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Disclaimer

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

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

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

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

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

Copyright

Copyright © Arcteq Relays Ltd. 2024. All rights reserved.
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1 Document information

1.1 Version 2 revision notes

Table. 1.1 - 1. Version 2 revision notes

Revision 2.00
Date 6.6.2019
- New more consistent look.
- Improved descriptions generally in many chapters.
- Improved readability of a lot of drawings and images.
Changes - Updated protection functions included in every manual.
- Every protection relay type now has connection drawing, application example drawing with
function block diagram and application example with wiring.
- Added fault registers to Z< function description.
- Added General-menu description.
Revision 2.01
Date 6.11.2019
- Added description for LED test and button test.
- Complete rewrite of every chapter.
Changes - Improvements tq 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

© Arcteq Relays Ltd
IM00026

(o))



AQ-T215
Instruction manual

Version: 2.13

1 Document information

Changes

Revision

Date

- Terminology consistency improved (e.g. binary inputs are now always called digital inputs).
- Tech data modified to be more informative about what type of measurement inputs are
used (phase currents/voltages, residual currents/voltages), what component of that
measurement is available (RMS, TRMS, peak-to-peak) and possible calculated
measurement values (powers, impedances, angles etc.).

- Tech data updated: non-directional overcurrent

- Tech data updated: non-directional earthfault

- Tech data updated: directional earthfault

- Tech data updated: current unbalance

- Improvements to many drawings and formula images.

- Improved and updated device user interface display images.

- AQ-T215 Functions included list Added: Running hour counter, under- and overfrequency,
rate-of-change-of-frequency, overpower, underpower, reverse power, voltage memory,
indicator objects, cold load pick-up, vector jump protection, synchrocheck, fault locator,
programmable control switch, mA output control and measurement recorder.

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

- Added 6th harmonic to harmonic overcurrent protection function.

- Added BCD and binary input coding description to automatic voltage regulator
description.

- 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 Device user interface chapter.

- Protection device user interface chapter almost completely rewritten and restructured.
- Added new parameter descriptions to Monitoring menu device 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.

2.04

8.6.2021

Changes

Revision

Date

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

2.05

22.6.2021

© Arcteq Relays Ltd
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Changes

Revision

Date

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

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

- Added event history technical data

2.06

21.6.2022

Changes

Revision

Date

- Improved descriptions generally in many chapters.
- Improved readability of a lot of drawings and images.
- Order codes have been revised.

- Fixed bias calculation formula for restricted earth fault function. Was correctly in the code,
just written wrong in the manual.

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

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

- Arc point sensor HSO1 and HSO2 position fixed.

- Added spare part codes and compatibilities to option cards.

2.07

7.7.2022

Changes

Revision

Date

- Added THD voltage measurements.

2.08

8.9.2022

Changes

Revision

Date

- Added stage forcing parameter to function descriptions.

- Fixes to "Real time signals to comm" description.

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

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

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

- Added "Event logger" chapter.

2.09

14.3.2023

Changes

Revision

Date

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

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

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

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

- Added the maximum and minimum allowed tracking frequencies to the settings table of the
"Frequency tracking and scaling" chapter (under "Measurements").

- Updated the input impedance for the voltage measurement module in "Technical data".

2.10

19.6.2023

Changes

- Added reverse power protection description.
- Updated order codes.

© Arcteq Relays Ltd
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Revision 211

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

Changes - Added spring lock cage options for connectors. See the "Ordering information" chapter.
- Updated the contact address for technical support in the "Contact and reference
information" chapter.

Revision 212

Date January 2024
- Added "I2 meas / 12 set" and other read-only parameters to "[2> function”.

Changes - Added voltage input thresholds to "Voltage measurement and scaling".

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

Revision 213

Date September 2024
- Corrected the number of devices that fit a 19 in rack in the "Dimensions and installation"

Changes chapter.

1.2 Version 1 revision notes

Table. 1.2 - 2. Version 1 revision notes

Revision 1.00
Date 18.11.2014
Changes + The first revision for AQ-T215.
Revision 1.01
Date 26.1.2015
* Added the double LC 100Mb Ethernet module and the RS-232 & serial fiber module
hardware descriptions.
Changes » Added the system integration text for the SPA protocol.
9 » Replaced the positive and negative sequence overvoltage function with the sequence
voltage function.
» Order code updated.
Revision 1.02
Date 30.5.2015
Changes » Added the PCB and Terminal options to the order code.
Revision 1.03
Date 30.8.2016
Changes » Added the password set-up guide (previously only in the AQtivate 200 user guide).
Revision 1.04

© Arcteq Relays Ltd
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Date 16.2.2017

« Added the programmable control switch and the indicator object descriptions.

« Voltage regulator function description revised (added the curve scaling example).
Changes gy

» Programmable stage description added.

» Order code updated.
Revision 1.05
Date 14.8.2018
Changes + Added the mA output option card description and updated the order code.

1.3 Safety information

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

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

NOTICE!

"Notice" messages indicate relevant factors and conditions to the the concept discussed in
the text, as well as to other relevant advice.

CAUTION!

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

WARNING!

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

DANGER!

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

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

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

© Arcteq Relays Ltd 10
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11

Al — Analog input

AR — Auto-recloser

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

CB — Circuit breaker

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

CPU - Central processing unit

CT — Current transformer

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

DHCP — Dynamic Host Configuration Protocol
DI — Digital input

DO - Digital output

DOL - Direct-on-line

DR — Disturbance recorder

DT — Definite time

FF — Fundamental frequency

FFT — Fast Fourier transform

FTP — File Transfer Protocol

Gl — General interrogation

HMI — Human-machine interface

HR — Holding register

HV — High voltage

HW — Hardware

IDMT — Inverse definite minimum time

IGBT — Insulated-gate bipolar transistor

1 Document information
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I/O — Input and output

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

LED — Light emitting diode

LV — Low voltage

NC — Normally closed

NO — Normally open

NTP — Network Time Protocol

RMS — Root mean square

RSTP — Rapid Spanning Tree Protocol

RTD — Resistance temperature detector

RTU — Remote terminal unit

SCADA — Supervisory control and data acquisition
SG — Setting group

SOTF — Switch-on-to-fault

SW — Software

THD — Total harmonic distortion

TRMS — True root mean square

VT - Voltage transformer

VTM - Voltage transformer module

VTS — Voltage transformer supervision

© Arcteq Relays Ltd 12
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The AQ-T215 voltage regulating device 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/O requirements and the software determines the available functions. This manual
describes the specific application of the AQ-T215 voltage regulating device. For other AQ 200 and AQ
250 series products please consult their respective device manuals.

AQ-T215 is a voltage regulating device, and it comes with current-based and voltage-based protection
functions making it suitable for combined transformer voltage regulation and back-up protection. The
transformer monitoring module included as a standard feature provides statistical information for
preventive maintenance purposes. There are up to three (3) option card slots available for additional
I/O or communication cards for more comprehensive monitoring and control applications. AQ-T215
communicates using various protocols including the IEC 61850 substation communication standard.
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3 Device user interface

3.1 Panel structure

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

3.1.1 Local panel structure

The front panel of AQ 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.

Figure. 3.1.1 - 1. Local panel structure.

10:12:33

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

| NOCT: Trip OFF

<< Favorites Leds >>

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

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

5. Eight (8) buttons for device local programming: the four navigation arrows 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 device configuration.

© Arcteq Relays Ltd 14
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When the unit is powered on, the green "Power" LED is lit. When the red "Error" LED is lit, the device
has an internal (hardware or software) error that affects the operation of the unit. The activation of the
yellow "Start" LED and the red "Trip" LED are based on the setting the user has put in place in the
software.

The sixteen freely configurable LEDs are located on the 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, the device will return back to the default view.

3.2 Mimic and main menu

3.2.1 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. 3.2.1 - 2. Basic navigation (general).

CAROUSEL

15

10:12:33

a1
IL1:30.77A

Qo
IL2:30.74A
IL3:30.76A
jl]ﬂ

NOC1: Trip OFF

<< Favorites  Leds>>

User LED 1
UserLED 2
User LED 3
User LED 4
UserLED 5
User LED6
User LEDT
User LED8
UserLED9
User LED 10
User LED 11
User LED 12
User LED 13
User LED 14
User LED15

User LED 16
Clock >>

Events
10:14:07

Clock

101319

Measurement
10:12:33 -

Evel

GMT +2

nts

Ed NOC1: Trip OFF
33 NOC1: Start OFF
32 NOC1: Block ON
31 NOCI: Trip ON
30 NOC1: Start ON
29 NOC1: Block OFF
28 NOC1: Trip OFF
27 NOC1: Start OFF
26 NOC1: Block ON
25 NOC1: Trip ON
24 NOC1: Start ON
23 NOC1: Block OFF
22 NOC1: Trip OFF
21 NOC1: Start OFF
20 NOC1: Block ON

2013.01.18

IL1:30.77A
IL2:30.74A
IL3:30.76A
lo: 0.00A
UL1: 20.05kV
UL2: 20.15kV
UL3: 20.14kV
Uo: 0.00V

Favorites
10:13:42
hid

Disturbance Rec
Phase currents

Fault register
10:14:07

2 Trigger: I> Trip
3 Trigger: I> Trip
4 Trigger: U0> Trip
5 Trigger: I> Trip
6 Trigger: |> Trip
7 Trigger: 10> Trip
8 Trigger: 10> Trip
9 Trigger: -

10 Trigger: -

11 Trigger: -

12 Trigger: -

<<Clock Favorites »>>

<< Favorites  Leds >>

<<Clock Favorites »>

e -
HENU

® @ [

Return - Confirm choice
Back - Decline or go to previous menu

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.
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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).
See "Configuring user levels and their passwords" for more detail.

3.2.2 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

« Control

« Communication
* Measurement
» Monitoring.

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

Figure. 3.2.2 - 3. Main configuration menus.

@ General
@ Protection

M contro

@ Communication

@ Measurement
—rw Monitoring

3.3 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.
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Figure. 3.3 - 4. General menu structure.

10:58:53 KK
MENU
D (7)) b
General
Device info

Figure. 3.3 - 5. Device info.

12:17:43 o
Device Info

3 Device user interface

12:17:43 o
Device Info

o Device Info
o Function Comments

Device Info

12:17:43 o
Device Info

[o Device Info

o Function Comments

Device Info

17

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
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Table. 3.3 - 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 configuration file from the AQ-200
Device location - - Unitlocation | unit.

Displays the unit's unique serial number. The
Serial number - - - serial number is also printed on the sticker
located on the side of the unit.

Displays the software version (firmware) used
Firmware version - - - by the unit. Upgradable by the user if a newer
version is available.

Displays the hardware configuration of the

Hardware ) ) ) unit. The hardware configuration is also
configuration printed on the sticker located on the side of
the unit.
* Internal If an external clock time synchronization
« External . . ; ) .
) source is available, the type is defined with
Time NTP . ; .
N - * Internal | this parameter. In the internal mode there is
synchronization source | + External . .
Serial no egterrjal Tlmesync_sou_rce. IR_IG-B requires
. IRIG-B a serial fiber communication option card.
When this parameter is enabled it is possible
for the user to force the protection, control
Enable stage forcin + Disabled ) . Disabled and monitoring functions to different statuses
9 9 | + Enabled like START and TRIP. This is done in the

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

Allows the user to switch the expected order

System phase rotating |+ A-B-C - + A-B-C | in which the voltage and current phases are

order - ACB wired to the unit.
+ User
defined
« English
* Finnish Changes the language of the parameter
* Chinese descriptions in the HMI. If the language has
Language + Spanish - » English [ been set to "Other" in the settings of the
» French AQtivate 200 setting tool, AQtivate follows the
+ German value set into this parameter.
* Russian
» Ukrainian
« Kazakh
UTC time ) ) ) D!splays_the UTC time us_ed by the unit
without time zone corrections.
. - Clears the event history recorded in
Clear events - . - :
+ Clear the device.
LCD Contrast 0...255 1 120 Changes the contrast of the LCD display.
© Arcteq Relays Ltd 18
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Return to default view | O..

.3600 s

10s

3 Device user interface

Default

Description

If the user navigates to a menu and gives no
input after a period of time defined with this
parameter, the unit automatically returns to
the default view. If set to 0 s, this feature is not
in use.

LED test

Activated

When activated, all LEDs are lit up. LEDs with

multiple possible colors blink each color.
) Resets the latched signals in the logic and the
Reset latches - L matrix. When a reset command is given, the
Reset ; "
parameter automatically returns back to "-".
Disabled Enables the measurement recorder tool,
Measurement recorder - » Disabled [ further configured in Tools — Misc —
Enabled
Measurement recorder.
Reconfigure mimic _ ) - o - Reloads the mimic to the unit.
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.

Figure. 3.3 - 6. Function comments.

12:17:43
Device Info

o Device Info

[o Function Comments

Device Info

12:17:43 o
Function comments

Function Comments

|> Notes Comments
I1>> Notes Comments
I>>> Notes Comments
|>>>> Notes Comments
Idir> 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
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3.4 Protection menu

General

Figure. 3.4 - 7. Protection menu structure.

10:58:53 Lisd 12:17:43 X
MENU Protection Settings

® @[ Y =5 5>

Q) A~ L

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.
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Figure. 3.4 - 8. Protection menu view.

@ Stage selection

RC
&

—

/L
>/<

% Voltage

A
$ Arc protection

Current

D‘dv% Frequency
.U.U.

W Sequence

A

hk: |-£ Supporting

Stage activation

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. 3.4 - 9. Submenus for Stage activation.

12:17:43 o 12:17:43 -
Protection Settings Stage activation
@ n ﬂ Arc Protection
rerng vl 1/10 Arc> Activated
= > ?> Current stages

I> mode Activated
A A P,'» 1>>mode Activated
— > \'\H 1>>> mode Disabled
Pt I'l 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

Stage activation
21 © Arcteq Relays Ltd
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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. 3.4 - 10. Accessing the submenu of an individual activated stage.

12:17:43
Protection Settings
@ [ 3
=> | 2>
A Al
=> W
Overcurrent

12:17:43 o 12:17:43
Protection Settings Protection Settings
|o I> [50/51] o INFO
0 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. 3.4 - 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

N\ 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

Op. Time calc reset after release time
Continue time calculation during rele
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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.

» 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. 3.4 - 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 Delay type IDMT
o REGISTERS Definite (min) operating time 0.500
o IO 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 General properties of a
protection function chapter.
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12:17:43 -
Protection Settings
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12:17:43 =
Protection Settings

Protection Settings

o INFO
o SETTINGS

o Operation event register
o General event register

e REGISTERS |

o 10
o EVENTS

Owvercurrent 1> 50/51 [NOC1]

REGISTER: Overcurrent I=

Only visible in setting toal

OP. Events: Overcurrent |>

12:17:43 -
Protection Settings

Only visible in setting tool

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. 3.4 - 14. /0.

12:17:43 -
Protection Settings
LJ LJ L/
OUT1 OUTZ2 OUT3
1> I
START :
I> :
TRIP "'G """""
>
12:17:43 12:17:43 = BLOCKED
Protection Settings Protection Settings
o INFO o Direct Qutput Control
o SETTINGS o Blocking Input Control
o REGISTERS
| o IO
o EVENTS Direct Outputs: Overcurrent |>
12:17:43 o
Protection Settings
I> BLOCK
[ Logic Output 10 &3]
Overcurrent |> 50/51 [NOC1] 10: Overcurrent I> 0 ‘&

Blocking inputs: Overcurrent |>

The "l/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. 3.4 - 15. Events.
12:17:43 e 12:17:43 = 12:17:43 b
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 )
144 O »
Overcurrent |> 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).

3.5 Control menu
Main menu
Figure. 3.5 - 16. Main menu structure.

10:58:53 o
MENU

® & |

D () A

Controls enabled

Q

Setting Groups

pI

Objects

:ﬁ

=
& -
8
3

Control functions

"I'I
=
=

Device 10

235
8

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. 3.5 - 17. Controls enabled submenu.

12:17:43 e 12:17:43 o
Control settings Stage activation

@ % 1 OB] Control Functions
1...5 CLP mode Disabled
ﬁS ]P i SOTF mode Disabled
AR mode Disabled

Ity ; o o0y Control Objects

]PT:UN :,C Object1 mode Activated
Object2 mode Disabled
Object3 mode Disabled
Objectd mode Disabled
Object5 mode Disabled
Indicator1 mode Activated
Indicator2 mode Disabled
Indicator3 mode Disabled
Indicator4 mode Disabled
Indicator5 mode Disabled
Indicator6 mode Disabled
Indicator7 mode 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. 3.5 - 18. Setting groups submenu.

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

@ %1 ”' SG Settings
1...5 Active setting group SG1

;K\B ]P 0 Force SG change none
11} p1conr ©leoy: Force SG change enable Disabled

0 [ Used setting groups SG1
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

FUN o
=

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").
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Used setting groups: this setting allows the activation of setting groups SG1...SG8 (only one

group is active by default).

» 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. 3.5 - 19. Example of setting group (SG) changing.

Setting group 1 Control signal [

Setting group 2 Control signal - i .

Setting group 3 Control signal - T

Setting group 4 Control signal __ B8 [ P
Setting group 1 Active - _ i P
Setting group 2 Active _ i o

Setting group 3 Active —_-
Setting group 4 Active _— E

Objects

Figure. 3.5 - 20. Objects submenu.

12:17:43 e 12:17:43 - 12:17:43 o
Control settings Control Control
III- [ o oBiECT 1 o SETTINGS
o APP CONTR
EREEEE 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. 3.5 - 21. Settings section.

12:17:43 e 12:17:43 .
Control Control
|_o SETTINGS Object Set and Status
: Q:EFS?FE;R Local/Remote status Remote
o EVENTS Object Name Object1
Object Type Circuit breaker
Object Breaker Status Closed

Object Withdraw Status Intermediate
Additional Status Information

Use Synchrocheck Nat 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 (D)

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

[ =l =l =]

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 Intermediate. The status "Intermediate”
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".

S

29 © Arcteq Relays Ltd
IM00026



AQ-T215

3 Device user interface ;
Instruction manual

Version: 2.13

» 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 device 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 intermediate 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)

+ Obiject 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 device.

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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Figure. 3.5 - 22. Application control section.
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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. 3.5 - 23. Registers section.
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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. 3.5 - 24. 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).

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. 3.5 - 25. Control functions submenu.
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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", "I/O" and
"Events". The text below describes these in further detail.

Figure. 3.5 - 26. Info section.
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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. 3.5 - 27. Settings section.
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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. 3.5 - 28. Registers section.
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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. 3.5 - 29. I/O section.
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The "l/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.

35
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Figure. 3.5 - 30. 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/O

Figure. 3.5 - 31. Device I/O submenu.
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DevicelO DevicelO

The Device I/O submenu is divided into the following nine sections: "Digital inputs", "Digital outputs",
"mA Outputs", "LED settings", "Device I/O 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. 3.5 - 32. 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. 3.5 - 33. Digital outputs section.
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DevicelO 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.

NOTICE!

An NC signal goes to the default position (NO) if the device 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. 3.5 - 34. LED settings section.
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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. 3.5 - 35. Device I/O matrix section.
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Through the "Device I/0 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. 3.5 - 36. 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. 3.5 - 37. 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 200 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. 3.5 - 38. Logical signals section.
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Devicel0 Logical Signals

All' AQ 200 series units have the following 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 O 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 200 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 0.

Logical output signals can be used as the end result of a logic that has been built in the AQtivate 200
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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GOOSE 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 programmabile 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).

NOTICE!
Please refer to the "Communication" chapter for a more detailed description of the use of
logical signals.

3.6 Communication menu

41

Figure. 3.6 - 39. Communication menu.
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The Communication main menu includes four submenus (as seen in the figure

above): 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 200 setting tool
software. Connecting to AQtivate requires knowing the IP address of your device: this can be found in
the Communication — Connections submenu. As a standard, the devices support the following
communication protocols:

« NTP

- |EC 61850
* Modbus/TCP
* Modbus/RTU
e |[EC-103

- |EC-101/104
« SPA

« DNP3

* ModbuslO.
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Connections

Figure. 3.6 - 40. View of the Connections submenu.
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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.

+ |P 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 devices in a separate subnet.

+ MAC-Address: The uniqgue MAC address of the device, which is not configurable by the user.

SERIAL COM
This section defines the basic settings of the 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 it can be changed to 19,200 bps or to 38,400 bps if an external device supports the
faster speed).

» Databits, Parity and Stopbits: these can be set according to the connected external devices.

+ Protocol: by default the device does not have any serial protocol activated, although IEC 103,
Modbus I/O and Modbus/RTU can be used for communication.

NOTICE!

When communicating with a device via the 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 the RS-485 port.
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3

Protocols

Figure. 3.6 - 41. 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 in AQ
200 series units by default, or with a 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 Ethernet-based communication protocols.

IEC 61850: an Ethernet-based communication protocol.

Modbus/TCP: an Ethernet-based communication protocol.

Modbus/RTU: a serial communication protocol.

IEC-103: a serial communication protocol.

IEC-101/104: since the standards IEC 60870-5-101 and IEC 60870-5-104 are closely related, the
IEC-101 protocol uses serial communication on the physical layer, whereas the IEC-104 protocol
uses Ethernet communication.

SPA: a serial communication protocol.

DNP3: supports both serial and Ethernet communication.

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

NOTICE!

Please refer to the "Communication" chapter for a more detailed text on the various

communication options.
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3.7 Measurement menu

Figure. 3.7 - 42. Measurement section.

12:17:43 o 12:17:43 .
MENU Measurement

® &

)] 4o

Transformers

Frequency

AI(mA, DI volt) scaling
Current measurement
Voltage measurement
Power and Energy measure
Impedance Calculations
Phasors

—
— -
—_—

00000 O0ODO0O0

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 device 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. 3.7 - 43. Transformers section.

12:17:43 e 12:17:43
Measurement Transformers

Transformers ] o CT module 1

Frequency ) o VT module (4U) 1
AI(mA, DI volt) scaling

Current measurement
Voltage measurement
Power and Energy measure
Impedance Calculations
Phasors

00000 O0OO0|0

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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CT module

Figure. 3.7 - 44. CT module section.

12:17:43 o 12:17:43 -
Transformers Scaling
[ o CT module 1 | Phase CT scaling

© VI module (4U) 1 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

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.

VT module

Figure. 3.7 - 45. VT module section.

12:17:43 12:17:43 o
Transformers Scaling
o CT module 1 VT scalings
| © VT module (4U) 1 | Voltage meas mode 3LN+U4
U4 mode UO or SS uo

U0 (U4) Measured from Broken delta
PE Voltage measurements PE voltag
VT primary 20000
VT secondary 100
U1 Polarity -
U2 Polarity -
U3 Polarity -
U4 Polarity -
VT scaling factor P/S 200
VT scaling factor p.u. Pri 11547.006
VT scaling factor p.u. Sec  57.735
U4 VT scaling factor P/S 115.47

Voltage transformer settings include voltage measurement mode selection, voltage transformer
nominal settings and voltage channel polarity switching. Voltage transformer setting defines what kind
of voltages are connected to the VT module card. The voltages are: three line-to-line voltages, three
line-to-neutral voltages, two line-to-line voltages leaving the third one free as additional voltage channel
for neutral voltage or synchrochecking. U4 channel can be set to work as residual voltage mode or
"SS" (system set) mode, which can be used for synchrochecking, synchronizing and other uses.
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VT primary and secondary voltages must match with the connected voltage transformer in addition to
the voltage measurement mode. These settings are then used for scaling the voltage channel input
voltages to primary and per unit values as well as power and energy measurement values if current

measurements are also available.

Frequency

Figure. 3.7 - 46. Frequency submenu.

12:17:43 o
Measurement

o AI(mA, DI voIt) scaling

o Current measurement

o Voltage measurement

o Power and Energy measure
o Impedance Calculations

o Phasors

12:17:43 o
Scaling

Freq. Settings

Sampling mode Fixed
System nominal frequency 50.000
Track.sys.f 50.106
Sampl.f.used 50.000
f Ref1 VT1U1
f Ref2 vT1U2
fRef3 CT1IL3
f.tr qual Ref 182 Track
f.meas in use Ref1
Start behavior St Track direct
Start smpl with Use track f
Use nom freq until 0.100
Tr f CHA 50.054
Tr f CHB 50.054
Tr f CHC 0.000
Alg f Fast 50.054
Alg favg 50.055
Freq. Measurement

Sys.meas.frgs One f measured

f atm. Protections (when not 50.054
f atm. Display (when not me 50.054
f meas from Track Ref 1

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.
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Current measurement

Figure. 3.7 - 47. Current measurement submenu.

12:17:43 o
Measurement
Per-Unit Currents
Phase current IL1 0.17
Phase current IL2 0.17
12:17:43 o 12:17:43 o Phase current IL3 0.17
Measurement Measurement Phase current IL1 TRMS 0.17
Phase current IL2 TRMS 0.17
o Transformers o Phase Currents Phase current IL3 TRMS 0.17
o Frequency . © Residual Currents P-P curriL1 0.18
o AI(mA, DI volt) scaling o Sequence Currents - -
| o Current measurement o Harmonics P-P currlL2 0.18
o Voltage measuremen P-P currIL3 0.18
o Power and Energy measure Primary Currents
o Impedance Calculations Pri. Pha.currIL1 50.67
© Phasors Pri. Pha.currL2 52.12
Pri. Pha.curr.IL3 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.currIL1 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.angle IL1 353.46
Pha.angle IL2 23332
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 zero sequence currents.

» "Harmonics" displays current harmonics up to the 31 St 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. 3.7 - 48. Voltage measurement submenu and System Voltages menu.
12:17:43 o
Measurement

Primary Voltage Magnitudes
SystemvoltUL12mag  20478.14
System volt UL12 mag (kV) 205

12:17:43 o 12:17:43 o Systemvolt UL23mag ~ 20585.82
Measurement Measurement System volt UL23 mag (kV) 20.6

System volt UL31 mag 20680

° Irrggf]f:;gm o Voltage Inputs System volt UL31 mag (KV) 207
o AT(mA. DI volt) scaling ﬁ-&wﬁo S yetem Voltages SystemvoltUL1 mag  12028.63
o_Current measurement © Harmonics System volt UL1 mag (kV) 12
System volt UL2 mag 12122.74
(A T LA Tl 220 System volt UL2 mag (kV) 12.1

o Impedance Calculations Systemvolt UL3mag ~ 11510.41

© RS SystemvoltUL3mag(kV)  11.5
System volt U0 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 zero sequence voltages.

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

» "Harmonics" displays harmonics up to the 31% 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. 3.7 - 49. 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 b 3PH Apparent Power (S MVA)
Measurement Measurement 12.8
3PH Active Power (P)
o Transformers o Pow and Energy mea = 12778.71
o Frequency : omw
o AI(mA, DI volt) scaling S Energy Measurements 3PH Active Power (P MW
o Current measurement 12.78
o Voltage measurement 3PH Reactive Power (Q)
| o Power and Energy measur§ 720.15
o 'mpedance Lalculations 3PH Reactive Power (Q MVar)
o Phasors
0.72
3PH Tan(phi)
0.06
3PH Cos(phi)
1
3PHPF

Phase L1 Powers
L1 Apparent power (5) 4339.26

L1 Active power (P) 4337.82
Power Measurements
L1 Reactive power (Q)
111.96
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. 3.7 - 50. Impedance calculations submenu.

12:17:43 o 12:17:43 e
Measurement Measurement

o Transformers o I[mpedance calc. settings

o Frequency o Phase to phase impedance
o AI{mA, DI volt) scaling o Phase to ground impedance
o Current measurement o Positive seq impedance

o Voltage measurement

o Power and Energy m (&

o Impedance Calculations

o Phasors

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. 3.7 - 51. Phasors submenu.

12:17:43 o 12:17:43 - 12:17:43 e 12:17:43 -
Measurement Measurement Phasars Phasors

o Transformers o Sidel Current vector display Phase current vectors

o Frequency o Voltage vector dispays Vector diagram

o AI(mA, DI volt) scaling o Power vector displays ﬂE[lnm"e“ Swenrs

o Current measurement o Impedance vector displays » di

o Voltage measurement {1005 vector diagram

o Power and Energy measure Seq current vectors

o_Impedance Calculations (00, Vector diagram

Vector displays

The Phasors submenu holds the vector displays for voltages and currents, as well as the various

calculated components the device may have (e.g. power, impedance). Phasors are helpful when
solving incorrect wiring issues.

3.8 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. 3.8 - 52. Monitoring menu view.

10:58:53 00 12:17:43 o
MENU Monitor Settings

D () |~

Monitoring
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Monitors enabled

Figure. 3.8 - 53. Monitors enabled submenu.

12:17:43 o
Monitor Settings

Baor
ﬁ\"H

X
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Monitors enabled

3 Device user interface

12:17:43 e
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. 3.8 - 54. Monitor function view.

12:17:43 o
Monitor Settings

=
Y=
At

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 10
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. 3.8 - 55. Disturbance recorder settings.

12:17:43 o 12:17:43 -
Monitor Settings Disturbance recorder

Recorder Control

(\/) .~: DR Recorder enabled Enabled

o e Recorder status Recorder ready

Clear record 0

Manual trigger -

T 5 Clear all records -

i % 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 IL1
Analog Recording CH2 IL2
Analog Recording CH3 L3

L J

]

[ ]
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...1,800.0
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 device 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

device'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. 3.8 - 56. Device diagnostics submenu.

12:17:43 o
Monitor Settings

12:17:43 -
Device Diagnostics

[ | [
@R E

Device Diagnostics

Device Diagnostics

Diagnostics alarm status 0
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
CPU serial number 0x1D64F5BF

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

[ ]

[ ]

[ ]
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 10.9
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.

3.9 Configuring user levels and their passwords

53

As a factory default, no user level is locked with a password in a device. 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.

NOTICE!

Passwords can only be set locally in an HMI.
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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):

Super user (***)
Configurator (**)

» QOperator (*)
» User(-)
10:14:07
USER s
OPERATOR = 4
CONFIGURATOR & a
SUPERUSER 3 g
10:14:07
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. To remove the
password, set the password to "0" (zero). 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:
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» 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.

» 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.

NOTICE!
i Any user level with a password automatically locks itself after half an hour (30 minutes) of
inactivity.
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4.1 Functions included in AQ-T215

The AQ-T215 transformer protection device includes the following functions as well as the number of
stages in those functions.

Table. 4.1 - 4. Protection functions of AQ-T215.

Name (number Description

of stages)

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

I>>>>

Idir>
Idir>> o .
DOC (4) Idirs>> 67 Directional overcurrent protection

Idir>>>>

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

10>>>>

10dir>
DEF (4) :83:2; 67N/32N Directional earth fault protection

|0dir>>>>

uU>
OV (4) Bz; 59 Overvoltage protection

U>>>>

U<
UV (4) 8:: B 27 Undervoltage protection

U<<<<

uo>
NOV (4) 88;; 59N Neutral overvoltage protection

Uuo>>>>

>
>>
>>>

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

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

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

4 Functions

of stages) Description
12> .
(25> Negative sequence overcurrent/
CUB (4) 255> 46/46R/46L phase current reversal/
555> current unbalance protection
ut/uz>/<
U1/U2>>/<<
VUB (4) U1/U2>>>/<<< 47/27P/59PN Sequence voltage protection
u1/
U2>>>>/<<<<
Ih> Harmonic overcurrent protection
lh>> The detection and blocking or tripping based on a
HOC (4) [h>>> SOR/STH/EEH selectable harmonic. The phase currents and the
Ih>>>> residual currents have separate stages.
CBFP (1) CBFP 50BF/52BF Circuit breaker failure protection
REF (1) 10d> 87N Low- or h|gh.—|mpedanc_e restricted earth fault/cable
end differential protection
TRF (1) - - Transformer status monitoring
TOLT (1) TT> 49T Transformer thermal overload protection
VHZ (1) V/Hz 24 Volts-per-hertz overexcitation protection
Z< . )
UIM (2) Z<< 21 Underimpedance protection
RTD (1...16) - - RTD alarms (Resistance temperature detector)
OPW (1) P> 320 Overpower protection
UPW (1) P< 32U Underpower protection
RPW (1) Pr 32R Reverse power protection
PGS (1) PGx>/< 99 Programmable stage
ARC (1) IArc>/I0Arc> 50Arc/50NArc Arc fault protection (optional)

Table. 4.1 - 5. Control functions of AQ-T215.

Name IEC ANSI Description

SGS - - Setting group selection

OB ) i Object control and monitoring
(5 objects available)

CIN R ) Indicator object monitoring
(5 indicators available)

CLPU CLPU - Cold load pick-up

VJP A 78 Vector jump
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Name IEC ANSI Description
SYN AV/Na/Af 25 Synchrocheck
VRG - 90 Automatic voltage regulator
PCS - - Programmable control switch
mA output - - Milliampere output control

Table. 4.1 - 6. Monitoring functions of AQ-T215.

Name IEC ANSI Description
CTS - - Current transformer supervision
VTS - 60 Voltage transformer supervision
DR - - Disturbance recorder
FLX - 21FL Fault locator
CBW - - Circuit breaker wear monitor
THD - - Total harmonic distortion
RHC - - Running hour counter
MREC - - Measurement recorder
VREC - - Measurement value recorder

4.2 Measurements

4.2.1 Current measurement and scaling

The current measurement module (CT module, or CTM) is used for measuring the currents from
current transformers. The current measurements are updated every 5 milliseconds. The measured
values are processed into the measurement database and they are used by measurement and
protection functions. It is essential to understand the concept of current measurements to be able to
get correct measurements.
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Figure. 4.2.1 - 57. 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 device.

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 device calculates the scaling factors based on the set values of the CT primary, the CT secondary
and the nominal current settings. The device measures the secondary current, the current output from
the current transformer installed into application's primary circuit. The rated primary and secondary
currents of the CT need to be set for the device to "know" the primary and per-unit values. 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 devices 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 device's measurement inputs. It also shows
example CT ratings and nominal current of the load.

Figure. 4.2.1 - 58. Connections.
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The following table presents the initial data of the connection.
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Table. 4.2.1 - 7. Initial data.
Phase current CT: Ring core CT in Input 102: )
) ) Load (nominal):
+ CT primary: 100 A » |OCT primary: 10 A 36 A
» CT secondary: 5 A » |0CT secondary: 1 A

« 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. 4.2.1 - 59. Setting the phase current transformer scalings to CT nominal.

Phase CT scaling

100 A
1.000..25000.000 [0.001]

0.200..10.000 [0.001]

0.001._100000.000 [0.001]

100
0.001..100000.000 [0.001]

0.001._100000.000 [0.001]

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

61 © Arcteq Relays Ltd
IM00026



AQ-T215

4 Functions ;
Instruction manual

Version: 2.13

Figure. 4.2.1 - 60. Setting the phase current transformer scalings to the protected object's nominal current.

Phase CT scaling

0.001._100000.000 [O.

0.001._100000.000 [O.

0.001._100000.000 [0.001]

0.001..100000.000 [0.001]

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 "Ipu 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 IO 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. 4.2.1 - 61. Residual 101 CT scaling (coarse).

Residual 101 CT scaling

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 "l02 CT" settings are set according to the ring core CT's ratings (10/1 A).
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Figure. 4.2.1 - 62. Residual 102 CT scaling (sensitive).

Residual 102 CT scaling

10 A
0.20000..25000.00000 [0.00001]
1a
0.00100.10.00000 [0.00001]

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.

Figure. 4.2.1 - 63. Scalings display (based on the CT nominal).

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

Secondary Currents Per-Unit Currents

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
1,800A  120,00° 50,000 Hz

Secondary Currents Per-Unit Currents

0.999 xin
0.00..30

0.00.100000.00 0.00..30 ] 0.000..1

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 device is scaled either
to the CT nominal or to the object nominal, making the settings input straightforward.
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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).

Figure. 4.2.1 - 65. Connections of ZCT scaling.

|

PN

Troubleshooting

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

WARNING!

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 amplitude in
all phases does not
match the injected
current.

The scaling settings may be wrong, check that the settings match with the connected
current transformer (Measurement — Transformers — Phase CT scaling). Also check
that the "Scale meas. to In" is set accordingly. If possible, check the actual CTs and their
ratings as there may have been a need to change the original plan.

The measured
current amplitude
does not match one
of the measured
phases./

The calculated 10 is
measured even
though it should not.

Check the wiring connections between the injection device or the CTs and the device.
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Problem Solution

The phase currents are connected to the measurement module but the order or polarity
of one or all phases is incorrect. In device settings, go to Measurement — Phasors and
check the "Phase current vectors" diagram. When all connections are correct, the

The measured diagram (symmetric feeding) should look like this:

current amplitudes
are OK but the
angles are strange./ ||_3
The phase
unbalance protection |
trips immediately L1
after activation./
The earth fault
protection trips
immediately after rl»
activation.

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. 4.2.1 - 66. Common phase polarity problems.
Phase 1 Phase 2 Phase 3
|
L2¢ 5 115
IL1 IL1 IL1
IL3 yILZ IL3
1z /12
11 |Z
12 |Z
1) Switch wires 1) Switch wires 1) Switch wires
between the between the between the
connectors 1 and 2 connectors 3 and 4 connectors 5 and 6
in the CT module in the CT module in the CT module
2) Invert polarity of 2) Invert polarity of 2) Invert polarity of
IL1 (Measurement > IL2 (Measurement > IL3 (Measurement >
Transformers> Phase Transformers> Phase Transformers> Phase
CT scaling CT scaling CT scaling

Solution options

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 device. 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. 4.2.1 - 67. Common network rotation (mixed phases) problems.

Phase currents

Negative sequence Solution

NP

I3

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

|2 IL2 and IL3 switched: Switch

L) > 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. 4.2.1 - 8. Settings of the Phase CT scaling.

Name Range Step  Default Description
Scale * CTnom p.u. « CT | The selection of the reference used in the device's per-
measurementto | ¢ Object In - nom | unit system scaling. Either the set phase current CT
In p.u. p.u. | primary or the protected object's nominal current.
Phase CT 1.000...25 '
orimary 000.000A 0.001 | 100.000 | The rated primary current of the current transformer.
Phase CT
0.200...10.000A | 0.001 | 5.000 The rated secondary current of the current transformer.
secondary
Nominal current | 1.000. 25 The_nommal cu_rr_ent Qf the prqtecltled pbject. Th||'|s
0.001 | 100.000 | setting is only visible if the option "Object In p.u." has
In 000.000A . " " .
been selected in the "Scale measurement to In" setting.
The selection of the first current measurement
. channel's (IL1) polarity (direction). The default setting is
IL1 Polarity - - for the positive current to flow from connector 1 to
¢ Invert . . .
connector 2, with the secondary currents' starpoint
pointing towards the line.
The selection of the second current measurement
. channel's (IL2) polarity (direction). The default setting is
IL2 Polarity - - for the positive current to flow from connector 3 to
e Invert . . )
connector 4, with the secondary currents' starpoint
pointing towards the line.
The selection of the third current measurement
. channel's (IL3) polarity (direction). The default setting is
IL3 Polarity - - for the positive current to flow from connector 5 to
¢ Invert . ! A
connector 6, with the secondary currents' starpoint
pointing towards the line.
. A feedback value; the calculated scaling factor that is
CT scaling . i
- - - the ratio between the primary current and the
factor P/S
secondary current.
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Name Range Step  Default Description
A feedback value; the calculated scaling factor that is
. the ratio between the set primary current and the set
CT scaling . . . T
factor NOM - - - nomlnal CL{rrent. This parameter is only V|§|ble if the
option "Object In p.u." has been selected in the "Scale
measurement to In" setting.
Ipu scaling ) ) ) A feedback value; the scaling factor for the primary
primary current's per-unit value.
Ipu scaling ) ) ) A feedback value; the scaling factor for the secondary
secondary current's per-unit value.

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

Name Unit Range Step  Default Description

0.200
|0ri1mCaI A 00...25 8'1000 880'000 The rated primary current of the current transformer.
primary 000.000 00

0.100
01 CT A 00...10.000 0.000 | 1.000 The rated secondary current of the current transformer.
secondary 00 01 00
101 . The selection of the coarse residual measurement channel's

. - - - (101) polarity (direction). The default setting is for the
Polarity * Invert S
positive current to flow from connector 7 to connector 8.

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

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

Name Unit Range Step  Default Description
0.200
l?,isz;T A 00...25 8'1000 (1)80'000 The rated primary current of the current transformer.
prmary 000.000 00
0.001
102 CT A 00...10.000 0.000 ) 0.200 The rated secondary current of the current transformer.
secondary 00 01 00
The selection of the sensitive residual measurement
102 ) . - ) ) channel's (102) polarity (direction). The default setting is for
Polarity + Invert the positive current to flow from connector 9 to connector
10.
CT A feedback value; the calculated scaling factor that is the
scaling - - - - ratio between the primary current and the secondary
factor P/S current.
Measurements

The following measurements are available in the measured current channels.
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Table. 4.2.1 - 11. Per-unit phase current measurements.
Name Unit Range Step Description
Phase current 0.000...1 The current fundamental frequency component (in p.u.)
ILx X In 0.001
. Y 250.000 from each of the phase current channels.
("Pha.curr.lLx")
Phase current
ILx TRMS 0.00...1 The TRMS current (inc. harmonics up to 31%%) measurement (in
" xIn 0.01
("Pha.curr.lLx 250.00 p.u.) from each of the phase current channels.

TRMS")

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

The peak-to-peak current measurement (in p.u.) from each of
the phase current channels.

Table. 4.2.1 - 12. Primary phase current measurements.

Name Unit Range Step Description

Primary phase 0.00...1 The primary current measurement fundamental frequency
current ILx A 000 0.01 component from each of the phase current channels
(*Pri.Pha.curr.ILx") 000.00 P P '
Primary phase 0.00...1
current ILx TRMS | | 5o 0.01 | The primary TRMS current (inc. harmonics up to 31%
("Pha.curr.lLx ' measurement from each of the phase current channels.

000.00
TRMS Pri")

Table. 4.2.1 - 13. 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 current measurement fundamental frequency
component from each of the phase current channels.

Secondary phase
current ILx TRMS A 100030000001 | The primary TRMS current (inc. harmonics up to 31%%

("Pha.curr.ILx measurement from each of the phase current channels.
TRMS Sec")

Table. 4.2.1 - 14. Phase angle measurements.

Name Unit Range Step Description
Phase angle
II"_x deg | 0.00...360.00 | 0.01 The phqse angle measurement from each of the three phase
("Pha.angle current inputs.
ILx")
69 © Arcteq Relays Ltd

IM00026



AQ-T215

4 Functions ;
Instruction manual

Version: 2.13

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

Name Unit Range Step Description
Residual current 10x 000 1 The current measurement fundamental frequency
" " xIn 0.01 [ component (in p.u.) from the residual current channel 101
("Res.curr.0x") 250.00
or 102.
0.00...1 The current measurement fundamental frequency
Calculated 10 xIn 250.00 0.01 component (in p.u.) from the calculated 10 current channel.
Phase current The TRMS current (inc. harmonics up to 31 St)
0.00...1 . _
10x TRMS *In 1 550 00 0.01 | measurement (in p.u.) from the residual current channel
("Res.curr.l0x TRMS") ' 101 or 102.
Peak-to-peak current )
The peak-to-peak current measurement (in p.u.) from the
10x xIn | 0.00...500.00 | 0.01 .
. . residual current channel 101 or 102.
("P-P curr.10x")

Table. 4.2.1 - 16. Primary residual current measurements.

Name Unit Range Step Description
Primary residual 0.00...1 The primary current measurement fundamental frequency
current 10x A 000 0.01 component from the residual current channel 101 or 102
("Pri.Res.curr.l0x") 000.00 P '
::’Orlmary calculated A 8'0000' ] 0.01 The primary current measurement fundamental frequency
("Pri.calc.l0") 000.00 component from the calculated current channel 10.
Primary residual

0.00...1 ) ) st

current [0x TRMS | = | 555 0.01 | The TRMS current (inc. harmonics up to 31%) measurement
("Res.currlOx TRMS 000.00 "~ | from the primary residual current channel 101 or 102.

Pri")

Table. 4.2.1 - 17. Secondary residual current measurements.

Name Unit Range Step Description
Secondary residual
The secondary current measurement fundamental frequency
current 10x A 0.00...300.00 | 0.01 )
" Y component from the residual current channel 101 or 102.
("Sec.Res.curr.l0x")
Secondary
calculated 10 A 0.00...300.00 | 0.01 The secondary current measurement fundamental frequency
| \ component from the calculated current channel 10.
("Sec.calc.10")
Secondary residual ) ) st
The secondary TRMS current (inc. harmonics up to 317)
current I0x TRMS A 0.00...300.00 | 0.01 .
(Res.curr.|0x TRMS VU . - measurement from the secondary residual current channel
" 101 or 102.
Sec")
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Table. 4.2.1 - 18. Residual phase angle measurements.
INETg[) Unit Range Step Description
Residual current
a“ngle 10x deg | 0.00...360.00 | 0.01 The reS|dua.I current angle measurement from the 101 or
("Res.curr.angle 102 current input.
10x")
calc.I0 Pha.angle deg | 0.00...360.00 | 0.01 | The calculated residual current angle measurement.

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

Name Unit Range Step Description

Positive sequence 0.00...1 The measurement (in p.u.) from the calculated positive
X In 0.01

current 250.00 sequence current.

Negative sequence % In 0.00...1 0.01 The measurement (in p.u.) from the calculated negative

current 250.00 ' sequence current.

Zero sequence 0.00...1 The measurement (in p.u.) from the calculated zero
X In 0.01

current 250.00 sequence current.

Table. 4.2.1 - 20. 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 y A 0.01
("Pri.Positivesequence 000.00 sequence current.
curr.")
Primary negative
sequence current 0.00...1 000 The primary measurement from the calculated
o . A 0.01 .
("Pri.Negative sequence 000.00 negative sequence current.
curr.")
Primary zero sequence
current 0.00...1 000 The primary measurement from the calculated zero
. A 0.01
("Pri.Zero sequence 000.00 sequence current.
curr.")

Table. 4.2.1 - 21. Secondary sequence current measurements.

Name

Secondary positive
sequence current

Unit Range

Step Description

The secondary measurement from the calculated

("Sec.Negative sequence
curr")

" I A 0.00...300.00 | 0.01 o

("Sec.Positive sequence positive sequence current.

curr.")

Secondary negative

sequence current A 0.00...300.00 | 0.01 The secondary measurement from the calculated

negative sequence current.
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Unit Range Step Description

Secondary zero sequence

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

Table. 4.2.1 - 22. Sequence phase angle measurements.

Name Unit Range Step Description

Positive sequence current angle

S w | 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
("Negative sequence U ’ ' angle.
curr.angle")

Zero sequence current angle

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

Table. 4.2.1 - 23. Harmonic current measurements.

Name Range Step Description
Harmonics
calculation values | * Percent ) Defines whether the harmonics are calculated as percentage
("Harm Abs.or » Absolute or absolute values.
Perc.")
* Per unit
Harmonics ) e Primary A ) Defines how the harmonics are displayed: in p.u values, as
display » Secondary primary current values, or as secondary current values.
A
Maximum
harmonics value 0.00...100 Displays the maximum harmonics value of the selected
" ; A 0.01 .
("Ixx maximum 000.00 current input ILx or 10x.
harmonic")
Fundamental
frequency A 0.00...100 0.01 Displays the current value of the fundamental frequency
("Ixx 000.00 ' component (RMS) from the selected current input ILx or 10x.
fundamental")
Ixx harmonics ) : )
nd st A 0.00...100 0.01 Displays the selected harmonic from the current input ILx or
(27...31 000.00 21 Lox.
harmonic)
'TX;‘DAmp“t“de % | 0.000...100.000 | 0.001 | Amplitude ratio THD voltage. Recognized by IEC.
Ixx Power THD % | 0.000...100.000 | 0.001 | Power ratio THD voltage. Recognized by the IEEE.
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4.2.2 Voltage measurement and scaling

73

The voltage measurement module (VT module, or VTM) is used for measuring the voltages from
voltage transformers. The voltage measurements are updated every 5 milliseconds. The measured
values are processed into the measurement database and they are used by measurement and
protection functions. It is essential to understand the concept of voltage measurements to be able to
get correct measurements.

Figure. 4.2.2 - 68. Voltage measurement terminology

L1 L3
e : IED
[

- Up e 1 U sec
g fenlon g e By
> . ] <
(2] | H
a2 > Y\ - 1o
GE): Uiz pri IY\_: U Uz i O
S —l "] [ TR 0 Q(Z|| Per Unit
0| ! U3 | 2= Pri
= | S| rimary
=7 =< | HOlO Secondary
ol | u4 |u w
(@)} —D
S ! =
ol I Uop sec <
> : —

| .

L e - - — - — — = 1

PRI: The primary voltage, i.e. the voltage in the primary circuit which is connected to the primary side of
the voltage transformer.

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

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

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

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

Example of VT scaling

The following figure presents how VTs are connected to the device's measurement inputs. It also shows
the VT ratings. In the figure below, three line-to-neutral voltages are connected along with the zero
sequence voltage; therefore, the 3LN+U4 mode must be selected and the U4 channel must be set as
UO0. Other possible connections are presented later in this chapter.
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Figure. 4.2.2 - 69. Connections.
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The following table presents the initial data of the connection.

Table. 4.2.2 - 24. 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-neutral voltages (+UO).
- in case wiring is incorrect, all polarities can be individually switched by 180 degrees in the device.

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

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

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

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

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

The 3LN+UOQ is the most common voltage measurement mode. See below for example connections of
voltage line-to-line measurement (3LL on the left, 2LL on the right).
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Figure. 4.2.2 - 70. Example connections for voltage line-to-line measurement.

L1 L3 L1 L3

20 kv/100 V 20 kv/100 V

%

Voltage transformers (VTs)

I'________________'I

Voltage transformers (VTs)
——— e —

If only two line-to-line voltages are measured, the third one (UL31) is calculated based on the UL 12 and
UL23 vectors. When measuring line-to-line voltages, the line-to-neutral voltages can also be calculated
as long as the value of U0 is measured.

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

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

Figure. 4.2.2 - 71. 2LL+U0+SS settings and connections.

L1 L3

20 kv/100 V

VT Scalings

Yoltage meas mode [21L+U3+U4
UE modellorss uo
U4 mode U0 or, 55 [ss

PEYoltage measurements PE Yoltages calculated

Voltage transformers (VTs)

[ —--"-"-"-"=-"=-"~"-"="="="="="=~=7/1

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

Figure. 4.2.2 - 72. Measurement behavior when nominal voltage injected.

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

Figure. 4.2.2 - 73. Device behavior when voltage injected during an earth fault.

Primary Voltage Magnitudes Secondary voltages Per-Unit voltages
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U3 Angle ~ U3System
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Troubleshooting

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

Problem Check / Resolution

The measured

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

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

The measured

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

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.

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

Alternative

Settings

Table. 4.2.2 - 25. Settings of the VT scaling.

Name Range Step Default Description
Voltage « 3LN+U4 . -
resremant | - e |- o | T80e0CEs wtege v percd T tages o
mode o 2LL+U3+U4 ’
The voltage channel U3 can be used to measure zero
U3 mode U0 sequence voltage (UO) or the Synchrocheck voltage (SS).
or SS If neither is needed, the (default) option "Not Used" should
be active. This setting is only valid if the "2LL+U3+U4"
» Not Used ;
. uo ) Not mode is selected.
S Used
The voltage channel U4 can be used to measure zero
U4 mode UO sequence voltage (UQ) or the Synchrocheck voltage (SS).
or SS If neither is needed, the (default) option "Not Used" should
be active.
Defines how the secondary voltage is scaled to the
primary. "Broken Delta" is the most common mode. Does
not affect how protection operates, it only affects the
* Broken displayed primary voltages. This parameter is visible when
Uo (U3) Delta the "U4 mode UO or SS" has been set to the "U0" mode.
Measured » Neutral - Broken i i iniecti
4 delta Example with scaling 20000/100 for Uo and injection 10V
from point secondary:
* Open delta
+ Broken delta: 1155V (10%)
» Neutral point: 2000 V (17.34%)
* Open delta: 667V (5.78%)

7
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BT[] Range Step Default Description
Defines how the secondary voltage is scaled to the
primary. "Broken Delta" is the most common mode. Does
not affect how protection operates, it only affects the
displayed primary voltages. This parameter is visible when
uo (U4) the "U4 mode UO or SS" has been set to the "U0" mode.
Measured Example with scaling 20000/100 for Uo and injection 10V
from secondary:
+ Broken delta: 1155V (10%)
» Neutral point: 2000 V (17.34%)
* Open delta: 667V (5.78%)
Set input « No If this parameter is enabled, it is possible to set minimum
voltage - Yes )
* Yes voltage required for voltage measurement to start.
thresholds
U1 input
threshold
U2 input
threshold 0.10...50.00 0.01 | 1.00 .
Sets the lowest voltage the channel is allowed to measure.
. Vsec VSGC VS(—}C
U3 input
threshold
U4 input
threshold
Voltage » Disabled ) Disabled Activates the voltage memory. The "Voltage memory"
memory » Activated chapter describes the function in more detail.
* NoP-E
voltages
available Indicates whether or not phase-to-earth voltages are
P_E Voltage - P-E available. Also indicates whether P-E voltages are
9 Voltages - - measured from the voltage channels directly or if they are
measurements . .
calculated calculated from measured line-to-line and zero sequence
- P-E voltages.
Voltages
measured
. 1.0...1 000 20 .
VT primary 000.0V 0.1V 000.0V The rated primary voltage of the voltage transformer.
VT secondary | 0.2...400.0V 0.1V [ 100.0V | The rated secondary voltage of the voltage transformer.
The primary nominal voltage of the connected UO or SS
U?’ Res/SSVT | 1.0...1000 0.1V 20 VT. This setting is only valid if the "2LL+U3+U4" mode is
primary 0ooov 000.0V
selected.
U3 Res/SS VT The secondary nominal voltage of the connected UO or SS
0.2...400.0V 0.1V [ 100.0V | VT. This setting is only valid if the "2LL+U3+U4" mode is
secondary
selected.
U4 Res/SS VT [ 1.0...1 000 0.1V 20 The primary nominal voltage of the connected UO or SS
primary 000.0V ' 000.0V | VT.
U4 Res/SS VT 02, 400.0V 0.1v | 100.0v The secondary nominal voltage of the connected UQ or SS

secondary

VT.
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Name

U1 Polarity

U2 Polarity

U3 Polarity

U4 Polarity

4 Functions

Range Step Default Description

The selection of the first voltage measurement channel's
(U1) polarity (direction). The default setting is for the
positive voltage to flow from connector 1 to connector 2,
with the secondary voltage's starpoint pointing towards

the line.

The selection of the second voltage measurement
channel's (U2) polarity (direction). The default setting is for
the positive voltage to flow from connector 3 to connector
4, with the secondary voltage's starpoint pointing towards
the line.

Invert The selection of the third voltage measurement channel's

(U3) polarity (direction). The default setting is for the
positive voltage to flow from connector 5 to connector 6,
with the secondary voltage's starpoint pointing towards
the line.

The selection of the fourth voltage measurement channel's
(U4) polarity (direction). The default setting is for the
positive voltage to flow from connector 7 to connector 8,
with the secondary voltage's starpoint pointing towards
the line.

Table. 4.2.2 - 26. Read-only parameters of the VT scaling.

Name Description

VT scaling factor
P/S

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

VT scaling factor
p.u. Pri

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

VT scaling factor
p.u. Sec

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

U3 VT scaling
factor P/S U0/SS

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

U3 scaling factor
p.u. Pri

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

U3 scaling factor
p.u. Sec

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

U4 VT scaling
factor P/S UO/SS

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

U4 scaling factor
p.u. Pri

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

U4 scaling factor
p.u. Sec

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

Measurements

The following measurements are available in the measured voltage channels.
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Table. 4.2.2 - 27. Per-unit voltage measurements.

Name Range Step Description
Voltage Ux The voltage measurement fundamental frequency component (in
("UxVolt 0.00...500.00xUN | 0.01xUn 9 quency comp
0.0.") p.u.) from each of the voltage channels.
Voltage Ux
T"RMS 0.00...500.00xUn | 0.01xUy | The TRMS voltage (inc. harmonics up to 31%Y) measurement (in
("UxVolt p.u.) from each of the voltage channels.
TRMS p.u.")

Table. 4.2.2 - 28. Secondary voltage measurements.

Name Range Step Description

Secondary
voltage Ux 0.00...500.00V | 0.01V
("Ux Volt sec")

The secondary voltage measurement fundamental frequency
component from each of the voltage channels.

Secondary

voltage Ux . . st
TRMS 0.00...500.00V | 0.01v | The secondary TRMS voltage (inc. harmonics up to 317)

("UxVolt TRMS measurement from each of the voltage channels.
sec")

Table. 4.2.2 - 29. Voltage phase angle measurements.

Range Step Description

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

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

Name Range Step Description

Positive sequence
voltage 0.00...500.00%UN | 0.01xUN
("Pos.seq.Volt.p.u.")

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

Negative sequence
voltage 0.00...500.00xUN | 0.01xUN
("Neg.seq.Volt.p.u.")

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

Zero sequence
voltage 0.00...500.00xUN | 0.01xUN
("Zero.seq.Volt.p.u.")

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

Table. 4.2.2 - 31. Primary sequence voltage measurements.

Description

Primary positive sequence 0.00...1 000 The primary measurement from the calculated positive
voltage 0.01v

. 000.00V sequence voltage.

("Pos.seq.Volt.pri")
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Name Range Step Description
SPgerJaergCr;e\?;gee 0.00...1 000 0.01V The primary measurement from the calculated negative
\ N 9 000.00V ' sequence voltage.
("Neg.seq.Volt.pri")
Primary zero sequence 0.00...1 000 The primary measurement from the calculated zero
voltage 0.01v
000.00V sequence voltage.

("Zero.seq.Volt.pri")

Table. 4.2.2 - 32. Secondary sequence voltage measurements.

Name Range Step Description

Secondary positive 0.00...4 The secondary measurement from the calculated positive
sequence voltage 0.01Vv

" " 800.00V sequence voltage.

("Pos.seq.Volt.sec")

Secondary negative 0.00...4 The secondary measurement from the calculated negative
sequence voltage 0.01Vv

" " 800.00V sequence voltage.

("Neg.seq.Volt.sec")

Secondary zero sequence 0.00...4 The secondary measurement from the calculated zero
voltage 0.01Vv

" " 800.00V sequence voltage.

("Zero.seq.Volt.sec")

Table. 4.2.2 - 33. Sequence voltage angle measurements.

Name Range Step Description
(P..gzig_vsi(jifolff Xizl\é?)ltage angle 0.00...360.00° | 0.01° [ The calculated positive sequence voltage angle.
[ﬂﬁ%g’fig/eeqs'\?gl?'?:;e\f))ltage angle 0.00...360.00° | 0.01° | The calculated negative sequence voltage angle.
(Z";gsizgi%clixgg?g)e angle 0.00...360.00° | 0.01° | The calculated zero sequence voltage angle.

Table. 4.2.2 - 34. System primary voltage measurements.

Name Range Step

System
voltage
magnitude | 0.00...1

("System [ 000.00V
volt UL12
mag")

uL12 000 0.01Vv

kV.

Description

The primary line-to-line UL12 voltage fundamental frequency component
(measured or calculated). You can also select the row where the unit for this is

System
voltage
magnitude | 0.00...1

("System | 000.00V
volt UL23
magll)

uL23 000 0.01Vv

KV.

The primary line-to-line UL23 voltage fundamental frequency component
(measured or calculated). You can also select the row where the unit for this is
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Name Range Step Description
System
voltage
magnitude | 0.00...1 The primary line-to-line UL31 voltage fundamental frequency component
UL31 000 0.01V | (measured or calculated). You can also select the row where the unit for this is
("System | 000.00V kV.
volt UL31
mag")
System
voltage
magnitude | 0.00...1 The primary line-to-neutral UL1 voltage fundamental frequency component
uL1 000 0.01V | (measured or calculated). You can also select the row where the unit for this is
("System [ 000.00V kV.
volt UL1
mag")
System
voltage
magnitude | 0.00...1 The primary line-to-neutral UL2 voltage fundamental frequency component
uL2 000 0.01V | (measured or calculated). You can also select the row where the unit for this is
("System [ 000.00V KV.
volt UL2
mag")
System
voltage
magnitude | 0.00...1 The primary line-to-neutral UL3 voltage fundamental frequency component
UL3 000 0.01V | (measured or calculated). You can also select the row where the unit for this is
("System | 000.00V kV.
volt UL3
mag")
System
voltage
magnitude | 0.00...1 The primary zero sequence UQ voltage fundamental frequency component
uo 000 0.01V | (measured or calculated). You can also select the row where the unit for this is
("System [ 000.00V kV. There is also a row where the unit is %.
volt U0
mag’)
System
voltage .
magnitude | 0.00...1 The primary measurgd Sync_hrochleck_ voltage fundamental frequency
component (SS). This magnitude is displayed only when the "2LL+U3+U4" mode
U3 000 0.01V |, )
. is selected and both U3 and U4 are in use. You can also select the row where
("System [ 000.00V ) L
the unit for this is kV.
volt U3
mag")
System
voltage .
magnitude | 0.00...1 The primary measurgd Sync_hrochleck_ voltage fundamental frequency
component (SS). This magnitude is displayed only when the "2LL+U3+U4" mode
u4 000 0.01V |, .
. is selected and both U3 and U4 are in use. You can also select the row where
("System [ 000.00V ) o
the unit for this is kV.
volt U4
mag")
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Table. 4.2.2 - 35. Primary system voltage angles.

Name

System
voltage
angle UL12
("System
volt UL12
ang")

Range

0.00..

.360.00°

Step

0.01°

Description

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

System
voltage
angle UL23
("System
volt UL23
ang")

0.00..

.360.00°

0.01°

The primary line-to-line angle UL23 (measured or calculated).

System
voltage
angle UL31
("System
volt UL31
ang")

0.00..

.360.00°

0.01°

The primary line-to-line angle UL23 (measured or calculated).

System
voltage
angle UL1
("System
volt UL1
ang")

0.00..

.360.00°

0.01°

The primary line-to-neutral angle UL1 (measured or calculated).

System
voltage
angle UL2
("System
volt UL2
ang")

0.00..

.360.00°

0.01°

The primary line-to-neutral angle UL2 (measured or calculated).

System
voltage
angle UL3
("System
volt UL3
ang")

0.00..

.360.00°

0.01°

The primary line-to-neutral angle UL3 (measured or calculated).

System
voltage
angle U0
("System
volt U0
ang")

0.00..

.360.00°

0.01°

The primary zero sequence angle U0 (measured or calculated).

System
voltage
angle U3
("System
volt U3
ang")

0.00..

.360.00°

0.01°

The primary measured Synchrocheck angle SS. This magnitude is only
valid when the "2LL+U3+U4" mode is selected and both U3 and U4 are
in use.
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Name Range Step Description
System
voltage . . . .
angle U4 The primary measured Synchrocheck angle SS. This magnitude is
("System 0.00...360.00° | 0.01° | displayed only when the "2LL+U3+U4" mode is selected and both U3 and
y U4 are in use.
volt U4
ar]gll)

Table. 4.2.2 - 36. Harmonic voltage measurements.

Name Range Step Description
Harmonics
calculation values | + Percent ) Defines whether the harmonics are calculated as percentages
("Harm Abs.or « Absolute or absolute values.
Perc.")
* Per unit

Defines how the harmonics are displayed: in p.u. values, as

Harmonics display | « Primary V - :
primary voltage values, or as secondary voltage values.

» Secondary V

Maximum

harmonics value 0.00...100 0.01V Displays the maximum harmonics value of the selected
("UxMaxH") 000.00V voltage input Ux.
Fundamental .
0.00...100 Displays the voltage value of the fundamental frequency

frequency 0.01V .
" " 000.00V component of the selected voltage input Ux.
("Ux Fund")
Ux harmonics

nd ot 0.00...100 . . .
(2"%...31 000.00V 0.01V | Displays the selected harmonic from the voltage input Ux.
harmonic) '
Ux Amplitude 0.000...100.000V | 0.001V | Ampl i i
THD .000...100. . mplitude ratio THD voltage. Recognized by IEC.

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

Voltage memory

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

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

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

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

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

Figure. 4.2.2 - 74. Distance protection characteristics and directional overcurrent.
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Voltage memory activates when the above-mentioned criteria are met. Voltage memory uses

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

the moment before the fault occurred and voltage memory was activated. When voltage memory is
activated, the output "Voltage memory on" signal is activated. This signal can be found in the device's
I/O matrix.

While voltage memory is active, voltages are absent and therefore angle measurement is not possible.
Healthy state angles (before a fault) are used during a fault. This is why a drift between the assumed
voltage angle and the actual measured phase current angle takes place. While voltage memory is
used, the angle of phase currents drifts approximately one degree for each passing second (see the
graph below).

© Arcteq Relays Ltd
IM00026




AQ-T215

4 Function .
unctions Instruction manual

Version: 2.13

Figure. 4.2.2 - 75. Voltage angle drift.
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The blocking signal for voltage memory can be found among other stage-related settings in the tab VT
Module (3U/4U) 1. The blocking signal is checked in the beginning of each program cycle.

VMEM activation voltage and Measured current condition 31>

When the voltage memory function is enabled, it activates when all line voltages drop below the "VMEM
activation voltage" threshold limit. This limit can be set to be anything between 2...50 V AC. When
"Measured current condition 3I>" is used, activation cannot be based on just the voltage. Therefore, at
least one of the three-phase currents must also rise above the set current pick-up setting.

VMEM max active time

Voltage memory can be active for a specific period of time, set in "VMAX active time". It can be
anything between 0.02...50.00 seconds. The function supports the definite time (DT) delay type. It
depends on the application for how long the memory should be used. During massive bolted faults, the
fault should be cleared and the breaker opened as soon as possible; therefore, a short operating time
for voltage memory is usually applied. A typical delay for voltage memory is between 0.5...1.0 s. When
the operating time passes and voltage memory is no longer used, directional overcurrent and/or
distance protection goes to the unidirectional mode to secure a safe tripping. The memory uses longer
operating times when a backup protection is applied (e.g. in distance-protection zones are

farther away).

Forced CT f tracking on VMEM

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

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

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

Table. 4.2.2 - 37. Voltage memory event messages.

Event block name Event names

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

4.2.3 Power and energy calculation

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

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

Line-to-neutral voltages available

Power is calculated from line-to-neutral voltages and phase currents. If line-to-line voltages are
connected, the device can calculate line-to-neutral voltages based on the measured zero sequence
voltage. The following equations apply for power calculations with the line-to-neutral mode and the line-
to-line voltage mode (with UO connected and measured):
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Figure. 4.2.3 - 76. Three-phase power (S) calculation.
Spa=Up Xy
Sp2 = Uy X5
Spz = Uz X i3

) =SL1 +SL2 +SL3

Figure. 4.2.3 - 77. Three-phase active power (P) calculation.

Pry = Uy X1y cos@
Py = Upy X Iz cos @
Pz = Upz X I3 cos ¢

P:PL1+PL2+PL3

In these equations, phi (¢) is the angle difference between voltage and current.
Figure. 4.2.3 - 78. Three-phase reactive power (Q) calculation.

Qpy = Upy X Iy sing
Qo = Upp X I o 8ing
Qpz = Upz X [ 38ing@

Q=0Qu + Q2+ U3

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) /Sm
L2 Cos(phi) /SLZ

L3 Cos(phi) = PL3/SL3

The direction of reactive power is divided into four quadrants. Reactive power may be inductive or
capacitive on both forward and reverse directions. Reactive power quadrant can be indicated with Tan
(@) (tangent phi), which is calculated according the following formula:
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3PH Tan(phi) = ¢/ Qiind)
P<0 P>0
: Q11 @0 @0
L1Tan(pht) ="/p, | oot - oout +
PF - PF +
II| I
L2 Tan(phi) = QLZ/ -P >P
Py p<o III|IV pso
Q<0 Q<0
ind - .
L3 Tan(phi) = QLB/PH l;nc:__sfi gi:gﬁ +
-Q(cap)

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:

3P PF =P[s+ O/,
P

LIPE = Ll/SLl * QLl/l QLll
P

12pF ="2fg Qg

P 0
13 pF =113 L3
/5" sl

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 =U,3 X I;; cos(30) + Uy X I, cos(30)

P =U,3 xI;;c0s(30 —¢) + Uy XI5 cos(30 4+ ¢)

Q =Usz X 11 +5in(30 — @) + Usy X I}, sin(30 4+ ¢)

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

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

Settings

Table. 4.2.3 - 38. Power and energy measurement settings

Step Default Description
3ph active + Disabled . Enables/disables the active energy
energy - Disabled
* Enabled measurement.
measurement
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Name Range Step Default Description
3ph reactive Disabled . Enables/disables the reactive and apparent
energy - Disabled
Enabled energy measurement.
measurement
3ph energy Mega Defines whether energy is measured with
megas or Kil - Mega 43y ‘1106
kilos o the prefix 'kilo' (10%) or 'mega’ (107).
When this parameter is enabled it is possible to
manually edit exported and imported active
energy values.
Edit energy Disabled ) Disabled NOTICE!
values Enabled )
o "E 3ph M or k" parameter has to be
I set to "kilo" for this feature to
function.
Invert imp/ Not inverted Not Inverts thle direction c_>f |mport<_ed ar_1d exported
exp energy - . energy without affecting the direction of power
o Inverted inverted .
directions calculation.
Nominal 0.10...500000.00kVA | 0.01kVA | 100kVA Defmes the nominal power of the protected
power kVA object.
Undefined
Q1 Fwd Ind . .
PQ Quadrant Q2 Rev Cap - Undefined Lﬂgltcrits;gnﬁat the power PQ quadrant is at
Q3 Rev Ind '
Q4 Fwd Cap
Undefined
Q1 Fwd Cap AV , .
VA Quadrant Q2RevInd AV |- Undefined m‘;'tcrif;!’nhtat the power VA quadrant s at
Q3 Rev Cap VA ’
Q4 Fwd Ind VA
Ssliiﬁaetg?;gy ) Resets the memory of the three-phase energy
('Reset 3ph Reset - - calculators. Goes automatically back to the "-
; p " state after the reset is finished.
Energies")
Phase active Disabled . Enables/disables the active energy per phase
energy - Disabled
Enabled measurement.
measurement
Phase
reactive Disabled ) Disabled Enables/disables the reactive energy per phase
energy Enabled measurement.
measurement
Phase
energies Mega i Mega Defines whether energy (per phase) is measured
megas or Kilo with the prefix 'kilo' (10%) or 'mega’ (10°).
kilos
Reset energy
calculators ) Resets the memory of the indivisual phase
(per phase) Reset - - energy calculator. Goes automatically back to
("Reset E per the "-" state after the reset is finished.
phase")
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Table. 4.2.3 - 39. Energy Dose Counter 1 settings
Name Range Step Default Description
Energy
dose » Disabled . Enables/disables energy dose
) - Disabled
counter + Activated counters generally.
mode
Clearpulse | « - ) ) Resets the "DC 1...4 Pulses sent"
counter * Clear counters back to zero.
DC1...4 » Disabled ) Disabled Enables/disables the energy dose
enable » Enabled counter 1...4 individually.

» 3PH.Fwd.Act.EP

DC1 4 . 3PH.Rev Avt EP Selects whether the energy is active

or reactive, whether the direction of

Input » 3PH.Fwd.React.EQ.CAP ,
| Spimmeacanp || [SReAER | e c s b e
select « 3PH.Rev.React.EQ.CAP 9y

« 3PH.Rev.React. EQ.IND or capacitive.

DC1..4 The total amount of energy
6 6 -

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

. var . :
magnitude magnitude is exceeded.
DC1..4
Pulse 0...1800s 0.005s 1s The total length of a control pulse.
length
DC1...4 .
PUlses 0. 4294 967 295 y ) Isnedr:tcates the total number of pulses
sent '

Table. 4.2.3 - 40. DC 1...4 Pulse out settings

Range Step Default Description

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

Power measurements

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

Table. 4.2.3 - 41. Three-phase power calculations.

Name Range Step Description

The total three-phase apparent power in kilo-volt-

6 6
3PH Apparent power (S) | -1x10°...1x10°kVA | 0.01kVA ampere

3PH Active power (P) -1x106___1x106kvv 0.01kW The total three-phase active power in kilowatts

3PH Reactive power (Q) ~1x10%. . 1x108var | 0.01kVar | The total three-phase reactive power in kilovars
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Name Range Step Description
3PH Apparent power (S 5 5 The total three-phase apparent power in
MVA) -1x10°...1x10°MVA | 0.01MVA megawatts
&F\’/I\/ﬁ)Act|ve power (P %102, 1x10°Mw | 0.01MW | The total three-phase active power in mewatts
?SI\HA\I?;?C“VG power “1x10%...1x10°MVar | 0.01MVar | The total three-phase active power in megavars
3PH Tan(phi) %108 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%. . 1x10° 0.0001 The three-phase power factor

Table. 4.2.3 - 42. Single-phase power calculations (L1...L3).

Name Unit Range Step Description

Lx Apparent power (S) | kVA “1x10%.1x108 | 0.01 The apparent power of Phase Lx in kilo-volt-amperes

Lx Active power (P) KW | -1x10%...1x108 | 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) - ~1x10%. . 1x108 | 0.01 The direction of Phase Lx's active power
Lx Cos(phi) - “1x10%.1x108 | 0.01 The direction of Phase Lx's reactive power
Lx Power factor - ~1x108...1x108 | 0.0001 | The power factor of Phase Lx

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

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

Table. 4.2.3 - 43. Three-phase energy calculations.

Name Range Step Description

E:ﬁxﬁ? Active Energy (P) (kWh -1x10%...1x10% | 0.01 | The total amount of exported active energy.

Imported Active Energy (P) (kWh

9 9 ; i
or MWh) -1x10%...1x10% | 0.01 | The total amount of imported active energy.

Active Energy (P) Export/Import

9 9 i i
balance (KWh or MWh) -1x10%...1x10” | 0.01 | The sum of imported and exported active energy.

Exported (Q) while Export (P)
(kVarh or MVarh)

The total amount of exported reactive energy while

9 9
-1x107..1x107 [ 001 | e power is exported.

Imported (Q) while Export 9 9001 Total amount of imported reactive energy while
(P). (kVarh or MVarh) X107 1x107 | B9T | 5tive energy is exported.

© Arcteq Relays Ltd 92
IM00026



AQ-T215

Instruction manual

Version: 2.13

93

4 Functions

Name Range Step Description
Reactive energy (Q) balance 9 9001 The sum of imported and exported reactive
while export (P) (kVarh or MVarh) -1x10%...1x10 ' capacitive energy while active power is exported.
Exported (Q) while Import (P) 9 9001 The total amount of exported reactive energy while
(kVarh or MVarh) X107 X107 B9 active energy is imported.
Imported (Q) while Import (P) 9 9001 The total amount of imported reactive energy while
(kVarh or MVarh) X107 X107 | BOT | o otive energy is imported.
Reactive energy (Q) balance 9 9001 The sum of imported and exported reactive energy
while Import (P) (kVarh or MVarh) -1x10%...1x10 ' while active energy is imported.
Apparent Energy (S) while Export 9 9] 0.01 The total amount of exported apparent energy
(P) (kVAh or MVAh) X107 AX107 [ 29T | \while active energy is exported.
Apparent Energy (S) while Import 9 9] 0.01 The total amount of exported apparent energy
(P) (kVAh or MVAh) -1x10%...1x10 ' while active energy is imported.
Apparent Energy (S) Net -1x10%...1x10°% [ 0.01 | Total amount of apparent energy.
Real Energy (P) Net 21x10%...1x10% | 0.01 | The sum of active energy supply and demand.
Reactive Energy (Q) Net -1x1 09_ L IxA O9 0.01 | The sum of reactive energy supply and demand.
Total amount of active energy supplied. Default
9 9
Real Energy (P) Supply -1x10”...1x107 | 0.01 supply direction towards busbar.
. Total reactive energy supplied. Default supply
9 9
Reactive Energy (Q) Supply -1x10°...1x107 | 0.01 1 i ction towards busbar.
Total amount of active energy demand. Default
9 9 gy
Real Energy (P) Demand -1x107...1x107 | 0-01 1 40 and direction from busbar.
Reactive Energy (Q) Demand 1x10°. 1x10° | 0.01 Total amount of reactive energy demand. Default

demand direction from busbar.

Table. 4.2.3 - 44. Single-phase energy calculations (L1...L3).

Name Range Step Description
Enxv?/rO];t Active Energy Lx (kWh or -1x10%...1x10% [ 0.01 | The exported active energy of the phase.
:\Tv?l%t Active Energy (kWh or -1x10%...1x10% [ 0.01 | The imported active energy of the phase.
Active Energy (P) Export/Import 9 91 0.01 The sum of the phase's imported and
balance (kWh or MWh) -1x107...1x10 ' exported active energy.
Exported (Q) while Export (P) 9 9| 001 The exported reactive energy of the phase while
Lx (kVarh or MVarh) -1x10%...1x10 ' active energy is exported.
Imported (Q) while Export (P) 9 9001 The imported reactive energy of the phase while
Lx (kVarh or MVarh) X107 X107 | B9 | 5otive energy s exported.
Reactive Energy (Q) balance while The sum of the phase's imported and exported
gy (Q) -1X109...1X109 0.01 p p p

Export (P) Lx (kVarh or MVarh)

reactive energy while active energy is exported.
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Name Range Step Description

Exported (Q) while Import (P) Lx 9 9| 001 The exported reactive energy of the phase while
(kVarh or MVarh) X107 1x107 | P90 | 5otive energy is imported.
Imported (Q) while Import (P) Lx 9 9| 001 The imported reactive energy of the phase while
(kVarh or MVarh) X107 1071 B9 active energy is imported.
Reactive energy (Q) balance while 9 9| 001 The sum of the phase's imported and exported
Import (P) Lx (kVarh or MVarh) -1x10%...1x10 ' reactive energy while active energy is imported.
Apparent Energy (S) while Export 9 91001 The apparent energy of the phase while active
(P) Lx X107 %107 | B9 energy is exported.
Apparent Energy (S) while Import The apparent energy of the phase while active

pp ay (S) P 13102 1x102 | 0.01 PP 9y p

(P) Lx

energy is imported.

Calculation examples

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

scaling is set to 1000 : 5 A.

Voltages (line-to-neutral):

Currents:

ULt =40.825V, 45.00°

IL1=2.5A, 0.00°

UL2 =61.481V, -159.90°

lLo=2.5A,-120.00°

UL =97.742V, 126.21°

IL3=2.5A,120.00°

Uss

«
U

’ILZ

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

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

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

L1 Tan(phi) = Qf‘l/)[,L1 =289/, 0o = 1.00

L1 Cos(phi) = P“/sm =289/, 0 =071

Name Value Name Value Name Value Name Value
L1(S) 4.08 MVA L2 (S) 6.15 MVA L3 (S) 9.77 MVA 3PH (S) 20.00 MVA
L1 (P) 2.89 MW L2 (P) 4.72 MW L3 (P) 9.71 MW 3PH (P) 17.32 MW
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Name Value Name Value Name Value Name Value
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°
U2z = 100.00V, -90.00° ILo=2.5A,-120.00°
IL3=2.5A, 120.00°
Uiz A I3
U L12
/ L1
rli>

S=Up X1Ij; +Usg X1y

S=100Vx25A+ 100V x25A =500VA (sec) 20.00 MVA (pri)

P = U3 X I;; cos(—¢) + Uy X I, cos(p)

P =100V X 2.5 Acos —(30° — 0°) + 100 V X 2.5 A cos(270° — 240°) = 433 W (sec) 17.32 MW (pri)

Q = Uyp X Iy +sin(—¢) + Uz X I sin(g)

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

3PH Tan(phi) = 9/p = 001/, o = 0.00

3PH Cos(phi) =P /¢ = 1732/, /=087

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

95
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4.2.4 Frequency tracking and scaling

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

defined frequency sampling mode. The benefit of frequency tracking is that the measurements are
within a pre-defined accuracy range even when the fundamental frequency of the power system
changes.

Frequency independent current and voltage measurement accuracy is achieved with algorithms
specified in patent US 10,809,287.

Table. 4.2.4 - 45. Frequency tracking effect (FF changes from 6 Hz to 75 Hz).

20 g f : : LR SR

/ -0.05 —

B =015
80 - e o : i B

-80 025
40 60 80 0 20
f[Hz]

Error(%]
s
S
T
~
1
Error{%]

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

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

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

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

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

Troubleshooting

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

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

The values are
"jJumping" and are not
stable.

itself.

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

The frequency
readings are wrong.

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

Settings

Table. 4.2.4 - 46. Settings of the frequency tracking.

Name Range Step Default Description
Samplin . Fixed Defines which measurement sampling mode is in
piing . - Fixed use: the fixed user-defined frequency, or the
mode » Tracking
tracked system frequency.
. Defines the upper limit for the deviation from the
Max. tracking system nominal frequency to be tracked. If the
frequency 0.001...75.000 0.001 Y . d Y :
0.001 Hz frequency increases more than allowed from the
allowed Hz Hz ; AR
nominal value, the tracking is discarded and the
(+Nom freq.) . ;
value of the nominal frequency will be used.
System The user-defined system nominal frequency that is
nominal 7.000...75.000Hz | 0.001Hz | 50Hz used when the "Sampling mode" setting has been
frequency set to "Fixed".

. . Defines the lower limit for the deviation from the
Min. tracking system nomnal frequency to be tracked. If the
frequency 0.001...75.000 | 0.001 Y quency '

0.001 Hz frequency decreases more than allowed from the
allowed Hz Hz . S
nominal value, the tracking is discarded and the
(-Nom freq.) ) X
value of the nominal frequency will be used.
Tracked
system 0.000...75.000Hz | 0.001Hz | - Displays the rough measured system frequency.
frequency
Sampling . . .
frequency in 0.000...75.000Hz | 0.001Hz | - Displays the tracking frequency that is in use at
that moment.
use
* None
Frequenc - CTHIL
9 y « CT2IL1 - CT1IL1 The first reference source for frequency tracking.
reference 1
+ VT1U1
« VT2U1
* None
Frequenc - CTHIE2 The second reference source for frequenc
refeqrencey2 - CTal2 ) criLe trackin ’ ’
. VT1U2 ¢
« VT2U2
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Name Range Step Default Description
* None
Frequenc - CTIIL3
9 Y « CT2IL3 - CT1IL3 The third reference source for frequency tracking.
reference 3
* VT1U3
« VT2U3
» No trackable
channels
» Reference 1
trackable
» Reference 2
trackable Defines the frequency tracker quality. If the
Frequenc » References 1 measured current (or voltage) amplitude is below
quency & 2 trackable the threshold, the channel tracking quality is O
tracking - - _
Lalit * Reference 3 and cannot be used for frequency tracking. If all
quality trackable channels' magnitudes are below the threshold,
» Reference 1 there are no trackable channels.
& 3 trackable
+ References 2
& 3 trackable
« All references
trackable
Frequenc » Notrack ch
9 y * Ref1 Indicates which reference is used at the moment
measurement - - )
. e Ref2 for frequency tracking.
in use
* Ref3
+ Start tracking Defines the how the tracking starts. Tracking can
. . Start . . .
. immediately . start immediately, or there can be a set delay time
Start behavior ) ) - tracking - '
 First nominal immediatel between the receiving of the first trackable
or tracked y channel and the start of the tracking.
* Usetrack Defines the start of the sampling. Sampling can
Start sampling frequency Use track L . Ping. ping can
. - begin with a previously tracked frequency, or with
with * Use nom frequency )
a user-set nominal frequency.
frequency
Defines how long the nominal frequency is used
Use nominal after the tracking has started. This setting is only
frequency 0...1800.000s 0.005s [ 0.100s valid when the "Sampling mode" setting is set to
until "Tracking" and when the "Start behavior" is set to
"First nominal or tracked".
Tracked f 0.000...75.000Hz | 0.001Hz | - D|splays the rough value of the tracked frequency
channel A in Channel A.
Tracked f 0.000...75.000Hz | 0.001Hz | - D|splays the rough value of the tracked frequency
channel B in Channel B.
Tracked f 0.000...75.000Hz | 0.001Hz | - D|splays the rough value of the tracked frequency
channel C in Channel C.
* Onef
Systemn measured
Y « Twof Displays the amount of frequencies that are
measured - -
frequency measured measured.
e Threef
measured
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Name Range Step Default Description
Frequency measurement value used by protection
f.atm. . 0.000...75.000Hz | 0.001Hz | - functions. When frequency |§ not measurgble this
Protections value returns to value set to "System nominal
frequency" parameter.
Frequency measurement value used in display.
f.atm. Display | 0.000...75.000Hz | 0.001Hz | - When frequency is not measurable this value is "0
Hz".
* Not
measurable
* Avg Ref 1
* AvgRef2
f * AvgRef3 . . .
measurement | « Track Ref 1 ) ) Displays which reference is used for frequency
measurement.
from » Track Ref 2

* Track Ref 3
¢ Fast Ref 1
* Fast Ref 2
* FastRef3

SS1.meas.frq

w

0.000...75.000Hz | 0.001Hz | - Displays frequency used by "system set" channel

SS2.meas.frgs Tand2.
« Not
SS1f measurable ) ) Displays which voltage channel frequency
meas.from + Fast Ref U3 reference is used by "system set" voltage channel.
» Fast Ref U4
« Not Displays if U4 channel frequency reference is
SS2f
meas. from measurable - - measurable or not when the channel has been set
’ + Fast Ref U4 to "system set" mode.

4.3 General menu

99

The General me

nu consists of basic settings and indications of the device. Additionally, the all activated

functions and their status are displayed in the Protection, Control and Monitor profiles.

Table. 4.3 - 47. The General menu read-only parameters

Name Description

Serial number

The unique serial number identification of the unit.

Firmware version

The firmware software version of the unit.

Hardware configuration The order code identification of the unit.

the moment

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

"System phase rotating order".

UTC time

The UTC time value which the device's clock uses.
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Table. 4.3 - 48. Parameters and indications in the General menu.

Name Range Default Description
Device name Unitname The file name uses these fields when loading the .ags
. . . : configuration file from the AQ-200 unit.
Device location Unitlocation
Internal If an external clock time synchronization source is
External . . ) . .
) available, the type is defined with this parameter. In
Time NTP . . )
N Internal the internal mode there is no external Timesync
synchronization source External . N o
Serial source. IRIG-B requires a serial fiber communication
IRIG-B option card.
When this parameter is enabled it is possible for the
Disabled user to force the protection, control and monitoring
Enable stage forcing Enabled Disabled functions to different statuses like START and TRIP.
This is done in the function’s Info page with the Force
status to parameter.
System phase rotating A-B-C AB-C Allows the user to switch the expected order in which
order A-C-B the phase measurements are wired to the unit.
User
defined
English
Finnish -
. Changes the language of the parameter descriptions
Chinese . " "
Language Spanish English in the HMI. If the language has been set to "Other" in
the settings of the AQtivate setting tool, AQtivate
French . .
follows the value set into this parameter.
German
Russian
Ukrainian
Kazakh
All
COM A If the device has a double Ethernet option card it is
AQtivate ethernet port Double All possible to choose which ports are available for
Ethernet connecting with AQtivate software.
card
- Clears the event history recorded in the AQ-200
Clear events - .
Clear device.
LCD Contrast ...255 120 Changes the contrast of the LCD display.
If the user navigates to a menu and gives no input
Return to default view 3600 0s aft_er a per|oq of time defined with this pa_rameter, the
unit automatically returns to the default view. If set to 0
s, this feature is not in use.
LED test - ) When activated, all LEDs are lit up. LEDs with multiple
Activated possible colors blink each color.
) Resets the latched signals in the logic and the matrix.
Reset latches - When a reset command is given, the parameter
Reset . " n
automatically returns back to "-".
Measurement recorder Disabled Disabled Enables the measurement recorder tool, further
Enabled configured in Tools — Misc — Measurement recorder.
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+ OBJ1
« OBJ2
+ OBJ3
+ OBJ4 "I"and "0" push buttons on the front panel of the
I/0 default object + OBJ5 OBJ1 device have an indication LED. This parameter defines
selection + OBJ6 which objects' status push buttons follow when
+ OBJ7 lighting up the LEDs.
+ OBJ8
+ OBJ9
+ OBJ10
Reconfigure mimic o ) - Reloads the mimic to the unit.
+ Reconfigure

Table. 4.3 - 49. General menu logical inputs.

Description

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

4 4 Protection functions

4.4.1 General properties of a protection function

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

Processing cycles
Database

: l= ll lu .H Analog Values

o

Selected Analog Measurements

DATA

Parameters
Read

Processed Values

SG1
T Settings Comparation FALSE
SG Selection

Comparison TRUE

Binary Signal Status ‘-‘Bockng TRUE

Blocking FALSE

: Time Charact FALSE ————

Time Charact TRUE

Start Again
(next cycle)

BLOCKED

Status Events
Output Control
HMI Output
Matrix ‘Mﬂ_

The protection function is run in a completely digital environment with a protection CPU
microprocessor which also processes the analog signals transformed into the digital form.
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Figure. 4.4.1 - 79. Principle diagram of the protection device platform.
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In the following chapters the common functionalities of protection functions are described. If a
protection function deviates from this basic structure, the difference is described in the corresponding
chapter of the manual.

Pick-up

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

are defined in the function section in the manual.

Figure. 4.4.1 - 80. Pick up and reset.
A

Pick-up
Reset = Pick-up * 97 %

Measured magnitude

A
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Figure. 4.4.1 - 81. Measurement range in relation to the nominal current.
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The In magnitude refers to the user set nominal current which can range from 0.2...10 A, typically 0.2
A, 1A or 5 A. With its own current measurement card, the device will measure secondary currents from
0.001 A up to 250 A. To this relation the pick-up setting in secondary amperes will vary.

Function blocking

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

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

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

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

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

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

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

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

Both IEC and IEEE/ANSI standard characteristics as well as user settable parameters are available for
the IDMT operation. Please note that in the IDMT mode Definite (Min)operating time delay also
determines the minimum time for protection tripping (see the figure below). If this function is not desired
the parameter should be set to 0 seconds.
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Figure. 4.4.1 - 82. Operating time delay: Definite (Min) operating time delay and the minimum for tripping.
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Table. 4.4.1 - 50. Operating time characteristics setting parameters (general).

Name

Delay type

Range

« DT
« IDMT

Step

Default

DT

Description

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

Definite (min)
operating time
delay

0.000...1800.000s

0.005s

0.040s

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

When set to 0 s, the stage operates

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

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

Delay curve
series

+ |EC
» |EEE

IEC

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

This setting is active and visible when the "Delay type"
parameter is set to "IDMT".
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Name Range Step  Default Description

Selects the IEC standard delay characteristics.

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

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

« Param mentioned here.

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

Selects the IEEE and ANSI standard delay
characteristics.

The options for ANSI include the following: Normal

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

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

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

Defines the time dial/multiplier setting for IDMT

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

parameter is set to "IDMT".

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

A 0.0000...250.0000 | 0.0001 | 0.0860

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

B . ...250. .0001 [ 0.1

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

characteristic" parameter is set to "Param".

Defines the Constant C for IEEE characteristics.

This setting is active and visible when the "Delay type"
C 0.0000...250.0000 | 0.0001 | 0.0200
parameter is set to "IDMT" and the "Delay
characteristic" parameter is set to "Param".
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Figure. 4.4.1 - 83. Inverse definite minimum time formulas for IEC and |EEE standards.

IEC

IEEE/ANSI

t = Operating delay (s)

k = Time dial setting

Im = Measured maximum current
Lser = Pick-up setting

A = Operating characteristics constant
B = Operating characteristics constant

t = Operating delay (s)

k = Time dial setting

Im = Measured maximum current

Lset = Pick-up setting

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

Standard delays IEC constants

Standard delays ANSI constants

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

Non-standard delay characteristics

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

* non-directional overcurrent stages

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

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

blocks.

Table. 4.4.1 - 51. Inverse definite minimum time formulas for nonstandard characteristics.

RI-type RD-type

Used for getting the time grading with
mechanical relays.

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

k

t=— 7
0.339 — 0.236 = f—"f
m

I
t:5.8—1.35*ln( m )
L

t = Operation delay (s)

k = Time dial setting

Im = Measured maximum current
Iset = Pick-up setting

t = Operation delay (s)

k = Time dial setting

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

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

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

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

Table. 4.4.1 - 52. Setting parameters for reset time characteristics.

Name Range Step Default Description
Delayed Resetting characteristics selection (either time-delayed or
H * NO H H H " "
pick-up .« Ves - Yes instant) after the pick-up element is released. If set to "Yes",
release the START signal is reset after a set release time delay.
Resetting time. The time allowed between pick-ups if the
Release pick-up has not led into a trip operation.
. 0.000...150.000s | 0.005s | 0.06 ) L
time delay s s s If the "Delayed pick-up release" setting is set to "Yes", the
START signal is held on for the duration of the timer.
Op.Time Operating timer resetting characteristics selection. When set
calculation to "Yes", the operating time counter is reset after a set
« No S ) . . i
reset after | Yes - Yes release time if the pick-up element is not activated during
release this time. When set to "No", the operating time counter is
time reset directly after the pick-up element is reset.
Continue
time . Time calculation characteristics selection. If set to "Yes", the
calculation | + No o : : ;
) - No operating time counter continues until a set release time
during * Yes . . .
even if the pick-up element is reset.
release
time
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Figure. 4.4.1 - 84. No delayed pick-up release.
Delayed pick-up release: Disabled
— Pick-up and release
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Figure. 4.4.1 - 85. Delayed pick-up release, delay counter is reset at signal drop-off.
Delayed pick-up release: Enabled
Op.time calc reset after release time: Disabled
Continue time calculation during release time: Disabled
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Figure. 4.4.1 - 86. 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. 4.4.1 - 87. 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