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1 General

1 General
1.1 Legal notice
Copyright

2018 Schneider Electric. All rights reserved.
Disclaimer

No responsibility is assumed by Schneider Electric for any
consequences arising out of the use of this document. This document
is not intended as an instruction manual for untrained persons. This
document gives instructions on device installation, commissioning
and operation. However, the manual cannot cover all conceivable
circumstances or include detailed information on all topics. In the
event of questions or specific problems, do not take any action
without proper authorization. Contact Schneider Electric and request
the necessary information.

Contact information

35 rue Joseph Monier

92500 Rueil-Malmaison
FRANCE

Phone: +33 (0) 14129 70 00
Fax: +33 (0) 141297100

www.schneider-electric.com

1.2 Safety information

Important Information

Read these instructions carefully and look at the equipment to
become familiar with the device before trying to install, operate,
service or maintain it. The following special messages may appear
throughout this bulletin or on the equipment to warn of potential
hazards or to call attention to information that clarifies or simplifies
a procedure.

The addition of either symbol to a “Danger” or “Warning” safety label
indicates that an electrical hazard exists which will result in personal
injury if the instructions are not followed.

This is the safety alert symbol. It is used to alert you to potential
personal injury hazards. Obey all safety messages that follow this
symbol to avoid possible injury or death.

V300G/en M/A006 9
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A DANGER

DANGER indicates an imminently hazardous situation which, if
not avoided, will result in death or serious injury.

A WARNING

WARNING indicates a potentially hazardous situation which, if
not avoided, can result in death or serious injury.

A CAUTION

CAUTION indicates a potentially hazardous situation which, if
not avoided, can result in minor or moderate injury.

NOTICE

NOTICE is used to address practices not related to physical
injury.

User qualification

Electrical equipment should be installed, operated, serviced, and
maintained only by trained and qualified personnel. No responsibility
is assumed by Schneider Electric for any consequences arising out
of the use of this material. A qualified person is one who has skills
and knowledge related to the construction, installation, and operation
of electrical equipment and has received safety training to recognize
and avoid the hazards involved.

Password protection

Use the IED's password protection feature to protect untrained
persons from interacting with this device.

A WARNING

WORKING ON ENERGIZED EQUIPMENT

Do not choose lower Personal Protection Equipment while
working on energized equipment.

Failure to follow these instructions can result in death or
serious injury.

V300G/en M/A006



1 General

1.3 EU directive compliance

1.3

1.4

V300G/en M/A006

EU directive compliance

EMC compliance
C€ 2014/30/EU

Compliance with the European Commission's EMC Directive. Product
Specific Standards were used to establish conformity:

+  EN 60255-26: 2013
Product safety
C € 2014/35/EU

Compliance with the European Commission's Low Voltage Directive.
Compliance is demonstrated by reference to generic safety
standards:

+  EN60255-27:2014

Periodical testing

The protection IED, cabling and arc sensors must periodically be
tested according to the end-user's safety instructions, national safety
instructions or law. The manufacturer recommends that functional
testing is carried out at the minimum every five (5) years.

Itis proposed that the periodic testing is conducted with a secondary
injection principle for those protection stages which are used in the
IED and its related units.

11



1.5 Purpose 1 General

1.5 Purpose

This document contains instructions on the installation,
commissioning and operation of VAMP 300G.

This document is intended for persons who are experts on electrical
power engineering, and it covers the device models as described
by the ordering code in Chapter 13 Order information.

Related documents

Document Identification®)

VAMP 300 Series Local HMI Alarm List AN300.ENxxxx

VAMP Relay Mounting and Commissioning Instructions VRELAY_MC_ xxxx
VAMPSET Setting and Configuration Tool User Manual VVAMPSET_EN_M_ xxxx

") xxxx = revision number

Download the latest software and manual at
www.schneider-electric.com/vamp-protection or m.vamp.fi.

12 V300G/en M/A006
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1 General

1.6 Abbreviations

1.6

Abbreviations

ANSI American National Standards Institute. A standardization organisation.

CB Circuit breaker

CBFP Circuit breaker failure protection

cos® Active power divided by apparent power = P/S. (See power factor PF). Negative sign indicates reverse
power.

CT Current transformer

CTer Nominal primary value of current transformer

CTsec Nominal secondary value of current transformer

Dead band See hysteresis.

DI Digital input

DO Digital output, output relay

Document file

Stores information about the IED settings, events and fault logs.

DSR

Data set ready. An RS232 signal. Input in front panel port of VAMP relays to disable rear panel local
port.

DST Daylight saving time. Adjusting the official local time forward by one hour for summer time.

DTR Data terminal ready. An RS232 signal. Output and always true (+8 Vdc) in front panel port of VAMP
relays.

FFT Fast Fourier transform. Algorithm to convert time domain signals to frequency domain or to phasors.

FPGA Field-programmable gate array

HMI Human-machine interface

Hysteresis l.e. dead band. Used to avoid oscillation when comparing two near by values.

IMoDE Nominal current of the selected mode. In feeder mode, lyope= VTprivaRY- IN Motor mode, lyope= IvoT-

IvoT Nominal current of the protected motor

In Nominal current. Rating of CT primary or secondary.

IseT Another name for pick up setting value I>

lon Nominal current of |y input in general

IEC International Electrotechnical Commission. An international standardization organisation.

IEC-101 Abbreviation for communication protocol defined in standard IEC 60870-5-101

IEC-103 Abbreviation for communication protocol defined in standard IEC 60870-5-103

IED Intelligent electronic device, refers to VAMP 300G in this document

IEEE Institute of Electrical and Electronics Engineers

LAN Local area network. Ethernet based network for computers and IEDs.

Latching Output relays and indication LEDs can be latched, which means that they are not released when the
control signal is releasing. Releasing of lathed devices is done with a separate action.

LCD Liquid crystal display

LED Light-emitting diode

Local HMI IED front panel with display and push-buttons

NTP Network Time Protocol for LAN and WWW

P Active power. Unit = [W]

PF Power factor. The absolute value is equal to cos, but the sign is '+' for inductive i.e. lagging current
and '-' for capacitive i.e. leading current.

Pwu Nominal power of the prime mover. (Used by reverse/under power protection.)

V300G/en M/A006
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1.6 Abbreviations

PT See VT

pu Per unit. Depending of the context the per unit refers to any nominal value. For example for overcurrent
setting 1 pu =1 X Iyope-

Q Reactive power. Unit = [var] acc. IEC

RMS Root mean square

S Apparent power. Unit = [VA]

SF IED status inoperative

SNTP Simple Network Time Protocol for LAN and WWW

SPST Sigle pole single throw

SPDT Sigle pole double throw

TCS Trip circuit supervision

THD Total harmonic distortion

Uosec Voltage at input U, at zero ohm ground fault. (Used in voltage measurement mode “2LL+U,")

Ua Voltage input for U4, or U 4 depending of the voltage measurement mode

Ug Voltage input for Uy3 or U , depending of the voltage measurement mode

Uc Voltage input for Uz, or Uy depending of the voltage measurement mode

Uy Nominal voltage. Rating of VT primary or secondary

uTC Coordinated Universal Time (used to be called GMT = Greenwich Mean Time)

VAMPSET Configuration tool for VAMP protection devices

VAMP 300 IED |Refers VAMP 300 series platform in general

VAMP 300G Refers VAMP 300 series generator protection IED

Webset http configuration interface

VT Voltage transformer i.e. potential transformer PT

VTpr Nominal primary value of voltage transformer

VTsec Nominal secondary value of voltage transformer

14
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2

2.1

V300G/en M/A006

Introduction

VAMP 300G

VAMP 300G has a modular design, and it can be optimized to
medium and big sized generators.

Main characteristic and options

VAMP 300G is a generator-block transformer protection relay
for medium sized generators in power generation. Synchrochec
and auto-reclosing extend automatic network control

Two alternative display options
-128 x 128 LCD matrix
-128 x 128 LCD matrix detachable

Power quality measurements and disturbance recorder enable
capture of quick network phenomena

Wide range of communication protocols i.e. IEC61850, Profibus
DP to Modbus TCP

Following options depend on the ordering code

Multiple power supply options
residual current inputs
amount of digital inputs
amount of trip contacts

various possibilities with communication interfaces

VAMP 300G IED has good protection against harsh environments.
Protective level is IP54.

15



2.2 Local HMI 2 Introduction

2.2 Local HMI

VAMP 300G has 128 x 128 LCD matrix display.

1 2 4 5 6

@ Y Service i

00060000
o006 00O00
Z|r|<(xmomw

SclénEt‘eider

Figure 2.1: VAMP 300G local HMI

Power LED and seven programmable LEDs
CANCEL push-button

Navigation push-buttons

LCD

INFO push-button

Status LED and seven programmable LEDs

Function push-buttons and LEDs showing their status

Local port

© 0 N OO a A O N =

Object control buttons

16 V300G/en M/A006



2 Introduction

2.2 Local HMI

2.21

V300G/en M/A006

Push-buttons

Symbol

ce@a- @

B 08

Function

CANCEL push-button for returning to the previous menu. To return to the
first menu item in the main menu, press the button for at least three seconds.

INFO push-button for viewing additional information, for entering the pass-
word view and for adjusting the LCD contrast.

Programmable function push-button.

Programmable function push-button.

ENTER push-button for activating or confirming a function.

UP navigation push-button for moving up in the menu or increasing a numer-
ical value.

DOWN navigation push-button for moving down in the menu or decreasing
a numerical value.

LEFT navigation push-button for moving backwards in a parallel menu or
selecting a digit in a numerical value.

RIGHT navigation push-button for moving forwards in a parallel menu or
selecting a digit in a numerical value.

Circuit Breaker ON push-button

Circuit Breaker OFF push-button

Configuring the LED names

1. On the VAMPSET group list, select LED NAMES.

2. Tochange a LED name, click the LED Description text and type
a new name. Press Enter.

Figure 2.2: LED NAMES menu in VAMPSET for LED configuration

17
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2 Introduction

2.2.2

223

224

2.2.5

18

LEDs

VAMP 300G has 18 LEDs on front. Two LEDs represents units

general status (On & %), two LEDs for function buttons (F1 & F2)
and 14 user configurable LEDs (A - N). When the device is powered
the “ON” LED will lit as green. During normal use “Service” LED is
not active, it activates only when error occurs or the device is not
operating correctly. Should this happen contact your local
representative for further guidance.

can lit either green or red. The LEDs on the local HMI can be
configured in VAMPSET. To customise the LED texts on the local
HMI, the texts can be written on a template and then printed on a
transparency. The transparencies can be placed to the pockets
beside the LEDs.

Enter password

1 On the local HMI, press 7 and E3

2. Enter the four-digit password and press [ o ]

Adjusting LCD contrast (while correct password
is enabled)

Press £ and adjust the contrast.
* To increase the contrast, press @&9.

* To decrease the contrast, press .

2. To return to the main menu, press @

Release all latches (while correct password is
enabled)

1. Press Z

* Torelease the latches, press .

* To release, choose “Release” parameter and press E3.

V300G/en M/A006



2 Introduction

2.2 Local HMI

2.2.6

2.2.7

2.2.8

Control object (while password and selective
control is enabled)

When selective control is enabled, control operation needs
confirmation (select-execute)

1. Press Il to close object.
Press Il again to confirm.
Press ® to cancel.

2 Press E to open object.

Press G again to confirm.

Press @ to cancel.

Control object (while password and direct
control is enabled)

When direct control is enabled, control operation is done without

confirmation
1. Press Il to close object.

2. Press E to open object.

Moving in the menus

Main menu Submenus

aaﬂ

N

| —
4—,—){ Arc protection settings }4—}‘ }1—}‘ ‘

|

I

|

|

. | |

|

!

I

: ’ | pick-up setting ‘- -———
I

|

I v

' PN o M o |

|

|

'

| |

Figure 2.3: Moving in menus using local HMI

V300G/en M/A006
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2.2 Local HMI 2 Introduction

*  To move in the main menu, press or .
*  To move in submenus, press or &8

*  To enter a submenu, press € and use or for moving
down or up in the menu.

To edit a parameter value, press 7 and &8 Key in four-digit
password and press [ o

To go back to the previous menu, press @

To go back to the first menu item in the main menu, press @
for at least three seconds.

NOTE: To enter the parameter edit mode, key in the password. When the
value is in edit mode, its background is dark.

20 V300G/en M/A006
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2.3 VAMPSET setting and configuration tool

2.3

2.3.1

V300G/en M/A006

VAMPSET setting and configuration tool

A DANGER

HAZARD OF ELECTRIC SHOCK, EXPLOSION, OR ARC
FLASH

Only qualified personnel should operate this equipment. Such
work should be performed only after reading this entire set of
instructions and checking the technical characteristics of the
device.

Failure to follow this instruction will result in death or serious
injury.

VAMPSET is a software tool for setting and configuring the VAMP
devices. VAMPSET has a graphical interface, and the created
documents can be saved and printed out for later use.

To use VAMPSET, you need
+ PC with Windows XP (or newer) operating system installed

+ VX052 or equivalent USB cable for connecting the device to the
PC (VX052 USB cable is recommended)

* Experience in using the Windows operating system

NOTE: Download the latest VAMPSET version at
www.schneider-electric.com/vamp-protection or m.vamp.fi.

Folder view

In VAMPSET version 2.2.136, a feature called "Folder view” was
introduced.

The idea of folder view is to make it easier for the user to work with
relay functions inside VAMPSET. When folder view is enabled,
VAMPSET gathers similar functions together and places them
appropriately under seven different folders (GENERAL,
MEASUREMENTS, INPUTS/OUTPUTS, MATRIX, LOGS and
COMMUNICATION). The contents (functions) of the folders depend
on the relay type and currently selected application mode.

Folder view can be enabled in VAMPSET via Program Settings dialog
(Settings -> Program Settings), see Figure 2.4.

21
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2.4 Configuring the system with VAMPSET 2 Introduction

P = W —
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Figure 2.4: Enable folder view setting in Program Settings dialog

NOTE: Itis possible to enable/ disable the folder view only when VAMPSET
is disconnected from the relay and there is no configuration file
opened.

When folder view is enabled, folder buttons become visible in
VAMPSET, see Figure 2.5. Currently selected folder appears in bold.

GENERAL | measurewents | weutsioutruts | Protection | watAx | LOGS | commumication |

Figure 2.5: Folder view buttons

24 Configuring the system with VAMPSET

NOTICE

RISK OF SYSTEM SHUTDOWN

After writing new settings or configurations to a relay, perform a
test to verify that the relay operates correctly with the new
settings.

Failure to follow these instructions can result in unwanted
shutdown of the electrical installation.
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NOTE:

NOTE:

NOTE:

Before configuring the protection relay, you need

+ PC with adequate user rights

*  VAMPSET setting and configuration tool downloaded to the PC
+ USB cable (VX052) for connecting the device with the PC

Setting up the communication

* Connect the USB cable between the PC and the local port of the
device.

Defining the PC serial port settings

Ensure that the communication port setting on the PC corresponds
to the device setting.

1. Open the Device Manager on the PC and check the USB Serial
Port number (COM) for the device.

Open the VAMPSET setting and configuration tool on the PC.

On the VAMPSET Settings menu, select Communication
Settings.

4. Select the correct port under the Port area and click Apply.

Defining the VAMPSET communication settings

1. On the local HMI, go to the CONF/ DEVICE SETUP menu and
check the local port bit rate.

2. On the VAMPSET Settings menu, select Communication
Settings.

3. Underthe Local area, select the corresponding speed (bps) from
the drop-down list and click Apply.

4. In VAMPSET Settings menu, select Program Settings.

If faster operation is needed, change the speed to 187500 bps both
in VAMPSET and in the device.

Connecting the device

1. On the VAMPSET Communication menu, select Connect
Device.

2. Enter the password and click Apply. VAMPSET connects to the
device.

The default password for the configurator is 2.
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Writing the settings to the device

In the VAMPSET Communication menu, select Write All
Settings To Device to download the configuration to the device.

NOTE: To save the device configuration information for later use, also save
the VAMPSET document file on the PC.

Saving the VAMPSET document file

Save the device configuration information to the PC. The document
file is helpful for instance if you need help in troubleshooting.

1.

S e

Connect the device to the PC with an USB cable.

Open the VAMPSET tool on the PC.

On the Communication menu, select Connect device.

Enter the configurator password. The device configuration opens.
On the File menu, click Save as.

Type a descriptive file name, select the location for the file and
click Save.

NOTE: By default, the configuration file is saved in the VAMPSET folder.
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3 Mechanical structure

3

3.1

Mechanical structure

VAMP 300 IED modularity

The device has a modular structure. The device is built from hardware
modules, which are installed into 10 different slots at the back of the
device. The location of the slots is shown in the following figure.

The type of hardware modules is defined by the ordering code. A
minimum configuration is that there is a supply voltage card in slot
1 and an analogue measurement card in slot 8.

iIrc
E

s _|+ o /
IV i
[B}:]
VYX6058
| CardC 1 Supply voltage [V]
Il Connector 2 2 1/O card |

4-5 Optional analog measurement card |
6,7 1/0 option cards | and Il
8 Analog measurement card (I, U)

9,10 Communication interface | and I

Figure 3.1: Slot numbering and card options in the VAMP 300 rear panel and an
example of defining the pin address 1/C/2:1

NOTE:

V300G/en M/A006

Slots 7 and 10 are not available.

For complete availability of different option cards please refer
Chapter 13 Order information.

Chapter 10 Connections has detailed information of each card.
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3 Mechanical structure

26

Table 3.1: Example - V300G-CGITA-AACNA-B2

SLOT NAME TYPE
Application G = Generator
1 Supply voltage Power C 110 — 230 V (80 — 265Vac/dc, 5 x DO
heavy duty, A1, SF)
2 1/0 card | G = 6DI+4DO (6 x DI, 4 x DO)
1/0 card Il I =10DI (10 x DI)
4 I/O card Il T =3xI (5/1A) + lo (5/1A) for Transformer differ-
ential, excludes 1/O card in slot 5
5 I/O card IV A = None
6 Option card | A = None
7 Future option A = None
8 Analog measurement card | C = 3L(5A)+4U+2lo (5+1A)
(See application)
9 Communication interface | | N = 2xRJ (Ethernet RJ 100 Mbs, RSTP)
10 Future option A = None

Display type

B = 128x128 (128 x 128 LCD matrix)

DI nominal voltage

2 =110 Vdc/ac
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3 Mechanical structure 3.2 Slot info and ordering code

3.2 Slot info and ordering code
The configuration of the device can be checked from local HMI or
VAMPSET menu called “Slot” or “SLOT INFO”. This contains “Card
ID” which is the name of the card used by the device firmware.

SLOT INFO

Figure 3.2: Hardware configuration example view from VAMPSET configuration
tool.

NOTE: See Chapter 13 Order information to order a certain type of IED.

An example: User wants to have a generator protection IED with 9
trip contacts, 12 digital inputs, and Ethernet communication. Following
order code fulfils the requirements:

Power C 110 - 230 V DI nominal voltage level
(80 - 265Vac/dc, 5 x DO heavy duty, A1, SF) 3L+4U+2lo (5+1A)  None 110 VDC / 220 VAC

Lo !

VAMP 300 G clcGg| [TA|-|AAlC NA - B2

Generator 6 x DI + 4 x DO None [ 128x128 (128 x 128 LCD matrix)
protection

3xI (5/1A) + lo (5/1A) (differential), 2xRJ

excludes I/O Card ll, slot 5, application G (Ethernet RJ 100 Mbs, RSTP)

V300G/en M/A006 27
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4.1

28

Measurement functions

Measurements for protection functions

= :
o Load = 0%
£ 100
3 ms f2/f1 (%
5 N (;o) 505
2 NN =
0 Ml HlllﬁT/l/l/l/l\ﬁT/\Oﬁ
o
AR
S
-5 U U V v v -g
[ e
-10 U §
0.00 0.05 0.10 0.15 0.20 0.25 0.30
Time (s)

Figure 4.1: Example of various current values of a transformer inrush current

All the direct measurements are based on fundamental frequency
values. The exceptions are frequency and instantaneous current for
arc protection. Most protection functions are also based on the
fundamental frequency values.

Figure 4.1 shows a current waveform and the corresponding
fundamental frequency component f1, second harmonic f2, and rms
value in a special case, when the current deviates significantly from

a pure sine wave.
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4 Measurement functions

4.2 Measurements for arc protection function

4.2

V300G/en M/A006

Measurements for arc protection
function

The three phase current measurement and ground fault current
measurement for arc protection is done with electronics (see
Figure 4.2). The electronics compares the current levels to the pick-up
settings - THRESHOLDs - and gives a binary signals “I>" or “151>"
to the arc protection function if limit is exceeded. All the frequency
components of the currents are taken into account.

Signals “I>” or “l>" are connected to a FPGA chip which implements
the arc protection function. The pick-up settings are named “I> int”
and “lp4> int” in the local LCD panel or VAMPSET views, these

settings are used to set the THRESHOLD levels for the electronics.

r ]

oxl+3l0+4U ."[l'\."D ‘

B

3
THRESHOLD l__La_
* la== |==

COMP

COMF.
MEMORY

Yy
FPGA

A
.
-

CPU

Figure 4.2: Measurement logic for the arc flash protection function
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4.3 Measurement accuracy

4 Measurement functions

4.3
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NOTE:

Measurement accuracy

Table 4.1: Phase current inputs I, 4, 1,5, I, 3

Measuring range

0.05-250 A

Inaccuracy:

I<s75A

I>75A

0.5 % of value or £15 mA

+3 % of value

The specified frequency range is 45 Hz — 65 Hz.

Table 4.2: Voltage inputs U

Measuring range 0.5-190V

+0.5% or £0.3V

Inaccuracy

The specified frequency range is 45 Hz — 65 Hz.

Table 4.3: Residual current input Iy

Measuring range 0.003 — 10 x gy

Inaccuracy:

I<1.5xly +0.3 % of value or 0.2 % of Ipy
1> 1.5 xly +3 % of value

The rated input lgy is 5A, 1 A or 0.2 A. It is specified in the order code of the relay.

The specified frequency range is 45 Hz — 65 Hz.

Table 4.4: Frequency

16 Hz—-75Hz
+10 mHz

Measuring range

Inaccuracy

The frequency is measured from voltage signals when least four voltages are measured.
With only one voltage (F&I) the frequency is measured from currents.

Table 4.5: THD and harmonics

Inaccuracy |, U > 0.1 PU +2 % units

Update rate Once a second

The specified frequency range is 45 Hz — 65 Hz.

These measurement accuracies are only valid for the user interface
and communication.
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4 Measurement functions 4.4 RMS values

4.4 RMS values

RMS currents

The device calculates the RMS value of each phase current. The
minimum and the maximum of RMS values are recorded and stored
(see Chapter 4.7 Minimum and maximum values).

2 2 2
T =10+ 1 et I

RMS voltages

The device calculates the RMS value of each voltage input. The
minimum and the maximum of RMS values are recorded and stored
(see Chapter 4.7 Minimum and maximum values).

2

2
U ={Us" +Up0" 4ot U s

4.5 Harmonics and Total Harmonic
Distortion (THD)

The device calculates the THDs as a percentage of the currents and
voltages values measured at the fundamental frequency. The device
calculates the harmonics from the 2nd to the 15th of phase currents
and voltages. (The 17th harmonic component will also be shown
partly in the value of the 15th harmonic component. This is due to
the nature of digital sampling.)

The harmonic distortion is calculated

ifz hy= Fundamental value
THD = V=2 l h, _ 15 = Harmonics
1
Example
hy =100 A, hs =10 A, h; =3 A, hy1=8A
2 2 2
D = M348 1300,
100

For reference the RMS value is

RMS =+/100> +10> +3% +82 =100.94

Another way to calculate THD is to use the RMS value as reference
instead of the fundamental frequency value. In the example above
the result would then be 13.0 %.
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4.6 Demand values

4 Measurement functions

4.6

Demand values

The relay calculates average i.e. demand values of phase currents
I.4, IL2, I.3and power values S, P and Q.

The demand time is configurable from 10 minutes to 60 minutes with
parameter "Demand time".

DEMAND VALUES RMS DEMAND VALUES
Demand time 10 min
Clear min & max B Clear min & max - |
IL1 DEMAND IL1RMS DEMAND
IL1da demand 0 A IL1da RMS demand 0 Arms
Maximum of IL1 0 A RMS maximum of IL1 0 Arms
z 2011-03-15 13:34 - 20110315 13:34
Minimum of IL1 oA RM S minimum of IL1 0 Arms
2011-03-15 13:34 : 2011-03-15 13:34
Figure 4.3: Demand values
Table 4.6: Demand value parameters
Parameter Value Unit Description Set
Time 10-30 min Demand time (averaging time) Set
Fundamental frequency values
IL1da A Demand of phase current IL1
IL2da A Demand of phase current IL2
IL3da A Demand of phase current IL3
Pda kW Demand of active power P
PFda Demand of power factor PF
Qda Kvar Demand of reactive power Q
Sda kVA Demand of apparent power S
RMS values
IL1RMSda A Demand of RMS phase current IL1
IL2RMSda A Demand of RMS phase current IL2
IL3BRMSda A Demand of RMS phase current IL3
Prmsda kW Demand of RMS active power P
Qrmsda kvar Demand of RMS reactive power Q
Srmsda kVA Demand of RMS apparent power S

32

Set = An editable parameter (password needed).
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4 Measurement functions

4.7 Minimum and maximum values

4.7

CURRENT MINIMUMS and MAXIMUMS

Minimum and maximum values

Minimum and maximum values are registered with time stamps since
the latest manual clearing or since the device has been restarted.
The available registered min & max values are listed in the following

table.

VOLTAGE MINIMUMS and MAXIMUMS

I Clear min & max

POWER MINIMUMS and MAXIMUMS

IL1 MIN/MAX Ua MIN/MAX FREQ. MIN/MAX
Minimum of IL1 0 A Minimum of Uay o v Minimum frequency 0.000 Hz
2011-03-15 2011-03-15 2011-03-15
= 13:34:26 13:34:26 13:34:26
Maximum of IL1 0 A Maximum of U 0o v Maximum frequency 0.000 Hz
2011-03-15 2011-03-15 2011-03-15
13:34:26 13:34:26 13:34:26

Figure 4.4: Minimun and maximum values

Min & Max measurement

Description

IL1, IL2, IL3

Phase current (fundamental frequency value)

IL1RMS, IL2RMS, IL3RMS

Phase current, rms value

lo1 lo2

Residual current

Ua, Ug, U, Up

Voltages, fundamental frequency values

UARMS, UgRMS, UcRMS, UpRMS

Line-to-neutral voltages, RMS value

Uo Zero sequence voltage
f Frequency
P,Q, S Active, reactive, apparent power

IL1da, IL2da, IL3da

Demand values of phase currents

IL1da, IL2da, IL3da (rms value)

Demand values of phase currents, rms values

P.F. Power factor
The clearing parameter "ClrMax" is common for all these values.
Table 4.7: Parameters
Parameter Value Description Set
CIrMax Reset all minimum and maximum values Set
Clear

V300G/en M/A006

Set = An editable parameter (password needed).
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4.8 Maximum values of the last 31 days and 12 months

4 Measurement functions

4.8

MONTH MAX

Maximum values of the last 31 days and
12 months

Maximum and minimum values of the last 31 days and the last twelve
months are stored in the non-volatile memory of the relay.
Corresponding time stamps are stored for the last 31 days. The
registered values are listed in the following table.

Timebase for maximums
Reset 31 days max
Reset month max

PAST 31 DAYS
IL1max 2504 A 2011-03-11 09:49:48
PAST 12 MONTHS
JANUARY 2011 0A oA 0OA 0.00 A 0.00 A 0 kW 0 kW 0 kvar 0 kvar 0 kVA
Figure 4.5: Past 31 days and 12 month maximums/minimums can be viewed in “month
max” menu.
Measurement Max Min Description 31 days 12 months
IL1, IL2, IL3 X Phase current (fundamental frequency value)
lo1, lo2 X Residual current
S X Apparent power X X
P X X Active power X X
Q X X Reactive power X X
Timebase can be a value from one cycle to one minute. Also demand
value can be used as timebase and its value can be set between 10
- 60 minutes. Demand value menu is located under the “logs” leaflet
-> demand values.
Table 4.8: Parameters of the day and month registers
Parameter Value |Description Set
Timebase Parameter to select the type of the registered values Set
20 ms | Collect min & max of one cycle values *
200 ms | Collect min & max of 200 ms average values
1s Collect min & max of 1 s average values
1 min Collect min & max of 1 minute average values
demand | Collect min & max of demand values (Chapter 4.6 Demand values)
ResetDays Reset the 31 day registers Set
ResetMon Reset the 12 month registers Set

34

Set = An editable parameter (password needed).

* This is the fundamental frequency rms value of one cycle updated every 20 ms.
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4 Measurement functions 4.9 Voltage measurement modes

4.9 Voltage measurement modes

Depending on the application and available voltage transformers,
the relay can be connected either to zero-sequence voltage, one
line-to-line voltage or one phase-to-ground voltage. The configuration
parameter "Voltage measurement mode" must be set according to
the type of connection used.

4.9.1 Multiple channel voltage measurement

The slot 8 can accommodate four different analogue measurement
cards.

Model A has only one voltage input where as models B, C and D
have four voltage measurement channels.

. C=3L+4U+2lo (5+1 A)
« D =3L+4U+2lo (1+0.2 A)
« W =3L(1A)+4U+2lo (5+1A)

Voltage measuring mode: 3LN

Voltages measured by VTs:
_||. UL1, UL2, UL3

Values calculated: UL12, UL23,

UL31, U1, U2, U2/U1, f, Uo
8B2:1..6 - )
802 16 Measurements available: All
8D2:1..6 Protection functions available:
1 Uy (a) All except intermittent e/f and
2 Uy (n)

3 Uy (a) synchrocheck
4 U (n)
5 U (a)
6 U (n)
3LN
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4.9 Voltage measurement modes

4 Measurement functions

Uiy e\
U N\

8/C/1:11..12
8/D/1:11...12

11 | Uy (da)
12 | U, (dn)

8/C/2:1..6
8/D/2:1...6

V 3LN + Uo

1 | Uy (a)
Uit (n)
U (a)
Uz (n)
Uiz (a)
Uiz (n)

o wN

8
8

/C/2:1...6
/D/2:1...6

il

V 2LL + Uo

36

1

O WN

UL12 (a)
UL12 (b)
Uiz (a)
Ur2s (b)
U, (da)
U, (dn)

Voltage measuring mode: 3LN+U,

This connection is typically used for
feeder and motor protection
schemes.

Voltages measured by VTs:
UL1, UL2, UL3, Uo

Values calculated: UL12, UL23,
UL31, U1, U2, U2/U1, f

Measurements available: All

Protection functions available:
All except synchrocheck

Voltage measuring mode: 2LL+U,

Connection of two line-to-line and
residual voltage measurement
scheme.

Voltages measured by VTs:
UL12, UL23, Uo

Values calculated: UL31, UL1,
UL2, UL3, U1, U2, U2/U1, f

Measurements available: All

Protection functions available:
All except synchrocheck
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4 Measurement functions 4.10 Direction of power and current

410

Direction of power and current

Figure 4.6 shows the concept of three phase current direction and
sign of cosg and power factor PF. Figure 4.7 shows the same
concepts, but on a PQ-power plane.

+90°
1I A I
—ind +cap
COsp = — Cosp = +
PF=+ PF =— I: Forward capacitive power current is leading
\v 0°
- : - y II: Reverse inductive power current is leading
. Ill: Reverse capacitive power current is lagging
—cap +ind
IV: Forward inductive power current is lagging
COosp =— Cosp =+
PF =— PF=+

Figure 4.6: Quadrants of voltage/current phasor plane

Q
+90° .
n P A Hind g
Cosp =— cosp = +
PF =— PF =+ o o
3 I: Forward inductive power current is lagging
SpO° Il: Reverse capacitive power current is lagging
11T v Ill: Reverse inductive power current is leading
—ind +cap . : :
IV: Forward capacitive power current is leading
COS(p =— Cosp =+
PF =+ PF = —

Figure 4.7: Quadrants of power plane

Table 4.9: Power quadrants

Power quadrant Current related to Power direction cos@ Power factor PF
voltage
+ inductive Lagging Forward + +
+ capacitive Leading Forward + -
- inductive Leading Reverse - +
- capacitive Lagging Reverse - -

V300G/en M/A006
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4.11 Symmetric components 4 Measurement functions

4.11

38

Symmetric components

In a three phase system, the voltage or current phasors may be
divided in symmetric components according C. L. Fortescue (1918).
The symmetric components are:

* Positive sequence 1
* Negative sequence 2
« Zero sequence 0

Symmetric components are calculated according the following
equations:

s] 111U
EIZEIQQZK
S, 1 a a|W

Sy = zero sequence component
S, = positive sequence component

S, = negative sequence component

1 A3

a=1£120°=——+ j~—
2 2, a phasor rotating constant

U = phasor of phase L1 (phase current)
V = phasor of phase L2
W = phasor of phase L3
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4 Measurement functions

4.12 Primary secondary and per unit scaling

412

4121

NOTE:

Primary secondary and per unit scaling

Many measurement values are shown as primary values although
the relay is connected to secondary signals. Some measurement
values are shown as relative values - per unit or per cent. Almost all
pick-up setting values are using relative scaling.

The scaling is done using the given CT, VT in feeder mode and
furthermore motor name plate values in motor mode.

The following scaling equations are useful when doing secondary
testing.

Current scaling

The rated value of the device's current input, for example 5 A or 1A,
does not have any effect in the scaling equations, but it defines the
measurement range and the maximum allowed continuous current.

See Table 11.1 for details.

Primary and secondary scaling

Current scaling

secondary — primary

CTPR[
CTSEC

]PR] = dgpc -

primary — secondary

CT.
1 SEC = 1 PRI * —
CT oy

V300G/en M/A006

For residual current to input | use the corresponding CTpg, and
CTggc values. For ground fault stages using lgc,c Signals use the
phase current CT values for CTpg, and CTggc.

Examples:

1. Secondary to primary
CT=500/5
Current to the relay's input is 4 A.
=> Primary current is lpg; =4 x 500/ 5 =400 A

2. Primary to secondary
CT=500/5
The relay displays lpg, = 400 A
=> Injected current is Iggc =400 x 5/500 =4 A
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4.12 Primary secondary and per unit scaling

4 Measurement functions

Per unit [pu] scaling

For phase currents

1 pu=1Xlyope = 100 %, where

Ivope is the rated current according to the mode. See Chapter 1.6
Abbreviations

For residual currents and Arcl> stage:

1 pu=1x CTggc for secondary side and 1 pu =1 x CTpg, for primary
side.

Phase current scaling excluding Arcl> stage

Residual current (3ly) scaling

secondary — per unit

[PU

_ ]SEC : CTPRI

- IPU

CT SEC * 1 MODE

_ ISEC

CTSEC

I
=1y 'CTSEC - —MODE

per unit — secondary g Tgo=1p, - CTg
CTPR]
Examples:
1. Secondary to per unit for Arcl>

40

CT=750/5
Current injected to the relay's inputs is 7 A.

Per unit currentis lpy =7/5=1.4 pu =140 %

2. Secondary to per unit for phase currents excluding Arcl>
CT =750/5
Imope = 525 A
Current injected to the relay's inputs is 7 A.
Per unit currentis Ipy =7 x 750 / (5 x 525) = 2.00 pu = 2.00 x
Ivope = 200 %

3. Per unit to secondary for Arcl>

CT=750/5
The device setting is 2 pu = 200 %.

Secondary currentis Iggc =2x5=10 A
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4 Measurement functions 4.12 Primary secondary and per unit scaling

4. Per unit to secondary for phase currents
CT=750/5
Imope = 525 A
The relay setting is 2 X lyope = 2 pu = 200 %.

Secondary currentis Iggc =2x5x525/750=7 A
5. Secondary to per unit for residual current

Input is lyq.
CTy=50/1
Current injected to the relay's input is 30 mA.

Per unit currentis Ip; =0.03/1=0.03 pu=3 %

6. Per unit to secondary for residual current

Input is ly4.

CTy=50/1

The relay setting is 0.03 pu = 3 %.

Secondary current is Iggc = 0.03 x 1 =30 mA
7. Secondary to per unit for residual current

Input is lpcaic-

CT=750/5

Currents injected to the relay's I 4 input is 0.5 A.

l2=13=0.

Per unit currentis Ip;,=0.5/5=0.1pu=10 %
8. Per unit to secondary for residual current

Input is lpcaie-

CT=750/5

The relay setting is 0.1 pu = 10 %.

If 1., =13 =0, then secondary currentto | 4 is
ISEC =0.1x5=05A
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4.12 Primary secondary and per unit scaling

4 Measurement functions

412.2

Voltage scaling for analogue module C, D, W

Primary/secondary scaling of line-to-line voltages

Line-to-line voltage scaling

Voltage measurement mode = "2LL+Uy" Voltage measurement mode = "3LN"
secondary — primary VTPRI VT
— PRI
Uprr =Ugge W Uppr = \/E'USEC )
SEC VT, SEC
primary — secondary U U VTSEC U ~ UPRI VTSEC
Sec — Y PRI’ SEC — )
VIpg \/g Ve
Examples:

42

1.

Secondary to primary. Voltage measurement mode is
"2LL+U,"

VT =12000/110

Voltage connected to the device's input U or Ugis 100 V.
=> Primary voltage is Upg, = 100x12000/110 = 10909 V.

Secondary to primary. Voltage measurement mode is "3LN
VT =12000/110

Three phase symmetric voltages connected to the device's inputs
UA’ UB and UC are 57.7 V.

=> Primary voltage is Upg, = v3 x58x12000/110 = 10902 V
Primary to secondary. Voltage measurement mode is
"2LL+U,"

VT = 12000/110

The relay displays Upg,= 10910 V.

=> Secondary voltage is Uggc = 10910x110/12000 = 100 V

Primary to secondary. Voltage measurement mode is "3LN
VT =12000/110

The relay displays U4 = Uy3 = U3z = 10910 V.

=> Symmetric secondary voltages at U,, Ug and U are Uggc =
10910/ 3 x110/12000 = 57.7 V.
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4 Measurement functions 4.12 Primary secondary and per unit scaling

Per unit [pu] scaling of line-to-line voltages

One per unit =1 pu = 1xUy = 100 %, where Uy = rated voltage of

the VT.
Line-to-line voltage scaling
Voltage measurement mode = "2LL+U,", Voltage measurement mode = "3LN"
"1LL+Uq/LLy", "2LL/LLy", "LL/LLy/LLZ"
secondary — per unit
U sec . VIpr U. = \/g . U sec . VT ps
VI, U T VT, U
SEC N SEC N
per unit — secondary
Uo =U. T, . In v —u, s Uy
SEC PU SEC VT SEC PU \/_ VT
PRI 3 PRI

Examples:

1. Secondary to per unit. Voltage measurement mode is
"2LL+U,"
VT =12000/110
Voltage connected to the device's input U, or Ugis 110 V.
=> Per unit voltage is Up, = 110/110 = 1.00 pu = 1.00xUy = 100
%

2. Secondary to per unit. Voltage measurement mode is "3LN"
VT =12000/110

Three symmetric phase-to-neutral voltages connected to the
device's inputs U, Ug and U are 63.5V

=> Per unit voltage is Up; = v/3x63.5/110x12000/11000 = 1.00
pu = 1.00xUy = 100 %

3. Per unit to secondary. Voltage measurement mode is
"2LL+U,"
VT =12000/110
The relay displays 1.00 pu = 100 %.

=> Secondary voltage is Uggc = 1.00x110x11000/12000 = 100.8
\Y

4. Per unit to secondary. Voltage measurement mode is "3LN"
VT = 12000/110
Uy = 11000 V
The relay displays 1.00 pu = 100 %.
=> Three symmetric phase-to-neutral voltages connected to the
device 's inputs Up,Ug and Ug are

Uggc = 1.00x110/v/3 x11000/12000 = 58.2 V
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4.12 Primary secondary and per unit scaling

4 Measurement functions

Per unit [pu] scaling of zero sequence voltage

Zero-sequence voltage (Uy) scaling

Voltage measurement mode = "2LL+U,", Voltage measurement mode = "3LN"
"1LL+Ug/LLy"
secondary -> per unit — _ _
U =USEC 1 ‘Ua+Ub+Uc
PU UOSEC UPU — . SEC
Ve V3
per unit -> secondary _ — = —
Uspe =Upy “Ugsic Ui +Up+U.|  =3-U,y, VTy
SEC

44

Examples:

1.

Secondary to per unit. Voltage measurement mode is
"2LL+U,"

Uosec = 110 V (This is a configuration value corresponding to
Up at full earth fault.)

Voltage connected to the device's input Ug is 22 V.

=> Per unit voltage is Up; = 22/110 = 0.20 pu = 20 %

Secondary to per unit. Voltage measurement mode is "3LN"
VT =12000/110

Voltage connected to the device's input U, is 38.1 V, while
Up=Ug=0.

=> Per unit voltage is Up; = (38.1+0+0)/(v/3x110) = 0.20 pu =
20 %

Per unit to secondary. Voltage measurement mode is
"2LL+U,"

Uosec = 110 V (This is a configuration value corresponding to
Uy at full earth fault.)

The device displays Ug = 20 %.

=> Secondary voltage at input Ug is Uggc = 0.20x110 =22 V

Per unit to secondary. Voltage measurement mode is "3LN"
VT =12000/110

The device displays Uy = 20 %.

=> If Ug = U = 0, then secondary voltages at Uy is

USEC =,/3x0.2x110 =38.1V
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5 Control functions

5.1 Output relays

The output relays are also called digital outputs. Trip contacts can
be controlled by using relay output matrix or logic function. Also
forced control is possible. When using force controlling it has to be
first enabled in the “relays” menu.

The output relays are also called digital outputs. Any internal signal
can be connected to the output relays using "OUTPUT MATRIX".
An output relay can be configured as latched or non-latched.

The "output matrix" and "relays" menus represents the state
(de-energized / energized) of the output relay's coil. For example a
bright green vertical line in "output matrix" and a logical "1" in "relays"
menu represents the energized state of the coil. The same principle
applies for both NO and NC type output relays. The actual position
(open / closed) of the output relay's contacts in coil's de-energized
and energized state depends on the type (NO/NC) of the output
relay. De-energized state of the coil corresponds to the normal state
of the contacts. An output relay can be configured as latched or
non-latched. Latched relay contacts can be set free by pressing the
“enter” key of the device or by releasing from VAMPSET setting tool.

The difference between trip contacts and signal contacts is the DC
breaking capacity. The contacts are single pole single throw (SPST)
normal open type (NO), except signal relay A1 which has change
over contact single pole double throw (SPDT).

In addition to this VAMP 300G has so called heavy duty outputs
available in power supply module C and D. See Chapter 11 Technical
data for more details.

OUTPUT MATRIX
T1 T2 T3 T4
& connected
® connected and latched I%I @ Zl
DH
Di2
DIS i

Figure 5.1: Trip contacts can be connected to protection stages or other similar
purpose in “output matrix” menu.
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OUTPUT MATRIX
T T2 T3 T4
® connected
® connected and latched ; | ;
F &
Logic output 1
Logic output 2 & i i

Figure 5.2: Trip contacts can be assigned directly to outputs of logical operators.

Notice the difference between latched and non-latched
connection. Logic output will be assigned automatically in
output matrix as well when logic is built.

Trip contacts can be controlled by using relay output matrix or logic
function. Also forced control is possible. When using force controlling
it has to be first enabled in the “relays” menu.

The position of the contact can be checked in “output matrix” and
“relays” menu. An output relay can be configured as latched or
non-latched. Latched relay contacts can be set free by by releasing
from VAMPSET setting tool or pressing the “releasing all latches”
on the device. See pictures or instructions below.

OUTPUT MATRIX

Release latches - =
Dl to release latches

T T2 T3 T4
® connected
® connected and latched E I? I?
D | |

Figure 5.3: Latched output matrix signals released by using VAMPSET setting
tool.

RELAYS
Trip relay 1 0
Trip relay 2 0
| Enable forcing |_' |

Figure 5.4: Trip contact can be viewed, forced to operate in “relays” menu. Logical
"0" means that the output is not energized and logical "1" states that output is set
active.
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Release all latches (while correct password is enabled)

1. °
Press

To release the latches, press .

To release, choose “Release” parameter and press [ o |

Default numbering of DI / DO

Every option card and slot has default numbering. Below is an
example of model VAMP 300G CGGAT-SACDA-A1 showing default
numbering of DO.

User can change numbering of the following option cards - slot 2, 3,
4, 5: G, |. More information in Chapter 5.4 Matrix.

Default digital output numbering is also shown in corresponding
VAMPSET menus.

n | o |
0 | o |
KN o |
.". }"
1.T1,T9—12, A1, SF o | }ﬁ
2.T13-16 o | e |
e o | o |
3.T17-20 H e |

Figure 5.5: Default numbering of model VAMP 300G CGGAT-SACDA-A1
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RELAY CONFIG RELAYS
6DI+4D0 ;- RELAYS
) s _ Trip relay 1 0
4 T13 TI7 Trip relay 9 0
2 T14 T18 Trip relay 10 0
3 T15 T19 Trip relay 11 a
4 T16 T20 Trip relay 12 0
Trip relay 13 0
| Set default values Ho | Trip relay 14 0
Trip relay 15 0
Trip relay 16 0
Signal relay 1 (1]
Trip relay 17 0
Trip relay 18 0
Trip relay 19 0
Trip relay 20 0
Power supply card outputs are not visible in 'relay config' menu
Table 5.1: Parameters of output relays
Parameter Value Unit Description Note
T1-Tx the 0 Status of trip output relay F
available para-
meter list de- 1
pends on the
number and type
of the 1/O cards.
A1 0 Status of alarm output relay F
1
SF 0 Status of the SF relay F
1 In VAMPSET, it is called as "Service status output”
Force On Force flag for output relay forcing for test purposes. This is Set
a common flag for all output relays and detection stage
Off status, too. Any forced relay(s) and this flag are automatically
reset by a 5-minute timeout.
NAMES for OUTPUT RELAYS (editable with VAMPSET only)
Description String of max. 32 Names for DO on VAMPSET screens. Default is Set
characters
"Trip relay n", n=1 —x or
"Signal relay n", n=1

F = Editable when force flag is on. Set = An editable parameter (password needed).

5.2
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Digital inputs
Digital inputs are available for control purposes. The number of

available inputs depends on the number and type of option cards.

The polarity —g normal open (NO) / normal closed (NC) — and a delay
can be configured according the application by using the local HMI
or VAMPSET.
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Digital inputs can be used in many operations. The status of the input
can be checked in relay “output matrix” and “digital inputs” menu.
Digital inputs makes possible to change group, block/enable/disable
functions, to program logics, indicate object status, etc.

The digital inputs do require an external control voltage (ac or dc).
Digital input will be activated after activation voltage exceeds.
Deactivation follows when the voltage drops below threshold limit.
Activation voltage level of digital inputs can be selected in order code
when such option cards are equipped.

OUTPUT MATRIX
™ T2 T3 T4
¢ connected
® connected and latched / / /: IZ:I
DH I
DI2
DI3 »

Figure 5.6: Digital inputs can be connected to trip contacts or other similar purpose
in “output matrix” menu.

LOGIC [3%]

1N —ie 7 Logic output 1 T
DI1 = og P — (M
OUTPUT MATRIX
™ T2 T3 T4
® connected
® connected and latched |Z| |Z| |Z|
Logic output 1 &
Logic output 2 =

Figure 5.7: Digital inputs can be assigned directly to inputs/outputs of logical
operators.

Notice the difference between latched and non-latched

connection. Logic output will be assigned automatically in
output matrix as well when logic is built.
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DIGITAL INPUTS

Figure 5.8: Digital inputs can be viewed, named and changed between NO/NC in
“Digital inputs” menu.

In case that inputs are energized by using AC voltage “mode” has
to be selected as AC.

All essential information of digital inputs can be found from the same
location “digital inputs” menu. DI on/off events and alarm display
(pop-up) can be enabled and disabled in “digital inputs” menu.
Individual operation counters are located in the same menu as well.

Label and description texts can be edited with VAMPSET according
the application. Labels are the short parameter names used on the
local panel and descriptions are the longer names used by
VAMPSET.

Digital input activation thresholds are hardware selectable.

T I S e gmim

DI nominal voltage

1 24 VDC /110 VAC
2
3

110 VDC / 220 VAC
220 VDC

Figure 5.9: VAMP 300 order code.

Digital input delay determines the activation and de-activation delay
for the input. See picture below to indicate how DI behaves when
the delay is set to 1.0 seconds.
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5.2 Digital inputs

1
0
1
0

| VOLTAGE |
| DIGITAL INPUT|

Figure 5.10: Digital inputs behaviour when delay is set to one second.

Table 5.2: Parameters of digital inputs

Parameter Value Unit Description Note
Mode DC, AC Used voltage of digital inputs Set
Input DI1 — DIx Number of digital input. The available parameter list
depends on the number and type of the I/O cards.
Slot 2-6 Card slot number where option card is installed.
State 0,1 Status of digital input 1 — digital input x.
Polarity NO For normal open contacts (NO). Active edge is 0 -> 1
NC For normal closed contacts (NC) Set
Active edge is 1->0
Delay 0.00 - 60.00 S Definite delay for both on and off transitions Set
On event On Active edge event enabled
Off Active edge event disabled Set
Off event On Inactive edge event enabled
Off Inactive edge event disabled Set
Alarm display no No pop-up display
yes Alarm pop-up display is activated at active DI edge Set
Counters 0 — 65535 Cumulative active edge counter (Set)
NAMES for DIGITAL INPUTS (editable with VAMPSET only)
Label String of max. 10 Short name for DIs on the local display
characters . - . Set
Default is "DI1 - DIX". x is the maximum number of the
digital input.
Description String of max. 32 Long name for Dls. Default is "Digital input 1 — Digital
characters input x". Set
x is the maximum number of the digital input.

Set = An editable parameter (password needed).

Every option card and slot has default numbering. When making any

changes to numbering, please read setting file after VAMP 300G

has rebooted.

Below is an example of model VAMP 300G CGGAT-SACDA-A1
showing default numbering of DI.

User can change numbering of the following option cards - slot 2, 3,

4, 5: G, I. More information in Chapter 5.4 Matrix.

Default digital input numbering is also shown in corresponding

VAMPSET menu
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1.DI1 -6
2.DI7 -12

i«

o
LA
LA
1A
. .
LE
LN

ZER=EEESE e

-

secaacaacs
-

Figure 5.11: Default numbering of model VAMP 300G CGGAT-SACDA-A1

6DI+4DO

Virtual inputs and outputs

There are virtual inputs and virtual outputs, which can in many places
be used like their hardware equivalents except that they are only
located in the memory of the device. The virtual inputs acts like
normal digital inputs. The state of the virtual input can be changed
from local display, communication bus and from VAMPSET. For
example setting groups can be changed using virtual inputs.

Virtual inputs can be used in many operations. The status of the
input can be checked in “output matrix” and “virtual inputs” menu.
Status is also visible on local mimic display if so selected. Virtual
inputs can be selected to be operated trough function buttons F1
and F2, trough local mimic or simply by using the virtual input menu.
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Virtual inputs makes possible to change group, block/enable/disable
functions, to program logics and other similar to digital inputs.

Activation and reset delay of input is approximately 5ms. See
specification below:

Table 5.3: Virtual input and output

Number of inputs 4
Number of outputs 6
Activation time / Reset time <5ms
OUTPUT MATRIX
® connected Vo1 V02 VO3 Vo4
® connected and latched
QR

Virtual input 1 »
Virtual input 2 b

Virtual input 3 &

Figure 5.12: Virtual inputs and ouputs can be used for many purpose in “output
matrix” -menu.

LOGIC [13%]

Virtual input 1 —f AND 1 Logic output 1 V04
Virtual input 3 —| J VO6

OUTPUT MATRIX

® connected VO3 V04 VO5 V06

® connected and latched @ ® ® @

Logic output 1

Logic output 2

Figure 5.13: Virtual inputs and outputs can be assigned directly to inputs/outputs
of logical operators.

Notice the difference between latched and non-latched
connection.
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INPUT SIGNALS > VIRTUAL INPUT

The virtual inputs do act like digital inputs, but there are no physical
contacts. These can be controlled via the local HMI and
communication protocols. Virtual inputs are shown in the output
matrix and the block matrix. Virtual inputs can be used with the user's
programmable logic and to change the active setting group etc.

VIRTUAL INPUTS

Virtual input 1
Virtual input 2
Virtual input 3
Virtual input 4
Event enabling

tlnnnn

VIRTUAL INPUTS

VIRTUAL INPUTS
Virtual input 1
Virtual input 2
Virtual input 3
Virtual input 4

SEIEIE

Figure 5.14: Virtual inputs can be viewed, named and controlled in “Virtual inputs”
-menu.

Table 5.4: Parameters of virtual inputs

Parameter Value Unit Description Set
VI1-Vi4 0 Status of virtual input
1
Events On Event enabling Set
Off
NAMES for VIRTUAL INPUTS (editable with VAMPSET only)
Label String of max. 10 characters Short name for Vs on the local display Set
Defaultis "VIn", n=1-4
Description String of max. 32 characters Long name for VIs. Default is "Virtual input n", Set
n=1-4

Set = An editable parameter (password needed).
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OUTPUT SIGNALS > VIRTUAL OUTPUT

The virtual outputs do act like output relays, but there are no physical
contacts. Virtual outputs are shown in the output matrix and the block
matrix. Virtual outputs can be used with the user's programmable
logic and to change the active setting group etc.

VIRTUAL OUTPUTS
Virtual output 1 0
Virtual output 2 0
Virtual output 3 0
Virtual output 4 0
Virtual output 5 0
Virtual output 6 1]
Event enabling |7
| Enable forcing H |
VIRTUAL OUTPUTS
VIRTUAL OUTPUTS
1 vo1 Virtual output 1
2 voz Virtual output 2
3 vo3 Virtual output 3
4 vo4 Virtual output 4
5 Vo5 Virtual output 5
6 VO§& Virtual output 6

Figure 5.15: Virtual Outputs can be viewed, named and force controlled in “Virtual
outputs” -menu. Virtual outputs menu is located under the “device menu” leaflet

-> output signals. Virtual output contacts are in “DO” -menu when 64 x 128 LCD

display is installed.

Table 5.5: Parameters of virtual outputs

Parameter Value Unit Description Set

VO1-VO6 0 Status of virtual output F
1

Events On Event enabling Set
Off

NAMES for VIRTUAL OUTPUTS (editable with VAMPSET only)

Label String of max. 10 characters Short name for VOs on the local display Set

Default is "VOn", n=1 - 6
Description String of max. 32 characters Long name for VOs. Default is Set

"Virtual output n", n=1-6

Set = An editable parameter (password needed). F = Editable when force flag is on.

V300G/en M/A006
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Matrix

Output matrix

By means of the output matrix, the output signals of the various
protection stages, digital inputs, logic outputs and other internal
signals can be connected to the output relays, virtual outputs, etc.

There are general purpose LED indicators — "A", "B", "C" to "N” —
available for customer-specific indications on the front panel. Their
usage is define in a separate LED MATRIX.

Furthermore there are two LED indicators specified for keys F1 and
F2. In addition, the triggering of the disturbance recorder (DR) and
virtual outputs are configurable in the output matrix.

An output relay or indicator LED can be configured as latched or
non-latched. A non-latched relay follows the controlling signal. A
latched relay remains activated although the controlling signal
releases.

There is a common "release all latches" signal to release all the
latched relays. This release signal resets all the latched output relays
and indicators with CPU and FPGA control. The reset signal can be
given via a digital input, via HMI or through communication. The
selection of the input is done with the VAMPSET software under the
menu "Release output matrix latches".

OUTPUT MATRIX

* connected

™ A1l DR Vo1
® connected and latched IZI @ ®
F 9 & &
Virtual input 1 »
Virtual input 2 »{

Virtual input 3 » |

Figure 5.16: Trip and alarm relays together with virtual outputs can be assigned
in output matrix. Also automatic triggering of disturbance recorder is done in output
matrix.
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Directly
measured

| -,n—>values

V—fn—>

Virtual
inputs

Digital
inputs

DI optional
n delay
and
inversion
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Blocking matrix

By means of a blocking matrix, the operation of any protection stage
(except the arc protection stages) can be blocked. The blocking
signal can originate from the digital inputs or it can be a start or trip
signal from a protection stage or an output signal from the user's
programmable logic. In the Figure 5.17, an active blocking is indicated
with a black dot (®) in the crossing point of a blocking signal and the
signal to be blocked.

Protection stages

"n 3 Block matrix Output matrix User’s logic
START > |
TRIP >
Calculate ART > N :D’-
S,P,Q RIP > P
A \RT & U D‘
coso, tane, n Blocr RIP | T
symmetric INPUT 4 S
components BLOCK &
etc. INPUT
4 BLOCK
INPUT OUTPUTS
A
A
n
C Output relays Virtual
and indicators outputs

1n

Output contacts

Figure 5.17: Blocking matrix and output matrix

NOTE:

Blocking matrix can not be used to block the arc protection stages.

BLOCK MATRIX
> > >>  lp> lp>>
& 'y A & &
> start »
B> trip »
[>> start
> trip »

Figure 5.18: All protection stages (except Arc stages) can be blocked in block
matrix.
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NOTICE

RISK OF NUISANCE TRIPPING

* The blocking matrix is dynamically controlled by selecting
and deselecting protection stages.

* Activate the protection stages first, then store the settings in
a relay. After that, refresh the blocking matrix before
configuring it.

Failure to follow these instructions can result in unwanted
shutdown of the electrical installation.

LED matrix

LEDs' Mode (green) Latched
LEDs' Mode (red) Latched
LED MATRIX
= )
s S5 »
& o
& & IS & e

Logic output 1 4—4

Logic output 2 1 -.1}—(’1,

Logic output 3 — T 9

Figure 5.19: LEDs will be assigned in the “LED matrix” -menu. It is not possible
to control LEDs directly with logics.

Normal connection

When connection is normal the assigned LED will be active when
the control signal is active. After deactivation, the LED will turn off.
LED activation and deactivation delay when controlled is
approximately 10ms.

Latched connection

Latched LED will activate when the control signal activates but will
remain lit even when the control signal deactivates. Latched LEDs
can be released by pressing enter key.

Blink Latched connection

When connection is “BlinkLatch” the assigned LED will be active and
blinking as long as control signal is active. After deactivation the LED
remains latched and blinking. Latch can be released by pressing

[ ok | (see Chapter 2.2 Local HMI).
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LED test sequence

In order to run LED test sequence, open user password first.

User can test the functionality of LEDs if needed. To start the test

sequence, press "info" button and the & on the local HMI. The
IED will test all the LEDs' functionality. The sequence can be started
in all main menu windows, except the very first one.

Inputs for LEDs can be assigned in LED matrix. All 14 LEDs can be
assigned as green or red. Connection can be normal, latched or blink
latched. Instead of mere protection stages there are lots of functions

which can be assigned to output LEDs. See the table below:

Table 5.6: Inputs for LEDs A - N

Input LED mapping |Latch Description Note
Protection, Arc and program- |LED A- N Normal/ Latched/ | Different type of protection stages can be Set
mable stages BlinkLatch assigned to LEDs
green or red
Digital/Virtual inputs and LEDA-N Normal/ Latched/ | All different type of inputs can be assigned Set
function buttons BlinkLatch to LEDs
green or red
Object open/close, object final [ LED A - N Normal/ Latched/ | Information related to objects and object Set
trip and object failure informa- BlinkLatch control
tion green or red
Local control enabled LEDA-N Normal/ Latched/ | While remote/local state is selected as Set
BlinkLatch local the “local control enabled” is active
green or red
Logic output 1-20 LEDA-N Normal/ Latched/ | All logic outputs can be assigned to LEDs Set
BlinkLatch at the LED matrix
green or red
Manual control indication LEDA-N Normal/ Latched/ | When the user has controlled the object- Set
BlinkLatch ives
green or red
COM 1-5 comm. LEDA-N Normal/ Latched/ | When the communication port 1 -5 is Set
BlinkLatch active
green or red
Setting error, seldiag alarm, |LED A-N Normal/ Latched/ | Self diagnostic signal Set
pwd open and setting change BlinkLatch
green or red
GOOSE NI1-64 LEDA-N Normal/ Latched/ | IEC 61850 goose communication signal Set
BlinkLatch
green or red
GOOSEERR1-16 LEDA-N Normal/ Latched/ | IEC 61850 goose communication signal Set
BlinkLatch
green or red

Set = an editable parameter (password needed)

5.5
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Controllable objects

The device allows controlling of six objects, that is, circuit-breakers,
disconnectors and earthing switches. Controlling can be done by
"select-execute" or "direct control" principle.
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The object block matrix and logic functions can be used to configure
interlocking for a safe controlling before the output pulse is issued.
The objects 1 — 6 are controllable while the objects 7 — 8 are only
able to show the status.

Controlling is possible by the following ways:
» through the local HMI

* through a remote communication

+ through a digital input

» through the object control buttons

» through the function key

The connection of an object to specific output relays is done via an
output matrix (object 1 — 6 open output, object 1 — 6 close output).
There is also an output signal “Object failed”, which is activated if
the control of an object is not completed.

Object states
Each object has the following states:
Setting Value Description
Object state Undefined (00) Actual state of the object
Open
Close
Undefined (11)

Basic settings for controllable objects

Each controllable object has the following settings:

Setting Value Description

DI for ‘obj open’ | None, any digital input, virtual input | Open information

DI for ‘obj close’ or virtual output Close information

DI for ‘obj ready’ Ready information

Max ctrl pulse 0.02-600s Pulse length for open and close
length commands

Completion 0.02-600s Timeout of ready indication
timeout

Object control Open/Close Direct object control

If changing states takes longer than the time defined by “Max ctrl
pulse length” setting, object is inoperative and “Object failure” matrix
signal is set. Also undefined-event is generated. “Completion timeout”

is only used for the ready indication. If “DI for ‘obj ready™ is not set,
completion timeout has no meaning.
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Each controllable object has 2 control signals in matrix:

Output signal Description
Object x Open Open control signal for the object
Object x Close Close control signal for the object

These signals send control pulse when an object is controlled by
digital input, remote bus, auto-reclose etc.

Settings for read-only objects

Setting Value Description

DI for ‘obj open’ | None, any digital input, virtual input | Open information
or virtual output

DI for ‘obj close’ Close information

Object timeout 0.02-600 s Timeout for state changes

If changing states takes longer than the time defined by “Object
timeout” setting, and “Object failure” matrix signal is set. Also
undefined-event is generated.

Controlling with DI

Objects can be controlled with digital input, virtual input or virtual
output. There are four settings for each controllable object:

Setting Active
DI for remote open / close control In remote state
DI for local open / close control In local state

If the device is in local control state, the remote control inputs are
ignored and vice versa. Object is controlled when a rising edge is
detected from the selected input. Length of digital input pulse should
be at least 60 ms.

Local/Remote selection

In Local mode, the output relays can be controlled via a local HMI,
but they cannot be controlled via a remote serial communication
interface. For more information, see Chapter5.7.3 Function buttons.

In Remote mode, the output relays cannot be controlled via a local
HMI, but they can be controlled via a remote serial communication
interface.

The selection of the Local/Remote mode is done by using a local
HMI, or via one selectable digital input. The digital input is normally
used to change a whole station to a local or remote mode. The
selection of the L/R digital input is done in the “Objects” menu of the
VAMPSET software.
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5.5.3 Controlling with 1/0
VAMP 300G also has dedicated control buttons for object. (I) stands
for object close and (O) controls object open command internally.
Control buttons are configured in OBJECTS view.
Table 5.7: Parameters of function keys
Parameter Value Unit Description Set
Disabled - Green button (I) closes selected object if password is Set
enabled
Object 1 -6 Obj1 — Obj6
Red button (O) opens selected object if password is
enabled
Mode for control butons | Selective Control operation needs confirmation (select-execute)
Direct Control operation is done without confirmation

5.5.4 Controlling with F1 & F2
Objects can be controlled with F1 & F2.
As default these keys are programmed to toggle F1 and F2. It is
possible to configure F1 & F2 to toggle VI1 — V14 or act as object
control. Selection of the F1 and F2 function is made with the
VAMPSET software under the FUNCTION BUTTONS menu.
Table 5.8: Parameters of F1, F2
Parameter Value Unit Description Set
F1-F2 : R :
0 Function key toggles Virtual input 1 — 4 and Function button
V1 -VI4 1 -2 between on (1) and off (0)
Set
ObjCitrl When Object conrol in chosen F1 and F2 can be linked in
1 OBJECTS to desired objects close/open command.
PrgFncs
CTRL OBJECT 1
Obj1 state Open
Obj1 final trip by
DI for ‘obj open® -
FUNCTION BUTTONS DI for "obj closed" D
DI for "obj ready” -
FUNCTION BUTTONS Max ctrl pulse length 020 s
e ESEE e Completion timeout 1000 s

F1 o
F2 o

ObjCtrl
ObiCtrl
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1 LocOpen
Object 1 control -

1LocClose
DI for remote open ctr -
DI for remote close ctr -
DI for local open ctr F1
Dl for local close ctr F2

Selected object and control is shown in VAMPSET software under
the menu "FUNCTION BUTTONS”. If no object with local control is
selected ’-’ is shown. If multiple local controls are selected for one

key ’?’ is shown.
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5.6

Logic functions

The device supports customer-defined programmable logic for
boolean signals. User configurable logic can be used to create
something that is not provided by the relay as a default. The logic is
designed by using the VAMPSET setting tool and downloaded to
the device. Functions available are:

Table 5.9: Available logic functions and their memory use

Locig functions

No. of gates reserved Max. no. of input gates Max. no. of logic outputs

AND

1

OR

1

XOR

AND+OR

CT (count+reset)

32
20

INVAND

(An input gate can include

INVOR

any number of inputs.)

OR+AND

RS (set+reset)

RS_D (set+D+load+reset)

A NI NN DNDNMNDN

Logic is made with VAMPSET setting tool. Consumed memory is
dynamically shown on the configuration view in percentage. The first
value indicates amount of used inputs, second amount of gates and
third values shows amount of outputs consumed.

LOGIC [6% 7% 5%]

V300G/en M/A006

1> trip — DELAY

- T3

I=> trip —| AND | —— Logic output 1
o TOH 0ms g [
1000 ms DR

I==> trip —
/ TOF
DI1 —
AND

DIZ2 —

Figure 5.20: Logic can be found and modified in “logic” menu in VAMPSET setting
tool

Percentages show used memory amount.

Inputs/Logical functions/Outputs- used. None of these is not allowed
to exceed 100%. See guide below to learn basics of logic creation:
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LOGIC [0%] LOGIC [3%]
o x .
1 . F—— - .,
= =
Losic ma 3 LOGIC [@%
— - - [N — [ ] - \Q —{ iG] —
—{[@n] — — D] —

Figure 5.21: How to create logical nodes.

1.

Press empty area to add a logic gate, confirm new function by
pressing “Yes”.

Logic function is always "AND" -gate as a default.
While logic increases the capacity is increasing as well.

To joint logic functions, go on top of the output line of gate and
hold down mouse left -> make the connection to other logic
functions input.

LOGIC [E%]

—{ Ao -

_IE_//

1
—|[ano | —

e —h

Select operation:
Select input signals. |
Select outputs |

Delete

x|

Cancel

Figure 5.22: Logic creation

1.

Left click on top of any logic function to activate the “Select
operation” view.

Edit properties button opens the “Function properties” window.

Generally it is possible to choose the type of logic function
between and/or/counter/swing -gate.

When counter is selected, count setting may be set here.
Separate delay setting for logic activation and dis-activation.

Possible to invert the output of logic. Inverted logic output is
marked with circle.
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LOGIC [a%]

Select outputs™. )

Delete 3

OUTPUT MATRIX

. o
# connected and laiched

T
A L X ) QN
Cancel Logic cutput 1
—— 1

Logic sutput 2 +——————

Figure 5.23: Logic creation

1. Selectinput signals can be done by pressing the following button
or by clicking mouse left on top of the logic input line.

2. Select outputs can be done by pressing the following button or
by clicking mouse left on top of the logic output line.

3. This deletes the logic function.

When logic is created and settings are written to the device the
unit requires a restart. After restarting the logic output is
automatically assigned in output matrix as well.

NOTE: Whenever writing new logic to the device the unit has to be restarted.

5.7 Local panel

VAMP 300G has one LCD matrix display.

All the main menus are located on the left side and to get in to certain
submenu, user has to move up and down the main menus.

5.71 Mimic display

VAMP 300G has a mimic display enabled as a default. Mimic can
be modified according the application or disabled if not needed.
Mimic display can be configured only by using VAMPSET setting
tool. It is not possible to create mimic by using the local HMI of the
device.
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MIMIC [57%]
| [l
e S

5 ] &

s i

713

¥olv

A
S rARAES ale|e|ae| T, 0%

*‘-::::
Vaasa [GR

<IL1>

2o W] <IL2>
. <IL3>

<-4
..... d i

<- 5.meas

<- 6.meas

AR OnjOff | Vi1 OnfOff ’ VI2 OnjOff ’ VI3 Onjoff | VI4 OnjOff

Figure 5.24: It is possible to modify local panel mimic in “Mimic” menu. Mimic
menu is located under the “device menu” leaflet. In order to have mimic menu, it
has to be enabled. Mimic menu can be enabled in “local panel configuration”
menu. Mimic cannot be enabled/disabled by using the local panel of the device.

Be A

BEmTT T
Y | &
E

PR R - N N - = B N T T

#|D

A
-~

el L
J :
F
Figure 5.25: Creating mimic is completed by using different options below.

A) Percentage indicates the amount of memory used by the mimic.

100% is the maximum.

B) Clear object/drawings by going on top of it or clear the whole
mimic by clicking an empty area. When clearing object/drawing while
moving the mouse on top of it, the color turns to red.

C) Text tool.

D) Different type of line tools. To move existing drawings/objects on
mimic go on top of it and hold down mouse left and move around.
When you are on top of drawing/object it changes the color to green.

E) Different type of configurablel objects. Number of the object
corresponds to the number in OBJECT -menu.

F) Some predefined drawings.
NOTE: To enable new drawings and changes in mimic press “Write changes

to device” or “Write current view to device” button when using
VAMPSET setting tool.
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On desk [p] =N D

S ——e—{) <IL1> HEES E
- - <IL2> I
R L1 <|L3> =

<lo1> HEEENN
<T> IS
A B c [ comn

| AR OnjOff | Vi1 Onjoft | VIZ Onjoff | VI3 Onjoff | VI4 Onjoff

Figure 5.26: Mimic display can hold different type of information which is specified
below. It is also possible to change status of certain items while local control is
enabled.

A) Remote/Local selection defines whether certain actions are
granted or not. In remote state it is not possible to locally
enable/disable auto-reclosing or to control objects. Remote / Local
state can be changed in objects -menu as well.

B) Creates auto-reclosing on/off selection to mimic.
C) Creates virtual input activation on local mimic display.

D) Describes the location of device. Text comes from device info
menu.

E) Up to six user configurable measurements.
Table 5.10: Mimic functionality

Parameter Value Unit Description Set
Sublocation Text field Up to 9 characters. Fixed location. Set
Object 1-8 1-8 Click on top of the object to change the Set
control number between 1 and 8. Number
1 corresponds to object 1 in objects -
menu.
Local / Remote mode L Local / Remote control. R stands for re- Set
mote. Remote local state can be changed
R in objects -menu as well. Position can be
changed.
Auto-reclosure 0 Possible to enable/disable auro-reclosure Set
localy in local mode (L) or remotely in re-
1 mote mode (R). Position can be changed.
Measurement display 1 -6 |IL1—-1L3, 10, U12, U23, Up to 6 freely selectable measurements. Set
U31, UL1, UL2, UL3,
uo, f, P, Q, S, PF,
CosPhi, E+, Eq+, E-,
Eqg-, ARStart, ARFaill,
ARShot1 — 5, IFLT,
Starts, Trips, 10Calc,
IL1 —1L3da, IL, Pda,
Qda, Sda, T, fSYNC,
USYNC, I'L1 - I'L3,
diL1 —-dIL3
Virtual input 1 — 4 0 Change the status of virtual inputs while Set
the password is enabled. Position can be
1 changed.

Set = Settable.

V300G/en M/A006
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5.7.2 Local panel configuration

Information displayed on the measurement view is configured in local
panel configuration menu.

LOCAL PANEL CONFIGURATION

MEASUREMENT DISPLAYS

L1 u12 uL1 f PF.
L2 uz3 uL2 P CosPhi
L3 U3 uL3 Q -
lo Uo Uo 3 =
Display contrast 80
Display backlight ctrl =
Backlight off timeout 60.0 min
Enable alarmscreen o
AR info for mimic display o
Sync info for mimic display |7
Auto LED release |_'
Auto LED release enable time 15 =
Fault value scaling PU
Local MIMIC [«
Event buffer size 200
Figure 5.27: Local panel configuration menu
Table 5.11: Local panel configuration
Parameter Value Unit Description Set
Display 1 -5 IL1 -3, 10, U12, U23, 20 (5 x 4) freely configurable measure- Set (*)
U31, UL1, UL2, UL3, ment values can be selected
uo, f, P, Q, S, PF,
CosPhi, E+, Eg+, E-,
Eqg-, ARStart, ARFaill,
ARShot1 - 5, IFLT,
Starts, Trips, I0Calc,
IL1-3da, IL, Pda, Qda,
Sda, T, fSYNC,
USYNC, I'L1 -3, dIL1
-3
Display contrast 50 -210 Contrast can be changed in the device Set
menu as well.
Display backlight control DI1 — 44, Arc1 - 3, Ar- Activates the backlight of the display. Set (*)
cF, Bl, VI1 -4, LED1 -
14,VO1 -6
Backlight off timeout 0.0 —2000.0 min Configurable delay for backlight to turns Set
off when the device is not used. Default
value is 60 minutes. When value is zero
(0.0) backlight stays on all the time.
Enable alarm screen Checked Pop-up text box for events. pop-up events Set
can be checked individually by pressing
Unchecked enter, but holding the button for 2 seconds
checks all the events at once.
AR info for mimic display Checked Auto reclosure status visible on top of the Set
local mimic display.
Unchecked
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Parameter Value Unit Description Set
Sync | info for mimic display | Checked Synchro-check status visible on top of the Set
local mimic display. Operates together
Unchecked with auto-reclosure.
Auto LED release Checked Enables automatix LED release function- Set
ality.
Unchecked
Auto LED release enable time | 0.1 — 600 s Default 1.5s. When new LED/LEDs is/are Set

latched, previous active latches will be
released automatically if the set time has

passed.
Fault value scaling PU, Pri Fault values per unit or primary scsaled. Set
Local MIMIC Checked Enable / disable the local mimic (enabled Set
as default).
Unchecked
Event buffer size 50 — 2000 Event buffer size. Default setting is 200 Set
events.

Set = Settable. (*) = Inputs vary according the device type.

5.7.3 Function buttons
VAMP 300G has two function buttons F1 & F2 and control buttons
for breaker control. See picture below:
Scheider
Figure 5.28: Function buttons F1 and F2 (1). Control buttons green and red (2)
There are two independent function keys, F1 and F2, available in
the device front panel. As default, these keys are programmed to
toggle VI1 and VI2. It is possible to change F1 & F2 to toggle other
VI’s or to act as object control.
VAMP 300G also has dedicated control buttons for object. Green (1)
stands for object close and red (O) controls object open command
internally. Control buttons are configured in OBJECTS view.
Table 5.12: Parameters of F1, F2
Parameter Value Unit Description Set
F1-F2 0 Function key toggles Virtual input 1 — 4 and Function button
VI1 -VI4 1 — 2 between on (1) and off (0)
Set
ObjCitrl When Object conrol in chosen F1 and F2 can be linked in
PrgFnes 1 OBJECTS to desired objects close/open command.
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NOTE:

Control object (while at least operator level password is enabled
and mode is selective)

" press
Press to close object.

Press n again to confirm
N O
Press to cancel

T O
Press to open object

Press E again to confirm.

Press n to cancel

Control object (while least operator level password is enabled
and mode is direct)

Press n to close object.

Press E to open object

Password usage in breaker control can be disabled in OBJECTS
setting.
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6.1

Protection functions

Maximum number of protection stages
in one application

The device limits the maximum number of enabled stages to about
30, depending of the type of the stages.

Table 6.1: List of protection functions

IEEE/ANSI code IEC symbol Function name

21 Z<, Z<< Underimpedance protection

21/40 X<, X<< Underreactance protection (Loss of excitation)

25 Af, AU, Ag Synchrocheck

27 U<, U<<, U< Undervoltage protection

27P Us<, Uy<< Positive sequence undervoltage protection for generator applica-
tions

37 I< Undercurrent protection

40 Q< Underexcitation protection

46 1> Current unbalance protection in motor mode *

46R Io/11> Broken line protection

47 [,>> Phase reversal / incorrect phase sequence protection

49 T> Thermal overload protection

50/51 >, [>>, I>>> Overcurrent protection

50BF CBFP Circuit-breaker failure protection

50N/51N lo>, lg>>, 1g>>>, [g>>>> Earth fault protection

51V > Voltage restrained or voltage controlled overcurrent function

59 U>, U>>, U>>> Overvoltage protection

59N Ug>, Ug>> Zero sequence voltage protection

64F3 Uofs< 100 % stator earth fault protection

67 Iq,>, Iq,>>, I<p>>>, I(p>>>> Directional overcurrent protection

67N log™; log™>> Directional earth-fault, low-set stage, sensitive, definite or inverse
time (can be used as non directional)

68F2 lp> Magnetishing inrush

68F5 5> Transfomer overexitation

78 Pole slip protection

81H/81L f><, fo><< Overfrequency and underfrequency protection

81L f<, f<< Underfrequency protection

81R df/dt Rate of change of frequency (ROCOF) protection

87 Al>, AlI>> Differential overcurrent protection
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General features of protection stages

Setting groups

Setting groups are controlled by using digital inputs, function keys
or virtual inputs. When none of the assigned input/inputs is/are not
active the active setting group is defined by parameter ‘SetGrp no
control state’. When controlled input activates the corresponding
setting group is activated as well. If multiple inputs are active at the
same time the active setting group is defined by ‘SetGrp priority’. By
using virtual I/O the active setting group can be controlled using the
local panel display, any communication protocol or using the inbuilt
programmable logic functions.

Setgroup 1 DI control

Set group 2 DI control

Setgroup 3 DI control

Setgroup 4 DI control

Group 1
Group 1

Pick-up setting 450 A 450 A 480 A 480 A
Pick-up setting 1.20 ximot 1.20 ximot 1.20 ximot 1.20 ximot
Delay curve family IEC IEC EC IEC

Delay type N NI N i

Inv. time coefficient k 1.00 1.00 1.00 1.00
Inverse delay (20x) 226 s 226 s 226 s 226 s
Inverse delay (4x) 497 s 497 s 497 s 497 s
Inverse delay (1x) 60002 s 60002 = 600.02 s 600.02 s

Example

Any digital input could be used to control setting groups but in this
example DI1, DI2, DI3 and DI4 are chosen to control setting groups
1 to 4. This setting is done with a parameter “Set group x DI control”
where x refers to the desired setting group.

Set group 1 M control o

Set group 2 DI control oz

Set group 3 Di control 3

Set group 4 DI control Di4

Group 2

Group 2

Pick-up setting 1500 A 3600 A 3800 A 3600 A
Pick-up setting 0.50 xin 1.20 xin 1.20 xin 1.20 xin
Delay curve famity 0T IEC IEC BEC
Delay type ot W (] (]
Operation delay 030 = 030 = 030 s 030 s
Iny. time coefficient k 1.00 1.00 1.00 1.00
Inverse delay (20x) -3 226 s 226 s 226 s
Inverse delay (4x) -8 497 = 497 = 497 s
Inverse delay (1x) - 8 60002 s 60002 s 600.02 s

Figure 6.1: DI1, DI2, DI3, DI4 are configured to control Groups 1 to 4 respectively.

“SetGrp priority” is used to give a condition to a situation where two
or more digital inputs, controlling setting groups, are active and at a
same time . SetGrp priority could have vales “1 to 4” or “4 to 1”.
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VALID PROTECTION STAGES

Enabled stages 1

SetGrp commaon change 1
SetGrp no control state 1
SetGrp priority 1to4

Figure 6.2: SetGrp priority setting is located in the Valid Protection stages view.

Assuming that DI2 and DI3 are active at a same time and SetGrp
priority is set to “1 to 4” setting group 2 will become active. In case
SetGrp priority is reversed i.e. it is set to “4 to 1” setting group 3
would be active.

Forcing start or trip condition for testing

The status of a protection stage can be one of the followings:

+ Ok="*f
The stage is idle and is measuring the analog quantity for the
protection. No fault detected.

* Blocked
The stage is detecting a fault but blocked by some reason.
+ Start

The stage is counting the operation delay.
« Trip
The stage has tripped and the fault is still on.

Forcing start or trip condition for testing purposes

After testing the force flag will automatically reset 5-minute after the
last local panel push button activity.

Force flag can be found in relays menu.
RELAYS

RELAYS
Trip relay 1
Trip relay 2
Trip relay 3
Trip relay 4
Signal relay 1

Service status output

2 2 @ o e 9

Enable forcing On

Start and trip signals

Every protection stage has two internal binary output signals: start
and trip. The start signal is issued when a fault has been detected.
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The trip signal is issued after the configured operation delay unless
the fault disappears before the end of the delay time.

Output matrix

Using the output matrix the user connects the internal start and trip
signals to the output relays and indicators. For more details, see
Chapter 5.4.1 Output matrix.

Blocking

Any protection function, except arc protection, can be blocked with
internal and external signals using the block matrix (Chapter 5.4.2
Blocking matrix). Internal signals are for example logic outputs and
start and trip signals from other stages and external signals are for
example digital and virtual inputs.

When a protection stage is blocked, it won't pick-up in case of a fault
condition is detected. If blocking is activated during the operation
delay, the delay counting is frozen until the blocking goes off or the
pick-up reason, i.e. the fault condition, disappears. If the stage is
already tripping, the blocking has no effect.

Retardation time

Retardation time is the time a protection relay needs to notice that
a fault has been cleared during the operate time delay. This
parameter is important when grading the operate time delay settings
between relays.

AN ANNNNN
\/ \VA\VIRVAVAV/

trer < 50 m

| DELAY SETTING > ty.s + tusr |
|

r
TRIP CONTACTS LTt

Figure 6.3: Definition for retardation time. If the delay setting would be slightly
shorter, an unselective trip might occur (the dash line pulse).

For example, when there is a big fault in an outgoing feeder, it might
start i.e. pick-up both the incoming and outgoing feeder relay.
However, the fault must be cleared by the outgoing feeder relay and
the incoming feeder relay must not trip. Although the operating delay
setting of the incoming feeder is more than at the outgoing feeder,
the incoming feeder might still trip if the operate time difference is
not big enough. The difference must be more than the retardation
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time of the incoming feeder relay plus the operate time of the outgoing
feeder circuit breaker.

Figure 6.3 shows an overvoltage fault seen by the incoming feeder,
when the outgoing feeder does clear the fault. If the operation delay
setting would be slightly shorter or if the fault duration would be
slightly longer than in the figure, an unselective trip might happen
(the dashed 40 ms pulse in the figure). In VAMP devices the
retardation time is less than 50 ms.

Reset time (release time)

Figure 6.4 shows an example of reset time i.e. release delay, when
the relay is clearing an overcurrent fault. When the relay’s trip
contacts are closed the circuit breaker (CB) starts to open. After the
CB contacts are open the fault current will still flow through an arc
between the opened contacts. The current is finally cut off when the
arc extinguishes at the next zero crossing of the current. This is the
start moment of the reset delay. After the reset delay the trip contacts
and start contact are opened unless latching is configured. The
precise reset time depends on the fault size; after a big fault the reset
time is longer. The reset time also depends on the specific protection
stage.

The maximum reset time for each stage is specified in Chapter 11.3
Protection functions. For most stages it is less than 95 ms.

t
CB ¢
RESET
TRIP CONTACTS . 1

Figure 6.4: Reset time is the time it takes the trip or start relay contacts to open
after the fault has been cleared.

Hysteresis or dead band

When comparing a measured value against a pick-up value, some
amount of hysteresis is needed to avoid oscillation near equilibrium
situation. With zero hysteresis any noise in the measured signal or
any noise in the measurement itself would cause unwanted oscillation
between fault-on and fault-off situations.
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hysteresis

Start level

> Start

Figure 6.5: Behaviour of a greater than comparator. For example in overvoltage
stages the hysteresis (dead band) acts according this figure.

hysteresis

Start level

< Start

Figure 6.6: Behaviour of a less than comparator. For example in under-voltage
and under frequency stages the hysteresis (dead band) acts according this figure.

Overcurrent protection 1> (50/51)

Overcurrent protection is used against short circuit faults and heavy
overloads.

The overcurrent function measures the fundamental frequency
component of the phase currents. The protection is sensitive for the
highest of the three phase currents. Whenever this value exceeds
the user's pick-up setting of a particular stage, this stage picks up
and a start signal is issued. If the fault situation remains on longer
than the user's operation delay setting, a trip signal is issued.

3vlsblock

™o & » Start
m2, Lvax|—» > [ f 1 >
m3, || T tr !’O R
i & > Register
Block t

»

>1 »  Trip
> & > Register
— event

Setting I>s  Delay Defininte Inverse time Multiplier Enable events
inverse time characteristics

Figure 6.7: Block diagram of the three-phase overcurrent stage 1>
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3vlssblock

Im1 x— >
Im2H—MAX » > | 1
Im3 H— ts tr

Block

& P Start

»
>

'+' > Trip

t \5
& > Register
1 event

Setting [>>s Delay Enable events

| v
&

A4

Figure 6.8: Block diagram of the three-phase overcurrent stage I>> and 1>>>

Three independent stages

There are three separately adjustable overcurrent stages: 1>, [>>
and 1>>>. The first stage 1> can be configured for definite time (DT)
or inverse time operation characteristic (IDMT). The stages I>> and
[>>> have definite time operation characteristic. By using the definite
delay type and setting the delay to its minimum, an instantaneous
(ANSI 50) operation is obtained.

Figure 6.7 shows a functional block diagram of the |> overcurrent
stage with definite time and inverse time operate time. Figure 6.8
shows a functional block diagram of the 1>> and 1>>> overcurrent
stages with definite time operation delay.

Inverse operate time

Inverse delay means that the operate time depends on the amount
the measured current exceeds the pick-up setting. The bigger the
fault current is, the faster is the operation. Accomplished inverse
delays are available for the I> stage. The inverse delay types are
described in Chapter6.31 Inverse time operation. The device shows
the currently used inverse delay curve graph on the local panel
display.

Inverse time limitation

The maximum measured secondary current is 50 x Iy. This limits
the scope of inverse curves with high pick-up settings. See
Chapter 6.31 Inverse time operation for more information.

Cold load and inrush current handling

See Chapter 6.29 Cold load pick-up and magnetising inrush.

Setting groups

There are four settings groups available for each stage. Switching
between setting groups can be controlled by digital inputs, virtual
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inputs (communication, logic) and manually. See Chapter6.2 General
features of protection stages for more details.

Table 6.2: Parameters of the overcurrent stage I> (50/51)

Parameter Value Unit Description Note
Status - Current status of the stage
Blocked
Start F
Trip F
TripTime s Estimated time to trip
SCntr Cumulative start counter Cc
TCntr Cumulative trip counter C
SetGrp 1,2,3,4 Active setting group Set
SGrpDI Digital signal to select the active setting group Set
- None
DIx Digital input
Vix Virtual input
LEDx LED indicator signal
VOx Virtual output
Fx Function key
Force Off Force flag for status forcing for test purposes. Thisisa common| Set
flag for all stages and output relays, too. This flag is automatic-
On ally rgset 5 minutes after the last front panel push button
pressing.
ILmax A The supervised value. Max. of IL1, IL2 and IL3
Status Current status of the stage
> A Pick-up value scaled to primary value
> Xlmope | Pick-up setting Set
Curve Delay curve family: Set
DT Definite time
IEC, IEEE, Inverse time. See Chapter 6.31 Inverse time operation.
IEEE2, RI, PrgN
Type Delay type Set
DT Definite time
NI, VI, El, LTI, Inverse time. See Chapter 6.31 Inverse time operation.
Parameters
t> s Definite operate time (for definite time only) Set
k> Inverse delay multiplier (for inverse time only) Set
Dly20x s Delay at 20xImode
Dly4x s Delay at 4xlmode
Dly2x s Delay at 2xlmode
Dly1x s Delay at 1xImode
IncHarm On/off | Include Harmonics

Delay curves

Graphic delay curve picture (only local display)

78

V300G/en M/A006



6 Protection functions

6.3 Overcurrent protection 1> (50/51)

Parameter Value Unit Description Note
A B,C,DE User's constants for standard equations. Type=Parameters. Set
Chapter 6.31 Inverse time operation.

Recorded values | LOG1 Date and time of trip

Type Fault type

Flt Xlvope | Fault current

Load Xlmope | Pre-fault current

Edly % Elapsed delay time

SetGrp Active set group during fault
Set = An editable parameter (password needed). C = Can be cleared to zero. F = Editable when force flag is on.
For details of setting ranges, see Table 11.19

Table 6.3: Parameters of the overcurrent stages I>>, I>>> (50/51)

Parameter Value Unit Description Note
Status - Current status of the stage

Blocked

Start F

Trip F
SCntr Cumulative start counter Cc
TCntr Cumulative trip counter C
SetGrp 1,2,3,4 Active setting group Set
SGrpDI Digital signal to select the active setting group Set

- None

DIx Digital input

Vix Virtual input

LEDx LED indicator signal

VOx Virtual output

Fx Function key
Force Off Force flag for status forcing for test purposes. Thisisacommon| Set

flag for all stages and output relays, too. Automatically reset

On by a 5-minute timeout.
ILmax A The supervised value. Max. of IL1, IL2 and IL3
[>>, [>>> A Pick-up value scaled to primary value
[>>, [>>> Xlmope | Pick-up setting Set
t>>, t>>> s Definite operate time Set
IncHarm On/off | Include Harmonics Set

Set = An editable parameter (password needed). C = Can be cleared to zero. F = Editable when force flag is on.

For details of setting ranges, see Table 11.20, Table 11.21.
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Recorded values of the latest eight faults

There is detailed information available of the eight latest faults: Time
stamp, fault type, fault current, load current before the fault, elapsed
delay and setting group.
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Table 6.4: Recorded values of the overcurrent stages (8 latest faults) I>, I>>,

1>>> (50/51)

Parameter Value Unit Description

yyyy-mm-dd Time stamp of the recording, date

hh:mm:ss.ms Time stamp, time of day
Type Fault type

1-N Ground fault

2-N Ground fault

3-N Ground fault

1-2 Two phase fault

2-3 Two phase fault

3-1 Two phase fault

1-2-3 Three phase fault
Flt XImope | Maximum fault current
Load xlyope |1 s average phase currents before the fault
EDly % Elapsed time of the operate time setting. 100% = trip
SetGrp 1,2,3,4 Active setting group during fault
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6.3 Overcurrent protection 1> (50/51)

6.3.1

V300G/en M/A006

NOTE:

Remote controlled overcurrent scaling

Pick-up setting of the three over current stages can also be controlled
remotely. In this case only two scaling coefficients are possible:
100% (the scaling is inactive) and any configured value between
10% - 200% (the scaling is active). When scaling is enabled all
settings of group one are copied to group two but the pick-up value
of group two is changed according the given value (10-200%).

» This feature can be enabled/disabled via VAMPSET or by using
the local panel. When using VAMPSET the scaling can be
activated and adjusted in the “protection stage status 2” —menu.
When using the local panel similar settings can be found from
the “prot” -menu.

+ ltis also possible to change the scaling factor remotely by using
the modbus TCP —protocol. When changing the scaling factor
remotely value of 1% is equal to 1. Check the correct modbus
address for this application from the VAMPSET or from the
communication parameter list.

Group 2 o/c remote scaling

Enable @

Grp. 2 remote scaling / 150 %
Set group Dl control - K/ \
Group 2

G[Xu: 2

Pick-up setting 1000 A o A
Pick-up setting 100 xIn 1.50 xIn
Delay curve family IEC IEC
Delay type Hi H
Inv. time coefficient k 0.20 020
Inverse delay {20x) .45 s 045 s
Inverse delay {4x) 0.9% s 0.9% s
Inverse delay {(1x) 1483 s 14115 s

| Include harmonics Ot |

Figure 6.9: Remote scaling example.

In the Figure 6.9 can be seen the affect of remote scaling. After
enabling group is changed from group one to group two and all
settings from group one are copied to group two. The difference is
that group two uses scaled pick-up settings.

When remote scaling function is used, it replaces all the settings of

group 2. So this function cannot be used simultaneously with normal
group change.
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6.4

82

NOTE:

Directional phase overcurrent 1,> (67)

Directional overcurrent protection can be used for directional short
circuit protection. Typical applications are:

» Short circuit protection of two parallel cables or overhead lines
in a radial network.

« Short circuit protection of a looped network with single feeding
point.

» Short circuit protection of a two-way feeder, which usually
supplies loads but is used in special cases as an incoming feeder.

» Directional overcurrent protection in low impedance earthed
networks. Please note that in this case the device has to
connected to line-to-neutral voltages instead of line-to-line
voltages. In other words the voltage measurement mode has to
be "3LN" (See chapter Chapter 4.9 Voltage measurement
modes).

The stages are sensitive to the amplitude of the highest fundamental
frequency current of the three measured phase currents.

In phase to phase and in three phase faults, the fault angle is
determined by using angles between positive sequence of currents
and voltages. In phase to ground faults, the fault angle is determined
by using fault phase current and the healthy line to line voltage. For
details of power direction, see Chapter 4.10 Direction of power and
current.

A typical characteristic is shown in Figure 6.10. The base angle
setting is —30°. The stage will pick up, if the tip of the three phase
current phasor gets into the grey area.

If the maximum possible earth fault current is greater than the used
most sensitive directional over current setting, the device has to be
connected to the line-to-neutral voltages instead of line-to-line
voltages in order to get the right direction for earth faults, too. (For
networks having the maximum possible earth fault current less than
the over current setting, use 67N, the directional earth fault stages.)
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6.4 Directional phase overcurrent |,> (67)

+90°

—ind.

+cap.

im T +90° 0
—ind. +cap.
SET
< VA';‘UE 0° +res.
—res. e | ono R
‘\\ TRIP AREA
.
BASEANGLE =-30°
|FAULT
—cap. | +ind.
-90° Idir_angle2

Figure 6.10: Example of protection area of the directional overcurrent function.

Three modes are available: dirctional, non-direct, and
directional+back-up (Figure 6.11). In the non-directional mode the
stage is acting just like an ordinary overcurrent 50/51 stage.

Directional+back-up mode works the same way as directional mode
but it has undirectional back-up protection in case a close-up fault
will force all voltages to about zero. After the angle memory hold
time, the direction would be lost. Basically the directional+backup
mode is required when operate time is set longer than voltage
memory setting and no other undirectional back-up protection is in
use.

+90°

—ind. +cap.

—res.

—cap.

+ind.

-90°

V300G/en M/A006

DIRECTIONAL NON-DIRECTIONAL
VALUE 0° vaEJE o
‘ +res. _res. ‘ +res.
BASEANGLE =0°
TRIP AREA TRIP AREA

—cap. | +ind.

-90°

Idir_modeA 15%

Figure 6.11: Difference between directional mode and non-directional mode. The
grey area is the trip region.

An example of bi-directional operation characteristic is shown in

Figure 6.12. The right side stage in this example is the stage |,> and
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the left side is I,>>. The base angle setting of the I,> is 0° and the
base angle of |,>> is set to —180°.

+90°
—ind. +cap.
e
I(p >> TRIP AREA
SET SET .
VALUE VALUE 0
—res. ' ' +res.
BASE ANGLE =0°
BASEANGLE =-180°
I(P > TRIP AREA
—cap. | +ind.
-90° Idir_modeBiDir  15%

Figure 6.12: Bi-directional application with two stages I,> and 1,>>.

When any of the three phase currents exceeds the setting value and
— in directional mode — the phase angle including the base angle is
within the active £88° wide sector, the stage picks up and issues a
start signal. If this fault situation remains on longer than the delay
setting, a trip signal is issued.

Four independent stages

There are four separately adjustable stages available: 1,>, 1,>>,
| >>>and | >>>>.

¢ @

Inverse operate time

Stages |,> and |,>> can be configured for definite time or inverse
time characteristic. See Chapter 6.31 Inverse time operation for
details of the available inverse delays. Stages |,>>> and |,>>>>
have definite time (DT) operation delay. The device will show a
scaleable graph of the configured delay on the local panel display.

Inverse time limitation

The maximum measured secondary current is 50 x ly. This limits
the scope of inverse curves with high pick-up settings. See
Chapter 6.31 Inverse time operation for more information.

Cold load and inrush current handling

See Chapter 6.29 Cold load pick-up and magnetising inrush
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6.4 Directional phase overcurrent |,> (67)

Setting groups

There are four settings groups available for each stage. Switching
between setting groups can be controlled by digital inputs, virtual
inputs (mimic display, communication, logic) and manually. See

Chapter 6.2 General features of protection stages for more details.

Table 6.5: Parameters of the directional overcurrent stages 1,>, 1,>> (67)

Parameter Value Unit Description Note
Status - Current status of the stage
Blocked
Start F
Trip F
TripTime S Estimated time to trip
SCntr Cumulative start counter Cc
TCntr Cumulative trip counter C
SetGrp 1,2,3,4 Active setting group Set
SGrpDI Digital signal to select the active setting group Set
- None
DIx Digital input
Vix Virtual input
LEDx LED indicator signal
VOx Virtual output
Fx Function key
Force Off Force flag for status forcing for test purposes. This is a Set
common flag for all stages and output relays, too. Automat-
On ically reset by a 5-minute timeout.
ILmax A The supervised value. Max. of IL1, IL2 and IL3
lp>, lp>> A Pick-up value scaled to primary value
lp>, lp>> Xlmope | Pick-up setting Set
Curve Delay curve family: Set
DT Definite time
IEC, IEEE, Inverse time. See Chapter 6.31 Inverse time operation.
IEEE2, RI, PrgN
Type Delay type Set
DT Definite time
NI, VI, El, LTI, Inverse time. See Chapter 6.31 Inverse time operation.
Parameters
t> s Definite operate time (for definite time only) Set
k> Inverse delay multiplier (for inverse time only) Set
Dly20x s Delay at 20xImode
Dly4x S Delay at 4xImode
Dly2x s Delay at 2xImode
Dly1x s Delay at 1xlmode

V300G/en M/A006
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6 Protection functions

See Chapter 6.31 Inverse time operation.

Parameter Value Unit Description Note
Mode Dir Directional mode (67) Set
Undir Undirectional (50/51)
Dir+back-up Directional and undirectional back-up
Offset ° Angle offset in degrees Set
U/l angle ° Measured U4/l; angle
u1 %Uy Measured positive sequence voltage
A,B,CD,E User’s constants for standard equations. Type=Parameters. Set

Set = An editable parameter (password needed). C = Can be cleared to zero. F = Editable when force flag is on.

For details of setting ranges, see Table 11.27

Table 6.6: Parameters of the directional overcurrent stages 1,>>>, 1,>>>>

Parameter Value Unit Description Note
Status - Current status of the stage
Blocked
Start F
Trip F
SCntr Cumulative start counter Cc
TCntr Cumulative trip counter C
SetGrp 1,2,3,4 Active setting group Set
SGrpDI Digital signal to select the active setting group Set
- None
Dix Digital input
Vix Virtual input
LEDx LED indicator signal
Vox Virtual output
Fx Function key
Force Off Force flag for status forcing for test purposes. This is a Set
common flag for all stages and output relays, too. Automat-
On ically reset by a 5-minute timeout.
ILmax A The supervised value. Max. of IL1, IL2 and IL3
lp>>>, [p>>>> A Pick-up value scaled to primary value
lp>>>, lp>>>> xlyope | Pick-up setting Set
t>>> s Definite operate time (for definite time only) Set
t>>>>
Mode Dir Directional (67) Set
Undir Undirectional (50/51)
Dir+back-up Directional and undirectional back-up
Offset ° Angle offset in degrees Set
U/l angle ° Measured U4/l4 angle
u1 %Uy Measured positive sequence voltage
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6.4 Directional phase overcurrent |,> (67)

Set = An editable parameter (password needed). C = Can be cleared to zero. F = Editable when force flag is on.

For details of setting ranges, see Table 11.28

Recorded values of the latest eight faults

There are detailed information available of the eight latest faults:

Time stamp, fault type, fault current, load current before the fault,
elapsed delay and setting group.

Table 6.7: Recorded values of the directional overcurrent stages (8 latest
faults) 1,>, 1,>>, 1,>>>, 1,>>>> (67)

Parameter Value Unit Description
yyyy-mm-dd Time stamp of the recording, date
hh:mm:ss.ms Time stamp, time of day
Type Fault type
1-N Ground fault
2-N Ground fault
3-N Ground fault
1-2 Two phase fault
2-3 Two phase fault
3-1 Two phase fault
1-2-3 Three phase fault
1-2-N Two phase fault with earth contact
2-3-N Two phase fault with earth contact
3-1-N Two phase fault with earth contact
1-2-3-N Three phase fault with earth contact
Flt Xl Maximum fault current
Load xIy 1 s average phase currents before the fault
EDly % Elapsed time of the operate time setting. 100% = trip
Angle ° Fault angle in degrees
U1 xUy Positive sequence voltage during fault
SetGrp 1,2,3,4 Active setting group during fault
Direction mode Dir, undir, dir+back-up
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6.5
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NOTE:

Voltage restrained/controlled phase
overcurrent l,,> (51V)

The voltage restrained overcurrent stage |\,> is used for generator
short-circuit protection in applications, where the static excitation
system of the generator is fed only from the generator terminals.

In these applications the operation of the high set overcurrent function
must be secured using a voltage restrained overcurrent function. At
close-by short circuits the fault current rapidly decreases, thus
jeopardizing the operation of the high set short circuit protection. The
operation characteristic of a voltage restrained overcurrent function
is shown in Figure 6.13. The under impedance protection (see
Chapter 6.21 Underimpedance Z< (21)) can be used for the same
purpose.

I..”> Usaat_ylivirtaporras
A%

Iy, =1.00 x I,> A

I, =020xI,> A

Figure 6.13: Characteristics of a voltage restrained overcurrent function IV>.

When generator pole voltage falls below the set voltage level the
pick-up current level of the overcurrent stage |\,> also starts falling
linearly controlled by the voltage according to the characteristic curve.
See Figure 6.13.

When the setting parameters are selected according to Figure 6.14,
the function is said to be voltage controlled.

The overcurrent function can be used as a normal high-set
overcurrent stage [>>>, if [IY1 and Y2 are set to 100%.
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~ Uohj_ylivirtaporras

I, =1.00xI,> H-==-=~

Iy, =020 x I,>

Figure 6.14: Voltage controlled overcurrent characteristics.

The voltage setting parameters Uy, and Uy, are proportional to the
rated voltage of the generator. They define the voltage limits, within
which the start current of the overcurrent unit is restrained. The
multipliers ly4 and |y, are used for setting the area of change of the
start level of the overcurrent function in proportion to the Uy, and
Uy, settings.

The voltage restrained/controlled overcurrent stage operates with
definite time characteristic. The start current I,,> and the operate
time t> can be set by the user.

Cold load and inrush current handling

See chapter Chapter6.29 Cold load pick-up and magnetising inrush

Setting groups

There are four settings groups available. Switching between setting
groups can be controlled by digital inputs, virtual inputs (mimic
display, communication, logic) and manually.

Table 6.8: Parameters of the voltage restrained and voltage-controlled
overcurrent stage I\,> (51V)

Parameter Value Unit Description Note
Status - Current status of the stage

Blocked

Start F

Trip F
SCntr Cumulative start counter C
TCntr Cumulative trip counter C
SetGrp 1,2,3,4 Active setting group Set

V300G/en M/A006
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Parameter Value Unit Description Note
SGrpDI Digital signal to select the active setting group Set

- None

DIx Digital input

Vix Virtual input

LEDx LED indicator signal

VOx Virtual output
Force Off Force flag for status forcing for test purposes. This is a Set

common flag for all stages and output relays, too. Automat-

On ically reset by a 5-minute timeout.
ILmax A The supervised value. Max. of IL1, IL2 and IL3
Iv> A Pick-up value scaled to primary value
Iv> xlgn Pick-up setting Set
t> S Definite operate time Set
X1 %U1 Voltage for the 1st knee point. See Figure 6.10. Set
X2 %U1 Voltage for the 2nd knee point Set
Y1 Yolv> Multiplier for pick-up setting at the 1st knee point Set
Y2 %lv> Multiplier for pick-up setting at the 2nd knee point Set

Set = An editable parameter (password needed). C = Can be cleared to zero. F = Editable when force flag is on.

For details of setting ranges, see Table 11.24

Recorded values of the latest eight faults

There are detailed information available of the eight latest faults:
Time stamp, fault type, fault current, load current before the fault,
elapsed delay and setting group.

Table 6.9: Recorded values of the voltage restrained/controlled overcurrent
stages (8 latest faults) IV> (51V)

Parameter Value Unit Description
yyyy-mm-dd Time stamp of the recording, date
hh:mm:ss.ms Time stamp, time of day
Type Fault type
1-N Ground fault
2-N Ground fault
3-N Ground fault
1-2 Two phase fault
2-3 Two phase fault
3-1 Two phase fault
1-2-3 Three phase fault
Flt xlgn Maximum fault current
Load xlgn 1 s average phase currents before the fault
EDly % Elapsed time of the operate time setting. 100% = trip
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6.6 Current unbalance protection 1,>, I’,> (46)

Parameter

Value

Unit Description

SetGrp

Active setting group during the fault

6.6

Equation 6.1:

V300G/en M/A006

Current unbalance protection I,>, I’;>
(46)

The current unbalance stage protects against unbalanced phase
currents and single phasing. The protection is based on the negative
sequence current. Both definite time and inverse time characteristics
are available. The inverse delay is based on Equation 6.1. Only the
base frequency components of the phase currents are used to
calculate the negative sequence value |.

The current unbalance protection is based on the negative sequence
of the base frequency phase currents. Both definite time and inverse
time characteristics are available.

Inverse delay

The inverse delay is based on the following equation.

T= Operate time
Ky = Delay multiplier

I, = Measured and calculated negative sequence phase
current of fundamental frequency.

lmor =  Nominal current of the motor

Ky = Pick-up setting I,> in pu. The maximum allowed degree
of unbalance.

Example:

K1 = 15s

I, = 22.9 % =0.229 X Iyot
K2 = 5% =0.05x IMOT

t= 15 =300.4

2
[0'2129J -0.05°

The operate time in this example will be five minutes.

More stages (definite time delay only)

If more than one definite time delay stages are needed for current
unbalance protection, the freely programmable stages can be used
(Chapter 6.30 Programmable stages (99)).
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Setting groups

There are four settings groups available. Switching between setting
groups can be controlled by digital inputs, virtual inputs
(communication, logic) and manually. See Chapter 6.2 General
features of protection stages for more details.

2000
1000

500 B\

50

Operation time (s)

o

CurrentUnbalanceChar

20

\

20 40 60 80 100

Negative sequence current I, (%)

Figure 6.15: Inverse operation delay of current unbalance stage I,>. The longest
delay is limited to 1000 seconds (=16min 40s).

Table 6.10: Parameters of the current unbalance stage I,>, I’;> (46)

Parameter Value Unit Description Note
Status - Current status of the stage
Blocked
Start F
Trip F
SCntr Cumulative start counter Cc
TCntr Cumulative trip counter C
SetGrp 1,2,3,4 Active setting group Set
SGrpDI Digital signal to select the active setting group Set
- None
DIx Digital input
Vix Virtual input
LEDx LED indicator signal
VOx Virtual output
Fx Function key
Force Off Force flag for status forcing for test purposes. This is a Set
common flag for all stages and output relays, too. Automat-
On ically reset by a 5-minute timeout.
12/In %ly
12> %lIwot | Pick-up setting Set
%l
t> s Definite operate time (Type=DT) Set
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6.6 Current unbalance protection 1,>, I’,> (46)

Parameter Value Unit Description Note

Type DT Definite time Set
INV Inverse time (Equation 6.1)

K1 s Delay multiplier (Type =INV) Set

Set = An editable parameter (password needed). C = Can be cleared to zero. F = Editable when force flag is on.

For details of setting ranges, see Table 11.23

Recorded values of the latest eight faults

There is detailed information available of the eight latest faults: Time
stamp, unbalance current, elapsed delay and setting group.

Table 6.11: Recorded values of the current unbalance stage (8 latest faults)

1,> (46)
Parameter Value Unit Description
yyyy-mm-dd Time stamp of the recording, date
hh:mm:ss.ms Time stamp, time of day
Flt %lgn Maximum unbalance current
EDly % Elapsed time of the operate time setting. 100% = trip
SetGrp 1,2,3,4 Active setting group during the fault

V300G/en M/A006
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Thermal overload protection T> (49)

The thermal overload function protects the motor in the motor mode
or cables in the feeder mode against excessive heating.

Thermal model

The temperature is calculated using rms values of phase currents
and a thermal model according IEC 60255-8. The rms values are
calculated using harmonic components up to the 15th.

Trip time:

Alarm:

Trip:

Release time:

Trip release:

Start release:

2 2
t:z—.lni

—a T unit: second
a=k-koLyope-Nalarm . 60% = 0.6)
a=k-keI\opg

12
t=T-CT-ln%

a —1" T ynit: second

a=~095xkx1,,,:
a=+0.95xkx1,,,. x~alarm (Alarm 60% = 0.6)

operate time
Thermal time constant tau (Setting value)

Natural logarithm function

Measured rms phase current (the max. value of
three phase currents)

Preload current, Ip = Vo x kex Lo (If temperature
rise is 120% -> 6 = 1.2). This parameter is the
memory of the algorithm and corresponds to the
actual temperature rise.

Overload factor (Maximum continuous current),
i.e. service factor.(Setting value)

Ambient temperature factor (Permitted current due
to tamb).

The rated current (I or lyoT)

Relay cooling time constant (Setting value)
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Time constant for cooling situation

If the motor's fan is stopped, the cooling will be slower than with an
active fan. Therefore there is a coefficient C, for thermal constant
available to be used as cooling time constant, when current is less
than 0.3 x lMOT'

Heat capacitance, service factor and ambient temperature

The trip level is determined by the maximum allowed continuous
current lyax corresponding to the 100 % temperature rise Otrp i.€.
the heat capacitance of the motor or cable. Iy ax depends of the given
service factor k and ambient temperature O\ g and settings lyaxao
and lyax7o according the following equation.

IMAX :k'k(-) 'IMODE

The value of ambient temperature compensation factor k© depends
on the ambient temperature ©xyg and settings lyaxao @and lyaxzo-
See Figure 6.16. Ambient temperature is not in use when kO = 1.
This is true when

IMAX40 is 1.0
+ Sambis “n/a” (no ambient temperature sensor)

+ TAMB s +40 °C.
k A AmbientTemperatureCompensation
(C]

1.2 \

N
o | Do \
N

0.8 fIMAgwo C \

0.6

\4

10 20 30 40 50 60 70 80
Ous O

Figure 6.16: Ambient temperature correction of the overload stage T>.
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Example of a behaviour of the thermal model

Figure 6.16 shows an example of the thermal model behaviour. In
this example T= 30 minutes, k = 1.06 and kO = 1 and the current
has been zero for a long time and thus the initial temperature rise is
0 %. At time = 50 minutes the current changes to 0.85 x xly;opg and
the temperature rise starts to approach value (0.85/1.06)2 = 64 %
according the time constant. At time = 300 min, the temperature is
about stable, and the current increases to 5 % over the maximum
defined by the rated current and the service factor k. The temperature
rise starts to approach value 110 %. At about 340 minutes the
temperature rise is 100 % and a trip follows.

Initial temperature rise after restart

When the device is switched on, an initial temperature rise of 70 %
is used. Depending of the actual current, the calculated temperature
rise then starts to approach the final value.

Alarm function

The thermal overload stage is provided with a separately settable
alarm function. When the alarm limit is reached the stage activates
its start signal.

Temperature rise thermbeh

Boverload

©Omax

100%

Oalarm

80% _ 1| _Resetratio 7 95%
©p

60%

40% |

Settings:
7 = 30 minutes
k=1.06

Balarm = 90%

20%

0%

Alarm 1
Trip 1

1
Iny 1.6 min

45 min |

1.05*1

* oy A
Lyax = kK*I OVERLOAD MAX

10t
I, = 0.85*I

0.8 f

v

0.6 [

04

02 F

0 ! ! | ! !
100 min 200 min 300 min 400 min 500 min

» Time

Figure 6.17: Example of the thermal model behaviour.
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Table 6.12: Parameters of the thermal overload stage T> (49)

Parameter Value Unit Description Note
Status - Current status of the stage
Blocked
Start F
Trip F
Time hh:mm:ss Estimated time to trip
SCntr Cumulative start counter C
TCntr Cumulative trip counter C
Force Off Force flag for status forcing for test purposes. Set
This is a common flag for all stages and output
On relays, too. Automatically reset by a 5-minute
timeout.
T % Calculated temperature rise. Trip limit is 100 %. F
MaxRMS Arms Measured current. Highest of the three phases.
Imax A Kk XImope- Current corresponding to the 100 %
temperature rise.
k> XImobEe Allowed overload (service factor) Set
Alarm % Alarm level Set
tau min Thermal time constant Set
ctau xtau Coefficient for cooling time constant. Default = Set
1.0
kTamb XImobpEe Ambient temperature corrected max. allowed
continuous current
Imax40 %lmope Allowed load at Tamb +40 °C. Default = 100 %. Set
Imax70 %lvope Allowed load at Tamb +70 °C. Set
Tamb °C Ambient temperature. Editable Samb=n/a. Default Set
=+40°C
Samb Sensor for ambient temperature Set
n/a No sensor in use for Tamb
ExtAl1 — 16 External Analogue input 1 — 16

Set = An editable parameter (password needed). C = Can be cleared to zero. F = Editable when force flag is on.

For details of setting ranges, see Table 11.22

6.8
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Earth fault protection Ip> (50N/51N)

The undirectional earth fault protection is to detect earth faults in low
impedance earthed networks. In high impedance earthed networks,
compensated networks and isolated networks undirectional earth
fault can be used as back-up protection.

The undirectional earth fault function is sensitive to the fundamental
frequency component of the residual current 31,. The attenuation of
the third harmonic is more than 60 dB. Whenever this fundamental
value exceeds the user's pick-up setting of a particular stage, this
stage picks up and a start signal is issued. If the fault situation
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remains on longer than the user's operate time delay setting, a trip
signal is issued.

i0s1

P Start

& > Register
event

>

NN

1
fo > > ts r
|
Block 7
Trip

IB
= e

Setting Io>s Delay Definite / inverse Inverse time Multiplier Enable events
time characteristics

Figure 6.18: Block diagram of the earth fault stage 1,>

10ssblock

Io > > Jt: . '—Q L » Start
s tr
Block ] & -

+ » Trip

t L
G

Setting lo>>s Delay Enable events

A 4

Figure 6.19: Block diagram of the earth fault stages 1p>>, [;>>>, [;>>>>

Figure 6.18 shows a functional block diagram of the 1> earth
overcurrent stage with definite time and inverse time operate time.
Figure 6.19 shows a functional block diagram of the 15>>, [;>>> and
lp>>>> earth fault stages with definite time operation delay.

Input signal selection

Each stage can be connected to supervise any of the following inputs
and signals:

* Input Iy, for all networks other than rigidly earthed.
* Input Iy, for all networks other than rigidly earthed.

» Calculated signal lpcy for rigidly and low impedance earthed
networks. IOCaIc = ||_1 + ||_2 + ||_3.

Intermittent earth fault detection

Short earth faults make the protection to start (to pick up), but will
not cause a trip. (Here a short fault means one cycle or more. For
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shorter than 1 ms transient type of intermittent earth faults in
compensated networks there is a dedicated stage lont> 67NI.) When
starting happens often enough, such intermittent faults can be cleared
using the intermittent time setting.

When a new start happens within the set intermittent time, the
operation delay counter is not cleared between adjacent faults and
finally the stage will trip.

Four or six independent undirectional earth fault overcurrent
stages

There are four separately adjustable earth fault stages: 15>, 15>>,
lp>>>, and |p>>>>. The first stage ;> can be configured for definite
time (DT) or inverse time operation characteristic (IDMT). The other
stages have definite time operation characteristic. By using the
definite delay type and setting the delay to its minimum, an
instantaneous (ANSI 50N) operation is obtained.

Using the directional earth fault stages (Chapter 6.9 Directional earth
fault protection lp,> (67N)) in undirectional mode, two more stages
with inverse operate time delay are available for undirectional earth
fault protection.

Inverse operate time (l,> stage only)

Inverse delay means that the operate time depends on the amount
the measured current exceeds the pick-up setting. The bigger the
fault current is the faster will be the operation. Accomplished inverse
delays are available for the |;> stage. The inverse delay types are
described in Chapter 6.31 Inverse time operation. The device will
show a scaleable graph of the configured delay on the local panel
display.

Inverse time limitation

The maximum measured secondary residual current is 10 x Iy and
maximum measured phase current is 50 x ly. This limits the scope
of inverse curves with high pick-up settings. See Chapter6.31 Inverse
time operation for more information.

Setting groups

There are four settings groups available for each stage. Switching
between setting groups can be controlled by digital inputs, virtual
inputs (communication, logic) and manually. See Chapter6.2 General
features of protection stages for more details.
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Table 6.13: Parameters of the undirectional earth fault stage 1,> (50N/51N)

Parameter Value Unit Description Note
Status - Current status of the stage
Blocked
Start F
Trip F
TripTime S Estimated time to trip
SCntr Cumulative start counter Clr
TCntr Cumulative trip counter Cir
SetGrp 1,2,3,4 Active setting group Set
SGrpDI Digital signal to select the active setting group Set
- None
Dix Digital input
Vix Virtual input
LEDx LED indicator signal
VOx Virtual output
Fx Function key
Force Off Force flag for status forcing for test purposes. This Set
is a common flag for all stages and output relays,
On too. Automatically reset by a 5-minute timeout.
lo, loCalc, loPeak pu The supervised value according the parameter "In-
put" below.
lo> A Pick-up value scaled to primary value
lo> pu Pick-up setting relative to the parameter "Input" and Set
the corresponding CT value
Curve Delay curve family: Set
DT Definite time
IEC, IEEE, Inverse time. Chapter 6.31 Inverse time operation.
IEEE2, RI, PrgN
Type Delay type. Set
DT Definite time
NI, VI, El, LTI, Inverse time. Chapter 6.31 Inverse time operation.
Parameters
t> s Definite operate time (for definite time only) Set
k> Inverse delay multiplier (for inverse time only) Set
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Parameter

Value Unit Description Note

Input

lo1 lp1 (input 8/A/1:7 — 8 or 8/A/1:7 —9) Set
lp1 (input 8/B/1:7 — 8 or 8/B/1:7 — 9)
lp1 (input 8/C/1:7 — 8)
lo1 (input 8/D/1:7 — 8)

See.

lo2 lgo (input 8/C/1:9 — 10)
lp2 (input 8/D/1:9 — 10)

See .

loCalc IL1+1L2 +IL3

Intrmt

s Intermittent time Set

Dly20x

S Delay at 20 x gy

Dly4x

s Delay at 4 x Ipy

Dly2x

s Delay at 2 x lgy

Dly1x

Delay at 1 x Igy

A B,C,DE

User’s constants for standard equations. Set
Type=Parameters. See Chapter 6.31 Inverse time
operation.

Set = An editable parameter (password needed). C = Can be cleared to zero. F = Editable when force flag is on.

For details of setting ranges, see Table 11.25

Table 6.14: Parameters of the undirectional earth fault stage 1,>>, 1)>>>,

1p>>>> (50N/51N)

Parameter Value Unit Description Note
Status - Current status of the stage

Blocked

Start F

Trip F
TripTime S Estimated time to trip
SCntr Cumulative start counter Cir
TCntr Cumulative trip counter Clir
SetGrp 1,2,3,4 Active setting group Set
SGrpDI Digital signal to select the active setting group Set

- None

Dix Digital input

Vix Virtual input

LEDx LED indicator signal

VOx Virtual output

Fx Function key
Force Off Force flag for status forcing for test purposes. This Set

is a common flag for all stages and output relays,
On too. Automatically reset by a 5-minute timeout.
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Parameter

Value

Unit

Description

Note

lo

loCalc

pu

The supervised value according the parameter “In-
put” below.

l0o>>, [0>>>, lo>>>>

Pick-up value scaled to primary value

|0>>, |0>>>, lo>>>>

pu

Pick-up setting relative to the parameter "Input" and
the corresponding CT value

Set

t>

Definite operate time (for definite time only)

Set

Input

lo1

lo1 (input 8/A/1:7 — 8 or 8/A/1:7 — 9)
lp4 (input 8/B/1:7 — 8 or 8/B/1:7 — 9)
lp1 (input 8/C/1:7 — 8)
lp1 (input 8/D/1:7 — 8)

See.

lo2

lpo (input 8/C/1:9 — 10)
lpo (input 8/D/1:9 — 10)

See.

loCalc

IL1+1L2 +IL3

Set

Set = An editable parameter (password needed). C = Can be cleared to zero. F = Editable when force flag is on.

For details of setting ranges, see Table 11.26

Recorded values of the latest eight faults

There is detailed information available of the eight latest earth faults:
Time stamp, fault current, elapsed delay and setting group.

Table 6.15: Recorded values of the undirectional earth fault stages (8 latest

faults) 1y>>, 1,>>>, I,>>>> (50N/51N)

Parameter Value Unit Description
yyyy-mm-dd Time stamp of the recording, date
hh:mm:ss.ms Time stamp, time of day
Flt pu Maximum earth fault current
EDly % Elapsed time of the operate time setting. 100% = trip
SetGrp 1,2,3,4 Active setting group during fault
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Earth fault faulty phase detection algorithm

Phase recognition:
A zero sequence overcurrent has been detected.

Faulted phase/ phases are detected in 2 stage system.

1. Algorithm is using delta principle to detect the faulty phase/
phases.

2. Algorithm confirms the faulty phase with neutral current angle
comparison to the suspected faulted phase.

Ideal grounded network:

When there is forward earth fault in phase L1, its current will increase
creating calculated or measured zero sequence current in phase
angle of 0 degrees. If there is reverse earth fault in phase L1, its
current will degrease creating calculated or measured zero sequence
current in phase angle of 180 degrees.

When there is forward earth fault in phase L2, its current will increase
creating calculated or measured zero sequence current in phase
angle of -120 degrees. If there is reverse earth fault in phase L2, its
current will degrease creating calculated or measured zero sequence
current in phase angle of 60 degrees.

When there is forward earth fault in phase L3, its current will increase
creating calculated or measured zero sequence current in phase
angle of 120 degrees. If there is reverse earth fault in phase L3 its
current will degrease creating calculated or measured zero sequence
current in phase angle of -60 degrees.

Implementation:

When faulty phase is recognized, it will be recorded in 50N protection
fault log (also in event list and alarm screen). This faulted phase and
direction recording function has a tick box for enabling/disabling in
protection stage settings. For compensated network, this is not a
100% reliable algorithm because it depends on the network
compensation degree. So for compensated networks this feature
can be turned off so it will not cause confusion. For high impedance
earthed networks, there will be drop down menu in both setting
groups to choose between RES/CAP. RES is default and it is for
earthed networks. When CAP is chosen, the lo angle will be corrected
to inductive direction 90 degrees and after that faulty phase detection
is made.

Possible outcomes and conditions for those detections:

- FWD L1

Phase L1 increases above the set limit and two other phases
remain inside the set (delta) limit. lo current angle is +/- 60
degrees from L1 phase angle.
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+ FDWL2

Phase L2 increases above the set limit and two other phases
remain inside the set (delta) limit. lo current angle is +/- 60
degrees from L2 phase angle.

+ FDWL3

Phase L3 increases above the set limit and two other phases
remain inside the set (delta) limit. lo current angle is +/- 60
degrees from L3 phase angle.

« FWD L1-L2

Phase L1 and L2 increase above the set limit and phase L3
remains inside the set (delta) limit. lo current angle is between
L1 and L2 phase angles.

* FWD L2-L3

Phase L2 and L3 increase above the set limit and phase L1
remains inside the set (delta) limit. lo current angle is between
L2 and L3 phase angles.

+ FWD L3-L1

Phase L3 and L1 increase above the set limit and phase L2
remains inside the set (delta) limit. lo current angle is between
L3 and L3 phase angles.

« FWD L1-L2-L3
All three phase currents increase above the set delta limit.

* REV 1 (any one phase)
One phase decreases below the set delta limit and other two
phases remain inside the delta limit.

* REV 2 (any two phase)
Two phases decrease below the set delta limit and third phase
remains inside the delta limit