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Preface

This instruction manual provides information about the installation and operation of the BE1-11¢g
Generator Protection System. To accomplish this, the following information is provided:
General information and a quick start guide

Controls and indicators

Inputs and outputs

Protection and control functions

Reporting and alarms information

Mounting and connection diagrams

BESTCOMSPIus® software

Communication and security

Testing and troubleshooting procedures

Specifications

Time curve characteristics

RTD module (optional)

Optional instruction manuals for the BE1-11g include:

e Modbus® communication protocol (Basler Electric part number 9424200774)
o Distributed Network Protocol (DNP) (Basler Electric part number 9424200773)
e |EC 61850 communication protocol (Basler Electric part number 9424200892)

Conventions Used in this Manual

Important safety and procedural information is emphasized and presented in this manual through
warning, caution, and note boxes. Each type is illustrated and defined as follows.

Warning boxes call attention to conditions or actions that may cause
personal injury or death.

Caution

Caution boxes call attention to operating conditions that may lead to
equipment or property damage.

Note

Note boxes emphasize important information pertaining to installation
or operation.

BE1-11g
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READ THIS MANUAL. Read this manual before installing, operating, or maintaining the BE1-11g. Note
all warnings, cautions, and notes in this manual as well as on the product. Keep this manual with the
product for reference. Only qualified personnel should install, operate, or service this system. Failure to
follow warning and cautionary labels may result in personal injury or property damage. Exercise
caution at all times.

Caution

Installing previous versions of firmware may result in compatibility issues causing the inability to
operate properly and may not have the enhancements and resolutions to issues that more recent
versions provide. Basler Electric highly recommends using the latest version of firmware at all times.
Using previous versions of firmware is at the user’s risk and may void the warranty of the unit.

Basler Electric does not assume any responsibility to compliance or noncompliance with national code, local code,
or any other applicable code. This manual serves as reference material that must be well understood prior to
installation, operation, or maintenance.

For terms of service relating to this product and software, see the Commercial Terms of Products and Services
document available at www.basler.com/terms.

This publication contains confidential information of Basler Electric Company, an lllinois corporation. It is loaned for
confidential use, subject to return on request, and with the mutual understanding that it will not be used in any
manner detrimental to the interests of Basler Electric Company and used strictly for the purpose intended.

It is not the intention of this manual to cover all details and variations in equipment, nor does this manual provide
data for every possible contingency regarding installation or operation. The availability and design of all features
and options are subject to modification without notice. Over time, improvements and revisions may be made to this
publication. Before performing any of the following procedures, contact Basler Electric for the latest revision of this
manual.

The English-language version of this manual serves as the only approved manual version.
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Revision History

A historical summary of the changes made to this instruction manual is provided below. Revisions are
listed in reverse chronological order.

Visit www.basler.com to download the latest hardware, firmware, and BESTCOMSP/us® revision
histories.

Instruction Manual Revision History

Manual

Revision and Date

Change

AG, Jul-25

Added FCC compliance statement
Updated China RoHS compliance table
Changed mentions of BESTwave to BESTdata

AF, Sep-24

Removed references to the product CD

Removed language regarding plugin application

Corrected path to Driver Installer location in Quick Start chapter
Updated specifications

Updated description of IG mode

Updated BESTCOMSPIus system requirements

AE, Dec-23

Added China RoHS compliance

AD, Feb-23

Updated isolation specifications
Added a note about recommended wire size and earth ground
Updated procedure to download and install BESTCOMSPIus

AC, Feb-22

Added UKCA Compliance to the BE1-11g and RTD Module

AB, Jul-21

Removed the RTD Module’s UL Recognition for use in Hazardous Locations
Minor text edits

AA, Jul-21

Added information on terminal strip kit and BE3-GPR adapter plate to the
Mounting chapter

Updated backup battery types

Minor text edits throughout manual

Z, Sep-19

Added support for BESTCOMSPIus version 4.00.00
Removed Rev Letter from all pages

Changed sequential numbering to sectional numbering
Moved Instruction Manual Revision History into Preface
Removed standalone Revision History chapter

Minor text edits throughout manual

Y, Feb-19

Added descriptions for settings in the Power Quality chapter
Added RoHS 2 to the Specifications chapter

Removed references to RTD module part numbers 944410103 and
944410104 from the RTD Module chapter

Minor text edits throughout manual

X1, Nov-18

Added Prop 65 warning on back of cover page

X, Aug-18

Added description for DNP Time in UTC setting
Other minor improvements

W, Apr-18

Corrected Power metering ranges listed in the Metering and Specifications
chapters
Added revision history for new versions of hardware, firmware, and software

V, Nov-17

Updated description of Unbalance mode for 50 and 51 elements

Updated description of Pulse mode for 43 Virtual Control Switches
Updated 52 Trip Circuit Monitor circuit drawing and table for current draw
Added specifications for new RTD module part numbers 9444100103 and
9444100104

Other minor text edits
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Manual

Revision and Date Change
U, Jul-17 e Added support for BE1-11¢g BESTCOMSPIus version 3.17.01
T, May-17 e Added support for BE1-11g firmware version 2.11.01 and BESTCOMSPIus
version 3.17.00
e Minor text edits throughout manual
S, Feb-17 e Added USB Driver Did Not Install Properly to the Troubleshooting chapter
e Added caution statement about nonvolatile memory to the BESTlogicPlus
chapter
e Text edits throughout manual
R, Jul-16 e Added support for BE1-11g firmware version 2.10.00 and BESTCOMSPlus
version 3.14.00
e Minor text edits
Q e This revision letter not used
P, Dec-15 e Added support for BE1-11g firmware version 2.09.00 and BESTCOMSPIus
version 3.11.00
¢ Replaced several BESTCOMSP/us settings screens showing primary and
secondary values
e Added Units of Selectable Parameters table in the RTD Module chapter
e Added BESTCOMSPIus Settings Loader Tool chapter
e Minor text edits
O e This revision letter not used
N, Sep-14 ¢ Added Conformal Coating to Option 2 in Figures 1 and 264
e Added power supply burden for J type case
e Corrected Figures 337 (A1 Curve), 348 (B1 Curve), and 353 (C1 Curve) in

the Time Curve Characteristics chapter
Text edits throughout manual

M, Apr-14 e Added support for BE1-11g firmware version 2.08.00 and BESTCOMSPIus
version 3.06.00

e Added a Stator Ground (64G) Protection chapter

e Added Step 2 and updated Step 3 under Element Operation, Control of
Virtual Control Switches in the Virtual Control Switches (43) chapter

e Added total height to the H1 Panel-Mount Case Dimensions figure in the
Mounting chapter

¢ Added Offline Logic Simulator description in the BESTlogicPlus chapter

e Changed the order of the Inverse Overcurrent (51) curves in the Time Curve
Characteristics chapter

L, Feb-14 e Removed product registration information

K, Dec-13 Added support for BE1-11g firmware version 2.07.00 and BESTCOMSPIus

version 3.05.02

Moved revision history to the back of the manual

Added description of QR code in Tables 2 and 3

Added QR code in Figures 2, 23, and 24

Updated PC requirements for BESTCOMSPIus software

Moved Frequently Asked Questions from the Troubleshooting chapter into a

new chapter

e Added Table 11, Common System and Sensing Transformer Combinations
for the 25 element

e Corrected trip circuit monitor jumper illustration

J, Mar-13 e Added 10-Second Frequency description in the Power Quality chapter

e Added Figure 206, Single-Phase Current Sensing Connections in the Typical
Connections chapter

e Added Specifications - 25 Hz Operation chapter

e Added Digital Points chapter

| e This revision letter not used
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Manual
Revision and Date

Change

H, Jan-13

Improved the 87N element equations and test procedure

Improved the 40Z element test procedure

Added case overlap in Figure 183, J Type Case - Cutout and Dirilling
Dimensions in the Mounting chapter

Added optional second set of CTs in Figure 204

Added drawings in the Power System Applications chapter

Added Storage statement in the RTD Module chapter

G, Nov-12

Added description of Delta/\Wye Compensation Enable setting and replaced
Figure 84, Distance Settings Screen in the Distance Protection (21) chapter
Added Storage statement in the Quick Start chapter

Minor text edits throughout manual

F, Sep-12

Converted manual into new style and structure
Added support for BE1-11g firmware version 2.06.00 and BESTCOMSPlus
version 3.00.02

E, Mar-11

Replaced Figure 3-13, Auto Export Metering (Added Filter button on screen)
Replaced Figure 13-18, Voltage Sensing, Alternate VTP Inputs (Added
connection between C14 & C16 in image B)

D, Nov-10

Added P Case Option and IEC 61850 Ethernet Protocol option to the Style
Chart in Section 1

Added EN 61000-6-2 and EN 61000-6-4 under General Specifications, CE
Compliance in Section 1

Added DNP Certification, IEC 61850 Certification, and IP Class under
General Specifications in Section 1

Added Display Units in Section 4

Added Configure Ethernet Port under Ethernet in Section 5

Added Breaker Status, and 86 Lockout Status under Status in Section 8
Added Figure 13-3, H1 Panel-Mount Case Dimensions

C, Jul-10

Replaced Figures 13-17, 13-27, and 13-28. Added a connection between
C16 (VN) and C14 (VB)

B, Oct-09

Added Note #3 to Style Chart in Section 1 “If Phase Current choice is 1,
Ground Current choice must be B”

Improved listing of Standards and CE Compliance in Section 1, General
Information, General Specifications

Section 1: Added statement about an evaluation copy of BESTWAVEPIus™
being included on the product CD

In Section 9, changed 27 and 59 time delays from “0 or 50 to 600,000 ms” to
“50 to 600,000 ms”

A, Aug-09

Renamed “Neutral Current” option to “Ground Current” in Figure 1-1, Style
Chart
Updated Figure 3-25, Basler Electric Device Package Uploader

—, Jun-09

Initial release
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1 e Introduction

The BE1-11g Generator Protection System provides flexible, reliable, and economical protection, control,
monitoring, and measurement functions for small, medium, and large generators. The BE1-11g offers
vector jump, out of step, distance, phase and neutral current differential, overexcitation (V/Hz),
overcurrent, directional overcurrent, over/undervoltage, over/underfrequency, sync-check, RTD
(Resistance Temperature Detector) with remote module, breaker failure, and fuse loss protection. It offers
breaker- and trip-circuit monitoring, and oscillography and sequential events recording. Control features
include virtual selector switches, circuit breaker control, virtual lockout, and variable-mode timers. An auto
synchronizer is optional. System metering, status information, and fault locating are available at the
BE1-11g front panel and through the BE1-11g communication ports. The capabilities of the BE1-11¢g
make it suitable for detecting generator faults and abnormal operating conditions in an integrated system.
Suitable BE1-11g applications include large power generation, distributed generation, local backup
generation, and intertie protection applications.

A front-panel USB port or optional rear Ethernet port enables local communication between the BE1-11g
and a PC operating with BESTCOMSPIus® software. BESTCOMSPIus software simplifies the
commissioning process by providing a graphical interface for setting the BE1-11g and configuring a
protection and control scheme for your application. Through BESTCOMSPIus, all BE1-11g settings and
logic can be retained in a file for printing or uploading to other BE1-11g protection systems. Oscillography
and sequential events records can be retrieved from a BE1-11g, viewed, and printed.

Front-panel features include a large, backlit alphanumeric display and LED indicators that display system
parameters, BE1-11g settings, and BE1-11g status. Pushbuttons enable navigation through the display
menu, changes to settings, resetting of targets (with password access), and direct access to virtual
switches.

Applications

The capabilities of the BE1-11¢g make it ideally suited for applications with the following attributes:

e Generator specific protection and control elements including loss of field, out of step, stator
ground protection, and sync check or synchronizer

e Generator focused protection including reverse power, negative-sequence, overexcitation, and
differential

e |solation between the RTDs and the BE1-11g due to distance between the BE1-11g package and
the RTD module

e Low burden to extend the linear range of CTs

e The flexibility provided by wide setting ranges, multiple setting groups, and multiple coordination
curves in one unit

e The economy and space savings provided by a multifunction, multiphase unit. This one unit can
provide all of the protection, control, metering, and local and remote indication functions required
for typical applications.

o Directional control and fault recording
e High-speed Ethernet communications and protocol support
e The capabilities of a numeric multifunction relay

e The small size and limited behind-panel projection facilitates modernizing protection and control
systems in existing equipment

e Detection of low ground current levels (SEF option)
e |EC 61850 functionality

e Logic library with logic schemes for basic low Z grounded generator protection, low Z grounded
generator with sequential trip, low Z grounded generator with sequential trip and sync check,
basic high Z grounded generator protection, high Z grounded generator protection

BE1-11g Introduction
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Features

The BE1-11g protection system includes many features for the protection, monitoring, and control of
power system equipment. These features include protection and control functions, metering functions,
and reporting and alarm functions. A highly flexible programmable logic system called BESTlogic™Plus
allows the user to apply the available functions with complete flexibility and customize the system to meet
the requirements of the protected power system. Programmable 1/O, extensive communication features,
and an advanced user interface provide easy access to the features provided.

The following information summarizes the capabilities of this multifunction device. Each feature, along
with its setup and use, is described in greater detail in the later chapters of this manual.

General Features

HMI (Human-Machine Interface)

Each BE1-11g has a front-panel display and LED indicators. Protection systems in an H or P style case
have five LED indicators: Power Supply Status, Relay Trouble Alarm, Minor Alarm, Major Alarm, and Trip.
Protection systems in a J style case have 12 LED indicators: Power Supply Status, Relay Trouble Alarm,
Minor Alarm, Major Alarm, Trip, Select Control Switch, Operate Control Switch, and Indicator 1 through 7
(programmable in BESTlogicPlus). The backlit, liquid crystal display (LCD) allows the BE1-11g to replace
local indication and control functions such as panel metering, alarm annunciation, and control switches.
Four scrolling pushbuttons enable navigation through the LCD menu tree. Parameters are changed using
the Edit pushbutton. Targets, alarms, and other registers are cleared with the Reset pushbutton. In Edit
mode, the scrolling pushbuttons provide data entry selections. Edit mode is indicated by an LED on the
Edit pushbutton. Protection systems in a J-style case have pushbuttons for selecting and controlling the
virtual control switches.

The LCD has automatic priority logic to govern which metering values are displayed on the screen so that
when an operator approaches, the metering data of most interest is automatically displayed without
having to navigate the menu structure. Scrollable metering parameters are selected on the General
Settings, Front Panel HMI settings screen in BESTCOMSP/us.

Device Information

The version of the embedded software (firmware), serial number, and style number are available from the
front-panel display or the communication ports.

Three free-form fields (Device ID, Station ID, and User ID) can be used to enter information to identify the
BE1-11g. These fields are used by many of the reporting functions to identify the BE1-11g reporting the
information. Examples of BE1-11g identification field uses include station name, circuit number, relay
system, and purchase order, and others.

Device Security

Security settings affect read and write access. Passwords provide access security for six distinct
functional access areas: Read, Control, Operator, Settings, Design, and Administrator. Each
username/password is assigned an access area with access to that area and each area below it. An
administrator password provides access to all six of the functional areas.

A second dimension of security is provided by the ability to restrict access for any of the access areas to
only specific communication ports. For example, you could set up security to deny access to control
commands through the Ethernet port.

Setting Groups

Four setting groups allow adaptive relaying to be implemented to optimize BE1-11g settings for various
operating conditions. Automatic and external logic can be employed to select the active setting group.

Clock

The clock is used by the logging functions to timestamp events. BE1-11¢g timekeeping can be self-
managed by the internal clock or coordinated with an external source through a network or IRIG device.

Introduction BE1-11g
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A backup capacitor and additional battery backup are provided for the clock. During a loss of operating
power, the backup capacitor maintains timekeeping for up to 24 hours depending on conditions. As the
capacitor nears depletion, the backup battery takes over and maintains timekeeping. The backup battery
has a life expectancy of greater than five years depending on conditions.

IRIG

A standard unmodulated IRIG-B input receives time synchronization signals from a master clock.
Automatic daylight saving time compensation can be enabled and set for floating or fixed dates.

NTP (Network Time Protocol)

NTP synchronizes the real-time clock to network time servers through the Ethernet port. BESTCOMSPIus
is used to establish the priority of time reference sources available to the BE1-11g, IRIG-B, NTP, DNP,
and RTC (real-time clock). The NTP address is set using BESTCOMSPlus.

Communications

Three independent communication ports provide access to all BE1-11g functions. A USB (universal serial
bus) port is located on the front panel, a two-wire RS-485 port is located on the rear panel, and an
optional Ethernet port is also located on the rear panel. The RS-485 and Ethernet ports are electrically
isolated.

Modbus® and DNP3 protocols are optionally available for the RS-485 or Ethernet communication port.
The IEC 61850 protocol is optionally available for the Ethernet port when RS-485 option is N (None).
Separate instruction manuals cover each available protocol. Consult the product bulletin or Basler Electric
for availability of these options and instruction manuals. Modbus sessions can be operated
simultaneously over the Ethernet and RS-485 ports.

System Parameters

Three-phase currents and voltages are digitally sampled and the fundamental is extracted using a
Discrete Fourier Transform (DFT) algorithm.

The voltage sensing circuits can be configured for single-phase, three-phase-three-wire, or four-wire
voltage transformer circuits. Voltage sensing circuitry provides voltage protection, frequency protection,
polarizing, and watt/var metering. Neutral-shift, positive-sequence, and negative-sequence voltage
magnitudes are derived from the three-phase voltages. Digital sampling of the measured frequency
provides high accuracy at off-nominal values.

An auxiliary voltage sensing input (Vx) provides protection capabilities for over/undervoltage monitoring of
the fundamental and third harmonic voltage of the VT source connected to the Vx input. This capability is
useful for ground fault protection or sync-check functions.

Each current sensing circuit has low burden and is isolated. Neutral, positive-sequence, and negative-
sequence current magnitudes are derived from the three-phase currents. An independent ground current
input is available for direct measurement of the current in a transformer neutral, tertiary winding or flux
balancing current transformer. Either one or two sets of CTs are provided in the BE1-11g depending on
the style number. Refer to the style chart for more information.

Programmable Inputs and Outputs

Programmable contact inputs and outputs are described in the following paragraphs.

Programmable Inputs

Programmable contact sensing inputs with programmable signal conditioning provide a binary logic
interface to the protection and control system. Each input function and label is programmable using
BESTlogicPlus. A user-meaningful label can be assigned to each input and to each state (energized and
de-energized) for use in reporting functions. Board mounted jumpers support dual voltage ratings.

Protection systems in a J style case are equipped with either seven or 10 contact sensing inputs. Refer to
the style chart for 1/0 options. Protection systems in an H or P style case are equipped with four contact
sensing inputs.

BE1-11g Introduction
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Programmable Outputs

Programmable general-purpose contact outputs provide a binary logic interface to the protection and
control system. One programmabile, failsafe contact output serves as an alarm output. Each output
function and label is programmable using BESTlogicPlus. A user-meaningful name can be assigned to
each output and to each state (energized and de-energized) for use in reporting functions. Output logic
can be overridden to open, close, or pulse each output contact for testing or control purposes. All output
contacts are trip rated.

Protection systems in a J style case are equipped with either eight or five general-purpose contact
outputs. Refer to the style chart for I/O options. Protection systems in an H or P style case are equipped
with five general-purpose contact outputs.

Reporting and Alarms

Several reporting and alarm functions provide fault reporting, differential reporting, demand, breaker, and
trip circuit monitoring. Reporting of power quality, energy data, and general status is also provided.

Alarms

Extensive self-diagnostics will trigger a fatal relay trouble alarm if any of the BE1-11g core functions are
compromised. Fatal relay trouble alarms are not programmable and are dedicated to the Alarm output
(OUTA) and the front panel Relay Trouble LED. Additional relay trouble alarms and all other alarm
functions are programmable for major or minor priority. Programmed alarms are indicated by major or
minor alarm LEDs on the front panel. Major and minor alarm points can also be programmed to any
output contact including OUTA. Over 50 alarm conditions are available to be monitored including user-
definable logic conditions using BESTlogicPlus.

Active alarms can be read and reset at the front panel or through the communication ports. A historical
sequence of events report with time stamps lists when each alarm occurred and cleared. These reports
are available through the communication ports.

Breaker Monitoring

Breaker statistics are recorded for a single breaker. They include the number of operations, fault current
interruption duty, and breaker time to trip. Each of these conditions can be set to trigger an alarm.

Trip Circuit Monitor (62TCM)

The trip circuit of a breaker or lockout relay can be monitored for loss of voltage (fuse blown) or loss of
continuity (trip coil open). Additional trip or close circuit monitors can be implemented in BESTlogicPlus
using additional inputs, logic timers, and programmable logic alarms.

Demands

Demand values are continuously calculated for phase currents, neutral current, negative-sequence
current, ground current, real power, reactive power, and apparent power. The demand interval and
demand calculation method are independently settable for phase, neutral, and negative-sequence
measurements. Demand reporting records peak and present demand with time stamps for each register.

Power Quality

The BE1-11g offers IEC 61000-4-30 Class B power quality measurement performance. Power quality
settings include a fixed or sliding reference mode, dip hysteresis, dip ratio, swell hysteresis, and swell
ratio.

Energy Data Reporting

Energy information in the form of watthours and varhours is measured and reported by the BE1-11g. Both
positive and negative values are reported in three-phase, primary units.

General Status Reporting

The BE1-11g provides extensive general status reporting for monitoring, commissioning, and
troubleshooting. Status reports are available from the front-panel display or communication ports.

Introduction BE1-11g
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Fault Reporting

Fault reports consist of simple target information, fault summary reports, and detailed oscillography
records to enable the user to retrieve information about disturbances in as much detail as is desired. The
BE1-11g records and reports oscillography data in industry-standard IEEE, COMTRADE format to allow
using any fault analysis software. Basler Electric provides a Windows® based program called BESTdata
that can read and plot binary or ASCII format files that are in the COMTRADE format. BESTdata software
is free and available at www.basler.com.

Sequence of Events Recorder

A Sequence of Events Recorder (SER) records and time stamps all BE1-11g inputs and outputs as well
as all alarm conditions monitored by the BE1-11g. Time stamp resolution is to the nearest half-cycle. I/O
and Alarm reports can be extracted from the records as well as reports of events recorded during the time
span associated with a specific fault report.

Protection and Control

The BE1-11g includes protection elements that monitor voltage, current, power, phase angle, frequency,
temperature, and more to provide protection against faults and abnormal operating conditions. Control
elements make the BE1-11g capable of controlling complex distribution configurations. The following
paragraphs describe each protection and control function.

Overexcitation (24) Protection

One volts per hertz protection element provides overexcitation protection for a generator and/or
transformer.

Sync-Check (25) Protection

With the auxiliary voltage input connected to the bus, one sync-check function provides synchronism
protection. Sync-check protection checks for phase angle difference, magnitude difference, frequency
difference (slip) and, optionally, if the three-phase VT frequency is greater than the auxiliary VT
frequency. One voltage monitor output (25VM) provides independent dead/live voltage closing logic.

Undervoltage (27P) and Overvoltage (59P) Protection

Five phase undervoltage and four phase overvoltage elements are included. Phase
undervoltage/overvoltage protection can be set to operate when one, two, or three phases decrease
below the pickup level. When a four-wire voltage transformer connection is used, under/overvoltage
protection can be set for either phase-to-phase voltage or phase-to-neutral voltage. The 27P elements
are equipped with an undervoltage inhibit feature. Inverse or definite time can be selected.

Auxiliary Undervoltage (27X) and Auxiliary Overvoltage (59X) Protection

Four auxiliary overvoltage and four auxiliary undervoltage elements provide over/undervoltage protection.
Auxiliary voltage protection elements can be set to monitor separately the third harmonic, neutral-shift,
positive-sequence, negative-sequence, or auxiliary fundamental voltages. Ground unbalance protection is
provided when the auxiliary voltage input is connected to a source of 3V0 such as a broken-delta VT or
when 3V0 mode is selected to obtain calculated offset voltage from the phase quantities. The 27X is
equipped with an undervoltage inhibit feature. Inverse or definite time can be selected.

Vector Jump (78) Protection

One vector jump protection element protects the generator by disconnecting it from the grid when a loss
of mains or mains failure occurs, preventing the generator from remaining tied to the mains if the mains
returns due to an external reclose device.

Frequency (81) Protection

Eight independent frequency elements can be set for over, under, or rate of change (81R) frequency
operation. Each can be set separately to monitor the frequency on the main three-phase voltage input or
the Vx input. Rate of change can be set to operate on positive, negative, or “either”.

BE1-11g Introduction
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Note

BE1-11g protection systems enabled for IEC-61850 communication
(style Gxxxx5xxxxxxxx) have their frequency protection elements fixed
at four underfrequency elements, two overfrequency elements, and
two frequency rate-of-change elements.

Instantaneous Overcurrent (50) Protection

Directional overcurrent protection is provided by six instantaneous overcurrent elements. Digital signal
processing filters out unwanted harmonic components while providing fast overcurrent response with
limited transient overreach and overtravel.

Instantaneous overcurrent elements can be set for single-phase, three-phase, ground, neutral, positive-
sequence, negative-sequence, or unbalanced protection.

Breaker Failure (50BF) Protection

One breaker failure function provides protection and security for the power system against failure of the
monitored breaker.

Inverse Overcurrent (51) Protection

Seven inverse overcurrent elements can be set for single-phase, three-phase, ground, neutral, positive-
sequence, negative-sequence, or unbalanced protection. Inverse-overcurrent functions employ a dynamic
integrating timing algorithm covering a range from pickup to 40 times pickup with selectable
instantaneous or integrated reset characteristics. Inverse time overcurrent curves conform to IEEE Std
C37.112-1996 - IEEE Standard Inverse-Time Characteristic Equations for Overcurrent Relays, and
include seven curves similar to Westinghouse/ABB CO curves, five curves similar to GE |AC curves, four
table curves, a fixed time curve, and a user programmable curve.

Phase inverse overcurrent elements can be voltage restrained or controlled for generator backup
applications. Negative-sequence current protection (46) is included as a mode of the 51 (inverse
overcurrent) element. Each inverse overcurrent element can be set separately for forward, reverse, or
non-directional control.

A separate ground current input provides ground overcurrent protection for a separate ground CT.
Optionally, an SEF (sensitive earth fault) version of the separate ground CT is available.

Phase Current Differential (87) Protection (style GxxxxxxxPxxxxx or GXxxxxxx TXxXxxx)

One phase current differential element provides three-phase, percentage-restrained, differential
protection with dual-slope, in-phase, differential mode. In flux balance mode, the differential CTs are
connected in a flux balancing configuration.

Neutral Current Differential (87N) Protection (style GxxxxxxxPxxxxx or GXxXxxxxx TXxxxx)

One neutral current differential element provides sensitive phase-to-ground fault differential protection for
the wye winding of the transformer.

Power (32) Protection

Two directional power elements can be set for forward or reverse, overpower or underpower protection.
The element can be used for any application requiring directional power flow detection including intertie
protection (interconnects between an electric utility and a source of non-utility generation). The power
measurement algorithm is adapted as appropriate for any possible three-phase or single-phase voltage
transformer connection. Directional Power Protection can be set for one of three, two of three, three of
three, or total power.
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Note

BE1-11g protection systems enabled for IEC-61850 communication
(style Gxxxx5xxxxxxxx) have their power protection elements fixed at
one underpower element and one overpower element.

Loss of Excitation - Reverse Var Based (40Q) Protection

One loss of excitation element monitors three-phase reactive power (vars) to determine when a loss of
field condition exists.

Loss of Excitation - Impedance Based (40Z) Protection

One loss of excitation element implements a two zone offset mho characteristic to protect against varying
load conditions.

Distance (21) Protection

Two distance protection elements provide backup protection in applications where the protected zone is
connected to the transmission. Settings are provided to configure a zone of reach using a mho circle.

Out of Step (7800S) Protection

When a generator loses synchronism, high peak currents and off-frequency operation can cause winding
stress, high rotor iron currents, pulsating torques, and mechanical resonances that may be damaging to
the machine. The out of step element monitors the generator or step-up transformer terminals and
detects an out-of-step condition based on the rate of impedance change.

Resistance Temperature Detector (49RTD) Protection

Fourteen resistance temperature detector elements provide over/undertemperature protection in
applications where a remote RTD module is connected to the BE1-11g via Ethernet or RS-485 cable. For
more information, refer to the RTD Module chapter.

Analog Input Protection

Eight analog input protection elements monitor external analog input signals when two remote RTD
modules are connected via an Ethernet or RS-485 cable. Four analog inputs are provided with each RTD
module.

Fuse Loss (60FL)

A fuse loss element protects against false tripping due to a loss of voltage sensing. Voltage transformer
circuit monitoring adds security by detecting problems in the voltage transformer sensing circuits and
preventing misoperations of the 21, 24, 25, 25A, 27, 27X, 32, 40Z, 59, 59X, 67, 78V, and 51/27 functions.

Auto Synchronizer (25A) (style GxxxxxxxSxxxxx or GXxxxxxx TXxxxx)

An auto synchronizer element synchronizes a generator to a bus by matching the voltage, frequency, and
phase angle. Modes are provided for Phase Lock Loop or Anticipatory operation.

Breaker Control Switch (101)

Tripping and closing of a selected breaker can be controlled by the virtual breaker control switch. The
virtual breaker control switch is accessed locally at the front panel or remotely through the communication
ports.

Virtual Control Switches (43)

Five virtual control switches are accessed locally at the front panel or remotely through the
communication ports. Virtual switches can be used to trip and close additional switches or breakers, or
enable and disable certain functions.
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Logic Timers (62)

Eight logic timers with six modes of operation emulate virtually any type of timer.

Lockout Functions (86)

Two lockout elements are provided.

BESTIlogic™Plus Programmable Logic

Each BE1-11g protection and control function is implemented in an independent function element. Every
function block is equivalent to its single function, discrete device counterpart so it is immediately familiar
to the protection engineer. Each independent function block has all of the inputs and outputs that the
discrete component counterpart may have. Programming with BESTlogicPlus is equivalent to choosing
the devices required by your protection and control scheme and then drawing schematic diagrams to
connect the inputs and outputs to obtain the desired operating logic.

Custom logic settings allow you to tailor the BE1-11g functionality to match the needs of your operation's
practices and power system requirements.

Metering Functions

Metering is provided for the following parameters:
e Primary and secondary voltages (P-P, P-N, V1, V2, 3V0, Vx, Vx 3™ harmonic)
e Frequency (phase and auxiliary)
e Primary and secondary currents (phase, ground, 11, 12, 310)
e Power (real, reactive, apparent)
e Power factor
e  Synchronization
e Phase differential (lop, Ir, 2" Harmonic, 5" Harmonic)
e Neutral differential (lop)
e Energy (total watthours and total varhours)
e Analog inputs and outputs
e RTD input temperatures

Model and Style Number Description

BE1-11g electrical characteristics and operational features are defined by a combination of letters and
numbers that make up the style number. The style number describes the options included in a specific
device and appears on labels located on the front panel and inside the case. Upon receipt of a BE1-11g,
be sure to check the style number against the requisition and the packing list to ensure that they agree.
The model number and style number are shown in Figure 1-1.
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MODEL NUMBER

BE1-11

00000

1-9

STYLE NUMBER 1

[ ]

LIEIL]
L
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[ ]
=

E

BE1-11g

Firmware
Ph G d RS-485 Port Network 00) Latest release
: . ase roun O etworl XX) Specific fixed rell
Application Inputs/Outputs X ) Specific fixed release
Current Current Protocol Connections
G) Generator 3 Phase Ground N) None 1) Standard /O, 0) Copper Ethernet Option 2
1) 1A A) BA M) Modbus™ N.O. Alarm 1) Fiber Optic
5) 5A (83,) ;»EF D) DNP3 2) ﬁt_?ﬁ;rxo‘ Ethernet 0) None
Dual 3 Phase & A A 3) 10 Inputs/5 Outputs, C) Conformal Coating
2) 1A N.O. Alarm /_E
6) bA D) 5A B5A 4) 10 Inputs/5 Outputs,
f} ii ii E; ;EF 75'; N.C. Alarm
A G) SEF 1A AN /D AR
Ethernet .
Power I Option 1
e e Protocol Case P Opton3 |
1) 48/125 Vac/Vdc 0) No Ethernet H) H1 Rack Mount N) None E) None %
2) 125250 VacNdc 1) BESTnet™Plus only J) Vertical Case P) Current Differential
3) 24 Vdc 2) Modbus TCP with P) H1 Panel Mount S) Auto Synchronizer
BESTnetPlus T) Auto Synchronizer
3) DNP3 with / 2 N AA {jii} and Current
BESTnetPlus Diffi ial
4) Modbus TCP and
DNP3 with VANV
BESTnetPlus
5) IEC-61850 with
BESTnetPius If Dual Phase Current Input or Dual Ground Current input choice
j i i is made, then both current input types must be dual.
& A If Ground Current is A, D or F, Phase Current must be 5A.

& If Phase Current is 2 or 6, Case must be J.
A If Option 1is P or T, Phase Current must be 2 or 6.
A If Ethernet Protocol is 5, RS-485 Port Protocol must be N.

For communications with Remote RTD Module, RS-485 Protocol
must be N or Ethernet Protocol must be 1, 2, 3, 4, or 5.

A If RS-485 Protocol is D, Ethernet Protocol cannot be 3, 4, or 5.
If Option 1is P or T, Case must be J.

A If Option 1is S or T, Sync-Check is replaced with Auto Synchronizer.

& If Option 2 is C, Case must be J.
When a DNP3 over Ethernet protocol (3 or 4) is purchased, a
BESTCOMSPIus” selection box permits using DNP3 over Ethernet
or over RS-485. RS-485 selection must be N or M.

When Inputs/Outputs is 1 or 2, a J-style case has 7 inputs and
8 outputs; an H or P style case has 4 inputs and 5 outputs.

& If Inputs/Outputs is 3 or 4, Case must be J.

If Inputs/Outputs is 1 or 3, the contact is open for the alarm condition.
If Inputs/Outputs is 2 or 4, the contact is closed for the alarm condition.

Figure 1-1. Style Chart

Introduction



1-10 9424200994

Introduction BE1-11g



9424200994 2-1

2 * Quick Start

This chapter provides basic installation and setup information about the BE1-11g Generator Protection
System. Upon receipt of the BE1-11g, check the model and style number against the requisition and
packing list for agreement. If there is evidence of shipping damage, file a claim with the carrier, and notify
the Basler Electric Regional Sales Office, your sales representative, or a sales representative at Basler
Electric, Highland, lllinois.

If the BE1-11g is not installed immediately, store it in the original shipping carton in a moisture- and dust-
free environment.

Note

Do not connect a USB cable between the PC and the BE1-11g until
BESTCOMSPlus is installed. Connecting a USB cable before setup is
complete may result in errors.

Maintenance

Preventive maintenance consists of periodic replacement of the backup battery and periodically checking
that the connections between the BE1-11g and the system are clean and tight. The front cover should be
removed only when replacing the backup battery for the real-time clock. Ensure that the BE1-11g is
powered off and taken out of service before removing the front cover. BE1-11g units are manufactured
using state-of-the-art, surface-mount technology. As such, Basler Electric recommends that no repair
procedures be attempted by anyone other than Basler Electric personnel.

Storage

This device contains long-life aluminum electrolytic capacitors. For devices that are not in service (spares
in storage), the life of these capacitors can be maximized by energizing the device for 30 minutes once
per year.

Install BESTCOMSPIus® Software

BESTCOMSPIus software is built on the Microsoft® .NET Framework. The setup utility that installs
BESTCOMSPIus on your PC also installs the BE1-11 plugin and the required version of .NET Framework
(if not already installed). BESTCOMSPIus operates with systems using Windows® 7 SP1, Windows 8.1,
Windows 10, and Windows 11. System recommendations for the .NET Framework and BESTCOMSPIus
are listed in Table 2-1.

To install BESTCOMSPIus, a Windows user must have Administrator rights.
1. Download BESTCOMSPIus from www.basler.com.

2. Click the installation button for BESTCOMSPIus. The setup utility installs the BESTCOMSPlus, the
.NET Framework (if not already installed), the USB driver, and the BE1-11 plugin for BESTCOMSPIus
on your PC.

When BESTCOMSPlus installation is complete, a Basler Electric folder is added to the Windows
programs menu. This folder is accessed by clicking the Windows Start button and then accessing the
Basler Electric folder in the Programs menu. The Basler Electric folder contains an icon that starts
BESTCOMSPIus when clicked.

BE1-11g Quick Start
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Table 2-1. System Recommendations for BESTCOMSP/us and the .NET Framework

System Type Component Recommendation
32/64 bit Processor 2.0 GHz
32/64 bit RAM 1 GB (minimum), 2 GB (recommended)
32 bit Hard Drive 200 MB (if .NET Framework is already installed on PC)
4.5 GB (if NET Framework is not already installed on PC)
64 bit Hard Drive 200 MB (if .NET Framework is already installed on PC)
4.5 GB (if .NET Framework is not already installed on PC)

Connect and Power Up the BE1-11 Plug-In

The BE1-11 plugin is a module that runs inside the BESTCOMSPIus shell. The BE1-11 plugin contains
specific operational and logic settings for only BE1-11 protection systems.

Note that if a protection system is not connected, you will not be able to configure certain Ethernet
settings. Ethernet settings can be changed only when an active USB or Ethernet connection is present.
Refer to the Communication chapter for more information.

USB Connection

The USB driver was copied to your PC during BESTCOMSPIus installation and is installed automatically
after powering the BE1-11g. USB driver installation progress is shown in the Windows Taskbar area.
Windows will notify you when installation is complete.

Connect a USB cable between the PC and your BE1-11g protection system. A typical USB cable with a
B-type connector is shown to the right.

Note

In some instances, the Found New Hardware Wizard will prompt you
for the USB driver. If this happens, direct the wizard to the following
folder:

C:\Program Files\Basler Electric\USB Connect Driver\

If the USB driver does not install properly, refer to the Troubleshooting chapter. g

Apply Operating Power %
The nominal power supply values are listed on the front-panel label. See Figure 2-1 '
for an example.

GENERATOR [ %
STYLE NUMBER: XXXXXXXXXXXKX C
VOLTAGE SENSING: 240V PH, 120V AUX 4 N
CURRENT SENSING: 5A PH, 5A G, Eai i
50/60HZ '

POWER SUPPLY:  48/125V AC/DC
SERIAL NUMBER:  xxxxxook REV. xx cARus @ C €

Figure 2-1. Front Panel Label Example

Connect rear terminals A6, A7, and A8 (ground) to a power supply. Figure 2-2 shows the rear terminals of
the BE1-11g in a J type case with standard I/O option. Figure 2-3 shows the rear terminals of the BE1-11g
in an H or P type case. Apply operating power consistent with the nominal power supply values listed on
the front-panel label. Wait until the boot sequence is complete.
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Start BESTCOMSPIus®

To start BESTCOMSPlus, click the Start button, point to Programs, Basler Electric, and then click the
BESTCOMSPIus icon. During initial startup, the BESTCOMSPIus Select Language screen is displayed
(Figure 2-4). You can choose to have this screen displayed each time BESTCOMSPlus is started, or you
can select a preferred language and this screen will be bypassed in the future. Click OK to continue. This
screen can be accessed later by selecting Tools and Select Language from the menu bar.

-
BESTCOMSPIlus® Select Language

Deutsch
E-T I | On BESTCOMSPlus® Starup..
espariol i
frangais @ Show Dialog
Portugués
PYCCKMA

SRR () Bk

71 Use Selected Language

Figure 2-4. BESTCOMSPIus Select Language Screen

Basler Electric

BESTCOMSPIus"®

Version XX.YY.ZZ

www.basler.com

Copyright © ##H##, Basler Electric

Figure 2-5. BESTCOMSPIus Splash Screen

File | Communication | Tools  Window Help

Mew Connection 4 MNew Device

BE1-11

DECS-150
DECS-250
DGC-2020
DGC-2020E5
DGC-2020HD
IEM-2020

Load Share Module

PC5-250
RTD Module

Figure 2-6. Communication Pull-Down Menu
The BESTCOMSPlus splash screen is shown for a brief time. See Figure 2-5.
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The BESTCOMSPlus platform window opens. Select New Connection from the Communication pull-down
menu and select BE1-11. See Figure 2-6.

The BE1-11 Connection screen shown in Figure 2-7 appears. Select USB Connection and then click the
Connect button.

BE1-11 Connection

Ethernet Connection [IP (Address : Port)] 2 .

10 0 72 - 2102

Device Discovery

@ IUSE Connection 1 . Scan For Connected
Devices

Ethernet

Select Device to Connectto

Device Directory
Description  Model  Serial Mumber  IP Address COM Port  Phone Mumber — Default Connect

Add ‘ Advanced... || Close

Figure 2-7. BE1-11 Connection Screen

Programming the BE1-11g

This section contains an introduction to BESTCOMSPIus, explains summary screens, and gives an
example of settings elements and programming logic.

Introduction to BESTCOMSPIus®

BESTCOMSPlus is a Windows®-based, PC application that provides a user-friendly, graphical user
interface (GUI) for use with Basler Electric communicating products. The name BESTCOMSPlus is an
acronym that stands for Basler Electric Software Tool for Communications, Operations, Maintenance, and
Settings.

BESTCOMSPIus provides the user with a point-and-click means to set and monitor the BE1-11g. The
capabilities of BESTCOMSPIus make the configuration of one or several BE1-11g Generator Protection
Systems fast and efficient. A primary advantage of BESTCOMSPlus is that a settings scheme can be
created, saved as a file, and then uploaded to the BE1-11g at the user’s convenience.

The BE1-11 plugin opens inside the BESTCOMSP/us main shell. The same default logic scheme that is
shipped with the BE1-11g is brought into BESTCOMSPIus by downloading settings and logic from the
BE1-11g or by selecting application type “G” on the Style Number screen. This gives the user the option
of developing a custom setting file by modifying the default logic scheme or by building a unique scheme
from scratch.

BESTlogic™Plus Programmable Logic is used to program BE1-11g logic for protection elements, inputs,
outputs, alarms, etc. This is accomplished by the drag-and-drop method. The user can drag elements,
components, inputs, and outputs onto the program grid and make connections between them to create
the desired logic scheme.

BESTCOMSPIus also allows for downloading industry-standard COMTRADE files for analysis of stored
oscillography data. Detailed analysis of the oscillography files can be accomplished using BESTdata
software. BESTdata software is free and available at www.basler.com.

Figure 2-8 illustrates the typical user interface components of the BE1-11 plugin with BESTCOMSP/us.
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Figure 2-8. BESTCOMSPIus Typical User Interface Components

Click the View drop-down button to switch between the Settings Explorer and Metering Explorer or split
the view between both. The Settings Info Panel displays settings ranges. A workspace can be opened,

saved, or set as default. See Figure 2-9.
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Figure 2-9. View Drop-Down Button

Summary Screens

Summary screens provide an overview of the system setup. The legend, located in the lower right-hand
corner, provides interpretation for the various indicated colors. The current state of a protection and
control function or element is indicated by the color of the adjacent indicator. If the function is enabled, the
color is green. If the function is disabled only by a setting (such as zero), the color is yellow. If the function
is disabled only by a mode, the color is blue. If the function is disabled by both a setting and mode, the
color is gray. The Protection Summary screen is available by clicking Protection in the Settings Explorer
as shown in Figure 2-10. Summary screens are also available for General Settings, Alarm Configuration,

and Control.
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Figure 2-10. System Summary Screen

Programming Example

Changing default logic is sometimes required to match the protection requirements of the system.
Additionally, elements must be enabled and operating settings set. This example demonstrates how to
configure typical nominal settings and program the 50-3 instantaneous overcurrent element. System
nominal quantities are set to 69.3 volts and 3.6 amps. The 50-3 element is set for a 5.62 amp pickup and
a 30 second time delay. Additionally, the element pickup output is logically wired to output 4 and a user
alarm.

Step 1: Start BESTCOMSPIus and select New Connection, BE1-11 from the Communication pull-down
menu to connect to the BE1-11g. See Figure 2-6.

Step 2: The BE1-11 Connection screen appears. See Figure 2-7. Select USB Connection and click
Connect.

Step 3: Select Download Settings and Logic from Device from the Communication pull-down menu. This
copies all settings and logic from the BE1-11g to BESTCOMSPlus.

Step 4: Click on the View drop-down button and de-select Show Metering Panel and Show Setting
Information. See Figure 2-9. This maximizes the settings workspace.

Step 5: In the Settings Explorer, click the “+” next to BE1-11. This expands the sub menus in the tree.
Now expand System Parameters and select the Power System screen. See Figure 2-11.

Step 6: Under Nominal Settings, enter settings for Secondary Phase Voltage (69.3 V) and Secondary
Phase Current (3.6 A).

BE1-11g Quick Start
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Figure 2-11. Power System Screen

Step 7: In the Settings Explorer, expand Protection, Current and select the Instantaneous Overcurrent

(50-3) screen. See Figure 2-

12.

Step 8: Select the Mode (3 Phase) and enter settings for Pickup (5.62 A) and Time Delay (30,000 ms).
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Figure 2-12. Instantaneous Overcurrent (50-3) Screen

Step 9: In the Settings Explorer, click BESTlogicPlus Programmable Logic to open the logic diagram.
Click the Logic Page 1 tab. See Figure 2-13. Examine the 50-3 element. The Logic 0 connected
to the Block input indicates that the 50-3 element is never blocked.

Off-Page Inputs/Outputs are used to make connections between logic pages and help keep logic
diagrams free from clutter. The Trip output is connected to an Off-Page Output named 50-3 Trip.
This 50-3 Trip Off-Page Output is carried over to the Logic Page 2 tab (Figure 2-14) where it
becomes an Off-Page Input. The 50-3 Trip Off-Page Input and several others are AND gated to
the Trip Bus Off-Page Output, which is carried over to the Logic Page 3 tab (Figure 2-15) where

Quick Start
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it becomes an Off-Page Input. The Trip Bus Off-Page Input in connected to physical Output 1 on
the BE1-11g. Therefore, the OUT1 contacts operate when the 50-3 element is tripped.
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Figure 2-13. BESTlogicPlus Logic Page 1
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Figure 2-14. BESTlogicPlus Logic Page 2

Quick Start



2-10 9424200994

15} BESTCOMSPIus® - [BEL-11 - SettingsFiled] = | B ||
18 File Communication Tools Window Help - & x
View~ | 5 Open File @ Connect | @] Preview Metering [ ] Export Metering | Settings |Group 0 - Options~

Settings Explorer 1 X | “BESTogic™Plus Programmabl... - X
=-BEL-11
8- General Settings Logic Library = Protection - Options | | Save | (3 Clear
Communications
I 3 x i i i o
System Parameters o Cets Logic Page 1 VLnguc Pagez@[ngm Page 4 ]/ Physical Qutputs
Programmable Inputs Output Objects -
i1 Programmable Outputs - OF Page Objects
- Alarm Configuration t Off Poge Input Output - OUTI
B Alams

- Metering Configuration -

(- Target Configuration
Protection

Control Off-Page Input Output - OUT2

BESTlogic™Plus Programmable Logic |
OfF-Page Input Output - OUT3
OfF-Page Input
Output - OUTA m
O g ’

Off-Page Input

51-2Trip OQutput - OUTS
Of-Page Input
51-3Trip
g 1/0 |w§ Components |Wg Elements || T b

T » 2@ @
BEL-11.BESTlogic™Plus Programmable Logic

% OFFLINE

Figure 2-15. BESTlogicPlus Logic Page 3

Step 10: In this step, the Pickup output of the 50-3 element is connected to Output 4. When the Pickup
output of the 50-3 element is true, the label of Output 4 is displayed in the fault report and/or
sequence of events report. The label is named in Step 12. Click the Logic Page 1 tab and then
click the I/O tab at the bottom. Expand Output Objects and then Physical Outputs. Click and
drag OUT4 over to the logic diagram. Click on the Pickup output of the 50-3 element and drag it
to the input of OUT4 to make a connection. Refer to Figure 2-16.
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Figure 2-16. BESTlogicPlus Programming OUT4

Step 11: In this step, the Pickup output of the 50-3 element is connected to User Alarm 1. When the
Pickup output of the 50-3 element is true, the label of the user alarm is displayed on the Alarms
screen on the front-panel display and in the fault report and/or sequence of events report. The
label is named in Step 13. Click the Logic Page 1 tab and then click the Elements tab at the
bottom. Locate the User Alarm 1 element. Click and drag USERALM1 over to the logic diagram.

Click on the Pickup output of the 50-3 element and drag to the input of USERALM1 to make a
connection. Refer to Figure 2-17.
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Figure 2-17. BESTlogicPlus Programming User Alarm 1

Step 12: Click the Save button to save the logic to BESTCOMSPIus memory for later inclusion in the
settings file. See Figure 2-18.
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Figure 2-18. BESTlogicPlus Toolbar

Step 13: In the Settings Explorer, expand Programmable Outputs, Contact Outputs, and name Output #4
(50-3 Pickup) as shown in Figure 2-19.
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Figure 2-19. Contact Outputs Screen

Step 14: In the Settings Explorer, expand Alarm Configuration, User Programmable Alarms, and name
User Programmable Alarm #1 (50-3 Pickup) as shown in Figure 2-20.

Step 15: Figure 2-21 shows the user-defined labels of OUT4 and USERALM1 that were named in Step
13 and Step 14.
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Step 16: Select Save from the File pull-down menu to save your new settings file.

9424200994

Step 17: To make your new settings active in the BE1-11g, select Upload Settings and Logic to Device
from the Communication pull-down menu. Enter the username and password.

Quick Start
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Figure 2-20. User Programmable Alarms Screen
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3 « Controls and Indicators

BE1-11g controls and indicators are located on the front panel and include sealed membrane switches,
LED (light emitting diode) indicator lamps, and a multiple-line, alphanumeric LCD (liquid crystal display).

lllustrations and Descriptions

The HMI (Human-Machine Interface) of a BE1-11g in a J type case is illustrated in Figure 3-1 and
described in Table 3-1. The locators and descriptions of Table 3-1 correspond to the locators shown in

Figure 3-1.

BE1-11g
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Figure 3-1. Front Panel (J Type Case)
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Table 3-1. Front Panel Descriptions (J Type Case)

Locator Description

A Power Indicator — This green LED lights when operating power is applied to the BE1-11g.

B Relay Trouble Indicator — This red LED lights momentarily during start-up and lights
continuously when a BE1-11g failure is detected. The Contact Inputs and Outputs chapter
provides a complete description of all BE1-11g failure alarm diagnostics.

C,D Minor Alarm, Major Alarm Indicators — These red LEDs light to indicate that a programmable
alarm has been set. Each indicator can be programmed to annunciate one or more
conditions. The Alarms chapter provides detailed information about programming alarms.

E Trip Indicator — A flashing red Trip LED indicates that a protective element is picked up. A
continuously lit LED indicates that a trip output is closed. This red LED is sealed in if a
protective trip has occurred and targets are displayed.

F Display — 64 x 128 dot pixels liquid crystal display (LCD) with backlighting. The LCD is the
primary source for obtaining information from the BE1-11g or when locally setting the
BE1-11g. Information such as targets, metering values, demand values, communication
parameters, and diagnostic information is provided by the LCD. Information and settings are
displayed in a menu.

G Indicators — These red LEDs are programmable through BESTlogic™Plus. An indicator label
can be attached next to each LED. Labels of typical system conditions are provided. Refer
to the BESTlogicPlus chapter for information on assigning logic elements to LED indicators.
Indicator status is also available through the Metering Explorer in BESTCOMSPIus®.

H Reset Pushbutton — Pressing this button resets the Trip LED, sealed-in Trip Targets, and
Alarms.

I Operate Control Switch — This pushbutton operates a 43 virtual control switch after it has
been selected using the Select Control Switch (L). Refer to the Virtual Control Switches (43)
chapter for more information about the control switches.

J USB — This universal serial bus port is used to communicate with the BE1-11g using
BESTCOMSPlus.
K Identification Label — This label lists the style number, serial number, sensing input current

and voltage range, and power supply input voltages. The QR (Quick Response) code is
read by an imaging device, such as a camera on a mobile phone or tablet. If an internet
connection is available, you will be directed to the BE1-11g mobile web page where you can
access this instruction manual, frequently asked questions, and a basic troubleshooting
guide. You can also contact technical support and subscribe to Basler Electric product email
announcements.

L Select Control Switch — This pushbutton selects an enabled 43 virtual control switch. The
Operate Control Switch (J) operates the switch after it has been selected. Refer to the
Virtual Control Switches (43) chapter for more information about the control switches.

M Edit Pushbutton — Settings changes are made at the front panel using this pushbutton.
When pushed, this switch lights to indicate that Edit mode is active. When you are finished
making settings changes (using the scrolling pushbuttons) and the Edit switch is pressed
again, the switch light turns off to indicate that your settings changes have been saved. If
changes are not completed and saved before the access timeout length setting expires, the
BE1-11g will automatically exit the Edit mode without saving any changes and announce an
Access Error.

N Scrolling Pushbuttons — Use these four switches to navigate (UP/DOWN/LEFT/RIGHT)
through the LCD menu tree. When in Edit mode, the LEFT and RIGHT scrolling
pushbuttons select the variable to be changed. The UP and DOWN scrolling pushbuttons
change the variable.

The front-panel interface of a BE1-11g in a H or P type case is illustrated in Figure 3-2 and described in
Table 3-2. The locators and descriptions of Table 3-2 correspond to the locators shown in Figure 3-2.

Controls and Indicators BE1-11g
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Figure 3-2. Front Panel (H or P Type Case)

Table 3-2. Front Panel Descriptions (H or P Type Case)

Locator

Description

A

Display — 64 x 128 dot pixels liquid crystal display (LCD) with backlighting. The LCD is the
primary source for obtaining information from the BE1-11g or when locally setting the
BE1-11g. Information such as targets, metering values, demand values, communication
parameters, and diagnostic information is provided by the LCD. Information and settings are
displayed in a menu.

Power Indicator — This green LED lights when operating power is applied to the BE1-11g.

Relay Trouble Indicator — This red LED lights momentarily during start-up and lights
continuously when a BE1-11g failure is detected. The Contact Inputs and Outputs chapter
provides a complete description of all BE1-11g failure alarm diagnostics.

Minor Alarm, Major Alarm Indicators — These red LEDs light to indicate that a programmable
alarm has been set. Each indicator can be programmed to annunciate one or more
conditions. The Alarms chapter provides detailed information about programming alarms.

Trip Indicator — A flashing red Trip LED indicates that a protective element is picked up. A
continuously lit LED indicates that a trip output is closed. This red LED is sealed in if a
protective trip has occurred and targets are displayed.

USB — This universal serial bus port can be used to communicate with the BE1-11g using
BESTCOMSPlus.

Reset Pushbutton — Pressing this button resets the Trip LED, sealed-in Trip Targets, and
Alarms.

Scrolling Pushbuttons — Use these four switches to navigate (UP/DOWN/LEFT/RIGHT)
through the LCD menu tree. When in Edit mode, the LEFT and RIGHT scrolling
pushbuttons select the variable to be changed. The UP and DOWN scrolling pushbuttons
change the variable.

BE1-11g
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Edit Pushbutton — Settings changes are made at the front panel using this pushbutton.
When pushed, this switch lights to indicate that Edit mode is active. When you are finished
making settings changes (using the scrolling pushbuttons) and the Edit switch is pressed
again, the switch light turns off to indicate that your settings changes have been saved. If
changes are not completed and saved before the access timeout length setting expires, the
BE1-11g will automatically exit the Edit mode without saving any changes and announce an
Access Error.

Identification Label — This label lists the style number, serial number, sensing input current
and voltage range, and power supply input voltages. The QR (Quick Response) code is
read by an imaging device, such as a camera on a mobile phone or tablet. If an internet
connection is available, you will be directed to the BE1-11g mobile web page where you can
access this instruction manual, frequently asked questions, and a basic troubleshooting
guide. You can also contact technical support and subscribe to Basler Electric product email
announcements.

Menu Navigation

A menu tree with a Metering branch and a Settings branch can be accessed through the front-panel
controls and display. A greater level of detail in a menu branch is accessed using the right scrolling
pushbutton. The left scrolling pushbutton is used to return to the top of the menu branch.

Figure 3-3 illustrates the organization of the front-panel display menu tree structure.

GENERATOR
PROTECTION SYSTEM

P0069-40

Metering Explorer
Analog Metering
Status
Reports
Demand Meter
Power Quality
Control

BE1-11 Menu
Metering

B E 1 '1 1 g Settings

Settings Explorer
General Settings
Communication
System Parameters
Input Contacts
Analog Inputs
RTD Types
Analog Outputs
Alarm Configuration
Metering Configuration
Protection
Control
Logic

Figure 3-3. Front-Panel Display Menu Tree Layout

Front Panel Operations

The following paragraphs describe how the front-panel interface is used to set and control BE1-11g

functions.

Entering Usernames and Passwords

If password security has been initiated for a function, the front-panel display will prompt you to enter a
username and password when the Edit pushbutton is pressed. To gain access, you must enter the
appropriate username and password. You can enter usernames and passwords by performing the
following procedure:

Controls and Indicators BE1-11g
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1. Press the Edit pushbutton.

2. Enter the username by pressing the UP or DOWN scrolling pushbuttons until the proper first
character of the username appears. Pressing the UP pushbutton scrolls through the alphabet and
then the numbers in ascending order. Pressing DOWN scrolls through the numbers and then the
alphabet in descending order.

3. Press the RIGHT scrolling pushbutton to move the cursor to the next character of the username
and select the appropriate character.

4. Continue the process until the entire username has been spelled out. Press the Edit pushbutton
when finished.

5. Repeat Steps 2 through 4 for the password.
Press the Edit pushbutton.

7. If the proper username and password have been entered, the screen will flash the type of access
that has been granted. If an incorrect password has been entered, the screen will flash “Read
Access’.

8. Once you gain access, it remains in effect until the access timeout length setting expires. As long
as you continue to press the Edit key for a function for which you have gained access, the five-
minute timer will be refreshed and you will not be prompted for a password.

To close access immediately, press the Reset button while any non-settings screen is displayed. The
BE1-11g should flash “Read Only” on the LCD screen to indicate access through the front panel has been
terminated.

Entering Settings

Settings for protection functions can be edited by using the RIGHT, LEFT, UP, and DOWN front-panel
navigation keys. Navigate to Settings > Protection.

To edit a setting using the manual scrolling pushbuttons, perform the following procedures:

1. After scrolling to the desired settings group and element category, scroll to the screen that
displays the function to be edited.

2. Press the Edit pushbutton to gain access. If password security has been initiated for settings, you
will be prompted to enter the appropriate username and password. See the paragraphs, Entering
Usernames and Passwords, for details on entering usernames and passwords from the front
panel. Once access has been gained, the Edit LED will be lit and a cursor will appear in the first
settings field on the screen.

3. Press the UP or DOWN scrolling key to select the desired setting. Some settings must be entered
one character at a time. For example, to enter a 51-1 pickup as 7.3 amps, you would place the
cursor in the Pickup field and press the UP pushbutton until the 7 is showing. Then press the
RIGHT pushbutton to move the cursor over to the right side of the decimal and press the UP
pushbutton until the 3 is showing. Other settings require scrolling through a list of selections. For
example, you would move the cursor over to the Curve Index field and then scroll through a list of
available time characteristic curves.

4. Once all of the settings on the screen have been entered, press the Edit pushbutton a second
time and the settings will be validated. If the settings are in range, the Edit LED will go out. If you
want to abort the edit session without changing any settings, press the Reset pushbutton before
you press the Edit pushbutton the second time. The Edit LED will go out.

Performing Control Operations

Control operations can be executed by navigating to Metering, Control. These functions allow you to
control the state of virtual switches, override logic, control the active setting group, and control the state of
output contacts. All of these functions work similarly to the process of entering settings in that you press
the Edit pushbutton for the action to be executed.

BE1-11g Controls and Indicators
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To operate the switch, use the following procedure:

1. Use the scrolling pushbuttons to scroll to Settings > Control > Virtual Switch 43 > 43-1 and verify
that the 43-1 is set for Switch/Pulse mode.

2. Use the scrolling pushbuttons to scroll to Metering > Control > Virtual Switches > 43-1 > Operate.

Press the Edit pushbutton to gain access. If password security has been initiated for control
functions, you will be prompted to enter the appropriate username and password. Once access is
gained to the control function, press the Edit pushbutton and the Edit LED will light.

4. Press the UP or DOWN scrolling key to select the new state for the switch. The “Pulse” selection
will pulse the state of the switch from its present state to the opposite state for approximately 200
milliseconds. The “Set” selection will set the state of the switch to true. The “Reset” selection will
set the state of the switch to false. The allowable states are dependent upon the logic mode
setting for the switch. If the switch is set to Switch mode, only the “Set” and “Reset” will function.
If the switch is set to Pulse mode, only the “Pulse” selection will function. If the switch is set to
Switch/Pulse mode, any of the selections will function.

5. Press the Edit pushbutton a second time and the switch will change to the selected position and
the Edit LED will go out. If you want to abort the editing session without changing any controls,
press the Reset pushbutton before you press the Edit pushbutton the second time. The Edit LED
will go out.

Resetting Functions

The Reset pushbutton is context sensitive. Its function is dependent upon the screen that is presently
being displayed. For example, pressing the Reset key when Targets screen is displayed will reset the
targets, but it will not reset the alarms, etc. It is necessary to scroll through the menu tree to the
appropriate alarm screen to reset an alarm. You are prompted for a username and password when using
the Reset key.

Display Setup

BESTCOMSPIus Navigation Path: Settings Explorer, General Settings, Front Panel HMI

HMI Navigation Path: Settings Explorer, Control, General Settings, Front Panel HMI

Front-panel display settings are described in the following paragraphs. The BESTCOMSPIus Front Panel
HMI screen is illustrated in Figure 3-4.

LCD Setup

The contrast of the front-panel LCD (liquid crystal display) can be adjusted to suit the viewing angle used
or compensate for environmental conditions. When Invert Display is enabled, the display is inverted to
have blue letters on a white background.

Sleep Mode Setup

A power saving feature, referred to as Sleep mode, will dim the front-panel LCD backlight when a front-
panel key is not pressed for more than the user settable time delay. Normal display operation is resumed
when any front-panel button is pressed. Sleep mode is enabled and disabled in BESTCOMSP/us.
Language Setup

The language can be set for English or Russian. Language changes will affect the front-panel LCD,
sequence of events, fault reports, oscillography reports, load profile, and web pages.

Screen Scrolling Setup

When Screen Scrolling is enabled, the front-panel summary screen will scroll through the list of Scrolling
Screen items. The Scroll Time Delay determines the scrolling speed. The Show Splash Screen setting
allows the splash screen to be shown or hidden from screen scrolling. When screen scrolling is enabled

Controls and Indicators BE1-11g
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and no screens are selected, the splash screen is displayed even if the Show Splash Screen setting is
disabled. Scrolling screen items can only be selected in BESTCOMSPlus.

Targets and alarms are automatically displayed on the front-panel LCD when they become active if on the
splash screen. After targets and alarms are reset, the BE1-11g returns to the main screen and begins
scrolling if scrolling is enabled. Press the RIGHT navigation key to access the menu when targets and
alarms are being displayed.

Front Panel HMI
LCD Setup

Contrast Value (%)

50

Imvert Display

Mo v]

Sleep Mode Setup
Sleep Mode
Enabled -

Time Delay (s)
60

Language Setup
Language Selection

English -

Screen Scrolling Setup
Enable Scroll

Enabled -

Scroll Time Delay (s)
3

Show Splash Screen
Yes v]

BE1-11g

Scrollable Metering Settings

-] VPN Primary

[l Primary Cument CT Circuit 1
& Primary Sequence Cument CT Circuit 1
[l Secondary Cument CT Circuit 1
[T Power Per Phase
-] vars Per Phase
] Apparent Power Per Phase
[T] Phase Power Factor
D Sync-Check
[T Positive Watt Hours
[l Negative Watt Hours
[C] Positive var Hours

[T] Extended Cutput Status

-[C] Demand Currents Peak CT Circuit 1
[[] Demand Sequence Peak CT Circuit 1
[T] Demand Power Positive Peak
#-[] Demand Pawer Negative Peak

7 De vars Pr"tve Pe

Figure 3-4. Front-Panel Display Setup Screen
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4 - Contact Inputs and Outputs

BE1-11g Generator Protection Systems provide up to 10 contact inputs, up to eight general-purpose
contact outputs, and one dedicated fail-safe alarm contact output. Each input and output is isolated and
terminated at separate terminals. This section describes the function and setup of each input and output.

Contact-Sensing Inputs

A BE1-11g in a J type case has either seven or 10 contact inputs to initiate BE1-11g actions. Refer to the
style chart for 1/0 options. Four contact inputs are provided in an H or P type case. Each isolated input
requires an external wetting voltage. The nominal voltage(s) of the external dc source(s) must fall within
the BE1-11g dc power supply input voltage range. To enhance user flexibility, the BE1-11g protection
system uses wide-range ac/dc power supplies that cover several common control voltage ratings. To
enhance flexibility, the input circuits are designed to respond to voltages at the lower end of the control
voltage range while not overheating at the high end of the control voltage range.

The contact input circuits are polarity sensitive. When an ac wetting voltage is applied, the input signal is
half-wave rectified by the opto-isolator diodes. The contact inputs drive BESTlogic™Plus variables IN1
through IN10. Each contact input is completely programmable so meaningful labels can be assigned to
each input and the logic-high and logic-low states. The BESTIlogicPlus chapter provides more information
about using contact inputs in your programmable logic scheme.

Contact-Sensing Input Jumpers

Note

The BE1-11g protection system is delivered with the jumpers in the
HIGH position. Read the following paragraphs before placing the BE1-
11g in service.

Energizing levels for the contact-sensing inputs are jumper selectable for a minimum of approximately 5
Vdc for 24 Vdc nominal sensing voltages, 26 Vdc for 48 Vdc nominal sensing voltages, or 69 Vdc for 125
Vdc nominal sensing voltages. See Table 4-1 for the contact-sensing turn-on voltages.

Table 4-1. Contact-Sensing Turn-On Voltages

Contact Sensing Turn-On Voltage *
Style Option Nominal Input Voltage Jumper Installed Jumper Not Installed
(Low Position) (High Position)
GXXTXXXXXXXXXX 48 Vdc or 125 Vac/dc 26 to 38 Vdc 69 to 100 Vdc
56 to 97 Vac
GXX2XXXXXXXXXX 125/250 Vac/dc 69 to 100 Vdc 138 to 200 Vdc
56 to 97 Vac 112 to 194 Vac
GXX3XXXXXXXXXX 24 Vdc n/a Approx. 5 Vdc

* AC voltage ranges are calculated using the default recognition time (4 ms) and debounce time (16 ms).

Each BE1-11g is delivered with the contact-sensing jumpers disconnected for operation in the higher end
of the control voltage range. If the contact-sensing inputs are to be operated at the lower end of the
control voltage range, the jumpers must be installed.

Contact-Sensing Jumper Configuration in a J Type Case

The following paragraphs describe how to locate and remove/change the contact-sensing input jumpers:

BE1-11g Contact Inputs and Outputs



4-2

9424200994

Remove the BE1-11g from service and de-energize it.

The contact-sensing input jumpers are located behind the rear terminal blocks that are used for
input connections. Using a 7/64” hex tool, remove the rear terminal block(s) associated with the
input(s) that you want to configure. Observe all electrostatic discharge (ESD) precautions when
handling the BE1-11g.

Using the input labels on the rear panel as a guide, locate the appropriate jumper terminal block
that is mounted on the circuit board. Each terminal block has two sets of pins. With the jumper as
installed at the factory, one pin should be visible when viewed from the back of the unit. This
configuration allows the inputs to operate at the higher end of the control voltage range. Figure
4-1 illustrates the location of the contact-sensing jumpers. The jumpers are shown in the HIGH
position.

To select operation at the lower end of the control voltage range, install the jumper across the two
pins using needle-nose pliers. Use care when removing and installing each jumper so that no
components are damaged.

When all jumpers are positioned for operation in the desired control voltage range, reinstall the
rear terminal block(s).

Using a 7/64” hex tool, tighten the screws to 10 in-lbs.

Side View Side View
(Jumper in HIGH position) (Jumper in LOW position)

ETHERNET

WARNING

Highlano, lhois USA  (B18) §54-2:

g

* )

E R e AR R R EB B9, <E10 Ef1 . E12

L A YA R L R RS THR R . B R

P0069-29

—

Figure 4-1. Contact-Sensing Jumper Locations (J Type Case, Standard I/O Option)

Contact-Sensing Jumper Configuration in an H or P Type Case

The following paragraphs describe how to locate and remove/change the contact-sensing input jumpers:

1.
2.

Remove the BE1-11g from service and de-energize it.

Remove the drawout assembly by loosening the two thumbscrews and pulling the assembly out
of the case. Observe all electrostatic discharge (ESD) precautions when handling the drawout
assembly.

Contact Inputs and Outputs BE1-11g
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3. Locate the two jumper terminal blocks that are mounted on the Digital Circuit Board. The Digital
Circuit Board is the middle board in the assembly and the jumper terminal blocks are located on
the component side of the circuit board. Each terminal block has two sets pins. With the jumper
as installed at the factory, one pin should be visible when viewed from the side of the unit. This
configuration allows the inputs to operate at the higher end of the control voltage range. Figure
4-2 illustrates the location of the contact-sensing jumpers. The jumpers are shown in the HIGH
position.

4. To select operation at the lower end of the control voltage range, install the jumper across the two
pins. Use care when removing and installing each jumper so that no components are damaged.

5. When all jumpers are positioned for operation in the desired control voltage range, prepare to
place the drawout assembly back into the case.

6. Align the drawout assembly with the case guides and slide the assembly into the case.

Bh =R

Side View Side View
(Jumper in HIGH position) (Jumper in LOW position)

7. Tighten the screws.

IN1 IN2 IN3 IN4 @

- P0069-30

Figure 4-2. Contact-Sensing Jumper Locations (H or P Type Case)

Digital Input Conditioning Function

Status of the contact-sensing inputs is checked every 1 millisecond. User-settable digital contact
recognition and debounce timers condition the signals applied to the inputs. These parameters can be
adjusted to obtain the optimum compromise between speed and security for a specific application. (See
Figure 4-3.)

If the sampled status of a monitored contact is detected as energized for the recognition time, the logic
variable changes from a de-energized (logic 0 or false) state to an energized (logic 1 or true) state. Once
contact closure is recognized, the logic variable remains in the energized state until the sampled status of
the monitored contact is detected to be de-energized for a period that is longer than the debounce time.
At this point, the logic variable will change from an energized (logic 1 or true) state to a de-energized
(logic 0O or false) state.

BE1-11g Contact Inputs and Outputs
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Figure 4-3. Digital Input Conditioning Timing Diagram

Setting the Contact Inputs

BESTCOMSPIus Navigation Path: Settings Explorer, Programmable Inputs, Contact Inputs

HMI Navigation Path: Settings Explorer, Contact Inputs

Settings and labels for the contact inputs are set using BESTCOMSP/us®.

Each of the inputs has two settings and three labels. The settings are Recognition Time and Debounce
Time. The labels include a label to describe the input, a label to describe the Energized State, and a label

to describe the De-Energized State. Labels are used by the BE1-11g's reporting functions.

To edit the settings or labels, use the Settings Explorer to open the Programmable Inputs, Contact Inputs

tree branch as shown in Figure 4-4.

Contact Inpuis
Input #1

Label

Input 1

Recognition Time (ms)
4

Debounce Time (ms)
16

Energized State

On

De-Energized State
Of

Input #3

Label

Input 3

Recognition Time (ms)
4

Debounce Time (ms)
16

Energized State

On

Die-Energized State

Contact Inputs and Outputs

Input #2

Label

Input 2

Recognition Time (ms)
4

Debounce Time (ms)
16

Energized State

On

De-Energized State
Off

Input #4

Label

Input 4

Recognition Time (ms)
4

Debounce Time (ms)
16

Energized State

On

Die-Energized State

VAN AN ANV AV AV AN AV ANV ANV ANV ANV ANV N

Figure 4-4. Contact Inputs Screen
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See Table 4-2 for a list of settings and their defaults.
Table 4-2. Contact Input Settings

Setting Range Increment Unit Default

Label User programmable label for the input contact. Used by the reporting function to
give meaningful identification to the input contact. This label can be up to 64
characters long.

Recognition Time 4 to 255 1* milliseconds 4

Debounce Time 4 to 255 1* milliseconds 16

Energized State | User programmable label for the energized state of the contact. Used by the
reporting function to give meaningful identification to the state of the input contact.
This label can be up to 64 characters long.

De-Energized User programmable label for the de-energized state of the contact. Used by the
State reporting function to give meaningful identification to the state of the input contact.
This label can be up to 64 characters long.

* Since the input conditioning function is evaluated every quarter cycle, the setting is internally rounded to
the nearest multiple of 4.16 milliseconds (60 Hz systems) or 5 milliseconds (50 Hz systems).

If you are concerned about ac voltage being coupled into the contact sensing circuits, the recognition time
can be set higher than one-half of the power system cycle period. This will take advantage of the half-
wave rectification provided by the input circuitry.

If an ac wetting voltage is used, the recognition time can be set to less than one-half of the power system
cycle period and the debounce timer can be set to greater than one-half of the power system cycle
period. The extended debounce time will keep the input energized during the negative half-cycle. The
default settings of 4 and 16 milliseconds are compatible with ac wetting voltages.

Settings for contact inputs can also be entered through the front panel.

See the Terminals and Connectors chapter for an illustration of the programmable output terminals.
Contact output electrical ratings are listed in the Specifications chapter.

Retrieving Contact-Sensing Input Status

Contact input status is determined through BESTCOMSP/us by using the Metering Explorer to open the
Status, Inputs tree branch. BESTCOMSPI/us must be online with the BE1-11g to view contact input status.
Alternately, status can be determined through the front-panel display by navigating to Metering > Status >
Inputs.

Contact Outputs

A BE1-11g in a J type case has either eight or five contact outputs (OUT1 through OUT8/OUT5) and one
failsafe, normally open or closed (when de-energized) alarm contact output (OUTA). Refer to the style
chart for 1/0 options. Five contact outputs (OUT1 through OUTS5) are provided in an H or P type case.

Each output is isolated and rated for tripping duty. OUT1 through OUT8 are Form A (normally open), and
OUTA is Form B (normally closed) or Form A (normally open).The style number determines the type of
alarm contact output. A trip coil monitoring circuit is hardwired across OUT1. See the Trip Circuit Monitor
(52TCM) chapter for details.

Contact outputs OUT1 through OUT8 and OUTA are driven by BESTlogicPlus expressions for OUT1
through OUT8 and OUTA. The use of each contact output is completely programmable so you can assign
meaningful labels to each output and to the logic 0 and logic 1 states of each output. The BESTlogicPlus
chapter has more information about programming output expressions in your programmable logic
schemes.

BESTIlogicPlus expressions for OUT1 through OUT8 and OUTA drive contact outputs OUT1 through
OUT8 and OUTA. The state of the contact outputs can vary from the state of the output logic expressions
for three reasons:

BE1-11g Contact Inputs and Outputs
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1. The relay trouble alarm disables all hardware outputs.
2. The programmable hold timer is active.
3. The select-before-operate function overrides a virtual output.

Figure 4-5 shows a diagram of the contact output logic for the general-purpose contact outputs. The
OUT1 relay closes when the 50-1 element is in a trip condition.

501
3 Phase
Non-Directiona
_ Ouiput - OUTI
Bok  Trip

Fickup

Figure 4-5. Output Logic, General Purpose Contact Outputs

Figure 4-6 illustrates the contact output logic for the failsafe alarm contact output when OUTA is normally
closed (style xxxxxxx2xxxxxx). The OUTA relay closes when the 50-1 element is in a trip condition.

501
3 Phase
Non-Direchond

ot

Figure 4-6. Output Logic, Failsafe Alarm Contact Output

Relay Trouble Alarm Disable

All internal circuitry and software that affects how the BE1-11g functions is monitored by the continuous
self-test diagnostics function of the relay trouble alarms. A detailed list of relay trouble alarms is provided
in Table 4-3. If any one of these points asserts, the failsafe alarm output relay de-energizes and
closes/opens (depending on style number) the OUTA contact, the front-panel Relay Trouble LED lights,
all output relays are disabled, logic OUTA is set, and the BE1-11g is taken offline. The relay trouble
alarms function is not programmabile.

Table 4-3. Relay Trouble Alarms

Name Description

NVMH Settings File Not Opened

Error opening settings file

Update NVM Blocks Failed

Error writing settings file

NVMH Saving Blocks Error

Error writing settings file

NVMH Flash File Error

Error writing settings file

Flash Error Flash file system error
uP Reset Repetitive reboot
Cal Error Calibration error

Cal Defaults Loaded

BE1-11g not calibrated

Defaults Loaded

Defaults have been loaded

uP Overload

Microprocessor is busy

Power Supply

Input power is too low/failed

Contact Inputs and Outputs
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Programmable Hold Timer—Hold Attribute

Historically, electromechanical relays have provided trip contact seal-in circuits. These seal-in circuits
consisted of a dc coil in series with the relay trip contact and a seal-in contact in parallel with the trip
contact. The seal-in feature serves several purposes for electromechanical relays. One purpose is to
provide mechanical energy to drop the target. A second purpose is to carry the dc tripping current from
the induction disk contact, which might not have significant closing torque for a low resistance connection.
A third purpose is to prevent the relay contact from dropping out until the current has been interrupted by
the 52a contacts in series with the trip coil. If the tripping contact opens before the dc current is
interrupted, the contact might be damaged. Of the three items, only item three is an issue for electronic
protection systems like the BE1-11g.

Contact Output Seal-In Logic

To prevent the output relay contacts from opening prematurely, a hold timer (200 to 2,000 ms) can be set
with BESTCOMSPlus. If the protection engineer desires seal-in logic with feedback from the breaker
position logic, he/she can provide this logic by modifying the logic for the tripping output. To do this, use
one of the general purpose timers (62) and set it for Pickup/Dropout mode. Set the timer logic so that it is
initiated by the breaker position input and set the timer for two cycles pickup and two cycles dropout. The
same can be done for the closing output. Figure 4-7 provides a seal-in logic diagram.

62-1
PickupDropout

Input - IN1
= Initizte  Output

> i

4

OfF-Page Input

Output - OUT2

Off-Page Input

Figure 4-7. Contact Output Seal-In Logic Diagram

Setting the Contact Outputs

BESTCOMSPIus Navigation Path: Settings Explorer, Programmable Outputs, Contact Outputs
HMI Navigation Path: Not available through the front panel

Settings and labels for the contact outputs are set using BESTCOMSPlus.

Each of the outputs has one setting and three labels. The setting consists of a Hold Attribute. The labels
include a label to describe the output, a label to describe the Energized State, and a label to describe the
De-Energized State. Labels are used by the BE1-11g's reporting functions.

To edit the settings or labels, use the Settings Explorer to open the Programmable Outputs, Contact
Outputs tree branch as shown in Figure 4-8.

BE1-11g Contact Inputs and Outputs
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Contact Outputs
Output Alarm Output #1 Output #2
Label Label Label
|output Azm | [Outpua 1 | [output 2 |
Energized State Energized State Energized State
|0n | |On | |0n |
De-Energized State De-Energized State De-Energized State
[of | [o# | [of |
Held Attribute Held Attribute Held Attribute
Enabled - Enabled w Enabled w
Held Time (ms) Hold Time (ms) Held Time (ms)
B, 0 4, t

Figure 4-8. Contact Outputs Screen

Contact Output Logic Override Control
BESTCOMSPIus Navigation Path: Metering Explorer, Control, Output Override
HMI Navigation Path: Metering Explorer, Control, Output Override Contacts

Each contact output can be controlled directly using the select-before-operate output control function. The
output logic expression that normally controls the state of an output can be overridden and the contact
pulsed, held open, or held closed. This function is useful for testing purposes. An alarm point is available
in the programmable alarm function for monitoring when the output logic has been overridden. See the
Alarms chapter for more information about programmable alarms. Output logic override control is
achieved using the front-panel interface or BESTCOMSPIus. Use the Metering Explorer to open the
Control, Output Override screen. Refer to Figure 4-9.

Quitput Override
Control Status Action Output Status Qutput Label
Cutput Alarm Enabled * Set = b Qutput Alarm
Output 1 Enabled Reset - 5] Output 1
Qutput 2 Disabled Output 2
Qutput 3 Disabled Output 3
Output 4 Disabled Output 4
Qutput 5 Disabled Output 5
Qutput 6 Disabled Qutput &
Output 7 Disabled Output 7
Qutput 8 Disabled Output 8

Figure 4-9. Output Override Screen

Enabling Logic Override Control

By default, logic override control is disabled. Output logic override must be enabled before the control can
be used. Enabling of the output logic override control is not possible at the front panel. It can only be
enabled through a communication port using BESTCOMSPIus (Figure 4-9). Click on the Disabled button
next to the output you want to control. This button will change to Enabled and the following three action
choices will appear to the right: Reset, Set, and Pulse.

Pulsing a Contact Output

Pulsing BE1-11g outputs provides the user the ability to test the operability of an output without
energizing a measuring or timing element. This feature is useful when testing the protection and control
system. When pulsed, an output changes from the current state (as determined by the virtual output logic
expression) to the opposite state for 200 milliseconds. After 200 milliseconds, the output is returned
automatically to logic control.

Contact Inputs and Outputs BE1-11g
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In the Action column, select Pulse from the drop-down menu and click on the green arrow to the right.
Pulse override control can also be accessed at the Metering > Control > Override Output Contacts screen
of the front-panel display by selecting PUL in the Override State field for the output contact to be pulsed.

Changing the State of a Contact Output

Outputs can be forced to an energized (logic 1 or true) state or to a de-energized (logic 0 or false) state.
This feature can be used to disable a contact during testing.

In the Action column, select Set or Reset from the drop-down menu and click on the green arrow to the
right. Contact output override control can also be accessed at the Metering > Control > Override Output
Contacts screen of the front-panel display by entering a SET (logic 1 or true) or RST (logic 0 or false) in
the Override State field for the contact output to be controlled.

Returning a Contact Output to Logic Control

When the output logic has been overridden and the contact is held in an energized or de-energized state,
it is necessary to return the output to logic control.

Click on the Enabled button next to the output you want to change to logic control. This button changes to
Disabled and the action choices disappear. Logic control can also be achieved at the Metering > Control
> Qverride Output Contacts screen of the front-panel display by setting Override Enable to Disabled.

See the Terminals and Connectors chapter for an illustration of the programmable output terminals.
Contact output electrical ratings are listed in the Specifications chapter.
Retrieving Contact Output Status

Output status is determined through BESTCOMSPIus by using the Metering Explorer to open the
Status/Outputs tree branch. BESTCOMSPIus must be online with the BE1-11¢ to view contact output
status. Alternately, status can be determined through the front-panel display by navigating to Metering >
Status > Outputs.

BE1-11g Contact Inputs and Outputs
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5 * Overexcitation (24) Protection

The overexcitation (24) element monitors the volts per hertz ratio and protects transformers and
generators from the adverse effects of excessive heating resulting from overexcitation. Overexcitation
exists whenever the per unit volts per hertz exceeds the equipment design limitations.

Element logic connections are made on the BESTlogic™Plus screen in BESTCOMSP/us® and element
operational settings are configured on the Overexcitation (24) settings screen in BESTCOMSPlus. A
summary of the logic inputs and outputs and operational settings appears at the end of this chapter.

BESTCOMSPIus Navigation Path: Settings Explorer, Protection, Voltage, Overexcitation (24)

HMI Navigation Path: Settings Explorer, Protection, Settings Group x (where x = 0 to 3), Voltage
Protection, Overexcitation 24

Element Operation

Overexcitation occurs when a generator or transformer magnetic core becomes saturated. When this
happens, stray flux is induced in non-laminated components, causing overheating. The BE1-11g detects
overexcitation conditions with a volts per hertz element that consists of one alarm setting, one inverse
time characteristic with selectable exponents (3 sets of time curves), and two definite-time characteristics.
This allows the user to select an individual inverse-time characteristic, a composite characteristic with
inverse time, and one or two definite-time elements, or a dual-level, definite-time element.

The inverse time characteristic closely approximates the heating characteristic of the protected equipment
as overexcitation increases. A linear reset characteristic provides for the decreasing (cooling) condition.

The overexcitation element responds to the magnitude of voltage versus frequency where the measured
voltage is phase to phase and includes the phase with the frequency measurement element.

Sensing Configuration

The pickup settings determine the V/Hz pickup level. The measured V/Hz is always calculated as the
measured voltage divided by the sensed system frequency. The measured phase depends on the
sensing voltage setting. The 24 element monitors VAB for both 3-wire and 4-wire connections. Thus, the
setting is in VPP/Hz for VT connection = 3W, 4W, AB, BC, CA and VPN/Hz for VT connection = AN, BN,
CN. For more information, refer to the Configuration chapter.

Nominal voltage for the BE1-11g is defined as a phase-to-neutral quantity. Nominal V/Hz depends on the
sensing voltage (VT) connection, nominal voltage, and nominal frequency settings. Nominal V/Hz is
calculated as the nominal voltage divided by nominal frequency. For VT connections equal to 3W, 4W,
AB, BC, CA, the nominal voltage (phase-neutral value) must be converted to a phase-phase value by
multiplying by the square root of 3. No additional conversion is required for VT connections equal to AN,
BN, or CN.

For 3W, 4W, AB, BC, or CA phase to phase sensing connections:

ks _ Measured V phage phase ViHz o~ (——)
Measured ™ “Measured Frequency Nominel ~ Nominal Frequency

Equation 5-1. V/Hz Measured (3W, 4W, AB, BC, or CA)

For AN, BN, or CN phase to neutral sensing connections:

V/H Measured V Phase -Neutral V/H VNominaI
Z Measured = Z Nominal = :
Measured Frequency Nominal Frequency

Equation 5-2. V/Hz Measured (AN, BN, or CN)

BE1-11g Overexcitation (24) Protection
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Trip and Reset Equations

Equation 5-3 and Equation 5-4 represent the trip time and reset time for a constant V/Hz level. Normally,
the V/Hz pickup is set to a value greater than the V/Hz nominal. This ensures that V/Hz measured divided
by V/Hz nominal is always greater than 1.000 throughout the pickup range. If the pickup is set less than
nominal, then measured values above pickup and below nominal will result in the maximum time delay.
The maximum time delay is determined by Equation 5-3 with (V/Hz measured / V/Hz nominal) set equal
to 1.001. The overall inverse time delay range is limited to 1,000 seconds maximum and 0.2 seconds
minimum.

D
Tr = LI -
VIHz Measured -1 . ET .
V/Hz ; Tgr =Dr *—="100
Nominal FST
Equation 5-3. Time to Trip Equation 5-4. Time to Reset
where:
Tr = Time to trip
TR = Time to reset
Dt = Time dial, trip
Dr = Time dial, reset
Et = Elapsed time
n = Curve exponent (0.5, 1, 2)

FST  =Full scale trip time (TT)

E7/FST = Fraction of total travel toward trip that integration had progressed to. (After a trip, this value
will be equal to one.)

Pickup and Trip
The Pickup output occurs first, followed by the Trip output.

Pickup

The Pickup output becomes true when the measured V/Hz increases above the V/Hz threshold
established by the Pickup setting. In BESTlogicPlus, the Pickup output can be connected to other logic
elements to annunciate the condition, control other elements in logic, and start the fault recorder (logic
element FAULTTRIG).

Assertion of the Pickup output initiates an inverse or definite timer that begins timing to a trip. The
duration of the timer is established by the Time Dial (inverse time) or Time Delay (definite time) setting. A
Time Delay or Time Dial setting of zero (0) makes the 24 element instantaneous with no intentional time
delay.

If the monitored V/Hz is above both the calculated inverse time and definite time delay thresholds, the
definite time delay has priority over the inverse time characteristic.

If the pickup condition subsides before the element delay or calculated inverse time expires, the timer and
Pickup output are reset, no corrective action is taken, and the element is rearmed for any other
occurrences of overexcitation. If inverse reset is chosen, the inverse trip timer will ramp down towards
reset at a linear rate based on the Reset Dial setting. A Reset Dial setting of zero (0) makes the reset
instantaneous with no intentional delay. See the Time Curve Characteristics chapter for details on each of
the available time curves.

Trip

The Trip output becomes true if an overexcitation pickup condition exists for the duration of the element
Time Delay (definite time) or calculated inverse time. In BESTlogicPlus, the Trip output can be connected
to other logic elements and to a physical relay output to annunciate the condition and to initiate corrective
action. If a target is enabled for the element, the BE1-11g will record a target when the Trip output
becomes true. See the Fault Reporting chapter for more information about target reporting.

Overexcitation (24) Protection BE1-11g
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Programmable Alarm

A 24 Volts per Hz alarm occurs during overexcitation so that corrective action can be taken before the 24
function trips. The alarm appears on the front-panel display, web page interface, and on the Alarms
metering screen in BESTCOMSPIus. Refer to the Alarms chapter for information about programming
alarms.

When the Alarm Pickup setting is exceeded, a timer is initiated and begins timing toward a trip. The
duration of the timer is established by the alarm Time Delay setting. An alarm Time Delay setting of zero
(0) makes the alarm instantaneous with no intentional time delay.

If the alarm pickup condition persists for the duration of the alarm Time Delay setting, the 24 Volts per Hz
alarm becomes true. If the alarm pickup condition subsides before the alarm time delay expires, the timer
is reset and no corrective action is taken.

Element Blocking

Fuse Loss

The fuse loss (60FL) element of the BE1-11g can be used to block 24 protection when fuse loss or loss of
potential is detected in a three-phase system.

If the 60FL element trip logic is true and Block Phase/V1 is enabled, all functions that use the phase
voltage are blocked. See the Fuse Loss (60FL) chapter for more information on the 60FL function.

Protective elements blocked by 60FL should be set so that trip times are 60 milliseconds or greater to
assure proper coordination of blocking.

Block Logic Input

The Block input provides logic-supervision control of the element. When true, the Block input disables the
element by forcing the Trip and Pickup outputs to logic 0 and resetting the element timer. Connect the
element Block input to the desired logic in BESTlogicPlus. When the element is initially selected from the
Elements view, the default condition of the Block input is a logic 0.

Logic Connections

Overexcitation element logic connections are made on the BESTlogicPlus screen in BESTCOMSPIus.
The overexcitation element logic block is illustrated in Figure 5-1. Logic inputs and outputs are
summarized in Table 5-1.

Blodk Trip

Pickup

Figure 5-1. Overexcitation Element Logic Block

Table 5-1. Logic Inputs and Outputs

Name Function Purpose

Block Input Disables the 24 function when true

Trip Output True when the 24 element is in trip condition
Pickup Output True when the 24 element is in pickup condition

Operational Settings

Overexcitation operational settings are configured on the Overexcitation (24) settings screen (Figure 5-2)
in BESTCOMSPlus.

BE1-11g Overexcitation (24) Protection
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Overexcitalion

Element Status

Mode
Enabled -

Inverse Time
PFickup (VppiHz)

210 Secondary ViHz
210 Primary ViHz
Time Dial

19

Reset Dial

0.0

Curve Exponent
b

Definite Time

Timer 1 Pickup (Vpp/Hz)
4.00 Secondary WHz

400 Primary ViHz
Timer 1 Time Delay (ms)
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Timer 2 Pickup (Vpp/Hz)

0.00 Secondary ViHz
0.00 Primary WiHz

Timer 2 Time Delay (ms)
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Alarm
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LAlarm Time Delay (ms)
1000
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Figure 5-2. Overexcitation Settings Screen

Settings Example

The overexcitation element is used to de-energize a generator or transformer that is experiencing an
overexcitation condition. Therefore, the manufacturer's overexcitation limit curves are required to
establish optimum protection. Figure 5-3 and Figure 5-4 show examples of a transformer and generator
limit curve along with the optimum composite protection characteristic.

Note

Actual damage curves must be obtained from the equipment
manufacturer for the particular equipment to be protected.

Overexcitation (24) Protection
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Figure 5-3. Time Shown on Vertical Axis
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Figure 5-4. Time Shown on Horizontal Axis

5-5

Assuming a Vnom of 69.3 Vpn, 1 pu volts/hertz = (69.3 * ¥3) / 60 = 2.00. Using IEEE Std C37.102-2006 -
IEEE Guide for AC Generator Protection as a guide for setting overexcitation protection, the following

BE1-11g
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example demonstrates how to set the BE1-11g to provide a composite V/Hz characteristic for protection
of a generator and a step-up transformer:

e Alarm = 105% @ 1 second time delay; V/IHz=2 * 1.05 =2.10

e Inverse time pickup = 105%; Time Dial = 1.9; Inverse Trip Curve = (M-1)*2; V/IHz=2 * 1.05=2.10

o Definite Time #1 = 118% @ 6 seconds time delay; V/Hz=1.18 * 2.0 = 2.36

The reset rate is determined by the Reset Dial setting. A setting of zero (0) gives an instantaneous reset.
Using the inverse squared characteristic, assume a trip time dial setting 2.0 and a pickup multiple of 1.2.
The total time to trip will be 50 seconds. If this exists for 30 seconds before being corrected (60% elapsed

time), what would the total reset time be for a reset dial setting of 5? Based on the reset equation
(Equation 5-5), the calculation will be:

Tr =Dg * Er *100 TR:5.0*£*100:300 seconds
FST 50

Equation 5-5. Time to Reset

If the overexcitation condition returns prior to total reset (i.e., less than 300 seconds), timing resumes from
that point at the inverse square rate. For example, if this condition recurs after 150 seconds or 50% of the
total reset time, then trip time from the second event will start at 30% instead of 0%, therefore tripping in
70% of the original trip time or 35 seconds. Figure 5-5 illustrates the inverse time delay and reset time.

100% [~

/‘// OVEREXCITATION NO LONGER
DETECTED >
S

60% i
£Ser

DETECTED

30% |
|
|

|

| et 120 ‘ii 35"']

0 30 150 185  Doawece
TIME IN SECONDS

Figure 5-5. Inverse Time Delay and Reset Time
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6 *« Sync-Check (25) Protection

The sync-check (25) element provides breaker closing supervision by comparing the voltage magnitude,
angle, and frequency of the phase voltage to the voltage magnitude, angle, and frequency of the auxiliary
voltage to determine synchronism. This element is not available in styles GxxxxxxxSxxxxx and
GXXXXXJIXTXXXXX.

Element logic connections are made on the BESTlogic™Plus screen in BESTCOMSP/us® and element
operational setting are configured on the Sync-Check settings screen in BESTCOMSPIus. A summary of
the logic inputs and outputs and operational settings appears at the end of this chapter.

BESTCOMSPIus Navigation Path: Settings Explorer, Protection, Voltage, Sync-Check (25)

HMI Navigation Path: Settings Explorer, Protection, Settings Group x (where x = 0 to 3), Voltage
Protection, Sync Check 25

Element Operation

When monitored voltage between the sources meets angle, voltage, and slip criteria, the element Sync
output becomes true. In BESTlogicPlus, the Sync output can be connected to other logic elements to
annunciate the condition or control other elements in logic. The Sync logic output becomes true when all
three of the following conditions are met:

1. Phase angle between sources is less than the Slip Angle setting.

2. Frequency error between sources is less than the Slip Frequency setting. (Note: When the
Source Freq > Destination Freq setting box is checked, only generator frequency greater than
bus frequency is allowed. Source Freq is the generator 3-phase connection and Destination Freq
is the Aux connection.)

3. Voltage magnitude between sources is less than setting. (Note: The voltage used by the BE1-11g
for this feature is a voltage magnitude measurement, not a voltage phasor measurement.)

Voltage thresholds are entered in percent allowing the use of non-equal transformers with the sync-check
function. The sync-check element Sync logic output is true when the criteria are met for the entered
nominal bus voltage, nominal line voltage, and allowable percent difference. For example, the sensing for
the generator is on one side of a step-down transformer and the sensing for the bus is on the other.
Dead/Live values are entered as percent as well.

Note

The sync-check function will not work if VTX connections are set for
residual voltage input.

Measuring slip frequency directly allows the sync-check element to rapidly determine if systems are in
synchronism and requires no timer or inherent delay (as compared to systems that check only that the
phase angle is held within a window for a period of time). The moment that conditions 1, 2, and 3 (listed
above) are met, the systems can be considered in synchronism, and the Sync logic output becomes true.
Refer to the Metering chapter for more information about slip frequency measurement.

VT Connections

The sync-check element compares the phase (generator) voltage to the auxiliary (bus) voltage. Proper
connection of the voltage transformer inputs is vital for correct operation of the sync-check element.

For clarification on single-phase VTP connections, refer to the Typical Connections chapter. The single-
phase parallel connections ensure that the zero-crossing circuit is always connected to the sensed circuit.

For single-phase sensing connections derived from a phase-to-neutral source:

BE1-11g Sync-Check (25) Protection
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Terminals Va (C13), Vb (C14), and Vc (C15) are connected in parallel. The single-phase signal is
connected between the parallel group and terminal N (C16).

For single-phase sensing connections derived from a phase-to-phase source:

Terminals Vb (C14), Vc (C15), and N (C16) are connected in parallel. The single-phase signal is
connected between terminal Va (C13) and the parallel group.

Note that the voltage monitor (described below) performs three of three testing for all connections. For
3W and 4W, phases A, B, and C are actually tested. For single-phase connections, the terminals are
connected in parallel as described above and the single-phase is tested three times.

Caution

The Aux VT Connection must be properly selected on the Sensing
Transformers screen in BESTCOMSPIus. Refer to the Configuration
chapter for more information on this setting.

Angle Compensation

Compensation for phase angle differences between the phase and auxiliary VT connections (including
single-phase VTP connections) are possible with the Angle Compensation setting. That is, for a VTP
selection of phase-to-phase and a VTX selection of phase-to-neutral, a value of 30° should be defined for
angle compensation.

Common system and sensing transformer combinations are shown in Table 6-1. This table assumes no
step-up or step-down transformer between the two measurement PTs. If the synchronizing zone includes
a step-up or step-down transformer, change the nominal voltages accordingly.

Table 6-1. Common System and Sensing Transformer Combinations

Phase VT Phase Aux VT Secondary Secondary Angle
Connection Rotation Connection Phase Voltage Aux Voltage | Compensation
(Phase-Neutral)

3-wire ABC AB 69.3 120 0°

3-wire ABC BC 69.3 120 240°
3-wire ABC CA 69.3 120 120°
3-wire ACB AB 69.3 120 0°

3-wire ACB BC 69.3 120 120°
3-wire ACB CA 69.3 120 240°
4-wire ABC AN 69.3 69.3 0°

4-wire ABC BN 69.3 69.3 240°
4-wire ABC CN 69.3 69.3 120°
4-wire ABC AB 69.3 120 30°
4-wire ABC BC 69.3 120 270°
4-wire ABC CA 69.3 120 150°
4-wire ACB AN 69.3 69.3 0°

4-wire ACB BN 69.3 69.3 120°
4-wire ACB CN 69.3 69.3 240°
4-wire ACB AB 69.3 120 330°
4-wire ACB BC 69.3 120 90°
4-wire ACB CA 69.3 120 210°

Sync-Check (25) Protection BE1-11g
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Phase VT Phase Aux VT Secondary Secondary Angle
Connection Rotation Connection Phase Voltage Aux Voltage | Compensation
(Phase-Neutral)
AB ABC AB 69.3 120 0°
AB ACB AB 69.3 120 0°
BC ABC BC 69.3 120 0°
BC ACB BC 69.3 120 0°
AB ABC BC 69.3 120 240°
AB ACB BC 69.3 120 120°
AB ABC AN 69.3 69.3 330°
AB ACB AN 69.3 69.3 30°

Voltage Monitoring

The sync-check element Sync logic output provides closing supervision for only the live line/live bus
condition.

The Volt Monitor logic output is provided for conditions where the bus and/or the line are dead. In
BESTlogicPlus, the Volt Monitor logic output can be connected to other logic elements to annunciate the
condition or control other elements in logic. A live condition for either the phase voltage or auxiliary
voltage is determined when the measured voltage on the respective input is equal to or above the live
voltage threshold established by the Live Voltage setting. A dead condition for either phase voltage or
auxiliary voltage is determined when the measured voltage on the respective input is equal to or below
the dead voltage threshold established by the Dead Voltage setting. The Dropout Delay setting provides
hysteresis for the Volt Monitor logic output.

For the phase voltage input, if the connection is three phase, 3W or 4W, all three phases are tested and
must be above the live voltage threshold for a live condition to be true. Similarly, all three phases must be
below the dead voltage threshold for a dead condition to be true.

The Volt Monitor logic is illustrated in Figure 6-1. Any combination of logic settings can be selected for the
Voltage Monitor Logic on the Sync-Check (25) settings screen in BESTCOMSPIus. When a logic
combination is selected, the sync-check element closes the respective switch in Figure 6-1 associated
with each of the outputs.

DEAD PHASE ——| 1 N\
DEAD AUX — —— J — Volt Monitor
_/
DEAD PHASE ——|
2
LIVE AUX —
3
o
LIVE PHASE — 5
3 g
DEAD AUX  —

Figure 6-1. Voltage Monitor Logic

Element Blocking

Fuse Loss

The fuse loss (60FL) element of the BE1-11g can be used to block the 25 element when fuse loss or loss
of potential is detected in a three-phase system.

BE1-11g Sync-Check (25) Protection
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If the 60FL element trip logic is true and Block Phase/V1 is enabled, all functions that use the phase
voltage are blocked. See the Fuse Loss (60FL) chapter for more information on the 60FL functions.

Protective elements blocked by 60FL should be set so that trip times are 60 milliseconds or greater to
assure proper coordination of blocking.

Block Logic Input

The Block input provides logic-supervision control of the element. When true, the Block input disables the
element by forcing the element outputs to logic 0. Connect the element Block input to the desired logic in
BESTIlogicPlus. When the element is initially selected from the Elements view, the default condition of the
Block input is logic O.

Logic Connections

Sync-check element logic connections are made on the BESTlogicPlus screen in BESTCOMSPIus. The
sync-check element logic block is illustrated in Figure 6-2. Logic inputs and outputs are summarized in
Table 6-2.

25

Enabled
L Block Sync

Wolt Monitor

Volt Synced
Angle Synced

Slip Synced

Figure 6-2. Sync-Check Element Logic Block

Table 6-2. Logic Inputs and Outputs

Logic
Name Function Purpose
Block Input Disables the 25 function when true
Sync Output True when the monitored voltage between the sources meets angle,
voltage, and slip criteria
Volt Monitor Output True when the bus and/or line is dead
Volt Synced Output True when the voltage magnitude between sources is less than setting
Angle Output True when the phase angle between sources is less than the Slip
Synced Angle setting
Slip Synced Output True when the frequency error between sources is less than the Slip
Frequency setting

Operational Settings

Sync-check element operational settings are configured on the Sync-Check (25) settings screen (Figure
6-3) in BESTCOMSPlus.

Sync-Check (25) Protection BE1-11g
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6-5

Sync-Check

25 Element
25 Element Settings 25 Voltage Monitoring
Mode Live Voltage (%)
== - —
Voltage Difference (%) Dead Veltage (%)

ﬂ

Slip Angle (%) Drop Out Delay (ms)

SlipF / (H
ip Frequency (Hz) 25 Voltage Monitor Logic

Diead Phase / Dead Aux
Source Freq > Destination Freq T -
Disabled ~ :
Dead Phase / Live Aux
25 Element Sensing Setup Disabled ~
Angle Compensation (%) Live Phase | Dead Aux
Disabled .

BE1-11g

Figure 6-3. Sync-Check Settings Screen
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7 * Phase Undervoltage (27P) Protection

Five phase undervoltage (27P) elements monitor the sensing voltage applied to the BE1-11g. An element
can be configured to protect against undervoltage when the phase voltage decreases below a defined
level.

The five, identical phase undervoltage protection elements are designated 27P-1, 27P-2, 27P-3, 27P-4,
and 27P-5. Element logic connections are made on the BESTlogic™Plus screen in BESTCOMSPIus® and
element operational settings are configured on the Undervoltage settings screen in BESTCOMSPIus. A
summary of the logic inputs and outputs and operational settings appears at the end of this chapter.

BESTCOMSPIus Navigation Path: Settings Explorer, Protection, Voltage, Undervoltage (27P)

HMI Navigation Path: Settings Explorer, Protection, Settings Group x (where x = 0 to 3), Voltage
Protection, Undervoltage 27P

Element Operation

Phase undervoltage protection can be used to prevent large transformer and equipment damage when an
undervoltage condition exists. For example, an undervoltage condition could occur when a tap changing
control fails.

Modes of Protection

Three modes of protection are available. The One of Three mode activates protection when one of the
three phases of voltage decreases below the Pickup setting. The Two of Three mode activates protection
when any two of the three phases of voltage decrease below the Pickup setting. The Three of Three
mode activates protection when all three phases of voltage decrease below the Pickup setting.

Voltage Response

The phase undervoltage element can be set to monitor VPP or VPN. This is determined by the 27/59
Mode parameter of the phase VT connections found on the System Parameters/Sensing Transformers
settings screen in BESTCOMSPIus. For more information on the VTP setup for PP or PN voltage
response, see the Configuration chapter.

Timings
The timing mode can be set for definite or inverse.

Inverse

When inverse timing is selected, a Curve setting is provided to select programmable or table curves. The
user can select integrating reset timing to make the protective element use integrated reset and emulate
an electromechanical induction disk reset characteristic. The undervoltage inverse time curve with default
constants is shown in the Time Curve Characteristics chapter.

Programmable Curves

The programmable curve can be used to create a custom curve by selecting constants in the inverse time
characteristic equation. When curve P is selected, the constants used in the equation are those defined
by the user. Characteristics for trip and reset programmable curves are defined by Equation 7-1 and
Equation 7-2. Definitions for these equations are provided in Table 7-1.

T. AD + BD T, kD
T=Cc—-MN R™ M2 -1
Equation 7-1. Time Characteristics for Trip Equation 7-2. Time Characteristics for Reset

BE1-11g Phase Undervoltage (27P) Protection
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Table 7-1. Definitions for Equation 7-1 and Equation 7-2

Parameter Description Explanation
Tt Time to trip Time that the 27P-x function will take to time out and trip.
D Time dial setting Time dial setting for the 27P-x function.

Measured current in multiples of pickup. The timing algorithm has

M Multiple of pickup a dynamic range of 0 to 1 times pickup.

Constant specific to

A Affects the effective range of the time dial.
selected curve

B Constant specific to | Affects a constant term in the timing equation. Has greatest effect
selected curve on curve shape at high multiples of tap.
Constant specific to Affects the multiple of PU where the curve would approach

C P infinity if allowed to continue below pickup. Has greatest effect on
selected curve :

curve shape near pickup.

N Exponent specific to | Affects how inverse the characteristics are. Has greatest effect
selected curve on curve shape at low to medium multiples of tap.

TR Time to reset Relevant if 27P-x function is set for integrating reset.

R Constant specific to Affects the speed of reset when integrating reset is selected.

selected curve

Curve constants are entered on the Undervoltage (27P) settings screen in BESTCOMSPlus.
Programmable curve constants can be entered only when the P curve is chosen for the protection
element from the Curve drop-down menu.

Table Curves

BESTCOMSPlus is used to set the 27P element Table Curves (T1, T2, T3, and T4). Using the Settings
Explorer within BESTCOMSPIus, open the Protection, Voltage, Undervoltage Table Curves, Table Curve
(1, 2, 3, or 4) tree branch and select the table curve to be modified. Refer to Figure 7-1. A minimum of 2
and maximum of 40 points can be entered for any one T curve. When you are satisfied with the values
chosen, select Save Curve. Use the Settings Explorer to browse to the 27P-x element you wish to
program and use the drop-down menu under Curve to select T1, T2, T3, or T4.

Table curves can be entered regardless of the curve chosen for the protection element. However, the
table curve will not be enabled until T1, T2, T3, or T4 is selected as the curve for the protective element.

Phase Undervoltage (27P) Protection BE1-11g
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Figure 7-1. Time Undervoltage Characteristic Curves

Pickup and Trip
The Pickup output occurs first, followed by the Trip output.

Pickup

The Pickup output becomes true when the measured voltage decreases below the voltage threshold
established by the Pickup setting. In BESTIlogicPlus, the Pickup output can be connected to other logic
elements to annunciate the condition, control other elements in logic, and start the fault recorder (logic
element FAULTTRIG).

Assertion of the Pickup output initiates a timer that begins timing to a trip. The duration of the timer is
established by the Time Delay (definite timing) or Time Dial (inverse timing). A Time Delay or Time Dial
setting of zero (0) makes the 27P element instantaneous with no intentional time delay.

If the pickup condition subsides before the element delay or calculated inverse time expires, the timer and
Pickup output are reset, no corrective action is taken, and the element is rearmed for any other
occurrences of undervoltage.

Trip

The Trip output becomes true when an undervoltage pickup condition persists for the duration of the
element Time Delay setting or calculated inverse time. In BESTlogicPlus, the Trip output can be
connected to other logic elements and to a physical relay output to annunciate the condition and to initiate
corrective action. If a target is enabled for the element, the BE1-11¢ will record a target when the Trip
output becomes true. See the Fault Reporting chapter for more information about target reporting.

Voltage Inhibit

The Voltage Inhibit setting impedes phase undervoltage element operation during undervoltage
conditions that may occur during equipment startup. This setting is expressed in primary or secondary
voltage depending on the Settings Display Mode selected on the General Settings/Display Units settings
screen in BESTCOMSPlus. Its unit of measure depends upon the phase VT connection setting. For four-
wire or phase-to-neutral sensing connections, the inhibit level is expressed in Vpn. For three-wire or
phase-to-phase sensing connections the inhibit level is expressed in Vpp.

BE1-11g Phase Undervoltage (27P) Protection
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Element Blocking

Fuse Loss

The fuse loss (60FL) element of the BE1-11g can be used to block 27P protection when fuse loss or loss
of potential is detected in a three-phase system.

If the 60FL element trip logic is true and Block Phase/V1 is enabled, all functions that use the phase
voltage are blocked. See the Fuse Loss (60FL) chapter for more information on the 60FL function.

Protective elements blocked by 60FL should be set so that trip times are 60 milliseconds or greater to
assure proper coordination of blocking.

Block Logic Input

The Block input provides logic-supervision control of the element. When true, the Block input disables the
element by forcing the Trip and Pickup outputs to logic 0 and resetting the element timer. Connect the
element Block input to the desired logic in BESTlogicPlus. When the element is initially selected from the
Elements view, the default condition of the Block input is a logic 0.

Logic Connections

Phase undervoltage element logic connections are made on the BESTlogicPlus screen in
BESTCOMSPIus. The phase undervoltage element logic block is illustrated in Figure 7-2. Logic inputs
and outputs are summarized in Table 7-2.

Block Trip

Pickup

Figure 7-2. Phase Undervoltage Element Logic Block

Table 7-2. Logic Inputs and Outputs

Name Logic Function Purpose

Block Input Disables the 27P function when true

Trip Output True when the 27P element is in a trip condition
Pickup Output True when the 27P element is in a pickup condition

Operational Settings

Phase undervoltage element operational settings are configured on the Undervoltage (27P) settings
screen (Figure 7-3) in BESTCOMSPlus.

Phase Undervoltage (27P) Protection BE1-11g
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Figure 7-3. Phase Undervoltage Settings Screen
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8 ¢ Auxiliary Undervoltage (27X)
Protection

Four auxiliary undervoltage (27X) elements monitor the phase and auxiliary voltage applied to the BE1-
11g. An element can be configured to protect against undervoltage by monitoring neutral-shift voltage,
positive-sequence voltage, negative-sequence voltage, fundamental voltage on the Vx input, or third-
harmonic voltage on the Vx input.

The four, identical auxiliary undervoltage protection elements are designated 27X-1, 27X-2, 27X-3, and
27X-4. Element logic connections are made on the BESTlogic™Plus screen in BESTCOMSP/us® and
element operational settings are configured on the Undervoltage (27X) settings screen in
BESTCOMSPIus. A summary of the logic inputs and outputs and operational settings appears at the end
of this chapter.

BESTCOMSPIus Navigation Path: Settings Explorer, Protection, Voltage, Undervoltage (27X)

HMI Navigation Path: Settings Explorer, Protection, Settings Group x (where x = 0 to 3), Voltage
Protection, Undervoltage 27X

Element Operation

Auxiliary undervoltage protection can be used to protect equipment from damage caused by phase
failure, positive/negative phase sequence, or phase unbalance.

Modes of Protection

Five modes of protection are available: 3V0, V1, V2, Vx Fundamental, and Vx Third Harmonic.

3V0 Mode

3V0 mode provides voltage unbalance protection in a three-phase system. The 3V0 measurement
increases as the three-phase voltages become unbalanced.

V1 Mode

V1 mode provides positive phase-sequence protection in a three-phase system. The V1 measurement
increases as the phase sequence is brought forward.

V2 Mode

V2 mode provides negative phase-sequence protection in a three-phase system. The V2 measurement
increases as voltage becomes unbalanced or the phase sequence is reversed.

Vx Fundamental Mode

Vx Fundamental mode provides ground offset detection on high impedance ground systems or phase
undervoltage protection in sync-check applications.

Vx Third Harmonic Mode

Vx Third Harmonic mode provides internal generator short detection.

Connections

Connections are made on the rear of the BE1-11g. The phase VT inputs (Va, Vb, Vc) are used when 3V0,
V1, or V2 mode is selected. The auxiliary VT input (Vx) is used when Vx Fundamental or Vx Third
Harmonic mode is selected. For an illustration of terminals, refer to the Terminals and Connectors
chapter.

BE1-11g Auxiliary Undervoltage (27X) Protection
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Sensing Configuration

When using the Vx input, setting the Aux VT Connection parameter provides the correct labeling of
settings and metering data found in BESTCOMSPIus and fault reports. The Aux VT Connection
parameter set to AB, for example, will display the metering data as AB in fault records and display the
pickup setting as Vpp in BESTCOMSPIus. See Table 8-1 for a full list of possible settings. The Aux VT
Connection parameter is found on the System Parameters/Sensing Transformers settings screen in
BESTCOMSPIus. For more information on the auxiliary VT setup, see the Configuration chapter.

Table 8-1. Auxiliary VT Configuration

Aux VT Connection Mode Unit
AB, BC, CA Vx Fundamental, Vx Third Harmonic VPP
AN, BN, CN Vx Fundamental, Vx Third Harmonic VPN
Ground Vx Fundamental, Vx Third Harmonic VPN
Any V1, V2, and 3V0 VPN
Timings

The timing mode can be set for definite or inverse.

Inverse

When inverse timing is selected, a Curve setting is provided to select programmable or table curves. The
user can select integrating reset timing to make the protective element use integrated reset and emulate
an electromechanical induction disk reset characteristic. The undervoltage inverse time curve with default
constants is shown in the Time Curve Characteristics chapter.

Programmable Curves

The programmable curve can be used to create a custom curve by selecting constants in the inverse time
characteristic equation. When curve P is selected, the constants used in the equation are those defined
by the user. Characteristics for trip and reset programmable curves are defined by Equation 8-1 and
Equation 8-2. Definitions for these equations are provided in Table 8-2.

T. AD + BD T, RD
T=Cc—-MN R= M2 -1
Equation 8-1. Time Characteristics for Trip Equation 8-2. Time Characteristics for Reset
Table 8-2. Definitions for Equation 8-1 and Equation 8-2

Parameter Description Explanation

Tt Time to trip Time that the 27X-x function will take to time out and trip.

D Time dial setting Time dial setting for the 27X-x function.

M Multiple of pickup Measured current in multiples of pickup. The timing algorithm has

a dynamic range of 0 to 1 times pickup.

Constant specific to

A Affects the effective range of the time dial.
selected curve

B Constant specific to | Affects a constant term in the timing equation. Has greatest effect
selected curve on curve shape at high multiples of tap.
Constant specific to Affects the multiple of PU where the curve would approach

C P infinity if allowed to continue below pickup. Has greatest effect on
selected curve :

curve shape near pickup.

N Exponent specific to | Affects how inverse the characteristics are. Has greatest effect
selected curve on curve shape at low to medium multiples of tap.

Tr Time to reset Relevant if 27X-x function is set for integrating reset.

Auxiliary Undervoltage (27X) Protection BE1-11g
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Parameter Description Explanation
R Constant specific to Affects the speed of reset when integrating reset is selected.
selected curve

Curve constants are entered on the Undervoltage (27X) settings screen in BESTCOMSPlus.
Programmable curve constants can be entered only when the P curve is chosen for the protection
element from the Curve drop-down menu.

Table Curves

BESTCOMSPlus is used to set the 27X element Table Curves (T1, T2, T3, and T4). Using the Settings
Explorer within BESTCOMSPIus, open the Protection, Voltage, Undervoltage Table Curves, Table Curve
(1, 2, 3, or 4) tree branch and select the table curve to be modified. Refer to Figure 8-1. A minimum of 2
and maximum of 40 points can be entered for any one T curve. When you are satisfied with the values
chosen, select Save Curve. Use the Settings Explorer to browse to the 27X-x element you wish to
program and use the drop-down menu under Curve to select T1, T2, T3, or T4.

Table curves can be entered regardless of the curve chosen for the protection element. However, the
table curve will not be enabled until T1, T2, T3, or T4 is selected as the curve for the protective element.
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Figure 8-1. Time Undervoltage Characteristic Curves

Pickup and Trip
The Pickup output occurs first, followed by the Trip output.

Pickup

The Pickup output becomes true when the measured voltage decreases below the voltage threshold
established by the Pickup setting. In BESTlogicPlus, the Pickup output can be connected to other logic
elements to annunciate the condition, control other elements in logic, and start the fault recorder (logic
element FAULTTRIG).

Assertion of the Pickup output initiates a timer that begins timing to a trip. The duration of the timer is
established by the Time Delay (definite timing) or Time Dial (inverse timing). A Time Delay or Time Dial
setting of zero (0) makes the 27X element instantaneous with no intentional time delay.

BE1-11g Auxiliary Undervoltage (27X) Protection
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If the pickup condition subsides before the element delay or calculated inverse time expires, the timer and
Pickup output are reset, no corrective action is taken, and the element is rearmed for any other
occurrences of undervoltage.

Trip

The Trip output becomes true if an undervoltage pickup condition persists for the duration of the element
Time Delay setting or calculated inverse time. In BESTlogicPlus, the Trip output can be connected to
other logic elements and to a physical relay output to annunciate the condition and to initiate corrective
action. If a target is enabled for the element, the BE1-11g will record a target when the Trip output
becomes true. See the Fault Reporting chapter for more information about target reporting.

Voltage Inhibit

The Voltage Inhibit setting impedes auxiliary undervoltage element operation during undervoltage
conditions that may occur during equipment startup. This setting is expressed in primary or secondary
voltage depending on the Settings Display Mode selected on the General Settings/Display Units settings
screen in BESTCOMSPlus.

Its unit of measure depends upon the auxiliary VT connection setting and 27X element mode selected.
For AB, BC, and CA sensing connections in Vx Fundamental or Vx Third Harmonic mode, the inhibit level
is expressed in Vpp. For AN, BN, CN, or Ground sensing connections in Vx Fundamental or Vx Third
Harmonic mode, the inhibit level is expressed in Vpn. The inhibit level is always expressed in Vpn for V1,
V2, and 3V0 modes of the 27X element.

Element Blocking

Fuse Loss

The fuse loss (60FL) element of the BE1-11g can be used to block 27X protection when fuse loss or loss
of potential is detected in a three-phase system.

If the 60FL element trip logic is true and Block Phase/V1 is enabled, the 27X function will be blocked
when configured for V1 mode. If Block V2 is enabled, the 27X function will be blocked when configured
for V2 mode. If Block 3V0 is enabled, the 27X function will be blocked when configured for 3V0 mode.
See the Fuse Loss (60FL) chapter for more information on the 60FL function.

Protective elements blocked by 60FL should be set so that trip times are 60 milliseconds or greater to
assure proper coordination of blocking.

Block Logic Input

The Block input provides logic-supervision control of the element. When true, the Block input disables the
element by forcing the Trip and Pickup outputs to logic 0 and resetting the element timer. Connect the
element Block input to the desired logic in BESTlogicPlus. When the element is initially selected from the
Elements view, the default condition of the Block input is a logic 0.

Logic Connections

Auxiliary undervoltage element logic connections are made on the BESTlogicPlus screen in
BESTCOMSPIus. The auxiliary undervoltage element logic block is illustrated in Figure 8-2. Logic inputs
and outputs are summarized in Table 8-3.

Auxiliary Undervoltage (27X) Protection BE1-11g
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Blodk Trip

Pickup

Figure 8-2. Auxiliary Undervoltage Element Logic Block

Table 8-3. Logic Inputs and Outputs

Name Logic Function Purpose

Block Input Disables the 27X function when true

Trip Output True when the 27X element is in a trip condition
Pickup Output True when the 27X element is in a pickup condition

Operational Settings

Auxiliary undervoltage element operational settings are configured on the Undervoltage (27X) settings

screen (Figure 8-3) in BESTCOMSPIus.
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Figure 8-3. Auxiliary Undervoltage Settings Screen

To use 3V0, V1, or V2 mode, the VTP connection cannot be single-phase.

BE1-11g
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9 « Negative-Sequence Voltage (47)
Protection

Negative-sequence voltage protection is included as a mode of the 27X (Auxiliary Undervoltage) and 59X
(Auxiliary Overvoltage) elements. Refer to the Auxiliary Undervoltage (27X) Protection and Auxiliary
Overvoltage (59X) Protection chapters for information on how to set up and program the V2 (negative-
sequence voltage) mode of the 27X and 59X elements.

Negative-sequence voltage protection is used to sense power-system imbalance. This situation occurs
when a large single-phase load is switched onto the system, or when transformer-input fuses blow in only
one or two phases. Negative-sequence voltage protection is good for detecting improper phasing when
an oncoming generator is paralleled to the power system. All motor loads should be protected from the
heating caused by unbalanced voltage (either on the bus or on each motor feeder). Industry standards
state that the existence of unbalanced voltage feed results in 4 to 10 times the current imbalance. For a
motor feeder, the negative-sequence voltage unbalances should not exceed 5 percent to avoid
overheating and damage.

BE1-11g Negative-Sequence Voltage (47) Protection
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10 - Phase Overvoltage (59P) Protection

Four phase overvoltage (59P) elements monitor the sensing voltage applied to the BE1-11g. An element
can be configured to protect against overvoltage when the phase voltage increases above a defined level.

The four, identical overvoltage protection elements are designated 59P-1, 59P-2, 59P-3, and 59P-4.
Element logic connections are made on the BESTlogic™Plus screen in BESTCOMSP/us® and element
operational settings are configured on the Overvoltage settings screen in BESTCOMSPIus. A summary of
the logic inputs and outputs and operational settings appears at the end of this chapter.

BESTCOMSPIus Navigation Path: Settings Explorer, Protection, Voltage, Overvoltage (59P)

HMI Navigation Path: Settings Explorer, Protection, Settings Group x (where x = 0 to 3), Voltage
Protection, Overvoltage 59P

Element Operation

Overvoltage protection can be used to prevent large transformer and equipment damage when an
overvoltage condition exists. For example, an overvoltage condition could occur when the tap changing
control fails.

Modes of Protection

Three modes of protection are available. The One of Three mode activates protection when one of the
three phases of voltage increases above the Pickup setting. The Two of Three mode activates protection
when any two of the three phases of voltage increases above the Pickup setting. The Three of Three
mode activates protection when all three phases of voltage increase above the Pickup setting.

Voltage Response

The overvoltage element can be set to monitor VPP or VPN. This is determined by the 27/59 Mode
parameter of the phase VT connections found on the System Parameters/Sensing Transformers settings
screen in BESTCOMSPIus. For more information on the VTP setup for PP or PN voltage response, see
the Configuration chapter.

Timings
The timing mode can be set for definite or inverse.

Inverse

When inverse timing is selected, a Curve setting is provided to select programmable or table curves. The
user can select integrating reset timing to make the protective element use integrated reset and emulate
an electromechanical induction disk reset characteristic. The overvoltage inverse time curve with default
constants is shown in the Time Curve Characteristics chapter.

Programmable Curves

The programmable curve can be used to create a custom curve by selecting constants in the inverse time
characteristic equation. When curve P is selected, the constants used in the equation are those defined
by the user. Characteristics for trip and reset programmable curves are defined by Equation 10-1 and
Equation 10-2. Definitions for these equations are provided in Table 10-1.

T AD + BD T, kD
TTMV—¢ fMz -1
Equation 10-1. Time Characteristics for Trip Equation 10-2. Time Characteristics for Reset

BE1-11g Phase Overvoltage (59P) Protection
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Table 10-1. Definitions for Equation 10-1 and Equation 10-2

Parameter Description Explanation
Tt Time to trip Time that the 59P-x function will take to time out and trip.
D Time dial setting Time dial setting for the 59P-x function.
M Multiple of pickup Measure_d current in mult|p!es of p|ckup. The timing algorithm has
a dynamic range of 1 to 3 times pickup.
A Constant specific to Affects the effective range of the time dial.
selected curve
B Constant specific to | Affects a constant term in the timing equation. Has greatest effect
selected curve on curve shape at high multiples of tap.
Constant specific to Affects the multiple of PU where the curve would approach
C P infinity if allowed to continue below pickup. Has greatest effect on
selected curve :
curve shape near pickup.
N Exponent specific to | Affects how inverse the characteristics are. Has greatest effect
selected curve on curve shape at low to medium multiples of tap.
TR Time to reset Relevant if 59P-x function is set for integrating reset.
R Constant specific to Affects the speed of reset when integrating reset is selected.
selected curve

Curve constants are entered on the Overvoltage (59P) settings screen in BESTCOMSP/us.
Programmable curve constants can be entered only when the P curve is chosen for the protection
element from the Curve drop-down menu.

Table Curves

BESTCOMSPlus is used to set the 27P element Table Curves (T1, T2, T3, and T4). Using the Settings
Explorer within BESTCOMSPIus, open the Protection, Voltage, Overvoltage, Table Curves, Table Curve
(1, 2, 3, or 4) tree branch and select the table curve to be modified. Refer to Figure 10-1. A minimum of 2
and maximum of 40 points can be entered for any one T curve. When you are satisfied with the values
chosen, select Save Curve. Use the Settings Explorer to browse to the 59P-x element you wish to
program and use the drop-down menu under Curve to select T1, T2, T3, or T4.

Table curves can be entered regardless of the curve chosen for the protection element. However, the
table curve will not be enabled until T1, T2, T3, or T4 is selected as the curve for the protective element.

Phase Overvoltage (59P) Protection
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Figure 10-1. Time Overvoltage Characteristic Curves

Pickup and Trip
The Pickup output occurs first, followed by the Trip output.

Pickup

The Pickup output becomes true when the measured voltage increases above the voltage threshold
established by the Pickup setting. In BESTlogicPlus, the Pickup output can be connected to other logic
elements to annunciate the condition, control other elements in logic, and start the fault recorder (logic
element FAULTTRIG).

Assertion of the Pickup output initiates a timer that begins timing to a trip. The duration of the timer is
established by the Time Delay (definite timing) or Time Dial (inverse timing). A Time Delay or Time Dial
setting of zero (0) makes the 59P element instantaneous with no intentional time delay.

If the pickup condition subsides before the element delay or calculated inverse time expires, the timer and
Pickup output are reset, no corrective action is taken, and the element is rearmed for any other
occurrences of overvoltage.

Trip

The Trip output becomes true if an overvoltage pickup condition persists for the duration of the element
Time Delay setting or calculated inverse time. In BESTlogicPlus, the Trip output can be connected to
other logic elements and to a physical relay output to annunciate the condition and to initiate corrective
action. If a target is enabled for the element, the BE1-11g will record a target when the Trip output
becomes true. See the Fault Reporting chapter for more information about target reporting.

Element Blocking

Fuse Loss

The fuse loss (60FL) element of the BE1-11g can be used to block 59P protection when fuse loss or loss
of potential is detected in a three-phase system.

If the 60FL element trip logic is true and Block Phase/V1 is enabled, all functions that use the phase
voltage are blocked. See the Fuse Loss (60FL) chapter for more information on the 60FL function.

BE1-11g Phase Overvoltage (59P) Protection
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Protective elements blocked by 60FL should be set so that trip times are 60 milliseconds or greater to
assure proper coordination of blocking.

Block Logic Input

The Block input provides logic-supervision control of the element. When true, the Block input disables the
element by forcing the Trip and Pickup outputs to logic 0 and resetting the element timer. Connect the
element Block input to the desired logic in BESTlogicPlus. When the element is initially selected from the
Elements view, the default condition of the Block input is a logic 0.

Logic Connections

Overvoltage element logic connections are made on the BESTlogicPlus screen in BESTCOMSPIus. The
overvoltage element logic block is illustrated in Figure 10-2. Logic inputs and outputs are summarized in
Table 10-2.

Blodk Trip

Pickup

Figure 10-2. Overvoltage Element Logic Block

Table 10-2. Logic Inputs and Outputs

Name Logic Function Purpose

Block Input Disables the 59P function when true

Trip Output True when the 59P element is in a trip condition
Pickup Output True when the 59P element is in a pickup condition

Operational Settings

Overvoltage element operational settings are configured on the Overvoltage settings screen (Figure 10-3)
in BESTCOMSPlus.

Phase Overvoltage (59P) Protection BE1-11g
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Figure 10-3. Overvoltage Settings Screen
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11 « Auxiliary Overvoltage (59X)
Protection

Four auxiliary overvoltage (59X) elements monitor the phase and auxiliary voltage applied to the
BE1-11g. An element can be configured to protect against overvoltage by monitoring neutral-shift voltage,
positive-sequence voltage, negative-sequence voltage, fundamental voltage on the Vx input, or third-
harmonic voltage on the Vx input.

The four, identical auxiliary overvoltage protection elements are designated 59X-1, 59X-2, 59X-3, and
59X-4. Element logic connections are made on the BESTlogic™Plus screen in BESTCOMSPIus® and
element operational settings are configured on the Overvoltage (59X) settings screen in
BESTCOMSPIus. A summary of the logic inputs and outputs and operational settings appears at the end
of this chapter.

BESTCOMSPIus Navigation Path: Settings Explorer, Protection, Voltage, Overvoltage (59X)

HMI Navigation Path: Settings Explorer, Protection, Settings Group x (where x = 0 to 3), Voltage
Protection, Overvoltage 59X

Element Operation

Auxiliary overvoltage protection can be used to protect equipment from damage caused by phase failure,
positive/negative phase sequence, or phase unbalance.

Modes of Protection

Five modes of protection are available: 3V0, V1, V2, Vx Fundamental, and Vx Third Harmonic.

3V0 Mode

3V0 mode provides voltage unbalance protection in a three-phase system. The 3V0 measurement
increases as the three-phase voltages become unbalanced.

V1 Mode

V1 mode provides positive phase-sequence protection in a three-phase system. The V1 measurement
increases as the phase sequence is brought forward.

V2 Mode

V2 mode provides negative phase-sequence protection in a three-phase system. The V2 measurement
increases as voltage becomes unbalanced or the phase sequence is reversed.

Vx Fundamental Mode

Vx Fundamental mode provides ground offset detection on high impedance ground systems or phase
overvoltage protection in sync-check applications.

Vx Third Harmonic Mode

Vx Third Harmonic mode detects an increase in third harmonic.

Connections

Connections are made on the rear of the BE1-11g. The phase VT inputs (Va, Vb, Vc) are used when 3V0,
V1, or V2 mode is selected. The auxiliary VT input (Vx) is used when Vx Fundamental or Vx Third
Harmonic mode is selected. For an illustration of terminals, refer to the Terminals and Connectors
chapter.

BE1-11g Auxiliary Overvoltage (59X) Protection



11-2 9424200994

Sensing Configuration

When using the Vx input, setting the Aux VT Connection parameter provides the correct labeling of
settings and metering data found in BESTCOMSPIus and fault reports. The Aux VT Connection
parameter set to AB, for example, will display the metering data as AB in fault records and display the
pickup setting as Vpp in BESTCOMSPIus. See Table 11-1 for a full list of possible settings. The Aux VT
Connection parameter is found on the System Parameters/Sensing Transformers settings screen in
BESTCOMSPIus. For more information on the auxiliary VT setup, see the Configuration chapter.

Table 11-1. Auxiliary VT Configuration

Aux VT Connection Mode Unit
AB, BC, CA Vx Fundamental, Vx Third Harmonic VPP
AN, BN, CN Vx Fundamental, Vx Third Harmonic VPN
Ground Vx Fundamental, Vx Third Harmonic VPN
Any V1, V2, and 3V0 VPN
Timings

The timing mode can be set for definite or inverse.

Inverse

When inverse timing is selected, a Curve setting is provided to select programmable or table curves. The
user can select integrating reset timing to make the protective element use integrated reset and emulate
an electromechanical induction disk reset characteristic. The overvoltage inverse time curve with default
constants is shown in the Time Curve Characteristics chapter.

Programmable Curves

The programmable curve can be used to create a custom curve by selecting constants in the inverse time
characteristic equation. When curve P is selected, the constants used in the equation are those defined
by the user. Characteristics for trip and reset programmable curves are defined by Equation 11-1 and
Equation 11-2. Definitions for these equations are provided in Table 11-2.

T. AD + BD T, RD
T_MN—C R_le_ll
Equation 11-1. Time Characteristics for Trip Equation 11-2. Time Characteristics for Reset

Table 11-2. Definitions for Equation 11-1 and Equation 11-2

Parameter Description Explanation
Tt Time to trip Time that the 59X-x function will take to time out and trip.
D Time dial setting Time dial setting for the 59X-x function.

Measured current in multiples of pickup. The timing algorithm has

M Multiple of pickup a dynamic range of 1 to 3 times pickup.

Constant specific to

A Affects the effective range of the time dial.
selected curve

B Constant specific to | Affects a constant term in the timing equation. Has greatest effect
selected curve on curve shape at high multiples of tap.
Constant specific to Affects the multiple of PU where the curve would approach

C P infinity if allowed to continue below pickup. Has greatest effect on
selected curve :

curve shape near pickup.

N Exponent specific to | Affects how inverse the characteristics are. Has greatest effect
selected curve on curve shape at low to medium multiples of tap.

Tr Time to reset Relevant if 59X-x function is set for integrating reset.

Auxiliary Overvoltage (59X) Protection BE1-11g
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Parameter Description Explanation
R Constant specific to Affects the speed of reset when integrating reset is selected.
selected curve

Curve constants are entered on the Overvoltage (59X) settings screen in BESTCOMSPlus.
Programmable curve constants can be entered only when the P curve is chosen for the protection
element from the Curve drop-down menu.

Table Curves

BESTCOMSPlus is used to set the 27P element Table Curves (T1, T2, T3, and T4). Using the Settings
Explorer within BESTCOMSPIus, open the Protection, Voltage, Overvoltage, Table Curves, Table Curve
(1, 2, 3, or 4) tree branch and select the table curve to be modified. Refer to Figure 11-1. A minimum of 2
and maximum of 40 points can be entered for any one T curve. When you are satisfied with the values
chosen, select Save Curve. Use the Settings Explorer to browse to the 59X-x element you wish to
program and use the drop-down menu under Curve to select T1, T2, T3, or T4.

Table curves can be entered regardless of the curve chosen for the protection element. However, the
table curve will not be enabled until T1, T2, T3, or T4 is selected as the curve for the protective element.

Time OverVoltage Characteristic Curves

Pt xPU Time (Sec)
1.300 10.000

2 3.000 0.100

Time in Seconds
/|

ey
o — NG

Hold the Shift key to drag the
entire curve. Hold the Cirl key
to drag the entire curve only
along one axis.

1.500 2.000 2.500 3.000
Multiple of Pick-Up (xPU)

Figure 11-1. Time Overvoltage Characteristic Curves

Pickup and Trip
The Pickup output occurs first, followed by the Trip output.

Pickup

The Pickup output becomes true when the measured voltage increases above the voltage threshold
established by the Pickup setting. In BESTlogicPlus, the Pickup output can be connected to other logic
elements to annunciate the condition, control other elements in logic, and start the fault recorder (logic
element FAULTTRIG).

Assertion of the Pickup output initiates a timer that begins timing to a trip. The duration of the timer is
established by the Time Delay (definite timing) or Time Dial (inverse timing). A Time Delay or Time Dial
setting of zero (0) makes the 59X element instantaneous with no intentional time delay.

BE1-11g Auxiliary Overvoltage (59X) Protection
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If the pickup condition subsides before the element delay or calculated inverse time expires, the timer and
Pickup output are reset, no corrective action is taken, and the element is rearmed for any other
occurrences of overvoltage.

Trip

The Trip output becomes true if an overvoltage pickup condition persists for the duration of the element
Time Delay setting or calculated inverse time. In BESTlogicPlus, the Trip output can be connected to
other logic elements and to a physical relay output to annunciate the condition and to initiate corrective
action. If a target is enabled for the element, the BE1-11g will record a target when the Trip output
becomes true. See the Fault Reporting chapter for more information about target reporting.

Element Blocking

Fuse Loss

The fuse loss (60FL) element of the BE1-11g can be used to block 59X protection when fuse loss or loss
of potential is detected in a three-phase system.

If the 60FL element trip logic is true and Block Phase/V1 is enabled, the 59X function will be blocked
when configured for V1 mode. If Block V2 is enabled, the 59X function will be blocked when configured
for V2 mode. If Block 3V0 is enabled, the 59X function will be blocked when configured for 3V0 mode.
See the Fuse Loss (60FL) chapter for more information on the 60FL function.

Protective elements blocked by 60FL should be set so that trip times are 60 milliseconds or greater to
assure proper coordination of blocking.

Block Logic Input

The Block input provides logic-supervision control of the element. When true, the Block input disables the
element by forcing the Trip and Pickup outputs to logic 0 and resetting the element timer. Connect the
element Block input to the desired logic in BESTlogicPlus. When the element is initially selected from the
Elements view, the default condition of the Block input is a logic 0.

Logic Connections

Auxiliary overvoltage element logic connections are made on the BESTlogicPlus screen in
BESTCOMSPIus. The auxiliary overvoltage element logic block is illustrated in Figure 11-2. Logic inputs
and outputs are summarized in Table 11-3.

Blodk Trip

Pickup

Figure 11-2. Auxiliary Overvoltage Element Logic Block

Table 11-3. Logic Inputs and Outputs

Name Logic Function Purpose

Block Input Disables the 59X function when true

Trip Output True when the 59X element is in a trip condition
Pickup Output True when the 59X element is in a pickup condition

Operational Settings

Auxiliary overvoltage element operational settings are configured on the Overvoltage (59X) settings
screen (Figure 11-3) in BESTCOMSPlus.

Auxiliary Overvoltage (59X) Protection BE1-11g
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Overvoltage (59X-1)
59X-1 Element

Mode

M0 -

Pickup (Vpn)

0o Secondary V
0.0 Primary
Timing Mede

Inverse Timing -

Time Delay (ms)

en

Time Dial
35

Curve

[P - User Programmable Curve

™

Reset Timing

P Curve Constants
A Constant
1.00000

B Constant
0.00000

C Constant
1.00000

N Constant
1.00000

R Constant
0.00000

59X-1 Timing Curve

Time (Sec)

s

1.000

1.500 2.000 2.500 3.000
Multiple of Pick-Up (xPU)

Curve Display
@ Pickup
(") Reset

Figure 11-3. Auxiliary Overvoltage Settings Screen

To use 3VO0, V1, or V2 mode, the VTP connection cannot be single-phase.

BE1-11g

Auxiliary Overvoltage (59X) Protection
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12 « Stator Ground (64G) Protection

The BE1-11g provides ground protection for 100% of the stator winding on high-impedance, grounded
generators. This protection is implemented by using the 27X element in Vx Third Harmonic mode and the
59X element in Vx Fundamental mode. The 59X element detects winding ground faults in approximately
85% of the winding. Faults closer to the generator neutral do not result in high neutral voltage but are
detected by the 27X element using third harmonic voltages. The combination of these two measuring
methods provides ground fault protection for the full winding.

Refer to the Auxiliary Undervoltage (27X) Protection and Auxiliary Overvoltage (59X) Protection chapters
for information on how to configure the Vx Third Harmonic undervoltage and Vx Fundamental overvoltage
modes of the 27X and 59X elements.

BE1-11g Stator Ground (64G) Protection
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13 » Vector Jump (78V) Protection

The vector jump (78V) element protects the generator by disconnecting it from the grid when a loss of
mains or mains failure occurs. This prevents the generator from remaining tied to the mains if the mains
returns due to an external reclose device.

Element logic connections are made on the BESTlogic™Plus screen in BESTCOMSP/us® and element
operational settings are configured on the Vector Jump (78V) settings screen in BESTCOMSP/us. A
summary of the logic inputs and outputs and operational settings appears at the end of this chapter.

BESTCOMSPIus Navigation Path: Settings Explorer, Protection, Voltage, Vector Jump (78V)

HMI Navigation Path: Settings Explorer, Protection, Settings Group x (where x = 0 to 3), Voltage
Protection, Vector Jump 78V

Element Operation

When a loss of mains occurs, it is likely that the generator load will shift abruptly since the generator is
driving everything between the generator output and the utility breaker that removed mains power. Such a
load shift is likely to cause a speed shift, which may result in the generator being out of phase with the
mains when a reclose occurs. If the generator is out of phase and connection with the mains is
established, damage could occur.

The vector jump element trips the breaker when it detects a phase shift in the generator voltage at Van,
Vas, or Vx, depending on connections. A sudden change in generator phase angle often occurs when the
grid is lost. This change of phase angle results in an earlier zero crossing of the generator voltage if the
generator load decreases. It results in a later zero crossing if the generator load increases. This shift of
the zero crossing (vector jump) is expressed in degrees.

VT Source
The Source setting configures the vector jump element to monitor the Phase VT or Auxiliary VT. For an
illustration of BE1-11g terminals, refer to the Terminals and Connectors chapter.

Pickup and Trip
The Pickup output occurs first, followed by the Trip output.

Pickup

The Pickup output becomes true when the vector shift increases above the threshold established by the
Pickup setting. In BESTlogicPlus, the Pickup output can be connected to other logic elements to
annunciate the condition, control other elements in logic, and start the fault recorder (logic element
FAULTTRIG).

Trip

The Trip output operates simultaneously with the Pickup output. In BESTlogicPlus, the Trip output can be
connected to other logic elements and to a physical relay output to annunciate the condition and to initiate
corrective action. If a target is enabled for the element, the BE1-11g will record a target when the Trip
output becomes true. See the Fault Reporting chapter for more information about target reporting.

The Trip output is held closed for the duration established by the Trip Hold Time setting.
Element Blocking

Fuse Loss

The fuse loss (60FL) element of the BE1-11g can be used to block 78V protection when fuse loss or loss
of potential is detected in a three-phase system.

BE1-11g Vector Jump (78V) Protection
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If the 60FL element trip logic is true and Block Phase/V1 is enabled, all functions that use the phase
voltage are blocked. See the Fuse Loss (60FL) chapter for more information on the 60FL function.

Protective elements blocked by 60FL should be set so that trip times are 60 milliseconds or greater to
assure proper coordination of blocking.

Block Logic Input

The Block input provides logic-supervision control of the element. When true, the Block input disables the
element by forcing the Trip and Pickup outputs to logic 0 and resetting the element trip-hold time.
Connect the element Block input to the desired logic in BESTlogicPlus. When the element is initially
selected from the Elements view, the default condition of the Block input is a logic O.

Logic Connections

Vector jump element logic connections are made on the BESTlogicPlus screen in BESTCOMSPlus. The
vector jump element logic block is illustrated in Figure 13-1. Logic inputs and outputs are summarized in
Table 13-1.

Blodk Trip

Pickup

Figure 13-1. Vector Jump Element Logic Block

Table 13-1. Logic Inputs and Outputs

Name Logic Function Purpose

Block Input Disables the 78V function when true

Trip Output True when the 78V element is in trip condition
Pickup Output True when the 78V element is in pickup condition

Operational Settings

Vector jump element operational settings are configured on the Vector Jump (78) settings screen
(Figure 13-2) in BESTCOMSPlus.

Vector Jump

78V Element
Mode

Enabled -

Source

Phase VT A

Pickup (%)

]

Trip Hold Time (ms)
200

Figure 13-2. Vector Jump Settings Screen

Vector Jump (78V) Protection BE1-11g
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14 « Frequency (81) Protection

Eight frequency (81) elements monitor the frequency of the sensing voltage applied to the BE1-11g. An
element can be configured to protect against underfrequency, overfrequency, or the rate of frequency
change.

The eight, identical frequency protection elements are designated 81-1, 81-2, 81-3, 81-4, 81-5, 81-6, 81-
7, and 81-8. Element logic connections are made on the BESTlogic™Plus screen in BESTCOMSPIus®
and element operational settings are configured on the Frequency settings screen in BESTCOMSP/us. A
summary of the logic inputs and outputs and operational settings appears at the end of this chapter.

Note

BE1-11g protection systems enabled for IEC-61850 communication
(style Gxxxx5xxxxxxxx) have their frequency protection elements fixed
at four underfrequency elements, two overfrequency elements, and
two frequency rate-of-change elements.

BESTCOMSPIus Navigation Path: Settings Explorer, Protection, Frequency, Frequency (81)

HMI Navigation Path: Settings Explorer, Protection, Settings Group x (where x = 0 to 3), Frequency
Protection 81

Frequency Measurement

For four-wire or single-phase sensing connections, the power system frequency is measured through the
BE1-11g A-phase sensing voltage input. For a three-wire connection, the power system frequency is
measured through the A- and B-phase sensing voltage connections. Power system frequency is also
measured through the BE1-11g auxiliary voltage (Vx) sensing input. Refer to the Typical Connections
chapter for information on voltage connections.

To measure frequency, the voltage sensed by the BE1-11g must be greater than 10 Vac. The measured
frequency is the average of two cycles of voltage measurement.

Underfrequency and Overfrequency Protection

Underfrequency and overfrequency protection can be useful for detecting load shedding or islanding. For
example, when a source of distributed generation (DG) is suddenly separated or isolated from the electric
utility, the frequency will change quickly from the nominal value (except for the improbable case of a
perfect load-to-generation match). This makes frequency measurement an excellent method for detecting
an island condition.

Any of the eight 81 elements can be configured for underfrequency or overfrequency protection.

Mode

Underfrequency or overfrequency protection is selected through the Mode setting. A setting of Under
selects underfrequency protection and a setting of Over selects overfrequency protection.

Sensing Source

Underfrequency or overfrequency protection can be applied to the voltage sensed at the BE1-11g phase
VT input or auxiliary VT (Vx) input. A Source setting of Phase VT selects the voltage sensed at the phase
VT input and a Source setting of Aux VT selects the voltage sensed at the Vx input.

Security of a load shedding scheme can be enhanced by monitoring two independent VT circuits.

BE1-11g Frequency (81) Protection
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Pickup and Trip
The Pickup output occurs first, followed by the Trip output.

Pickup

The Pickup output becomes true when the measured frequency decreases below (underfrequency
protection) or increases above (overfrequency protection) the frequency threshold established by the
Pickup setting for three consecutive sensing voltage cycles. In BESTlogicPlus, the Pickup output can be
connected to other logic elements to annunciate the condition, control other elements in logic, and start
the fault recorder (logic element FAULTTRIG).

Assertion of the Pickup output initiates a timer that begins timing to a trip. The duration of the timer is
established by the Time Delay setting. A Time Delay setting of zero (0) makes the 81 element
instantaneous with no intentional time delay.

If the pickup condition subsides before the element delay expires, the timer and Pickup output are reset,
no corrective action is taken, and the element is rearmed for any other occurrences of underfrequency or
overfrequency.

Trip

The Trip output becomes true if an underfrequency or overfrequency pickup condition persists for the
duration of the element Time Delay setting. In BESTlogicPlus, the Trip output can be connected to other
logic elements and to a physical relay output to annunciate the condition and to initiate corrective action.
If a target is enabled for the element, the BE1-11g will record a target when the Trip output becomes true.
See the Fault Reporting chapter for more information about target reporting.

Voltage Inhibit

The Voltage Inhibit setting impedes underfrequency/overfrequency element operation during
undervoltage conditions that may occur during equipment startup. This setting is expressed in primary or
secondary voltage depending on the Settings Display Mode selected on the General Settings/Display
Units settings screen in BESTCOMSPIus and its unit of measure depends upon the phase VT connection
setting. For four-wire or phase-to-neutral sensing connections that inhibit level is expressed in Vpn. For
three-wire or phase-to-phase sensing connections the inhibit level is expressed in Vpp.

Element Blocking

The Block input provides logic-supervision control of the element. When true, the Block input disables the
element by forcing the Trip and Pickup outputs to logic 0 and resetting the element timer. Connect the
element Block input to the desired logic in BESTlogicPlus. When the element is initially selected from the
Elements view, the default condition of the Block input is a logic 0.

Frequency Rate-of-Change Protection

When a source of distributed generation is suddenly separated from the electric utility, the frequency rate-
of-change (ROC) will increase or decrease rapidly. Frequency ROC protection provides high-speed
detection of an islanding situation that may not be detected by overfrequency or underfrequency
protection. A frequency ROC protection element can be used for load shedding in conjunction with an
underfrequency protection element to accelerate shedding during a substantial overload or inhibit
shedding following a sudden, transient decrease in frequency. An 81 element can be configured to
respond to positive ROC, negative ROC, or either condition.

Any of the eight 81 elements can be configured for frequency rate-of-change (ROC) protection.

Mode

An 81 element is configured for rate-of-change protection, only positive rate-of-change protection, or only
negative rate-of-change protection through the Mode setting.

Frequency (81) Protection BE1-11g
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Sensing Source

Frequency ROC protection can be applied to the voltage sensed at the BE1-11g phase VT input or
auxiliary VT (Vx) input. A Source setting of Phase VT selects the voltage sensed at the phase VT input
and a Source setting of Aux VT selects the voltage sensed at the Vx input.

Security of a load shedding scheme can be enhanced by monitoring two independent VT circuits.

Pickup and Trip

When the rate of frequency change (expressed in hertz per second) exceeds the threshold established by
the Pickup setting for three consecutive sensing voltage cycles, the element Pickup output becomes true.
Pickup detection time varies according to the value of the fault frequency. When the frequency greatly
exceeds the pickup setting, pickup detection occurs very quickly. More precise and less quick pickup
detection occurs when the fault frequency is much closer to the Pickup setting. Pickup detection times are
summarized as follows:

e Faults exceeding the pickup setting by 0.57 Hz/s are detected in 2 cycles
o Faults exceeding the pickup setting by 0.24 Hz/s are detected in 4 cycles
o Faults exceeding the pickup setting by 0.08 Hz/s are detected in 8 cycles
e No pickup detection time will be greater than 16 cycles

In BESTlogicPlus, the Pickup output can be connected to other logic elements to annunciate the condition
or control other elements in logic.

Assertion of the Pickup output initiates a timer which begins timing toward a trip. The duration of the timer
is established by the Time Delay setting. A Time Delay setting of zero (0) makes the 81 element
instantaneous (with the exception of the pickup detection time).

If an ROC pickup condition persists for the duration of the element Time Delay setting, the element Trip
output becomes true. In BESTlogicPlus, the Trip output can be connected to other logic elements or a
physical relay output to annunciate the condition and initiate corrective action. If a target is enabled for the
element, the BE1-11g will record a target when the Trip output becomes true. See the Fault Reporting
chapter for more information about target reporting.

If the pickup condition subsides before the element time delay expires, the timer and Pickup output are
reset, no corrective action is taken, and the element is rearmed for any other occurrences of a frequency
ROC fault.

Inhibit Functions

Frequency ROC protection can be inhibited by the degree of underfrequency or overfrequency or the
percentage of negative sequence voltage.

The Overfrequency Inhibit setting disables frequency ROC protection when the sensed frequency
exceeds the setting threshold. Likewise, the Underfrequency Inhibit setting disables frequency ROC
protection when the sensed frequency decreases below the setting threshold.

Frequency ROC protection can be inhibited when the percentage of negative sequence voltage exceeds
the limit established by the Negative Sequence Inhibit setting. A Negative Sequence Inhibit setting of zero
(0) inhibits this feature.

Element Blocking

This input allows for logic supervision or control of the element.

Each frequency protection element has a Block logic input which when true, disables an element by
forcing the element Trip and Pickup outputs to logic 0 and resetting the element timer. An element Block
input is connected to the desired logic in BESTlogicPlus.

BE1-11g Frequency (81) Protection
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Logic Connections

Frequency element logic connections are made on the BESTlogicPlus screen in BESTCOMSPIus. The
frequency element logic block is illustrated in Figure 14-1. Logic inputs and outputs are summarized in
Table 14-1.

Block Trip

Pickup

Figure 14-1. Frequency Element Logic Block

Table 14-1. Logic Inputs and Outputs

Name Logic Function Purpose

Block Input Disables the 81 function when true

Trip Output True when the 81 element is in a trip condition
Pickup Output True when the 81 element is in a pickup condition

Operational Settings

Frequency element operational settings are configured on the Frequency settings screen (Figure 14-2) in
BESTCOMSPlus.

Frequency

31-1 Element
Mode

Source

Pickup (Hz)
0.00

Time Delay (ms)

]

Veltage Inhibit (Vpn)
200 Secondary V/

200 Primary V
Ciwer Freguency Inhibit (Hz)
61.00

Under Frequency Inhibit (Hz)
59.00

Negative Sequence Inhibit (%)

20

Figure 14-2. Frequency Settings Screen

Phase-to-phase and phase-to-neutral settings depend on the Phase VT and Aux VT connection settings.
Refer to the Configuration chapter for more information on these settings.

Frequency (81) Protection BE1-11g
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15 « Negative-Sequence Overcurrent (46)
Protection

Negative-sequence overcurrent protection is included as a mode of the 50 (Instantaneous Overcurrent)
and the 51 (Inverse Overcurrent) elements. Refer to the chapters on Instantaneous Overcurrent (50)
Protection and Inverse Overcurrent (51) Protection for information on how to set up and program the 12
(negative-sequence overcurrent) mode of the 50 and the 51 elements.

For years, protection engineers have enjoyed increased sensitivity to phase-to-ground unbalances with
the application of ground relays. Ground relays can be set more sensitively than phase relays because a
balanced load has no ground (310) current component. When using negative-sequence mode, the 50 and
51 elements can provide similar increased sensitivity to phase-to-phase faults because a balanced load
has no negative-sequence (12) current component.

Pickup Settings

A typical setting when using negative-sequence mode for the 50 or 51 elements might be one-half the
phase pickup setting in order to achieve equal sensitivity to phase-to-phase faults as three-phase faults.
This number comes from the fact that the magnitude of the current for a phase-to-phase fault is v/3/2
(87%) of the three-phase fault at the same location. This is illustrated in Figure 15-1.

3Ph
FAULT

|
| e = X
1 z

D2843-04
02-08-99

Ph-Ph
FAULT

— T 3Ph
FAULT

Figure 15-1. Phase-to-Phase Fault Magnitude

The phase-to-phase fault is made up of both positive and negative-sequence components as shown in
Figure 15-2 or a phase-to-phase fault, the magnitude of the negative-sequence component is 1/v/3 (58%)
of the magnitude of the total phase current. When these two factors (v/3/2 and 1/+/3) are combined, the
\/3 factors cancel which leaves the one-half factor.

BE1-11g Negative-Sequence Overcurrent (46) Protection
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Figure 15-2. Sequence Components for an A-B Fault

Coordination Settings

The 51-x negative-sequence settings should be checked for coordination with phase-only sensing
devices such as downstream fuses and reclosers and/or ground relays. To plot the negative-sequence
time current characteristics on the same plot for the phase devices, you need to multiply the negative-
sequence element pickup value by the correct multiplier. The multiplier is the ratio of phase current to
negative-sequence current for the fault type for which you are interested. To plot the negative-sequence
time current characteristics on the same plot for the ground devices, you need to multiply the pickup value
by the multiplier for phase-to-ground faults (see Table 15-1).

Table 15-1. Fault Type Multipliers

Fault Type Multiplier
Ph-Ph m=1.732
Ph-Ph-G m > 1.732
Ph-G m=3
three-phase m = infinity

For example, a downstream phase 51-x element has a pickup of 150 amperes. The upstream 51-x
negative-sequence element has a pickup of 200 amperes. To check the coordination between these two
elements for a phase-to-phase fault, the phase overcurrent element would be plotted normally with pickup
at 150 amperes. The 51-x negative-sequence element would be shifted to the right by the appropriate
factor m. Thus, the characteristic would be plotted on the coordination graph with pickup at: (200
amperes) * 1.732 = 346 amperes.

Generally, for coordination with downstream phase overcurrent devices, phase-to-phase faults are the
most critical to consider. All other fault types result in an equal or greater shift of the time current
characteristic curve to the right on the plot.

Negative-Sequence Overcurrent (46) Protection BE1-11g
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16 * Instantaneous Overcurrent (50)
Protection

Six instantaneous overcurrent (50) elements monitor the current applied to the BE1-11g. An element can
be configured to protect against overcurrent by monitoring a single- or three-phase system, neutral
current, positive-sequence current, negative-sequence current, ground current, or unbalanced current.

The six, identical instantaneous overcurrent protection elements are designated 50-1, 50-2, 50-3, 50-4,
50-5, and 50-6. Element logic connections are made on the BESTlogic™Plus screen in BESTCOMSPIus®
and element operational settings are configured on the Instantaneous Overcurrent settings screen in
BESTCOMSPIus. A summary of the logic inputs and outputs and operational settings appears at the end
of this chapter.

BESTCOMSPIus Navigation Path: Settings Explorer, Protection, Current, Instantaneous Overcurrent
(50)

HMI Navigation Path: Settings Explorer, Protection, Settings Group x (where x = 0 to 3), Current
Protection, Instant Overcurrent 50

Element Operation

Instantaneous overcurrent protection can be used to protect equipment from damage caused by phase
failure, forward/reverse phase sequence, or phase unbalance.

Modes of Protection

Nine modes of protection are available: IA, IB, IC, Three-Phase, 310, 11, 12, IG, and Unbalance.

IA, IB, or IC Mode

The instantaneous overcurrent protection elements include three independent comparators, one for each
phase. Mode selection determines which phase pickup is required to activate protection.

Three-Phase Mode

The instantaneous overcurrent protection elements include three independent comparators, one for each
phase. Protection is activated when any of the three phases increases above the Pickup setting.

310 Mode

310 mode provides neutral overcurrent protection in a three-phase system.

11 Mode

I1 mode provides positive-sequence overcurrent protection in a three-phase system.

12 Mode

I2 mode provides negative-sequence overcurrent protection in a three-phase system. Refer to the
Negative-Sequence Overcurrent (46) Protection chapter for more information.

IG Mode

IG mode provides measured ground fault protection from the Ground connection of a circuit.

Unbalance Mode

Unbalance mode provides unbalanced current protection. Two methods are available to calculate
unbalanced current. The first method is based on the negative-sequence current divided by the positive-
sequence current while the second method is based on the average current. The calculation method must
be specified on the System Parameters, Sensing Transformers screen in BESTCOMSP/us. Refer to the

BE1-11g Instantaneous Overcurrent (50) Protection



16-2 9424200994

Configuration chapter for more information. The unbalance is blocked if the average current of all three
phases is below 25% of rated amps.

CT Source

The CT Source setting configures an instantaneous overcurrent element to monitor CT circuit 1 or CT
circuit 2 on protection systems equipped with two sets of CTs. CT circuit 1 terminals are designated D1
(IA1) through D8 (IG1) and CT circuit 2 terminals are designated F1 (IA2) through F8 (1G2). For an
illustration, refer to the Terminals and Connectors chapter.

Calculation Type

Two calculation methods are used to detect the pickup value, fundamental and peak detect. When set to
Fundamental, the magnitude of current is calculated by using the first harmonic of current from the
Discrete Fourier Transform (DFT). When set to Peak Detect, the magnitude of current is calculated by
determining the fundamental equivalent of the highest sample value.

Direction

An instantaneous overcurrent element can be configured for forward or reverse tripping. Refer to the
Directional Overcurrent Protection (67) chapter for more information.

Directional Source

The Directional Source setting selects the directional element (67-1 or 67-2) to be used when making
directional decisions on protection systems equipped with two sets of CTs. The CT source of the
directional source selection (67-1 or 67-2) should match the CT source selection of the instantaneous
overcurrent (50) element.

Pickup and Trip
The Pickup output occurs first, followed by the Trip output.

Pickup

The Pickup output becomes true when the measured current increases above the current threshold
established by the Pickup setting. In BESTlogicPlus, the Pickup output can be connected to other logic
elements to annunciate the condition, control other elements in logic, and start the fault recorder (logic
element FAULTTRIG).

Assertion of the Pickup output initiates a timer that begins timing to a trip. The duration of the timer is
established by the Time Delay setting. A Time Delay of zero (0) makes the 50 element instantaneous with
no intentional time delay.

If the pickup condition subsides before the element delay expires, the Pickup output is reset and a reset
timer is initiated. The duration of the reset timer is established by the Reset Delay setting. A Reset Delay
of zero (0) makes the reset instantaneous with no intentional reset delay. If there is no pickup for the
duration of the element Reset Delay setting, the timer is reset to zero (0), no corrective action is taken,
and the element is rearmed for any other occurrences of overcurrent. If the 50 element picks up again
before the Reset Delay expires, the timer will continue timing to a trip.

Trip

The Trip output becomes true if an overcurrent condition persists for the duration of the element Time
Delay setting. In BESTlogicPlus, the Trip output can be connected to other logic elements and to a
physical relay output to annunciate the condition and to initiate corrective action. If a target is enabled for
the element, the BE1-11g will record a target when the Trip output becomes true. See the Fault Reporting
chapter for more information about target reporting.

Element Blocking

The Block input provides logic-supervision control of the element. When true, the Block input disables the
element by forcing the Trip and Pickup outputs to logic 0 and resetting the element timer. Connect the
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element Block input to the desired logic in BESTlogicPlus. When the element is initially selected from the
Elements view, the default condition of the Block input is a logic 0.

Logic Connections

Instantaneous overcurrent element logic connections are made on the BESTlogicPlus screen in
BESTCOMSPIus. The instantaneous overcurrent element logic block is illustrated in Figure 16-1. Logic
inputs and outputs are summarized in Table 16-1.

Block Trip

Pickup

Figure 16-1. Instantaneous Overcurrent Element Logic Block

Table 16-1. Logic Inputs and Outputs

Name Logic Function Purpose

Block Input Disables the 50 function when true

Trip Output True when the 50 element is in a trip condition
Pickup Output True when the 50 element is in a pickup condition

Operational Settings

Instantaneous overcurrent element operational settings are configured on the Instantaneous Overcurrent

(50) settings screen (Figure 16-2) in BESTCOMSPIus.

Instantaneous Overcurrent

50-1 Element (50P)
Mode

Source
CT Circuit 1

Caleulation Type

Fundamertal hd
Pickup
0.000 Secondary A

Primary &

Time Delay (ms)
Reset Delay (ms)

Direction
MNon-Directional hd
Directional Source

Figure 16-2. Instantaneous Overcurrent Settings Screen
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17 » Breaker Failure (50BF) Protection

The breaker failure (50BF) element provides protection and security for the power system against the
monitored breaker failing to open.

Element logic connections are made on the BESTlogic™Plus screen in BESTCOMSP/us® and element
operational settings are configured on the Breaker Fail (50BF) settings screen in BESTCOMSP/us. A
summary of the logic inputs and outputs and operational settings appears at the end of this chapter.

BESTCOMSPIus Navigation Path: Settings Explorer, Protection, Current, Breaker Fail (50BF)

HMI Navigation Path: Settings Explorer, Protection, Settings Group x (where x = 0 to 3), Current
Protection, Breaker Fail 50BF

Element Operation

The 50BF element uses two methods to determine when the breaker has failed to open. The first method
uses the breaker status (52a or 52b input) to determine if the breaker has successfully opened. The
second method uses the monitored current to detect if the breaker has successfully opened.

In the first method, the breaker is closed when the Breaker Status (BRKSTAT) logic element is true. The
52BFI logic input is used to signal the breaker to open. When the BRKSTAT logic element and the 52BFI
logic input are true, a delay timer is initiated to allow time for the breaker to transition. If the time delay
expires and the BRKSTAT logic element and the 52BFI logic input are still true, the Trip output becomes
true, signaling that the breaker has failed to trip.

In the second method, monitored current is used to determine if the breaker is closed. The 50BFI logic
input of the Breaker Failure logic block is used to signal the breaker to open. When current is present and
the 50BFI logic input is true, a timer is initiated to allow time for the fault to clear. If the time delay expires
and current is still present, the Trip output becomes true, signaling that the breaker has failed to open. A
control timer specifies the duration the breaker can remain closed before a Breaker Fail alarm will occur.

In both methods above, a Breaker Fail Retrip (BFRT) will be true while the delay timer is true. A breaker
fail trip indicates a failed breaker. The Trip signal can be used to trip the next set of breakers upstream in
the power system. Breaker failure protection may be applied to any portion of the power system where
failure of a circuit breaker to operate properly could result in severe system damage or instability.

Contact Sensing

Before any relay output can occur, there must first be an initiating signal to the Breaker Failure logic
element. There are two possible initiating signals. The 52 Breaker Fail Initiate (52BFI) signal is the
initiation signal when breaker status is used to determine a breaker failure. The 50 Breaker Fail Initiate
(50BF1) is the initiation signal when current is used to determine a breaker failure. These initiate inputs
can be driven by other relays through BE1-11g contact inputs or GOOSE over IEC 61850. Alternately,
they can come from trip signals from other protective elements within the BE1-11g. Breaker status input is
provided by the BRKSTAT logic element.

Information on setting up the breaker status logic can be found in the Breaker Monitoring chapter.

Control Timer

The control timer provides a window of opportunity for a breaker failure Trip output when the 50BFI logic
input is used to signal the breaker to open. It improves dependability by sealing in the initiate request to
prevent stopping of a breaker failure timing if the tripping relay drops out prematurely. The control timer is
initiated by a 50BFI signal. Upon sensing the 50BFI transition from a 0 to 1 state, the control timer seals
in the 50BFI signal for the duration of the Control Timer setting. If the control timer expires and the 50BFI
signal is still present, an alarm signal occurs. A control timer setting of zero (0) disables the control timer
seal-in function allowing the control timer to follow the 50BFI input.

BE1-11g Breaker Failure (50BF) Protection
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ReTrip and Trip

The adjustable delay timer allows time for current to clear or the breaker status to transition after signaling
the breaker to trip. The delay timer is initiated when either the 52BFI input or the 50BFI input becomes
true. When both signals are false, the breaker delay timer is stopped.

ReTrip

The ReTrip output is true when the delay timer is actively timing. The delay timer can be stopped by
several methods depending on the timer initiate source. When initiated by a 50BFI signal, the timer is
stopped when current decreases below the pickup setting, when the fast current dropout detector detects
that current has dropped out, or when the control timer expires. When initiated by a 52BF| signal, the
timer is stopped when the BRKSTAT logic element indicates that the breaker is open. Regardless of
initiate method, asserting the Block logic input also stops the timer. In BESTlogicPlus, the ReTrip output
can be connected to other logic elements to annunciate the condition, control other elements in logic, and
start the fault recorder (logic element FAULTTRIG).

Trip

The Trip output becomes true when the delay timer expires. In BESTlogicPlus, the Trip output can be
connected to other logic elements and to a physical relay output to annunciate the condition and to initiate
corrective action. If a target is enabled for the element, the BE1-11g will record a target when the Trip
output becomes true. See the Fault Reporting chapter for more information about target reporting.

Fast Current Detector

The fast current detector directly determines when the current in the poles of the breaker has been
interrupted without having to wait for the fault current samples to clear the one-cycle filter time used by
the normal current measurement function. This function has less than one cycle dropout time.

The fast current detector logic is true if the current has been interrupted and is used to stop the breaker
failure timer. The I=0 algorithm looks at the sample data directly and does not rely upon the 1 cycle
phasor estimation calculation. It rejects dc tail-off by looking for the characteristic exponential decay.
Current is deemed to be interrupted when the current in all three phases is below 5% nominal or if the
current is decaying exponentially. Only the three phase currents are monitored by this function.

CT Source

The CT Source setting configures the breaker failure element to monitor CT circuit 1 or CT circuit 2 on
protection systems equipped with two sets of CTs. CT circuit 1 terminals are designated D1 (IA1) through
D8 (IG1) and CT circuit 2 terminals are designated F1 (1A2) through F8 (IG2). For an illustration, refer to
the Terminals and Connectors chapter.

Programmable Alarm

A Breaker Failure alarm is provided to indicate an alarm condition when the 50BF element trips. The
alarm appears on the front-panel display, web page interface, and on the Alarms metering screen in
BESTCOMSPIus. Refer to the Alarms chapter for information on how to program alarms.

Element Blocking

The Block input provides logic-supervision control of the element. Element blocking is a useful feature to
prevent inadvertent backup tripping during testing.

When true, the Block input disables the element by forcing the Trip and ReTrip outputs to logic 0 and
resetting the element timers. Connect the element Block input to the desired logic in BESTlogicPlus.
When the element is initially selected from the Elements view, the default condition of the Block input is a
logic 0.
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Logic Connections

Breaker failure element logic connections are made on the BESTlogicPlus screen in BESTCOMSP/us.
The breaker failure element logic block is illustrated in Figure 17-1. Logic inputs and outputs are
summarized in Table 17-1.

Blodk Trip
ROBFI ReTrp
R2EFI

Figure 17-1. Breaker Failure Element Logic Block

Table 17-1. Logic Inputs and Outputs

Name | Logic Function Purpose
Block Input Disables the 50BF function when true
50BFI Input Starts the 50BF timer when true
52BFI Input Starts the 50BF timer when true
Trip Output True after the 50BF Delay Timer expires
ReTrip Output True when the 50BF Delay Timer is actively timing

Operational Settings

Breaker failure element operational settings are configured on the Breaker Fail (50BF) settings screen
(Figure 17-2) in BESTCOMSPlus.

Breaker Fail (50BF)

50BF Element
Mode Source

Enabled - CT Circuit 1

52BFI
Phase Pickup
0.000 Secondary A

INI Delay Timer (ms)

BLK 50 —BFT

— 0.000 Primary A

Ground Pickup
— 0.000 Secondary A

0.000 Primary A

BOBFI T Control Timer (ms)
50

Figure 17-2. Breaker Fail Settings Screen
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18 ¢ Inverse Overcurrent (51) Protection

Seven inverse overcurrent (51) elements monitor the current applied to the BE1-11g. An element can be
configured to protect against overcurrent by monitoring a single- or three-phase system, neutral current,
positive-sequence current, negative-sequence current, ground current, or unbalanced current.

The seven, identical inverse overcurrent protection elements are designated 51-1, 51-2, 51-3, 51-4, 51-5,
51-6, and 51-7. Element logic connections are made on the BESTlogic™Plus screen in BESTCOMSPIus®
and element operational settings are configured on the Inverse Overcurrent settings screen in
BESTCOMSPIus. A summary of the logic inputs and outputs and operational settings appears at the end
of this chapter.

Note

BE1-11g protection systems enabled for IEC-61850 communication
(style Gxxxx5xxxxxxxx) have their inverse overcurrent protection
elements fixed at five inverse overcurrent elements without voltage
control and two inverse overcurrent elements with voltage control.

BESTCOMSPIus Navigation Path: Settings Explorer, Protection, Current, Inverse Overcurrent (51)

HMI Navigation Path: Settings Explorer, Protection, Settings Group x (where x = 0 to 3), Current
Protection, Inverse Overcurrent 51

Element Operation

Inverse overcurrent protection can be used to protect equipment from damage caused by phase failure,
forward/reverse phase sequence, or phase unbalance.

Modes of Protection

Nine modes of protection are available: IA, IB, IC, Three-Phase, 310, 11, 12, IG, and Unbalance.

IA, IB, or IC Mode

The inverse overcurrent protection elements include three independent comparators, one for each phase.
Mode selection determines which phase pickup is required to activate protection.

Three-Phase Mode

The inverse overcurrent protection elements include three independent comparators, one for each phase.
Protection is activated when any of the three phases increases above the Pickup setting.

310 Mode

310 mode provides neutral overcurrent protection in a three-phase system.
11 Mode

I1 mode provides positive-sequence overcurrent protection in a three-phase system.

12 Mode

I2 mode provides negative-sequence overcurrent protection in a three-phase system. Refer to the
Negative-Sequence Overcurrent (46) Protection chapter for more information.

/G Mode

IG mode provides measured ground fault protection from the Ground connection of a circuit.

BE1-11g Inverse Overcurrent (51) Protection
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Unbalance Mode

Unbalance mode provides unbalanced current protection. Two methods are available to calculate
unbalanced current. The first method is based on the negative-sequence current divided by the positive-
sequence current while the second method is based on the average current. The calculation method must
be specified on the System Parameters, Sensing Transformers screen in BESTCOMSP/us. Refer to the
Configuration chapter for more information. The unbalance is blocked if the average current of all three
phases is below 25% of rated amps.

CT Source

The CT Source setting configures an inverse overcurrent element to monitor CT circuit 1 or CT circuit 2
on protection systems equipped with two sets of CTs. CT circuit 1 terminals are designated D1 (IA1)
through D8 (1G1) and CT circuit 2 terminals are designated F1 (IA2) through F8 (1G2). For an illustration,
refer to the Terminals and Connectors chapter.

Direction

An inverse overcurrent element can be configured for forward or reverse tripping. Refer to the Directional
Overcurrent (67) Protection chapter for more information.

Directional Source

The Directional Source setting selects the directional element (67-1 or 67-2) to be used when making
directional decisions on protection systems equipped with two sets of CTs. The CT source of the
directional source selection (67-1 or 67-2) should match the CT source selection of the inverse
overcurrent (51) element.

Timings

Each inverse overcurrent element has a Curve setting. The following paragraphs describe the available
timing curves. The user can select integrating reset timing to make the protective element use integrated
reset and emulate an electromechanical induction disk reset characteristic.

Standard Curves

There are 22 standard curves available including standard inverse, short inverse, moderately inverse,
long inverse, very inverse, and extremely inverse. Refer to the Time Curve Characteristics chapter for
specific information on each curve.

Programmable Curves

An available programmable curve can be used to create a custom curve by selecting coefficients in the
inverse time characteristic equation. When inverse time overcurrent characteristic curve P is selected, the
coefficients used in the equation are those defined by the user. Inverse overcurrent characteristics for trip
and reset programmable curves are defined by Equation 18-1 and Equation 18-2. These equations
comply with IEEE Std C37.112-1996 - |[EEE Standard Inverse-Time Characteristic Equations for
Overcurrent Relays. Definitions for these equations are provided in Table 18-1. The curve-specific
coefficients are defined for the standard curves as listed in the Time Curve Characteristics chapter.

T AD +BD + K T RD
T=MN—C R m2z —1)
Equation 18-1. Time OC Characteristics for Trip Equation 18-2. Time OC Characteristics for Reset

Table 18-1. Definitions for Equation 18-1 and Equation 18-2

Parameter Description Explanation
Tr Time to trip Time that the 51-x function will take to time out and trip.
D Time dial setting Time dial setting for the 51-x function.

Measured current in multiples of pickup. The timing algorithm

M Multiple of pickup has a dynamic range of 1 to 40 times pickup.

Inverse Overcurrent (51) Protection BE1-11g
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Parameter Description Explanation

A Coefficient specific to Affects the effective range of the time dial.
selected curve

B Coefficient specific to | Affects a constant term in the timing equation. Has greatest
selected curve effect on curve shape at high multiples of tap.

- o Affects the multiple of PU where the curve would approach

C Coefficient specific to infinity if allowed to continue below pickup. Has greatest effect on

selected curve :
curve shape near pickup.

N Exponent specific to | Affects how inverse the characteristics are. Has greatest effect
selected curve on curve shape at low to medium multiples of tap.

K Constant Characteristic minimum delay term.

TR Time to reset Relevant if 51-x function is set for integrating reset.

R Coefficient specific to Affects the speed of reset when integrating reset is selected.
selected curve

Curve coefficients are entered on the Inverse Overcurrent (51) settings screen in BESTCOMSPIus.
Programmable curve coefficients can be entered only when the P curve is chosen for the protection
element from the Curve drop-down menu.

Table Curves

BESTCOMSPlus is used to set the 51 element Table Curves (T1, T2, T3, and T4). Using the Settings
Explorer within BESTCOMSPIus, open the Protection, Current, Table Curve (1, 2, 3, or 4) tree branch and
select the table curve to be modified. Refer to Figure 18-1. A minimum of 2 and maximum of 40 points
can be entered for any one T curve. When you are satisfied with the values chosen, select Save Curve.
Use the Settings Explorer to browse to the 51-x element you wish to program and use the drop-down
menu under Curve to select T1, T2, T3, or T4.

Table curves can be entered regardless of the curve chosen for the protection element. However, the
table curve will not be enabled until T1, T2, T3, or T4 is selected as the curve for the protective element.

I P Delete P . . N
Time Overcurrent Characteristic Curves

Pt. | =PU Time (Sec) 1 02
1.300 (10.000
2 40.000 |0.100

Time in Seconds

10° — -

Hold the Shift key to drag the S
entire curve. Hold the Ctrl key \
to drag the entire curve only

along one axis \\

Multiple of Pick-Up (xPU)

Figure 18-1. Inverse Overcurrent Table Curve
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46 Curve

The 46 curve is a special curve designed to emulate the I>t withstand ratings of generators using what is
frequently referred to as the generator’s K factor. Do not confuse the 46 curve with the 12 mode. The 46
curve was designed for use with the 12 mode. However, in actuality, the 46 curve can be selected for use
with any mode of the inverse overcurrent element as well.

To use the 46 curve, the user should determine the K factor of the generator and the continuous (l2)%
rating of the generator (supplied by the manufacturer) and use this to set the time dial and pickup for the
46 curve by the process described in the Time Curve Characteristics chapter. The K factor is the time the
generator can withstand 1 per unit 1> where 1 pu is the BE1-11g setting for nominal current.

Pickup and Trip
The Pickup output occurs first, followed by the Trip output.

Pickup

The Pickup output becomes true when the measured current increases above the current threshold
established by the Pickup setting. In BESTlogicPlus, the Pickup output can be connected to other logic
elements to annunciate the condition, control other elements in logic, or start the fault recorder (logic
element FAULTTRIG).

Assertion of the Pickup output initiates a timer that begins timing to a trip. The duration of the timer is
established by the Time Dial and Curve settings. A Time Dial setting of zero (0) makes the 51 element
instantaneous with no intentional time delay.

If the pickup condition subsides before the calculated inverse time expires, the timer and Pickup outputs
are reset, no corrective action is taken, and the element is rearmed for any other occurrences of
overcurrent.

Trip

The Trip output becomes true if an overcurrent pickup condition persists for the duration of the calculated
inverse time. In BESTlogicPlus, the Trip output can be connected to other logic elements and to a
physical relay output to annunciate the condition and initiate corrective action. If a target is enabled for the
element, the BE1-11g will record a target when the Trip output becomes true. See the Fault Reporting
chapter for more information about target reporting.

Voltage Restraint Mode (51/27R)

When a 51 element is set for 3 Phase, IA, IB, or IC mode, the 51 element can be set for voltage control or
voltage restraint mode of operation. This feature is used to allow increased phase overcurrent sensitivity
while providing security from operation due to load current. This feature is also often used for generator
backup protection to ensure delayed tripping during a short-circuit where the fault current contribution
from the generator falls to a value close to the full-load rating of the generator.

A Voltage Restraint threshold of zero (0) disables voltage restraint/control and allows the 51 element to
operate normally.

Control Mode

When set for Control mode of operation, the 51 element is disabled until the measured voltage drops
below the Voltage Restraint threshold. Thus, as long as the voltage on the appropriate phase is above the
Voltage Restraint threshold, the 51 element will be blocked. When set for this mode of operation, the 51
Pickup setting is typically set near or below load current levels.

Restraint Mode

When set for Restraint mode of operation, the pickup of the 51 element is adjusted based upon the
magnitude of the measured voltage. Figure 18-2 shows how the 51 Pickup setting is adjusted in response
to the measured voltage level. Equation 18-3 determines the pickup level for the 51 element when the
measured voltage is between 25% and 100% of the Voltage Restraint threshold. Below 25%, the pickup
level stays at 25%. Above 100%, the pickup level stays at 100%. For example, if the Voltage Restraint
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threshold is set for 120 V and the measured voltage on the appropriate phase is 100 V (83% of the
Voltage Restraint threshold), the phase overcurrent pickup level will be reduced to 83% of its setting.
When set for this mode of operation, the 51 element Pickup setting is typically set above worst case, load
current levels.
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Figure 18-2. 51 Phase Pickup Level Compensation

Sensing Voltage Level

Actual Pickup Level = X 51 Phase Pickup Setti
ctuat Fickup Leve Restraint Pickup Setting ase Pickup etting

Equation 18-3. Restraint Pickup Level

Phase VT Configuration

The 51/27R function can be set to monitor either Vpp or Vpn depending upon the Phase VT Connection
settings. See the Configuration chapter for details on how to set the phase VT connections. Table 18-2
shows which voltage measurements are used by each 51 element for each possible phase VT connection
and 51/27 voltage monitoring mode setting.

Table 18-2. Phase VT Connection Cross Reference

Phase VT Connection 51/27 Mode 51A 51B 51C
4w Vpp Vab Vbc Vca
4w Vpn Van Vbn Ven
3w Vpp Vab Vbc Vca
AN Vpn Van Vbn* Ven*
BN Vpn Van* Vbn Ven*
CN Vpn Van* Vbn* Ven
AB Vpp Vab Vbc* Vca*
BC Vpp Vab* Vbc Vca*
CA Vpp Vab* Vbc* Vca

* Calculated value. See the Configuration chapter for more information.
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Element Blocking

Fuse Loss

The fuse loss element (60FL) can also be set to supervise the 51/27R function. It is possible to set the
60FL element to automatically prevent misoperation on loss of sensing voltage. When the 51/27R
function is set for control and a 60FL condition is detected, the inverse overcurrent elements will be
disabled. When the 51/27R function is set for restraint and a 60FL condition is detected, the inverse
overcurrent elements will remain enabled but the pickup will not be adjusted from 100% of its setting. See
the Fuse Loss (60FL) chapter for more information.

Protective elements blocked by 60FL should be set so that trip times are 60 milliseconds or greater to
assure proper coordination of blocking.

Block Logic Input

The Block input provides logic-supervision control of the element. When true, the Block input disables the
element by forcing the Trip and Pickup outputs to logic 0 and resetting the element timer. Connect the
element Block input to the desired logic in BESTlogicPlus. When the element is initially selected from the
Elements view, the default condition of the Block input is a logic 0.

Logic Connections

Inverse overcurrent element logic connections are made on the BESTlogicPlus screen in
BESTCOMSPIlus. The inverse overcurrent element logic block is illustrated in Figure 18-3. Logic inputs
and outputs are summarized in Table 18-3.

Block Trip

Fickup

Figure 18-3. Inverse Overcurrent Element Logic Block

Table 18-3. Logic Inputs and Outputs

Name Logic Function Purpose

Block Input Disables the 51 function when true

Trip Output True when the 51 element is in a trip condition
Pickup Output True when the 51 element is in a pickup condition

Operational Settings

Inverse overcurrent element operational settings are configured on the Inverse Overcurrent (51) settings
screen (Figure 18-4) in BESTCOMSPlus.
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Figure 18-4. Inverse Overcurrent Settings Screen
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19 « Directional Overcurrent (67)
Protection

The 67 element provides directional supervision for the overcurrent tripping elements. Two reference
quantities for each polarizing method are compared to establish directional signals for controlling
operation of the phase, ground, and negative-sequence overcurrent elements. Directionality is derived
from a comparison between internally calculated sequence voltages V1, V2, VO (magnitude and angle)
and calculated values of 11, 12, 310, 10, (magnitude and angle) and measured |G (magnitude and angle).
Regardless of fault direction, the angle of the sequence voltages and the ground current source will
always be the same while the angle of the currents (11, 12, 310/IN, 10, IG operate) will change based on
the direction of fault current flow.

On protection systems equipped with two sets of CTs, the directional element can monitor CT circuit 1 or
CT circuit 2. The CT source is selected on the Directional settings screen (Figure 19-1) in
BESTCOMSPlus.

Polarization Methods

The polarization methods are as follows:

o Positive-Sequence Polarization — Forward direction is detected is when the apparent Z4 angle (angle
of V1/l1) is equal to the positive-sequence maximum torque angle (MTA), +90°.

o Negative-Sequence Polarization — Forward direction is detected is when the apparent Z; angle (angle
of -V2/l2) is equal to the negative-sequence maximum torque angle (MTA), +90°. (See Note 1.)

o Zero-Sequence Voltage Polarization — Forward direction is detected is when the apparent Zg angle
(angle of Vo/lp) is equal to the zero-sequence maximum torque angle (MTA), +90°. (See Note 1.)
However, the BE1-11g has two forms of zero-sequence voltage available to it (calculated Vo from the
phase voltages or Vx from a broken delta VT) and two forms of zero-sequence current available to it
(calculated lp from the phase currents or Ig from the protection system's IG1 or IG2 input). This
results in four options for zero-sequence voltage polarization:

o Calculated Vg verses calculated lp

o Calculated Vo verses Ig

oV verses calculated lg

o Vyxverses lg

o All four forms of zero-sequence voltage polarizations use the same MTA value.

e Zero-Sequence Current Polarization — Forward direction is detected is when the phase angle of
current in the ground CT input (IG) is in phase with the calculated lo, +90°.

Each of the four internal polarization methods has designated internal bits that are used in the BE1-11¢g
for direction identification, one for forward direction and one for reverse direction. Combined, these eight
bits are referred to as the directional status byte and are used to control the various overcurrent elements.

Note 1: The negative and zero-sequence angle of maximum torque has a built in 180-degree phase shift
that arises out of the calculation methods described at the end of this chapter.

Positive-Sequence Polarization is used to determine direction for three-phase faults. Under these
conditions, very little negative or zero-sequence quantities are present, making the other polarization
methods unreliable for this fault condition. For close-in faults, the BE1-11g will also need to depend on
memory voltage to determine direction (see below). Positive-sequence bits are used to supervise the
elements in single or 3 phase mode.

BE1-11g Directional Overcurrent (67) Protection
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To provide memory, the positive-sequence voltage is stored continuously until a fault occurs. Memory
voltage is used when the positive-sequence voltage falls below the minimum acceptable level of 12 volts.
The BE1-11g maintains memory voltage for 20 cycles to allow tripping for close in faults. When using
memory voltage polarization, the BE1-11g assumes nominal system frequency.

Negative-Sequence Polarization is used to test directionally for all fault types except three-phase faults.
Negative-sequence bits are used to supervise phase, neutral, and negative-sequence overcurrent modes.
With load flow and low fault currents, it is possible for the positive-sequence bits to be set at the same
time negative-sequence bits are true. Under these conditions, the negative-sequence bits have priority
and the positive-sequence bits are cleared.

Zero-Sequence Voltage Polarization is used to test directionally for ground faults and is used to supervise
only in neutral overcurrent mode (VOIN, VOIG, VXIN, or VXIG). The neutral overcurrent elements can be
set to operate on either calculated lp or independent ground input Ig. The four types of zero-sequence
polarization methods were described above. Typical ac connections for external sources of Vo (a broken
delta VT) are provided in the Typical Connections chapter.

Zero-Sequence Current Polarization is also used to test directionally for ground faults and is used to
supervise the neutral overcurrent elements.

Polarization summary for tripping elements is as follows:

e Phase mode: Positive-Sequence; Negative-Sequence

e Negative-Sequence mode: Negative-Sequence

e Neutral mode: Negative-Sequence; Zero-Sequence Volt; Zero-Sequence Current
The neutral overcurrent elements can be supervised by various polarization methods using either or both
zero-sequence and negative-sequence quantities. This is necessary depending on the application and
fault conditions applied to the BE1-11g. For example, negative-sequence polarizing can be used when
zero-sequence mutual coupling effects cause zero-sequence polarizing elements to lose directionality. In
addition, high Z ground faults might cause values of zero-sequence voltage too low to measure during a
fault, making zero-sequence polarization unreliable. A similar condition can occur with the negative-

sequence voltage or current, although it is less likely. Under these conditions, a user might need to use
current polarization or dual polarization to provide reliable directional tripping.

Polarization Settings

Polarization methods are configured on the Polarization (67N) settings screen (Figure 19-1) in
BESTCOMSPlus.

BESTCOMSPIus Navigation Path: Settings Explorer, Protection, Current, Polarization (67N)

HMI Navigation Path: Settings Explorer, Protection, Settings Group x (where x = 0 to 3), Current
Protection, Directional Current 67

Directional (67-1)

67-1 CT Selection

CT Source
CT Circuit 1 -

B7N-1 Polarization Method(s)
| Zero Sequence Cument Polarization (IG)
V| Negative Sequence Polarization (3}

| Zero Sequence Voltage Polarization (V)

Modes

'@ Calculated Zero Sequence Volt compared to Calculated Zero Sequence Cument (VOIN)
Calculated Zero Sequence Volt compared to Measured Ground Currert (VDIG)
Measured 3W0-VX Input compared to Calculated Zero Sequence Cument (VXIN)
Measured 3VD-VX Input compared to Measured Ground Cument (VXIG)

Figure 19-1. Directional Settings Screen

Directional Overcurrent (67) Protection BE1-11g
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Modes IG/Q/V, 1G/Q, IG/V, and Q/V are logical ORs of Modes IG, Q, and V and are used to set up dual or
possibly triple polarization techniques for the neutral elements. Thus, if more than one directional
supervision element is enabled, any element can enable tripping if the appropriate forward or reverse
directional decision is made.

Maximum Torque Angle and Directional Tests

The directional algorithm requires a user settable maximum torque angle (MTA). There is an MTA setting
for positive-sequence calculations, an MTA setting for negative-sequence calculations, and an MTA
setting for zero-sequence calculations. These settings are separate from the power line impedance
parameters (Z1 and Zo used for distance to fault calculations) because some applications require a
polarizing MTA different from the "distance to fault" line impedance angle.

Each MTA can be set over the range of 0 to 90 degrees (I lag E) in 1 degree steps. These parameters are
input into the BE1-11g using BESTCOMSP/us. Open the System Parameters, Power System tree branch.

A fault current is considered to be in a forward direction when the sequence current, after being offset by
the line angle, is in phase with the same sequence voltage. The forward direction zone extends for
approximately +90° from the nominal line angle. A similar argument applies for the reverse direction with
the current 180° out of phase from the voltage. The angle of Z1 is used during positive and negative-
sequence directional test. Likewise, the angle of Z0 is used during the zero-sequence directional test.
Angle compensation is not required for current polarization since the polarizing quantity IG is inherently
compensated.

Note that (not forward) does not necessarily imply reverse. Sufficient current and voltage must be present
to declare direction. Internally, the BE1-11g also uses several constant limits to determine if the system
levels are adequate to perform reliable directional tests and set directional bits. See Table 19-1.

Table 19-1. Internal Constants

Internal Constant Purpose Value
Positive-Sequence Minimum 11 current threshold for Positive- 0.50 A for 5A CTs and
Current Sequence test 0.1 Afor 1ACTs
Zero-Sequence Current | Minimum 310 current threshold for Current 0.25 A for 5A CTs and
Polarization test 0.05 Afor 1A CTs
Ground current (IG) Minimum Ground (IG) current threshold for 0.50 A for 5A CTs and
Current Polarization test 0.1 Afor 1ACTs
Negative-Sequence Minimum V2 voltage threshold for Negative- 1.2% of
Voltage Sequence test V nominal
Zero-Sequence Voltage | Minimum VO voltage threshold for Zero- 0.75% of
Sequence test V nominal
External Zero-Sequence | Minimum external 3VO voltage threshold for 10% of
Voltage (VX Input) Zero-Sequence test V nominal
Negative-Sequence Ratio | Minimum ratio between 11 and 12 for Negative- 9%
Sequence test
Zero-Sequence Ratio Minimum ratio between 1 and 310 for Zero- 9%
Sequence test is 9%

If the minimum levels are not met for a particular directional test, then the test is not run and the
directional bits are cleared for that test. For instance, if 311 is less than 0.50 A, the positive-sequence test
is skipped and the positive-sequence directional bits are cleared.

The Sequence Ratio refers to the minimum ratio required between the positive-sequence current and
either the negative or the zero-sequence current. A negative-sequence directional test would be allowed if
the negative current were greater than 9% of the positive-sequence current. The same concept applies
for the zero-sequence directional test.

BE1-11g Directional Overcurrent (67) Protection



19-4 9424200994

The directional tests are also supervised by the loss of potential function 60FL. If the 60FL bit is true, then
voltage sensing was lost or is unreliable. Under this condition positive, negative, and zero-sequence
directional tests are disabled and their bits are cleared. Current polarization is not affected by the 60FL
since it does not rely on voltage sensing.

The direction bits are updated once per half-cycle. Under sudden current reversal conditions, depending
on the change in magnitude of the forward current to reverse current, the DFT (Discrete Fourier
Transform) could require one cycle to determine polarity of the fault. Beyond this, the 50-x element adds
an additional half-cycle delay when operating in direction mode for security, for an overall response time
of a 50-x element to sudden current reversal of approximately two cycles.

Theory of Using Sequence Impedances for Fault Direction

When using real world impedances in the Zagc domain, it is apparent that faulted phase voltage
approaches zero as one gets closer to the fault and that the same phase's voltage becomes larger the
closer one gets to the source. However, in the sequence domain (zero-, positive-, negative-sequence),
the above concept holds for positive-sequence voltage and current flow, but for negative- and zero-
sequence current flow, the opposite condition occurs. Negative- and zero-sequence voltage is highest at
the fault location, and lowest at the source. This affects how the BE1-11g uses the angle of maximum
torque to prevent tripping for unusual load flow.

For directional decisions, a BE1-11g is measuring the sequence impedance (Zo12=Vo12 / lo12) and
comparing the angle that it calculates to the angle of maximum torque with a window of +90 degrees as
forward (or reverse, depending on the BE1-11g setup). Suppose a radial single source condition exists
relative to the BE1-11g location. The source impedance is Zsource and the fault is downstream on a line of
impedance ZLine. Given a source voltage of Vsource and a fault current of Ireiay the local substation voltage
will be shown in Equation 19-1. Note this equation is true independent of the fault type or the faulted
phase.

VoRelay | |Vosource | |Z0Source O 0 10 Relay
Vi Relay | = Vi Source |~ 0 Z4 Source 0 l Relay
V2,Re|ay V2 Source 0 0 Z2,Source I2,F{elay

Equation 19-1. Local Substation Voltage
The impedance seen by the BE1-11g is calculated in Equation 19-2:

VO,ReIay VO,Source

ZD,ReIay = = _ZD,Source
|O,Relay |O,Relay
7 _ V1,Relay B V1,Source
1,Relay = I 7 — £1,Source
1,Relay 1,Relay
V2,Relay V2,80urce
ZZ,ReIay = = _Z2,Source

|2,Relay |2,Relay
Equation 19-2. Impedance Seen by the BE1-11g

If Vo,s0urce @and V2 source are very small (Equation 19-3):
ZO,Relay ~ _ZO,Source
Z2,Re—|ay ~ —ZZ,Source

Equation 19-3. Impedance with Small Vo and V2 Source Voltages
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The calculations in the BE1-11g are account for the negative factor in the above equation and hence a
180° phase shift is implemented in the BE1-11g firmware so that a correct forward/reverse decision is
made.

The positive-sequence impedance as seen by the BE1-11g is quite a bit more complicated since V1 source
is not negligible. One simple application to study is the three-phase fault and the B to C phase fault
(Equation 19-4):

V1 Source
Vi Source

Z4 Source T Z4 Line

Z4 Relay,3phase = - Z4 Source — Z4 Line

V1 ,Source
A Source

Z1 Source + £1 Line + £2 Source + £2 Line

Z4 RelayBC = — 24 Source = Z1,Line + Z2,:Source + ZZ,Line

Equation 19-4. Three-Phase/B to C-Phase Faults

Directional relaying would not be of much value in a radial system where all current flow will be forward. In
two source systems, as shown in Figure 19-2, a profile of sequence voltages in the system will show Vo
and V2 at either source. Vo and V2 will still be negligible in normal operation, and show up only during fault
conditions with their maximum value being at the fault location, with current flowing from X and Y in a
current division rule applied to the symmetrical component network that represents the fault impedances
and the fault type. Independent of the fault type and how the sequence currents divide in the system, the
sequence voltages and hence sequence impedances measured by the BE1-11g will still be dependent on
VRelay=Vsource - Zsource Isource. The BE1-11g will sense the zero and negative-sequence impedances in the
opposite direction as the direction to the fault, looking back toward the source. But for the three-phase
fault the BE1-11¢ will sense the positive-sequence impedance in the line between the BE1-11¢g and the
fault location. The sensed zero-sequence current can be shifted notably when zero-sequence coupling
between adjacent lines is involved. However, since a large phase angle window of +90° from the MTA is
being utilized for directional decisions, the direction decision is not highly sensitive to zero-sequence
coupling effects.

ZSource X ZLine X ZLine Y Zsource ¥

Relay X Location Relay Y Location PO037-00
03-09-06

Figure 19-2. Directional Overcurrent Relaying

For more theory and mathematics of using sequence components for sensing direction to fault, see the
paper, "Directional Overcurrent Relaying in the DG Environment" on the Basler Electric website
(http://www.basler.com).

BE1-11g Directional Overcurrent (67) Protection
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20 - Phase Current Differential (87)
Protection

The phase-current differential (87) element monitors the differential current and provides primary
protection for generators. This element is available only in styles GxxxxxJxPxxxxx and GxxxxxJXTXxxxx
of the BE1-11g.

Element logic connections are made on the BESTlogic™Plus screen in BESTCOMSP/us® and element
operational settings are configured on the Phase Current Differential (87) settings screen in
BESTCOMSPIus. A summary of the logic inputs and outputs and operational settings appears at the end
of this chapter.

BESTCOMSPIus Navigation Path: Settings Explorer, Protection, Current, Phase Differential (87)

HMI Navigation Path: Settings Explorer, Protection, Settings Group x (where x = 0 to 3), Current
Protection, Differential 87

Element Operation

The phase-current differential element compares the currents entering and leaving the zone of protection.
In some applications, the zone of protection may include only the generator. In other applications, a
power transformer may be included in the generator zone of protection. If a fault is detected, the BE1-11g
initiates a trip signal to isolate the protected zone. This action limits equipment damage and minimizes
impact on the power system.

Functional Description

Figure 20-1 shows a detailed functional diagram of one phase of the phase differential protection function.
These functions and comparators are duplicated for each phase.

The measured currents are phase, zero-sequence, and tap compensated. The Configuration chapter
describes the setup of the BE1-11g for phase and zero-sequence compensation. Setup of the tap
adjustment compensation is described later in this chapter. The restraint current function uses the
compensated current to calculate the restraint current magnitude (in multiples of tap). Depending on the
setting, it calculates the maximum or average restraint current. The Operating Current function
determines the magnitude of the fundamental, second, and fifth harmonic differential current as the
phasor sum of those components of the compensated currents.

Figure 20-2 shows the characteristic of the phase current differential protection element. This comparator
has two slope settings and a minimum pickup setting. The slope settings are the ratios of delta operating
current to delta restraint current. The slope settings should be set above the maximum mismatch caused
by excitation losses, tap mismatch, and load tap changers. The minimum pickup setting determines the
minimum sensitivity of the restrained element.

BE1-11g Phase Current Differential (87) Protection
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Figure 20-1. 87 Phase Differential Protection Functional Block Diagram
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Slope = (&lap Alrssyzing) X 100 = (Restraint Slope 1: 5 to 100%/Restraint Slope 2: 15 to 140%)

“~ POO74-44
.
~

Minimum Pickup
=0.1to 1.00
Times Tap

j//
/

Restraint Current (In Multiples of Tap)

|
|
|
I A

Operating Current (In Multiples of Tap)

Figure 20-2. Percentage Restrained Differential Characteristic

Mode

In Percent Differential Mode, the phase-current differential element provides three-phase percentage-
restrained differential protection with dual slopes. In Flux Balance mode, the differential CTs are
connected in a flux-balancing configuration.

CT Source (Flux Balance Mode Only)

The CT Source setting configures the phase current differential element to monitor CT circuit 1 or CT
circuit 2 on protection systems equipped with two sets of CTs. CT circuit 1 terminals are designated D1
(IA1) through D8 (IG1) and CT circuit 2 terminals are designated F1 (IA2) through F8 (1G2). For an
illustration, refer to the Terminals and Connectors chapter.

Pickup and Trip
The Pickup output occurs first, followed by the Trip output.

Pickup
The phase-current differential element asserts the Pickup output in a different manner for each mode.
Percent Differential Mode

The Pickup output becomes true when the ratio of operating current to restraint current increases above
the slope setting. The operating current is greater than the Minimum Restrained Pickup setting in any of
the three phases.

Flux Balance Mode

The Pickup output becomes true when the measured difference current in any phase exceeds the Flux
Balance Pickup level.

In BESTlogicPlus, the Pickup output can be connected to other logic elements to annunciate the
condition, control other elements in logic, and start the fault recorder (logic element FAULTTRIG).

Assertion of the Pickup output initiates a timer that begins timing to a trip. The duration of the timer is
established by the Time Delay setting.

If the pickup condition subsides before the element delay expires, the timer and Restrained Pickup output
are reset, no corrective action is taken, and the element is rearmed for any other fault conditions.

BE1-11g Phase Current Differential (87) Protection
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Trip

The Trip output becomes true when a restrained pickup condition persists for the duration of the element
Time Delay setting. In BESTlogicPlus, the Trip output can be connected to other logic elements and to a
physical relay output to annunciate the condition and to initiate corrective action. If the target is enabled
for the element, the BE1-11g will record a target when either the Trip or Unrestrained Trip outputs
become true. See the Fault Reporting chapter for more information about target reporting.

Transient Monitor

A transient monitor detects the effects of CT saturation during a through fault. The 87 element monitors
the change in restraint current versus the change in operate current. For an internal fault, the restraint
current and operate current will experience a step increase at the same time. For an external fault, there
should be no operate current. If CT saturation occurs during a through fault, the operate current will
increase at some time after the restraint current increases.

The restrained or unrestrained differential must be picked up for the transient monitor to detect transient.
The Transient Operate Time setting defines how long the transient remains detected after the restrained
or unrestrained differential drops out. The Transient Delay setting affects only the restrained Trip output.

Harmonics

The second and fifth harmonic functions check the ratio of the second and fifth harmonic operate current
to the fundamental operate current. Traditional harmonic restraint units operate on the ratio of harmonic
current to total operate current versus the ratio to only the fundamental operate current used by the
BE1-11g. For this reason, the BE1-11g will provide greater security for inrush and overexcitation with the
same harmonic inhibit ratio settings used with traditional differential relays. When either of these two
comparators is above the threshold, the percentage-restrained output is blocked from setting the
Restrained Trip logic output. If the second or fifth harmonic inhibit comparators are picked up for any of
the three phases, the Second Harmonic Inhibit and Fifth Harmonic Inhibit logic outputs respectively are
also set.

In many cases, the second harmonic content of the inrush current may show up primarily in only one or
two phases, which can cause one or two phases to not be inhibited. The BE1-11g allows the second
harmonic currents to be shared between the three phases. When second harmonic sharing is enabled,
the magnitude of the second harmonic operating current is summed from all three phases and this
magnitude is used by the second harmonic comparator for each phase instead of the second harmonic
operate current for only that phase. This is superior to other methods of cross blocking since each phase
element operates independently in its comparison of operating current to harmonic current. Thus, security
is enhanced without sacrificing dependability because a faulted phase will not be restrained by inrush on
unfaulted phases as is the case with cross blocking schemes.

Unrestrained Tripping

The 87 element provides high-speed tripping for high-grade faults inside the zone of protection. If the
operate current is above the Unrestrained Tripping threshold for any of the three phases, the
Unrestrained Trip logic output becomes true. The transient monitor function also enhances security for
this function by doubling the pickup threshold when CT saturation is detected. The minimum setting for
the Unrestrained Tripping threshold should be the maximum inrush current with a small margin.

Programmable Alarm

An 87 Alarm condition is indicated when the percentage restrained differential protection is nearing a trip
condition on load. This alarm triggers a diagnostic routine that attempts to determine the source of the
mismatch that is causing the differential unbalance.

The alarm appears on the front-panel display, web page interface, and on the Alarms metering screen in
BESTCOMSPIus. Refer to the Alarms chapter for information on how to program alarms.

Phase Current Differential (87) Protection BE1-11g
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Element Blocking

The Block input provides logic-supervision control of the element. When true, the Block input disables the
element by forcing the Trip and Pickup outputs to logic 0 and resetting the element timer. Connect the
element Block input to the desired logic in BESTlogicPlus. When the element is initially selected from the
Elements view, the default condition of the Block input is a logic 0.

Logic Connections

Phase-current, differential-element logic connections are made on the BESTlogicPlus screen in
BESTCOMSPIus. The phase-current, differential-element logic block is illustrated in Figure 20-3. Logic
inputs and outputs are summarized in Table 20-1.

L Block Trip
Fickup
|Inrestrained Tnp
2nd Harmonic Inhibit

bth Harmaonic Inhibit

Figure 20-3. Phase Current Differential Element Logic Block

Table 20-1. Logic Inputs and Outputs

Name Function Purpose

Block Input Disables the 87 function when true

Trip Output | True when the 87 element is in a trip condition
Pickup Output | True when the 87 element is in a pickup condition

True when the 87 element is in an unrestrained trip

Unrestrained Trip Output condition

2" Harmonic
Inhibit

5t Harmonic Inhibit | Output | True when the 87 is inhibited by 5" harmonic ratio

Output | True when the 87 is inhibited by 2" harmonic ratio

Settings

Tap Compensation Settings

The measured currents must be tap adjusted to eliminate magnitude mismatch prior to being used by the
Phase Current Differential Protection (87) element. The tap adjust factors can be manually calculated per
Equation 20-1. Or, the user can enter the MVA and kV base parameters (Table 20-2) and the BE1-11g
will calculate the tap-adjust factors using CT Ratio (CTR) and Compensation Factor (COMP) parameters
from the current measurement input function settings. For a transformer application, the mismatch will be
at a minimum if the actual transformer voltage ratings are used.

MVA x 1000 x COMPn

V3 X kVn x CTRn
Equation 20-1. Calculate Tap Adjust Factors

TAPn =

BE1-11g Phase Current Differential (87) Protection
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Table 20-2. MVA and kVn Base Parameters

Parameter Description Explanation

Tapn Restraint winding The BE1-11g has 2 restraint windings (2 taps).

MVA MVA base Full load MVA or top rating of the protected equipment.

kVn kV base for CT input n | L-L Voltage in kV for each CT input circuit.

CTRn CT ratio for CT input n | Actual ratio not effective ratio.
Phase compensation V3 if CTs are connected in Delta (CTcon = DAB or DAC).

COMPN adjustment factor for 1 in all other cases.

CT input n See the Configuration chapter.

The input currents can be tap adjusted up to a spread ratio of 10:1. If the ratio between TAP1 and TAP2
is greater than ten, it will be necessary to adjust the CT ratios to bring the tap factors closer together.
When the auto-tap calculation feature is used, the BE1-11g will give an error message if the spread ratio
is greater than ten.

If one of the calculated taps is outside the acceptable range (2 to 20 for 5 ampere units or 0.4 to 4 for 1
ampere units), the auto-tap calculation feature will select the nearest acceptable tap and calculate the
other tap (two at a time) so that the correct spread ratio is maintained. If the user is manually calculating
the taps, the same adjustment should be made.

BESTCOMSPIlus is used to provide auto tap calculation by filling in the appropriate fields on the
Transformer Setup screen and pressing the calculate button or manual tap values can be entered.

Operational Settings

The settings for restrained minimum pickup and unrestrained trip are set in multiples of tap. If the ideal
taps calculated by Equation 20-1 fell within the acceptable range, the sensitivity settings will be in Per
Unit on the MVA Base used in the equation. For example, a 100 MVA, 115 kV transformer has a full load
(1 per unit) current of 500 amperes. A pickup setting of 10 times tap for the unrestrained output pickup
(URO) element is equivalent to 5,000 primary amperes of differential current.

If the taps had to be adjusted upwards or downwards to fit within the acceptable range, the sensitivity
settings for these protective elements should be adjusted as well. Equation 20-2 gives the adjustment
factor. The definitions for the variables in Equation 20-2 are the same as those for Equation 20-1. For
example, the ideal taps (TAPni) were calculated using Equation 20-2 and Equation 20-3 to be 1.6 and
5.0. They had to be adjusted upwards so that the actual taps (TAPna) are 2.0 and 6.25. Per Equation
20-2, X = 0.8. It is desired that the minimum pickup of the restrained element be 0.35 per unit on the
circuit base. The actual setting should be 0.35 * 0.8 = 0.28 to achieve the same sensitivity.

The pickup settings in Times Tap can be related to primary amps by Equation 20-3. Minpu is the
minimum pickup setting in Times Tap. The definitions for the remaining variables in Equation 20-3 are the
same as those for Equation 20-1.

TAPn,; MVA x 1000 X COMPn tori Minpu X TAPn X CTRn
= = ri =
TAPn, TAPn, x /3 x KVn x CTRn P COMPn
Equation 20-2. Tab Adjustment Equation Equation 20-3. Calculate Primary Amps

% of Maximum - The maximum of the compensated input currents is used. For example, the restraint
current for phase A would be Ira = max (laxcomps) where x = 2 for two current inputs.

% of Average - The average of the compensated input currents is used. For example, the restraint
current for phase A would be given by Equation 20-4.

_ Sum of laxcomps
Number of Inputs

IRA

Equation 20-4. Calculate Restraint Current for Phase A, % of Average

Phase Current Differential (87) Protection BE1-11g
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Phase current differential element operational settings are configured on the Phase Current Differential
(87) settings screen (Figure 20-4) in BESTCOMSPlus. A legend for the chart (Figure 20-5) is shown by
clicking the Help button on this screen.

Phase Differential (87)

87 Element
Maode
Slope Mode

o

i Pickup (In Multiples of Tap)

CT Circuit 1 Tap
200

CT Circuit 2 Tap
2.00

2nd Slope Pickup (In Multiples of Tap)

Unrestrained Tripping

Maode

Enabled -
Harmonics

Mode

Transient Monitor
Transient Operate Time (ms)
100

0.50 3.00
Restraint Slope 1 (%) Restraint Slope 2 (%)
40 60
Flux Balance Pickup Flux Balance Source
0.00 Secondary A CT Circutt 1
0.00 Primary A
Time Delay (ms)
]
Alarm
Slope (%) Flux Balance Pickup
65 0.00 Secondary A
0.00 Primary A

Pickup (In Multiples of Tap)
5

2nd Harmonic (%) 5th Harmenic (%)
0 ]

Transient Delay Time (ms)

]

87 Pickup Characteristic

3.5

AN

3.0
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0 S e e B e e e e v

hY

20

1.0 L

0.5

Operating Current (In Multiples of Tap)

00
0 1 2 3 4 Bl 6

Restraint Current (In Multiples of Tap)

- Unrestrained Trip - Restrained Trip -Alarm Threshold
[ Show Unrestrained Graph

Figure 20-4. Phase Current Differential Settings Screen

Help

Unrestrained Pickup

Operating Current

Minimum Restrained Pickup

Restraint Slope 1
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Restraint Slope 2
r

Alarm Slope

[ N
|
|
|

U
2nd Slope Pickup

Restraint Current

BE1-11g

Figure 20-5. Phase Current Differential Operation Chart
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21 ¢ Neutral Current Differential (87N)
Protection

The neutral current differential (87N) element provides sensitive differential protection from phase-to-
ground faults in the Y-connected winding. On impedance grounded systems, ground fault levels may be
reduced below the sensitivity of the phase differential protection. The result is that ground faults within the
protected zone have to be cleared by time delayed backup overcurrent protection if sensitive differential
protection is not available. This element is available only in styles GxxxxxJxPxxxxx and GxxxxXJXTXXxxx
of the BE1-11g.

Element logic connections are made on the BESTlogic™Plus screen in BESTCOMSP/us® and element
operational settings are configured on the Neutral Current Differential (87N) settings screen in
BESTCOMSPIus. A summary of the logic inputs and outputs and operational settings appears at the end
of this chapter.

BESTCOMSPIus Navigation Path: Settings Explorer, Protection, Current, Neutral Differential (87N)

HMI Navigation Path: Settings Explorer, Protection, Settings Group x (where x = 0 to 3), Current
Protection, Neutral Differential 87N

Element Operation

The 87N element detects an imbalance between the neutral current (310) and ground current (1G).

CT Flip

For a legacy CT with an auxiliary CT installed, the CT Flip setting will correct the polarity of the 310.
Setting the CT Flip to true will introduce a 180° phase shift internally in the 310 calculation.

CT Source

The CT Source setting configures the neutral current differential element to monitor the ground CT in
either CT circuit 1 or CT circuit 2. CT circuit 1 ground terminals are designated D7 and D8 and CT circuit
2 terminals are designated F7 and F8. For an illustration, refer to the Terminals and Connectors chapter.

Overcorrection Coefficient

The 87N element is directionally supervised by making a comparison of two vectors, the calculated IOP
vector and the current present on the relay IG input terminals. First, the magnitude of the vector (lopMag)
is checked by the equation lopMag = 310 + IG to determine if it is above the user defined pickup setting.
Second, the IG quantity, as seen at the relay terminals, is used as the polarizing quantity to determine
directionality (lopDir) by the equation lopDir = 1G + (OVCR * 3I0). The overcorrection coefficient (OVCR)
is used to add security to the directional element in the previous equation. For the lopDir check, OVCR is
used to offset the 310 measurement by the quantity determined in the Overcorrection Coefficient setting,
which at low levels of 310 and IG, will provide greater confidence that the directional criterion is met. The
decision to trip will be made only when lopMag is above the user defined pickup setting and lopDir is
within £90° of the current present on the IG relay terminals.

Transient Delay

A user-defined transient delay time provides security from misoperation on false residual caused by CT
saturation during a through fault. If the transient monitor function from the phase current differential (87)
function detects CT saturation, the 87N Trip logic output is routed through a timer. The timer should be
set longer than the normal clearing time for a fault just outside the zone of protection to allow it to ride-
through until the external fault is cleared.

BE1-11g Neutral Current Differential (87N) Protection
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Pickup Calculations

The differential value is calculated as shown in Equation 21-1 and Equation 21-2 and displayed in
BESTCOMSPIus metering and on the front-panel display.

Phase CT Ratio 310 )
_— x

round CT Ratio sec
Equation 21-1. lop Calculation when CT Flip Setting = Yes

If CT Flip Setting = Yes,then lop =1 ¢, — (

Phase CT Ratio )
e — X

round CT Ratio sec
Equation 21-2. lop Calculation when CT Flip Setting = No

If CT Flip Setting = No,then lop =1 4. + (

Pickup and Trip
The Pickup output occurs first, followed by the Trip output.

Pickup

The Pickup output becomes true when the Minimum lop setting is exceeded. In BESTlogicPlus, the
Pickup output can be connected to other logic elements to annunciate the condition, control other
elements in logic, and start the fault recorder (logic element FAULTTRIG).

Assertion of the Pickup output initiates a timer that begins timing to a trip. The duration of the timer is
established by the Time Delay setting. A Time Delay setting of zero (0) makes the 87N element
instantaneous with no intentional time delay.

If the pickup condition subsides before the element delay expires, the timer and Pickup output are reset,
no corrective action is taken, and the element is rearmed for any other fault occurrences.

Trip

The Trip output becomes true if a fault condition persists for the duration of the element Time Delay
setting. In BESTlogicPlus, the Trip output can be connected to other logic elements and to a physical
relay output to annunciate the condition and to initiate corrective action. If a target is enabled for the
element, the BE1-11g will record a target when the Trip output becomes true. See the Fault Reporting
chapter for more information about target reporting.

Current-Polarized Directional Scheme

Figure 21-1 shows the current-polarized directional scheme. The CT Flip setting is “YES” for this scheme.
With the assumed positive current direction, 310 and IG are in phase for an internal fault and are out of
phase for an external fault.

Element Blocking

The Block input provides logic-supervision control of the element. When true, the Block input disables the
element by forcing the Trip and Pickup outputs to logic 0 and resetting the element timer. Connect the
element Block input to the desired logic in BESTlogicPlus. When the element is initially selected from the
Elements view, the default condition of the Block input is a logic 0.

Neutral Current Differential (87N) Protection BE1-11g
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P0069-41

Figure 21-1. Current-Polarized Directional Scheme for BE1-11g CT Connection

Logic Connections

Neutral current differential element logic connections are made on the BESTlogicPlus screen in
BESTCOMSPIus. The neutral current differential element logic block is illustrated in Figure 21-2. Logic
inputs and outputs are summarized in Table 21-1.

Blodk Trp

Fickup

Figure 21-2. Neutral Current Differential Element Logic Block

Table 21-1. Logic Inputs and Outputs

Name Function Purpose

Block Input Disables the 87N function when true

Trip Output True when the 87N element is in trip condition
Pickup Output True when the 87N element is in pickup condition

BE1-11g

Neutral Current Differential (87N) Protection
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Operational Settings
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Neutral current differential element operational settings are configured on the Neutral Current Differential

(87N) settings screen (Figure 21-3) in BESTCOMSPlus.

Neutral Differential

87N-1 Element
Mode

Enabled hd
lop Minimum (£)
0.00

Time Delay (ms)
]

Overcorrection Coefficient
110

CT Flip

Yes -
CT Source

CT1,1G1 -

Transient Delay Time (ms)
]

Figure 21-3. Neutral Current Differential Settings Screen

Neutral Current Differential (87N) Protection

BE1-11g
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22 » Phase Differential Protection: Flux-
Balancing and Split-Phase
Configurations (50/51)

The BE1-11g can be configured for the protection of generator stator applications involving the use of
flux-balancing current transformers for detecting phase faults or for differently connected current
transformers of split-phase generator windings to detect turn-to-turn faults. Typical configurations of these
protection schemes use a 50 or 51 element, or a combination of both, for each phase or winding. The
BE1-11g has six Instantaneous Overcurrent (50) elements and seven Inverse Overcurrent (51) elements,
which can be individually configured to the relative phase or winding to which the protection is to be
applied.

For these applications, the 50 and/or 51 elements will be set to individual phases by selecting IA, IB, or IC
as the mode of protection for each element relative to each winding or phase to be protected. To set the
50 and/or 51 elements for three-phase operation, the “three-phase” mode should be selected. Further
guidance on setting the 50 and 51 elements in BESTCOMSPIus for IA, IB, or IC can be found in the
chapters titled Instantaneous Overcurrent (50) Protection and Inverse Overcurrent (51) Protection.

Flux-Balancing

In a flux-balancing arrangement, the phase and neutral side of each phase of the winding route through a
CT so the net flux is zero under normal conditions. See Figure 22-1. Typically, a three-phase
Instantaneous Overcurrent (50) element provides flux-balancing protection.

— ¥ -

BE1-11g
Rear Terminals|

D1) (D3) (D5
T 7Y - e

D2) (04) (pe) (08)

P0082-67

Figure 22-1. Flux-Balancing Connections

If a BE1-11g is equipped with the differential option (style G6xxxxJxPxxxxx or G6xxxxJXTxxxxx), an
alternate method can be used to configure flux-balancing protection. In the Phase Differential (87) window
of BESTCOMSPIus, set the mode to Flux Balance. In this mode, the BE1-11g compares the setting in the

BE1-11g Phase Differential Protection: Flux-Balancing and Split-Phase Configurations (50/51)
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Flux Balance Pickup setting (secondary A) on a per-phase basis to the current in CT circuit 1 (CT1). The
link between CT1 and the Flux Balance mode is fixed in firmware; the flux balance circuit must be wired to
CT circuit 1 (terminals D1 through D8 in Figure 22-1). The “Flux Balance” mode is equivalent to a three-
phase 50 element. Ignore the Transient Monitor settings when configuring the differential element for Flux
Balance mode.

Split-Phase

In a split-phase configuration, each phase of generator windings is split into parallel sets of windings. This
design characteristic is used to detect turn-to-turn shorts. When a turn-to-turn short occurs, current
circulates in the generator winding because of the voltage imbalance that occurs as a result of the
shorted turn. This fault can be detected by several different CT configurations. Regardless of the chosen
CT configuration, an Inverse Time Overcurrent (51) element combined with an Instantaneous Overcurrent
(50) element for each set of windings provides adequate protection for turn-to-turn shorts. The CT
configuration and wiring to the BE1-11g is shown in Figure 22-2.

b

e

o

r-— 4 A7 171
BE1-11g
I I D1)(D3) (DS Rear Terminals
I I |AJs B ICn IGs
| 1| |(02)(4) (Ds) (D8)
-1 'k‘ 1
P0082-66

Figure 22-2. Split-Phase Connections

Phase Differential Protection: Flux-Balancing and Split-Phase Configurations (50/51) BE1-11g
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23 * Power (32) Protection

Two power (32) elements monitor three-phase real power (watts). An element can be configured to
protect against overpower or underpower conditions.

The two, identical power protection elements are designated 32-1 and 32-2. Element logic connections
are made on the BESTlogic™Plus screen in BESTCOMSPIus® and element operational settings are
configured on the Power settings screen in BESTCOMSPIus. A summary of the logic inputs and outputs
and operational settings appears at the end of this chapter.

Note

BE1-11g protection systems enabled for IEC-61850 communication
(style Gxxxx5xxxxxxxx) have their power protection elements fixed at
one overpower element and one underpower element.

BESTCOMSPIus Navigation Path: Settings Explorer, Protection, Power, Power (32)

HMI Navigation Path: Settings Explorer, Protection, Settings Group x (where x = 0 to 3), Power
Protection, Power 32

Element Operation

Power protection can be used in applications where excessive power flow in the tripping direction is
undesirable. Directional power protection is desirable in applications where:

e Power flows into a generator, indicating loss of prime mover torque (motoring).

o Power flows into the secondary of a station distribution transformer, indicating an industrial or
private customer is supplying power into the utility system.

e Excessive load has been connected to a system.
e Overload has been placed on a distribution system.
e Overspeeding is a prime concern.

e An open breaker creates an overload on a local generation facility.

Mode

Four modes of protection are available. One of Three mode activates protection when the power on one
of the three phases exceeds the Pickup setting. Two of Three mode activates protection when the power
on any two of the three phases exceeds the Pickup setting. Three of Three mode activates protection
when the power on all three phases exceeds the Pickup setting. Total Power mode activates protection
when the total power exceeds the Pickup setting. The element remains in the picked-up condition until
power flow falls below the dropout ratio of 95% of the actual pickup.

To clarify the difference between Three of Three and Total Power modes, assume that Two of Three
mode has been selected and the pickup setting is 30 watts. Therefore, the BE1-11g picks up when two of
the three phases have exceeded 30 watts. Alternately, if two phases are zero (0) watts and the third
phase is 70 watts, the BE1-11¢g does not pickup because two of the phases have not exceeded the
pickup threshold required for operation in Two of Three mode. Any two phases must exceed the pickup
threshold for operation to occur. However, if the 32 element was set for Total Power mode, the same
power values previously mentioned would result in a pickup condition because “Total Power” (0 + 0 + 70
watts) exceeds the three-phase pickup setting of 30 watts. For details on power calculations, refer to the
Configuration chapter.

BE1-11g Power (32) Protection
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Bus CT Configuration

On protection systems equipped with two sets of CTs, the power element can monitor CT circuit 1 or CT
circuit 2. The CT source is selected on the Sensing Transformers settings screen in BESTCOMSP/us.

Over/Under

This setting configures the element to pick up for overpower or underpower.

Direction of Power Flow

In addition to exceeding the power pickup threshold, direction of power flow (forward or reverse) must
match the directional setting for the 32 element to operate. In the BE1-11g, the forward and reverse
directions are defined by the polarity voltage and current connections to the BE1-11g as shown in Figure
23-1. Based on IEEE polarity convention, forward power is defined as bus to line and reverse power is
defined as line to bus.

BUS g
Bg
Cg
A
g
o
& L
o . A
2
© L
3 1
1 _J '
- o
e
(. _ g
® & 9 g
§ -
£ CT polarity connected to relay polarity, PT polarity connected to relay polarity,
g 52 & defines Forward Power as Bus to Line; Reverse Power as Line to Bus.
g
2 Four-wire connection is shown as typical. See the Typical Connections chapter
v A for alternate VT connections.

& The neutral ground (IN) operates on internally calculated residual (310) current.

LINE

Figure 23-1. Direction of Power Flow Defined by the Polarity of Voltage and Current Connections

Establishing Forward and Reverse Pickup Values

Three-phase power pickup settings for the power elements are always positive regardless of the
directional setting. However, it is useful in understanding the element response to visualize the forward
direction as positive power and the reverse direction as negative power. If we think in terms of a forward
and reverse scale with zero (0) in the middle as shown in Figure 23-2, positive and negative power flows
relative to the forward and reverse directional setting. For example, assume an intertie application where
the Area EPS (electric utility) requires the Local EPS (source of non-utility generation) to separate from
the Area EPS (trip the intertie breaker) if any power flows towards the Area EPS. For illustrative purposes,
assume that the BUS in Figure 23-1 is the Local EPS, 52 is the intertie breaker, and LINE is the Area
EPS. Normal power flow is from the Area EPS to the Local EPS, which happens to be an industrial facility
with local generation used for peak shaving.

Power (32) Protection BE1-11g
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Remains picked up thru 0 to “~” infinity 0 Ung%g’;;”er P0082-65

TRIP ZONE
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REV - negative power 3-phase Watts FWD - positive power

Figure 23-2. Forward and Reverse Pickup Values

Assuming polarity current and voltage connections as shown in Figure 23-1, forward power is defined as
flowing into the Area EPS and reverse power is defined as flowing into the Local EPS. For this
application, the 32 element should be set to trip for minimum underpower in the reverse direction (to the
Local EPS). Therefore, the settings would be Reverse, Under, and 1 watt. To increase sensitivity, mode
selection should be 3 of 3 which requires each phase power to fall below % of the three-phase power
setting or 0.33 watts. Assume that normal power absorbed by the load is 4 kW in the reverse or negative
direction on our scale. If load is suddenly lost at the industrial plant while the peak shaving generation is
running, power may flow towards the Area EPS depending on the load to generation ratio. What was a
negative 4 kW passes through 0 watts on its way to some positive power level. However, in doing so,
passes through the negative underpower trip threshold of Reverse, Under, 0.33 watts/phase, resulting in
a 32 trip and opening of the intertie circuit breaker. From negative 0.33 to positive infinity, the 32 element
remains in a picked up condition as shown in Figure 23-2. A trip time delay should be included to ensure
that the 32 element does not operate for a transient power condition.

Pickup and Trip
The Pickup output occurs first, followed by the Trip output.

Pickup

The Pickup output becomes true when the calculated real power increases above or decreases below the
threshold established by the Pickup setting. In BESTlogicPlus, the Pickup output can be connected to
other logic elements to annunciate the condition, control other elements in logic, and start the fault
recorder (logic element FAULTTRIG).

Assertion of the Pickup output initiates a definite timer that begins timing to a trip. The duration of the
timer is established by the Time Delay setting. A Time Delay setting of zero (0) makes the 32 element
instantaneous with no intentional time delay.

If the pickup condition subsides before the element delay expires, the timer and Pickup output are reset,
no corrective action is taken, and the element is rearmed for any other occurrences of over/under power.
Trip

The Trip output becomes true if a power pickup condition exists for the duration of the element Time
Delay. In BESTlogicPlus, the Trip output can be connected to other logic elements and to a physical relay
output to annunciate the condition and to initiate corrective action. If a target is enabled for the element,
the BE1-11g will record a target when the Trip output becomes true. See the Fault Reporting chapter for
more information about target reporting.

Element Blocking

Fuse Loss

The fuse loss (60FL) element of the BE1-11g can be used to block 32 protection when fuse loss or loss of
potential is detected in a three-phase system.

If the 60FL element trip logic is true and Block Power/Power Factor is enabled, all functions that use
power measurements are blocked. See the Fuse Loss (60FL) chapter for more information on the 60FL
function.

Protective elements blocked by 60FL should be set so that trip times are 60 milliseconds or greater to
assure proper coordination of blocking.

BE1-11g Power (32) Protection
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Block Logic Input
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The Block input provides logic-supervision control of the element. When true, the Block input disables the
element by forcing the Trip and Pickup outputs to logic 0 and resetting the element timer. Connect the

element Block input to the desired logic in BESTlogicPlus. When the element is initially selected from the
Elements view, the default condition of the Block input is a logic 0.

Logic Connections

Power element logic connections are made on the BESTlogicPlus screen in BESTCOMSPIus. The power
element logic block is illustrated in Figure 23-3. Logic inputs and outputs are summarized in Table 23-1.

Blodk Trip

Pickup

Figure 23-3. Power Element Logic Block

Table 23-1. Logic Inputs and Outputs

Name Logic Function Purpose

Block Input Disables the 32 function when true

Trip Output True when the 32 element is in a trip condition
Pickup Output True when the 32 element is in a pickup condition

Operational Settings

Power element operational settings are configured on the Power (32) settings screen (Figure 23-4) in

BESTCOMSPlus.
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3000

Direction

Over Under

Over -

32-1 Element
Mode

Pickup

Secondary W
Primary \nf

Time Delay (ms)

Figure 23-4. Power Settings Screen

Power (32) Protection
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24 + Loss of Excitation - Reverse Var
Based (40Q) Protection

The loss of excitation - reverse var based (40Q) element monitors total reactive power (vars).

Element logic connections are made on the BESTlogic™Plus screen in BESTCOMSP/us® and element
operational settings are configured on the Loss of Excitation - Reverse var Based (40Q) settings screen
in BESTCOMSPIus. A summary of the logic inputs and outputs and operational settings appears at the
end of this chapter.

BESTCOMSPIus Navigation Path: Settings Explorer, Protection, Power, Loss of Excitation - Reverse
var Based (40Q)

HMI Navigation Path: Settings Explorer, Protection, Settings Group x (where x = 0 to 3), Power
Protection, Reverse var 40Q

Element Operation

When a generator loses its excitation power, it acts as a large inductor. The generator begins to absorb
large quantities of vars. The 40Q element acts on the principal that if a generator begins to absorb vars
outside of its steady-state capability curve, it has likely lost its normal excitation supply. The element is

always calibrated to the equivalent three-phase power even if the connection is single-phase. For more
information on the calibration and power calculations, refer to the Configuration chapter.

The 40Q element compares the reactive power to a map of the allowed reactive power as defined by the
Pickup setting. The 40Q remains in a pickup condition until power flow falls below the dropout ratio of
95% of the actual pickup. A time delay is recommended for tripping. For settings well outside the
generator capability curve, adding a 0.5 second time delay helps prevent transient fault conditions.
However, recovery from power system swings after a major fault may take several seconds. Therefore, if
the unit is to pick up near the steady-state capability curve of the generator, longer time delays are
recommended. See Figure 24-1 for details.
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Figure 24-1. Generator Capability Curve vs. 40Q Response
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Bus CT Configuration

On protection systems equipped with two sets of CTs, the 40Q element can monitor CT circuit 1 or CT
circuit 2. The CT source is selected on the Sensing Transformers settings screen in BESTCOMSP/us.

Pickup and Trip
The Pickup output occurs first, followed by the Trip output.

Pickup

The Pickup output becomes true when the calculated reactive power increases above or decreases
below the threshold established by the Pickup setting. In BESTlogicPlus, the Pickup output can be
connected to other logic elements to annunciate the condition, control other elements in logic, and start
the fault recorder (logic element FAULTTRIG).

Assertion of the Pickup output initiates a timer that begins timing to a trip. The duration of the timer is
established by the Time Delay setting. A Time Delay setting of zero (0) makes the 40Q element
instantaneous with no intentional time delay.

If the pickup condition subsides before the element delay expires, the timer and Pickup output are reset,
no corrective action is taken, and the element is rearmed for any other occurrences of loss of excitation.

Trip

The Trip output becomes true if a loss of excitation pickup condition exists for the duration of the element
Time Delay. In BESTlogicPlus, the Trip output can be connected to other logic elements and to a physical
relay output to annunciate the condition and to initiate corrective action. If a target is enabled for the
element, the BE1-11g will record a target when the Trip output becomes true. See the Fault Reporting
chapter for more information about target reporting.

Element Blocking

The Block input provides logic-supervision control of the element. When true, the Block input disables the
element by forcing the Trip and Pickup outputs to logic 0 and resetting the element timer. Connect the
element Block input to the desired logic in BESTlogicPlus. When the element is initially selected from the
Elements view, the default condition of the Block input is a logic 0.

Logic Connections

Loss of excitation - reverse var based element logic connections are made on the BESTlogicPlus screen
in BESTCOMSPIus. The loss of excitation - reverse var based element logic block is illustrated in Figure
24-2. Logic inputs and outputs are summarized in Table 24-1.

Blodk Trp

Fickup

Figure 24-2. Loss of Excitation - Reverse var Based Element Logic Block

Table 24-1. Logic Inputs and Outputs

Name Logic Function Purpose

Block Input Disables the 40Q function when true

Trip Output True when the 40Q element is in a trip condition
Pickup Output True when the 40Q element is in a pickup condition

Loss of Excitation - Reverse Var Based (40Q) Protection BE1-11g
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Operational Settings

24-3

Loss of excitation - reverse var based element operational settings are configured on the Loss of
Excitation - Reverse var Based (40Q) settings screen (Figure 24-3) in BESTCOMSPlus.

Loss of Excitation - Reverse Var Based

40Q Element
Mode

Enabled -
Pickup
0.0 Secondary var

00 Primary var

Time Delay (ms)
]

BE1-11g

Figure 24-3. Loss of Excitation - Reverse var Based Settings Screen

Loss of Excitation - Reverse Var Based (40Q) Protection
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25  Distance (21) Protection

Two distance (21) elements use the calculated impedance of a fault to determine the fault location. The
distance elements provide backup protection for external faults that are not cleared by external protective
relaying due to a failure of the external system protection scheme or equipment.

Element logic connections are made on the BESTlogic™Plus screen in BESTCOMSP/us® and element
operational settings are configured on the Distance (21) settings screen in BESTCOMSPIus. A summary
of the logic inputs and outputs and operational settings appears at the end of this chapter.

BESTCOMSPIus Navigation Path: Settings Explorer, Protection, Impedance, Distance (21)

HMI Navigation Path: Settings Explorer, Protection, Settings Group x (where x = 0 to 3), Impedance
Protection, Distance 21

Element Operation

The zone of protection for the distance element may be set (using a mho circle) to include the generator-
step-up transformer and the lines that connect the generator to the system. The time delay of the
generator backup distance element must be coordinated with the associated primary zones of protection
to ensure proper operation.

To include the generator in the distance (21) backup zone of protection, use CTs located on the neutral
side of the generator. If neutral CTs are not provided, the BE1-11g may be connected to CTs located at
the generator terminals. With this connection, the generator is not included in the protection system’s
zone of protection, but system backup protection is provided.

Bus CT Configuration

On protection systems equipped with two sets of CTs, the 21 element can monitor CT circuit 1 or CT
circuit 2. The CT source is selected on the Sensing Transformers settings screen in BESTCOMSP/us.
Delta/Wye Compensation

For installations where the generator is connected to the system through a delta/wye step-up transformer,
delta/wye compensation is enabled to provide compensation for the differences in the current
components on the wye and the delta side of the step-up transformer.

Torque Angle

A Torque Angle (or characteristic angle) setting represents the angle between voltage and fault current on
a zero (0) ohm fault. The torque angle is used for impedance calculations.

Pickup and Trip

The Pickup output occurs first, followed by the Trip output.

Pickup

The Pickup output becomes true when the calculated impedance falls within the zone established by the
mho circle. In BESTlogicPlus, the Pickup output can be connected to other logic elements to annunciate
the condition, control other elements in logic, and start the fault recorder (logic element FAULTTRIG).

Assertion of the Pickup output initiates a timer that begins timing to a trip. The duration of the timer is
established by the Time Delay setting. A Time Delay setting of zero (0) makes the 21 element
instantaneous with no intentional time delay.

If the pickup condition subsides before the element delay expires, the timer and Pickup output are reset,
no corrective action is taken, and the element is rearmed for any other fault occurrences.

BE1-11g Distance (21) Protection
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Trip

The Trip output becomes true if a pickup condition exists for the duration of the element Time Delay. In
BESTlogicPlus, the Trip output can be connected to other logic elements and to a physical relay output to
annunciate the condition and to initiate corrective action. If a target is enabled for the element, the BE1-
11g will record a target when the Trip output becomes true. See the Fault Reporting chapter for more
information about target reporting.

Element Blocking

Fuse Loss

The fuse loss (60FL) element of the BE1-11g can be used to block 21 protection when fuse loss or loss of
potential is detected in a three-phase system.

If the 60FL element trip logic is true and Block Impedance is enabled, all functions that use impedance
measurements are blocked. See the Fuse Loss (60FL) chapter for more information on the 60FL function.

Protective elements blocked by 60FL should be set so that trip times are 60 milliseconds or greater to
assure proper coordination of blocking.

Block Logic Input

The Block input provides logic-supervision control of the element. When true, the Block input disables the
element by forcing the Trip and Pickup outputs to logic 0 and resetting the element timer. Connect the
element Block input to the desired logic in BESTlogicPlus. When the element is initially selected from the
Elements view, the default condition of the Block input is a logic 0.

Logic Connections

Distance element logic connections are made on the BESTlogicPlus screen in BESTCOMSPlus. The
distance element logic block is illustrated in Figure 25-1. Logic inputs and outputs are summarized in
Table 25-1.

Blodk Trip

Pickup

Figure 25-1. Distance Element Logic Block

Table 25-1. Logic Inputs and Outputs

Name Logic Function Purpose

Block Input Disables the 21 function when true

Trip Output True when the 21 element is in a trip condition
Pickup Output True when the 21 element is in a pickup condition

Operational Settings

Distance element operational settings are configured on the Distance (21) settings screen (Figure 25-2) in
BESTCOMSPlus.

Distance (21) Protection BE1-11g
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Distance (21)

DeltaMye Compensation
Select Delta/vye Compensation

None M

Element (21-1)
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Enabled -

Diameter
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5.000 Primary Ohm
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]
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Figure 25-2. Distance Settings Screen
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26 * Loss of Excitation - Impedance
Based (40Z) Protection

The loss of excitation - impedance based (40Z) element implements a two zone offset mho characteristic
to protect against varying load conditions. The small inner diameter (Z1) protects for loss of field
conditions while the large outer diameter (Z2) provides protection at or near no load conditions. The 40Z
characteristic is illustrated in Figure 26-3.

Element logic connections are made on the BESTlogic™Plus screen in BESTCOMSPIus® and element
operational settings are configured on the Loss of Excitation - Impedance Based (40Z) settings screen in
BESTCOMSPIus. A summary of the logic inputs and outputs and operational settings appears at the end
of this chapter.

BESTCOMSPIus Navigation Path: Settings Explorer, Protection, Impedance, Loss of Excitation -
Impedance Based (402)

HMI Navigation Path: Settings Explorer, Protection, Settings Group x (where x = 0 to 3), Impedance
Protection, Impedance Based 40Z

Element Operation

The 40Z element monitors three-phase voltage and current and determines the impedance as viewed
from the BE1-11g terminals outward towards the power system.

The 40Z element has two mho characteristics offset below the R axis by a settable amount, and centered
on the X axis. The offset of each mho circle is defined as the most negative point where the circle crosses
the R axis. The size of the mho circles is defined by their diameter.

Modes of Protection

Three modes of protection are available: Non-Voltage Control, Voltage Control, or Both.

Directional Supervision

The Directional Supervision Angle setting modifies the effective tripping area of the mho circle. Directional
supervision is disabled when the angle is set to zero (0). When the directional supervision angle is used,
tripping is blocked when the measured impedance is above the directional supervision angle, and
enabled when below.

Bus CT Configuration
On protection systems equipped with two sets of CTs, the 40Z element can monitor CT circuit 1 or CT
circuit 2. The CT source is selected on the Sensing Transformers settings screen in BESTCOMSP/us.

Pickup and Trip
The Pickup output occurs first, followed by the Trip output.

Pickup

The Pickup output becomes true when the offset increases above the threshold established by the Offset
setting. In BESTlogicPlus, the Pickup and output can be connected to other logic elements to annunciate
the condition, control other elements in logic, and start the fault recorder (logic element FAULTTRIG).

Assertion of the Pickup output initiates a timer that begins timing to a trip. The duration of the timer is
established by the Time Delay setting. A Time Delay setting of zero (0) makes the 40Z element
instantaneous with no intentional time delay.

If the pickup condition subsides before the element delay expires, the timer and Pickup output are reset,
no corrective action is taken, and the element is rearmed for any other occurrences of loss of excitation.

BE1-11g Loss of Excitation - Impedance Based (40Z) Protection
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Trip

The Trip output becomes true if a loss of excitation pickup condition exists for the duration of the element
Time Delay. In BESTlogicPlus, the Trip output can be connected to other logic elements and to a physical
relay output to annunciate the condition and to initiate corrective action. If a target is enabled for the
element, the BE1-11g will record a target when the Trip output becomes true. See the Fault Reporting
chapter for more information about target reporting.

Voltage Control

Voltage control provides faster tripping when low voltage results from loss of excitation. Each mho circle
has a setting for Voltage Pickup and Voltage Time Delay when Voltage Control mode is enabled.

When the voltage decreases below the threshold established by the Voltage Pickup setting, the element
VC Pickup output becomes true. In BESTlogicPlus, the VC Pickup output can be connected to other logic
elements to annunciate the condition or control other elements in logic.

Assertion of the VC Pickup output initiates a timer which begins timing toward a trip. The duration of the
timer is established by the Voltage Time Delay. A Voltage Time Delay setting of zero (0) makes voltage
control instantaneous with no intentional time delay.

If a voltage pickup condition exists for the duration of the element Voltage Time Delay, the element VC
Trip output becomes true. In BESTlogicPlus, the VC Trip output can be connected to other logic elements
or a physical relay output to annunciate the condition and initiate corrective action. If a target is enabled
for the element, the BE1-11g will record a target when the VC Trip output becomes true. See the Fault
Reporting chapter for more information about target reporting.

If the voltage pickup condition subsides before the element time delay expires, the timer and VC Pickup
output are reset, no corrective action is taken, and the element is rearmed for any other occurrences of
loss of excitation.

Element Blocking

Fuse Loss

The fuse loss (60FL) element of the BE1-11g can be used to block 40Z protection when fuse loss or loss
of potential is detected in a three-phase system.

If the 60FL element trip logic is true and Block Impedance is enabled, all functions that use impedance
measurements are blocked. See the Fuse Loss (60FL) chapter for more information on the 60FL function.

Protective elements blocked by 60FL should be set so that trip times are 60 milliseconds or greater to
assure proper coordination of blocking.

Block Logic Input

The Block input provides logic-supervision control of the element. When true, the Block input disables the
element by forcing the Trip and Pickup outputs to logic 0 and resetting the element timer. Connect the
element Block input to the desired logic in BESTlogicPlus. When the element is initially selected from the
Elements view, the default condition of the Block input is a logic 0.

Logic Connections

Loss of excitation - impedance based element logic connections are made on the BESTlogicPlus screen
in BESTCOMSPIus. The loss of excitation - impedance based element logic block is illustrated in Figure
26-1. Logic inputs and outputs are summarized in Table 26-1.

Loss of Excitation - Impedance Based (40Z) Protection BE1-11g
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Block Trip
Pickup

WC Trip
WC Pickup

Figure 26-1. Loss of Excitation - Impedance Based Element Logic Block

Table 26-1. Logic Inputs and Outputs

Name Logic Function Purpose
Block Input Disables the 40Z function when true
Trip Output True when the 40Z element is in a trip condition
Pickup Output True when the 40Z element is in a pickup condition
VC Trip Output Voltage Control pickup
VC Pickup Output Voltage Control trip

Operational Settings

Loss of excitation - impedance based element operational settings are configured on the Loss of
Excitation - Impedance Based (40Z) settings screen (Figure 26-2) in BESTCOMSPlus.

Mode
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Figure 26-2. Loss of Excitation - Impedance Based Settings Screen
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Typical Application

Settings and measurements are used to determine if the measured system impedance is within the
tripping criteria to indicate loss of excitation.

This consists of two mho circles with the lower edge offset from the R axis by an equal distance typically
set to 1.1*Xd. The diameter of the smaller circle (Z1) is typically set so that the upper edge is located at
X’d/2 below the R axis. The larger circle (Z2) and the directional blocking are both set to coordinate with
the steady-state stability limit of the generator. The larger circle has a time delay to prevent nuisance
tripping. Refer to Figure 26-3.

R

Blinder Angle

Z2 Diameter Z1 Diameter

Offset

P0037-02
01-16-06

Figure 26-3. Typical Application

Loss of Excitation - Impedance Based (40Z) Protection BE1-11g
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27 » Out of Step (7800S) Protection

The Out of Step (7800S) element detects out-of-step conditions by monitoring the rate of impedance
change as viewed at the generator terminals.

Element logic connections are made on the BESTlogic™Plus screen in BESTCOMSP/us® and element
operational settings are configured on the Out of Step (7800S) settings screen in BESTCOMSPIus. A
summary of the logic inputs and outputs and operational settings appears at the end of this chapter.

BESTCOMSPIus Navigation Path: Settings Explorer, Protection, Impedance, Out of Step (7800S)

HMI Navigation Path: Settings Explorer, Protection, Settings Group x (where x = 0 to 3), Impedance
Protection, Out of Step 7800S

Element Operation

When a fault occurs on the power system, a synchronous generator can begin to accelerate due to
differences in the mechanical power into the generator and the electrical power at the generator
terminals. If the power system fault is not cleared quickly enough, this acceleration will result in the
generator rotor voltage advancing beyond 90 degrees with respect to the generator terminal voltage. At
this point, power will flow into the generator and the rotor angle will continue to advance until it is aligned
with the next pole. This condition is known as slipping a pole or loss of synchronism.

The out of step element uses a single blinder scheme as shown in Figure 27-1 to detect an out-of-step
condition and protect against pole slip. The blinder units allow the BE1-11g to trip for a region of
impedances that are supervised or enabled by a mho unit, which is set to permit tripping only for
impedance swings appearing in the generator or unit transformer and a limited portion of the system.

X
Blinder Blinder
Point A Point B
Mho
Circle
R
P0069-55

Figure 27-1. Single Blinder Scheme

BE1-11g Out of Step (7800S) Protection
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Bus CT Configuration

On protection systems equipped with two sets of CTs, the 7800S element can monitor CT circuit 1 or CT
circuit 2. The CT source is selected on the Sensing Transformers settings screen in BESTCOMSP/us.

Pickup and Trip
The Pickup output occurs first, followed by the Trip output.

Pickup

When a typical OOS event occurs, the calculated impedance will enter the mho circle from the right,
moving to the left past Blinder B and eventually crossing Blinder A.

The Mho Pickup output becomes true when the calculated impedance moves inside the mho circle. The
Blinder A Pickup output becomes true when the calculated impedance is both to the right of Blinder A and
within the mho circle.

The Blinder B Pickup output becomes true when the calculated impedance moves to the left of Blinder B
while inside the mho circle. Assertion of the Blinder B Pickup output initiates a timer. The duration of the
timer is established by the Blinder Traverse Time Delay setting.

The Pickup output becomes true if the calculated impedance moves to the left of Blinder A, while inside
the mho circle and after the Blinder Traverse Time Delay expires. In BESTlogicPlus, the Pickup output
can be connected to other logic elements to annunciate the condition, control other elements in logic, and
start the fault recorder (logic element FAULTTRIG).

Assertion of the Pickup output initiates a timer that begins timing to a trip. The duration of the timer is
established by the Trip Delay setting. A Trip Delay of zero (0) makes the 7800S element instantaneous
with no intentional time delay.

If the pickup condition subsides before the element delay expires, the timer and Pickup output are reset,
no corrective action is taken, and the element is rearmed for any other out-of-step conditions.

Trip

The Trip output becomes true if an out-of-step condition persists for the duration of the element Trip
Delay setting. In BESTlogicPlus, the Trip output can be connected to other logic elements and to a
physical relay output to annunciate the condition and to initiate corrective action. If a target is enabled for
the element, the BE1-11g will record a target when the Trip output becomes true. See the Fault Reporting
chapter for more information about target reporting.

Element Blocking

The Block input provides logic-supervision control of the element. When true, the Block input disables the
element by forcing the Trip and Pickup outputs to logic 0 and resetting the element timer. Connect the
element Block input to the desired logic in BESTlogicPlus. When the element is initially selected from the
Elements view, the default condition of the Block input is a logic 0.

Logic Connections

Out of step element logic connections are made on the BESTIlogicPlus screen in BESTCOMSP/us. The
out of step element logic block is illustrated in Figure 27-2. Logic inputs and outputs are summarized in
Table 27-1.

Out of Step (7800S) Protection BE1-11g
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Figure 27-2. Out of Step Element Logic Block

Table 27-1. Logic Inputs and Outputs

Name Logic Function Purpose
Block Input Disables the 7800S function when true
Trip Output True when the 7800S element is in a trip condition
Pickup Output True when the 7800S element is in a pickup condition
mho Pickup Output Z1 impedance is inside mho circle
Blinder A Pickup Output Z1 impedance is to the right of blinder Ba and inside mho circle
Blinder B Pickup Output Z1 impedance is to the left of blinder Bs and inside mho circle

Operational Settings

Out of Step protection element operational settings are configured on the Out of Step (7800S) settings
screen (Figure 27-3) in BESTCOMSPlus.
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Figure 27-3. Out of Step Settings Screen
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28 * Resistance Temperature Detector
(49RTD) Protection

Fourteen resistance temperature detector (49RTD) elements provide over/undertemperature protection in
applications when a remote RTD module is connected via Ethernet or RS-485. There are 12 physical
RTD sensors per RTD module. Each element can be set to monitor a single physical RTD sensor or a
group of them. Refer to the RTD Module chapter for information on mounting, connections,
communication setup, and specifications.

The fourteen, identical remote RTD protection elements are designated 49RTD-1 through 49RTD-14.
Element logic connections are made on the BESTlogic™Plus screen in BESTCOMSPIus® and element
operational settings are configured on the Remote RTD (49RTD) settings screen in BESTCOMSPlus. A
summary of the logic inputs and outputs and operational settings appears at the end of this section.

BESTCOMSPIus Navigation Path: Settings Explorer, Protection, Thermal, Resistance Temperature
Detector (49RTD)

HMI Navigation Path: Settings Explorer, Protection, Settings Group x (where x = 0 to 3), Thermal
Protection, Resistance Temp 49RTD

Element Operation

Each RTD input can be configured to protect against high, low, or both temperature conditions.

Modes of Protection
Three modes of protection are available: Over, Under, and Over/Under.

In Over mode, if the temperature of the RTD is above the Over Pickup setting, the element will pick up. In
Under mode, if the temperature of the RTD is below the Under Pickup setting, the element will pick up. In
Over/Under mode, if the temperature of the RTD is above the Over Pickup setting or below the Under
Pickup setting, the element will pick up. The element will remain in the picked-up condition and continue
timing towards a trip unless the temperature falls below the Over Pickup setting or rises above the Under
Pickup setting.

Source
The Source setting selects which RTD input to monitor. Refer to the RTD Module chapter for more
information.

Pickup and Trip
The Pickup output occurs first, followed by the Trip output.

Pickup

The Pickup output becomes true when the measured remote RTD input value increases above (Over
mode) or decreases below (Under mode) the pickup setting. In BESTIlogicPlus, the Pickup output can be
connected to other logic elements to annunciate the condition, control other elements in logic, and start
the fault recorder (logic element FAULTTRIG).

Assertion of the Pickup output initiates a timer that begins timing to a trip. The duration of the timer is
established by the Time Delay setting. A Time Delay setting of zero (0) makes the element instantaneous
with no intentional time delay.

If the pickup condition subsides before the element delay expires, the timer and Pickup output are reset
and no corrective action is taken.

BE1-11g Resistance Temperature Detector (49RTD) Protection
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Trip

The Trip output becomes true if a pickup condition persists for the duration of the element Time Delay. In
BESTIlogicPlus, the Trip output can be connected to other logic elements and to a physical relay output to
annunciate the condition and to initiate corrective action. If a target is enabled for the element, the
BE1-11g will record a target when the Trip output becomes true. See the Fault Reporting chapter for more
information about target reporting.

Voting

The Voting parameter defines the number of RTDs in the group that must exceed the pickup setting to
cause a trip. For example, if the 49RTD-1 Voting setting is three, then at least 3 RTDs in the selected
group must exceed the pickup setting to cause a trip.

Element Blocking

The Block input provides logic-supervision control of the element. When true, the Block input disables the
element by forcing the Trip and Pickup outputs to logic 0 and resetting the element timer. Connect the
element Block input to the desired logic in BESTlogicPlus. When the element is initially selected from the
Elements view, the default condition of the Block input is a logic 0.

Logic Connections

Remote RTD input element logic connections are made on the BESTlogicPlus screen in
BESTCOMSPIus. The remote RTD input element logic block is illustrated in Figure 28-1. Logic inputs and
outputs are summarized in Table 28-1.

Blodk Trp

Pickup

Figure 28-1. Remote RTD Input Element Logic Block

Table 28-1. Logic Inputs and Outputs

Name Function Purpose

Block Input Disables the 49RTD function when true

Trip Output True when the 49RTD element is in trip condition
Pickup Output True when the 49RTD element is in pickup condition

Operational Settings

Remote RTD input element operational settings are configured on the Resistance Temperature Detector
settings screen (Figure 28-2) in BESTCOMSPlus.

Resistance Temperature Detector (49RTD) Protection BE1-11g
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Resistance Temperature Detector

49RTD-1 Element
Mode

Ower/Under -

Source
RTD Group 1 -
Ower Pickup (F)

32

Under Pickup (F)
32

Time Delay (ms)
o

Veting
1

Figure 28-2. Resistance Temperature Detector Settings Screen

Remote RTD Metering

RTD metering values are obtained through BESTCOMSPIus by using the Metering Explorer to open the
Analog Metering, RTD Meter tree branch. BESTCOMSPIus must be online with the BE1-11g to view RTD
metering. Alternately, values can be obtained through the front-panel display by navigating to the
Metering, Analog Metering, RTD Meter Input screen.

BE1-11g Resistance Temperature Detector (49RTD) Protection
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29 * Analog Input Protection

Eight analog input elements monitor external analog input signals when two remote RTD modules are
connected via Ethernet or RS-485. Four analog inputs are provided with each RTD module. Refer to the
RTD Module chapter for information on mounting, connections, communication setup, and specifications.

The eight, identical remote analog input protection elements are designated ANALOG-1, ANALOG-2,
ANALOG-3, ANALOG-4, ANALOG-5, ANALOG-6, ANALOG-7, and ANALOG-8. Element logic
connections are made on the BESTlogic™Plus screen in BESTCOMSPIus® and element operational
settings are configured on the Remote Analog Input settings screen in BESTCOMSPIus. A summary of
the logic inputs and outputs and operational settings appears at the end of this chapter.

BESTCOMSPIus Navigation Path: Settings Explorer, Protection, Remote Analog Inputs

HMI Navigation Path: Settings Explorer, Protection, Analog Protection

Element Operation

Modes of Protection

Two modes of protection are available: Over and Under.

In Over mode, if the analog input value is above the Over Pickup setting, the element will pick up. In
Under mode, if the analog input value is below the Under Pickup setting, the element will pick up.
Source

The Source setting selects which analog input to monitor. Refer to the RTD Module chapter for more
information.

Pickup and Trip

The Pickup output occurs first, followed by the Trip output.

Pickup

The Pickup output becomes true when the measured remote analog input value increases above (Over
mode) or decreases below (Under mode) the pickup setting. In BESTlogicPlus, the Pickup output can be
connected to other logic elements to annunciate the condition, control other elements in logic, and start
the fault recorder (logic element FAULTTRIG).

Assertion of the Pickup output initiates a timer that begins timing to a trip. The duration of the timer is
established by the Time Delay setting. A Time Delay setting of zero (0) makes the element instantaneous
with no intentional time delay.

If the pickup condition subsides before the element delay expires, the timer and Pickup output are reset
and no corrective action is taken.
Trip

The Trip output becomes true if a pickup condition persists for the duration of the element Time Delay
setting. In BESTlogicPlus, the Trip output can be connected to other logic elements and to a physical
relay output to annunciate the condition and to initiate corrective action. If a target is enabled for the
element, the BE1-11g will record a target when the Trip output becomes true. See the Fault Reporting
chapter for more information about target reporting.

Inhibit

When enabled, remote analog input protection is inhibited when the monitored analog input value
decreases below the Inhibit Level setting. This setting is available only in the Under protection mode.

BE1-11g Analog Input Protection



29-2 9424200994

Element Blocking

The Block input provides logic-supervision control of the element. When true, the Block input disables the
element by forcing the Trip and Pickup outputs to logic 0 and resetting the element timer. Connect the
element Block input to the desired logic in BESTlogicPlus. When the element is initially selected from the
Elements view, the default condition of the Block input is a logic 0.

Logic Connections

Remote analog input element logic connections are made on the BESTlogicPlus screen in
BESTCOMSPIus. The remote analog input element logic block is illustrated in Figure 29-1. Logic inputs
and outputs are summarized in Table 29-1.

Block Trip

Pickup

Figure 29-1. Remote Analog Input Element Logic Block

Table 29-1. Logic Inputs and Outputs

Name Function Purpose

Block Input Disables the analog input element when true

Trip Output True when the analog input element is in trip condition
Pickup Output True when the analog input element is in pickup condition

Operational Settings

Remote analog input element operational settings are configured on the Remote Analog Input settings
screen (Figure 29-2) in BESTCOMSPlus.

Remote Analog Input

ANALOG-1 Element
Mode

Under -

Source

Module 1 Input 1 -

Pickup
0.0

Inhibit Mode

Enabled -

Inhibit Level
0.0

Time Delay (ms)
0

Figure 29-2. Remote Analog Input Settings Screen

Remote Analog Input Metering

Analog input metering values are obtained through BESTCOMSPIus by using the Metering Explorer to
open the Analog Metering, Analog Inputs tree branch. BESTCOMSPIus must be online with the BE1-11¢g
to view analog input metering. Alternately, values can be obtained through the front-panel display by
navigating to the Metering, Analog Metering, Analog Input screen.

Analog Input Protection BE1-11g
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30 * Synchronizer (25A)

The synchronizer (25A) element is available only in styles GxxxxxxxSxxxxx and GxxxxxJxTxxxxx of the
BE1-11g and performs the following functions:

e Compares the voltage magnitude, angle, and frequency of the phase voltage to the voltage
magnitude, angle, and frequency of the auxiliary voltage

e Calculates the ideal time to close the breaker so that mechanical and electrical transients are
minimized
Element logic connections are made on the BESTlogic™Plus screen in BESTCOMSPIus® and element

operational settings are configured on the Synchronizer settings screen in BESTCOMSPIus. A summary
of the logic inputs and outputs and operational settings appears at the end of this chapter.

BESTCOMSPIus Navigation Path: Settings Explorer, Control, Synchronizer (25A)
HMI Navigation Path: Settings Explorer, Control, Settings Group x (where x = 0 to 3), Synchronizer 25A

Element Operation

The synchronizer acts to align the generator voltage magnitude, frequency, and relative phase angle to
that of the bus.
VT Connections

The synchronizer element compares the phase (generator) voltage to the auxiliary (bus) voltage. Proper
connection of the voltage transformer inputs is vital for correct operation of the synchronizer element.

Caution

The Aux VT Connection must be properly selected on the Sensing
Transformers settings screen in BESTCOMSP/us. Refer to the
Configuration chapter for more information on this setting.

For clarification on single-phase VTP connections, refer to the Typical Connections chapter. The single-
phase parallel connections ensure that the zero-crossing circuit is always connected to the sensed circuit.

For single-phase sensing connections derived from a phase-to-neutral source:

Terminals Va (C13), Vb (C14), and Vc (C15) are connected in parallel. The single-phase signal is
connected between the parallel group and terminal N (C16).

For single-phase sensing connections derived from a phase-to-phase source:

Terminals Vb (C14), Vc (C15), and N (C16) are connected in parallel. The single-phase signal is
connected between terminal Va (C13) and the parallel group.

Note that the voltage monitor (described below) performs three of three testing for all connections. For
3W and 4W, phases A, B, and C are actually tested. For single-phase connections, the terminals are
connected in parallel as described above and the single-phase is tested three times.

Angle Compensation

Compensation for phase angle differences between the phase and auxiliary VT connections (including
single-phase VTP connections) are possible with the Angle Compensation setting.

Common system and sensing transformer combinations are shown in Table 30-1. This table assumes no
step-up or step-down transformer between the two measurement PTs. If the synchronization zone
includes a step-up or step-down transformer, the angle compensation required would be the sum of any
VTP/Vx mismatch, plus the transformer phase shift.

BE1-11g Synchronizer (25A)
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Table 30-1. Common System and Sensing Transformer Combinations

Phase VT Phase Aux VT PhSecondary Secondary Angle
Connection Rotation Connection ase Voltage Aux Voltage | Compensation
(Phase-Neutral)
3-wire ABC AB 69.3 120 0°
3-wire ABC BC 69.3 120 240°
3-wire ABC CA 69.3 120 120°
3-wire ACB AB 69.3 120 0°
3-wire ACB BC 69.3 120 120°
3-wire ACB CA 69.3 120 240°
4-wire ABC AN 69.3 69.3 0°
4-wire ABC BN 69.3 69.3 240°
4-wire ABC CN 69.3 69.3 120°
4-wire ABC AB 69.3 120 30°
4-wire ABC BC 69.3 120 270°
4-wire ABC CA 69.3 120 150°
4-wire ACB AN 69.3 69.3 0°
4-wire ACB BN 69.3 69.3 120°
4-wire ACB CN 69.3 69.3 240°
4-wire ACB AB 69.3 120 330°
4-wire ACB BC 69.3 120 90°
4-wire ACB CA 69.3 120 210°
AB ABC AB 69.3 120 0°
AB ACB AB 69.3 120 0°
BC ABC BC 69.3 120 0°
BC ACB BC 69.3 120 0°
AB ABC BC 69.3 120 240°
AB ACB BC 69.3 120 120°
AB ABC AN 69.3 69.3 330°
AB ACB AN 69.3 69.3 30°

Mode

Two operating modes are available: Phase Lock Loop and Anticipatory. In both modes, the BE1-11g
adjusts the frequency and voltage of the generator to match that of the bus (mains) at the proper relative
phase angle, and then connects the generator to the bus by closing the breaker. Anticipatory mode has
the added capability of compensating for the breaker closing time (the delay between when a breaker
close command is issued and the breaker contacts close). The BE1-11g controls the slip frequency
difference between the generator and the bus, and then calculates the advance angle that is required to
compensate for the breaker closure time.

Synchronization is accomplished using the Raise and Lower logic outputs for the voltage and frequency.
These logic outputs can be set to continuous or proportional. Continuous mode turns the required logic
output on until either it is in the synchronization window or overshoots it. Proportional mode toggles the
contacts based on the respective Pulse Width setting, Pulse Interval setting, and calculated error.

Synchronizer (25A) BE1-11g
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Frequency Correction

Generator frequency correction is defined by the Slip Frequency setting and further refined by the
Breaker Close Angle setting (available in PLL mode only). The Slip Frequency setting establishes the
maximum allowable deviation of the generator speed (frequency) from the bus frequency. The Minimum
Slip and Maximum Slip settings are used to calculate the slip frequency error and to provide slip
frequency control while in phase lock synchronization. If the slip frequency magnitude is above the
Maximum Slip setting, the error is set equal to the Max Error in the opposite polarity. If the slip frequency
magnitude is below the Minimum Slip setting, the slip frequency error is zero (0). When it is between the
two settings, the error is calculated internally by the BE1-11g. Slip frequency error is shown in Figure
30-1.

Slip Error . _
= Max (-) Slip Error=0

I

I

I

I
Slip Error |
= Max (+) |
'

P0064-49
Figure 30-1. Slip Frequency Error

To minimize the impact on the bus during synchronization, the Frequency Source > Frequency
Destination setting can be enabled to force the generator frequency to exceed the bus frequency at the
moment of breaker closure. If this is the case, the BE1-11g will drive the generator frequency higher than
the bus frequency before closing the breaker.

The Breaker Close Angle setting (available in Phase Lock Loop mode only) defines the maximum
allowable phase angle difference between the generator and the bus. For breaker closure to be
considered in PLL mode, the slip angle must be less than or equal to the breaker close angle.

The breaker close angle is not used in Anticipatory mode. Instead, the breaker close time and metered
slip frequency are used to calculate an “advance angle”. The angle is considered in sync when the slip
angle equals the advance angle.

Voltage Correction

Generator voltage correction is defined by the Voltage Difference setting. This setting is expressed as a
percentage difference between the generator nominal voltage and bus nominal voltage. If the Voltage
Source > Voltage Destination setting is enabled, the BE1-11g will drive the generator voltage to at least
0.5% greater than the bus voltage.

Synchronization Failure

The Sync Fail Activation Delay and Breaker Close Attempts settings establish the maximum duration in
which synchronizing can occur. If the 25A Synchronizer element issues a breaker close, and the breaker
fails to close within this time, the logic increments the Breaker Close Attempts counter. If the number of
breaker close attempts has exceeded the Breaker Close Attempts setting, then generator synchronization
is aborted. At this time, the Sync Fail logic output pulses high. Note that if either bus becomes unstable,
the synchronizer timers are reset. The breaker close attempt counter retains its value.

Voltage Monitoring

The Volt Monitor logic output is provided for conditions where the bus and/or the line are dead. In
BESTlogicPlus, the Volt Monitor logic output can be connected to other logic elements to annunciate the
condition or control other elements in logic. The Volt Monitor logic output will only affect the 25A when
connected in logic. A live condition for either the phase voltage or auxiliary voltage is determined when
the measured voltage on the respective input is equal to or above the live voltage threshold established
by the Live Voltage setting. A dead condition for either phase voltage or auxiliary voltage is determined
when the measured voltage on the respective input is equal to or below the dead voltage threshold

BE1-11g Synchronizer (25A)
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established by the Dead Voltage setting. The Dropout Delay setting provides hysteresis for the Volt
Monitor logic output.

For the phase voltage input, if the connection is three-phase, 3W or 4W, all three phases are tested and
must be above the live voltage threshold for a live condition to be true. Similarly, all three phases must be
below the dead voltage threshold for a dead condition to be true.

The voltage monitor logic is illustrated in Figure 30-2. Any combination of logic settings can be selected
for the Voltage Monitor Logic on the Synchronizer (25A) settings screen in BESTCOMSPIus. When a
logic combination is selected, the synchronizer closes the respective logical switch in Figure 30-2
associated with each of the outputs.

DEAD LINE —] ]
DEAD AUX  — _/{>7 Volt Monitor
_/
DEADLINE ——]
2
LIVE AUX ~ —]
LIVELINE =~ —]
3
DEAD AUX  —]

Figure 30-2. Voltage Monitor Logic

P0074-53

Element Blocking

Fuse Loss

The fuse loss (60FL) element of the BE1-11g can be used to block the 25A element when fuse loss or
loss of potential is detected in a three-phase system.

If the 60FL element trip logic is true and Block Phase/V1 is enabled, all functions that use the phase
voltage are blocked. See the Fuse Loss (60FL) chapter for more information on the 60FL functions.

Protective elements blocked by 60FL should be set so that trip times are 60 milliseconds or greater to
assure proper coordination of blocking.

Block Logic Input

The Block input provides logic-supervision control of the element. When true, the Block input disables the
element by forcing the element’s outputs to logic 0. A new Initiate pulse is required to restart
synchronization after the Block input is removed. Connect the element Block input to the desired logic in
BESTlogicPlus. When the element is initially selected from the Elements view, the default condition of the
Block input is a logic 0.
Initiate Input
The Initiate input starts the operation of the 25A when ALL of the following conditions are met:

e 25A element must be initiated (Initiate logic input pulsed or held true)

e Block input of the 25A element must be logic 0

e 60FL (Fuse Loss) alarm, if configured, must not be present

e Generator breaker must be open (52b). (BRKSTAT logic element = 0)

e 25A element was not previously stopped by Sync Fail without being reset by pulsing the Block
logic input. This assumes that the Initiate input was not switched to logic 1 for the duration of the
previous synchronization cycle.

e Voltage Difference setting > 0%

Synchronizer (25A) BE1-11g
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e Slip Freq setting > 0 Hz
e Breaker Close Attempts setting > 0
e In Anticipatory mode:
o Breaker Close Time setting must be set above zero (0)
e InPLL mode:
o Max Slip setting must be set higher than Min Slip setting and zero (0)

o Breaker Close Angle setting must be set above zero (0)

Status Output

The Status logic output becomes true when all of the synchronization parameters above are met and the

generator and bus voltages are stable.

Close Breaker Output

The Close Breaker logic output signals the breaker to close when ALL of the following conditions are met:
e Generator and bus voltages are stable

e Phase angle between sources are less than the Breaker Closing Angle setting (Phase Lock Loop
only)

e Frequency error between sources is less than the Slip Frequency setting. (Note: When the
Source Freq > Destination Freq setting box is checked, only generator frequency greater than
bus frequency is allowed.)

e Voltage magnitude between sources is less than Voltage Difference setting. (Note: The voltage
used by the BE1-11g for this feature is a voltage magnitude measurement, not a voltage phasor
measurement. When the Voltage Source > Voltage Destination setting box is checked, only
generator voltage greater than bus voltage is allowed.)

The Close Breaker output will remain logic 1 until the BRKSTAT (Breaker Status) logic element becomes
true, a Sync Failure occurs, or the synchronization parameters are no longer true.
Breaker Status

The synchronizer will not operate if the BKRSTAT logic element = 1. Breaker status is monitored via the
Breaker Status logic element. Information on setting up the breaker status logic can be found in the
Breaker Monitoring chapter.

Logic Connections

Synchronizer element logic connections are made on the BESTlogicPlus screen in BESTCOMSPIus. The
synchronizer element logic block is illustrated in Figure 30-3. Logic inputs and outputs are summarized in
Table 30-2.

BE1-11g Synchronizer (25A)
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Lower Voltage
RaiseVoltage
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Sync In Progress
Syne Fail

Volt Synced
Angle Synced
Slip Synced

Figure 30-3. Synchronizer Element Logic Block

Table 30-2. Logic Inputs and Outputs

Logic

Name Function Purpose

Block Input Disables the 25A function when true. A pulse will stop and reset the 25A
function. In addition, resets the element after a sync fail.

Initiate Input A pulse true initiates the synchronization process. It does not have to be
maintained to continue synchronization. If it is maintained and a sync fail
occurs, the element will not be blocked, but continue with a new sync
cycle.

Status Output True when the synchronization criteria are met.

Initiated Output True when the 25A has been initiated.

Close Output Signals the breaker to close. True after the Status output becomes true.

Breaker
Volt Monitor Output True when the voltage monitor settings are met.
Lower Output True when the 25A element is decreasing frequency.
Frequency
Raise Output True when the 25A element is raising frequency.
Frequency
Lower Output True when the 25A element is decreasing voltage.
Voltage
Raise Output True when the 25A element is increasing voltage.
Voltage
Sync In Output True when the 25A has been initiated, and is not inhibited. The 25A is
Progress inhibited when the generator or bus voltage is less than 10 V or 15 Hz.
Sync Fail Output A Ya-cycle pulse, true when the breaker is still open after maximum close
attempts.
Synchronizer (25A) BE1-11g
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Name Logic Purpose
Function
Volt Synced Output True when the voltage magnitude between sources is less than or equal
to the Voltage Difference setting. If the Voltage Source > Voltage
Destination setting is enabled, the generator voltage must be at least
0.5% greater than the bus voltage.
Angle Output When in PLL mode, true when the angle between the sources is less than
Synced the Breaker Close Angle setting.
When in Anticipatory mode, true when the angle between the sources is
equal to the advance angle value (calculated from slip frequency and
breaker closing time).
Slip Synced Output True when the frequency error between sources is less than the Slip
Frequency setting. If the Freq Source > Freq Dest setting is enabled, the
generator frequency must be higher than the bus frequency.

Operational Settings

Synchronizer element operational settings are configured on the Synchronizer (25A) settings screen
(Figure 30-4) in BESTCOMSPlus.

Synchronizer (25A)

25A Element Settings
Mode
FLL -

Voltage Difference (%)

Slip Freg (Hz)
0.30

Min Slip (Hz)
Max Slip (Hz)
0.30

Breaker Close Angle ()

Breaker Close Time (ms)
100

Breaker Close Attempts

Breaker Close Pulse Time (ms)
200
Siync Fail Activation Delay (s)

en

[F] Veltage Source > Valt Dest

25A Voltage Controller 25A Voltage Monitoring
Woltage Output Mode Live Veoltage ()

Proportional - 0

Wolt Pulse \Width (s) Dead Voltage (%)

05 0

Wolt Pulse Interval (s) Drop Out Delay (ms)

10 50

25A Frequency Controller 25A Voltage Monitor Logic
Frequency Output Mode [] Dezd Line and Dead Aux
Proportional h.J [7] Dead Line and Live Aux
Freg Pulse Wwidth (=) [ Live Line and Dead Aux

5.0
Freg Pulse Interval (=)

10.0

25A Element Sensing Setup
Angle Compensation (%)

BE1-11g

Figure 30-4. Synchronizer Settings Screen
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31 ¢ Virtual Control Switches (43)

Five virtual control switch (43) elements provide manual control, locally and remotely, without using
physical switches and/or interposing relays.

The five, identical virtual control switch elements are designated 43-1, 43-2, 43-3, 43-4, and 43-5.
Element logic connections are made on the BESTlogic™Plus screen in BESTCOMSP/us® and element
operational settings are configured on the Virtual Control Switches (43) settings screen in
BESTCOMSPIus. A summary of the logic inputs and outputs and operational settings appears at the end
of this chapter.

BESTCOMSPIus Settings Navigation Path: Settings Explorer, Control, Virtual Control Switches (43)
HMI Settings Navigation Path: Settings Explorer, Control, Virtual Switch 43

BESTCOMSPIus Control Navigation Path: Metering Explorer, Control, Virtual Switches

HMI Control Navigation Path: Metering Explorer, Control, Virtual Switches

Element Operation

Virtual control switches can emulate virtually any type of binary (two-position) switch. An example would
be an application that requires a ground cutoff switch. The traditional approach might be to install a switch
on the panel and wire the output to a contact sensing input on the BE1-11g or in series with the ground
trip output of the BE1-11g. Instead, a virtual control switch can be used to reduce costs with the added
benefit of being able to operate the switch both locally through the front panel and remotely from a
substation computer or through an Ethernet connection to a remote operator’s console.

Mode

Three operating modes are available: Switch/Pulse, Switch, and Pulse. Because switch status information
is saved in nonvolatile memory, the BE1-11g powers up with the switches in the same state as when the
BE1-11g was powered down.

Switch/Pulse Mode

In Switch/Pulse mode, each switch can be controlled to reset, set, or pulse. Assertion of the Set input
forces the output to set (logic 1). Assertion of the Reset input forces the output to reset (logic 0). Assertion
of the Pulse input toggles the virtual output from its current state to the opposite state for 200 ms then
back to the original state. An additional Hold Time can be set when the virtual output is connected to a
physical output in BESTIlogicPlus. See the Contact Inputs and Outputs chapter for more information.

Switch Mode

In Switch mode, the switch emulates a two-position selector switch, and only set and reset commands are
accepted. Assertion of the Set input forces the output to set (logic 1). Assertion of the Reset input forces
the output to reset (logic 0).

Pulse Mode

In Pulse mode, a momentary close, spring-return switch is emulated and only the pulse command is
accepted. Assertion of the Pulse input toggles the virtual output from its current state to the opposite state
for 200 ms and then back to the original state. An additional Hold Time can be set when the virtual output
is connected to a physical output in BESTlogicPlus. See the Contact Inputs and Outputs chapter for more
information.

Customized Labels

User specified labels can be assigned to each virtual switch and to both states of each switch. The labels
can be up to 64 characters long. In the previous ground cutoff switch example, you may enable one of the
switches in the Switch mode and connect the output of that switch to the blocking input of a 59X
protection element. This would disable the ground overvoltage protection when the switch is closed
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(logic 1) and enable it when the switch is open (logic 0). For the application, you may set the switch label
to be 59N CUTOFF. The closed position of the switch may be labeled DISABLD and the open position
may be labeled NORMAL.

Control of Virtual Control Switches

The state of the virtual control switches can be controlled using the Select/Operate Control Switch buttons
on the front panel or through BESTCOMSPIus when the connection state is active. Using select-before-
operate, perform the following steps to control a switch using BESTCOMSPlus:

1. Use the Metering Explorer to open the Control/Virtual Switches tree branch (Figure 31-1).

2. If Switch/Pulse mode is selected on the Virtual Control Switches (43) settings screen in
BESTCOMSPIus, use the drop-down box to select either Switch or Pulse.

3. Click the 43-# button to select it. Login may be required. The On or Off indicator (current state)
will begin to flash.

4. Click on the 43-# button a second time to operate it. The On or Off indicator (previous state) will
stop flashing and the Off or On indicator (current/new state) will light.

Note

If Step 4 is not performed within 30 seconds of Step 3, the LED will
stop flashing and the 43-# button will have to be selected again.

Virtual Control Switches
OM OM ON @ ON [ @ ON [
431 43-2 433
@ OFF @ OFF @ OFF @ OFF @ OFF
|Switch - Pulse - Switch Switch Switch
Info Tag Info Tag Info Tag Info Tag Info Tag
Set Reset - Set Set Set
Block Tag Block Tag Block Tag Block Tag Block Tag
Set . Set Set Set

Figure 31-1. Virtual Switches Control Screen

Tagging of Virtual Control Switches

Virtual control switches provide tagging for each switch to indicate that the switch function is, or may be,
under revision. Each switch has two tagging modes, Informational and Blocking. When in Informational
mode, the switch is still operational when tagged. When in the Blocking mode, the switch is not
operational when tagged.

Tagging of virtual control switches can be accomplished through the front panel and through
BESTCOMSPIus. Use the Metering Explorer in BESTCOMSPIus to open the Control/Virtual Switches tree
branch. Click on the Set button for Info Tag or Block Tag. If tagging is successful, the indicator to the right
of the Set button will turn green. A tagged switch is indicated by an amber indicator in the upper right
corner of the element button. Click on the Reset button to clear a tag. Refer to Figure 31-1.

The Block Tag has priority over the Informational Tag. Once the Block Tag has been placed, the
Informational Tag cannot be changed until the Block Tag is removed. In other words, you must choose to
place the Informational Tag before placing the Block Tag.

Each tag is placed with an “owner”. A tag must be removed by the same “owner” that placed it. For
example, if a tag is placed through BESTCOMSPIus, it can be removed only through BESTCOMSPIus. It
cannot be removed through the front panel. If a tag is placed through the front panel, it can be removed
only through the front panel. This applies for all other forms of communication when placing tags.

Virtual Control Switches (43) BE1-11g
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A Block Tag alarm indicates when a block tag is in place. Refer to the Alarms chapter for information on

how to program alarms.

Logic Connections

Virtual control switch element logic connections are made on the BESTlogicPlus screen in
BESTCOMSPIus. The virtual control switch element logic block is illustrated in Figure 31-2. Logic inputs
and outputs are summarized in Table 31-1.

Set
Reset
Pulse Dutput e

Informational
Tag
IUntag

Blocking

Tag
FUntag

Figure 31-2. Virtual Control Switch Element Logic Block

Table 31-1. Logic Inputs and Outputs

Name Logic Function Purpose
Set Input Sets the state of the output to true
Reset Input Sets the state of the output to false
Pulse Input Momentarily changes state of the output
Informational Tag Input Sets an informational tag on the 43 element
Informational Untag Input Removes the informational tag from the 43 element
Blocking Tag Input Sets a blocking tag on the 43 element
Blocking Untag Input Removes the blocking tag from the 43 element
Output Output True when the 43 element is set

Operational Settings

Virtual control switch element operational settings are configured on the Virtual Control Switches (43)
settings screen (Figure 31-3) in BESTCOMSPlus.

BE1-11g
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Virtual Conirol Switches (43)

43-1
Mode

Switch/Pulse -

Name Label
431

On Label
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Off Label
Off

43-3
Mode
Name Label
433
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Off Label
Off

43-5
Mode

Disabled -

On Label
On
Off Label
Of

43-2

Mode

Switch/Pulse hd
Name Label

432

On Label

On
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Off

43-4
Mode

Disabled hd

Off Label
Off

Figure 31-3. Virtual Control Switches Settings Screen

Virtual Control Switches (43)

BE1-11g



9424200994 32-1

32 * Logic Timers (62)

Eight logic timer (62) elements emulate virtually any type of timer used in power system applications.

The eight, identical logic timer elements are designated 62-1, 62-2, 62-3, 62-4, 62-5, 62-6, 62-7, and 62-
8. Element logic connections are made on the BESTlogic™Plus screen in BESTCOMSP/us® and element
operational settings are configured on the Logic Timers (62) settings screen in BESTCOMSP/us. A
summary of the logic inputs and outputs and operational settings appears at the end of this chapter.

BESTCOMSPIus Navigation Path: Settings Explorer, Control, Logic Timers (62)
HMI Navigation Path: Settings Explorer, Control, Timer Setup 62, Settings Group x (x =0 to 3)

Element Operation

Each timer has two time delay settings. The duration of the timers is established by the Time Delay 1 (T1)
setting and the Time Delay 2 (T2) setting. Assertion of the Initiate input starts the timing sequence.

The functioning of the output is dependent upon the type of timer as specified by the mode setting. In
BESTlogicPlus, the output can be connected to other logic elements or a physical relay output to alert the
operator of a condition. If a target is enabled for the element, the BE1-11g will record a target when the
output becomes true. See the Fault Reporting chapter for more information about target reporting.

Mode

Six operating modes are available: Pickup/Dropout, One-Shot/Non-Retriggerable, One-
Shot/Retriggerable, Oscillator, Integrating Timer, and Latched.

Pickup/Dropout Mode

The output changes to logic true if the Initiate input is true for the Duration of Pickup Time Delay (T1). See
Figure 32-1. If the Initiate input toggles to false before time T1, the T1 timer is reset. Once the output of
the timer toggles to true, the Initiate input must be false for the Duration of Dropout Time Delay (T2). If the
Initiate input toggles to true before time T2, the output stays true and the T2 timer is reset.

1

Block
0
1
Initiate
0 - —_ —_ I
| | | | 2
1 | | | | N
62-x L L ! L > o
0 T1 1 _ T2

Figure 32-1. Pickup/Dropout Mode

One-Shot/Non-Retriggerable Mode

The one-shot nonretriggerable timer starts its timing sequence when the Initiate input changes from false
to true. See Figure 32-2. The timer will time for Delay Time (T1) and then the output will toggle to true for
Duration Time (T2). Additional initiate input changes of state are ignored until the timing sequence is
completed. If the T2 timer is set to 0, this timer will not function. The timer will return to false if the Block
input becomes true.

BE1-11g Logic Timers (62)
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Initiate
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62-x > S8
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Figure 32-2. One-Shot/Non-Retriggerable Mode

One-Shot/Retriggerable Mode

The one-shot retriggerable timer starts its timing sequence when the Initiate input changes from false to
true. See Figure 32-3. The timer will time for Delay Time (T1) and then the output will toggle to true for
Duration Time (T2). Additional initiate input changes of state are ignored until the timing sequence has
been completed. If a new false-to-true transition occurs on the Initiate input, the output is forced to logic
false and the timing sequence is restarted. If the T2 timer is set to 0, this timer will not function. The timer
will return to false if the Block input becomes true.

1
Block
0

1 B
Initiate J
0—

| | | |
! 1

1 ' |1 I t1 t1
5o S _>$
0 t1 t2 t2

Figure 32-3. One-Shot/Retriggerable Mode

P0035-32
02-27-06

Oscillator Mode

In this mode, the Initiate input is ignored. See Figure 32-4. If the Block input is false, the output oscillates
with an ON time (T1) and an OFF time (T2). When the Block input is held true, the oscillator stops, and
the output is held off.

1 — —_—

Block
0
| |
1 | |
Initiate Do\q CARE
0
| | e
1 g
62-x T2 g8
0—— | T1

Figure 32-4. Oscillator Mode

Integrating Timer Mode

An integrating timer is similar to a pickup/dropout timer except that the Pickup Time (T1) defines the rate
that the timer integrates toward timing out and setting the output to true. Conversely, the Reset Time (T2)
defines the rate that the timer integrates toward dropout and resetting the output to false. T1 defines the
time delay for the output to change to true if the initiate input becomes true and stays true. T2 defines the

Logic Timers (62) BE1-11g
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time delay for the output to change to false if it is presently true and the initiate input becomes false and
stays false.

In the example shown in Figure 32-5, T2 is set to half of the T1 setting. The initiate input becomes true
and the timer starts integrating toward pickup. Prior to timing out, the Initiate input toggles to false and the
timer starts resetting at twice the rate as it was integrating toward time out. It stays false long enough for
the integrating timer to reset completely but then toggles back to true and stays true for the entire duration
of time T1. At that point, the timer’s output is toggled to true. Then later, the initiate Input becomes false
and stays false for the duration of T2. At that point, the output of the timer is toggled to false.

This type of timer is useful in applications where a monitored signal might be hovering at its threshold
between on and off. For example, it is desired to take some action when current is above a certain level
for a certain period. An instantaneous overcurrent (50) element could be used to monitor the current level.
Thus, if the current level is near the threshold so that the Initiate input toggles between true and false
from time to time, the function will still time out as long as the time that it is true is longer than the time
that it is false. With a simple pickup/dropout timer, the timing function would reset to zero and start over
each time the Initiate input became false.

1
Block
0

Initiate

100% — — — — — — NPT N
A
Timer *V \\i’ y V

0% —— —C —— - > ——— — F——-

P0035-34
02-27-06

Figure 32-5. Integrating Timer Mode
Latched Mode

A one shot timer starts its timing sequence when the Initiate input changes from false to true. The timer
will operate for Delay Time (T1) and then the output will latch true. Additional Initiate input changes of
state are ignored. Time (T2) is ignored. Refer to Figure 32-6.

1

Block
0
1
Initiate
0
| oo
1 ' s
62-x £8
0 T1

Figure 32-6. Latched Mode

Element Blocking

The Block input provides logic-supervision control of the element. When true, the Block input disables the
element by forcing the element output to logic 0 and resetting the element timer. Connect the element

BE1-11g Logic Timers (62)
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Block input to the desired logic in BESTlogicPlus. When the element is initially selected from the
Elements view, the default condition of the Block input is a logic 0.

Logic Connections

Logic timer element logic connections are made on the BESTlogicPlus screen in BESTCOMSPIus. The
logic timer element logic block is illustrated in Figure 32-7. Logic inputs and outputs are summarized in

Table 32-1.
Initiate  Output
Blodk
Figure 32-7. Logic Timer Element Logic Block
Table 32-1. Logic Inputs and Outputs

Name | Logic Function Purpose
Initiate Input Starts the 62 timing sequence
Block Input Disables the 62 function when true
Output Output True when 62 timing criteria have been met according to mode

Operational Settings

Logic timer element operational settings are configured on the Logic Timers (62) settings screen (Figure
32-8) in BESTCOMSPIlus.

Logic Timers (62)

62-1 Timer
Mode
[ Pickup/Dropout V]

Time Delay 1 (ms)
0

Time Delay 2 (ms)
0

62-4 Timer
Mode
Oscillator -

Time Delay 1 (ms)
0
Time Delay 2 (ms)
0

62-7 Timer
Mode
Disabled hd

Time Delay 1 (ms)

Time Delay 2 (ms)

62-2 Timer
Mode

62-3 Timer
Mode

One-Shot/Mon-Retriggerable

=

One-Shot/Mon-Retriggerable

-

Time Delay 1 (ms)
0

Time Delay 2 (ms)
0

Time Delay 1 (ms)
0

Time Delay 2 (ms)
0

62-5 Timer 62-8 Timer
Mode Mode
Integrating Timer - Latched -

Time Delay 1 (ms)
0
Time Delay 2 (ms)
0

62-8 Timer
Mode

Disabled

Time Delay 1 (ms)

Time Delay 2 (ms)

Time Delay 1 (ms)
0

Time Delay 2 (ms)

Logic Timers (62)

Figure 32-8. Logic Timers Settings Screen

BE1-11g



9424200994 33-1

33 * Lockout Functions (86)

Two lockout function (86) elements can be used to prevent operation of circuit breakers or other devices
until the condition causing lockout is eliminated.

The two, identical lockout function elements are designated 86-1 and 86-2. Element logic connections are
made on the BESTlogic™Plus screen in BESTCOMSPIus® and element operational settings are
configured on the Lockout Functions screen in BESTCOMSPIus. A summary of the logic inputs and
outputs and operational settings appears at the end of this chapter.

BESTCOMSPIus Navigation Path: Settings Explorer, Control, Lockout Functions (86)
HMI Navigation Path: Settings Explorer, Control, Lockout 86

Element Operation

When the Set input is asserted, the output of the function becomes true (breaker opens). When the Reset
input is asserted, the output becomes false (breaker closes). If both inputs are asserted at the same time,
the Set input will have priority and drive the output to true. The state of the function is stored in nonvolatile
memory.

Logic Connections

Lockout function element logic connections are made on the BESTlogicPlus screen in BESTCOMSPlus.
The lockout function element logic block is illustrated in Figure 33-1. Logic inputs and outputs are
summarized in Table 33-1.

Set Cutput

Feset

Figure 33-1. Lockout Function Element Logic Block

Table 33-1. Logic Inputs and Outputs

Name Logic Function Purpose

Set Input Sets the state of the output to true
Reset Input Sets the state of the output to false
Output Output True when the Set input is asserted

Operational Settings

Lockout function element operational settings are configured on the Lockout Functions (86) settings
screen (Figure 33-2) in BESTCOMSPlus.

Lockout Functions (86)

86-1 Element 86-2 Element
Mode Mode
Enabled - Disabled -

Figure 33-2. Lockout Functions Settings Screen
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Retrieving Lockout Status from the BE1-11g

Lockout status can be viewed through BESTCOMSPIus, the front-panel display, and the web page
interface.

To view 86 lockout status using BESTCOMSPlus, use the Metering Explorer to open the Status, 86
Lockout Status screen shown in Figure 33-3. To view lockout status from the front-panel display, navigate
to Metering Explorer, Status, 86 Lockout Status.

86 Lockout Status
OFF Lockout Status 1
OFF Lockout Status 2

Figure 33-3. 86 Lockout Status Screen

Lockout Functions (86) BE1-11g
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34  Breaker Control Switch (101)

The breaker control switch (101) element provides manual control of a circuit breaker or switch without
using physical switches or interposing relays. Both local and remote control is possible. A virtual switch
can be used instead of a physical switch to reduce costs with the added benefit that the virtual switch can
be operated both locally from the front panel and remotely from a substation computer or Ethernet
connection to an operator’s console.

Element logic connections are made on the BESTlogic™Plus screen in BESTCOMSPIus® and element
operational settings are configured on the Breaker Control Switch settings screen in BESTCOMSPlus. A
summary of the logic inputs and outputs and operational settings appears at the end of this chapter.

BESTCOMSPIlus Settings Navigation Path: Settings Explorer, Control, Breaker Control Switch (101)
HMI Settings Navigation Path: Settings Explorer, Control, Breaker Switch 101

BESTCOMSPIus Control Navigation Path: Metering Explorer, Control, Breaker Control Switch

HMI Control Navigation Path: Metering Explorer, Control, 101 Breaker Control SW

Element Operation

The breaker control switch emulates a typical breaker control switch with a momentary close, spring
return, trip contact output (Trip), a momentary close, spring return, close contact output (Close), a trip slip
contact output (TSC), and a close slip contact output (CSC). The trip slip contact output retains the status
of the last trip control action. That is, it is true (closed) in the after-trip state and false (open) in the after-
close state. The close slip contact output retains the status of the last close control action. It is false
(open) in the after-trip state and true (closed) in the after-close state. Figure 34-1 shows the state of the
TSC and CSC logic outputs with respect to the state of the Trip and Close outputs.

1
Trip —> ~<— 200 ms
0
|
1
TSC |
0
|
1
Close | = <—200 ms
0
| |
1 — § s
csC 23
0 g8

Figure 34-1. Breaker Control Switch State Diagram

When the breaker control switch is controlled to trip, the Trip output pulses true (closed) for approximately
200 milliseconds and then the TSC output goes true (closed). When the breaker control switch is
controlled to close, the CSC output pulses true (closed) and the TSC goes false (open). The status of the
slip contact outputs is saved to nonvolatile memory so that the BE1-11g will power up with the contact in
the same state as when the BE1-11g was powered down.

Control of Breaker Control Switch

The state of virtual control switches can be controlled using the front-panel interface or through
BESTCOMSPIus when the connection state is active. Using select-before-operate, perform the following
steps to control the switch using BESTCOMSPlus:

BE1-11g Breaker Control Switch (101)
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1. Use the Metering Explorer to open the Control/Breaker Control Switch tree branch (Figure 34-2).

2. Click on either the TRIP or CLOSE button to select it. Login may be required. The green
selection indicator will begin to flash.

3. Click on the TRIP or CLOSE button a second time to operate it. The green selection indicator will
stop flashing and the proper status indicator will light.

Note

If Step 3 is not performed within 25 seconds of Step 2, the button will
stop flashing and either the TRIP or CLOSE button will have to be re-
selected.

Breaker Control Switch

= Tagged

.
CLOSE

Info Tag
Set

Block Tag
Set

Figure 34-2. Breaker Control Switch Control Screen

Tagging of Breaker Control Switch

The breaker control switch provides tagging to indicate that the switch function is, or may be, under
revision. There are two tagging modes, Informational and Blocking. When in Informational mode, the
switch will still be operational when tagged. When in the Blocking mode, the switch will not be operational
while tagged. A tagged switch is indicated by an amber indicator on this screen.

Tagging of the breaker control switch can be accomplished through the front panel and through
BESTCOMSPIus. Use the Metering Explorer in BESTCOMSPIus to open the Control/Breaker Control
Switch tree branch. Click on the Set button for Informational Tag, Blocking Tag, or both. If tagging is
successful, a green indicator to the right of the Set button will light.

The Blocking Tag has priority over the Informational Tag. Once the Blocking Tag has been placed, the
Informational Tag cannot be changed until the Blocking Tag is removed. In other words, you must choose
to place the Informational Tag before placing the Blocking Tag.

Each tag is placed with an “owner”. A tag must be removed by the same “owner” that placed it. For
example, if a tag is placed through BESTCOMSPIus, it can be removed only through BESTCOMSPlus. It
cannot be removed through the front panel. If a tag is placed through the front panel, it can be removed
only through the front panel. This applies for all other forms of communication when placing tags.

A 101 Tag alarm is also provided to indicate that the 101 is tagged. Refer to the Alarms chapter for
information on how to program alarms.

Logic Connections

Breaker control element logic connections are made on the BESTlogicPlus screen in BESTCOMSPIus.
The breaker control element logic block is illustrated in Figure 34-3. All logic inputs use rising-edge
detection for recognition. Logic inputs and outputs are summarized in Table 34-1.

Breaker Control Switch (101) BE1-11g
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E Trip Trip
Close
TSC
Informational
Tag Close
Untag
CSC
Blocking
Tag
pi

Figure 34-3. Breaker Control Element Logic Block

Table 34-1. Logic Inputs and Outputs

Name Logic Function Purpose

Trip Input Sets the state of the 101 element to Trip

Close Input Sets the state of the 101 element to Close

Informational Tag Input Sets an informational tag on the 101 element
Informational Untag Input Removes the informational tag from the 101 element
Blocking Tag Input Sets a blocking tag on the 101 element
Blocking Untag Input Removes the blocking tag from the 101 element

Trip Output True if the 101 element is in the Trip state

TSC Output True after the Trip output momentarily closes
Close Output True if the 101 element is in the Close state
CSC Output True after the Close output momentarily closes

Operational Settings

Breaker control element operational settings are configured on the Breaker Control Switch (101) settings
screen (Figure 34-4) in BESTCOMSPlus.

Breaker Gonirol Switch

101 Element
Mode
Enabled A

Figure 34-4. Breaker Control Switch Settings Screen

BE1-11g Breaker Control Switch (101)
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35  Setting Groups

Four setting groups allow for adapting the coordination settings to optimize them for a predictable
situation. Sensitivity and time coordination settings can be adjusted to optimize sensitivity or clearing time
based upon source conditions or to improve security during overload conditions. The possibilities for
improving protection by eliminating compromises in coordination settings with adaptive setting groups are
endless.

The four setting groups are designated Setting Group 0, Setting Group 1, Setting Group 2, and Setting
Group 3. Setting group logic connections are made on the BESTlogic™Plus screen in BESTCOMSPIus®
and setting group operational settings are configured on the Setting Group Setup screen in
BESTCOMSPIus. A summary of the logic inputs and outputs and operational settings appears at the end
of this chapter.

BESTCOMSPIus Navigation Path: Settings Explorer, General Settings, Setting Group Setup
HMI Navigation Path: Settings Explorer, General Settings, Settings Group

Setting Group Functions

The group of settings that is active at any point in time is controlled by the setting group selection logic.
This function logic allows for manual (logic) selection.

Logic Inputs

The function monitors logic inputs DO through D3 and changes the active setting group according to the
status of these inputs. These inputs can be connected to logic expressions such as contact sensing
outputs.

Logic Outputs

The function logic has four logic variable outputs, SGO through SG3. The appropriate variable is asserted
when each setting group is active. These logic variables can be used in programmable logic to modify the
logic based upon which setting group is active.

The SGCACTIVE logic output is asserted when setting group control is active. The SGCLOVRD logic
output is asserted when setting group control is overridden by logic.

Changing Setting Groups

When the BE1-11g switches to a new setting group, all functions are reset and initialized with the new
operating parameters. The settings change occurs instantaneously so at no time is the BE1-11g off line.
The active setting group is saved in nonvolatile memory so that the BE1-11g will power up using the
same setting group that was active when it was powered down. To prevent the BE1-11g from changing
settings while a fault condition is in process, setting group changes are blocked when the BE1-11gis in a
picked-up state. Since the BE1-11g is completely programmable, the fault condition is defined by the
pickup logic expression in the fault reporting functions. See the Fault Reporting chapter for more
information.

Setting Group Selection

Selection of the active setting group provided by this function logic can also be overridden. When logic
override is used, a setting group is made active and the BE1-11g stays in that group regardless of the
state of the manual logic control conditions.

Manual (logic) selection reads the status of the logic inputs to the setting group selection function block to
determine what setting group should be active. For the logic inputs to determine which setting group
should be active, the AUTOMATIC input must be logic 0. The function block operational mode setting
determines how it reads these logic inputs. There are three possible logic modes as shown in Table 35-3.

BE1-11g Setting Groups
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Discrete Inputs

When the setting group selection function block is enabled for Discrete Inputs, there is a direct correlation
between each discrete logic input and the setting group that will be selected. That is, asserting input DO
selects SGO and asserting input D1 selects SG1, etc. The active setting group latches-in after the input is
read. It is not necessary that the input be maintained. If one or more inputs are asserted at the same time,
the numerically higher setting group will be activated. A pulse must be present for approximately one
second for the setting group change to occur. After a setting group change occurs, no setting group
change can occur within two times the SGC alarm on time. Any pulses to the inputs will be ignored during
that period.

Figure 35-1 shows an example of how the inputs are read when the setting group selection function mode
is enabled for Discrete Inputs. Note that a pulse on the D3 input while D0 is also active does not cause a
setting group change to SG3 because the AUTOMATIC input is active.

D3 [__1 [ ]

D2 []

D1 []

DO ]

AUTO

SG3 |

SG2 | |

SG1 \ \
SGO

SGC [ ] ]

Figure 35-1. Input Control Discrete Inputs

W

P0035-28
05-03-06

]

Binary Inputs

When the setting group selection function block is enabled for Binary Inputs, the inputs on DO and D1 are
read as binary encoded (Table 35-1). Inputs D2 and D3 are ignored. A new coded input must be stable
for approximately one second for the setting group change to occur. After a setting group change occurs,
no setting group change can occur within two times the SGC alarm on time.

Table 35-1. Setting Group Binary Codes

Binary Code )
Setting Group
D1 DO
0 0 SGO
0 1 SG1
1 0 SG2
1 1 SG3

When the setting group selection function mode is enabled for Binary Inputs, the active setting group is
controlled by a binary signal applied to discrete inputs DO and D1. This requires separate logic equations
for only DO and D1 if all setting groups are to be used. Figure 35-2 shows how the active setting group
follows the binary sum of the DO and D1 inputs except when blocked by the AUTOMATIC input. Note that
a pulse on the D1 input while DO is also active does not cause a setting change to SG3 because the
AUTOMATIC input is active.

Setting Groups BE1-11g
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D3

P0037-44
05-03-06

D2
D1 | |

DO 1 |

AUTO |

SG3 |

SG2 | |

SG1 | ]
SGO

SGC [

Figure 35-2. Input Control Binary Inputs

CT Source

The CT Source setting configures the setting group selection function to monitor CT circuit 1 or CT circuit
2 on protection systems equipped with two sets of CTs. CT circuit 1 terminals are designated D1 (I1A1)
through D8 (IG1) and CT circuit 2 terminals are designated F1 (IA2) through F8 (1G2). For an illustration,
refer to the Terminals and Connectors chapter.

Alarm and Timer

The setting group selection function logic also has an alarm output variable called Setting Change
(Setting Group Changed). This output is asserted whenever the BE1-11g switches from one setting group
to another. The Setting Change alarm bit is asserted for the SGCON time setting. This output can be
used in the programmable alarms function if it is desired to monitor when the BE1-11g changes to a new
setting group. See the Alarms chapter for more information on setting up alarms.

The SGCON time setting also serves to provide anti-pump protection to prevent excessive changing
between groups. Once a change in the active group has been made, another change cannot take place
for two times the SGCON setting.

The SGC Active (Setting Group Change Active) alarm output is typically used to provide an external
acknowledgment that a setting group change has occurred. If SCADA (Supervisory Control and Data
Acquisition) is used to change the active group, then this signal could be monitored to verify that the
operation occurred. The SGC Active alarm output ON time is user programmable and should be set
greater than the SCADA scan rate. This can be set through BESTCOMSPIus®.

Automatic Setting Group Selection

The setting group element has the built-in ability to automatically change setting groups. One method is
based on the history of the current sensed by the BE1-11g. Another method is based upon the status of
the fuse loss logic (60FL). To enable automatic change of setting groups, setting group selection must be
enabled and the AUTOMATIC input must be logic 1.

When automatic selection is enabled, it holds precedence over all manual logic control.

The automatic setting group selection can be used to force the BE1-11g to change to settings that will
automatically compensate for cold-load pickup conditions. For instance, if the BE1-11g senses current
drop below a very small threshold for a period of time indicating an open breaker, then the BE1-11g will
move to an alternate setting group that will allow for the large inrush of current the next time the load is
energized. After current has returned to measurable levels for some period of time, the BE1-11g returns
to the normal settings. Another application is to prevent the BE1-11g from seeing an overload condition
as a fault. If the BE1-11g sees sustained high level phase or unbalance currents that are encroaching on
normal trip levels (indicative of an overload or load imbalance rather than a fault), the BE1-11g will move

BE1-11g Setting Groups
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to an alternate setting group that can accommodate the condition. The BE1-11g can be set to alarm for
this condition using the programmabile logic alarms.

The BE1-11g has the logic to automatically change setting groups based upon the status of the fuse loss
(60FL).

Automatic Control by Monitoring Line Current

The setting group Switch Threshold and Return Threshold settings determine how the function selects the
active setting group when automatic selection is enabled.

Automatic control of the active setting group allows the BE1-11g to automatically change configuration for
optimum protection based on the current system conditions. For example, in locations where seasonal
changes can cause large variations in loading, the overcurrent protection can be set with sensitive
settings during the majority of the time and switch to a setting group with lower sensitivity (higher pickups)
during the few days of the year when the loading is at peak.

The BE1-11g will switch to a setting group when current rises above the "switch threshold" for the "switch
time" and will return from the setting group when current falls below the "return threshold" for the "return
time." However, if the Switch Threshold is 0 and a nonzero switch-to time is entered, the BE1-11g will
change to the indicated setting group after the switch-to time.

If a group's switch threshold is zero, the group’s switch time delay is zero, and current is being monitored,
then the BE1-11g will never automatically switch to that setting group.

Five settings for each group are used for automatic control. Each group has a Switch Threshold and
Switch Time, a Return Threshold and Return Time, and a Monitor Setting. The Switch and Return
thresholds are set in amps. If you wish to switch settings based upon loading, you could set the Monitor
Setting to Max Phase Current. If you wish to switch settings based upon unbalance, you could set it to
Neutral Current, or Negative-Sequence Current.

This function can also be used to automatically change the active setting group for cold load pickup
conditions. If the Switch Threshold for a group is set to 0 amps, the function will switch to that group when
there is no current flow for the time delay period, indicating that the breaker is open or the circuit source is
out of service.

Note the difference in operation when a switch threshold of 0.5 amps is used. For this setting, the group is
selected when current rises above 0.5 amps.

When the Switch criteria are met for more than one setting group at a time, the function will use the
numerically higher of the enabled setting groups. If the switch-to time delay setting is set to 0 for a setting
group, automatic control for that group is disabled. If the return time delay setting is set to 0 for a setting
group, automatic return for that group is disabled and the BE1-11g will remain in that setting group until
returned manually by logic override control.

Group Control by Monitoring Fuse Loss Status

The active setting group can also be controlled by the status of the fuse loss function (60FL). The
BE1-11g can be instructed to change to Setting Group 1. If the monitored element is 60FL, the switch
threshold, return time, and return threshold are ignored.

Logic Connections

Setting group logic connections are made on the BESTlogicPlus screen in BESTCOMSPIus. The setting
group logic block is illustrated in Figure 35-3. Logic inputs and outputs are summarized in Table 35-2.
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Automatic 5G0

5G1
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D3 SGCACTIVE

SGCLOVRDY

Figure 35-3. Setting Group Logic Block

Table 35-2. Logic Inputs and Outputs

Logic
Name Function Purpose
. True when automatic control is enabled and false when logic
Automatic Input .
control is enabled
DO, D1, D2, D3 Inputs Meaning depends upon the Mode setting
SGO0, SG1, SG2, SG3 Outputs True for the active setting group
SGCACTIVE Output True when Setting Group Control is Active
SGCLOVRD Output True when Setting Group Control is overridden by logic

Operational Settings

Setting group operational settings are configured on the Setting Group Setup screen (Figure 35-4) in
BESTCOMSPIus. Setting ranges and defaults are summarized in Table 35-3.

BE1-11g
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Setting Group Setup
Element Status
Mode
Source
CT1. 1G1
Setting Group 1
Switch Threshold Switch Time (min)
400 Secondary A (]
4.00 Primary A Return Time (min)
Return Thresheld 0
300 Secondary A
3.00 Primary &
Moniter Setting
Ground Cumrent -
Setting Group 2
Switch Thresheld (Secondary A) Switch Time (min)
Return Thresheld (Secondary &) Return Time (min)
Maonitor Setting
Fuse Loss A
Setting Group 3
Switch Thresheld (Secondary &) Switch Time (min)
Return Thresheld (Secondary &) Return Time (min)
Moniter Setting
Dizabled ']
Setting Group Change (SGC) Alarm Timer (s)
SGC Alarm Timer (s)
5
Figure 35-4. Setting Group Setup Screen
Table 35-3. Operational Settings
Setting Range Purpose Default
Disabled Sets the mode of the setting group selection function.
Mode Discrete Inputs (If Auto mode is desired, logic mode must be either 1 or Disabled
Binary Inputs 2.)
« | CT Circuit10or CT | n/a
Source . n/a
Circuit 2
Switch 0 to 25A (5A CTs) | Measured current of the SGO Monitor Setting that must
0to 5A (1A CTs) be exceeded for a setting group change to occur. (Set in 0
Threshold .
increments of 0.01A, secondary amps.)
Switch 0 = Disabled Time, in minutes, that determines when a setting change 0
Time 1 to 60 minutes occurs once the Switch Threshold setting is exceeded.
0 to 25A (5A CTs) | Measured current of the SGO Monitor Setting that the
Return 0to 5A (1A CTs) monitored current must decrease below in order for a 0
Threshold return to SGO. (Set in increments of 0.01A, secondary
amps.)
Return 0 = Disabled Time, in minutes, that determines when a return to SGO
Time 1 to 60 minutes will occur once the monitored current has decreased 0
below the Return Threshold setting.

Setting Groups
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Setting Range Purpose Default
Disable, IP, IG, 12, | Determines when automatic setting group changes
310, 60FL occur. IP, 1G, 12, or 310 can be selected so that setting

group changes are based on load current. Fuse Loss
(60FL) can also be used to switch setting groups. If 60FL | Disable
is entered as the Monitor Setting, the Switch Time,
Switch Threshold, Return Time, and Return Threshold
parameters are not required.

Monitor
Setting

Setting 0 = Disabled

Group 1-10 seconds
Change Measured in seconds, the SGC alarm timer sets the 5
(SGC) amount of time the alarm is on.

Alarm

Timer

* For protection systems equipped with two sets of CTs.

Logic Override of the Setting Group Selection Function

Setting group control can be overridden to allow manual setting group control.
BESTCOMSPIus Navigation Path: Metering Explorer, Control, Setting Group Control
HMI Navigation Path: Metering Explorer, Control, Settings Group Control

Use the Metering Explorer in BESTCOMSPIus to open the Control, Setting Group Control tree branch as
shown in Figure 35-5. Select a setting group to change to or return to logic control. The Active Setting
Group is also displayed on this screen.

Setting Group Control Active Setting Group

Logic Control
Setting Group 0
Setting Group 1

Setting Group 2

Setting Group 3

Figure 35-5. Setting Group Control Screen

Manual setting group control can also be achieved by navigating to the Metering > Control > Settings
Group Control screen on the front-panel display.

BE1-11g Setting Groups
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36 * Metering

The BE1-11g measures the voltage and current inputs, displays those values in real time, records those
values every quarter-second, and calculates other quantities from the measured inputs.

Metering Explorer

The Metering Explorer is a convenient tool within BESTCOMSPIus® that contains analog metering,
status, reports, demands, power quality, and control. Control screens include virtual switches, breaker
control switch, output override, and setting group control. Details of the Analog Metering branch are
described in this chapter. Refer to the appropriate chapters in this manual for information on status,
reports, demand, power quality, and control. Metering values can be exported to a *.csv (comma-
separated values) file.

The Metering Explorer has a “docking” feature allowing the user to arrange and dock metering screens. A
blue transparent square representing the screen being moved, seven arrow buttons, and a tabs button
appear when holding down the left mouse but