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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.
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Copyright

Copyright © Arcteq Relays Ltd. 2021. All rights reserved.
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1 Document information

1.1 Version 2 revision notes

Table. 1.1 - 1. Version 2 revision notes

Date 6.6.2019
- New more consistent look.
- Improved descriptions generally in many chapters.
- Improved readability of a lot of drawings and images.
Changes
- Updated protection functions included in every IED manual.
- Every protection IED type now has connection drawing, application example drawing with function block diagram
and application example with wiring.
- Added General-menu description.
Revision  2.01
Date 6.11.2019
- Added description for LED test and button test.
- 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: current unbalance

- Tech data updated: overfrequency, underfrequency and rate-of-change-of-frequency.

- Improvements to many drawings and formula images.

- Improved and updated IED user interface display images.

- AQ-F213 Functions included list Added: Undervoltage to function package C.

- AQ-F213 Functions included list Added: Voltage memory, programmable control switch, mA output control,
indicator objects, vector jump protection and measurement recorder.

- AQ-F213 Functions included list Removed: Programmable stage.

- Added 1LL+UO mode description.

- 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.
- 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 Fault register view to Basic configuration chapter.

- Added parameter descriptions to General menu IED user interface chapter.

- Protection IED user interface chapter almost completely rewritten and restructured.

- Added new parameter descriptions to Monitoring menu IED user interface chapter.

- 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.

Revision  2.04
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Date 8.6.2021

- increased the consistency in terminology
Changes | - various image upgrades

- visual update to the order codes

1.2 Version 1 revision notes

Table. 1.2 - 2. Version 1 revision notes

Revision  1.00
Date 7.12.2015
Changes | - The first revision for AQ-F213 IED.

Revision  1.01

Date 30.8.2016

Changes | -  Added password set up guide (previously only in AQtivate user guide)
Revision  1.02

Date 10.2.2017

Changes [ -  Order code updated
Revision  1.03

Date 27.2.2017

- Order code updated

Changes | _ Technical data revised according to ordering code
Revision  1.04
Date 11.12.2017

- Measurement value recorder description

- ZCT connection added to current measurement description
- Internal harmonics blocking to 1>,10>,1dir>,10dir> function descriptions
- Non-standard delay curves added

- AQ-F213 function package contents revised

Changes | - Event lists revised on several functions

- RTD&mA card description improvements

- Auto-recloser function readability improvements

- Ring-lug CT card option description added

- AQ-F213 voltage measurement modes revised

- Fault view description added

Revision  1.05

Date 14.8.2018

Changes [ - Added mA output option card description and ordercode
Revision  1.06

Date 18.1.2018

Changes | - HMI display technical data added

(og)
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2 Abbreviations

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

IED — Intelligent electronic device



IGBT - Insulated-gate bipolar transistor
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

AQ-F213
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3 General

11

The AQ-F213 feeder protection IED is a member of the AQ-200 product line. The hardware and
software are modular: the hardware modules are assembled and configured according to the
application's I/0O requirements and the software determines the available functions. This manual
describes the specific application of the AQ-F213 feeder protection IED. For other AQ-200 series
products please consult their respective device manuals.

AQ-F213 offers a modular feeder protection and control solution for applications that require both
current-based and voltage-based protections as well as complete measurements. There are up to
three (3) option card slots available for additional /O or communication cards for more comprehensive
monitoring and control applications. AQ-F213 communicates using various protocols including the IEC
61850 substation communication standard.
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4 |ED user interface

4.1 Panel structure

The user interface section of an AQ-200 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 freeware software suite.

4.1.1 Local panel structure
The front panel of AQ-200 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. See the image and list below.

Figure. 4.1.1 - 1. Local panel structure.

10:12:33

IL1:30.77A
1L2:30.74A
1L3:30.76A

| NOC1: Trip OFF

<< Favorites Leds >>

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

2. Sixteen (16) freely configurable LEDs 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 1 and O buttons.

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

5. Eight (8) buttons for IED local programming: the four navigation arrows and the Enter button
in the middle, as well as the Home, the Back and the password activation buttons.

6. One (1) RJ-45 Ethernet port for IED configuration.

When the unit is powered on, the green "Power" LED is lit. When the red "Error" LED is lit, the relay 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.

12
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The sixteen freely configurable LEDs are located on the right side of the display. Their activation and
color (green or yellow) are based on the settings the user has put in place in the software.

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, device will return back to default view.

4.2 Mimic and main menu

4.2.1 Basic configuration

The user interface is divided into seven (7) quick displays: "Mimic", "LEDs", "Events", "Clock",
"Measurement", "Favorites" and "Fault register". The default quick display (as presented in the image
below) is the mimic view; you can move through these menus by pressing the left and right arrow
buttons. Please note that the available quick display carousel view might be different if you have
changed the view with AQtivate's Carousel Designer tool.

Figure. 4.2.1 - 2. Basic navigation (general).

CAROUSEL

Events Clock Measurement Favorites Fault register

10:12:33 User LED 1 10:14:07 10:13:19 - 10:12:33 10:13:42 - 10:14:07

UserLED2 Events GMT +Z v

UserLED 3 E4 NOCT: Trip OFF o . T — 1_Trigger: I> Trip

Ll User LED4 33 NOCT: Start OFF ZnoLe ILgEm/IL B 2 Trigger: I> Trip

q 130778 e — 32 NOCI: Block ON IL2: 30.74A Phase currents 3 Trigger: I> Trip
IL2: 30.74A 31 NOC1: Trip ON .
L3:30.76R Ll 30 NOCT: Start ON 1L3:30.76A 4 Trigger: U0> Trip

UserLEDT 29 NOC1: Block OFF 5 Trigger: I> Trip
6 Trigger: 1> Trip
UserLED9 27 NOC1: Start OFF . icger A
User LED 10 et UL1:20.05kV 7 Trigger: 10> Trip
UserLED 11 25 NOC: Trip ON UL2: 20.15kV B WEERDE D
User LED 12 24 NOC1: Start ON 9 Trigger: -

User LED13 23 NOCI: Block OFF UL3: 20.14kV 10 Trigger: -
e 22 NOC1: Trip OFF Uo: 0.00V 11 Trigger:

'NOC1: Trip OFF 21 NOC1: Start OFF IS
Jserleons 20 NOCT: Block ON 12 Trigger; -

— User LED 16
<< Favorites Leds>> Cock >» <<Clock Favorites >> << Leds o << Favorites Leds >> ic <<Clock _Favorites >>

);9 User LED® 28 NOCI- Trip OFF lo: 0.00A

The Home button switches between the quick display carousel and the main display with the six (6)
main configuration menus (General, Protection, Control, Communication, Measurements and
Monitoring). Note that the available menus vary depending on the device type. You can select one of
the menus by using the four navigation arrows and pressing Enter in the middle. The Back button takes
you back one step. If you hold it down for three seconds, it takes you back to the main menu. You can
also use it to reset the alarm LEDs you have set. The password activation button (with the padlock icon
) takes you to the password menu where you can enter the passwords for the various user levels (User,
Operator, Configurator, and Super-user).

4.2.2 Navigation in the main configuration menus
All the settings in this device have been divided into the following six (6) main configuration menus:

* General
* Protection
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« Control

+ Communication
* Measurement
+ Monitoring.

They are presented in the image below. The available menus vary according to the device type.

Figure. 4.2.2 - 3. Main configuration menus.

@ General
@ Protection

M contro

//',;\\\ Communication

@ Measurement
—Jyw Monitoring

4.3 General menu

The General main menu is divided into two submenus: the Device info tab presents the information of
the device, while the Function comments tab allows you to view all comments you have added to the

functions.

Figure. 4.3 - 4. General menu structure

10:58:53 K 12:17:43 o
MENU Device Info

o Device Info
o Function Comments
e

e

General Device Info
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Device info

Figure. 4.3 - 5. Device info.

12:17:43
Device Info

R

[o Device Info

o Function Comments

Device Info

12:17:43 o
Device Info

Device Info

Device name Unitname
Device location Unitlocation
Serial number 12340004567
SW version FVSPE-v2.1.1.1-18

HW conf. AQ-F215-PHOAABA-BAA
Timesync. source Internal
Enable stage forcing Disabled
System phase rotating order A-B-C
Language English
UTC time 12/2/202012:17:43
Clear Events -
LCD contrast 144
Return to default view 60
LED test -
Reset latches -
Measurement recorder Disabled
MIMIC reconfigure

Default I/0 object selection ~ OBJ1
Reset last fault registers

Protection Profile

I> condition Blocked
Control Profile

CLP condition Start
Monitor Profile

CTS condition Normal

Table. 4.3 - 3. Parameters and indications in the General menu.

Name Range Step  Default Description
Device name - ~ Unitname The file name uses these fields when loading the .ags
Device location B B Unitlocation | configuration file from the AQ-200 unit.
Displays the unit's unique serial number. The serial
Serial number - - - number is also printed on the sticker located on the side
of the unit.
Displays the software version (firmware) used by the
Firmware version - - - unit. Upgradable by the user if a newer version is
available.
Displays the hardware configuration of the unit. The
Hardware . L ) :
configuration - - - hardware configuration is also printed on the sticker
located on the side of the unit.
0: Internal If an external clock time synchronization source is
' : available, the type is defined with this parameter. In
Time 1: External NTP . ) ) )
o : . - 0: Internal the internal mode there is no external Timesync source.
synchronization source | 2: External Serial . e - )
' IRIG-B requires a serial fiber communication option
3: IRIG-B
card.
When this parameter is enabled it is possible for the user
0: Disabled to force the protection, control and monitoring functions
Enable stage forcing : - 0: Disabled | to different statuses like START and TRIP. This is done in
1: Enabled G .
the function’s Info page with the Force status
to parameter.
System phase rotating | 0: A-B-C ) 0: A-B-C Allows the user to switch the expected order in which
order 1: A-C-B ' the phase measurements are wired to the unit.
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Name Range Step  Default Description
0: User defined
1: English
2 mes.h Changes the language of the parameter descriptions in
3: Swedish " "
Language 4: Spanish . 1: English the HMI. If the language has been set to "Other" in the
5j French ' settings of the AQitivate setting tool, AQtivate follows the
: value set into this parameter.
6: German
7: Russian
8: Ukraine
UTC time ) ) ) Displays the .UTC time used by the unit without time
zone corrections.
Clear events ? EZIear - 0:- Clears the event history recorded in the AQ-200 device.
LCD Contrast 0...255 1 120 Changes the contrast of the LCD display.
If the user navigates to a menu and gives no input after
. a period of time defined with this parameter, the unit
Return to default view | 0...3600 s 10s | 0s automatically returns to the default view. If set to O s, this
feature is not in use.
LED test 0: - . 0 - When activated, all LEDs are lit up. LEDs with multiple
1: Activated ' possible colors blink each color.
0: - Resets the latched signals in the logic and the matrix.
Reset latches : - 0: - When a reset command is given, the parameter
1: Reset . "
automatically returns back to "-".
Measurement recorder 0: Disabled ) 0: Disabled Enables the measurement recorder tool, further
1: Enabled ' configured in Tools — Misc — Measurement recorder.
Reconfigure mimic O - ) - 0: - Reloads the mimic to the unit.
1: Reconfigure

Reset last fault
registers

Activation of input selected here resets the values in
"Fault registers" view in carousel.

Protection/Control/
Monitor profile

Displays the status of all enabled functions.

Function comments

Function comments displays notes of each function that has been activated in the Protection, Control
and Monitoring menu. Function notes can be edited by the user.
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Figure. 4.3 - 6. Function comments.

12:17:43 o 12:17:43 -
Device Info Function comments
Device Inf Function Comments
o e\ncg nio |> Notes Comments
|o Function Comments | I>> Notes Commants
|>>> Notes Comments
|>>>> Notes Comments
|dir> Notes Comments
Idir>> Notes Comments
Idir>>> Notes Comments
Idir=>>> Notes Comments
10> Notes Comments
10>> Notes Comments
10>>> Notes Comments
10>>>> Notes Comments
|0dir> Notes Comments
Device Info
4.4 Protection menu
General
Figure. 4.4 - 7. Protection menu structure
10:58:53 FHE 12:17:43 e
MENU Protection Settings

.

® | & |[H @ =5
@@ %

A
W
FalL

Protection

The Protection main menu includes the Stage activation submenu as well as the submenus for all the
various protection functions, categorized under the following modules: "Arc protection", "Current",
"Voltage", "Frequency", "Sequence" and "Supporting" (see the image below). The available functions
depend on the device type in use.

17
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@ Stage selection
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,—
o

1/L
>/<

% Voltage

A
$ Arc protection

Current

DAU% Frequency
LU.U,

W Sequence

A
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You can activate the various protection stages in the Stage activation submenu (see the images
below). Each protection stage and supporting function is disabled by default. When you activate one of
the stages, its activated menu appears in the stage-specific submenu. For example, the I>
(overcurrent) protection stage can be found in the "Current" module, whereas the U< (undervoltage)
protection stage can be found in the "Voltage" module.

Figure. 4.4 - 9. Submenus for Stage activation.

12:17:43 o
Protection Settings

Stage activation

12:17:43 b
Stage activation

Arc Protection

1/10 Arc> Activated
Current stages

I> mode Activated
1>> mode Activated
1>>> mode Disabled
1>>>> mode Disabled
Idir> mode Disabled
Idir>> mode Disabled
Idir>>> mode Disabled
Idir>>>> mode Disabled
10> mode Disabled
10>> mode Disabled
10>>> mode Disabled
10>>>> mode Disabled
10dir> mode Disabled
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Example of a protection stage and its use

Once a protection stage has been activated in the Stage activation submenu, you can open its own
submenu. In the image series below, the user has activated three current stages. The user accesses
the list of activated current stages through the "Current” module, and selects the 1> stage for further
inspection.

Figure. 4.4 - 10. Accessing the submenu of an individual activated stage.

12:17:43 o
Protection Settings

D |5+
_A_
=>

Overcurrent

12:17:43 e 12:17:43 o
Protection Settings Protection Settings
[e I>[50/51] o INFO
S I>> [50/51] o SETTINGS
o REGISTERS
o IO
o EVENTS

Overcurrent |I> 50/51 [NOC1]

Each protection stage and supporting function has five sections in their stage submenus: "Info",

"Settings", "Registers", "I/O" and "Events".

Figure. 4.4 - 11. Info.

12:17:43 e
1> [50/51] mode Activated
1> condition Normal
1> Phases condition Normal
Expected operating time 0.500
Time remaining to trip 0.500
Imeas/Iset at the moment 0.90
Measured magnitude RMS
Characteristics graphs
e Operating time
®\- Current pick-up
Statistics
I> starts 1
I> trips 1
1> blocks 2
Clear statistics -
Measurements
Select Primary A
Pha.curr.IL1 19.54
Pha.curr.IL2 19.54
Pha.curr.IL3 19.54
Active Settings
Settings now in use
Active setting group SG1
Pick-up setting Iset 1.20
Delay type DT
Definite operating time delay 0.040
Delayed Pick-up release Yes
Release Time delay 0.060

0p. Time calc reset after release time
Continue time calculation during rele

The "Info" section offers many details concerning the function and its status:
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Function condition: indicates the stage's condition which can be Normal, Start, Trip, or
Blocked.

Expected operating time: Expected time delay from detecting a fault to tripping the breaker.
This value can vary during a fault if an inverse curve time delay (IDMT) is used.

Time remaining to trip: When a fault is detected this value counts down towards zero. When
zero is reached, the function will trip.

Imeas/Iset at the moment: Displays the ratio between the measured value and the pick-up
level.

Measured magnitude: In some functions it is possible to choose the monitored magnitude
between Peak-to-peak, TRMS, or RMS (the default is RMS; the available magnitudes depend
on the function).

Characteristics graphs: opens graphs related to the protection function.

Statistics: indicates the number of function starts, trips and blocks (can be cleared through
"Clear statistics" — "Clear").

Measurements: displays the measurements carried out by the function.

Active settings: displays the setting group that is currently in use and its settings (other
setting groups can be set in the "Settings" section).

While the function is activated and disabled in the Stage activation submenu, you can disable the
function through the "Info" section ("Function mode" at the top of the section).

Figure. 4.4 - 12. Settings.

12:17:43 o 12:17:43 12:17:43 -
Protection Settings Protection Settings Protection Settings
o INFO | o SETTING GROUP 1 | Pick-up setting Iset 1.20
[o SETTINGS o SETTING GROUP 2 Ty E IDMT
o REGISTERS Definite (min) operating time 0.500
o 10 Delay curve series IEC
o EVENTS Delay characteristics IEC NI
Time dial setting k 0.01
Inrush harmonic blocking No
Delayed pick-up release Yes.
Release time delay 0.060
Op. Time calc reset after release time
Continue time calculation during rele
Notes
|> Notes
Overcurrent 1> 50/51 [NOC1] Overcurrent 1> 50/51 [NOC1] SG1 Settings: Overcurrent 1>

The stage settings vary depending on which protection function they are a part of. By default only one
setting group of the eight available setting groups is activated. You can enable more groups in the
Control — Setting groups menu, although they are set here in the "Settings" section.

Most protection functions follow the same structure:

Pick-up setting: Defines the fault magnitude. Most functions pick-up value is in relation to the
current transformer or voltage transformer nominal, but some functions use kW, ohm, Hz and
other units. Voltage and current transformers nominal values can be set at Measurement —
Transformers.

Delay type and operating time delay settings are described in detail in chapter General
properties of a protection function.
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Figure. 4.4 - 13. Registers.

12:17:43 =
Protection Settings

Only visible in setting tool

12:17:43 - 12:17:43 -
Protection Settings Protection Settings
o INFO o Operation event register
o SETTINGS o General event register
o REGISTERS |
o [0
o EVENTS
OF. Events: Overcurrent |=
12:17:43 =
Protection Settings
Only visible in setting tool
Owercurrent 1> 50/51 [NOC1] REGISTER: Overcurrent |»

GE. Events: Overcurrent =

Register menu content is not available in the HMI. It can only be accessed with AQtivate setting tool.
Stored in the "Registers" section you can find both "Operation event register" and "General event
register”.

"Operation event register" stores the function's specific fault data. There are twelve (12) registers, and
each of them includes data like the pre-fault value, the fault value, the time stamp and the active group
during the trigger. Data included in the register depend on the protection function. You can clear the
the operation register by choosing "Clear registers" — "Clear".

"General event register” stores the event generated by the stage. These general event registers cannot
be cleared.
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Figure. 4.4 - 14.1/0.
12:17:43 -
Protection Settings
LJ LJ L/
OUT1 DUT2 OUTS
I> L
START
1> ]
TRIP R
-
12:17:43 12:17:43 = BLOCKED
Protection Settings Protection Settings
o INFO o Direct Output Control
o SETTINGS o Blocking Input Control
o REGISTERS
[o 10
o EVENTS Direct Outputs: Overcurrent |>
12:17:43 o
Protection Settings
I> BLOCK
[ Logic Output 10 [
Overcurrent I> 50/51 [NOC1] 10: Qvercurrent |> 0 ‘&

Blocking inputs: Overcurrent I>

The "I/O" section is divided into two subsections: "Direct output control" and "Blocking input control".

In "Direct output control" you can connect the stage's signals to physical outputs, either to an output
relay or an LED (START or TRIP LEDs or one of the 16 user configurable LEDs). If the stage is blocked
internally (DI or another signal), you can configure an output to indicate the stage that is blocked. A
connection to an output can be either latched ("|x|") or non-latched ("x").

"Blocking input control" allows you to block stages. The blocking can be done by using any of the
following:

+ digital inputs

+ logical inputs or outputs

« the START, TRIP or BLOCKED information of another protection stage
+ object status information.
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Figure. 4.4 - 15. Events.

12:17:43 b 12:17:43 o 12:17:43 e
Protection Settings Protection Settings Protection Settings
o INFO o Event mask EventMaskLo
o SETTINGS Start ON (X)
o REGISTERS Start OFF (X)
o I0 Trip ON (X)
o EVENTS Trip OFF X)
Block ON (X)
Block OFF )
£ »
@ v
Overcurrent I> 50/51 [NOC1] EVENTS: Overcurrent |> EVENTS: Overcurrent |>

You can mask on and mask off the protection stage related events in "Event mask". By default events
are masked off. You can activate the desired events by masking them ("x"). Remember to save your
maskings by confirming the changes with the check mark icon. If you want to cancel the changes,
select the strike-through circle to do so. Only masked events are recorded to event history (which can
be accessed in the "Events" view in the user view section).

4.5 Control menu

Main menu

10:58:53 =
MENU

@ @ ||| @ Controls enabled

=S
@ @ _J,m.- %8 Setting Groups

1]
]? Objects
[i]

0 Control functions
]}EUN
[Cleo.,
"E:.. Device IO
[}

Control

The Control main menu includes submenus (see the image above) for enabling the various control
functions and objects (Controls enabled), for enabling and controlling the setting groups (Setting
groups), for configuring the objects (Objects), for setting the various control functions (Control
functions), and for configuring the inputs and outputs (Device I/O). The available control functions
depend on the model of the device in use.
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Controls enabled

Figure. 4.5 - 16. Controls enabled submenu.

12:17:43 o 12:17:43 o
Control settings Stage activation
(\-7) % 1 "' Control Functions
1...5 CLP mode Disabled
as ]P 0 SOTF mode Disabled
AR mode Disabled
llLy 3 o haias Control Objects
FUN :,C Object1 mode Activated
Object2 mode Disabled
Object3 mode Disabled
Object4 mode Disabled
Object5 mode Disabled
Indicator1 mode Activated
Indicator2 mode Disabled
Indicator3 mode Disabled
Indicator4 mode Disabled
Indicator5 mode Disabled
Indicator6 mode Disabled
Indicator7 made Disabled
Indicator8 mode Disabled

Controls enabled

You can activate the selected control functions in the Controls enabled submenu. By default all the
control functions are disabled. All activated functions can be viewed in the Control functions submenu
(see the section "Control functions" below for more information).

In this submenu you can also activate and disable controllable objects. As with control functions, all
objects are disabled by default. All activated objects can be viewed in the Objects submenu (see the
section "Objects" below for more information).

Setting groups
Figure. 4.5 - 17. Setting groups submenu.

12:17:43 o 12:17:43 o
Control settings Setting Groups

v = By SG Settings

—\ 8 ]P Active setting group SG1

SG 0 Force SG change none

II|picomr P Force SG c‘hange enable Disabled

0 Used setting groups SG1
]?T:UN Ef'h" Remote SG change none
SG Local Select
Setting group 1
Setting group 2
Setting group 3
Setting group 4
Setting group 5
Setting group 6
Setting group 7
Setting group 8
SG Events
EventMaskLo
EventMaskHi 0

b

1E]
2

L

o

Setting Groups

The Setting groups submenu displays all the information related to setting group changing, such as the
following:

+ Active setting group: displays the current active setting group (SG1...SG8).

+ Force setting group change: this setting allows the activation of a setting group at will (please
note that Force SG change enable must be "Enabled").

+ Used setting groups: this setting allows the activation of setting groups SG1...SG8 (only one
group is active by default).
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+ SG local select: selects the local control for the different setting groups (can use digital
inputs, logical inputs or outputs, RTDs, object status information as well as stage starts, trips
or blocks).

* Remote setting group change: When enabled it is possible to change the setting group
manually through SCADA.

* SG events: event masking for setting groups (masks are OFF by default; please note that only
masked events are recorded into the event history).

Setting group 1 (SG1) has the highest priority, while Setting group 8 (SG8) has the lowest priority.
Setting groups can be controlled with pulses or with both pulses and static signals (see the image
below).

Figure. 4.5 - 18. Example of setting group (SG) changing.

Setting group 1 Control signal =
Setting group 2 Control signal . =
Setting group 3 Control signal [ T

Setting group 4 Control signal __ [l I

Setting group 1 Active - e .
Setting group 2 Active _ [
Setting group 3 Active 0
Setting group 4 Active _ 5

Objects
Figure. 4.5 - 19. Objects submenu.
12:17:43 e 12:17:43 = 12:17:43 -
Control settings Control Control
||| [0 oBIECT 1 o SETTINGS
: o APP CONTR
]P 0 ERUEIECIE o REGISTER
=]

EVENTS

Objects Object Control

Each activated object is visible in the Objects submenu. By default all objects are disabled unless
specifically activated in the Controls — Controls enabled submenu. Each active object has four
sections in their submenus: "Settings", "Application control" ("App contr"), "Registers" and "Events".
These are described in further detail below.
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Figure. 4.5 - 20. Settings section.

12:17:43 b 12:17:43 ha
Control Control
[ o SETTINGS Object Set and Status
: Q:EICSOTE-F:R Local/Remote status Remote
o EVENTS Object Name Object1
Object Type Circuit breaker
Object Breaker Status Closed

0Object Withdraw Status Intermediate
Additional Status Information

Use Synchrocheck Not in use
Use Object Ready Not in use
Open requests 0

Close requests

Open requests failed
Close requests failed
Clear statistics

10

Object1 Open Input
Object1 Close Input
Withdrawable Object In
Withdrawable Object Out
Object1 Ready Input
Synchrocheck permission
Object1 Open Signal
Object1 Close Signal
Operation Settings
Breaker traverse time 0.2
Max close command pulse length 0.2
Max open command pulse length 0.2
Control termination timeout 10
Final trip pulse length (0 continuo 0.2
Control settings (Application)
Object 1 application close

Object 1 application open

Control settings (D1)

Access level for MIMIC contral Configu
Object1 LOCAL Open control input
Object1 LOCAL Close control input
Object1 REMOTE Open control input
Object1 REMOTE Close control input

T oo o

OBJECT SET AND STATUS

+ Local/Remote status: control access may be set to Local or Remote (Local by default; please
note that when local control is enabled, the object cannot be controlled through the bus and
vice versa).

+ Object name: the name of the object (objects are named "ObjectX" by default).

+ Object type: selects the type of the object from Grounding disconnector, Motor-controlled
disconnector, Circuit breaker and Withdrawable circuit breaker (Circuit breaker by default).

+ Object x status: the status can be Bad, Closed, Open and Intermittent. The status
"Intermittent” is the phase between "Open" and "Closed" where both status inputs are 0. The
status "Bad" occurs when both status inputs of the object/cart are 1.

+ Additional status information: gives feedback from the object on whether the opening and
closing are allowed or blocked, whether the object is ready, and whether the synchronization
status is ok.

+ Use synchrocheck and Use Object ready: closing the object is forbidden when the sides are
not synchronized or when the object is not ready to be closed.

» Open requests and Close requests: displays the statistics, i.e. the number of Open and Close
requests.

» Open requests failed and Close requests failed: displays the statistics of Open and Close
request failures. A request is considered to have failed when the object does not change its
status as a result of that request.

+ Clear statistics: statistics can be cleared by choosing "Clear statistics" and then "Clear".

o
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* An object has both Open input and Close input signals which are used for indicating the
status of the breaker on the HMI and in SCADA. Status can be indicated by any of the
following: digital inputs, logical inputs or outputs.

« A withdrawable object has both In and Out inputs. The status can be indicated by any of the
following: digital inputs, logical inputs or outputs.

» Both Object ready and Synchrocheck permission have status inputs. If either one is used,
the input(s) must be active for the relay to be able to give the "Object Close" command.

» Object open and Object close signals define which digital output is controlled.

OPERATION SETTINGS

» Breaker traverse time: determines how long a gap there can be between a status change
from "Open" to "Closed" before an intermittent status is reported by the function.

» Max close/open command pulse length: defines the maximum length of "Open" and "Close"
commands. If the status has changed before the maximum pulse length has elapsed, the
pulse is cut short.

+ Control termination timeout: If the status of the object does not change during the set time,
an "Open/Close request failed" event is recorded.

+ After the set delay, if the controlled object does not respond accordingly, the procedure is
terminated and a fail message is issued.

CONTROL SETTINGS (APPLICATION)

+ Object application close and Object application open: a signal set to these points can be
used to open and close the object. Controlling the object through this point does not follow
the local/remote status of the relay.

CONTROL SETTINGS (DI)

» Access level for MIMIC control: determines the access level required to control the
MIMIC (each level has its own password). By default, the access level is set to "Configurator”.
* You can use digital inputs to control the object locally or remotely. Remote controlling via the
bus is configured on the protocol level.
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12:17:43 =
Control Settings

o SETTINGS

| o APP CONTR |
o

o EVENTS
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Control Settings
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12:17:43
Control Settings

e

Ld L)Ll

OUT1 OUTZ OUT3

Objectl
Status
Open

o Signal Connections
o Blocking Input Control

Object Signals connection

Objectl
Status
Closed
Objectl
Status
Interm.
Objectl
Status
Bad
Objectl
Open
signal

Outputs: Object1

12:17:43

LED Color Settings

o

Object Open Blocking
Object1 Open Block Input
Object Close Blocking
Object1 Close Block Input

Blocking inputs

You can connect object statuses directly to specific physical outputs in the "Signal connections"

subsection (Control — Application control). A status can be connected to output relays, as well as to
user-configurable LEDs. A connection to an output can be either latched ("[x|") or non-latched ("x").

Object blocking is done in the "Blocking input control" subsection. It can be done by any of the
following: digital inputs, logical inputs or outputs, object status information as well as stage starts, trips

or blocks.
Figure. 4.5 - 22. Registers section.

12:17:43 o
Control Settings

o SETTINGS
o APP CONTR

| o REGISTER
o EVENTS

12:17:43
Control Settings

Only visible in setting tool

OP. Events: Object1
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The "Registers"section stores the function's specific fault data. There are twelve (12) registers, and
each of them includes data such as opening and closing times, command types and request failures.
The data included in the register depend on the protection function. You can clear the the operation
register by choosing "Clear registers" — "Clear".

Please note that the content of the Registers section is not available in the HMI. It can only be
accessed via the AQtivate setting tool.

Figure. 4.5 - 23. Events section.

12:17:43 12:17:43 = 12:17:43
Control Settings Control Settings Control Settings

o SETTINGS o Event maskLo EventMaskLo
o APP CONTR & [Svemit TreEklf Object Intermediate (X)
e — Object Open )
Object Close (X)
Object Bad (X)
WD Intermediate (X)
WD Out (X)
WD In (X)
WD Bad (X

Open Request On (X)
Open Request Off (X)
Open Command On  (X)

<< »
@ v

EVENTS: Object1 EVENTS: Object1

You can mask on and mask off events related to an object's stage in "Event mask". By default all events
are masked off. You can activate the desired events by masking them ("x"). Please remember to save
your maskings by confirming the changes with the check mark icon. If you want to cancel the changes,
select the strike-through circle to do so. Only masked events are recorded to the event history (which
can be accessed in the "Events" view in the user view section).

Control functions

Once a control function has been activated in the Controls — Controls enabled submenu, its own
submenu can be opened. In the image series below, the user has activated three control functions. The
user accesses the list of activated control stages through the "Control functions" module, and selects
the control function for further inspection.

Figure. 4.5 - 24. Control functions submenu.

12:17:43 b 12:17:43 = 12:17:43 .
Control settings Control Control Settings
1 ||| o Switch On To Fault o INFO
@ 8 ]P o Cold Load Pick-up o SETTINGS
56} t o Autorecloser o REGISTERS

||| i cont ﬁ o IO
I+TF‘LN 2 o EVENTS

Control Functions Control Functions Switch On To Fault
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Each control function that has been activated is listed in the Control functions submenu (see the middle

image above). This submenu includes the following sections: "Info", "Settings", "Registers", "lI/O" and
"Events". The text below describes these in further detail.

Figure. 4.5 - 25. Info section.

12:17:43 12:17:43 >
Control Settings

SOTF mode Activated
INFO SOTF condition Normal
SETTINGS SOTF Init signals
REGISTERS SOFT activate input
10 Block input
EVENTS Function input
Statistics

Inits

Starts

Trips

Blocks

Clear statistics
Active Settings
Settings now in use
Active setting group SG1
Release time for SOTF 1

0 0 0 0|0

N ==

Switch On To Fault

The "Info" section offers many details concerning the function and its status:

» Function condition: indicates the stage's condition which can be Normal, Start, Trip, or
Blocked.

» Measured magnitude: In some functions it is possible to choose the monitored magnitude
between Peak-to-peak, TRMS, or RMS (the default is RMS; the available magnitudes depend
on the function).

« Statistics: indicates the number of function starts, trips and blocks (can be cleared through
"Clear statistics" — "Clear").

» Measurements: displays the measurements carried out by the function.

+ Active settings: displays the setting group that is currently in use and its settings (other
setting groups can be set in the "Settings" section).

While the function is activated and disabled in the Control — Controls enabled submenu, you can
disable the function through the "Info" section (the [function name] mode at the top of the section).

Figure. 4.5 - 26. Settings section.

12:17:43 12:17:43 o 12:17:43 .

Control Settings

Protection Settings
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The stage settings vary depending on which control function they are a part of. By default only one
setting group of the eight available setting groups is activated. You can enable more groups in the
Control — Setting groups menu, although they are set here in the "Settings" section.

Figure. 4.5 - 27. Registers section.
12:17:43 =
Control Settings
Only visible in setting tool

12:17:43 - 12:17:43 -
Protection Settings Control Settings
o INFO o Operation event register
o SETTINGS o General event register
[ REGISTERS |
o [0
o EVENTS
OP. Events: SOTF
12:17:43 =
Control Settings
Only visible in setting tool
Switch On To Fault REGISTER: SOTF

GE. Events: 50TF

Please note that the content of the "Registers" section is not available in the HMI. It can only be
accessed via the AQtivate setting tool. Stored in the "Registers" section you can find both "Operation
event register" and "General event register".

"Operation event register" stores the function's specific operation data. There are twelve (12) registers,
and each of them includes data like the pre-fault value, the fault value, the time stamp and the active
group during the trigger. Data included in the register depend on the control function. You can clear the
the operation register by choosing "Clear registers" — "Clear".

"General event register” stores the event generated by the stage. These general event registers cannot
be cleared.
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Figure. 4.5 - 28. I/O section.
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Control Settings Control Settings
o INFO o Direct Output Control
o SETTINGS o Blocking Input Control
o REGISTERS
[o 10
o EVENTS Direct Qutputs: SOTF
12:17:43 o
Control Settings
SOTF BLOCK
[ Logic Output 10 €3]
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The "I/O" section is divided into two subsections: "Direct output control" and "Blocking input control".

In "Direct output control" you can connect the stage's signals to physical outputs, either to an output
relay or an LED (START or TRIP LEDs or one of the 16 user configurable LEDs). If the stage is blocked
internally (by a digital input or another signal), you can configure an output to indicate the stage that is
blocked. A connection to an output can be either latched ("[x|") or non-latched ("x").

"Blocking input control" allows you to block stages. The blocking can be done by using any of the
following:

+ digital inputs.

+ logical inputs or outputs.

+ the START, TRIP or BLOCKED information of another protection stage.
+ object status information.
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Figure. 4.5 - 29. Events section.
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You can mask on and mask off events related to an object's stage in "Event mask". By default all events
are masked off. You can activate the desired events by masking them ("x"). Please remember to save
your maskings by confirming the changes with the check mark icon. If you want to cancel the changes,
select the strike-through circle to do so. Only masked events are recorded to the event history (which
can be accessed in the "Events" view in the user view section).

Device I/0

Figure. 4.5 - 30. Device I/O submenu.
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The Device I/O submenu is divided into the following nine sections: "Digital inputs", "Digital outputs",
"'mA Outputs", "LED settings", "Device I/0O matrix", "Programmable control switch", "Programmable
Mimic Indicator", "Logic signals" and "GOOSE matrix". Please note that digital inputs, logic outputs,
protection stage status signals (START, TRIP, BLOCKED, etc.) as well as object status signals can be
connected to an output relay or to LEDs in the "Device I/O matrix" section.
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Figure. 4.5 - 31. Digital input section.
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All settings related to digital inputs can be found in the "Digital inputs" section.

The "Digital inputs settings" subsection includes various settings for the inputs: the polarity selection
determines whether the input is Normal Open (NO) or Normal Closed (NC) as well as the activation
threshold voltage (16...200 V AC/DC, step 0.1 V) and release threshold voltage (10...200 V AC/DC,
step 0.1 V) for each available input. There is also a setting to determine the wanted activation and
release delay (0...1800 s, step 1 ms). Digital input activation and release threshold follow the
measured peak value. The activation time of an input is 5...10 ms. The release time with DC is 5...10
ms, while with AC it is less than 25 ms. The first three digital inputs don't have activation and release
threshold voltage settings as these have already been defined when the unit was ordered.

Digital input statuses can be checked from the corresponding subsection ("Digital input status"). The
"Digital input descriptions" subsection displays the texts the user has written for each digital input. In
the "Event masks" subsection you can determine which events are masked —and therefore recorded

into the event history— and which are not.

Figure. 4.5 - 32. Digital outputs section.
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DevicelQ Digital Outputs

All settings related to digital outputs can be found in the "Digital outputs" section.
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The "Digital outputs settings" subsection lets you select the polarity for each output; they can be either
Normal Open (NO) or Normal Closed (NC). The default polarity is Normal Open. The operational delay
of an output contact is approximately 5 ms. You can view the digital output statuses in the
corresponding subsection ("Digital output status"). The "Digital output descriptions" subsection allows
you to configure the description text for each output. All name changes affect the matrices as well as
input—output selection lists.

NOTE!

An NC signal goes to the default position (NO) if the relay loses the auxiliary voltage or if the
system is fully reset. However, an NC signal does not open during voltage or during System
full reset. An NC output signal does not open during a Communication or Protection reset.

Figure. 4.5 - 33. LED settings section.
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User editable description LED 1
User editable description LED 2
User editable description LED 3
User editable description LED 4
User editable description LED 5
User editable description LED 6
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12:17:43 - 12:17:43 o User editable description LED 9

Control Settings Control Settings User editable description LED 10
o Digital Input o e G User editable description LED 11
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12:17:43 -
LED Color Settings
User LED 1 color Green
User LED 2 color Green
User LED 3 color Green
User LED 4 color Green
User LED 5 color Green
Devicel0 LED Settings User LED 6 color Green
User LED 7 color Green
User LED 8 color Green
User LED 9 color Green
User LED 10 color Green
User LED 11 color Green
User LED 12 color Green
User LED 13 color Green
User LED 14 color Green
User LED 15 color Green
User LED 16 color Green

The "LED settings" section allows you to modify the individual label text attached to an LED ("LED
description settings"); that label is visible in the LED quick displays and the matrices. You can also
modify the color of the LED ("LED color settings") between green and yellow; by default all LEDs are
green.
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Figure. 4.5 - 34. Device I/0O matrix section.
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DevicelD 10 Matrix Device 10 Matrix

Through the "Device I/0O matrix" section you can connect digital inputs, logical outputs, protection stage
status signals (START, TRIP, BLOCKED, etc.), object status signals and many other binary signals to
output relays, or to LEDs configured by the used. A connection can be latched ("|x|") or non-latched
("X"). Please note that a non-latched output is deactivated immediately when the triggering signal is
disabled, while a latched signal stays active until the triggering signal deactivates and the latched
function is manually cleared.

You can clear latched signals by entering the mimic display and the pressing the Back button on the
panel.

Figure. 4.5 - 35. Programmable control switch section.
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DevicelO

Programmable control switches (PCSs) are switches that can be used to control signals while in the
mimic view. These signals can be used in a variety of situations, such as for controlling the logic
program, for function blocking, etc. You can name each switch and set the access level to determine
who can control the switch.
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Figure. 4.5 - 36. Programmable mimic indicators section
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DevicelO

Programmable mimic indicators can be placed into the mimic to display a text based on the status of a
given binary signal (digital input, logical signal, status of function start/tripped/blocked signals etc.).
When configuring the mimic with the AQtivate setting tool, it is possible to set a text to be shown when
an input signal is ON and a separate text for when the signal is OFF.

Figure. 4.5 - 37. Logical signals section.

12:17:43 o 12:17:43 e
Control Settings Control Settings

o Digital Inputs
o Digital Outputs

o mA Outputs

o LED Settings

o Device 10 Matrix

o Programmable Contol Switch
o Pro e Mimic Indica

Logical Input Status
Logical Input Mode
Logical Input Description
Logical Output Status
Logical Output Description
GOOSE IN Status

GOOSE IN Quality

GOOSE IN Description
Event Masks

gramimd
o Logical Signals
Tatrix

o U0

000000 O0OCO

DevicelO Logical Signals

All AQ-200 series units have three different types of logical signals:

» 32 logical input signal status bits; the status of a bit is either 0 or 1.

32 logical output signal status bits; the status of a bit is either 0 or 1.

64 GOOSE input signal status bits; the status of a bit is either 0 or 1.

64 quality bits for GOOSE input signals; the status of a bit is either 0 or 1.

Logical input signals can be used when building a logic with the AQtivate setting tool. The status of a
logical input signal can be changed either from the mimic or through SCADA. By default logical inputs
use "Hold" mode in which the status changes from 0 to 1 and from 1 to 0 only through user input. The
mode of each input can be changed to "Pulse" in which a logical input's status changes from 0 to 1
through user input and then immediately back to O.

Logical output signals can be used as the end result of a logic that has been built in the AQtivate
setting tool. The end result can then be connected to a digital output or a LED in the matrix, block
functions and much more.
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GOOQOSE inputs are mainly used for controlling purposes and in conjunction with the IEC 61850
communication protocol. There are 64 GOOSE inputs signal status bits, and their status can be either
0 or 1. "GOOSE IN quality" checks the quality of a GOOSE input message. There are 64 GOOSE input
quality signals, and their status can be either 0 ("Good" or "Valid") or 1 ("Bad" or "Invalid"). Logical
outputs can be used when building a programmable logic. Activating a logic gate does not create an
event but when a logical output is connected to a logic gate it is possible to create an event

from the gate's activation. All logical inputs and outputs have both ON and OFF events, and they can
be masked on when necessary (they are masked off by default).

NOTE!

Please refer to the "System integration" chapter for a more detailed description of the use of
logical signals.

4.6 Communication menu

12:17:43 e 12:17:43 o
MENU Communication Settings
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Communication

The Communication main menu includes four submenus: Connections, Protocols, General IO and
Realtime signals to Comm. All devices can be configured through the Ethernet connection in the back
panel with the AQtivate setting tool software. Connecting to the AQtivate software requires knowing
the IP address of your device (can be found in the Communication — Connections submenu). As a
standard, the devices support the following communication protocols: NTP, IEC 61850, Modbus/TCP,
Modbus/RTU, IEC 103, IEC 101/104, SPA, DNP3 and Modbus/IO.
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Connections

Figure. 4.6 - 38. View of the Connections submenu.
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[0 Connections | Ethernet

o Protocols IP address 10.0.0.1

o General IO Netmask 255.255.255.0
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MAC-Address  54-10-EC-3D-66-DF
Serial COM1
Bitrate 9600bps
Databits 8
Parity Even
Stopbits 1
Protocol None
Serial COM2
Serial COM3

Communication Interfaces

The Connections submenu offers the following bits of information and settings:

ETHERNET

This section defines the IP settings for the ethernet port in the back panel of the unit.

IP address: the IP address of the device which can be set by the user (the default IP address
depends on the device).

Network: the network subnet mask is entered here.

Gateway: the gateway is configured only when communicating with the devices in a separate
subnet.

MAC-Address: Uniqgue MAC address of the device. Not configurable by user.

SERIAL COM

This section defines the basic settings of RS-485 port in the back panel of the unit.

Bitrate: displays the bitrate of the RS-485 serial communication interface (9600 bps as
standard, although can be changed to 19 200 bps or 38 400 bps if an external device
supports the faster speed).

Databits, Parity and Stopbits: these can be set according the connected external devices.
Protocol: by default the device does not have any serial protocol activated, although IEC
103, Modbus I/0 and Modbus/RTU can be used for communication.

NOTE!

When communicating with a device through a front Ethernet port connection, the IP address
is always 192.168.66.9.

SERIAL COM1 & COM2

SERIAL COM1 and SERIAL COMZ2 are reserved for serial communication option cards. They have the
same settings as RS-485 port.

39



Protocols

AQ-F213

Instruction manual

Version: 2.04

Figure. 4.6 - 39. View of the Protocols submenu.
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Protocols

The Protocols submenu offers access to the various communication protocol configuration menus.
Some of the communication protocols use serial communication and some use Ethernet
communication. Serial communication protocols can be used either with the RS-485 port that is always
equipped in AQ-200 series units or with serial communication option card. Ethernet communication
protocols can be used either with the RJ-45 port in the back of the unit or with an ethernet
communication option card.

The communication protocols are:

NTP: this protocol is used for time synchronization over Ethernet, and can be used
simultaneously with the ethernet based communication protocols.

IEC 61850: Ethernet based communication protocol.

Modbus/TCP: Ethernet communication protocol.

Modbus/RTU: Serial communication protocol.

IEC103: Serial communication protocol.

IEC101/104: The standards IEC 60870-5-101 and IEC 60870-5-104 are closely related. On
the physical layer the IEC 101 protocol uses serial communication whereas the [EC 104
protocol uses Ethernet communication.

SPA: Serial communication protocol.

DNP3: Supports serial and Ethernet communication.

ModbuslO: Used for connecting external devices like ADAM RTD measurement units.

NOTE!

Please refer to the "System integration" chapter for a more detailed text on the various
communication options.
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4.7 Measurement menu
Figure. 4.7 - 40. Measurement section.
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Measurement

The Measurement menu includes the following submenus: Transformers, Frequency, Current
measurement, Voltage measurement, Power and energy measurement, Impedance calculations, and
Phasors. The available measurement submenus depends on the type of IED in use. The ratio used by
the current and voltage transformers is defined in the Transformers submenu, while the system nominal
frequency is specified in the Frequency submenu. Other submenus are mainly for monitoring purposes.

Transformers

Figure. 4.7 - 41. Transformers section.

12:17:43 o 12:17:43 -
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| o_Transformers | o CT module 1
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o Phasors

Transformers menu is used for setting up the measurement settings of available current transformer
modules or voltage transformer modules. Some unit types have more than one CT or VT module.
Some unit types like AQ-S214 do not have current or voltage transformers at all.
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Figure. 4.7 - 42. CT module section.

12:17:43 e
Transformers

[ o CT module 1
o VT module (4U) 1

12:17:43 o
Scaling

Phase CT scaling

Scalse meas to In CT nom p.u.
Phase CT primary 400.00
Phase CT secondary 5.00
Nominal current In 361.989
IL1 Polarity -
IL2 Polarity -
IL3 Polarity -
CT scaling factor P/S 80.000
CT scaling factor NOM 1.105
Ipu scaling primary 361.989
Ipu scaling secondary 4,525
Residual 101 CT scaling

101 CT primary 100.00
101 CT secondary 1.00
101 Polarity -
CT scaling factor P/S 100.000
Residual 102 CT scaling

102 CT primary 100.00
102 CT secondary 0.200
102 Polarity -
CT scaling factor P/S 500

AQ-F213

Instruction manual

Version: 2.04

The three main sections ("Phase CT scaling", "Residual 101 CT scaling" and "Residual 102 CT scaling")
determine the ratio of the used transformers. Additionally, the nominal values are also determined in
the CT module submenu. Sometimes a mistake in the wiring can cause the polarity to be changed; in
such cases, you can invert the polarity of each phase current individually. The CT module submenu
also displays additional information such as CT scaling factors and per-unit scaling factors.

Frequency

Figure. 4.7 - 43. Frequency submenu.
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Freq. Settings

Sampling mode Fixed
System nominal frequency 50.000
Track.sys.f 50.106
Sampl.f.used 50.000
f Ref1 VT1U1
fRef2 VT1Uz2
fRef3 CT1IL3
fitr qual Ref 182 Track
f.meas in use Ref1
Start behavior St Track direct
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Trf CHA 50.054
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Alg f Fast 50.054
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f atm. Protections (when not 50.054
f atm. Display (when not me 50.054
f meas from Track Ref 1
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Frequency measurements use the fixed sampling mode as the default, and "System nominal
frequency" should be set to the desired level. When "Sampling mode" is set to "Tracking", the device
uses the measured frequency value as the system nominal frequency. There are three frequency
reference channels: f Ref1, fRef2 and fRef3. With these parameters it is possible to set up three voltage
or current channels to be used for frequency sampling. Parameter "f.meas in use" indicates which of
the three channels are used for sampling if any.

Current measurement

Figure. 4.7 - 44. Current measurement submenu.
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Phase current IL1 0.17
Phase current IL2 0.17
12:17:43 X 12:17:43 o Phase current IL3 0.17
Measurement Measurement Phase current IL1 TRMS 0.17
Phase current IL2 TRMS 0.7
° Rzgif;:gers R e Phase current L3 TRMS 0.17
o AI{mA, DI volt) scaling o Sequence Currents P-P currIL1 0.18
| o Current measurement o Harmonics P-P curriL2 0.18
o Voltage measuremen P-P currIL3 0.18
o Power and Energy measure Primary Currents
° f,ﬁ::;;"ce Calculations Pri. Pha.currIL1 50.67
Pri. Pha.currIL2 52.12
Pri. Pha.currIL3 51.41
Pha.curr.IL1 TRMS Pri 50.76
Pha.curr.IL2 TRMS Pri 52.2
Pha.curr.IL3 TRMS Pri 51.54
Secondary Currents
Sec.Pha.curr.lL1 0.84
Sec.Pha.curr.IL2 0.87
Sec.Pha.curr.IL3 0.86
Pha.curr.IL1 TRMS Sec 0.85
Pha.curr.IL2 TRMS Sec 0.87
Currents Pha.curr.IL3 TRMS Sec 0.86
Phase Angle
Pha.angleIL1 353.46
Pha.angle IL2 233.32
Pha.angle IL3 111.82

Current measurement submenu includes various individual measurements for each phase or phase-to-
phase measurement.

The Current measurement submenu has been divided into four sections: "Phase currents”, "Residual
currents", "Sequence currents”, and "Harmonics".

* "Phase currents" and "Residual currents" have been further divided into four subsections
("Per-unit currents", "Primary currents", "Secondary currents" and "Phase angle"), and they
display the RMS, TRMS and peak-to-peak values, amplitude and power THD values as well
as the angle of each measured component.

+ "Sequence currents" has also been further divided into the four above-mentioned sections,
and it calculates the positive, negative and neutral sequence currents.

+ "Harmonics" displays current harmonics up to the 315" harmonic for the three phase
current (IL1, IL2, IL3) as well as the two residual currents (101, 102); each component can be
displayed as absolute or percentage values, and as primary or secondary amperages or in
per-unit values.
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Voltage measurement
Figure. 4.7 - 45. Voltage measurement submenu and System Voltages menu.
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Primary Voltage Magnitudes
Systemvolt UL12mag  20478.14
System volt UL12 mag (kV) 205

12:17:43 X 12:17:43 X System volt UL23 mag 20585.82
Measurement Measurement System volt UL23 mag (kV) ~ 20.6
System volt UL31 mag 20680
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o _Current measurement © Harmonics System volt ULT mag (kV) 12
System volt UL2 mag 12122.74
U aweg and nerg\,‘«' measure System volt UL2 mag (kV) 12.1
° {,’;‘ap:orasnce CEln e SystemvoltUL3mag  11510.41
System volt UL3 mag (kV) 11.5
System volt UD mag 429,79
System volt U0 mag (kV) 0.4
System volt UD mag(%) 3.7
System volt U3 mag 0
System volt U3 mag (kV) 0
System volt U4 mag 429.79
System volt U4 mag (kV) 0.4

Primary Voltage Angles
System volt UL12 ang 30
System volt UL23 ang 270.35
Voltages System volt UL31 ang 149.91
System volt UL1 ang 358.19
System volt UL2 ang 242.06
System volt UL3 ang 120
System volt UD ang 297.66
System volt U3 ang 303.9
System volt U4 ang 297.66

Voltage measurement submenu includes various individual measurements for each phase or phase-to-
phase measurement.

The Voltage measurement submenu has been also divided into four sections: "Voltage inputs",
"Sequence voltages", "System voltages", and "Harmonics".

"Voltage inputs" displays the values of per-unit and secondary voltages as well as phase

angles.

+ "Sequence voltages" displays the per-unit, primary and secondary voltages as well as phase
angles, and it calculates the positive, negative and neutral sequence voltages.

+ "System voltages" displays primary voltage magnitudes and primary voltage angles.

+ "Harmonics" displays harmonics up to the 315" harmonic for all four voltages (U1, U2, U3,
U4); each component can be displayed as absolute or percentage values, and as primary or
secondary voltages or in per-unit values.
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Power and energy measurement

Figure. 4.7 - 46. Power and Energy measurement submenu.

12:17:43 o
Measurement
3 Phase Powers
3PH Apparent power (S)
12802.86
12:17:43 o 12:17:43 - 3PH Apparent Power (S MVA)
Measurement Measurement 12.8
3PH Active Power (P)
° ;::21?;2:’“ 12778.71
o AI(mA, DI volt) scaling 3PH Active Power (P MW)
o Current measurement 12.78

o Voltage measurement 3PH Reactive Power (Q)

| o Power and Energy measura 720.15
o Impedance Calculations 3PH Reactive Power (Q MVar)
o Phasors

0.72
3PH Tan(phi)
0.06
3PH Cos(phi)
1
3PH PF

Phase L1 Powers
L1 Apparent power (S) 4339.26

L1 Active power (P) 4337.82
Power Measurements
L1 Reactive power (Q)
111.86
L1 Tan(phi)
0.03
L1 Cos(phi)
1
L1 PF

The Power and energy measurement submenu includes three sections: "Power and energy
measurement settings”, "Power measurements" and "Energy measurements”. As the name suggests,
the first section determines the settings by which the power and energy calculations are made. In the
settings you can also activate (and then set the parameters) for the Energy dose counter mode. "Power
measurements” displays all three-phase powers as well as the powers of individual phases. "Energy
measurements" displays the three-phase energy as well as the energies of the individual phases.

Impedance calculations
Figure. 4.7 - 47. Impedance calculations submenu.

12:17:43 e 12:17:43 .
Measurement Measurement

o Transformers

o Frequency

o AI(mA, DI volt) scaling

o Current measurement

o Voltage measurement

o Power and Energy m I
o Impedance Calculations

o Phasors

Impedance calc. settings
Phase to phase impedance
Phase to ground impedance
Positive seq impedance

0O 00O

Impedance calculations
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The Impedance calculations submenu is divided into four sections: "Impedance calculation settings",
"Phase-to-phase impedances", "Phase-to-earth impedances" and "Positive sequence impedance". You
can activate impedance calculations in the first section. "Phase-to-phase impedances" display the
resistances and reactances of the three phase-to-phase connections, both primary and secondary, as
well as the primary and secondary impedances and impedance angles. "Phase-to-earth impedances"
displays the resistances and reactances of the three phases as well the primary and secondary
impedances and impedance angles. "Positive sequence impedance" displays the resistances and
reactances (both primary and secondary) of the positive sequence as well as its primary and
secondary impedances and the impedance angle.

Phasors

Figure. 4.7 - 48. Phasors submenu.

12:17:43 o 12:17:43 - 12:17:43 e 12:17:43 o
Measurement Measurement Phasors Phasors
o Transformers o Sidel Current vector display Phase current vectors
o Frequency ‘@ Voltage vector dispays Vector diagram
o AI(mA, DI volt) scaling o Power vector displays ﬂ[l[ln:me“ T
o Current measurement o Impedance vector displays " di
o Voltage measurement 00, vector diagram

o Power and Energy measure Seq current vectors

o_Impedance Calculations (1005 Vector diagram

Vector displays

The Phasors submenu holds the vector displays for voltages and currents, as well as the various
calculated components the [ED may have (e.g. power, impedance). Phasors are helpful when solving
incorrect wiring issues.

4.8 Monitoring menu

The Monitoring main menu includes submenus (see the image below) for enabling the various
monitoring functions (Monitors enabled), setting the various monitoring functions (Monitor functions),
controlling the disturbance recorder (Disturbance REC) and accessing the device diagnostics (Device
diagnostics). The available monitoring functions depend on the type of the device in use.

Figure. 4.8 - 49. Monitoring menu view.

10:58:53 o 12:17:43 e
MENU Monitor Settings

D (2) |

Monitoring
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Monitors enabled

Figure. 4.8 - 50. Monitors enabled submenu.

12:17:43 o
Monitor Settings

o

ﬁ\"H %

Monitors enabled

12:17:43
Stage activation

Monitor Functions

CTS mode Disabled
THD mode Disabled
CBW mode Disabled

You can activate the selected monitor functions in the Monitors enabled submenu. By default all the
control functions are disabled. All activated functions can be viewed in the Monitor functions submenu
(see the section "Monitor functions" below for more information).

Monitor functions
Figure. 4.8 - 51. Monitor function view.

12:17:43 o
Monitor Settings

=
R &
[yt

Monitor Functions

12:17:43 e 12:17:43 e
Monitoring Monitoring Settings
o CT supervision o INFO
o SETTINGS
o Total Harmonic Distortion o REGISTERS
o IO
o EVENTS

CT Supervision CTS1_PTOC

Configuring monitor functions is very similar to configuring protection and control stages. They, too,
have the five sections that display information ("Info"), set the parameters ("Settings"), show the inputs
and outputs ("I/O") and present the events and registers ("Events" and "Registers").
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Disturbance recorder

Figure. 4.8 - 52. Disturbance recorder settings.
12:17:43 - 12:17:43 o
Monitor Settings Disturbance recorder
Recorder Control
(\/’ .\. DR Recorder enabled Enabled
ﬁ o S Recarder status Recorder ready
Clear record 0
Manual trigger -
o Clear all records -
% Clear newest record -
Clear oldest record -
Max amount of recordings 70
Max length of recording  406.068
Max location of pretrigger 5
Recordings in memory 12
Recorder Trigger Set
Recorder Trigger
Recorder Settings
Recording length 5
Recording mode FIFO
Disturbance REC Analog channel samples 64
Digital channel samples 5
Pretriggering time 2
Analog Recording CH1 L1
Analog Recording CH2 IL2
Analog Recording CH3 L3
L ]
[ ]
[ ]
Analog Recording CH18 none
Analog Recording CH19 none
Analog Recording CH20 none

Rec.Digital Channels

The Disturbance recorder submenu has the following settings:

» "Recorder enabled" enables or disables the recorder.
» "Recorder status" indicates the status of the recorder.
» "Clear record" records the chosen record in the memory.

+ "Manual trigger" triggers the recorder when set to "Clear". Goes back to

when afterwards.

» "Clear all records", "Clear newest record" and "Clear oldest record" allows the clearing of all,

the latest, or the oldest recording.

+ "Max. amount of recordings" displays the maximum number of recordings; depends on the

number of channels, the sample rate and the legnth of the file.

+ "Max. length of recording" displays the maximum length of a single recording; depends on the

number of chosen channels and the sample rate.

+ "Recordings in memory" displays the number of recordings currently in the disturbance

recorder's memory.

« "Recorder trigger" shows which signals or other states has been selected to trigger the

recording (digital input, logical input or output, signals of a stage, object position, etc.); by
default nothing triggers the recorder.

» "Recording length" displays the length of a single recording and can be set

between 0.1...1800 seconds.

» "Recording mode" can be selected to replace the oldest recording ("FIFO") or to keep the old

recordings ("FILO").

» "Analog channel samples" determines the sample rate of analog channels, and it can be

selected to be 8/16/32/62 samples per cycle.

+ "Digital channel samples" displays the sample rate in a digital channel; this is a fixed 5 ms.
* "Pretriggering time" can be selected between 0.1...15.0 s.
« The IED can record up to 20 (20) analog channels that can be selected from the twenty (20)

available channels. Every measured current or voltage signal can be selected to be recorded.
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« Enabling "Auto. get recordings" allows the device to automatically upload recordings to the
designated FTP folder (which, in turn, allows any FTP client to read the recordings from the
IED's memory).

+ "Rec. digital channels" is a long list of the possible digital channels that can be recorded
(including primary and secondary amplitudes and currents, calculated signals, TRMS values,
sequence components, inputs and outputs, etc.).

Device diagnostics

Figure. 4.8 - 53. Device diagnostics submenu.

12:17:43 - 12:17:43 -
Monitor Settings Device Diagnostics

Device Diagnostics

(\/) .\. DR Diagnostics alarm status 0

o IErars Clear diagnostics alarm -

Protection constants calc Calculated

Internal temperature 47.8

Internal voltage 24V 23.2

Internal voltage 24V max 23.2

Internal voltage 24V min 23.2

Internal voltage 24V deviation 0
System full reset -
Protections reset -
Reset is pending 0
Baseboard card revision 0
Baseboard card serial number FEOD
CPU serial number 0x90C57400
CPU serial number 0x375C54B1
CPU serial number ~ 0x51D8905D

Device Diagnostics CPU serial number  Ox1D64F5BF
Slot A card type Voltage meas
Slot A card revision 2
Slot A card serno 0x3000305
Slot B card type Reserved
Slot B card revision 0
Slot B card serno 0x0

[ ]

3

[ ]
Slot F card type Communication
Slot F card revision 0
Slot F card serno 0x700001D
Internal Relay Fault status 0
Clear Fault status -
Option card health status 0
Logic state Running
Gates usage 109
Wires usage 2

The Device Diagnostics submenu gives a detailed feedback of the device's current condition. It also
shows whether option cards have been installed correctly without problems. If you see something out
of the ordinary in the Device diagnostics submenu and cannot reset it, please contact the closest
representative of the manufacturer or the manufacturer of the device itself.

4.9 Configuring user levels and their passwords
As a factory default, no user level is locked with a password in an IED. In order to activate the different

user levels, click the Lock button in the device's HMI and set the desired passwords for the different
user levels.

NOTE!

Passwords can only be set locally in an HMI.

A number of stars are displayed in the upper right corner of the HMI; these indicate the current user
level. The different user levels and their star indicators are as follows (also, see the image below for the
HMI view):
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Super user (***)
Configurator (**)
Operator (*)

« User(-)

10:14:07 o

USER
OPERATOR

&
&
CONFIGURATOR £}
&

SUPER USER

O e C O

10:14:07 o

SUPER USER

121089 | <= Password field - Entered password

100000 == Password step - This is the step which

determines how much will be added or
subtracted from the password in the
field

You can set a new password for a user level by selecting the key icon next to the user level's name.
After this you can lock the user level by pressing the Return key while the lock is selected. If you need
to change the password, you can select the key icon again and give a new password. Please note that
in order to do this the user level whose password is being changed must be unlocked.

As mentioned above, the access level of the different user levels is indicated by the number of stars.
The required access level to change a parameter is indicated with a star (*) symbol if such is required.
As a general rule the access levels are divided as follows:

» User: Can view any menus and settings but cannot change any settings, nor operate
breakers or other equipment.

» Operator: Can view any menus and settings but cannot change any settings BUT can
operate breakers and other equipment.
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Configurator: Can change most settings such as basic protection pick-up levels or time
delays, breaker control functions, signal descriptions etc. and can operate breakers
and other equipment.

Super user: Can change any setting and can operate breakers and other equipment.

NOTE!

Any user level with a password automatically locks itself after half an hour (30 minutes) of
inactivity.
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5 Functions

5.1 Functions included in AQ-F213

The AQ-F213 feeder protection relay has five (5) function packages, A...E. The packages include the
following functions as well as the number of stages for those functions.

Table. 5.1 - 4. Protection functions of AQ-F213.

Function
package

Name (number of
stages)

Description A B C D

|>
NOC (4) :z; 50/51 Non-directional overcurrent protection | X | X [ X | X | X

[>>>>

Idir>
DOC (4) :g:[i; 67 Directional overcurrent protection X | X

Idir>>>>

10>
NEF (4) :8i; 50N/51N Non-directional earth fault protection XX [X|X[X

10>>>>

I0dir>
DEF (4) o 67N/32N Directional earth fault protection x [ x| x

10dlir>>>>

u>
U>> i
oV (4) Uss> 59 Overvoltage protection X[ X[X

U>>>>

U<
uv (4) Hzi - 27 Undervoltage protection X | X | X

U<<<<

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

Uo>>>>

>
>>
>>>
>>>>
FRQV (8) 810/81U
f<
f<<
f<<<
<<

Overfrequency and underfrequency
protection

ROCOF (1) df/dt>/< (1...8) 81R Rate-of-change of frequency X

12> )
12> Negative sequence overcurrent/

CUB (4) 46/46R/46L phase current reversal/ X[X]X]|X]|X

12> t unbal tecti
125555 current unbalance protection
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Ut/uz>/<
Ut/u2>>/<< .
VUB (4) U1/U2555/<<< 47/27P/59PN Sequence voltage protection X
U1/U2>>>>/<<<<
lh>
HOC (4) :Ez; 50H/51H/68H Harmonic overcurrent protection X|IX|X|X]|X
lh>>>>
CBFP (1) CBFP 50BF/52BF Circuit breaker failure protection X|IX|IX|X]|X
Low-impedance or high-impedance
REF (1) 10d> 87N restricted earth fault/ cable end XX [X]X[X
differential protection
TOLF (1) TF> 49F Line thermal overload protection XX [X|X[X
OPW (1) P> 320 Overpower protection X
UPW (1) p< 32U Underpower protection X
RPW (1) Pr 32R Reverse power protection X
VMEM (1) - - Voltage memory X XXX
ARC (1) |Arc>/I0Arc> 50Arc/50NArc Arc fault protection (optional) XX [X|X[X

Table. 5.1 - 5. Control functions of AQ-F213.

Description A B
SGS - - Setting group selection X [ X X | X |X
Object control and monitoring
OBJ - - XX [X | X |X
(5 objects available)
Indicator object monitoring
CIN - - X I X | X [X |X
(5 indicators available)
AR 0—1 79 Auto-recloser X [ X X | X |X
CLPU CLPU - Cold load pick-up X I X | X [X |X
SOTF SOTF - Switch-on-to-fault X [ X X | X |X
VJP Ao 78 Vector jump protection X I X | X [X |X
PCS - - Programmable control switch X [ X X |IX |X
mA output - - Milliampere output control X [ X X | X |X

Table. 5.1 - 6. Monitoring functions of AQ-F213.

Function package

Description A B C D E
CTS - - Current transformer supervision XXX | X [X
VTS - 60 Voltage transformer supervision X [ X [ X
DR - - Disturbance recorder XXX |X|X
CBW - - Circuit breaker wear monitor XX [X | XX
THD - - Total harmonic distortion X [ X [ X
FLX - 21FL Fault locator X | X
MR - - Measurement recorder XXX |X|X
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VREC - -

Measurement value recorder

Table. 5.1 - 7. Communication protocols of AQ-F213.

Function package

A B Cc D
NTP X X X X X
Modbus/TCP X X X X X
Modbus/RTU X X X X X
Modbus I/0 X X X X X
IEC 61850 X X X X
GOOSE X X X X
IEC 103 X X X X X
DNP3 X X X X X
IEC 101/104 X X X X X
SPA X X X X X

5.2 Measurements

5.2.1 Current measurement and scaling

The current measurement module (CT module, or CTM) is used for measuring the currents from
current transformers. 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. 5.2.1 - 54. Current measurement terminology
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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 protection relay.

NOM: The nominal primary current of the protected object.
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 to the correct polarity, and that
the scaling is set according to the nominal values of the current transformer.
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The relay calculates the scaling factors based on the set values of the CT primary, the CT secondary
and the nominal current settings. The relay 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 relay to "know" the primary and per-unit values. With motors
and other specific electrical apparatus protections, the motor's nominal current should be set for the
values to be in per unit with regards to the apparatus nominal instead of the CT nominal. This is not
always mandatory as some relays still require manual calculations for the correct settings; however,
setting the motors nominal current makes motor protection much easier and more straightforward. In
modern protection devices this scaling calculation is done internally after the current transformer's
primary current, secondary current and motor nominal current are set.

Normally, the primary current ratings for phase current transformers are 10 A, 12.5 A, 15 A, 20 A, 25
A, 30 A, 40 A, 50 A, 60 A and 75 A as well as 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 current 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 current measurements for the
selected current transformer and system load.

Example of CT scaling

The following figure presents how CTs are connected to the relay's measurement inputs. It also shows
example CT ratings and nominal current of the load.

Figure. 5.2.1 - 55. Connections.
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The following table presents the initial data of the connection.

Table. 5.2.1 - 8. Initial data.

Phase current CT Ring core CT in Input 102

Load (nominal)
- CT primary: 100 A -10CT primary: 10 A

36 A
- CT secondary: 5 A - 10CT secondary: 1 A
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- the phase currents are connected to the 101 residual via a Holmgren connection

- the starpoint of the phase current CT's secondary current is towards the line

Phase CT scaling

Next, to scale the current to per-unit values, we have to select whether the basis of the phase CT
scaling is the protected object's nominal current or the CT primary value.

If the CT values are chosen to be the basis for the per-unit scaling, the option "CT nom. p.u." is selected
for the "Scale meas to In" setting (see the image below).

Figure. 5.2.1 - 56. Setting the phase current transformer scalings to CT nominal.

Phase CT scaling

0.001.100000.000 [0.001]
100

0.001..100000.000 [0.001]
5

0.001..100000.000 [0.001]

Once the setting have been sent to the device, relay calculates the scaling factors and displays them
for the user. The "CT scaling factor P/S" describes the ratio between the primary current and the
secondary current. The per-unit scaling factors ("lpu scaling") for both primary and secondary

values are also displayed (in this case they are the set primary and secondary currents of the CT).

If the protected object's nominal current is chosen to be the basis for the per-unit scaling, the option
"Object in p.u." is selected for the "Scale meas to In" setting (see the image below).

Figure. 5.2.1 - 57. Setting the phase current transformer scalings to the protected object's nominal current.

Phase CT scaling

100 a
1.000..25000.000 [0.001)

5|4
0.200..10.000 [0.001]

Norminal current In 36 |a
1.000..25000.000 [0.001]
IL1 Polarity

0.001._100000.000 [0.001]
0.001._100000.000 [0.001;

0.001..100000.000 [0.001]

0.001..100000.000 [0.001]
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Once the measurement scaling is tied to the protected object's nominal current, the user must set the
appropriate input for the "Nominal current In" setting. One can now see the differences between

the two scaling options (CT nominal vs. object nominal). The "CT scaling factor P/S" is the direct ratio
between the set CT current values, and the "CT scaling factor NOM" is now the ratio between the set
CT primary and the nominal current. The "lpu scaling primary" is now equal to the set nominal current,
and the "lpu scaling secondary" is the ratio between the nominal current and the "CT scaling factor P/
S".

Residual 10 CT scaling

Next, we set the residual 10 CT scalings according to how the phase current CTs and the ring core CT
are connected to the module (see the Connections image at the beginning of this chapter).

The phase current CTs are connected to the module via a Holmgren (summing) connection, which
requires the use of coarse residual current measurement settings: the "l01 CT" settings are set
according to the phase current CTs' ratings (100/5 A).

Figure. 5.2.1 - 58. Residual 101 CT scaling (coarse).

Residual 101 CT scaling

s

101 CT primary

0.001..100000.000 [0.001]

The ring core CT is connected to the CTM directly, which requires the use of sensitive residual current
measurement settings: the "I02 CT" settings are set according to the ring core CT's ratings (10/1 A).

Figure. 5.2.1 - 59. Residual 102 CT scaling (sensitive).

Residual 102 CT scaling

100
0.001.100000.000 [0.001]

Displaying the scaling

Depending on whether the scaling was done based on the CT primary values or the protected object's
nominal current, the measurements are displayed slightly differently. The first of the two images shows
how the measurements are displayed when the CT primary values are the basis for the scaling; the
second shows them when the protected object's nominal current is the basis for the scaling.
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Figure. 5.2.1 - 60. Scalings display (based on the CT nominal).

Analog Outputs
Direct
0,000 V 0,00° 50,000 Hz
0,000V -12000° 50,000 Hz
0000V  120,00° 50,000 Hz
5,000 A 0,00°| 50,000 Hz
50004 -120,00° 50,000 Hz
5000A 120,00 50,000 Hz

Secondary Currents Per-Unit Currents

Figure. 5.2.1 - 61. Scalings display (based on the protected object's nominal current).

Analog Outputs
Direct
0,000 V 0,00* 50,000 Hz
0,000V -120,00° 50,000 Hz
0,000V  120,00° 50,000 Hz
1,800 A 0,00° 50,000 Hz
1,800A -120,00° 50,000 Hz
1B00A  120,00° 50,000 Hz

Secondary Currents Per-Unit Currents

0.00..30

0.00

35.98

0.00._30

As the images above show, the scaling selection does not affect how primary and secondary currents
are displayed (as actual values). The only effect is that the per-unit system in the relay is scaled either
to the CT nominal or to the object nominal, making the settings input straightforward.

Example of zero sequence CT scaling
Zero sequence CT scaling (ZCT scaling) is done when a zero sequence CT instead of a ring core CT is

part of the measurement connection. In such a case the zero sequence CT should be connected to the
102 channel which has lower CT scaling ranges (see the image below).
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Figure. 5.2.1 - 62. Connections of ZCT scaling.

Troubleshooting

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

NOTE!

If you work with energized CTs, extreme caution needs to be taken when checking the
connections! An opened CT secondary circuit may generate dangerously high voltages. A
"buzzing" sound from the connector can indicate an open circuit.

Problem Solution

The measured current | The scaling settings may be wrong, check that the settings match with the connected current
amplitude in all phases | transformer (Measurement — Transformers — Phase CT scaling). Also check that the "Scale meas.
does not match the to In"is set accordingly. If possible, check the actual CTs and their ratings as there may have been a
injected current. need to change the original plan.

The measured current
amplitude does not
match one of the
measured phases./ Check the wiring connections between the injection device or the CTs and the relay.
The calculated 10 is
measured even though
it should not.
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Problem

Solution

The measured current
amplitudes are OK but
the angles are strange./

The phase unbalance
protection trips
immediately after
activation./

The earth fault
protection trips
immediately after
activation.

The phase currents are connected to the measurement module but the order or polarity of one or all
phases is incorrect. In relay settings, go to Measurement — Phasors and check the "Phase current
vectors" diagram. When all connections are correct, the diagram (symmetric feeding) should look
like this:

K

4P

See the following tables for the most common problems with phase polarity and network rotation
(mixed phases).

The following image presents the most common problems with phase polarity. Problems with phase
polarity are easy to find because the vector diagram points towards the opposite polarity when a phase
has been incorrectly connected.
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Figure. 5.2.1 - 63. Common phase polarity problems.
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c
o 2) Invert polarity of 2) Invert polarity of 2) Invert polarity of
- IL1 (Measurement > IL2 (Measurement > IL3 (Measurement >
=) Transformers> Phase Transformers> Phase Transformers> Phase
L% CT scaling CT scaling CT scaling

The following image presents the most common problems with network rotation (mix phases). These
problems can be difficult to find because the measurement result is always the same in the relay. If two
phases are mixed together, the network rotation always follows the pattern IL1-IL3-IL2 and the

measured negative sequence current is therefore always 1.00 (in. p.u.).
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Figure. 5.2.1 - 64. Common network rotation (mixed phases) problems.

Phase currents

Negative sequence

Solution

NP}

IL1 and IL2 switched: Switch
wires between connectors 1
and 3 in the CT module

|2 IL2 and IL3 switched: Switch
wires between connectors 3
and 5 in the CT module

IL3 and IL1 switched: Switch
wires between connectors 1
and 5 in the CT module

Settings

Table. 5.2.1 - 9. Settings of the Phase CT scaling.

Name Unit Range Step Default Description
0:CT ) ) . . )
Scale 0:CT The selection of the reference used in the relay's per-unit system
nom p.u. : ) :
measurement to | - 1- Object |~ nom scaling. Either the set phase current CT primary or the protected
In -0l p.u. object's nominal current.
In p.u.
EzisaerycT A 1...25000 | 0.001 | 100 The rated primary current of the current transformer.
Phase CT A 0.2...10 0.001 |5 The rated secondary current of the current transformer.
secondary
. The nominal current of the protected object. This setting is only
Nominal current c s A " : f
n A 1...25000 | 0.001 | 100 visible if the option "Object In p.u." has been selected in the "Scale
measurement to In" setting.
The selection of the first current measurement channel's (IL1)
IL1 Polarit ) 0: - . 0 - polarity (direction). The default setting is for the positive current to
y 1: Invert ' flow from connector 1 to connector 2, with the secondary currents'
starpoint pointing towards the line.
The selection of the second current measurement channel's (IL2)
L2 Polarit ) 0: - ) 0 - polarity (direction). The default setting is for the positive current to
Y 1: Invert ' flow from connector 3 to connector 4, with the secondary currents'
starpoint pointing towards the line.
The selection of the third current measurement channel's (IL3)
IL3 Polarit ) 0: - ) 0 - polarity (direction). The default setting is for the positive current to
Y 1: Invert ' flow from connector 5 to connector 6, with the secondary currents'
starpoint pointing towards the line.
CT scaling ) ) ) ) A relay feedback value; the calculated scaling factor that is the ratio
factor P/S between the primary current and the secondary current.
A relay feedback value; the calculated scaling factor that is the ratio
CT scaling ) ) ) . between the set primary current and the set nominal current. This
factor NOM parameter is only visible if the option "Object In p.u." has been
selected in the "Scale measurement to In" setting.
Ipu scaling ) ) . ) A relay feedback value; the scaling factor for the primary current's
primary per-unit value.
lpu scaling ) ) ) ) A relay feedback value; the scaling factor for the secondary current's
secondary per-unit value.
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Table. 5.2.1 - 10. Settings of the Residual 101 CT scaling.

Name  Unit Range Step  Default Description
101 CT '
primary A 0.2...25000 | 0.00001 | 100 The rated primary current of the current transformer.
101 CT
A 0.1...10.000 | 0.00001 | 1 The rated secondary current of the current transformer.

secondary
101 0 - The selection of the coarse residual measurement channel's (101)

. - : 0: - polarity (direction). The default setting is for the positive current to
Polarity 1: Invert

flow from connector 7 to connector 8.

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

Table. 5.2.1 - 11. Settings of the Residual 102 CT scaling.

Name Unit Range Step  Default Description

|0.2 T A 02..25 0.00001 | 100 The rated primary current of the current transformer.
primary 000
102 CT

A 0.001...10 | 0.00001 | 0.2 The rated secondary current of the current transformer.
secondary
102 0 - The selection of the sensitive residual measurement channel's (102)

. - : 0: - polarity (direction). The default setting is for the positive current to flow
Polarity 1: Invert
from connector 9 to connector 10.
cT . A relay 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. 5.2.1 - 12. Per-unit phase current measurements.

Name Unit Range Step Description
Phase current )
ILx <1n | 0.000...1250.000 | 0.001 The RMS current measurement (in p.u.) from each of the phase current
" " channels.
("Pha.curr.ILx")
Phase current
||"-X TRMS <1n 1000 125000 |0.01 |The TRMS current (inc. harmonics up to 31%Y) measurement (in p.u.)
("Pha.curr.ILx from each of the phase current channels.
TRMS")
Peak-to-peak The peak-to-peak current measurement (in p.u.) from each of the phase
current ILx xIn [ 0.00...500.00 0.01 o
" " current channels.
("P-P curr.ILx")

Table. 5.2.1 - 13. Primary phase current measurements.

Name Unit Range Step Description
Primary phase 0.00...1 000 The primary RMS current measurement from each of the phase current
current ILx A 0.01
o " 000.00 channels.
("Pri.Pha.curr.ILx")
Primary phase
current ILx TRMS A 0.00...1000 | 5 44 | The primary TRMS current (inc. harmonics up to 31%Y) measurement
("Pha.curr.lLx TRMS 000.00 ' from each of the phase current channels.
Pri")
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Table. 5.2.1 - 14. Secondary phase current measurements.

Name Unit Range Step Description

Secondary phase
current ILx A 0.00...300.00 | 0.01
("Sec.Pha.curr.ILx")

The primary RMS current measurement from each of the phase
current channels.

Secondary phase

c"urrent ILx TRMS A 0.00...300.00 | 0.01 | The primary TRMS current (inc. harmonics up to 315" measurement
("Pha.currlLx TRMS from each of the phase current channels.
Sec")

Table. 5.2.1 - 15. Phase angle measurements.

Name Unit Range Step Description

Phase angle ILx

("Pha.angle ILx") deg | 0.00...360.00 [ 0.01 | The phase angle measurement from each of the three phase current inputs.

Table. 5.2.1 - 16. Per-unit residual current measurements.

Name Unit Range Step Description
F§e5|dual Curr?nt 10x «1n | 0.00. .1250.00 | 0.01 The RMS current measurement (in p.u.) from the residual current
("Res.curr.l0x") channel 101 or 102.
Calculated 10 «1n | 0.00. 1250.00 | 0.01 The RMS current measurement (in p.u.) from the calculated 10

current channel.

Phase current ) ) st )
10x TRMS xIn 10.00..1250.00 | 0.01 | The TRMS current (inc. harmonics up to 31™) measurement (in p.u.)

("Res.curr.I0x TRMS") from the residual current channel 101 or 102.

Peak-to-peak current
10x xIn ] 0.00...500.00 | 0.01
("P-P curr.10x")

The peak-to-peak current measurement (in p.u.) from the residual
current channel 101 or 102.

Table. 5.2.1 - 17. Primary residual current measurements.

Name Unit Range Step Description
Primary residual 0.00...1 The primary RMS current measurement from the residual current
current [0x A 0.01
o " 000 000.00 channel 101 or 102.
("Pri.Res.curr.10x")
Primary calculated 10 A 0.00...1 0.01 The primary RMS current measurement from the calculated current
("Pri.calc.10") 000 000.00 ’ channel 10.
Primary residual
current [0x TRMS A 0.00...1 0.01 | The TRMS current (inc. harmonics up to 315! measurement from the
("Res.curr.l0x TRMS 000 000.00 | ™ primary residual current channel 101 or 102.
Pri")

Table. 5.2.1 - 18. Secondary residual current measurements.

Name Unit Range Step Description

Secondary residual
current [0x A 0.00...300.00 | 0.01
("Sec.Res.curr.l0x")

The secondary RMS current measurement from the residual current
channel 101 or 102.

Secondary
calculated 10 A 0.00...300.00 | 0.01
("Sec.calc.10")

The secondary RMS current measurement from the calculated current
channel 10.

Secondary residual

current 10x TRMS A 0.00...300.00 | 0.01 | The secondary TRMS current (inc. harmonics up to 31%Y) measurement
(Res.curr.l0x TRMS R ’ from the secondary residual current channel 101 or 102.
Sec")
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Table. 5.2.1 - 19. Residual phase angle measurements.

Name Unit Range Step Description
Residual current angle .
10x deg | 0.00...360.00 | 0.01 _The residual current angle measurement from the 101 or 102 current
" " input.
("Res.curr.angle 10x")
calc.10 Pha.angle deg | 0.00...360.00 [ 0.01 | The calculated residual current angle measurement.
Table. 5.2.1 - 20. Per-unit sequence current measurements.
Name Unit Range Step Description

Positive sequence <1n | 0.00. .1250.00 | 0.01 The measurement (in p.u.) from the calculated positive sequence
current current.

Negative sequence <1n 10.00 125000 | 0.01 The measurement (in p.u.) from the calculated negative sequence
current current.

Zero sequence current | x In | 0.00...1250.00 | 0.01 The measurement (in p.u.) from the calculated zero sequence

current.
Table. 5.2.1 - 21. Primary sequence current measurements.
Name Unit Range Step Description
Primary positive sequence
current 0.00...1 000 The primary measurement from the calculated positive
o A 0.01
("Pri.Positivesequence 000.00 sequence current.
curr.")
Primary negative sequence
current 0.00...1 000 The primary measurement from the calculated negative
e . A 0.01
("Pri.Negative sequence 000.00 sequence current.
curr.”
Primary zero sequence 0.00...1 000 The primary measurement from the calculated zero
current A 0.01
o " 000.00 sequence current.
("Pri.Zero sequence curr.")

Table. 5.2.1 - 22. Secondary sequence current measurements.

Name Unit Range Step Description
Secondary positive sequence
c"urrent - A 0.00...300.00 | 0.01 The secondary measurement from the calculated positive
("Sec.Positive sequence sequence current.
curr."

Secondary negative sequence

current A 0.00...300.00 | 0.01 The secondary measurement from the calculated negative
("Sec.Negative sequence e ' sequence current.
curr")

Secondary zero sequence
current A 0.00...300.00 | 0.01
("Sec.Zero sequence curr.")

The secondary measurement from the calculated zero
sequence current.

Table. 5.2.1 - 23. Sequence phase angle measurements.

Name Unit Range Step Description

Positive sequence current angle

P o deg | 0.00...360.00 | 0.01 The calculated positive sequence current angle.
("Positive sequence curr.angle")

Negative sequence current angle

" . " deg [ 0.00...360.00 | 0.01 The calculated negative sequence current angle.
("Negative sequence curr.angle")

Zero sequence current angle

" ,. deg |[0.00...360.00 | 0.01 [ The calculated zero sequence current angle.
("Zero sequence curr.angle")

6
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Table. 5.2.1 - 24. Harmonic current measurements.

Name Range Step Default Description
Harmonics 0: Percent
calculation values p : ) 0: Defines whether the harmonics are calculated as percentage or
("Harm Abs.or . Percent | absolute values.
" Absolute
Perc.")
0: Per unit
1: Primary
) ) A 0: Per Defines how the harmonics are displayed: in p.u values, as primary
Harmonics display - ) - .
2: unit current values, or as secondary current values.
Secondary
A
Maximum
harmonics value 0.00...100 Displays the maximum harmonics value of the selected current
" ; A 0.01 |- h
("Ixx maximum 000.00 input ILx or 10x.
harmonic")
Fundamental 0.00...100 | 0.01 Displays the current value of the fundamental frequency (RMS)
frequency A - .
" " 000.00 from the selected current input ILx or 10x.
("Ixx fundamental")
Ixx harmonics 0.00....100
(2r‘d___313t A ObO OO 0.01 |- Displays the selected harmonic from the current input ILx or 10x.
harmonic) ’

5.2.2 Voltage measurements and scaling

The voltage measurement module (VT module, or VTM) is used for measuring the voltages from
voltage transformers. 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.

Figure. 5.2.2 - 65. Voltage measurement terminology

L1 L3

20000 v/100V 1
|

UL pri ULy sec
R —

Uiseri
—_—

Fr————— —— — ——————7

Voltage transformers (VTs)

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 protection relay.

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.
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The relay calculates the scaling factors based on the set VT primary, and secondary voltage values.
The relay measures secondary voltages, which are the voltage outputs from the VT installed into the
application's primary circuit. The rated primary and secondary voltages of the VT need to be set for the
relay 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 relay's measurement inputs. It also shows
the VT ratings. In the figure below, two line-to-line voltages are connected along with the zero
sequence voltage; therefore, the 2LN+UO mode must be selected. Other possible connections are

presented later in this chapter.
(o)
O

The following table presents the initial data of the connection.

Figure. 5.2.2 - 66. Connections.

L1 L3

ULipri
——

(Sl B I~ Pl e P~ o I I

Uiseri
e

Voltage transformers (VTs)
r—— - — — — — — — — — — — — — /= — 7

I
= I
I
I
I
: DI4
: DI5

! Dl
DI7

GND

Table. 5.2.2 - 25. Initial data.

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

- the zero sequence voltage is connected similarly to line-to-line voltages (+U0).

- in case wiring is incorrect, all polarities can be individually switched by 180 degrees in the relay.

The protection can be based on line-to-line voltages or on line-to-earth voltages. This selection is
defined in the "Measured magnitude" of each protection stage menu separately (Protection —
Voltage — [protection stage menu] — INFO; see the image below).
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Figure. 5.2.2 - 67. Selecting the measured magnitude.

WE=mode Activated

WE=condition

e Pick-up sething

Expected operating Gme
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UImeas/Uset at the moment

Measured magnitude P-P Yoltages

Voltage protection itself is based on the nominal voltage. A 20 000 V nominal voltage equals a 100 %
setting in voltage-based protection functions. A 120 % trip setting in the overvoltage stage equals to
24 000 V on the primary level (in this case a 20 % increase equals 4000 V).

Once the setting have been sent to the device, relay 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.

The triggering of a voltage protection stage can be based on one, two, or three voltages (the "Pick-up
terms" setting at Protection — Voltage — [protection stage menu] — Settings). Fault loops are either
line-to-line or line-to-neutral according to the "Measured magnitude" setting. As a default, the activation
of any one voltage trips the voltage protection stage.

Figure. 5.2.2 - 68. Selecting the operating mode.

Stage activation Current Frequency Sequence Supporting
Protection Settings
@ U= [59]
Protection Settings
* o * REGISTERS [# 10 [# EVENTS
Protection Settings

@ SETTING GROUP1

——

Pick-up terms 1 voltane

setting Uset

perating time delay

m

tion during rel

There are several different ways to use all three voltage channels. The voltage measurement modes
are the following:

- 3LN
« 2LL+UO0 (3LN)
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« 2LL+UO0 (Open delta 2LL)
« Uo

See below for three example connections: the first one is for three line-to-neutral voltage
measurements, the second for two line-to-line and the zero sequence voltage measurements, and the
third one is for the two line-to-line (open delta) and the zero sequence voltage measurement.

Figure. 5.2.2 - 69. Example connections for 3LN voltage measurement.

L1 L3
I T

|
UU PRI | UL1 SEC
— -
T

3
5
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Voltage transformers (VTs)

_____ A Dl4
DI5
Dl6
DI7

GND

Figure. 5.2.2 - 70. Example connections for 2LL+UO voltage measurement.
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Figure. 5.2.2 - 71. Example connections for 2LL+UO (open delta 2LL) voltage measurement.

L1 L3
20000 V/100 V.
- —|- -} — — — 200U V/IOUV_ 1
r u I
I ﬂl UL12 SEC
| I —
| I
g .
s | I_KY\ | Ulaz sec
5 { " —=
| —
g I Ui pri | U,
17} = | —
g ! |
o | |
21
2! !
I
|
| !
| |
| |
[ I I

Figure. 5.2.2 - 72. Example connections for 1LL+UO voltage measurement.

Voltage transformers (VTs)

If only two line-to-line voltages are measured, the third one is calculated based on the U12 and U23
vectors. When measuring line-to-line voltages, the line-to-neutral voltages can also be calculated as
long as the value of U0 is measured and known.

The voltage measurement channel U3 can also be used to measure the zero sequence voltage (UO)
when the "2LL+UQ" or "1LL+UQ" mode is selected.

The image collection below presents the relay's behavior when nominal voltage is injected into the relay
via secondary test equipment while the relay is measuring line-to-neutral voltages (the mode is 3LN).
The VT scaling has been set to 20 000 : 100 V. The images also present a fraction of the available
information from the relay.
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Figure. 5.2.2 - 73. Relay behavior when nominal voltage injected during LN voltage measurements.

Primary Voltage Magnitudes Secondary voltages Per-Unit voltages
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Yoltage Phase Angles

Module Angle  Frequency

va [&7.735V [ 00° [50000 Hz
v [67.736 [ 1200° [50.000 Hz UL Angle
ve [87.738V [ 1200° [50000 Hz
vz [ 0.000Y 00%  [50000 Hz Uz Angle
v [48000Y

3 Angle

R . R UiSystem
Injection signals

3l 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 The scaling settings or the voltage measurement mode may be wrong, check that the settings

phases does not match match with the connected voltage transformer (Measurement — Transformers — VT Module).
the injected voltage.

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 relay.
The calculated UOQ is
measured even though it
should not.

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

voltage amplitudes are OK
but the angles are
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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Settings

Table. 5.2.2 - 26. Settings of the VT scaling.

Name Range Step Default Description
0: 3LN
1: 2LL+UO0
Voltage (3LN)
2:2LL+U0 . The relay's voltage wiring method. The voltages are scaled according the
measurement 0: 3LN
mode (Open delta set voltage measurement mode.
2LL)
3:2LL+U0
4:1LL+U0
0: No PE
voltages
avail.
1. PE
Voltages
calculated
2: PE
Voltages
measured Indicates whether or not phase-to-earth voltages are available. Also
3: PP S
Voltage indicates whether P-E voltages are measured from the voltage channels
measurements voltages ) ) directly or if they are calculated from line-to-line and line-to-neutral
calculated
4- No full voltages.
voltages
available
5: Only UO
available
6: 1Phase-
Phase
measurement
+U0"
VT primary 1...1.000 0.1V 20 The rated primary voltage of the voltage transformer.
000.0V 000.0V
VT secondary | 0.2...120.0V | 0.1V [ 100.0V | The rated secondary voltage of the voltage transformer.
U3 Res/SSVT | 1...1 000 01V 20 The primary nominal voltage of the connected U0 VT. This setting is
primary 000.0V ' 000.0V | visible for all modes except "3LN".
U3 Res/SS VT 02. 120V 01v | 100.0v T.h? secondary nominal volt?ge czf the connected UO VT. This setting is
secondary visible for all modes except "3LN".
The selection of the first voltage measurement channel's (U1) polarity
U1 Polarity 0: - ) 0 - (direction). The default setting is for the positive voltage to flow from
1: Invert ' 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
U2 Polarity 0: - ) 0: - (direction). The default setting is for the positive voltage to flow from
1: Invert ' connector 1 to connector 2, with the secondary voltage's starpoint
pointing towards the line.
The selection of the third voltage measurement channel's (U3) polarity
. 0:- . (direction). The default setting is for the positive voltage to flow from
U3 Polarity ) - 0:- . , )
1:Invert connector 1 to connector 2, with the secondary voltage's starpoint
pointing towards the line.
VT scaling A relay feedback value; the calculated scaling factor that is the ratio
factor P/S ) ) ) between the primary voltage and the secondary voltage.
VT scaling A relay feedback value; the scaling factor for the primary voltage's per-
factor p.u. Pri |~ ) ) unit value.
VT scaling A relay feedback value; the scaling factor for the secondary voltage's per-
factor p.u. Sec | ~ ) ) unit value.
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Name Range Step Default Description
U3 VT scaling A relay feedback value; the calculated scaling factor that is the ratio
factor P/SUO/ | - - - between the U3 channel's primary and secondary voltages. This setting is
SS only valid if the "2LL+U3" or the "2LN+U3" mode is selected.
U3 scaling ) ) ) IED voltage channel U3 feedback value, scaling factor from p.u. value to
factor p.u. Pri primary voltage. (Valid only in 2LL+U3 and 2LN+U3 mode)
U3 scaling ) ) ) IED voltage channel U3 feedback value, scaling factor from p.u. value to
factor p.u. Sec secondary voltage. (Valid only in 2LL+U3 and 2LN+U3 mode)
Measurements
The following measurements are available in the measured voltage channels.
Table. 5.2.2 - 27. Per-unit voltage measurements.
Name Unit Range Step Description
Voltage Ux X The RMS voltage measurement (in p.u.) from each of the phase current
("Ux Volt 0.00...500.0 | 0.01 9 p-u. P
. UN channels.
p.u.")
Voltage Ux
TRMS X The TRMS current (inc. harmonics up to 31%Y) measurement (in p.u.) from each
" 0.00...500.0 | 0.01
("UxVolt UN of the phase current channels.
TRMS p.u.")

Table. 5.2.2 - 28. Secondary voltage measurements.

Name Unit Range Step Description

Secondary voltage
Ux Y 0.00...500.0 | 0.01
("Ux Volt sec")

The secondary RMS voltage measurement from each of the phase
current channels.

Secondary voltage

Ux TRMS Vv 0.00...500.0 | 0.01 | The secondary TRMS current (inc. harmonics up to 31St) measurement
("UxVolt TRMS DR ' from each of the voltage channels.
sec")

Table. 5.2.2 - 29. Voltage phase angle measurements.

Name Unit Range Step Description

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

Table. 5.2.2 - 30. Per-unit sequence voltage measurements.

Name Unit Range Step Description
Positive sequence ) "
voltage LXJN 0.00. 5000 | 0.01 Igﬁamsasurement (in p.u.) from the calculated positive sequence
("Pos.seq.Volt.p.u.") g€
Negative sequence ) )
voltage >l<JN 0.00...500.0 | 0.01 Igﬁamgasurement (in p.u.) from the calculated negative sequence
("Neg.seq.Volt.p.u.") g€
Zero sequence voltage X 0.00..500.0 | 0.01 The measurement (in p.u.) from the calculated zero sequence
ero.seq.Volt.p.u. N voltage.
"Z q.\Volt.p.u." u e ' ltag
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Table. 5.2.2 - 31. Primary sequence voltage measurements.

Name Unit Range Step Description
Primary positive sequence 0.00...1 The primary measurement from the calculated positive
voltage V 0.01
" 000000.00 sequence voltage.
("Pos.seq.Volt.pri")
Primary negative sequence 0.00...1 The primary measurement from the calculated negative
voltage \ 0.01
y 000000.00 sequence voltage.
("Neg.seq.Volt.pri")
Primary zero sequence 0.00...1 The primary measurement from the calculated zero
voltage V 0.01
" 000000.00 sequence voltage.
("Zero.seq.Volt.pri")

Table. 5.2.2 - 32. Secondary sequence voltage measurements.

Name Unit Range Step Description
Secondary positive sequence -
voltage v 0.00...4800.0 | 0.01 The secondary measurement from the calculated positive
" " sequence voltage.
("Pos.seq.Volt.sec")
Secondary negative sequence )
voltage v 0.00...48000 | 0.01 The secondary measurement from the calculated negative
" " sequence voltage.
("Neg.seq.Volt.sec")
Secondary zero sequence
voltage v 0.00.. 48000 | 0.01 The secondary measurement from the calculated zero
" " sequence voltage.
("Zero.seq.Volt.sec")
Table. 5.2.2 - 33. Sequence voltage angle measurements.
Name Unit Range Step Description
Positive sequence voltage angle y
("Pos.seqVolt. Angle”) deg |0.00...360.0 | 0.01 The calculated positive sequence voltage angle.
Negative sequence voltage angle .
("Neg.seq Volt. Angle") deg |0.00...360.0 | 0.01 The calculated negative sequence voltage angle.
Zero sequence voltage angle
('Zero.seq\Volt Angle”) deg | 0.00...360.0 | 0.01 The calculated zero sequence voltage angle.
Table. 5.2.2 - 34. Primary voltage measurements.
Name Unit Range Step Description
System voltage magnitude 0.00...1 The primary RMS line-to-line UL12 voltage (measured or
uL12 V' [ 000000.00 0.01 | Calculated)
("System volt UL12 mag") ' '
System voltage magnitude . . .
0.00...1 The primary RMS line-to-line UL23 voltage (measured or
uL23 v 000000.00 0.01 calculated)
("System volt UL23 mag") ' '
System voltage magnitude . . .
0.00...1 The primary RMS line-to-line UL31 voltage (measured or
uL3T V' [ 000000.00 0.01 | calculated)
("System volt UL31 mag") ' '
System voltage magnitude 0.00...1 The primary RMS line-to-neutral UL1 voltage (measured or
UL V' [ 000000.00 0.01 | Calculated)
("System volt UL1 mag") ' '
System voltage magnitude 0.00...1 The primary RMS line-to-neutral UL2 voltage (measured or
uL2 v 000000.00 0.01 calculated)
("System volt UL2 mag") ’ '
System voltage magnitude 0.00...1 The primary RMS line-to-neutral UL3 voltage (measured or
uL3 \ 0.01
. " 000000.00 calculated).
("System volt UL3 mag")
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Unit Range Step Description

System voltage magnitude
uo \
("System volt U0 mag")

0.00...1 0.01 The primary RMS zero sequence UO voltage (measured or
000000.00 ' calculated).

Table. 5.2.2 - 35. Primary system voltage angles.

Name Unit Range Step Description

System voltage angle UL12

("System volt UL12 ang’) deg | 0.00...360.0 | 0.01 | The primary line-to-line angle UL12 (measured or calculated).

System voltage angle UL23

("System volt UL23 ang') deg | 0.00...360.0 | 0.01 | The primary line-to-line angle UL23 (measured or calculated).

System voltage angle UL31

("System volt UL31 ang') deg | 0.00...360.0 | 0.01 | The primary line-to-line angle UL31 (measured or calculated).

System voltage angle UL1

("System volt UL1 ang’) deg | 0.00...360.0 | 0.01 | The primary line-to-neutral angle UL1 (measured or calculated).

System voltage angle UL2

("System volt UL2 ang’) deg | 0.00...360.0 | 0.01 | The primary line-to-neutral angle UL2 (measured or calculated).

System voltage angle UL3

("System volt UL3 ang’) deg | 0.00...360.0 | 0.01 | The primary line-to-neutral angle UL3 (measured or calculated).

System voltage angle UO

("System volt UO ang’) deg | 0.00...360.0 | 0.01 | The primary zero sequence angle U0 (measured or calculated).

Table. 5.2.2 - 36. Harmonic voltage measurements.

Name Unit Range Step Default Description
\I;ﬁ;rgsomcs caloulation ) 0: Percent ) 0: Defines whether the harmonics are calculated as
("Harm Abs.or Perc.”) 1: Absolute Percent | percentages or absolute values.
0: Per unit 0: Per Defines how the harmonics are displayed: in p.u.
Harmonics display - 1: Primary V - uﬁit values, as primary voltage values, or as secondary
2: Secondary V voltage values.
\l)/él;;(émum harmonics v 0.00..100000.00 | 0.01 |- Displays the maximum harmonics value of the selected
("UxMaxH") U ’ ' voltage input Ux.
Fundamental .
frequency v 0.00..100000.00 | 0.01 |- Displays the voltage value of the fungamental
("Ux Fund") T ' ' frequency from the selected voltage input Ux.
Ux harmonics v 0.00..100000.0 | 0.01 |- Displays the selected harmonic from the voltage input
(2nd ...31% harmonic) U ’ ’ Ux.

5.2.3 Power and energy calculation

The relays that are equipped with both a voltage and a current measurement card can calculate power,
and can therefore have power-based protection and monitoring functions (the number of available
functions depends of the relay type). In addition to power calculations, energy magnitudes are also
calculated.

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.
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Line-to-neutral voltages available
Power is calculated from line-to-neutral voltages and phase currents. If line-to-line voltages are
connected, the relay 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. 5.2.3 - 74. Three-phase power (S) calculation.
Spa=Up X1y
Sp2 = Uy Xy
Sp3=Us X113

S = SLl + SLZ + SL3
Figure. 5.2.3 - 75. Three-phase active power (P) calculation.

PLl = ULl XIL]_COS(p
P, =U, X1, cos¢@
Pz = Uz X[ 5c05¢@

P=P,+P,+P3

In these equations, phi () is the angle difference between voltage and current.

Figure. 5.2.3 - 76. Three-phase reactive power (Q) calculation.

Q1 = Uy X[ sing
Quz = Uy X Iz sing
Qpz = Upz X I 3sing

Q=0Qu + 0+ 0

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/
L1 Cos(phi) /Su
L2 Cos(phi) /Sx.z

L3 Cos(phi) = PL3/5L3
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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
' QLl Q>0 Q=0
— - i +
L1 Tan(phi) / P, cotf - ‘cnodsﬁ +
. o ettt 5
N — K2 - -
L2 Tan(phi) = /pLZ pco IIT|IV pso
Q<0 Q<0
0 ind - cap +
1.3 Tan(phl) — LH/P cosfi - cosfi +
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:

spHPE =Pl Of
P

LIPF = Ll/SLl ' QLl/l QLll
P

12pr =" %), )

— PLS QLS
L3PE = /SLS ¥ /lQL3|

Only line-to-line voltages available

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= Uzg X ILl COS(30) + U31 X ILZ COS(30)
P = U,z X I;1 c05(30 — @) + Usq X ;5 cos(30 + @)

Q = U?_g X IL1 + S]]‘l(30 - (p) + U31 X ILZ Sln(30 + (p)

Both cos(p) 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.).
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Settings

Table. 5.2.3 - 37. Power and energy measurement settings

INET[) Range Step Default Description

3ph active .
0: Disabled 0: . .

energy 1+ Enabled - Disabled Enables/disables the active energy measurement.
measurement
222rreact|ve 0: Disabled . 0: Enables/disables the reactive and apparent energy

9y 1: Enabled Disabled | measurement.
measurement
3ph energy 0: Mega 0: Mega Defines whether energy is measured with the prefix 'kilo'
megas or kilos | 1: Kilo ) (10%) or 'mega’ (10°).

When this parameter is enabled it is possible to manually

Edit energy 0: Disabled ) o: edit exported and imported active energy values.
values 1: Enabled Disabled

NOTE: "E 3ph M or k" parameter has to be set to "kilo" for
this feature to function.

g:;/:rrt imp/exp 0: Not inverted ) 0: Not Inverts the direction of imported and exported energy
direcgti{)ns 1: Inverted inverted without affecting the direction of power calculation.

Nominal power

KVA 0.10...500000.00kVA [ 0.01kVA [ 100kVA Defines the nominal power of the protected object.

: Undefined
: Q1 Fwd Ind
: Q2 Rev Cap -
: Q3 Rev Ind
: Q4 Fwd Cap

0:

PQ Quadrant U.ndeﬂned

Indicates what the power PQ quadrant is at that moment.

A WN =20

: Undefined

: Q1 Fwd Cap AV
: Q2 Rev Ind AV -
: Q3 Rev Cap VA
: Q4 Fwd Ind VA

0:

VA Quadrant U.ndefined

Indicates what the power VA quadrant is at that moment.

AN 2O

Reset energy Resets the memory of the three-phase energy calculators.

calculators 0: - 0: - h " )
('Reset 3ph 1- Reset - Gc_)es automatically back to the "-" state after the reset is
o finished.

Energies")
:::rse active 0: Disabled ) ([)) bled Enables/disables the active energy per phase

9y 1: Enabled Isable measurement.
measurement
Phase reactive . 0: ) )
energy 0: Disabled ) Disabled Enables/disables the reactive energy per phase

1: Enabled measurement.

measurement
Phase energies | 0: Mega i 0: Mega Defines whether energy (per phase) is measured with the
megas or kilos 1: Kilo prefix 'kilo" (1 03) or 'mega’ (1 06).
Reset energy
calculators (per 0 - 0-- Resets the memory of the indivisual phase energy
phase) : - ' calculator. Goes automatically back to the "-" state after the
y 1: Reset P
("Reset E per reset is finished.

phase")

Table. 5.2.3 - 38. Energy Dose Counter 1 settings

Step Default Description
Energy
dose 0: Disabled 0: Disabled .
counter 1+ Activated - Enables/disables energy dose counters generally.
mode
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Name Range Step Default Description

Clear pulse | 0: - ) 0: - Resets the "DC 1...4 Pulses sent" counters back to
counter 1: Clear ' zero.
DC1...4 0: Disabled ) 0: Disabled Enables/disables the energy dose counter 1...4
enable 1: Enabled individually.

0: 3PH.Fwd.Act.EP

1: 3PH.Rev.Avt.EP
DC1..4 2: 0 Selects whether the energy is active or reactive,
Input 3PH.Fwd.React.EQ.CAP | 3i:’H Fwd.Act EP whether the direction of the energy is forward of
signal 3: 3PH.Fwd.React.EQ.IND -rwd.Act. reverse, and whether reactive energy is inductive or
select 4: capacitive.

3PH.Rev.React.EQ.CAP

5: 3PH.Rev.React.EQ.IND
DC1...4
Input 4x10% 1x10°8 0.01 - The total amount of energy consumed.
signal
DC1..4 0.005kW/ The set pulse size. An energy pulse is given every
Pulse 0...1800kW/var ) 1kW/Var . : .

. var time the set magnitude is exceeded.

magnitude
DC1...4
Pulse 0...1800s 0.005s 1s The total length of a control pulse.
length
DC1...4
Pulses 0...4 294 967 295 1 - Indicates the total number of pulses sent.
sent

Table. 5.2.3 - 39. DC 1...4 Pulse out settings

Range Step Default Description

DC 1...4 Pulse out OUT1...0UTx - 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. 5.2.3 - 40. Three-phase power calculations.

Name Unit Range Step Description
3PH Apparent power (S) kVA | -1x10%...1x10% | 0.01 The total three-phase apparent power in kilo-volt-ampere
3PH Active power (P) kW -1x106___1x106 0.01 The total three-phase active power in kilowatts
3PH Reactive power (Q) kvar | -1x10%.. 1x10°% | 0.01 The total three-phase reactive power in kilovars

3PH Apparent power (S MVA) | MVA ~1x10%...1x10° | 0.01 The total three-phase apparent power in megawatts

3PH Active power (P MW) MW -1x105...1x105 0.01 The total three-phase active power in mewatts

3PH Reactive power (QMVar) | MVar 1x10°...1x10° | 0.01 The total three-phase active power in megavars

3PH Tan(phi) - “1x10%.1x10° | 0.01 The direction of three-phase active power
3PH Cos(phi) - ~1x10%..1x10° | 0.01 The direction of three-phase reactive power
3PH Power factor - ~1x10°%...1x108 | 0.0001 | The three-phase power factor
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Table. 5.2.3 - 41. Single-phase power calculations (L1...L3).

Name Unit Range Step Description
Lx Apparent power (S) kVA | -1x1 06_ X o6 0.01 The apparent power of Phase Lx in kilo-volt-amperes
Lx Active power (P) kw 1x108.1x10°8 0.01 The active power of Phase Lx in kilowatts
Lx Reactive power (Q) kvar | -1x10%...1x108 0.01 The reactive power of Phase Lx kilovars
Lx Tan(phi) - x108. 1x108 0.01 The direction of Phase Lx's active power
Lx Cos(phi) - 1x108.1x10°8 0.01 The direction of Phase Lx's reactive power
Lx Power factor - “x108 . 1x10° 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. 5.2.3 - 42. Three-phase energy calculations.

81

Name Range Step Description
. -999 999 995
Exported Active Energy (P) (kWh 904.00...999 999 995 0.01 | The total amount of exported active energy.
or MWh) 904.00
. -999 999 995
:\r)lva\)/cr)]r)ted Active Energy (P) (kWh or 904.00...999 999 995 0.01 | The total amount of imported active energy.
904.00
. -999 999 995
Active Energy (P) Exportimport | 904 05 999 999995 | 0.01 | The sum of imported and exported active energy.
balance (kWh or MWh) 904.00
Exported (Q) while Export (P) 5%390%99 3395 999 995 0.01 The total amount of exported reactive energy while
(kVarh or MVarh) 904'00' ; ' active power is exported.
Imported (Q) while Export é%igo%% ggg 999 995 0.01 Total amount of imported reactive energy while
(P). (kVarh or MVarh) 904'00”' ' active energy is exported.
Reactive energy (Q) balance while é%igo%gg ggg 999 995 0.01 The sum of imported and exported reactive
export (P) (kVarh or MVarh) 904'00‘ . ' capacitive energy while active power is exported.
Exported (Q) while Import (P) 5%390%99 ggg 999 995 0.01 The total amount of exported reactive energy while
arh or MVarl active energy is imported.
kVarh or MVarh PO ' i isi d
904.00
Imported (Q) while Import (P) é%igo%% 3395 999 995 0.01 The total amount of imported reactive energy while
(kVarh or MVarh) PO ' active energy is imported.
904.00
Reactive energy (Q) balance while 5%9490%99 99395 999 995 0.01 The sum of imported and exported reactive energy
Import (P) (kVarh or MVarh) 904'00' . ' while active energy is imported.
Apparent Energy (S) while Export 5%190%99 ggg 999 995 0.01 The total amount of exported apparent energy while
(P) (kVAh or MVAh) POG ' active energy is exported.
904.00
Apparent Energy (S) while Import 5%190%99 ggg 999 995 0.01 The total amount of exported apparent energy while
(P) (kVAh or MVAh) 904'00' ; ' active energy is imported.
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Name Range Step Description
Export Active Energy Lx (kWh or MWh) [ -1x10%...1x10% | 0.01 | The exported active energy of the phase.
Import Active Energy (kWh or MWh) 21x10%...1x10% | 0.01 | The imported active energy of the phase.
Active Energy (P) Export/Import 9 9| 0.01 The sum of the phase's imported and exported active
balance (kWh or MWh) -1x10%...1x10 ’ energy.
Exported (Q) while Export (P) Lx (kVarh 9 9| 001 The exported reactive energy of the phase while active
or MVarh) -Ix107...1x107 | P energy is exported.
Imported (Q) while Export (P) Lx (kVarh 9 9| 0.01 The imported reactive energy of the phase while active
or MVarh) -1x107...1x107 | ©- energy is exported.
Reactive Energy (Q) balance while 9 9| 001 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 (kVarh 9 9001 The exported reactive energy of the phase while active
or MVarh) -Ix107...1x107 | ©- energy is imported.
Imported (Q) while Import (P) Lx (kVarh 9 9| 0.01 The imported reactive energy of the phase while active
or MVarh) -Ix107...14x107 | ©- energy is imported.
Reactive energy (Q) balance while 9 9| 001 The sum of the phase's imported and exported reactive
Import (P) Lx (kVarh or MVarh) -1x107...1x10 ’ energy while active energy is imported.
Apparent Energy (S) while Export (P) Lx | -1x10°...1x10° | 0.01 The apparent energy of the phase while active energy is

exported.

Apparent Energy (S) while Import (P) Lx | -1x10%.. 1x102 | 0.01 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.

Currents:

Voltages (line-to-neutral):

ULt =40.825V, 45.00°

IL1=2.5A,0.00°

UL2 =61.481V, -159.90°

lL2=2.5A,-120.00°

ULz =97.742V, 126.21°

IL3=2.5A,120.00°

lis

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

P, =U; X1, cosp = 40.825V x 2.5 Acos(45° — 0°) = 72.2 W (secondary) 2.89 MW (primary)

Q1 = Uy, X1, sing = 40.825V X 2.5 Asin(45° — 0°) = 72.2 var (secondary) 2.89 MVar (primary)

L1 Tan(phi) = QM/)[,L1 =289/, 09 =1.00

L1 Cos(phi) = P“/sm =289/, 1g=071

Name Value NE[ 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
L1 Cos 0.71 L2 Cos 0.77 L3 Cos 0.99 3PH Cos 0.87

Voltages (line-to-line): Currents:
UL12=100.00V, 30.00° IL1=2.5A,0.00°
UL23 =100.00V, -90.00° llo=2.5A,-120.00°
IL3= 2.5 A, 120.00°
Uiz A l 5
U L12
7 lu
rlo

S=Ujp X1} +Usg Xip

S=100VXx25A+ 100V Xx25A =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(¢)

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 =001/ - 2, =000 3PH Cos(phi) =P /o =1732/, /=087

Values

3PH (S) 20.00 MVA
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3PH (P) 17.32 MW
3PH (Q) 0.00 Mvar
3PH Tan 0.00
3PH Cos 0.87

5.2.4 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.

Table. 5.2.4 - 44. Frequency tracking effect (FF changes from 6 Hz to 75 Hz).
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The measurement error with a fixed 50 Hz sampling frequency The measurement error with frequency tracking when the
when the frequency changes. The constant currentis 5 A, the frequency changes. The constant current is 5 A, the
frequency sweep is from 6 Hz to 75 Hz. frequency sweep is from 6 Hz to 75 Hz.

As the figures above show, the sampling frequency has a major effect on the relay'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.
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Problem

Check / Resolution

stable.

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

The values are

"jJumping" and are not

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 — "Smpl mode") so the relay adjusts the frequency itself.

are wrong.

The frequency readings

In Tracking mode the relay 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).

Settings

Table. 5.2.4 - 45. Settings of the frequency tracking.

Name Range Step Default Description
Sampling 0: Fixed ) 0: Fixed Defines which measurement sampling mode is in use: the
mode 1: Tracking ' fixed user-defined frequency, or the tracked system frequency.
System ) . )
nominal 7.000..75.000Hz | 0.001Hz | 50Hz Thelluser—dgf|ned sy?tem homlnal frequency that is "used when
f the "Sampling mode" setting has been set to "Fixed".
requency
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
0: None
Frequenc 1: CT1IL1
d Y 2: CT2IL1 - 1: CT1IL1 The first reference source for frequency tracking.
reference 1 3 VT1U1
4:VT2U1
0: None
Frequenc 1: CT1IL2
q y 2: CT2IL2 - 1: CT1IL2 | The second reference source for frequency tracking.
reference 2 3 VT1U2
4:VT2U2
0: None
Frequenc 1: CT1IL3
q Y 2: CT2IL3 - 1: CT1IL3 The third reference source for frequency tracking.
reference 3 3 VT1U3
4:VT2U3
0: No trackable
channels
1: Reference 1
trackable
2: Reference 2
tr?ckable Defines the frequency tracker quality. If the measured current
3: References 1 & . :
Frequency > trackable (or voltage) amplitude is below the threshold, the channel
tracking . - - tracking quality is O and cannot be used for frequency tracking.
: 4: Reference 3 ) .
quality trackable If all channels' magnitudes are below the threshold, there are
) no trackable channels.
5: Reference 1 &
3 trackable
6: References 2 &
3 trackable
7: All references
trackable
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Name Range Step Default Description
Freauenc 0: No track ch
q y 1: Ref1 Indicates which reference is used at the moment for frequency
measurement ) - - ;
in use 2: Ref2 tracking.
3: Ref3
0: Start tracking . Defines the how the tracking starts. Tracking can start
) . 0: Start . . )
Start behavior |mm.ed|aterA ) racking |mm¢d|ately, or there can be a set delay time between the
1: First nominal or . h receiving of the first trackable channel and the start of the
immediately ;
tracked tracking.
. 0: Use track 0: Use Defines the start of the sampling. Sampling can begin with
Start sampling | frequency ; . :
) ) - track a previously tracked frequency, or with a user-set nominal
with 1: Use nom
frequency | frequency.
frequency
Use nominal Defines how long the nominal frequency is used after the
frequency 0...1800.000s 0.005s | 0.100s ltygacklnllg has star"ted. _Th|§ setting ﬁonl}i/‘ Va.l.ld wherp]theh
until ampling m_ode. setting is set to lracking and when the
"Start behavior" is set to "First nominal or tracked".
Tracked f 0.000.. 75.000Hz | 0.001Hz | - Displays the rough value of the tracked frequency in Channel
channel A A.
Tracked f 0.000..75.000Hz | 0.001Hz | - Displays the rough value of the tracked frequency in Channel
channel B B.
Tracked f 0.000...75.000Hz | 0.001Hz | - Displays the rough value of the tracked frequency in Channel
channel C C.
Alg f fast 0.000...75.000Hz | 0.001Hz | - Frequency measurement built from tracked frequencies and
U4 voltage channel samples.
Alg f avg 0.000..75.000Hz | 0.001Hz | - Averageq frequency measurement built from tracked
frequencies and U4 voltage channel samples.
0: One f
measured
System 1 Two f
measured ) - - Displays the amount of frequencies that are measured.
frequency measured
2: Three f
measured
fatm Frequency measurement value used by protection functions.
S 0.000...75.000Hz | 0.001Hz | - When frequency is not measurable this value returns to value
Protections " . "
set to "System nominal frequency" parameter.
f atm. Display | 0.000...75.000Hz | 0.001Hz | - Frequencylmeasurement valuelused |n.d|?play."When
frequency is not measurable this value is "0 Hz".
0: Not
measurable
1: Avg Ref 1
2: Avg Ref 2
f 3: Avg Ref 3
measurement | 4: Track Ref 1 - - Displays which reference is used for frequency measurement.
from 5: Track Ref 2
6: Track Ref 3
7: Fast Ref 1
8: Fast Ref 2
9: Fast Ref 3
SS1.meas.frgs
0.000...75.000Hz | 0.001Hz | - Displays frequency used by "system set" channel 1 and 2.

SS2.meas.frgs

0: Not
SS1f measurable ) ) Displays which voltage channel frequency reference is used by
meas.from 1: Fast Ref U3 "system set" voltage channel.
2: Fast Ref U4
0: Not . . .
SS2f Displays if U4 channel frequency reference is measurable or
measurable - - " "
meas.from 1- Fast Ref U4 not when the channel has been set to "system set" mode.
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5.3 Protection functions

5.3.1 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
characteristics.

Processing cycles

: l! ll li lH Analog Values

 Es

Selected Analog Measurements

DATA

Parameters
Read

Processed Values

Parameters
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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. 5.3.1 - 77. Principle diagram of the protection relay 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. 5.3.1 - 78. Pick up and reset.
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Pick-up
Reset = Pick-up * 97 %

Measured magnitude
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The pick-up activation of the function is not directly equal to the START signal generation of the
function. The START signal is allowed if a blocking condition is not active.
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Figure. 5.3.1 - 79. Measurement range in relation to the nominal current.

1, [A]

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

I, max set

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

10A -> 0.001 x In
|min meas= 0.01 AO

T ' : : H T IS [A]
21 5 10 150 200 250

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 IED 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 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 pick-up element activates, a BLOCKED signal is generated and the
function will 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 blocking of the function causes an HMI display event and a time stamped blocking event with
information of the startup current values and its fault type to be issued.

The blocking signal can also be tested in the commissioning phase by a software switch signal when
the relay's common and global testing mode is activated.

The variables users can set are binary signals from the system. The blocking signal needs to reach the
IED 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 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: activates the trip signal with no additional time delay simultaneously with
the start signal.

» Definite time operation (DT): activates the trip signal after a user-defined time
delay regardless of the measured current as long as the current is above or below the Xset
value and thus the pick-up element is active (independent time characteristics).
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+ Inverse definite minimum time (IDMT): activates the trip signal after a time which is in relation
to the set pick-up value Xset and the measured value Xm (dependent time characteristics).

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 (Min) operating time delay is 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.

Figure. 5.3.1 - 80. Operating time delay: Definite (Min) and the minimum for tripping.
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Table. 5.3.1 - 46. Operating time characteristics setting parameters (general).
Name Range Step Default Description
Delav tvoe 0: DT ) 0 DT Selects the delay type for the time counter. The selection is made
v iyp 1: IDMT ' between dependent (IDMT) and independent (DT) characteristics.

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

Definite (min) additional delay. When the parameter is set to 0.005...1800 s, the

operating time | 0.000...1800.000s | 0.005s [ 0.040s | stage operates as independent delayed.

delay
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.
Selects whether the delay curve series for an IDMT operation

. follows either IEC or IEEE/ANSI standard defined characteristics.
Delay curve 0:IEC )
. : - 0:1EC
series 1: |EEE

This setting is active and visible when the "Delay type" parameter is
set to "IDMT".
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Name Range Step Default Description
Selects the IEC standard delay characteristics.
The options include the following: Normally Inverse ("NI"),
0: NI Extremely Inverse ("EI"), Very Inverse ("VI") and Long Time Inverse
Delay 1: El ("LTI") characteristics. Additionally, the "Param" option allows the
characteristics | 2: VI - 0: NI tuning of the constants A and B which then allows the setting of
IEC 3: LTI characteristics following the same formula as the IEC curves
4: 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 Inverse ("ANSI
0: ANSI NI NI"), Very Inverse ("ANSI VI"), Extremely inverse ("ANSI EI"), Long
1: ANSI VI time inverse ("ANSI LTI") characteristics. IEEE: Moderately Inverse
Dela 2: ANSI El ("IEEE MI"), Very Inverse ("IEEE VI"), Extremely Inverse ("IEEE EI")
chargcteristics 3: ANSI LTI ) 0: ANSI | characteristics. Additionally, the "Param" option allows the tuning of
IEEE 4: IEEE MI NI the constants A, B and C which then allows the setting of
5: |[EEE VI characteristics following the same formula as the IEEE curves
6: |[EEE El mentioned here.
7: Param
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 characteristics.
Time dial
setting k 0.01...25.00s 0.01s 10.05s This setting is active and visible when the "Delay type" parameter is
set to "IDMT".
Defines the Constant A for IEC/IEEE characteristics.
A 0.0000...250.0000 | 0.0001 | 0.0860 | This setting is active and visible when the "Delay type" parameter is
set to "IDMT" and the "Delay characteristic" parameter is set to
"Param"”.
Defines the Constant B for IEC/IEEE characteristics.
B 0.0000...5.0000 0.0001 [ 0.1850 | This setting is active and visible when the "Delay type" parameter is
set to "IDMT" and the "Delay characteristic" parameter is set to
"Param"”.
Defines the Constant C for IEEE characteristics.
C 0.0000...250.0000 | 0.0001 | 0.0200 | This setting is active and visible when the "Delay type" parameter is
set to "IDMT" and the "Delay characteristic" parameter is set to
"Param"”.
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Figure. 5.3.1 - 81. Inverse operating time formulas for IEC and |IEEE standards.
IEC IEEE/ANSI
4
t= ; 3
A
- I
Smo
Iset
t = Operating delay (s) t = Operating delay (s)
k = Time dial setting k = Time dial setting
Im = Measured maximum current Im = Measured maximum current
Lt = Pick-up setting Lt = Pick-up setting
A = Operating characteristics constant A = Operating characteristics constant
B = 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 (V1) 3,922 0,0982 2
Very Inverse (V1) 13,5 1 Extremely Inverse (E]) 5,64 0,02434 2
Long Time Inverse (LTI) 120 1 Long Time Inverse (LT]) 5,614 2,186 1
Standard delays IEEE constants
Type A B C
Moderately Inverse (MI) 0,0515 0,114 0,02
Very Inverse (V1) 19,61 0,491 2
Extremely Inverse (E]) 28,2 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:

* overcurrent stages

+ residual overcurrent stages

+ directional overcurrent stages

+ directional residual overcurrent stages.

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

blocks.

Table. 5.3.1 - 47. Inverse operating time formulas for nonstandard characteristics.

Rl-type RD-type

Used to get time grading with
mechanical relays

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

k

t=———————————
0.339 — 0.236 * %”
m

Ji
t=58—-135+In (L)
k= set

t = Operating delay (s)
k = Time dial setting
Im = Measured maximum current

Iset = Pick-up setting

t = Operating delay (s)
k = Time dial setting
Im = Measured maximum current

Iset = Pick-up setting
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Table. 5.3.1 - 48. Setting parameters for reset time characteristics.

Name Range Step Default Description
Delayed 0 No Resetting characteristics selection (either time-delayed or instant) after
pick-up 1: Yes - 1: Yes | the pick-up element is released. If activated, the START signal is reset
release ' after a set release time delay.
Resetting time. The time allowed between pick-ups if the pick-up has not
led into a trip operation.
tRiri'gadS:la 0.000...150.000s | 0.005s | 0.06s
y If the "Delayed pick-up release" setting is active, the START signal is held
on for the duration of the timer.
Op.T|m¢ Operating timer resetting characteristics selection. When active, the
calculation | . CY . L .
reset after 0: No _ 1 Yes operating time counter is reset after a set release time if the pick-up
release 1: Yes ' element is not activated during this time. When disabled, the operating
time time counter is reset directly after the pick-up element is reset.
Continue
time . . Time calculation characteristics selection. If activated, the operating time
calculation | 0: No . . . . . ) .
; : - 0: No | counter continues until a set release time even if the pick-up element is
during 1: Yes
reset.
release
time

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

Figure. 5.3.1 - 82. No delayed pick-up release.
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Figure. 5.3.1 - 83. 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. 5.3.1 - 84. 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
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Figure. 5.3.1 - 85. 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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The resetting characteristics can be set according to the application. The default setting is delayed 60
ms and the time calculation is held during the release time.

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.

Stage forcing

It is possible to test the logic, event processing and the operation of the relay's protection system by
controlling the state of the protection functions manually without injecting any current into the relay 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.

NOTE!

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

5.3.2 Non-directional overcurrent protection (I>; 50/51)

The non-directional overcurrent function is used for instant and time-delayed overcurrent and short-
circuit protection. The number of stages in the function depends on the relay model. The operating
decisions are based on phase current magnitude, constantly measured by the function. The available

phase current magnitudes are equal to RMS values, to TRMS values (including harmonics up to 32“d),
or to peak-to-peak values. The blocking signal and the setting group selection control the operating
characteristics of the function during normal operation, i.e. the user or user-defined logic can change
function parameters while the function is running.
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The outputs of the function are the START, TRIP and BLOCKED signals. The non-
directional overcurrent function uses a total of eight (8) separate setting groups which can be selected
from one common source.

The function can operate on instant or time-delayed mode. In time-delayed mode the operation can be
selected between definite time (DT) mode and inverse definite minimum time (IDMT) mode. The IDMT
operation supports both IEC and ANSI standard time delays as well as custom parameters. The
function includes CT saturation checking which allows the function to start and operate accurately
during CT saturation.

The operational logic consists of the following:

+ input magnitude selection

* input magnitude processing
+ saturation check

+ threshold comparator

+ block signal check

+ time delay characteristics

* output processing.

The basic design of the protection function is the three-pole operation.

The inputs for the function are the following:

« operating mode selections

+ setting parameters

« digital inputs and logic signals

* measured and pre-processed current magnitudes.

The function outputs the START, TRIP and BLOCKED signals which can be used for direct I/0O
controlling and user logic programming. The function generates general time-stamped ON/OFF events
to the common event buffer from each of the three (3) output signals. In the instant operating mode the
function outputs START and TRIP events simultaneously with an equivalent time stamp. The time stamp
resolution is 1 ms. The function also provides a resettable cumulative counter for the START, TRIP and
BLOCKED events.

The following figure presents a simplified function block diagram of the non-directional
overcurrent function.

Figure. 5.3.2 - 86. Simplified function block diagram of the I> function.
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Measured input

The function block uses analog current measurement values. However, when the peak-to-peak mode is
selected for the function's "Measured magnitude" setting , the values are taken directly from the
samples. The user can select the monitored magnitude to be equal either to RMS values, to TRMS
values from the whole harmonic specter of 32 components, or to peak-to-peak values. A -20ms
averaged value of the selected magnitude is used for pre-fault data registering.

Table. 5.3.2 - 49. Measurement inputs of the |> function.

Signal Description Time base
IL1RMS RMS measurement of phase L1 (A) current 5ms
IL2RMS RMS measurement of phase L2 (B) current 5ms
IL3BRMS RMS measurement of phase L3 (C) current 5ms
IL1TRMS TRMS measurement of phase L1 (A) current 5ms
IL2TRMS TRMS measurement of phase L2 (B) current 5ms
IL3STRMS TRMS measurement of phase L3 (C) current 5ms
IL1PP Peak-to-peak measurement of phase L1 (A) current 5ms
IL2PP Peak-to-peak measurement of phase L2 (B) current 5ms
IL3PP Peak-to-peak measurement of phase L3 (C) current 5ms

The selection of the used Al channel is made with a setting parameter. In all possible input channel
variations the pre-fault condition is presented with a 20 ms averaged history value from -20 ms
from START or TRIP event.

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. 5.3.2 - 50. General settings of the function.

Name Range Step Default Description
1:
Setting control from Disabled ) 1: Activating this parameter allows changing the pick-up level of the
comm bus Disabled | protection stage via SCADA.
2: Allowed
1: RMS
. 2: TRMS . ' . . . ) )
Measured magnitude - 1: RMS | Defines which available measured magnitude is used by the function.
3: Peak-to-
peak
Pick-up

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.
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Default

Iset

Description

Pick-up setting

0.10...50.00xIn 0.01xIn 1.20%In

The pick-up activation of the function is not directly equal to the START signal generation of the
function. The START signal is allowed if the blocking condition is not active.

Read-only parameters

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

Table. 5.3.2 - 52. Information displayed by the function.

Name Range Step Description

0: Normal
> 1: Start . ) .
condition | 2: Trip - Displays status of the protection function.

3: Blocked

0: Normal

1: Start A

2: Start B

3: Start C

4: Trip A

5: Trip B
|> phases 6: Trip C
condition 7: Start AB - Displays the status of phases individually.

8: Start BC

9: Start CA

10: Start ABC

11: Trip AB

12: Trip BC

13: Trip CA

14: Trip ABC
Expected Displays the expected operating time when a fault occurs. When IDMT mode
operating | -1800.000...1800.000s | 0.005s is used, the expected operating time depends on the measured highest phase
time current value. If the measured current changes during a fault, the expected

operating time changes accordingly.

Time . ) )
remaining | 0.000...1800.000s 0.0055 V%/hen_ thle fun;:tlon hashdetecFeclj ? fauflt and.colunts down time towards a trip,
t0 trip this displays how much time is left before tripping occurs.
Imeas/Iset
at the 0.00...1250.00 0.01 The ratio between the highest measured phase 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 non-directional overcurrent
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. 5.3.2 - 53. Internal inrush harmonic blocking settings.

Name Range Step Default Description
Inrushlharmonic blocking (internal- | 0: No ) 0: No Enables and disables the 2nd harmonic
only trip) 1: Yes ' blocking.

2" harmonic blocking limit (Iharm/ 0.10...50.00%lfung | 0.01%liung | 0.01%lfung Defines the limit of the 2" harmonic
[fund) 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 blocking of the function causes an HMI display event and a-time stamped blocking event with
information of the startup current values and its fault type to be issued.

The blocking signal can also be tested in the commissioning phase by a software switch signal when
the relay's testing mode "Enable stage forcing” is activated (General — Device).

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 for trip and reset".

Events and registers

The non-directional overcurrent function (abbreviated "NOC" in event block names) generates events
and registers from the status changes in START, TRIP and BLOCKED. The user can select which event
messages are stored in the main event buffer: ON, OFF, or both. The function offers four (4)
independent stages; the events are segregated for each stage operation.

The events triggered by the function are recorded with a time stamp and with process data values.

Table. 5.3.2 - 54. Event codes.

Event number Event channel Event block name Event code Description
1280 20 NOC1 0 Start ON
1281 20 NOC1 1 Start OFF
1282 20 NOCH1 2 Trip ON
1283 20 NOC1 3 Trip OFF
1284 20 NOC1 4 Block ON
1285 20 NOCA1 5 Block OFF
1286 20 NOC1 6 Phase A Start ON
1287 20 NOC1 7 Phase A Start OFF
1288 20 NOC1 8 Phase B Start ON
1289 20 NOC1 9 Phase B Start OFF
1290 20 NOC1 10 Phase C Start ON
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Event number Event channel Event block name Event code Description
1291 20 NOCA1 11 Phase C Start OFF
1292 20 NOCH1 12 Phase A Trip ON
1293 20 NOC1 13 Phase A Trip OFF
1294 20 NOCA1 14 Phase B Trip ON
1295 20 NOC1 15 Phase B Trip OFF
1296 20 NOCA1 16 Phase C Trip ON
1297 20 NOCH1 17 Phase C Trip OFF
1344 21 NOC2 0 Start ON
1345 21 NOC2 1 Start OFF
1346 21 NOC2 2 Trip ON
1347 21 NOC2 3 Trip OFF
1348 21 NOC2 4 Block ON
1349 21 NOC2 5 Block OFF
1350 21 NOC2 6 Phase A Start ON
1351 21 NOC2 7 Phase A Start OFF
1352 21 NOC2 8 Phase B Start ON
1353 21 NOC2 9 Phase B Start OFF
1354 21 NOC2 10 Phase C Start ON
1355 21 NOC2 11 Phase C Start OFF
1356 21 NOC2 12 Phase A Trip ON
1357 21 NOC2 13 Phase A Trip OFF
1358 21 NOC2 14 Phase B Trip ON
1359 21 NOC2 15 Phase B Trip OFF
1360 21 NOC2 16 Phase C Trip ON
1361 21 NOC2 17 Phase C Trip OFF
1408 22 NOC3 0 Start ON
1409 22 NOC3 1 Start OFF
1410 22 NOC3 2 Trip ON
1411 22 NOC3 3 Trip OFF
1412 22 NOC3 4 Block ON
1413 22 NOC3 5 Block OFF
1414 22 NOC3 6 Phase A Start ON
1415 22 NOC3 7 Phase A Start OFF
1416 22 NOC3 8 Phase B Start ON
1417 22 NOC3 9 Phase B Start OFF
1418 22 NOC3 10 Phase C Start ON
1419 22 NOC3 11 Phase C Start OFF
1420 22 NOC3 12 Phase A Trip ON
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Event number Event channel Event block name Event code Description
1421 22 NOC3 13 Phase A Trip OFF
1422 22 NOC3 14 Phase B Trip ON
1423 22 NOC3 15 Phase B Trip OFF
1424 22 NOC3 16 Phase C Trip ON
1425 22 NOC3 17 Phase C Trip OFF
1472 23 NOC4 0 Start ON
1473 23 NOC4 1 Start OFF
1474 23 NOC4 2 Trip ON
1475 23 NOC4 3 Trip OFF
1476 23 NOC4 4 Block ON
1477 23 NOC4 5 Block OFF
1478 23 NOC4 6 Phase A Start ON
1479 23 NOC4 7 Phase A Start OFF
1480 23 NOC4 8 Phase B Start ON
1481 23 NOC4 9 Phase B Start OFF
1482 23 NOC4 10 Phase C Start ON
1483 23 NOC4 11 Phase C Start OFF
1484 23 NOC4 12 Phase A Trip ON
1485 23 NOC4 13 Phase A Trip OFF
1486 23 NOC4 14 Phase B Trip ON
1487 23 NOC4 15 Phase B Trip OFF
1488 23 NOC4 16 Phase C Trip ON
1489 23 NOC4 17 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. 5.3.2 - 55. Register content.

Dat.e and Event Fault type Trigger Fault Pre-fault Trip Flrpe Used SG
time code current current current remaining
Start . .
dd.mm.yyyy 1280-1489 Trip -20ms | Start -200ms | O Setting group

L1-E...L1-L2-L3 | average

hh:mm:ss.mss | Descr.
current

averages averages ms...1800s 1...8 active
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5.3.3 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 magnitudes which the function measures constantly. The available
analog measurement channels are 101 and 102 (residual current measurement) and I0Calc (residual
current calculated from phase current). The user can select these channels to use RMS values, TRMS

values (including harmonics up to 32”0'), or peak-to-peak values. The blocking signal and the setting

group selection control the operating characteristics of the function during normal operation, i.e. the
user or user-defined logic can change function parameters while the function is running.

The outputs of the function are the START, TRIP and BLOCKED signals. The non-directional earth fault
function uses a total of eight (8) separate setting groups which can be selected from one common
source.

The function can operate on instant or time-delayed mode. In the time-delayed mode the operation can
be selected for definite time (DT) or for inverse definite minimum time (IDMT); the IDMT operation
supports both IEC and ANSI standard time delays as well as custom parameters. The function includes
the checking of CT saturation which allows the function to start and operate accurately even during CT
saturation.

The operational logic consists of the following:

+ input magnitude selection

* input magnitude processing
+ saturation check

+ threshold comparator

+ block signal check

 time delay characteristics

* output processing.

The inputs for the function are the following:

« operating mode selections

+ setting parameters

+ digital inputs and logic signals

* measured and pre-processed current magnitudes.

The function outputs the START, TRIP and BLOCKED signals which can be used for direct /O
controlling and user logic programming. The function generates general time-stamped ON/OFF events
to the common event buffer from each of the three (3) output signals. In the instant operating mode the
function outputs START and TRIP events simultaneously with an equivalent time stamp. The time stamp
resolution is 1 ms. The function also provides a resettable cumulative counter for the START, TRIP and
BLOCKED events.

The following figure presents a simplified function block diagram of the non-directional earth fault
function.
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Figure. 5.3.3 - 87. Simplified function block diagram of the 10> fucntion.
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Measured input

The function block uses analog current measurement values. The user can select the monitored
magnitude to be equal either to RMS values, to TRMS values, or to peak-to-peak values. TRMS mode
uses values from the whole harmonic spectrum of 32 components. Peak-to-peak mode picks
measurement values directly from the samples. A -20 ms averaged value of the selected magnitude is
used for pre-fault data registering.

Table. 5.3.3 - 56. Measurement inputs of the 10> function.

Signal Description Time base
I01RMS RMS measurement of coarse residual current measurement input 101 5ms
[01TRMS TRMS measurement of coarse residual current measurement input 101 5ms
101PP Peak-to-peak measurement of coarse residual current measurement input 101 5ms
I02RMS RMS measurement of sensitive residual current measurement input 102 5ms
I02TRMS TRMS measurement of coarse sensitive current measurement input 102 5ms
102PP Peak-to-peak measurement of sensitive residual current measurement input 102 5ms
|0Calc RMS value of the calculated zero sequence current from the three phase currents 5ms

The selection of the used Al channel is made with a setting parameter. In all possible input channel
variations the pre-fault condition is presented with a 20 ms averaged history value from -20 ms from
a START or TRIP event.

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. 5.3.3 - 57. General settings of the function.

Description Range Default
1.
Setting control Activating this parameter permits changing the pick-up level of the protection stage | Disabled | 1:
from comm bus | via SCADA. 2: Disabled
Allowed

103




AQ-F213
Instruction manual

Version: 2.04
Name Description Range Default
1: RMS
Measured Defines which available measured magnitude is used by the function. This 2: TRMS 1-RMS
magnitude parameter is available when "Input selection" has been set to "l01" or "l02". 3: Peak- '
to-peak
1:101
Input selection Defines which measured residual current is used by the function. g 102 1:101
|0Calc

Pick-up

The 10set 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 10set 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.

Table. 5.3.3 - 58. Pick-up settings.

Description Default

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

The pick-up activation of the function is not directly equal to the START signal generation of the
function. The START signal is allowed if the blocking condition is not active.

Read-only parameters

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

Table. 5.3.3 - 59. Information displayed by the function.

Name Range Step Description
0: Normal
10> 1: Start . . .
condition | 2: Trip - Displays status of the protection function.
3: Blocked
Detected 0.01 Angle of 10 against reference. If phase voltages are available, positive sequence

-360.00...360.00 deg voltage angle is used as reference. If voltages are not available, positive

10:angle deg sequence current angle is used as reference.
0: -
1: A-G-R
Detected 2: B-G-F Displays the detected fault type and direction of previous fault. "A/B/C" stand for
fault type 3:C-G-R - one of the three phases. "G" stands for "ground". "F" stands for "forward" direction
4: A-G-F and "R" stands for "reverse" direction.
5:B-G-R
6: C-G-F

Displays the expected operating time when a fault occurs. When IDMT mode is

Expected | -1800.000...1800.000 0.005 | used, the expected operating time depends on the measured current value. If

Srﬁ)gatmg s S the measured current changes during a fault, the expected operating time
changes accordingly.

Time . . ' )

remaining | 0.000...1800.000 s 0.005 \é\_/heln thifunctlonhhgs dgt?cfteg ? fau‘l[tlanq counts down time towards a trip, this

to trip S isplays how much time is left before tripping occurs.
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Description
Imeas/Iset
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, non-directional earth fault
protection 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. 5.3.3 - 60. Internal inrush harmonic blocking settings.

Name Description Range Step Default
Inrush harmonic blocking (internal-only 2”d harmonic blocking enable/ 0: No ) 0: No
trip) disable 1: Yes '
2" harmonic block limit (Iharm/fund) 2" harmonic blocking limit 0.10...50.00%lfund | 0.01%lfund | 0.01%lfund

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

The blocking signal can also be tested in the commissioning phase by a software switch signal when
the relay's testing mode "Enable stage forcing” is activated (General — Device).

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 for trip and reset".

Events and registers
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The non-directional earth fault function (abbreviated "NEF" in event block names) generates events and
registers from the status changes in START, TRIP and BLOCKED. The user can select which event
messages are stored in the main event buffer: ON, OFF, or both. The function offers four (4)
independent stages; the events are segregated for each stage operation.

The events triggered by the function are recorded with a time stamp and with process data values.

Table. 5.3.3 - 61. Event codes.

Event number Event channel Event block name Event code Description
1664 26 NEF1 0 Start ON
1665 26 NEF1 1 Start OFF
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Event number Event channel Event block name Event code Description
1666 26 NEF1 2 Trip ON
1667 26 NEF1 3 Trip OFF
1668 26 NEF1 4 Block ON
1669 26 NEF1 5 Block OFF
1728 27 NEF2 0 Start ON
1729 27 NEF2 1 Start OFF
1730 27 NEF2 2 Trip ON
1731 27 NEF2 3 Trip OFF
1732 27 NEF2 4 Block ON
1733 27 NEF2 5 Block OFF
1792 28 NEF3 0 Start ON
1793 28 NEF3 1 Start OFF
1794 28 NEF3 2 Trip ON
1795 28 NEF3 3 Trip OFF
1796 28 NEF3 4 Block ON
1797 28 NEF3 5 Block OFF
1856 29 NEF4 0 Start ON
1857 29 NEF4 1 Start OFF
1858 29 NEF4 2 Trip ON
1859 29 NEF4 3 Trip OFF
1860 29 NEF4 4 Block ON
1861 29 NEF4 5 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. 5.3.3 - 62. Register content.

Date and time Event Fault Trigger Fault Pre-fault Trip ’Flrpe Used SG
code type current current current remaining
A-G- Start ) Setting
dd:mm:yyyy 1664-1861 R...C-G- | average Trip -20ms Start -200ms 0ms..1800s | group 1.8
hh:mm:ss.mss Descr. averages averages .
F current active

5.3.4 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. The selectable monitored phase current

magnitudes are equal to RMS values, to TRMS values (including harmonics up to 315t), or to peak-to-
peak values. The blocking signal and the setting group selection control the operating characteristics
of the function during normal operation, i.e. the user or user-defined logic can change function
parameters while the function is running.
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The outputs of the function are the START, TRIP and BLOCKED signals. The directional overcurrent
function uses a total of eight (8) separate setting groups which can be selected from one common
source.

The function can operate on instant or time-delayed mode. In time-delayed mode the operation can be
selected between definite time (DT) mode and inverse definite minimum time (IDMT). The IDMT
operation supports both IEC and ANSI standard time delays as well as custom parameters. The
function includes CT saturation checking which allows the function to start and operate accurately
during CT saturation.

The operational logic consists of the following:

+ input magnitude selection

* input magnitude and angle processing
+ saturation check

+ threshold comparator

+ block signal check

+ time delay characteristics

* output processing.

The basic design of the protection function is the three-pole operation.

The inputs for the function are the following:

« operating mode selections

+ setting parameters

« digital inputs and logic signals

* measured and pre-processed current magnitudes.

The function outputs the START, TRIP and BLOCKED signals which can be used for direct I/0O
controlling and user logic programming. The function generates general time-stamped ON/OFF events
to the common event buffer from each of the three (3) output signals. In the instant operating mode the
function outputs START and TRIP events simultaneously with an equivalent time stamp. The time stamp
resolution is 1 ms. The function also provides a resettable cumulative counter for the START, TRIP and
BLOCKED events.

The following figure presents a simplified function block diagram of the directional overcurrent function.

Figure. 5.3.4 - 88. Simplified function block diagram of the Idir> function.
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Measured input

The function block uses analog current measurement values. The user can select the monitored
magnitude to be equal either to RMS values, to TRMS values, or to peak-to-peak values. TRMS mode
uses values from the whole harmonic spectrum of 32 components. Peak-to-peak mode picks
measurement values directly from the samples. A -20 ms averaged value of the selected magnitude is
used for pre-fault data registering.

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. 5.3.4 - 63. Measurement inputs of the Idir> function.

Signal Description Time base
IL1RMS RMS measurement of phase L1 (A) current 5ms
IL2RMS RMS measurement of phase L2 (B) current 5ms
IL3RMS RMS measurement of phase L3 (C) current 5ms
IL1TRMS TRMS measurement of phase L1 (A) current 5ms
IL2TRMS TRMS measurement of phase L2 (B) current 5ms
IL3STRMS TRMS measurement of phase L3 (C) current 5ms
IL1PP Peak-to-peak measurement of phase L1 (A) current 5ms
IL2PP Peak-to-peak measurement of phase L2 (B) current 5ms
IL3PP Peak-to-peak measurement of phase L3 (C) current 5ms
U1RMS RMS measurement of voltage U1/V 5ms
U2RMS RMS measurement of voltage U2/V 5ms
U3sRMS RMS measurement of voltage Us/V 5ms
U4RMS RMS measurement of voltage Ua/V 5ms

The selection of the used Al channel is made with a setting parameter. In all possible input channel
variations the pre-fault condition is presented with a 20 ms averaged history value from -20 ms from
START or TRIP event.

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. 5.3.4 - 64. General settings of the function.

Description Range Step Default
1: RMS
Measured Defines which available measured magnitude is used by the 2: TRMS ) 1-RMS
magnitude function. '
3: Peak-to-
peak
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Pick-up
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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°.

Table. 5.3.4 - 65. Pick-up settings.

BT[] Description Range Step Default
T . Switches between directional and non-directional Directional . .
Characteristic direction o - Directional
overcurrent mode. Non-directional
Operating sector size o
(+/-) Pick-up area size in degrees. +1.0..170.0 0.1° +88°

Operating sector

Turns the operating sector -180.0...180.0° | 0.1° 0°
center

Pick-up setting Iset Pick-up setting 0.10...40.00%In | 0.01xIn | 1.20xIn

The pick-up activation of the function is not directly equal to the START signal generation of the
function. The START signal is allowed if the blocking condition is not active.

Figure. 5.3.4 - 89. Angle tracking of the Idir> function (3LN/3LL + Ug mode).
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Please note in the picture above that the tripping area is linked to the angle of the positive sequence
voltage U17. 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, /.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.

Figure. 5.3.4 - 90. Operation sector area when the sector center has been set to -45 degrees.
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Figure. 5.3.4 - 91. When Idir> function has been set to "Non-directional" the function works basically just like a traditional non-
directional overcurrent protection function.

Tripping permitted

T—)

Read-only parameters

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

Table. 5.3.4 - 66. Information displayed by the function.

Name Range Step Description

Operating - . ) "
angle -360.00...360.00deg | 0.01deg \'I/'Qlfapzsltlve sequence current angle in relation to the positive sequence
now ge-

Displays the expected operating time when a fault occurs. When IDMT
Expected ! A :

) mode is used, the expected operating time depends on the highest

operating | 0.000...1800.00s 0.005s .
. measured phase current value. If the measured current changes during a
time o .

fault, the expected operating time changes accordingly.
Time . ' )
remaining | -1800.000...1800.00s | 0.005s When_ the function has dleteclted a fault and.colunts down time towards a trip,
t0 trip this displays how much time is left before tripping occurs.
Imeas/Iset . . .
at the 0.00...1250.00Im/lset | 0.01Im/lset \T/;i(;atlo between the highest measured phase current and the pick-up
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. Additionally, the non-directional overcurrent
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. 5.3.4 - 67. Internal inrush harmonic blocking settings.

Name Description Range Step Default

Inrush harmonic blocking (internal- | Enables and disables the 2" harmonic | 0: No 0 No
only trip) blocking. 1: Yes :

2" harmonic blocking limit (Iharm/

ifund) The 2" harmonic blocking limit. 0.10...50.00%lfund | 0.01%lfund | 0.01%lfund

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

The blocking signal can also be tested in the commissioning phase by a software switch signal when
the relay's testing mode "Enable stage forcing" is activated (General — Device).

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 for trip and reset".

Events and registers

The directional overcurrent function (abbreviated "DOC" in event block names) generates events and
registers from the status changes in START, TRIP and BLOCKED. The user can select which event
messages are stored in the main event buffer: ON, OFF, or both. The function offers four (4)
independent stages; the events are segregated for each stage operation.

The events triggered by the function are recorded with a time stamp and with process data values.

Table. 5.3.4 - 68. Event codes.

Event Number Event channel Event block name Event Code Description
4800 75 DOC1 0 Start ON
4801 75 DOC1 1 Start OFF
4802 75 DOCH1 2 Trip ON
4803 75 DOC1 3 Trip OFF
4804 75 DOCH1 4 Block ON
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Event Number Event channel Event block name Event Code Description
4805 75 DOC1 5 Block OFF
4806 75 DOC1 6 No voltage, Blocking ON
4807 75 DOC1 7 Voltage measurable, Blocking OFF
4808 75 DOC1 8 Measuring live angle ON
4809 75 DOC1 9 Measuring live angle OFF
4810 75 DOCH1 10 Using voltmem ON
4811 75 DOCH1 11 Using voltmem OFF
4864 76 DOC2 0 Start ON
4865 76 DOC2 1 Start OFF
4866 76 DOC2 2 Trip ON
4867 76 DOC2 3 Trip OFF
4868 76 DOC2 4 Block ON
4869 76 DOC2 5 Block OFF
4870 76 DOC2 6 No voltage, Blocking ON
4871 76 DOC2 7 Voltage measurable, Blocking OFF
4872 76 DOC2 8 Measuring live angle ON
4873 76 DOC2 9 Measuring live angle OFF
4874 76 DOC2 10 Using voltmem ON
4875 76 DOC2 11 Using voltmem OFF
4928 7 DOC3 0 Start ON
4929 77 DOC3 1 Start OFF
4930 77 DOC3 2 Trip ON
4931 7 DOC3 3 Trip OFF
4932 77 DOC3 4 Block ON
4933 77 DOC3 5 Block OFF
4934 77 DOC3 6 No voltage, Blocking ON
4935 77 DOC3 7 Voltage measurable, Blocking OFF
4936 77 DOC3 8 Measuring live angle ON
4937 77 DOC3 9 Measuring live angle OFF
4938 e DOC3 10 Using voltmem ON
4939 e DOC3 11 Using voltmem OFF
4992 78 DOC4 0 Start ON
4993 78 DOC4 1 Start OFF
4994 78 DOC4 2 Trip ON
4995 78 DOC4 3 Trip OFF
4996 78 DOC4 4 Block ON
4997 78 DOC4 5 Block OFF
4998 78 DOC4 6 No voltage, Blocking ON
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Event Number Event channel Event block name Event Code Description
4999 78 DOC4 7 Voltage measurable, Blocking OFF
5000 78 DOC4 8 Measuring live angle ON
5001 78 DOC4 9 Measuring live angle OFF
5002 78 DOC4 10 Using voltmem ON
5003 78 DOC4 11 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.

Table. 5.3.4 - 69. Register content.

Register name Description

Date and time dd.mm.yyyy hh:mm:ss.mss
Event code 4800-5003 Descr.

Fault type L1-E...L1-L2-L3

Trigger current Start average current

Fault current Trip -20ms averages
Pre-fault current Start -200ms averages
Trip time remaining 0s...1800s

Used SG Setting group 1...8 active
Operating angle 0...250°

5.3.5 Directional earth fault protection (10dir>; 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>, 10dir>>, 10dir>>>, 10dir>>>>). The operating decisions are based on selected neutral
current and voltage magnitudes which the function constantly measures. The available residual current

magnitudes are RMS values, TRMS values (including harmonics up to 31 S't), or peak-to-peak values
that come from inputs 101 or 102 (residual current measurement) or from |0Calc (residual current
calculated from phase current measurements). The current angle is compared to the angle of
measured or calculated zero sequence voltage. A certain amount of zero sequence voltage has to be
present to activate the trip. The blocking signal and the setting group selection control the operating
characteristics of the function during normal operation, i.e. the user or user-defined logic can change
function parameters while the function is running.

The outputs of the function are the START, TRIP and BLOCKED signals. The directional earth fault
function uses a total of eight (8) separate setting groups which can be selected from one common
source.

The function can operate on instant or time-delayed mode. In the time-delayed mode the operation can
be selected for definite time (DT) or for inverse definite minimum time (IDMT); the IDMT operation
supports both IEC and ANSI standard time delays as well as custom parameters.

The operational logic consists of the following:

* input magnitude selection
* input magnitude processing
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+ threshold comparator

+ angle check

+ block signal check

+ time delay characteristics
* output processing.

The inputs for the function are the following:

+ operating mode selections

* setting parameters

« digital inputs and logic signals

* measured and pre-processed current magnitudes.

The function outputs the START, TRIP and BLOCKED signals which can be used for direct I/O

controlling and user logic programming. The function generates general time-stamped ON/OFF events
to the common event buffer from each of the three (3) output signals. In the instant operating mode the
function outputs START and TRIP events simultaneously with an equivalent time stamp. The time stamp

resolution is 1 ms. The function also provides a cumulative counter for the START, TRIP and BLOCKED
events.

The following figure presents a simplified function block diagram of the directional earth fault function.

Figure. 5.3.5 - 92. Simplified function block diagram of the 10dir> function.
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Measured input

The function block uses analog current measurement values. The user can select the monitored
magnitude to be equal either to RMS values, to TRMS values, or to peak-to-peak values. TRMS mode
uses values from the whole harmonic spectrum of 32 components. Peak-to-peak mode picks
measurement values directly from the samples. A -20 ms averaged value of the selected magnitude is
used for pre-fault data registering.

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 /n and for the Up voltage 0.01 x Un.
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Table. 5.3.5 - 70. Measurement inputs of the 10dir> function.

Signal Description Time base
[01RMS RMS measurement of coarse residual current measurement input 101 5ms
I01TRMS TRMS measurement of coarse residual current measurement input 101 5ms
101PP Peak-to-peak measurement of coarse residual current measurement input 101 5ms
I02RMS RMS measurement of sensitive residual current measurement input 102 5ms
I02TRMS TRMS measurement of coarse sensitive current measurement input 102 5ms
102PP Peak-to-peak measurement of sensitive residual current measurement input 102 5ms
I0Calc RMS value of the calculated residual current from the three phase currents 5ms
UORMS RMS measurement of zero sequence voltage measurement input UO 5ms
UOCalc RMS value of the calculated zero sequence voltage from the three phase voltages 5ms

The selection of the used Al channel is made with a setting parameter. In all possible input channel
variations the pre-fault condition is presented with a 20 ms averaged history value from -20 ms from
a START or TRIP event.

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. 5.3.5 - 71. General settings of the function.

Name Description Range Step Default
U.O . If the connected neutral voltage polarity is opposite to the connected residual 1: U0 .
directional : : - 1: U0
phase current, this parameter can swap the angle reference. 2:-U0

1: Select

2: U0
U0> Meas | Defines which available neutral voltage measurement is used. Available neutral Calculated 1
input voltages depend on measurement settings (Measurements — Transformers — 3: U3 - Séleot
select VT module). Input

4: U4

Input

1: RMS
Measured | Defines which available measured magnitude is used by the function. This 2: TRMS ) 1: RMS
magnitude | parameter is available when "Input selection" has been set to "l01" or "l02". 3: Peak- '

to-peak
Inout 1:101

but. Defines which measured residual current is used by the function. 2:102 - 1:101
selection :

3:10Calc
Pick-up

The the pick-up of the |0dir> 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 UOset) value. When the Im exceeds the I0set value it triggers the pick-up operation of the
function.
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Table. 5.3.5 - 72. Pick-up settings.

Name Description Range Step Default
[0set Pick-up setting 0.005...40.00xIn | 0.001xIy | 1.20%In
UOset Pick-up setting 1...75%Un 0.01%Un | 20%Un

1: Unearthed
[32N Var]
2: Petersen coil
GND [32N Watt]
Grounding . 3: Grounded 1:
type Network grounding method [67N] - Unearthed
4. |OCos & |OSin
broad range with
MCD [32N Var/
Watt]
Multi-criteria Act|vat|or1 of detecting healthy or unhealthy feeder by gnalyzmg 1- Not used 1+ Not
; symmetrical components of currents and voltages. Visible when : -
detection . ) : 2: Used used
earthing type is set to I0cos & 10sin broad range mode.
Unearthed/ Dividing the angle between unearthed and compensated
Compensated | tripping (see description later in this document). Visible when -45.0...90° 0.1° 45°
border angle | earthing type is set to 10cos & 10sin broad range mode.
Angle Tripping area size (earthed network) +45.0...135.0° 0.1° +88°
Angle offset Protection area direction (earthed network) 0.0...360.0° 0.1° 0.0°
Angle blinder | 10 angle blinder (Petersen coil earthed) -90.0...0.0° 0.1° -90°

The pick-up activation of the function is not directly equal to the START signal generation of the
function. The START signal is allowed if the blocking condition is not active.
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Unearthed network

Figure. 5.3.5 - 93. Angle tracking of 10dir> function (unearthed network model) (32N)

lo 1 CF1

-

[ <=

\

\-/ — — i
L1l
b4

lo F2

[ -

-b\-/#-»-»

S
°
S
N
|
|
-

>

lor2 5
A

Trip area

When the unearthed (capacitive) network mode is chosen, the device 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 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)
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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. 5.3.5 - 94. Angle tracking of 10dir> function (Petersen coil earthed network model).
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When the Petersen coil earthed (compensated) network mode is chosen, the device 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 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. 5.3.5 - 95. 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 the relay 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. 5.3.5 - 96. 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. 5.3.5 - 97. 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 relay's Info page displays useful, real-time information on the state of the protection function. It is
accessed either through the relay's HMI display, or through the setting tool software when it is
connected to the relay and its Live Edit mode is active.

Table. 5.3.5 - 73. Information displayed by the function.

Name Range Step Description
0: Normal
|0dir> 1: Start . ' .
condition 2 Trip - Displays the status of the protection function.
3: Blocked
Displays which voltage channel is used by the function. If no voltage
Uo> 0: No U0 avail! channel has been selected the function defaults to calculated
Measurin 1: UOCalc ) residual voltage if line-to-neutral voltages have been connected to
now 9 2: U3 Input device. If no channel is set to "U0" mode and line-to-line voltages are
3: U4 Input connected, no residual voltage is available and "No UO avail!" will be
displayed.
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Name Range Step Description
;Jeot;nF;Ck_Up 0.0...1 000 000V 0.1V The required residual voltage on the primary side for the relay to trip.
Detected UO/ -360.00...360.00deg 0.01deg The angle in degrees between the monitored residual voltage and the
10 angle (fi) current.
10 Magnitude | 0.000...250.000x%10n 0.001x10n The per-unit-value of the monitored residual current.
:8xvgitstg)etrlc -250.000...250.000%10n | 0.001%10n The wattmetric per-unit-value of the monitored residual current.
:gx\g;rgi‘;tr'c -250.000...250.000xI05 | 0.001xI0n | The varmetric per-unit-value of the monitored residual current.
|0 direction 0- Undefined

1: Forward - The detected direction of the residual current.
now
2: Reverse

10 meas/ 10 -250.000...250.000x105 | 0.001x10n The ratio between the monitored residual current and the pick-up
set now value.
uo
measurement | 0.000...500.000%U0n [ 0.001%UOn | The measured voltage in the chosen voltage channel.
now
Expected Displays the expected operating time when a fault occurs. When

pect IDMT mode is used, the expected operating time depends on the
operating 0.000...1800.000s 0.005s .
. measured current value. If the measured current changes during a
time L )

fault, the expected operating time changes accordingly.

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 tripping
trip 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 directional earth fault
protection 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. 5.3.5 - 74. Internal inrush harmonic blocking settings.

Name Description Range Step Default
Inrush harmonic blocking (internal- | Enables and disables the 2™ harmonic | 0: No B 0: No
only trip) blocking. 1: Yes :
nd . . L
ﬁcung)armonlc blocking fimit (Iarm/ | 0 5nd parmonic blocking limit. 0.10...50.00%lfund | 0.01%lfund | 0.01%lfund

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

The blocking signal can also be tested in the commissioning phase by a software switch signal when
the relay's testing mode "Enable stage forcing" is activated (General — Device).
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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 for trip and reset".

Events and registers

The directional overcurrent function (abbreviated "DEF" in event block names) generates events and
registers from the status changes in START, TRIP and BLOCKED. The user can select which event
messages are stored in the main event buffer: ON, OFF, or both. The function offers four (4)
independent stages; the events are segregated for each stage operation.

The events triggered by the function are recorded with a time stamp and with process data values.

Table. 5.3.5 - 75. Event codes.

Event number Event channel Event block name Event code Description
5184 81 DEF1 0 Start ON
5185 81 DEF1 1 Start OFF
5186 81 DEF1 2 Trip ON
5187 81 DEF1 3 Trip OFF
5188 81 DEF1 4 Block ON
5189 81 DEF1 5 Block OFF
5190 81 DEF1 6 |0Cosfi Start ON
5191 81 DEF1 7 |0Cosfi Start OFF
5192 81 DEF1 8 |0Sinfi Start ON
5193 81 DEF1 9 |0Sinfi Start OFF
5194 81 DEF1 10 |0Cosfi Trip ON
5195 81 DEF1 11 |0Cosfi Trip OFF
5196 81 DEF1 12 10Sinfi Trip ON
5197 81 DEF1 13 |0Sinfi Trip OFF
5248 82 DEF2 0 Start ON
5249 82 DEF2 1 Start OFF
5250 82 DEF2 2 Trip ON
5251 82 DEF2 3 Trip OFF
5252 82 DEF2 4 Block ON
5253 82 DEF2 5 Block OFF
5254 82 DEF2 6 |0Cosfi Start ON
5255 82 DEF2 7 |0Cosfi Start OF
5256 82 DEF2 8 |0Sinfi Start ON
5257 82 DEF2 9 |0Sinfi Start OFF
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Event number Event channel Event block name Event code Description
5258 82 DEF2 10 |0Cosfi Trip ON
5259 82 DEF2 11 |0Cosfi Trip OFF
5260 82 DEF2 12 10Sinfi Trip ON
5261 82 DEF2 13 |0Sinfi Trip OFF
5312 83 DEF3 0 Start ON
5313 83 DEF3 1 Start OFF
5314 83 DEF3 2 Trip ON
5315 83 DEF3 3 Trip OFF
5316 83 DEF3 4 Block ON
5317 83 DEF3 5 Block OFF
5318 83 DEF3 6 |0Cosfi Start ON
5319 83 DEF3 7 |0Cosfi Start OFF
5320 83 DEF3 8 |0Sinfi Start ON
5321 83 DEF3 9 |0Sinfi Start OFF
5322 83 DEF3 10 |0Cosfi Trip ON
5323 83 DEF3 11 |0Cosfi Trip OFF
5324 83 DEF3 12 10Sinfi Trip ON
5325 83 DEF3 13 |0Sinfi Trip OFF
5376 84 DEF4 0 Start ON
5377 84 DEF4 1 Start OFF
5378 84 DEF4 2 Trip ON
5379 84 DEF4 3 Trip OFF
5380 84 DEF4 4 Block ON
5381 84 DEF4 5 Block OFF
5382 84 DEF4 6 |0Cosfi Start ON
5383 84 DEF4 7 |0Cosfi Start OFF
5384 84 DEF4 8 |0Sinfi Start ON
5385 84 DEF4 9 |0Sinfi Start OFF
5386 84 DEF4 10 |0Cosfi Trip ON
5387 84 DEF4 11 |0Cosfi Trip OFF
5388 84 DEF4 12 |0Sinfi Trip ON
5389 84 DEF4 13 |0Sinfi 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.
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Table. 5.3.5 - 76. Register content.

Register Description

Event code dd.mm.yyyy hh:mm:ss.mss
Date and time 5184-5389 Descr.

lo pre-triggering current Start average current

lo fault current Trip -20ms averages

Fault capacity lo Trip -20ms averages

Fault resist lo Trip -20ms averages

Fault Ug (%) Trip -20ms averages

Fault Ug (V) Trip -20ms averages

lo fault angle 0...360°

Trip time remaining 0 ms...1800s

Used SG Setting group 1...8 active
Network GND Unearthed, Petersen coil earthed, Earthed network
lo pre-fault current Start -200ms averages

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

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

relay 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 relay calculates the symmetrical component magnitudes in use from
the phase current inputs /.1, lL2and /1.3. 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. The blocking signal and the setting group selection control the operating characteristics of
the function during normal operation, i.e. the user or user-defined logic can change function
parameters while the function is running.

The outputs of the function are the START, TRIP and BLOCKED signals. The current unbalance
function uses a total of eight (8) separate setting groups which can be selected from one common
source.

The function can operate on instant or time-delayed mode. In time-delayed mode the operation can be
selected between definite time (DT) or inverse definite minimum time (IDMT). The IDMT operation
supports both IEC and ANSI standard time delays as well as custom parameters.

The operational logic consists of the following:

* input magnitude selelction

* input magnitude processing
+ threshold comparator

* block signal check

+ time delay characteristics

* output processing.
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The inputs for the function are the following:

« operating mode selections

+ setting parameters

+ digital inputs and logic signals

* measured and pre-processed current magnitudes.

The function outputs START, TRIP and BLOCKED signals which can be used for direct I/O controlling
and user logic programming. The function generates general time-stamped ON/OFF events to the
common event buffer from each of the three (3) output signals. In instant operating mode the function
outputs START and TRIP events simultaneously with an equivalent time stamp. The time stamp
resolution is 1 ms. The function also provides a resettable cumulative counter for the START, TRIP and
BLOCKED events.

The following figure presents a simplified function block diagram of the current unbalance function.

Figure. 5.3.6 - 98. Simplified function block diagram of the 12> function.
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Measured input

The function block uses analog current measurement values and always uses calculated positive and
negative sequence currents. In the broken conductor mode (12/11) the function also uses the RMS
values 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. A -20 ms averaged value of the
selected magnitude is used for pre-fault data registering.

Table. 5.3.6 - 77. Measurement inputs of the 12> function.

Signal Description Time base
11 Positive sequence current magnitude 5ms
12 Negative sequence current magnitude 5ms
1z Zero sequence current magnitude 5ms
11 ANG Positive sequence current angle 5ms
12 ANG Negative sequence current angle 5ms
1Z ANG Zero sequence current angle 5ms
IL1RMS Phase L1 (A) measured RMS current 5ms
IL2RMS Phase L2 (B) measured RMS current 5ms
IL3RMS Phase L3 (C) measured RMS current 5ms
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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.

Description Range Step Default

Measured
magnitude

Defines whether the ratio between the positive and the negative sequence currents 1- 12pu
are supervised or whether only the negative sequence is used in detecting 2j |2?|1 - 1: 12pu
unbalance. .

Pick-up

The setting parameters [2set 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 lsetand 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.

Table. 5.3.6 - 78. Pick-up settings.

Name Description Range Step Default
|2set Pick-up setting for 12 mode. 0.01...40.00%In 0.01%In 0.2xIn
12/11set Pick-up setting for 12/I1 mode 1...200% 0.01% 20%

The pick-up activation of the function is not directly equal to the START signal generation of the
function. The START signal is allowed if the blocking condition is not active.

Read-only parameters

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

Table. 5.3.6 - 79. Information displayed by the function.

Description
0: Normal
iy 1: Start . . .
12> condition 2: Trip - Displays the status of the protection function.
3: 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 blocking of the function causes an HMI display event and a time-stamped blocking event with
information of the startup current values and its fault type to be issued.
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The blocking signal can also be tested in the commissioning phase by a software switch signal when
the relay's testing mode "Enable stage forcing" is activated (General — Device).

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 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.

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

k

T =1
2meas set

» t= Operating time

* I2meas = Calculated negative sequence

+ k= Constant k value (user settable delay multiplier)
+ [~ Pick-up setting of the function
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Figure. 5.3.6 - 99. Operation characteristics curve for 12> Curve?2.

Operating characteristics 12> Curve 2 (I12Pu meas mode)
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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 for trip
and reset" section.

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 current unbalance function (abbreviated "CUB" in event block names) generates events and
registers from the status changes in START, TRIP, and BLOCKED. The user can select the status ON or
OFF for messages in the main event buffer. The function offers four (4) independent stages; the events
are segregated for each stage operation.

The triggering event of the function (START, TRIP or BLOCKED) is recorded with a time stamp and with
process data values.

Table. 5.3.6 - 80. Event codes.

Event Number Event channel Event block name Event Code Description
2048 32 CUB1 0 Start ON
2049 32 CUB1 1 Start OFF

2050 32 CUB1 2 Trip ON
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Event Number Event channel Event block name Event Code Description
2051 32 CuUB1 3 Trip OFF
2052 32 CUB1 4 Block ON
2053 32 CUB1 5 Block OFF
2112 33 cuB2 0 Start ON
2113 33 CcuB2 1 Start OFF
2114 33 cuB2 2 Trip ON
2115 33 cuB2 3 Trip OFF
2116 33 cuB2 4 Block ON
2117 33 cuB2 5 Block OFF
2176 34 CUB3 0 Start ON
2177 34 CUB3 1 Start OFF
2178 34 CUB3 2 Trip ON
2179 34 CUB3 3 Trip OFF
2180 34 CUB3 4 Block ON
2181 34 CuB3 5 Block OFF
2240 35 CcuB4 0 Start ON
2241 35 cuB4 1 Start OFF
2242 35 CcuB4 2 Trip ON
2243 35 CcuB4 3 Trip OFF
2244 35 cuB4 4 Block ON
2245 35 CuB4 5 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. 5.3.6 - 81. Register content.

Date and Event Fault Trigger Fault Pre-fault Fault Trip time

. L Used SG
time code type current current current currents  remaining
Start Trip Start 11,12, 1Z Setting
dd:mm:yyyy 2048-2245 Unbalance | average -20ms -200ms mag. and 0 group 1...8
hh:mm:ss.mss | Descr. ms...1800s )
current averages | averages ang. active

5.3.7 Harmonic overcurrent protection (lh>; 50H/51H/68H)

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 relay 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. The blocking signal and the setting
group selection control the operating characteristics of the function during normal operation, i.e. the
user or user-defined logic can change function parameters while the function is running.

The outputs of the function are the START, TRIP and BLOCKED signals. The non-directional

harmonic overcurrent function uses a total of eight (8) separate setting groups which can be selected
from one common source.
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The function can operate on instant or time-delayed mode. Either START or TRIP signal can be used
when the instant mode is selected to block other protection stages. In time-delayed mode the
operation can be selected between definite time (DT) mode and inverse definite minimum time (IDMT)
mode. 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 IDMT operation supports both [EC and ANSI
standard time delays as well as custom parameters.

The operational logic consists of the following:

* input magnitude selection

* input magnitude processing
+ saturation check

« threshold comparator

+ block signal check

+ time delay characteristics

* output processing.

The basic design of the protection function is the three-pole operation.

The inputs of the function are the following:

« operating mode selections

+ setting parameters

digital inputs and logic signals

* measured and pre-processed current magnitudes.

The function outputs the START, TRIP and BLOCKED signals which can be used for direct /O
controlling and user logic programming. The function generates general time-stamped ON/OFF events
to the common event buffer from each of the three (3) output signals. In the instant operating mode the
function outputs START and TRIP events simultaneously with an equivalent time stamp. The time stamp
resolution is 1 ms. The function also provides a resettable cumulative counter for the START, TRIP and
BLOCKED events.

The following figure presents a simplified function block diagram of the non-directional harmonic
overcurrent function.
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Figure. 5.3.7 - 100. 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 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. A -20 ms averaged value of the selected magnitude is used for pre-fault data registering.

Table. 5.3.7 - 82. Measurement inputs of the Ih> function.

Signal

IL1FFT

- 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.

Description

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

Time base

5ms
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Signal Description Time base
The magnitudes (RMS) of phase L2 (B) current components:

- Fundamental
- 2" harmonic
- 3" harmonic
- 4" harmonic
- 5™ harmonic
IL2FFT -6 harmonic 5ms
- 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
IL3FFT - 6th harmonic 5ms
- 7™ harmonic

- 9™ harmonic

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

The magnitudes (RMS) of residual 101 current components:

- Fundamental
- 2" harmonic
- 3™ harmonic
- 4™ harmonic
- 5™ harmonic
I01FFT - 6" harmonic 5ms
- 7™ harmonic

- 9™ harmonic

- 11" harmonic
- 13" harmonic
- 15" harmonic
- 17" harmonic

- 19th harmonic.
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I02FFT

Description

The magnitudes (RMS) of residual 102 current components:

- Fundamental
- 2" harmonic
-3 harmonic
- 4™ harmonic
- 5™ harmonic
- 8™ harmonic
- 7™ harmonic
- 9™ harmonic
- 11" harmonic
- 13" harmonic
- 15" harmonic
- 17" harmonic

- 19th harmonic.
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Time base

5ms

The selection of the used Al channel, the monitored harmonic, and the monitoring type (per unit or
percentage of fundamental frequency) are made with setting parameters. In all possible input channel
variations the pre-fault condition is presented with a 20 ms averaged history value from -20 ms

from START or TRIP event.

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. 5.3.7 - 83. Operating mode selection settings.

Name

Harmonic
selection

Range

2nd
harmonic
3rd
harmonic
4th
harmonic
5th
harmonic
gth
harmonic
7th
harmonic
gth
harmonic
41t
harmonic
43th
harmonic
45t
harmonic
47th
harmonic
qoth
harmonic

Step Default

2nd
harmonic

Description

Selection of the monitored harmonic component.

Per unit or
relative

X |n

Ih/IL

X |n

Selection of the monitored harmonic mode. Either directly per unit x /n or in

relation to the fundamental frequency magnitude.
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Name Range Step Default Description
IL1/IL2/
Measurement IL3 - 1AL/ Selection of the measurement input (either phase current or residual current).
input 101 IL3
102

Each function stage provides these same settings. Multiple stages of the function can be set to operate
independently of each other.

Pick-up

The setting parameter Ihsegt per unit or Ih/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 Iser value (in single, dual or all phases) it triggers the pick-up
operation of the function.

Table. 5.3.7 - 84. Pick-up settings.

Name Range Step Default Description
Pick-up setting
Ihset pu 0.05...2.00xIn 0.01XIn 0.20%In (per unit monitoring)
L 5.00...200.00% 0.01% 20.00% Pick-up setting
(percentage monitoring)

The pick-up activation of the function is not directly equal to the START signal generation of the
function. The START signal is allowed if the blocking condition is not active.

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

Table. 5.3.7 - 85. Information displayed by the function.

Name Range Step Description
0: Normal
[h> 1: Start . . .
condition | 2: Trip - Displays the status of the protection function.
3: Blocked
Ih meas/
Ih set 0.00...100000.00Im/Iset | 0.01Im/lset | The ratio between the monitored residual current and the pick-up value.
now
Expected Displays the expected operating time when a fault occurs. When IDMT
o zratin 0.000...1800.000s 0.005s mode is used, the expected operating time depends on the measured
tir%e 9 U ' ' voltage value. If the measured voltage changes during a fault, the expected
operating time changes accordingly.
Time . )
. When the function has detected a fault and counts down time towards a
[gTriaF;nmg -1800.000..1800.000s | 0.005s trip, this displays how much time is left before tripping occurs.
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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 blocking of the function causes an HMI display event and a time-stamped blocking event with
information of the startup current values and its fault type to be issued.

The blocking signal can also be tested in the commissioning phase by a software switch signal when
the relay's testing mode "Enable stage forcing" is activated (General — Device).

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 for trip and reset".

Events and registers

The harmonic overcurrent function (abbreviated "HOC" in event block names) generates events and
registers from the status changes in START, TRIP and BLOCKED. The user can select which event
messages are stored in the main event buffer: ON, OFF, or both. The function offers four (4)
independent stages; the events are segregated for each stage operation.

The events triggered by the function are recorded with a time stamp and with process data values.

Table. 5.3.7 - 86. Event codes.

Event number Event channel Event block name Event code Description
2368 37 HOCA1 0 Start ON
2369 37 HOC1 1 Start OFF
2370 37 HOC1 2 Trip ON
2371 37 HOCA1 3 Trip OFF
2372 37 HOCA1 4 Block ON
2373 37 HOC1 5 Block OFF
2432 38 HOC2 0 Start ON
2433 38 HOC2 1 Start OFF
2434 38 HOC2 2 Trip ON
2435 38 HOC2 3 Trip OFF
2436 38 HOC2 4 Block ON
2437 38 HOC2 5 Block OFF
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Event number Event channel Event block name Event code Description

2496 39 HOC3 0 Start ON
2497 39 HOC3 1 Start OFF
2498 39 HOC3 2 Trip ON
2499 39 HOC3 3 Trip OFF
2500 39 HOC3 4 Block ON
2501 39 HOC3 5 Block OFF
2560 40 HOC4 0 Start ON
2561 40 HOC4 1 Start OFF
2562 40 HOC4 2 Trip ON
2563 40 HOC4 3 Trip OFF
2564 40 HOC4 4 Block ON
2565 40 HOC4 5 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. 5.3.7 - 87. Register content.

Date and

time Fault type Trigger Fault Pre-fault Trip t.|n.1e Used SG
current current current remaining
Start . Setting
dd:mm:yyyy 2368-2565 L1-G...L1-L2-L3 | average Trip -20ms | Start-200ms | 0 group 1..8
hh:mm:ss.mss | Descr. averages averages ms...1800s )
current active

5.3.8 Circuit breaker failure protection (CBFP; 50BF/52BF)
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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
incomer 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. The blocking signal and the
setting group selection control the operating characteristics of the function during normal operation,
i.e. the user or user-defined logic can change function parameters while the function is running.

The outputs of the function are CBFP START, RETRIP, CBFP ACT and BLOCKED signals. The circuit
breaker failure protection function uses a total of eight (8) separate setting groups which can be
selected from one common source. Additionally, the function's operating mode can be changed

via setting group selection.
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The operational logic consists of the following:

+ input magnitude processing
* input magnitude selection

+ threshold comparator

+ block signal check

+ time delay characteristics

* output processing.

The inputs of the function are the following:

» operating mode selections

+ setting parameters

« digital input signals

* measured and pre-processed current magnitudes.

The function' output signals can be used for direct I/O controlling and user logic programming. The
function generates general time-stamped ON/OFF events to the common event buffer from each of the
two (2) output signals. The time stamp resolution is 1 ms. The function also provides a resettable
cumulative counters for RETRIP, CBFP, CBFP START and BLOCKED events.

The following figure presents a simplified function block diagram of the circuit breaker failure protection
function.

Figure. 5.3.8 - 101. Simplified function block diagram of the CBFP function.
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Measured input

The function block uses analog current measurement values. It always uses the RMS magnitude of the
current measurement input. The user can select 101, 102 or the calculated |0 for the residual current
measurement. A -20 ms averaged value of the selected magnitude is used for pre-fault data
registering.

Table. 5.3.8 - 88. Measurement inputs of the CBFP function.

Signal Description Time base
IL1RMS RMS measurement of phase L1 (A) current 5ms
IL2RMS RMS measurement of phase L2 (B) current 5ms
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Signal Description Time base
IL3RMS RMS measurement of phase L3 (C) current 5ms
I01RMS RMS measurement of residual input 101 5ms
[02RMS RMS measurement of residual input 102 5ms
|0Calc Calculated residual current from the phase current inputs 5ms
DOIN Monitors digital output relay status 5ms
DIIN Monitors digital input status 5ms

The selection of the used Al channel is made with a setting parameter. In all possible input channel
variations the pre-fault condition is presented with a 20 ms averaged history value from -20 ms
from START or TRIP event.

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. 5.3.8 - 89. CBFP monitoring signal definitions.

Name Description

Signal | Defines which TRIP events of the used protection functions trigger the CBFP countdown. For the CBFP function to
in monitor the signals selected here, the "Operation mode selection" parameter must be set to a mode that includes
monitor | 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 CBFP function to

rTnn(?nitor monitor the output relays selected here, the "Operation mode selection" parameter must be set to a mode that
includes digital outputs (e.g. "DO only", "Current and DO", "Current or signals or DO").
Pick-up

The setting parameters Iset and /0set control the pick-up and the activation of the current-dependent
CBFP function. They define the minimum allowed measured current before action from the function.
The function constantly calculates the ratio between the /set 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 /set value (in single, dual or all phases) it triggers the pick-up
operation of the function.

Table. 5.3.8 - 90. Operating mode and input signals selection.

Name Range Step Default Description

0 notin use . Selects the residual current monitoring source, which can be either from the two

1:101 0: Not ) '
10Input 2:102 - in use separate residual measurements (101 and 102) or from the phase current's

3: 10Calc calculated residual current.
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Name Range Step Default Description

0: Current
only

1: DO only
2: Signals
only

3: Current
and DO

4: Current or
DO

5: Current
and signals 0: Selects the operating mode. The mode can be dependent on current

Actmode | 6: Currentor | - Current | measurement, binary signal status, output relay status ("DO"), or a combination
signals only of the three.

7: Signals
and DO

8: Signals or
DO

9: Current or
DO or
signals

10: Current
and DO and
Signals

Table. 5.3.8 - 91. Pick-up settings.

Name Range Step  Default Description

The pick-up threshold for the phase current measurement. This setting

Iset 0.01...40.00xln 1 0.0TxIn | 0.20%In 1 it Gefines the upper limit for the phase current pick-up element.

The pick-up threshold for the residual current measurement. This setting
10set 0.005...40.000xIn 1 0.001xIn | 1.200xIn limit defines the upper limit for the phase current pick-up element.

The pick-up activation of the function is not directly equal to the START signal generation of the
function. The START signal is allowed if the blocking condition is not active. There is no delay between
the activation of the monitored signal and the activation of the pick-up when using binary signals.

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

The blocking signal can also be tested in the commissioning phase by a software switch signal when
the relay's testing mode "Enable stage forcing” is activated (General — Device).

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
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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. 5.3.8 - 92. Setting parameters for operating time characteristics.

Name Range Step Default Description

Retri 0: No . 1 Yes Retrip enabled or disabled. When the retrip is disabled, the output will not
P 1: Yes ' be visible and the TRetr setting parameter will not be available.

Retrip Retrip start the timer. This setting defines how long the starting condition

fime | 0.000...1800.000s | 0.005s | 0.100s | = "0 & T e e e ¢ 9

delay as to last before a signal is activated.

CBFP 0.000...1800.000s | 0.005s | 0.200s CBFP starts the timer. This setting defines how long the 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. 5.3.8 - 102. 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 incomer
breaker. Below are a few operational cases regarding the various applications.
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Figure. 5.3.8 - 103. Retrip and CBFP when "Current" is the selected criterion.
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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 incomer 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. 5.3.8 - 104. Retrip and CBFP when "Current and DO" is the selected criterion.
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When the current threshold setting of /set and/or 0set 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 incomer 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. 5.3.8 - 105. 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 incomer 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. 5.3.8 - 106. 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. 5.3.8 - 107. 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 incomer 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. 5.3.8 - 108. CBFP when "Current and DO" is the selected criterion.
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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

incomer 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. 5.3.8 - 109. 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
incomer 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. 5.3.8 - 110. 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 incomer 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 incomer. The following
example does not use retripping and the CBFP signal is used as the incomer trip from the outgoing
breaker trip signal. The TRIP signal can also be transported between different devices by using
GOOSE messages.

Figure. 5.3.8 - 111. 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
incomer 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 RETRIP, in CBFP-activated and CBFP-blocked signals,
as well as in internal pick-up comparators. 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 and with process data values.

Table. 5.3.8 - 93. Event codes.

Event number Event channel Event block name Description
2816 44 CBF1 Start ON
2817 44 CBF1 Start OFF
2818 44 CBF1 Retrip ON
2819 44 CBF1 Retrip OFF




AQ-F213

Instruction manual

Version: 2.04

Event number Event channel Event block name Event code Description
2820 44 CBF1 4 CBFP ON
2821 44 CBF1 5 CBFP OFF
2822 44 CBF1 6 Block ON
2823 44 CBF1 7 Block OFF
2824 44 CBF1 8 DO monitor ON
2825 44 CBF1 9 DO monitor OFF
2826 44 CBF1 10 Signal ON
2827 44 CBF1 11 Signal OFF
2828 44 CBF1 12 Phase current ON
2829 44 CBF1 13 Phase current OFF
2830 44 CBF1 14 Res current ON
2831 44 CBF1 15 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. 5.3.8 - 94. Register content.

Date and Trigger Time to Time to
time SR T current RETRact CBFPact Fies Lzt ey
dd.mm.yyyy Phase and -rrelr:weaining -rremzining L\:Au?':eltr?tred Activate | Setting
hh:mm-ss.mss 2816-2831 Descr. | residual currents before RETR before CBFP | status start group 1...8

on trigger time triggers | active

is active is active code

5.3.9 Low-impedance or high-impedance restricted earth fault/ cable end differential
protection (10d>; 87N)

The low-impedance or high-impedance restricted earth fault function is used for residual differential
current measurement for transformers. This function can also be used as the cable end differential
function. The operating principle is low-impedance differential protection with bias characteristics the
user can set. A differential current is calculated with the sum of the phase currents and the selected
residual current input. In cable end differential mode the function provides natural measurement
unbalance compensation for higher operating sensitivity in monitoring cable end faults.

The restricted earth fault function constantly monitors phase currents and selected residual current
instant values as well as calculated bias current and differential current magnitudes.

The blocking signal and the setting group selection control the operating characteristics of the function
during normal operation, i.e. the user or user-defined logic can change function parameters while the
function is running.

The outputs of the function are TRIP and BLOCKED signals. The function uses a total of eight (8)
separate setting groups which can be selected from one common source. The operating mode of the
function can be changed via setting group selection.

The operational logic consists of the following:

* input magnitude selection
+ input magnitude processing
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« differential characteristic comparator
+ block signal check
* output processing.

The inputs for the function are the following:

+ setting parameters
* measured and pre-processed current magnitudes.

The function's output signals can be used for direct I/O controlling and user logic programming. The
function generates general time-stamped ON/OFF events to the common event buffer from each of the
two (2) output signals. The time stamp resolution is 1 ms. The function also provides a

resettable cumulative counter for the REF, TRIP and BLOCKED events.

The following figure presents a simplified function block diagram of the restricted earth fault function.

Figure. 5.3.9 - 112. Simplified function block diagram of the 10d> function.
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Measured input

The function block uses analog current measurement values. It uses the RMS magnitude of the current
measurement inputs. Both calculated residual currents and measured residual currents are always
used. The user can select inputs 101 or 102 for residual current measurement.

Please note that when the function is in cable end differential mode, the difference is only calculated
when the measured 10 current is available.

Table. 5.3.9 - 95. Measurement inputs of the 10d> function.

Signal Description Time base
IL1RMS RMS measurement of phase L1 (A) current 5ms
IL2RMS RMS measurement of phase L2 (B) current 5ms
IL3RMS RMS measurement of phase L3 (C) current 5ms
I01RMS RMS measurement of residual input 101 5ms
I02RMS RMS measurement of residual input 102 5ms
IL1TANng Angle of phase L1 (A) current 5ms
IL2 Ang Angle of phase L2 (B) current 5ms
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Signal Description Time base
IL3 Ang Angle of phase L3 (C) current 5ms
101 Ang Angle of residual input 101 5ms
102 Ang Angle of residual input 102 5ms

The selection of the used Al channel is made with a setting parameter.

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. 5.3.9 - 96. General settings.

Name Range Step Default Description
. Selection of the operating characteristics. If REF is selected, the function
Restricted earth fault | . . ) ;
0: REF ) operates with normal accuracies. If CED is selected, the natural
(REF) or Cable End : - 0: REF -
. ‘ 1: CED unbalance created by the phase current CT:s can be compensated for
Differential o . o
more sensitive operation. The default setting is REF.
0:- When activated while the line is energized, the currently present
Compenstate natural | ) . ; '
unbalance 1: - - calculated residual current is compensated to 0. This compensation only
Comp has an effect in the CED mode.

Operating characteristics

The current-dependent pick-up and activation of the function are controlled by setting parameters,
which define the current calculating method used as well as the operating characteristics.

Table. 5.3.9 - 97. Pick-up settings.

Name Range Step Default Description

0: 101 . . . .

10 Input 1: 102 - 0: 101 Selection of the used residual current measurement input.
Differential current calculation mode. This matches the directions of the
10 0: Add ) 0: Add calculated and measured residual currents to the application. The default
Direction 1: Subtract ’ setting (0: Add) means that I0Calc + 101 or I0Calc + 102 in a through
fault yields no differential current.
0: Residual
. current (310 + . Selection of the bias current calculation. Differential characteristics

Bias 0: o . )

|0Calc)/2 . biasing can use either the calculated residual current averages or the
current ; ' - Residual . ) )

. 1: Maximum maximum of all measured currents. The residual current mode is more

calculation current L . : .

(Phase and 10 sensitive while the maximum current is coarser.

max)

i _ 0,

LO;> pick ?OSIL) -50.00% 0.01% | 10% Setting for basic sensitivity of the differential characteristics.
Turpoint | g 91..50.00xIn | 0.01xIn | 1.00x] i i int in the bi ifferenti st
y .01...50. n . n| 1. n | Setting for first turn point in the bias axe of the differential characteristics.
Slope 1 0.01...150.00% | 0.01% | 10.00% | Setting for the first slope of the differential characteristics.
Turnpoint 0.01...50.00xIn | 0.01xI | 3.00xIs Setting for sgcond turn point in the bias axe of the differential
2 characteristics.
Slope 2 0.01...250.00% | 0.01% | 40.00% | Setting for the second slope of the differential characteristics.
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The pick-up settings can be selected via setting groups. The pick-up activation of the function is not
directly equal to the TRIP signal generation of the function. The TRIP signal is allowed if the blocking

condition is not active.
The following figure presents the differential characteristics with default settings.

Figure. 5.3.9 - 113. Differential characteristics for the 10d> function with default settings.
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The equations for the differential characteristics are the following:

Figure. 5.3.9 - 114. Differential current (the calculation is based on user-selected inputs and direction).
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Figure. 5.3.9 - 115. Bias current (the calculation is based on the user-selected mode).

Iniass = (TET + 102 + TI3)
Iiaszror = MAX(|IL1], [IL2], |IL3],]101])

Ipiasaroz = MAX(|IL1], |IL2], |IL3], |102])

Figure. 5.3.9 - 116. Characteristics settings.
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Read-only parameters

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

Table. 5.3.9 - 98. Information displayed by the function.

Description
0: Normal
10d> condition 1: Trip - Displays the status of the protection function.
2: 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 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. If the TRIP 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 blocking of the function causes an HMI display event and a time-stamped blocking event with
information of the startup current values and its fault type to be issued.

The blocking signal can also be tested in the commissioning phase by a software switch signal when
the relay's testing mode "Enable stage forcing" is activated (General — Device).

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.

The following figures present some typical applications for this function.
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Figure. 5.3.9 - 117. Cable end differential with natural unbalance in the phase current measurement.
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When calculating residual current from the phase currents, the natural unbalance can be around 10 %
while the used CTs are still within the promised 5P class (which is probably the most common CT
accuracy class). When the current natural unbalance is compensated in this situation, the differential
settings may be set to be more sensitive and the natural unbalance does not, therefore, affect the
calculation.
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Figure. 5.3.9 - 118. Cable end differential when a fault occurs.
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If a starting fault occurs in the cable end, the CED mode catches the difference between the ingoing
and the outgoing residual currents. The resulting signal can be used for alarming or tripping purposes
for the feeder with the failing cable end. The user can freely change both the settings and the
sensitivity of the algorithm.

Restricted earth fault protection is usually used in the Y winding of a power transformer. This function is
needed to prevent the main differential protection from being tripped by faults occurring outside the
protection area; in some cases, the function has to be disabled or its sensitivity limited to catch earth
faults inside the protection area. For this purpose, the restricted earth fault function is stable since it
only monitors the side it is wired to, and compares the calculated and measured residual currents.
During an outside earth fault the circulating residual current in the faulty phase winding does not
cause a trip because the comparison of the measured starpoint current and the calculated residual
current differential is close to zero.
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Figure. 5.3.9 - 119. Restricted earth fault outside a Y winding transformer.

7 ~

N
\

- — —;—-—l———l-‘——*

7 h\
¥ :
\-'

!
\

/

. . (I =@=_Ch teristi
Iee Differential characteristics |75 pireastenstics
2.00

1.00 /
o
L 4

0.00 |
0

1 2 3 4 5 6 7
IBIAS

If the fault is located inside of the transformer and thus inside of the protection area, the function
catches the fault with high sensitivity. Since the measured residual current now flows in the opposite
direction than in the outside fault situation, the measured differential current is high.
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Figure. 5.3.9 - 120. Restricted earth fault inside a Y winding transformer.
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Events and registers

The restricted earth fault function (abbreviated "REF" in event block names) generates events and
registers from the status changes in TRIP-activated and BLOCKED signals. 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 and with process data values.
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Table. 5.3.9 - 99. Event codes.

Event number Event channel Event block name Event code Description
4224 66 REF1 0 10d> (87N) Trip ON
4225 66 REF1 1 10d> (87N) Trip OFF
4226 66 REF1 2 10d> (87N) Block ON
4227 66 REF1 3 100> (87N) 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 ACTIVATED, BLOCKED, etc. The table below
presents the structure of the function's register content.

Table. 5.3.9 - 100. Register content.

. Average trigger Maximum trigger Residual
Date and time Event code ge ingg 99 Used SG
currents currents currents
Biascurrent trig Biascurrent max
dd.mm.yyyy 4224-4227 glgfcurrtentl t{lg diff CD:l:curr(tantl Taxd'ff |0Calc Setting group 1...8
hh:mm:ss.mss Descr. trigarac eristics di mairac enstics di |0 meas active

5.3.10 Overvoltage protection (U>; 59)

The overvoltage function is used for instant and time-delayed overvoltage protection. Each relay 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. Overvoltage
protection is based on line-to-line RMS voltage or to line-to-neutral RMS voltage (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. The blocking signal and the setting group selection control the
operating characteristics of the function during normal operation, i.e. the user or user-defined logic can
change function parameters while the function is running.

The outputs of the function are the START, TRIP and BLOCKED signals. The overvoltage function
uses a total of eight (8) separate setting groups which can be selected from one common source.

The function can operate on instant or time-delayed mode. In time-delayed mode the operation can be
selected between definite time (DT) mode and inverse definite minimum time (IDMT).

The operational logic consists of the following:

* input magnitude selection

* input magnitude processing
+ threshold comparator

* block signal check
 time delay characteristics

+ output processing.

The inputs for the function are the following:
« operating mode selections
+ setting parameters

+ digital inputs and logic signals
* measured and pre-processed current magnitudes.
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The function outputs the START, TRIP and BLOCKED signals which can be used for direct I/0O
controlling and user logic programming. The function generates general time-stamped ON/OFF events
to the common event buffer from each of the three (3) output signals. In the instant operating mode the
function outputs START and TRIP events simultaneously with an equivalent time stamp. The time stamp
resolution is 1 ms. The function also provides a resettable cumulative counter for the START, TRIP and
BLOCKED events.

The following figure presents a simplified function block diagram of the overvoltage function.

Figure. 5.3.10 - 121. Simplified function block diagram of the U> function.
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Measured input

The function block uses analog voltage measurement values. The monitored magnitudes are equal to
RMS values. A -20 ms averaged value of the selected magnitude is used for pre-fault data registering.

Table. 5.3.10 - 101. Measurement inputs of the the U> function.

Signal Description Time base
UL12RMS RMS measurement of voltage UL 12/V 5ms
UL23RMS RMS measurement of voltage U 23/V 5ms
UL31RMS RMS measurement of voltage U 31/V 5ms
UL1RMS RMS measurement of voltage Up1/V 5ms
UL2RMS RMS measurement of voltage Up2/V 5ms
UL3RMS RMS measurement of voltage UL3/V 5ms

Pick-up

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 Uset and 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.
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Table. 5.3.10 - 102. Pick-up settings.

Name Range Step Default Description
. 0: 1 voltage .
Pick-up 1: 2 voltages - 0:1 Selects the pick-up criterion.
terms ) voltage
2: 3 voltages
50.00...150.00 0.01 o . )
Uset %Un %Un 105 %Un | The pick-up setting.
0: DT Selects the delay type time counter. The selection possibilities are
Delay type 1j IDMT - 0: DT dependent (IDMT, Inverse Definite Minimum Time) and independent (DT,
’ Definite Time) characteristics.
Time dial The time dial/multiplier setting for IDMT characteristics. This setting is
setting k 0.01..60.00 0.01 1001 only visible when "IDMT" is the selected delay type.
The definite time operating delay. This setting is active and visible when
Definite "DT" is the selected delay type.
operatin 0.000...1800.000 | 0.005 004s
tir‘?we dela? S s ' When set to 0.000 s, the stage operates as instant without added delay.
Y When the parameter is set to 0.005...1800 s, the stage operates as
independent delayed.
IDMT The IDMT time multiplier in the Um/Uset power. This setting is only visible
multiplier 0.01..25.00 0.01 1 1.00 when "IDMT" is the selected delay type.
Determines the time allowed between pick-ups if the pick-up has not led
Release 0.000...150.000 | 0.005 0.06 s into a trip operation. During this time the START signal is held on for the
time delay | s s . . . . .
timers if the delayed pick-up release is active.
Delayed 0 Yes Selects the resetting characteristics. Either time-delayed or instant after
pick-up 1j No - 0: Yes the pick-up element is released. If activated the START signal is reset
release ' after a set release time delay.
coapI(.:Tlrrgseet Selects the operating timer resetting characteristics. When actived, the
after 0: Yes ) 0: Yes operating time counter is reset after a set release time if the pick-up
release 1: No ' element is not activated during this time. When disabled, the operating
time time counter is reset directly after the pick-up element reset.
Continue
time . . Selects the time calculation characteristics. If activated, the operating
calculation | 0: Yes . : : . . . ;
: ) - 1: No time counter continues until a set release time even if the pick-up
during 1: No .
element is reset.
release
time

The pick-up activation of the function is not directly equal to the START signal generation of the
function. The START signal is allowed if the blocking condition is not active.

Read-only parameters

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

Table. 5.3.10 - 103. Information displayed by the function.

Name Range Step Description

U< pick- The primary voltage required for tripping. The displayed pick-up voltage

picK 0.0...1 000 000.0 V 01V level depends on the pick-up setting and the voltage transformer
up setting settings.
Expected Displays the expected operating time when a fault occurs. When IDMT
o Zratin 0.000...1800.000 s 0.005s mode is used, the expected operating time depends on the measured
tir?we 9 U ' ' voltage value. If the measured voltage changes during a fault, the

expected operating time changes accordingly.




AQ-F213

Instruction manual

Version: 2.04
Name Range Step Description
Tlme. . -1800.000...1800.000 When the function has detected a fault and counts down time towards a
remaining 0.005s . o R L
{0 trip s trip, this displays how much time is left before tripping occurs.
UA®B)
meas/Uset | 0.00...1250.00 0.01 Um/Uset | The ratio between Ua or Uag voltage and the pick-up value.
at the Um/Uset
moment
UB(c)
meas/Uset | 0.00...1250.00 0.01 Um/Uset | The ratio between U or Ugc voltage and the pick-up value.
at the Um/Uset
moment
Uc)
meas/Uset | 0.00...1250.00 0.01 Um/Uset | The ratio between Uc or Uca voltage and the pick-up value.
at the Um/Uset
moment

Umeas/Uset | 6 50 1250.00

at the Unn/Uset
moment

0.01 Um/Uset | The ratio between the measured voltage 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 blocking of the function causes an HMI display event and a time-stamped blocking event with
information of the startup voltage values and its fault type to be issued.

The blocking signal can also be tested in the commissioning phase by a software switch signal when
the relay's testing mode "Enable stage forcing" is activated (General — Device).

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).
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The IDMT function follows this formula:

k

(%) 1

Where:

* t=operating time

* k= time dial setting

* Um = measured voltage

* Us = pick-up setting

* a=IDMT multiplier setting

The following parameters are for setting the operating time characteristics (can be found in the Pick-up
settings):

* Delay type

+ Definite operating time delay
+ Time dial setting k

« IDMT multiplier

The following parameters are for resetting the time characteristics (can be found in the Pick-up
settings):

Release time delay

Delayed pick-up release

Operating time calc reset after release time

» Continue time calculation during 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

167

The overvoltage function (abbreviated "OV" in event block names) generates events and registers from
the status changes in START, TRIP, and BLOCKED. The user can select which event messages are
stored in the main event buffer: ON, OFF, or both. The function offers four (4) independent stages;

the events are segregated for each stage operation.

The events triggered by the function are recorded with a time stamp and with process data values.

Table. 5.3.10 - 104. Event codes.

Event number Event channel Event block name Event code Description
5440 85 ov1 0 Start ON
5441 85 ov1 1 Start OFF
5442 85 ov1 2 Trip ON
5443 85 ov1 3 Trip OFF
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Event number Event channel Event block name Event code Description
5444 85 ov1 4 Block ON
5445 85 ov1 5 Block OFF
5504 86 ov2 0 Start ON
5505 86 ovz 1 Start OFF
5506 86 ovz2 2 Trip ON
5507 86 ov2 3 Trip OFF
5508 86 ovz 4 Block ON
5509 86 ovz2 5 Block OFF
5568 87 Oov3 0 Start ON
5569 87 Oov3 1 Start OFF
5570 87 ov3 2 Trip ON
5571 87 ov3 3 Trip OFF
5572 87 Oov3 4 Block ON
5573 87 Oov3 5 Block OFF
5632 88 ov4 0 Start ON
5633 88 ov4 1 Start OFF
5634 88 ov4 2 Trip ON
5635 88 ov4 3 Trip OFF
5636 88 ov4 4 Block ON
5637 88 ov4 5 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. 5.3.10 - 105. Register content.

Dat_e and Event Fault type Trigger Fault Pre-fault Trip 'Fm'1e Used SG
time code voltage voltage voltage remaining
Start . Setting
dd:mm:yyyy 5440-5637 L1-G...L1-L2-L3 | average Trip -20ms | Start -200ms | O group 1..8
hh:mm:ss.mss | Descr. averages averages ms...1800s )
voltage active

5.3.11 Undervoltage protection (U<; 27)

The undervoltage function is used for instant and time-delayed undervoltage protection. Each

device 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 is based on line-to-line RMS voltage or to line-to-line RMS
voltage (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. 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). The blocking signal and the setting group
selection control the operating characteristics of the function during normal operation, i.e. the user or
user-defined logic can change function parameters while the function is running.
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The outputs of the function are the START, TRIP and BLOCKED signals. The undervoltage function
uses a total of eight (8) separate setting groups which can be selected from one common source.

The function can operate on instant or time-delayed mode. In time-delayed mode the operation can be
selected between definite time (DT) mode and inverse definite minimum time (IDMT).

The operational logic consists of the following:

+ input magnitude selection

* input magnitude processing
+ threshold comparator

+ two block signal check

+ time delay characteristics

* output processing.

The inputs for the function are the following:

« operating mode selections

+ setting parameters

« digital inputs and logic signals

* measured and pre-processed voltage magnitudes.

The function outputs the START, TRIP and BLOCKED signals which can be used for direct /O
controlling and user logic programming. The function generates general time-stamped ON/OFF events
to the common event buffer from each of the three (3) output signals. In the instant operating mode the
function outputs START and TRIP events simultaneously with an equivalent time stamp. The time stamp
resolution is 1 ms. The function also a resettable cumulative counter for the START, TRIP and
BLOCKED events.

The following figure presents a simplified function block diagram of the undervoltage function.

Figure. 5.3.11 - 122. Simplified function block diagram of the U< function.

AQ-2xx Protection relay platform - Protection CPU

Function scheduler Protection tasks
UV Functional Logic
Threshold Comparator F%:fgﬁr&g
[PICK UP SET] {U3 pick-up logic
Measurement 10
ick- i Start OK
Database U1 pick-up logic 3 Blocking HMI_data
————————————— : 1 Registers
} | g = 7z .
{ Yips PRMS | 2] ]& (o] Blocked BLOCKED _ |Events
———————— ]
EI Min Ullset Counters
5 & fstart allow START
M
+H—{Fault t
10 Logic Matrix + S YES TRIP
=gl HaTi
| [uvBLock] | )
| —— Timers
[UV BLOCK SET] _ J Setting database
Operating timer selection
- Instant
- Definite time
- IDMT
Release timer parameters J{
- Release time
- Release time holdoff [TIME CHARACTERISTICS] To Comm
and HW
CPU

Measured input

The function block uses analog voltage measurement values. The monitored magnitudes are equal
to RMS values. A -20 ms averaged value of the selected magnitude is used for pre-fault data
registering.
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Table. 5.3.11 - 106. Measurement inputs of the U< function.
Signal Description Time base
UL12RMS RMS measurement of voltage UL 12/V 5ms
UL23RMS RMS measurement of voltage Ui 23/V 5ms
UL31RMS RMS measurement of voltage U 31/V 5ms
UL1RMS RMS measurement of voltage Up1/V 5ms
UL2RMS RMS measurement of voltage Up2/V 5ms
UL3RMS RMS measurement of voltage UL3/V 5ms
Pick-up

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 Uset and 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.

Table. 5.3.11 - 107. Pick-up settings.

NET[) Description Range Step  Default

Uset Pick-up setting 20.00...120.00%Un | 0.01%Un | 60%Un

U B!ock BIocK settllng. If set to zero, blocking is not in use. The operation is 0.00...100.00%Un | 0.01%Un | 10%Us
setting explained in the next chapter.

The pick-up activation of the function is not directly equal to the START signal generation of the
function. The START signal is allowed if the blocking condition is not active.

Using Block setting to prevent nuisance trips

It is recommended to use the Block setting parameter to prevent the relay from tripping in a situation
where the network is de-energized. When the measured voltage drops below the set value, the relay
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.
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Figure. 5.3.11 - 123. Example of the block setting operation.

U<reset = U<get * 103 %

Under Voltage Block

Measured voltage U,

A

U<set

A

Under Voltage Block

Under Voltage Block
>

Read-only parameters

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

Table. 5.3.11 - 108. Information displayed by the function.

Name Range Step Description
U< pick- The primary voltage required for tripping. The displayed pick-up voltage
picK 0.0...1 000 000.0V 0.1v level depends on the pick-up setting and the voltage transformer

up setting settings.
The primary voltage level required for trip blocking. If the measured

U< block voltage is below this value, the network is considered de-energized and

setting 0.0...1000 000.0v 0.1v the function will not trip. To deactivate the blocking the measured
voltage must exceed the pick-up setting value.

Expected Displays the expected operating time when a fault occurs. When IDMT

pect mode is used, the expected operating time depends on the measured

operating | 0.000...1800.000s 0.005s .

fime voltage value. If the measured voltage changes during a fault, the
expected operating time changes accordingly.

Time . .

remaining | -1800.000...1800.000s | 0.005s When Fhe functlon has detected a fault and Couptsvdown time towards a

to trip trip, this displays how much time is left before tripping occurs.

UA®B)

:tefﬁ/euset 0.00...1250.00Um/Uset | 0.01Um/Uset | The ratio between Ua or Uag voltage and the pick-up value.

moment

UB(c)

gtea?/eusa 0.00...1250.00Um/Uset | 0.01Um/Uset | The ratio between Ug or Ugc voltage and the pick-up value.

moment

Uc

:tefﬁguset 0.00...1250.00Um/Uset | 0.01Um/Uset | The ratio between Uc or Uca voltage and the pick-up value.

moment

Umeas/Uset . .

at the 0.00...1250.00Urm/Uset | 0.01Um/Uset 'Fl)'ir::i_rjgc\)/at)li?een the lowest measured phase or line voltage and the

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 blocking of the function causes an HMI display event and a time-stamped blocking event with
information of the startup voltage values and its fault type to be issued.

The blocking signal can also be tested in the commissioning phase by a software switch signal when
the relay's testing mode "Enable stage forcing" is activated (General — Device).

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
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.
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Table. 5.3.11 - 109. Setting parameters for operating time characteristics.

Name Range Step Default Description
Dela 1 DT Selection of the delay type time counter. The selection possibilities are
¢ ey 2: DMT - 1: 0T dependent (IDMT, Inverse Definite Minimum Time) and independent
P ' (DT, Definite Time) characteristics.
Definite time operating delay. The setting is active and visible when DT
Definite is the selected delay type.
grﬁ]eer?jtgl]s 0.000...1800.000s | 0.005s | 0.040s When set to 0.000 s, the stage operates as instant (PIOC, 50) stage
y without 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 delay type.
setting k 0.01...60.00s 0.01s | 0.05s
9 Time dial/multiplier setting for IDMT characteristics.
IDMT The setting is active and visible when IDMT is the selected delay type.
Multilier 0.01...25.00s 0.01s | 1.00s
P IDMT time multiplier in the Um/Uset power.

Table. 5.3.11 - 110. Setting parameters for reset time characteristics.

Name Range Step Default Description

Resetting time. The time allowed between pick-ups if the pick-up has not

Release 0.000...150.000s | 0.005s | 0.06s led to a trip operation. During this time the START signal is held on for
time delay : . ) . .

the timers if the delayed pick-up release is active.
Delayed 1 No 2 Ves Resetting characteristics selection, either time-delayed or instant after
pick-up 2j Yes - ' the pick-up element is released. If activated, the START signal is reset
release ' after a set release time delay.
Time calc Operating timer resetting characteristics selection. When actived, the
reset after | 1: No ) > Yes operating time counter is reset after a set release time if the pick-up
release 2: Yes ' element is not activated during this time. When disabled, the operating
time time counter is reset directly after the pick-up element reset.
Continue
time . . Time calculation characteristics selection. If activated, the operating time
calculation | 1: No . . ; h . )

: ) - 1: No counter continues until a set release time has passed even if the pick-up

during 2: Yes :

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 undervoltage function (abbreviated "UV" in event block names) generates events and registers
from the status changes in START, TRIP, and BLOCKED. The user can select which event messages
are stored in the main event buffer: ON, OFF, or both. The function offers four (4) independent stages;
the events are segregated for each stage operation.

The events triggered by the function are recorded with a time stamp and with process data values.

Table. 5.3.11 - 111. Event codes.

Event number Event channel Event block name Event code Description

5696 89 uv1 0 Start ON
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Event number Event channel Event block name Event code Description
5697 89 uv1 1 Start OFF
5698 89 uv1 2 Trip ON
5699 89 uv1 3 Trip OFF
5700 89 uv1 4 Block ON
5701 89 uv1 5 Block OFF
5702 89 Uv1 6 Undervoltage Block ON
5703 89 Uv1 7 Undervoltage Block OFF
5760 90 uva 0 Start ON
5761 90 uv2 1 Start OFF
5762 90 uvz 2 Trip ON
5763 90 uva 3 Trip OFF
5764 90 uvz 4 Block ON
5765 90 uva 5 Block OFF
5766 90 uv2 6 Undervoltage Block ON
5767 90 uv2 7 Undervoltage Block OFF
5824 91 uv3 0 Start ON
5825 91 uv3 1 Start OFF
5826 91 uv3 2 Trip ON
5827 91 uv3 3 Trip OFF
5828 91 uv3 4 Block ON
5829 91 uv3 5 Block OFF
5830 91 uv3 6 Undervoltage Block ON
5831 91 uv3 7 Undervoltage Block OFF
5888 92 uv4 0 Start ON
5889 92 uv4 1 Start OFF
5890 92 uv4 2 Trip ON
5891 92 uv4 3 Trip OFF
5892 92 uv4 4 Block ON
5893 92 uv4 5 Block OFF
5894 92 uv4 6 Undervoltage Block ON
5895 92 uv4 7 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. 5.3.11 - 112. Register content.

Date and time Event code Fault Pre-trig Fault Pre-fault Trip ‘Flnje Used SG
type voltage voltage voltage remaining
A...A- | Start . Setting
dd:mm:yyyy 5696-5895 Descr. | B-C | average Trip -20ms | Start -200ms |y o 48005 group 1...8
hh:mm:ss.mss averages averages

voltage active

5.3.12 Neutral overvoltage protection (U0>; 59N)

The neutral overvoltage function is used for non-directional instant and time-delayed earth fault
protection. Each device with a voltage protection module has four (4) available stages of the

function (U0>, U0>>, UO>>>, UO>>>>). The function constantly measures phase-to-earth voltage
magnitudes and calculates the zero sequence component. 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 Up and the calculated zero sequence voltage reaches 1003 V = 57.74 V.

Below is the formula for symmetric component calculation (and therefore to zero sequence voltage
calculation).

U0 = 1/3(UL1 + ULZ + UL3)

U;4.3 = Line to neutral voltages

Below are some examples of zero sequence calculation.

Figure. 5.3.12 - 124. Normal situation.

Vector sum
Uis divided by three
U, U, .
Uss U,
rUp U,
Figure. 5.3.12 - 125. Earth fault in isolated network.
Ui Vector sum
U divided by three
Uiy B Un
lJL2
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Figure. 5.3.12 - 126. Close-distance short-circuit between phases 1 and 3.

Vector sum
divided by three

U
n Upa i U
0
U Up,

The monitored voltage magnitudes are equal to RMS values. The blocking signal and the setting group
selection control the operating characteristics of the function during normal operation, i.e. the user or
user-defined logic can change function parameters while the function is running.

The outputs of the function are the START, TRIP and BLOCKED signals. The neutral overvoltage
function uses a total of eight (8) separate setting groups which can be selected from one common
source.

The function can operate on instant or time-delayed mode. In the time-delayed mode the operation can
be selected for definite time (DT) or for inverse definite minimum time (IDMT); the IDMT operation
supports both IEC and ANSI standard time delays as well as custom parameters.

The operational logic consists of the following:

* input magnitude selection

* input magnitude processing
+ threshold comparator

* block signal check

+ time delay characteristics

* output processing.

The inputs for the function are the following:

« operating mode selections

+ setting parameters

« digital inputs and logic signals

* measured and pre-processed voltage magnitudes.

The function outputs the START, TRIP and BLOCKED signals which can be used for direct /0O
controlling and user logic programming. The function generates general time-stamped ON/OFF events
to the common event buffer from each of the three (3) output signals. In the instant operating mode the
function outputs START and TRIP events simultaneously with an equivalent time stamp. The time stamp
resolution is 1 ms. The function also provides a cumulative counter for the START, TRIP and BLOCKED
events.

The following figure presents a simplified function block diagram of the neutral overvoltage function.
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Figure. 5.3.12 - 127. Simplified function block diagram of the U0O> function.
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Measured input

The function block uses analog voltage measurement values. The function block uses RMS values. A
-20 ms averaged value of the selected magnitude is used for pre-fault data registering.

Table. 5.3.12 - 113. Measurement inputs of the UO> function.

Signal Description Time base
UORMS RMS measurement of voltage UO/V 5ms
UL1RMS RMS measurement of voltage U 1/V 5ms
UL2RMS RMS measurement of voltage Ui 2/V 5ms
UL3RMS RMS measurement of voltage Ur3/V 5ms

The selection of the Al channel currently in use is made with a setting parameter. In all possible input
channel variations the pre-fault condition is presented with a 20 ms averaged history value from -20 ms
from a START or TRIP event.

Pick-up

177

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 Uset and 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.

Table. 5.3.12 - 114. Pick-up settings.

Description

[0) 0,
Pick-up setting UOset> Pick-up setting 1.00...99.00%Un 0.01%Un 20.00%Un

The pick-up activation of the function is not directly equal to the START signal generation of the
function. The START signal is allowed if the blocking condition is not active.
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Read-only parameters

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

Name Range Step Default Description
Displays which voltage channel is used by the function. If no
0: No U0 avail! voltage channel has been selected the function defaults to
uo> : . ) o
Measuring 1: UOCalc ) 0: calculated re5|dual voltage if Ilne—tol—neutral voltages have been
2: U3 Input Select | connected to device. If no channel is set to "U0" mode and line-to-
now X ) . .
3: U4 Input line voltages are connected, no residual voltage is available and
"No U0 avail!" will be displayed.
U0> Pick- Primary voltage required for tripping. The displayed pick-up voltage
) 0.0...1 000 000.0V 0.1V - level depends on the chosen UO measurement input selection, on
up setting ) . )
the pick-up settings and on the voltage transformer settings.
Expected Displays the expected operating time when a fault occurs. When
pect IDMT mode is used, the expected operating time depends on the
operating | 0.000...1800.000s 0.005s | - :
. measured voltage value. If the measured voltage changes during a
time . . )
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 The ratio between the measured or calculated neutral voltage and
at the 0.00...1250.00 0.01 - .
moment 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 blocking of the function causes an HMI display event and a time-stamped blocking event with
information of the startup voltage values and its fault type to be issued.

The blocking signal can also be tested in the commissioning phase by a software switch signal when
the relay's testing mode "Enable stage forcing" is activated (General — Device).

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 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

(%) -1

t =

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. 5.3.12 - 115. Setting parameters for operating time characteristics.

Name Range Step Default Description
1 DT Selection of the delay type time counter. The selection possibilities are
Delay type 2j IDMT - 1: DT dependent (IDMT, Inverse Definite Minimum Time) and independent
’ (DT, Definite Time) characteristics.
Definite time operating delay. The setting is active and visible when DT
Definite is the selected delay type.
E%ZZZTE 0.000...1800.000s | 0.005s | 0.040s When set to 0.000 s, the stage operates as instant without added delay.
Y 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 delay type.
setting k 0.01...60.00s 0.01s | 0.05s
9 Time dial/multiplier setting for IDMT characteristics.
IDMT The setting is active and visible when IDMT is the selected delay type.
Multioli 0.01...25.00s 0.01s | 1.00s
uitiptier IDMT time multiplier in the Um/Uset power.

Table. 5.3.12 - 116. Setting parameters for reset time characteristics.

Name Range Step Default Description
Release Resetting time. Time allowed between pick-ups if the pick-up has not led
: 0.000...150.000s | 0.005s | 0.06s to a trip operation. During this time the START signal is held on for the
time delay ) . . . .

timers if the delayed pick-up release is active.

Delayed 1:No 2y, Resetting characteristics selection either as time-delayed or as instant
pick-up 2: Yes - - res after the pick-up element is released. If activated, the START signal is
release ' reset after a set release time delay.
Time calc Operating timer resetting characteristics selection. When active, the
reset after | 1: No ) > Yes operating time counter is reset after a set release time if the pick-up
release 2: Yes ’ element is not activated during this time. When disabled, the operating
time time counter is reset directly after the pick-up element reset.
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Range Step Default Description

Continue
time . . Time calculation characteristics selection. If activated, the operating time
calculation | 1: No . . . . . X

; : - 1:No counter continues until a set release time has passed even if the pick-up
during 2: Yes ;

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 neutral overvoltage function (abbreviated "NOV" in event block names) generates events and
registers from the status changes in START, TRIP, and BLOCKED. The user can select which event
messages are stored in the main event buffer: ON, OFF, or both. The function offers four (4)
independent stages; the events are segregated for each stage operation.

The events triggered by the function are recorded with a time stamp and with process data values.

Table. 5.3.12 - 117. Event codes.

Event number Event channel Event block name Event code Description
5952 93 NOVA1 0 Start ON
5953 93 NOV1 1 Start OFF
5954 93 NOV1 2 Trip ON
5955 93 NOVA1 3 Trip OFF
5956 93 NOV1 4 Block ON
5957 93 NOV1 5 Block OFF
6016 94 NOV2 0 Start ON
6017 94 NOV2 1 Start OFF
6018 94 NOV2 2 Trip ON
6019 94 NOV2 3 Trip OFF
6020 94 NOV2 4 Block ON
6021 94 NOV2 5 Block OFF
6080 95 NOV3 0 Start ON
6081 95 NOV3 1 Start OFF
6082 95 NOV3 2 Trip ON
6083 95 NOV3 3 Trip OFF
6084 95 NOV3 4 Block ON
6085 95 NOV3 5 Block OFF
6144 96 NOV4 0 Start ON
6145 96 NOV4 1 Start OFF
6146 96 NOV4 2 Trip ON
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Event number Event channel Event block name Event code Description
6147 96 NOV4 3 Trip OFF
6148 96 NOV4 4 Block ON
6149 96 NOV4 5 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. 5.3.12 - 118. Register content.

Dat.e and Event Fault type Trigger Fault Pre-fault Trip 'Flrpe Used SG
time code voltage voltage voltage remaining
Start . Setting
dd:mm:yyyy 5952-6149 L1-G...L1-L2-L3 | average Trip -20ms | Start -200ms | O group 1..8
hh:mm:ss.mss | Descr. averages averages ms...1800s )
voltage active

5.3.13 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). Each device with a voltage protection module has four (4) available stages of the function.
The function constantly measures the RMS value of phase-to-earth voltage magnitudes, or line-to-line
and neutral voltage magnitudes to calculate the positive or negative sequence voltage. 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 both undervoltage and overvoltage. The blocking signal and the
setting group selection control the operating characteristics of the function during normal operation,
i.e. the user or user-defined logic can change function parameters while the function is running.

Positive sequence voltage calculation

Below is the formula for symmetric component calculation (and therefore to positive sequence voltage
calculation).

U1 =1/5 (U + aly, + a?Up3)
a=1,120°
a® = 1,240°

U;1_3 = Line to neutral voltages

In what follows are three examples of positive sequence calculation (positive sequence component
vector).
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Figure. 5.3.13 - 128. Normal situation.
U, swapped 120° Vector sum
Ky S BRIt i divided by three
ul
4
UL2
Figure. 5.3.13 - 129. Earth fault in an isolated network.
UL U, swapped 120° Vector sum

U, swapped 240° divided by three

Y -
Ul

s
U Uis

Figure. 5.3.13 - 130. Close-distance short-circuit between phases 1 and 3.

U, swapped 240° Vector sum
U3 swapped 120 divided by three

ULl
U < ULl
L3
Vs \
Ul
UL3

Negative sequence voltage calculation

Below is the formula for symmetric component calculation (and therefore to negative sequence voltage
calculation).

U2 - 1/3 (ULI + azULz + aULS)
a=1,120°
a’ = 1,240°

U, 3 = Line to neutral voltages

In what follows are three examples of negative sequence calculation (negative sequence component
vector).
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Figure. 5.3.13 - 131. Normal situation.

U, swapped 240° Vector sum
Uis U3 swapped 120° divided by three
U
U, L2 _
uz2
rUp Uss Ui
Figure. 5.3.13 - 132. Earth fault in isolated network.
U, swapped 240° Vector sum
Uis U swapped 120° divided by three
U U
L2
» »
0
s Us /U,

Figure. 5.3.13 - 133. Close-distance short-circuit between phases 1 and 3.

U, swapped 240° Vector sum
U3 swapped 120° divided by three
UL3 UL3 Ul
o B e B
<
UL2
ULl

The sequence voltage function uses a total of eight (8) separate setting groups which can be selected
from one common source.

The function can operate on instant or time-delayed mode. In time-delayed mode the operation can be
selected between definite time (DT) mode and inverse definite minimum time (IDMT).

The operational logic consists of the following:

+ input magnitude selection

* input magnitude processing
+ threshold comparator

* block signal check

+ time delay characteristics

« output processing.

The inputs for the function are the following:

« operating mode selections
+ setting parameters
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« digital inputs and logic signals
* measured and pre-processed voltage magnitudes.

The function outputs the START, TRIP and BLOCKED signals which can be used for direct /0O
controlling and user logic programming. The function generates general time-stamped ON/OFF events
to the common event buffer from each of the three (3) output signal. In the instant operating mode the
function outputs START and TRIP events simultaneously with an equivalent time stamp. The time stamp
resolution is 1 ms. The function also a resettable cumulative counter for the START, TRIP and
BLOCKED events.

The following figure presents a simplified function block diagram of the sequence voltage function.

Figure. 5.3.13 - 134. Simplified function block diagram of the U1/U2>/< function.

AQ-2xx Protection relay platform - Protection CPU

Function scheduler Protection tasks
VUB Functional Logic
[OPERATION MODE] Output
Threshold Comparator ———————————— Handling
o I k-up logi Blockin
[PICK UP SET] veneRoe e Start OK - - 10
1 BLOCKED _ [HMI data
[MEASMAG] 0 Registers
Measurement 1 START E\éi':]ise re
Database -
U/Uset
Ul ff RMS 0
Deaa d -3% i
U2 fFRMS 1 | Deadband -3% of setting’
Threshold Comparator
Undervoltage pick-up logic 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

Measured input

The function block uses analog voltage measurement values and always uses RMS values. A -20 ms
averaged value of the selected magnitude is used for pre-fault data registering.

Table. 5.3.13 - 119. Measurement inputs of the U1/U2>/< function.

Signal Description Time base
U1RMS RMS measurement of voltage U1/V 5ms
U2RMS RMS measurement of voltage Uo/V 5ms
U3sRMS RMS measurement of voltage Uz/V 5ms
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Table. 5.3.13 - 120. Measured magnitude selection.

Description Default

1: U1 Positive sequence

Measured Selects which calculated voltage is voltage 1: U1 Positive
magnitude supervised. 2: U2 Negative sequence sequence voltage
voltage

In RMS values the pre-fault condition is presented with 20 ms averaged history value from -20 ms of
START or TRIP event.

Pick-up

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 Usetand 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.

Table. 5.3.13 - 121. Pick-up settings.

Name Description Range Step  Default
Pick-up | Selects whether the function picks-up when the monitored voltage is Over > o
: - ver>
terms under or over the set pick-up value. Under<
Uset Pick-up setting 5.00...150.00%Un | 0.01%Un | 105%Un
Ublk Undervoltage blocking (visible when the pick-up term is Under<) 0.00...80.00%Un | 0.01%Un | 5%Un

The pick-up activation of the function is not directly equal to the START signal generation of the
function. The START signal is allowed if the blocking condition is not active.

Using Block setting to prevent nuisance trips

185

It is recommended to use the Under block setting Upik parameter when Under< is the chosen tripping
condition to prevent the relay from tripping in a situation where the network is de-energized. When the
measured voltage drops below the set value, the relay 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.
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Figure. 5.3.13 - 135. Example of the block setting operation.

A

U<reset = U<get * 103 %
U<set

Under Voltage Block

Measured voltage U,

A

Under Voltage Block Under Voltage Block
>

Read-only parameters

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

Table. 5.3.13 - 122. Information displayed by the function.

Name Range Step Description
U1/2 >/< The primary voltage required for tripping. The displayed pick-up voltage
Pick-up 0.0...1 000 000.0V 0.1V level depends on the pick-up setting and the voltage transformer
setting settings.
Displays the expected operating time when a fault occurs. When IDMT
Expected 7 A
. mode is used, the expected operating time depends on the measured
operating | 0.000...1800.000s 0.005s .
time voltage value. If the measured voltage changes during a fault, the
expected operating time changes accordingly.
Time When the function has detected a fault and counts down time towards a
remaining | -1800.000...1800.000s | 0.005s . o R L
{0 trip trip, this displays how much time is left before tripping occurs.
Umeas/Uset
at the 0.00...1250.00Um/Uset | 0.01Um/Uset | The ratio between the measured voltage 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. 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 blocking of the function causes an HMI display event and a time-stamped blocking event with
information of the startup voltage values and its fault type to be issued.

The blocking signal can also be tested in the commissioning phase by a software switch signal when
the relay's testing mode "Enable stage forcing" is activated (General — Device).
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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

187

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
_(U_m“_1 _1_(U_m)“
Us Us
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. 5.3.13 - 123. Setting parameters for operating time characteristics.

Name Range Step Default Description
1 DT Selection of the delay type time counter. The selection possibilities are
Delay type 2: DMT - 1: DT dependent (IDMT, Inverse Definite Minimum Time) and independent
' (DT, Definite Time) characteristics.
Definite time operating delay. The setting is active and visible when DT
Definite is the selected delay type.
;)i%eerztgrg 0.000...1800.000s | 0.005s | 0.040s When set to 0.000 s, the stage operates as instant without added delay.
Y 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 delay type.
setting k 0.01...60.00s 0.01s | 0.05s
9 Time dial/multiplier setting for IDMT characteristics.
IDMT The setting is active and visible when IDMT is the selected delay type.
Multiolier 0.01...25.00s 0.01s | 1.00s
ultip IDMT time multiplier in the Um/Uset power.
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Table. 5.3.13 - 124. Setting parameters for reset time characteristics.

Name Range Step Default Description
Release Resetting time. Time allowed between pick-ups if the pick-up has not led
: 0.000...150.000s | 0.005s | 0.06s to a trip operation. During this time the START signal is held on for the
time delay . ; . . .
timers if the delayed pick-up release is active.

Delayed 1:No 2 Yes Resetting characteristics selection either as time-delayed or as instant
pick-up 2j Yes - ’ after the pick-up element is released. If activated, the START signal is
release ' reset after a set release time delay.
Time calc Operating timer resetting characteristics selection. When active, the
reset after | 1: No ) > Yes operating time counter is reset after a set release time if the pick-up
release 2: Yes ' element is not activated during this time. When disabled, the operating
time time counter is reset directly after the pick-up element reset.
Continue
time . . Time calculation characteristics selection. If activated, the operating time
calculation | 1: No . . ! . . .

: : - 1: No counter continues until a set release time has passed even if the pick-up
during 2: Yes .

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 relea