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1 General

1.1

1.2

V259/en M/A010

General

Legal notice

Copyright
2015 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

92506 Rueil-Malmaison
FRANCE

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

www.schneider-electric.com

Safety information and password
protection

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.



1.2 Safety information and password protection 1 General

10

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.

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 IED's password protection feature in order to protect untrained
person interacting this device.

V259/en M/A010



1 General

1.3 Relay features

1.3

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.

Relay features

The comprehensive protection functions of the relay make it ideal
for utility, industrial, marine and off-shore power distribution
applications. The relay features the following protection functions.

Table 1.1: List of protection functions

IEEE/ANSI code IEC symbol Function name

21 Z< Short circuit distance protection

21N Ze< Earth-Fault distance protection

25 Af, AU, A Synchrocheck

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

32 P<, P<< Reverse power protection

37 I< Undercurrent protection

46R Io/11> Broken line protection

49 T> Thermal overload protection

50/51 >, 1>>, [>>> Overcurrent protection

50ARC/ 50NARC Arcl>, Arclg Optional arc fault protection

50BF CBFP Circuit-breaker failure protection

50N/51N 0>, 1g>>, 1g>>>, 1;>>>> Earth fault protection

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

59N Uog>, Ug>> zero sequence voltage protection

67 lg>, 16>, 1g>>>, 1;>>>> Directional overcurrent protection

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

67NI loinT> Intermittent transient earth fault protection

68F2 lp> Magnetishing inrush

68F5 5> Transfomer overexitation

79 AR Auto-reclosing

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

81L f<, f<< Underfrequency protection

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

85 ANSI 85 communication

87L Ldl>, LdI>>, LdI>>> Line differential protection

99 Prg1-8 Programmable stages

V259/en M/A010
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1.4 Related documents

1 General

1.3.1

1.4

12

Further the relay includes a disturbance recorder. Arc protection is
optionally available.

The relay communicates with other systems using common protocols,
such as the Modbus RTU, ModbusTCP, Profibus DP, IEC
60870-5-103, IEC 60870-5-101, IEC 61850, SPA bus, Ethernet/ IP
and DNP 3.0.

User interface

The relay can be controlled in three ways:
* Locally with the push-buttons on the relay front panel

* Locally using a PC connected to the serial port on the front panel
or on the rear panel of the relay (both cannot be used
simultaneously)

* Via remote control over the optional remote control port on the
relay rear panel.

Related documents

Document Identification*)
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 at www.schneider-electric.com or
m.vamp.fi.

V259/en M/A010
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1 General

1.5 Abbreviations

1.5

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.

HMI Human-machine interface

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

4 Current input for I 4

Lo Current input for 1 »

I3 Current input for | 5

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

loseT Another name for pick up setting value 1>

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

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 latched 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.

V259/en M/A010
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1.6 Periodical testing 1 General

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

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 Iy.

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

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 U, or U 1 depending of the voltage measurement mode

Ug Voltage input for Uys 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

Usyne Voltage input for synchronizing voltage. Depending on the voltage input mode can be phase to ground
or phase to phase voltage

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

VAMPSET Configuration tool for VAMP protection devices

VT Voltage transformer i.e. potential transformer PT

VTer Nominal primary value of voltage transformer

VTsec Nominal secondary value of voltage transformer

Webset http configuration interface

1.6

14

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. Manufacturer recommends functional testing
being carried 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.

V259/en M/A010



2 Local panel user interface

2 Local panel user interface

21 Relay front panel

The figure below shows, as an example, the front panel of the device
and the location of the user interface elements used for local control.

1. Navigation push-buttons
2. LED indicators

3.LCD
(> OK

vi>

4. RS 232 serial communication port for PC

e

Navigation push-button 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 password view and for adjusting
the LCD contrast.

ENTER push-button for activating or confirming a function.
arrow UP navigation push-button for moving up in the menu or increasing a numerical value.
arrow DOWN navigation push-button for moving down in the menu or decreasing a numerical value.

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

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

CoREACOE

V259/en M/AO10 15



2.1 Relay front panel

2 Local panel user interface

16

LED indicators

The relay is provided with eight LED indicators:

LED indicator

Meaning

Measure/ Remarks

Power LED lit

The auxiliary power has been switched
on

Normal operation state

Error LED lit

Internal fault, operates in parallel with
the self supervision output relay

The relay attempts to reboot
[REBOOT]. If the error LED
remains lit, call for mainten-
ance.

Com LED lit or
flashing

The serial bus is in use and transferring
information

Normal operation state

Alarm LED lit

One or several signals of the output re-
lay matrix have been assigned to output
AL and the output has been activated
by one of the signals. (For more inform-
ation about output matrix, please see
Chapter2.4.5 Configuring digital outputs
DO).

The LED is switched off when
the signal that caused output
Al to activate, e.g. the START
signal, is reset. The resetting
depends on the type of config-
uration, connected or latched.

Trip LED lit

One or several signals of the output re-
lay matrix have been assigned to output
Tr, and the output has been activated
by one of the signals. (For more inform-
ation about output relay configuration,
please see Chapter 2.4.5 Configuring
digital outputs DO).

The LED is switched off when
the signal that caused output
Tr to activate, e.g. the TRIP
signal, is reset. The resetting
depends on the type of config-
uration, connected or latched.

A- CLED lit

Application-related status indicators.

Configurable

Adjusting LCD contrast

On the local HMI, push Z and @3

To increase the contrast, push .

Push Z and adjust the contrast.

Enter the four-digit password and push [ ok ]

To decrease the contrast, push [V ]

To return to the main menu, push .

V259/en M/A010



2 Local panel user interface 2.1 Relay front panel

Resetting latched indicators and output relays

All the indicators and output relays can be given a latching function
in the configuration.

There are several ways to reset latched indicators and relays:

* From the alarm list, move back to the initial display by pushing

for approx. 3s. Then reset the latched indicators and output
relays by pushing [ o ]

* Acknowledge each eventin the alarm list one by one by pushing
[ oK | equivalent times. Then, in the initial display, reset the latched
indicators and output relays by pushing [ o |

The latched indicators and relays can also be reset via a remote
communication bus or via a digital input configured for that purpose.

211 Display

The relay is provided with a backlighted 128x64 LCD dot matrix
display. The display enables showing 21 characters is one row and
eight rows at the same time. The display has two different purposes:
one is to show the single line diagram of the relay with the object
status, measurement values, identification etc (Figure 2.1). The other
purpose is to show the configuration and parameterization values of
the relay (Figure 2.2).

Figure 2.1: Sections of the LCD dot matrix display

Freely configurable single-line diagram
Controllable objects (max six objects)

Object status (max eight objects, including the six controllable
objects)

Bay identification
Local/Remote selection

Auto-reclose on/off selection (if applicable)

N o o b

Freely selectable measurement values (max. six values)

V259/en M/AO10 17



2.1 Relay front panel

2 Local panel user interface

2.1.2

18

Figure 2.2: Sections of the LCD dot matrix display

Main menu column

The heading of the active menu

The cursor of the main menu

Possible navigating directions (push buttons)

Measured/setting parameter

o o~ wdh =

Measured/set value
Backlight control

Display backlight can be switched on with a digital input, virtual input
or virtual output. LOCALPANEL CONF/Display backlight ctrl setting
is used for selecting trigger input for backlight control. When the
selected input activates (rising edge), display backlight is set on for
60 minutes.

Adjusting display contrast
The readability of the LCD varies with the brightness and the
temperature of the environment. The contrast of the display can be

adjusted via the PC user interface, see Chapter 3 VAMPSET PC
software.

V259/en M/A010



2 Local panel user interface

2.2 Local panel operations

2.2

Main menu

Prot

Local panel operations

The front panel can be used to control objects, change the local/
remote status, read the measured values, set parameters, and to
configure relay functions. Some parameters, however, can only be
set by means of a PC connected to the local communication port.
Some parameters are factory-set.

Moving in the menus

V259/en M/A010

Figure 2.3: Moving in the menus using local HMI

NOTE:

A

Submenus
protection enabling
[ ok
| pick-up setting |- — — —-
|
v
1

PR o«

moving in the menus_relay

*  To move in the main menu, push or

*  To move in submenus, push or &,

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

at least three seconds.

To edit a parameter value, push 7 D
To go back to the previous menu, push .

To go back to the first menu item in the main menu, push for

To enter the parameter edit mode, give the password. When the
value is in edit mode, its background is dark.
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Main menu

The menu is dependent on the user’s configuration and the options
according the order code. For example only the enabled protection
stages will appear in the menu.

A list of the local main menu

Main menu Number of menus | Description ANSI code Note
1 Interactive mimic display 1
5 Double size measurements defined by the user 1
1 Title screen with device name, time and firmware
version.
14 Power measurements
4 Energy measurements
I 13 Current measurements
U 15 Voltage measurements
Dema 15 Demand values
Umax 5 Time stamped min & max of voltages
Imax 9 Time stamped min & max of currents
Pmax 5 Time stamped min & max of power and frequency
Month 21 Maximum values of the last 31 days and the last
twelve months
Evnt 2 Events
DR 2 Disturbance recorder 2
Runh 2 Running hour counter. Active time of a selected
digital input and time stamps of the latest start and
stop.
TIMR 6 Day and week timers
DI 5 Digital inputs including virtual inputs
DO 4 Digital outputs (relays) and output matrix
ExtAl 3 External analogue inputs 3
ExtAO 3 Externa analogue outputs 3
ExDI 3 External digital inputs 3
ExDO 3 External digital outputs 3
Prot 27 Protection counters, combined overcurrent status,
protection status, protection enabling, cold load
and inrush detectionlf2> and block matrix
DIST 1 Common settings for distance zones (Z1 ... Z5)
Z1< 6 Short circuit distance zone 1 21 4
Z2< 6 Short circuit distance zone 2 21 4
Z3< 6 Short circuit distance zone 3 21 4
Z4< 6 Short circuit distance zone 4 21 4
Z5< 6 Short circuit distance zone 5 21 4
Zel< 6 Earth fault distance zone 21N 4
Ze2< 6 Earth fault distance zone 21N 4
Ze3< 6 Earth fault distance zone 21N 4

20
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Main menu Number of menus | Description ANSI code Note
Ze4< 6 Earth fault distance zone 21N 4
Ze5< 6 Earth fault distance zone 21N 4
LdI> 4 Line differential stage 87L 4
LdI>> 4 Line differential stage 87L 4
LdI>>> 4 Line differential stage 87L 4
> 5 1st overcurrent stage 50/51 4
[>> 3 2nd overcurrent stage 50/51 4
[>>> 3 3rd overcurrent stage 50/51 4
lp > 6 1st directional overcurrent stage 67 4
lp >> 6 2nd directional overcurrent stage 67 4
lp >>> 4 3rd directional overcurrent stage 67 4
g >>>> 4 4th directional overcurrent stage 67 4
I< 3 Undercurrent stage 37 4
2> 3 Current unbalance stage 46 4
T> 3 Thermal overload stage 49 4
lo> 5 1st earth fault stage 50N/51N 4
lo>> 3 2nd earth fault stage 50N/51N 4
lo>>> 3 3rd earth fault stage 50N/51N 4
lo>>>> 3 4th earth fault stage 50N/51N 4
lop > 6 1st directional earth fault stage 67N 4
lop>> 6 2nd directional earth fault stage 67N 4
loint> 4 Transient intermittent E/F 67NI 4
u> 4 1st overvoltage stage 59 4
u>> 3 2nd overvoltage stage 59 4
u>>> 3 3rd overvoltage stage 59 4
U< 4 1st undervoltage stage 27 4
U<< 3 2nd undervoltage stage 27 4
U<<< 3 3rd undervoltage stage 27 4
Uo> 3 1st residual overvoltage stage 59N 4
Uo>> 3 2nd residual overvoltage stage 59N 4
P< 3 1st reverse and underpower stage 32 4
P<< 3 2nd reverse and underpower stage 32 4
f>< 4 1st over/under-frequency stage 81 4
f>><< 4 2nd over/under-frequency stage 81 4
f< 4 1st underfrequency stage 81L 4
f<< 4 2nd underfrequency stage 81L 4
dfdt 3 Rate of change of frequency (ROCOF) stage 81R 4
Prg1 3 1st programmable stage 4
Prg2 3 2nd programmable stage 4
Prg3 3 3rd programmable stage 4
Prg4 3 4th programmable stage 4
Prg5 3 5th programmable stage 4

V259/en M/A010
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Main menu Number of menus | Description ANSI code Note
Prg6 3 6th programmable stage 4
Prg7 3 7th programmable stage 4
Prg8 3 8th programmable stage 4
If2> 3 Second harmonic O/C stage 68F2 4
If5> 3 Fifth harmonic O/C stage 68F5 4
CBFP 3 Circuit breaker failure protection 50BF 4
CBWE 4 Circuit breaker wearing supervision 4
AR 15 Auto-reclose 79
CTSV 1 CT supervisor 4
VTSV 1 VT supervisor 4
Arcl> 4 Optional arc protection stage for phase-to-phase 50ARC 4
faults and delayed light signal.
Arclo> 3 Optional arc protection stage for earth faults. Cur- 50NARC 4
rent input = 10
OBJ 11 Object definitions 5
Lgic 2 Status and counters of user's logic 1
CONF 10+2 Device setup, scaling etc. 6
Bus 13 Serial port and protocol configuration 7
Diag 6 Device selfdiagnosis
Notes

1. Configuration is done with VAMPSET

2. Recording files are read with VAMPSET

3.  The menu is visible only if protocol "ExternallO" is selected for one of the serial ports. Serial ports are configured in

menu "Bus".

4. The menu is visible only if the stage is enabled.

Objects are circuit breakers, disconnectors etc. Their position or status can be displayed and controlled in the inter-
active mimic display.

6. There are two extra menus, which are visible only if the access level "operator" or "configurator" has been opened
with the corresponding password.

7. Detailed protocol configuration is done with VAMPSET.

2.21
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Menu structure of protection functions

The general structure of all protection function menus is similar
although the details do differ from stage to stage. As an example the
details of the second overcurrent stage I>> menus are shown below.

First menu of I>> 50/51 stage
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(AV > I>> STATUS 50 / 51|

ExDO | Status -

Prot SCntr 5

1> TCntr 2

1

Iv> SGrpDI -

10> Force OFF
Figure 2.4: First menu of I>> 50/51 stage

This is the status, start and trip counter and setting group menu. The
content is:

V259/en M/A010

Status —

The stage is not detecting any fault at the moment. The stage
can also be forced to pick-up or trip is the operating level is
“Configurator” and the force flag below is on. Operating levels
are explained in Chapter 2.2.4 Operating levels.

SCntr 5

The stage has picked-up a fault five times since the last reset or
restart. This value can be cleared if the operating level is at least
“Operator”.

TCntr 1

The stage has tripped two times since the last reset or restart.
This value can be cleared if the operating level is at least
“Operator”.

SetGrp 1

The active setting group is one. This value can be edited if the
operating level is at least “Operator”. Setting groups are explained
in Chapter 2.2.2 Setting groups

SGrpDI -
The setting group is not controlled by any digital input. This value
can be edited if the operating level is at least “Configurator”.

Force Off

The status forcing and output relay forcing is disabled. This force
flag status can be set to “On” or back to “Off” if the operating
level is at least “Configurator”. If no front panel button is pressed
within five minutes and there is no VAMPSET communication,
the force flag will be set to “Off” position. The forcing is explained
in Chapter 2.3.4 Forced control (Force).

23



2.2 Local panel operations

2 Local panel user interface

Second menu of I>> 50/51 stage

AV4D) |>> SET 50 / 51
Stage  setting group 1
ExDI ILmax 403A
ExDO | Status -
Prot 1>> 1013A
1>> 2.50xIn
CBWE | t>> 0.60s
| OBJ

Figure 2.5: Second menu(next on the right) of I>> 50/51 stage

This is the main setting menu. The content is:

24

Stage setting group 1

These are the group 1 setting values. The other setting group
can be seen by pressing push buttons €2 and then or &
Setting groups are explained in Chapter 2.2.2 Setting groups.
ILmax 403A

The maximum of three measured phase currents is at the
moment 403 A. This is the value the stage is supervising.
Status —

Status of the stage. This is just a copy of the status value in the
first menu.

>> 1013 A

The pick-up limitis 1013 A in primary value.

[>>2.50 x Iy

The pick-up limit is 2.50 times the rated current of the generator.
This value can be edited if the operating level is at least
“Operator”. Operating levels are explained in Chapter 2.2.4
Operating levels.

t>> 0.60s

The total operation delay is set to 600 ms. This value can be
edited if the operating level is at least “Operator”.
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Third menu of I>> 50/51 stage

AV [>>LOG 50/51
FAULT LOG 1

ExDI 2006-09-14

ExDO | 12:25:10.288

Prot Type 1-2

Fit 2.86xIn

CBWE | Load 0.99xIn

OoBJ EDly 81%

[ SetGrp 1 ]

.

Figure 2.6: Third and last menu (next on the right) of I>> 50/51 stage

This is the menu for registered values by the I>> stage. Fault logs
are explained in Chapter 2.2.3 Fault logs.

*  FAULT LOG 1
This is the latest of the eight available logs. You may move
between the logs by pressing push buttons €3 ond then

or &8,

+ 2006-09-14
Date of the log.
+ 12:25:10.288
Time of the log.
+ Type 1-2
The overcurrent fault has been detected in phases L1 and L2 (A
& B, red & yellow, R/S, u&v).

« FIt2.86 x Iy
The fault current has been 2.86 per unit.

*+ Load 0.99 x Iy
The average load current before the fault has been 0.99 pu.

« EDIly 81%
The elapsed operation delay has been 81% of the setting 0.60
s = 0.49 s. Any registered elapsed delay less than 100 % means

that the stage has not tripped, because the fault duration has
been shorter that the delay setting.

* SetGrp 1
The setting group has been 1. This line can be reached by

pressing €D and several times .
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2.2.2 Setting groups

Most of the protection functions of the relay have two setting groups.
These groups are useful for example when the network topology is
changed frequently. The active group can be changed by a digital
input, through remote communication or locally by using the local
panel.

The active setting group of each protection function can be selected
separately. Figure 2.7 shows an example where the changing of the
I> setting group is handled with digital input one (SGrpDI). If the
digital input is TRUE, the active setting group is group two and
correspondingly, the active group is group one, if the digital input is
FALSE. If no digital input is selected (SGrpDI = -), the active group
can be selected by changing the value of the parameter SetGrp.

AV D > STATUS 51
Evnt Status -
DR SCntr 0
DI TCntr 0
DO SetGrp 1
Prot SGrpDI DI1
Force OFF

\.

Figure 2.7: Example of protection submenu with setting group parameters

The changing of the setting parameters can be done easily. When
the desired submenu has been found (with the arrow keys), press

€ 6 select the submenu. Now the selected setting group is
indicated in the down-left corner of the display (See Figure 2.8). Set1
is setting group one and Set2 is setting group two. When the needed

changes, to the selected setting group, have been done, press
or to select another group ( is used when the active setting
group is 2 and is used when the active setting group is 1).

’~

SET I> 51
Setting for stage 1>
ILmax 400A
Status -
> 600A
Set1
1>

\.

Figure 2.8: Example of I> setting submenu
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2.2.3 Fault logs

All the protection functions include fault logs. The fault log of a
function can register up to eight different faults with time stamp
information, fault values etc. The fault logs are stored in non-volatile
memory. Each function has its own logs. The fault logs are not
cleared when power is switched off. The user is able to clear all logs
using VAMPSET. Each function has its own logs (Figure 2.9).

(AV4D I> log buffer 51]

Log buffer 1

DR 2003-04-28

DI 11:11:52;251

DO Type 1-2

Prot Flt 0.55 xIn
Load 002 xin |

[ 1>> EDly 24 % |

Figure 2.9: Example of fault log

To see the values of, for example, log two, press then €D o select
the current log (log one). The current log number is then indicated
in the down-left corner of the display (SeeFigure 2.10, Log2 = log

two). The log two is selected by pressing once.

-

1> log buffer
Date
2003-04-24
03:08:21;342
Type 1-2
Log2 |FIt 1.69 xIn
1> |Load 0.95 xin |
{ EDly 13 % )

Figure 2.10: Example of selected fault log
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Operating levels

The relay has three operating levels: User level, Operator level
and Configurator level. The purpose of the access levels is to
prevent accidental change of relay configurations, parameters or

settings.

USER level

Use: Possible to read e.g. parameter values, measurements and events

Opening: Level permanently open

Closing: Closing not possible

OPERATOR level

Use: Possible to control objects and to change e.g. the settings of the
protection stages

Opening: Default password is 1

Setting state:

Push m

Closing:

The level is automatically closed after 10 minutes idle time. Giving
the password 9999 can also close the level.

CONFIGURATOR level

Use: The configurator level is needed during the commissioning of the
relay. E.g. the scaling of the voltage and current transformers can
be set.

Opening: Default password is 2

Setting state:

Push m

Closing:

The level is automatically closed after 10 minutes idle time. Giving
the password 9999 can also close the level.
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Opening access

1.
Push 0 and X on the front panel

r

ENTER PASSWORD

A
*%%0
v

Figure 2.11: Opening the access level

2. Enter the password needed for the desired level: the password
can contain four digits. The digits are supplied one by one by

first moving to the position of the digit using and then setting
the desired digit value using 0.

3. Push m

Password handling

The passwords can only be changed using VAMPSET software
connected to the local RS-232 port on the relay.

It is possible to restore the password(s) in case the password is lost
or forgotten. In order to restore the password(s), a relay program is
needed. The virtual serial port settings are 38400 bps, 8 data bits,
no parity and one stop bit. The bit rate is configurable via the front

panel.

Command Description

get pwd_break Get the break code (Example: 6569403)

get serno Get the serial number of the relay (Example: 12345)

Send both the numbers to your nearest Schneider Electric Customer
Care Centre and ask for a password break. A device specific break
code is sent back to you. That code will be valid for the next two
weeks.

Command Description

set pwd_break=4435876 | Restore the factory default passwords (“4435876” is just an
example. The actual code should be asked from from your
nearest Schneider Electric Customer Care Centre.)

Now the passwords are restored to the default values (See
Chapter 2.2.4 Operating levels ).
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2.3

2.31

30

Operating measures

Control functions

The default display of the local panel is a single-line diagram including
relay identification, Local/Remote indication, Auto-reclose on/off
selection and selected analogue measurement values.

Please note that the operator password must be active in order to
be able to control the objects. Please refer to Chapter2.2.4 Operating
levels.

Toggling Local/Remote control

1. push &8 The previously activated object starts to blink.

2. Select the Local/Remote object (“L” or “R” squared) by using
arrow keys.

3. push &3 The LIR dialog opens. Select “REMOTE” to enable
remote control and disable local control. Select “LOCAL” to
enable local control and disable remote control.

4. Confirm the setting by pushing €D The Local/Remote state will
change.

Object control

1. push &8 The previously activated object starts to blink.

2. Select the object to control by using arrow keys. Please note that
only controllable objects can be selected.

3. push @3 A control dialog opens.
4. Selectthe “Open” or “Close” command by using the or 6.

5. Confirm the operation by pushing €D The state of the object
changes.

Toggling virtual inputs
1. push &8 The previously activated object starts to blink.
2. Select the virtual input object (empty or black square)

3. The dialog opens

4. Select “Vlon” to activate the virtual input or select “Vloff” to
deactivate the virtual input
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2.3.2 Measured data

The measured values can be read from the P, E, | and U menus and
their submenus. Furthermore, any measurement value in the following
table can be displayed on the main view next to the single line
diagram. Up to six measurements can be shown. Impedance
measurements (Z12, 223, Z31) are located in distance stage displays.

Value Menu/Submenu Description

P P/POWER Active power [kW]

Q P/POWER Reactive power [kvar]

S P/POWER Apparent power [kVA]

(0] P/POWER Active power angle [°]

P.F. P/POWER Power factor [ ]

f P/POWER Frequency [Hz]

Pda P/15 MIN POWER Active power [kW]

Qda P/15 MIN POWER Reactive power [kvar]

Sda P/15 MIN POWER Apparent power [kVA]

Pfda P/15 MIN POWER Power factor [ ]

fda P/15 MIN POWER Frequency [Hz]

PLA1 P/POWER/PHASE 1 Active power of phase 1 [kW]
PL2 P/POWER/PHASE 1 Active power of phase 2 [kW]
PL3 P/POWER/PHASE 1 Active power of phase 3 [kW]
QL1 P/POWER/PHASE 1 Reactive power of phase 1 [kvar]
QL2 P/POWER/PHASE 1 Reactive power of phase 2 [kvar]
QL3 P/POWER/PHASE 1 Reactive power of phase 3 [kvar]
SL1 P/POWER/PHASE 2 Apparent power of phase 1 [kVA]
SL2 P/POWER/PHASE 2 Apparent power of phase 2 [kVA]
SL3 P/POWER/PHASE 2 Apparent power of phase 3 [kVA]
PF_L1 P/POWER/PHASE 2 Power factor of phase 1[]

PF L2 P/POWER/PHASE 2 Power factor of phase 2 [ ]
PF_L3 P/POWER/PHASE 2 Power factor of phase 3 []

cos P/COS & TAN Cosine phi[]

tan P/COS & TAN Tangent phi[]

cosL1 P/COS & TAN Cosine phi of phase L1[]

cosL2 P/COS & TAN Cosine phi of phase L2 []

cosL3 P/COS & TAN Cosine phi of phase L3 []

Iseq P/PHASE SEQUENCIES Actual current phase sequency [OK; Reverse; ?7?]
Useq P/PHASE SEQUENCIES Actual voltage phase sequency [OK; Reverse; ?7]
lop P/PHASE SEQUENCIES lo/Uo angle [°]

fAdop P/PHASE SEQUENCIES Adopted frequency [Hz]

E+ E/ENERGY Exported energy [MWh]

Eq+ E/ENERGY Exported reactive energy [Mvar]
E- E/ENERGY Imported energy [MWh]
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Value Menu/Submenu Description

Eg- E/ENERGY Imported reactive energy [Mvar]

E+.nn E/DECIMAL COUNT Decimals of exported energy [ ]

Eqg.nn E/DECIMAL COUNT Decimals of reactive energy [ ]

E-.nn E/DECIMAL COUNT Decimals of imported energy [ ]

Ewrap E/DECIMAL COUNT Energy control

E+ E/E-PULSE SIZES Pulse size of exported energy [kWh]

Eq+ E/E-PULSE SIZES Pulse size of exported reactive energy [kvar]

E- E/E-PULSE SIZES Pulse size of imported energy [kWh]

Eg- E/E-PULSE SIZES Pulse duration of imported reactive energy [ms]

E+ E/E-PULSE DURATION Pulse duration of exported energy [ms]

Eq+ E/E-PULSE DURATION Pulse duration of exported reactive energy [ms]

E- E/E-PULSE DURATION Pulse duration of imported energy [ms]

Eg- E/E-PULSE DURATION Pulse duration of imported reactive energy [ms]

E+ E/E-pulse TEST Test the exported energy pulse []

Eq+ E/E-pulse TEST Test the exported reactive energy [ ]

E- E/E-pulse TEST Test the imported energy [ ]

Eqg- E/E-pulse TEST Test the imported reactive energy [ ]

IL1 I/PHASE CURRENTS Phase current IL1 [A]

IL2 I/PHASE CURRENTS Phase current IL2 [A]

IL3 I/PHASE CURRENTS Phase current IL3 [A]

IL1da I/PHASE CURRENTS 15 min average for IL1 [A]

IL2da I/PHASE CURRENTS 15 min average for IL2 [A]

IL3da I/PHASE CURRENTS 15 min average for IL3 [A]

lo I/ISYMMETRIC CURRENTS Primary value of zerosequence/ residual current lo [A]

loC I/ISYMMETRIC CURRENTS Calculated lo [A]

11 I/ISYMMETRIC CURRENTS Positive sequence current [A]

12 I/ISYMMETRIC CURRENTS Negative sequence current [A]

12/11 I/ISYMMETRIC CURRENTS Negative sequence current related to positive sequence current (for
unbalance protection) [%]

THDIL I/HARM. DISTORTION Total harmonic distortion of the mean value of phase currents [%]

THDILA I/HARM. DISTORTION Total harmonic distortion of phase current IL1 [%]

THDIL2 I/HARM. DISTORTION Total harmonic distortion of phase current IL2 [%)]

THDIL3 I/HARM. DISTORTION Total harmonic distortion of phase current IL3 [%]

Diagram I/HARMONICS of IL1 Harmonics of phase current IL1 [%] (See Figure 2.12)

Diagram I/HARMONICS of IL2 Harmonics of phase current IL2 [%] (See Figure 2.12)

Diagram I/HARMONICS of IL3 Harmonics of phase current IL3 [%] (See Figure 2.12)

Uline U/LINE VOLTAGES Average value for the three line voltages [V]

u12 U/LINE VOLTAGES Phase-to-phase voltage U12 [V]

u23 U/LINE VOLTAGES Phase-to-phase voltage U23 [V]

u31 U/LINE VOLTAGES Phase-to-phase voltage U31 [V]

UL U/PHASE VOLTAGES Average for the three phase voltages [V]

uL1 U/PHASE VOLTAGES Phase-to-earth voltage UL1 [V]

32
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Value Menu/Submenu Description

uL2 U/PHASE VOLTAGES Phase-to-earth voltage UL2 [V]

UL3 U/PHASE VOLTAGES Phase-to-earth voltage UL3 [V]

Uo U/SYMMETRIC VOLTAGES Residual voltage Uo [%)]

U1 U/SYMMETRIC VOLTAGES Positive sequence voltage [%]

u2 U/SYMMETRIC VOLTAGES Negative sequence voltage [%]

U2/U1 U/SYMMETRIC VOLTAGES Negative sequence voltage related to positive sequence voltage
[%]

THDU U/HARM. DISTORTION Total harmonic distortion of the mean value of voltages [%)]

THDUa U/HARM. DISTORTION Total harmonic distortion of the voltage input a [%]

THDUb U/HARM. DISTORTION Total harmonic distortion of the voltage input b [%]

THDUc U/HARM. DISTORTION Total harmonic distortion of the voltage input ¢ [%]

Diagram U/HARMONICS of Ua Harmonics of voltage input Ua [%] (See Figure 2.12)

Diagram U/HARMONICS of Ub Harmonics of voltage input Ub [%] (See Figure 2.12)

Diagram U/HARMONICS of Uc Harmonics of voltage input Uc [%] (See Figure 2.12)

Count U/VOLT. INTERRUPTS Voltage interrupts counter [ ]

Prev U/VOLT. INTERRUPTS Previous interruption [ ]

Total U/VOLT. INTERRUPTS Total duration of voltage interruptions [days, hours]

Prev U/VOLT. INTERRUPTS Duration of previous interruption [s]

Status U/VOLT. INTERRUPTS Voltage status [LOW; NORMAL]

712,723, Z1<, 72<,73<, 7Z4<, Z5< Line to line impedance (primary/sec)

Z31

Z12angle, Z1<,72<,73<, 7Z4<, Z5< Impedance angle

Z23angle,

Z31angle
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Figure 2.12: Example of harmonics bar display
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2.3.3 Reading event register

The event register can be read from the Evnt submenu:

1. Push once.

2. The EVENT LIST appears. The display contains a list of all the
events that have been configured to be included in the event
register.

r

EVENT LIST <AV

Code: 71E10 !
CB open timeout

2002-02-15
00:17:37.530

Figure 2.13: Example of an event register

3. Scroll through the event list with the and .
4. Exit the event list by pushing < ]

It is possible to set the order in which the events are sorted. If the
“Order” -parameter is set to “New-OIld”, then the first event in the
EVENT LIST is the most recent event.
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234 Forced control (Force)

In some menus it is possible to switch a function on and off by using
a force function. This feature can be used, for instance, for testing
a certain function. The force function can be activated as follows:

1. Open Access level CONFIGURATION.

2. Move to the setting state of the desired function, for example DO
(see Chapter 2.4 Configuration and parameter setting).

3. Select the Force function (the background color of the force text
is black).

Pick RELAY OUTPUTS 1

Enable forcing
T1

T2
T3
T4
A1

oo oO0OoOOo

DO

Figure 2.14: Selecting Force function

4. push @3

5. Push the or to change the "OFF" text to "ON", that is,
to activate the Force function.

6. push B to return to the selection list. Choose the signal to be
controlled by force with the and , for instance the T1
signal.

7.

Push @ to confirm the selection. Signal T1 can now be
controlled by force.

8. Push the or to change the selection from "0" (not alert)
to "1" (alert) or vice versa.

Push @8 to execute the forced control operation of the selected
function, e.g., making the output relay of T1 to pick up.

10. Repeat the steps 7 and 8 to alternate between the on and off
state of the function.

11. Repeat the steps 1 — 4 to exit the Force function.

12.
Push to return to the main menu.

NOTE: All the interlockings and blockings are bypassed when the force
control is used.
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Configuration and parameter setting

The minimum procedure to configure a device is

1. Open the access level "Configurator". The default password for
configurator access level is 2.

2. Set the rated values in menu [CONF] including at least current
transformers, voltage transformers and motor ratings if applicable.
Also the date and time settings are in this same main menu.

3. Enable the needed protection functions and disable the rest of
the protection functions in main menu [Prot].

4. Set the setting parameter of the enable protection stages
according the application.

5. Connect the output relays to the start and trip signals of the
enabled protection stages using the output matrix. This can be
done in main menu [DO], although the VAMPSET program is
recommended for output matrix editing.

Configure the needed digital inputs in main menu [DI].

Configure blocking and interlockings for protection stages using
the block matrix. This can be done in main menu [Prot], although
VAMPSET is recommended for block matrix editing.

Some of the parameters can only be changed via the RS-232 serial
port using the VAMPSET software. Such parameters, (for example
passwords, blockings and mimic configuration) are normally set only
during commissioning.

Some of the parameters require the restarting of the relay. This
restarting is done automatically when necessary. If a parameter
change requiresrestarting, the display will show as Figure 2.15

(Pick PROTOCOL

Change will
cause autoboot

Press: CANCEL

Figure 2.15: Example of auto-reset display

Press to return to the setting view. If a parameter must be
changed, press [ o | again. The parameter can now be set. When

the parameter change is confirmed with m a [RESTART]- text
appears to the top-right corner of the display. This means that
auto-resetting is pending. If no key is pressed, the auto-reset will be
executed within few seconds.
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241 Parameter setting

1.

Move to the setting state of the desired menu (for example

CONF/CURRENT SCALING) by pushing € The Pick text
appears in the upper-left part of the display.

2. Enter the password associated with the configuration level by
pushing 0 and then using the arrow keys and [ Ok (default
value is 0002). For more information about the access levels,
please refer to Chapter 2.2.3 Fault logs.

3. Scroll through the parameters using the and B4 A
parameter can be set if the background color of the line is black.
If the parameter cannot be set the parameter is framed.

4. Select the desired parameter (for example Inom) with [ o |

5. Use the and keys to change a parameter value. If the
value contains more than one digit, use the and keys
to shift from digit to digit, and the and keys to change
the digits.

6. push & to accept a new value. If you want to leave the
parameter value unchanged, exit the edit state by pushing .

[Av«> CURRENT SCALING | [ PICK CURRENT SCALING
CT pri
> Inom 200A |["'nd "
lo> Isec 5A @ @5
lo>> lonom 100A
CBFP | losec 1.0A |e...f@N....
loinp 1.0A CONF

ENTER cT F@naw

@ CANCEL oK P

. 206
v
®

[ Edit VALUE CHANGE

Figure 2.16: Changing parameters
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2.4.2

243

38

Setting range limits

If the given parameter setting values are out-of-range values, a fault

message will be shown when the setting is confirmed with ok }
Adjust the setting to be within the allowed range.

(Edit  VALUE CHANGE

lllegal value !
Lim: 0.10 - 5.00

Press: CANCEL

. J

Figure 2.17: Example of a fault message

The allowed setting range is shown in the display in the setting mode.

To view the range, push O Push to return to the setting mode.

' ™)

Info SET I> 51
Setting for stage I>
Type: i32.dd
Range: 0.10
..5.00

ENTER : password
| CANCEL: back to menu

Figure 2.18: Allowed setting ranges show in the display

Disturbance recorder menu DR

Via the submenus of the disturbance recorder menu the following
functions and features can be read and set:

Distrubance settings

Manual trigger (ManTrg)
Status (Status)

Clear oldest record (Clear)
Clear all records (CIrAll)

Recording completion (Stored)

o ok w b=

Count of ready records (ReadyRec)
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Recorder settings

o 0ok w N

Manual trigger (MnlITrig)
Sample rate (Rate)
Recording time (Time)
Pre trig time (PreTrig)
Mximum time (MaxLen)

Count of ready records (ReadyRe)

Rec. coupling

Add a link to the recorder (AddLink)
Clear all links (ClrLnks)

Available links

DO, DI

IL

12/In, 12/11, 12, 11, loCalc

f

lo

IL3, IL2, IL1

IL1Rem, IL2Rem, IL3Rem
THDIL1, THDIL2, THDIL3
IL1RMS, IL2RMS, ILSRMS
Uo

Uline, Uphase

uU2/U1, U2, U1

UL3, UL2, UL1

U31, U23, U12

CosFii

PF, S, Q, P

Prms, Qrms, Srms

Tanfii

THDUa, THDUb, THDUCc
ILmin, ILmax, ULLmin, ULLmax, ULNmin, ULNmax
fy, fz, U12y, U12z
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244 Configuring digital inputs DI

The following functions can be read and set via the submenus of the
digital inputs menu:

1.

The status of digital inputs (DIGITAL INPUTS 1-20/24/32)

2. Operation counters (DI COUNTERS)
3. Operation delay (DELAYs for Digln)
4. The polarity of the input signal (INPUT POLARITY). Either
normally open (NO) or normally closed (NC) circuit.
5. Event enabling EVENT MASK1
24.5 Configuring digital outputs DO

The following functions can be read and set via the submenus of the
digital outputs menu:

The status of the output relays (RELAY OUTPUTS 1, 2, 3 and
4)

The forcing of the output relays (RELAY OUTPUTS 1, 2, 3 and
4) (only if Force = ON):

- Forced control (0 or 1) of the Trip relays
- Forced control (0 or 1) of the Alarm relays
- Forced control (0 or 1) of the SF relay

The configuration of the output signals to the output relays. The
configuration of the operation indicators (LED) Alarm and Trip
and application specific alarm leds A, B and C (that is, the output
relay matrix).

NOTE: The amount of Trip and Alarm relays depends on the relay type and
optional hardware.

40
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2.4.6 Protection menu Prot

The following functions can be read and set via the submenus of the
Prot menu:

1. Reset all the counters (PROTECTION SET/CIAII)
2. Read the status of all the protection functions (PROTECT

STATUS 1 —x)
3. Enable and disable protection functions (ENABLED STAGES 1
— X)

4. Define the interlockings using block matrix (only with VAMPSET)

Each stage of the protection functions can be disabled or enabled
individually in the Prot menu. When a stage is enabled, it will be in
operation immediately without a need to reset the relay.

The relay includes several protection functions. However, the
processor capacity limits the number of protection functions that can
be active at the same time.

24.7 Configuration menu CONF

The following functions and features can be read and set via the
submenus of the configuration menu:

Device setup

» Bit rate for the command line interface in ports X4 and the front
panel. The front panel is always using this setting. If SPABUS is
selected for the rear panel local port X4, the bit rate is according
SPABUS settings.

* Access level [Acc]
* PC access level [PCAcc]

Language

+ List of available languages in the relay

Current scaling

* Rated phase CT primary current (Inom)
+ Rated phase CT secondary current (Isec)

+ Rated input of the relay [linput]. 5 A or 1 A. This is specified in
the order code of the device.

* Rated input of the relay [linput]. 5 A or 1 A. This is specified in
the order code of the device.

+ Rated value of |y CT primary current (lonom)
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* Rated value of |; CT secondary current (losec)

* Rated |y input of the relay [loinp]. 5 A, 1 Aor 0.2 A. This is
specified in the order code of the device.

The rated input values are usually equal to the rated secondary value
of the CT.

The rated CT secondary may be greater than the rated input but the
continuous current must be less than four times the rated input. In
compensated, high impedance earthed and isolated networks using
cable transformer to measure residual current |, it is quite usual to
use a relay with 1 A or 0.2 A input although the CT is 5 A or 1A. This
increases the measurement accuracy.

The rated CT secondary may also be less than the rated input but
the measurement accuracy near zero current will decrease.
Voltage scaling

* Rated VT primary voltage (Uprim)

+ Rated VT secondary voltage (Usec)

+ Rated U, VT secondary voltage (Uosec)

* Voltage measuring mode (Umode)

Motor setting

* Rated current of the motor (Imot).

Units for mimic display

* Unit for voltages (V). The choices are V (volt) or kV (kilovolt).

» Scaling for active, reactive and apparent power [Power]. The
choices are k for kW, kvar and kVA or M for MW, Mvar and MVA.

Device info

* Relay type (Type VAMP 259)
» Serial number (SerN)

+ Software version (PrgVer)

* Bootcode version (BootVer)

Date/time setup
+ Day, month and year (Date)
+ Time of day (Time)

» Date format (Style). The choices are "yyyy-mm-dd", "dd.nn.yyyy"
and "mm/dd/yyyy".
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Clock synchronisation

» Digital input for minute sync pulse (SyncDI). If any digital input
is not used for synchronization, select "-".

» Daylight saving time for NTP synchronization (DST).

» Detected source of synchronization (SyScr).

+ Synchronization message counter (MsgCnt).

+ Latest synchronization deviation (Dev).

The following parameters are visible only when the access level is
higher than "User".

+ Offset, i.e. constant error, of the synchronization source (SyOS).
* Auto adjust interval (AAintv).
* Average drift direction (AvDrft): "Lead" or "lag".

* Average synchronization deviation (FilDev).

SW options
* Application mode, fixed Feeder (ApplMod)

» External led module installed (Ledmodule)

* Mimic display selection (MIMIC)

2.4.8 Protocol menu Bus

There are three optional communication ports in the rear panel. The
availability depends on the communication options (see Chapter 14
Order information).

In addition there is a connector in the front panel overruling the local
port in the rear panel.

Remote port

+  Communication protocol for remote port X5 [Protocol].

* Message counter [Msg#]. This can be used to verify that the
device is receiving messages.

+  Communication error counter [Errors].
*  Communication time-out error counter [Tout].

+ Information of bit rate/data bits/parity/stop bits. This value is not
directly editable. Editing is done in the appropriate protocol setting
menus.

The counters are useful when testing the communication.
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Local port X4

This port is disabled, if a cable is connected to the front panel
connector.

Communication protocol for the local port X4 [Protocol]. For
VAMPSET use "None" or "SPABUS".

Message counter [Msg#]. This can be used to verify that the
device is receiving messages.

Communication error counter [Errors].
Communication time-out error counter [Tout].

Information of bit rate/data bits/parity/stop bits. This value is not
directly editable. Editing is done in the appropriate protocol setting
menus. For VAMPSET and protocol "None" the setting is done
in menu CONF/DEVICE SETUP.

The counters are useful when testing the communication.

PC (Local/SPA-bus)

This is a second menu for local port X4. The VAMPSET
communication status is showed.

Bytes/size of the transmitter buffer [Tx].

Message counter [Msg#]. This can be used to verify that the
device is receiving messages.

Communication error counter [Errors]
Communication time-out error counter [Tout].

Same information as in the previous menu.

Extension port

44

Communication protocol for extension port X4 [Protocol].

Message counter [Msg#]. This can be used to verify that the
device is receiving messages.

Communication error counter [Errors].
Communication time-out error counter [Tout].

Information of bit rate/data bits/parity/stop bits. This value is not
directly editable. Editing is done in the appropriate protocol setting
menus.
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Ethernet port

These parameters are used by the ethernet interface module. For
changing the nnn.nnn.nnn.nnn style parameter values, VAMPSET
is recommended.

Ethernet port protocol [Protoc].

IP Port for protocol [Port]

IP address [IpAddr].

Net mask [NetMsk].

Gateway [Gatew].

Name server [NameSw].

Network time protocol (NTP) server [NTPSvr].
TCP Keep alive interval [KeepAlive]
MAC address [MAC]

IP Port for VAMPSET [VS Port]
Message counter [Msg#]

Error counter [Errors]

Timeout counter [Tout]

Modbus

Modbus address for this slave device [Addr]. This address has
to be unique within the system.

Modbus bit rate [bit/s]. Default is "9600".
Parity [Parity]. Default is "Even".

For details, see Chapter 9.2.2 Modbus TCP and Modbus RTU.

External I/O protocol

This is a Modbus master protocol to communicate with the extension
I/O modules connected to the extension port. Only one instance of
this protocol is possible.

Bit rate [bit/s]. Default is "9600".
Parity [Parity]. Default is "Even".

For details, see Chapter 9.2.8 External I/O (Modbus RTU master).
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SPA-bus

Several instances of this protocol are possible.

» SPA-bus address for this device [Addr]. This address has to be
unique within the system.

» Bit rate [bit/s]. Default is "9600".

+ Event numbering style [Emode]. Default is "Channel".

For details, see Chapter 9.2.4 SPA-bus.

IEC 60870-5-103

Only one instance of this protocol is possible.

» Address for this device [Addr]. This address has to be unique
within the system.

« Bit rate [bit/s]. Default is "9600".
*  Minimum measurement response interval [MeaslInt].
* ASDUG response time mode [SyncRe].

For details, see Chapter 9.2.5 IEC 60870-5-103.

IEC 103 Disturbance recordings

For details, see Table 9.12.

Profibus

Only one instance of this protocol is possible.
*  [Mode]

» Bit rate [bit/s]. Use 2400 bps. This parameter is the bit rate
between the main CPU and the Profibus ASIC. The actual
Profibus bit rate is automatically set by the Profibus master and
can be up to 12 Mbit/s.

* Event numbering style [Emode].
» Size of the Profibus Tx buffer [InBuf].

+ Size of the Profibus Rx buffer [OutBuf].
When configuring the Profibus master system, the length of these
buffers are needed. The size of the both buffers is set indirectly
when configuring the data items for Profibus.

* Address for this slave device [Addr]. This address has to be
unique within the system.

6“6

* Profibus converter type [Conv]. If the shown type is a dash “-°,
either Profibus protocol has not been selected or the device has
not restarted after protocol change or there is a communication
problem between the main CPU and the Profibus ASIC.

For details, see Chapter 9.2.3 Profibus DP.
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DNP3

Only one instance of this protocol is possible.
» Bit rate [bit/s]. Default is "9600".

« [Parity].

* Address for this device [SIVAddr]. This address has to be unique
within the system.

* Master's address [MstrAddr].
For details, see Chapter 9.2.6 DNP 3.0.

IEC 60870-5-101

» Bit rate [bit/s]. Default is “9600”.

+ [Parity].

» Link layer address for this device [LLAddTr].
* ASDU address [ALAddr].

For details, see Chapter 9.2.7 IEC 60870-5-101.

DeviceNet

» Bit rate [bit/s]. Default is “125kbps”.
» Slave address [SIVAddr]

For details, see Chapter 9.2.12 DeviceNet.

249 Single line diagram editing

The single-line diagram is drawn with the VAMPSET software. For
more information, please refer to the VAMPSET manual
(VVAMPSET/EN M/xxxx).

T Bay E

0A
0.000A

okw

OKvar

| N

Figure 2.19: Single line diagram
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2410 Blocking and Interlocking configuration

The configuration of the blockings and interlockings is done with the
VAMPSET software. Any start or trip signal can be used for blocking
the operation of any protection stage. Furthermore, the interlocking
between objects can be configured in the same blocking matrix of
the VAMPSET software. For more information, please refer to the
VAMPSET manual (VVAMPSET/EN M/xxxx).
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VAMPSET PC software

The PC user interface can be used for:
+  On-site parameterization of the relay
* Loading relay software from a computer

+ Reading measured values, registered values and events to a
computer

* Continuous monitoring of all values and events

Two RS 232 serial ports are available for connecting a local PC with
VAMPSET to the relay; one on the front panel and one on the rear
panel of the relay. These two serial ports are connected in parallel.
However, if the connection cables are connected to both ports, only
the port on the front panel will be active. To connect a PC to a serial
port, use a connection cable of type VX 003-3.

The VAMPSET program can also use TCP/IP LAN connection.
Optional hardware is required.

There is a free of charge PC program called VAMPSET available
for configuration and setting of VAMP relays. Please download the
latest VAMPSET.exe from our web page. For more information about
the VAMPSET software, please refer to the user’s manual with the
code VVAMPSET/EN M/xxxx. Also the VAMPSET user’s manual is
available at our web site.

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 3.1.
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Figure 3.1: Enable folder view setting in Program Settings dialog

It is 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 3.2. Currently selected folder appears in bold.

| measurements | mPutsauTPuTs | PROTECTION

| watx | LOGS

| communication |

Figure 3.2: Folder view buttons
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4 Introduction

The numerical line protection device includes as main protection full
scheme distance and line differential protection functions backed up
with several standard protection functions needed in protection
schemes of medium voltage and sub-transmission overhead lines
and cables in utilities, industry, power plants and offshore
applications.

—_ Remote confrol

|
5

400kV/200kV
transmission
network

400/110kV
Power transformer
station

l' Remote control
- interface
PR
IEC 61850
O data, local and remote ends
| |
L
I (— -
Do . Al 3
Linedifferentia
Distance
v Pilot commands

110kV Cable
Linedifferential
Pilot commands

Distance

S
1z

of

110k/20kV 110k/20kV Wind Power
substation substation Park

Figure 4.1: Applications of the line protection deice

V259/en M/AO10 51



4.1 Main features

4 Introduction

4.1

52

Main features

» Fully digital signal handling with a powerful 16-bit microprocessor,
and high measuring accuracy on all the setting ranges due to an
accurate 16-bit A/D conversion technique.

+ Wide setting ranges for the protection functions, e.g. the earth
fault protection can reach a sensitivity of 0.5%.

* Integrated fault location for short-circuit faults.

» The device can be matched to the requirements of the application
by disabling the functions that are not needed.

* Flexible control and blocking possibilities due to digital signal
control inputs (DI) and outputs (DO).

+ Easy adaptability of the device to various substations and alarm
systems due to flexible signal-grouping matrix in the device.

» Possibility to control six objects (e.g. circuit-breakers,
disconnectors).

+ Status of eight objects (e.g. circuit-breakers, disconnectors,
switches).

* Freely configurable display with six measurement values.

* Freely configurable interlocking schemes with basic logic
functions.

* Recording of events and fault values into an event register from
which the data can be read via a keypad and a local HMI or by
means of a PC based VAMPSET user interface.

+ Latest events and indications are in non-volatile memory.

» Easy configuration, parameterisation and reading of information
via local HMI, or with a VAMPSET user interface.

+ Easy connection to power plant automation system due to a
versatile serial connection and several available communication
protocols.

» Built-in, self-regulating ac/dc converter for auxiliary power supply
from any source within the range from 40 to 265 Vdc or Vac. The
alternative power supply is for 18 to 36 Vdc.

» Built-in disturbance recorder for evaluating all the analogue and
digital signals.

» Eight (8) programmable stages for alarming or protection
purposes
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Principles of numerical protection
techniques

The device is fully designed using numerical technology. This means
that all the signal filtering, protection and control functions are
implemented through digital processing.

The numerical technique used in the device is primarily based on
an adapted Fast Fourier Transformation (FFT). In FFT the number
of calculations (multiplications and additions), which are required to
filter out the measuring quantities, remains reasonable.

By using synchronized sampling of the measured signal (voltage or
current) and a sample rate according to the 2n series, the FFT
technique leads to a solution, which can be realized with just a 16
bit micro controller, without using a separate DSP (Digital Signal
Processor).

The synchronized sampling means an even number of 2" samples
per period (e.g. 32 samples per a period). This means that the
frequency must be measured and the number of the samples per
period must be controlled accordingly so that the number of the
samples per period remains constant if the frequency changes.

Therefore secondary testing of a brand new device should be started
with voltage protection functions and voltage injection to let the relay
learn the local frequency. However, if this is not possible then the
frequency must be parameterised to the device.

Apart from the FFT calculations, some protection functions also
require the symmetrical components to be calculated for obtaining
the positive, negative and zero phase sequence components of the
measured quantity. For example, the function of the unbalanced load
protection stage is based on the use of the negative phase sequence
component of the current.

Figure 4.2 shows a principle block diagram of a numerical device.
The main components are the energizing inputs, digital input
elements, output relays, A/D converters and the micro controller
including memory circuits. Further, a device contains a power supply
unit and a human-machine interface (HMI).

Figure 4.3 shows the heart of the numerical technology. That is the
main block diagram for calculated functions.

Figure 4.4 shows a principle diagram of a single-phase overvoltage
function.
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Figure 4.2: Principle block diagram of the VAMP hardware
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Protection functions

Each protection stage can independently be enabled or disabled
according to the requirements of the intended application.

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.

For more information, please see the configuration instructions in
Chapter 2.4 Configuration and parameter setting.

General features of protection stages

Setting groups

Most stages have two setting groups. Changing between setting
groups can be controlled manually or using any of the digital inputs,
virtual inputs, virtual outputs or LED indicator signals. By using virtual
I/0O the active setting group can be controlled using the local panel
display, any communication protocol or using the inbuilt
programmable logic functions.

Forcing start or trip condition for testing

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

. Ok = &
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.
The blocking reason may be an active signal via the block matrix
from other stages, the programmable logic or any digital input. Some

stages also have inbuilt blocking logic. For more details about block
matrix, see Chapter 8.5 Blocking matrix.
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Forcing start or trip condition for testing purposes

There is a "Force flag" parameter which, when activated, allows
forcing the status of any protection stage to be "start" or "trip" for a
half second. By using this forcing feature any current or voltage
injection to the device is not necessary to check the output matrix
configuration, to check the wiring from the output relays to the circuit
breaker and also to check that communication protocols are correctly
transferring event information to a SCADA system.

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

The force flag also enables forcing of the output relays and forcing
the optional mA outputs.

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 8 @ a o

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.
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 8.4 Output matrix.

Blocking

Any protection function, except arc protection, can be blocked with
internal and external signals using the block matrix (Chapter 8.5
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.

Some protection stages have also inbuilt blocking functions. For
example under-frequency protection has inbuilt under-voltage
blocking to avoid tripping when the voltage is off.
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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 operation time delay. This
parameter is important when grading the operation time delay settings
between relays.

NN ANNNN
\/ \VAAVRVAVAV/

trer < 50 m

\DELAY SETTING > tpuir + tusr
1

r
TRIP CONTACTS Lo Tt

Figure 5.1: 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 operation time difference is
not big enough. The difference must be more than the retardation
time of the incoming feeder relay plus the operating time of the
outgoing feeder circuit breaker.

Figure 5.1 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 5.2 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
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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 12.3
Protection functions. For most stages it is less than 95 ms.

AN
V
tSET
t
CB t
RESET
TRIP CONTACTS r 1

Figure 5.2: 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.

hysteresis

PICK UP LEVEL

>PICK UP

Figure 5.3: Behaviour of a greater than comparator. For example in overvoltage
stages the hysteresis (dead band) acts according this figure.

! hysteresis

PICK UP LEVEL

<PICK UP

Figure 5.4: Behaviour of a less than comparator. For example in under-voltage
and under frequency stages the hysteresis (dead band) acts according this figure.
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5.3 Distance protection Z<

5.3.1 Short circuit distance Z< (21)

The distance protection function calculates the impedance Z = U/I
of the short circuit fault loops.

If impedance is inside the tripping zone (normally presented in R-X
plane), the distance function operates. In short circuit faults there
are 3 possible fault loops. The VAMP distance protection function
calculates the impedances of the fault loops continuously and thus
separate pick-up conditions are not needed.

X

A

>
Tripping R
one

olygonal characteristics

Tripping zone

Figure 5.5: An example of tripping zone. Gray area is the tripping zone, polygonal

characteristics.
Short circuit fault loops
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Figure 5.6: Short circuit fault loops and formulas to calculate the fault impedances.

V259/en M/AO10 59



5.3 Distance protection Z<

5 Protection functions

Zones and characteristics

There are 5 zones (Z1, Z2, Z3, Z4 and Z5) for short circuit protection.
These are implemented as protection stages Z1<, Z2<, Z3<, Z4<
and Z5<. Z1 extension can be implemented by applying second
setting group to cover the extension zone in auto-reclosing.

The distance protection’s zones implement a polygonal characteristic
as shown in Figure 5.7.

LN
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Z5

Z4

|/

Z1

» R

Z3

\
/

/
g
\

1: X setting point

2: R setting point

I: Load area in reverse direction

3: LoadR

Il: Load area in forward direction

Figure 5.7: The distance protection polygonal characteristics. In this example zone
3 is in reverse direction and zone 5 is non-directional.

Parameter Value Unit Default Description

X 0.05 -250.00 ohm 0.80 X-setting

R 0.05 - 250.00 ohm 0.80 R-setting

MODE Reverse/Forward/ Undirectional Forward Direction mode
t< 0.04 — 300.00 S Operation delay
LOAD BLOCK No/Yes Yes Load block in use
Common parameters for all zones

LoadAngle 10-40 ° 40 Load angle B
LoadR 0.05 —-250.00 ohm 1.00 Load resistance
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X-, R- and Load resistance settings are secondary impedances.
Primary values of settings are displayed in VAMPSET and display.
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5.3.2

V259/en M/A010

Voltage memory

A 0.5 second cyclic buffer storing the phase-to-earth voltages is used
as voltage memory. The stored phase angle information is used as
direction reference if all the phase voltages drop below 1% during a
fault.

Teleprotection signals

Signalling between two distance protection relays (teleprotection)
can be implemented using the normal DI and DO signals of the relay.
An external signal transfer system is needed to transfer signals from
one relay to another. The signal transfer system has to have internal
signal supervision and fault indication.

The DO output signals can be activated by protection zone’s start
or trip signals or by the programmable logic functions.

The DI input can be used to block protection zone(s) or it can be
used as input into the programmable logic of the device. Different
type of permissive tripping conditions such as, permissive under
reach (PUTT), permissive over reach (POTT), acceleration or
blocking conditions can thus be implemented. The relay’s object
control can be used to trip the breaker via the “DI for remote open
ctr” or “DI for local open ctr” input of the object. Outputs of the relay
programmable logic can be connected to “DI for remote open crt” or
“DI for local open ctr” inputs via the internal “Virtual output” signals.

Earth-fault distance Ze< (21N)

The earth-fault distance protection function calculates the impedance

U
7 =
 (I+k,x3x1,)

of the earth-fault fault loops.
Ko = (ZoL - Z11) / (3 X Z41)

Zy_ = Zero sequence line impedance

Z,_ = Positive sequence line impedance

If impedance is inside the tripping zone (normally presented in R-X
plane) and set |y current is exceeded, the distance function operates.
In earth-fault faults there are 3 possible fault loops. The VAMP
distance protection function calculates the impedances of the fault
loops continuously and thus separate pick-up conditions are not
needed.
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Figure 5.8: An example of tripping zone. Grey area is the tripping zone, polygonal

characteristics.
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Figure 5.9: Earth-fault fault loops.

Zones and characteristics

There are 5 zones (Z1e, Z2e, Z3e, Z4e and Z5¢) for earth-fault
protection. These are implemented as protection stages Z1e<, Z2e<,
Z3e<, Z4e< and Z5e<. Z1e extension can be implemented by
applying second setting group to cover the extension zone in
auto-reclosing.

The distance protection’s zones implement a polygonal characteristics
as shown in Figure 5.10.
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x
Z5e
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1: X setting point

I: Load area in reverse direction

2: R setting point

3: LoadR

Il: Load area in forward direction

Figure 5.10: The distance protection polygonal characteristics. In this example
zone 3 is in reverse direction and zone 5 is non-directional.

Table 5.1: Parameters of the distance protection stage (21N)

Parameter Value Unit Default Description

X 0.05 - 250.00 ohm 0.80 X-setting

R 0.05 - 250.00 ohm 0.80 R-setting

MODE Reverse/Forward/ Undirectional Forward Direction mode

t< 0.04 — 300.00 s Operation delay

LOAD BLOCK | No/Yes Yes Load block in use

lo min input lo; loCalc - lo lo input in use for minimum |y cur-

rent

lo min 0.005 - 8.000 pu 0.050 Minimum lo current for trip
(20.000 for loCalc)

Common parameters for all zones

LoadAngle 10-40 ° 40 Load angle B

LoadR 0.05 -250.00 ohm 1.00 Load resistance

Common parameters for all earth fault zones

ko 0.00-10.00 0.00 Earth factor

¢ (ko) -60 — 60 ° 10 Earth factor angle

V259/en M/A010

X-, R- and Load resistance settings are secondary impedances.
Primary values of settings are displayed in VAMPSET and display.
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Teleprotection signals

Signalling between two distance protection relays (teleprotection)
can be implemented using the normal DI and DO signals of the relay.
An external signal transfer system is needed to transfer signals from
one relay to another. The signal transfer system has to have an
internal signal supervision and fault indication.

The DO output signals can be activated by protection zone’s start
or trip signals or by the programmable logic functions.

The DI input can be used to block protection zone(s) or it can be
used as input into the programmable logic of the device. Different
type of permissive tripping conditions such as, permissive under
reach (PUTT), permissive over reach (POTT), acceleration or
blocking conditions can thus be implemented. The relay’s object
control can be used to trip the breaker via the “DI for remote open
ctr” or “DI for local open ctr” input of the object. Outputs of the relay
programmable logic can be connected to “DI for remote open crt” or
“Dl for local open ctr” inputs via the internal “Virtual output” signals.

5.3.3 Double earth fault (21DEF)

VAMP 259 is equipped with DEF (Cross country fault) functionality
which operates together with distance protection (21). DEF is planned
to operate in compensated and isolated meshed network. The single
phase to earth -fault in this case does not correspond to a short-circuit
cause only a small capacitive or compensated earth-current flows.
In mentioned network types system can be operated with the fixed
earth-fault for several hours, until the earth fault is located and
removed by the isolation of the faulted feeder. The distance protection
must not operate during such single-phase earth fault. This can be
ensured by using DEF —algorithm.

When small impedance earth fault occur the voltage of the faulty
phase will drop and the voltage of the two other phases will increase
almost to the amplitude of line to line voltage. Due the raise of
phase-earth voltage, on the healthy phases in the entire system,
double earth faults may result. The result is similar to two phase
short-circuit, however, the short circuit is here from one earth fault
location to the other via earth. The second fault may be at any other
position in the galvanic connected system, depending on where the
weakest point in the insulation is.

The protection strategy usually applied for double-earth faults is
aimed at isolating one of the fault locations with the expectation that
the second fault location will then extinguish on its own, similar to a
single-phase earth-fault, or will be tripped by a hand after successful
earth fault searching.
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DISTANCE COMMON SETTINGS

DISTANCE COMMON SETTINGS

Line angle 90 a
Load setting R 6.00 ohm
LoadAngle 3 a
Primary scaled load resistance 408 ohm
Earth factor 0.00

Earth factor angle 10 &

EARTH FAULT PHASE PRIORITIZATION

EARTH FAULT PHASE PRIORITIZATION

Phase priority A2 % w4

Phase undervoltage limit E 90 Salln
Phase overvoltage limit F
Re=idual overvoltage limit 30 %
Re=idual overcurrent limit 0.500 pu
Comparizon conditions Uo

DEF —algorithm is enabled together with distance protection Z1e<.
Enabling is done by selecting network grounding as “Comp”
compensated. When DEF -function is enabled earth fault loop Z1e<
is blocked during faults as long as DEF -sequence is fulfilled.

During first earth-fault the fault is recognized due to several terms.
One of the phase voltages has to drop below “Phase under-voltage
limit”. Two of the phase voltages need to increase above “Phase
over-voltage limit”. Now the relay memorises that in which phase the
first earth-fault in the network appeared. In case impedance
measurement goes inside the zone Z1e< during voltage drop caused
by the first earth-fault the trip will be blocked.

When earth fault turns into double earth fault the fault is recognized
as follows. Second faulty phase has to decrease 10% below the
healthy phase. Healthy phase still has to stay above the “Phase
over-voltage limit”. Also certain amount of zero sequence voltage
(Up) is required in the final phase. Additionally if comparison condition
is selected as Uy_I also residual current has to exceed the set limit.
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Fault L1-G inside zone Z1e<

Station

FAULT 1 o

PHAS] i
VOLTAGES |

!

Fault is noticed since one of the voltages in the network area is
dropped below the set “Phase under-voltage limit” limit and two other
voltages are increasing above the set “Phase over-voltage limit” limit.
This phase has to last least 100ms.

X
7\ STATION

When second fault appears another voltage has to drop at least 10%
below the healthy phase”. Also set amount of zero sequence voltage
has to be exceeded (same applies to residual current if triggering
condition Uy_l; is selected).

Selected relay sees the fault 1 (L1-G) inside the zone Z1e<. If phase
priority is selected as “1-> 2-> 3” this relay would trip and the same
would do to the relay opposite the protected line.
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Fault L2-G inside zone Z1e<

FAULT 1 R . - FAULT2

1/

PHAS] y
VOLTAGES \“‘

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

LEAST 100ms

Fault is noticed since one of the voltages in the network area is
dropped below the set “Phase under-voltage limit” limit and two other
voltages are increasing above the set “Phase over-voltage limit” limit.
This phase has to last least 100ms.

X
7\ STATION

L2-G

When second fault appears another voltage has to drop at least 10%
below the healthy phase”. Also set amount of zero sequence voltage
has to be exceeded (same applies to residual current if triggering
condition Uy_l; is selected).

Selected relay sees the fault 2 (L2-G) inside the zone Z1e<. If phase
priority is selected as “1-> 2-> 3” this relay would NOT trip because
fault L2-G inside the zone does not have the highest priority at the
moment when the double earth-fault occurs.
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No fault inside the protected zone Z1e<

Station

FAULT2

Fault is noticed since one of the voltages in the network area is
dropped below the set “Phase under-voltage limit” limit and two other
voltages are increasing above the set “Phase over-voltage limit” limit.
This phase has to last least 100ms.

X
7\ STATION

When second fault appears another voltage has to drop at least 10%
below the healthy phase”. Also set amount of zero sequence voltage
has to be exceeded (same applies to residual current if triggering
condition Uy_l; is selected).

Selected relay does not see any fault inside the zone Z1e<. There
is no reason to trip.
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Fault too far away from the protected zone Z1e<

nnnnnn

FAULT 1 FAULT2
R Y ave e A0 )

LEAST 100ms

Fault is noticed since one of the voltages in the network area is
dropped below the set “Phase under-voltage limit” limit and two other
voltages are increasing above the set “Phase over-voltage limit” limit.
This phase has to last least 100ms.

When second fault appears another voltage has to drop at least 10%
below the healthy phase”. Also set amount of zero sequence voltage
has to be exceeded (same applies to residual current if triggering
condition Uy_l; is selected).

Selected relay sees the fault but outside the zone Z1e< so there is
no reason to trip.
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NOTE:

Problem situations

Sometimes in certain type of network when fault 1 and 2 both appear
in very short distance from the incomer the short circuit distance Z1>
protection might disconnect the whole ring. Same would happen
even if the DEF —algorithm is not used since short circuit distance
protection happens to see the fault inside the zone.

Station Station Station.

(zj) -/ Station (Zj)

Figure 5.11: Two earth faults very close to the incomer. SC distance protection
Z1> operated.

FAULT 1
FAULT 2
L2-G

( Q) Station

Figure 5.12: Two earth faults very close to the incomers at different ends of “same”
line. Both lines will be separated from the network due the activation of SC-distance
stage.

Simple over-current and earth-fault protection is preferred to have
as a back-up for “DEF algorithm”.

The behavior of power swing blocking and out of step tripping
functions

Power swing is using the setting value “Power swing setting dZ”.
Power swing function is enabled when the “Enable for power swing”
is active. Depending of the setting “dZ” there is a certain sized area
outside the biggest used distance zone. If the dZ is set to 1.0 Q the
“swing area” starts one ohm away from the edge of the biggest zone.
The idea of this area is to notice the power swing before it reaches
the zone to have enough time to activate the internal blocking. Power
swing blocking is used to block desired distance zones by connecting
the “power swing” line to the distance zones at the block matrix (see
Figure 5.13).

Power swing blocking is active when the speed of the swing is less
than the set value for example 1.0 Q / 40 ms (40 ms is fixed value).
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NOTE:

NOTE:

If the speed of the swing exceeds the 1.0 Q /40 ms limit there won’t
be block and the distance stage trips normally.

Out of step activates at the edge of the power swing area, NOT at
the edge of the distance zone. Out of step function can be connected
to a tripping signal at the output matrix.

1. Power swing may reach the zone from any direction but only as
long as it leaves the zone at the first quadrant it will remain as a
power swing. In case that the swing stops in the middle of zone
and none of the terms of fault are active the block will remain
until the zone is left or fault occurs.

2. Situation starts as a power swing but the swing comes out from
the second quadrant. Therefore out of step is activated. When
out of step is activated the activation lasts for 0.5 seconds.

3. Fault during the power swing.

Basically power swing function is always undirectional. This
means quadrants | and Ill are working similar way regardless
the direction mode of distance stage (passing quadrant Il with
certain speed always activates power swing block). This makes
the power swing to function when using reverse or undirectional
mode.

The conditions for the power swing blocking to be activated require
in addition of the previously mentioned rate of change of impedance
(dZ/dt) condition that sequences unbalance (l,/1,) is less than 25%
and calculated residual current (lycgc) is less than 10%. These
mentioned parameters l,/1; and lyc,4c are fixed in the relay and can
not be set by users.

BLOCK MATRIX
Z1<  Zle< Z3<  Z4<  Z5<

&

8 £

Power swing &

Ot of step &

Figure 5.13: How to use power swing blocking with certain zones.
Low current blocking can be used to avoid Distance Protection
nuisance tripping in case of low voltage.

Low current blocking is active when Short Circuit current is lower
than the set value.

LOW CURRENT BLOCK
Enable for low current block |7
Minimum SiC current 0,10 xin
Minimum SiC current 100 A
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5.34 Distance protection applications

The behavior of distance zones

SIC DISTANCE STAGE Z1< 21
Set group DI control
R Group 1
Group 1
Direction mode Forward
) Load block in use Yes
(1 R || Xsetting 7.00 ohm
R setting 10.00 ohm
DISTANCE COMMON SETTINGS
f DISTANCE COMMON SETTINGS
Line angle 90 o
Load setting R T.00 ohm
LoadAngle 10 o
* Characteristic type 1
In the characteristic type 1 the line angle is set to 90 degrees.
The resistive setting R is set above the reactive setting X.
Therefore the resistive reach does not reach as far on the second
quadrant as on the first quadrant. The load setting R and the
angle setting of load block can be found from “distance common
settings” menu. These values are being used only if the “Load
block in use” is selected as “Yes”. The tolerance of inaccuracy
is now taken from the R setting. This is because the R value is
greater than the X value. If the allowed inaccuracy is for example
5 % and R setting is 10 Q the allowed tolerance would be 0.5 Q.
X SIC DISTANCE STAGE Z1< 21
L Set group Dl control
R Group 1
Group 1
Direction mode Forward
Load block in use Yes
X setting 10.00 ohm
a I// ) R setting 7.00 ohm
o " DISTANCE COMMON SETTINGS
{ DISTANCE COMMON SETTINGS
Line angle 90 o
Load setting R 4.00 ohm
LoadAngle 10 o
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Characteristic type 2

In the characteristic type 2 the line angle is set to 90 degrees.
The reactive setting X is set above the resistive setting R. The
resistive reach is equal at the both sides of the line setting. The
load setting R and the angle setting of load block can be found
from “distance common settings” menu. These values are being

used only if the “Load block in use” is selected as “Yes”. The

tolerance of inaccuracy is now taken from the X setting. This is
because the X value is greater than the R value. If the allowed
inaccuracy is for example 5 % and X setting is 10 Q the allowed

tolerance would be 0.5 Q.

SIC DISTANCE STAGE Z1< 21

Set group DI control
Group 1

Direction mode Forward

Load block in use Yes

X setting 10.00

ohm

R setting T1.00

ohm

DISTANCE COMMON SETTINGS

V259/en M/A010

DISTANCE COMMON SETTINGS

Line angle 15
Load setting R 4.00
LoadAngle 10
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+ Characteristic type 3

In the characteristic type 3 the line angle is set to 75 degrees.
The reactive setting X is set above the resistive setting R. The
resistive reach is equal at the both sides of the line setting. The
load setting R and the angle setting of load block can be found
from “distance common settings” menu. These values are being
used only if the “Load block in use” is selected as “Yes”. The
tolerance of inaccuracy is now taken from the X setting. This is
because the X value is greater than the R value. If the allowed
inaccuracy is for example 5 % and X setting is 10 Q the allowed
tolerance would be 0.5 Q.

¢ SIC DISTANCE STAGE Z1< 21

Set group DM control

Group 1
Direction mode Forward

Load block in use Yes

X setting 4000 ohm
R setting 7.00 ohm

DISTANCE COMMON SETTINGS

DISTANCE COMMON SETTINGS

Line angle 15 o
R Load setting R 400 ohm
LoadAngle 10 o
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Characteristic type 4

In the characteristic type 4 the line angle is set to 75 degrees.
The reactive setting X is set significantly above the resistive
setting R. The resistive reach is equal at the both sides of the
line setting until the resistive reach of quadrant Il hits the line X.
The load setting R and the angle setting of load block can be
found from “distance common settings” menu. These values are
being used only if the “Load block in use” is selected as “Yes”.
The tolerance of inaccuracy is now taken from the X setting. This
is because the X value is greater than the R value. If the allowed
inaccuracy is for example 5 % and X setting is 40 Q the allowed
tolerance would be 2.0 Q. Notice that with these settings the load
block area is fully covered with the tolerance so all settings are
not reasonable.

POWER SWING
- 1
‘E Enable for power swing Ff_
i Power swing setting dZ 1.00 ohm
1_ Power swing status
X

®)

V' N

dz

v

A. Out of step B. Block C. Trip

1. Power swing may reach the zone from any direction but only as long as it leaves
the zone at the first quadrant it will remain as a power swing. In case that the swing
stops in the middle of zone and none of the terms of fault are active the block will
remain until the zone is left or fault occurs.

2. Situation starts as a power swing but the swing comes out from the second
quadrant. Therefore out of step is activated. When out of step is activated the activ-
ation lasts for 0.5 seconds.

3. Fault during the power swing.

4. Basically power swing function is always undirectional. This means quadrants |
and Il are working similar way regardless the direction mode of distance stage
(passing quadrant Il with certain speed always activates power swing block). This
makes the power swing to function when using reverse or undirectional mode.
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Line differential protection LdI> (87L)

VAMP 259 is a differential protection device mainly designed for
sub-transmission overhead lines, medium voltage cables and
transformers. Two line ends may lie within the protection zone.

Phase segregated protection is based on current (vector) differential.
Combination of both phase and magnitude differential is used to
determine operation. The differential element takes a sampled version
of the instantaneous current waveform as its local input and compares
it with a corresponding current from the remote end. The signal is
converted to magnitude and angle information for comparison. The
threshold characteristics is biased for CT saturation as presented in
Figure 5.14

Eu:::;.:e E
Trip region
Slope

dI= pick-up
Basic satting

-
L

Start of slope (Basic limit) Phasc current amplitade

Figure 5.14: Tripping threshold characteristics

Bias current calculation is only used in protection stage LdI>. Bias
current describes the average current flow in transformer. Bias and
differential currents are calculated individually for each phase.

Equation 5.1: Bias current Equation 5.2: Differential current
‘]RELAYI + ‘IRELAYZ I,= ‘]RELAYI — [RELAY?
SCALING 1 SCALING 2
CT settings CT settings
Nominal primary 1000 A Hominal primary 300 A
CT primary 1000 A CT primary 1000 A
CT secondary 5 A CT secondary 1 A
Nominal input 5 A Hominal input 5 A
Nominal primary (remote END) 300 A Nominal primary (remote END) 1000 A

Figure 5.15: Example settings
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Example 1:Normal situation from relay 1 point of view
Relay1: measured phase current I 1=1000A/0°.
Relay2: measured phase current I 1=300A/-180°.

CT scaling of relay1 is 1000A / 5A and nominal current is 1000A.
CT scaling of relay2 is 1000A / 1A and the nominal current is 300A.
Relay2 sends primary current measurement information to relay1
and relay1 swaps the angle of received current by 180 degrees
(relay2 phase current I 1=300A/-180° -> 300A/0°).

In BIAS-calculation the measured current amplitude is divided by
the nominal primary current of both ends (might be different like
now).

Relay1: Iprimary MEASURED / INominaL = T000A / 1000A = 1

Relay2: Iprivary RecevED / INominaL RemoTE = 300A / 300A = 1

1, =[1£0°-1£0=0x1,

Example 2:Fault situation from relay 1 point of view
Relay1: measured phase current I 1=2400A/-30°.
Relay2: measured phase current | 1=2100A/-45°.

CT scaling of relay1 is 1000A / 5A and nominal current is 1000A.
CT scaling of relay2 is 1000A / 1A and the nominal current is 300A.
Relay2 sends primary current measurement information to relay1
and relay1 swaps the angle of received current by 180 degrees
(relay2 phase current I 1=2100A/-45° -> 2100A/135°).

In BIAS-calculation the measured current amplitude is divided by
the nominal primary current of both ends (might be different like
now).

Relay1: lPR|MARY MEASURED / INON”NAL =2400A/1000A =24

Relay2: Iprivary ReceveD / INominaL RemoTE = 2100A / 300A =7
[2.4|+7|
== = a7,

I,=42-35°-7,1350=937x1,
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N
DI 937
4.7
Slope
dI= pick-up
f N
Start of slope BIAS 7

Figure 5.16: Example BIAS and differential calculation

Data communication for differential current measurement is
functioned via fibre-optic cables. 1550 nm single-mode fibre provides
communication up till 120 km with external communication modules.

Relay has special setting called “Line distance”. This setting
compensates the time delay between the relay caused by the optic
fiber. In case that the length of the fibre is 90 km the setting has to
be 90km as well.
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—g + —
- - |
VAMP 259 CT wiring towards the line.

Figure 5.17: CT wiring towards the line

The starting times of the phase currents calculation tasks in two
relays are synchronized. Function will block tripping until the
synchronization is achived. The default communication speed is
64000 bps.

Serial remote port of the relay (RS-232) is used by line differential
protection. The recommended solution for the communication channel
is the supervised fibre optic wiring. With multimode fibre cables and
VSEO001-GG fibre optic modems the communication distance can
be up to 1 km. When using single mode fibre cables and third party
converters the distance can be up to tens of kilometres.
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PROTOCOL CONFIGURATION

REMOTE PORT
Remote port protocol

Message counter L[]
Error counter 0
Timeout counter AMTY

Figure 5.18: Enabling line differential communication

Line differential protection has no operation delay. When the
difference between phase currents has been greater than the
threshold for two task cycles, the device will trip. Typical tripping time
in fault situation is 35 ms.

In case of the communcation channel failure the line differential
protection is inactive.

Line differential trip signal as well as communication channel failure
status are available as inputs in the output matrix and blocking matrix

of the relay.
LINE DIFF STAGE LdI>> 87L OUTPUT MATRIX
™ T2 T3 T4
* connected
® connected and latched m m m m
Enable for Ldl>> I_ F F % %
Status ~ Ldl> trip =
Line distance 0 km Ldl> sympathy trip b
Communication Status Link fail Ldl>> trip »
Synchronized lio Ldl>> sympathy trip »
Start counter a . .
Ldl= Link Failure »
Tri 1] 1]
e e Ldl> Remote Trip »

Figure 5.19: Communication failure

The communication channel between two line differential protection
relays carries also binary signals in both directions: the status of LDP
trip signals, and the remote trip command signal which is an output
from the output logic matrix of the sending relay. Remote trip signal
can be processed as an input in the output matrix and blocking matrix
of the receiving relay. Up to 16 binary signals can be sent between
the relays. Signals are updated every 10 ms. POC-signals are tied
to line differential algorithm which is operating after every half cycle
(50Hz).

V259/en M/AO10 79



5.4 Line differential protection LdI> (87L)

5 Protection functions

ANSI 85
ANSI85 CONFIGURATION
Enable Instance 1 I_
Communication Status 1 Disabled
I Clear Collision Indicators I_ I
POC SIGNALS
1 Hone & L] on on ok
2 Hone MNone ~ L] on on ok
3 Hone D1 — 0 on on ok
4 Hone o2 L] Oon Oon ok
5 Hone D3 0 on on ok
[ Hone Di4 L] on on ok
T Hone DIS L] on on ok
o« Hana Hana i Y Y ale
Figure 5.20: Up to 16 event stamped binary signals
Table 5.2: Parameters of the line differential protection stage LdI>, LdI>>(87L)
Parameter Value/unit Description
Setting values | dI> pick-up In Basic setting for lower phase currents

Start of slope In Phase current limit for applying linear threshold characteristics

Slope % Linear characteristics slope

CT primary [10 —20000] | CT ratio of the other unit

(remote END)

Default 500

Recorded values

TCntr

Trip counter (Trip) reading

LdI> status

Protection state

Synchronized

Synchronization status
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In VAMP 259 current comparison is based to nominal primary
currents of both ends in this unit. In line or cable differential protection
“‘nominal primary” value should be the same the “CT primary” value.

When it comes to transformer protection it is normal that nominal
current of the transformer differs of the CT nominal which is higher.
To ensure correct differential calculation it is important to know the
nominal current of the other end as well.

When there is transformer on the line or the VAMP 259 is used mainly
to transformer differential protection, it is possible to select correct
connection group and whether the relay is on high voltage (HV) or
low voltage side (LV).
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SCALING
CT settings
Hominal primary 300 A
CT primary 1000 A
CT secondary 5 A
Hominal input 5 A
Hominal primary {remeote END) 1000 A
Transformer settings
Transformer
Transformer side
This END
Remote END
lo compensation
I'o compensation

Figure 5.21: CT — and transformer settings

If transformer is earthed, e.g. connection group Dyn11, then zero
current must be compensated before differential and bias current
calculation. Zero current compensation can be selected individually
for own and remote side.

Table 5.3: Zero current compensation in transformer applications

Transformator Relay setting

Connection group ConnGrp lo cmps I'o cmps
YNyO Yy0 ON OFF
YNynO YyO0 ON ON
Yy0 YyO0 OFF OFF
YynO Yy0 OFF ON
YNy6 Yy6 ON OFF
YNyn6 Yy6 ON ON
Yy6 Yy6 OFF OFF
Yyn6 Yy6 OFF ON
Yd1 Yd1 OFF OFF
YNd1 Yd1 ON OFF
Yd5 Yd5 OFF OFF
YNd5 Yd5 ON OFF
Yd7 Yd7 OFF OFF
YNd7 Yd7 ON OFF
Yd11 Yd11 OFF OFF
YNd11 Yd11 ON OFF
Dy1 Dy1 OFF OFF
Dyn1 Dy1 OFF ON
Dy5 Dy5 OFF OFF
Dyn5 Dy5 OFF ON
Dy7 Dy7 OFF OFF
Dyn7 Dy7 OFF ON
Dy11 Dy11 OFF OFF
Dyn11 Dy11 OFF ON
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Capacitive charging current

Major charging currents can be expected on cable or hybrid feeders.
The charging current of the cable will increase according the lengt
of the circuit. The capacitive charging current leads the feeder load
current and therefore is causing differential (phase and magnitude)
to the protected feeder. Steady state difference in currents will have
an impact on the minimum differential settings that may be used.

Equation 5.3: Capacitive charging current

1. =0127CU -107

| = Cable length (km)
Ic = Charging current (amperes)
= Frequency
= Cable capacitance ( uF / km)
= Voltage to neutral (kV)

Example: 32km of certain 15kV cable:

I =32km-2-3.14.50Hz -0.23 4L KV 45

km 3

will cause about 20A of constant charging current. In this case
differential stage should be set above 20A.

CHARGING CURRENT

LOAD CURRENT

| I {7 < |
lLoan* Ic < =* - | lLoap

Figure 5.22: Behaviour of constant charging current

NOTE: When cable feeder is energized there will be significant transient
charging current. The frequency of this transient is above basic
component and does not effect to the differential calculation.
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5.4.2

ANSI 85 communication (POC —signals)

Total of 16 signals can be sent between two VAMP 259 line
differential relays via ANSI 85 communication. Basically it means
when relay is using 8 of the signals there is still 8 more signals left
for the other end. Signal status is updated every 10 ms.

Table 5.4: List of POC —signals between the relays (ANSI 85 communication)

Index Description Signal Value On event Off event

1-16 User selectable None 0-1 on — off on — off
name for the signal
(None as a default)| DI1 —n

Vi1 -4
VO1-6
Logic1 — 20

V259/en M/A010

ANSI 85

ANSI85 CONFIGURATION
Enable Instance 1 [

Communication Status 1 NoProtocol

POC SIGNALS

Value On Event Off Event
< [ On On
VO2 =~ 0 On On
VO3 (1] an on
0 on on
vos— On On
VOB [ On On
Logicl = G = =

Figure 5.23: Selecting POC — signals

ANSI 85 communication has to be enabled between the relays to
transfer POC —signals. This is done by activating “Enable instance
1”. When for example DI1 is selected as a signal it’s value remains
0 as long as DI1 is acticated. Activated signal in index 1 activates
the POC1 of the other relay in output matrix. Signal is also visible in
logic and other matrixes.

Communication status is “NoProtocol” when ANSI 85 is not selected
to remote port in protocol configuration —menu, “Disable” when not
activated and “OK” when instance 1 is enabled.
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NOTE:

Frequency adaptation

VTo secondary 5T.T35 VW
Voltage meas. mode JLHLNy
Frequency adaptation mode Fixex
Adapted frequency 50.0 Hz

Figure 5.24: Frequency adaptation mode has to be set as “Fixed” when line
differential protection is used

The frequency adaptation mode should be set as fixed when using
the line differential protection stages. Adapted frequency should be
set to same as the frequency of the grid.

Frequency protection stages cannot be used while frequency
adaptation mode is set as “Fixed”.

Second harmonic blocking

2.harm. block enable IF

2. harm. block limit 5 %

Figure 5.25: Second harmonic blocking can be enabled in the Ldl menus

Second harmonic blocking might be needed when there is a
transformer inside the protected line. Transformer can cause great
magnetizing current to the side of incomer. Big through faults outside
the protected zone might cause saturation to the CT and this might
cause false tripping as well. Second harmonic blocking can be used
to avoid this type of false trips.
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5.4.5 Fifth harmonic blocking
S.harm. block enable IF
S.harm. block limit I/ %

Figure 5.26: Fifth harmonic blocking can be enabled in the LdI> and LdI>> menus.

Sudden load drop might cause overvoltage situation. Overvoltage
causes over-excitation to the transformer. Transformer over-excitation
is another possible cause of differential relay undesired operation.
The use of an additional fifth-harmonic restraint can prevent such
operations. Transformer over-excitation causes about 20 — 50% of
fifth harmonic component to the measured phase currents.

100

£ wo
= . ! : i :
o TORe i.. vake wafas ke Tan
= . : i :
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=8
E
[=]
[=1
=
: L
E Drefault 5th hamonic
o J block setting
= .
= =
=1 i
A

n 1 : 3 2 §

100 110 120 130 140 150 180

Voltage (Percent of Nominal Voltage)

Figure 5.27: Harmonic content of transformer exciting current as a function of the
applied voltage

5th harmonic blocking limit is set to 35% of the fundamental
component as a default. This value can be used in most of the
applications.
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Line differential protection LdI>>> (87L)

Line differential protection (LDP) provides high speed clearing for
faults occurring at any point on a transmission line.

The line differential protection unit uses voltage measurements to
calculate the resistive part of each of the three phase currents. The
dedicated communication channel, called pilot channel, is used
between two relays to exchange information on resistive phase
currents and to determine whether the fault is internal or external to
the protected line. In each piloting relay the difference between the
corresponding resistive phase currents from this unit and from the
remote unit is computed and compared against the configured
threshold. In case any of the phases shows the difference in resistive
currents greater than the threshold, the relay trips after the
configurable operation time.

The measurement and transmission operations in the two piloting
relays are not synchronized. Therefore, the communication speed
on the pilot channel should be high enough to minimize the impact
of fault detection delay asymmetry. The default communication speed
is 38400 bps. Using the lower speed may result in longer minimum
operation time of the relay.

Serial remote port of the relay is used by line differential protection.

The recommended solution for the pilot channel is the supervised
fibre optic wiring. With multimode fibre cables and VSExxx-GG fibre
optic modems the communication distance can be up to 1 km. When
using single mode fibre cables and third party modems the distance
can be up to tens of kilometres.

Using resistive currents for comparison assures good insensitivity
to line capacitive charge currents.

The threshold characteristics is biased for CT saturation as presented
in Figure 5.28.

dlneeree 4

Tpegion Shye

> packenp
(Bamac nclia)

Statofskype (Baichmt) o - oo

Figure 5.28: LDP tripping threshold characteristics
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Definite operation time of the LdI>>> stage can be configured, starting
with 60 ms as the minimum value.

When the difference between resistive currents current has been
greater than the threshold for at least 60 ms the line differential stage
starts to count the operation time according to the configured
parameter. If the difference between resistive currents drops below
the threshold while counting, the counting to trip is stopped. If the
difference between resistive currents remains like this for at least
the time defined as the release delay (default 5 ms), the counting is
cleared and the relay start is also cleared.

In case of the pilot channel failure the line differential protection is
inactive.

LDP Start and Trip signals as well as pilot channel failure status are
available as inputs in the output matrix and blocking matrix of the
relay.

The pilot channel between two line differential protection relays
carries also binary signals in both directions: the status of LDP Start
and Trip signals, and the Remote Trip command signal which is an
output from the output logic matrix of the sending relay. Remote Trip
signal can be processed as an input in the output matrix and blocking
matrix of the receiving relay.

Table 5.5: Parameters of the line differential protection stage LdI>>> (87L)

Parameter Value/unit | Description
Setting values | dI>>> pick-up In Basic setting for lower phase currents
Start of slope In Phase current limit for applying linear threshold characteristics
Slope % Linear characteristics slope
Operation delay | [0.050 - |Operation time
3.000]/s
Default 0.050
CT primary other [10 - CT ratio of the other unit
20000]

Default 500

Recorded values

SCntr

Start counter (Start) reading

TCntr

Trip counter (Trip) reading

dI> status

Protection state
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Overcurrent protection I> (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.

Three independent stages

There are three separately adjustable overcurrent stages: 1>, |>>
and |>>>. The first stage I> 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 5.29 shows a functional block diagram of the |> overcurrent
stage with definite time and inverse time operation time. Figure 5.30
shows a functional block diagram of the 1>> and 1>>> overcurrent
stages with definite time operation delay.

Inverse operation time

Inverse delay means that the operation 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 I> stage. The inverse delay types are
described in Chapter 5.26 Inverse time operation. The device will
show the currently used inverse delay curve graph 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 5.26 Inverse time operation for more information.

Cold load and inrush current handling

See Chapter 6.3 Cold load pick-up and inrush current detection.

Setting groups

There are two settings groups available for each stage. Switching
between setting groups can be controlled by digital inputs, virtual
inputs (communication, logic) and manually.
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3vlIsblock

Iml , 4| -
Im2 —Hmax > > L & p- Start
Im3, 1 | ts ftr ’_Q N
— 1 & >
Block 4 t
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>1 »  Trip
> & > Register
- event

Enable events

Setting I>s  Delay Definite / inverse Inverse time Multiplier
time characteristics

Figure 5.29: Block diagram of the three-phase overcurrent stage I>.
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Figure 5.30: Block diagram of the three-phase overcurrent stage I>> and [>>>.

Table 5.6: 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 Cir
TCntr Cumulative trip counter Clir
SetGrp 1or2 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
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Parameter |Value Unit Description Note
Force Off Force flag for status forcing for test purposes. This is a common Set
flag for all stages and output relays, too. This flag is automatically
On reset 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
> xIy Pick-up setting Set
Curve Delay curve family: Set
DT Definite time
IEC, IEEE, Inverse time. See Chapter 5.26 Inverse time operation.
IEEE2, RI, PrgN
Type Delay type Set
DT Definite time
NI, VI, El, LTI, Inverse time. See Chapter 5.26 Inverse time operation.
Parameters
t> s Definite operation time (for definite time only) Set
k> Inverse delay multiplier (for inverse time only) Set
Dly20x s Delay at 20xIset
Dly4x s Delay at 4xIset
Dly2x s Delay at 2xlset
Dly1x s Delay at 1xIset
IncHarm On/off | Include Harmonics
Delay curves Graphic delay curve picture (only local display)
A,B,CD,E User's constants for standard equations. Type=Parameters. Set
Chapter 5.26 Inverse time operation.
Recorded LOG1 Date and time of trip
values Type Fault type
Flt xIy Fault current
Load xIy 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 Chapter 12.3 Protection functions.
Table 5.7: 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 1or2 Active setting group Set
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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 common Set
flag for all stages and output relays, too. Automatically reset by a
On 5-minute timeout.
ILmax A The supervised value. Max. of IL1, IL2 and IL3
[>>, [>>> A Pick-up value scaled to primary value
>> [>>> xly Pick-up setting Set
t>>, t>>> s Definite operation 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 Chapter 12.3 Protection functions.

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.

Table 5.8: 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 XIn Maximum fault current
Load xly 1 s average phase currents before the fault
EDly % Elapsed time of the operating time setting. 100% = trip
SetGrp 1,2 Active setting group during fault
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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 5.31: Remote scaling example.

In the Figure 5.31 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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5.7 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 7.7 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
determinded by using angles between positive sequence of currents
and voltages. In phase to ground faults, the fault angle is determinded
by using fault phase current and the healthy line to line voltage. For
details of power direction, see Chapter 7.9 Direction of power and
current.

A typical characteristic is shown in Figure 5.32. 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.

NOTE: 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.)

V259/en M/AO10 93



5.7 Directional phase overcurrent |,> (67)

5 Protection functions

+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 5.32: Example of protection area of the directional overcurrent function.

Three modes are available: dirctional, non-direct, and
directional+back-up (Figure 5.33). 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 operation 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°

94

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

—cap. | +ind.

-90°

Idir_modeA 15%

Figure 5.33: 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 5.34. 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 5.34: 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,>>,
|<P>>> and I(p>>>>_

Inverse operation time

Stages |,> and |,>> can be configured for definite time or inverse
time characteristic. See Chapter 5.26 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 5.26 Inverse time operation for more information.

Cold load and inrush current handling

See Chapter 6.3 Cold load pick-up and inrush current detection
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Setting groups