is visible only when Allow setting of

+ Test/Blocked individual LN mode is enabled in General menu.

« Off

+ Normal
v/ + Start
Hz> condition . %Ii:;rm - Displays the status of the protection function.

* Blocked
Expected Displays the expected operating time when a fault
operating 0.000...1800.000s 0.005s piay P perating
: occurs.
time
Time When the function has detected a fault and counts down
remaining to | -1800.000...1800.000s | 0.005s time towards a trip, this displays how much time is left
trip before tripping occurs.
U/f atm to . .
oick-up U/ 100.00...100.00% 0.01Pm/Pset I;(Z;atm between the measured power and the pick-up
ratio ’

) Nominal volts-per-hertz ratio (voltage in per-unit value
Nominal U/f JZOO.OOO...1OO.OOOV/ 0.001V/Hz | divided by nominal frequency). When 50Hz is used
nominal U/f

Uff at the ~100.000...100.000V/ 0.001V/Hz | Volts-per-hertz at the moment.
moment Hz
ifatmto 1 _400.000...100.000v/ Measured volts-per-hertz ratio divided by nominal volts-
nominal U/f et 0.001V/Hz s y
ratio Hz per-hertz ratio.

Function blocking

The block signal is checked in the beginning of each program cycle. The blocking signal is received
from the blocking matrix in the function's dedicated input. If the blocking signal is not activated when
the pick-up element activates, a START signal is generated and the function proceeds to the time
characteristics calculation.

If the blocking signal is active when the pick-up element activates, a BLOCKED signal is generated and
the function does not process the situation further. If the START function has been activated before the
blocking signal, it resets and processes the release time characteristics similarly to when the pick-up
signal is reset.

The variables the user can set are binary signals from the system. The blocking signal needs to reach
the device minimum of 5 ms before the set operating delay has passed in order for the blocking to
activate in time.
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Events and registers

The volts-per-hertz overexcitation protection function (abbreviated "VHZ" in event block names)
generates events and registers from the status changes in the events listed below. The user can select
which event messages are stored in the main event buffer: ON, OFF, or both. The events triggered by
the function are recorded with a time stamp.

The function's outputs can be used for direct I/O controlling and user logic programming. The function
also provides a resettable cumulative counter for the START, TRIP and BLOCKED events.

The function offers one (1) stage

Table. 4.4.23 - 203. Event messages.

Event block name Event names

VHZ1 V/Hz (1...2) Start ON
VHZA V/Hz (1...2) Start OFF
VHZ1 V/Hz (1...2) Alarm ON
VHZ1 V/Hz (1...2) Alarm OFF
VHZ1 V/Hz (1...2) Trip ON
VHZA V/Hz (1...2) Trip OFF
VHZA V/Hz (1...2) Block ON
VHZ1 V/Hz (1...2) Block OFF

The function registers its operation into the last twelve (12) time-stamped registers. The register of the
function records the ON event process data for START, TRIP or BLOCKED. The table below
presents the structure of the function's register content.

Table. 4.4.23 - 204. Register content.

Name Description

Date and time dd.mm.yyyy hh:mm:ss.mss
Event Event name

Voltages (AB/BC/CA) pre-trig Start/Trip -20ms voltages
Frequency pre-trig Start/Trip -20ms frequency
Voltages (AB/BC/AC) fault Start/Trip voltages
Frequency fault Start/Trip frequency
Voltages (AB/BC/AC) pre-fault Start -200ms voltages
Frequency pre-fault Start -200ms frequency
Trip time remaining 0O ms...1800 s

Setting group in use Setting group 1...8 active
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4.4.24 Power factor protection (PF<; 55)

The power factor protection function is the ratio of active power to apparent power (cos ¢ = P/S). In a
fully resistive load the power factor is 1.00. In partially inductive loads the power factor is under 1.00.
Power factor protection cannot detect a power factor value that is too low.

Figure. 4.4.24 - 124. Operating characteristics of power factor protection.
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PF< pick-up setting
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Figure. 4.4.24 - 125. Simplified function block diagram of the PF> function.
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Measured input

The function block uses three phase power factor (cos phi). Please refer to "Power and energy
calculation" chapter for a detailed description of how cos phi is calculated.

Table. 4.4.24 - 205. Measurement inputs of the PF< function.

Description

3PH cos ¢ Three-phase cos phi (power factor)

General settings

The following general settings define the general behavior of the function. These settings are static i.e.
it is not possible to change them by editing the setting group.

Table. 4.4.24 - 206. General settings of the function.

Name Range Default Description

* On

* Blocked Set mode of UPF block.
» Test

PF< LN mode On This parameter is visible only when Allow setting of individual LN

+ Test/ : :
Blocked mode is enabled in General menu.

+ Off
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Name Range Default Description

* Normal
o Start

PF< force status | Trip Force the status of the function. Visible only when Enable stage
* Blocked | Normal . . .
to . Alarm forcing parameter is enabled in General menu.
Start
« Alarm
PF< Defines which power measurement module is used by the function.
+ POW1 . o : . :
measurement . powz |POWT | This setting is available if the device has more than one current
selection measurement module.

Pick-up settings

The Pick-up setting PF< (lead or lag) Trip and Pick-up setting PF< (lead or lag) Alarm setting
parameters control the the pick-up of the PF< function. They define the minimum allowed power factor
before action from the function. The function constantly calculates the ratio between the pick-up
settings and the measured magnitude (power factor). The reset ratio of 103 % is built into the function
and is always relative to the pick-up setting value.

Setting group selection controls the operating characteristics of the function, i.e. the user or user-
defined logic can change function parameters while the function is running.

Table. 4.4.24 - 207. Pick-up settings.

Name Range Step Default Description
e
Available modes anz - and Enables or disables alarming.
alarms
alarms

Pick-up setting
PF< (lead or lag) | 0.05...0.99|0.01 0.8 Pick-up setting for tripping

Trip

Pick-up setting Pick-up setting for alarming. This parameter is only available
PF< (lead or lag) | 0.05...0.99 | 0.01 | 0.9 when "Available modes" parameter has been set to "Trip and
Alarm alarm".

Read-only parameters
The function's Info page displays useful, real-time information on the state of the protection function. It

is accessed either through the device's HMI display, or through the setting tool software when it is
connected to the device and its Live Edit mode is active.

Table. 4.4.24 - 208. Information displayed by the function.

Step Description

* On
» Blocked Displays the mode of UPF block.
PF<LN ) o . o
behaviour * Test - This parameter is visible only when Allow setting of individual
» Test/Blocked LN mode is enabled in General menu.
- Off
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* Normal

» Start
PF< « Trip ; i i
condition . Blocked - Displays status of the protection function.

» Alarm Start

* Alarm
Expected
alarming 0.000...1800.000s 0.005s | Displays the expected alarming time when a fault occurs.
time
Time When the function has detected a fault and counts down time
remaining to | 0.000...1800.000s 0.005s | towards an alarm, this displays how much time is left before
alarm alarm is activated.
PPmeas / The ratio between the measured power factor and the alarm
PFalarm at 0.00...1250.00 0.01 .

pick-up value.

the moment
Expected
operating 0.000...1800.000s 0.005s | Displays the expected operating time when a fault occurs.
time
Time When the function has detected a fault and counts down time
remaining to | -1800.000...1800.000s | 0.005s | towards a trip, this displays how much time is left before
trip tripping occurs.
PFmeas/ The ratio between the measured power factor and the pick-up
PFset at the | 0.00...1250.00 0.01 value
moment ’

249

Function blocking

The block signal is checked in the beginning of each program cycle. The blocking signal is received
from the blocking matrix in the function's dedicated input. If the blocking signal is not activated when
the pick-up element activates, a START signal is generated and the function proceeds to the time
characteristics calculation.

If the blocking signal is active when the pick-up element activates, a BLOCKED signal is generated and
the function does not process the situation further. If the START function has been activated before the
blocking signal, it resets and processes the release time characteristics similarly to when the pick-up
signal is reset.

The variables the user can set are binary signals from the system. The blocking signal needs to reach
the device minimum of 5 ms before the set operating delay has passed in order for the blocking to
activate in time.

Operating time characteristics for trip and reset
This function supports definite time delay (DT). For detailed information on these delay types please

refer to the chapter "General properties of a protection function" and its section "Operating time
characteristics".

Events and registers

The power factor protection function (abbreviated "UPF" in event block names) generates events and
registers from the status changes in the events listed below. The user can select which event
messages are stored in the main event buffer: ON, OFF, or both. The events triggered by the function
are recorded with a time stamp.
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The function's outputs can be used for direct I/0O controlling and user logic programming. The function
also provides a resettable cumulative counter for the ALARM START, ALARM, START, TRIP and
BLOCKED events.

Table. 4.4.24 - 209. Event messages.

Event block name Event names

UPF1 Block ON

UPF1 Block OFF
UPF1 Start ON

UPF1 Start OFF

UPF1 Trip ON

UPF1 Trip OFF

UPF1 Alarm Start ON
UPF1 Alarm Start OFF
UPF1 Alarm ON

UPF1 Alarm OFF

The function registers its operation into the last twelve (12) time-stamped registers. The register of the
function records the ON event process data for START, TRIP or BLOCKED. The table below presents
the structure of the function's register content.

Table. 4.4.24 - 210. Register content.

Register Description

Date and time dd.mm.yyyy hh:mm:ss.mss
Event Event name

Pre-trigger PF Start/Trip -20ms power factor
Fault PF Start/Trip power factor
Pre-fault PF Start -200ms power factor
Trip time remaining 0 ms...1800s

Setting group in use Setting group 1...8 active

4.4.25 Pole slip protection (78)

Pole slipping is a phenomena when synchronism is lost due to power swings. This can happen in
extreme fault conditions which cause a transient torque on the machine. Generators might experience
this if it has low excitation, because it produces a weak magnetic field. The "slip" occurs when rotor
electrically and physically shifts in relation to the stator, after which the field returns the rotor back in
sync with the stator. This causes high acceleration and deceleration causes stress on the generator
and prime mover, which can cause winding movement, shaft fracture or worse.
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Figure. 4.4.25 - 126. Operating characteristics of pole slip protection.
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The function block uses phase currents and phase-to-phase or phase-to-neutral voltage measurement
values. These values are used for calculating positive sequence impedance.

Table. 4.4.25 - 211. Measurement inputs of the pole slip protection function.

Signal Description

IL1RMS

Fundamental frequency component of phase L1 (A) current

[L2oRMS

Fundamental frequency component of phase L2 (B) current

[L3RMS

Fundamental frequency component of phase L3 (C) current

U1RMS

Fundamental frequency component of voltage channel U1/V

U2RMS

Fundamental frequency component of voltage channel Uo/V

U3sRMS

Fundamental frequency component of voltage channel Uz/V

U4RMS

Fundamental frequency component of voltage channel U4/V

General settings

The following general settings define the general behavior of the function. These settings are static i.e.
it is not possible to change them by editing the setting group.

Table. 4.4.25 - 212. General settings of the function.

Name

Pole slip [78]
LN mode

Range Default

« On

* Blocked

o Test

+ Test/
Blocked

« Off

Set mode of OOS block.

is enabled in General menu.

Description

On This parameter is visible only when Allow setting of individual LN mode
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Description

Force the status of the function. Visible only when Enable stage forcing

parameter is enabled in General menu.

Range Default
+ Normal
Pole slip force | « Start
: Normal
status to « Trip
+ Blocked

Pick-up settings

Parameters listed below determine the slip detection area. Slip detection area consists of detection
circle and two side blinders. For a slip to be counted the impedance must first enter the circle, then
while inside the circle the impedance must cross the blinders and then exit the circle. Keep in mind that
the impedance must stay between the blinders longer than what is set to Minimum locust traverse time
between blinders for the function to count the slip. If more than one slips are required for the function to
trip the measured impedance must enter the circle from the same side each cycle. If time set to Reset
slip detection after last detected slip has passed between slips the slip counter is reset.

Setting group selection controls the operating characteristics of the function, i.e. the user or user-
defined logic can change function parameters while the function is running.

Table. 4.4.25 - 213. Pick-up settings.

NET[) Range Step Default Description
X detection circle -50 000.00...50 | 0.01 |-50.00 | Moves the midpoint of circle in the X-axis
offset from origin (pri) | 000.00 Ohm Ohm | Ohm (reactance).
R detection circle -50 000.00...50 | 0.01 ]0.00 Moves the midpoint of circle in the R-axis
offset from origo (pri) | 000.00 Ohm Ohm | Ohm (resistance).
. . . 10.01...50 000.00 |0.01 [50.00 . . .

Detection circle r (pri) Ohm ohm | Ohm Sets the radius of the detection circle.
R+ side blinder 0.00..50 000.00 | 0.01 |20.00 | R Side blinder. Impedance must cross this level

. . after entering the circle for the function to count a
location (pri) Ohm Ohm | Ohm slip

. . -50 R- side blinder. Impedance must cross this level
R- s@e bI|nQer 000.00...0.00 0.01 1-20.00 after entering the circle for the function to count a
location (pri) Ohm | Ohm :

Ohm slip.
Minimum locus 0.000...1800.00 | 0.005 | 0.050 | Minimum time impedance must stay between the
traverse time between . ) . )
. s s s blinders so that the function will count a slip.

blinders
Pole slip detection . 1 . How many slips need to be detected for the
L . 1...5 slips . 1 slips . X
limit to trip slips function to trip.
Reset slip detection 0.000...1800.000 | 0.005 | 1.000 | Maximum time between slips before the function
after last detected slip | s s s resets the slip counter to zero.
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Figure. 4.4.25 - 127. Impedance must enter the circle first then cross the blinders and lastly exit the circle for the
function to count a slip. Impedance can enter the circle from either side but it must keep entering the circle from
the same side for the function to keep counting the slips.

ZTT'IEES

I 1
1 1
I 1
1 i
r

R- side blinde

Read-only parameters

R+ side blinder

The function's Info page displays useful, real-time information on the state of the protection function. It
is accessed either through the device's HMI display, or through the setting tool software when it is
connected to the device and its Live Edit mode is active.

Table. 4.4.25 - 214. Information displayed by the function.

Name Range Description

« On

+ Blocked .
Pole slip [78] LN . Test Displays the mode of OOS block.

behaviour . Test/ This parameter is visible only when Allow setting of individual LN mode
Blocked is enabled in General menu.

« Off

* Normal
« Start

« Trip

» Blocked

Pole slip condition Displays status of the protection function.

+ Ok

+ Incorrect
VT set Displays the status of settings currently in use.

* Incorrect
char. Set

Configuration
status
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Function blocking

The block signal is checked in the beginning of each program cycle. The blocking signal is received
from the blocking matrix in the function's dedicated input. If the blocking signal is not activated when
the pick-up element activates, a START signal is generated and the function proceeds to the time
characteristics calculation.

If the blocking signal is active when the pick-up element activates, a BLOCKED signal is generated and
the function does not process the situation further. If the START function has been activated before the
blocking signal, it resets and the release time characteristics are processed similarly to when the pick-

up signal is reset.

The variables the user can set are binary signals from the system. The blocking signal needs to reach
the device minimum of 5 ms before the set operating delay has passed in order for the blocking to
activate in time.

Events and registers

The pole slip protection function (abbreviated "OOS" in event block names) generates events and
registers from the status changes in the events listed below. The user can select which event
messages are stored in the main event buffer: ON, OFF, or both. The events triggered by the function
are recorded with a time stamp.

The function's outputs can be used for direct I/0O controlling and user logic programming. The function
also provides a resettable cumulative counter for the START, TRIP and BLOCKED events.

Table. 4.4.25 - 215. Event messages.

Event block name Event names

00Ss1 Poleslip Detection START ON
00Ss1 Poleslip Detection START OFF
008S1 Poleslipt Trip ON

00S1 Poleslip Trip OFF

00s1 Poleslip Detection BLOCKED ON
00Ss1 Poleslip Detection BLOCKED OFF

The function registers its operation into the last twelve (12) time-stamped registers. The register of the
function records the ON event process data for START, TRIP or BLOCKED. The table below presents
the structure of the function's register content.

Table. 4.4.25 - 216. Register content.

Register Description

Date and time dd.mm.yyyy hh:mm:ss.mss
Event Event name
In blinder time Duration of reactance being between the blinders.
Setting group in use Setting group 1...8 active
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4.4.26 Machine thermal overload protection (TM>; 49M)

The thermal overload protection function for machines is used for the thermal capacity monitoring and
protection of electric machines like synchronous and asynchronous motors and generators. This
function can also be used for any applications with single or multiple time constansts, such as inductor
chokes, certain types of transformers and any other static units which do not have active cooling apart
from cables and overhead lines.

The function constantly monitors the instant values of phase TRMS currents (including harmonics up to

31St) and calculates the set thermal replica status in 5 ms cycles. The function includes a total memory
function of the load current conditions according to IEC 60255-8.

The function is based on a thermal replica which represents the protected object's thermal loading in
relation to the effective current in the object. The thermal replica includes the calculated thermal
capacity that the "memory" uses; it is an integral function which tells apart this function from a normal
overcurrent function and its operating principle for overload protection applications.

In heating and cooling situations the thermal image for this function is calculated according to the
two equations described below:

Figure. 4.4.26 - 128. Long time constant thermal image calculation.

2

Igm 2 —_—t Igm
8, = g, —(—) X T1h/T1co/T1cr +<—) X (1—W,
“ ( o Iy X ksp X kayp e e Iy X ksp X kaup ( f)

Where:

* Bt1 = Thermal image status in a previous calculation cycle (the memory of the function)

* |em = (see below)

* IN = Current for the 100 % thermal capacity to be used (pick-up current in p.u., with this
current tmax achieved in time t)

» ksF = Loading factor (service factor) coefficient, the maximum allowed load current in p.u.,
depending on the protected object

* kamB = Temperature correction factor, either from a linear approximation or from a settable
ten-point thermal capacity curve

+ e = Euler's number

+ t = Calculation time step in seconds (0.005 s)

* T1h = Long thermal heating time constant of the protected object (in minutes)

* T1¢c0 = Long thermal cooling time constant (motor stopped) of the protected object (in
minutes)

* T1cr = Long thermal cooling time constant (motor running) of the protected object (in minutes)

» Ws = Correction factor between the times t1 and t2
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Figure. 4.4.26 - 129. Short time constant thermal image calculation.
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Where:

* Bt1 = Thermal image status in a previous calculation cycle (the memory of the function)

* |em = (see below)

* IN = Current for the 100 % thermal capacity to be used (pick-up current in p.u., with this
current tmax achieved in time t)

» ksfr = Loading factor (service factor) coefficient, the maximum allowed load current in
p.u. value, depending on the protected object

* kamB = Temperature correction factor, either from a linear approximation or from a settable
ten-point thermal capacity curve

+ e = Euler's number

+ t = Calculation time step in seconds (0.005 s)

* Toh = Short thermal heating time constant of the protected object (in minutes)

* T2c = Short thermal cooling time constant of the protected object (in minutes)

» Ws = Correction factor between the times t1 and t2

The equation below is that of the effective current of the protected object including the TRMS
measurement maximum phase current as well as a possible phase current unbalance condition.

Iew = ((1 + ((j—j)z X kNPS)> X IMAX2>

Where:

» |1 = Calculated positive sequence current of the measured RMS phase currents

+ |2 = Calculated negative sequence current of the measured RMS phase currents

* knps = Correction factor of the NPS current biasing to the equivalent current calculation
* Imax = Measured maximum of the three TRMS phase currents

The thermal image status (6t%, in percentages of the maximum thermal capacity used) calculation is
based on the sum of the long and short time constant thermal image calculation:

Gt% = (BtL + HtS) X 100%

The basic operating principle of the thermal replica is based on the nominal temperature rise, which is
achieved when the protected object is loaded with a nominal load in a nominal ambient temperature.
When the object is loaded with a nominal load for a time equal to its heating constant tau (1), 63% of
the nominal thermal capacity is used. When the loading continues until five times this given constant,
the used thermal capacity approaches 100 % indefinitely but never exceeds it. With a single time
constant model the cooling of the object follows this same behavior, the reverse of the heating when
the current feeding is completely zero.
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Figure. 4.4.26 - 130. Thermal image calculation with nominal conditions: single time constant thermal replica.
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The described behavior is based on the assumption that the monitored object has a homogenous body
which generates and dissipates heat with a rate proportional to the temperature rise caused by the
current squared. Installation conditions considering the prevailing conditions in the thermal replica are
compensated with the ambient temperature coefficient which is constantly calculated and changing
when using RTD sensor for the measurement. When the ambient temperature of the protected object is
stable it can be set manually.

The ambient temperature compensation takes into account the set minimum and maximum
temperatures and the load capacity of the protected object as well as the measured or set ambient
temperature. The formulas below present examples of the calculation of the ambient temperature
coefficient (a linear correction factor to the maximum allowed current):
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Camb<tin = kmin

1- kmin

tref — tmin

tAmb<tref = ( X (tamp — tmin)) + Kmin

kmax -1
tamb>t,or = (m X (tamp — trer) | + 1.0

tAmb> tmax — kmax

* tamb = Measured (set) ambient temperature (can be setin “Cor °F)

¢ tmax = Maximum temperature (can be setin “C or °F) for the protected object
* kmax = Ambient temperature correction factor for the maximum temperature

¢ tmin = Minimum temperature (can be setin “C or °F) for the protected object
* kmin = Ambient temperature correction factor for the minimum temperature

* tref = Ambient temperature reference (can be setin “C or °F, the temperature in which the given
manufacturer presumptions apply and the temperature correction factor is 1.0)

Figure. 4.4.26 - 131. Ambient temperature coefficient calculation (linear approximation, three points).
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This ambient temperature coefficient relates to a nominal reference temperature. The default is +40 °C
(the standard ambient temperature rating for machines) which gives the coefficient value of 1.00 for
the thermal replica. The settable thermal capacity curve uses linear interpolation for ambient
temperature correction with a maximum of ten (10) pairs of temperature—correction factor pairs. The
temperature and coefficient pairs are set to the TM> function's settable correction curve.
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Figure. 4.4.26 - 132. Ambient temperature coefficient calculation (linear approximation, indefinite points).
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As mentioned in the previous diagram, the reference temperature for electric machines usually is +40
°C; this gives a correction coefficient of 1.00 which can be referred to as the nominal temperature in
this case. The correction curve does not need to be set with as many points as there are available. The
minimum setting is two pairs and the result is a straight line, for which the linear approximation is the
better choice.

Multiple time constants

The thermal behaviour of the single time constant model was presented in the introduction of this
chapter. However, it is not the optimal solution for electric machines, especially when the motor is
stopped and started frequently. The following explains the main reasons as well as the differences
between the single and the multiple time constant models.

By the terms of electrical machine the thermal behavior and time constants varies in between of
heating and cooling as well as at certain point within heating and cooling when the loading current is
decreased or increased instantly to minimum or maximum. In practice this means that the thermal
replica needs to have more settable time constants than one common constant for heating and
cooling, as is the case with single time constant objects like cables.

The most common practice is to separate the minimum settable time constants for heating and
cooling. The main reason for this is fairly simple: the rotating machine (especially a motor) usually has a
cooling fan in the same shaft with its drive, and it cools both the motor and its own surface when the
motor is running. Unfortunately, the cooling stops when the motor stops, and the time constant
becomes longer as the heat is slower to dissipate into the surrounding air. The cooling time constant
(tc) may be the same as the heating time constant (1) if the machine has active cooling. Additionally,
the starting method (DOL/Soft start/Y-delta) also tells whether there is a need for another time
constant (locked rotor, overloading situations) in order to achieve a suitable thermal image for the
machine.

The following figure presents the various differences to consider when solve the time constants in the
motor (as compared to single time constant objects like cables).
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Figure. 4.4.26 - 133. Factors affecting the cooling and current-carrying capacity of a cable.

(k material)

The current-carrying capacity of a cable mostly depends on the conductor's material and its diameter.
The second most important factor is the cable's insulating material and how much it can withstand
temperature. As can be seen in the image above, all factors (apart from the air temperature) are quite
stable, especially when the cable lies below the ground frost limit in places where the outside
temperature can dip well below 0 °C. The heat conduction from the cable into the surrounding ground
is the same, regardless whether the cable is heating or cooling. The composition of the soil defines
how well the ground conducts heat. However, these loading factors only affect the maximum current-
carrying capacity of the cable; they are not the cable's time constants. The only time constant to
consider is the heating time constant, which is equal to the cooling time constant for underground
cables.

Figure. 4.4.26 - 134. Simplified motor construction and time constants.

Cooling Cooling

I°Heating
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Any normal induction machine such as electric motors have the following major components:

» the rotor: rotates, its shaft used as a power outlet for the motor (drive end),

« the stator: generates the electromagnetic field which induces into the rotor and makes it rotate
(hence the name "induction motor"),

» the body: contains the stator and rotor.

Motors always have some kind of a cooling system. The most common cooling system is the rotor's
shaft-mounted fan (cooling end). Bigger motors or slowly rotating motors can have additional fans or
liquid cooling.

By observing motor thermal properties, one can find several very different components which all have
their own thermal time constants. The rotor has a constant that is the same for both heating and
cooling (th = Tc), the stator has a constant where the heating time constant is different from the cooling
constant (th =/= 1¢), and even the motor body has its own time constant for heating and cooling.
Keeping the rotor and the stator from being overheated are required for the overall motor protection as
it can cause insulator damage in the stator and melt the rotor bars. Both of these faults result in the
malfunction of the motor.

When considering the thermal behavior, one can see another fundamental difference between single
and multiple time constant objects like cables and electric motors. While the cable loading may

vary during the operating conditions, currents higher than the nominal current are not part of the
normal usage but always indicate a fault of some sort. Motor with direct-on-line (DOL) starting have a
high starting current (up to 6-7 x In) and heat generation that are part of its normal operation and
happen every time the motor is started. The following figure describes the process of motor heating
from the ambient temperature to the nominal temperature with direct-on-line (DOL) starting.

Table. 4.4.26 - 217. Motor heating during DOL starting.

The motor is de-energized and
all parts of it are in the ambient
temperature.

© Arcteq Relays Ltd
IMO0017



4 Functions

AQ-G257
Instruction manual

Version: 2.14

Accelerating

When the motor is energized
the stator generates a
magnetic field which induces a
voltage to the squirrel cage
rotor. While the rotor is not yet
rotating, the induced voltage
and the current it causes are at
maximum in the rotor. This is
due to the rotating magnetic
field in the stator with
synchronous speed and the
rotors slip now is 1 which
causes that the induced
voltage to the rotor is maximum
and the current is maximum
also). The rotor starts to heat
up very quickly compared to
the stator. When the rotor is
speeding up, the

difference between the stator's
magnetic field rotation and the
rotor's magnetic field

rotation decreases.

The rotor speeding up leads to
the rotor current decreasing,
simultaneously decreasing the
rotor heating. This also makes
the cooling fan start to rotate
and thus cool the surface of the
motor while the rotor speeds
up. Depending on the size of
the motor and the masses

of the rotor and of the stator,
the thermal capacity spent
during start-up varies. The
motor start-up can be rotor-
limited or stator-limited, which
defined which of the
components limits the
maximum start-up time for the
motor. Most motors are rotor-
limited which results in the rotor
heating up to dangerously high
temperatures before the stator.
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Once the motor has started
and is running with or without a
load, the heat generation is
switched between the rotor and
the stator. When the

rotor's rotating is within the
range of the nominal slip, the
magnetic fields of the rotor and
the stator "cut" within

the nominal designed range
and therefore the voltage and
the current it causes in the
rotor are also within the
nominal range. Now, when the
motor is loaded or overloaded
while still rotating, the
generated overheating is only
experienced by the stator
(unless the load is so big that it
stalls the motor and the motor
thinks it is back at the start with
a non-rotating rotor).

The cooling of the motor with a
rotor shaft-mounted fan is
operational after the starting.
Additionally, the stator windings
conduct the heat generated in
the rotor during starting and
into the motor's body. This heat
transfer (rotor to stator, stator
to body) also depends on the
masses of motor's
components. In big motors the
body can be slightly warm while
the rotor and/or stator

have completely melted
because they have not been
able to transfer the heat quickly
enough into the body.

Table. 4.4.26 - 218. Motor heating during overloading and motor cooling.

The motor is said to be running
in its nominal temperature,
when the motor is run with

a nominal load, it has enough
time for the temperatures to
stabilize (5 x time constant) and
the final temperatures are
reached. Now, the heat transfer
is stabilized and the heat
generated in the motor is
transferred to the surrounding
air and the temperatures of the
internal components are not
increasing any longer.
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If the motor is overloaded, the
stator winding starts to heat up
according to its heating time
constant. If the overload is not
released in time, it can lead to
the melting of the stator's
winding insulations which in
turn leads to a short-circuit;
the motor is said to "ourn". This
situation does not differ much
from the rotor's nominal
conditions. When the load
increases, the slip increases
slightly as well and causes a
small increase to the induced
voltage and current. However,
when rotating the heating

does not differ significantly from
the nominal load.

When a hot motor is de-
energized the temperatures
inside the motor start to
stabilize. The hottest part of the
motor is the rotor: its heat is
transferred to the motor body
through the stator windings and
from the body to the
surrounding air. This is why it
seems that the motor body's
temperature keeps rising even
after a surface-cooled motor is
stopped. The stopped motor
cooling follows the same
equation than heating, with one
exception: when the
surrounding air is not moving
(as the fan has stopped) and
the air temperature

is increasing, the cooling is
faster in the beginning and
slows over time as the
temperature difference
decreases (since heat is
transferred slower than in the
beginning of the cooling). When
the motor is run with a cyclic
load, the start and stop
applications for the cooling of
the motor have to be modeled
accurately in the thermal
replica in order to avoid a
situation where the calculated
used thermal capacity

"runs" from the actual used
thermal capacity causing the
protection to

overshoot significantly.

The previous figures presented the thermal behavior of a motor on a theoretical level. In reality, the
temperature of a rotor inside the motor windings can also be measured with RTD elements. The rotor
temperature is highest on the drive end becuase the cooling is the weakest there (as can be seen in
the image below).
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Figure. 4.4.26 - 135. Running motor's temperature with thermal image camera.

Measuring the rotor's temperature is very complicated due to its rotating nature. This is why normally
there are no measurements available and why the protection of the rotor always requires a calculated
thermal image. Relying solely on the measurements from RTDs installed in the motor's stator windings
is not recommended as they mey not be in the actual hot spot and thus give false readings. For these
reasons motor protection should not be either thermal images or RTDs but rather a combination of
them both for accurate monitoring of the motor's temperature.

Thermal image modeling in protection devices require certain things to be ensured for the model to
correctly match the motor thermal behavior. As was seen in the previous section, a motor usually has
many states which differ from one another in terms of heating and of the parts in danger of damage.
Sometimes the thermal image needs to be adjusted and fine-tuned for the application so that it
matches the motor's actual temperature perfectly. This is why the thermal replica needs to offer enough
setting points for various situations where the motor may be running at that time. The device needs to
recognize these situations so that the thermal model can be updated correctly.

Thermal image characteristics and operating modes

To demonstrate the various settings available in the thermal image, the following figure presents the
data from a field test: a motor was loaded with a stable load, run until the final temperature was
reached and then de-energized and left to cool. The motor temperature was monitored with RTDs
installed into the drive end of the protection device. The motor was loaded with a nominal current, its
service factor was 1.15 and the ambient temperature was measured to be 24 degrees Celsius. In this
case the motor was started without a load, and the loading was increased directly after starting in
order to concentrate the heating effects of stable loading.
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Figure. 4.4.26 - 136. Measured motor temperature in heating/cooling test.
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Figure. 4.4.26 - 137. Matching thermal replicas to the measured thermal capacity of the motor.
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As can be seen in the figures above, when the motor is loaded with a constant current both of the
replicas (single and dual time constant) follow the motor heating quite accurately. The operational
difference is during cooling. With a single cooling time constant the replica does not follow the actual
cooling of the motor and the match can be said to be very poor. With dynamically-controlled cooling
time constants the match is very accurate. If this motor were used for cyclic loads with repeating
cooling times, the single time constant model would stretch into the next duty cycle and probably
cause unnecessary alarms or even trips eventhough the motor were till running in safe temperatures.

Thermal trip curves
Motor thermal curves are useful when studying motor heating in possible overload and start-up

situations. These are usually available upon request from manufacturers, and the function operation
can be set according to these.
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Figure. 4.4.26 - 138. Example of thermal limit curves in a motor.
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From motor thermal limit curves —if available— one can see the time constants for overloading as well as
the safe stall times for hot and cold situations. Additionally, the cooling time constant must be checked
from the motor datasheet or alternatively measured. From the image above one can estimate the safe
stall time in cold situations to be approximately 80 seconds, and in hot situation approximately 67
seconds. When the thermal limit curves are available, the operation of the thermal replica can be set
very accurately for both overloading and stall conditions.

The cooling time constant as presented in the previous example is very crucial in the case of variable
duty cycle motor applications. If the motor is continuously running with a constant load, the cooling
time constant is not that significant and can be estimated to be e.g. two to three times longer than the
heating time constant.
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Figure. 4.4.26 - 139. Comparing single time constant thermal replica tripping curves to given motor thermal
characteristics.

Example thermal trip curves
single time constant model

10 000 [

1000

t [s]

100 LRC: 100.5s \\

LRC: 30.5 s

Running talled
10
1 2 3 4 5 6 7 8910

X ly

269 © Arcteq Relays Ltd
IMO00O17



AQ-G257

4 Function :
unctions Instruction manual

Version: 2.14

Figure. 4.4.26 - 140. Comparing dual time constant thermal replica tripping curves to given motor thermal
characteristics.
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As the figures above have shown, with estimated time constants from the motor thermal limit

curves the single time constant model underprotects the motor in the stall condition when the motor is
cold. When the motor is hot the model overprotects with a heavy hand, allowing the motor only 30.5
seconds of stalling time of the approximately 67 seconds the motor can withstand. When dual time
constants and dynamic time constants are in use, the function automatically selects the correct
tripping curves for the thermal replica according to the settings, producing therefore an exact thermal
image response (as compared to the single time constant thermal image). In overload conditions the
response from both of the thermal replicas is acceptable as even a small overshoot is noticed when the
motor is hot. In the curve simulations the hot condition was defined as 70 % of the thermal capacity.

The following figures present the tripping and cooling curves of the thermal replica.
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Figure. 4.4.26 - 141. Thermal tripping curves with single time constant, pre-load 0% (cold).
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Figure. 4.4.26 - 142. Thermal tripping curves with single time constant, pre-load 90% (hot).

Thermal trip curves, Preload 90.0 %
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Figure. 4.4.26 - 143. Thermal tripping curves with dual dynamic time constants and correction factor, pre-load 0%

(cold)
Dual time constant thermal trip curves, Preload 0.0 %
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Figure. 4.4.26 - 144. Thermal tripping curves with dual dynamic time constants and correction factor, pre-
load 90% (hot).

Dual time constant thermal trip curves, Preload 0.0 %
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Figure. 4.4.26 - 145. Thermal cooling curves, single cooling time constant.
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Thermal cooling curves, | c.s
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Figure. 4.4.26 - 146. Thermal cooling curves, dynamic dual time constant.
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Figure. 4.4.26 - 147. Thermal cooling curves, dynamic triple time constant (motor is running without load in the
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Figure. 4.4.26 - 148. NPS-biased thermal trip curves with knps value of 1.
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Figure. 4.4.26 - 149. NPS-biased thermal trip curves with knps value of 3.
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Figure. 4.4.26 - 150. NPS-biased thermal trip curves with knps value of 7.
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Figure. 4.4.26 - 151. NPS-biased thermal trip curves with knps value of 10.
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Function inputs and outputs
The blocking signal and the setting group selection control the operating characteristics of the

function, i.e. the user or user-defined logic can change function parameters while the function is
running. The function has a total of eight (8) setting groups available.

Figure. 4.4.26 - 152. Simplified function block diagram of the TM> function.

AQ-2xx Protection relay platform - Protection CPU

Measurement  Function scheduler Protection tasks
Database TOLM Functional Logic
Output
THERMAL REPLICA
IL1 ff TRMS —l Handling
IL2 ff TRMS § | \ z \ 2
S =| | 8™ ) e e x100% | MEASUREMENT: 10
IL3 ff TRMS ﬂ \% (( (,krmﬁm) /) (,NX,W;W W‘__) sU s |MEAS ol data
[AMB T SEL) [seRv FACT] Iy / / ALARM1 )
[AMB T MAN] ﬂ [MANMAXT] \‘ — L 7 / Registers
AMB T RTD M—= " 1 Bros ALARM2 _ |Events
] | Counters
COMPARATOR |NHIBIT
i | — | BLOCKED
[ﬁNAJ\LARMZ%-T TRIP
[ALARM2LIM] NV arard
s ] |
. Blocking
[TRIPLIM] = S START OK *
—i— | 'El Blocked ¢
10 Logic Matrix TRIP TIME DELAY
P & |start allow < | To Comm
| LTOLM BLOCK] | orseror | L~ | and HW
CPU

Measured input

The function block uses phase current measurement values. The function block uses TRMS values
from the whole harmonic specter of 32 components. RTD measurement can be used for measuring the
ambient temperature.

Table. 4.4.26 - 219. Measurement inputs of the TM> function.

IL1TRMS TRMS measurement of phase L1 (A) current
IL2TRMS TRMS measurement of phase L2 (B) current
IL3TRMS TRMS measurement of phase L3 (C) current
RTD Temperature measurement for the ambient correction

Setting parameters

Table. 4.4.26 - 220. General settings (not selectable under setting groups)

Name Range Default Description

« On

» Blocked ;
™5 LN . Tost Displays the mode of TOLM block.

mode o Test/ On This parameter is visible only when Allow setting of individual LN mode is
Blocked enabled in General menu.

« Off
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Name Range Default Description
T™> « Disabled . The selection of the function is activated or disabled in the configuration.
) Disabled o )

mode » Activated By default it is not in use.

» Normal

» Blocked

« Alarm1
T™> On . -

Force the status of the function. Visible only when Enable stage
Status * Alarm2 Normal . . .
forcing parameter is enabled in General menu.

Force to On

* Inhibit

On

* TripOn
TempCor| « C c The selection of whether the temperature values of the thermal image
F deg - F and RTD compensation are shown in Celsius or in Fahrenheit.

Table. 4.4.26 - 221. Settings of the motor status monitoring function and how they are shared by other protection

functions.
INETg[) Range
Motor In
Scaled 0.1...40.0xIn

Step

0.1xIn | -

Default

Prot.funcs.

- motor status
monitoring

- machine
thermal
overload
protection
(TM>; 49M)

- motor start/
locked rotor
monitoring
(Ist>; 48/14)

- non-
directional
undercurrent
protection (I<;
37)

- mechanical
jam protection
(Im>; 51M)

Description

The motor's nominal current scaled to per unit.
If the user selects Object Inin the CT settings,
this value should be 1.00. If scaled to the CT

nominal, this value may vary.
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Name Range Step  Default Prot.funcs. Description

- motor status
monitoring

- machine
thermal
overload
protection
(TM>; 49M)

- motor start/
locked rotor
0.1A - monitoring The motor's nominal current in amperes.
(Ist>; 48/14)

- non-
directional
undercurrent
protection (I<;
37)

- mechanical
jam protection
(Im>; 51M)

MotorIn | 0.1 ...
A 5000.0A

- motor status
monitoring

- machine
thermal
overload

) The motor's locked rotor current with the
protection

Nominal . nominal voltage. This setting is used for
) (TM>; 49M) . ) .
starting [ 0.1...40.0xln | 0.1xln | 6.0xIn automatic curve selection and calculation.
- motor start/ . . . .
current Also, the nominal starting capacity calculation

'OCK‘?d rptor is based on this value.
monitoring

(Ist>; 48/14)

- mechanical
jam protection
(Im>; 51M)

- motor status
monitoring

- machine
thermal
overload
Nominal protection
starting 0.1...5000.0A | 0.1A - (TM>; 49M) The motor's locked rotor current in amperes.
current - motor start/
A locked rotor
monitoring
(Ist>; 48/14)

- mechanical
jam protection
(Im>; 51M)
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Min
locked
rotor
current

Range

0.1...40.0xIn

Step

0.1xIn

Default

3.5xIn

Prot.funcs.

- motor status
monitoring

- machine
thermal
overload
protection
(TM>; 49M)

- motor start/
locked rotor
monitoring
(Ist>; 48/14)

- mechanical
jam protection
(Im>; 51M)

AQ-G257

Instruction manual

Version: 2.14

Description

The motor's minimum locked rotor current. This
setting defines the current limit for when this
current is exceeded while the automatic curve
selection and the control only short time
constant (stall) are in use.

Min
locked
rotor
current
A

0.1...5000.0A

0.1A

- motor status
monitoring

- machine
thermal
overload
protection
(TM>; 49M)

- motor start/
locked rotor
monitoring
(Ist>; 48/14)

- mechanical
jam protection
(Im>; 51M)

The motor's minimum locked rotor current. This
setting defines the current limit for when this
current is exceeded while the automatic curve
selection and the control only short time
constant (stall) are in use.

Max
locked
rotor
current

0.1...40.0xln

0.1xIn

7.5X|n

- motor status
monitoring

- machine
thermal
overload
protection
(TM>; 49M)

- motor start/
locked rotor
monitoring
(Ist>; 48/14)

- mechanical
jam protection
(Im>; 51M)

The maximum locked rotor current of the
motor. This setting defines the current limit
which is maximum current for the motor to
draw in locked rotor situation (starting or
stalled). If the measured current exceeds this
setting limit it is considered to be overcurrent
fault and corresponding measures can be
applied to disconnect the feeder and motor
from the supply.

Max
locked
rotor
current
A

0.1...5000.0A

0.1A

- motor status
monitoring

- machine
thermal
overload
protection
(TM>; 49M)

- motor start/
locked rotor
monitoring
(Ist>; 48/14)

- mechanical
jam protection
(Im>; 51M)

The maximum locked rotor current in amperes.
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Name Range Step  Default Prot.funcs. Description

- motor status
monitoring

- machine
thermal
overload
protection

The motor's maximum overload current.
Exceeding this setting stalls the motor. This
Max (TM>: 49M) setting defines when the thermal replica
overload | 0.1...40.0xln | 0.1xIn | 2.0xIn |} mot<’)r start/ switches to the short (stall) time constant. As
current long as the current stays below this setting
locked rotor
value, the motor should run even when

monitoring
(Ist>: 48/14) overloaded.

- mechanical
jam protection
(Im>; 51M)

- motor status
monitoring

- machine
thermal
overload

Max protection
overload 0.1.5000.0A | 0.1A ) (TM>; 49M) The maximum overload current of the motor in
current - motor start/ amperes.
A locked rotor
monitoring
(Ist>; 48/14)

- mechanical
jam protection
(Im>; 51M)

- motor status
monitoring

- machine
thermal
overload

No load protection
current < 0.1...40.0xIn | 0.1xln | 0.2xIn (TM>: 49M)
- non-
directional
undercurrent
protection (I<;
37)

The motor's no load current. This setting
defines the "Stopped" condition when the
current is below this setting value. Also, when
the current is below this value, the
undercurrent protection stage is locked.

- motor status
monitoring

- machine
thermal

NG load overlogd
current < | 0.1...5000.0A | 0.1A - protection The motor's no load current in amperes
A T ’ ’ (TM>; 49M) ’
- non-
directional
undercurrent
protection (I<;
37)
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Name Range Step  Default Prot.funcs. Description
Service factor which corrects the maximum
allowed loading according to various conditions
- motor status (e.g. installation, cgnstructigp, etc.) which vary
monitoring from the presumption condmo_ns. Frequently
Motor ~ machine mptors are stamped to a service factor of 1.15:
service | 0.01...5.00xIn | 0.01xln | 1.00xIn | thermal this means that they can withstand a
factor overload continuous 15% overloading from the rated
protection Curre.nlt (as Fh!s is not necessary in all
(TM>: 49M) conditions, it is recommended to consult the
' motor's datasheet or manual for details). If the
service factor is not known, this parameter
should be left at its default setting of 1.00 x /n.
- motor status
monitoring
;)Iﬁggﬁg; S(tl\?it) Setting the thermal I?mit for a hot mqtor and a
- machine cold motor. When this setting vglue is not
thermal exceedec_j while a locked rotor 5|tuat|orj occurs,
Hot overload th.e function uses a cold stall curve aQJusted
condition protection with tlhe actually used thermal capamty. The.
theta 0.0...100.0% | 0.1% | 70% (TM>: 49M) functpn uses a hot stgll curve when this setting
limit . mot(’)r start/ value is exceedgd. This also applies to starts
locked rotor when th_e motpr is hot or cold. Please no_te that
monitoring using this setting requires that the Mach_lne.
(Ist>; 48/14) thermal overlogd protection (TM>) function is
. me’chanical activated and in use.
jam protection
(Im>; 51M)
- motor status
monitoring
- machine
thermal
overload The safe stall time when the motor is cold.
protection Unless this value is specified, it is set to be
(TM>; 49M) equal to the hot stall time. Most probably this
Safe stall - motor start/ leads to overproteption vyith th_e cold mo_tor stall
time cold 0.1...600.0s | 0.1s 20.0s | locked rotor (best case scenario). This setting value is used
monitoring for the cold thermal stall curve selection in
(Ist>; 48/14) automatic control. This parameter is also used
- mechanical in the motor start-up and the number of starts
jam protection | calculations.
(Im>; 51M)
- frequent start
protection (N>;
66)
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Name

Safe stall
time hot

Range

0.1...600.0s

Step

0.1s

Default

15.0s

4 Functions

Prot.funcs. Description
- motor status
monitoring

- machine
thermal
overload
protection
(TM>; 49M)

- Motor start/
locked

rotor monitoring
(Ist>; 48/14)

- mechanical
jam protection
(Im>; 51M)

- frequent start
protection (N>;
66)

The safe stall time when the motor is hot. This
setting value is used for the hot thermal stall
curve selection in automatic control. This
parameter is also used in the motor start-up
and the number of starts calculations.

Table. 4.4.26 - 222. Motor's thermal image settings.

Name Range Step Default Description
e o . e
Pick-up 0.00...40.00xIn | 0.01xIn | 1.00xIn The curren‘lf for 100 A: thermal capauty to be. used (the pick
current up current in p.u., this current tmax achieved in tx 5).
* No NPS-
Ei:?il-’l in . E‘;g?g ) 't\)li(;sl?nps- The selection of whether or not the thermal replica reference
9 S . 9 | current is biased with the NPS current.
use biasing in in use
use
The negative sequence current biasing factor. This factor
NPS-bias depends on the motor's construction and is in relation to the
0.1...10.0 0.1 3.0 o . . .
factor positive and negative sequence rotor resistances. A typical
value for this is the default setting 3.0.
The selection of whether the thermal replica uses single or
) . multiple heating and cooling time constants. If "Single" is
Time « Single . : .
constants | + Multiple - Single selected, only the time constants Long heating (cold) and
Long cool Stop are shown. If "Multiple" is selected, all
available time constants are shown.
Estimate " Set The selection of whether the function estimates short time
short TC manually Set . . -
. - constants for heating and cooling. It also selects the timing for
and » Estimate manually ! .
o . short and long time constants when the motor is stopped.
timings (online)
Long The setting for the long heating time constant. This setting is
heat T : . .| for "Cold" motor conditions and is used when the calculated
0...500.0min 1.0min | 10.0min o . "
const thermal capacity is below the set value for "Hot condition
(cold) theta limit".
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Name Range Step  Default Description
The setting for the long heating time constant. This setting is
for "Hot" motor conditions and is used when the calculated

Lon thermal capacity is above the set value for "Hot condition

heath theta limit". This setting can be modified for when the motor's

0...500.0min 1.0min | 10.0min [ thermal characteristics vary between "hot" and

const " - . - )

(hot) cold" situation. If the characteristics do not change, this
setting should be the same as the setting value of "Long heat
T const (cold)". This setting is visible when the time constant
option "Multiple” is selected.

The setting for the long cooling time constant for the
"Run" condition of the motor. When the motor cools while
running, its time constant is not the same as the stopped

Long cooling constant but instead typically a lot shorter (since the

cool T 0. 3000.0min | 1.0min | 10 omin motor cooling fan is active). Thl|s.sett|ng may need Fhe te;tmg

const of the motor cooling characteristics. If unknown, this setting

Run should be the same as the setting value of "Long Cool T const
Stop" (slower cooling) or "Long heat T const" (faster
cooling). This setting is visible when the time constant option
"Multiple" is selected.

Long The setting for the stopped motor cooling time constant.

cool T 0. 3000.0min | 1.0min | 10 omin Whe_n the motqr is stoplped, t_he thermal repllca ca!oullates the

const cooling according to this setting value. Typically this time

Stop constant is about 2.5 — 3.5 times the heating time constant.
The setting for short heating time constant for "cold" motor
status. This time constant defines the locked rotor and stalled

Short o . . . o

heat T tripping curve selection. While this setting is not the safe stall

0...500.0min 1.0min | 10.0min [ time directly, it defines the used tripping curve for the locked
const 2 . T )

(cold) rotor condition. This setting is visible when the time constants
option "Multiple" and the "Set manually" option from "Estimate
short TC and timings" are both selected.

The estimated setting for short heating time constant for
"cold" motor status. This time constant defines the locked

Short rotor and stalled tripping curve selection. This setting value is

heat T . . . calculated based on the information given by the locked rotor

const 0.-.500.0min 1.0min- | 10.0min current (LRC) and the cold safe stall time. This setting value is

(cold) est visible when the time constants option "Multiple" and the
"Estimate" option from "Estimate short TC and timings" are
both selected.

The setting for short heating time constant for "hot" motor
status. This time constant defines the locked rotor and stalled

Short o . . . o

heat T tripping curve selection. While this setting is not the safe stall

0...500.0min 1.0min | 10.0min [ time directly, it defines the used tripping curve for the locked
const 2 . T )

(hot) rotor condition. This setting is visible when the time constants
option "Multiple" and the "Set manually" option from "Estimate
short TC and timings" are both selected.

The estimated setting for short heating time constant for
"hot" motor status. This time constant defines the locked rotor

Short o . . . :

heat T and stalled tripping curve selection. This setting value is

0...500.0min 1.0min | 10.0min [ calculated based on the information given by the LRC and the

const . . ) 2 .

(hot) est hot safe stall time. This setting value is visible when the time
constants option "Multiple" and the "Estimate" option
from "Estimate short TC and timings" are both selected.
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Default Description
The setting for the short cooling time constant. This value is
the same for both running and stopped conditions, and
Short typically it is the same between heating and cooling. This
cool T |0...3000.0min | 1.0min | 10.0min | YP!CEY LIS . g and cooling. ' IS
const setting is visible when the time constants option "Multiple" and
the "Set manually" option from "Estimate short TC and timings"
are both selected.
The correction factor between the currently used long and
short time constants. With this setting the heating and cooling
calculations can be fine-tuned. A setting value of 0.5 means
that 50 % of the heating or cooling calculation is based on the
Wf factor : .
long time constant and another 50 % is based on the short
for L/ST [0.0...1.0 0.1 0.5 ; . S
time constant. A setting value of 0.0 means the calculation is
const . .
completely based on the short time constant, while a value of
1.0 means it its completely based on the long time constant.
This setting value is visible when the time constants option
"Multiple" is selected.
The selection of whether or not the thermal replica balances
and switches the time constants dynamically based on the
detected motor status. The switching is based on the settings
T const ) . ) o
+ Fixed ) given for maximum overload current and for minimum locked
dyn. . - Fixed " o .
balancing » Dynamic rotor current. If "Dynamic" is selected, the thermal replica
switches the time constants. If "Fixed" is selected, no time
constants are switched. This setting value is visible when the
time constants option "Multiple" is selected.
The setting for how long the short cooling time constant is
Short : o )
used when the motor is stopped. The cooling is typically faster
cool T in right after the motor has stopped. This setting may need
used 0.0...3000min | 0.1min | 30.0min | M"9" . ppea. g may
adjusting depending on the application for a perfect match.
when . . N . ;
This setting value is visible when the time constansts option
Stop " H "
Multiple" is selected.
Short The estimated setting for how long the short cooling time
cool T constant is used when the motor is stopped. The cooling is
used 0.0...3000min | 0.17min | 30.0min | typically faster right after the motor has stopped. This setting
when value is visible when the time constansts option "Multiple" is
stop (est) selected.
Cold The default theta when the function is restarted. It is also
reset possible to fully reset the thermal element.
.0...150.09 19 .09
default 0.0...150.0% 1 0.1% 1 60.0% This parameter can be used when testing the function to
theta manually set the current thermal cap to any value.

Table. 4.4.26 - 223. Environmental settings

Name Range Step Default Description
« A
- B
Dev.temp | « F ) F The maximum allowed temperature for the protected object. The
(tmax) - H default setting is "F" which is +155 °C.
* Manual
set
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Name Range Step Default Description
Obj. max.
temp _ 0...500 deg ! 125 Visible when the Dev. temp. (tmax) is set to "4: Manual set".
(tmax = deg |deg
100 %)

. * Manual . . . ,
Ambient set ) Manual | The selection of whether the thermal image biasing uses a fixed or
temp. sel. . RTD set a measured ambient temperature.

Man. ’ The manual fixed ambient temperature setting for thermal image

amb. 0...500 deg 40 deg | biasing. Underground cables commonly use +15 °C. This setting is
deg S Hn H " " "

temp. set. visible if "Ambient temp. sel." is set to "Manual set".

?e-lr—nD amb. 0. 500 de 1 40 de The RTD ambient temperature reading for the thermal image

- dp' 9 |deg 9 | biasing. This setting is visible if "Ambient temp. sel." is set to "RTD".

. » Linear The selection of how to correct the ambient temperature, either by
Ambient . . .
in. or est. ) Linear | internally calculated compensation based on end temperatures or

' + Set est by a user-settable curve. The default setting is "Linear est." which
curve . . .
curve means the internally calculated correction for ambient temperature.
The temperature reference setting. The manufacturer's
Temp. temperature presumptions apply and the thermal correction factor
rtefefrence -60...500 1 15 deg | is 1.00 (rated temperature). For underground cables the set value
(kreg 10 deg deg for this is usually 15 °C and for cables in the air it is usually 25 °C.
am ' This setting is visible if "Ambient lin. or curve" is set to "Linear est."
The maximum ambient temperature setting. If the measured
Max. . )

; 1 temperature is more than the maximum set temperature, the set
ambient 0...500 deg 45 deg . : : .
tem deg correction factor for the maximum temperature is used. This

P- setting is visible if "Ambient lin. or curve" is set to "Linear est."
k at max. 0.01. 5.00x 1001 | 1.00x The temperature_correqhon chto_r for Fhe r_n?xmu_m amblent )
amb. | o | temperature setting. This setting is visible if "Ambient li