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Preface
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This manual is part of acomplete set of product documentation that includes
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context of the complete set of product documentation and their particular
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Version Compatibility and Release History

This chart indicates the versions of Offliner Settings, RecordBase View and
the User Manual which are compatible with different versions of L-PRO firm-
ware.

RecordBase View and Offliner Settings are backward compatible with all ear-
lier versionsof recordsand setting files. Y ou can use RecordBase View to view

records produced by any version of L-PRO firmware and Offliner Settings can
create and edit older setting file versions.

Minor releases (designated with aletter suffix - e.g. v3.1a) maintain the same
compatibility as their base version. For example. L-PRO firmware v3.1c and
Offliner Settings v3.1a are compatible.

L-PRO Firmware/Software Compatibility Guide
L-PRO Record Setting Compatible Compatible
Firmware Version Version Offliner Settings RecordBase View

v3.5 11 12 v3.5 or greater v1.5 or greater
v3.4 9 11 v3.4 or greater v1.4 or greater
v3.3 9 10 v3.3 or greater v1.4 or greater
v3.2 9 9 v3.2 or greater v1.4 or greater
v3.1 9 8 v3.1 or greater v1.2 or greater
v3.0 9 7 v3.0 or greater v1.2 or greater
v2.8 9 6 v2.8 or greater v1.2 or greater
v2.7 9 6 v2.70r greater v1.2 or greater
v2.6 8 5 V2.6 or greater v1.0 or greater
v2.3 3 4 v2.3 or greater v1.0 or greater
v2.2 3 3 V2.2 or greater v1.0 or greater
v2.1 3 2 v2.1 or greater v1.0 or greater
v2.0 3 2 v1.0 or greater v1.0 or greater
v1.16 3 1 v1.0 or greater v1.0 or greater
v1.10 2 1 v1.0 or greater v1.0 or greater
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Version Compatibility and Release History

L-PRO Firmware Revision History

Release
Date

Firmware
Version

Changes from Previous Version
(for details, see the Release Description)

2007-Oct-26

v3.5

This firmware update includes enhanced DNP communication
including user selectable point lists, class data support, and
multiple master station support. Daylight Savings Time is now
a user.

2005-Jan-21

v3.4

Improved the directional element and associated logic con-
trols, the ring filter operation, Device 60, Device 79 and the
operation of the Phase Selector on ACB rotation systems

2004-May-05

v3.3e

Output Contact drop-out timer minimum reduced to 0 ms in
Terminal Ul setting screen.

Corrected Modbus protocol error

2004-Mar-05

v3.3d

Added T-tapped line energization logic in 21 Devices
Fixed issue with leading zeros in IP address.
Improved performance of the DC monitoring function.

Fixed issue with IRIG-B where the 'sync’ flag would not be
properly set in records under certain conditions.

Fixed issue with DCB and PUTT events not having fault loca-
tion information.

2003-Nov-14

v3.3c

Improved accuracy on the IEEE moderately inverse curve
when TMS is set very low.

Improved the reset curve accuracy on all the 51 devices.
Improved Mho characteristic accuracy.

2003-Sep-19

v3.3b

Corrected directional element flag behavior with Device 21
under low voltage (<2.0V) or low current (<0.2A, 5A nominal)
conditions.

2003-Aug-15

v3.3a

Corrected output contact behavior in Device 21 and Dead
Line Pickup on initial power-up with AC signals applied.

When voltage or current is below a threshold, Devices 50/51,
50N/51N, and 46/50/51 are now forced to non-directional
mode.

2003-Jun-18

v3.3

Improved the CCVT compensation algorithm: added a RC fil-
ter, made it adaptive to SIR and added an enable/disable
switch.

Added Prologic 11 and 12.

Added a user settable dropout timer for each output contact.
Sending events on output contact changes.

Added DC monitoring.

Made El pickup filter count configurable instead of a constant
(was 4).

2003 Feb 14

v3.2b

Added CCVT transient voltage smoothing filter.
Added adaptive time delay for intantaneous 50 o/c elements.

Vi
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Version Compatibility and Release History

L-PRO Firmware Revision History

2003 Feb 12 v3.2a Corrected initialized data during power up.
Enhanced phase selector for energizing line with T-tapped
load.
Change all protection functions to fundamental instead of true
RMS.
Added a fixed 100 ms dropout timer to 27 Vpos logic instead
of line pickup.
Increased time constant for adaptive Vpos memory ring down
voltage.

2002 Dec 30 v3.2 Support for optional I/O board.

2002 Sep 20 v3.1 50LS for CT inputs 3 and 4.
Fault location initialization by 21 alarm and 50N/51N.
Standardized time overcurrent setting parameters and layout.

2002 Feb 15 v3.0 Quadrilateral characteristic for ground distance protection
(device 21N).
Two new directional over-current elements (50N-67F and 5-
M-67R) for communication aided schemes.
Device 68 Block and Trip outputs are combined to form a sin-
gle 68 Out of Step output, configurable as a target or an
alarm.
Breaker recloser (device 79) Follow Lockout output and inter-
nal logic channel.
One hour time out on user interface connections via the serial
communication ports.
Option to instruct the relay to ignore the serial number in the
setting file when loading a setting file.

2001 Dec 19 v2.8 Supports 50BF, 79 and81.

2001 Oct 26 v2.7 Supports Setting Groups.

2000 Nov 22 v2.6 SCADA improvements including latched digital input change
registers in Modbus and DNP Level 2 implementation.
Increased Event log size from 100 to 250 events.

2000 Jul 10 v2.3 Improved Weak Infeed protection.
Change lower limit of current supervision in D21P and D21N
to 0.2A.

2000 May 01 v2.2 50Hz, 1A CT model.
Ring bus breaker fail protection.
Improved fault location algorithm and 51 curve accuracy.
Separate direction controls for 50 and 51 devices.
Added AND/OR gate toggling in 59 and 27 devices.

1999 Oct 12 v2.1 Events via Modbus.
Improved 46,50,51 direction element handling during forward/
reverse power flow transitions.
Prevent 21P/21N from reacting to a breaker open condition.

1999 Jul 23 v2.0B ProLogic, D27, D59, D25C, D50, Circle Z trigger, faster D21,
D68 blinder alarms, DNP 3, relay diagnostics.
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Version Compatibility and Release History

L-PRO Firmware Revision History

1999 Feb 12 v1.16 Improved response to automated curve verification test.
4 digit year in all logs and records.

1999 Jan 19 v1.15 Fixed incorrect phase and fault location information being pre-
sented when a trip occurs shortly after unit start-up.

1999 Oct 02 v1.10 Improved IRIG B time handling.

Changed password scheme to allow modification of pass-
words from the front panel.

L-PRO Offliner Settings Revision History

Release SOEI;‘tI::erS Changes from Previous Version

Date g (for details, see the Release Description)

Version

2007-Oct-26 v3.5 Backward compatible with all previous versions of L-PRO
firmware and can be used to create and edit past versions of
L-PRO settings files.

2005-Jan-21 v3.4 Added new Directional Element settings

2004-Mar-05 | v3.3a Extended the lower limit of the Output contact timers from
0.01s to 0.00s.
Changed the upper limit of the 21N2 pickup delay to match
the Terminal User Interface.

2003-Jun-18 v3.3 CCVT compensation on all 21 Devices
Configurable contact dropout timer for both standard and
extended I/0 contacts (3U and 4U)
Two more Prologic support for each setting group
Support to Windows XP

2002 Dec 30 | v3.2 Support for optional I/O board.

2002 Sep 20 | v3.1 Modified the inverse time overcurrent curves in accordance
with the latest IEEE standard.
New 50LS low set over current option for CT inputs 3 and 4.
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Version Compatibility and Release History

L-PRO Offliner Settings Revision History

2002 Feb 15

v3.0

Quadrilateral characteristic option for ground distance protec-
tion (device 21N). Each zone can be set using either a Mho or
quadrilateral characteristic.

Two directional overcurrent elements are available in the
communication aided schemes. The 50N-67F forward ele-
ment can be used with POTT and PUTT schemes; the 50N-
67R reverse element can be used with the Blocking scheme.
The Blocking scheme is renamed the Directional Comparison
Blocking (DCB) scheme.

Device 68 Block and Trip outputs are combined to form a sin-
gle 68 Out of Step output, configurable as a target or an
alarm.

Breaker recloser (device 79) Follow Lockout output and inter-
nal logic channel.

Option to instruct the relay to ignore the serial number in the
setting file when loading a setting file. Normally, the relay will
reject a setting file if it does not contain the relay's specific
serial number. The serial number entry format control has
also been improved.

2001 Dec 19

v2.8

New 4-shot, 2 circuit recloser (device 79).
New breaker fail protection function (device 50BF).

New under- and over-frequency protection (devices 810/F
and 81U/F).

New virtual external inputs (via DNP SCADA and the user
interface).

Additional flexibility in sync check function controls (device
25/27/59).

Allows 51N/67 to be used in schemes (device 50N/51N).

2001 Oct 26

v2.7

Supports Setting Groups.

2000 Nov 22

v2.6

SCADA protocol enhancements. Minor setting enhance-
ments.

2000 Jul 21

v2.3

Backward compatible with all previous versions of L-PRO set-
tings.

Supports new features in L-PRO v2.3 firmware.

Includes output matrix as part of settings summary.

2000 May 04

v2.2

Support for new features in L-PRO v2.2 firmware.

1999 Oct 12

v2.1

Improved D21 setup screen (direct entry grid).
Improved data entry validation and formatting.

1999 Aug 18

v2.05

Fixed incorrect graph display in D21 (problem was introduced
in 2.04).

1999 Aug 05

v2.04

Installs in separate directory to allow old and new versions to
coexist.

1999 Jul 13

v2.03

Fixed zooming of graphs for D50/51, 50N/50N and 46/50/51.

1999 Jul 05

v2.02

Fixed ProLogic symbol display on “large font” systems, other
minor ProLogic fixes.

1999 Jun 29

v2.0

Support for new L-PRO functions (ProLogic, D27, D59, etc.).

1999 Apr 14

v1.02

Changed default forward reach of Zone 4 to 0.1.
Extended 21N Mho characteristic angle range.
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Version Compatibility and Release History

L-PRO Offliner Settings Revision History

1999 Feb 08

v1.01

Fixed internal memory handling.

1998 Aug

v1.0

First Release.

L-PRO User Manual Revision History

Release Manyal Changes from Previous Version

Date Version

2008-Feb-29 | v35Rev 1 Branded to ERLphase.

2007-Oct-26 v3.5 Support for Firmware v3.5

2005-Jan-21 v3.4 Rev 1 Support for firmware v3.4

2004-May-05 | v3.3 Rev 6 Minor consistency improvements.

2004-Mar-05 | v3.3Rev5 Support for firmwware v3.3d.

Updated Appendix B and F.
Updated L-PRO Functional Logic Diagram.
Minor consistency improvements.

2003-Nov-14 | v3.3 Rev 4 Support for firmware v3.3c.

2003-Sep-19 | v3.3Rev 3 Support for firmware v3.3b.

2003-Aug-15 | v3.3 Rev 2 Support for firmware v3.3a and minor changes to Chapter 4,
Appendices A, E and L.

2003 Jun 18 v3.3Rev1 Incorporate new features.

2003 Feb 14 v3.2 Rev 3 Addendum for CCVT detection and adaptive additional time
delay for 50 o/c elements.

2003 Feb 12 v3.2 Rev 2 Changes to logic diagram sheet 2, Chapter 2, 4 and 5.

2003 Jan 02 v3.2Rev 1.1 | Changes in Chapter 7 and Appendix A.

2002 Dec 30 v3.2 Rev 1 Support for optional I/O board.

2002 Sep 20 v3.1 Rev 1 Incorporate new features.

2002 Jul 10 v3.0 Rev 2 Corrected diagrams, Figure 4.10, 4.11 and 4.18.
Added section Directional Control for Overcurrent Functions
in L-PRO.

2002 Feb 15 v3.0 Incorporate new features.

2001 Dec 19 v2.8 Incorporate new features.

2001 Oct 26 v2.7 Incorporate new features.

2000 Dec 04 v2.6 Incorporate new features.

2000 Jul 21 v2.4 New format.

2000 May 01 | v2.3 Update to v2.2 Firmware changes.

1999 Oct 12 v2.2 Update setting example, add Offliner example, events

access via SCADA.
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Version Compatibility and Release History

L-PRO User Manual Revision History

1999 Jun 25 v2.1 New format.

1999 Apr 04 v2.0 Added Appendix C: Modbus Reference.
Added User Manual Revision History.

1998 Dec 14 v1.0 Original release.
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Using This Guide

This User Manual describes the installation and operation of the L-PRO line
protection relay. It isintended to support the first time user and clarify the de-
tails of the equipment.

The manual uses a number of conventions to denote specia information:

example Describes

Start>Settings>Control Panel Choose the Control Panel submenu in the Set-
tings submenu on the Start menu.

Right-click Click the right mouse button.

Recordings Menu items and tabs are shown in italics.
service User input or keystrokes are shown in bold.
Text boxes similar to this one Relate important notes and information.

Indicates more screens.

> Indicates further drop-down menu, click to dis-
play list.

V Indicates a warning.
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1 Overview

Introduction

The L-PRO (model 2100) is a microprocessor-based relay providing compre-
hensive distance based line protection, fault oscillography, dynamic swing re-
cording and event logging with one integrated technology.

The primary protection isline protection with 4 zones of phase and ground dis-
tance functions—user-defined Mho or quadrilateral shapesand communication
based schemes.

To provide acomplete package of protection and control L-PRO provides oth-
er functions such as:

» 1.0to 1.3 cycle operation at 80% reach, ideal for transmission line appli-
cations

* ring bus capability — breaker failure and individual breaker monitoring
* 4-shot recloser with dead line/dead bus control and sync check

* ProLogic addresses specia protection needs

* 8 setting groups with setting group logic

* back up overcurrent protection

« over/under rate of change frequency devices

» Optional expanded /0O, up to 20 external inputs and 21 outputs

L-PRO has 2 working modes—online and offline. In the online mode you can
use any communication software package (e.g. Procomm or HyperTerminal)
to connect to the L-PRO using V T100 terminal emulation. In online mode you
can:

 change and review relay settings

* view event and metering information

* initiate and retrieve recordings, and retrieve settings

L-PRO Line Protection Relay

Offline Mode - Settings Software

Online Mode - Terminal Mode

D02333R03.51
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1 Overview

In offline mode you can use Offliner Settings and RecordBase View software

to:

* create and review relay settings
* analyze fault waveforms

 storerecords

In addition to the protection functions L-PRO provides fault recording (96
sampleg/cycle) to facilitate analysis of the power system after adisturbance has
taken place. The triggers for fault recording are established by programming
the output matrix and allowing any internal relay function or any external input

to initiate recording.

Bus 2 Bus 1
]
|_ _— -_— _— _— _— _— _— _— _— _— _— _— _— _— _— _— -
€ » g | NPT
51/6 67 67 167 167 167 ec.
- Dead I
o 4 Zones |4 Zones Line
Pickup

é:l -

-

Line| PT ?:ﬁrr:grl‘n(ig
\/
Front View

==

9 External
Inputs
Alarm Contact

14 Output Contacts
1 Relay Inoperative

Swing Recording

Positive Sequence Voltage
Positive Sequence Current
System Frequency

Figure 1.1: L-PRO Function Line Diagram

2000900066

Fault Recording

6 Voltages

12 Currents
Protection Elements
External Inputs
Active Setting Group

G

L-PRO

Line Protection Relay
Model 2100

@

Date& _ View  View
Time Readings Logs Previous Next

SIC)

Targ
Clear

®

¢
@@

O Relay Functional

O IRIG-B Functional
O service Required
O Test Mode

O Alarm

Port 1

ef)e
I _©

OO WNPE

. Front display of time, alarms and relay target
. Relay target LED (red)

. LEDs indicating status of relay
. Communications serial port 1 for laptop computer
. Clear target push button
. Push buttons to manipulate information on LED display

Figure 1.2: L-PRO Front View

®
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1 Overview

Rear View

®

External L 125VDCAL 125VDC AL 125VDC AL 125VDC L 125VDC AL 125VDC 3L 125VDC AL 125vDCaL 125vDC ]

inputs [

R e |

100 1ol 107 103 Jo¢ jos oo 107 oo Joo 1lo 1 1z 103 11s 1g ljg In

@

e

200 201 202 203 204 205 206 207 208 200 210 211 212 213 214 215 216 217 218 219 220 221 222 223 224 225 226 227 228 229 230 231 232 233 234 235

In, Freq.] __Main AC Line Currents | Aux. AC Line Currents AC Current Inputs, Aux. AC Volts_| Unused| __Main AC Volts

SA. GOHZ g A N/ 18 N/ 10 g RA /28 N/ eC W RA N5 N7 RC [mirmrgne e~ w v v x [ v w o«

£

®

& F |
Adleldddeldeldolelededeeleleldddeleledaledededd |II| 9

300 301 302 303 304 305 306 307 308 309 310 311 312 313 314 305 36 317 319 320 321 322 523 324 325 3% 27 328 929 330 331 332 53 334 835

Port 5 - 10BaseT Ethernet Port/Internal Modem (optional)
External clock, IRIG-B modulated or unmodulated
Port 2 - Direct/Modem RS-232 Port

. Port 3 - SCADA

. Port 4 - unused

. Case ground

. 9 programmable external inputs (1 to 9)

. This row contains 2 distinct areas from left to right:

14 programmable output relay contacts and relay inoperative contact

. This row contains 3 distinctive areas from left to right:

Main and Auxiliary AC Line Currents (6 each) - for protection and recording
AC Current Inputs 2—-3 phase current groups - for recording and 50LS function
Main and Auxiliary AC Voltage - for protection and recording

Power supply

Figure 1.3: L-PRO Rear View
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1 Overview

AC Current and
Voltage Inputs

External Inputs

Output Relay
Contacts

Relay Inoperative
Alarm Output

L-PRO isprovided with terminal blocksfor up to 12 ac currentsand 6 phaseto
neutral voltages.

Each of the current input circuits has polarity (¢) marks.

A complete schematic of current and voltage circuitsis shown, for details see
“AC Schematic Drawings’ in Appendix | and “DC Schematic Drawings’
in Appendix J.

The L-PRO Relay contains 9 programmable external inputs. External dc volt-
age of either 48/125 volts or 125/250 volts nominal are possible depending on
the range provided.

The L-PRO Relay has 14 output relay contacts. Each contact is programmable
and has breaker tripping capability. All output contacts are isolated from each
other. The dropout time for each output contact is configurable.

If therelay isin self check program or becomes inoperative, then the Relay In-
operative Alarm output contact closes and all tripping functions are blocked.

1-4
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1 Overview

Optional I/O Rear View

Extemal L LSVDC 10 5O 1T 12VOC 1T IVC I IOC 1L LWDC T 128C J0 Lsvec Jf pvc )

el e e e e R e Ve Ve Ve Ve s |

|

o]
ldielelle

2

ED)

16. This row contains 2 distinctive areas from left to right:
11 programmable external inputs
7 programmable output relay contacts

Optional External
Inputs

Optional Output
Relay Contacts

Figure 1.4. Rear View of Optional /0 Model

The L-PRO Relay (model 2100E) contains 11 additional programmable exter-
nal inputs. External dc voltage of either 48/125 volts or 125/250 volts are pos-
sible depending on the range provided.

The L-PRO Relay (model 2100E) contains 7 additional output relay contacts.
Each contact is programmable and has breaker tripping capability. All output
contacts are isolated from each other. The dropout time for each output contact
is configurable.

Model Options/Ordering

L-PRO isavailablefor either horizontal or vertical mount, for details see“Me-
chanical Drawings’ in Appendix G.

L-PRO is available with an internal modem card or internal modem network
card.

The CT inputsare 1 A nominal or 5 A nominal. The external inputs are 48/125
Vdc or 125/250 Vdc. The system base frequency is either 50 Hz or 60 Hz.

The L-PRO is available with an optional 1/0 board as described above.
All of the above options must be specified at the time of ordering.

Relay Method of Memory Polarization

The 21P and 21N mho elements use positive-sequence voltage, derived
from a memory voltage, as the polarizing quantity. Sufficient positive-
sequence voltage should be available during al fault events. However,
during certain fault events, especially three-phase bolted faults near the
line VT location, the positive-sequence voltage may be insufficient for
correct operation. To ensure adequate positive-sequence voltage exists
for al fault conditions, the L-PRO uses aring filter, implemented in

D02333R03.51
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1 Overview

software, to provide memory voltage as the source for the positive-se-
guence voltage. This memory voltage lasts for approximately 150 cy-
cles, evenif al voltage inputs from the line VTs go to zero. A practical
effect of using amemorized voltage isto expand the mho characteristic
by the source impedance. This expansion of the characteristic ensures

correct operation for zero voltage faults at therelay location, and for for-
ward capacitive faults.

No Memory
Voltage

Full
Memory
Voltage

R

urce 5

1-6
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2 Setup and Communications

Power Supply

A wide range power supply is standard. The nominal operating rangeis48to
250 Vdc, 120 Vac, 50/60 Hz. To protect against a possible short circuit in the
supply use aninlinefuse or circuit breaker with a5 A rating. Make the chassis
ground connection to ensure proper operation and safety.

There are no power switches on the relay. When the power supply is connect-
ed, therelay startsitsinitialization process and takes about 40 seconds to com-
plete showing the green Relay Functional LED.

Case Grounding Y ou must ground the relay to the station ground using the case-grounding ter-
minal at the back of therelay, for details see Figure 1.3: L-PRO Rear View on
page 1-3.

WARNING!

To ensure safety and proper operation you must connect the relay to
the station ground using the rear grounding terminal on the relay.

Ground the relay even when testing.

Do not rely on the rack mounting screws to provide case grounding.

IRIG-B Time Input

Therelay is equipped to handle modulated or unmodulated GPS satellite time
IRIG-B signals. The IRIG-B time signal is connected to the BNC connection
on the back of the relay. When the IRIG-B signal is provided to the relay the
IRIG-B functional LED comes on and the relay clock is referenced to this sig-
nal. No settings are required to differentiate between modul ated or unmodul at-
ed signals; thisis automatically detected by the relay.

Y ou can enable or disable the IEEE 1344 extension in the terminal mode set-
tings Utilities> Setup>Time, for details see “Utilities” on page 3-12. The en-
abled mode alows the year to be received from the IRIG-B signal. If the
available IRIG-B signal has no year extension, this setting should be disabled.
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2 Setup and Communications

Communicating with the Relay (IED)

Direct Serial Link

Thereare different waysyou can connect to therelay to accessits user interface
and SCADA services:

* Direct serid link: (user interface and SCADA)
* Modem link - external or internal: (user interface only)
« Ethernet network link: (user interface and SCADA)

N/

= ®
Port 1 Serial Extension Cable

Relay Port 1 or rear Port 2
to DB-9 female (laptop)

Laptop PC
Figure 2.1: Direct Serial Link

Therelay has 3 seria portsthat provide direct access to its user interface and
SCADA services.

All of therelay’ s seria ports (Ports 1, 2 and 3) are configured as EIA RS-232
Data Communications Equipment (DCE) devices with female DB9 connec-
tors. This alows them to be connected directly to a PC seria port with a stan-
dard straight-through male-to-female serial cable, for pin-out, for details see
“Communication Port Details’ on page 2-9.

Therelay’s user interfaceis accessed through a standard VT-100 terminal em-
ulation program running on a PC. To create adirect seria link between the re-
lay and your computer, connect the serial cable (provided) between your
computer's serial port and Port 1 ontherelay’ sfront panel. Port 2 ontherelay’s
rear panel can also be used for direct serial access, provided the port is not con-
figured for modem use. When connected, run the terminal emulation software
on your computer to establish the communication link, for details see “Using
HyperTerminal to Access the Relay’s User Interface” on page 2-5.
Therelay’s Modbus and DNP3 SCADA services can be accessed via adirect

serid link to Port 3 on therelay’ srear panel, for details see “ Accessing the Re-
lay’s SCADA Services’ on page 2-8.
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Modem Link -

External

Modem Cable
(as supplied with modem)

Analog
= Telephone
Modem Adapter __ 1 LFiJne Analog
Port 2 - Direct/Modem Telephone —
| Telephone Line r. I-l
m: o | System | ITITET 1

b4 1

AR o
|  Modem | |
v

Ib Desktop Computer

Modem Adapter
Supplied by ERLPhase
DB-9-Male-Male

Figure 2.2: External Modem Link

Using an external modem, you can also access the relay’ s user interface
through atelephone link between the relay and your computer.

Connect the serial port on the external modem to the Port 2 on therelay’ srear
panel. Both devices are configured as RS-232 DCE devices with female con-
nectors, so the cabl e between the relay and the modem requires a crossover and
agender change. Alternatively, you can usethe ERL Phase modem port adapter
provided with the relay to make Port 2 appear the ssme asa PC’ s seria port. A
standard modem-to-PC serial cable can then be used to connect the modem and
the relay. For pin-out details see “ Communication Port Details” on page 2-9.

Connect the modem to an analog telephone line or switch using a standard RJ-
11 connector.

Y ou must appropriately configure the relay’ s Port 2 to work with a modem.
Log into the relay through adirect serial link, go to the Utilities> Setup>Ports
screen, and set Port 2 Modem option to Yes. Set the Baud Rate as high as pos-
sible — most modems handle 57,600 bps. The Initialize setting alows you to
set the control codes sent to the modem at the start of each connection session.
The factory defaults are: “M0S0=0&B1" for an external modem and
“MO0S0=0" for an internal modem.

D02333R03.51
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Modem Link -
Internal

Network Link

Analog Analog
Port 5 - RJ-11 modem Telephone Telephone —

Line Telephone Line

: el
) ystem
= Ermmi

e 1 Ly E

Desktop Computer

Figure 2.3: Internal Modem Link

Y ou can access therelay’ s user interface through atelephone link between the
relay and your computer using an optional internal modem. If the modem has
been installed, Port 5 on the rear panel islabelled “INTERNAL MODEM.”

Connect the relay’ s Port 5 to an anal og telephone line or switch using a stan-
dard RJ-11 connector.

When an internal modem isinstalled, therelay’s Port 2 is used to interface to
themodem internally. Appropriate Port 2 settings are configured at the factory
when theinternal modemisinstalled. Thefactory defaultsare: “M0S0=0& B1”
for an external modem and “M0S0=0" for an internal modem.

PC with TCP/IP

TCP/IP 10BaseT
Network
Port 5 - RJ-45
Network

= |o

Figure 2.4: Network Link

Anoptional Ethernet TCP/IPLAN link letsyou access both the relay’ s user in-
terface and DNP3 SCADA services simultaneously through the same network
port. If the Ethernet option has been installed, Port 5 on the rear panel will be
labelled “NETWORK.”

The user interface accessed through the LAN is the same as that available
through adirect serial connection or amodem link, but requires the use of a
Telnet client on your PC. The HyperTerminal program included with Mi-
crosoft Windows provides Telnet services. To select Telnet, go to HyperTer-
minal's Properties dialogue and set the Connect Using field to TCP/IP
(Winsock). If thisoptionisnot availableinthe pick list, you will require anew-
er version of HyperTerminal (v1.2 or greater). Alternatively, you can use any

2-4

L-PRO User Manual 2100 D02333R03.51



2 Setup and Communications

Telnet program that fully supports VT-100 terminal emulation and z-modem
file transfer.

DNP3 SCADA services can also be accessed over the LAN, for details see
“Accessing the Relay’s SCADA Services’ on page 2-8.

Connect Port 5 to the Ethernet LAN using an appropriate 10BaseT cable with
an RJ45 connector. The relay supports 10 Mbit Ethernet, although a dua
speed 10/100 Ethernet hub or switch can be used.

By default, therelay isassigned an | P address of 192.168.1.100. If thisaddress
isnot suitable, it may be modified using the relay’ s Maintenance Menu, for de-
tails see “Maintenance Menu” on page 2-12.

Using HyperTerminal to Access the Relay’s User Interface

Therelay’ s user interface lets you change settings, view measured values and
retrieve datafrom therelay. This section describes how to configure astandard
Windows VT-100 terminal program on your PC for use with the relay.

The computer must be connected to the relay via one of its serial, modem or
Ethernet communication ports. See the preceding Communicating with the Re-
lay section for details on making these connections.

Therelay user interface is accessed using a standard VT-100 terminal style
program on your computer, eliminating the need for specialized user interface
software. Any terminal program that fully supportsV T-100 emulation and pro-
vides z-modem file transfer services can be used. The HyperTerminal pro-
gram, which isincluded with Microsoft Windows, is used here as an example.

Configure your terminal program as described in the table below and link it to
the appropriate serial port, modem or TCP/IP socket on your computer.

Terminal Program Setup

Baud rate For a direct serial link, the baud rate must match that of the relay serial
port.

For a modem link, the baud rate refers only to the link between your
computer and its own modem.

Refer to “Setting the Baud Rate” on page 2-7 for further information

Data bits 8

Parity None

Stop bits 1

Flow control Hardware or Software.

Hardware flow control is recommended. The relay automatically sup-
ports both on all its serial ports.

Function, arrow Terminal keys
and control keys

Emulation VT100

Font Use a font that supports line drawing (e.g. Terminal or MS Line Draw).
If the menu appears outlined in odd characters, the font you have
selected is not supporting line drawing characters.
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2 Setup and Communications

To initiate the connection with the relay, use HyperTerminal’s Call> Connect
function.

When the connection is established, press ENTER in the terminal window to
bring up the following login prompt:

———————— Nxt Phase L-PRO 2100 Termi nal User Interface login -------

Log in using one of the foll ow ng usernanes

'view - read-only access to settings and readi ngs
'change' - read/wite access to settings and readi ngs
"service' - full access to all functions (Port 1 access only)
' mai ntenance' - access to the maintenance nenu
"update' - to load a firnware update (Port 1 access only)

Not es:

- Serial and nodem connections have a 60 minute inactivity tineout
- Usernanes and passwords are case sensitive

| ogi n:

Instructionsonlogging in and running the user interfacearegivenin® Terminal
Mode” on page 3-5.

If you see incorrect characters on adirect serial connection, it may mean there
isamismatch between the relay’ s baud rate and that of the PC.

Ending a User Usethe Quit function in therelay’ s user menu to end asession. Thiswill close
Interface Session the interface and require the next user to log in to the relay.

The relay automatically ends a session when it detects the disconnecting of a

direct serial cable or amodem hang-up. For other types of connections (e.g. se-
rial switchesor Ethernet) you are advised to use the Quit function to ensure the
interface is closed and login protection is activated.
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2 Setup and Communications

Setting the Baud Rate

Direct Serial Link

Modem Link

The baud rate of the relay's serial ports can be shown on the relay's
front panel display. From the main Date & Time display, press the
Next button.

For adirect serial connection, both the relay and your computer must be set to
the same baud rate.

To change the baud rate of arelay seria port:

1 Accesstherelay's user interface through any of the available ports

2 Logintothe user interface and go to the Utilities> Setup>Ports menu, for
details see “Terminal Mode” on page 3-5.

3 Select the desired baud rate for the appropriate port by toggling through the
optionsusing the Space or Enter keys. Save the new setting with the F2 key.
The message “New communications settings loaded” will appear.

The new baud rate will be used on that port the next time you log in to it.
To change the baud rate on your computer’s serial port:

4 From within HyperTerminal, bring up the Properties dialogue, press the
Configure button and set the baud rate field to the desired value.

5 Savethe changes.

Unlike a direct serial link, the baud rates for amodem link do not have to be
the same on your computer and on the relay. The modems automatically nego-
tiate an optimal baud rate for their communication.

The baud rate set on the relay only affects the rate at which the relay commu-
nicates with the modem. Similarly, the baud rate set in HyperTerminal only af-
fects the rate at which your computer communicates with its modem. Details

on how to set these respective baud rates are described above, except that you

modify the Port 2 baud rate on the relay and the properties of the modem in Hy-
perTerminal.

D02333R03.51
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Accessing the Relay’s SCADA Services

Protocol Selection

Communication
Parameters

Diagnostics

The relay supports DNP3 (Level 2) and Modbus SCADA protocols as a stan-
dard feature on all ERL Phase relays. DNP3 is available through a direct serial
link or the Ethernet LAN on top of either TCP or UDP protocols. The Modbus
implementation supports both RTU (binary) or ASCII modes and is available
through adirect seria link.

Therelay’ s Port 3 isdedicated for use with Modbus or DNP3 serial protocols.
Port 3 uses standard RS-232 signalling. An external RS-232<->RS-485 con-
verter can also be used to connect to an RS-485 network.

For details on connecting to serial Port 3 see * Communicating with the Relay
(IED)” on page 2-2 and “Communication Port Details’ on page 2-9.

The DNP3 protocol can aso be run across the optional Ethernet LAN. Both
DNP over TCP and DNP over UDP are supported. For details on connecting
to the Ethernet LAN see “Network Link” on page 2-4.

Complete details on the Modbus and DNP3 protocol services can be found in
the Appendices, for details see “Modbus RTU Communication Protocol”
in Appendix E and “DNP3 Communication Protocol” in Appendix F.

To select the desired SCADA protocol, log in to therelay’ s user interface and
access the Utilities> Setup> SCADA menu. Select the protocol and set the cor-
responding parameters.

The DNP3 LAN/WAN - TCP and UDP options are only available if the
unit has an optional Ethernet LAN port installed.

Port 3's communication parameters are set using the Utilities> Setup>Ports
menu inrelay’ s user interface. Both the baud rate and the parity bit can be con-
figured. The number of data bits and stop bits are determined automatically by
the selected SCADA protocol. Modbus ASCII uses 7 data bits. Modbus RTU
and DNP Serial use 8 data bits. All protocols use 1 stop bit except in the case
where either Modbus protocol is used with no parity; this uses 2 stop hits, as
defined in the Modbus standard.

Protocol monitor utilities are available to assist in resolving SCADA commu-
nication difficulties such asincompatible baud rate or addressing. The utilities
can be access through the Maintenance user interface, for details see “ Mainte-
nance Menu” on page 2-12.
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2 Setup and Communications

Communication Port Detalils

Port Location Function
1 Front Panel RS-232 Data Communication Equipment (DCE) female DB9.
Used for user interface access via a direct serial connection.
Default Setting: 38,400 baud, 8 data bits, no parity, 1 stop bit.
2 Rear Panel RS-232 DCE female DB9.
Used for:
« User interface access via a direct serial connection.
« User interface access via an external modem. The optional
ERLPhase Modem Adapter converts this port to a Data Termi-
nal Equipment (DTE) to simplify connection to an external
modem.
Default Setting: 9,600 baud, 8 data bits, no parity, 1 stop bit.
Port 2 is disabled if the relay is equipped with an internal modem
(see Port 5).
3 Rear Panel RS-232 DCE female DB9.
Used for SCADA communication.
Default Setting: 9,600 baud, 8 data bits, no parity, 1 stop bit.
4 Rear Panel Not used
5 Rear Panel RJ-11/RJ-45 receptacle.
When equipped with optional internal modem:
« Used for user interface access via modem.
When equipped with optional internal Ethernet card:
« User interface access.
* DNP SCADA access.
Default Ethernet IP address: 192.168.1.100.
D02333R03.51 L-PRO User Manual 2100 2-9



2 Setup and Communications

Signal Name Direction Pin # on the
PC<-> Relay Relay Port
DCD a 1
RxD a 2
TxD ¢ 3
DTR G 4
Common 5
DSR a 6
RTS ¢ 7
CTS a 8
No connection 9

Notes:
» Relay isDCE, PCisDTE

» Pins1and 6 aretied together internal to the relay

Male DB-9 Cable End for

Female DB-9 Cable End for

Relay Port Computer Port
Pin # on Cable Pin # on Cable

1 1

2 2

3 3

4 4

5 5

6 6

7 7

8 8

9 9

2-10
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2 Setup and Communications

Signal Name Direction Pin # on the
Modem <-> Relay Modem Adapter
DCD G 1
RxD G 2
TxD a 3
DTR a 4
Common 5
DSR ¢ 6
RTS a 7
CTS e 8
No connection 9

Notes:

» Relay (with modem adapter) is DTE, modem is DCE
» Pins1and 6 aretied together internal to the relay

D02333R03.51
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2 Setup and Communications

Maintenance Menu

Therelay hasaMaintenance Menu that can be accessed by connection through
aVT-100 terminal emulator (such as the HyperTerminal program that comes
with MS Windows). Using either direct serial or modem connection:

1 Usethetermina program to connect to the serial port, either through direct

serial link or modem.
2 Select Enter, the relay responds with alogin prompt.
3 Login as"“maintenance’ in lower case.
A menu appears as below:

NxtPhase System Utility v1.3

NxtPhase Corporation
Customer support : (284) 4£77-0591, support@nxtphase.com

1 : =Modify IP Address, subnet mask and default gateway (if applicable)
2 View system diagnostics

3 : Retrieve system diagnostics

4 : =Restore ALL default settings, including calibration

9 *R?slnre only default configuration settings (channel definitions, device se
ttings

6 : =Restore only default system setup (ports, time settings)

1 : =Force harduware reset

8 View network statistics (if applicable)

9 : Honitor SCADA

16: =Enable/Disable Internal Modem (if one exists)

11:  Exit

= port 1 access only

Please enter a command:
[1-111 #

Figure 2.5: Maintenance Menu

Please enter a command:1-11

1 Modify IP Address, subnet mask and default gateway (if applicable).
2 View system diagnostics.

3 Retrieve system diagnostics.

4 Restore all default settings, including calibration.

5 Restore only default configuration settings (channel definitions, device settings).
6 Restore only default system setup (ports, time settings).

7 Force hardware reset.

8 View network statistics. (If applicable.)

9 Monitor SCADA.

10 Enable/disable internal modem (if one exists)

11 Exit.

Commands 1, 4, 5, 6, 7 and 10 are Port 1 access only.
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2 Setup and Communications

Modify IP address

Modifies the LAN IP address when equipped with an
optional internal 10BaseT Ethernet card.

View system diagnostic

Displays the internal status log.

Retrieve system diagnostics

Automatically packages up the internal status log plus set-
ting and setup information and downloads it in compressed
form to your computer. This file can then be sent to our cus-
tomer support to help diagnose a problem.

Restore settings

Use this menu to force the system back to default values, if
you suspect a problem due to the unit’s settings, calibration
and/or setup parameters.

Force hardware reset

Manually initiates a hardware reset. Note that the communi-
cation link is immediately lost and cannot be re-established
until the unit completes its start-up.

View network statistics

View IP, TCP and UDP statistics when equipped with inter-
nal 10BaseT Ethernet card.

Monitor SCADA

Shows real time display of SCADA data.

Enable/disable Modem

Enables or disables the internal modem.

Firmware Update

The relay has an update login that can be accessed by a connection through a
VT100 terminal emulator (such as HyperTerminal). Thislogin is available

only from Port 1.

1 Usethetermina program to connect to Port 1.
2 Select Enter, the terminal responds with alogin prompt.
3 Loginasupdatein lower case.

The firmware update is used to update the relay’ s software with maintenance
or enhancement rel eases. Please see the L-PRO Firmware Update Procedure
documentation that comes with the firmware update for instructions on how to
update the firmware on the relay.
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3 Using the IED (Getting Started)

L-PRO Line Protection Relay

D ®
Relay Functional
IRIG-B Functional
Service Required
Test Mode
Alarm

— -

(.D.ffl.ine Mode -.Settings Software

Online Mode - Terminal Mode

Start-up Sequence

The following initialization sequence takes place:

Test Mode, red LED on 2 seconds after power applied
Relay Functional, green LED on 5 seconds after power applied
Front Display, on 30 seconds after power applied
Test Mode, red LED off 40 seconds after power applied

When the relay is powered up, the normal sequence of LED operation is Test
Mode followed by Relay Functional and IRIG-B Functional (if available), dis-
play on, then Test Mode off. The entire sequence takes about 40 seconds.

Ways to interface with the relay:
* Front panel display
» Terminal Mode
 Offliner Settings software
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3 Using the IED (Getting Started)

Front Panel Display

View or change settings using Terminal Mode or loading a setting file
from Offliner Setting.

The front panel display isthe fastest and easiest way of getting information
from therelay.

Display LED Lights

RETL

® 6 6 O C O

Date &  View View Previcus — Next Clear
Time Readirgs Lcgs Target

Push Buttons
Figure 3.1: Front Panel Display

The display, the 6 LED lights and the 6 push buttons provide selective infor-

mation about the relay.
LED Lights
Relay Indicates when the relay is functional. When the Relay Functional
Functional green LED goes on, the rear Relay Inoperative contact changes to

open and the protective functions become functional.

IRIG-B Functional Indicates the presence of a valid IRIG-B time signal.

Service Required Indicates the relay needs service. This LED can be the same state as
the Relay Functional LED or can be of the opposite state depending on
the nature of the problem.

The following items bring up this LED:

» DSP failure - protection difficulties within the relay.
* Communication failure within the relay.
« Internal relay problems.

Test Mode Occurs when the relay output contacts are intentionally blocked.
Possible reasons are:

« Relay initialization on start-up

« User interface processor has reset and is being tested.
You cannot communicate with the relay through the ports until the front
display becomes active and the Test Mode LED goes out. Normally,
the red Target LED remains off after this start-up unless the relay had
unviewed target messages.

Output contacts are controlled from the Utilities menu.
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3 Using the IED (Getting Started)

Push Buttons

Alarm Occurs when an enabled relay function picks up.
The red Alarm LED should be off if there are no inputs to the relay. If
the Alarm LED is on, check the event log messages on the front dis-
play by pressing the View Logs button.
Target Indicates that a fault has taken place.
An event message with date and time is presented in the display.
Date&Time Pressing the Date&Time button displays the date and time stored on

the relay.

If the time is incorrect, use the Utilities>Setup>Time function in the
Terminal Mode user interface to set it manually, or connect an IRIG-B
signal source to the IRIG-B port at the back of the relay to set it auto-
matically. The year may need to be set manually if it is not provided as
part of the IRIG-B signal

View Readings

Pressing the View Readings button obtains metering information about
the transmission line, for details see “Display” on page 3-4.

View Logs Pressing the View Logs button displays the target information if a relay
operation has occurred, for details see “Display” on page 3-4.

Previous/Next Scroll through the menu by pressing Previous and Next. When the
Date & Time is displayed, pressing either of these buttons will
display the current Port 1 and Port 2 baud rates.

Clear Target When a fault takes place, the red target light appears. You can select a

setting option to reset the target light after a short time delay. Use the
Clear Target button to view all target information. If many faults have

been stored, you may need to push this button several times. Clearing
the target light does not clear the target information from the relay log.

The relay holds all target messages during a power supply shutdown
and restart. Pressing the Clear Target push button displays any targets
not previously viewed on the front display and clears the Target LED
after the last target has been viewed.
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Display

Target

® 6 6 O C O

Date & View View Previous Next

Time Reading Logs

View Readings

Pri V 0.0 KV ph-ph
/0.0 Alije

Vi ew/Lo gs /

2000Jun28 A9:34:31.823
Line 5 Deyfce 51 Trip

Previous/Next

Active Setting Goup: 1
<G oup Nane>

Port 1: 38400bps N, 8,1
Port 2: 9600bps N, 8,1

Figure 3.2: Display examples

Clear
Target

Pressing Previous and Next navigates through the Active Setting Group.

L-PRO Front Panel Display Messages

PRIV, 1, P, Q

Va, la magnitude and angle

Vb, Ib magnitude and angle

Ve, Ic magnitude and angle

Frequency

Fault location, trip date and time and all functions.
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3 Using the IED (Getting Started)

Terminal Mode
1 Establish terminal mode connection, for details see “ Using HyperTerminal
to Access the Relay’s User Interface” on page 2-5.

2 Loginasone of view, change or service (lower case). These 3 login names
provide differing levels of permission.

The relay supports the optional use of passwords. A pop-up dia-
logue box appears after login has taken place.

If you have forgotten the password, go to Access>Passwords in
Terminal Mode, for details see “Passwords” on page 3-6.

3 When connection is established and the terminal mode program appears on
your screen, the following prompt should appear. If it doesn’t appear, press
Enter.

———————— Nxt Phase L-PRO 2100 Termi nal User Interface login -------

Log in using one of the foll ow ng usernanes:

'view - read-only access to settings and readi ngs
'change' - read/wite access to settings and readi ngs
"service' - full access to all functions (Port 1 access only)
' mai ntenance' - access to the maintenance nenu
"update' - to load a firnware update (Port 1 access only)

Not es:

- Serial and nodem connections have a 60 minute inactivity tineout
- Usernanes and passwords are case sensitive

| ogi n:

4 If loginis successful, the Main Menu appears.

LPRO Unit ID: Your ID entered earlier

Mai n Menu User Access Level: VI 2000 Sep 08 11:53
ID Settings Metering Records Event Nog Utilities Access Quit

\— vi ew, change or service
(depends on how you log in)

If the box around the menu does not appear as above, change the
font in your terminal program to one that supports line draw charac-
ters, e.g. terminal fonts.

If there are incorrect characters in the display, improper line feeds or
unerased portions, the baud rate is too high for the quality of the com-
munication link. Use the Utilities>Setup>Ports menu to reduce the re-
lay’s baud rate. The new rate is in effect at the next connection.
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Passwords

The relay supports 3 user access levelsthat control what relay functions are
availableto you. The current access level is always shown in the centre of the
Main Menu heading.

To changethe Access Level either login again using the desired accesslevel as
your login name or use the Main Menu> Access menu.

Access Level Allowed actions

view lowest View settings, online readings and logs. List and retrieve records. At
this level you cannot affect the operation of the controller.

change middle Do all of the above, plus change the settings and delete records.

service highest Do all of the above 2 categories, plus calibrate the analog inputs,
manually control output auxiliary relays and modify passwords.

Service access is only available through a local, front port connec-
tion. You can configure change access so that it is only allowed from
Port 1.

Individual passwords for the view and change access levels are available to
prevent or limit remote access to the relay. Passwords are not required for the
service level. Update and service levels are only available at the front of the
local relay through serial Port 1.

Y ou can only change the passwords from the service level through the Access
menu, minimizing the chancethat apassword ischanged casually and provides
ameans of resolving situations where a password has been forgotten.
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Terminal Mode
Menus

Use the right and left arrow keys and the Enter key to move around in the ter-
minal mode screen. The mouse does not work in VT100 terminal mode. Items
from the menu are selected by moving the highlight to the desired item and ac-
tivating it using the Enter key. As a short-cut, use the first letter of the menu
item to accessiit directly.

Key Function

<F2> Accept or Freeze or Execute
<F3> Quit or Exit

<F4> Copy Group

<Esc> Back to previous menu level

The menu tree consists of aseries of sub-menus, for details see Figure 3.3: Ter-
minal Mode Menus on page 3-8.

The Enter key allows you to toggle through alist of selections, i.e. enabled/dis-
abled. The Enter key toggles forward through the list, while the space bar
moves backward through the list. In this manner you do not have to scroll
through the entirelist to get back to aprevious selection, you can use the space
bar.

For certain lists a pick box appears when thereisalong list of selectionsto
chose from, for example, ProLogic inputs. Y ou can scroll though these boxes
with the arrow keys or the Enter key. Use the F2 key to make a selection or F3
to leave.
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Figure 3.3: Terminal Mode Menus
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3 Using the IED (Getting Started)

Settings

The Main Menu display is

ID Settings Metering Records Event Log UWilities Access Qit

Provides the device serial number, hardware revision, software version, re-
quired settings version, nominal system values and external input board rating.
There are no user settings here.

Submenus: Active Group, Settings, Load from Offliner, Retrieve to Offliner

Allowsinput of al the setting information for the relay. Includes all the sub-

menus to change relay settings related to protection functions, when settings

are changed they are not saved until you confirm the changes—Save and L oad
Setting Changes Now? [y/n].

Settings

Settings includes all the submenus pertaining to protection functions used to
create arelay setting. When these settings are made or changed, you can load
them into the relay allowing input of all settings information for the relay.
Settings submenus: Identification, L-PRO System Parameters, Line Parame-
ters (common), Setting Group 1 to 8, Recording.

Identification..

Relay Serial Number, Software Version, Relay ID, Line Name, Station
Name, Station Number and Location.

Comments Enter any appropriate comment.

Analog Input Names Name inputs, Main VA, VB, VC, Main IA, IB, IC, Aux IA, IB, IC, I1A3,
IB3, IC3, IA4, IB4, IC4, Aux VA

External Inputs Name external inputs 1 to 9.

Names

Output Contact Name auxiliary relay output contacts 1 to 14.
Names

Setting Group Names | Name setting groups 1 to 8

Virtual Input Names Name virtual inputs 1 to 30

The following characters are not allowed in the above setting parameters: “ ”,
H\H, H/H , “ :1! , hxn , H?l , “ |1’ , AL , “ <H , ar]d 113 >,1 .
Load From Offliner

Y ou can download the settings file into the relay using the terminal mode
menul.

1 OntheWindow’sdesktop, double-click L-PRO Offliner Settingsicon. The
initial Offliner Settings screen appears.

2 Enter the required settings.
3 Savethe settingsto afile on your PC.

D02333R03.51
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3 Using the IED (Getting Started)

4 Start the Terminal Mode of L-PRO, login as change or service, then access
the Settings menu and activate Load from Offliner function.

5 Reply Yesto the “Ready to load remote setting.” prompt.

6 Inyour terminal program, initiate transfer of the setting file created in step
2 above. (For example, with Window’ s HyperTerminal, you would select
Transfer, then Send File. Browse to find the file, then select Open and fi-
nally, Send.

7 When the file has been transferred, verified and loaded, a message “New
settings loaded and secure” is displayed.

A “serial number discrepancy” message may appear. This is to en-
sure that you are aware of the exact relay to which the settings are
being loaded. If this happens, check the relay serial number using
the terminal mode ID menu item. Type this serial number into the
L-PRO Serial No. box in the Identification tab display area of Of-
fliner Settings. Alternately you may check the Ignore Serial Number
check box to bypass serial number supervision.

Retrieve To Offliner

To transfer the relay’s current settings to the PC do the following:

1 Start L-PRO in Terminal Mode and login as view, change or service.
Navigate to Settings> Retrieve To Offliner.

Select Enter.

Therelay asksyou if you wish to continue. Select Y for yes.

Thefileis sent to the directory defined by the HyperTerminal menu Trans-
fer>Receive File.

ga b~ W N

When using HyperTerminal if “Use receiving protocol:” is set to “Z
modem with Crash Recovery”, file transfers are skipped by Hyper-
Terminal if the record already exists in the downloads folder.

When using HyperTerminal use Z-modem (no crash recovery), files
are received and auto-incremented.
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3 Using the IED (Getting Started)

Metering

Records

Submenus: Analog, External Inputs, Output Contacts, Logic.
For a detailed description see “Metering Data” on page 3-14

Analog

Analog Inputs Provide secondary values of the ac analog voltages and currents.

Line Quantities Provide primary voltage kV phase—phase of each line.

External Inputs Displays the current state of the External Inputs.

Output Contacts Displays the current state of the Output Contacts.

Logic

Protection Protection Functions.

ProLogic Provides the present status of the internal logic states. When a logic
level becomes active, its state changes from low to high.

Setting Group Displays current active Setting Group and Group Logic.

Virtual Inputs Provide the present status of the virtual input logic states. When a
logic level becomes active, its state changes from low to high.

Submenus - List, Fault Recording, Swing Recording, Event Recording.
Contains the means for initiating and retrieving recordings.

List Lists all records.

Fault Recording Creates fault records.
Swing Recording Creates swing records.
Event Recording Creates event records.

Retrieve Records from the Relay

To retrieve records from the relay do the following:

1 Start L-PROin Terminal Mode and login as view, change or service.
2 Navigate to Records>List and press Enter; arecords list appears.

3 Select Records using the space bar and select R. (Y ou can also press Enter
toretrieve arecord directly.) Therecord will be saved in the directory spec-
ified by the terminal emulation program.

When using HyperTerminal if “Use receiving protocol:” is set to “Z
modem with Crash Recovery”, file transfers are skipped by Hyper-
Terminal if the record already exists in the downloads folder.

When using HyperTerminal use Z-modem (no crash recovery), files
are received and auto-incremented.

D02333R03.51
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3 Using the IED (Getting Started)

Event Log

Utilities

Delete Records from the Relay

To delete records from the relay do the following:

1 Start L-PROin Terminal Mode and login as view, change or service.
2 Navigate to Records>List and press Enter.

3 Select therecordsfor deletion with the space bar and select D. The selected
records will be deleted.

The event log lists events stored in the relay. A complete list of the types of
eventslogged is available, for details see “Event Messages’ in Appendix D.

For protection logic elementsthe event islogged only when the element chang-
esfrom Low to High. For External Inputs, Virtual Inputs and Output Contacts,
all changes of state are logged (Low to High, High to Low, Open to Closed,
Closed to Open).

If an event triggered arecord, then an (R) is displayed by the event.

Sub-menus:; Setup, Maintenance, Diagnostics.

Setup

Time - set manual time, IRIG-B skew control. Requires change or
service access level.

Ports - change Baud rates on communication ports. Requires
change or service access level.

SCADA - select which SCADA protocol (Modbus or DNP v3.0) to
run on the SCADA port. Configure parameters for the selected pro-
tocol such as address or timeout. Requires change or service
access level.

External Inputs - Set the number of samples that an external input
must be high in order for the external input to change, for details see
“IED Specifications” in Appendix A.

Maintenance

Calibrate - calibrate all 18 analog inputs. Requires service access
level.

Outputs - close and open output contacts independent of the associ-
ated relay functions. Requires service access level.

Control Virtual Inputs - set, reset and pulse virtual inputs. Pulse
width is 1 second. Latched virtual inputs reset after pulse command
has executed. Requires change or service access level.

Erase - use submenus Records and Event Logs to erase these
records from the relay memory. Requires change or service access

level.
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3 Using the IED (Getting Started)

Access

Quit

Diagnostics

Transfer Diagnostics - transfers relay diagnostic file to the PC. The
diagnostic file can be sent to us for analysis.

Modbus - allows Modbus Communications to enter its Diagnostic
Mode. Follow directions on the screen. Programming done using the
Modicon Modbus Protocol Reference Guide PI-MBUS-300 Rev. G
published by Modicon, Inc., dated November 1994. For details see
“Modbus RTU Communication Protocol” in Appendix E.

Submenus: “view” Access, “change” Access, Password. Provides the ability

view Changes the access level to view. Allows you read-only access to
relay information.

change Changes the access level to change. Allows you to modify settings
and delete records.

Restriction Allows you to limit change access to Port 1 only or cancel limitation.

Passwords Allows you to read and change passwords. Requires service access

level.

Selecting this option ends serial port communication with the relay.
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Metering Data

Front Panel
Metering

TUI Metering

The quantities provided on the front panel display aretheL-L voltage line cur-
rents, primary W, VARS, line-to-neutral quantities for the individual phases
and freguency.

The TUI provides the following metering quantities.

Analog

Analog I nputs—displaysthe magnitude and phaserel ationship of all theanalog
inputs.

Line Quantities — displays the primary line-to-line voltage, line current, MW,
MVARS and system frequency.

External Inputs

Displays the status of all External Inputs.

Output Contacts
Displays the status of all Output Contacts.

Logic

Protection — displays the status of all internal logic.

ProLogic — displays the status of all ProLogic.

Group Logic—displaysthe status of al Group Logic and Active Setting Group.
Virtual Inputs — displays the status of al Virtual Inputs.

I/0
I/0 metering shows the status of all external inputs and output contacts.
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4 Protection Functions and Specifications

Protection and Recording Functions

21P Phase/21N
Ground Distance
Mho

This section describes the equations and algorithms of the L-PRO Relay pro-
tection functions. All functionswith time delay provide an alarm output when
their pickup level is exceeded.

The following exceptions are: 27 Auxiliary, 27 Main, 59 Auxiliary, 59 Main,
25/27/59 Sync Check, 50LS Main, 50LS Auxiliary, 50BF Main, S0BF Auxil-
iary, 81 Frequency and ProL ogic elements.

L-PRO has 4 zones of phase and 4 zones of ground distance protection ele-
ments. The 4 zones in the ground distance element (21N) can be set to either a
Mho shape or quadrilateral shape, for details see” 21N Ground Distance Quad-
rilateral” on page 4-5.

Zones 3 and 4 are set in both the forward and reverse direction asrequired. Set
al thedistancefunctionsin secondary ohms. The available range of impedance
settings is based on the hardware capabilities of the relay and the nominal cur-
rent specified when ordered. Therangeis 0.05 to 66.00 ohmsfor a5A nominal

relay, and 0.25 to 330.00 ohms for a 1A nominal relay

Figure 4.1: Phase and Ground Mho

The shape of the phase and ground distance relaysis adjustable. For the circu-
lar Mho characteristic, the characteristic angle is 90 degrees. Determine this
angle by drawing 2 linesfrom any point on theimpedance locusto the diameter
of the characteristic. Produce a tomato-shaped characteristic by selecting an
angle less than 90 degrees or a lens-shaped characteristic with angles greater
than 90 degrees.

Line angle Line angle

Circle (90°) Tomato (<90°) Lens (>90°)
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4 Protection Functions and Specifications

Figure 4.2: Mho Characteristic Shapes

The shape of the Mho characteristic meansthat significant extensionsare made
to the relay characteristicsin the R region of the R-X plane for ground faults.
Y ou can restrict the reach in the R region for the phase distance relays where
|oad encroachment isanissue. The shaped M ho characteristic providesthe best
fit for the application keeping the number of relay settings at a minimum and
provides the benefits associated with the Mho characteristic.

The Mho characteristic used by the relay is developed by the classical ap-
proach using the measurement of the angle between 2 vectors.

These vectors are defined as:

A=1xZ \Y

set

B=V,

ef

where V isthe actual line voltage for ground distance relays or the actua line
to line voltage for the phase distance relay.

| isdefined as;
| +Kyx 3l

phase
for ground distance relays or the line to line current for phase distance relays.

Zy isthe setting reach and V, ¢ is a positive sequence memory voltage stored
within the relay.

V¢ isthe polarizing quantity for the mho elements, and ismore compl etely de-
scribed in “Relay Method of Memory Polarization” on page 4-5.

To make the reach of the ground distance relay relate to the line positive se-
quence impedance the classical K, factor is used.
This factor is defined as:
Zy-Z4
Ko = 3z,

The L-PRO includes a directional element to supervise the phase (21P) and
ground (21N) mho elements, for Zone 1 (21P1, 21N1) and Zone 2 (21P2,
21N2) only. The directional element prevents mis-operation of the mho ele-
ments for reverse faults, faults at the bus, and phase-phase faults during high
load conditions. The directional element does not supervise Zone 3 and Zone
4 elements due to the offset reach capabilities of these zones. The directional
element is desribed in “Directional Element” on page 4-7.
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4 Protection Functions and Specifications

21P

Zone 1

Zone 2

Zone 3

Zone 4

Enable/disable

Enable/disable

Enable/disable

Enable/disable

Forward Reach (ohms)

0.05 t0 66.00 (5 A)
0.25 to 330.00 (1 A)

0.05 to 66.00 (5 A)
0.25 to 330.00 (1 A)

0.05 t0 66.00 (5 A)
0.25 to 330.00 (1 A)

0.05 t0 66.00 (5 A)
0.25 t0 330.0 (1 A)

Reverse Reach (ohms)

0.05 to 66.00 (5 A)
0.25 t0 330.00 (1 A)

0.05 to 66.00 (5 A)
0.25 to 330.00 (1 A)

Mho Characteristic Angle (degrees)

70.0 to 140.0

70.0 to 140.0

70.0 to 140.0

70.0 to 140.0

Pickup Delay (seconds)

0.00to0 0.20

0.00 to 2.00

0.00 to 5.00

0.00 to 5.00

Id Supervision (amps secondary)

0.210 50.0 (5 A)
0.04 to 10.00 (1 A)

0.2t050.0 (5 A)
0.04 to 10.00 (1 A)

0.21050.0 (5 A)
0.04 to 10.00 (1 A)

0.2t0 50.0 (5 A)
0.04 to 10.00 (1 A)

Line Angle (degrees)

4510 89

Setting is made in Parameters. (Positive Sequence Angle.)

Load Impedance (ohms)

R (ohms secondary)

-150.0 to 150.0

X (ohms secondary)

-150.0 to 150.0
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21N

Zone 1

Zone 2

Zone 3

Zone 4

Characteristic Type

Mho/Quad

Mho/Quad

Mho/Quad

Mho/Quad

Forward Reach (ohms)
(Mho characteristic)

0.05 t0 66.00 (5 A)
0.25 to 330.00 (1 A)

0.05 to 66.00 (5 A)
0.25 to 330.00 (1 A)

0.05 t0 66.00 (5 A)
0.25 to 330.00 (1 A)

0.05 t0 66.00 (5 A)
0.25 t0 330.0 (1 A)

Forward Reach (ohms)
(Quad characteristic)

X 10 66.00 (5 A)
X t0 330.00 (1 A)

X t0 66.00 (5 A)
X t0 330.00 (1 A)

X 10 66.00 (5 A)
X t0 330.00 (1 A)

X t0 66.00 (5 A)
X t0 330.0 (1 A)

Reverse Reach (ohms)
(Mho characteristic)

0.05 to 66.00 (5 A)
0.25 t0 330.00 (1 A)

0.05 to 66.00 (5 A)
0.25 to 330.00 (1 A)

Reverse Reach (ohms)
(Quad characteristic)

X 10 66.00 (5 A)
X t0 330.00 (1 A)

X t0 66.00 (5 A)
X t0 330.00 (1 A)

Left Reach (R1) (ochms)

0.05 t0 66.00 (5 A)

0.05 t0 66.00 (5 A)

0.05 t0 66.00 (5 A)

0.05 to 66.00 (5 A)

(Quad only) 0.2510 330.00 (L A) | 0.25t0330.00 (1 A) | 0.25t0330.00 (1 A) | 0.25to 330.00 (1 A)
Right Reach (R2) (ohms) 0.0510 66.00 (5A) | 0.05t066.00 (5A) | 0.05t066.00(5A) | 0.05to66.00 (5A)
(Quad only) 0.2510 330.00 (L A) | 0.2510330.00 (1 A) | 0.25to 330.00 (1 A) | 0.25to 330.00 (1 A)
Mho Characteristic Angle (degrees) 70.0 to 140.0 70.0 to 140.0 70.0 to 140.0 70.0 to 140.0
Pickup Delay (seconds) 0.00to 0.20 0.00 to 2.00 0.00 to 5.00 0.00 to 5.00

Id Supervision (amps secondary)

0.2 10 50.0 (5 A)
0.04 t0 10.00 (1 A)

0.2 10 50.0 (5 A)
0.04 to 10.00 (1 A)

0.2 10 50.0 (5 A)
0.04 t0 10.00 (1 A)

0.2 10 50.0 (5 A)
0.04 to 10.00 (1 A)

310 Supervision (amps secondary)

0.2 10 50.0 (5 A)
0.04 10 10.0 (1 A)

0.2 t0 50.0
0.04 10 10.0 (1 A)

0.2 10 50.0
0.04 t0 10.0 (1 A)

0.2 10 50.0
0.04 10 10.0 (1 A)

Line Angle (degrees)

45 to 89

Setting is made in Parameters. (Positive Sequence Angle.)

Load Impedance (ohms)

R (ohms secondary)

-150.0 to 150.0

X (ohms secondary)

-150.0 to 150.0

x = R1e cos(LineAngle)
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4 Protection Functions and Specifications

21N Ground
Distance
Quadrilateral

Relay Method of
Memory Polarization

The L-PRO device 21N contains 4 zones of ground distance elements; al 4
zones of 21N can be set to either Mho or Quadrilateral type, note that only one
type can be used at atime. The 21N can contain a mixture of Mho and quad
shapes, for example the 21N 1 and 21N2 can be set to a Mho characteristic and
the 21N3 and 21N4 could be set to a quadrilateral characteristic.

L-PRO Quadrilateral Characteristics

jx

Zone 4

Figure 4.3: Ground Quadrilateral

The quadrilateral shapeisparalel to the positive sequence line angle setting.
The user-defined Mho Characteristic Angleis not selectable when you have
defined a quadrilateral characteristic for that particular zone. All other setting
are selectable and user-definable

The 21P and 21N mho elements use positive-sequence voltage, derived from a
memory voltage, as the polarizing quantity. Sufficient positive-sequence volt-
age should be available during all fault events. However, during certain fault
events, especially three-phase bolted faults near the line VT location, the pos-
itive-sequence voltage may be insufficient for correct operation. To ensure ad-
equate positive-sequencevoltage existsfor al fault conditions, the L-PRO uses
aringfilter, implemented in software, to provide memory voltage asthe source
for the positive-sequence voltage. This memory voltage lasts for approximate-
ly 150 cycles, eveniif al voltage inputs from the line VTs go to zero. A practi-
cal effect of using amemorized voltage isto expand the mho characteristic by
the source impedance. This expansion of the characteristic ensures correct op-
eration for zero voltage faults at the relay location, and for forward capacitive
faults
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Ring Filter

No Memory
Voltage

Line z

Full
Memory
Voltage

R

SOurce >

Figure 4.4: Effect of Using Memorized Voltage

The voltage memory in the L-PRO uses aring filter implemented in software.
Theringfilter isahigh-Q bandpassfilter, with the frequency response centered
on the nominal system frequency. The effect of thering filter isto retain some
voltageinformation for approximately 150 cycles, evenif the measured system
voltage is severely depressed by afault.

Ring Filter
Sequence
Vs »| Ring Filter Component ‘—>
Filter
\ »| Ring Filter _
c e Vpolarizing
»| Sequence
» Component ——
o Filter

Figure 4.5: Polarizing Voltage

Fault

[FraFre]

Memory Voltage

Figure 4.6: Effect of the Ring Filter
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Directional Element

Thering filter is designed to adjust the center of the frequency response to ac-
count for small variations of the power system frequency. When the measured
voltagedropsbelow 0.5V sec, thering filter explicitly usesthe nominal system
frequency as the center point of the bandpass filter. During this condition, or
when the system frequency varieswidely or rapidly, as during out-of-step con-
ditions, the ring filter could provide an incorrect output. During these condi-
tions, the 21P and 21N mho elements use the positive-sequence voltage
derived from the system voltage directly from the line VTs until the voltage
output of the ring filter is correct. If the measured positive sequence voltageis
below 1V sec, then the mho el ements use the positive sequence voltage derived
from the memory voltage.

The L-PRO includes a directional element that directly supervises the Zone 1
and Zone 2 phase and ground distance elements, the 50/51/67, 50N/51N/67N,
46-50/51/67 overcurrent elements, and the 50N/67F and 50N/67R elementsin
the Communications Aided Tripping schemes. The directional element consid-
ers negative-sequence impedance, zero-sequence impedance, or positive-se-
guence impedance, depending on relay settings and system conditions at the
time of the fault. The element declares aforward fault when the impedance de-
termined by the directional element iswithin 90° of the line impedance.

X
Forward

Line Impedance

\< Line Z Angle
\R

Reverse

Figure 4.7: Fault Direction

The directional element in the L-PRO is always enabled. The directional ele-
ment actually consists of three separateinternal elements: a negative-sequence
element, a zero-sequence element, and a positive-sequence element. The neg-
ative-sequence and zero-sequence elements use directly measured currentsand
voltages. The positive-sequence element uses directly measured current, and a
memory voltage from the ring filter. The sensitivity for the negative- and zero-
seguence elements may be set by the user, to correctly account for load condi-
tions and system configuration. Both of these elements may be disabled as
well. The positive-sequence element is always active.
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N Minimum Sensitivity
Threshold
Y Y
éﬁl — - Y22 »< Forward
N N
DU
b4
v v Y Directional
SRI > %\I/(;) Forward 1 »  Element ——»
Asserted
N N
Y Y
»< V1 (mem) v
11
N
NP
»  Directional

> Element —
Valid

Figure 4.8: Directional Element Logic

For three-phase faults, the directional element will only use the positive-se-
guence element. For all other faults, the directional element will consider, in
order, the negative-sequence calculation, the zero-sequence calculation, and
the positive-sequence calculation. The directional element will only move
from one calculation to the next calculation if insufficient sequence voltages
and currents exist to make avalid calculation.

The negative-sequence cal cul ation determinesthe angle between the measured
negative-sequenceimpedance, and the positive-sequencelineimpedanceangle
entered in settings. To perform this calculation, the default minimum amount
of negative-sequence voltage required is 0.5 Vsec, and the default minimum
amount of negative-sequence current required is 0.2 Asec.

The zero-sequence cal culation determines the angle between the measured
zero-sequence impedance the zero-sequence line impedance angle entered in
settings. To perform this calculation, the default minimum amount of zero-se-
guence voltage (3VO0) required is 1.0 Vsec, and the default minimum amount
of zero-sequence current (310) required is 0.2 Asec.

The positive-sequence cal cul ation determines the angle between the measured
positive-sequence impedance (based on measured current, and the memory
voltage output of the ring filter) and the positive-sequence line impedance an-
gle entered in settings. To perform the positive-sequence impedance calcula
tion, the directly measured positive-sequence current must exceed 0.2 Asec,
and the memorized positive-segquence voltage must exceed 2 V sec.
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4 Protection Functions and Specifications

Directional Element
Outputs

Settings

There may be some rare circumstances where there may not be sufficient volt-
age or current, using the negative, zero, and positive sequence components, for
the directional element to make avalid directional decision. The most likely
circumstance where this may occur is a three-phase bolted fault near the line
VTs, that isn't cleared in an appropriate amount of time. It takes approximately
30 cycles, after the measured three-phase system voltage dropsto O, for the
ring filter voltage to decay such the Vpos memislessthan 2 Vsec. For thiscir-
cumstance, or for any other fault case where there are insufficient sequence
component quantities for any of the directional calculations to operate, the di-
rectionisset to "forward". Setting the directional element to forward explicitly
setsthe direction to forward for the distance elements, and for the 50N/67N-F
and 50N/67N-R elements in the communications aided tripping schemes (ef-
fectively blocking the 50N/67N-R element), and allows all other directionally
controlled elements to operate non-directionally.

The output of the directional element asserts when the direction is determined
to be "forward". This output isusesinternally by protection functions directly
supervised by the element, and is also available as the "Directional Element”
indication in ProLogic equations. The directional element also provides the
"Directional Valid" output for use in ProLogic equations. This output asserts
when any one of the active sequence impedance cal cul ations has sufficient in-
put quantities to make a valid direction determination, regardless of the actual
direction. The"Directional Valid" output will always be asserted, except in the
rare case where system voltage has gone to 0 for more than 30 cycles, as pre-
viously described. The 2 outputs can be combined in a ProLogic equationto e
asecure reverse directional output from the L-PRO, for example.

Directional Element Reverse Fault
Directional Valid
Figure 4.9: Directional Element

The default setting of the directional element in the L-PRO should be correct
for most applications. The default settings enable both the negative-sequence
and zero-sequence cal culations, with the minimum sensitivities as described.
There are some applications where it may be advisable to change the sensitiv-
ity thresholds for the negative-sequence or zero-sequence calculations, or it
may be desirable to disable one or both of these elements.

Selecting "Directional Element Override Enabled" allows user settings for the
negative-sequence and zero-sequence directional elements.

The settings for the negative-sequence voltage sensitivity and negative-se-
quence current sensitivity should be normally higher than the maximum nega-
tive sequence quantities generated by unbalanced load. These settings should
also be low enough to maintain sensitivity for the minimum unbalanced fault,
in terms of negative sequence quantities.

The zero-sequence directional element can be used in many applications. How-
ever, where strong mutual coupling between parallel lines exist, the zero-se-
guence calculation must be disabled to prevent an incorrect directional
determination. The sensitivity settings should be low enough to permit opera-
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4 Protection Functions and Specifications

tion during the lowest expected ground fault in terms of zero-sequence quanti-
ties expected during afault, and high enough to allow for normal load

imbalance.

Directional Element

Override Enabled

Enable / Disable

Negative-Sequence

Enable / Disable

V2 Sensitivity Level (volts secondary)

0.5t05.0

12 Sensitivity Level (amps secondary)

0.1to0 1.0 (5A)
0.02 to 0.20 (1A)

3V0 Sensitivity Level (volts secondary)

1.0t0 10.0

310 Sensitivity Level (amps secondary)

0.2 t0 2.0 (5A)
0.04 to 0.40 (1A)
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4 Protection Functions and Specifications

21P and 21N Phase
Selector

The phase selector algorithm for L-PRO ensures that:

* 21N only trips on single-phase-to-ground fault, so asto prevent 21N from
false tripping for phase-to-phase-to-ground faults with arc resistance

 Supervise 21P for low SIR ratios and single-phase-to-ground faults at 20%
of line reach or below.

Algorithm Details

The phase selector uses a combination of positive, negative and zero sequence
current phasors to correctly determine the faulty phase. An OR function with
angle checksbetween |11 and |2 aswell asthe angle between 12 and 10. The OR
functions alows the algorithm to adapt to various fault conditions and provide
the correct fault type. When you are energizing alinewith a T-tapped load, you
may have system conditionswhere no pre-fault load current isavailable. Using
positive and negative sequence currents alone may cause an incorrect fault de-
termination if the load current is significantly large enough to affect the total
positive sequence current, which includes both load and fault current.

Angle Relationship of Positive and Negative Sequence Currents

The angle comparison scheme is used to determine the faulty phase and the
fault type. If theload current is subtracted from the total current (i.e. only fault
current is left for angle comparison), the positive sequence (11) and negative
sequence (12) current phase angle relations are listed in the following table:

AG BG CG BCG ABG CAG
Fault Fault Fault Fault Fault Fault

Angle Diff. between I1A and I2A | 0 120 120 180 60 60
Angle Diff. between I11B and 12B | 120 0 120 60 60 180
Angle Diff. between 11C and I12C | 120 120 0 60 180 60

Phase Selector Criteria for 11 and 12

The following criteriais used to determine the fault type and phase:

AG Fault: AngleDiff_A<45.0 and AngleDiff B >90.0 and AngleDiff _C>90.0
BG Fault: AngleDiff_B<45.0 and AngleDiff_C >90.0 and AngleDiff_A >90.0
CG Fault: AngleDiff_C<45.0 and AngleDiff A >90.0 and AngleDiff_B >90.0

In the above criteria only one can become true at atime. They are used to su-
pervise 21IN_A, 21IN_B, 21N_C respectively.

D02333R03.51
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4 Protection Functions and Specifications

Angle Relationship of Negative and Zero Sequence Currents

The angle comparison scheme is used to determine the faulty phase and the
fault type. The negative sequence (12) and zero sequence (10) current phase an-
glerelations are listed in the following table:

AG BG CG BCG ABG CAG
Fault Fault Fault Fault Fault Fault

Angle Diff. between I12A and 10 0 120 120 0 120 120
Angle Diff. between 12B and 10 120 0 120 120 120 0
Angle Diff. between 12C and 10 120 120 0 120 0 120

Phase Selector Criteria for 12 and 10

The following criteriais used to determine the fault type and phase:
AG Fault: AngleDiff_A<25.0

BG Fault: AngleDiff B<25.0

CG Fault: AngleDiff_C<25.0

Though AG type of fault will be declared for a BCG fault by the above angle
criteria between 12 and 10, the characteristic of AG impedance prevents AG
from tripping because the phase selector is used for supervision only, i.e. the
phase selector is not atripping device.

Device 21P Supervision

A 21P supervision logic isformed based on the above Phase Selector Criteria.
The phase-to-phase distance element is only allowed to operateif the faulted
phase is not involved with the element:

21P_AB Supervision = Not AG Fault and Not BG Fault
21P BC Supervision = Not BG Fault and Not CG Fault
21P_CA Supervision = Not CG Fault and Not AG Fault

The Start of the Phase Selector

The phase selector startsonly when afault occurs. The start definitionis: if 310
is greater than the minimum of any enabled 21N zone's 310 supervision level
setting, begin the phase selector algorithm.

A buffer isused to track the pre-fault load current, which is subtracted from the
total current before checking the phase selector criteria.

During fault conditions the system frequency may change causing adriftinthe
angle difference being calculated by the phase selector. The locked pre-fault
load current vector is adjusted accordingly based on this angle difference be-
tween the pre-fault positive sequence voltage and the positive sequence volt-
age during the fault. If the faulted positive sequence voltage shifts, the angle
differenceistakeninto account. (i.e. the same anglerelationship remains along
the fault duration.)
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4 Protection Functions and Specifications

CCVT Transient
Compensationon 21
Devices

Duration of the Phase Selector Supervision

The maximum blocking time to 21N for a phase-phase-ground fault is 2.0 sec-
onds to x seconds, where x is the maximum pickup delay in enabled 21P2 to
21P4, and then plus 8 cycles (8 cycle is the maximum breaker opening time).
Thisensures that if 21P didn’t trip on the phase-phase-ground fault for some
reason, we alow 21N to trip on thisfault after this maximum blocking time de-
lay has expired.

Ground Indicator in 21P Event Message
310 is checked against the minimum of the following settings:
» 21N1.: 310 supervision when it's enabled
21N2: 310 supervision when it’s enabled
21N3: 310 supervision when it’ s enabled
21N4: 310 supervision when it’s enabled
50N Pickup level when it’'s enabled
51N Pickup level when it’s enabled
* 50N_67F when it’s selected as Scheme_Only or both ProL ogic& Scheme

When 310 exceeds the minimum of the above values, a ground indicator “ G”
isput in the 21P event messages, e.g. “21P Trip ABG 123.1km”

When afault occurs, especialy on aline with high source to impedance ratio
(SIR), the CCVT secondary voltage can become quite different from the actual
system voltage varying in both magnitude and phase due to the transient re-
sponse of the CCVT. Thistransient response can cause device 21 overreach
significantly. A special CCV T transient compensation algorithm (Patent Pend-
ing) has been included in L-PRO 2100 relay to address thisissue.

The CCVT transient compensation al gorithm uses acombination of techniques
with digital filters, vector averages and other meansto rebuild the correct volt-
age from the transient distorted voltage waveforms. This combination of tech-
niques provides a secure method for detecting and correcting CCV T transient
phenomena. On one hand, it improves the reach accuracy of 21 devices dra
matically during the period of the CCVT subsidence transient. On the other
hand, it won't sacrifice the relay operation speed very much. It does not add
any additional delay whenthe SIRislow (<1.2). Intheworst case, it adds about
onecycledelay whenthe SIR ishigh (>15). For the operation time details, refer
to “IED Specifications’ in Appendix A.

This compensation algorithm can be enabled or disabled through

settings. Note that this algorithm is applied to all 21 devices once it's
enabled. For the applications without CCVTs, this compensation al-
gorithm should be disabled so as to eliminate the possible additional

delay introduced by this algorithm.
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4 Protection Functions and Specifications

Line Energization
Supervision Logic

Vpos - VposOld > 10 volts

VposOld < 30 volts }—Block all 21 devices
1sec,

Ipos < 4% of Norminal Current —————— *
pos ° " 50 ms

Note: Vpos is the present positive sequence voltage
VposOld is the positive sequence voltage at two cycles before

Figure 4.10: Line Energization Supervision Logic

Thislogic has been introduced in order to prevent potentially erroneous oper-
ations of the 21 upon energizing of T tapped transmission linesthat have trans-
formers connected and the PT connected on the line side of the breaker.

In thislogic, the present positive sequence voltage is compared with the posi-
tive sequence voltage of 2 cycles previoudly. In an energization situation, the
VposOld would be near zero volts and the present V pos would be approxi-
mately the nominal. Astime goes by the old V pos gets updated with the nom-
inal voltage and would eventually equal the present. When it gets within 10
volts secondary thetop input to the AND gate would reset, go to zero, and reset
the blocking function.

The second input is the previous 2 cycle positive sequence voltage and has an
undervoltage setting of 30 volts. Thisinput goes high to block the distance re-
lays only if the positive sequence voltage from 2 cycles back was less than 30
volts (approximately 50% nominal), so, for aline that has been previously en-
ergized and now experiences a fault, no distance relay blocking takes place.

Thethird input (the bottom one) produces an output only if the positive se-
guence line current is less than 4% nominal or 4.0% of 5 A secondary = 0.20
A secondary. If this current has been that low for the 1 second pickup time de-
lay thisinput to the AND gate would go high. For ade-energized linethisinput
would normally be high to allow the blocking scheme to operate if the other
twoinputsare high. Thisinput along with input two are present to help prevent
any distancerelay blocking for alinethat isin service and is now experiencing
alinefault.
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68 Out Of Step

Use the out of step (OOS) function as atripping or a blocking function. This
function consists of 2 sets of inner and outer impedance blinders on the R-X
plane. Set the blindersto different values and to have the OOS function operate
for different system conditions. The blinders are straight lines with the same
angle as the angle chosen for the line positive sequence impedance. Outputs
from the outer and the inner blinders are avail able on the output matrix for use
with other types of OOS schemes or for monitoring.

Blinders

N1

Figure 4.11: laos Overcurrent Supervision

The basic OOS scheme looks at the positive sequence impedance of the line
with respect to the line loading. If the line loading causes the impedance to
crossthe outer blinder, an out of step timer is started. If theimpedance does not
crosstheinner blinder beforethistimer times out, the function produces an out-
put (either ablock or trip—whichever is set) when the impedance crosses the
inner blinder. The entire activity is supervised by an overcurrent function to
prevent undesired operations for impedances far from the origin.

The logic has atimeout feature that prevents the blocking function from oper-
ating for anindefinite amount of time. Device 68 functions as either ablocking
device or tripping device. The 68 Out of Step (68 Trip or 68 Block), 68 Inner
and 68 Outer blinder logic pointsare availablein the output matrix. Theselogic
pointsare also logged as event messagesin the event log, for details see” Event
Messages’ in Appendix D. In addition, the outputs from the inner and outer
blinders are available for use with ProL ogic to create any application scheme
required.

If you select Device 68 to block for OOS conditions, the relay energizes the
front panel alarm LED when the 68 elements are blocking. If you select the 68
to trip for OOS conditions the relay energizes the front panel target light.

Inner Blinder Alarm
Outer Blinder Alarm

Zpos
Enable Setting
50.1pos i|7 -
50p3|0 A 68 Bloc Out of Step

60 68 Tri

Figure 4.12: Out of Step
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4 Protection Functions and Specifications

68 Out of Step

Mode

Block, Off, Trip

Zone Blocking

Zone 1 Blocking

Enable/disable

Zone 2 Blocking

Enable/disable

Zone 3 Blocking

Enable/disable

Zone 4 Blocking

Enable/disable

Out of Step Swing Timer

0.00 to 1.00 seconds

11 Supervision

0.5to0 50.0 A secondary (5 A)
0.1to 10.0 A secondary (1 A)

3l Blocking

0.5 to 50.0 A secondary (5 A)
0.1to 10.0 A secondary (1 A)

Blocking Reset Time

0.25 to 2.00 seconds

LHS Binder

Outer (R1) -100.0 to R2 ohms secondary (5 A)
-500.0 to R2 ohms secondary (1 A)

Inner (R2) R1 to R3 ohms secondary

RHS Binder

Outer (R3) R2 to R4 ohms secondary

Inner (R4) R3 to 100.0 ohms secondary (5 A)

R3 to 500.0 ohms secondary (1 A)
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4 Protection Functions and Specifications

Dead Line Pickup

When energizing aline that has been out of service, the line may have afault
onit. Thisfunctionis called Dead Line Pickup or sometimes called switch on
tofault. If theline potential isderived from bus PTs, thedistancerelay function
acts normal and operatesfor any fault that exists when thelineis energized. If
theline usesline PTs, the output of these line PTsis zero. Because of this, op-
eration of the line distance functions may be undefined. To provide protection
to detect faults when alineisfirst energized, the dead line pickup function is
involved.

2 sec

. 27Vpos = Toomsl 1

50ILa RMS
4% | nominal __ { s501Lb RMS ’ % { . )~Dead-Line-Pickup Trip
RMS fixed 50ILc RMS 4

. 50lLa RMS N
. 50ILb RMSSD_ 50 Trip
50ILc RMS 50N Trip
. 50310
— . IL2a/ILla
Ci2b/ie —3 O
. 1L2c/ ILlc—/—/
2nd Harmonic Restraint Enable

Figure 4.13: Dead Line Pickup

The Dead Line Pickup function uses voltage and current to determine whether
thelineis energized. Thelogic diagram shows how the circuit actually works.
On energization the line voltage is zero allowing you to set the phase and neu-
tral overcurrent relay function to trip if afault is present on theline. These
overcurrent functions must be set to see any faults at the end of the line.

When the line current of 4% of | nominal secondary or grester stays on for
greater than 200 ms, the circuit is disabled, allowing the distance relaysto take
over protection of the line. If faults occur after the line has been energized, a
voltage level of 75% could be present. The circuit does not react because of a
2 second delay on the voltage reset. No output from this function occurs be-
cause the blockout feature associated with the line current isgreater than 0.2 A
secondary.

If you are concerned about line current being less than 0.2 A secondary at any
time during the inservice period, you can introduce a breaker auxiliary contact
into the logic using a ProL ogic statement (e.g. ProLogic Statement = Dead
Line Pickup + External Input Breaker Closed). The breaker status can be either
an“a’ or“b" contact. Using the breaker contact supervision ensures no opera-
tion of the Dead Line Pickup function with the line breaker closed after the en-
ergization period.

In addition to thislogic, asecond harmonic restraint logic allowsthelineto be
more easily energized if the line is T-tapped with an online reactor or trans-
former. Energization of the line with the T-tapped device results in 2nd har-
monicsthat allowsthelineto be energized. If afault existsthat exceedstheline
high set overcurrent devices, the line is allowed to trip.
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Weak Infeed

Dead Line Pickup

Dead Line Pickup

Enable/disable

Device 27 Vpos Pickup

0.0 to 69.0 volts secondary

Device 50 Pickup

0.5t0 50.0 A secondary (5 A)
0.1to 10.0 A secondary (1 A)

Device 50N Pickup

0.5to0 50.0 A secondary (5 A)
0.1to 10.0 A secondary (1 A)

Second Harmonica Restraint

Enabled/disabled

12/11 Ratio

0.0to 10.0

Weak Infeed providestrippingif fault levelsaretoo low to activate the distance
units. If enabled, this function sends a permissive trip signal even if the fault
level seen by therelay is very low as when the line breaker is open. The posi-
tive sequence and zero sequence voltage detectors allow the relay to echo back
apermissive signal to allow the end with fault current to trip quickly without

the need for an auxiliary b contact.

Weak Infeed

Weak Infeed

Enable/disable

Device 27 V1 Pickup

0.0 to 69.0 volts secondary

Device 59 VO Pickup

0.0 to 100.0 volts secondary

Zone 2/Zone 4 Reset Delay (TWD1)

0.02 to 0.20 seconds

Communication Cycle Reset Delay (TWD2)

0.02 to 0.20 seconds

Communication Reset Time Delay (TW3)

0.02 to 100.0 seconds
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25/27/59 Sync Check

Therelay can bring in voltages from both line and bus PTs. The Line Sync
Check function, if enabled, looks at the voltage steady state angle between the
busand theline PT voltage. If thisangleiswithin aplus/minus specified val ue,
(+/- 1 to 50 degree magnitude range of setting available), the function enables
a definite time delay pickup (user-selectable 0 to 10.00 seconds) after which
time an output is produced.

The line sync reference voltage is taken from a bus source. L-PRO can bring
one single-phase to neutral voltage. Logic within the relay alows the single-
phase quantity to be either A, B or C phase. All unused single-phase inputs
must be grounded for proper operation.

The Dead Main Live Auxiliary, Live Main Dead Auxiliary and Dead Main
Dead Auxiliary logic functions use fixed values of main and auxiliary positive
sequence secondary voltages to determine the sync check condition. The volt-
ageisfixed at 20 volts secondary, voltages below 20 volts are declared a dead
state and voltages above 20 volts are declared alive state.

When enabled, thisfunction checks that the voltage angle between the line PT
and bus PT are within a specified value. Y ou can use this function to ensure
that closing alineto a system will result in acceptable power flow. The func-
tion uses positive sequence voltage, and therefore, can accommodate single-
phase sources as well as 3-phase sources. If a single-phase source is used, it
must be connected to the corresponding phase designation on the relay input.
For example: If only a B-phase bus PT is available, it should be connected to
the relay input B-phase terminals. In this example, the voltage and angle limit
is 20 degrees with no pickup or drop out delay.

The Dead Main Live Auxiliary, Live Main Dead Auxiliary and Dead Main
Dead Auxiliary logic functions use fixed values of main and auxiliary positive
sequence secondary voltages to determine the sync check condition. The volt-
ageisfixed at 20 volts secondary. V oltages below 20 volts are declared a dead
state and voltages above 20 volts are declared a live state.

25/27/59 Sync Check

25 Sync Check Enable/disable

Maximum Voltage 60.0 to 138.0 volts secondary
Minimum Voltage 40.0 to 69.9 volts secondary
Angle Difference 1.0 to 50.0 degrees

Pickup Delay 0.00 to 10.00 seconds
Main/Aux

Enable Dead Main Live Aux. (DMLA) Enable/disable

Enable Live Main Dead Aux. (LMDA) Enable/disable

Enable Dead Main Dead Aux. (DMDA) Enable/disable

D02333R03.51
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79 Recloser

Therelay has a dedicated auto reclosure logic function.The recloser supports
up to 4 shots of reclosing with complete ring bus circuit breaker control with

or without synchronism check supervision or dead bus/dead line. Lead and fol-
low breaker settings combined with out of service timers for each breaker are
used to create flexible configuration options. The output matrix is used to map
theinputs and outputs of the 79, the output for each reclose attempt is captured
to the event log, and visual indication of an external recloser block condition

(79B) isavailable on thefront panel. The 79 requires breaker “a’ contact status
indication for each breaker.

For more information see “L-PRO Setting Example” in Appendix L.

Open Interval Timers

Thelead breaker open interval times are settable for each shot (T1-T4), while
the follow breaker open interval is common for each shot attempt. The follow
breaker open interval can use the 79 follower timer (TF), or the 79 reset timer
(TD).

Lead or Follow Breakers

The 79 adds flexible lead and follow breaker options, where the |ead breaker
can beinthemain or auxiliary position. The 79 automatically movesthefollow
breaker into thelead position after the out-of-servicetimedelay (TC), whenthe
lead breaker is removed from service. If the follow breaker is removed from
service, after the out-of-service time delay (TC), there isno follow breaker re-
close attempts. When a TC timer has expired it does not reset until the breaker
status changes for at least 10.0 seconds or the relay is powered down.

External Reclose Blocking

The 79 also supports blocking from external devices viathe output matrix and
theinternal 79 Lockout indication. Y ou can control the 79 remotely or locally
with external or virtual inputs.

Lockout Indication

Lockout indication is provided for the lead and follow breaker. The lead and
follow lockout indication is set for afixed time delay pickup of the close signal
time (TP) plus 1.0 second. When the recloser goes to the lead lockout condi-
tion, the breaker out of servicetimersare set to zero seconds and automatically
pick up. If therecloser isinthelead lockout state, thelogic remainsinthat state
for setting (TD) seconds after the main or auxiliary breaker is manually closed.
Thefollow lockout condition occurs when the follow breaker receives aclose
signal and the breaker remains open. If the recloser isin the follow lockout
state, the logic remains in that state for setting (TD) seconds after the follow
breaker is manually closed.
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79 Recloser
79 Recloser Enable/disable
Number of Shots 1to4

First Reclose (T1)

0.1 to 999.9 seconds

Second Reclose (T2)

1.0 to 999.9 seconds

Third Reclose (T3)

1.0 to 999.9 seconds

Fourth Reclose (T4)

1.0 to 999.9 seconds

Close Time (Tp)

0.1to 1.0 seconds

Lockout Time (TD)

0.0 to 999.9 seconds

Initiate Reset (TDI)

0.0 to 999.9 seconds

Recloser Mode

Main only

Block Reset (TDB)

0.0 to 999.9 seconds

Follower Time (TF) 0.0to 24.9

Breaker Out of Service (TC) 0.0 to 999.9 seconds
Follower Sequence Switch

Close after the Recloser Follower Time (TF) On/off

Close after the Recloser Reset Time (TD) On/off

Sync Control Enabled/disable

Therecloser providesflexibility with lead and follow breaker options. Thelead
breaker isinthemain or auxiliary position. Thisallowsyou to control the lead
circuit breaker with complete Dead Main Live Auxiliary, Live Main Dead
Auxiliary, Dead Main Dead Auxiliary or Live Main Live Auxiliary supervi-
sion (angle limit and voltage limit). Y ou also have the ability to control the 79
remotely or locally with external or virtual inputs. The 79 recloser monitorsthe
breaker contact “a” status and automatically movesthefollow breaker into the
lead position when the lead breaker is removed from service, after an out-of-
service time delay setting. For details of auto-recloser examples see “L-PRO
Setting Example” in Appendix L.

Sync Control

The flexibility provided with device 79 allows you to control 1 or 2 circuit
breakerswith complete Dead Main Live Auxiliary, Live Main Dead Auxiliary,
Dead Main Dead Auxiliary or Live Main Live Auxiliary supervision (slip fre-
quency). Sync control is provided on the lead breaker only, because the follow
breaker always recl oses after the lead breaker has successfully closed. ProlLog-
ic can be used to supervisefollow breaker closing attemptsif an external input
isused to signal that the follow breaker has avalid sync check signal from an
external device (e.g. PLC).
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59 Main/Auxiliary
Overvoltage

L-PRO provides overvoltage protection from both the busand line PTs. These
functions are definite time delay functions.

Gate Switch (Setting)

59 Va Main —<—\_\

59 Vb Main
59 Vc Main

] TN

B

Figure 4.14: 59 Main Overvoltage

The definite time delay main overvoltage function, similar to the undervoltage
function, looks at all 3 phase-to-neutral voltages. Thisfunction usesthe RMS
voltages to make this determination of overvoltage and is settable to an AND

or OR logic.

The auxiliary overvoltage function operates exactly the same way asthe main
overvoltage function except that it uses the voltages from the auxiliary PT in-

puts.

59 Overvoltage

Main Enable/disable

Gate Switch AND or OR

Pickup 1.0 to 138.0 volts secondary
Pickup Delay 0.00 to 10.00 seconds
Auxiliary Enable/disable

Gate Switch AND or OR

Pickup 1.0 to 138.0 volts secondary
Pickup Delay 0.00 to 10.00 seconds
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27 Main/Auxiliary L-PRO provides undervoltage protection from both the bus and line PTs.
Undervoltage These functions are definite time delay functions.

The definite time main undervoltage function looks at the phase-to-neutral
voltage of all 3 phasesto determine an undervoltage condition. The fundamen-
tal RMSvoltageisused for this calculation. If any of the phase-to-neutral volt-
agesis below the set value, the function starts the definite time delay timer.

Y ou can set this function to be an AND or OR logic.

Theauxiliary undervoltage function operates exactly the sameway asthemain
undervoltage function except that it usesthe voltages from the auxiliary PT in-
puts.

Gate Switch (Setting)

27 Va Main ———¢
27 Vb Main ] x T
27 Vc Main

—
Figure 4.15: 27 Undervoltage
27 Undervoltage
Main Enable/disable
Gate Switch AND or OR
Pickup 1.0 to 120.0 volts secondary
Pickup Delay 0.00 to 10.00 seconds
Auxiliary Enable/disable
Gate Switch AND or OR
Pickup 1.0 to 120.0 volts secondary
Pickup Delay 0.00 to 10.00 seconds
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60 AC Loss of

Potential 2TMaO75pufed)

27\V1h (0.75 pufixed) m

27VLe (075 pufixed) —'L/

59\La (0.1 pufixed) m—

59VLh (0.1 pufivet) e 175 ’

59VLe (0.1 pufixed) —; I:. v
dVipos/ctt > 3Vicycle 7 A7 Z
Mposidt <-3Vicyde

2BS | diposidt | > 0.1A/cydle

501lpos
50310
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) s N\ 72 ]
50ILB (4% nominal) 170
50ILC (4% norinal) —tL’

Figure 4.16: Loss of Potential

The L-PRO distance elements (21P and 21N) are supervised by both instanta-
neous non-directional overcurrent and the loss of potential (LOP) logic to pre-
vent falsetrip due to the loss of potential, where the phase distance elements
are supervised by the delta current (i.e. la-Ib, Ib-Ic and Ic-1a), and the ground
distance elements are supervised by both the phase current and the zero se-
guence (310) current.

Thelossof potential (L OP) function usesrate of change valuesfor the positive
sequence voltage and current signal along with voltage and current supervision
to detect loss of potential conditions. Thisfunction operatesvery fast and been
field proven to block the distance elements during potentia transferring be-
tween buses.

The function looks for anegative rate of change on the positive sequence volt-
age while determining if the positive sequence current is changing. A loss of
potential in itself should result in only aloss of voltage or a negative rate of
change of voltage. A fault resultsin ahigh rate of change of current aswell. In
some rare cases there is anegative rate of change of fault current, thereforewe
use an absol ute rate of change of current. When the loss of potential condition
is detected, it is latched until all the 3-phase voltages are above 75% or a pos-
itiverate of change of voltageis detected. So the circuit detects aloss of poten-
tial that resultsin avoltage of lessthan 75%. Select positive and zero sequence
current blocking functions above the maximum load current, this ensures that
L OP does not pick up on fault.

A dropout timer has been added on the di/dt signal (in front of gate 169) to en-
sure that the di/dt signal won’t reset earlier than the dv/dt signal. This change
improves the security of the algorithm in some particular fault situations.

60 Loss of Potential

60 Loss of Potential Enable/disable

11 Blocking 0.5t0 50.0 A secondary (5 A)
0.1to 100.0 A secondary (1 A)

3l Blocking 0.5t0 50.0 A secondary (5 A)
0.1t0 100.0 A secondary (1 A)
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4 Protection Functions and Specifications

If this function is enabled and an AC Loss of Potential takes place, an output
contact can be closed.

Loss of potential causes an alarm and distance elements will be blocked. Pos-
itive and Zero sequence current settings provided will block this function for
faults. If voltage goes below 75% nominal (49.8 volts) and the currents ob-
tained do not exceed the settings, the loss of potential will be initiated.

Note that the positive and zero sequence current blocking level
should be set above the maximum line current. This function is fast
enough to provide blocking of the distance functions for schemes that
use bus potential inputs that are sometimes transferred without the
need for any external blocking inputs.

Logic
Element

Description (for details see Figure 4.16: Loss of Potential on page 4-24)

167

When 50Ipos or 50310 exceed their set point and go high (1) it will invert and
block logic element 169

168

When one of the phase-to-ground potentials falls below 0.75 pu, the logic ele-
ment’s output is high.

169

To declare a LOP, this element must have a negative rate of change of positive
sequence voltage below or less than 3 volts/cycle - AND - an absolute value of
rate of change of positive sequence current below or less than 0.1 A/cycle - AND
-not have a positive sequence load current (50 Ipos) above the setting.- OR - not
have 3 times zero sequence fault current (3l0) above the setting of 3lo.

170

LOP is declared by this logic element (logic high) when any of the phase currents
are above 0.2 A.

171

Has an output when o/p from 168 is high - AND - o/p from logic 173 is high - AND
- "NOT" logic 176 high. (Positive sequence rate of change voltage is not greater
than 3 volts/cycle and not 3 phase voltage greater than 0.1 pu).

172

Has an output when o/p from 170 is high - AND - positive sequence rate of
change voltage is not greater than 3 volts/cycle.

173

Has an output when o/p from 171 is high - OR - timed o/p from logic 169 is high.

174

Has a Loss of Potential (LOP) output when o/p from 168 is high - AND - o/p from
logic 172 is high - AND - o/p from logic 173 is high. The output is timed on drop
out. This output is sent to other elements of the relay to give indication and block
voltage elements, such as impedance from tripping falsely from loss of potential
condition.

175

Phase voltage A@ and B@ and C@ greater that 0.1pu will have output HIGH

176

Logic element 175 HIGH AND positive sequence rate of change voltage is not
greater than 3 volts/cycle - output HIGH, will invert into element 171 to Block tun-
ing 171 off.
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4 Protection Functions and Specifications

81 Frequency Therelay has 4 frequency devices available. Each frequency element
can be set to operate either at afixed level of under-frequency, afixed
level of over-frequency, or at arate of change level (df/dt). The df/dt
function can be set to operate for apositive rate of change or anegative
rate of change. Each frequency element has a definite time delay setting
to create atime delayed output. A fixed level of positive sequence volt-
age of 0.25 pu provides an undervoltage inhibit on each element

Frequency (Hz) — —
(@]

Figure 4.17: Frequency Fixed Level

df/dt (Hz/s) ——> —
O

Figure 4.18: Frequency Rate of Change

81 Over/Under Frequency

81-1 Disabled/Fixed Level/Rate of Change
Pickup 50.000 to 59.995 or 60.005 to 70.000 (fixed level)
-10.0to -0.1 or 0.1 to 10.0 (rate of change)
Pickup Delay 0.05 to 99.99 seconds (fixed level)
0.20 to 99.99 seconds (rate of change)
81-2 Disabled/Fixed Level/Rate of Change
Pickup 50.000 to 59.995 or 60.005 to 70.000 (fixed level)
-10.0to -0.1 or 0.1 to 10.0 (rate of change)
Pickup Delay 0.05 to 99.99 seconds (fixed level)
0.20 to 99.99 seconds (rate of change)
81-3 Disabled/Fixed Level/Rate of Change
Pickup 50.000 to 59.995 or 60.005 to 70.000 (fixed level)
-10.0to -0.1 or 0.1 to 10.0 (rate of change)
Pickup Delay 0.05 to 99.99 seconds (fixed level)
0.20 to 99.99 seconds (rate of change)
81-4 Disabled/Fixed Level/Rate of Change
Pickup 50.000 to 59.995 or 60.005 to 70.000 (fixed level)

-10.0to -0.1 or 0.1 to 10.0 (rate of change)

Pickup Delay 0.05 to 99.99 seconds (fixed level)
0.20 to 99.99 seconds (rate of change)

Four frequency elements are provided with adjustable definite time de-
lays. Frequency isdetermined from the main voltageinput (3 phase volt-

age).
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50LS Overcurrent

L-PROtakesin currentsfrom 2 ring bus CTsand 2 additional CT inputs, 50LS
Input 3 and 50L S Input 4. These individual overcurrent devices can be used

with ProLogic to create your own logic. 50L S Input 3 and 50L S Input 4 are not
available in the Output Matrix.

50 I1a RMS T Low Set Overcurrent
50 I11b RMS
50 I1c RMS 0
Figure 4.19: Low Set Overcurrent
50 Low Set Overcurrent
Main Enable/disable
Pickup 0.10 to 50.00 A secondary (5 A)
0.02 to 10.00 A secondary (1 A)
Pickup Delay 0.00 to 10.00 seconds
Auxiliary Enable/disable
Pickup 0.10 to 50.00 A secondary (5 A)
0.02 to 10.00 A secondary (1 A)
Pickup Delay 0.00 to 10.00 seconds

D02333R03.51
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4 Protection Functions and Specifications

50BF Breaker
Failure

The breaker failure protection function detects breaker failures. There are 2
sets of breaker failure protection functions, 50BF Main and 50BF Auxiliary,
onefor each breaker. When breaker failureisinitiated by atrip or other internal
logic (user-settable through the output matrix) and the breaker current still ex-
ists, 2 timers (T1 and T2, user-settable) are started. When these timers are
timed out and if the current still exists (which indicates breaker failure), the
output of thisfunction is set high. Use the 2 outputs of this function to trip an-
other trip coil or the next level of breakers, such as bus breakers. Phase current
supervision isfixed at 4% of | nominal and is shown for a5 A relay.

Breaker failure Initiator (from Output Matrix)

—

Figure 4.20: 50BF Main Breaker Failure

50 | 1a (fixed 0.2 amps)
50 I 1b (fixed 0.2 amps)
50 | 1c (fixed 0.2 amps)

T1

— Outputl

T2

— Output2

50 Breaker Failure

Main

Enable/disable

Pickup Delay 1

0.01 to 99.00 seconds

Pickup Delay 2

0.01 to 99.00 seconds

Auxiliary

Enable/disable

Pickup Delay 1

0.01 to 99.00 seconds

Pickup Delay 2

0.01 to 99.00 seconds
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4 Protection Functions and Specifications

50/51/67 Phase

Overcurrent

Phase Overcurrent provides backup protection to the line. Y ou can define for-

ward, reverse or non directional control on either 50 or 51 functions.

Device51 provides 3 IEC inversetime curvetypes, 3 |EEE inversetime types
of overcurrent protection and one user-defined curve. The equation and the pa-
rameters of Device 50/51/67 are listed below.

Table 4.1: IEC and IEEE Curves

No Curve Type A B p TR
1 IEC Standard Inverse 0.14 0.00 0.02 13.5
2 IEC Very Inverse 13.50 0.00 1.00 47.3
3 IEC Extremely Inverse 80.00 0.00 2.00 80
4 IEEE Moderately Inverse | 0.0103 0.0228 0.02 0.97
5 IEEE Very Inverse 3.922 0.0982 2.00 4.32
6 IEEE Extremely Inverse 5.64 0.0243 2.00 5.82
7 User-defined [0.001, 1000] | [0.0,10.0] | [0.01,10.0] | 0.1, 100
For | > pickup For | < pickup
T(l) = TMS B+ A T(1)= TM§ — R
e — I éj—l D I €2—l
OPickup’ OPickup®

50/51/67 Phase Overcurrent
50 Enable/disable
Directional Forward, reverse or non-directional
Pickup 0.50to 50.00 (5 A)

0.10 to 10.00 (1 A)
Pickup Delay 0.00 to 99.99 seconds non-directional

0.01 to 99.99 seconds directional
51 Enable/disable
Directional Forward, reverse, non-directional
Pickup 0.50t0 50.00 (5 A)

0.10 to 10.00 (1 A)
Curve Type For details see for details see Table 4.1: IEC and IEEE

Curves on page 4-29.
TMS 0.01 to 10.00
A 0.0010 to 1000.0000

0.0000 to 10.0000
p 0.10 to 10.00
TR 0.10 to 100.00
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4 Protection Functions and Specifications

50N/51N/67 Neutral Neutral overcurrent provides backup protection for line to ground faults. You

Overcurrent can define forward, reverse or non-directional control on either 50N or 51N
functions. 51N can also be configured for use in the communication scheme.
All the curve definitions are the same as the phase overcurrent except that this
function uses 310 rather than phase current. The equation is:

For 310 > pickup For 310 < pickup

T(310) = TM§B+—2 T(310) = TMS —— R
A 310 & , A 310 & ,
OPickup’ OPickup’

50N/51N/67 Neutral Overcurrent

50N Enable/disable
Directional Forward, reverse or non-directional
Pickup (3lg) 0.50t0 50.00 (5 A)
0.10 to 10.00 (1 A)
Pickup Delay 0.00 to 99.99 seconds non-directional
0.01 to 99.99 seconds directional
51N Enable/disable
Directional Forward, reverse, non-directional, forward & in scheme
Pickup (3lo) 0.50 to 50.00 (5 A)
0.10 to 10.00 (1 A)
Curve Type For details see Table 4.1: IEC and IEEE Curves on page 4-
29.
TMS 0.01 to 10.00
A 0.0010 to 1000.0000
B 0.0000 to 10.0000
p 0.10 to 10.00
TR 0.10 to 100.00
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46-50/46-51/67
Negative Sequence
Overcurrent

Negative Sequence Overcurrent provides further backup protection for any un-
balanced faults. Y ou can define forward, reverse or non-directional control on
either 46-50 or 46-51 functions. All the curve definitions are the same as the
Phase Overcurrent. The only differenceis that this function uses the negative
sequence current (12) rather than phase current. The equation is:

For I, > pickup

For I, < pickup

T(12) = TMS/B+

—t T(12) = TMg — 1B
P;Zé)_l P|_2€2_1
OPickup’ OPickup’

46-50/46-51N/67 Negative Sequence Overcurrent

46-50 Enable/disable

Directional Forward, non-directional

Pickup 0.50t0 50.00 (5 A)
0.10 to 10.00 (1 A)

Pickup Delay 0.00 to 99.99 seconds non-directional
0.01 to 99.99 seconds directional

46-51 Enable/disable

Directional Forward, reverse, non-directional

Pickup 0.50 to 50.00 (5 A)
0.10 to 10.00 (1 A)

Curve Type For details see for details see Table 4.1: IEC and IEEE
Curves on page 4-29.

TMS 0.01 to 10.00

A 0.0010 to 1000.0000

B 0.0000 to 10.0000

p 0.10 to 10.00

TR 0.10 to 100.00
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Adaptive Additional
Delay for 50 O/C
Elements

Directional Control

Z Circle Trigger

The L-PRO provides an adaptive additional time delay (maximum 16 ms) re-
sponse to the 50 O/C elements to prevent operation during RFI testing with
minimal pickup set points and operation near pickup.

This adaptive delay is applied to: 50LS-1, 50LS-2, 50L S-3, 50L S-4, 50, 50N,
46/50.

If the Pickup Delay setting (Tp) < 20ms AND Pickup Level setting <Inominal
(nominal current), an extra8 msdelay isadded. After this8 mstimer expires,
if I <threshold, the second 8ms extra delay will be added in addition to the
origina Tp. If | > threshold after the first 8ms timer expires, only Tpisused
for the delay. (Note Tp is the setting which is less than 20ms, could be Oms).

The threshold is equal to 2* PickupLevel if pickup is between 40%* Inominal
and Inominal (i.e. between 2A and 5A for 5ACT). The threshold is equal to
40%* Inominal if 2* PickupLevel < 40%*INominal. The threshold is equal to
Inominal if 2* PickupLevel>Inominal

Directional overcurrent elements use the same directional element as the mho
distance elements. Overcurrent elementswill operate depending on directional
setting and fault direction, when the directional element hasavalid output. If
the directional element can not declare avalid direction, overcurrent elements

will operate as non-directional elements. See“Directional Element” on page 4-
7.

X

(A
N

Figure 4.21: Z Circle Trigger

Z Circle Trigger

Z Circle Trigger Enable/disable

Positive Sequence Impedance 0.1 to 50.0 ohms secondary (5 A)
0.5 to 250.0 ohms secondary (1 A)

TheImpedance Circle Trigger (Z Circle Trigger) triggerstherelay to record on
adynamic swing disturbance—only used to trigger arecording. Thistrigger is
usually set outside the last protection zone used and blocked during LOP con-
ditions.

4-32

L-PRO User Manual 2100 D02333R03.51
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Fault Locator Whenever afault occurs and the line trips, the fault locator calcul ates the fault
type and the distance to the fault. Thisinformation is available from the front
display of the relay or through Port 1, 2 or the SCADA port. Fault locator can
be enabled/disabled through settings (System parameters).

Thefault locator isinitiated by the following logic:
e 21 Trip

50N Trip

51N Trip

» Scheme Trip

21 Alarm (configurable)
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ProLogic

ProLogic Control Statements

Using ProLogic, L-PRO can pick any of the protection functions, external in-
puts or virtual inputs and place them into Bool ean-like statements. ProLogic
handles up to 5 functions to generate one ProLogic statement; 12 statements
are possible. The results from these statements are mapped to output contacts
using the output matrix.

Special ProLogic inputs are:
« Communications receive input from ProLogic output.
» Output relay #14 as an input to ProLogic.

The ProLogic control statements are used to create Boolean-like logic. The L-
PRO can use any of the protection functions or external inputs combined with
logic gatesto create aProL ogic control statement. Thepossiblegatesare AND,
NAND, OR, NOR, XOR, NXOR, and LATCH. The control can betime delay
pickup and or time delay dropout, and can drive the front panel target LED.
Twelve ProLogic control statements outputs are available and can be used in
the output matrix to customize the relay to your specific needs. Inputs to Pro-
Logic are al the elements plus previous ProL ogic statementsfor logic nesting
usage.

The example shows A to E inputs are status points of devices that are user-se-
lectable. Each ProLogic output can be given a specific name, pickup and reset
time delay.

Opl Op2

A I
— Dl_

c Op4

D Op5
T
E [©]

Figure 4.22: ProLogic

ProLogic Setting Functions

Name Give the ProLogic a meaningful name

Pickup Delay Delay time from pickup to operate

Dropout Delay Delay time from dropout to a ProLogic status of low

A, B,C,D,E Relay elements as input statements

Operators Boolean-type logic gates
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Group Logic

Group Logic Control Statements

The L-PRO Relay has 8 setting groups (SG). Y ou can change al relay setting
parameters except the physical connections such asinput or output parameters
in each setting group. Setting group changes are performed by using any one
of the 16 available Group L ogic statements per setting group. The Group Logic
statements are similar to the ProL ogic statements with the following excep-
tions—the sole function isto activate one of the 8 setting groups and the pro-
cessing isin aslower half second cycle. Group Logic inputs statements are
driven from ProLogic or any external input or virtual input or from previous
Group Logic statements. Each Group L ogic statement includes 5 inputs (with
Boolean statements), one latch state and one pickup delay timer. The active
setting group (ASG) is viewed from the Terminal Mode, the front panel or
from arecord stored by the relay (the active setting group is stored with the
record).

Group Logic Processing

The 16 Group Logic statementsresidein aslower processing thread within the
relay protection algorithms. The processing cycle happens once every half sec-
ond (0.5 second). When using ProL ogic statements remember that alatch or
dropout timer should be used if theinitiating condition does not last at least 0.5
seconds. In the example following, we will create a definite pulse length using
ProLogic, for details see “L-PRO Setting Example” in Appendix L.

Default Setting Group

Therelay uses Setting Group 1 asthe factory default setting group and retains
the current active setting group in memory. Thisallowstherelay to usethelast
active setting group prior to interruption of relay power as the default setting

group following power up.
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Change Active Group

Y ou can at any time change the active setting group. When you initiate a set-
ting group change, this change takes precedence over an automatic setting

group change. The terminal Ul is used to change the active setting group. To
view a snapshot of the group logic data select F2 prior to making any modifi-
cation to the Active Setting Group input. The following is the flow of events

that can occur in the Active Group Screen.

Active

Group
Screen

select <F2>
or <F3> to
continue

Quit

F2

System
refreshes AG
Screen

System
changes AG

atu
Ms
Any Ke

System cancels
AG change

Settings
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4 Protection Functions and Specifications

Settings Saved

Y ou can change the active setting group while saving setting changes or load-
ing settings from Offliner. The relay prompts you for a setting group to acti-

vate— you can keep the current setting group or switch to anew setting group
following the settings save.

The following is the flow of events that can occur in the Editing Settings
Screen.

Edit
Settings

|

Acess
Level

I
Change or Service

View J J
Select Copy Accept .
Quit
Group Changes
Quit
@ Setting without
<F3> Quit Load Save
<Enter> view No
System Yes
opens Copy ———» Copy 4
SG Screen group System
Saves all System
l Changes keeps
v l Changes
Exit CRor
Space System asks
user for SG
l to activate
System Setting !
updates Copy Copy,
SGxto SGy
and waits for
User I/P A A No
No Yes Yes
. atu
System cancels System copies Msg
SGxto SGy SGxto SGy Any Ke
»(B
%

|

Settings
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Thefollowing isthe flow of eventsthat can occur in the Load Settings Screen.

Load
Settings

Acess
Level

View

System opens

Change or Service—® Load Setting
Screen

System
receives user
file

SG to
Activate,

*

System
processes
user file

f

Yes
!

System Saves
all Changes

—
Q
=

Confirm
Setting
Load

y
2=Z
\Q\m‘ﬁ’c

|

Settings
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Manual Settings Change

Relay configuration changes during auser-initiated manual setting; the change
doesnot disrupt the relay protection functions. The relay logs an acceptance of
the change request and puts the new setting file in service. When the new set-
ting file is queued the relay loads the new setting configuration for protection
functionsto the protection processor. The relay loadsthe new name definitions
for indication and recording functions to the interface processor. When the re-
lay has completed loading the ancillary settings for indication purposesto the
interface processor, an event islogged to show completion of the request.
There is some lag time during the load request and the completion of the re-
guest where the interface processor associates ancillary functions with the pre-
vious setting file for approximately 5 seconds. The ancillary setting
information includes channel or ProLogic and Group L ogic statements names,
front panel target light activation rules and record initiation rules.

The protection processor does not have any interruption in service.

Automatic Settings Change

Relay configuration changes during arelay-initiated setting; change does not
disrupt the relay protection functions. Since the relay setting file does not
change, the interface processor uses the new setting group ancillary setting in-
formation at the same time as the protection processor switches to the new set-
ting group. An event islogged to show when the new setting group isin
service.
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Communication-Aided Scheme

50/51N OC Carrier
Start and Block
Logic

The L-PRO Relay provides 4 communication aided tripping scheme options.
Permissive over-reaching transfer trip (POTT), a combination of POTT with
weak infeed (WI1), directional comparison blocking (DCB) or permissive un-
der-reaching transfer trip (PUTT) are available to be used with externa tele-
communications devices for enhanced tripping of the protected line. The
combination of phase distance, ground distance and neutral overcurrent ele-
ments provide flexible setting options for the selected communication aided
tripping scheme.

Logic for 2 communication receivers can be used for 3 terminal lines or if the
telecommunications use 2 separate communication channels. Y ou can set the
communications receivers to use one of 9 external inputs or one of the 12 Pro-
L ogic statements. The sameinput cannot be shared between the 2 communica
tion receivers.

The output matrix is used to configure the communications scheme send (per-
missive trip or block), and the communications scheme trip (local tripping) to
any combination of the 14 available output contacts. The user-set dropout ex-
tension on output contactsis eliminated on any contact that is configured to op-
erate for the communication scheme send signal; you can provide your own
dropout time delay with timer setting TD3.

The communications aided tripping scheme options use the general distance
and overcurrent protection functions of the L-PRO, along with directional
overcurrent elements specifically included in the scheme. These elements use
the memory polarization as described in the “ Relay Method of Memory Polar-
ization” on page 4-5 and the directional element as described in “Directional
Element” on page 4-7.

Thecarrier start logicistraditionally initiated by the Zone 2 distance el ements,
but the L-PRO provides 2 directional neutral overcurrent elements that can be
used in addition to the Zone 2 distance elements. The device 51N time over-
current element, and the 50N/67F instantaneous overcurrent if enabled can be
configured to drive the carrier start logic. The 51N is configured in the 50N/
51N screen, while the 50N/67F is configured in the scheme selector screen,
both elements are forward directional elements.

The carrier block logic istraditionally initiated by the Zone 4 distance ele-

ments, but the L-PRO providesonedirectional neutral overcurrent element that
can be used in addition to the Zone 4 distance elements. The device 50N/67R,
if enabled, can be configured to drive the carrier block logic. The 50N/67R is
configured in the scheme selector screen and is areverse directional element.

The scheme selector can also be configured to enable the 50N/67F and 50N/
67R directional overcurrent elements as inputs to ProLogic statements. The
50N/67F element can be set to either forward directional or non-directional
when you select the action, “ProLogic Only”.

If the pickup delay setting (Tp) < 9ms, 9ms will be used for the delay. Other-
wise Tp will be used for the delay. This changeisaways applied regardless of
the direction setting (Non-dir, FWD, REV) and the 310 pickup level.
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Basic Logic

Note: If the directional element can not determine avalid direction, the direc-
tionisset to "forward", the 50N/67F may operate, and the 50N/67R element is
blocked. See " Directional Element” on page 4-7.

The basic selection does not provide any communication-aided logic for local
or remote protections.

% -Send
L3, TD3range: 0-1s
. SCHEVE SHECTOR

POTTSCHEVE .
— Trip

30> Pickup

2AN4
214
) i 21P§1NZ
Figure 4.23: Communication-aided Scheme
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POTT Logic

The POTT logicisused for tripping schemeswherethelocal end over-reaches
the remote end for forward fault conditions, for details see Figure 4.23. Com-
muni cation-aided Scheme on page 4-41. Thelocal end sends a permissivetrip
signal to theremote end when one of the forward directional elementsoperates.
The scheme send signal (permissivetransfer trip send) istime delayed by timer
setting TL3; the local end is required to sense aforward fault for durations
greater than TL3. The local end does not produce a scheme trip output unless
the remote has detected aforward directional fault and sends the similar per-
missive trip signal to the local end. The local end senses a permissive trip re-
ceive signal and the scheme trip closes the output contacts and removes the
fault contribution from the local end. The remote end actsin asimilar fashion
and the fault contribution is removed from the remote end.

Current reversal logic guards against incorrect permissive tripping for installa-
tions with parallel lines where one end of the un-faulted lineis contributing
fault current and the other end of the un-faulted line is over-reaching and send-
ing apermissive trip signal. Thelocal reverse directional elements are used
with the permissive receive signal from the remote end to form the blocking
logic. Theblocking logicistime delayed by timer setting TL1; theloca endis
required to sense reverse faults while receiving the remote permissive trip for
durations greater than TL 1. The blocking logic continues to block the scheme
send and schemetrip signalswhen the reverse fault detection or permissivetrip
receive signals go low. Timer setting TD1 determines the current reversal
block extension time.

For line terminals with aweak source, fault conditions could occur on the pro-
tected line where no elements operate at the weak source. Weak infeed (WI1)
logic enablesthe relay to protect lines where one end of the line has no source
or hasavery weak source. The WI scheme can only be enabled if you have se-
lected the POTT scheme otherwiseit isdisabled. If enabled, the WI feature en-
hances the POTT tripping logic.

WI enablesthe POTT schemeto quickly isolate line faults where one end of
the line has a high source of impedance.

During fault conditions where no weak source elements pick up the WI logic
echoes back the permissive transfer trip signal received by the weak source. If
apermissivetransfer tripisreceived fromtheremotelineend, AND 110, AND
111 and OR 115 echo a POTT signal back to the remote end. The permissive
transfer trip signal isrequired to last for durations greater than 20ms. A 3ms
time delay pickup and time delay dropout timer TWD2 determine the amount
of time between permissivetransfer trip receive signalsthat the scheme echoes
back. If the permissive transfer trip receive signal is constantly high the WI
logic only echoes back for atime equal to TWD3 plus 3ms. If the PT signal
being received resetsthen starts up again, after timer setting TWD2, anew per-
missive transfer trip signal echoes back.

The WI logic blocks when forward or reverse faults are detected, the logic is
also blocked for aloss of potential condition. During areverse or aforward
fault condition, the Zone 2, Zone 4, 51N, or 50N/67 elements could pick up. If
any of these functions pick up, they block the WI scheme by putting ahighin-
put into inverted input of AND 110. The blocking condition isrequired last for
durations greater than 6 ms. The blocking logic continues to block the scheme
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DCB Logic

send and scheme trip signals when the fault detection or loss of potential sig-

nalsgolow. Timer setting TWD1 determinesthe block extensiontime. TWD1
should be set to coordinate with the communi cation-reset time of the PT signal.
It should be set greater than the time it takes for the remote end’ s Zone 2 to re-
set and for the PT channel to reset.

Timer setting TWD2 should be set to atime that prevents chattering of the
communications channel. If TWD?2 is allowed to reset before the remote end
(strong source) clears the fault and stops sending the permissive transfer trip
signal the WI echoes back another block of permissive transfer trip send.

The WI logicis also used to provide local tripping if both ends of the line are
to be isolated. The line voltages provide supervision with a positive sequence
under-voltage element (27V1) and a zero sequence over-voltage element
(59V0). If apermissivetransfer trip isreceived from the remoteline end, AND
110, AND 112, OR 113 and OR 119 provide alocal tripping signal.

The DCB logic isused for tripping schemes where the local end over-reaches
the remote end for forward fault conditions, for details see Figure 4.23: Com-
muni cation-aided Scheme on page 4-41. Typically DCB isused when the com-
munications link may be disrupted during fault conditions, for example power
line carrier. Thelocal end sendsablock trip signal to the remote end when one
of the enabled reverse directional elements operates. The scheme send signal
(block trip send) istime delayed by timer setting TL 3, theloca endisrequired
to sense areverse fault for durations greater than TL 3. If one of the forward
directional elements operates the blocking logic does not operate. For forward
directional fault conditionsthe DCB logicistimedelayed by timer setting TL 2.
Theforward fault condition hastolast for durationsgreater than TL2. Thelocal
end does not produce a scheme trip output if the remote has detected areverse
directional fault and sendsthe similar block trip signal to thelocal end. Thelo-
cal end senses ablock trip receive signal and the schemetrip logic is disabled
with no intentional delay. Current reversal logic guards against incorrect local
tripping for installationswith parallel lineswhere one end of the un-faultedline
is contributing fault current and the other end of the un-faulted lineis reverse-
reaching and sending a block trip signal. The local forward directional ele-
ments are supervised by the block receive signal from the remote end to form
the blocking logic. The blocking logic reset istime delayed by timer setting
TD2; the local end is required to receive the remote block trip for durations
greater than 0 ms. The blocking logic continuesto block the schemetrip signals
when the block trip receive signal goeslow. Typically the block reset timer
TD2 is set longer than the forward directional elements reset time.
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PUTT Logic

The PUTT logic is used for tripping schemes where the local end under-reach
theremote end for closein forward fault conditions, for detail s see Figure 4.23:
Communication-aided Scheme on page 4-41. Thelocal end sendsapermissive
trip signal to the remote end when one of the forward directional elements op-
erates (Zone 1 distance elements). The scheme send signal (permissivetransfer
trip send) istime delayed by timer setting TL 3, the local end is required to
sense aforward fault for durations greater than TL3. The remote end does not
produce a scheme trip output unless aforward directional fault is detected and
the local end has sent the permissive trip signal. The remote end senses a per-
missive trip receive signal and the scheme trip closes the output contacts and
removes the fault contribution from the remote end. The remote end can act
quicker for fault conditions where the Zone 2 faults would be time delayed un-
less the close in fault condition was not transferred by the scheme send.
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Recording Functions

Fault Recording

Swing Recording

Event Recording

Therelay has high speed fault recording and logging functionsto allow you to
analyze faults and to review the operation of the overall protection scheme.
Slow speed swing recording can be used to analyze system stability. If therelay
has reached its recording capacity, new records overwrite the oldest records.

The relay provides DFR-quality fault recording, capturing input signal wave-
forms and external input states at a rate of 96 samples per cycle. Each record
also containsthetiming of theinternal logic produced by therelay (e.g. Device
51 trip). Obtain this information by uploading the records from the relay via
the terminal modefile transfer process and view them with RecordBase View
software.

The quantities recorded are:

18 analog channels (6 voltages and 12 currents)@ 96 samples/cycle up to
the 25th harmonic

» External inputs @ 1 msresolution
« Protection element output signals @ 8 samples/cycle
» ProLogic signals @ 8 samples/cycle
* Active setting group
Parameters that are user-selectable with respect to recording transients:

 Record length (0.2 to 2.0 seconds => 12 to 120 cycles @ 60 Hz Base) with
automatic extension to capture successive triggers

* Recorder triggering by any internal logic or external input signal

The L-PRO records dynamic system responses allowing you to analyze system
stability and to provide alarger context for fault analysis. Swing records con-
tain positive sequence phasor measurements and system frequency cal culated
at arate of 1 phasor per cycle. Swing records can extend to 3 minutesin dura-
tion.

The quantities recorded are:
« Positive sequence impedance (magnitude)
* Positive sequence voltage (magnitude)
« Positive sequence current (magnitude)
» 3-Phase Vars (reactive power)
3-Phase Watts (rea power)

Theevent recording provides permanent storage for the event log. Y ou can cre-
ate an event record automatically or manually. When the event auto saveisen-
abled, an event record is created approximately every 230 events.

Y ou can initiate an event manually though the terminal user interface. The
command Event Recording is available under the Records>Event Recording
menu.
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Record Initiation Recording can beinitiated automatically by the relay when afault or abnormal
condition is detected. Y ou can set the relay to initiate afault record on activa-
tion of any of itstrip or alarm functions or on assertion of any external digital
inputs.

The assignment of fault record initiation to the various relay functionsis done
through the relay’ s Output Matrix settings.

A recording can also beinitiated manually through the terminal user interface.
The commands Fault Recording, Snving Recording and Event Recording are
available under the Records menu.

A swing record can take a couple of minutes to produce due to the
long post-trigger time.

Record Duration The length of each record is determined by the Record Length setting. Tran-

and Extension sient record lengths can be set between 0.2 and 2.0 seconds; swing record
lengths can be set between 30 and 120 seconds. Pre-trigger times are fixed at
10 cyclesfor transient records and 30 secondsfor swing recordsand areinclud-
ed as part of the normal record length.

The L-PRO automatically extends arecord as required to capture consecutive
triggers that are close together. If atrigger occurs while arecordingisin
progress, the record is stretched to include the full post-trigger time of subse-
guent triggers, up to amaximum length—2.0 secondsfor transient records; 180
secondsfor swing records. If atrigger occurs before the end of arecord caused
by aprevioustrigger, but too late to allow sufficient post-trigger timein amax-
imum extended record, a new overlapping record is created.

The normal record lengths settings are accessible under the Recording heading
of therelay settings, and can be set from either the terminal user interface or
the Offliner Settings software.

Record Storage The L-PRO compresses records on the fly, achieving atypical lossless com-
pression rate of 4:1. Asaresult, the L-PRO can store up to 30 seconds of tran-
sient recordings and up to 24 minutes of swing recordingsin non-volatile
storage. If the storage is full, new records automatically overwrite the oldest,
ensuring that the recording function is always available.
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Logging Functions

Event Log

Therelay maintains alog of eventsin a 250 entry circular log. Each entry con-
tains the time of the event plus an event description.

Logged eventsinclude trips, alarms, external input assertions plusinterna
events such as setting changes. Phase information isincluded in event messag-
eswhere appropriate. For example, the event log entry for a device trip might
be:

2000 Nov 21, 15:34:19.832: 51 on ABC Trip

The event log can be viewed in 2 ways:

Front Panel The front panel display shows events in abbreviated form
(Trip and Alarm events only).

Terminal User Interface The full event log is available through the Event Log menu of
the terminal user interface.

This display is a snapshot of the event list which must be manually

refreshed to display new events that occur while the display is up.

Thereisalist of Event Messages, for details see “ Event Messages”
in Appendix D.
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5 Offliner Settings Software

L-PRO Offliner Settings - [Document 1] [

File Edit Window Help

=1l x|
=18l

0| E| &5 @8|w|5
iceniication]

[ Relay

seETRA

Relay Identification

[ Analog Inputs
[ External Inputs
[ Output Cortacts
(0] virtual Inputs.
[] Setting Groups
[ System Parameters
[ Record Lenith

] Bre s
-] Protection Functions
(] Z Circle Trigger
(] ProLogic
(] Growp Logic
-] Output Watrix
-] Settings Summary

(] Setting Group 2 [Setting Group 2]
(] Setting Group 3 [Setting Group 3]
(] Setting Group 4 [Setting Group 4]
(] Setting Group 5 [Setting Group 5]
(] Setting Group & [Setting Group 6]
(] Setting Group T [Setting Group 7]
[ Setting Graup 2 [Setting Group 8]

Settings Versior: I:l

I Ignore Serial Number

Uit [ | UnitiD

Serial Number: | LPRG-2100 - [saiom1 - [ar | Referto the sstial number

on the back of the refsy.

[] Sefling Group 1 [Setting Group 1] Norminal €T Sec. Currert: [54
O L ers Nominal System Frequency: [E0Hz v
5 -
g Standar 110: |3 External Inputs, 14 Output Contacts

Optional 1 {Mot installed

|

Commerts: | Comments

~Software

Sefting Maime: | Detaut Settings
Date CreatedMociies: O00-03-06 162122

Station Mame: | Station Mame:
Station Number: |1

Lacation: | Location

Line: | D245

L-PRO [Illliler

|Settings v9 |

Setting Tree

| Setting Areal

Figure 5.1: Opening Screen

Introduction

Usethe Offliner Settings softwareto create relay settings on aPC. Offliner Set-
tings provides an easy way to view and manipulate settings.

Hardware

The minimum hardware requirements are:
 Pentium processor
* 64 MB of available RAM

PC System
Requirements

» 100 MB of available hard-disk space recommended
* VGA monitor
* CD-ROM drive

* Serial communication port

Operating System

The following software must be installed and functional prior to installing
Offliner software:

* Microsoft Windows 95, 98, ME, NT 4.0, 2000 or XP
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Installing PC Software

Insert the CD-ROM in your drive. The CD-ROM should open automatically.
If the CD-ROM does not open automatically, go to Windows Explorer and find
the CD-ROM (usually on D drive). Open the L-PRO.exefileto launch the CD-
ROM.

Toinstall the software on your computer, click the desired item on the screen.
The installation program launches automatically. Installation may take afew
minutes to start.

To view the L-PRO User Manual you must have Adobe Acrobat on your com-
puter. If you need a copy, download a copy by clicking on Download Adobe
Acrobat.
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Offliner Features

The Offliner software includes the following menu and system tool bar.

Help - Help Topics
About L-PRO Settings

File Edit ‘Window Help

||| %[m|@]w|w|2 2]
I I I I I I

New Save Copy Undo Copy About
Setting | .
Open Cut Paste Copy Group Print  Show or Hide
Graph Left-Hand Side
Tree

Figure 5.2: Top Tool Bar

Tool Bar

Windows Menu

Icon Restore, minimize, close.

File New, open, close, save, save as, print setup.
Edit Undo, cut, copy, paste.

Window Cascade, tile, arrange icons.

Help Help Topics, About L-PRO Settings.

Settings Program Icons

New Open new default settings file.

Open Open any valid settings file.

Save Save current settings file.

Cut Edit function.

Copy Edit function.

Paste Edit function.

Undo Edit function.

Copy Graph Copy to clipboard.

Copy Setting Copy from Setting Group X to Setting Group Y.
Group

Print Print from Output Matrix or any graph.
About Version number.

Show or Hide Left- Show or Hide Left-Hand Side Tree
Hand Side Tree
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Graphing Protection
Functions

Grid On/Grid Off

Thegraph can be viewed with the grid on or off by clicking the Grid On or Grid
Off button. A right-click on the trace of the curve gives you the x and y coor-
dinates.

Print Graph
To print a particular graph, click the Print Graph button.

Zoom on Graphs

Graphs can be zoomed to bring portions of the tracesinto clearer display. Left-
click on any graph and drag to form asmall box around the graph area. When
you release the mouse, the trace assumes a new zoom position determined by
the area of the zoom coordinates.

To undo the zoom on the graph, click the Refresh button.

Handling Backward Compatibility

Converting a

Offliner Settings displaysthe version number in the second pane on the bottom
status bar. The settings version is awhole number (v1, v2, v3, v4, etc.).

The Offliner Settingsisbackward compatible; open and edit ol der settingsfiles
and convert older settings filesto a newer version. Offliner settings handles
forward conversion only—it converts an older setting file to a newer setting
file.

1 Open the setting file you wish to convert.

Settings File 2 IntheFile menu, select Convert to... and then select the version x (where x
isthe newer version). A dialogue box pops up prompting Offliner for anew
file name. Use either the same file name or enter a new file name. The con-
version process inserts default values for any newly added devicesin the
new setting file. When the conversion is complete, Offliner Settings dis-
plays the new file.

I 20
Savein [ LPAOSstings x| e B
lbin LS sample.Ips
ii!:;bbs
2 sample |ps
File nam Save
Save astyne: | Sellings File [~Ips] = Cancel
Figure 5.3: Converting Setting Files
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Sending a New
Setting File to the
Relay

Creating a Setting
File from an Older
Version

1 Make sure the settings version and the serial number of the relay in the set-

ting file match. The relay will reject the setting file if either the serial num-
ber or the settings version do not match.

A “serial number discrepancy” message may appear. This is to en-
sure that you are aware of the exact relay in which settings are to
be loaded. If this happens, check the relay serial number using the
terminal mode ID menu item. Type this serial number into the L-
PRO Serial No. box in the Identification tab display area of Offliner
Settings. Alternately you may check the Ignore Serial Number
check box to bypass serial number supervision.

2 Check the serial number and the settings version of therelay, for details see

“ID” on page 3-9. The Device Serial Number and Required Settings Ver-
sion on the I dentification screen indicate the serial number and the settings
version of therelay.

1 Offliner Settings displays a default setting file on start up showing the set-

tings version in the bottom status bar. As an example L-PRO Offliner is
shipped with a set of default sample files of older settings versions. These
samplefilesare “v1 samplelps’, “v2 sample.lps’, “v3 sample.lps’, etc.
Each sample file contains default values of an older settings version. For a
new installation these sample files are placed in the default directory
C:\Program Files\NxtPhase\L -PRO Offliner Settings, or you can choosethe
path during the Offliner softwareinstallation. If an older version of L-PRO
Offliner was previously installed on your PC, then the default directory may
be C:\Program Files\APT\L-PRO Offliner Settings.

2 Openasamplefile of the desired version. Use File/Save Asto save the sam-

plefileto anew file name. Then edit the setting file and the serial number,
saveit and load it into the relay.
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RecordBase View Software

alnix
Bl e Graph Pesias Jcde Qpbosd Help
T e — | |

0793 200004, 30_00 01 54,80
High 5] Charv

- —_— :!\,s—-. [t | s

Figure 5.4. RecordBase View

Use RecordBase View to analyze the records from arelay.

1 Setthereceivedirectory onyour terminal program to point to a convenient
directory on your PC’s hard disk or network. For example with Windows
HyperTerminal, select Transfer>Receive File to set the receive directory.

2 Select one or more records on the relay using the List function in the Ter-
minal Mode's Records menu.

3 Initiate transfer of the selected records by selecting R on the keyboard.

4 Start the RecordBase View program and use the File> Open menu command
to open the downloaded record files located in the receive directory speci-
fiedin step 1.

For further instructions refer to the RecordBase View Manual at the
back of the printed version of this manual.
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Main Branches from the Tree View

Identification

RHS - Information relating to specific menu Item,
LHS Menu Tree accessed by LHS menu or top tabs.

I L-PRO Offliner Settings - [DocuniLnt 1] [ - (O x|
Ele Edt wWindow Help -|®] x|
D|=|2] #[=|@]o[ms =] 2)E |
it Relay Identification
] Relay Y
] Analog Inputs
[] External Inputs
[ Oulput Contacts Seftings version El
[ Wittual Inputs: ™ Ignare Serial Number
Setting Groups Terasm = _ Refer tothe setial number
O S‘?ﬁ?m Fjrame‘zrs Serial humber: | LPRO-2100 — [ 331001 o1 ot vy
Unitis
[] Record Leng| L
[ Setting Grourd1 [Setting Group 11 Mominal CT Sec. Currert: [5 2 =
[]Line Parsfieters Mominal System Frequency: (60 HZ 7| ee—
ng:gf :::;‘w Standard |/O Standard Wo: |9 External Inputs, 14 Outdt Cortacts.
[ Protectior|F Optional 110: | Mot installed ~|
Dizcick Thaoer | Optional 1/0O Comments: | Comments
[ProLagic
[ Group Logic -~ Software
[ Outeaut highrize Setting Mame: | Defaut Setings B
[ Settings Jammary =
] Setting Grewe)2 [Setting Grop 21 Date CresteriModifies: Z000-09-06 16.21:22
[ Setting Group3 [Setting Group 3]
[ Setting Group4 [Setting Group 4]
[ Sefting Grouds [Setting Group 5] Station Mame: | Staion Mame
] Setting Grougds [Setting Group 6] seterioniz:
] Setting Grougd? [Setting Group 7]
] Setting Groupy [Setting Group & Lacation: | Lacation
Line: | D245
L-PRO Offliner |Settings 9 | | 2
Unique relay serial Nominal System Nominal CT Sec.
number Frequency - set to — | Current - set to either
either 50 Hz or 60 Hz 1Aor5A

Figure 5.1: Relay Identification

Thefirst screen presents al the menu items in the left menu tree. Access the
menu items by clicking the tabs at the top of the screen or the item on the | eft

menu tree.

Identification

Settings Version

Indicates the settings version number, fixed.

Ignore Serial Number

Bypass serial number check, if enabled.

Serial Number

Available at back of each relay.

Relay ID

User-defined up to 20 characters.

Nominal CT Format

5A0rl1A

Nominal System Frequency

60 Hz or 50 Hz

Comments

User-defined up to 20 characters.

Setting Software

Setting Name

User-defined up to 20 characters.

Date Created/Modified

Indicates the last time settings were entered.

Station

Station Name

User-defined up to 20 characters.

Station Number

User-defined up to 20 characters.

Location

User-defined up to 20 characters.
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Equipment Protected User-defined up to 20 characters.

Important Note
Nominal CT Secondary Current can be set to either 1 A or 5 A.
Nominal System Frequency can be set to either 50 Hz or 60 Hz.

Ensure setting selection matches that of target L-PRO.

The serial number of the relay must match the one in the setting file,
or the setting will be rejected by the relay. This feature ensures that
the correct setting file is applied to the right relay.

In Settings Version 7 or greater you can choose to ignore the serial
number enforcement in the identification screen. The relay only
checks for proper relay type and setting version if the ignore serial
number has been chosen, requires relay firmware version 3.0 or
greater.

Analog Inputs

e
Fie Edt Window Help =18 x|
D[c[Sl| & |Pa| @] o] Ba| 5| 2
erltetion Analog Input Names
Main Volse Main Current Current
Outpt Cortacts
Wirtual Inputs: LA [ Mein Voage A Lig: | Min Line Current A Jag; | Current 3 &
Setting Groups -
System Barameters LvE: | Main Vokage B Lig: | Main Line Current B 1B3: | current 38
Record Length LvC: | Main Vakage C Lic: | Main Line Current C i3 | cument 3¢
=[] Setting Graup 1 [Setting Graup 1]
Line Parameters Auiiary Yolage Faidiary Current
Scheme Selector
Eresker Status B [ aux. Voltage & 182: | Sux. Line Currert & Jag: | Currert 4 &
%1 [ Pretection Functions: -
7 Gircle Trigger Bg; | Aux Votage B 1B2: | fuix. Line Currert B 1B4; | Currert 48
-] ProLagic B | Aux otags 122: [ Aux. Line Current © 1c4: | Current 4 ¢
[ Group Lagic
Ot Mtrix
Settings Summary
) [ Setting Graup 2 [Setting Graup 2]
1 [ Setting Group 3 [Setting Group 3]
1 [ Setting Group 4 [Setting Group 4]
1 [ Setting Group 5 [Setting Group 5]
1 [ Setting Group 6 [Setting Group 5]
1 [ Setting Group T [Setting Group 7]
[ Setting Group 8 [Setting Group 8]
< | »]
L-PRO Offfiner Seltings v8

Figure 5.2: Analog Inputs

Analog Input Names screen identifies al the ac voltage and current inputs to
the relay. These names appear in any fault disturbance records the relay pro-
duces.
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Analog Inputs

Main Voltage

LVA, LVB, LVC

Main Current

LA1, LB1, LC1

Aux. Voltage

BVA, BVB, BVC

Aux. Current

A2, 1B2, IC2

Current

IA3, IB3, IC3, IA4, IB4, IC4

External Inputs

L-PRO Offliner Settings - [Document 1] I

["1 Fle Edit Window Help

=lolx|
=l=lx|

0[c5|@| & |Fe|@| o || m|= 2= |

B [ Ieertification

[ Relay

[] Analag Inputs

| _{edternal nputs
-] Output Cortacts
<[] Wirtual Inputs
<[] Setiing Groups
(] System Parameters
[] Reecord Length

[ Line Parameters

[] Scheme Selectar
<[] Bresker Status
+1-[] Pratection Functions
<[] Z Circle Trigger
-] ProLogic

[] Group Lagic:

[ Output Metrixc

[] Settings Summary

£ [] Sefting Group 1 [Setting Group 1]

B[] Setting Group 2 [Seting Group 2]
1 [] Setting Group 3 [Setting Group 3]
=[] Setting Group ¢ [Setting Group 4]
1 (] Sefting Group 5 [Setting Group 5]
£ (] Sefting Group & [Setting Group 6]
B[] Sefting Sroup 7 [Setting Group 7]
B[] Sefting Group & [Setting Group &]

External Input Names

Spare 3
Spere 4
Spare 5
Spare &
Spare 7
Spare &

Spare 9

Comm T.T.Rewr

Comm P, T. Rovr

L-PRO Offfiner

|Settings v8 |[Enter up to 20 characters for External Input name.

Figure 5.3: External Inputs

External Input Names screen allows you to define meaningful names for 9 ex-
ternal digital inputs.

T.T. Refersto Transfer Trip and P.T. Permissive Trip.

External Input Names

1to9

User-defined
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Output Contacts

L-PRO Offliner Settings - [Document 1] | i m) 1[
Ele Edt ‘window Help MRS
D[ @] & |m(@]o ]| a|=] 2 E |
(=[] Icertification =
[Relay Output Contact
[ anslog Inputs Names and Dropout Timers
[ irtual Inputs Names Timers
] Zetting Groups
[ ] Zvystem Parameters 1 Spare 1 010
[ ] Record Length 2 | Spare 2 o040
[#-[] Setting Group 1 [Setting Group 1] 3 [Spare 3 010
[#-[] Setting Group 2 [Setting Group 2]
][] Setting Group 3 [Setling Group 3] 4 | Spare 4 019
[ [] Setting Group 4 [Setting Group 4] 5 | Spare S 040
[ Setting Group 5 [Setling Group 5] 6 |Spare & 010
[ [] Setting Group & [Setting Group 6] 2 = 510
1 (] Setting Group 7 [Setting Group 7] 7| Spare
[ [] Setting Group & [Setting Group &] & | Spare 8 010
9 |Spare 9 010
10 | Spare 10 010
11 | Spare 11 010
12 | Spare 12 010
13 | Spare 13 010
14 | Spare 14 010
Mote : The dropout time of contacts assigned to
Schemme Send is overridden by TD3 :I
-
|L-PRO Offliner |Settings v10 | | 4

Figure 5.4: Output Contacts

The Output Contacts are also identified during the setting procedure using
meaningful names. The dropout delay time settings are made here.

Output Contact Names

Qutputs 1 to 14/21

User-defined

Dropout Timer

0.00t0 1.00 s

5-10

L-PRO User Manual 2100

D02333R03.51



5 Offliner Settings Software

Virtual Inputs

L-PRO Offliner Settings - [Document 1] =10l x|
[ Eile Edt Window Help -2 x|
D[] & |Bs| ||| Bl | 2
= L] identification -
Relay Virtual Input Names
Analog Inputs
External Inputs
Output Cortacts 4 | virtual nput 1 49 | virtual input 11 2¢ | virtual Input 21
virtual Inputs 2 [Virtual Input 2 12 [Virtual Input 12 22 [virtual Input 22
Setina Graups Virtual Input 3 Virtual Input 13 Virtual Inpud 23
System Parameters 3 | Virtual Inp 13 | virtual inp 23 [Virtual Inp
4 [ Vitual nput 4 14 [ Virtusl Input 14 24 | virtual et 24
ing Group 1] 5 | virual Input 5 15 | virtual Input 15 25 | Virtual Input 25
o | Virtual Input & 1g | Virual Input 16 26 | Virtual Input 26
7 [Virtual nput 7 17 [Virtual nput 17 27 [ Virtual nput 27
g | Vitual nput 8 1g | Vitusl Input 18 28 | Virtual Input 28
g | virtual Input S 19 | virual input 19 29 | virtual Input 29
-0] Grouk Logle 10 [Virtual Input 10 20 [ Virual Input 20 20 [ Virtual Input 30
Qutiut Mstrix
Settings Summary
1 [ Setting Group 2 [Setting Group 2]
Setting Group 3 [Setting Group 3]
Setting Group 4 [Setting Group 4]
1 [ Setting Group 5 [Setting Group 5]
1 [ Setting Group 6 [Setting Group 5]
Setting Group 7 (Setting Group 7]
[ Setting Group 8 [Setting Group 8]
L-PRO Offfiner Seltings v8

Figure 5.5: Virtual Inputs

Virtual Inputs

Virtual Inputs 1 to 30 User-defined

Therelay can control itsinternal functions and connected devices both
locally and remotely. Thirty general purpose logic points are accessible
via DNP3 and the terminal Ul. The 30 virtual inputs are individually
controlled and include a set, reset and pulse function. The latch stateis
retained during setting changes and relay power down conditions. The
30 virtual inputs conform to DNP3 standards. Use the DNP3 functions
such as SBO (select before operate), Direct Operate, or Direct Operate
with no acknowledge to control virtual inputs.
Use virtual inputs to:

* control circuit breakers

* enable or disablereclosing

* enable or disable under-frequency load shedding

« change setting groups

* provide interlocking between local/remote supervisory control

D02333R03.51 L-PRO User Manual 2100 5-11
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Setting Groups

L-PRO Offliner Settings - [Document 1] =10 x|
Eie Edt Window Help =18 x|
D[] #5805 2 E |
(=[] Ieferific:ation 5
O Reley Setting Group Names
[ &nalog Inputs
[ External Inputs
] Cutput Contacts Setting Group 1 | Setting Group 1
-] Wirtual Inputs Setting Group 2 | 2=tting Group 2
3 ing s Setting Group 3 | SEtting Group 3
-] System Paraimeters
Setting Group 4
[ Recard Lensth Setting Group 4 oo
=] Sefting Group 1 [Setting Group 1] Setting Group 5 | Setting Group 5
[ Line Parameters Setting Group & | SENG Groug B
L] Scheme Selector et
i Group 7
L] Breaker Status SR
-] Pretection Functions Setting Group & | Setting Group 8
-] Z Circle Trigoer
[ ProLogic
[ Group Logie
[ Output Matrix
L] Seftings Summary
] Setting Graup 2 [Setting Group 2]
=[] Setting Graup 3 [Seting Group 3]
(-] Setting Group ¢ [Seting Group 4]
7] Setting Graup S [Setting Group 51
[#-[] Sefting Group & [Setting Group 6]
(&[] Setting Graup 7 [Setting Group 7]
(5[] Setting Graup & [Setting Group 8]
L-PRO Offliner [Settings v8 | | 4

Figure 5.6: Setting Groups

Setting Groups

Setting Groups 1 to 8

User-defined
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System Parameters

L-PRO Offliner Settings - [Document 1] | oy [ 3]
Flle Edit Window Help & x|
D= ||| |58 =] 2 |
=[] iderification
O elay System Parameters
[ Anslog Inputs
[ External Inputs Base MvA 10000 ¥ Target Latching On (olobal)
Output Contacts
Phase Ratation: | 4BC A ¥ Fault Location Display
Wirtusl Inputs
Setting Grovps Auoe. Voltage Input: | 3 Phase = T Fault Location Intiated by 21 &larm
v
—CT Turns Rt
[ Record Lenath I Fatio
(] Setting Group 1 [Sefting Group 1] I~ Ring Bus Configuration (Aux. CT Line InpLit)
B[] Setting Group 2 [Setting Group 2] Main CT Turns Ratio: 24000 1 (For Protection and Recording)
(1 (] Seting Group 3 [Sefting Group 3] Auiliary CT Turns Retio: 30000 1 (For Protection and Recording)
[ Setting Group 4 [Setting Group 4]
)-[] Setting Group S [Setting Group 5] Currert Input #3 CT Ratio: 40000 1 (For Recording and ProLogic Input)
[+l [] Setting Group 6 [Setting Group 8] Currant Imput #4 CT Ratio: S00.00° 9 (For Recording and ProLagic Input)
[ Setting Group 7 [Setting Group 7]
- [] Setting Group & [Setting Group 8] ~PT Turns Rati

[~ CCVT Transient Compensation on A1 21 Devices

Main PT Turns Ratio 200000 4 (For Protection and Recording)
Auziliary PT Turns Retio: 200000 9 (For Protection and Recording)

[~ Lin

Line to Line Vottage: 23000y Pri
Distance Unit |EmM =

|L-PRO Offliner [Settings v10 |

Figure 5.7: System Parameters

System Parameters

System Parameters

Base MVA 1.00 to 1000.00 MVA (primary)
Target Latching On (global) Enable/disable
Phase Rotation ABC or ACB

Aux Voltage Input

3-phase/l-phase

Fault Location Initiated by 21 Alarm Enable/disable
CT Turns Ratio
Ring Bus Configuration (Aux. CT Line Enable/disable

Input)

Main CT Turns Ratio

1.00 to 1000.00 (For protection and recording)

Aux. CT Line Input

Enable/disable

Auxiliary CT Turns Ratio

1.00 to 10000.00 (For protection and recording)

Current Input #3 CT Ratio

1.00 to 10000.00 (For recording and ProLogic)

Current Input #4 CT Ratio

1.00 to 10000.00 (For recording and ProLogic)

PT Turns Ratio

Main PT Turns Ratio

1.00 to 20000.00 (For Protection and Record-
ing)

Auxiliary PT Turns Ratio

1.00 to 20000.00 (For protection and recording)

Line

Line to Line Voltage

1.00 to 1000.00 kV (Primary)

Distance Units

km or miles

D02333R03.51
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5 Offliner Settings Software

Target Latching On

This option specifies whether the front Target LED islatched or not. Target
Latching On means that the target LED remains on after atrip until it is reset
through the front by human machineinterface (HMI). If the Target Latchingis
set off the target light comes on during arelay trip and will reset. All targets
are stored in the relay 10g—250 event logs are stored.

Base MVA
The base MV A is used for recording purposes.

CT Turns Ratio and PT Turns Ratio

The CT and PT ratios are specified for the monitoring of analog inputs. All CT
and PT ratios are specified with aratio relative to one. Theline protection uses
the main current and the main voltage to operate. When 2 sets of CTs (main
and auxiliary) are used as line current input (e.g. ring bus application), you
must enable ring bus configuration to configure the relay. If enabled, the cur-
rentsfrom the 2 sets of CTsare added to the relay to form the line current. For
cases where voltage for line protection is obtained from bus PTs, the bus PTs
are connected to the main voltage inputs.

Auxiliary Voltage Input

If asingle-phase source is used, it must be connected to the corresponding
phase designation on the relay input. example: If only aB phase bus PT is
available, it should be connected to the relay input B phase terminals. All un-
used single-phase inputs must be grounded for proper operation.

5-14
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Record Length

L-PRO Offliner Settings - [Document 1] | _|EI 5[
Fle Edt Window Help N =R

s E IR RN SR =

7 '“‘gﬂ‘;fjj‘” =|| Record Length

[] &nalog Inputs:
[] External Inputs: Faut
] Output Contacts )
[ sl Inputs Pretautt time fized at 10 cycles
O Set Gp Sample Rate fixed at 96 samples per cycle.
- ing Groups
P: Fault Record Length: I 05 =
o Groug 1 [Setting Groug 1 | Swving
~[] Line Parameters Pretrigger Disturbance time fixed at 30 seconds.
~[] Scheme Selector Sample Rate fixed at 1 sample per cycle.
~[_| Breaker Status |
[ [ Protection Functions Swing Record Length: I 120 5
=[] I Circle Tri
o gpm'[;;c rier I Evert Auto Save

B[] roup Logic
-] Output Matrix

i LT p—— _';I
e >
L-PRO Dffliner [Settings ¥9 | | 4

Figure 5.8: Record Length

Record Length

Fault

Fault Record Length

0.2 to 2.0 seconds

Swing

Fault Record Length

6 to 120 seconds

Event Auto Save

Enable/disable

The L-PRO Relay has recording and logging functions to analyze faults and
dynamic swing, and to review the operation of the overall protection scheme.

Thisitem identifies the amount of time that each fault record. Prefault isfixed
at 0.16 second. There are 2 types of recording provided and the record length
times available for each type of recording, transient or swing produce a sepa-
rate record.
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Setting Groups

L-PRO Offliner Settings - [Document 1] I

[ Eile Edit Window Help

=1olxi
=18l x|

IS E T =

] Iderification
[ Relay
<[ Analog Inputs
-] External nputs
[] Outyust Contacts
(] Wirtusl Inputs
~[7] Setting Groups
] System Parameters
[ Rex

a ameters
[] Scheme Selector
<[] Ereaker Status
7} [] Protection Functions

[]Z Circle Trigger

+- | ProLagic

+[] Group Logic

(] Outpu batrix

[] Settings Summary

[ Setting Group 2 [Setting Group 2]
[7] Setting Group 3 [Setting Group 3]
] Setting Sroup 4 [Setting Group 4]
+[] Setting Group 5 [Setting Group 5]
[7] Setting Group & [Setting Group §]

[] Setting Sroup 7 [Setting Group 7]
(] Setting Group & [Sstting Graup 6]

Setting Group 1 [Setting Group 1]

Comments:

L-PRO Dffliner

[Settings v8 |

Setting Group 1|

Figure 5.9: Setting Groups Comments

Therelay has 8 setting groups (SG). Y ou can change all relay setting parame-
tersexcept the physical connections such asinput or output parametersin each
setting group. Use any one of the 16 available Group L ogic Statements per set-
ting group to perform Setting Group changes. The Group Logic statements are
similar to the ProL ogic statements with the following exceptions, the sole
function isto activate one of the 8 setting groups and the processingisin a
slower half second cycle. Group Logic inputs statements can be driven from
ProLogic or any external input or virtual input or from previous Group Logic
statements. Each Group Logic statement includes 5 inputs (with Boolean state-
ments), one latch state and one pickup delay timer. View the active setting
group (ASG) from the Terminal Mode, from the front panel or from arecord
stored by the relay (the active setting group is stored with the record).

Line Parameters

L-PRO Offliner Settings - [Document 1] I

[ File Edit window Help

=lo|x|
=18l

NEFREEEEEEEE

[ Iderifiction
[ Relay
[] Analog Inputs:
~[] External inputs
7] Output Contacts
] Virtual Inputs:
~[] Setting Groups
7] System Parameters
[] Record Length

M Line Parameters
[] Scheme Selactor

~[C] Bresker Status

£ (] Pratection Furctions
[] Z Circle Trigger

+ [] PraLogic

£ (] Sroup Logic

+ [ Outpuut Matrix

[ Settings Summary

Line Parameters

[ Setting Group 1 [Sefting Group 1]

[] Setting Sroup 2 [Setfing Group 2]
(] Setting Group 3 [Seting Group 3]
[7] Setting Group 4 [Sefting Group 4]
[] Setting Sroup & [Setfing Group 5]
+[] Setting Group & [Setting Group €]
[7] Setting Group 7 [Sefting Group 7]
[] Setting Sroup & [Setfing Group 8]

~Lie

Lineto Line Voltage: | 23000 k¥ (Primary)
Line Length: 20000 | gy

Positive Secuence mpedance (71)
Pasitive Seauence Angiz (Z1)
Zero Seruence Impedance (20

Zero Secuence Angle (Z0)

1440 ghm

E0.0 deg

3600 | ghm

700 deq

[ 0 Override Enabled:

Koo Z0-Z1 KO Magnitude: 0.51
" 32y KO Angle: 165 dey

L-PRO Offliner

[Settings v8 |

Setting Group 1/ 2

Figure 5.10: Line Parameters
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5 Offliner Settings Software

Line Parameters

Line

Line to Line Voltage

kV (Primary)

Line Length

0.50 to 2000.00 km or 0.31 to 1250 miles

Sequence Impedance

Positive Sequence Impedance (Z1)

0.05 to 66.00 ohms secondary (5 A)
0.25 to 330.00 ohms secondary (1 A)

Positive Sequence Angle (Z1)

45.0 to 89.0 degrees

Zero Sequence Impedance (Z0)

0.05 to 66.00 ohms secondary (5 A)
0.25 to 330.00 ohms secondary (1 A)

Zero Sequence Angle (Z0)

45.0 to 89.0 degrees

KO
KO Override Enable/disable
KO Magnitude 0.10 to 2.00

KO Angle

-25.0 to 25.0 degrees

Line Parameter Settings permit a parameter entry related to the line voltage,
CT ratio, PT ratio, line length, line secondary positive and zero sequence im-

pedance.

The KO factor used is adefault factor based on the line parameters (KO =[Z0

- Z1] / 3Z21). Y ou can specify by selecting KO Override Enable.

D02333R03.51
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File Edt Window Help

Scheme Selector

L-PRO Offliner Settings - [Document 1]

=10) x|
=18] %]

(=[] dertification

[ Relay

] Analog Inputs

[ External Inputs

[ Cutput Cortacts

(] Virtual Inpus
++{] Sslting Graups
-] System Parameters
[ Record Length
] Sefting Group 1 [Setting Group 1]

[] Line Parameters

So clector

-] Breaker Status
] Pratection Functions
-] Z Circle Trigger

[ ProLagic

[ Group Logic

] Cutput Matrix

[] Settings Summary
(] Sefting Group 2 [Setting Group 2]
] Sefting Graup 3 [Setting Group 3]
[ Setting Group 4 [Setting Group 4]
[[] Sefting Group 5 [Setting Group 5]
[ Setting Group & [Setting Group ]
[ Setting Group 7 [Setting Group 7]
[ Setting Group & [Setting Group 8]

D|=|@| #[®|@]x]mnE] 2 E |

Scheme Selector

Scheme Selelection:

- Communication - Aided External Inputs 1 fo 8, and ProLogic 1 10 10—

Receiver 1 Receiver 2
EI1 [Comm 1. T.Fow 7| [ sdisabied- |
Fickup Delsy  Dropout Delay
s) )

Scheme Send: 0100 113 0200 1p3

POTT Current Reversal 0300 g1 0400 | 7p4
DCB Scheme Zone 2 0.500 112

[

DCH Scheme Receiver:

- Overcurrerd Carrizr

Actions Direction

0 Pickup  Pickup Delay
(&) =)

[Forwere |

OIC Carrier Start (SOM-E7F: |SDHE'"E Ony.

10| oo

O/ Carrier Black (S0N-67R): [Scheme Oy

Sl[reverse =|

10 o2

L-PRO Dffliner

|Settings v8 |

Figure 5.11: Scheme Selector

Setting Group 1| /

Scheme Selector

Scheme Selection

POTT, PUTT, Blocking

Communication-Aided External Input 1 to 9 and ProLogic 1 to 10

Receiver 1

External Input

Receiver 2

External Input

Scheme Send

(second)

User-defined, Pickup Delay (seconds), Dropout Delay

POTT Current Reversal

(second)

User-defined, Pickup Delay (seconds), Dropout Delay

DCB Scheme Zone 2

DCB Scheme Receiver

QOvercurrent Carrier

O/C Start (50N-67F)

Logic

Disabled, Scheme only, ProLogic only, Scheme and Pro-

O/C Carrier Block (50N-67R)

Logic

Disabled, Scheme only, ProLogic only, Scheme and Pro-

L-PRO supports a Basic (no communication), a Permissive Overreaching
Transfer Tripping (POTT), a Permissive Under-reaching Transfer Tripping
(PUTT) and a Directional Comparison Blocking Scheme (DCB).
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Breaker Status

L-PRO O
1 Fle Edt Window Help

¥ Settings - [Document 1]

=10l
=181

=T T B =T =

=[] ertification
[ Relay
[ Anslog Inputs
] Exterrel Inputs
[ Cutpud Cortacts
[ virtusl Inputs
[] Setting Groups
[] System Parameters
[] Recard Length
1 [] Sefting Group 1 [Setting Group 1]
[Line Parameters

52 - Breaker Status

Main Breaker|  El 3[Spare 3] -

A Breaker: <dizabled> z

) This symbol denoles a function which has not been
enabled and s lreated 25 a ogic 2210 input

Breaker Status is used in the Sync Check and Recloser

[ Scheme Selector functions.

-] Pratection
~[] Z Circle Trigger

-] ProLogic

-] Group Logic

[ Cutnd Matrix

[ Settings Summary

1. Sefting Group 2 [Setting Group 2]
1. Sefting Group 3 [Setting Group 3]
1. Sefting Group 4 [Setting Group 4]
1. Sefting Group 5 [Setting Group 5]
7 [] Setting Group § [Setting Group 6]
1. Setting Graup 7 [Setting Graup 7]
+1.[] Sefting Graup 8 [Setting Graup 8]

L-PRO Offliner |Settings v8 |

Setting Group 1|

Figure 5.12: Breaker Status

The Breaker Statusis used as input in the Sync check logic and the Re-
closer function. Breaker Contact “a” status is settable via ProLogic

statements or External Inputs.

52 Breaker Status

Main Breaker

External input or Prologic

Auxiliary Breaker

External input or Prologic

Protection Functions

L-PRO Offliner Settings - [Document 1]
[ Ele Edt window Help

=lolx|
=181 x|

]| 3| B 8] = ||| 5[ 2 [ |

[ iertification N
(] System Parameters Protection Summary

] Record Length

(] Setting Group 1 [Setting Group 1]
[ Line Parameters
[ Scheme Selectar

I input 3

T it 4

21P - Phase Distance SOLS - Low Set Overcurrent
™ Zonet ™ Zonez T Main (ingt 13
™ Zones I~ Zoned T A At 2)

+[] Bresker Status 21 - Ground D

I~ Zonet I~ zone2
[~ Zones I~ Zores

O
[] ProLogic
[ Group Logic
[ Cutpu Matrix
[] Setiings Summary

25127459 - Sync Check
I 25C sync Check:
I Deadt Main Live Aux

- Breaker F
T main I s
S0/51 - Phase Overcurrent
s I &

SONISTN - Nevtral Overcurrent

(] Setting Group 2 [Setting Group 2] I Live Main Dead Aux

[] Setting Graup 3 [Setting Graup 3] I~ Desel Main Dead Aux I~ sm I sn

(] Setting Group 4 [Seting Group 4]

[] Seting Group 5 [Setting Group 5] 53 - Overvoltage 4BIS0IS1 - Neg. Ser. Overcurrent
[ Setting Group & [Setting Group 6] I~ wain ™ aux ’7 I~ 4650 I~ 4651 —‘
(] Setting Group 7 [Setting Group 7]

[] Seting Group & [Setting Group 8] 27 - Undervatage 81 - Overlnder-Frecuency
I~ Main ™ aux 14 | Dizablea

§1-2 | Disshledd

13 | Disakiedt

81-4 | Disabled

Ll lfledle

off v B8-Outof Step
I Dead Line Pickup

[~ 14 (eak Infeed)

[ 60- Loss of Potertial

[™ 73- Reclser

L-PRO Offliner |Settings 9 |

Setting Group 1|

Figure 5.13: Protection Functions

For adetailed description see “Protection Functions and Specifications’ on

page 4-1
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ProLogic

Group Logic

Output Matrix

L-PRO Offliner Settings - [Document 1] -1l x|

[ File Edt Window Help -18] x|

D[] & || e o st = 2 [F |

+I- ] Identification
~[] System Parameters
(] Recoret Length

“={| ProLogic 1 [ProLogic 1]

=[] Sefting Group 1 [Setting Group 1 [V Enabled Harme: | ProLosic 1 AND
[ Line Parameters 000
+[) Scheme Selector GetplEy E ojol o
] Bresker Status Dropout Delay: | 000 5 L
7. Protection Functions IV Target Enablect 1101 @
717 Gircle Trigger 111 il

- [] ProLogic
(8 1PL 1 [ProLogic 1]
[ PL 2 [ProLasic 21
*[IPL 3 [ProLogic 3]
-] PL 4 [ProLogic 4]
[ PL 5 [PraLagic 5]
+-[]PL B [ProLasic 6]

Input & | 21N1 Trip -
IntB | Comm.SchemeTrip <
Input € | 59 Main Overvtiage ™

[ PL T [ProLagic 7] InputD | 50 Trip - 0
-] PL & [ProLogic 8] e uid
{-[JPL 8 [ProLogic 5] InputE | EN1 (521 "M =l
-[7JPL 10 ProLagic 10]
5[] Group Logic ‘ ) This symiol denctes 2 function which has not been
enablzd and is treated as & logic zero input
~[] Output Matrix

] Setiings Summary
1 1 Zetfinn (sraun 2 [Seftine A n 2

L-PRO Offliner [Settings v8 |

Setting Group 1/ 7

Figure 5.14: ProLogic

Apply ProLogic to multiple inputs to create an output based on qualified in-
puts. ProLogic enables up to 12 ProLogic control statements and programs
those logics to output contacts. Y ou can name the function being created and
set apickup and dropout delay. Start with input A by selecting any of therelay
functions using the list for up to 5 possible inputs. Put these inputsinto AND,
NAND, OR, NOR, XOR, NXOR and LATCH logics by clicking on the gate.
Invert the input by clicking on the input line.

The output of ProLogic 1 can be nested into ProLogic 2 and so forth. If de-
scribed you can illuminate the front target LED on operation of this function
by enabling thisfeature. The operation of the ProLogic statements are recorded
in the eventslog. Thislogic shows on the view fault records.

The 16 Group Logic statementsresidein aslower processing thread within the
relay protection algorithms. The processing cycle happens once every half sec-
ond (0.5 s). When using ProLogic statements you must keep in mind that a
latch or dropout timer should be used if the initiating condition does not last at
least 0.5 seconds.
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Figure 5.15: Output Matrix
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Settings Summary

The output contact matrix determines which function initiates which output re-
lay. All output relays have an individual user-selectable stretch time, except
those outputs identified as communication initiation outputs. They can have
their time delay characteristics changed. Functionsaso initiate recording asre-

quired.

For a particular function to operate correctly, it must be enabled and
must also have its logic output assigned to at least one output contact
if it is involved in a tripping function.

Print the entire output matrix by right clicking on the output matrix then select-
ing the printer icon. This printout is produced on 2 pages.

L-PRO Offliner Settings - [Document 1] [

[71 File Edt Window Help

i
IETEY

D] %[%] ]« |(%]| = 2JH |

(-] dentification

[ System Parameters

-] Record Length

-] Sefting Group 1 [Setting Graup 1]
[ Line

Settings Summary ID“‘D“‘ME““‘ |

L-PRO Settings Summary - Setting Group 1 [Setting Group 1]

[ Scheme Selector

[ Bresker Status
(] Protection Functions

[ Circle Trigger
[ ProLagic
(] Group Logic

(] Output Matrix

™1 cttings Summary

-] Sefting Group 2 [Setting Graup 2]
F-] Sefting Graup 3 [Setting Graup 31
=[] Sefting Group 4 [Setting Graup 4]
B[] Sefting Group § [Setting Graup 5]
E
=
i

+-[(] Setting Groug & [Setting Graup 6]
-] Setting Group 7 [Setting Graup 7]
-] Setting Grous & [Setting Graup &1

‘ symbolValue unit ‘ Range

Hame

Relay Identification

Settings Versian 8

Serial Mumber LPRO-2100-331001-01
Relay ID LinitD

Setting Name Defaul Seffings
Mominal CT Secandary Current sa

Maminal System Frequency 60 Hz

Cammerts Commerts

Dete Createc-Modified 2000-03-06 16:21:22
Station Neme Station Mame

Station Number 1

Location Location

Setting Group 1 [Setting Group 1]

Setting Group Comments.

Analog Input Hames

Lva, Main Volage A

LvB Main Valtage B

LeC hain Viatage C

Lis Main Line: Current &

LB hain Line: Current B

Lic Main Line: Current C B
|Settings v8 | Setting Group 1|/

L-PRO Offliner

Figure 5.16: Settings Summary

Select Settings Summary to view and print the relay settingsin text form, for
details see “1ED Settings and Ranges’ in Appendix B.
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Settings From a Record

The settings on therelay at the time of arecording areincluded in every record
and can be viewed through the RecordBase View anaysis software. While
viewing arecording in RecordBase View, select the View Setting button to dis-
play the settings. RecordBase View will automatically launch L-PRO Offliner
to display the settingsin summary form.

If the record contains Setting Groups, the Offliner displays all Setting Groups
in the summary. Bold text in the tree view indicates an active Setting Group
(the Setting Group used at the time the record was captured). The setting sum-
mary isread-only. To edit the setting file associated with the summary, you
must use File/Save As to save the summary to afile. Then close the summary
screen and open the setting file for editing.

L-PRO Offliner Settings - [UNITID-2001-10-16_09.27.36.992.Ips] =] |
File Edt \indow Help _ @] x|
D|S|M| % || 6w @]l 2 [E
o Sefting Group 1 [Setting Group 1] - I
" Setting Group 2 [Setting Group 2] |  SCUINIS SUMMary |ouf hiakix |
i Setting Group 3 [Setting Group 3] L-PRO Settings Summary - Setting Group 2 [Setting Group 2] ﬁ’
+- Setting Group 4 [Setting Group 4]
- Setling Giroup 5 [Setting Group &]
- Setling Giroup B [Setting Group B]
- Betting Group 7 [Selting Group 7] Hame Symbolialue Unit Range
“ Setting Group 8 [Setting Group 8]
Relay
Settings Yersion 6
| Serial Mumber LPRO-2100-000315-13
Mominal CT Secondaty Current S A
Morminal System Fregquency 60 Hz
Relay ID LnitiD
(Comments
Date Created-Movified 01 Oct 16 09:26:13
| Station Name | Station Name
| Station humber o
Location Location
Setting Group 2 [Setting Group 2]
Sefting Group Comments: -
a | v || seting O =l

APT L-PRO Offliner

[Settings v6 |

Figure 5.17: View Setting Summary in RecordBase View

Setting Group 2|
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6 Acceptance/Protection Function Test

Guide

Acceptance Testing

Test Equipment
Requirements

ERL Phase relays are fully tested before leaving the factory. A visual inspec-
tion of the relay and its packaging is recommended on receipt to ensure the re-
lay was not damaged during shipping.

The electronics in the relay contain static sensitive devices and are
not user-serviceable. If the front of the relay is opened for any reason
exposing the electronics, take extreme care to ensure that you and
the relay are solidly grounded.

Generally an analog metering check, aswell astesting the I/O (External Inputs
and Output Contacts) is sufficient to ensure the functionality of the relay. Fur-
ther tests can be performed on delivery and acceptance of the purchaser’s op-
tion according to the published relay specificationsin “1ED Settings and
Ranges’ in Appendix B.

The following acceptance test section is intended to be aguide for testing any
and all protection elementsin the relay. The most convenient timeto perform
these testsis on delivery prior to applying in-service settings. Once in-service
settings are applied, ERL Phase recommendsthat you test enabled functionsto
ensure the designed application is fulfilled.

3 ac voltage sources (variable frequency capability)
» 3 &ac current sources

e 1 ohmmeter

e 1-125Vdc test supply

Set nominal CT secondary current to either 5 A or 1 A, and nominal
system frequency to either 60 Hz or 50 Hz. This example uses 5 A/
60 Hz.

D02333R03.51
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6 Acceptance/Protection Function Test Guide

Calibration

Therelay is caibrated before it leaves the factory; but if component changes
are made within the relay, you may need to do are-calibration.

Before you begin a new calibration, establish the accuracy of the
equipment being used.

To perform acalibration, you must be logged into the relay in Terminal Mode
at the Service access level. Proceed to the Utilities> Maintenance> Calibrate.
The Calibrate menu leads you through every analog input and prompts you to

apply the appropriate quantity.

r[LPRO Unit ID: UnitID:
-../Util/Maintenance User Access Level:SERUVICE 20828epl8 13:24
prev menu Outputs Control Uirtual Inputs Erase

rCalibration

Main UB

Main UC

Main IA Calibrate AC Input C} 1
Main IB

Main IC Channel: Main URA

Aux. IA

gux. %g Enter Actual Applied Signal Level ¢{ 69 Urms nominal): INEMEE Urms
ux.

Auwx. VA v

ENTER> Calibrate <F2> ficcept <{F3> Quit

Figure 6.1: Enter actual applied signal level

rLPRO Unit ID: UnitID
... /Util/Maintenance User Access Level:SERVICE 2003Jun23 13:22
prev menu Outputs Control Virtual Inputs Erase

rCalibration

BHain VA

Main VB

Main YC

uain IArCalibrate AC Input Channel

Calibrate error. Gain reading +0.00 out of range (+55.20 to +82.80)

A
A
A <any key> |
I

Aux. YA v

<ENTER> Calibrate <F2> Accept <F3> Quit

Figure 6.2: Calibration error - out of range

For example, when you select voltage VA for calibration, a prompt appears
which asksyou which quantity therelay should try to calibrate. If a66 V phase-
to-neutral quantity is applied to the back VA terminals, 66.0 VV would be indi-
cated as the desired calibration.

6-2
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6 Acceptance/Protection Function Test Guide

Testing the External
Inputs

Testing the Output
Relay Contacts

In asimilar way, you are prompted to go through all 18 ac analog quantities
and provide theinformation about theinjected calibration quantities. Y ou must
have atest source to perform this function. Only the magnitude of the analog
input requires calibration, not the angle.

When an analog input channel is calibrated, you can verify the quantity mea
sured by selecting the Metering menu and the Analog Quantity submenu. VA
of the ac voltage input is used as areference quantity by L-PRO. Therefore, if
it is absent, thereis not alocked, valid relationship among all of the analog
guantities.

To test the external inputs connect the relay to alaptop in Terminal Mode, Ser-
vice level>Metering>1/O. This screen displays the status of the Input and Out-
put Contacts. Placing a voltage of 125 Vdc nominal, (150 V maximum), to
each of the external inputsin turn causes theinput to change from Low to High
status. These inputs are polarity sensitive and this screen has a 0.5 second up-
date rate.

Test the output relays to verify their integrity using the Utilities> Mainte-
nance>Outputs. The output contacts are closed by pressing the Enter key. Tog-
gle the output contacts from open to closed by pressing the Enter key. Verify
the output contact status using an ohmmeter. When you exit this sub-menu,
each contact status reverts to the open position.

D02333R03.51
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6 Acceptance/Protection Function Test Guide

L-PRO Acceptance Test Procedure Outline

Devices to Test: » 60 AC Loss of Potentia
 21P Phase-to-Phase Impedance
e 21N Phase-to-Neutral Impedance
» Weak Infeed
» Dead Line Pickup
» 68 Out Of Step
» 27 Undervoltage
« 59 Overvoltage
» 50N/51N Neutral Overcurrent
 50/51 Phase Overcurrent
» 46-50/46-51 Negative Sequence Overcurrent
» 50LS Low Set Definite Time Overcurrent
» 50BF Breaker Fail
« Example of Inputs 3 and 4 being used for Breaker Fail
81 Over/Under/Rate of Change of Frequency
» 25C Sync Check
e 79 Recloser

Download

1 Browseto find the following Offliner Setting file
Acceptance Test File

“LPROaccTestsetting60hz” in C:\Program Files\APT\L PRO Offliner Set-
tings\.

2 Double-click the Setting file to open. Enter the serial number of the relay
you're testing or check “Ignore Serial Number” checkbox.

ay Relay Identification
Analog Inputs

Identification
Externsl Inputs S

Output Contacts ings Version: | g

Virtual Inputs ¥ Igriare Serial Number

Setting Groups:
System Parameters
Record Length

=[] Setting Group 1 [60/21 /BEAMIDLFU]

Ling Parameters.
Scheme Selectar
Breaker Status

=] Protection Functions

I Circle Trigger
FroLogic

(] Group Logic

Outrut Metrix
Settings Summary

Fe (] Sefting Group 2 [OverCurrenti2? 59
(e (] Sefting Group 5 (25181 79]

Sefting Group 4 [Setting Group 4]

Fe (] Sefting Group § [Sefting Group 5]
fek (] Sefting Group & [Sefting Group 5]

Sefting Group 7 [Setting Group 7]

Fe (] Sefting Group & [Sefting Group 8]

Serial Number, | LPRO-21000  — | 779777 o e
Unit ;| Ronoot
Nominal CT Sec. Current: |54+
Nominal System Frecuency: |60Hz =
Stanckard 1)0: |9 External Inputs, 14 Output Contacts:
Optional I10; | ot instaliedt
Commerts: | 230Ky

Software Setting
Setting Mame: | Demonstration
Date CreateciModified: 2003-05-07 15.03:55

Station
Station hame: | Sub ABC
Station Number: | 1234
Location: | Anyplace
Line: | Y2302

Refer to the serial number
onthe back of the relay.

Figure 6.1: Identification Serial Number Screen

3 Savethefile.

4 Connect to the L-PRO in Service or Change mode viathe L-PRO front port
(Port 1) using your terminal program’s Zmodem (e.g. Hyperterminal or
Procomm).
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6 Acceptance/Protection Function Test Guide

About the
Acceptance Test
Setting File

From the Main Menu select Settings.
From the Settings submenu select Load From Offliner.
Select Y, yes you are ready to continue.

Find Send Filein your terminal software (e.g. for Hyperterminal under
“Transfer”).

0o N o Ol

The acceptance test setting file provided is not necessarily configured to a pro-
vide arealistic setting example. Its configuration is intended to demonstrate
simple test methods for each relay element. Tests are organized to prevent in-
terference of one protection element on the next within the relay for ease of
testing without using multiple setting files and minimizing the number of test
connection changes. All contactsin the relay will betested if all elementsin
this procedure are tested as written.

Testing al the elements is accommodated by using of the L-PRO Setting
Groups (3 groups are used).

Setting Group 1 tests elements: 21P, 21N, 68, 60, Dead Line Pickup, Weak In-
feed

Setting Group 2 tests elements: 46-50/46-51, 50/51, 50N/51N, 27, 59, 50L S,
50BF

Setting Group 3 tests elements: 25/27/59 (Sync Check), 79, 81

Thefile demonstrates all types of impedance characteristics availableinthe L-
PRO: circle, tomato, lens, quadrilateral.

Virtual Inputs are used to perform some input functions and demonstrate their
use.

In addition to, or exclusive of these tests, you may wish to perform dynamic
simulation tests on the L-PRO to verify the relay operates as per protection
scheme design using the settings that are applied for the particular line on
which the L-PRO will be installed.

D02333R03.51
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6 Acceptance/Protection Function Test Guide

Impedance Characteristics Available in L-PRO (Mho and Quadrilateral)

Reactive (X) Reactive (X)
Forward

_Forward

Characteristic /*

Angle= 90deg | Characteristic [

Angle <90deg |
u

Resistive (R)

Reverse Dﬁ'ece‘fb_n_af Resistive
S SOn IIR}
Figure 6.2: Mho Circle (Characteristic Angle = Reverse Directiona!
90°) Available for 21P and 21N SUrEr 1S

Figure 6.3: Mho Tomato (Characteristic Angle < 90°)
Available for 21P and 21N

Reactive (X) Reactive (X)
Forward

Forward

R1 o
Resistive

(R2)

Reverse P

CHARACTERISTIC | QS?:‘E;{?L{FE:?
ANGLE =90 Deg \
b

Figure 6.5: Quadrilateral Available for 21N Only

Resistive (R)

Revarse Diectional
Sler sy

Figure 6.4: Mho Lens (Characteristic Angle >
90°) Available for 21P and 21N
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6 Acceptance/Protection Function Test Guide

Basic Testing Calculations

Nominal primary voltage=  230kV

kV  _ 230kV _
PTRatio ~ 2000 115V

Nominal secondary phase-to-phase voltage =

Nominal secondary phase-to-neutral voltage 115V _ 66.4V
= J3 '

Zero Sequence |mpedance calculations for phase-to-ground impedance ele-
ment tests (using secondary Positive and Zero Sequence Line Impedances):

Z1

5.9W ©80°= (1.03 +j5.81)

Z0

16.0W ©74°= (4.41 +j15.38)

. _ 20-Z1
Equation 1 KO = 3% 71

_ [(441-1.03) +(j1538-[581)] _ 338+[957 _ 1045070.52° _ (7, o5
3x5.9080 17.7080 177280

The multiplier used to compensate phase-to-ground impedances:

Equation 2 1+KO

= (1+057%-9.5°)= (1+0.562—-)0.094) = (1.562—j0.094) = 1.5690-3.5°

21N Reach Settings

Zone 1 Reach: Mho 4.72w

Zone 2 Reach: Quadrilateral X: 7.38 W, R: 6.00 W
Zone 3 Reach: Mho Forward 17.7 W, Reverse 0.50 W
Zone 4 Reach: Mho Forward 0.00 W, Reverse 4.72 W

Compensated 21N 1 setting 4.72W (Zone 1 phase-to-ground compensated Mho
impedance):

4.72W 080° x 1.5690-3.5° = 7.40W ©76.5°

D02333R03.51
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6 Acceptance/Protection Function Test Guide

Compensated 21N2 Setting 7.38 W (Zone 2 phase-to-ground compensated

quadrilateral impedance):

Reactive: 7385 080° x 1.5690—35° = 11.58W ©76.5°
Resistive: 6,0 ©0° x 1.5690—-3.5° = 9.41W 0—3.5°

The pure resistive component 9 41w x cos(—3.5°) = 9.39W ®©0°

Compensated 21N 3 (Zone 3 Phase-to-ground compensated impedance):

Forward: 17.70W ©80° x 1.5690—35° = 27.76W ©76.5°

Reverse: 0.50W ©—-100° x 1.5690—-3.5 = 0.78W »—-103.5°

Compensated 21N4 (Zone 4 phase-to-ground compensated impedance)

Forward: 0 (must be 0 for POTT Scheme)

Reverse: 4.72W 0—-100° x 1.5690-3.5° = 7.40W ©»—-103.5°

ouT 11 OUT2 OUT3 oOuUT4 OUT5 OUT6 OUT7 OUT8 OUT9  OUT ouT ouT ouT ouT
l/ e e e e e e e e S A e, e, e,

21 21P2  21P3 21P4 21N2 2IN3 2IN4 46-50 DLPU STrip Send 68 68 IN  27/59
50BF- 60  50BF- 50BF- 50LS 50N 51N  81-1 4651 25C 51 OUTER 27/59 Main

Mainl 68  Auxl Aux2 81-2 813 50 PLL pL2 Aux
50BF- 81-4
Main2
[ L-PRO 2100 SIMPLIFIED REAR VIEW |
Main Line Currents Auxilliary Line Currents
Auxilliary Voltages Main Voltages Power
301 303 305 307 309 311 Supply
300 302 304 306 308 310 324 325 326 327 330 331 332 333 334 335
gogosolosode 6 Q
— . O
™~ 3 ( 3 | 1 r '! For Prot./Sync./Rec.
[
.
i
.
i
IR R
b o6& bbod
booododoo
1A 1B IC IN These Currents only VA VB VC VN
required for Ring Bus
Application

® Regulated Voltage and Current Source

Figure 6.6: Suggested Test Connections for Acceptance Tests
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6 Acceptance/Protection Function Test Guide

Where each test specifies Metering/Logic, you view the following terminal
screens (the Protection Logic is broken up into 2 screensto allow all elements

to be displayed).

LPRO Unit ID: RAGARL

...7logic/Protection User Access Level:SERVICE 2002Augl? @A9:1@

Prey menu Logic 2

Logic 1

Trips filarns Trips

21P1 LW S@BF Main-1 LoV
21P2 LW 21P2 Pickup LOW S@BF Main-2 LoV
21P3 LW 21P3 Pickup LOW S@ABF fAux-1 LoV
21P4 LW 21P4 Pickup LoW SBBF Aux-2 LoV
21N1 LW 81 0F-1 LoV
21N2 LoW 21N2 Pickup LOW 81 0/F-2 LoV
21N3 LoW 21N3 Pickup LOW 81 U/F-1 LoV
21N4 LoW 21N4 Pickup LOW 81 U/F-2 LoV
51 Loy 51 Pickup Loy DeadLine Pickup LOU
51N Loy 51N Pickup Loy Con. Scheme Loy
46-51 LoW 46-51 Pickup  LOW
5a Low [1:} Loy
56N Low 68 OQutBlinder LOW
46-58 Low 68 InnBlinder LOW
68 Out of Step LOW

LPRO Unit I1D: REAAAL

...7Logic/Protection
prev menw Logic 1 |

User Access Level:SERVICE

2002Augl? @9 :86

Other Logic

Logic 2
Other Logic
252759 Sync Check Loy Z Circl
27 Main UA) Loy
27 fux. UA) Loy
5% Main 0 Loy
59 Aux. 0 Loy
5@BF Initiate Loy
5@LE Main Loy
50LS Aux. Loy
79 Initiated Loy
7% Blocked Loy
7?9 Lead Lockout Low
7 Follow Lockout Loy
7?9 Main Reclose Low
7% Aux. Reclose Loy
Com. Scheme Send Loy

e Trigger Lou

F3> Quit (F2» Freeze

Figure 6.7: Logic Metering Screens

D02333R03.51
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6 Acceptance/Protection Function Test Guide

60 Loss of Potential
(LOP) Test

Settings

» Voltage = 0.75 per unit phase-to-neutral fixed (In this case minimum op-
erate = 0.75 per unit = 0.75* Vnominal =0.75* 66.4V =49.8V)

* |1 Blocking = 10.0 A (positive sequence current that blocks LOP if exceed-
ed)

« 310 Blocking = 1.0 A (zero sequence current that blocks LOP if exceeded)

27VLa (0.75 pu fixed)
27VLb (0.75 pu fixed) _tsg\—
2T\Le (075 pufived) —lL/

59VLa (0.1 pufixed) m—

SOWb (01 pufixed) —— 175 !
59VLc (0.1 pufi — v
(Otpbe) 1%
Mposlck> Vieyde

dVipos/dt <-3Vicycle
ABS | dipos/ct | >0.1Alcydle

174
17|

Hlpos
5030

50 ILA (4% nominal)

_ — i
501LB (4% nominal) 170
50ILC (4% norinal) J—’

Figure 6.8: Loss of Potential Logic (60)

60 Test Procedure:
1 InTermina Mode access relay Metering>Logic> Protection>Logicl.
Monitor: 60 Alarm
2 Apply balanced 3-phase nominal voltages (66.4 V) to the L-PRO terminals:
Ph A: 330, 66.4 V «0°
Ph B: 331, 66.4V «-120°
Ph C: 332,66.4V «+120°
Ph N: 333

3 Connect 3-phase current sources (0.5 A) to the L-PRO terminals (must be
greater than 0.2 A (4% Inominal) to enable due to low set supervision, for
details see Figure 6.8: Loss of Potential Logic (60) on page 6-10).

Ph A: 300-301, 0.5 A »0°
Ph B: 302 -303, 0.5 A ©-120°
Ph C: 303—-304, 0.5 A ©+120°
Observe: 60 Alarm = Low
4 Instantaneoudly reduce single-phase voltageto 48 V or less.
60 Alarm = High
Contact 2 Closed

6-10
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6 Acceptance/Protection Function Test Guide

21P1 Phase
Distance Test

Directional Element

Directional Element

Testing the LOP I1 Supervision:
1 Restore 3-phase voltagesto 66.4 V.
Observe 60 Alarm = Low
Contact 2 = Open
2 Increase balanced 3-phase currentsto 10.1 A per phase.
3 Reduce single-phase voltage to 0.
Observe 60 Alarm remains low
Observe Contact 2 remains open
4 Reduce currentsto O.

Testing the LOP 310 Supervision

1 Restore 3-phase voltagesto 66.4 V.
Observe 60 Alarm = Low
Contact 2 = Open

2 Increase any single-phase current to 1.1 A.

3 Reduce single-phase voltage to 0.
Observe 60 Alarm remains low.
Observe Contact 2 remains open.

4 Reduceall sourcesto 0.

End of 60 test.

(Zone 1 Single-Phase Under Impedance Test tested as 3-phase fault)

Settings
* Positive Sequence Secondary Line Impedance (100% of line)=5.9w
* Positive Sequence Line Angle = 80°
21P1 =4.72w (Maximum Reach = 80% of line at maximum torque angle
of 80°)
Time Delay = 0 (expect 1.3 cycles, 22 ms or |ess)

Delta Current Supervision = 7.0 A (minimum phasor difference between
any 2 phasesto allow 21P Trip)

21P# - Zab
50 lab

133

P -Zone #

21P# - Zbc

J

L

68B

50 Ibc 134 0 TP#
Directional Element i/GO 137 —
o 4ms 4ms

21P
| Generic Phase Distance
135 Logic (# = any zone)

21P# - Zca
50 Ica

)

Figure 6.9: Phase Distance Logic (21P)

D02333R03.51
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6 Acceptance/Protection Function Test Guide

Preliminary Calculations

Since thisis a balanced 3-phase test, there is no Zero Sequence Current, so Z
is caculated as:

7 = VPhase

IPhase

The minimum 3-phase current required is:

(Remember: | Deltaisthe phasor difference between any 2-phase currents; add
5% to ensure the Minimum | Delta Supervision Logic is high for this test.).

I DeltaSupervision x 105percent: 7.0x 1.05: 4.24amps
J3 J3

Imin =

21P1 Test Procedure
1 InTermina Mode access relay Metering>Logic> Protection>Logicl.
Monitor 21P1 Trip
2 Apply balanced 3-phase nominal voltages (66.4 V) to the L-PRO terminals.
Ph A: 330, 66.4 V «0°
Ph B: 331, 66.4V «-120°
Ph C: 332,66.4V «+120°
Ph N: 333

3 Connect 3-phase current sources (4.24 A lagging voltages by 80°) to the L-
PRO terminals:

Ph A: 300 —-301, 4.24 A «-80°
Ph B: 302 — 303, 4.24 A «-200°
Ph C: 303 —304, 4.24 A ©+40°
Observe 21P1 Trip=Low
4 Simultaneously reduce 3-phase voltages.
At21.0t0 19.0V (expect 20.0 V)

21 Trip = High (Note that Contact 1 will probably close earlier than
21-1 Trip going high, because Z2 and Z3 trip elements are mapped to
the same output contact, and the length of time this fault will be ap-
plied.)
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6 Acceptance/Protection Function Test Guide

21P2 Phase
Distance Test

Testing the Zone 1 Phase Time Delay
1 Monitor (Timer Stop) on normally open Output Contact 1 (202—203).
2 Set timer to start from 3-phase amp current transition (i.e. current off to on).

3 Apply (keep on) balanced 3-phase voltages (20.0 V) to the L-PRO termi-
nals.

Ph A:330,20.0V »0°

Ph B: 331, 20.0 V «-120°
Ph C: 332, 20.0 V «+120°
Ph N: 333

4 Apply 3-phase currentsfrom 0to 5.3 A to start the timer (thisis 80% of Zone
1 Reach = 64% of the line = 12.4 miles).

Ph A: 300 —-301, 5.3 A »-80°
Ph B: 302 - 303, 5.3 A ©-200°
Ph C: 303 -304, 5.3 A »+40°

Expect operating time less than 1.3 cycles with CCVT agorithm dis-
abled.

End of 21P1 test.

Zone 2 Phase Under Impedance tested as 2-phase fault

Settings
* Positive Sequence Secondary Line Impedance (100% of line) =5.9W Pos-
itive Sequence Line Angle (Z1) = 80°
e 21P2=7.38W (Maximum Reach = 125% of line, 24.25 miles at maximum
torque angle of 80°)

» Time Delay = 400 ms (expect 1.0 to 1.3 cycle additional delay duetoin-
herent detection and contact times)

 Délta Current Supervision = 3.0 A (minimum phasor difference between
any 2 phasesto allow 21P2 Trip)

This test example shows how to test for a phase-to-phase fault.
Determine the voltage and current quantities required to perform this test.

1 Determine the minimum current required (as per |delta supervision setting).
2 Determine an appropriate fault voltage to use for the test.
3 Determine the 3-phase voltage phasors required to create the fault voltage.

1 Minimum current required for this test:

| delta Supervision Setting (the phasor difference of 2 phases) = 3.0 A. Cur-
rent isinjected into polarity of B-phase and out of polarity of C-phase.
Therefore B-phase and C-phase currents are equal in magnitude but 180°
out of phase.

D02333R03.51
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6 Acceptance/Protection Function Test Guide

The minimum delta current required = 3.0 A; add 5% to ensure supervision is
met:

3.0 x 105percent = 3.2amps
Since B-phase = C-phase, actual minimum current required =

3.2

> = l.6amps

2 Use the minimum test current to determine what voltage would be appro-
priate for thistest.

Equation 5 . M

T 2x|

testmin

From Equation 5 we can derive the formula:

Vfaultmin = Zx2x Ites,tmin

Viaultmin = 7-38W % 2x 1.6A= 23.6volts

3 Now determine the 3-phase voltage phasors.

Only B-C fault is shown here, but the same principle appliesfor A-B or C-
A faults.

Since neutral isnot involved in thistype of fault, the faulted voltage phasors
collapse toward each other along the phase-to-phase line.

.
.
R NN
N
.
.

VOLTS

Figure 6.10: Phasor Representation of an Ideal Phase-to-Phase Fault
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6 Acceptance/Protection Function Test Guide

The following tables show the voltages to inject for avariety of fault voltage
levelsusing 115V secondary phase-to-phase nominal (66.4 V phase-to-neutral

nominal).

A-B Fault

(C-phase voltage = 66.4 V ©+120°) The resultant angle of A-B voltage always = +30°

% Reduction 10% 20% 30% 40% 50% 60% 70% 80% 90%
Fault Volts 1035V | 92.0V 80.5V 69.0 V 575V 46.0V 345V 230V 115V
Fault Volt Angle 30° 30° 30° 30° 30° 30° 30° 30° 30°
Voltage A=B 61.5V 56.7 V 52.2V 479V 439V 404V 374V 35.1V 33.7V
A Angle -2.7° -5.8° -9.5° -13.9° -19.1° -25.3° -32.5° -40.9° -50.2°
B Angle -117.3° -114.2v -110.5° -106.1° -100.9° -94.7° -87.5° -79.1° -69.8°
B-C Fault
(A phase voltage = 66.4V»0°) The resultant angle of B-C voltage always = -90°
% Reduction 10% 20% 30% 40% 50% 60% 70% 80% 90%
Fault Volts 1035V | 92.0V 80.5V 69.0V 575V 46.0V 345V 23.0V 115V
Fault Volt Angle -90° -90° -90° -90° -90° -90° -90° -90° -90°
Voltage B=C 61.5V 56.7 V 52.2V 479V 439V 404V 374V 35.1V 33.7V
B Angle -122.7° -125.8° -129.5° -133.9° -139.1° -145.3° -152.5° -160.9° -170.2°
C Angle 122.7° 125.8° 129.5° 133.9° 139.1° 145.3° 152.5° 160.9° 170.2°
C-A Fault
(B phase voltage = 66.4V «-120°) The resultant angle of C-A voltage always = +150°
% Reduction 10% 20% 30% 40% 50% 60% 70% 80% 90%
Fault Volts 1035V | 92.0V 80.5V 69.0V 575V 46.0V 345V 23.0V 115V
Fault Volt Angle 150° 150° 150° 150° 150° 150° 150° 150° 150°
Voltage C=A 61.5V 56.7 V 52.2V 479V 439V 404V 37.4V 35.1V 33.7V
C Angle 117.3° 114.2° 110.5° 106.1° 100.9° 94.7° 87.5° 79.1° 69.8°
A Angle 2.7° 5.8° 9.5° 13.9° 19.1° 25.3° 32.5° 40.9° 50.2°
D02333R03.51 L-PRO User Manual 2100 6-15
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For this B-C test aminimum fault voltage of 23.6 V isrequired as calculated
in the table, “B-C Fault” on page 6-15. Select the next highest voltage. In this
case 34.5 V (70% reduction) is used.

Thefollowing formulae were used to cal culate the voltages for the tables (they
may be used for any other desired fault voltage): Test voltage magnitude:

Equation 3
AVfauIt€2 + AVnominaI€2
o 2 o 2 )

Note: Vfault = phase-to-phase fault voltage and Vnominal = phase-to-neutral
nominal voltage.

Test Phase Angle
Offset the nominal phase angles toward the other faulted phase angle by:

Equation 4 Viault
60° — atanA—20L €

. )
nominal

Exampleof thiscalculation using the 70% voltage reduction from the B-C fault
table: Phase B-C voltage angle = -90° with respect to A-N voltage phasor.

Fault Voltage = 70% reduction of phase-to-phase nominal

= 115V — (0-90°) — (115V + «—90° x 70percent)= (34.5V(*—-90°))

Faulted Test Voltage Magnitudes =
pSE 604" - ra0as= a7.4v

Faulted Phase Angle =
60° atan%‘i? = 60° —27.5°= 325°

For B-C fault adjust Phase B angle toward Phase C angle and adjust Phase C
angle toward Phase B angle:

B Phase Angle = -120° - 32.5° = -152.5°
C Phase Angle = +120 + 32.5° = 152.5°
So,
A Phase Phasor = Unfaulted = 66.4 V «0°
B Phase Phasor = Faulted = 37.4 V ©-152.5°
C Phase Phasor = Faulted = 37.4 V ©+152.5°
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Connecting the Test Source for B-C Faullt:

AC Current AC Voltages

- - O O O
L)\.J LA./ \ A 330 331 332 333
A B C L-PRO A B C N

Main Current Inputs Main Voltage Inputs

Figure 6.11: AC Connections to L-PRO for B-C (21P) Test

In summary for this example, inject Phase B to Phase C fault:
Line Impedance = 7.38 W
Line Angle = 80°
Fault Voltage = 34.5 V »-90° using the calculated voltage phasors
Fault Current = greater than 1.6 A «(-90°- 80°) = greater than 1.6 A «-170°

21P2 Test Procedure
1 InTermina Mode access relay Metering>Logic> Protection>Logicl.
Monitor the following element for pickup: 21P2 Pickup.
2 Apply thefollowing 3-phase voltagesto the L-PRO main ac voltsterminals.
Ph A: 330, 66.4V «0°
PhB: 331, 37.4V »-152.5°
Ph C: 332,37.4V »+152.5°
Ph N: 333

3 Connect variable single-phase current source (lagging phase-to-phase fault
voltage by 80°) to the L-PRO main line current terminals (Jumper Termi-
nals 303 & 305):

Ph B-C: 302—-304, 1.5 A ©-170°
Observe 21P2 Alarm = Low
4 Increase current.
At 2.23102.45 A (expect 2.34 A):
21P2 Alarm = High
5 Turn off voltage and current sources.
End of 21P2 test.
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21N2 Ground Zone 2 Phase-to-Neutral Under Impedance
Distance Test

Settings
« Positive Sequence Secondary Line Impedance (100% of line) =5.9w
* Positive Sequence Line Angle (Z1) = 80°
* 2IN2=7.38W (Maximum Reach = 125% of line at maximum torque angle
of 80°) compensated as per 21N calculationsto: 11.58 W « 76.5°
» Resistive Component compensated to: 9.41 W -3.5°
» Time Delay = 0 (expect 1.3 cycles, 22 ms or less)
* 310 Current Supervision=1.5 A (minimum zero sequence current to allow

21N2 to operate)
* | Phase Current Supervision=1.5 A (minimum phase current to allow 21N2
to operate)
21N# - Zan
50 la
50N 310 138
Directional Element N - Zone #
21N# - Zbn

50 Ib

139 0 TN#
oo JuD— | ou)
60— 4ms 0

Directional Element

21N# - Zcn 21N
s0lc 140 Generic Phase Distance
50N 310 Logic (# = any zone)

Directional Element

Figure 6.12: Ground Distance Logic (21N)

This test demonstrates testing asingle line (Phase A) to a ground fault.

Preliminary calculations

Since thisis a single-phase test, use the compensated impedance value calcu-
|ated above; the calculated Z is:

V.
_ Vfault
Zfault -

Ifault
The minimum single-phase current required is:
(Remember: Testing single-phase, so need to exceed the greater of | phase and

310 supervision settings; add 5% to ensure the minimum supervision logic is
high for this test.):

I min = Greater of Phase and 310 Supervision x 105percent= 1.5 x 1.05= 1.58A

This element has been set for quadrilateral characteristic.
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21N2 Reactive Test Procedure
1 InTermina Mode access relay Metering>Logic> Protection>Logicl.
Monitor: 21N2 Pickup
2 Apply balanced 3-phase nominal voltages (66.4 V) to the L-PRO terminals.
Ph A: 330, 66.4V «0°
Ph B: 331, 66.4 V ©-120°
Ph C: 332,66.4V »+120°
Ph N: 333
3 Connect single-phase current source to the L-PRO terminals.
Ph A: 300-301, 1.58 A «»-76.5°
Observe 21N2 Pickup = Low
4 Reduce Phase A voltage.
At 17.41019.2V (expect 18.3V):
21N2 Pickup = High (After 400 ms: 21IN2 Trip = High)

21N2 Resistive Test Procedure
1 InTermina Mode access relay Metering>Logic> Protection>Logicl.
Monitor: 21N2 Pickup
2 Apply balanced 3-phase nominal voltages (66.4 V) to the L-PRO terminals.
Ph A: 330, 66.4V «0°
PhB: 331, 66.4 V »-120°
Ph C: 332,66.4V «+120°
Ph N: 333
3 Connect single -phase current source to the L-PRO terminals.
Ph A: 300-301, 1.58 A ©+3.5°
Observe 21N2 Pickup = Low
4 Reduce Phase A voltage.
At 15.6t0 14.2 V (expect 14.9V).
21N2 Pickup = High
After 400 ms: 21N2 Trip = High

Testing the Zone 2 Neutral Time Delay
1 Monitor (Timer Stop) on normally open Output Contact 1 (202 — 203).
2 Set timer to start from single-phase current transition (i.e. current off to on).
3 Apply the following 3-phase voltages to the L-PRO terminals.
Ph A: 330, 66.4V «0°
Ph B: 331, 66.4V «-120°
Ph C: 332,66.4V «+120°
Ph N: 333

D02333R03.51
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Weak Infeed Test

4 Apply single-phase current from 0to 6.0 A to start the timer (95% of Zone
2 Reach = 119% of the line = 23.1 miles).

Ph A: 300301, 6.0 A »-76.5°

Expected operate time = (400 ms + 1.0 to 1.3 cycle) = 417 ms (= 2.5%)
Note: The zone timer starts when the fault is detected; the detection time +
inherent contact time = approximately 1.0to 1.3 cyclesafter fault inception.

Testing Other Zones

Y ou can test al other zones (21P3-4) and (21N1 and 21N3-4) using the same
process as the 21P1, 21P2 and 21N2 zones, except that you need to substitute
the impedance and timing settings for those zones.

End of 21 tests.

Weak Infeed tripping operates on 4 basic conditions:

1 Low Positive Sequence Voltage (27V1) or High Neutra Voltage (59V0)
2 No Zone 2 or Zone 4 reverse element picked up.

3 Lossof Potential (60) element dropped out

4 Permissivetrip received from the remote end

212 6ms
oS
21-4R TWD1

60 110
Receiver—
0

Weak
Infeed
Enable

7 Switch

el ' i

Scheme Scheme
Trip Send

Figure 6.13: Weak Infeed Logic

For this test apply 0 voltage and O current to the relay with no prefault. This
causes the first 3 conditions to be met: (27V1, NOT (Zone 2 OR Zone 4R),
NOT Loss of Potential).

InthiscaseaVirtual Input is set up to ssimulate the Permissive Trip Receive
contact via ProLogic.
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Scheme Selector

Scheme Selelection:
POTT
Communication - Aided External Inputs 1 to 9, and ProLogic 1 to 10

Receiver 1: Receiver 2

PL 8 [PerTrip Rec via % 7

Figure 6.14: Scheme Selector Settings (Offliner)

Weak Infeed Test Procedure

1 Activating this Virtual Input by accessing the L-PRO Terminal Mode Util-
ities> Maintenance>Control Virtual Inputs.

2 Pressthe <Enter> or the < Space> keysto scroll Virtual Inputsto the Input
Name “PerTripRec Simulate” (Virtual Input 13).

3 Pressthe <Arrow>key to activate the action section. Select the Pulse On
option.

4 Pressthe<F2> Key to execute the“ PerTripRec Simulate” as shown in the
following screen shot.

LPRO Unit ID: ROOOO1
.../Util/Maintenance User Access Level : SERVICE 2002AuglS 09:054
prev menu Calibrate Outputs [BIROEEHSUCEIERNIES Erase

Input Hame Action
PerTripRec Simulate

mm_

Figure 6.15: Virtual Input Control (Hyperterminal)

Observe Relay Target: “POTT Trip (WI): 0.0 mi.

Note: The 0.0 mi indicates that there was 0 impedance measured dueto O line
voltage being applied.

End of Weak Infeed test.
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Dead Line Pickup Dead Line Pickup operates on 3 basic conditions:

Test 1 Zero Positive Sequence Polarizing Voltage (27Vpos) for at least 2 seconds
prior to line energization
2 Zero Current (less than 4% of nominal) prior to the application of the fault
(i.e. line goes from “dead” to energized state: 50ILa, b, c)

3 Instantaneous Phase or Neutral Overcurrent settings (within the Dead Line
Pickup screen) are exceeded within 200 ms of line energization

2sec
27 Vpos-
“ 0 L
_50lLa RVS
4% Inominal 5
RMS fixed S0lLb RVS . Ems O@
50ILc RVS
50lLa RMS e
50ILb RVS - 50P
50ILc RVS - 50N

) )
IL2a/ IL1a
2nd Harmonic *h
Blocking IL2b/ "—mﬂ 294
. I2c/I1c
2nd Harmonic Restraint Enable —I

Figure 6.16: Dead Line Pickup Logic

Dead Line Pickup

v Enabled

Device 27 “Wpos Pickup: 200 | wolts (Sec.)
Drevice S0 Pickup: 09 | amps (Sec.)
Device S0M Pickup: 0.9 | amps (Sec)

Second Harmaonic to
12 111 Ratio: 51 Fundamertal Current ratio

Figure 6.17: Dead Line Pickup Settings (Offliner)

Dead Line Pickup Test Procedure
1 Apply 0 voltage to the relay voltage inputs.
2 Instantaneously step single-phase current from 0to 0.95 A to:
Ph A: 300—-301, 0.95 A wany®
Observetarget “Dead Line Pickup on A”.
End of Dead Line Pickup test.
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68 Out of Step Test

Zpos
o / T Dl
50300 - [T 40\ 2 6?:::; B Out 2

60 -

(Set to trip for this test.)

Settings
e Quter Right Blinder =17 w
» Outer Left Blinder =-17w
* Inner Right Blinder = 13w
* Inner Left Blinder =-13w
» Swing timer = 1.0 second
* |1 Supervision (positive sequence current) = 3.0 A
« 310 Supervision=1.0A
Note: Out of Step Blinders are Positive Sequence Impedance Quantities.

68 Inner Alarm Out 1

68 Outer Alarm
J Outl

/]

HRHH

Figure 6.18: Out of Step Logic (68)

Preliminary Calculations

Because thisis a Positive Sequence Impedance, perform this test as balanced
3-phase, since thisis the easiest way to obtain positive sequence. The cal culat-
edZis:

7 = Vghase

phase

The minimum 3-phase current required must be greater than the 11 Supervision
Setting (3.0 A).

Add 5% to ensure that the supervision is met:
Imin = |1supervision x 105percent= 3.0 x 1.05= 3.15A

68 Outer Right Test Procedure
1 InTermina Mode access relay Metering>Logic> Protection>Logicl.
Monitor:
68 OutBlinder Alarm
Contact 12 with an chmmeter
2 Apply balanced 3-phase nominal voltages (66.4 V) to the L-PRO terminals.
Ph A: 330, 66.4V «0°
PhB: 331, 66.4 V »-120°
Ph C: 332, 66.4 V »+120°
Ph N: 333

D02333R03.51
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3 Connect 3-phase current sources (3.15 A in phase with voltages) to the L-
PRO terminals.:Ph A: 300 — 301, 3.15 A «0°

Ph B: 302 - 303, 3.15 A ©-120°
Ph C: 303 —-304, 3.15 A ©+120°
Observe 68 OutBlinder Alarm = Low
Contact 12 = Open
4 Simultaneously increase (ramp up) 3-phase currents.
At 3.72t04.10 A (expect 3.91A):
68 OutBlinder Alarm = High
Contact 12 = Closed
End of 68 Outer test.

68 Inner Left Test Procedure
1 Terminal Mode access relay Metering>Logic>Protection>Logicl.
Monitor:
68 InnBlinder Alarm.
Output Contact 13 with an ohmmeter.
2 Apply balanced 3-phase nominal voltages (66.4 V) to the L-PRO terminals:
Ph A: 330, 66.4V «0°
Ph B: 331, 66.4V «-120°
Ph C: 332, 66.4 V »+120°
Ph N: 333

3 Connect 3-phase current sources (3.15 A «180° from voltages) to the L-
PRO terminals.

Ph A: 300—-301, 3.15 A «»180°
Ph B: 302 - 303, 3.15 A «+60°
Ph C: 303 -304, 3.15 A ©-60°
Observe 68 InnBlinder Alarm = Low
Contact 13 = Open
4 Simultaneoudly increase (ramp up) 3-phase currents.
At 4.86t0 5.36 A (expect 5.11 A):
68 InnBlinder Alarm = High
Contact 13 = Closed
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Change Setting
Group

Testing the 68 Swing Timer Delay

1 Monitor (Timer Stop) on normally open Output Contact 2 (204 — 205).
2 Test at impedance between Inner and Outer Right Blinders = 15W »0°
3 Set timer to start from 3-phase current transition (i.e. current off to on).
4

Apply (keep on) balanced 3-phase voltages (66.4 V) to the L-PRO termi-
nals.

Ph A: 330, 66.4V «0°
Ph B: 331, 66.4V «-120°
Ph C: 332,66.4V «+120°
Ph N: 333

5 Apply 3-phase currents from 0 to 4.43 A to start the timer.
Ph A: 300—-301, 443 A »0°
Ph B: 302 — 303, 4.43 A ©-120°
Ph C: 303 -304, 443 A ©120°

Expect operating time 1.0 second + inherent 1.0 to 1.3 cycle detection time.

Observe target: “68 Out Of Step: Trip”.

End of 68 Swing Timer test.

For the next group of tests using the Acceptance Test file you must change to
Setting Group 2.

1 In Service mode access Utilities>Maintenance> Control Virtual Inputs.
2 Usethe <Enter> key to scroll Input Nameto “ Switch to SG2”.

3 Cursor over to Action and select “Pulse On™.
4

Press <F2> to execute this command; the Active Setting Group will be-
come Group 2.

LPRO Unit ID: RBBAGL
.../UtilsHaintenance User Access Level:SERVICE 2002Auglb 14:18
prev menu Calibrate Outputs SIS RALEISACVERIN e Erase

Input Name Action

Figure 6.19: Change Setting Groups via Virtual Inputs (Hyperterminal)

5 Confirm the Active Setting Group in Settings> Active Group.
Note: you can also change the Active Setting Group in this screen.

D02333R03.51
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LPRO Unit ID: RBBGA1
Main Menu/Settings User Access Level:SERVICE 20A2Auglb 14:42
prev menu m Settings Load from Offliner Retrieve to Offliner

fictive Group
Active Setting Group: A

Group Logic functions:

Name State Nane State
1 Switch to 8G2 Low 9 Group Logic 9 LoW
2 Switch to 5G3 Low 18 Group Logic 1@ LOW
3 Group Logic 3 LoW 11 Group Logic 11 Lo
4 Group Logic 4 Low 12 Group Logic 12 LoW
5 Group Logic 5 Low 13 Group Logic 13 LOW
6 Group Logic 6 LoW 14 Group Logic 14 Lo
? Group Logic 7 Low 15 Group Logic 15 LoW
8 Group Logic & Low 16 Group Logic 16 LOW

F3> Quit <F2> Accept if Group number has heen modified otherwise Refrech

Figure 6.20: Group Logic Metering (Hyperterminal)

27 Undervoltage Settings

Test Main: AND (3-Phase Undervoltage)

Auxiliary: AND (Single-Phase Undervoltage; Only 1 phase is connected)
e Main and Aux Pickup: 30 V

» Time Delay: 0.01 second

27Va main RMS
27 Vb main RMS
) T
27 \Vc main RMS . Out 14

27 Main Undervoltage
3 Phases Connected

27 Va aux RMS
27 Vb aux RMS
27V aux RMS

27 Aux Undervoltage
1 Phase Connected

O
O
o

OLUROL

Figure 6.21: Undervoltage Logic (27)
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27 Test Procedure
1 Terminal Mode access relay Metering>Logic> Protection> Logic2.
Monitor:
27 Main U/V
27 Aux UV
Monitor Output Contacts:
13 (27 Aux Trip)
14 (27 Main Trip)
2 Apply balanced 3-phase nominal voltages (66.4 V) to the L-PRO terminals.
Ph A: 324 and 330, 66.4 V «0°
Ph B: 331, 66.4V «-120°
Ph C: 332,66.4V «+120°
Ph N: 327 and 333
Observe:
27 Main U/V = Low
27 Aux U/V =Low
3 Reduce A Phase voltage.
At 31.0t029.0 V (expect 30 V):
27 Aux U/V =High
Contact 13 closed
27 Main U/V remains Low
Contact 14 open
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4 With A Phase voltage still reduced, reduce B and C phase valts:
At 31t0 29V (expect 30 V):
27 Aux U/V = High
27 Main U/V = High
Contact 14 closed
End of 27 test.

59 Overvoltage Test Settings
* Main: AND (3-Phase Overvoltage)
» Auxiliary: OR (Single-Phase Overvoltage — 1 phase connected)
e Main and Aux Pickup: 72V
» Time Delay: 0.05 second

59 Va main MS
59 Vb main RMS. m O
59 Vic main RVIS Ance T
59 Main Undervoltage 297 ) 0/07 0
3 Phases Connected J
59 Vaaux RMS.
59 Vb aux RMS, 4@ O\);
T
59 \ic aux RIS '
59 Aux Undervoltage 299 } 0
) ) O

1 Phase Connected

Figure 6.22: Overvoltage Logic (59)

59 Test Procedure
1 InTermina Mode access relay Metering>Logic> Protection>Logic2.
Monitor:
59 Main OV
59 Aux O/V
Monitor contacts:
Output 13 (59 Aux Trip)
Output 14 (59 Main Trip)
2 Apply balanced 3-phase nominal voltages (66.4 V) to the L-PRO terminals.
PhA: 324 & 330, 66.4V «0°
PhB: 331, 66.4 V »-120°
Ph C: 332,66.4V «+120°
Ph N: 327 and 333
Observe:
59 Main O/V = Low
59 Aux O/V = Low
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3 Increase A Phase voltage:
At 70.0to 74.0 V (expect 72 V):
59 Aux O/V = High
Contact 13 = Closed
59 Main O/V remains Low
Contact 14 = Open
4 With A Phase voltage still increased, increase B and C phase valts.
At 70to 74 V (expect 72 V):
59 Aux O/V = High
59 Main O/V = High
Contact 14 = Closed

End of 59 test.
50N/51N Neutral Neutral Instantaneous and Time Overcurrent Test
Overcurrent Test

Settings

 Both Directional
* 50N Pickup=10.0 A
* 51N Pickup=1.0A
» Time Curve = |[EEE Moderately Inverse
A =0.0103
B =0.0228
p=0.02
TMS=3.0

50N directional control L if Directional, T must be greater than 10 ms

5030

>

Timer is active, only if it's directional

51N directional control

_

Figure 6.23: Neutral Instantaneous and Time Overcurrent Logic (50N/51N)
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50N and 51N Test Procedure

Note: with 0 voltage applied, the unit becomes non-directional (i.e. picksupin
both forward and reverse directions).

1 InTerminal Mode access relay Metering>Logic>Protection>Logicl.
Monitor:
51N Alarm
Output Contact 6 (50N Trip)
2 Apply single-phase current to the L-PRO terminals as follows:
Ph A:300-301,05A
3 Slowly ramp the current up.
At 0.95t0 1.05 A (expect 1.0 A):
51N Alarm = High
4 Continueto raise current.
At 9.5t010.5 A (expect 10.0 A):
50N Trip = High
Contact 6 = Closed
5 Turn current off.
51N Alarm = Low
50N Trip = Low

Timing Test
1 Monitor (Timer Stop) on Output Contact 7.

2 Set timer start from single-phase 0.0 A to 4.00 A transition (this equatesto
4x pickup).

Time Delay
- TMSx|B+—A |- 3x [0.0228 4+ 00103 }: 3x [0.0228 + 0'0103} 1.168s
(R L | 4902 _ 4 0.0281
multiple:
3 Inject fault.

Observe Relay Target: “51N Trip”
End of 50N/51N test.
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50/51 Phase (Phase Instantaneous and Time Overcurrent) Test
Overcurrent Test

Settings

e Only 51 Directional

* 50 Pickup=15.0A

* 51 Pickup=15A

e Time Curve=IEC Very Inverse
A =135
B =0.00
p=10
TMS=05

50P Directional Control L If Directional, T must be greater than 10 ms

= ]

Timer is active, only if it' directional

285 } L out 11
. 51P Directional Control——

Figure 6.24: Phase Instantaneous and Time Overcurrent Logic (50/51)

ILa RMS .— select Maximum
Phase current for

ILb RMS . — 50 Element

ILc RMS —] 51 Element

50 and 51 Test Procedure
1 InTerminal Mode access relay Metering>Logic> Protection/Logicl.
Monitor:
51 Alarm.
Output Contact 10 (50 Trip).
2 Apply single-phase current to the L-PRO terminals.
Ph A:300-301,05A
3 Slowly ramp up the current.
At 1.431t0 1.58 A (expect 1L.5A):
51 Alarm = High
4 Continueto raise current.
At 14.310 15.8 A (expect 15 A):
50 Trip = High
Contact 10 = Closed
5 Turn current off.
51 Alarm = Low
50 Trip=Low
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51 Timing Test
1 Monitor (Timer Stop) on Output Contact 11.
2 Set timer start from single-phase 0.0 A to 6.00 A transition (this equates to

4x pickup).
Time Delay
= TMSx {B + A }: 0.5 x [o.oo LA J: 0.5 x [o.oo + &5}: 2.255
(muttipre)” =1 4'-1 3
3 Inject fault.

Observe Relay Target: “51 Tripon A”
51 Directional Test

Settings
51 Settings as above
» Line Angle=80° (i.e. current lags voltage by 80°)
Note: Operating Range = = 90° from line angle

51P directional control

50P directional control

Vees Memory— | ey
Ly

ILpos —| ReV#RSE 51N directional control

59 Vpos Main (2 volts RVIS fixed)

Non-directional

50 ILpos (4% nominal RMS fixed)

50N directional control

Non-directional
46-51 Forward

46-51.directional control

Non-directional

46-50 Forward

46-50,directional control

Figure 6.25: Directional Element Logic
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51 Directional Test Procedure
1 InTermina Mode access relay Metering>Logic> Protection>Logicl.
Monitor: 51 Pickup Alarm
2 Apply single-phase polarizing voltage to:
Ph A:330-333,66.4V «0°
3 Apply single-phase current at line angle to:
Ph A: 300-301, 2.0 A »-80°
Observe 51 Pickup Alarm = High
4 Slowly ramp the current phase angle in negative direction (i.e. more lag):
At -165° to -175° (expect -170°):
51 Pickup Alarm = Low
5 Restore current to line angle (-80°):
Observe 51 Pickup Alarm = High
6 Slowly ramp the current phase angle in positive direction (i.e. less lag):
At +5° to +15° (expect +10°):
51 Pickup Alarm = Low
7 Turn off voltage and current sources.
End of 50/51 test.

D02333R03.51 L-PRO User Manual 2100 6-33



6 Acceptance/Protection Function Test Guide

46-50/46-51 Negative  Settings
(S)?/%lrjc?l? rcrgnt Test * Directional
e 46-51 Pickup=1.0A
* Time Curve = |[EEE Extremely Inverse
A =564
B =0.02434
p=2
TMS=3.0

. 46-50 Directional Control L If Directional, T must be greater than 10 ms

5012 28 %
5ms g

Timer is active, only if it's directional

46-51 Directional Control —ﬂ
51 11— 289 J L -

Figure 6.26: Negative Sequence Instantaneous and Time OverCurrent Logic (46-50/
46-51)

Note that positive sequence current (501Lpos), 4% of nominal current is nec-
essary to enable the directional element. This supervision can be seen on OR
265, for details see Figure 6.25: Directional Element Logic on page 6-32.

For thistest inject only single-phase current. This method introduces an equal
proportion of positive and negative sequence current. Thisassuresthat thereis
sufficient positive sequence current to enable directional control of the nega

tive sequence element, if apolarizing voltage is also applied.

Positive sequence (11), Negative Sequence (12), Zero Sequence (310) are cal-
culated by using the following equations:

2
, I,+alg+al
Equation5 | |1 = % where a =1 ©120°

2
Ip+a’lg+ale

Equation 6 12
3

where a =1 ©120°

Equaton7 | 310 = I, +lg+I¢
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Using Equation 6 notice that thereis aneed to triple the pickup setting current
on one phase to obtain the pickup value of negative sequence current.

For exampleinjecting 1.0 A on Phase A only (Phase B = Phase C =0), and with
no voltage applied, the 46-51 element becomes non-directional even though
the setting is directional:

2
_1l+a0+a0_1_
12 = 3 -3 0.33A

46-51 Test Procedure
1 InTermina Mode access relay Metering>Logic> Protection>Logicl.
Monitor: 46-51 Alarm
2 Apply single-phase current to the L-PRO terminals as follows:
PhA:300-301, 25A
3 Slowly ramp the current up:
At2.9t0 3.1 A (expect 3.0 A):
46-51 Pickup Alarm = High
4 Turn current source off.

46-51 Timing Test
1 Monitor (Timer Stop) on Output Contact 9.
2 Settimer start from single-phase 0.0 A to 12.00 A transition (this equatesto

4x pickup).
Time Delay
= TMSx |B+ A = 30x [0.02434+ 5.64 }= 3.0x [0.02434+&4}= 1.201s
(Nutipre) —1 41 15
multiple
3 Inject fault.

Observe Relay Target: “46-51 Trip”
End of 46-51 test.
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Directional Element
Positive Sequence
Current Supervision
Threshold (50ILpos)
Test

(see OR 265, Figure 6.25: Directional Element Logic on page 6-32)

Settings
* Directional
 B0IL pos (Positive Sequence (11) Low Set = 0.2 A fixed)
» 46-50 Pickup=5.0 A

. 46-50 Directional Control L If Directional, T must be greater than 10 ms

. 5012 28 %
5ms g

Timer is active, only if it's directional

46-51 Directional Control —ﬂ
51 11— 29 J L -

Figure 6.27: Negative Sequence Instantaneous and Time OverCurrent Logic (46-50/
46-51)

Test Calculations

TheL-PRO directional element hasafixed positive sequence current setting of
4% of Inominal that is used to supervise the directional control. If the positive
sequence current falls below 4% of Inominal, the directional control becomes
non-directional. So, for directional control of the 46 element, you require:

Negative Sequence Current (12) greater than pickup AND Positive Se-
guence Current (11) greater than or equal to 0.2 A (4% Inominal).
For thistest inject a Reverse Negative Sequence fault:
With the 1 Directional Supervision threshold not exceeded, the directional
unit is disabled, therefore the directional element will be non-directional.
Thismeansthat the 46 element is able to operate in the reverse direction as
well asin the forward direction.
When the |1 Directional Supervision isexceeded, the 46 dropsout asit has
now become Directional (forward) only.
Testing is accomplished by applying 3-phase balanced 12 quantities sufficient
to pickup the 46 element and then increasing the magnitude of any single-
phase.
For example, for our 46-50 pickup of 5.0 A, use 2 of 5.1 A. Thisissufficient
12 magnitude to solidly pickup the 46-50 element at the line angle. Note, that
the line angle is the Positive Sequence Forward Direction but is the Negative
Sequence Reverse Direction:
IA=51A »-80°
IB=5.1A «+40°
IC=5.1A »+160°
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6 Acceptance/Protection Function Test Guide

The symmetrical components using Equations5to 7:
11=0
[2=51A ©-80°
310=0
Now vary single-phase current to obtain sufficient |1 to enable the directional
element (0.2 A).
Vary Phase A for thistest.

Redefine the symmetrical components to determine test quantities.
Because |A will change, call it Inew.
IB and IC are equal and do not change so call them lold.

-1
_ |'new " 'old
11 = 3
_ A H[le I _ ['new * 2laid
12 = B e—— 12 = =
310 = ||new_|old|

Usethell formulato calculate Inew because we know the required value of 11
(0.2A).

lold=5.1 A (12 pickup plus margin)
1= |Inew - lold|/3

0.2 = |Inew - lold|/3

Inew=0.6+5.1

Inew =5.7A

Directional Element 50ILpos Threshold Test Procedure
1 InTermina Mode access relay Metering>Logic> Protection>Logicl.
Monitor: 46-50 Trip
2 Apply single-phase polarizing voltage to L-PRO terminals:
Ph A: 330-333,66.4V »0°
3 Apply 3-phase negative sequence currents to L-PRO terminals:
Ph A: 300 —-301, 5.1A «-80°
Ph B: 302 — 303, 5.1A «+40°
Ph C: 303 - 304, 5.1A »+160°
Observe 46-50 Trip = High
4 Slowly ramp up Phase A current to activate Directional Control:
At 5.67105.73 A (expect 5.7 A):
46-50 Trip = Low
5 Turn currents off.
End of Directional 50IL pos Threshold test.
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SOBFéBreaker Fail)
and 50LS (Low Set
Overcurrent) Tests

Settings

Main:
e B0LSPickup: 1.0A,
» Time Delay: 0.00 seconds
» 50BF Time Delay 1: 5.0 seconds
» 50BF Time Delay 2: 10.0 seconds

Auxiliary:
* 50LSPickup: 1.0A
» Time Delay: 0.00 seconds
» 50BF Time Delay 1: 5.0 seconds
* 50BF Time Delay 2: 10.0 seconds

Input 3:
* 50LS Pickup: 0.3A
» Time Delay: 1.00 second

(50LS used with Virtual Input 3 to make Breaker Fail for Breaker 3)

Input 4:
* 50LS Pickup: 0.3A
» Time Delay: 1.00 second

(50LS used with Virtual Input 4 to make Breaker Fail for Breaker 4)

Main and Aux. Breaker Fails are set to be initiated via the Output Matrix from
50LS Pickup (1.0 A Main and Aux and O time delay). Note: Requires a mini-

mum of 0.2 A on any phase to arm Breaker Falil.

Breaker Failure Initiator (from Output Metrix)

50 11a (4% nominal RS fixed)
50 11b (4% nominal RMS fixed) E
50 I1c (4% | nominal RMS fixed)

Figure 6.28: Main Breaker Fail Logic (50BF)

50BF and 50LS Test Procedure

204

T

T2

o

1 InTermina Mode access relay Metering>Logic> Protection/Logic2.

Monitor:
50LSMain

Output Contact 1 (50BF Main-1 Trip: A)
Output Contact 2 (50BF Main-2 Trip: A)
2 Apply single-phase current to the L-PRO terminals as follows:

Ph A: 300-301, 0.8 A
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6 Acceptance/Protection Function Test Guide

3 Slowly ramp the current up, at arate of about 0.1 A per second:
At0.9to 1.1 A (expect 1.0 A):
50LS Main = High
5 seconds | ater, Output Contact 1 = Closed (50BF Main-1 Trip)
After an additional 5 seconds Output Contact 2 = Closed (50BF
Main-2 Trip)
4 Turn current off.
50LS Main = Low
Contacts 1 and 2 = Open

5 The same 50BF procedure may be followed on the auxiliary input by inject-
ing current into relay auxiliary current input, Terminals 306-307 and mon-
itor Contacts 3 and 4.

Testing Inputs 3 and 4 50LS Function

Inputs 3 and 4 50L Sfunctions are used in aBreaker Fail Application using Pro-
Logic.

The following screen shot shows the Logic being used to make a Breaker Fail
application from the 50L S using ProLogic.

ProL ogic 1: Thisboolean equation used to initiate and operate as aBreaker Fail
for 52-3 (Input 3). Current above the 50L S threshold arms one input of the
AND gate. Theinitiate in this caseis provided by Virtual Input 3 which will
latch until the current drops below the 50L S threshold.

Note: ProLogic 2 (not shown) isfor 52-4 (Input 4).

ProLogic 1 [Breaker Fail 52-3]

v Enabled Mame: | Breaker Fail 52-3

Pickup Delay: 1.00

=
000 g

v Target Enabled

Dropout Delay:

Input & 1 3 [BFInit 52-3] -
Ingput B 0L Input 3 - = R
[ )
Input C SOLS Input 3 -
Irput O =Unuzed = 0= -
Input E | =Unused = 0= -

Thiz symbol denctes & function which has not been
enabled and iz trested as & logic zero input.

Figure 6.29: Breaker Fail Created Using ProLogic
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Input 3 Breaker Fail Test Procedure
1 Apply 0.31 A to L-PRO Terminals 312 — 313.

2 InTermina Mode Service level access Utilities>Maintenance> Control
Virtual Inputs.

Scroll to VI3 “Init BF 52-3".
Pulse On.
Observe after 1 Second: Target “Breaker Fail 52-3: PL1"
3 Reduce current to zero.
4 Apply the same processto Input 4, Terminals 318 — 319, using V14 “Init BF
52-4",
End of 50BF and 50L S tests.

For the next group of tests using the Acceptance Test file, you must change to
Setting Group 3.

1 In Service mode access Utilities>Maintenance> Control Virtual Inputs.
2 Usethe <Enter> key to scroll Input Name to “ Switch to SG3”.

3 Cursor over to Action and select Pulse On.
4

Press <F2> to execute this command; the Active Setting Group now is
Group 3.

LPRO Unit ID: ROOOOL
.. ./Util/Maintenance User Access Level:SERVICE 2002Aug?1 14:55
prev menu Calibrate Outputs [EIISIENMSUEEONEE Crase

Input Name Action
Switch to S63

KF3> Quit <F2> Execute

Figure 6.30: Control Virtual Inputs (Hyperterminal)

5 Confirm the Active Setting Group in Metering> Logic> Setting Group.
(Note: Active Setting Group cannot be changed in this screen).
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81 Overfrequency
and Underfrequency
Test

LPRO Unit ID: ROGOOL
.../Metering/Logic

prev menu Protection Prologic

User Access Level:SERVICE
Setting Group|

2002Aug?1 14:59
Virtual Inputs

Group Logic functions

ame

Switch to SG1
Switch to 862
Group Logic 3
Group Logic &
Group Logic 5
Group Logic 6
Group Logic 7
Group Logic 8

QO VU QOO

Active Setting Group:

Group Logic functions:

3_
State Name State
LOW 9 Group Logic 9 LOW
LOW 10 Group Logic 10 LOW
LowW 11 Group Logic 11 LOoW
LOW 12 Group Logic 12 LOYW
LOW 13 Group Logic 13 LOW
LowW 14 Group Logic 14 LOoW
LOwW 15 Group Logic 15 LOW
LOW 16 Group Logic 16 LOW

[<F3> Quit <F2> Freeze

Figure 6.31: Group Logic Metering Screen. Confirm the Active Setting Group

Settings

 81-1 Pickup = 60.5 Hz Fixed Rate (50.5 Hz for 50 Hz Relay)
» 81-1 Time Delay = 0.5 second
 81-2 Pickup = 59.5 Hz Fixed Rate (49.5 Hz for 50 Hz Relay)
e 81-2 Time Delay = 0.5 second
 81-3 Pickup = +1.0 Hz/second
» 81-3 Time Delay = 0.2 second
 81-4 Pickup =-1.0 Hz/second
» 81-4 Time Delay = 0.2 second

Requires minimum of 0.25 per unit positive sequence voltage (fixed setting) to
enable the 81 element.

81-1[Freq]or DiDX
81-1 Frequency

B
3

Vpos. >0.25 PU

81-2[Freq|or DD

81-2 Frequency
Vpos. >0.25 PU

B
3

:

Out8

81-3Freq or

81-3 Frequency
Vpos. >0.25 PU

8
7

Out 8

81-4 Freq or [DADY]
81-4 Frequency
Vpos. >0.25 PU

2008,

L

Out9

] E

307

0

PEP

0

Out9

:

Figure 6.32: Over/Under/Rate of Change of Frequency Logic (81)
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81 Fixed Rate Test Procedure
1 InTermina Mode access relay Metering>Logic> Protection>Logicl.
Monitor:
81-1Trip
Output Contact: 8
2 Apply single-phase nominal voltage to:
Ph A: 330-333,66.4V @ 60 Hz (@ 50 Hz for 50 Hz Relay)
81-1=Low
81-2=Low
3 Ramp up the voltage frequency.
At 60.499 to 60.501 Hz (50.499 to 50.501 Hz for 50 Hz relay):
81-1=High
81-2=Low
Contact 8 = Closed
4 Ramp down the voltage frequency.
At 59.501 to 59.499 Hz (49.501 to 49.499 Hz for 50 Hz Relay):
81-1=Low
81-2 = High
Contact 8 = Closed
5 Turn voltage source off.

81 Rate of Change (df/dt) Test Procedure
1 InTermina Mode access relay Metering>Logic> Protection>Logicl.
Monitor:
81-3 Trip
Contact: 9
2 Apply single-phase nominal voltage to the L-PRO terminals:
Ph A: 330-333,66.4V @ 60 Hz (50 Hz for 50 Hz Relay)
81-3=Low
81-4=Low
3 Ramp the frequency at arate of +0.99 Hz/s for a duration of 2 seconds.
Observe:
81-3=Low
81-4=Low
Contact 9 = Open
4 Restore nominal frequency.
5 Ramp the frequency at arate of +1.01 Hz/s for a duration of 2 seconds.
Observe:
81-3 =High
81-4=Low
Contact 9 = Closed
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Restore nominal frequency.
Ramp the frequency at arate of -0.99 Hz/s of a duration of 2 seconds.
Observe:

81-3=Low

81-4=Low

Contact 9 = Open
Restore nominal frequency.
Ramp the frequency at arate of -1.01 Hz/s for a duration of 2 seconds.
Observe:

81-3=Low

81-4 = High

Contact 9 = Closed

81 Timing Test Procedure

1
2

Monitor (Timer Stop) on Output Contact 8 (81-1).

Set timer start on instantaneous frequency shift 66.4 V @ 60 Hz to 60.6 Hz
transition.

Expect time delay of 500 ms + approximately 1.5 cycle detection time.
Apply the frequency shift.
Confirm the expected time delay.
Target “81-1"
Move (Timer Stop) to Output Contact 9 (81-2).

Set timer start on instantaneous frequency shift 66.4V @ 60 Hz to 59.4 Hz
transition.

Expect time delay of 500 ms + approximately 1.5 cycle detection time.
Apply the frequency shift.
Confirm the expected time delay.

Target “81-2"

End of 81 test.
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25/27/59 Sync Check Note: Three or four voltage sources are required for this test.
Test The L-PRO will create the positive sequence sync check voltage out of the sin-
gle-phase auxiliary voltage input depending on which phaseis injected.
Settings
* Maximum voltage: 70 V sec. (Maximum Positive Sequence voltage)
* Minimum voltage: 40 V sec. (Minimum Positive Sequence voltage)
Angle Difference: 20 degrees
Time Delay: 200 milliseconds
Dead Main Live Aux. (DMLA): Enable
Live Main Dead Aux. (LMDA): Enable
Dead Main Dead Aux. (DMDA): Enable

27 Vimain (P ositive Seq)
27 Vaux (Positive seq) ) ]
59 Vrmin(Positiveseq):./’—. 210 @ -
59 Vsync (Positive seq) 0
[VimainAngle-VaLxAngle| < Setting —J—

25 C (Sync Check) Enabled

) z2)-foue

Dead Main-Live Sync Enabled —
27 Vimain (Positive Seq, 20 V Fixed) — 214
59 Visync (Positive Seq, 20 V Fixed) —

Live Main-Dead Sync Enabled — o
N N Yo 217} =
59 Vimain (Positive Seq, 20 V Fixed) —| 215} ﬂ 0
27 Visync (Pasitive Seq, 20 V Fixed) —
Dead Main-Dead Sync Enabled —

t

27 Vimain (Positive Seq, 20V Fixed) — 21
27Vsync (Positive Seq, 20 V Fixed)
Figure 7: Synchronism Check Logic (25/27/59)

Sync Check Test Procedure
1 InTerminal Mode access relay Metering>Logic> Protection>Logic2.
Monitor:
25/27/59 Sync Check
Output Contact: 10
Observe 25/27/59 Sync Check = High (Proves DM DA with no voltage
applied)
2 Apply voltagesto the relay main voltage input terminal s sufficient to create
Vpos of 66.4 V.

If only 3 voltage sources are available:
Ph A:330,99.6 V «0°
PhB: 331, 99.6 V «-120°
Ph C: 332, not applicable
Ph N: 333
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OR
If 4 voltage sources are available:
Ph A: 330, 66.4 V «0°
Ph B: 331, 66.4V «-120°
Ph C: 332, 66.4 V «0+120°
Ph N: 333
Observe 25/27/59 Sync Check = High (Proves LMDA with only line volt-
age applied)
3 Turn voltage off.

4 Apply single-phase nominal voltage (66.4 V) to therelay auxiliary voltage
input terminals.

PhA: 324, 66.4V ©25°
Ph N: 327
(Short and ground unused Terminals 325 and 326)
Observe 25/27/59 Sync Check = High (Proves DMLA with only bus-
voltage applied)
5 Apply both sets of voltages to main and auxiliary inputs as detailed above.
Observe:
25/27/59 Sync Check = Low

6 Simultaneously rotate the auxiliary voltage phase angle in lagging direction
(i.e. toward 0°).

At 21° to 19° difference (expect 20°):
25/27/59 = High
Contact 10 = Closed (after 200 ms)
7 Slowly ramp down the auxiliary voltage magnitude.
At 41.0t0 39.0V (expect 40 V):
25/27/59 = Low
Contact 10 = Open
8. Slowly ramp up the auxiliary voltage magnitude.
At 69.0to 71.0 V (expect 70 V):
25/27/59 = Low
Contact 10 = Open
8 Turn all voltage sources off.
End of Sync Check test.
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79 Recloser Test

Settings
* Number of Shots: 4
* First Reclose (T1): 2.0 seconds
» Second Reclose (T2): 4.0 seconds
 Third Reclose (T3): 6.0 seconds
* Fourth Reclose (T4): 8.0 seconds
» Closetime (Tp): 0.3 second
» Lockout Reset (TD): 12 seconds
* |Initiate Reset (TDI): 1.0 second
» Sync Control: Enable
* Mode: Main then Aux.
» Block Reset (TDB): 1.0 seconds
 Follower Time (TF): 8.0 seconds
» Breaker Out Of Service (TC): 200 seconds
* Follower Sequencer: Close after Recloser Follower Time
» Main Breaker: El1 [Breaker Status a
» Aux Breaker: EI2 [Breaker Status a

The following procedure allows you to test the Main and Auxiliary 4-shot re-
closers, ending in 79 lockout.

The only test equipment required for thistest isa 125 Vdc supply.

Output Contact 5 of the L-PRO relay is used to simulate the Main Breaker ‘&
Contact and Output Contact 6 is used to simulate the Aux Breaker ‘a Contact.
The Main Breaker Status is monitored by External Input 1; and Auxiliary
Breaker Status is monitored by External Input 2.

Output 7 isused to simulate a protection operation. It suppliesatrip command
via External Input 3 and initiates the 79 operation.

Connect a 125 Vdc supply to the L-PRO relay output and input terminals as
shown in Figure 6.33: Test Connectionsfor 4-Shot Recloser Test on page 6-46.

OUT5 @210 OUT6 @212 OUT 7 \214

(52a) (52a) (Trip)
211 213 215
100 102 104

Ell El2 EI3
— Main Aux Trip and
Breaker Breaker 79

Status 101 Status 103 Initiate 105

Figure 6.33: Test Connections for 4-Shot Recloser Test

ProL ogic equations are used to activate and supervise the 79 test functions.
Normally each of these ProL ogic equations would not be set to target, but for
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6 Acceptance/Protection Function Test Guide

thistype of acceptance testing, it’s convenient for seeing operations as they
happen.

Details of ProLogic Equations for this 79 Test Example

ProLogic 1: This equation activates the reclose sequence. It sets the breaker
status (closes Out 5) via ProLogic 3.

Main Bkr Close

W12 [SCADA Close Bkr 1E

o

Figure 6.34: Simulating Main Breaker Close Command using Virtual Input in ProLogic

ProLogic 2: Thisequation isused to reset the Main Breaker Status via ProL og-
ic 3 (Opens Out 5).

Bkr Status Reset

El'3 [External Trig]

Figure 6.35: Breaker Status Reset using ProLogic (Ext. Input 3 via Output Contact 5)
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ProLogic 3: This equation is set from ProLogic 1 (Main Breaker Close Com-
mand) OR ProLogic 9 (Main Breaker Reclose). (Note that ProLogic 9is
mapped to Out 14, so Out 14 isused to indirectly provide ProLogic 9 availabil-
ity to ProLogic 1 through 8.) ProL ogic 9 changesthe Main Breaker Status con-
tact (Out 5) and apply atrip signal viaProL ogic 4. Reset occurswhen ProLogic
2 (Breaker Status Reset) is activated.

ProlLogic 3 [Main 52a Status]

v Enabled Mame: | Main 52a Status A0

Pickup Delay: 0.00 |5

0.0

Cropout Delay: =

= =|ola
=al=o
e E=11=11=1

Target Enabled

Impat A PL 1 [Main Bkr Clozse]

Input B Cutput Contact 14 - )
Input C PL 2 [Bkr Status Reset]

Imfutt L --Mat uged--

It E

Thiz symbol denote=s a function which has not been
enablzd and is treated a3 a logic zero input.

Figure 6.36: Main Breaker Status

ProLogic 4: Thisequation appliesthe External Trip (Closes Out 7), 10 seconds
after the Breaker Status (ProLogic 3) goes high (i.e. Main Breaker Status =
Closed).

ProlLogic 4 [Ext. Trip Signal]

+ Enshbled Mame: | Ext. Trin Sianal AN

Pickup Delay: 1000 5 a a a
Dropout Delay: 0005 o 1 o
1 [u} [u}
v Target Enablzd ] ] ]
Qut
Impost 2 PL 3 [Main 52a Status]
Input B --Mot used--
Imptt
Input O
Input E

@ Thiz symbol denctes & function which has not been
enabled and is trested as = logic zero input.

Figure 6.37: Using ProLogic to give Trip Command via External Input
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ProLogic 5: This equation provides indication viathe L-PRO HMI display,
that the Recloser has locked out.

ProlLogic 5 [Recloser Lockout]

v Enahlzd Mame: | Fecloser Lockout AR

Pickup Delay: 0.00 5

.50

Cropout Delay: =

alalolo
=|loj=|o
=|lojo|o

v Target Enabled

It &, 79 Lead Lockout

5 Out
Irput B 79 Lead Lockout - [
Irputt --hot uzed--
Input O
Input E

Thiz symbol denotes a function which has not been
enabled and is treated as a logic zero input.

Figure 6.38: Recloser Lockout

ProLogic 6: Thisequation resetsthe 79 Lockout. It uses Virtual Input 1 “ SCA-
DA Reset 79" to simulate a SCADA L ockout Reset command. Inthiscase, this
isdone by closing the Main Breaker Status (Out 5), then Auxiliary Breaker Sta-
tus (Out 6) to simulate main and auxiliary breaker closed status. Thislatching
function resets when the 79 Lead L ockout goes low.

ProLogic 6 [SCADA LO Reset Ini]

¥ Enabled Mame: | SCADA LO Reset Ini AND
Pickup Delay: 0005 a a a
Cropout Delay: 050 |5 o 1 o
1 o o
v Target Enabled ] ] ]

IrpLt &, W1 [SCADAS Reset 78]

Out
Input B 749 Lead Lockout - [ R
It --Mot used--
Imput O
Irmput E

@ Thiz =ymhbol denotes a function which haz not been
enabled and is trested a2 a logic zero input.

Figure 6.39: Using Virtual Input to simulate SCADA Recloser Lockout Reset
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ProLogic 7: This equation isintended only for giving indication of when the
79 Lockout is reset.

Thisindication, along with ProLogic 6, proves the 79 Reset timer (TD).

ProLogic 7 [Main 79L0O is Reset]

v Enabled pame: | Main 7AL0 is Reset LMD
Fickup Delay: 0005 0| n i]
Dropout Delay: 000 5 0 1 0
1 o o]
v Target Enabled 1 1 ]
Out
Input & | 79 Lead Lockout A —e——
Input B Mot uzed--
Imputt
Imput O
Input E

@ Thiz ymbal denotes & function which has not been
enabled and i treated as & logic zero input.

Figure 6.40: Main Recloser Lockout Reset Indication

ProLogic 8: This equation closes Out 6 to simulate auxiliary breaker closed
status from SCADA breaker close command OR auxiliary recloser operation.
This latching function resets when an external trip is received.

ProLogic 8 [Aux Breaker Close]

+ Enabled Mame: Aux Breaker Cloze ARD

Pickup Delay: 000
Dropout Delay: 000 o

alalolo
=|lo|=|o
=|lo|o|o

v Target Enabled

Input A W12 [SCADA Close Bkr 127
Input B 79 Aux. Recloze by ’
s Out
Input C El 3 [External Trin] - R
Input O —Mot uzed--
Input E

@ This symbol denotes a function which has not been
enabled and iz treated a2 a logic zero input.

Figure 6.41: Auxiliary Breaker Close Command via Virtual Input
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ProLogic 9: This equation closes Out 5 to simulate Main Breaker ‘a contact,
and also closes Out 14 to provide feedback into Main Breaker Status ProLogic

3. Thislatching function resets when an external trip is received.

ProLogic 9 [Main Bkr Reclose]

Mame: | M3in Bkr Reclose

0.00

Pickup Delsy: =

0.00

Dropout Delay: s

v Target Enabled

Dut
It &, 79 hizin Reclose B

Input B --Miot used--
Impot =
Input O
Input E

@ This symbol denates s function which has not been
enabled and is treated as a logic Zero input.

AND

G R I P

—~|la=a

e E=E=1k=1

Figure 6.42: Main Breaker Reclose

79 Reset Procedure (perform this before beginning the 79 Test)

1 InTerminal Mode Service level access Utilities> Maintenance> Control

Virtual Inputs.

2 Scroll to Virtua Input 2 (“SCADA LO Reset Ini”).
3 Pulse On (This simulatesa SCADA 79 Lockout Reset Command”.)

Observe L-PRO Target: “Init LO Reset VI: PL6”

After 12 Seconds, Target: “Main LO is Reset: PL7”

End of 79 Reset procedure.
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79 Test

Procedure:

1 Access Utilities>Maintenance>Control Virtual Inputs.

2 Scroll to Virtual Input 1 (“SCADA Close Bkr 1&27).

3 Pulse On (This simulates a SCADA Breaker Close command.)
Observe L-PRO actions on the L-PRO HMI:

Main Breaker Close and Aux Breaker Close

After 10 Seconds: External Trip (Time delay of ProLogic4)
After 2 Seconds. Main Bkr Reclose (Shot 1, T1)

After 8 Seconds: Auxiliary Breaker Close (Shot 1, TF)
After 2 Seconds: External Trip (PL4—TF)

After 4 Seconds: Main Bkr Reclose (Shot 2, T2)

After 8 Seconds: Aux Breaker Close (Shot 2, TF)

After 2 Seconds: External Trip (PL4—TF)

After 6 Seconds. Main Bkr Reclose (Shot 3, T3)

After 8 Seconds: Aux Breaker Close (Shot 3, TF)

After 2 Seconds: External Trip (PL4—TF)

After 8 Seconds: Main Bkr Reclose (Shot 4, T4)

After 8 Seconds: Aux Breaker Close (Shot 4, TF)

After 2 Seconds: External Trip (PL4-TF)

After 1.3 Seconds: Recloser Lockout (1.0 seconds + Tp)

4 For detail of shot numbers, etc. observe the sequence of events by viewing:
Main Menu> Event Log or by pressing the View Logs button of the L-PRO

HMI

. (Note: Targets need to be reset before you can view logs viaHMI).

LPRO Unit ID: ROGOG1
Main Menu
ID Settings Metering

User Access Level :SERVICE

20020ct03 09:11
Records i

Utilities Access Quit

TIME

EVENT

20020ct03 09:10:11.3%

Recloser Lockout : PLS

20020ct@3 09:10:11.39%
20020ct03 09:10:10.102
20020ct03 09:10:09.969
20020ct@3 09:10:09.969
20020ct03 09:10:09.969
20020ct03 09:10:09.962
20020ct03 09:10:08.002
20020ct@3 09:10:07.996
20020ct03 09:10:07.996
20020ct03 09:09:59.967
20020ct@3 09:09:59.962
20020ct03 09:09:59.960
20020ct03 09:09:59.960
20020ct03 09:09:51.971

19 Lead lockout: High
252759 Sync Check:Armed (R)
79 Initiated: High

Bkr Status Reset : PL2
External Trip Inpu: EI2
Ext. Trip Signal : PL4
Aux Bkr "a’ Closed: EI3

79 Rux. Reclose:(shot &) (R)
Aux Breaker Close : PL8
Hain Bkr 'a’ Close: EI1
Main 92a Status : PL3

79 Main Reclose:(shot &) (R)
Main Bkr Reclose : PL9
252759 Sunc Check:Armed (R)

Figure 6.43: Event Log Showing Reclose Sequence (Hyperterminal)

5 To perform thistest again, reset the Lockout as per 79 Reset Procedure
above, then repeat the 79 test procedure.

End of 79 test.
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7 Installation

Physical Mounting

Standard 3U

Optional 4U

Therelay is 3 rack units or 5.25 inches high and approximately 12.25 inches
deep. The standard relay is designed for a 19-inch rack. A complete mechani-
cal drawing is shown, for details see “Mechanical Drawings’ in Appendix G.

To install the relay you need the following:
e 19inch rack
e 4-#10 screws

Therelay is4 rack units or 7.0 inches high and approximately 12.25 inches
deep. Therelay isdesigned for a19-inch rack. A complete mechanical drawing
is shown, for details see “Mechanical Drawings’ in Appendix G.

To ingtall the relay you need the following:
* 19inch rack
* 4 - #10 screws

AC and DC Wiring

For details see “ AC Schematic Drawings’ in Appendix | and “DC Schematic
Drawings’ in Appendix J.

Communication Wiring

EIA-232

RJ-45

IRIG-B Wiring

Therelay’ sthree serial ports (Ports 1, 2 and 3) are configured as EIA RS-232
Data Communications Equipment (DCE) devices with female DB9 connec-
tors. This alows them to be connected directly to a PC seria port with a stan-
dard straight-through male-to-female serial cable. For pin-out details see
“Communication Port Details’ on page 2-9.

An adapter isavailablefor connecting an external modem to Port 2. For details,
see “Modem Link - External” on page 2-3.

The relay may have an optional internal modem or an optional internal
10BaseT Ethernet port. Connection to either of theseisviathe relay’s Port 5
RJ-45 receptacle. Labeling above the port will indicate which option, if any,
has been installed.

Therelay accepts both modulated and unmodulated IRIG-B standard time sig-
nals with or without the IEEE 1344 extensions.The IRIG-B connector on the
back of the relay isBNC type.
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Appendix A

IED Specifications

L-PRO Model 2100 Specifications

Item

Quantity/Specs

Note

General:

Nominal Frequency

50 or 60 Hz

Operate Time

1.0 to 1.3 cycles at 80% reach

Including output relay operation

Sampling Rate

96 samples/cycle

Records up to 25th harmonic

volatile memory

Power Supply Nominal Range: 48 to 250 Vdc, 120
Vac, 50/60 Hz
Full Operating Range: 40 to 300 Vdc
Memory Settings and records are stored in non- Records are stored in a circular buffer

Protection Functions:

IEEE Dev. 21P-1, 2, 3, 4, 21N-1, 2, 3, 4,
27, 50BF, 50LS, 50/51/67, 50N/51N/67,
46/50//51/67, 59, 60, 68, 79, Sync Check,
81, Dead Line Pickup, Weak Infeed, Pro-
Logic, Group Logic and Virtual Inputs

Line protection takes in up to 6 voltages
and 6 currents
Extra 6 currents used for recording and
ProLogic input

Suitable for ring bus configurations

Recording:

Fault

96 s/c oscillography of all analog and
external input channels
Capacity: up to 15 x 2 second records

Viewing software provides waveform,
symmetrical components and harmonic
analysis

Dynamic Swing

1 s/c phasor measurements of line posi-
tive sequence V and | plus frequency
Capacity: up to 15 x 3 minute records

Events

250 events

Circular event log

A/D Resolution

13 bits, 8192 counts full scale.

Input & Output:

Analog Input Channels

18 (6 line currents, 3 line and 3 bus volt-
ages, plus 6 currents for bus monitor-
ing)

Rating: In=5Ao0or1A,Vn=69V
Continuous: 3x In, 2x Vn

One Second: 20x In without distortion
One Minute: 3x Vn, once per hour

Sampling Resolution

12 bits plus sign, amplitude measure-
ment accuracy: + 0.5% for 54 to 66 Hz

Burden

AC input voltage: < 0.15 VA @ 67 V, ac
Input current: C0.50 VA @ 5 A

Analog Input Sampling

Sample rate: 96 samples/cycle for
recording, 8x/cycle for protection

External Inputs

9 isolated inputs (3U chassis)
20 isolated inputs (4U chassis)

Optional 48 to 125 or 125 to 250 Vdc
nominal, externally wetted

D02333R03.51
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L-PRO Model 2100 Specifications

Burden Burden resistance: > 10 k ohms
Isolation Internal optical isolation
Sample Rate 1 ms resolution

External Input Turn-on Voltage

48 Vdc range = 27 to 40 Vdc
125 Vdc = 75 to 100 Vdc
250 Vdc = 150 to 200 Vdc

Specified voltages are over full ambient
temperature range.

Output Relays (contacts)

14 programmable outputs (3U chassis)
21 programmable outputs (4U chassis)

14 or 21 relay trip, 1 relay inoperative
Make: 30 A as per IEEE C37.90
Carry: 8 A
Break: 0.9 A at 125 Vdc

0.35 A at 250 Vdc

Interface & Communication:

Front Display

2 lines x 24 characters, fluorescent

Exceptional visibility in all ambient
light conditions

Front Panel Indicators

6 LEDs

Target, Relay Functional, IRIG-B Func-
tional, Service Required, Test Mode,
Alarm

Serial User Interface

Front and rear RS-232 ports to 57.6 K
baud

Rear port can support an external
modem

Internal Modem

33.6 Kbps, V.32 bis

Optional internal modem

Network

10BaseT Ethernet port

Optional Ethernet card

SCADA Interface

DNP3 (RS-232 or Ethernet) or Modbus
(RS-232)

Rear port

Time Sync

IRIG-B, BNC connector

Modulated or unmodulated, auto-detect

Self Checking/Relay Inoperative

1 contact

Closed when relay inoperative

Terminal User Interface

VT100 terminal emulation

Accessible via serial, modem or net-
work interface

Environmental:

Ambient Temperature Range

-40°C to 85°C

IEC 60068-2-1/IEC 60068-2-2

Humidity

Up to 95% without condensation

IEC 60068-2-30

Insulation Test (Hi-Pot)

Power supply, analog inputs, external
inputs, output contacts — 1.5 kV, 50/60
Hz, 1 minute.

IEC 60255-5

Electrical Fast Transient

ANSI/IEEE C37.90.1 - 1989

Oscillatory Transient

ANSI/IEEE C37.90.1 - 1989

RFI Susceptibility

ANSI/IEEE C37.90.2, IEC 255-22-3

Shock and Bump

IEC 60255-21-2 Class 1

Sinusoidal Vibration

10 Hz to 150 Hz, 0.15 mm or 20 m/s?,
10 sweep cycles

IEC 60068-2-6

Physical:
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L-PRO Model 2100 Specifications

Weight 11.1 kg (3U chassis) 24.47 Ibs (3U chassis)
14.5 kg (4U chassis) 32.0 Ibs (4U chassis)
Dimensions 13.3 cm (3U chassis) 5.25" (3U chassis)

17.7 cm (4U chassis) 7" (4U chassis)

48.3 cm rack mount 19" rack mount

30.5 cm deep 12" deep

Time Synchronization and Accuracy

External Time Source

Synchronized using IRIG-B input (mod-
ulated or unmodulated) auto detect

Free Running Accuracy: In the absence
of an external time source, the relay
maintains time with a maximum +15
minutes drift per year over the full oper-
ating temperature range, and maxi-
mum +90 seconds drift per year at a
constant temperature of 25°C. The
relay can detect loss or re-establish-
ment of external time source and auto-
matically switch between internal and
external time.

Synchronization Accuracy

Sampling clocks synchronized with the
time source (internal or external)

Overall L-PRO Accuracies

Current +2.5% of inputs from 0.1 to 1.0 x nominal current (In)
1.0% of inputs from 1.0 to 20.0 x nominal current (In)
Voltage 1.0% of inputs from 0.01 to 2.00 x nominal voltage (Vn)
Impedance +5.0% or 5 mw of set value from 0.05 to 66.00 ohms secondary (0.25 to 330.00

ohms secondary, 1 A nominal)

Directional Phase Angle

+2.0° of set value of Positive Sequence Line Angle value from 25.0° to 89.0°

Frequency Elements

+0.001 Hz (fixed level)

+0.05 Hz (df/dt)

Sync Check Elements

+0.2 degrees

Timers

+2.5 ms of set value plus 1.00 to 1.50 cycles of inherent delay

Inverse Overcurrent Timers

+2.5% or £1 cycle of selected curve

Definite Overcurrent Timers

+2.5% or £1 cycle non-directional

+2.5% or £1.5 cycle directional

Frequency Timer

+2.5% of set value plus 1.25 cycles to 1.75 cycles of inherent delay (fixed level)
at 2x pickup, error <40 ms (df/dt)
at 0.1 Hz/s above pickup, error <100 ms

Burden

AC Voltage Inputs, < 0.15 VA @ 69 volts

AC Current Inputs, C0.5VA@ 5 A
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Distance Element Operating Time Curves at Nominal
Frequency
Figure A.1: on page 4, Figure A.3: on page 5 and Figure A.5: on page 6 show
operating times for the L-PRO Relay distance elements.

The diagrams show operating times at each test point including output contact
operate time.

Faults were applied at alocation representing a percentage of the Zone 1 relay
reach setting.

Tests were performed for source impedanceratios (SIR) of 0.1, 1.0, 10.0, and
30.0.

No pre-fault load current or fault resistance wasincluded. Operating times are
the same for both 50 Hz and 60 Hz.

L-PRO Phase Mho Operating Times
Phase-to-Phase Faults
1.6 -
1.4 - nd
. . e e
» = T
1.2
||
— L 4<]
3 1 M= ——SIR 30
S —=—SIR 10
o 0.8
e el SIR1
£
- 0.6 —»—SIR0.1
0.4
0.2
0 i
0% 20% 40% 60% 80% 100%
Fault Location (%of Z1 Reach)

Figure A.1: L-PRO Phase Mho Operating Times Phase-to-Phase Faults (with CCVT
setting disabled)
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L-PRO Phase Mho Operating Times Phase-to-Phase Faults
with CCVT Transient Compensation Enabled

2.5 //
— "/|/|
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Figure A.2: L-PRO Phase Mho Operating Times Phase-to-Phase Faults (with CCVT
setting enabled)

L-PRO Ground Mho Operating Times
Single Line-to-Ground Faults
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Figure A.3: L-PRO Ground Mho Operating Times Single Line -to-Ground Faults (with
CCVT setting disabled)
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L-PRO Ground Mho Operating Times Single Line-to-Ground Faults
with CCVT Transient Compensation Enabled
25
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Figure A.4: L-PRO Ground Mho Operating Times Single Line -to-Ground Faults (with
CCVT setting enabled)

L-PRO Quadrilateral Operating Times
Single Line-to-Ground Faults
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Figure A.5: L-PRO Quadrilateral Operating Times Single Line-to-Ground Faults (with
CCVT setting disabled)
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L-PRO Quadrilateral Operating Times Single Line-to-Ground Faults
with CCVT Transient Compensation Enabled
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Figure A.6: L-PRO Quadrilateral Operating Times Single Line-to-Ground Faults (with
CCVT setting enabled)
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Frequency Element Operating Time Curves

FigureA.7: Timedelay Error at .2 Seconds, Figure A.8: Time Delay Error at 1
Second and Figure A.9: Time Delay Error at 10 Seconds show operating times
for the L-PRO frequency rate of change elements at different time delay set-

tings and rate of change settings.

The diagrams show operating times at each test point including output contact

operate time. Operating times are the same for both 50 Hz and 60 Hz.

error (ms)

Time Delay Error @ 0.2s

——0.1 Hz/s
~8—1 Hz/s

10 Hzls

Haz/s Pickup Multiple

Figure A.7: Time delay Error at .2 Seconds

Time Delay Error (ms)

Time Delay Error @ 1s

—4—0.1 Hz/s
=1 Hzls

10 Hzls

Multiple of Hz/s Pickup

Figure A.8: Time Delay Error at 1 Second
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Time Delay Error @ 10s
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Figure A.9: Time Delay Error at 10 Seconds

External Input Pickup Filter

To guarantee security from spurious voltage pulses an external input pickup

filter setting has been introduced. This setting is made in terminal mode under,
Utilities> Setup> External Inputs. The settingisan integer number representing
the number of samplesin apacket of 12 that must be recognized by the DSP as
high before an External Input status is changed from low to high. Thiswill af-
fect the pulse width required for the External Inputsto be detected. Below isa
table describing the pulse widths for possible and definite defection for each

setting.

Pickup Filter Input Pulse Width required for Input Pulse Wiqth required

Count El to be possibly detected for Bl to be definitely
detected

4 0.694 ms 1.215ms

5 0.868 ms 1.563 ms

6 1.042 ms 1.909 ms

7 1.215ms 2.257 ms

8 1.389 ms 2.604 ms

9 1.563 ms 2.951 ms

10 1.736 ms 3.299 ms

11 1.909 ms 3.645 ms

12 2.083 ms 3.993 ms
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For asetting of 6, it will take between 1.042 and 1.909 msfor an External Input
to be declared as high. The default setting is 4, which was the number that was
used in the L-PRO prior to Version 10.
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Settings and
Ranges

IED Settings and Ranges

When a setting has been completed in Offliner Settings software, it can be

printed along with the ranges available for these settings. Thisisaview only
option; to change the settings you must go back into the particular setting that
you wish to change. The summary isa quick way to view al the settingsin a

compact form.

Thetop part of the settings summary contains al the information from the Re-

lay Identification screen.

The setting summary providesalist of al the current and voltage analog input
guantity names used for protection and recording. External Inputs and Output
contact names are also identified on this summary.

L-PRO Settings Summary - Setting Group 1 [Setting Group 1]

Name

Symbol/Value

Unit

Range

Relay Identification

Settings Version

10

Ignore Serial Number

No

Serial Number

LPRO-2100-991001-01

Unit ID

UnitID

Setting Name

Default Settings

Nominal CT Secondary Current

5A

Nominal System Frequency

60 Hz

Standard /0

9 External Inputs, 14 Out-

put Contacts

Optional 1/0

Not Installed

Comments

Comments

Date Created-Modified

2000-09-06 16:21:22

Station Name

Station Name

Station Number

1

Location Location

Line D245

Analog Input Names

LVA Main Voltage A

LVB Main Voltage B

LvC Main Voltage C

LIA Main Line Current A
LIB Main Line Current B
LIC Main Line Current C
1A2 Aux. Line Current A
1B2 Aux. Line Current B
IC2 Aux. Line Current C
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L-PRO Settings Summary - Setting Group 1 [Setting Group 1]

1A3 Current 3 A
1B3 Current 3B
IC3 Current3 C
1A4 Current4 A
1B4 Current 4 B
IC4 Current4 C
BVA Aux. Voltage A
BVB Aux. Voltage B
BVC Aux. Voltage C

External Input Names

1 Spare 1

2 Spare 2

3 Spare 3

4 Spare 4

5 Spare 5

6 Spare 6

7 Spare 7

8 Spare 8

9 Spare 9

Output Contact Names

Output 1 Spare 1

Output 2 Spare 2

Output 3 Spare 3

Output 4 Spare 4

Output 5 Spare 5

Output 6 Spare 6

Output 7 Spare 7

Output 8 Spare 8

Output 9 Spare 9

Output 10 Spare 10

Output 11 Spare 11

Output 12 Spare 12

Output 13 Spare 13

Output 14 Spare 14

Output Contact Dropout Timers

Outputl ( Spare 1) 0.10 0.00 to 1.00
Output2 ( Spare 2) 0.10 0.00to 1.00
Output3 ( Spare 3) 0.10 0.00to 1.00
Output4 ( Spare 4) 0.10 0.00 to 1.00
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L-PRO Settings Summary - Setting Group 1 [Setting Group 1]

Output5 ( Spare 5) 0.10 s 0.00to 1.00
Output6 ( Spare 6) 0.10 s 0.00 to 1.00
Output7 ( Spare 7) 0.10 s 0.00 to 1.00
Output8 ( Spare 8) 0.10 s 0.00to 1.00
Output9 ( Spare 9) 0.10 s 0.00to 1.00
Outputl0 ( Spare 10) 0.10 s 0.00 to 1.00
Outputll ( Spare 11) 0.10 s 0.00to 1.00
Outputl2 ( Spare 12) 0.10 s 0.00to 1.00
Outputl3 ( Spare 13) 0.10 s 0.00 to 1.00
Outputl4 ( Spare 14) 0.10 s 0.00to 1.00
Virtual Input Names

Vi1l Virtual Input 1

VI 2 Virtual Input 2

VI3 Virtual Input 3

Vi 4 Virtual Input 4

VI5 Virtual Input 5

VI 6 Virtual Input 6

vI7 Virtual Input 7

VI8 Virtual Input 8

VI9 Virtual Input 9

VI 10 Virtual Input 10

Vi1l Virtual Input 11

VI 12 Virtual Input 12

VI13 Virtual Input 13

Vi 14 Virtual Input 14

VI 15 Virtual Input 15

VI 16 Virtual Input 16

VI 17 Virtual Input 17

VI 18 Virtual Input 18

VI 19 Virtual Input 19

VI 20 Virtual Input 20

VI 21 Virtual Input 21

VI 22 Virtual Input 22

VI 23 Virtual Input 23

VI 24 Virtual Input 24

VI 25 Virtual Input 25

VI 26 Virtual Input 26

VI 27 Virtual Input 27

VI 28 Virtual Input 28
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L-PRO Settings Summary - Setting Group 1 [Setting Group 1]

VI 29 Virtual Input 29

VI 30 Virtual Input 30

Setting Group Names

Setting Group 1 Setting Group 1
Setting Group 2 Setting Group 2
Setting Group 3 Setting Group 3
Setting Group 4 Setting Group 4
Setting Group 5 Setting Group 5
Setting Group 6 Setting Group 6
Setting Group 7 Setting Group 7
Setting Group 8 Setting Group 8

System Parameters

Base MVA 100.00 MVA 1.00 to 1000.00
Phase Rotation ABC
Aux Voltage Input Three Phase
Target Latching Enabled
Fault Location Display Enabled
Fault Location Initiated by 21 Alarm Disabled
Ring Bus Configuration (Aux CT Line Enabled
Input)
Main/Auxiliary CT Turns Ratio 240.00 :1 (Protection & Record- 1.00 to
ing) 10000.00
CCVT Transient Compensation on All 21 Disabled
Devices
Current Input #3 CT Ratio 400.00 :1 (Recording & ProLogic 1.00 to
Input) 10000.00
Current Input #4 CT Ratio 500.00 :1 (Recording & ProLogic 1.00 to
Input) 10000.00
Main PT Turns Ratio 2000.00 :1 (Protection & Record- 1.00 to
ing) 20000.00
Auxiliary PT Turns Ratio 2000.00 :1 (Protection & Record- 1.00 to
ing) 20000.00
Line to Line Voltage 230.00 kv 1.00 to 1000.00
Distance Unit Selection km
Record Length
Fault Record Length 0.5 s 0.2t02.0
Swing Rcd. Length 120 s 60 to 120
Event Auto Save Disabled
Setting Group 1 [Setting Group 1]
Setting Group Comments:
Line Parameters
Line Length 200.00 km 0.50 to 2000.00
Positive Sequence Impedance (Z1) 14.40 ohm 0.05 to 66.00

Appendix B-4 L-PRO User Manual 2100

D02333R03.51



Appendix B IED Settings and Ranges

L-PRO Settings Summary - Setting Group 1 [Setting Group 1]

Positive Sequence Angle (Z1) 80.0 deg 45.0to0 89.0
Zero Sequence Impedance (Z0) 36.00 ohm 0.05 to 300.00
Zero Sequence Angle (Z0) 70.0 deg 45.0 to 89.0
KO Override Disabled

KO Magnitude 0.51 - 0.10to 2.00
KO Angle -16.5 deg -25.0t0 25.0
Scheme Selector

Scheme Selection POTT

Communication Receiverl El 1 [Spare 1]

Communication Receiver2 <disabled>

Scheme Send Pickup Delay (TL3) 0.100 s 0.000 to 1.000
Scheme Send Dropout Delay (TD3) 0.200 s 0.000 to 1.000
POTT Current Reversal Pickup Delay 0.300 s 0.000 to 0.500
(TL1)

POTT Current Reversal Dropout Delay 0.400 s 0.000 to 0.500
(TD1)

DCB Scheme Zone 2 Pickup Delay (TL2) 0.500 s 0.005 to 0.500
DCB Scheme Receiver Dropout Delay 0.500 s 0.000 to 0.500
(TD2)

50N-67F - Overcurrent Carrier Start

Action Disabled

Direction Forward

310 Pickup 1.0 A 0.2 t0 50.0
Pickup Delay 0.020 s 0.005 to 1.000
50N-67R - Overcurrent Carrier Block

Action Disabled

Direction Reverse

310 Pickup 1.0 A 0.2 t0 50.0
Pickup Delay 0.020 s 0.005 to 1.000

52 - Breaker Status

Main Breaker

El 3 [Spare 3]

Aux. Breaker

El 2 [Spare 2]

Protection Summary

21P, Zone 1 Enabled
21P, Zone 2 Enabled
21P, Zone 3 Enabled
21P, Zone 4 Enabled
21N, Zone 1 Enabled
21N, Zone 2 Enabled
21N, Zone 3 Enabled

D02333R03.51

L-PRO User Manual 2100

Appendix B-5



Appendix B IED Settings and Ranges

L-PRO Settings Summary - Setting Group 1 [Setting Group 1]

21N, Zone 4 Enabled

68 Off

Dead Line Pickup Enabled

Weak Infeed Enabled

25 Sync Check Enabled

Dead Main Live Aux (DMLA) Enabled

Live Main Dead Aux (LMDA) Enabled

Dead Main Dead Aux (DMDA) Enabled

79 Enabled

59 Main Enabled

59 Aux Enabled

27 Main Enabled

27 Aux Enabled

60 Enabled

81-1 Fixed Level

81-2 Fixed Level

81-3 Rate of Change

81-4 Rate of Change

50LS Main (Input 1) Enabled

50LS Aux (Input 2) Enabled

50LS Input 3 Enabled

50LS Input 4 Enabled

50BF Main Enabled

50BF Aux Enabled

50 Enabled

51 Enabled

50N Enabled

51N Enabled

46-50 Enabled

46-51 Enabled

21P - Phase Distance: Zone 1

21P - Zone 1 Enabled

Forward Reach 11.52 ohm 0.05 to 66.00
Mho Char. Angle 90.0 deg 70.0 to 140.0
Pickup Delay 0.00 s 0.00to 0.20
Delta Current Supervision 5.0 A 0.2 t0 50.0
21P - Phase Distance: Zone 2

21P - Zone 2 Enabled

Forward Reach 17.28 ohm 0.05 to 66.00
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L-PRO Settings Summary - Setting Group 1 [Setting Group 1]

Mho Char. Angle 90.0 deg 70.0 to 140.0
Pickup Delay 0.40 s 0.00 to 2.00
Delta Current Supervision 5.0 A 0.2 t0 50.0
21P - Phase Distance: Zone 3
21P - Zone 3 Enabled
Forward Reach 28.80 ohm 0.05 to 66.00
Reverse Reach 1.44 ohm 0.05 to 66.00
Mho Char. Angle 90.0 deg 70.0 to 140.0
Pickup Delay 1.00 s 0.00 to 5.00
Delta Current Supervision 5.0 A 0.2t0 50.0
21P - Phase Distance: Zone 4
21P - Zone 4 Enabled
Forward Reach fixed at O (secondary

ohm) for POTT or Block-

ing scheme
Reverse Reach 11.52 ohm 0.05 to 66.00
Mho Char. Angle 90.0 deg 70.0 to 140.0
Pickup Delay 2.00 s 0.00 to 5.00
Delta Current Supervision 5.0 A 0.2t0 50.0
Load Impedance (common for 21N, 21P,
and 68)
Load Resistance (R) 20.0 ohm -150.0 to 150.0
Load Reactance (X) 15.0 ohm -150.0 to 150.0
21N - Ground Distance: Zone 1
21N - Zone 1 Enabled
Type Mho
Forward Reach 11.52 ohm 0.05 to 66.00
Left Reach (R1) 4.00 ohm 0.05 to 66.00
Right Reach (R2) 4.00 ohm 0.05 to 66.00
Mho Char. Angle 90.0 deg 70.0 to 140.0
Pickup Delay 0.00 s 0.00 to 0.20
Phase Current Supervision 5.0 A 0.2 t0 50.0
310 Supervision 2.0 A 0.2t050.0
21N - Ground Distance: Zone 2
21N - Zone 2 Enabled
Type Mho
Forward Reach 17.28 ohm 0.05 to 66.00
Left Reach (R1) 6.00 ohm 0.05 to 66.00
Right Reach (R2) 6.00 ohm 0.05 to 66.00
Mho Char. Angle 90.0 deg 25.0 to 140.0
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L-PRO Settings Summary - Setting Group 1 [Setting Group 1]

Pickup Delay 0.40 s 0.00 to 2.00
Phase Current Supervision 5.0 A 0.2 t0 50.0
310 Supervision 2.0 A 0.2 t0 50.0

21N - Ground Distance: Zone 3

21N - Zone 3 Enabled

Type Mho

Forward Reach 28.80 ohm 0.05 to 66.00
Reverse Reach 1.44 ohm 0.05 to 66.00
Left Reach (R1) 8.00 ohm 0.05 to 66.00
Right Reach (R2) 8.00 ohm 0.05 to 66.00
Mho Char. Angle 90.0 deg 70.0 to 140.0
Pickup Delay 1.00 s 0.00 to 5.00
Phase Current Supervision 5.0 A 0.2t0 50.0
310 Supervision 2.0 A 0.2t050.0

21N - Ground Distance: Zone 4

21N - Zone 4 Enabled
Type Mho
Forward Reach fixed at O (secondary

ohm) for POTT or Block-

ing scheme
Reverse Reach 11.52 ohm 0.05 to 66.00
Left Reach (R1) 4.00 ohm 0.05 to 66.00
Right Reach (R2) 4.00 ohm 0.05 to 66.00
Mho Char. Angle 90.0 deg 70.0 to 140.0
Pickup Delay 2.00 s 0.00 to 5.00
Phase Current Supervision 5.0 A 0.2t050.0
310 Supervision 2.0 A 0.2 t0 50.0

68 - Out of Step Protection

Mode Off

Zone 1 Blocking Disabled

Zone 2 Blocking Disabled

Zone 3 Blocking Disabled

Zone 4 Blocking Disabled

Out of step Swing Timer 0.50 s 0.00to 1.00
11 Supervision 10.0 A 0.51t050.0
3lo Blocking 5.0 A 0.5 t0 50.0
Blocking Reset Time 1.50 s 0.25to0 2.00
LHS Outer (R1) -20.0 ohm -100.0to -17.0
LHS Inner (R2) -17.0 ohm -20.0to 17.0
RHS Inner(R3) 17.0 ohm -17.0 to 20.0
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L-PRO Settings Summary - Setting Group 1 [Setting Group 1]

RHS Outer(R4) 20.0 ohm 17.0 to 100.0

Dead Line Pickup

Dead Line Pickup Enabled

27 Vpos Pickup 68.0 \ 0.0 to 69.0
50 Pickup 10.0 A 0.5 t0 50.0
50N Pickup 10.0 A 0.1t0 50.0
Second Harmonic Restraint Enabled

12/11 Ratio 51 - 0.0 t0 10.0
Weak Infeed

Weak Infeed Enabled

27 V1 Pickup 64.3 \Y 0.0 t0 69.0
59 VO Pickup 20.0 \ 0.0 to 100.0
Zone2/Zone4 Reset Delay (TWD1) 0.10 s 0.02t0 0.20
Comm. Cycle Reset Delay (TWD2) 0.05 s 0.02t0 0.20
Comm. Reset Time Delay (TWD3) 0.15 s 0.02to 1.00

25/27/59 - Sync Check

25 Sync Check Enabled

Maximum Voltage 70.0 \ 60.0 to 138.0
Minimum Voltage 40.0 \ 40.0 t0 69.9
Angle Difference 20.0 deg 1.0 to0 50.0
Pickup Delay 0.10 s 0.00 to 10.00
Dead Main Live Sync (DMLS) Enabled

Live Main Dead Sync (LMDS) Enabled

Dead Main Dead Sync (DMDS) Enabled

79 - Recloser

79 Enabled

Number of Shots 1

First Reclose (T1) 1.0 s 0.1t0999.9
Second Reclose (T2) 5.0 s 1.0t0 999.9
Third Reclose (T3) 10.0 s 1.0t0 999.9
Fourth Reclose (T4) 20.0 s 1.0t0 999.9
Close Time (Tp) 0.2 s 0.1t01.0
Lockout Reset (TD) 25.0 s 0.11t0999.9
Initiate Reset (TDI) 1.0 s 0.0t0 999.9
Sync Control Disabled

Recloser Mode Main Only

Block Reset (TDB) 0.5 s 0.0t0 999.9
Follower Time (TF) 5.0 s 0.0to 24.9
Breaker Out of Service (TC) 50.0 s 0.0 t0 999.9
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L-PRO Settings Summary - Setting Group 1 [Setting Group 1]

Follower Sequencer Switch

Close after the Recloser
Follower Time (TF)

59 - Overvoltage

59 Main Enabled
Gate Switch AND
Pickup 50.0 \Y 1.0t0 138.0
Pickup Delay 0.00 s 0.00 to 10.00
59 Auxiliary Enabled
Gate Switch AND
Pickup 50.0 \Y 1.0t0 138.0
Pickup Delay 0.00 s 0.00 to 10.00
27 - Undervoltage
27 Main Enabled
Gate Switch AND
Pickup 10.0 \Y 1.0t0 120.0
Pickup Delay 0.00 s 0.00 to 10.00
27 Auxiliary Enabled
Gate Switch AND
Pickup 10.0 \Y 1.0t0 120.0
Pickup Delay 0.00 s 0.00 to 10.00
Loss Of Potential Alarm (60)
60 Enabled
11 Blocking 10.0 A 0.5t050.0
310 Blocking 2.0 A 0.5 t0 50.0
81 - Over/Under Frequency
81-1 Fixed Level
Pickup 60.005 Hz [50.000,
59.995] or
[60.005,
70.000]
Pickup Delay 2.00 s 0.05 to 99.99
81-2 Fixed Level
Pickup 60.005 Hz [50.000,
59.995] or
[60.005,
70.000]
Pickup Delay 2.00 s 0.05 to 99.99
81-3 Rate of Change
Pickup 10.0 Hz/s [-10.0, -0.1] or
[0.1,10.0]
Pickup Delay 2.00 s 0.20 to 99.99
81-4 Rate of Change
Pickup 10.0 Hz/s [-10.0, -0.1] or
[0.1,10.0]
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L-PRO Settings Summary - Setting Group 1 [Setting Group 1]

Pickup Delay 2.00 0.20 t0 99.99
50LS - Low Set Overcurrent
50LS Main (Input 1) Enabled

Pickup 0.50 0.10 to 50.00

Pickup Delay 0.00 0.00 to 10.00
50LS Auxiliary (Input 2) Enabled

Pickup 0.50 0.10 to 50.00

Pickup Delay 0.00 0.00 to 10.00
50LS Input 3 Enabled

Pickup 0.50 0.10 to 50.00

Pickup Delay 0.00 0.00 to 10.00
50LS Input 4 Enabled

Pickup 0.50 0.10 to 50.00

Pickup Delay 0.00 0.00 to 10.00
50BF - Breaker Failure
50BF Main Enabled

Pickup Delay 1 0.50 0.01 to 99.99

Pickup Delay 2 1.50 0.01 to 99.99
50BF Auxiliary Enabled

Pickup Delay 1 0.50 0.01 to 99.99

Pickup Delay 2 150 0.01 to 99.99
50/51/67 - Phase Overcurrent
50 Enabled

Directional Control forward

Pickup 10.00 0.50 to 50.00

Pickup Delay 1.00 0.01 to 99.99
51 Enabled

Directional Control forward

Pickup 10.00 0.50 to 50.00

Curve Type IEC very inverse

T™S 0.50 0.01 to 10.00

A 135 -

B 0.0 -

p 1.0 R

TR 47.30 -
50N/51N/67 - Neutral Overcurrent
50N Enabled

Directional Control forward

Pickup 10.00 0.50 to 50.00

D02333R03.51

L-PRO User Manual 2100

Appendix B-11



Appendix B IED Settings and Ranges

L-PRO Settings Summary - Setting Group 1 [Setting Group 1]

Pickup Delay 1.00 A 0.01 to 99.99
51N Enabled
Directional Control forward
Pickup 10.00 A 0.50 to 50.00
Curve Type |EC very inverse
T™S 0.50 - 0.01 to 10.00
A 13.5 - -
B 0.0 - -
p 1.0 - R
TR 47.30 - -
46-50/46-51/67 - Negative Sequence
Overcurrent
46-50 Enabled
Directional Control forward
Pickup 10.00 A 0.50 to 50.00
Pickup Delay 1.00 A 0.01 to 99.99
46-51 Enabled
Directional Control forward
Pickup 10.00 A 0.50 to 50.00
Curve Type IEC very inverse
T™S 0.50 - 0.01 to 10.00
A 135 - -
B 0.0 - R
p 1.0 - R
TR 47.30 - -
Z Circle Trigger
Swing Trigger Disabled
+ve Seq. Impedance 20.0 ohm 0.1 to 50.0
ProLogic 1 [ProLogic 1]
[ProLogic 1] Disabled
Target Enabled
Pickup Delay 0.00 s 0.00 to 999.00
Dropout Delay 0.00 s 0.00 to 999.00
Operator 1
Input A <Unused = 0>
Operator 2
Input B <Unused = 0>
Operator 3
Input C <Unused = 0>

Appendix B-12

L-PRO User Manual 2100

D02333R03.51



Appendix B IED Settings and Ranges

L-PRO Settings Summary - Setting Group 1 [Setting Group 1]

Operator 4
Input D <Unused = 0>
Operator 5
Input E <Unused = 0>

ProLogic 2 [ProLogic 2]

[ProLogic 2] Disabled

Target Enabled

Pickup Delay 0.00 0.00 to 999.00
Dropout Delay 0.00 0.00 to 999.00
Operator 1

Input A <Unused = 0>

Operator 2

Input B <Unused = 0>

Operator 3

Input C <Unused = 0>

Operator 4

Input D <Unused = 0>

Operator 5

Input E <Unused = 0>

ProLogic 3 [ProLogic 3]

[ProLogic 3] Disabled

Target Enabled

Pickup Delay 0.00 0.00 to 999.00
Dropout Delay 0.00 0.00 to 999.00
Operator 1

Input A <Unused = 0>

Operator 2

Input B <Unused = 0>

Operator 3

Input C <Unused = 0>

Operator 4

Input D <Unused = 0>

Operator 5

Input E <Unused = 0>

ProLogic 4 [ProLogic 4]

[ProLogic 4] Disabled
Target Enabled
Pickup Delay 0.00 0.00 to 999.00
Dropout Delay 0.00 0.00 to 999.00
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L-PRO Settings Summary - Setting Group 1 [Setting Group 1]

Operator 1
Input A <Unused = 0>
Operator 2
Input B <Unused = 0>
Operator 3
Input C <Unused = 0>
Operator 4
Input D <Unused = 0>
Operator 5
Input E <Unused = 0>

ProLogic 5 [ProLogic 5]

[ProLogic 5] Disabled

Target Enabled

Pickup Delay 0.00 0.00 to 999.00
Dropout Delay 0.00 0.00 to 999.00
Operator 1

Input A <Unused = 0>

Operator 2

Input B <Unused = 0>

Operator 3

Input C <Unused = 0>

Operator 4

Input D <Unused = 0>

Operator 5

Input E <Unused = 0>

ProLogic 6 [ProLogic 6]

[ProLogic 6] Disabled

Target Enabled

Pickup Delay 0.00 0.00 to 999.00
Dropout Delay 0.00 0.00 to 999.00
Operator 1

Input A <Unused = 0>

Operator 2

Input B <Unused = 0>

Operator 3

Input C <Unused = 0>

Operator 4

Input D <Unused = 0>

Operator 5
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L-PRO Settings Summary - Setting Group 1 [Setting Group 1]

Input E <Unused = 0>

ProLogic 7 [ProLogic 7]

[ProLogic 7] Disabled

Target Enabled

Pickup Delay 0.00 s 0.00 to 999.00
Dropout Delay 0.00 s 0.00 to 999.00
Operator 1

Input A <Unused = 0>

Operator 2

Input B <Unused = 0>

Operator 3

Input C <Unused = 0>

Operator 4

Input D <Unused = 0>

Operator 5

Input E <Unused = 0>

ProLogic 8 [ProLogic 8]

[ProLogic 8] Disabled

Target Enabled

Pickup Delay 0.00 s 0.00 to 999.00
Dropout Delay 0.00 s 0.00 to 999.00
Operator 1

Input A <Unused = 0>

Operator 2

Input B <Unused = 0>

Operator 3

Input C <Unused = 0>

Operator 4

Input D <Unused = 0>

Operator 5

Input E <Unused = 0>

ProLogic 9 [ProLogic 9]

[ProLogic 9] Disabled

Target Enabled

Pickup Delay 0.00 s 0.00 to 999.00
Dropout Delay 0.00 s 0.00 to 999.00
Operator 1

Input A <Unused = 0>

Operator 2
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L-PRO Settings Summary - Setting Group 1 [Setting Group 1]

Input B <Unused = 0>
Operator 3
Input C <Unused = 0>
Operator 4
Input D <Unused = 0>
Operator 5
Input E <Unused = 0>

ProLogic 10 [ProLogic 10]

[ProLogic 10] Disabled

Target Enabled

Pickup Delay 0.00 0.00 to 999.00
Dropout Delay 0.00 0.00 to 999.00
Operator 1

Input A <Unused = 0>

Operator 2

Input B <Unused = 0>

Operator 3

Input C <Unused = 0>

Operator 4

Input D <Unused = 0>

Operator 5

Input E <Unused = 0>

ProLogic 11 [ProLogic 11]

[ProLogic 11] Disabled

Target Enabled

Pickup Delay 0.00 0.00 to 999.00
Dropout Delay 0.00 0.00 to 999.00
Operator 1

Input A <Unused = 0>

Operator 2

Input B <Unused = 0>

Operator 3

Input C <Unused = 0>

Operator 4

Input D <Unused = 0>

Operator 5

Input E <Unused = 0>

ProLogic 12 [ProLogic 12]

[ProLogic 12] Disabled
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L-PRO Settings Summary - Setting Group 1 [Setting Group 1]

Target Enabled

Pickup Delay 0.00 s 0.00 to 999.00
Dropout Delay 0.00 s 0.00 to 999.00
Operator 1

Input A <Unused = 0>

Operator 2

Input B <Unused = 0>

Operator 3

Input C <Unused = 0>

Operator 4

Input D <Unused = 0>

Operator 5

Input E <Unused = 0>

Group Logic 1 [Group Logic 1]

[Group Logic 1] Disabled

Setting Group to Activate none

Pickup Delay 0 s 0to 999
Operator 1

Input A <Unused = 0>

Operator 2

Input B <Unused = 0>

Operator 3

Input C <Unused = 0>

Operator 4

Input D <Unused = 0>

Operator 5

Input E <Unused = 0>

Group Logic 2 [Group Logic 2]

[Group Logic 2] Disabled

Setting Group to Activate none

Pickup Delay 0 s 0to 999
Operator 1

Input A <Unused = 0>

Operator 2

Input B <Unused = 0>

Operator 3

Input C <Unused = 0>

Operator 4

Input D <Unused = 0>
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L-PRO Settings Summary - Setting Group 1 [Setting Group 1]

Operator 5

Input E <Unused = 0>

Group Logic 3 [Group Logic 3]

[Group Logic 3] Disabled
Setting Group to Activate none

Pickup Delay 0 0to 999
Operator 1

Input A <Unused = 0>
Operator 2

Input B <Unused = 0>
Operator 3

Input C <Unused = 0>
Operator 4

Input D <Unused = 0>
Operator 5

Input E <Unused = 0>
Group Logic 4 [Group Logic 4]

[Group Logic 4] Disabled
Setting Group to Activate none

Pickup Delay 0 0to 999
Operator 1

Input A <Unused = 0>
Operator 2

Input B <Unused = 0>
Operator 3

Input C <Unused = 0>
Operator 4

Input D <Unused = 0>
Operator 5

Input E <Unused = 0>
Group Logic 5 [Group Logic 5]

[Group Logic 5] Disabled
Setting Group to Activate none

Pickup Delay 0 0to 999
Operator 1

Input A <Unused = 0>
Operator 2

Input B <Unused = 0>
Operator 3
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L-PRO Settings Summary - Setting Group 1 [Setting Group 1]

Input C <Unused = 0>
Operator 4
Input D <Unused = 0>
Operator 5
Input E <Unused = 0>

Group Logic 6 [Group Logic 6]

[Group Logic 6] Disabled
Setting Group to Activate none

Pickup Delay 0 s 0to 999
Operator 1

Input A <Unused = 0>
Operator 2

Input B <Unused = 0>
Operator 3

Input C <Unused = 0>
Operator 4

Input D <Unused = 0>
Operator 5

Input E <Unused = 0>

Group Logic 7 [Group Logic 7]

[Group Logic 7] Disabled
Setting Group to Activate none

Pickup Delay 0 s 0to 999
Operator 1

Input A <Unused = 0>
Operator 2

Input B <Unused = 0>
Operator 3

Input C <Unused = 0>
Operator 4

Input D <Unused = 0>
Operator 5

Input E <Unused = 0>

Group Logic 8 [Group Logic 8]

[Group Logic 8] Disabled

Setting Group to Activate none

Pickup Delay 0 s 0to 999
Operator 1

Input A <Unused = 0>
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L-PRO Settings Summary - Setting Group 1 [Setting Group 1]

Operator 2
Input B <Unused = 0>
Operator 3
Input C <Unused = 0>
Operator 4
Input D <Unused = 0>
Operator 5
Input E <Unused = 0>

Group Logic 9 [Group Logic 9]

[Group Logic 9] Disabled
Setting Group to Activate none

Pickup Delay 0 0to 999
Operator 1

Input A <Unused = 0>
Operator 2

Input B <Unused = 0>
Operator 3

Input C <Unused = 0>
Operator 4

Input D <Unused = 0>
Operator 5

Input E <Unused = 0>
Group Logic 10 [Group Logic 10]

[Group Logic 10] Disabled
Setting Group to Activate none

Pickup Delay 0 0to 999
Operator 1

Input A <Unused = 0>
Operator 2

Input B <Unused = 0>
Operator 3

Input C <Unused = 0>
Operator 4

Input D <Unused = 0>
Operator 5

Input E <Unused = 0>

Group Logic 11 [Group Logic 11]

[Group Logic 11] Disabled

Setting Group to Activate none
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L-PRO Settings Summary - Setting Group 1 [Setting Group 1]

Pickup Delay 0 s 0to 999
Operator 1
Input A <Unused = 0>
Operator 2
Input B <Unused = 0>
Operator 3
Input C <Unused = 0>
Operator 4
Input D <Unused = 0>
Operator 5
Input E <Unused = 0>
Group Logic 12 [Group Logic 12]
[Group Logic 12] Disabled
Setting Group to Activate none
Pickup Delay 0 s 0to 999
Operator 1
Input A <Unused = 0>
Operator 2
Input B <Unused = 0>
Operator 3
Input C <Unused = 0>
Operator 4
Input D <Unused = 0>
Operator 5
Input E <Unused = 0>
Group Logic 13 [Group Logic 13]
[Group Logic 13] Disabled
Setting Group to Activate none
Pickup Delay 0 s 0to 999
Operator 1
Input A <Unused = 0>
Operator 2
Input B <Unused = 0>
Operator 3
Input C <Unused = 0>
Operator 4
Input D <Unused = 0>
Operator 5
Input E <Unused = 0>
D02333R03.51 L-PRO User Manual 2100 Appendix B-21



Appendix B IED Settings and Ranges

L-PRO Settings Summary - Setting Group 1 [Setting Group 1]

Group Logic 14 [Group Logic 14]

[Group Logic 14] Disabled
Setting Group to Activate none

Pickup Delay 0 0to 999
Operator 1

Input A <Unused = 0>
Operator 2

Input B <Unused = 0>
Operator 3

Input C <Unused = 0>
Operator 4

Input D <Unused = 0>
Operator 5

Input E <Unused = 0>
Group Logic 15 [Group Logic 15]

[Group Logic 15] Disabled
Setting Group to Activate none

Pickup Delay 0 0to 999
Operator 1

Input A <Unused = 0>
Operator 2

Input B <Unused = 0>
Operator 3

Input C <Unused = 0>
Operator 4

Input D <Unused = 0>
Operator 5

Input E <Unused = 0>
Group Logic 16 [Group Logic 16]

[Group Logic 16] Disabled
Setting Group to Activate none

Pickup Delay 0 0to 999
Operator 1

Input A <Unused = 0>
Operator 2

Input B <Unused = 0>
Operator 3

Input C <Unused = 0>
Operator 4
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L-PRO Settings Summary - Setting Group 1 [Setting Group 1]

Input D <Unused = 0>
Operator 5
Input E <Unused = 0>
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Appendix C Hardware Description

External Input and
Comm Board

Relay Output Board

Power Supply Board

AC Analog Input

Board

Main Processor
Board (MPB)

486 CPU Board

The L-PRO is a sophisticated transformer protection relay with integral high-
quality fault recording.

The L-PRO Relay has 9 channels of external inputs provided by the External
Input and Comm Board. Inputs are optically isolated, factory pre-set to the cus-
tomer’ srequested voltagelevel. Two dual-range user-sel ectabl e external -input
voltage-level model of the External Input and Comm Board are available. This
alows you to select between 48 Vdc and 125 Vdc or 125 Vdc and 250 Vdc
(nominal) on a per input basis.

The External Input and Comm Board a so providesthe relay with 2 rear-panel
RS-232 ports, IRIG-B time synchronization input, and optional network or
telephone connection. The RS-232 ports are female DB-9S connectors, IRIG-
B isamale BNC, and network or telephone is afemale RJ-45 modular jack.

The Relay Output Board provides 14 normally open contact outputs for relay-
ing, alarms and control, one normally closed output contact for indicating
proper relay operation.

The power supply operates from 40 to 300 Vdc or 120 Vac +- 20% at 50/60
Hz. Thiswide operating range provides easier installation by eliminating pow-
er supply ordering options.

The AC Analog Input Board has 12 current transformer inputs and 6 potential
transformer inputsfor ac current and voltage inputs. On-board anti-aliasing fil-
ters provide accurate and secure digitization of the ac input signals.

The MPB has anal og data acquisition, high-speed digital signal processing for
triggering and data conversion, communications, and interface logic to per-
form the core functions of the relay.

TheDigital Signal Processor (DSP) on aMPB performsthe protectiverelaying
functions of therelay, separate from the 486 CPU. It hasits own flash memory
and self-checking for fully independent operation.

The Main Processor Board has:
« 24 channels of high-speed 12 bit-plus-sign anal og-to-digital conversion

* Re-programmable flash memory for the DSP allows independent relay op-
eration and field software upgrades

* Floating point DSP for fast capture and manipulation of data
» Standard RS-232 serial communications ports
 High speed link between DSP and 486 processors

* Time synchronism processor with automatic detection of modul ated and
unmodulated IRIG-B

 Sophisticated fault detection and “watchdog” recovery hardware

A 486-class CPU provides data storage, information management, housekeep-
ing, and communicationsfor the relay. The 486 runs areal-time operating sys-
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Front Panel Board

tem optimized for high speed, high precision computing. The 486 provides
sophisticated facilities for communications and field software updates. Local
and wide area networking is supported by providing the relay with apath to fu-
ture networking capability.

A highly reliable solid-state flash disk on the CPU board provides the operat-
ing software for the 486, and stores the relay’ s recordings.

The Front Panel Board provides visual indication of the status of the relay, an
alphanumeric display and keypad for system monitoring, and afront-panel RS-
232 port.

Relay Output and

DC Analog Input Board
External Input
and Comm Board

Power Supply

Board AC Analog

Input Board

486

CPU Board
Main
Processor
Board

Front Panel
Board
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Appendix D Event Messages

L-PRO Event Messages

Event Log Message

Notes

21P1 ABC 12.3km:Trip

21P2 ABC 12.3km:Trip

21P3 ABC 12.3km:Trip

21P4 ABC 12.3km:Trip

The possible phase information for 21P1—
21P4 will be:
«AB
*BC
*CA
« AB, BC
* AB, CA
«CA,BC
« ABC
« ABG
*BCG
* CAG
« ABGBC
*« BCGCA
« CAGAB
« ABCG

21N1 AG 12.3km:Trip

21N2 AG 12.3km:Trip

21N3 AG 12.3km:Trip

21N4 AG 12.3km:Trip

The possible phase information for 21N1—
N4 will be:

*AG

*BG

*CG

*« ABG

*BCG

« CAG

« ABCG

21P2 ABC 12.3km:Alarm

21P3 ABC 12.3km:Alarm

21P4 ABC 12.3km:Alarm

The possible phase information for 21P2—
21P4 will be:
«AB
«BC
*CA
« AB, BC
«AB, CA
«CA,BC
* ABC
* ABG
«BCG
* CAG
« ABGBC
*« BCGCA
« CAGAB
*« ABCG

21N2 AG 12.3km:Alarm

21N3 AG 12.3km:Alarm

21N4 AG 12.3km:Alarm

51N AG 12.3km:Trip

50N AG 12.3km:Trip

The possible phase information for 21N2—
N4 and 50N/51N will be:

«AG

*BG

*CG

* ABG

*BCG

* CAG

« ABCG

46-51: Trip

46-50: Trip

51 ABC:Trip The possible phase information will be:
<A

50 ABC:Trip *B
«C
«AB
*«BC
*CA
*« ABC

51N: Alarm

46-51: Alarm
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L-PRO Event Messages

51 ABC: Alarm

The possible phase information will be:

<A

*B

«C

*AB

*BC

*CA

*«ABC

Impedance Circle Trigger

68 Out of Step: Trip

Trip or Alarm based on 68 mode setting

PUTT 12.3 kM: Trip

DCB 12.3 km: Trip

POTT 12.3 km: Trip

POTT (WI) 12.3 km: Trip

Weak Infeed (WI) is not available unless
POTT is selected.

PUTT: Send

POTT: Send

POTT: Send (WI)

Weak Infeed (WI) is not available unless
POTT is selected.

DCB: Send

Dead Line Pickup ABC

The possible phase information will be:

A

-B

-C

*AB

*«BC

*CA

« ABC

ProLogic Name: PLn

ProLogic outputs names are user assigned

Extern Input Name: EIn: High

External input names are user assigned

Extern Input Name: EIn: Low

External input names are user assigned

Virtual Inputs: Eln: High

Virtual Inputs are user assigned

Virtual Inputs: Eln: High

Virtual Inputs are user assigned

Output Contacts: Eln: High

Output Contact Names are user assigned

Output Contacts: EIn: High

Output Contacts names are user assigned

60 LOP ABC: Alarm

The possible phase information will be:

<A

*B

«C

*AB

*BC

*CA

*«ABC

68 Inner Blinder: Alarm

68 Outer Blinder: Alarm

Com-Aided (Z2,Wi): Send

Scheme types: WI, Z2, Z2 & WI, Z2 is Zone
2 POTT and WI is Weak Infeed
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L-PRO Event Messages

27 Main ABC: Trip

27 Aux. ABC: Trip

59 Main ABC: Trip

59 Aux. ABC: Trip

50LS Main ABC: Trip

50LS Aux. ABC: Trip

The possible phase information will be:

<A

*B

-C

*AB

*BC

*CA

*« ABC

252759 Sync Check: Armed

50BF-1 Main ABC:Trip

The possible phase information will be:

A

*B

-C

«AB

*BC

*CA

« ABC

50BF-2 Main ABC:Trip

50BF-1 Aux ABC:Trip

50BF-2 Aux ABC:Trip

81-1: Trip

81-2: Trip

81-3: Trip

81-4: Trip

79 Initiated: High

Recloser is initiated.

79 Lead Lockout: High

Recloser shot count has expired and
reclosing attempts are blocked.

79 Follow Lockout: High

Follow breaker has failed to reclose.

79 Main Reclose: shot n

Recloser Main circuit breaker close attempt
where n equals the shot count.

79 Follow Reclose: shot n

Recloser Aux. circuit breaker close attempt
where n equals the shot count.

79 Block: High

Recloser is blocked by an external signal.

Self Check: DC Ch.n: Alarm

Continuous dc level on Ch. n, wheren =1
to 18.

Self Check: DC Alarm Reset

Continuous dc level, condition has reset.

Self Check: DC Ch.n: O/P Block

Continuous dc level on Ch. n, wheren =1
to 18. Relay is blocked.

New Settings loaded, Active group n.

Where n=1-8

New Setting Loaded

Manual Settings Load request, activate SGn

Manual or user-initiated settings change.

Manual Settings Load request completed

Completion of user-initiated settings
change.

Changed Active Group from x to 'y
Logic n

This happens when relay changes setting
group. Automatic group logic initiated set-
ting group change

User changed Active Group from x to y

This happens when the relay changes set-
ting group. User initiated setting group
change
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Appendix D Event Messages

L-PRO Event Messages

Unit Recalibrated

Unit restarted
User logged In
Details of Failure
Modes
Rela;
Y User
Inputs L DSP X86
Digital Signal |—e—»— Micro- > Remcl)_tzp(tl(zjelggction
Outputs <——| Processor processor
[ 1
Watch-dog Watch-dog
System Failure or
v v Self Check Fail
DSP l
Failure *
Service Required
l DSP-to-X86 on front panel goes
Communication from off to red
Relay Functional Failure or
on front panel goes Self Check Fail
from green to off l
l Self Check Fail
The Master Relay is de- to user-selectable
energized. Two of its aux. output relay
contacts open, discon- contacts close.
necting all power to the
other auxiliary relays. A
separate contact labelled,
Relay Inoperative on the
rear panel closes to
activate a remote alarm.
The watch-dog repeatedly
attempts to re-start the DSP
for diagnostic purposes. The
green light stays off and the
relays remain de-energized,
even for a successful re-start.
Only a power-down/power-up
will reset the LED to green and
re-energize the relays.
Note: For either of the above cases the DSP controller functions con-
tinue with normal auxiliary relay outputs provided that DSP failure or
Self Check Fail: Block has not occurred.
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Appendix D Event Messages

Self Check Fail due
to DC Offset
Detector

The DSP has an algorithm that detects continuous dc levels on the analog in-
puts and initiates alarms and relay output contact blocking when the measured
dc level exceedsthe Alarm or Block level. The Alarm level isintended to pro-
vide an early indication of a problem. The Block level blocks the relay from
false-tripping by preventing any output contact from closing. The Relay Func-
tional LED turns off, but the protection functions will operate normally, with
the exception that the output contacts will not be allowed to close. The Relay
Inoperative contact will close for a Block condition. The following table de-
scribes all the Alarm/Block indication functions

Action Condition
Alarm Block

Relay Functional LED off X
Service Required LED on X X
Self Check Fail Signal high X X
Relay Inoperative Contact closed X
Output Contacts held open X
Event Log Message X X
Status available through SCADA X X

The Self Check Fail signal, which is available in the Output Matrix, TUI me-
tering and SCADA, can be used to signal an alarm. Note that if thissignal is
mapped to an output contact, the contact which it is mapped to will only be
closed for an alarm condition. If therelay isin the Block condition, the Relay
Inoperative contact must be used to signal an alarm.

The status of the Self Check Fail isavailable through the SCADA services pro-
vided by the L-PRO. The digital signal Self Check Fail will indicate that DSP
has detected a continuous dc level and the anal og metering value Self Check
Fail Parameter isused to indicate which condition, Alarm or Block. Thefailure
types and which analog values they are associated with are described in the ta-
ble below. Both signals are available in DNP and Modbus.

Point Value Condition

0 Normal

1 Alarm

2 Block

3 Alarm has evolved to block

The Alarm condition isallowed to reset if the continuous dc level drops below
the pickup level. The Block condition has no reset level. If power is cycled to
therelay it will gointoitsnormal state until the continuous dc level is detected

again.
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Appendix D Event Messages

Self Check Fail appears as "Aux. Failure Alarm" in the settings ver-
sions before V 10.
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Protocol

The SCADA port supports DNP3 and Modicon Modbus protocols. All meter-
ing values available through the terminal user interface are also available via
the Modbus protocol. Additionally, the Modbus protocol supports the reading
of unit time and time of the readings and provides access to trip and alarm
events, including fault location information.

A “Hold Readings’ function is available to freeze all metering readingsinto a

snapshot (see Force Single Cail function, address 0).

Appendix E Modbus RTU Communication

Read Coil Status (Function Code 01)

Channel Address Value

Hold Readings 1 0: Readings not held 1: Readings held
Reserved 257 Reserved Reserved

Output Contact 1 513 0: Contact Open (inactive) 1: Contact Closed (active)
Output Contact 2 514 0: Contact Open (inactive) 1: Contact Closed (active)
Output Contact 3 515 0: Contact Open (inactive) 1: Contact Closed (active)
Output Contact 4 516 0: Contact Open (inactive) 1: Contact Closed (active)
Output Contact 5 517 0: Contact Open (inactive) 1: Contact Closed (active)
Output Contact 6 518 0: Contact Open (inactive) 1: Contact Closed (active)
Output Contact 7 519 0: Contact Open (inactive) 1: Contact Closed (active)
Output Contact 8 520 0: Contact Open (inactive) 1: Contact Closed (active)
Output Contact 9 521 0: Contact Open (inactive) 1: Contact Closed (active)
Output Contact 10 522 0: Contact Open (inactive) 1: Contact Closed (active)
Output Contact 11 523 0: Contact Open (inactive) 1: Contact Closed (active)
Output Contact 12 524 0: Contact Open (inactive) 1: Contact Closed (active)
Output Contact 13 525 0: Contact Open (inactive) 1: Contact Closed (active)
Output Contact 14 526 0: Contact Open (inactive) 1: Contact Closed (active)
Output Contact 15 527 0: Contact Open (inactive) 1: Contact Closed (active)
Output Contact 16 528 0: Contact Open (inactive) 1: Contact Closed (active)
Output Contact 17 529 0: Contact Open (inactive) 1: Contact Closed (active)
Output Contact 18 530 0: Contact Open (inactive) 1: Contact Closed (active)
Output Contact 19 531 0: Contact Open (inactive) 1: Contact Closed (active)
Output Contact 20 532 0: Contact Open (inactive) 1: Contact Closed (active)
Output Contact 21 533 0: Contact Open (inactive) 1: Contact Closed (active)
21P1 Trip 769 0: Off (inactive) 1: On (active)

21P2 Trip 770 0: Off (inactive) 1: On (active)

21P3 Trip 771 0: Off (inactive) 1: On (active)

21P4 Trip 772 0: Off (inactive) 1: On (active)

51 Trip 773 0: Off (inactive) 1: On (active)

50 Trip 774 0: Off (inactive) 1: On (active)

21N1 Trip 775 0: Off (inactive) 1: On (active)

21N2 Trip 776 0: Off (inactive) 1: On (active)

21N3 Trip 777 0: Off (inactive) 1: On (active)

21N4 Trip 778 0: Off (inactive) 1: On (active)

68 Out of Step 779 0: Off (inactive) 1: On (active)

ZCircle Trigger 780 0: Off (inactive) 1: On (active)

51N Trip 781 0: Off (inactive) 1: On (active)
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Read Coil Status (Function Code 01)

50N Trip 782 0: Off (inactive) 1: On (active)
46-51 Trip 783 0: Off (inactive) 1: On (active)
46-50 Trip 784 0: Off (inactive) 1: On (active)
Deadline Trip 785 0: Off (inactive) 1: On (active)
Comm Scheme Trip 786 0: Off (inactive) 1: On (active)
Comm Scheme Send 787 0: Off (inactive) 1: On (active)
60 Alarm 788 0: Off (inactive) 1: On (active)
21P2 Alarm 789 0: Off (inactive) 1: On (active)
21P3 Alarm 790 0: Off (inactive) 1: On (active)
21P4 Alarm 791 0: Off (inactive) 1: On (active)
21N2 Alarm 792 0: Off (inactive) 1: On (active)
21N3 Alarm 793 0: Off (inactive) 1: On (active)
21N4 Alarm 794 0: Off (inactive) 1: On (active)
51 Alarm 795 0: Off (inactive) 1: On (active)
51N Alarm 796 0: Off (inactive) 1: On (active)
46-51 Alarm 797 0: Off (inactive) 1: On (active)
Self Check Fail 798 0: Off (inactive) 1: On (active)
ProLogicl 799 0: Off (inactive) 1: On (active)
ProLogic2 800 0: Off (inactive) 1: On (active)
ProLogic3 801 0: Off (inactive) 1: On (active)
ProLogic4 802 0: Off (inactive) 1: On (active)
ProLogic5 803 0: Off (inactive) 1: On (active)
ProLogic6 804 0: Off (inactive) 1: On (active)
ProLogic7 805 0: Off (inactive) 1: On (active)
ProLogic8 806 0: Off (inactive) 1: On (active)
ProLogic9 807 0: Off (inactive) 1: On (active)
ProLogic10 808 0: Off (inactive) 1: On (active)
68 OutBlinder Alarm 809 0: Off (inactive) 1: On (active)
68 InBlinder Alarm 810 0: Off (inactive) 1: On (active)
27 Main Trip 811 0: Off (inactive) 1: On (active)
27 Aux Trip 812 0: Off (inactive) 1: On (active)
59 Main Trip 813 0: Off (inactive) 1: On (active)
59 Aux Trip 814 0: Off (inactive) 1: On (active)
50LS Main 815 0: Off (inactive) 1: On (active)
25/27/59 Sync Check 816 0: Off (inactive) 1: On (active)
50LS Aux 817 0: Off (inactive) 1: On (active)
Group Logic 1 818 0: Off (inactive) 1: On (active)
Group Logic 2 819 0: Off (inactive) 1: On (active)
Group Logic 3 820 0: Off (inactive) 1: On (active)
Group Logic 4 821 0: Off (inactive) 1: On (active)
Group Logic 5 822 0: Off (inactive) 1: On (active)
Group Logic 6 823 0: Off (inactive) 1: On (active)
Group Logic 7 824 0: Off (inactive) 1: On (active)
Group Logic 8 825 0: Off (inactive) 1: On (active)
Group Logic 9 826 0: Off (inactive) 1: On (active)
Group Logic 10 827 0: Off (inactive) 1: On (active)
Group Logic 11 828 0: Off (inactive) 1: On (active)
Group Logic 12 829 0: Off (inactive) 1: On (active)
Group Logic 13 830 0: Off (inactive) 1: On (active)
Group Logic 14 831 0: Off (inactive) 1: On (active)
Group Logic 15 832 0: Off (inactive) 1: On (active)
Group Logic 16 833 0: Off (inactive) 1: On (active)
79 Initiated 834 0: Off (inactive) 1: On (active)
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Read Coil Status (Function Code 01)

79 Blocked 835 0: Off (inactive) 1: On (active)
50BF-1 Main 836 0: Off (inactive) 1: On (active)
50BF-2 Main 837 0: Off (inactive) 1: On (active)
50BF-1 Aux 838 0: Off (inactive) 1: On (active)
50BF-2 Aux 839 0: Off (inactive) 1: On (active)
79 Main Reclose 840 0: Off (inactive) 1: On (active)
79 Aux Reclose 841 0: Off (inactive) 1: On (active)
79 Lead Lockout 842 0: Off (inactive) 1: On (active)
79 Follow Lockout 843 0: Off (inactive) 1: On (active)
81-1 Trip 844 0: Off (inactive) 1: On (active)
81-2 Trip 845 0: Off (inactive) 1: On (active)
81-3 Trip 846 0: Off (inactive) 1: On (active)
81-4 Trip 847 0: Off (inactive) 1: On (active)
50BF Initiate 848 0: Off (inactive) 1: On (active)
ProLogic 11 849 0: Off (inactive) 1: On (active)
ProLogic 12 850 0: Off (inactive) 1: On (active)
Read Input Status (Function Code 02)

Channel Address Value

External Input 1 10001 0: Off (inactive) 1: On (active)
External Input 2 10002 0: Off (inactive) 1: On (active)
External Input 3 10003 0: Off (inactive) 1: On (active)
External Input 4 10004 0: Off (inactive) 1: On (active)
External Input 5 10005 0: Off (inactive) 1: On (active)
External Input 6 10006 0: Off (inactive) 1: On (active)
External Input 7 10007 0: Off (inactive) 1: On (active)
External Input 8 10008 0: Off (inactive) 1: On (active)
External Input 9 10009 0: Off (inactive) 1: On (active)
External Input 10 10010 0: Off (inactive) 1: On (active)
External Input 11 10011 0: Off (inactive) 1: On (active)
External Input 12 10012 0: Off (inactive) 1: On (active)
External Input 13 10013 0: Off (inactive) 1: On (active)
External Input 14 10014 0: Off (inactive) 1: On (active)
External Input 15 10015 0: Off (inactive) 1: On (active)
External Input 16 10016 0: Off (inactive) 1: On (active)
External Input 17 10017 0: Off (inactive) 1: On (active)
External Input 18 10018 0: Off (inactive) 1: On (active)
External Input 19 10019 0: Off (inactive) 1: On (active)
External Input 20 10020 0: Off (inactive) 1: On (active)
External Input 1 Change of state latch 10257 0: Off (inactive) 1: On (active)
External Input 2 Change of state latch 10258 0: Off (inactive) 1: On (active)
External Input 3 Change of state latch 10259 0: Off (inactive) 1: On (active)
External Input 4 Change of state latch 10260 0: Off (inactive) 1: On (active)
External Input 5 Change of state latch 10261 0: Off (inactive) 1: On (active)
External Input 6 Change of state latch 10262 0: Off (inactive) 1: On (active)
External Input 7 Change of state latch 10263 0: Off (inactive) 1: On (active)
External Input 8 Change of state latch 10264 0: Off (inactive) 1: On (active)
External Input 9 Change of state latch 10265 0: Off (inactive) 1: On (active)
External Input 10 Change of state latch 10266 0: Off (inactive) 1: On (active)
External Input 11 Change of state latch 10267 0: Off (inactive) 1: On (active)
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Read Input Status (Function Code 02)

External Input 12 Change of state latch 10268 0: Off (inactive) 1: On (active)
External Input 13 Change of state latch 10269 0: Off (inactive) 1: On (active)
External Input 14 Change of state latch 10270 0: Off (inactive) 1: On (active)
External Input 15 Change of state latch 10271 0: Off (inactive) 1: On (active)
External Input 16 Change of state latch 10272 0: Off (inactive) 1: On (active)
External Input 17 Change of state latch 10273 0: Off (inactive) 1: On (active)
External Input 18 Change of state latch 10274 0: Off (inactive) 1: On (active)
External Input 19 Change of state latch 10275 0: Off (inactive) 1: On (active)
External Input 20 Change of state latch 10276 0: Off (inactive) 1: On (active)
Virtual Input 1 10513 0: Off (inactive) 1: On (active)
Virtual Input 2 10514 0: Off (inactive) 1: On (active)
Virtual Input 3 10515 0: Off (inactive) 1: On (active)
Virtual Input 4 10516 0: Off (inactive) 1: On (active)
Virtual Input 5 10517 0: Off (inactive) 1: On (active)
Virtual Input 6 10518 0: Off (inactive) 1: On (active)
Virtual Input 7 10519 0: Off (inactive) 1: On (active)
Virtual Input 8 10520 0: Off (inactive) 1: On (active)
Virtual Input 9 10521 0: Off (inactive) 1: On (active)
Virtual Input 10 10522 0: Off (inactive) 1: On (active)
Virtual Input 11 10523 0: Off (inactive) 1: On (active)
Virtual Input 12 10524 0: Off (inactive) 1: On (active)
Virtual Input 13 10525 0: Off (inactive) 1: On (active)
Virtual Input 14 10526 0: Off (inactive) 1: On (active)
Virtual Input 15 10527 0: Off (inactive) 1: On (active)
Virtual Input 16 10528 0: Off (inactive) 1: On (active)
Virtual Input 17 10529 0: Off (inactive) 1: On (active)
Virtual Input 18 10530 0: Off (inactive) 1: On (active)
Virtual Input 19 10531 0: Off (inactive) 1: On (active)
Virtual Input 20 10532 0: Off (inactive) 1: On (active)
Virtual Input 21 10533 0: Off (inactive) 1: On (active)
Virtual Input 22 10534 0: Off (inactive) 1: On (active)
Virtual Input 23 10535 0: Off (inactive) 1: On (active)
Virtual Input 24 10536 0: Off (inactive) 1: On (active)
Virtual Input 25 10537 0: Off (inactive) 1: On (active)
Virtual Input 26 10538 0: Off (inactive) 1: On (active)
Virtual Input 27 10539 0: Off (inactive) 1: On (active)
Virtual Input 28 10540 0: Off (inactive) 1: On (active)
Virtual Input 29 10541 0: Off (inactive) 1: On (active)
Virtual Input 30 10542 0: Off (inactive) 1: On (active)

Read Holding Registers (Function Code 03)

Channel Address

Units

Scale

L-PRO Clock Time (UTC). Read all in same query to ensure consistent time reading data

Milliseconds Now 40001 0-999 1
Seconds Now 40002 0-59 1
Minutes Now 40003 0-59 1
Hours Now 40004 0-23 1
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Read Holding Registers (Function Code 03)
Day of Year Now 40005 1-365 (up to 366 if leap 1

year)
Years since 1900 40006 90-137 1
Sync'd to IRIG-B 40007 0: No 1: Yes 1
Time of Acquisition (UTC). Read all in same query to ensure consistent time reading data
Milliseconds Now 40008 0-999 1
Seconds Now 40009 0-59 1
Minutes Now 40010 0-59 1
Hours Now 40011 0-23 1
Day of Year Now 40012 1-365 (up to 366 if leap 1

year)
Years since 1900 40013 90-137 1
Sync'd to IRIG-B 40014 0: No 1: Yes 1
Offset of UTC to IED time. 40015 2's complement half 1

hours, North America is

negative
Channel Address Units Scale
Line Va Magnitude 40257 KV 10
Line Va Angle 40258 Degrees 10
Line Vb Magnitude 40259 KV 10
Line Vb Angle 40260 Degrees 10
Line Vc Magnitude 40261 KV 10
Line Vc Angle 40262 Degrees 10
Line la Magnitude 40263 A 1
Line la Angle 40264 Degrees 10
Line Ib Magnitude 40265 A 1
Line Ib Angle 40266 Degrees 10
Line Ic Magnitude 40267 A 1
Line Ic Angle 40268 Degrees 10
12a Magnitude 40269 A 1
12a Angle 40270 Degrees 10
12b Magnitude 40271 A 1
12b Angle 40272 Degrees 10
12c Magnitude 40273 A 1
12c Angle 40274 Degrees 10
13a Magnitude 40275 A 1
13a Angle 40276 Degrees 10
13b Magnitude 40277 A 1
13b Angle 40278 Degrees 10
13¢c Magnitude 40279 A 1
13c Angle 40280 Degrees 10
l14a Magnitude 40281 A 1
14a Angle 40282 Degrees 10
14b Magnitude 40283 A 1
14b Angle 40284 Degrees 10
14c Magnitude 40285 A 1
l14c Angle 40286 Degrees 10
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Channel Address Units Scale
Bus Va Magnitude 40287 KV 10
Bus Va Angle 40288 Degrees 10
Bus Vb Magnitude 40289 KV 10
Bus Vb Angle 40290 Degrees 10
Bus Vc Magnitude 40291 KV 10
Bus Vc Angle 40292 Degrees 10
Not used 40293

Not used 40294

Not used 40295

Not used 40296

Not used 40297

Not used 40298

Not used 40299

Not used 40300

Not used 40301

Not used 40302

Not used 40303

Not used 40304

PosSeq Frequency 40305 Hz 100
P 40306 MW 10
Q 40307 Mvar 10
Pos Seq Voltage 40308 KV 10
Pos Seq Current 40309 A 1
Active Setting Group Number 40310

la summated Magnitude 40311 A 1
la summated Angle 40312 degrees 10
Ib summated Magnitude 40313 A 1
Ib summated Angle 40314 degrees 10
Ic summated Magnitude 40315 A 1
Ic summated Angle 40316 degrees 10
Self check fail parameter 40317 N/A 1

Read Input Register (Function Code 04)

No input registers supported. Response from IED indicates “ILLEGAL FUNCTION.”

Force Single Coil (Function Code 05)

Only the “hold readings” coil can be forced. When active, this coil locks all coil, input and holding register readings simultaneously
at their present values. When inactive, coil, input and holding register values will read their most recently available state.

Channel

Type

Address

Value

Hold Readings

Read/Write

01

0000: Readings update normally (inactive)
FFOO0: Hold readings (active)
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Preset Single Register (Function Code 06)

Channel Address Value Scaled Up By
Event Message Control (See below for details of use)

Refresh event list 40513 No data required N/A
Acknowledge the cur- | 40514 No data required N/A
rent event and get the

next event

Get the next event 40515 No data required N/A
(without acknowl-

edge)

Event Buffer Size 100

Self Check Fail 40317 N/A 1
Parameter

Diagnostic Subfunctions (Function Code 08)

Return Query Data (Subfunction 00)

This provides an echo of the submitted message.

Restart Comm. Option (Subfunction 01)

This restarts the Modbus communications process.

Force Listen Only Mode (Subfunction 04)

No response is returned. |IED enters “Listen Only” mode. This
mode can only be exited by the “Restart Comm. Option” com-
mand.

Report Slave ID (Function Code 17/0x11)

A fixed response is returned by the IED, including system model, version and issue numbers.

Channel Type Bytes Value

Model Number Read Only Oand 1 0 x 0834 = 2100 decimal
Version Number Read Only 2and3 Version number

Issue Number Read Only 4and 5 Issue number

e The L-PRO IED model number is 2100.
» Version and issue will each be positive integers, say X and Y.
» TheL-PRO isdefined as“Model 2100, Version X IssueY”
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Accessing L-PRO Event Information

All L-PRO detector event messages displayed in the Event Log are available via Modbus. This includes fault location information.
The following controls are available.

Refresh Event List

(Function Code 6, address 40513): Fetches the latest events from the L-PRQO's event log and
makes them available for Modbus access. The most recent event becomes the current event
available for reading.

Acknowledge Current Event and
Get Next Event

(Function Code 6, address 40514): Clears the current event from the read registers and
places the next event into them. An acknowledged event is no longer available for reading.

Get Next Event

(Function Code 6, address 40515): Places the next event in the read registers without
acknowledging the current event. The current event will reappear in the list when Refresh
Event List is used.

Size of Current Event Message

(Function Code 3, address 40516): Indicates the number of 16 bit registers used to contain
the current event. Event data is stored with 2 characters per register. A reading of zero indi-
cates that there are no unacknowledged events available in the current set. (NB. The Refresh
Event List function can be used to check for new events that have occurred since the last
Refresh Event List.)

Fault Location Event

(Function Code 3, address 40517): Identifies fault location events. These events are identified
by “FL”" in this register. Non-fault location events contain “” in this location.

Read Event Message

(Function Code 3, addresses 40518 — 40570): Contains the current message. Two.
ASCII characters are packed into each 16 bit register. All unused registers in the set are set to
0.

Fault Information — Type

(Function Code 3, address 40571): If the current event is a fault location event, this register
contains the type of fault.

The following type bitmap:

0x0001 — Phase A

0x0002 — Phase B

0x0004 — Phase C

0x0008 — Ground

Any number of the flags may be set for a given fault. If the relay could not determine the fault
type, then the register will not have any flags set and will read 0x0000.

Fault Information — Fault Dis-
tance

(Function Code 3, address 40572): If the current event is a fault location event, this register
contains the distance to the fault. It is scaled up by a factor of 10. The units are the same as
the units set in the relay configuration.

Fault Information — Time of
Fault

(Function Code 3, addresses 40573 to 40576): If the current event is a fault location event,
these registers contain the time of the fault in seconds since 1970. Each of these 16-bit regis-
ters contains an 8-bit portion of a 32-bit time value. Register 40573 contains the upper most 8
bits, and register 40576 contains the lowest 8 bits.

Modbus Event Message Example

"FL2000Sep21 20:16:16.966 21P1 AB 1.0km: Trip"

Register | Value Meaning

High Byte Low Byte
40516 0x00 0x1B Event text size = 27 (0x1B hex)
40517 0x46 0x4C ‘FL’ - Fault locator event
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Modbus Event Message Example

"FL2000Sep21 20:16:16.966 21P1 AB 1.0km: Trip"

Register | Value Meaning
40518 0x32 0x30 2,0
40519 0x30 0x30 ‘0,0
40520 0x53 0x65 ‘'S, ‘e
40521 0x70 0x32 p, 2
40522 0x31 0x20 1, ‘<sp>
40523 0x32 0x30 2’0
40524 Ox3A 0x31 N
40525 0x36 O0x3A ‘6,
40526 0x31 0x36 1,6’
40527 Ox2E 0x39 ok
40528 0x36 0x36 ‘6", ‘6
40529 0x20 0x32 <sp>', ‘2
40530 0x31 0x50 1P
40531 0x31 0x20 1, ‘<sp>
40532 0x41 0x42 ‘A, 'B
40533 0x20 0x31 '<sp>’, ' 1
40534 Ox2E 0x30 L0
40535 0x6B 0x6D K, 'm
40536 Ox3A 0x20 ", '<sp>’
40537 0x54 0x72 T, 'r
40538 0x69 0x70 i'p’
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Appendix F DNP3 Communication Protocol

Device Profile

The SCADA port supports DNP3. All metering values available through the
terminal user interface are available by DNP3 protocol. Included arethe device
profile, implementation table and the point list for the DNP3 protocol.

Vendor Name: ERLPhase Corporation

Device Name: Relay Model #

Highest DNP Level Supported:
For Requests: 2
For Responses: 2

Device Function;|
_ Master

x Slave

Maximum Data Link Frame Size (octets):
Transmitted: 292
Received: 292 |

Maximum Application Fragme Size (octets):
Transmitted: 2048
Received: 2048‘ ‘

Maximum Data Link Re-tries:
_ None
x Fixed at 3
_ Configurable, range __to __

Maximum Application Layer Re-tries:
x None ‘ ‘
_ Configurable, range __to

Requires Data Link Layer Confirmation:
_ Never
_ Always
_ Sometimes
x Configurable, either always or never

Requires Application Layer Confirmation:
_ Never ‘ ‘
_ Always (not recommended)
x When reporting Event Data (Slave)

x When sending multi-fragment responses
(Slave)

Maximum number of control objects per request: 16

Notes:

Control Trip/Close - Code Combination supported:
Latch On/NUL
Latch Off/NUL
Pulse On/NUL (Pulse duration fixed at 1 s)

_ Sometimes

_ Configurable
Timeouts (in seconds) while waiting for:
Data Link Confirm __None x Fixed at 2 __Variable __Configurable
Complete Application Fragment |x None _ Fixed at 2 __Variable __Configurable
Application Confirm __None x Fixed at5 __Variable __Configurable
Complete Application Response |x None __ Fixed at 2 __Variable __Configurable
Others
Select to execute delay __None x Fixed at10 |__ Variable __Configurable
Sends/Executes Control Operations:
WRITE Binary Outputs x Never __Always __Sometimes |__Configurable
SELECT/OPERATE __ Never x Always __Sometimes |__Configurable
DIRECT OPERATE __Never x Always __Sometimes |__Configurable
DIRECT OPERATE No ACK __ Never x Always __Sometimes |__Configurable
Count>1 X Never __Always __Sometimes | __Configurable
Pulse On __Never x Always __Sometimes | __Configurable
Pulse Off x Never __Always __Sometimes |__Configurable
Latch On __ Never x Always __Sometimes |__Configurable
Latch Off __Never x Always __Sometimes |__Configurable
Queue x Never __Always __Sometimes |__Configurable
Clear Queue x Never __Always __Sometimes |__Configurable

Report Binary Input Change Events when no spe-
cific variation requested:

__Never |

__Only time-tagged

X Only non-time-tagged

_ Configurable to send both, one or the other

Reports time-tagged Binary Input Change
Events when no specific variation requested

__Never

x Binary Input Change with Time

_ Binary Input Change with Relative Time
_ Configurable

Sends Unsolicited Response:
x Never
_ Configurable

_Only certain objects
_ Sometimes | |

Sends Static Data in Unsolicited Responses:
x Never

_ When Device Restarts

_ When Status Flags Change

No other options are permitted.
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Appendix F DNP3 Communication Protocol

_ ENABLE/DISABLE UNSOLICITED Function
codes supported

Default Counter Object/Variation:
x No Counter Reported

_ Configurable ‘

_ Default Object

_ Default Variation

_ Point-by-point list attached

Counters Roll Over at:

x No Counters Reported

_ Configurable

_ 16 Bits

_ 32 Bits

_ Other Value

_ Point-by-point list attached

Implementation
Table
Object Request Response
. Function - . Qualifier Codes
Grp Var Description Code Qualifier Codes (hex) Function Code (hex)
1 0 Binary Input - All Variations 1 (read) 0x00, 0x01, 0x06, 0x07, 129 (response) 0x00
0x08, 0x17, 0x28
1 1 Binary Input (default) 1 (read) 0x00, 0x01, 0x06, 0x07, 129 (response) 0x00
0x08, 0x17, 0x28
1 2 Binary Input with Status 1 (read) 0x00, 0x01, 0x06, 0x07, 129 (response) 0x00
0x08, 0x17, 0x28
2 0 Binary Input Change - All Variations 1 (read) 0x06, 0x07, 0x08 129 (response) 0x17
2 1 Binary Input Change without Time 1 (read) 0x06, 0x07, 0x08 129 (response) 0x17
2 2 Binary Input Change with Time (default) 1 (read) 0x06, 0x07, 0x08 129 (response) 0x17
2 3 Binary Input Change with Relative Time 1 (read) 0x06, 0x07, 0x08 129 (response) 0x17
10 0 Binary Output - All Variations 1 (read) 0x00, 0x01, 0x06, 0x07, 129 (response) 0x00
0x08, 0x17, 0x28
10 2 Binary Output Status (default) 1 (read) 0x00, 0x01, 0x06, 0x07, 129 (response) 0x00
0x08, 0x17, 0x28
12 1 Control Relay Output Block 3 (select), 0x00, 0x01, 0x07, 0x08, 129 (response) echo of request
4 (operate), 0x17, 0x18
5 (direct op)
6 (direct op,
no ack)
30 0 Analog Input - All Variations 1 (read) 0x00, 0x01, 0x06, 0x07, 129 (response) 0x01
0x08, 0x17, 0x28
30 1 32-bit Analog Input 1 (read) 0x00, 0x01, 0x06, 0x07, 129 (response) 0x01
0x08, 0x17, 0x28
30 2 16-bit Analog Input 1 (read) 0x00, 0x01, 0x06, 0x07, 129 (response) 0x01
0x08, 0x17, 0x28
30 3 32-bit Analog Input without flag 1 (read) 0x00, 0x01, 0x06, 0x07, 129 (response) 0x01
0x08, 0x17, 0x28
30 4 16-bit Analog Input without flag (default) 1 (read) 0x00, 0x01, 0x06, 0x07, 129 (response) 0x01
0x08, 0x17, 0x28
32 0 Analog Input Change Event - All Variations 1 (read) 0x06, 0x07, 0x08 129 (response) 0x28
32 1 Analog Input Change Event - 32-bit without Time 1 (read) 0x06, 0x07, 0x08 129 (response) 0x28
32 2 Analog Input Change Event - 16-bit without Time 1 (read) 0x06, 0x07, 0x08 129 (response) 0x28
(default)
32 3 Analog Input Change Event - 32-bit with Time 1 (read) 0x06, 0x07, 0x08 129 (response) 0x28
32 4 Analog Input Change Event - 16-bit with Time 1 (read) 0x06, 0x07, 0x08 129 (response) 0x28
51 1 Time and Data CTO 129 (response) 0x07, quantity=1
52 1 Time Delay Coarse 129 (response) 0x07, quantity=1
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Appendix F DNP3 Communication Protocol

60 1 Class 0 Data 1 (read) 0x06
60 2 Class 1 Data 1 (read) 0x06, 0x07, 0x08
60 3 Class 2 Data 1 (read) 0x06, 0x07, 0x08
80 1 Internal Indications 2 (write) 0x00, index=7
110 0 Octet String 1 (read) 0x06 129 (response) 0x07
111 0 Octet String Change Event 1 (read) 0x06 129 (response) 0x07
No Object 14 (warm
restart)
Point List

Binary Inputs (Obj 1, 2)

Static Points

Change Event Points

Object Group

Object Variation

1 - Binary Input (default)

1 - Binary Input Change without Time

2 — Binary Input with Status

1 — Binary Input Change with Time (default)

3 — Binary Input Change with Relative Time

Class 0 1
Note: Digital inputs are scanned with 1 ms resolution.
Change Event Buffer Size 100

Name Point Index Change Event Class
External Input 1 0 1
External Input 2 1 1
External Input 3 2 1
External Input 4 3 1
External Input 5 4 1
External Input 6 5 1
External Input 7 6 1
External Input 8 7 1
External Input 9 8 1
Virtual Input 1 9 1
Virtual Input 2 10 1
Virtual Input 3 11 1
Virtual Input 4 12 1
Virtual Input 5 13 1
Virtual Input 6 14 1
Virtual Input 7 15 1
Virtual Input 8 16 1
Virtual Input 9 17 1
Virtual Input 10 18 1
Virtual Input 11 19 1
Virtual Input 12 20 1
Virtual Input 13 21 1
Virtual Input 14 22 1
Virtual Input 15 23 1
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Name Point Index Change Event Class
Virtual Input 16 24 1
Virtual Input 17 25 1
Virtual Input 18 26 1
Virtual Input 19 27 1
Virtual Input 20 28 1
Virtual Input 21 29 1
Virtual Input 22 30 1
Virtual Input 23 31 1
Virtual Input 24 32 1
Virtual Input 25 33 1
Virtual Input 26 34 1
Virtual Input 27 35 1
Virtual Input 28 36 1
Virtual Input 29 37 1
Virtual Input 30 38 1
Fault Information Available 39 1
External Input 10 40 1
External Input 11 41 1
External Input 12 42 1
External Input 13 43 1
External Input 14 44 1
External Input 15 45 1
External Input 16 46 1
External Input 17 47 1
External Input 18 48 1
External Input 19 49 1
External Input 20 50 1

Binary Outputs (Obj 10, 12)

Static Points

Control Points

Object Group

10

12

Object Variation

2 — Binary Output Status (default)

1 — Control Relay Out-
put

Class

0

Not Applicable

Note: Binary outputs are scanned with 500 ms resolution.

Name Point Index Change Event Class Object Group
Output Contact 1 0 N/A 10
Output Contact 2 1 N/A 10
Output Contact 3 2 N/A 10
Output Contact 4 3 N/A 10
Output Contact 5 4 N/A 10
Output Contact 6 5 N/A 10
Output Contact 7 6 N/A 10
Output Contact 8 7 N/A 10
Output Contact 9 8 N/A 10
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Name Point Index Change Event Class Object Group
Output Contact 10 9 N/A 10
Output Contact 11 10 N/A 10
Output Contact 12 11 N/A 10
Output Contact 13 12 N/A 10
Output Contact 14 13 N/A 10
21P1 Trip 14 N/A 10
21P2 Trip 15 N/A 10
21P3 Trip 16 N/A 10
21P4 Trip 17 N/A 10
51 Trip 18 N/A 10
50 Trip 19 N/A 10
21N1 Trip 20 N/A 10
21N2 Trip 21 N/A 10
21N3 Trip 22 N/A 10
21N4 Trip 23 N/A 10
68 Out of Step 24 N/A 10
ZCircle Trigger 25 N/A 10
51N Trip 26 N/A 10
50N Trip 27 N/A 10
46-51 Trip 28 N/A 10
46-50 Trip 29 N/A 10
Deadline Trip 30 N/A 10
Comm Scheme Trip 31 N/A 10
Comm Scheme Send 32 N/A 10
60 Alarm 33 N/A 10
21P2 Alarm 34 N/A 10
21P3 Alarm 35 N/A 10
21P4 Alarm 36 N/A 10
21N2 Alarm 37 N/A 10
21N3 Alarm 38 N/A 10
21N4 Alarm 39 N/A 10
51 Alarm 40 N/A 10
51N Alarm 41 N/A 10
46-51 Alarm 42 N/A 10
Self Check Fail 43 N/A 10
68 OutBlinder Alarm 44 N/A 10
68 InBlinder Alarm 45 N/A 10
27 Main Trip 46 N/A 10
27 Aux Trip 47 N/A 10
59 Main Trip 48 N/A 10
59 Aux Trip 49 N/A 10
50LS Main 50 N/A 10
25/27/59 Sync Check 51 N/A 10
ProLogicl 52 N/A 10
ProLogic2 53 N/A 10
ProLogic3 54 N/A 10
ProLogic4 55 N/A 10
ProLogic5 56 N/A 10
ProLogic6 57 N/A 10
ProLogic7 58 N/A 10
ProLogic8 59 N/A 10
ProLogic9 60 N/A 10
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Name Point Index Change Event Class Object Group
ProLogic10 61 N/A 10
50LS Aux 62 N/A 10
Group Logic 1 63 N/A 10
Group Logic 2 64 N/A 10
Group Logic 3 65 N/A 10
Group Logic 4 66 N/A 10
Group Logic 5 67 N/A 10
Group Logic 6 68 N/A 10
Group Logic 7 69 N/A 10
Group Logic 8 70 N/A 10
Group Logic 9 71 N/A 10
Group Logic 10 72 N/A 10
Group Logic 11 73 N/A 10
Group Logic 12 74 N/A 10
Group Logic 13 75 N/A 10
Group Logic 14 76 N/A 10
Group Logic 15 77 N/A 10
Group Logic 16 78 N/A 10
79 Initiated 79 N/A 10
79 Blocked 80 N/A 10
50BF-1 Main 81 N/A 10
50BF-2 Main 82 N/A 10
50BF-1 Aux 83 N/A 10
50BF-2 Aux 84 N/A 10
79 Main Reclose 85 N/A 10
79 Aux Reclose 86 N/A 10
79 Lead Lockout 87 N/A 10
79 Follow Lockout 88 N/A 10
81-1 Trip 89 N/A 10
81-2 Trip 90 N/A 10
81-3 Trip 91 N/A 10
81-4 Trip 92 N/A 10
50BF Initiate 93 N/A 10
Virtual Input 1 94 N/A 10, 12
Virtual Input 2 95 N/A 10, 12
Virtual Input 3 96 N/A 10, 12
Virtual Input 4 97 N/A 10, 12
Virtual Input 5 98 N/A 10, 12
Virtual Input 6 99 N/A 10, 12
Virtual Input 7 100 N/A 10, 12
Virtual Input 8 101 N/A 10, 12
Virtual Input 9 102 N/A 10, 12
Virtual Input 10 103 N/A 10, 12
Virtual Input 11 104 N/A 10, 12
Virtual Input 12 105 N/A 10, 12
Virtual Input 13 106 N/A 10, 12
Virtual Input 14 107 N/A 10, 12
Virtual Input 15 108 N/A 10, 12
Virtual Input 16 109 N/A 10, 12
Virtual Input 17 110 N/A 10, 12
Virtual Input 18 111 N/A 10, 12
Virtual Input 19 112 N/A 10, 12
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Name Point Index Change Event Class Object Group
Virtual Input 20 113 N/A 10, 12
Virtual Input 21 114 N/A 10, 12
Virtual Input 22 115 N/A 10, 12
Virtual Input 23 116 N/A 10, 12
Virtual Input 24 117 N/A 10, 12
Virtual Input 25 118 N/A 10, 12
Virtual Input 26 119 N/A 10, 12
Virtual Input 27 120 N/A 10, 12
Virtual Input 28 121 N/A 10, 12
Virtual Input 29 122 N/A 10, 12
Virtual Input 30 123 N/A 10, 12
Get Next fault Event 124 N/A 12
Output Contact 15 125 N/A 10
Output Contact 16 126 N/A 10
Output Contact 17 127 N/A 10
Output Contact 18 128 N/A 10
Output Contact 19 129 N/A 10
Output Contact 20 130 N/A 10
Output Contact 21 131 N/A 10
ProLogic 11 132 N/A 10
ProLogic 12 133 N/A 10

Analog Inputs (Obj 30, 31)

Static Points

Change Event Points

Object Group

30

32

Object Variation

1 - 32-bit Analog Input

1 - Analog Input Change - 32-bit without Time

2 - 16-bit Analog Input

(default)

2 - Analog Input Change - 16-bit without Time

3 - 32-bit Analog Input without flag

3 - Analog Input Change - 32-bit with Time

4 - 16-bit Analog Input without flag
(default)

4 - Analog Input Change - 16-bit with Time

Class

0

Note: Analog Inputs are scanned with 500 ms resolution.
Note: Nominal is based on 69 V secondary voltage * PT ratio for voltage channels, and either 1 A or 5 A secondary current *
CT ratio for current channels dependent upon the format of CT installed in the L-PRO.

Change Event Buffer Size 100

Name Point Index Units Scale (E:C:r?tg(eilass Deadband
Line Va Magnitude 0 KV 10 2 2% nominal
Line Va Angle 1 degrees 10 2 0.5 degrees
Line Vb Magnitude 2 KV 10 2 2% nominal
Line Vb Angle 3 degrees 10 2 0.5 degrees
Line Vc Magnitude 4 KV 10 2 2% nominal
Line Vc Angle 5 degrees 10 2 0.5 degrees
Line la Magnitude 6 A 1 2 2% nominal
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Name Point Index Units Scale Change Deadband
Event Class

Line la Angle 7 degrees 10 2 0.5 degrees

Line Ib Magnitude 8 A 1 2 2% nominal

Line Ib Angle 9 degrees 10 2 0.5 degrees

Line Ic Magnitude 10 A 1 2 2% nominal

Line Ic Angle 11 degrees 10 2 0.5 degrees

12a Magnitude 12 A 1 2 2% nominal

12a Angle 13 degrees 10 2 0.5 degrees

12b Magnitude 14 A 1 2 2% nominal

12b Angle 15 degrees 10 2 0.5 degrees

12¢c Magnitude 16 A 1 2 2% nominal

12c Angle 17 degrees 10 2 0.5 degrees

13a Magnitude 18 A 1 2 2% nominal

13a Angle 19 degrees 10 2 0.5 degrees

13b Magnitude 20 A 1 2 2% nominal

13b Angle 21 degrees 10 2 0.5 degrees

13¢c Magnitude 22 A 1 2 2% nominal

13c Angle 23 degrees 10 2 0.5 degrees

14a Magnitude 24 A 1 2 2% nominal

14a Angle 25 degrees 10 2 0.5 degrees

14b Magnitude 26 A 1 2 2% nominal

14b Angle 27 degrees 10 2 0.5 degrees

l14c Magnitude 28 A 1 2 2% nominal

l14c Angle 29 degrees 10 2 0.5 degrees

Bus Va Magnitude 30 KV 10 2 2% nominal

Bus Va Angle 31 degrees 10 2 0.5 degrees

Bus Vb Magnitude 32 KV 10 2 2% nominal

Bus Vb Angle 33 degrees 10 2 0.5 degrees

Bus Vc Magnitude 34 KV 10 2 2% nominal

Bus Vc Angle 35 degrees 10 2 0.5 degrees

PosSeq Frequency 36 Hz 100 2 0.05 Hz

P 37 MW 10 2 4% nominal

Q 38 Mvar 10 2 4% nominal

Pos Seq Voltage 39 KV 10 2 2% nominal

Pos Seq Current 40 A 1 2 2% nominal

Not used 41

Not used 42

Not used 43

Not used 44

Not used 45

Not used 46

Not used 47

Not used 48

Not used 49

Not used 50

Not used 51

Not used 52

Active Setting Group Number 53 - 1 2 -1

Fault Information — DNP 54 N/A 1 2 32767

Time — High 16 bits

Fault Information — DNP 55 N/A 1 2 32767

Time — Middle 16 bits

Fault Information — DNP 56 N/A 1 2 32767

Time — Low 16 bits
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Name Point Index Units Scale Change Deadband
Event Class

Fault Information — Fault Dis- 57 User specified 10 2 32767

tance

Fault Information — Type (see 58 N/A 1 2 32767

below for definition)

la summated Magnitude 59 A 1 2 2% nominal

la summated Angle 60 degrees 10 2 0.5 degrees

Ib summated Magnitude 61 A 1 2 2% nominal

Ib summated Angle 62 degrees 10 2 0.5 degrees

Ic summated Magnitude 63 A 1 2 2% nominal

Ic summated Angle 64 degrees 10 2 0.5 degrees

Self check Fail Parameter 65 N/A 1 2 0.5

The following bitmap is used for the fault information.
Type point:

0x0001 — Phase A

0x0002 — Phase B

0x0004 — Phase C

0x0008 — Ground

Any number of the flags may be set for agiven fault. If the relay can not deter-
mine the fault type, then the register will not have any flags set and will read
0x0000.

When afault location event isavailable, Binary Input 39 is asserted while there
are still fault location eventsin the buffer (size 100). When apulse or latch on
isreceived for Binary Output 124 (previous state is not important), fault event
information is put into the Analog Inputs. If thereis no fault location event
available when the Binary Output is pulsed, the fault typeis set to zero.

Not al fault location events are reported through DNP. In aburst of fault loca-
tions from afault, only the first processed event is available through DNP all
other eventsfor +/-100 msareignored. outside 100 msfrom the processed fault
location event. The system accepts another fault location event and performs
the samefiltering. In addition, only fault location events generated by trip ele-
ments are available via DNP.

Object 110, 111 - Octet String for Event Log access

Object 110 and Object 111 are Octet String objects used to provide access to
the Event Log text of the relay. These objects are described in Technical Bul-
letin 9701-004.zip_71 available from the DNP user group web page
(www.dnp.org). Object 110 always contains the most recent event intherelay.
Object 111 isthe corresponding change event object. As stated in the DNP
technical bulletin, the variation of the response object represents the length of
the string. The string represents the ASCII values of the event text. Thefirst 2
charactersin the string can be used to quickly identify fault location events.
Fault locator events begin with the characters“FL” (0x46, 0x44 hex). The fol-
lowing example shows afault distance event returned through either of the oc-
tet string objects.
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DNP example: Event Message

“FL2000Sep21 20:16:16.966: 21P1 AB 1.0km: Trip”

DNP Octet string object contents:

0x46 0x4C 0x32 0x30 0x30 0x30
0x53 0x65 0x70 0x32 0x31 0x20
0x32 0x30 O0x3A 0x31 0x36 0x3A
0x31 0x36 Ox2E 0x39 0x36 0x36
0x20 0x32 0x31 0x50 0x31 0x20
0x41 0x42 0x20 0x31 Ox2E 0x30
0x6B 0x6D O0x3A 0x20 0x54 0x72
0x69 0x70
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Appendix G Mechanical Drawings
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Figure G.1: Mechanical Drawing — 3U Chassis
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Figure G.2: Cut-out Template — 3U Chassis
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Figure H.1: Rear Panel — 3U Chassis
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Appendix H Rear Panel Drawings
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Appendix | AC Schematic Drawings
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Figure I.1: L-PRO AC Schematic
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Appendix J DC Schematic Drawings

SA
+Supply—C_

Relay Standard Qutput Relay Contacts (All Chassis)

IO B O O N O -3
5 B FFFFEFFPFFFFFF
- Optional Output Relay Contacts (4U Chassis)

bbb fo o fo o

-Outl6 Outl7 Outl8 Qut19

FERFRERE R R

S5A
-Supply—C_
Standard External Inputs (All Chassis)
+9100 +9102 +9104 +9106 +9108 +9110 +9112 +9114 +9116
2200002QQ9
=0101 -6103 -6105 =6107 =0109 =od11 =013 =015 =017
Optional External Inputs (4U Chassis)
40400 490402  +90404  +9406  +9408 410 40412 40414 +0416  +9418  +9420
20800889880
401 403 ~0406 0407 -0 417 -0419 “0421
Notes:
1. IRIGB and comm ports shown separately on L-PRO rear panel layout drawing.
2. All output refays can be programmed to operate on any relay function.
3. All outputs are rated tripping duty, interrupting via breaker aux "a" contact
Figure J.1: L-PRO DC Schematic
D02333R03.51 L-PRO User Manual 2100
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Appendix K Function Logic Diagram

Diagramin plastic sleeve.
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Appendix L L-PRO Setting Example

Protection, Timers
and I/O Status

Latch Status

Event Status Reset

Viewing Active
Setting Group

Front Panel Active
Setting Group

Flash Memory Write

Therelay does not block any protection functions or external inputs during the
Setting save or active group change, but the external output contacts are reset
for one cycle.

Therelay applies the setting parameters, resets al protection functions, resets
all timersand continuesto process the protection algorithms but does not apply
any action to the output contacts for one cycle. For close-in (heavy) fault con-
ditions that occur at the time of a setting change the relay performance has a
maximum increase in output delay of one cycle. For light fault conditions the
relay performance does not have a noticeable change. Thereis normally aone
cycledecision making process. Therelay algorithms have been processing and
when the one cycle blocking ends and the contacts are closed immediately
(+3ms hardware delay).

Therelay doesnot reset any ProLogic, Group Logic or Virtua Input latch func-
tions during the setting save or active group change. Retaining latch status al-
lows the relay continuous accessto specific latched logic states. Thisis useful
when the relay has ProLogic, Group Logic or Virtual Input functions used to
block protection or ancillary functions for specific operating conditions.

Therelay resets al the eventsthat are currently high and reports states of all
the events that remain high after a setting change.

To view the active setting group and status of the group logic functionsin rea
timeviatheterminal Ul, enter the Metering/Logic/Setting Group menu choice.
To view a snapshot of the group logic data, enter the Settings/Active Group
menu choice.

View the active setting group with the relay front panel display. Thereisno ca-
pability to change active setting group with the front panel. Thefront pand dis-
plays 2 lines of data, the first line contains the “ Active Setting Group: x”,
where x is the current setting group and flashes. The second line of data dis-
plays the user-defined setting name for the current setting group.

To view the active setting group press the Previous or Next buttons to cycle
through the time/date indication and the serial port settings.

The flash memory on the main processor board is capable of approximately
one hundred thousand erases. The retention of the active setting group causes
2 bytesto bewritten to amemory block in theflash. Each memory block writes
about 65 Kbytes before an eraseis performed on the flash memory. An average
of 14 setting group changes per day for the 25 year life of arelay resultsin the
flash memory being erased only 4 times. Latch states from ProLogic and
Group Logic aso performs writes to the flash memory increasing the number
of erases performed on the flash.

D02333R03.51
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Appendix L L-PRO Setting Example

Switching Setting Groups

Using One External
Input to Toggle
Setting Group

Y ou can program atotal of 16 Group Logic statements per setting group to
cause a setting change from one group to another. Create settings using the Of-
fliner setting software or by using the Termina Mode.

Some common uses for setting groups might be cold load pickup, Zone 1 and/
or Zone 2 reach extension for phase and ground distance elements, zero
seguence source increase or decrease.

An example of pulsing an external input and an example of a solid initiate to
activate setting group changes are shown below.

Use one external input connected to a SCADA output contact to toggle be-
tween 2 or more setting groups. In this example we connect external input one
(El 1) to the SCADA control output contact and switch between group 1 and
group 2. If you wanted to switch through all setting groups, group logic 2
would switch to setting group 3, and so forth. If the contact input to switch set-
ting groups becomes welded shut or the SCADA system has aproblem, the re-
lay will only switch to the new logic and stay in that logic until the input has
been de-energized for the ProL ogic pickup delay, which was set to 10 seconds.

Setting Group 1 — Logic Statements

When setting group one becomes active either through a setting group change
or isthe default group after relay power up, ProLogic 9 becomes high after the
10.00 second delay, if El 1islow. ProLogic 9 is set for a0.26 second dropout
time; to be used with ProLogic 10 dropout timer alowing for the slower pro-
cessing thread where Group Logic is processed and providing a definite timed
pulse to the group logic.

ProLogic 9 [ProLogic 9]

v Enabled Mame: | ProLogic 3 AND
Pickup Delay: 1000 zeconds
Dropout Delay: 026 zeconds

|v Target Enabled

alalala
=|o|=|o
=lo|lo(o

nput & | E11 [Selector 1] j—[}oﬂ
Figure L.1: ProlLogic 9

Appendix L-2
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Appendix L L-PRO Setting Example

Prologic 10 has no intentional delay and becomes high for the combined drop-
out time of ProLogic 9 and 10 equalling 0.52 seconds.

ProLogic 10 [ProLogic 10]

Iv Enabled Mame: | ProLogic 10 AND
Pickup Delay: 000 | seconds 1] 1] a
Dropout Delay: 026 zeconds 0 1 o
1 1] 0
|v Target Enabled
1 1 1
put & | E11 [Selector 1] |
Out
Input B | PL 9 [ProLogic 9] j

Figure L.2: ProLogic 10

Group Logic 1isusedto switch to the new setting group; thereisno intentional
delay. Y ou can aso provide 4 additional logic inputs to be used to provide
qualifiers before switching setting groups. The example uses a ProL ogic state-
ment and an external input as qualifiers, see example* Using ProL ogic to Qual-
ify Group Logic Statements” in Appendix L’ on page Appendix L-8.

Group Logic 1 [Group Logic 1]

¥ Enabled Name: | Group Logic 1 AND
Sefting Group to Activate: [5G 2 [Setting Group 2] ﬂ

Fickup Delay: 0 seconds

~|a|o|lo
=o|=o
ol =1 k=1 k=]

Pputs | PL1D[ProLogicto] ¥ |

Input B | PL & [Block Group Logicjj

Qut
mputc | 4 [43C5 LocalRemote ¥ |
Figure L.3: Group Logic 1
D02333R03.51 L-PRO User Manual 2100 Appendix L-3



Appendix L L-PRO Setting Example

Setting Group 2 — Logic Statements

When setting group 2 becomes active either through a setting group change or
isthe default group after relay power up, ProLogic 9 becomes high after the
10.00 second delay, if external input oneislow. The example shows ProLogic
9 set for a0.26 second dropout timeto be used with ProL ogic 10 dropout timer
alowing for the slower processing thread where Group Logic is processed and
providing a definite timed pulse to the group logic.

ProlLogic 9 [ProLogic 9]

[v Enabled Mame: | ProLogic 9 AND
Pickup Delay: 1000 zeconds
Dropout Delay: 026 zeconds

[v Target Enabled

—lalalo
=o|=|o
e k=1 =1F=1

gt | 1 [Selector 1] j—[}oﬂ
Figure L.4: ProLogic 9

Prologic 10 has no intentional delay and becomes high for the combined drop-
out time of ProLogic 9 and 10 equalling 0.52 seconds.

ProlLogic 10 [ProlLogic 10]

¥ Enabled Mame: | FroLogic 10
Pickup Delay: 000 secands

Dropout Delay: 026 zeconds

|v Target Enabled

[
=1 =]
e =1=11=]

put & | EN1 [Selector 1] =

Input B | FL 8 [ProLogic 9] j

Figure L.5: ProLogic 10

Group Logic 1isusedto switch to the new setting group; thereisno intentional
delay.

Group Logic 1 [Group Logic 1]

v Enabled Mermer |Gr0up Logic 1 AND
Setting Group to Activate: |5C 2 [Setting Group 2] j 0|0 i
Pickup Delay: 0 zeconds o 1 a
1 0 0
1 1 1

put & | PL1D[ProLogic10] < |

IputB |  PL 8 [Block Group Logic 7 |

Pputc | B 4[43CS LocalRemote 7 |

Figure L.6: Group Logic 1
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Appendix L L-PRO Setting Example

Using Three
External Inputs to
Toggle Setting
Group

Three external inputs connected to an 8 position selector switch. The output
contact is used to build atruth table to toggle between 8 setting groups. In this
example we connect El 1, El 2, and EI 3 to the selector switch output contacts.

Sse\,l\,eiféﬁr Input States Setting Group to Activate
El3 El 2 Ell
1 0 0 0 Setting Group 1
2 0 0 1 Setting Group 2
3 0 1 0 Setting Group 3
4 0 1 1 Setting Group 4
5 1 0 0 Setting Group 5
6 1 0 1 Setting Group 6
7 1 1 0 Setting Group 7
8 1 1 1 Setting Group 8

Setting Group 1...8 — Logic Statements

The following Group Logic statements are entered into each of the 8 setting
groups.

When the selector switch isrotated to the appropriate position the correspond-
ing setting group becomes active. Each setting group logic can have a specific
time delay pickup setting. Y ou can aso provide 2 additional logic inputsin
each statement to be used to provide qualifiers before switching setting groups.
We are using aProL ogic statement and an external input as qualifiers, see“Us-
ing ProLogic to Qualify Group Logic Statements” in Appendix L’ on

page Appendix L-8.

El 1 low, El 2 low, and EI 3 low

Group Logic 16 [Go to Group 1]

¥ Enahled Mame: | Goto Group 1 AND
Setting Group to Activate: |5 1 [Setting Group 1] j i] i} 0
PFickugp Delay: 5 seconds 0 1 a
1 o 1)
1 1 1

Imput 2 El 1 [Selectar 1] -
Input B El 2 [Selector 2] “
Infut © El 3 [Selector 3] -
Inpautt O PL & [Block Group Logic, ™ —[}c
Input E El 4 [43C5 LocalRemaote ™

Figure L.7: Group Logic 16

D02333R03.51
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Appendix L L-PRO Setting Example

El 1 high, EI 2 low, and EI 3 low

Group Logic 13 [Go to Group 2]

IV Enabled ame: | G0 to Group 2 AND
Setting Group to Lctivate: |55 2 [Setting Group 2] j il ] il
PFickup Delay: 5 seconds 0 1 0
10| 0o
1|1 1
mput & | E11 [Selector 1] =]
Input B | El 2 [Selectar 2] j
mputc | 13 [Ssiector 3] R
mputD | PL 8 [Block Group Logic, ¥ | = out
u
G E | El 4 [43C5 LocalRemte ¥ |
Figure L.8: Group Logic 15
El 1 low, El 2 high, and EI 3 low
Group Logic 14 [Go to Group 3]
¥ Enabled hame: | 50 to Group 3 ARD
Setting Group to Activate: [5G 3 [Setting Group 3] j 0 0 i]
Pickup Delay: 5 seconds 0 1 0
10| o
1| 1 1
mputa | BN [Selector 1] |
Input B | El 2 [Selectar 2] j
mputc | B3 [Selector 3] |
nputD | PL B [Block Group Logic ¥ | —* out
u
Input E | I 4 [43CS LocalRemote 7 |

Figure L.9: Group Logic 14

El 1 high, EI 2 high, and EI 3 low

Group Logic 13 [Go to Group 4]

[+ Enabled ame: | G0 to Groug 4 ARD
Setting Group to Activate: [5G 4 [Setting Group 4] j ] 0 ]
Pickup Crelay: 0 seconds a 1 a
1 0 1)
1 1 1

Irpt & El1 [Selector 1] -
Input B El 2 [Selector 2] -
Input C El 3 [Selectar 3] -
Input O PL 8 [Block Group Logic, ™ —|D°

Out
Input E El 4 [43CS LocalRemote ™

Figure L.10: Group Logic 13

Appendix L-6 L-PRO User Manual 2100 D02333R03.51



Appendix L L-PRO Setting Example

El 1 low, EI 2 low, and EI 3 high

Group Logic 12 [Go to Group 3]

¥ Enahled Mame; | 50t Group 5 ARD
Setting Group to Activate: |5 5 [Setting Group 5] j oo 0
Pickup Delay: 5 seconds 0 1 0
10| o
11 i
mputa | EI1 [Seiector 1] |
Input B | Bl 2 [Selector 2] =l
gt | B3 [Ssector 3] |
Input O I PL & [Block Grougp Logic:j_bc 0
ut
nputE | E14143CS LocalRemote 7 |
Figure L.11: Group Logic 12
El 1 high, El 2 low, and EI 3 high
Group Logic 11 [Go to Group 6]
¥ Enabled Mame; | S0 to Group & ARD
Setting Group to Activate: |55 B [Setting Group 6] j 0| o i]
Pickup Delay: 5 zeconds 0 1 0
1|0 o
11 1
mputa | EN [Selector 1] |
Input B | EI 2 [Selectar 2] =l
putc | 13 [Selector 3] |
Input I PL & [Block Group Logic:jj _DC -
ut
mpulE | E14 (43¢5 LocalRemote 7 |
Figure L.12: Group Logic 11
El 1 low, El 2 high, and EI 3 high
Group Logic 10 [Go to Group 6]
IV Enabled Mame: | 50 to Group B AND
Setting Group to Activate: |SC & [Sefting Group 6] j 0 0 0
Pickup Delay: 5 seconds 0 1 0
1o o
11 1
mputa | BN [Selector 1) |
nputE | 12 [Selector 2) i
mputc | 13 [Selector 3] |
Input O I PL & [Block Group Log\c:_j — out
u
Input E | El4 [43C5 LocelRemote ™ |

Figure L.13: Group Logic 10

D02333R03.51 L-PRO User Manual 2100 Appendix L-7



Appendix L L-PRO Setting Example

El 1 high, EI 2 high, and EI 3 high

Group Logic 9 [Go to Group 8]

v Enakled Fame: |Go to Group & ARD

Setting Group to Activate: [5G 5 [Setting Group &] j

Pickup Delay: 5 seconds

~lalalo
—=|o|=|a
e E=1=1F=]

mputs | B [Selector1] v
Input B ’W‘
Input © ’W
nputD | LB [Block Group Logic| | =1

Out
Input E El 4 [43C5 LocalRemate ™
Figure L.14: Group Logic 9
Using ProLogic to_ Y ou can select from any available ProLogic inputs to make specific blocking
(Sgt%?grfgecr;]{gup Logic  |ogictobeused asaqualifier for any group logic decisions. In thisexamplewe

use either the zone 1 or zone 2 phase distance elements or the communications
trip or the communi cations send or the Out of Step outer blinder armto drive
the Block Group Logic statement. Thereis no intentional pickup delay and 0.5
second drop-out delay to hold the block on after the block condition has reset.

ProLogic 8 [Block Group Logic]

¥ Ensbled ame: Block Group Logic ARD
Pickup Delay: 000 | seconds u] a a
Dropout Delay: 050 zeconds 0 1 o
1 0 0
|v Target Enabled
1 1 1
Mputa | 21P1 Trip |
nputB | 21P2Trip |
Inpt Comm. Scheme Trip -
" | J Out
Input O | Comm. Scheme Send j
NPULE | Mot used-- =
O Thi 28 Main Crvervoltage = T e M AR
Lze] 59 A Orvervoltage c zero input.
B0 Alarm
B Trip
o5 OuterBind Alarm

55 InnerBind Alarm

Figure L.15: ProLogic 8
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Appendix L L-PRO Setting Example

79 Auto-recloser examples

79 Recloser Settings

Y ou can program up to 4 shots or reclose attempts with the 79 function, with
various lead and follow breaker options. Create settings by using the Offliner
settings software or by using the terminal mode.

79 - Recloser

[ Enahled

Mumber of Shots: N ~ Reclozer Mode: [Main then A, -
First Reclose, T1: 100 = Block Reset, TDB: 05 =
Second Reclose, T2 = Fallowver Time, TF: 50 s
Third Recloze, T3: = Breaker Out of Service, TC: 1200 g
Fourth Reclose, T4: = Followwer Sequencer Switch
Cloze Time, T 01 g % Cloze after the Recloser Follower Time (TF)
Lockout Reset, TO: 'm 3 " Cloze after the Recloser Reset Time (TD)
Initiste Reset, TOI: 10 g
r

Figure L.16: 79 Recloser

Setting the recloser isal done in one screen.

In our example we are using one shot with an open interval of 10 seconds (T1)
for the Main circuit breaker and afollow interval of 5 seconds (TF) for the aux-
iliary circuit breaker. This means that 10 seconds after both breakers open the
main breaker will attempt to reclose and 5 seconds after the main breaker has
closed the auxiliary breaker will attempt to close. The main and auxiliary close
signal timeis set to last for 0.5 seconds (TP). When the recloser receives an
initiation signal that signal will stay high for an additional time of 1.0 seconds
which allows the recloser to seal-in (TDI).

We are not using sync control is this example. If sync control was necessary
the user only hasto enable sync control and then set the appropriate settingsin
the 25/27/59 screen. For example if Dead Main Dead Auxiliary was selected
the recloser would be blocked unless both main and auxiliary voltages are be-
low 20 volts (positive sequence).

The recloser mode setting is related to the Ring Bus Configuration (auxiliary
CT lineinput) and must match the breaker configuration in the system param-
eters screen.

Ta disable &ux, CT Line Input, you will have ta change the Recloser Mode in the 79 screen bo 'Main Only', Make sure ko do that in all setting
groups.

Figure L.17: Invalid Action

M ost protection schemesrequirethe ability to block the 79 when certain events
happen. In our example we are using Virtual Input 7 (VI 7) to block. The 79
blocking is set to last for an additional time of 1.0 seconds (TDB).

D02333R03.51
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Appendix L L-PRO Setting Example

79initiation is done by simply setting the desired function in the output matrix.

"
w
=
n

Device

W11 [52-1 Close 52-CS]
Wl 2 [52-1 Trip 52-C5]
W13 [52-2 Cloge 52-CE]
1 4 [52-2 Trip 52 C5]
W15 [52-1, 52-2 Trip&79]
16 [Manual 73]

I 7 [TACS EnableDisable]
W18 [SCADA 8]

W18 [SCADA 9]

WVI10 [SCADA 10]

W1 [SCADA 11]

W12 [SCADATZ]

W13 [SCADA 13]

W14 [SCADA 14]

V115 [SCADA 15]

WG [SCADA 16]

VT [SCADATT]

WG [SCADA 18]

V119 [SCADA 19]

W20 [SCADA 20]

o o o o -4
o o
o o - o o
OO00O00OOO000000000O0XO000
e o o

Figure A.1: Output Matrix

Qutput Contact
6B | 7|8 |89

o o o o
o
o o | o o
o | o o

=

o

=)

OO00O000000000000000804d
000O0000000000Cc000004d

)

o o | o o

=

o | o o

Block & Initiate
798 | 791 | BFI

DDDDDDDDDDDDD@DDDDDD
o o o 4 o o
o | o o

Recording

Fault | Swing

o o | o o

o o o o o

The 79 can also automatically move the follow breaker into the lead position
if the lead breaker has been out of service for an extended period of time. The
out of serviceindication is also used to prevent reclosing attemptsto the main
or auxiliary breaker. In our example a breaker has to be opened and stay open
for atime of 120.0 seconds (TC).

The 79 can also be configured with the follow breaker switch setting. In this
example we are using the TF follow time of 5.0 seconds for the 2nd breaker
open interval. The user can use the recloser reset time of TD by selecting the

“close after recloser reset time” setting.

32 - Breaker Status

b ain Breaker:

El 3[Spare 3]

| 4

A, Breaker:

functions.

Figure L.18: Breaker Status

Thig zymbol denotes a function which haz not been
enabled and iz treated az a logic zero input.

Breaker Statuz iz uged in the Sync Check and Reclozer

52 - Breaker Status can use any external input or ProLogic statement. The re-
closer does not have to be enabled for thislogic to work. The 2 circuit breakers
cannot share the same input.

Appendix L-10
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Appendix L L-PRO Setting Example

Test Configuration

Virtual Inputs

IMain Breaker and Aux. Breaker are not allowed to connect to the same inpuk

Figure L.19: Invalid Selection

Examplesto test the 79 functions using Virtual Inputs and ProLogic to simu-
late the reclose initiation and breaker contact “a’ status are shown below.

Virtual Inputs are multi-use logic points that are accessed remotely via SCA-
DA control and/or locally viathe terminal user interface (Ul).

We will set up 6 virtual inputsto trip and close each breaker and to initiate the
79. You could also use external inputs to provide the breaker “a’, trip, close,
and initiate signals, but by using virtual inputs and ProLogic testing is quicker
and does not require an external DC supply or relays to simulate the circuit
breakers.

TheVirtual Input (V1) names are used for descriptive purposes. Thisnamewill
appear in the event log when thelogic point becomes active. The L-PRO Relay
supports 2 circuit breakers and in this example we will name the main circuit
breaker 52-1 and the auxiliary circuit breaker 52-2. Virtual Inputs 1, 2, 3, and
4 will be used as control switches (CS) for tripping and closing while Virtual

Input 7 will be used to enable or disable the 79. Virtual Input 5isused to trip
circuit breakers 52-1 and 52-2, and to provide recloser initiation. Virtua Input
6 is used to provide recloser initiation without any tripping (used to help test

logic)

Virtual Input Names
1 |52-1 Close 52-C5 11 | scana 11 21 | wirtual Input 21
2 | 5241 Trip 52-C% 12 | SCaDal2 22 | Wirtual Input 22
3 | 52-2 Cloge 52-C% 13 | SCADAS 23 | Wirtual Input 23
4 | 52-2 Trip 92 CS 14 |SCADA 14 24 | Wirtual Input 24
5 |52-1,52-2 Tripa7s 15 |SCADA 15 25 | wirtual Input 25
g | Manual 79 15 | SCADAE 25 | Wirtual Input 26
7 | 79CS EnableDisable 17 | sCcaDslT o7 | wirtual Input 27
5 |SCADA B 15 |SCaDa s 25 | wirtual Input 28
9 | SCADAS 19 |SCaDAad 28 | Yirtual Input 29
10 | SCADA 1D 20 | SCADA 20 30 | Yirtual Input 30

Figure L.20: Virtual Inputs

D02333R03.51
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Appendix L L-PRO Setting Example

Main and Auxiliary
Circuit Breaker Trip
Logic

Circuit Breaker
Simulator Logic

ProLogic statement 1 and 3 are used to provide acommon tripping logic point
for the circuit breaker this is analogous to creating a dc trip busto gather the

trip and no reclose or trip and reclose signals. V12 and V14 are (V12 for main
and V14 for auxiliary) the trip and no reclose while V15 isthe trip and reclose
(common to main and auxiliary) signal.

ProLogic 1 [52-1 Trip]

Mame: | 52-1 Trip AND
Pickup Delay: 000 zeconds
Dropout Delay: 000 zeconds

|v Target Enabled

¥ Enakled

—lalalo
=o|=|o
N ) v N

Mgt s | Wi2[521 Tripse-cs] v

Out
Input B | W15 [52-1, 52-2 Tripa 7y, j
Figure L.21: ProLogic 1 —52-1 Trip
ProlLogic 3 [32-2 Trip]
¥ Enabled Mame: | 52-2 Trip
Pickup Delay: 000 secands u] u] u]
Dropout Delay: 000 secands 0 1 1
1 1] 1
|v Target Enabled 1 1 7
Input & | W1 4 [52-2 Trip 52 C5] j
Out
Input B | W15 [52-1, 52-2 Trip&7g’ j

Figure L.22: ProLogic 3 — 52-2 Trip

ProLogic statement 2 and 4 are used to provide asimulated logic point for the
circuit breaker contact “a’ status. The output of thislogic is used as the input
for the 52 - Breaker Status (see 79 Recloser Settings). The 79 Main Reclose
logic point and V11 providetheclosesignal ProL ogic 1 providesthetrip signal.
The pickup and dropout time delays are used to simulate breaker tripping and
closing times.

ProLogic 2 [52-1 "a" status]
IV Enabled Mame: | 52-1 "a" status NXOR
Pickup Delay: 020 seconds 1] u] 1
Dropout Delay: 020 | seconds o 1 0
1 1] 1]
[v Target Enabled 1 1 1
Impnt & | 78 Main Recloze j
mputB | W1 [52-1 Close 52-C5] 7 |
Input < PL 1 [52-1 Trip] ~
14 | J 5 Qut
mputD | PL1 (521 Trip) =l R

Figure L.23: ProLogic 2 — 52-1 “a” Status
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ProlLogic 4 [52-2 "a" Status]

[v Enabled Name: | 52-2 "a" Status NHOR
Pickup Delay: 020 zeconds
Dropout Delsy: 020 | seeonds
[v Target Enabled

N
=|lo|=|o
~lofa| =

Inpust & I 79 Aux. Reclose j

Input B | Wl 3 [52-2 Close 52-C5) j

Input PL 3 [52-2 Trip] =~
pt C | [ out

Input D | PL 3 [52-2 Trig] j

Figure L.24: ProLogic 4 — 52-2 “a” Status

Testling The 79 1 Apply the previous settings to the relay.
R r
eclose 2 SetPL9to:
ProlLogic 9 [TP Start]
IV Enabled Name: | TP Start AND
Pickup Delay: 1000 zeconds u] u] u]
Dropout Delay: 026 zeconds 0 1 1
10 1
¥ Target Enabled 1 1 7
Infut & I 79 Main Recloze j :‘—[w
Input B I 79 &ux. Reclose j
3 SetPL10tO:
ProLogic 10 [TP End]
IV Enakled Name: | TP End AND

Pickup Delay: 000 zeconds
Dropout Delay: 000 | seeonds

¥ Target Enabled

N
=|lol=|o
=lolo(o

Inipt & I 79 Main Recloze j
Qut
Input B I 79 Aux. Reclose j
4 SetPL6Gto:

* (used for monitoring purposes)

ProlLogic 6 [not 79 Lockout]

v Name: | ot 79 Lockout AN
Pickup Delay: 0oa g 0 0 0
Dropout Delay: 0on o 1] 1 1]
1 1] 0
[~ Target Enakled 1 : 7
Inpt & I 79 Lead Lockaut j
Out
mpute | 79 Folow Lockaut 7|

5 Clear the event log.
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Appendix L L-PRO Setting Example

6 Check the metering screen for ProLogic. 52-1 and 52-2 should be low.

LPRO Unit ID: UnitID
.../Metering/Logic User Access Lewvel :SERVICE 2001Dec17 16:18
prev menu Protection Setting Group Virtual Inputs

ProLogic Name State
1 92-1 Trip LOY
2 92-1 "a" status LOW
3 52-2 Trip LOW
3 52-2 "a" status LOW
5 not 52-1 and 52-2 LOW
6 not 79 Lockout LOw
1 not Sync Check LOW
8 ProlLogic 8 LOW
9 TP start LOW
10 TP end HIGH_

KF3> Quit <F2> Freeze

7 Check the metering screen for Protection. All 79 logic points should be low.

LPRO Unit ID: UnitID
. -./Logic/Protection User Access Level:=SERUICE 20@83Hav22 B89:35
prev menu Logic 1 [GFECEF
Logic 2
Other Logic Other Logic
252759 Suync Check Loy Z Circle Triggenr Lou
27 Main UV Lo Self Check Fail LOov _
27 Aux UAY LoW
59 Main 0O/U LOW
59 Aux 0-U Lo
58BF Initiate Lo
58LS Main LoW
S5ALS Aux LOW
?9 Initiated Lo
7?9 Blocked Lo
?? Lead Lockout LoW
?% Follow Lockout Loy
?% Main Reclose Loy
7?2 Aux Reclose Low
Com. Scheme Send LoW
F3> Quit <{F2)> Freeze

8 Gotothe Control Virtual Inputs and “close” 52-1 and 52-2 using the Pulse
On action for the virtual inputs. Thiswill activate ProLogic 2 and 4.

LPRO Unit ID: UnitID
.../Util/Maintenance User Access Level:SERVICE 2001Decl? 16:17
prev menu Calibrate Outputs [HINISIENIIRUCIERITOEES Erase

Control Virtual Inputs

Input Name Action
52-1 Close 52-C$

KF3> Quit <F2> Excecute

Appendix L-14
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Appendix L L-PRO Setting Example

9 Check the event log for VI1 and VI3 along with PL2 and PL4.

Main Menu

LPRO Unit ID: UnitID
[ID Settings Metering

User Access Level:SERVICE
Records Utilities

2083May22 B9:34
Access  Quit

rEvent Log
TIME

EVENT

20@3May22 B9:33:35._0688
280@83May22 B9:33:27_864
20@3May22 B9:33:11.000
28@3May22 @9:33:82.439

52-2 "a" status:PL4
52-2 Close 52-C%:=:VUI3 : High
52-1 "a" status:PL2
52-1 Close 52-C8:UI1 := High

10 Go to the Control Virtual Inputs and select “Manual 79 1” using the Pulse
On action for the virtua inputs. Thiswill initiate the recloser but no action
will be taken because the circuit breakers remain closed.

LPRO Unit ID: UnitID

.../Util/Maintenance

User Access Level :SERVICE

2001Dec17 16:23

prev menu Calibrate Outputs [EINISVENMSUEIERINOIE Erase

Control VWirtual Inputs

Input Name

Manual 79T

Action

KF3> Quit <F2> Excecute

11 Check the event log and confirm there was no reclosure action.

LPRO Unit ID: UnitID

Main Menu User fAccess Level:SERUICE 2883May22 B9:43
ID Settings Metering Records Utilities MAccess Quit
rEvent Log

TIHME EUENT

20@3May22 B89:41:48._.008 79 Initiated: High

2083May22 B9:41:17 Manual 79I:UI6 = High

28083May22 52-2 "a' status:PL

2803May22 52-2 Close 52-C8:U : High

2883May22 52-1 "a" status:PL2

2003May22 B9:40:31.731 52-1 Close 52-C5:UI1 : High

& C—DOUN move one line.

age down. T Top. B Bottom

D02333R03.51
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Appendix L L-PRO Setting Example

12 Gotothe Contral Virtual Inputsand select “52-1, 52-2 Trip& 791" using the
Pulse On action for the virtual inputs. Thiswill trip both breakers and ini-
tiate the reclosing sequence.

LPRO Unit ID: UnitID
.../Util/Maintenance User Access Level:SERVICE 2001Decl1? 16:32
prev menu Calibrate Outputs HINISVENMSUEIERINNIE Erase

Input MName Action
02-1, 92-2 Trip&/91 Latch Off

KF3> Quit <F2> Excecute

13 Check the event log and confirm that 52-1was the first breaker and 52-2
was the second breaker. Check open interval time and follower time, the
close pulse can be measured from the time between PL9 and PL 10 going
high.

» T1- Openinterval time equalstime from 79 Initiate event to 79 Main Re-
close (shot 1) event.

» TP- Close pulsetime equalstimefrom TP start: PL9 event to TPend: PL10
event.

* TF - Follow breaker time equals time from 52-1 “&’ status. PL2 event to
79 Auxiliary Reclose (shot 1) event.

LPRO Unit ID: UnitID
Main Menu User Access Level: CHANGE 2002Sepi8® 13:086
ID Settings Metering Records Utilities Access Quit

TIME EUENT

2002S8epl8 13:86:20.356 52-2 "a" status : PL4
280828epl18 13:86:20.256 TP end : PL1B
20028ep18 13:86:20.156 79 Aux. Reclose:{(shot 1> (R>
280828epl18 13:86:20.156 TP start : PL9

20028ep18 13:086:15.123 52-1 “a' status : PL2
28028ep18 13:86:15.823 TP end : PL18
28028epl8 13:86:14.923 72 Main Reclose:(shot 1> (R>
20028epl8 13:86:14.923 TP start : PL9
20028epl18 13:06:04.704 52-2 Trip : PL3
20028epl18 13:06:04.784 79 Initiated: High

20028epl8 13:86:84.784 52-1 Trip : PL1

20028epl8 13:06:84.702 52-1, 52-2 Trip&?9: UIS

20028epl8 13:84:19.884 79 Initiated: High

20028epl8 13:84:19.882 Manual 79I: U6

20828epl8 13:83:508.723 not 79 Lockout : PL6 u]

14 Go to the Control Virtua Inputs and select “52-1 Trip 52-CS” using the
Pulse On action for the virtual inputs. Thiswill trip breaker 52-1 and after
timer TC, 52-2 (follow breaker) will move into the lead position.

15 Gotothe Control Virtual Inputsand select “52-1, 52-2 Trip& 791" using the
Pulse On action for the virtual inputs. Thiswill trip breaker 52-2 and initi-
ate the reclosing sequence.
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16 Check the event log and confirm that only 52-2 breaker reclosed and was
in the lead position. Confirm that 52-1 breaker did not receive any reclose
attempts.

LPRO Unit ID: UnitID
Hain Menu User Access Level:SERYICE 2001Dec1? 17:10
ID Settings Metering Records Utilities Access Quit

TIHE EVENT
2001Dec1? 17:09:24 .481 52-2 "a” status: PL&
2001Dec17? 17:09:24.231 TP end: PL1O
2001Dec17 17:09:23.731 79 Aux. Reclose (shot 1)
2001Dec1? 17:09:23.731 TP start: PL9
2001Dec1? 17:09:13.504 79 Initiate
2001Dec17 17:09:13.504 52-2 Trip: PL3
2001Dec17 17:09:13.504 52-1 Trip: PL1
2001Dec17 17:09:13.502 52-1, 52-2 Trip&79: VIS
2001Decl1? 17:05:33.464 ©2-1 Trip:
2001Dec17 17:05:33.462 52-1 Trip 52-CS: VI2
2001Dec1? 16:34:48.646 52-2 "a" status: PL&4
2001Dec1? 16:34:48.396 TP end: PL1DO
2001Dec17 16:34:47.896 79 Aux. Reclose (shot 1)
2001Dec17? 16:34:47.896 TP start: PL9
2001Dec17 16:34:42.879 52-1 "a” status: PL2 Jul

17 Goto the Control Virtual Inputs and select “52-1 Close 52-CS’ using the
Pulse On action for thevirtual inputs. Thiswill close breaker 52-1 and after
afixed delay of 10.0 seconds breaker 52-1 will move back into the lead po-
sition and 52-2 (follow breaker) will move back into the follow position.

18 GototheControl Virtual Inputsand select “52-1, 52-2 Trip& 791" using the
Pulse On action for the virtual inputs. Thiswill trip both breakers and ini-
tiate the reclosing sequence.

19 After 52-1 closes and before 52-2 closes select “52-1, 52-2 Trip& 791" us-
ing the Pulse On action for the virtual inputs. Thiswill trip breaker 52-1
and cause alockout alarm to be generated and block the follow breaker re-
close attempt.

20 Check the event log and confirm the 79 Lead L ockout event and that there
was no follow breaker reclose attempt.

« 79 Lead Lockout - The time equalstime from 79 Initiate event to 79 Lead
Lockout event (approx. TP + 1.0s).

Main Menu User Access Level: CHANGE 20028epl8 13:11

LPRO Unit ID: UnitID
[ID Settings Metering Records Utilities Access Quit

TIME EVENT

2002Sepl8 13:11:12.823 79 Lead lockout: High
2002Sepl8 13:11:11.688 79 Initiated: ngh
2002Sepl8 13:11:11.688 52-2 Tr 11) PL3
2002Sepl18 13:11:11.688 52-1 Trip PL1
280828epi8 13:11:11.686 52-1, 52-2 Trlp&'?9 VIS
20082Sepl8 13:11:88.123 52-1 “a" status PL2
2002Sepl18 13:11:88.023 TP end PL1B
2002Sepl18 13:11:87.923 79 Main Reclose: (f‘}\ut 1> (R>
2002Sepl8 13:11:87.923 TP start PL?
20028epl8 13:10:57.704 79 Initiated: H1gh
20082Sepl8 13:1@:57.784 52-2 Trip PL3

20025epl8 13:18:57.704 52-1 Trip PL1
20828epl8 13:1@:57.782 52-1, 52-2 1'1'11)&79 VIS
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Communication-
aided Tripping
Schemes

Current Reversal
Logic example

21 Go to the Control Virtual Inputs and select “52-1 Close 52-CS” using the
Pulse On actionfor thevirtual inputs. Thiswill close breaker 52-1 and after
afixed delay of TD seconds the recloser will reset.

L-PRO #1 L-PRO #2
1 2

3 4
2

Figure L.25: Current Reversal Logic example

L-PRO Relaysareinstalled and provideline protection by thetripping Breaker
#1 and Breaker #2 respectively. A ground fault occurs at location F in the par-
aléd line. Initially, 21N2 of L-PRO #2 picks up and sends apermissivetransfer
trip signal to L-PRO #1. Since L-PRO #1 detects areverse fault (21N4 picks
up), it neither trips the breaker nor sends a permissive transfer trip signal.
When breaker #3 opens due to azone 1 trip, the current reversal condition oc-
curson L-PRO #1. If the 21P2 on L-PRO #1 operates, and if the received per-
missive transfer trip signal from L-PRO #2 till existsthe POTT schemeon L-
PRO #1 will trip breaker #1. To prevent this unwanted tripping on the parallel
line, the L-PRO relay has current reversal logic. The L-PRO current reversal
logic prevents the false trip during this current reversal condition. Gate #116
of thefunctional logic diagram and timer TL1 and TD1 stretch thezone 4 logic
and block the POTT scheme from tripping the breaker or sending the transfer
trip signal to the remote end.
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Communication- The basic selection does not provide any communication-aided logic for local

aided Tripping or remote protections.
Scheme Timer

Considerations

(f DCBsheeneis
selected, Zone 4 must
e setreverse)

. WEAKINFEEDLOGIC

Receier 1
Receiveri2—s pL20
-1

SINAam ==

— SONGTF—
21P2
21N?

114

L)
oBﬂhl

A

.13 TD3range: 0-1s

. SCHEMESHECTOR

— Trip

Figure L.26: Communication-aided Scheme
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L-PRO Scheme Timers Summary

DCB Scheme Timers

Timer Considerations

TD2 Upon receipt of a Blocking Signal at the local end
from the remote end, TD2 extends the Blocking Sig-
nal to prevent a Scheme Trip.

The Blocking Signal should be extended by:

Time for the local 21-2 to de-assert (~1 cycle) —
Blocking Signal Channel Reset Time (i.e. the time for
the removal of the Block to propagate from the
remote end to the local end) + Security Margin*.

TL2 Delays the local 21-2 from producing a Scheme Trip
for at least as long as it would take a Blocking Signal
to arrive from the remote end.

Should be set longer than the remote end 21-4R (OR
50-67R) detection time (~1 cycle) + Blocking Channel
Time + Security Margin*.

POTT Scheme Timers

Timer Considerations

TL1 TL1 is intended for Parallel Line applications**:
Delays or prevents scheme trip upon detection of a
current reversal at the local end.

Time Delay should be set to less than: Remote End
21-2 Detection Time (~25msec) + Total End to End
Channel Time

TD1 Also for Parallel Line Applications**:

Extends current reversal blocking of the Scheme Trip
and Send.

Should be set such that it will not block the local relay
if the fault becomes forward and internal. However it
needs to be set long enough to allow the permissive
trip from the remote end to de-assert in the event that
the remote fault reverses (remote external reverse
fault).

So, set local TD2 to: Remote 21-2 Reset Time +
Channel Reset Time + Security Margin*.
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Scheme Selector Timers

Timer Considerations

TL3 Local fault duration must be greater than this time in
order to produce a Scheme Send.

POTT and PUTT = Permissive Trip

DCB = Block Signal (derived from 21-4R (OR 50N-
67R) AND NOT 21-2)

TD3 Stretches the Scheme Send signal to ensure that it's
received by the remote end relay. Set longer than the
channel pickup delay.

Notes:

* Security Margin=0.5to 1 cycle or apercentage of total expected timeto
account for errors in scheme timing assumptions.

** Parallel Line applications. fault contribution can come from unfaulted
line appearing as a Zone 2 fault at one end and zone 4 reverse fault at the
other end. Depending on the location of the fault on the faulted line and
which breaker clearsfirst, the current may change direction and the 2 ter-
minals on the unfaulted line may change state from forward to reverse and
reverseto forward. The unfaulted line contribution may come either end on
anetworked system.
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Numerics

21N ground distance 4-1

21P phase distance 4-1

25/27/59 sync check 4-28
46/50/51/67 negative sequence
overcurrent 4-31

50/51/67 phase overcurrent 4-29
50BF breaker failure 4-28

50LS low set overcurrent 4-29
50N/51N/67 neutral overcurrent 4-30,
5-20

59 overvoltage 4-22, 4-23

60 loss of potential 4-32, 5-20

68 out of step 4-32

79 recloser 4-20

81 frequency 4-26

81 over/under frequency 5-20

A

ac and dc wiring 7-1
access 3-13

active group 3-9
alarm 3-3

analog input 3-9, 5-8

B
backward compatibility 5-4
Base MVA 5-14
Baud rate
direct serial link 2-7
modem link 2-7

C
calibrate 3-12, 6-2
calibration 6-2
change 3-13
circuit breaker simulator L-12
clear target 3-3
communication
direct serial link 2-2
modem link - external 2-3
modem link - internal 2-4
network link 2-4
relay 2-2
communication port 2-9
communication wiring 7-1
communication-aided scheme 4-40,
L-18
creating a setting file from an older
version 5-5
CT turns ratio 5-14

D

date & time 3-3

DCB logic 4-43

dead line pickup 4-17
diagnostics 3-13
display 3-4

E

erase 3-12

event log 3-12, 4-47
external input 3-9, 5-9

F
fault locator 4-33
front display 3-1, 3-2, 3-4

G
grounding 2-1
group logic 4-34, 4-35, 5-20, L-8

H
HyperTerminal 2-5

|
ID 3-9
identification 5-7
initiate swing recording 3-11
initiate transient recording 3-11
inputs
external 1-4
IRIG-B time 2-1
installation
software 5-2
IP address 2-12
IRIG 3-2
IRIG-B time input 2-1

L

LED lights 3-2

line parameters 5-16
list 3-11

logic 3-11

M
maintenance 2-12, 3-12
maintenance menu 2-12
metering 3-11, 3-14
mho
characteristic shapes 4-2, 6-6
phase and ground 4-1
Modbus 3-12, 3-13
modem link 2-7
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Offliner settings 3-1, 5-1
output contact 3-12, 5-10
output matrix 5-20
output relay contacts 1-4

P
parameters
line 5-16
system 5-13
password 3-5, 3-6, 3-13
physical mounting 7-1
ports 3-12
POTT logic L-19
power supply 2-1
ProLogic 5-20
protection functions 4-1, 5-19
graphing 5-19
PT turns ratio 5-14
push buttons 3-3
PUTT logic 4-44
PUTT scheme 5-18

Q

guadrilateral 4-5, 6-6

quit 3-13

R

recloser L-9
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length 5-15
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RecordBase View software 5-6
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relay functional 3-1, 3-2
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diagnostics 2-8
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protocol selection 2-8
scheme selector 5-18
service 3-2
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change 6-25
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system requirements
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T
terminal mode 3-5
test mode 3-1, 3-2
testing
21N2 ground distance 6-18
21P1 phase distance 6-11
21P2 phase distanc 6-13
25/27/59 sync check 6-44
27 undervoltage 6-26
46-50/46-51 negative sequence
overcurrent 6-34
50/51 phase overcurrent 6-31
50BF breaker fail 6-38
50LS low set overcurrent 6-38
50N/51N neutral overcurrent 6-29
59 overvoltage 6-28
60 loss of potential 6-10
68 out of step 6-23
79 recloser 6-46
81 overfrequency 6-41
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dead line pickup 6-22
directional element 6-36
external inputs 6-3
output relay contacts 6-3
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time 3-12
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utilities 3-12

\%

version descriptions 2-v
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virtual inputs 3-11, 3-12, 5-11, L-11
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Software Installation Instructions

To Install Software
on your Computer

The CD-ROM contains software and the User Manual for the L-PRO Line Pro-
tection Relay.

Software isinstalled directly from the CD-ROM to a Windows PC. Alterna-
tively, you can create installation diskettes to install software on computers
without a CD-ROM drive.

The CD-ROM contains the following:

» L-PRO Offliner Settings: Offline settings program for the relay
¢ L-PRO Firmware: Firmware and installation instructions
¢ L-PRO User Manual: manual in PDF format

Insert the CD-ROM in your drive. The CD-ROM should open automatically.
If the CD-ROM does not open automatically, go to Windows Explorer and find
the CD-ROM (usually on D drive). Open the L-PRO.exefileto launch the CD-
ROM.

Toinstall the software on your computer, click the desired item on the screen.
Theinstallation program launches automatically. Installation may take afew
minutes to start.

To view the User Manual you must have Adobe Acrobat on your computer. I
you need a copy, download a copy by clicking on Download Adobe Acrobat.

D02333R03.51

L-PRO User Manual 2100 1






	Preface
	Contact Information
	Table of Contents
	Version Compatibility and Release History
	Using This Guide
	1 Overview
	Introduction
	Front View
	Rear View
	AC Current and Voltage Inputs
	External Inputs
	Output Relay Contacts
	Relay Inoperative Alarm Output

	Optional I/O Rear View
	Optional External Inputs
	Optional Output Relay Contacts

	Model Options/Ordering

	2 Setup and Communications
	Power Supply
	Case Grounding

	IRIG-B Time Input
	Communicating with the Relay (IED)
	Direct Serial Link
	Modem Link - External
	Modem Link - Internal
	Network Link

	Using HyperTerminal to Access the Relay’s User Interface
	Ending a User Interface Session

	Setting the Baud Rate
	Direct Serial Link

	Accessing the Relay’s SCADA Services
	Protocol Selection
	Communication Parameters
	Diagnostics

	Communication Port Details
	Maintenance Menu
	Firmware Update

	3 Using the IED (Getting Started)
	Start-up Sequence
	Front Panel Display
	LED Lights
	Push Buttons
	Display

	Terminal Mode
	Passwords
	Terminal Mode Menus
	ID
	Settings
	Metering
	Records
	Event Log
	Utilities
	Access
	Quit

	Metering Data
	Front Panel Metering
	TUI Metering


	4 Protection Functions and Specifications
	Protection and Recording Functions
	21P Phase/21N Ground Distance Mho
	21N Ground Distance Quadrilateral
	Relay Method of Memory Polarization
	Ring Filter
	Directional Element
	Directional Element Outputs
	Settings
	21P and 21N Phase Selector
	CCVT Transient Compensation on 21 Devices
	Line Energization Supervision Logic
	68 Out Of Step
	Dead Line Pickup
	Weak Infeed
	25/27/59 Sync Check
	79 Recloser
	59 Main/Auxiliary Overvoltage
	27 Main/Auxiliary Undervoltage
	60 AC Loss of Potential
	81 Frequency
	50LS Overcurrent
	50BF Breaker Failure
	50/51/67 Phase Overcurrent
	50N/51N/67 Neutral Overcurrent
	46-50/46-51/67 Negative Sequence Overcurrent
	Adaptive Additional Delay for 50 O/C Elements
	Directional Control
	Z Circle Trigger
	Fault Locator
	ProLogic
	Group Logic

	Communication-Aided Scheme
	50/51N OC Carrier Start and Block Logic
	Basic Logic
	POTT Logic
	DCB Logic
	PUTT Logic

	Recording Functions
	Fault Recording
	Swing Recording
	Event Recording
	Record Initiation
	Record Duration and Extension
	Record Storage

	Logging Functions
	Event Log


	5 Offliner Settings Software
	Introduction
	PC System Requirements

	Installing PC Software
	Offliner Features
	Graphing Protection Functions

	Handling Backward Compatibility
	Converting a Settings File
	Sending a New Setting File to the Relay
	Creating a Setting File from an Older Version

	RecordBase View Software
	Main Branches from the Tree View
	Identification
	System Parameters
	Record Length
	Setting Groups
	ProLogic
	Group Logic
	Output Matrix
	Settings Summary

	Settings From a Record

	6 Acceptance/Protection Function Test Guide
	Acceptance Testing
	Test Equipment Requirements
	Calibration
	Testing the External Inputs
	Testing the Output Relay Contacts

	L-PRO Acceptance Test Procedure Outline
	Devices to Test:
	Download Acceptance Test File
	About the Acceptance Test Setting File
	60 Loss of Potential (LOP) Test
	21P1 Phase Distance Test
	21P2 Phase Distance Test
	21N2 Ground Distance Test
	Weak Infeed Test
	Dead Line Pickup Test
	68 Out of Step Test
	Change Setting Group
	27 Undervoltage Test
	59 Overvoltage Test
	50N/51N Neutral Overcurrent Test
	50/51 Phase Overcurrent Test
	46-50/46-51 Negative Sequence Overcurrent Test
	Directional Element Positive Sequence Current Supervision Threshold (50ILpos) Test
	50BF (Breaker Fail) and 50LS (Low Set Overcurrent) Tests
	81 Overfrequency and Underfrequency Test
	25/27/59 Sync Check Test
	79 Recloser Test


	7 Installation
	Physical Mounting
	Standard 3U
	Optional 4U

	AC and DC Wiring
	Communication Wiring
	EIA-232
	RJ-45
	IRIG-B Wiring


	Appendix A IED Specifications
	Distance Element Operating Time Curves at Nominal Frequency
	Frequency Element Operating Time Curves
	External Input Pickup Filter

	Appendix B IED Settings and Ranges
	Settings and Ranges

	Appendix C Hardware Description
	External Input and Comm Board
	Relay Output Board
	Power Supply Board
	AC Analog Input Board
	Main Processor Board (MPB)
	486 CPU Board
	Front Panel Board

	Appendix D Event Messages
	Details of Failure Modes
	Self Check Fail due to DC Offset Detector

	Appendix E Modbus RTU Communication Protocol
	Appendix F DNP3 Communication Protocol
	Device Profile
	Implementation Table
	Point List

	Appendix G Mechanical Drawings
	Appendix H Rear Panel Drawings
	Appendix I AC Schematic Drawings
	Appendix J DC Schematic Drawings
	Appendix K Function Logic Diagram
	Appendix L L-PRO Setting Example
	Protection, Timers and I/O Status
	Latch Status
	Event Status Reset
	Viewing Active Setting Group
	Front Panel Active Setting Group
	Flash Memory Write
	Switching Setting Groups
	Using One External Input to Toggle Setting Group
	Using Three External Inputs to Toggle Setting Group
	Using ProLogic to Qualify Group Logic Statements

	79 Auto-recloser examples
	79 Recloser Settings
	Test Configuration
	Virtual Inputs
	Main and Auxiliary Circuit Breaker Trip Logic
	Circuit Breaker Simulator Logic
	Testing The 79 Recloser
	Communication- aided Tripping Schemes
	Current Reversal Logic example
	Communication- aided Tripping Scheme Timer Considerations


	Index
	Software Installation Instructions
	To Install Software on your Computer




