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INTRODUCTION

This instruction manual provides information about the operation and installation of the BE1-CDS240
Current Differential System. To accomplish this, the following information is provided:

e General information, specifications, and a Quick Start guide.

e Functional description and setting parameters for the input/output functions, protection and“€entrol
functions, metering functions, and reporting and alarm functions.

e BESTIlogic programmable logic design and programming.
e Documentation of the preprogrammed logic schemes and application tips.

e Description of security and user interface setup including ASCII communi€ation and the human-
machine interface (HMI).

¢ Installation procedures, dimension drawings, and connection diagrams.

e Description of the front panel HMI and the ASCIl command interfacefwith®write access security
procedures.

e A summary of setting, metering, reporting, control, and miscellanegusi¢ommands.
e Testing and maintenance procedures.

e Appendices contain time overcurrent characteristic curves, overexcitation (24) inverse time curves,
terminal communication, and settings calculations assistance.

Optional instruction manuals for the BE1-CDS240 include:
o Distributed Network Protocol (DNP) 3.0 (9365200991)
e Modbus™ (9365200992).

WARNING! I

To avoid personal injuryforfequipment damage, only qualified personnel should
perform the proceduressin thisfmanual.

NOTE

Be sufe that the relay is hard-wired to earth ground with no smaller than 12 AWG
copperdwirg attached to the ground terminal on the rear of the unit case. When
thetrelay®is configured in a system with other devices, it is recommended to use a
separate lead to the ground bus from each unit.
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REVISION HISTORY

The following information provides a historical summary of the changes made to the BE1-CDS240
hardware, firmware, and software. The corresponding revisions made to this instruction gmahual
(9365200990) are also summarized. Revisions are listed in reverse chronological order.

BESTCOMS Software

Version and Date Change
2.04.06, 03/08 e Added the ability to turn off delta compensation forgYyQ,connections.
e Improved Settings Compare function.
2.04.05, 11/06 e Added 59X (auxiliary) function.
e Added IEC transformer setup.
2.03.00, 03/04 e Enhanced overexcitation (24) function.
2.02.00, 09/03 e Initial release
Firmware
Version and Date Change
App: 1.03.02, 02/08 e Added alternate DST (Daylight,Saving Time) settings.
DSP: 1.03.01, 11/06 ¢ Increased immunity temgise ‘on IRIG input.

e Improved breaker fail targeting:
e Improved x62 timerdvhen changing setting groups.

App: 1.03.00, 09/06 e Added 59X (auxiliary). element.

DSP: 1.03.01, 11/06 e Added 180° cogmpensation parameter for the 87T function.
¢ Enhancedi60FL functionality.

App: 1.02.01, 02/04 e Enhangced gverexcitation (24) function.

DSP: 1.02.01, 01/04 e Added virtual restraint feature.

e Relaocated,logic bits for 62, 162, 262, and 362.
e Added Separate logic bits for 2" Harmonic A, B, and C.
o JAdded separate logic bits for 5™ Harmonic A, B, and C.

App: 1.01.05, 09/03 e WInitial release
DSP: 1.01.00, 06/03

Hardware
Version and Datg Change
N, 08/05 e Minor improvements to digital board.
M, 41/04 e Improved overlay to fit front panel.
I£,03/04 e Minor changes to enhance production efficiency.
K, 02/04 e Increased the size of the insertion/extraction lever in order to allow
the relay to be inserted/removed from the case more easily.
J, 12/03 e Changed from surface mount to through hole connectors on I/O
board.
H, 10/03 e Relocated slots on top cover.
G, 10/03 e Minor changes to enhance production efficiency.
F, 10/03 e Initial release
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Manual O
Revision and Date Change
E, 03/08 Added manual part number and revision to footers. Q
Added Settings Compare to the end of Section 6.
Added alternate DST (Daylight Saving Time) settings.
Updated terminal numbering in Figures 13-15, 13-16, 13-17, and 13- 4
18.
D, 10/06 Added 59X (auxiliary) feature. @
Added IEC Transformer Setup to Section 3. \
Updated all BESTCOMS screen shots.
Updated Table 6-3, Logic Variable Status Report ith new
logic bits for 59XPU and 59XT.
C, 03/04 Enhanced the 24 feature. 5
Added virtual restraint.
Minor text edits.
B, 10/03
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SECTION 1 ¢ GENERAL INFORMATION

INTRODUCTION

The BE1-CDS240 Current Differential System is an economical, microprocessor based, multifunation
system that provides a four input, three-phase percentage differential with harmonic restraint pretection.
Also included is three-phase with voltage control, ground, and negative-sequence overcurrent protection,
voltage and frequency protection, breaker failure for up to four breakers, breaker monitoring for four
breakers, transformer monitoring, and metering functions, all in an integrated system with several
communications options. The BE1-CDS240 Current Differential System is intendedgfor use in any low
impedance current differential protection application including transformer, generatormotor, and bus
protection. Four setting groups are provided for adaptive relaying with automatic'selection logic for cold
load pickup and/or dynamic setting group changes.

The BE1-CDS240 can be ordered with 12 programmable contact sensinglinputsy 10 programmable
outputs, and one alarm output or eight programmable contact-sensing inputs, 14,programmable outputs
and one alarm output. Outputs can be assigned various functions by logicaljprogramming to perform
protection, control, or indicate operations. For example, protection functions,can cause a protective trip
operation. Control functions can cause a manual trip, manual closg, orautomatic reclose operation.
Indicators could be relay alarm, setting group one enable, setting groupytwo enable and others.

Protection scheme designers may select from an embedded pre-pregrammed logic scheme or from a
number of logic library schemes found in BESTCOMS to performthé most common protection and control
requirements or create a custom scheme using BESTlogic.

The BE1-CDS240 is available in a fully draw-out MX{€ase, with configurations for horizontal 19" rack
mounting, horizontal panel mounting and vertical panel mounting-"BE1-CDS240 features include:

o Up to four restraint inputs (four three-phase (Currentgcircuits) and two virtual current circuits that
can be used with any combination of two current inputs

¢ Independent ground input

e Three voltage inputs (Va, Vb, Vc, toVn)

o Three-phase percentage differential protection with harmonic restraint
e Three-phase voltage, frequency,andievercurrent protection

e Four setting groups

e One embedded preprogrammed'lagic scheme

e Fourteen or 10 programmable Qutputs

e Eight or 12 contact sensing inputs

e Breaker failure protection forfour breakers

¢ Front panel HMI (hdman-machine interface)

e Communications’perts:“ene front RS-232, one rear RS-232, one rear RS-485 and one rear IRIG
port

e Communications protocols available: DNP 3.0, Modbus RTU, and ASCII
e Sequencgfofevents recording

o Faultiecording

e Oscillography

o (Demand reporting

o Differential current monitoring

e Optional load profile reporting

Section 2§ Quick Start, provides BE1-CDS240 Current Differential System users with a simplified, "How
To, Get Started" procedure.

FEATURES

The BE1-CDS240 includes many features for the protection, monitoring, and control of power system
equipment such as transformers, breakers, buses, generators, and motors. These features include
protection and control functions, metering functions, reporting and alarm functions, and various
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communication options. A highly flexible programmable logic system called BESTlogic 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 I/O, extensive communications features, and an advanced
HMI (human machine interface) provide easy access to the features provided. Through BESTCOMS
software, BE1-CDS240 users with personal computers (PCs) have another easy-access means to
communicate, program, control, and monitor relay/system performance. BESTCOMS is a Windows®
(based software application that enhances communication between the PC user and the BE1-CDS240Q
relay. This software is provided free with every BE1-CDS240 relay. Another software application tool is
BESTWAVE. BESTWAVE is a utility program to view standard COMTRADE (Common Format for
Transient Data Exchange) files like those recorded by Basler Electric multifunction relays. This softwareds
available free of charge through the Basler website (http://www.basler.com) or Customer Service
Department at +1 618.654.2341.

The following information summarizes the features included in this multifunction device. Theyorganization
of this information outlines the organization for the rest of the manual. Each feature, alongiwith*how to set
it up and how to use the outputs is described in complete detail in the later sections of thisimanual.

I/O Functions

Power System Measurement Functions

o The BE1-CDS240 has four sets of three-phase currents that are digitally sampled and digitally
filtered. The fundamental, second, and fifth harmonics are extra€ted using a Discrete Fourier
Transform (DFT) algorithm for use by all of the current based functions:

o Neutral (residual) and negative-sequence current magnitudesyareaealculated from each set of
three-phase currents.

e Each set of three-phase currents can be phase-shifted “and) tap compensated for use in
transformer differential applications.

o Each three-phase current source can have its polarity revegsed in the relay, which simplifies the
commissioning process in the event polarity of a CT cireuit is rolled.

e The digital sampling rate tracks the measured fréquency to provide high accuracy at frequencies
other than nominal frequency to make this relay ideally suited for applications such as generator,
motor and generator step-up transformer differential“protection.

e An independent ground current input (IG)"méasures the current in a transformer neutral, tertiary
winding or a flux balancing CT and is used foriproviding ground differential protection.

e Each current circuit is low burden andsSelated to allow for more effective zoning with fewer costly
CTs.

e Three-phase voltage inputs are digitally#sampled and the fundamental frequency is extracted
using a Discrete Fourier Transform (DFT) algorithm. Voltage sensing circuits can be configured
for single-phase, three wire orfeurwire voltage transformer circuits.

Voltage sensing circuitry,‘provides voltage protection, frequency protection, and watt/var
metering. Neutral (residual),%positive, negative, and zero sequence voltage magnitudes are
calculated from the three-phase voltages.

Contact Sensing Inputs

e Eight (1/0 option Eyen,12%1/O option A) programmable contact sensing inputs with programmable
signal conditioning provide binary logic interface to the protection and control system.

e The function offeachsifput is programmable using BESTlogic and can be given a user meaningful
name forfthe variable and for each state (open and closed) for use in reporting functions.

e The threshald voltage is adjustable. See Section 12, Installation, Contact Sensing Input Jumpers.

Contact Outputs

e Fourteen (I/O option E) or 10 (I/O option A) programmable contact outputs provide a binary logic
interface 4o the protection and control system (OUT1 through 14). OUTA is dedicated to critical
alarms.

o COUTI and 2 are dedicated form “c” contacts. The remainders are “a” contacts. Outputs 7, 8, 9, 10
are dedicated to trip coil monitoring for up to 4 breakers. However, board level jumpers are
supplied so that the user can disable the TCM circuit and allocate the output contact to any virtual
output. Refer to Section 12, Installation, Trip Coil Monitor (TCM) Jumpers.
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Each output is programmable using BESTIogic (assign any virtual output to any physical output
relay) and can be given a user meaningful name for the variable and for each state (open and
closed) for use in reporting functions.

Output logic can be overridden to open, close or pulse each output contact for testing, or control
purposes.

Protection and Control Functions

Setting Groups

Four (4) settings groups allow adaptive relaying to be implemented to optimize the relay settings
for various operating conditions.

Automatic and external logic can be employed to select the active settingygroup?

Differential Protection

Three-phase percentage restrained differential protection with harmonic gestraint: 87. Protection
can be set to monitor two, three, or four windings. Unused inputsqcanibefused for overcurrent
protection.

Two restricted earth fault ground differential protection elements with/independent ground (1G)
input (and C-phase, 1G2, of Current Circuit 4): 87ND and 187ND.

Tap compensation for the differential protection can be autematically calculated by the relay
based upon user settings of CT ratio, MVA and kV base values.

Ground differential between calculated residual of agywinding/and the phase C current input of a
fourth and unused winding (1G2).

Each winding can be independently set for a ph@seytelationship (relative to winding 1) of 0 to 360
degrees in steps of 30 degrees.

Each winding can be set for IEC standard transformer connections.

Overcurrent Protection

Instantaneous overcurrent with settable timeg“delay for each operating quantity (A, B, C, N (using
IN or IG) and Q. Eight (8) sets Phase, Five () sets Neutral, Four (4) sets Negative-Sequence.
Each function is individually assignablg to any of the current input circuits. Functions are: 50TP,
150TP, 250TP, 350TP, 450TP,"8804P, 650TP, 750TP, 50TN, 150TN, 250TN, 350TN, 450TN,
50TQ, 150TQ, 250TQ, and 350TQ.

Inverse time overcurrent functiens with integrating or instantaneous reset. Four (4) for Phase, five
(5) for Neutral, and four (4)ffor Negative-Sequence. Each function is individually assignable to
any of the current input _circuits,/Functions are 51TP, 151TP, 251TP, 351TP, 51TN, 151TN,
251TN, 351TN, 451TN, 51TQ4151TQ, 251TQ, and 351TQ.

Time overcurrent functionsyemploy a dynamic integrating timing algorithm covering a range from
pickup to 40 times pickupawith selectable instantaneous or integrated reset characteristics.

Time overcurrenty cukves conform to IEEE PC37.112 and include seven curves similar to
Westinghouse/ABBRCO “curves, five curves similar to GE IAC curves, four IEC curves, a fixed
time curve, and a user programmable curve.

Digital signal“processing filters out unwanted harmonic components while providing fast
overcurrefit response with limited transient overreach and overtravel.

Voltage Protection

Yoltage control or restraint for 51P (51V protection)

Qne (1) ¥olts per hertz protective element (24) provides overexcitation protection for a generator
andlerdransformer.

Two phase (2) undervoltage elements, 27P and 127P, provide phase undervoltage protection.
Two phase (2) overvoltage elements, 59 and 159, provide phase overvoltage protection.

One (1) negative-sequence overvoltage element (47) provides protection for phase unbalance or
a reverse system phase-sequence.

One (1) zero sequence overvoltage element (59X) provides protection for ground faults on
ungrounded systems using calculated 3VO.

Frequency Protection

Six (6) over/underfrequency protection elements are provided: 81, 181, 281, 381, 481, and 581.
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Fuse Loss Protection

o Afuse loss function, 60FL, protects against false tripping due to a loss of voltage sensing.

Breaker Failure Protection

o Four (4) breaker failure protection function blocks are assignable to any of the current input
circuits: 50BF, 150BF, 250BF, and 350BF.

e The current circuit assigned to the breaker failure function block also determines which current
circuit is used by the breaker monitoring functions described later.

General Purpose Logic Timers

o Four (4) general-purpose logic timers with six modes of operation: 62, 162, 262, and 362.

Virtual Control Switches

e Four (4) virtual breaker control switch, accessible locally from the HMI or remotelyy, from the
communications ports can be used to provide trip and close control of a selected breaker: 101,
101A, 101B, and 101C.

e The breaker label provided for the breaker monitoring function is used todabel the virtual breaker
control switch. This makes it easily discernible which breaker is being contralled as up to four (4)
breakers can be controlled.

o Eight virtual switches with three modes of operation, accessible locallyafrom the HMI or remotely
from the communications ports. Switches can be used to providefadditional control: for example,
to trip and close additional switches or breakers, or to enable and(disable certain functions: 43,
143, 243, 343, 443, 543, 643, and 743.

Metering Functions

e Metering, including magnitude and angle, is provided forall measured phase and neutral voltage
and currents and all derived positive, neutral, and negative-sequence voltage and currents.
Power factor, frequency, watts, vars, and demands_aretalso provided.

e Metering, including magnitude and angle, is als6 provided for the phase and tap compensated
restraint, second and fifth harmonic, and differential currents.

Reporting and Alarm Functions

Relay Identification

e The relay includes four 30-characterf freexform fields for the user to enter information to identify
the relay. Examples would be station frame, circuit number, relay system, purchase order, etc.
These fields are used by many offthe reporting functions to identify which relay created the report.

Clock

e A real-time clock is included with “‘@ycapacitor backup that will keep time upon loss of power for 8
to 24 hours depending “pon ‘€enditions. Optional battery backup maintains time keeping for an
extended period.

e A standard IRIG input (format BO02 from IRIG Standard 200-98) is provided for receiving time
synchronism signals, from,a‘master clock.

e The time and date g#eporting format is settable for 12 or 24-hour format and for mm/dd/yy or
dd/mm/yy format.

o Automati¢ daylightisavings time adjustment can be enabled.

General Status Reporting

e The relay hasyéxtensive capability to report its general status for monitoring, commissioning, and
troubleshooting.

e Status reports are available from the HMI or the communications ports.

Demand Reporting

o “Ampere demand registers are provided for monitoring A, B, C, N, and Q. These registers are
assignable to any of the current input circuits.

o\, The demand interval and demand calculation method is separately settable for phase, neutral
and negative-sequence measurements.

1.4 BE1-CDS240 General Information 9365200990 Rev E



e The demand reporting function records today's peak, yesterday's peak, and peak since reset,
with time stamps for each register.

e An optional 4,000-point data array can record over 40 days of 15-minute demand data.

Differential Current Monitoring

e A detailed current check record can be requested from the relay to aid in initial in-service
readings to verify correct phase and tap compensation of the differential currents. This report/,can
be stored with commissioning records to save time during initial check out.

e Once in service, the mismatch in the differential function is continuously monitored and can
provide an alarm if the mismatch is approaching a trip condition due to loading current™A current
check record is generated when this occurs and the diagnostic function will indi€ated the possible
source of the mismatch: for example, incorrect or missing phase compensationg

Transformer Monitoring

o Transformer through-fault duty statistics are recorded including numberyof through faults,
accumulated through-fault (It or 12t), and maximum through-faultlt or I12t). The through-fault
current measurement is assignable to any of the current input circuits.

e Each of these conditions can be set to alarm.

Breaker Monitoring

o Breaker statistics are recorded for up to four breakers. Jhey include the number of operations,
fault current accumulation duty and breaker time to trip. AThisr function is associated with the
current input circuit assigned to the breaker failure fupetion block.

e Each of these conditions can be set to alarm.

Trip Circuit Monitoring
e Four trip circuit monitor functions are provided te, monitor the trip circuit of a breaker or lockout
relay for loss of voltage (fuse blown) or loss ef .contifuity (trip coil open).

o Each of the four TCMs can be disabled withya Cirguit board jumper allowing the associated output
to operate the same as the other outputs.

Fault Reporting

e Fault reports consist of simpleytarget information, fault summary reports, and detailed
oscillography records to enabledthe “user to retrieve information about disturbances in as much
detail as is desired.

e Oscillography memory can be partitioned into 6 to 16 records and all data is stored in non-volatile
memory.

o The relay records and reportsioscillography data in industry standard IEEE, COMTRADE format
to allow using any faultianalysis software.

Sequence Of Events Recorder
o A 255-event sequence of events recorder (SER) is provided that records and time stamps all
inputs and oufputs,to"the relay as well as all alarm conditions monitored by the relay. Time
stamps are toithe nearest quarter cycle resolution. All records are stored in non-volatile memory.

e |/O and Alarm reports can be extracted from the records as well as reports of events recorded
during the\timespan associated with a specific fault report.

Alarm Function

o {Ihegrelayyincludes extensive self-diagnostics. Fatal relay trouble alarms are not programmable
and,areddedicated to the alarm output (OUTA) and the relay trouble LED on the front of the relay.

o Additional relay trouble alarms and all other alarm functions are programmable for major or minor
priority. Programmed alarms are indicated by major and minor alarm LEDs on the front of the
relay. The major and minor alarm points can also be programmed to any output contact including
OUTA.

e The HMI provides local annunciation of programmed alarm conditions.

e Active alarms can be read and reset from the optional HMI or from the communications ports.

e Seventy (70) alarm conditions are available to be monitored including user definable logic
conditions using BESTlogic.
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Version Report

The version of the embedded software (firmware) is available from the front panel interface HMI
or the communications ports.

The unit serial number and style number is also available from the communications ports.

BESTlogic Programmable Logic

Each of the protection and control functions in the BE1-CDS240 is implemented in an
independent function that is equivalent to its single function, discrete device counterpart so that it
is immediately familiar to the protection engineer. Each independent function block has all of the
inputs and outputs that the discrete component counterpart might have.

Programming BESTlogic is equivalent to choosing the devices required by your protection and
control scheme and drawing schematic diagrams to connect the inputs and outptits {0 obtain the
desired operational logic.

One preprogrammed embedded logic scheme (in the relay firmware) fand “a, library of
preprogrammed logic schemes in BESTCOMS are provided and thoroughly( documented in
Section 8, Applications. To set the relay to one of the BESTCOMS library applications, simply
select the logic scheme and upload it to the relay.

A set of custom logic settings is also available for you to optimize theffungtionality to the specific
needs of your operation's practices and power system requirements.

Security

Security can be defined for three distinct functional access areas: Settings, Reports, and Control.
Each functional access area can be assigned a password. A glebalbpassword provides access to
all three functional areas. Each of these four passwords, cangbe unique or multiple functional
access areas can have the same password.

Allowing the user to restrict access to any of the thre€ funetional access areas from only specific
communication ports provides a second dimension@ef security. For example, you could set
security to deny access to control commands frontthe,rear RS-232 port that is connected through
a modem to a telephone line.

Security settings only affect write access.4You havefead access from any port to any area.

Human-Machine Interface

Each BE1-CDS240 comes with a frontspanehdisplay with LED (light emitting diode) indicators for
power, relay trouble alarm, minor alarm, ‘major alarm, and trip. Each BE1-CDS240 also comes
with the software application program  BESTCOMS for the CDS240. This program is a user
friendly, Windows® based progran thatimakes relay setup and support very easy.

The programmable graphicalgLCBu(liquid crystal display) allows the relay to replace local
indication and control funcétionsiysuch as panel metering, alarm annunciation, and control
switches.

The human-machine interfaee, (HMI) is set up in a menu tree with four scrolling buttons for
navigation. Edit and Resetushbuttons provide access to change parameters and reset targets,
alarms and other registers.’ Scrolling buttons are used for data entry when in edit mode. Edit
mode is indicatedéy an, LED on the Edit button.

The LCD hasyautematic priority logic to govern what is being displayed on the screen so that
when an gperatogapproaches, the information of most interest is automatically displayed without
having 10 navigate”the menu structure. The priorities are targets, then alarms and then the
programmable adtomatic scrolling list.

Up to 16 screefis can be defined in the programmable, automatic scroll list.

ASCIl Command, Interface

Three (3) independent, isolated communications ports provide access to all functions in the relay.
Com 0 is a 9-pin RS-232 port located on the front of the case. Com 1 is a 9-pin RS-232 port
located on the back of the case. Com 2 is a three-terminal, RS-485 port located on the back of
the case.

Standard communications is an ASCIl command interface to allow easy interaction with the relay
using standard, off the shelf, communications software.

1-6
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o The ASCII command interface is optimized to allow automating the procedure for setting the relay,
by allowing settings files to be captured from the relay and edited using any software that
supports *.txt file format. These ASCII *.txt files can then be used to set the relay using the send
text file function of the communications software.

e Modbus™ and other common protocols are optionally available for the RS-485 communigeations
port. A separate instruction manual appropriate for the protocol comes with each unit. Cansultithe
product bulletin or the factory for availability of these options and instruction manuals.

Installation

o The BE1-CDS240 is available in two, fully draw-out, case styles; MX vertical can be mounted as
an M1, M2, FT31, or an FT32. MX horizontal units can be panel mounted or 19" rack mounted.

o Relay terminals are clearly marked on the rear panel.

Testing and Maintenance
o Four (4) testing methods are covered in this manual: acceptance testing, commissioning testing,
periodic testing, and functional testing.

e The relay also provides a virtual testing function that allows the userdo isolate a portion of the
logic program and test it by using a set of switches.

BESTCOMS Software

e BE1-CDS240 BESTCOMS is a 32-bit Windows® baded graphical user interface (GUI). It provides
the user with point-and-click capability for applying settings t6 the relay. This facilitates setting the
relay by eliminating the need for the user go,be ‘thoroughly knowledgeable of the ASCII
commands associated with the relay settings.

PRIMARY APPLICATIONS

The BE1-CDS240 Current Differential System proyides percentage restrained differential protection along
with multiple overcurrent elements and is intended for use in any low impedance current differential
protection application including transformeér,“generaior, motor, reactor, and bus protection. Its unique
capabilities make it ideally suited for applications with the following requirements.

e Applications that require low burden toyextend the linear range of CTs.

e Applications where dedicated®CTsyfor the differential are not available. Unlike traditional
differential relays, dedicated(CT cireuits are not required because each CT input is isolated from
the others and phase shifisgompensation can be accomplished internally.

e Applications that requirethigh accuracy across a wide frequency range such as motor, generator,
and generator step-up'transformer protection or in co-generation facilities.

e Applications that reguire the flexibility provided by wide settings ranges, multiple setting groups
and multiple coordination curves in one unit.

e Applications thatrequire the economy and space savings provided by a multifunction, multi-phase
unit. This onelunit ‘¢éan provide all of the protection, as well as, the local and remote indication,
metering and,conirdl required on a typical circuit.

e Applicationsfthat require harmonic restraint to aid security for the differential.

o Applicationsithat require communication capability and protocol support.

e Applications where the optional case configurations facilitate modernizing protection and control
systems if existing substations.

e Applieations where the capabilities of a digital multifunction relay are required, yet draw-out
construction is also desirable.

e Applications where bus protection is provided by a high-speed overcurrent-blocking scheme on
the transformer bus mains instead of dedicated bus differential circuit.

e Applications where the capabilities of intelligent electronic devices (IEDs) are used to decrease
relay and equipment maintenance costs.
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DIFFERENTIAL PROTECTION APPLICATION CONSIDERATIONS

The principle of current differential relaying is simple in concept. Measure the current flowing into the
protected zone and the current flowing out of the protected zone. These should match exactly (sum to
zero). If they do not, there is a fault within the protected zone. The mismatch in current that results from
the instantaneous summation of the currents into and out of the zone of protection is called the differential
current or the operate current. While the concept is simple, several difficulties present challenges to the
application of this type of protection. The BE1-CDS240 Current Differential System provides several
features that allow it to easily address these complications and enable it to be used in all differential
applications including transformer protection.

Problem 1: False Differential Current Due to Poor CT Performance

General

The principle of current differential relaying requires accurate measurement of the curréents,entering and
exiting the zone of protection. During fault conditions where high current is flowing through the zone of
protection, a CT may saturate and not faithfully reproduce the current flowing in the‘primany’system. This
will cause a false differential current to be seen by the differential relay.

BE1-CDS240 Solution

The percentage restrained differential characteristic, shown in Figure 1-1, istapplied in this application.
The differential current required to cause a trip is a percentage of thegrestraint current. The restraint
current is a measure of the current flowing into or through the zone of pratection” Thus for higher levels of
restraint current, where the CTs may be subject to saturation, higherlevelstefddifferential current must be
seen to cause a trip. The percentage restraint is often called the slope ‘¢haracteristic.
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Figure 1-1. Restrained Differential Characteristic

The BE1-CDS240 relay has two settable restraint current calculation methods: average and maximum.
Average restraint,emulatgs the operating characteristics of common electromechanical relays. Maximum
restraint is recommendéd because it uses the current from the best performing CT to determine the
restraint to use during a fault condition. In addition, digital technology provides a transient monitor
function that enables the BE1-CDS240 relay to detect the onset of CT saturation to ride through the
condition to furthep enhance security from misoperation caused by poorly performing CTs.

Finally, Basler Electric addresses the source of false differential current at its roots. Active CT technology
used on'the eurrent inputs provides low burden to extend the linear range of power system CTs and wide
dynamic‘range to reduce measurement errors at high current levels. Sixteen bit ADC performance and
digital anti-aliasing filters also contribute to minimizing magnitude and angle measurement errors.
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Problem 2: Measured Current Magnitude Mismatch

General

The currents measured by each set of current inputs can be transformed from their primary valugs by
different CT ratios. This is illustrated in Figure 1-2. When the zone of protection includes a transformer,
there is another source of magnitude mismatch that must be accounted for. The primary currents that,the
differential relay must monitor will be on different voltage bases in most cases. This is due to/the
transformer action; the current on each side of the transformer is transformed by the inverse™of the
voltage transformation ratio. This is illustrated in Figure 1-3.

BE1-CDS240 Solution

The BE1-CDS240 relay applies a tap adjustment factor to the measured currents tg'caneel the effect of
dissimilar CT ratio and voltage bases by converting the currents to per unit quantities'®@n a,common base.
The tap-adjusted currents are used by the percentage restrained differential_preétection functions to
determine the restraint and differential currents. Thus, the mismatch in magnitudes under normal
balanced conditions is eliminated. The tap adjustment factor can be manually entered or automatically
calculated by the relay using parameters entered for each CT input circuithandsfor the differential tap
settings.

The setup parameters for each of the current input circuits are described,in Section 3, Input and Output
Functions, Power System Inputs. The CT ratio is included to allow the.currents to be metered, displayed,
and reported in primary values. The CT ratio is also used as a parametenfor the automatic tap calculation
feature.
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Current-out bal@nces euirrent-in (in multiples of tap).

Figure™=2.“TFap Adjust for Mismatch Figure 1-3. Currents on Different
Voltage Bases

The setup parameters for the tap adjustment factor are described in Section 4, Protection and Control,
Differential{Protection. The user can enter the megavolt ampere (MVA) base for the application and the
kilovolt (kV) base for each current input and the relay will automatically calculate the taps using these
settings and the settings for each current input circuit. Alternatively, the user can enter the taps directly for
each CT jnput.

Prablem 3: Mismatch Caused by Load Tap Changers

General

The voltage transformation ratio (and thus the current transformation ratio) of a transformer within the
zone of the differential can be adjusted in service by typically £+10% with the use of load tap changers.
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The tap adjustment factors can be used to eliminate the mismatch when the tap changer is at neutral.
But, when the tap changer is off of neutral, differential current will be measured.

BE1-CDS240 Solution

The percentage restraint characteristic of the differential function mentioned previously allows the relay to
accommodate a prescribed amount of mismatch. The differential current must exceed a percentage of t
through current as described by the slope characteristic setting of the differential protection function. Als
the relay has four setting groups to allow the tap settings and other parameters to be changed
dynamically based upon operating conditions.

L 4
Problem 4: Phase Angle Shift
General
When differential protection is used in a transformer application, the transformer often in a phase
shift between the various current inputs to the zone of protection. An example is a fra rmer with a
delta- connected high side and a wye-connected low side as shown in Figure 1-4,%I ion A. The

currents in the phases connected to the delta side of the transformer are ea e up of the
combination of the current flowing in two legs of the delta winding. On the other d currents in the

phases connected to the wye side of the transformer are made up of the cu ly one leg of the
wye winding. It can be seen that the primary currents flowing into the zone of pretection when tap is
adjusted for magnitude mismatch still do not sum to zero as shown in Figur:1- llustrations B and C.
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Ia=High side, phas 1i rrent la=Low side, phase A line current
Ie=High side, phase B current Ib=Low side, phase B line current
IC=High side, p in rrent Ic=Low side, phase C line current

h
10=Phase A, a g current lav=Phase A, wye winding current %2?2367_'332

Isp=Phase B} delta{winding current Iby=Phase B, wye winding current
Icn:Pﬁs C, Itajwinding current Icy=Phase C, wye winding current

\%ure 1-4. Delta/Wye Transformer Circuits
BE1-CDS240 Solutio

The input currents combined to mimic the way they are combined in the protected power
currents presented to the differential protection are made up of the same
ly, this has been done by special connection of the CTs. Figure 1-5 shows the
transform e 1-4 with the CTs connected. The wye-side CTs can be connected in delta such
rotection is summing IA with la-Ib. The resulting two currents being seen by the
now made up of the same components but exactly 180 out of phase with each other.
They will sum to zero (after tap adjust for magnitude mismatch) under all conditions of balance or
unbalance except when there is a fault inside the zone of protection.

L 4
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Figure 1-5. Three-Phase Connections, Delta-Wye @onfiguration, CT Compensation

There are several drawbacks to the traditional solution:

e The delta connection requires a dedicated set oft\€J's that generally cannot be used for other
purposes.

e The delta connection is more difficult todest.

e The delta-connected CTs experience greater burden than wye-connected CTs because the lead
burden must be multiplied by a factorfof three in the CT performance calculation.

The BE1-CDS240 relays support the traditional, solution so that they may be used in retrofit/modernization
projects. However, in a numerical relay, itjis passible to connect all of the CTs in wye as shown in Figure
1-6 so that the drawbacks mentionedyabove are not a consideration. The BE1-CDS240 relay can
numerically combine currents intefnally & accomplish a numerical delta if required for phase angle
compensation.

The setup parameters for eachof thecurrent input circuits are described in Section 3, Input and Output
Functions, Power System Inputs. The CT connection and the transformer connection are included to
allow the BE1-CDS240 relay, t6®automatically determine the appropriate combination of currents to
present to the differential protection function.
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NOTE

The BE1-CDS240 relay uses transformer internal connection information to
determine the correct phase compensation to use. It is not possible to reliably
determine the phase compensation settings based simply upon phase angle shift
information because the phase shift from high to low side is dependent upon the
phase-sequence of the power system phasors. That is, a power system with ABC
phase-sequence will produce a different phase shift from high to low than a
power system with ACB phase-sequence in the same transformer connection. By
specifying the transformer connections from the three-line diagram, the correct
phase compensation can be determined in all cases.
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Figure 1-6. Three-Phase Cennections, Delta-Wye Configuration, Internal Phase Compensation

Problem 5: Zero#Seguence Current Sources Within the Zone of Protection
General

A ground'source (grounded transformer winding or zigzag grounding bank) within the zone of protection
can result in"diffefential current being measured during ground imbalances. The most common example
of this is whenghe zone of protection is around a delta/grounded, wye transformer. If a ground fault or
neutral imbalance occurs on the power system external to the wye side zone of protection, the zero-
sequence components of the current flow through the grounded neutral and are a component of the
current flowing out of the zone of protection. On the delta side, there is no path for the zero-sequence
components to flow and they circulate inside the delta winding. The result is that this component of the
current is not seen entering the zone of protection on the delta side resulting in a differential current that
can cause the relay to operate.
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BE1-CDS240 Solution

There are two traditional solutions to this problem. The first is using delta phase-shift compensation on
the grounded side of the zone of protection to block the zero-sequence components from getting to the
differential protection. The second is removing the zero-sequence components from the currents using a
zero-sequence trap to prevent them from getting to the differential protection. The BE1-CDS240 provides
both solutions.

In the previous discussion on compensating for the phase shift on the primary system, the solution is to
combine the currents such that the currents seen by the differential are made up of the same components
at all terminals of the zone of protection. This solution has the added benefit of causing the currents to
match (after magnitude mismatch is eliminated by tap adjustment) under all situations of _imbalance
including ground faults. That is, by using delta compensation on the wye side of the power transfesmer to
mimic the power transformer's delta connection, the zero-sequence currents are blockedyfrom flowing to
the differential protection and circulate in the CT delta just as they circulate in the delta“ef, the power
transformer on the delta side.

The BE1-CDS240 selects the proper phase shift compensation settings to not only pravide the correct
phase shift but also to block zero-sequence currents as appropriate.

The second solution of inserting a zero-sequence trap is used in applications whereythere is a grounding
bank within the zone of protection that is not predicted by the transformer“gonnection information
contained in the CT circuit setup parameters. In the example shown in Figure=7, the compensation logic
would require that the delta compensation be applied to the grounded wyé&Wwinding. The grounding bank
on the delta side will cause the differential protection to operate for external ground faults. Figure 1-7
shows how this would be done with traditional differential relays.

Wye/Delta (DAB)
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Figure 1-7. Traditional Zero-Sequence Trap for Application with Ground Banks
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This application is greatly simplified with the BE1-CDS240. The user can connect all CTs in wye and
specify that the delta transformer winding has a ground source. The BE1-CDS240 will apply delta
compensation to the wye winding to obtain phase shift and zero-sequence compensation for that current
input. For the delta winding with ground source, it will numerically remove the zero-sequence compofients
from that current input just as would traditionally be done with a zero-sequence trap. The_setup
parameters for each of the current input circuits are described in Section 3, Input and Output Functi@ns,
Power System Inputs. The parameters specifying CT connection, transformer connection and,ground
source for each current circuit determines the angle and zero-sequence compensation used on each
current input.

NOTE

The BE1-CDS240 relay does not automatically remove the zerossequence
components from all currents presented to the differential protectionsfunctiens as
that can unnecessarily reduce the relay's sensitivity to internal ground-faults by
33%. Also, since the zero-sequence components are removed from all phases, it
can result in confusion during single-phase testing by introducing differential
current in phases not under test.

Problem 6: Transformer Energization Inrush and Overexcitatigh

General

When the zone of protection includes a transformer, excitationiandyenergization inrush currents appear as
differential current because they flow into the zone offprotection and not back out again. Normally,
transformer excitation losses are small. However, when“the transformer is overexcited or upon initial
energization or sympathetic inrush conditions, they can’cause sensitive differential protection to operate.

BE1-CDS240 Solution

Overexcitation and inrush are nonlinear and gthefeurrents have high harmonic content. Inrush is
characterized by high, even harmonics suchgas the second harmonic. Overexcitation is characterized by
high, fifth harmonics. The BE1-CDS240fcalculates”the magnitude of the second and fifth harmonic
components of the differential current. Ifithe differential current is made up of a significant proportion of
either of these two components, théfuserjcan select to inhibit the sensitive percentage restrained
protection from operating.

Since CT saturation can also cause /the, currents seen by the relay to be rich in harmonics, an
unrestrained instantaneous differentialfelement is included to provide dependability for an internal fault
with CT saturation.

During inrush, the second harmonie,edmponent may not be equally shared on all three phases. Because
of this, misoperation can o¢curon a phase with low second harmonic content. Our unique method of
second harmonic sharing impreves security by allowing the harmonic restraint elements to respond to the
ratio of operate current tothe sum of harmonic current measured on all three phases. This is superior to
other methods of cros§ blocking since each phase element operates independently in its comparison of
operating current to tharmonic current. Thus, security is enhanced without sacrificing dependability
because a faultedgpfiase will not be restrained by inrush on unfaulted phases.

To further enhancesecurity from false tripping on inrush, the operating characteristic responds only to the
fundamental component of this highly distorted current thus reducing sensitivity to inrush current yet
allowingdmpreved sensitivity to power system faults.

Problem 7:Bigital Measurement Errors

General

Numericabrelays sample the current and use digital signal processing algorithms to extract magnitude
and angle information to develop their operating quantities. Most methods used are accurate only when
thesampled power system quantity is operating at nominal frequency. Unless steps are taken to
compensate, accuracy falls off very quickly with deviations in the power system frequency.

Another problem that must be overcome with digital technology is the need to use anti-aliasing filters prior
to the sampling process to prevent harmonic components from affecting the measurement. Analog filters
introduce phase shift errors and are subject to attenuation drift that can introduce magnitude and angle
errors to the measurement.
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These problems are more acute for differential protection since the operating quantity (differential current)
is derived from the difference between the measured quantities. Any error in magnitude or angle
measurement can result in large inaccuracies in the differential current measurement.

BE1-CDS240 Solution

Digital relay designers must decide on which of three solutions to use for this problem. They can allow
their relays to misoperate at off-nominal frequency operation. Alternatively, they can disable the
protection at off-nominal frequency. Finally, the can compensate to maintain accuracy at off-nominal
frequency. The BE1-CDS240 uses frequency tracking to adjust the sampling interval to maintain full
accuracy across a wide frequency range so that it is both secure and dependable in all applications. Fer
example, tripping of important transformers during a disturbance that causes the system to ge, unstable
can have a catastrophic affect on an already over stressed power system. Generator andymotor
differential protection applications are another situation where accuracy across a wide frequency range is
important.

To eliminate the errors introduced by analog low-pass filters, the BE1-CDS240 Uuses “digital signal
processing technology and 144 samples per cycle over-sampling to provide digital low-pass filtering.

MODEL AND STYLE NUMBER DESCRIPTION

BE1-CDS240 electrical characteristics and operating features are defined bysa combination of letters and
numbers that make up the style number. The model number, together with the 'style number, describe the
options included in a specific device and appear in the window on the frgntpanel and on a label located
inside the case. Upon receipt of a relay, be sure to check the style number @gainst the requisition and the
packing list to ensure that they agree.

Sample Style Number

The style number identification chart of Figure 1-8 defines the eleetrical characteristics and operational
features included in BE1-CDS240 relays. For example, if the,style number were 2B3N1HON1A1, the
device would have the following features.

BE1-CDS240 —
(2) - Two sets of three-phase currentésensing circuits
(B) - One ampere, independent ground current’ sensing
(3) - Three-phase voltage sensing input
(N) - Six button human-machine interface with liquid crystal display (LCD)
(1) - 48/125 Vac or Vdc power Supply
(H) - Horizontal, panel-mounticase
(0) - ASCII communication'through the RS-485 port
(N) - Not equipped for Ethernet communication
(1) - Battery backup femrealstime clock
(A) - Ten contact outputs and 12 contact inputs. Alarm output is normally closed contact.
(1) - Clear front panel cover

1:16 BE1-CDS240 General Information 9365200990 Rev E



er-cosano] -] [] [3]

- —

MO0
T2 1

]

v OO0

F) 1 Amp Independent Gnd Input

Panel Mount A\
L-size panel

NOTES:

A\ Medium size vertical escutcheon plate for retrofit of GE BDD15/BDD16 (M1/M2) relays
and Westinghouse HU/HU1 (FT31) relays. This plate can also be used for hasizontal
panel mounting (included with "H" and "V" mounting options).

/A Rack mounting flanges for 19" EIA rack mounting (included with "R" mounting, o| .
A\ Large size vertical escutcheon plate for retrofit of GE BDD17 (L2) and Wes use
HU4 (FT42) relays (included with "L" mounting option).

Figure 1-8. Style N e

OPERATIONAL SPECIFICATIO?Q

Metered Current Values and Accu%

Current Range
5 Aac Nominal:
1 Aac Nominal: rS

Accuracy: \
Temperature Depende e‘&
Metered Voltage Val a ccuracy
Voltage Range

3 Wire Sensi
4 Wire

i
0to ertz)

Accurac
504410 300
Temperat endence:

Metered Frequency Values and Accuracy
F equenc? Range:
racy:
ng Input
3 Wire Sensing:
4 Wire Sensing:
Minimum Frequency Tracking Voltage:

S
>

entification Chart

[
NUMBER OF CURRENT POWER RS-485 PORT CONT.
SENSING CIRCUITS NO OPTION SUPPLY PROTOCOL OPTIONS OPTIONS
2) 2 sets of 3-phase 1) 48/125 Vac/dc 0) ASClI 0) None A) 10 out, 121in
currents 2) 125/250 Vac/dc 1) Modbus™ 1) Battery Backup E) 1t’ut, 8in
3) 3 sets of 3-phase 3) DNP 3.0 for Real Time Clock
currents 2) 4000-Point Loa
4) 4 sets of 3-phase Profile Demand Lo
currents 3) 4000-P oa
Profile Del Lo ,—
MOUNTING and Bai B
for R | COVER
CURRENT SENSING , NO OPTION or °
INPUT TYPE H) Horizontal A
Panel Mount 0) No cover
1 Amp Nominal Systems R) Horizontal A 1) Clear cover
B) 1 Amp Independent Gnd Input Rack Mount
V) Vertical
5 Amp Nominal Systems Pangl Mount PO050-34
E) 5 Amp Independent Gnd Input M-size plate
L) Vertical

0.5to 15 Aac
0.1to0 3.0 Aac

1+1% of reading, +1 least significant digit at 25°C

< 10.02% per °C

0to 300 VL
0to 300 VL

10.5% of reading, £1 least significant digit at 25°C

< 10.02% per °C

10 to 75 hertz

10.01 hertz, 11 least significant digit at 25°C

Phase A-B
Phase A - Neutral

10V rms
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Calculated Values and Accuracy

Demand

Range:

Type:

Accuracy:

Temperature Dependence:
Interval:

True Power
Range
5 Ampere CT:
1 Ampere CT:
Accuracy:

Reactive Power
Range
5 Ampere CT:
1 Ampere CT:
Accuracy:

Energy Data Reporting
Range

1 or 5 Ampere CT:
Units of Measure:
Rollover Value of Registers:
Accuracy:

Real-Time Clock
Accuracy:

Resolution:
Date and Time Setting Provisions:

Clock Power Supply Holdup
Capacitor:
Backup Battery (optional):
Battery Type:

87 Differential Function
Restrained Differeftial

0.1 to 1.5 nominal

Exponential

1+1% of reading, £1 digit at 25°C

< 10.02% per °C
1 to 60 minutes

-7,500 kW to +7,500 kW
-1,500 kW to +1,500 kW
+1% at unity power factor

-7,500 kvar to +7,500
-1,500 kvar to +1,500

+1% at zero powe@

100 M
kilo, m g
100,
+19

%

ity power factor

OO

N

N

second per day at 25°C (free running) or
+2 milliseconds (with IRIG synchronization)

millisecond

year and selectable daylight saving time

% Front panel, communications port, and IRIG. Leap

5 Ampere CT:
1 Ampere CT:
Response Time (See Figure 1-9):

correction provided.

8 to 24 hours depending on conditions
Greater than 5 years
Lithium, 3.6 Vdc, 0.95 Ah
(Basler Electric P/N: 9318700012 or
Applied Power P/N: BM551902)

+4% or £75 mA, whichever is greater
+4% or £25 mA, whichever is greater
<2 cycles at 5 times pickup

<3 cycles at 1.5 times pickup

18

BE1-CDS240 General Information

9365200990 Rev E



Unrestrained Differential (87UT)
Pickup Accuracy

5 Ampere CT:

1 Ampere CT:
Response Time (See Figure 1-9):

Harmonic Inhibit

Pickup Accuracy
5 Ampere CT:
1 Ampere CT:

TAP

5 Ampere CT
Range:
Increment:

1 Ampere CT
Range:
Increment:

Minimum Pickup

1 or 5 Ampere CT
Range:
Increment:

Restraint Slope

1 or 5 Ampere CT
Range:
Increment:

Second and Fifth Harmonic
1 or 5 Ampere CT

Range:

Increment:

Unrestrained Pickup e < )
1 or 5 Ampere CT \
Range: \K

Increment:

+3% or £75 mA, whichever is greater
+3% or £25 mA, whichever is greater
<1 cycle at 5 times pickup

<2 cycles at 1.5 times pickup

L 4
12% of setting or 50 mA, whicheyer is greater
2% of setting or 50 mA, whi greater

2.00t0 20.0 A @
0.01 from 2.00 to 9.99
0.1 from 10.0&

0.40 to 4.00
0.01A

. 0 per unit

{‘%
@Stot‘»o%
1%

5.0t075.0 %
0.5%

OO

1 to 21 times TAP up to 30 times | nominal,

symmetrical
1

\g@ I

—4&— Unrestrained
—&— Restrained

Multiple of Pickup

o 0.0 1.0 20 3.0 40 50 60 7.0 80 9.0 10. 11.

00

Figure 1-9. Typical 87 Response Characteristic Curves
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87ND Neutral Differential Function

Restrained Differential (87NDPU, 87NDT)
Pickup Accuracy
5 Ampere CT:
1 Ampere CT:
TAP
5 Ampere CT
Range:
Increment:

1 Ampere CT
Range:
Increment:

Minimum Pickup

1 or 5 Ampere CT
Range:
Increment:

Restraint Slope

1 or 5 Ampere CT
Range:
Increment:

Instantaneous Overcurrent Functions

Current Pickup Accuracy
Phase and Neutral (#50TP, #50TN)
5 Ampere CT:
1 Ampere CT:
Dropout/pickup ratio:
Negative-Sequence (#50TQ)
5 Ampere CT:
1 Ampere CT:
Dropout/pickup ratio:

Current Pickup Ranges (#50T) 1 4

5 Ampere CT \
Range:
Increment: O

1 Ampere CT

Range: @
Increment:
Settable Time Dela racteristics (#50T)

Definite time for any current exceeding pickup
Time Range: &
Time Increment:

+4% or £75 mA O
+£4% or 25 mA O

2.00t0 20.0 A
0.01 from 2.00 to 9.99
0.1 from 10.0 to 20.0

0.40t0 4.00 A \
0.01A

0.10 to 1.00 per unit
0.01
15t0 60 % @

N

% 0 mA

L 4

+
29 +10 mA
\ 95% of pickup value

1+3% or £75 mA
+3% or £15 mA
95% of pickup value

0.5t0 150.0 A

0.01 from 0.50 to0 9.99 A
0.1 from 10.0t0 99.9 A
1.0 from 100 to 150 A

0.1t0 30.0 A
0.01 from 0.01t0 9.9 A
0.1 from 10.0 to 30.0 A

0.00 to 60.0 seconds

1 ms from 0 to 999 ms
0.1sfrom1.0t09.99 s
1sfrom10to 60 s

+0.5% or %4 cycle, whichever is greater, plus trip
time for instantaneous response (0.0 setting)
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#50TQ: 1+0.5% or +1 cycle, whichever is greater, plus trip
time for instantaneous response (0.0 setting)

Trip Time for 0.0 Delay Setting
#50TP, #50TN: 1%acycles maximum for current 5 times the pi @

setting.
2 cycles maximum for current 1.5 times up

4 cycles maximum for current 1.05 times the
pickup setting
#50TQ: 2V cycles maximum for current 5 times the pickup

setting.
3 cycles maximum for curren imes pickup.
5 cycles maximum for curre imes the

pickup setting. @
Time Overcurrent Functions

Current Pickup, Phase, and Neutral (#51P, #51N)

Dropout/pickup ratio: 95% of pickup va
Pickup Accuracy

5 Ampere CT: 2% or £

1 Ampere CT: +2%©nt
Current Pickup, Negative-Sequence (#510Q)
Dropout/pickup ratio: up value
Pickup Accuracy &

5 Ampere CT: +3 175 mA

1 Ampere CT: % or 15 mA
Current Input All 51 Functions @
5 Ampere CT

Range: 0.50t0 16.0 A

Increment: \2 0.01 from 0.50 to 9.99

0.1 from 10.0 to 16.0

1 Ampere CT
Range: 0.10t0 3.20 A
Increment: & 0.01A
Time Current Characteristi ms
Timing Accuracy (All 51% ): Within £5% or +17% cycles, whichever is greater
for time dial settings greater than 0.1 and
O multiples of 2 to 40 times the pickup setting, but
not over 150 A for 5 A current sensing units or 30
A for 1 A current sensing units. See Appendix A
for information on available timing curves.
Volts/HZ (2
Pickup
Range: 0.5t06 V/IHz
Accuracy:’ +2%
Integrating Time Delay
Dial: 0.0t0 9.9 V/Hz
set Dial: 0.0t0 9.9 V/Hz
Accuracy: 5% or 4 cycles, whichever is greater
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Dy

V / Hz Measured
V / Hz Nominal

Tr

(Vrcvem )

Equation 1-1. Time to Trip

Where:
T+ = Time to trip
Tr= Time to reset
D+ = Time Dial trip
Dg = Time Dial, reset
Er = Elapsed time
N = Curve exponent (0.5, 1, 2)
FST = Full scale trip time (Ty)

E1/FST = Fraction of total travel toward trip that integration had progressed to.

will be equal to one.)

Definite Time Delay
Range:
Accuracy:

Phase Undervoltage Function (27P/127P)

Pickup
Setting Range:
Setting Increment:

Accuracy:
Dropout/Pickup Ratio:

Time Delay
Setting Range:
Increment:

L 4

S
5

N

Accuracy:

Negative-Sequence Voltage

Pickup
Setting Range:
Setting Increment:

(47)

NS
D

Equation 1-2. Time to Reset O
L 4

er a trip, this value

2

hever is greater

arange of 0to 99 V

. or a range of 100 to 150 V
+2% or 1V

102%

0.050 to 600 seconds

1 ms from 0 to 999 ms
0.1sfrom1.0t09.9s

1 s from 10 to 600 s

1+0.5% or £1 cycle, whichever is greater

1.0 to 300 V|.N
0.1V from 0to 99.9 V
1.0 V from 100 to 300 V

Accuracy: +2% or 1V
Dropout/Pickup R 98%
Time Delay
Setting Range: ¢ 0.050 to 600 seconds
Incremen 1 ms from 0 to 999 ms
0.1sfrom1.0t09.9s
1 s from 10 to 600 s
$y: 10.5% or £1 cycle, whichever is greater
szz BE1-CDS240 General Information 9365200990 Rev E



Phase Overvoltage Function (59P/159P)

Pickup
Setting Range:
Setting Increment:

Accuracy:
Dropout/Pickup Ratio:

Time Delay
Setting Range:
Increment:

Accuracy:

Auxiliary Overvoltage Function 3VO0 (59X)

Pickup
Setting Range:
Setting Increment:

Accuracy:
Dropout/Pickup Ratio:

Time Delay
Setting Range:
Increment:

Accuracy:

Frequency (81, 181, 281, 381, 481, 5&%2
Pickup @

Setting Range:
Setting Increment: S
Accuracy:

Time Delay
Setting Range:
Increment:

Fault Detect Pickup
5ACT:
Accuracy:
T:
ccuracy:

Accuracy:
Delay Timer:

10 to 300 V
0.1Vfrom0to99.9V
1.0 V from 100 to 300 V
2% or1V

98%

4
0.050 to 600 seconds

1 ms from 0 to 999 ms @
0.1sfrom1.0t09.9s \
1sfrom10t060 s

£0.5% or £1 cycle, whiche @ is greater

1to 150 V
0.1V (for@r

of 0 t0 99.9)
e of 100 to 300)
hichever is greater

%o 600 seconds

&\s from 0 to 999 ms
.1sfrom1.0t09.9s
1sfrom10to 60 s

10.5% or +1 cycle, whichever is greater

40.00 to 70.00 Hz
0.01 Hz
+0.01 Hz

0.000 to 600 seconds
1 ms from 0 to 999 ms
0.1 sfrom1.0t0 9.9
1 s from 10 to 600 s

10.5% or 1 cycle (Minimum trip time is affected by
minimum 3 cycle security count.)

0.25-10A

2% or 0.05 A
0.05-2A

+2% or 0.01 A

0.01 A-0.050 A
+2.5% or 0.0025 A

50 to 999 milliseconds
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Accuracy:

Control Timer:
Accuracy:

General Purpose Timers (62, 162, 262, 362)
Modes:

Range:
Increment:

Accuracy:

VT Fuse Loss Monitoring (60FL)
Nominal Voltage:
Nominal Current

5 A Current Sensing:

1 A Current Sensing:

Automatic Setting Group Characteristics
Number of Setting Groups:

Switch Level
Range:

Accuracy
5 A Current Sensing:
1 A Current Sensing:
Switch Timer
Range: 'S
Increment:

Accuracy:
BESTlogic \
Update Rate: O

N
>
$

10.5% or £V cycles; whichever is greater plus 2V
cycles maximum for currents = 5 times pickup
setting. Three cycles maximum for a current of 1.5
times pickup. Four cycles maximum for a current
of 1.05 times the pickup setting.

50 to 999 milliseconds O
+0.5% or +%% cycles

L 4

Pickup/Dropout, 1 Shot Nonretri ger% Shot
Retriggerable, Oscillator, Integrating;, L
0 to 9,999 seconds \

1 ms from 0 to 999 ms

0.1sfrom1.0t09.9s

1 s from 10 to 9,999 s

10.5% or % cycles, whi greater
50 to 250 V (b

0.5to 10

0.1to2

4

&

t 0% of the setting group 0 #51 Phase,
eutral, or Negative-Sequence pickup setting

+2% or +50 mA
+2% or +10 mA

0 to 60 minutes (0 = disabled)
1 minute
10.5% or +2 seconds, whichever is greater

Ya cycle
GENERAL SPE@NS
AC Current Inputs
5 Ampere CT
Continuous rating: 20 A
One second rating: 400 A

For other, urrentﬁvels, use the formula | = (K/t)yz where t = time in seconds and K = 160,000.

(saturate):

150 A
<10 mQ at 5 Aac
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1 Ampere CT

Continuous Rating: 4A

One second rating: 80 A

For other current levels, use the formula | = (K/t)Vz where t = time in seconds and K = 6,400.

Begins to Clip (saturate): 30A

Burden: <22 mQ at 1 Aac

Analog to Digital Converter .

Type: 16-bit

Sampling Rate: 144 samples per cycle into di r

Digital Filter Output: 24 samples per cycle

Frequency Tracking: 40to 63 Hz

Power Supply @

Option 1 (48/125 Vac/Vdc) Q

Input Voltage Range: 35 to 150 Vdc t 5 Vac

Burden: 11 W continu , 1 maximum with all outputs
energized

Frequency Range: 40 to,70 @

Option 2 (125/250 Vac/Vdc)
Input Voltage Range:

Burden: continuous, 13 W maximum with all outputs
rgized

Frequency Range: %t 0 Hz

Output Contacts

Make and Carry for Tripping Duty: Q 7 A continuous, 30 A for 0.2 seconds per ANSI

C37.90

Break Resistive or Inductive: 0.3 A at 125 or 250 Vdc (L/R = 0.04 maximum)

Control Inputs

Voltage Range: Same as control power

Turn-On Voltage . O

Option 1 (48/125 Vac/Vdc): \ 26 to 38 V

Option 2 (125/250 Vac/Vdc 69 to 100 V

Input Burden: Burden per contact for sensing depends on the

power supply model and the input voltage. Table

O 1-1 provides appropriate burden specifications.

Table 1-1. Control Input Burden

Burden
er Supply
Jumper Installed Jumper Removed
48/125V 35 kQ 90 kQ
125/250 V 90 kQ 185 kQ
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IRIG

Standard: 200-98, Format B002

Input Signal: Demodulated (dc level-shifted digital signal)
Logic-High Voltage: 3.5 Vdc, minimum

Logic Low Voltage: 0.5 Vdc, maximum

Input Voltage Range: 120 Vdc, maximum

Burden: Nonlinear, approximately 4 kQ at 3.5 Vdc,

approximately 3 kQ at 20 Vdc

Contact Inputs
Recognition Time: Programmable from 4 to 255 milliseconds

NOTE

All timing specifications are for the worst-case response. This in¢ludes output
contact operate times and standard BESTlogic operation timing, but excludes
input debounce timing and non-standard logic configurationsy, If‘a nonstandard
logic scheme involves feedback, then one or more BESTlagic update rate delays
must be included to calculate the worst-case delay. Ampexample of feedback is
virtual outputs driving function block inputs or other higher numbered virtual
outputs, or function block outputs driving funetion block inputs. For more
information, see Section 7, BESTlogic Programmahle‘kogic.

Communication Ports

Interface

Front RS-232 (COM 0): 300 tox9,200 baud, 8N1 full duplex

Rear RS-232 (COM 1): 300(to 19,200 baud, 8N1 full duplex

Rear RS-485 (COM 2): 300 to 19,200 baud, 8N1 half duplex

Display

Type: Graphic LCD (liquid crystal display) with LED
(light emitting diode) back-light.

Operating Temperature: -40°C to 70°C (-40°F to 158°F).
display contrast may be impaired at temperatures
below -20°C (-4°F).

Isolation

2,000 Vac at 50/60 Hz in accordance with IEEE C37.90 and IEC 255-5. (Includes communication ports.)

Surge Withstand Capability:

Oscillatory

Qualified to IEEE C37.90.1-2001, Standard Surge Withstand Capability (SWC) Tests for Protective
Relays and Relay Systems.

Fast Transient

Qualified to IEEE C37.90.1-1989, Standard Surge Withstand Capability (SWC) Tests for Protective
Relays and Relay Systems.

Radio Frequency Interference (RFI)

Qualified, to“lIEEE C37.90.2-1995, Standard For Withstand Capability Of Relay Systems To Radiated
Elegtromagnetic Interference From Transceivers.

Electrostatic Discharge (ESD)
8 kV¥contact discharges and 15 kV air discharges applied in accordance with IEC 60255-22.
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Shock
Qualification: IEC 255-21-2, Class 1

Vibration O
Qualification: IEC 255-21-1, Class 1 O
Environment

Temperature

Operating Range: -40°C to 70°C (-40°F to 158°F) *
Storage Range: -40°C to 70°C (-40°F to 158°

Humidity

Qualified to IEC 68-2-38, 1st Edition 1974, Basic Environmental Test Proce%\rt 2: Test Z/AD:

Composite Temperature Humidity Cyclic Test.

UL Recognition

U.L. recognized per Standard 508, U.L. File Number E97033. N t contacts are not U.L.
recognized for voltages greater than 250 V.

C.S.A. Certification
C.S.A. certified per Standard CAN/CSA-C22.2 Number 1 1, A. File Number LR23131. Note:
Output contacts are not C.S.A. certified for voltages greater th volts.

GOST-R Certification
GOST-R certified No. POCC US.ME05.B03391; 'N‘npliance with the relevant standards of
b

Gosstandart of Russia. Issued by accredited certifica&o y POCC RU.0001.11MEO05.

Patent

U.S. Patent No. 5014153. @

Physical

Weight

Unit Weight: @ 12 Ibs (5.4 kg) maximum
Shipping Weight: O Approximately 16.5 Ibs (7.5 kg)

Case Configurations ¢

M Horizontal: Panel or 19" rack-mount, draw-out

M Vertical: K M1, M2/FT31, FT32 size, draw-out
L Vertical: O L2/FT42 size, draw-out

Q>®
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SECTION 2 ¢ QUICK START

GENERAL

This section provides an overview of the BE1-CDS240 Current Differential System. You should bé familiar
with the concepts behind the user interfaces and BESTIlogic before you begin reading about the\detailed
BE1-CDS240 functions. Sections 3 through 6 in this manual describe in detail each function of the*BE1-
CDS240.

The following information is intended to provide the reader with a basic understanding of the three user
interfaces (front panel human-machine interface (HMI), ASCII serial communications link, and the
BESTCOMS for BE1-CDS240 software) and the security features provided ingthe{ BET-CDS240 relay.
Detailed information on the operation of the HMI (human-machine interface) is i, Segtion 10, and the
information on ASCII command communications is in Section 11. BESTCOMSyis ayWindows® based
software application (graphical user interface) that enhances communication(between the PC user and
the BE1-CDS240 relay. BESTCOMS for the BE1-CDS240 is provided free of, charge with the BE1-
CDS240 and details are provided in Section 14.

Also covered in this section is an overview of BESTlogic. BESTlogic_is, a“highly flexible programmable
logic system that allows the user to apply the available functions with' complete flexibility and customize
the system to meet the requirements of the protected power system. Detailed information on using
BESTIlogic to design complete protection and control schemes for the protected circuit can be found in
Section 7, BESTlogic Programmable Logic, and Section 8, Application.

Sections 3 through 6 describe each function provided in the BET:CDS240 relay and include references to
the following items. Note that not all items are appropriatesfor each function.

o HMI screens for setting the operational parametérs
e ASCIl commands for setting the operational parametérs

e ASCIl commands for setting up the BESTIlogicfeguired to use the function in your protection and
control scheme

e Outputs from the function such as Alakms, BESTlogic variables and data reports
¢ HMI screens for operation or intefrogation of the outputs and/or reports provided by each function

e ASCIl commands for operatiomer interrogation of the outputs and/or reports provided by each
function

About This Manual

The various application functions provided by this multifunction relay are divided into four functional
categories: input/output funétiognsyprotection and control functions, metering functions, and reporting and
alarm functions. Detailed descriptions of each individual function, setup, and use are covered in the
Sections as shown in Table 2-1¥Detailed information on using programmable logic to create your
protection and control scheme'is,described in Section 7, BESTlogic Programmable Logic.

Table 2-15Function Categories and Manual Sections Cross-Reference

Section Title Section
Input and Output Functions 3
Pretection and Control
Metering
Reporting and Alarm Functions
BESTlogic Programmable Logic
Application

O|IN|[O |01 D

BESTLOGIC

Each’ of the protection and control elements in the BE1-CDS240 is implemented as an independent
function that is equivalent to a single function, discrete device counterpart. Each independent element
has all of the inputs and outputs that the discrete component counterpart might have. Programming
BESTIlogic is equivalent to choosing the devices required by your protection and control scheme and
drawing schematic diagrams to connect the inputs and outputs to obtain the desired operational logic.
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The concept is the same but the method is different in that you choose each element by enabling it and
use Boolean logic expressions to connect the inputs and outputs. The result is that you have even greater
flexibility in designing your system than you had using discrete devices. An added benefit is that you are
not constrained by the limitations in flexibility inherent in many multifunction relays.

One user programmable, custom logic scheme created by the user may be programmed and saved in
memory. Or, the user may choose from one preprogrammed logic scheme embedded in the relay
firmware or several preprogrammed logic schemes in the BESTCOMS logic library that can be copied to
the relay. Preprogrammed schemes can reduce or eliminate the need for programming by the user.

Preprogrammed logic settings can also be modified after being saved in the relay. This provides a good
starting point for a custom logic scheme. To modify the preprogrammed scheme, it is hecessary to enter a
unique name for the new logic before modifying the settings. Naming the new logic distinguishesyit from
the preprogrammed logic scheme. In the 16 character preprogrammed logic name, the Yast 4*characters
refer to revision A, dash (-), and BE (Basler Electric). When customizing a programmed logic'scheme, it is
recommended that the user include the revision level of their scheme and change the BE tosa 2-digit code
representative of the user's company name. For example, if VA Power were modifying the CDS240-
BATX-A-BE the preprogrammed logic scheme might be CDS240-BATX-B-VP, the B standifg for revision
level B, and VP for VA Power.

There are two types of BESTIlogic settings: element (function block) logicgSettings and output logic
settings. These will be described briefly in the following paragraphs. Detailed “information on using
BESTlogic to design complete protection and control schemes for the pretected, circuit can be found in
Section 7, BESTlogic Programmable Logic and Section 8, Application.

Characteristics of Protection and Control Elements

As stated before, each element (function block) is equivalent, toma, discrete device counterpart. For
example, the transformer differential element in the BE1-CDS240 relay has all of the characteristics of a
version of the BE1-87T transformer differential relay with similagfunctionality. Figure 2-1 shows the 87
phase differential element inputs and outputs.

Mode =
0-disable
1- enabled

PERGENT £ (QF"RPU

DIFF
withy,  —OB8RT

Harmonic 7UT
Restraint OS v

82) 2NDHAR

BLK
*———p OSTHHAR

D2840-23
01-28-99

Figure 251. 87 Phase Differential Element

Two inputs:
e Mode (enable/disable8¥ operation)
e BLK (block 87 operation) Five operational settings:
Five outputs: e Minimum pickup
e 87RPU (87°Restrained Pickup) e Slope
e 87RT (87 Restrained Trip) e 2" Harmonic Inhibit
e 87UT (8ZMnrestrained Trip) e 5" Harmonic Inhibit
e 2NDHAR (2%Harmonic Inhibit Status) ¢ Unrestrained Pickup

e 5THHAR (5" Harmonic Inhibit Status)

Of the 'aboeve, characteristics, the five operational settings are not included in the logic settings. They are
included in the protection settings. This is an important distinction. Since changing logic settings is similar
to rewiring a panel, the logic settings are separate and distinct from the operational settings such as
pickups and time delays.
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Element Logic Settings

To use a protection or control element, two items need to be set. These are the mode and the input logi€.
The mode is equivalent to deciding which devices you want to install in your protection and coptrel
scheme. You then must set the logic variables that will be connected to the inputs.

For example, the 51N element has two modes (disabled and enabled), and one input, block*(torque
control). To use this element, the logic setting command might be SL-51N=1,/IN2 for Set Logic-51N tajbe
Mode 1 (enabled) with the element blocked when contact sensing Input 2 is not (/) energized. Contact
Sensing Input 2 would be wired to a ground relay enable switch.

As noted before, the protection settings for this element, pickup, time dial, and curve, must be set
separately in the setting group settings. The setting might be S0-51N=6.5,2.1,S1Rafor Set in Setting
Group O - the 51N function = to pickup at 6.5 amps with a time dial of 2.1 using eturve S1 with an
integrating reset characteristic.

The 51N element has two logic output variables, 51NT (Trip) and 51NPU (Picked™W¥p). The combination of
the logic settings and the operational settings for the element govern how these variables respond to logic
and current inputs.

Output Logic Settings

BESTlogic, as implemented in the BE1-CDS240, supports up to 6 ouUtput expressions. The output
expressions are called virtual outputs to distinguish them from the physical output relays. In the BE1-
CDsS240, any virtual output (VO1 through VO16) can drive any physical output relay (OUT1 through
OUT14). VOA is different in that it will always drives physi€al output relay, Out A which is the fail safe
alarm output. Other virtual outputs may be assigned to or removed frem OUTA, but VOA will always drive
OUTA. In addition, any of the virtual outputs can be usegdyfor intermediate logic expressions.

For example, OUT1 is wired to the trip bus of a circuit,breaker. To set up the logic to trip the breaker, the
BESTlIogic setting command might be SL-VO1=VO11+201T+BFPU for Set Logic - Virtual Output 1 = to
Virtual Qutput 11 (which is the intermediate logic expressionffor all of the element tripping outputs) or (+)
101T (the trip output of the virtual breaker control_switeh) or (+) BFPU (the pickup output of the breaker
failure element that indicates that breaker faildre/has “been initiated). To assign this to OUT1, the
BESTlogic command would be SL-OUT1=VO1.

USER INTERFACES

Three user interfaces are provided for inteéracting with the BE1-CDS240 relay: the front panel HMI, ASCII
communications, and the BESTCOMS*for, BE2-CDS240 software. The front panel HMI provides access to
a subset of the total functionality ofithe device. ASCIl communications provides access to all settings,
controls, reports, and metering funetionality of the system. The BESTCOMS for BE1-CDS240 software
provides a Windows based, user-friendly environment for editing settings files and uploading and
downloading them from the relay (SeefSection 14 for details).

Front Panel HMI

The front panel HMI caonsistSyofya two line by a 16 character LCD (liquid crystal display) with four scrolling
pushbuttons, an edit{pushbutton, and a reset pushbutton. The EDIT pushbutton includes an LED to
indicate when edit_ mode, is active. There are five other LEDs for indicating power supply status, relay
trouble alarm statusg programmable major and minor alarm status, and a multipurpose Trip LED that
flashes to indicateythat/a protective element is picked up. The Trip LED lights continuously when the trip
output is efergized and seals in when a protective trip has occurred to indicate that target information is
being displayed orvthe LCD. A complete description of the HMI is included in Section 10, Human-
Machinellinterface.

The BE1-CD$240 HMI is menu driven and organized into a menu tree structure with six branches. A
complete menu tree description with displays is also provided in Section 10, Human-Machine Interface. A
list of the menu branches and a brief description for scrolling through the menu is in the following
paragraphs.

1. REPORT STATUS. Display and resetting of general status information such as targets, alarms,
recloser status, etc.

2. CONTROL. Operation of manual controls such as virtual switches, selection of active setting
group, etc.

3. METERING. Display of real time metering values.
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4. REPORTS. Display and resetting of report information such as time and date, demand registers,
breaker duty statistics, etc.

5. PROTECTION. Display and setting of protective function setting parameters such as logic
scheme, pickups, time delays, etc.

6. GENERAL SETTINGS. Display and setting of non-protective function setting parameters such as
communications, LCD contrast, and CT ratio.

Each screen in the menu tree displays the path in the upper left hand corner of the screen. Additionally,
each screen is assigned a number in the HMI section. The path indicates the branch and level in the
menu tree structure. This path should help you to keep track of where you are when you leave the menu
tree top level. You scroll through each level of the menu tree by using the right and lefir scrolling
pushbuttons. To go to a level of detail, you use the down scrolling pushbutton. Each time(you go to a
lower level in the menu tree, another string is added to the path and separated by a backslash.

For example, to check or change the 51N pickup setting in Setting Group 3, you wouldgpress the right or
left scrolling pushbuttons to get to Screen \PROT - PROTECTION. You would thep press the down
scrolling pushbutton to get to the next level of detail and the right or left scrolling4pushbutton to get to
Screen \PROT\SG3 - SETTING GROUP 3. To continue, you would press the down anéythen the right or
left scrolling pushbuttons to get to Screen \PROT\SG3\51 INVERSE TIME OVERCURRENT and then
Screen \PROT\SG3\51\51 - 51 Settings. On the screen shown in Figure 2-2; theypickup, time dial and
curve settings for the 51P/N/Q functions can be read and/or edited. To return,to the top level from this
location, you would press the Up scrolling pushbutton three times.

\PROT\SG3\51\51

MODE PU TD CRW
51P 1 10.3 9.99 B4R
51N G 1.0 0.20¢R5
510 0 xx.x X.xxX @4R

<251 >151

D2840-35
04-02-03

Figure 2-2361 HMI Screen

ASCIl Command Communications

The BE1-CDS240 relay has three indepéndent®€ommunications ports for serial communications. Basler
Terminal in BESTCOMS can be ¢onnected)to any of the three ports so that the user may send
commands to the relay. Alternatively, @aycomputer terminal or PC running a terminal emulation program
such as Windows® Terminal can e, used¥in the same manner. Communication with the relay uses a
simple ASCII command language:,\When, a command is entered via a serial port, the relay responds with
the appropriate action. The AS€II"eemmand communications is designed for use in both human-to-
machine interactions and in hatch download type operations. The following paragraphs briefly describe
the command structure and_thendiscuss human-to-machine interactions and batch command text file
operations for interactingfwith the relay. The operation of the ASCII commands is described in detail in
Section 11, ASCII Cédmmand Interface.

Command Structdre

An ASCII command congists of a command string made up of one or two letters followed by a hyphen
and an object name. Zhe first letter specifies the general command function and the second a sub-
grouping. The object name is the specific function for which the command is intended. If the command
string is entered by itself, it is a read command. If the command string is entered followed by an equal
sign and one or More parameters, it is a write command. The general command groupings are organized
into six major groups plus several miscellaneous commands. These commands are as follows:

C CONTROL. Commands to perform select before operate control actions such as tripping and closing
the,circuit breaker, changing the active setting group, etc. Sub-groupings include S for Select and O
for Operate.

G\, GLOBAL. Perform global operations that do not fall into the other general groupings such as
password security. Sub-groupings include S for security settings.
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M  METERING. Read all real time metering values. This general command grouping has no sub-
groupings.

P PROGRAM. Subgroup command to read or program a setting.

R REPORTS. Read and reset reporting functions such as time and date, demand registers, breaker
duty statistics, etc. Sub-groupings include: A for Alarm functions, B for Breaker monitoring féinctions,
D for Demand recording functions, F for Fault summary reporting functions, G for,Gengral
information and S for Sequence of Events recorder functions.

S SETTINGS. Set all setting parameters that govern the functioning of the relay. Sub-groupings
include: 0,1,2,3 for settings in setting groups, A for alarm settings, B for breaker monitoring settings,
G for general settings, L for logic settings.

MISCELLANEOUS. These include Access, Exit, and Help.

Examples of object names would be 51N for the neutral inverse time overcurrent element or PIA for the A
phase, peak current demand register.

For example, to check the 51N pickup setting in Setting Group 3, you would enter;S3-51N for Settings,
Group 3-51N. The relay would respond with the current pickup, time dial, andieurve settings for the 51N
element. To edit these settings, the same command would be used with ams followed by the new settings
and the enter pushbutton. The user should note that it is necessary to“Use the Access and Exit
commands when using the write version of these commands.

Human-to-Machine ASCII Command Operations

The ASCIlI command scheme allows the user to read andfor, write settings and operational items on a
function-by-function basis. However, this also requires a greatymany commands. The mnemonic format of
the commands is designed to facilitate interactive communications’ with the relay. It is not necessary to
remember all of the object names. Most commands support¥a multiple read version where it is not
necessary to specify a complete object name. You can.enterthe first two letters of a command and the
relay will respond with all applicable objects.

For example, you want the relay to report the breaker<@perations counter reading. You can enter RB for
Report Breaker and the relay will respond with all ofithe breaker report objects including the operations
counter. If you had remembered that the objeet name s OPCNTR, you could have entered RB-OPCNTR
and received only the operations counter‘repart. Partial object names are also supported. For example,
you wish to read the entire peak-since-reset demand registers. You can enter RD-PI for Report Demand -
Peak Current (1) and the relay will respohd with,the values and time stamps for A, B, C, N and Q. To reset
all five of the peak since reset demand.registers, enter the command RD-PI=0. To read only the value for
the neutral demand, the full object name/weuld have been entered (RD-PIN).

Batch Command Text File Operations

With a few exceptions, eachpfunction of the relay uses one command to set it and each setting command
operates on all of the parameters fequired by that element. See the example mentioned above in the
paragraph titted Command &tructure. This format results in a great many commands to fully set the relay.
Also, the process of settifig the, relay does not use a prompting mode where the relay prompts you for
each parameter in turn_until'yiow exit the setting process. For these reasons, a method for setting the relay
using batch text files i§ recommended.

In batch upload type,Operations, the user creates an ASCII text file of commands and sends it to the
relay. To facilitate this¢process, the response from a multiple read command is output from the BE1-
CDS240 in cammand.format. Therefore, the user need only enter S for Set (with no subgroup) and the
relay responds with all of the setting commands and their associated parameters. If the user enters S2 for
Set Graup 24 the,relay responds with all of the setting commands for Setting Group 2. The user may
capture this response to a file, edit it using any ASCII text editor, and then send the file back to the relay.
See Section'®?, ASCII Command Interface, for a more detailed discussion of how to use ASCII text files
for setting the relay.

BESTCOMS for BE1-CDS240, Graphical User Interface

Basler Electric's graphical user interface (GUI) software, BESTCOMS, is an alternative method for quickly
developing setting files in a friendly, Windows® based environment. Using the GUI, you may prepare
Setting files off-line (without being connected to the relay) and then upload the settings to the relay at your
convenience. These settings include protection and control, operational and logic, breaker and
transformer monitoring, metering and fault recording. Engineering personnel can develop, test, and
replicate the settings before exporting it to a file and transmitting the file to technical personnel in the field.
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On the field end, the technician simply imports the file into the BESTCOMS database and uploads the file
to the relay where it is stored in nonvolatile memory.

The GUI also has the same preprogrammed logic scheme that is stored in the relay in addition to a library
of additional logic schemes. This gives the engineer the option (off-line) of developing his setting file using
a preprogrammed logic scheme, customizing a preprogrammed logic scheme, or building a scheme from
scratch. Files may be exported from the GUI to a text editor where they can be reviewed or modified. The
modified text file may then be uploaded to the relay. After it is uploaded to the relay, it can be brought into
the GUI, but it cannot be brought directly into the GUI from the text file. The GUI logic builder uses basic
AND/OR gate logic combined with point and click variables to build the logic expressions. This reduces
the design time and increases dependability.

The GUI also allows for downloading industry standard COMTRADE files for analysiS ofmstored
oscillography data. Detailed analysis of the oscillography files may be accomplishied, using /Basler
Electric's BESTWAVE software. For more information on Basler Electric's Windows® based"BESTCOMS
(GUI) software, refer to Section 14, BESTCOMS Software. For information on BESTWAVEycontact your
local sales representative or the Basler Electric Technical Support Services Departmént/in Highland,
lllinois.

GETTING STARTED

Connections

Figure 12-17, in Section 12, Installation, shows typical external dc gontrol gonnéctions. If your relay has
Power Supply Option 1 or 2, it can be supplied by normal 120 Viaeyhouse power. These two power
supply options (1 and 2) are the midrange and high range AC/DC powerisupplies. The contact sensing
inputs are half-wave rectified opto-isolators. The default contacterecegnition and debounce settings
enable their use on ac signals as well as dc signals.

Section 12 also shows typical external ac sensing connections:§lhe relay measures the A phase, B
phase, and C phase current magnitudes directly from the threg, current sensing inputs on Circuit #1 (this
is dependent on style configuration). Circuit #2 measurgS the Avphase, B phase, and C phase current
magnitudes directly from the three current sensing) ipputs. The neutral and negative-sequence
magnitudes are calculated from the fundamental gomponenigof each of the three-phase currents. When
evaluating the negative-sequence functions, the 4glay €an be tested using a two-phase current source. To
fully evaluate the operation of the relay in the4power system, it is desirable to use a three-phase current
source.

Connect a computer to the front RS-232 port (refer to Section 12, Installation, for connection diagrams).
Apply power and set the clock using the RG-TIME= and RG-DATE= commands (refer to Appendix C,
Terminal Communication, and Section 11§ ASCIl*fCommand Interface, for additional information).

Entering Test Settings

Use BESTOMS to enter test settingsisee Section 14, BESTCOMS Software, for details) or enter SG (Set
General) to get a listing of the general setting commands with default parameters and put them in a text
file as described previously in Batch @@mmand Text File Operations. Then enter SO (Setting Group Zero)
to get a listing of the Setting Group)0 protection setting commands with default parameters and put them
in a text file. With these twe,stibgroups of settings, you will not see the global security settings, user
programmable BESTlogi¢ settings, settings for protection Setting Groups 1, 2, and 3, settings for alarm
functions, and the settings{orreaker monitoring functions.

Open the SG filedn a text editor, change settings as required, and save the changes. For example:
e The ratios,for thefphase and neutral current transformers (CT2, CTG).

e The demandiinterval and CT circuit to monitor for the phase, neutral and negative-sequence
currents (DIP, DIN, DIQ).

e The nomipal system frequency (FREQ).
e The normal phase-sequence (ABC or ACB) for the system (PHROT).
Open the'sQ¥file in a text editor, change settings, as required, and save the changes. For example:
e “Fhe differential taps setting by putting the 87 function in manual and selecting tap values (87).
¢\ The pickup, time dial, and curve for the 51 functions (51P, 51N, 51Q).
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While editing this file, it is necessary to set a logic scheme to be active using the SL-N= (Set Protection
LOGIC) command. The default setting is BASIC-87, which means that several protection elements are
enabled and interconnected but are disabled with settings of zero. See Section 8, Application,_for
diagrams that describe the BASIC-87 logic scheme.

Enter A= to gain setting access and then send each of these text files to the relay as describedsabove
under Batch Command Text File Operations. Do not forget to add E;Y (Exit; Save Settings? Yes) tofthe
end of both files.

As you gain knowledge of the relay, you can experiment with the rest of the settings. To set up a file with
all user settings, enter S and the relay will respond with all settings in command format. The acceptance
test procedure in Section 13, Testing and Maintenance, provides a basic procedure for creating a file with
all user settings.

Checking the State of Inputs

Section 8, Application, shows the Basic Differential (CDS240-BA87-A-BD) logi¢ diagram. Review this
logic to help understand the following discussion. In this scheme, IN1 and IN2 aré being used to show the
position of the breakers in the sequence of events record (SER). Input 3 is shewing the status of the 86
lockout relay. Inputs 6 to 8 can be used for alarm annunciation. You cantguickly review the state of the
inputs in three different ways: one, through the front panel HMI, two, usifig,the"ASCII command interface,
or three using BESTCOMS, Metering screen.

The front panel HMI displays the input status on Screen 1.4.1, \STAR\ORER\INPUT. A diagram showing
all of the menu tree branches is located in Section 10, Human-Maghin€ Interface. To get to this screen,
press the Up scrolling pushbutton until you reach the top sereen imythe current branch. You know when
you have reached the top screen because the screen stops‘¢hanging when you press the Up scrolling
pushbutton. From this position, press the Right scrolling,pushbutton until you have reached the screen
titted, \STATUS BE1-CDS240 REPORT STATUSHh, Erom, this position, press the Down scrolling
pushbutton one time (\STAT\TARGETS) and press theyRight scrolling pushbutton three times. At this
time, you should see the OPERATIONAL STATUS Screen, \STAT\OPER_STAT. If you press the Down
scrolling pushbutton from this screen, you should see the,INPUTS Screen, \STAT\OPER\INPUT.

Another method would be to use the ASCIl_ command interface. One command that you can use to see
the status of the inputs is RG-STAT. Anatheriecommand is RG-INPUT. This command will only read the
status of the inputs and nothing else.

Testing
To determine if the relay is responding cotrectly to each test, the following commands are useful.
o RG-TARG, (report generalgargets): reports the targets from the last fault.

o RF, (report faults):grepa@rts ajdirectory listing of the twelve fault summary reports. The fault
summary reports are fiumbered from 1 to 255, then wrap around, and start over. RF-### reports
the ### report.

o RS-##, (report seguence of events record), ## events: reports the most recent ## changes of
state in the protectiomand control logic.

FAQ/TROUBLESHOGOTING
Frequently, Asked‘Questions (FAQS)

1.)4, Will thetrip LED reset after pressing the Reset key on the front panel?

The Reset key is context sensitive. To reset the trip LED or the targets, the Targets screen
must be displayed. To reset the alarms, the Alarms screen must be displayed.

2.) Isthe power supply polarity sensitive?

No, the power supply will accept either an ac or dc voltage input. However, the contact sensing
for the programmable inputs is polarity sensitive. See Section 12, Installation, for a typical inter-
connection diagram.
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3)

4.

5.)

6.

7)

8.)

9.)

10.)

11)

12.)

What voltage level is used to develop current flow through the contact sensing inputs?

Voltage level is dependent on the power supply option (BE1-CDS240 style) and the position of
the contact-sensing jumper. See Section 12, Installation, for additional information.

How can the BE1-CDS240 be configured into a simple transformer differential relay?

Two preprogrammed schemes perform this function. One is CDS240-BA87-A-BE from the
BESTCOMS logic library (Basic Differential) and the other is the embedded logic scheme
CDS240-BATX-A-BE (Basic Transformer). See Section 8, Application, for additional
information.

How can the BE1-CDS240 be configured into a generator differential relay?

The BE1-CDS240 can be configured into a generator differential relay™hy loading the
preprogrammed logic scheme CDS240-BA87-A-BE from the BESTCOMS  library: You may
disable the 2nd and 5th harmonic functions by setting these thresholds to%zero,See Section 8,
Application, for additional information.

Do | have to connect my current transformers in a special way to c¢ompensate for the
phase shift between the high side and low side of a transformer?

No, the BE1-CDS240 can compensate for phase shifty See Section 3, Input and Output
Functions, for additional information.

Should I be concerned about zero-sequence blogkingyin my CT connections?

No, the BE1-CDS240 can compensate for zero-seguence, blocking. See Section 3, Input and
Output Functions, for additional information.

Does the BE1-CDS240 trip output contaet,latch after a fault?

The answer to the question is Yes apd Na.'In general, once the fault goes away the output
contacts open. The BE1-CDS240 doesheffer an option to ensure that the contact will stay
closed for at least 200 milliseconds. See Segtion 3, Input and Output Functions, for additional
information on that function. Howeyvesr, BESTlogic can latch the relay outputs. See Section 8,
Application, Application Tips, for additional, information.

A function will not work4vhenyl putiin settings such as the pickup and time delays.
Make sure that the logic fufiction,is enabled.

How many overcurrent elements does the BE1-CDS240 have available?

The BE1-CDS240 ‘has seventeen instantaneous overcurrent and thirteen time overcurrent
elements. Just likepany#element, each of these elements can be assigned to any output for
building logic equatiofis.

Can Igmakeglogic’settings from the front panel?

No, thedfront panel cannot program logic settings. Logic settings must be programmed using
the ASCII cemmand interface or BESTCOMS communication software.

Since the BE1-CDS240 is a programmable device, what are the factory defaults?

The factory default logic is BASIC-87 logic. Default settings are shown with each function in the
fAstruction manual. For input or output default settings see Section 3, Input and Output
Functions. For protection and control functions, see Section 4, Protection and Control.
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13.) Does the BE1-CDS240 have a battery installed as the back-up power source for the
internal clock on loss of power?

Yes, as an option. The relay also uses a capacitor as a back-up power source for the internal
clock on loss of power. This design maintains the clock for at least eight hours. See Section 1,
General Information, Specifications, for additional information.

14.) Since the BE1-CDS240 has overcurrent elements in addition to the differential protection
functions, are the timing curves the same as Basler Electric's other numeric overcurrent
relays?

Yes, the timing curves are the same as other Basler Electric numerical ovefcurrent relays such
as the BE1-851, BE1-951, and BE1-IPS100.

15.) Why do | keep getting access conflict errors when | am communicating,with the relay?

If you have tried to gain access to more than one port at a time, ahyaccess conflict results. The
unit has three different communication ports. The front HMI apd frong,RS-232 are considered
the same port and are the first port (COM 0). The rear RS-232 (GOM'1) is the second and the
rear RS-485 (COM 2) is the third port. If you have gained accessyat the front panel HMI and the
5-minute timeout has not ended, you cannot gain access atanother port. The front RS-232 can
still be accessed because the HMI and front RS-232 are,considered the same port. Access
needs to be gained only when a write to the BE1-CDS240Q is\required (control or setting change
or report reset). Data can be read and reports canibe obtained without gaining access. After
gaining access though one of the ports, the sessioh can, be ended with the Exit command. If
access is gained, but the session is not ended,,a*6=minute timeout will end the session and any
changes that were not saved will be lost. If §ou are,using the BESTCOMS program, the access
and exit commands are executed for you.

16.) Why doesn't the trip LED behave as expected when the relay picks up and trips? A
closely related question would be why/don't the targets work?

If the logic is setup to the point were the protective element is tripping at the desired current
level, but the targets, trip LED, ‘and fault records are not behaving as expected, then there are
two commands (SG-TRIGGER and SG-TARGET) that need to be checked for proper
operation. The SG-TRIGGER,command needs to have the PU trigger and TRIP trigger logic
correctly programmed. This should initiate the fault record. The SG-TARGET command needs
the protective element (function) enabled to log targets. See Section 6, Reporting and Alarm
Functions, Fault Repofting, ¢0 get more details on how to correctly program these commands.
The trip LED has to different functions in the relay. When the SG-TRIGGER PU expression is
true and the TRIPgexpression is false, the trip LED flashes. When both the SG-TRIGGER PU
and TRIP expressien are true, the trip LED lights solidly. When neither expression is true, the
trip LED lightsiselidlyaif there are latched targets. A flashing LED means one of the protection
elements is in"a pick€d-up state and timing towards trip. Once the trip occurs, the LED turns on
solidly. The LEDjwill not change state until the target has been reset. If the fault has not
cleared, the FED‘turns on again. Table 2-2 is a truth table for the Trip LED and it should help to
interpret the RED indications.

Table 2-2. Trip LED Truth Table

Trip PU Targets LED
0 0 Off
On

Flash

Flash
On
On
On
On

I E=1k=k=]
= = =1 =)
Rlo|lk|lo|rk|o|r
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17.)

18))

19.)

20.)

Is the IRIG signal modulated or demodulated?

The IRIG signal is demodulated (dc level-shifted digital signal). See Section 1, General
Information; Section 6, Reporting and Alarm Functions; and Section 12, Installation, for
additional information.

Can the IRIG signal be daisy-chained to multiple BE1-CDS240 units?

Yes, multiple BE1-CDS240 units can use the same IRIG input signal by daisy-chaining the
BE1-CDS240 inputs. The burden data is non-linear, approximately 4 kilo-ohms at 3.5 Vdc and
3 kilo-ohms at 20 Vdc. See Section 1, General Information; Section 6, Reporting and Alal
Functions; and Section 12, Installation, for additional information.

How can | find out the version number of my BE1-CDS240? \
The application version can be found in three different ways. @
1) Use the HMI, Screen 4.6.
2) Use the ASCII command interface with the RG-VER command.

3) Use BE1-CDS240 BESTCOMS (the version is provided General Operation
Screen, Identification Tab).

How are reports and other information obtained fro r saved in files for future

use?

Through BESTCOMS, select print from the dropdow
allows the user to save the file to any location. In additi
terminal emulation software can be selected a

contents are pasted into any word processor su S

appropriate file name. @

3
O
&

L 4

then select RTF export, which
t transferred from the relay to your
to the clipboard. The clipboard
rosoft® Notepad and saved with an

10
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SECTION 3 « INPUT AND OUTPUT FUNCTIONS

GENERAL

BE1-CDS240 relays have four sets of three-phase current measurement inputs, an groung”current
measurement input, a three phase voltage measurement input, up to twelve contact, sensing
(programmable) inputs, four trip coil monitor inputs, up to fourteen general purpose output contactsyand
one dedicated, fail-safe alarm output contact. Each input and output is isolated and brought out to
separate terminal blocks. This section describes the functioning and setup of these inputs and outputs.

POWER SYSTEM INPUTS

Power system inputs as described in the introduction, are sampled 144 times per, cyele by the BE1-
CDS240. The BE1-CDS240 measures the voltage and current from these &Samples and uses those
measurements to calculate other quantities. Of the 144 samples, 24 samples per cycle are used to find
fundamental, 2™, and 5™ harmonic components. Frequency is measured frolm, zeregdCrossing detectors on
both the voltage and current inputs (details below). Measured inputs ate thenyrecorded every quarter
cycle. The BE1-CDS240 measures the frequency and varies the sampling%ate to maintain 144 samples
per cycle. Frequency compensation applies to all power system measurements. Power system inputs are
broken down in the following paragraphs into Current Measurement;i\oltage Measurement, Frequency
Measurement, and Measurement Functions Setup. After the pewer system inputs are discussed, the
paragraphs on Power Calculations discuss calculating powepguantities.

Current Measurements

Currents from the secondary of CTs in power system equipment are applied to internal current
transformer primaries. The internal current transformers{provide isolation from the monitored line currents
and step the currents down to internal circuit levels. Sécondasy current from each internal CT is converted
to a voltage signal, and filtered by an analog, low-passyanti-aliasing filter.

Current Measurement Functions

The input waveforms are sampled by an afalag-to-digital converter (ADC) at 144 samples per cycle and
digitally filtered in a DSP (digital signaldprocgssor) using an FIR (finite impulse response) anti-aliasing
filter algorithm. This high sampling rate,allows the analog filter to have a high cutoff point, which virtually
eliminates errors from the analog filter elements. The output from the digital filter is sample data reduced
to 24 samples per cycle. From the digitally filtered samples, the relay extracts the magnitude and angle of
the fundamental, second harmonic,(and fifth harmonic components of each three-phase input and the
fundamental of the optional independent.ground current input.

Compensated Restraint andd©Opetate Currents for Differential Protection

As described in Section 1, @eneral Information, it is necessary to provide phase angle, zero-sequence,
and tap compensation pto, the, measured currents prior to their use by the differential protection. The
current measurement function calculates compensated currents for restraint and operate currents and for
second and fifth harmehic operate currents. Tap compensation setup is covered in Section 4, Protection
and Control, Differential Protection, 87 Differential Function.

Neutral and Negative-Sequence Current Measurement

The BE1-CDS240(relay also calculates the neutral and negative-sequence components from the
fundamental component of each of the three-phase current inputs. The relay can be set to accommodate
either ABC o ACB phase-sequence in calculating the negative-sequence component.

Fast-Dropout Current Detector

The relay includes a separate, fast-dropout current measurement algorithm for use by the breaker failure
function and the breaker trip speed monitoring function. This measurement algorithm has a sensitivity of
10% nomiinal rating and detects the interruption of current in the circuit breaker in less than a ¥ cycle.

Virtual Circuit Measurement Functions

The BE1-CDS240 provides two sets of “virtual circuits.” These circuits are formed by computing the
phasor sum of the actual analog current inputs. (Note: The current circuits being summed must have the
same CT ratio.) The virtual circuits are user configurable to sum either two or three of the analog inputs.
For each virtual circuit, the BE1-CDS240 calculates the summation and provides a sum for A, B, C phase
currents, negative-sequence current, and neutral current. The virtual currents can be used throughout the
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BE1-CDS240 for any protective or metering function that accepts a circuit selection setting. Virtual circuits
are referred to as Circuits 5 and 6.

Voltage Measurement
Three-phase voltage inputs are reduced to internal signal levels by a precision resistor divider network.

Voltage Measurement Functions

The input waveforms are sampled by an analog-to-digital converter (ADC) at 144 samples per cycle and
digitally filtered in a DSP (digital signal processor) using an FIR (finite impulse response) anti-aliasing
filter algorithm. This high sampling rate allows the analog filter to have a high cutoff point, which virtuafly
eliminates errors from the analog filter elements. The output from the digital filter is sample data reduced
to 24 samples per cycle. The relay extracts the magnitude and angle of the fundamental components of
each three-phase voltage inputs.

VT Connections

When four-wire VT connections are used, the relay measures the AN, BN, and CN woltages and
calculates the phase voltage quantities. Overvoltage and undervoltage functions (27/59) can be set to
operate on either the phase-to-neutral (PN) or phase-to-phase (PP) quantities. Three-wire VT
connections limit 27/59 operation to PP quantities. When single-phase VT gonpections are used, the
27/59 elements operate as appropriate for the single-phase voltage applied.

Zero-Sequence (Vy)Voltage

When four-wire VT connections are used, the BE1-CDS240 calculates,the Zero- sequence voltage. Zero-
sequence voltage measurement is not available when single-phase)omthree-wire VT connections are
used. The metering and protection elements utilize 3V, quantitiess

Negative-Sequence (V,) Voltage

Negative-sequence voltage is calculated from the fundamental ‘cemponent of the three-phase voltage
inputs. It is only available on three-phase, three-wire or three-phase, four-wire systems. V, is calibrated to
the phase-to-neutral base. The effect is that the relay reports the same V, independent of whether the
relay is in 3-wire or 4-wire mode. The metering and protectivé functions utilize V,, not 3V,. Negative-
sequence measurements can accommodate eitheifABC or ‘A€B phase-sequence.

Positive-Sequence (V;) Voltage

Positive-sequence voltage is calculated from the, fundamental component of the three-phase voltage
inputs. It is only available on three-phase, three=wire“or three-phase, four-wire systems. V, is calibrated to
the phase-to-neutral base. The effect is that\the relay reports the same V, independent of whether the
relay is in 3-wire or 4-wire mode. Themmetering functions utilize V,, not 3V,. Positive-sequence
measurements can accommodate either ABC 0r ACB phase-sequence.

Frequency Measurement

Power system frequency is monitared on,the A-N voltage input or the AB voltage input when in three-wire
mode and on A-phase currentgircuiti@he. When the applied signal is greater than 10 volts, or 0.5 amps
(0.1 amps for 1 A CTs) the(BE1-CDS240 measures the frequency. The measured frequency on the
voltage input is used by the, 8MWfunction and applies to all measurements and calculations; the current
input is used in the samplinggate determination.

Frequency Compensation

Using the frequéncy#measured on the voltage input, the BE1-CDS240 varies the sampling rate to
maintain 144 samples pefcycle over a frequency of 40 to 63 hertz. If the voltage is too low for accurate
frequency measurement, or if the measured frequency is out of range, the frequency measured on the
current input is used to maintain the sample rate. If both voltage and current are too low or out of range
the ADC defaults to a sampling rate appropriate for the relay’s nominal frequency setting. Protection is
still provided for dll functions except for negative-sequence current and voltage and volts/hz, but metering
and harmaenic analysis accuracy is degraded. The sampling rate is adjusted every 50 milliseconds.

NominahFréquency

Fromacan®be set for 50-hertz or 60-hertz power systems. When the voltage and current are too low for
réliable frequency measurement, the ADC sample rate defaults to operation at the nominal frequency
setting. Nominal frequency is also used in the volts/hertz (24) overexcitation calculation.
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Power Measurement

The measured fundamental component of current and voltage as described previously in this section,
used to calculate the power per the following equations. The current input used for power calculati

user selectable between any of the CT inputs or virtual circuit inputs.

For four-wire VT connection:

WATTs0 = Va IaCOS(Ma) + Ve 15 COS(dg) + V¢ lccos(dc) + Vele
VARS30=V a1 aSIN(MD4a)+ Vg IsSIN(Ps)+ Ve lcSiN(dc)

where ®,=2V,-Z|,

For three-wire VT connection, with ABC phase-sequence:

Equation 3-1O

Equation 322

2
>

WATTS30=V ag | COS(D4)+ Vs I COS(dDc) 0 Equation 3-3

VARS30=V ag 1 aSIN(Pa)+ Vg I SIN(De) Q

where =2V, -2, (b

For three-wire VT connection, with ACB phase-sequeK
WATTS30 =V ac 14COS(D4)+ Vec |5 COS(Dg) K

VARS30=V ac 1 aSIN(D4)+ Vac | 5SiN( @

where @,=2V, -2,

For AN, BN, or CN VT connection: &

WATTSz0 =3 XV | x COS( s )

VARSz0=3 XV, |xsin(q>.K\

where x=A,B,or Cts) sensing typeand @,= 2V - £

r C@nnection, with ABC phase-sequence:

x | xCOS(®-30°)

For AB, BC,

VARSSd): ny Ix'Sin(q)'BOo)

here x@nd y= A, B or C based on sensing typeand ®= 2V, - £,

AB, BC, or CA VT connection with ACB phase-sequence:

WATTs30=~/3 XV, 1, 008(D+30°)

Equation 3-4

Equation 3-5

Equation 3-6

Equation 3-7

Equation 3-8

Equation 3-9

Equation 3-10

Equation 3-11
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VARszo=+/3 XV xy |x-sin(®+30°) Equation 3-12

where xand y= A, B or C based on sensing typeand &= 2V, - £,

Measurement Functions Setup
Table 3-1 lists the measurement functions settings.

Table 3-1. Power System Measurement Function Settings

. Unit of
Setting Range Increment Measfird Default

Nominal Frequency 50 or 60 1 Hertz 60
Phase Rotation ABC, ACB N/a N/a ABC
Nominal Voltage 50 - 250 1 SecVvolts 69.3

. 0.1-2Afor1ACT 1A
Nominal Current 05—10Afor5 A CT 0.01 Sec amps 5A
VTP Setup, VT Ratio 1-10000 0:01 Turns ratio 1

. 3W, 4W, AN, BN,
VTP Setup, Connection CN, AB BC. CA Nfa N/a 4 W
VTP Setup, 27/59 Mode PP. PN Nla N/a PP
VTP Setup, 27R Mode PP. PN N/a N/a PP
VTP Setup, Winding 1.6 1 N/a
CT Ratio, Inputs 1 - 4 1,450,000 1 Turns
CT Connection, Inputs 1 - 4 WY&, DAB, DAC, N/a N/a Wye
GND *
CT Ratio, Independent Ground Input 1-50,000 1 Turns 1
. WYE;DAB, DAC,

Trans. Connection, Inputs 1 - 4 ZABWZAC, NA. GND N/a N/a Wye
Ground Source, Inputs 1 - 4 0=No, 1 =VYes N/a N/a 0
Trans. Rotation Comp, Inputs 1.-.4 A B, C N/a N/a A
Trans Differential Circuit, Inputs, 14 P,S,N N/a N/a P
Virtual Circuit Setup 0-13 1 N/a 0

# GND is valid for CT 4 input only when configuring the BE1-CDS240 for a 2" independent ground input.

Power System / ¥T Setup

To enter Power System @r VT settings, select General Operation from the Screens pull-down menu. Then
select the Power System / VT Setup tab. Refer to Figure 3-1.
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Figure 3-1. General Operation ScreengpPower, System/VT Setup Tab

Nominal Frequency. When the voltage and current signals are too low for the frequency to be reliably
measured, the ADC circuit defaults to operation atdthe nominal frequency setting. This can be set for
operation on either 50 or 60-hertz power systemsyusing BESTCOMS, the optional HMI using Screen
6.3.2, SETUP\PWR_S\FREQ, and from the ASCHW c@mmand interface using the SG-FREQ (settings
general-frequency) command.

Normal Phase Rotation. The normal phase-sequence setting can be entered using BESTCOMS, the
optional HMI using Screen 6.3.3, SET®MP\PWR_S\P_SEQ, and from the ASCII command interface using
the SG-PHROT command.

Nominal Secondary Voltage and Current¥Settings, Vnom and Inom, are used for the 60FL function and
DNP 3.0 analog event reporting functions./VVnom is also used in the volts/hertz (24) calculation and Inom
is also used in the 46 time curve galculatien (K factor) of the negative-sequence current (51Q) element.

In the BE-CDS240, Vnom is'defined as the secondary phase-neutral voltage for all sensing connections.
That is, even if the user has selected 3-wire, AB, BC or CA phase-phase sensing connections, Vhom
must be set for the phase-neutral equivalent. For example, if a 3-wire open delta voltage source with a
phase-phase voltage rating, of 920 volts is connected, the nominal voltage must be set at 120/ /3 or
69.3 volts. Inom can e either the secondary rating of the CT (1 or 5 amp) or the secondary current
allowed by the CT ratio.

In BESTCOMS fof the’ BE1-CDS240, under General Operation, Power System/VT Setup, are settings for
Nominal Voltage '‘and Current. Settings can also be made from the ASCII command interface using the
SG-NOM gommand.“Nominal Voltage (Vnom) is the nominal voltage rating corresponding to 1 pu volts
and is cagnfigured as’a phase-neutral secondary value.

Nominal*@drrent{(Inom) is the nominal phase current rating for the system corresponding to 1 pu current
and is configufed in secondary amps. If 1 pu secondary current is unknown, then setting Inom to the
secondary CT rating (1 or 5 A) is acceptable for most applications. However, this could degrade the
expectation (not accuracy) of the time curve for the 51Q element as Inom is used to directly compute
multiple of pickup (MOP) and time delay.

Dependency of other relay system elements on 1 pu Inom is far less critical and using the CT secondary
tating will have little functional impact.

VTP Setup, VT Ratio. The BE1-CDS240 requires setting information about the VT ratio, the VT
connections, the operating modes for the 27/59 and 51/27R functions, and the current circuit that is used
to compute power. These settings are used by the metering and fault reporting functions to display the
measured quantities in primary units. The voltage input circuit settings also determine which power
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measurement calculations are used. Most of these connections such as 3W, 4W, AN, or AB are self-
explanatory. These settings can be made using BESTCOMS, the optional HMI using Screen 6.3.1.1,
\SETUP\PWR_S\CONN\VTP, and from the ASCII command interface using the SG-VTP command.

CT Setup
To enter settings for CT Inputs 1-4, select General Operation from the Screens pull-down menu. Thef

select the CT Setup tab. Refer to Figure 3-2.

BE1-CDS240 Settings ( [Untitled] )

File Screens Copy Communication Reports Help
5 O & H & Logic [BASLER =] Settings [ Global
@ 1 2o W o T
& —. @, AL A e 121 P o G R e D
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N e »
‘ ' \
P1i Amps Sec Amps Pri Amps Sec Amps P Amps
(=] -
J=Hi JEHIEN
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Y E E
CT Input 3 CT Input 4 # 1g2
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(=] -
T~
CT Connection CT Connection
__{/ l\
'
Enter the CT Tums value for CT Input 1. mratiohﬂ 0/2/2005 | H10PM

Figure 3-2. General Operation Screen, CT Setup Tab

Current Input Circuit Settings Setup. The BEZ-CDBS240 relay requires information on the CT connections
and the characteristics of the protected zone. fFor each three-phase CT input circuit, it is necessary to
enter the CT ratio and the CT connectigh.” It issalso necessary to enter the transformer connection (if
applicable), whether there is a ground source, the phase relationship as compared to other circuits, and if
the circuit is included in the differential‘éalctilation.

Each set of three-phase CTs can_be, connected in wye or one of two delta configurations as shown in
Figure 3-3. As described in iSection, 1, General Information, Differential Protection Application
Considerations, wye CT connegtions‘are recommended for most applications. The CT ratio should always
be entered as the actual ratio andinot the effective ratio. When the CTs are connected in delta, the
secondary current under balancedsctonditions is increased by a factor of the square root of three, yielding
an effective ratio that is lower than the actual CT ratio. The BE1-CDS240 automatically takes this factor
into account so it is na@knec¢essary for the user to manually compensate when entering the CT ratio.

CT input circuitSettings®ean be made using BESTCOMS, the optional HMI using Screen 6.3.1.2,
\SETUP\PWR_S\CONN\GTP, and from the ASCII command interface using the SG-CTP command.

The BE1-CDS240 relayfis equipped with an independent ground current input. The CT ratio must also be
entered for that input.”Ground input settings can be made using BESTCOMS, the optional HMI using
Screen 6.3.1.4, \SETUP\PWR_S\CONN\CTG, and from the ASCII command interface using the SG-CTG
command.
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Figure 3-3. CT Connections

Transformer Setup

To enter Transformer settings, select General Operation fro
the Transformer Setup tab. Refer to Figure 3-4.
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Figure 3-4. General Operation Screen, Transformer Setup Tab

e the pﬁll down menus and check boxes to setup transformer circuits. Settings can also be made using

h

MI Screen 6.3.1.3, \SETUP\PWR_S\CONN\TXC, or from the ASCII command interface using the

KT command. For each circuit, you can set Connection, Insert Zero Sequence Trap, Differential
uit, and Circuit Polarity. You can also set Transformer Phase Relationships, Individual circuits to be

used for restraint, and Virtual Circuits.
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As described in Section 1, General Information, Differential Protection Application Considerations, when
the zone of protection includes a transformer, it may be necessary to provide phase angle and zero
sequence compensation to the currents used by the differential protection elements (see Figure 3-5). For
each input circuit, a setting is provided to enter the transformer connections associated with that input. If
there is no transformer within the protected zone, this setting should be set to NA (not applicable).

Determining the Transformer Connection Parameters

Wye and Autotransformer Windings. The transformer connection for a CT input circuit that is
connected to either a wye or autotransformer winding should be classified as a wye winding.

Delta Transformer Windings. The transformer connection for a CT input circuit that is confiecied to a
delta winding could be classified as one of two delta connections: Delta IA-IB (DAB)Wer DeltaJA-IC
(DAC). A delta configuration is defined by the currents that flow in the primary phases connegted to the
delta. The wye winding phase connections are used as the point of reference sinceftheycurrent that
flows in the wye winding is the same as the current in the wye side primary phases. Figdre 3-5a shows
an example of a transformer with a DAB connection. Figure 3-5b shows an examplewof the same
transformer with the phases reconnected to provide a DAC connection. If thergyis no wye winding to
use as reference, as is the case with a delta/delta transformer, the definition ef,thexdelta configuration
is not important.

1A=la-Ic
IC=lc-la A 1 } a
C i C
2l L
SIIe 1B=1b-1a b
i, IB=lIb-Ic r_ _ b B e
YNl
3¢ 3
216 IC=1c-1Ib
1A=la-1b . c ¢t ¢
A r‘, ‘ a %é
\) C\
)
i 1
iy Jj; ?‘?23;:‘3
Figure 3-5a. DAB Delta Figure 3-5b. DAC Delta

Figure 3-6¢DAB/DAC Delta

With the appropriate CT and transfesmer connection information, the relay can automatically determine
the correct compensation requiredyNormally, all circuits are compensated to obtain their equivalent delta
currents. If all transformer wimdingswénd CTs are connected in wye, a special case exists and no
compensation is required. Forithis case, wye currents can be used directly.

Total compensation is ace@mplished by summing the appropriate phasors from each of the CT inputs
prior to using them in the differential function. For a WYE to DAB connection, the WYE CT phasors must
first be phase-compensatedsto match the DAB circuit's 30° shift. This is done using the DAB
compensator, which provides a phasor sum of la + Ib to form I'a for comparison to the DAB’s la CT
current. A similar opération is used to form I'b and I'c.

Total compensationusgs six phase compensation factors: DAB, DAC, REV, Rotation Factors R1 and R2,
WYE, and Double Delta DDAB. The compensation factors are used in various combinations to
compensate for the +30°, +60°, +90°, +120°, +150° and +180° phase shifts that are possible in
transformers and®ensing CT configurations.

Mathematieally, the compensation factors provide the following:

Note: AWd/(square root of 3) factor is missing from the compensation equations. See Table 3-6 for the net
compensation equations.
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pAaB: l'a=la-1Ib, I'b=1b-Ic,

(+30)
pac: l'a=la-Ic, I'b=1Ib-1Ia, I'c=Ic—Ib (-30)
Rev: l'a=-la I'b=—Ib I'c=-Ic (+180)
R1: I'a = fc, I'b = la , I'c=Ib (+120)
rR2:  l'a=1Ib, I'b=Ic, lI'c=la (+240)

ppaB: I"a=1'a—1'b, I"b=1I1'b-1I'c, I1"c=I1'c—1'a { ©en+60)
The net effect of DDAB compensation is as follows:

I"a=1'a-2-1'b+1'c I"b=1la+1b—-2-Ic K'Cc=-2-la+Ib+Ic

A~ ~

wye: l'a=Ila, I'b=1b, I'c =4AcC (no compensation)

Tables 3-2, 3-3, 3-4, and 3-5 illustrate how the various phaseycompensation factors are applied to
different winding and CT configurations.

The BE1-CDS240 can also compensate for phase “mismatchi, That is, if A phase of the incoming system
is connected to the transformer primary H1 and A phase ofithe secondary system is connected to X2, the
phases can be matched at the relay with this featurej\Phase matching can be set through BESTCOMS,
under General Operation, Transformer Setup, Trafnsfermer Phase Relationships.

Settings for the current measurement functiens”are provided in Tables 3-2 through 3-5. These tables
indicate the transformer circuit, CT setfings, and®type of phase compensation applied for various
transformer applications. The settings areyindicated on a per circuit basis. A circuit consists of one of the
transformer’s 3-phase windings and its‘eéerresponding set of 3-phase CT's.

Table 3-2 indicates settings when applyingthe BE1-CDS240 in a non-transformer application. This table
should be used for inputs that are not partief the transformer’s circuit. Applying CT circuit #4 for auxiliary
ground is one possible example. The table also specifies the settings for a transformer case where all of
the 3-phase windings and all of the 3-phase CTs are connected in wye.

Tables 3-3 and 3-4 are applied When a combination of delta and wye connections are present in the
transformer and CT circuits,(Tabley3-3 is applied when only one type of delta connection is present in the
transformer and CT circuits, such as DAB or DAC. This table is used for the majority of applications. If the
application requires a combination of delta circuits, such as both DAB and DAC connections being
present, Table 3-4 is @applied."The only exceptions are when all CT and winding connections are wye as
indicated above. Or, when ©one or more of the individual transformer windings are connected in delta or
zigzag and has itsg€orresponding CTs connected in delta.

Table 3-5 is@applied when one or more of the individual transformer windings is connected in delta or
zigzag and’hastits corresponding CTs connected in delta. The special connection can require up to two
delta compensations for the other windings depending on the circuit’'s configuration.

Table 3-2. CT Input Circuit Settings for Non-transformer or Wye-only Application

Transformer CT Input BE1-CDS240 Settings Compensation Applied
Connection Connection X CT Phase Rotation
WYE NA WYE WYE NONE
N/A DAB NA DAB WYE NONE
DAC NA DAC WYE NONE
GND (CTCKT 4) NA GND WYE N/A
All WYE * All WYE = WYE WYE DAB NONE

* Special case where all transformer windings and all CTs are connected in wye.
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Table 3-3. CT Input Circuit Settings 1 for Delta/Wye Circuit Applications

o

Transformer CT Input BE1-CDS240 Settings Compensation Applied
Connection Connection TX CT Phase Rotation
WYE WYE WYE WYE NONE
DAB for DAB
connections
DAC for DAC
connections \
WYE DAB WYE DAB WYE ONE
WYE DAC WYE DAC NONE
DAB WYE DAB E WYE NONE
DAC WYE DAC WYE WYE NONE
ZAB WYE B WYE WYE NONE
ZAC Q\@ ZAC WYE WYE R2
4

10
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Table 3-4. CT Input Circuit Settings 2 for Delta/Wye Circuit Applications

O

Transformer CT Input BE1-CDS240 Settings Compensation Applied

Connection Connection TX CT Phase Rotat
WYE WYE WYE WYE DAB NgNE
WYE DAB WYE DAB VO@ NONE
WYE DAC WYE DAC @YE R2
DAB WYE DAB E WYE NONE
DAC WYE WYE WYE R2

| L 4
ZAB W\L\ ZAB WYE WYE NONE
ZAC YE ZAC WYE WYE R2
L 4
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Table 3-5. CT Input Circuit Settings 3 for Delta/Wye Circuit Applications

O

Transformer CT Input BE1-CDS240 Settings Compensation Applied
Connection Connection TX CT Phase Rotation
WYE WYE WYE WYE DDAB NONE
L 4
WYE DAB WYE DAB DAB %
WYE DAC WYE DAC DAB@ R2
DAB WYE DAB WYE AB NONE
DAB DAB WYE NONE
DAC D DAC WYE R2
WYE DAC WYE DAB R2
DAC x DAC DAB WYE R2
DAC DAC DAC WYE R1

>
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Transformer CT Input BE1-CDS240 Settings Compensation Applied

Connection Connection TX CT Phase Rotation
ZAB WYE ZAB WYE DAB NONE

¥
>_

ZAB DAB ZAB DAB WYE NONE

‘2_/
N/

ZAB DAC ZAB DAC WYE R2

‘2_/
VAN

ZAC WYE ZAC WXE DAB R2

A
)

ZAC DAB ZAC DAB WYE R2

A
N/

ZAC DAC ZAC DAC WYE R1

A
N\

NOTE

The CT_input_eircuit settings are used by the auto-tap calculation function to
calculate sthe correct tap adjustment factor for the differential functions. When
ehteringthese settings via the ASCII command interface, the validation routine and
auto-<tap calculation is performed on exit after all parameters have been entered.

When entering these settings using the optional HMI, the validation routine and
autoAtap calculation is performed on exit of each screen. This may cause an Out of
Range error message from the auto-tap calculation function. The user is advised to
enter valid CT input circuit settings on Screen 6.3.1.1, SETUP\PWR_S\CON\CTP
prior to entering the auto-tap calculation settings. If the user has previously set the
auto-tap calculation settings and needs to change the CT input circuit settings, it
may be necessary to temporarily change the auto-tap function setting to manual on
Screens 5.1.1.3, 5.2.1.3, 5.3.1.3 and 5.4.1.3, \PROT\SG#\87\TAP in order to enter
the new CT settings.

See Section 4, Protection and Control, Phase Differential Protection, for more
information on the auto-tap calculation function.
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Additionally, as described in Section 1, General Information, Differential Protection Application
Considerations, Problem 5, if there is a ground source within the protected zone, the user can apply a
numerical, zero-sequence trap to remove the zero-sequence components from the current to prevent
misoperation on external ground faults when a ground bank is in the zone of protection. This setting is
optional. It is not required to enter a ground source setting of 1 to describe a grounded wye transformer
connection. Even though not all grounded wye transformer connections are ground sources, the relay
always assumes that a wye transformer connection is a ground source so that it is secure. Zeroz:
sequence current unbalance can occur in three legged core transformers due to the phantom tertiary
effect. In all cases, the relay chooses delta compensation for a wye transformer connection so that the
zero-sequence components are blocked.

Figure 3-6 shows how the currents will be calculated for each set of current inputs for use by*the phase
differential protection function. The calculation is dependent upon the phase compensationg,chosen as
shown in Tables 3-4, 3-5, and 3-6 and the ground source setting.

Table 3-6. Internal Compensation Chart

Compensation Ground Source A Phase B Phase C Phase
Wye (none) 0=No Ia Ig Ic
Wye (none) 1=Yes IA - Io IB - Io IC - IO
DAB 0=Noorl=Yes (Ia-1g) /3 (Ig -flc) 48 (Ic-1a) /3
DAC 0=Noorl=Yes (In-10) / V3 (3% )3 (Ic-1g) /N3
DDAB O=Noorl=Yes (lA -2lg+ IC) /3 (IA g - 2lc) /3 ('2|A + g+ IC) /3
“ (Ic-le) N3 <
|C IC
-Ig * -lg
l-1a)/N3
(Ia-1)/N3
< -IA > < -IA >
|A |A
(el ",
(Ia-lc)N3
ls | le -|’.
(Ie-1c)N3 N2 < C 4

DAB Internal Compensation DAC Internal Compensation

Measuged Cdrrent Measured Current *(-1) Compensated Current

Figure 3-6. Internal Phase and Zero-Sequence Compensation

IEC Transformer Setup

Using BESTCOMS, navigate to the General Operation, Transformer Setup tab and select the IEC Setup
button. On this screen (Figure 3-7), you can setup Windings 1 through 4. Press the Save button when
finished.

The IEC,setup table is aimed at describing transformers that use phase shifts and winding designs that
aregmore,commonly found outside the US market. As can be found in the IEC standards, phase and
bushing names of U, V, W, will be used generally, rather than A, B, and C, or H and X. Specifying phase
shift'and transformer connection is accomplished with the D-Y-Z + clock method. For instance, a
transformer connection will be Dy1 rather than a DAB/Y, though some dual designations will be used for
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clarity. The number associated with the winding (Dy1) can be almost any hour of the clock, hence the
term “around the clock” phase shifting.

In transformer standards such as IEEE C57.12.00 and IEC-60076-1, there will be many variations opsthe
nomenclature and figures used to show how the phases are identified in a three-phase system. For
details on IEC transformer connections, go to www.basler.com and download the technical paper titied
Three Phase Transformer Winding Configurations and Differential Relay Compensation, which Was
presented at the 2004 Western Protective Relay Conference.

IEC Transformer Setup

A 5

Winding 1 Setup Winding 2 Setup Winding 3 Setup

r Prmary = r Primary ————————] - Primary

™ Dizabled (™ Disabled ™ Dizabled

* ‘we Primary " ‘wye Primary " ‘wie Primary

£ De 1 { 2

r Seconday —————————7 ||  Secondary ——————————— || ™ Secondany

r & r ERI r Con g e ek o

£ £ £ i dl £ {2l O dl i i dl £ a2l
c G c [ c | e G
£ T £ f LT} 3 y| " yB iw

| 3 | i+ d5 | 4 a5 | A
r o r ‘D (6 £ i (@ oo
£ £ " d7 o7 " d7 =7
r r o 28 e 20
| | 3 ) ) g
fi fi Cdn o & i o

IEC ¥ector Group

Wiodbzhd11 Save ! D Cancel | Clear

Figure 3“7 |EC Transformer Setup Screen

CONTACT SENSING INPUTS

BE1-CDS240 relays have eight or twelve|eontact sensing inputs depending on style number to initiate
BE1-CDS240 relay actions. Theseminputsfare isolated and require an external wetting voltage. Nominal
voltage(s) of the external dc¢ source(s)imust fall within the relay dc power supply input voltage range. To
enhance user flexibility, the BE1:€DS240 relay uses wide range AC/DC power supplies that cover
several common control voltage tatings. To further enhance flexibility, the input circuits are designed to
respond to voltages at theylower end of the control voltage range while not overheating at the high end of
the control voltage range"

Energizing levels for the contact sensing inputs are jumper selectable for a minimum of 26 Vdc for 48 Vdc
nominal sensing voltages of 69 Vdc for 125 Vdc nominal sensing voltages. See Table 3-7 for the control
voltage ranges.

Each BE1-CD$240Q is delivered with the contact-sensing jumpers installed for operation in the high end of
the contrgl voltage, range in “H” or high position. If the contact sensing inputs are to be operated at the
lower end of'the, control voltage range, the jumpers must be changed to the “L” or low position or
completelydremoved. See Section 12, Installation, for details on how to set the jumper positions in the
contact sensing input circuits.

Table 3-7. Contact Sensing Turn-On Voltage

Nominal Turn-On Range
Control Voltage Low Position High Position
48/125 Vac/dc 26to 38V 69 to 100 V
125/250 Vac/dc 69 to 100 V 138 to 200 V
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Digital Input Conditioning Function

The relay scans the inputs for status once per 1.0 ms. The relay uses digital contact recognition and
debounce timers that are user settable to condition the signals applied to the inputs. The user can adjust
these parameters so that the optimum compromise between speed and security can be attained for the

specific application. The digital input conditioning function is evaluated every 4 ms.

If the sampled status of the monitored contact is detected closed for the recognition time, the Iogo
variable changes from an open (logic zero or FALSE) state to a closed (logic one or TRUE) state. Once

the contact closure has been recognized, the logic variable will remain in the closed state until the
sampled status of the monitored contact is detected to be open for longer than the debounce time. At tf‘s
point, the logic variable will change from a closed (logic one or TRUE) state to an open (logic zero or

FALSE) state.
Setting the Digital Input Conditioning Function

settings may be made using the SG-IN ASCIl command.

Settings and labels for the digital input conditioning function are set using BESTC@\erna’[ely,
d

Each of the inputs has two settings and three labels. The settings are Recognition

Time. The labels include a label to describe the input, a label to describe the Ene
to describe the De-Energized State. Labels are used by the BE1-CDS240’s

Debounce
ized State, and a label
ctions.

menu. Then select

reporti
To edit the settings or labels, select Inputs and Outputs from the Screens @

the Inputs 1-6 or Inputs 7-12 tab. Refer to Figure 3-8.

BE1-CDS240 Settings ( [Untitled] )

File Screens Copy Communication Reports Help
[ & EH S Logic [BASLER ~| Settings
5
w 120 I W | T
& B8 e 0 L i e 2 O o TG R o
Inputs 1-6 l Inputs 7-1 2] Outputs 1-14 ,A}
Input 1
Time Units Name | INPUIT_1 INFUT_2
ms Recognition Time o N1 —_TY
O+— 4 Energized State
= Debounce TRUE
_ me De-Energized State
Eamn FALSE
Inp
INPUT_4
Recogrition Time N4
O+— O+— 4 Energized State
—~Dehaunce TRUE
Time .
De-Energized State
- - [=]
o o 16 FALSE
Inp Input B
Name | INPUT_6
Recogrition Time 2 INE
O+— Energized State o+— 4 Energized State
TRUE Debounce TRUE
. Time .
De-Energized State De-Energized State
- [=]
FALSE o— 18 FALSE
' Inputs and Outputs 104372005 | 321 PM

v
Ao 3-8. Inputs and Outputs Screen, Inputs 1-6 Tab

16
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Table 3-8. Digital Input Conditioning Function Settings

Setting Range Increment Unit of Measure Default
Recognition Time 4 to 255 1 Milliseconds 4
Debounce Time 4 to 255 1 Milliseconds 16

Pull-down menu that selects the unit of measure for Recognition Timewand

Time Units Debounce Time. Units of measure available are milliseconds (ms), seconds,
minutes, and cycles. The default is milliseconds.

User programmable label for the input contact. Used by the rep@rting function to

Name give meaningful identification to the input contact. This dabel, miay;be up to 10

characters long.

Energized State

User programmable label for the contact’s energized state./Used by the reporting
function to give meaningful identification to the state of the/input contact. This
label may be up to seven characters long.

De-Energized
State

User programmable label for the contact’'s de.enetgized state. Used by the
reporting function to give meaningful identification totthe state of the input contact.

This label may be up to seven characters long.

If the user desires that the relay reject ac voltage that may, hecomeé coupled into the contact sensing
circuits, the recognition time can be set to greater than one-half ofithe power system cycle period to take
advantage of the half-wave rectification provided by the inguteirCuitry.

If the user desires to use an ac wetting voltage, the recognition,time can be set to less that one-half of the
power system cycle period and the debounce timerfcanibe set to greater than one-half of the power
system cycle period to ride through the negative “half cycle. The default settings of 4 milliseconds
recognition and 16 milliseconds debounce time allow, the’relay to be used with ac wetting voltage at 60
Hz. A setting of 5 milliseconds recognition and 20 milliseconds would be used for 50 Hz.

Retrieving Input Status Information from the Relay

The status of the inputs can be detemmined by using BESTCOMS Metering screen, the optional HMI
using Screen 1.4.1, STAT\OPER\INPUTHandafrom the ASCIl command interface using the RG-STAT
command. See Section 6, Reportingpandy Alarm Functions, General Status Reporting, for more
information.

OUTPUTS

BE1-CDS240 relays have teh offourteen general-purpose output contacts (OUT1 through OUT14) and
one fail-safe, normally ¢losed,(relay in de-energized state), alarm output contact (OUTA). Each output is
isolated and rated for tripping duty. All relays outputs are high speed (one-quarter cycle nominal operating
time). OUT1 and OUT2"are ®orm C (single-pole, double-throw), OUTA is Form B (normally closed), and
all remaining OUT3 through;OUT14 are Form A (normally open).

Hardware Outputs and Virtual Outputs

To operatgya hardwaré output, OUT1 through OUT14 or OUTA, the hardware outputs must be driven by
one or more of theNBESTlogic output expressions VO1 through VO14 and VOA (Virtual Outputs 1 through
14 and{A).4Since the use of each output contact is completely programmable, the user can assign
meaningfulilabgls to each output, as well as, to the zero and one states. See Section 7, BESTlogic
Programmable Logic, for more information on programming output expressions in your programmable
logic scheme.

A virtual ‘@utput (VOnN) exists only as a logical state inside the relay. A hardware output (OUTn) is a
physical, output relay contact. The state of the output contact can vary from the state of the output logic
expression for several reasons: 1) the relay trouble alarm disables all outputs; 2) the programmable hold
timer function; 3) the select before operate logic override control function; or 4) a virtual output is not
assigned to a hardware output. Figure 3-9 shows a diagram of the output contact logic for the general-
purpose output contacts. Figure 3-10 shows a diagram of the output contact logic for the fail-safe alarm
output contact. Virtual output A, VOA is always assigned to the fail-safe alarm contact OUTA.
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VIRTUAL OUTPUT
CONTROLED BY SL-VO[n]
LOGIC EQUATION

VO[n] o——

OUTPUT
STATUS ARDWARE

OUTPUT
0 Sec B
AND AND OUTI[H]
0.200 Sec O

ONE SHOT TIMER

OUTPUT CONTROL
(CO-OUT COMMAND)
Control Override (0/1)

Override State (0/1)

Hold State (0/1) ALMREL

HOLD ENA Co
(SG-HOLD COMMAND) 2

Figure 3-9. Output Logic, General Purpose Output Contacts

VIRTUAL OUTPUT
CONTROLED BY SL-VO[n]
LOGIC EQUATION ouTRYT
STATUS HARDWARE
Q OUTPUT

: } %UT[A]
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OUTPUT CONTROL
(CO-OUT COMMAND)
Control Override (0/1)

0 Sec
AND

0.200 Sec

Override State (0/1)

ONE SHOT TIMER

ALMREL

Figure 3-10. Output Logic, Fail-Safe Alarm, Output Contact

Retrieving Output Status

Output status is determined through BESTCOMS by selecting/Metering from the Reports pull-down menu
and selecting the Start Polling button in the upper gortion of the screen. Alternately, status can be
determined through the HMI Screen 1.4.2, STATOPER\OUT and from the ASCIlI command interface
using the RG-STAT command. See Section 6, Reporting and Alarm Functions, General Status Reporting,
for more information.

Relay Trouble Alarm Disable

When the relay self-diagnostics fungtion detects a problem in the relay, it sets internal alarm condition
ALMREL. See Section 6, Reporting‘and®Alarm Functions, Alarms Function for more details on this
function. This alarm condition disables theyoutputs and de-energizes the OUTA relay closing the OUTA
contact.

Programmable Hold Timer

Historically, trip contact seal-imycircuits have been provided in electromechanical relays. These seal-in
circuits consisted of a dc g€oillin, series with the relay trip contact and a seal-in contact in parallel with the
trip contact. The seal-infeature serves several purposes for the electromechanical relays. One is to
provide mechanicalb energy t@ drop the target. Two is to carry the dc tripping current from the induction
disk contact, whi€h may net have significant closing torque for a low resistance connection. Three is to
prevent the relayycontactdrom dropping out until the current has been interrupted by the 52a contacts in
series with the trip“ceil 4f the tripping contact opens before the dc current is interrupted, the contact may
be damaged. The first'two of these items are not an issue for solid-state relays, but the third item is an
issue.

To prevent the output relay contacts from opening prematurely, a hold timer can hold the output contact
closed forta minimum of 200 milliseconds. Alternatively, if the protection engineer desires seal-in logic
with feedback from the breaker position logic, they can provide this logic by modifying the BESTlogic
expression for the tripping output. How to do this is described in Section 7, BESTlogic Programmable
Logie, Application Tips.

Thehold timer can be enabled for each input from the ASCIl command input using the SG-HOLD
cammand. Hold timer settings are shown in Table 3-9.
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To enable the hold timer using BESTCOMS, select Inputs and Outputs from the Screens pull-down menu,
and select the Outputs 1-14, A tab. To enable the hold timer for a desired output, check the box labeled
Hold Attribute by clicking in the box with the mouse pointer. Refer to Figure 3-11.

BE1-CDS240 Settings ( [Untitled] ) =]

File Screens Copy Communication Reports Help

0 &S & Logic [BASLER ~| Settings | Global
E|[E 12 o
B geci e e ~|of

Inputs 1-8] Inputs 712 Outputs 1-14 & ]

Out 1 Out 2 Out 3 Out 4 ‘v
[ WOT_LABEL [ WOZ2_LABEL [ WO3_LABEL [ vm_x

Basler

[ Hald Attribute [ Hald Attribute [ Hald Attribute P ibute
Out 5 Dut 6 Out 7 Dut >y r
| W0B5_LABEL | WOB_LABEL | WO7_LABEL 8 [LABEL
[ Hald Attribute [~ Hold Attribute [ Hald Attribute w.&ttribute
y
Out 9 Out 10 Out 11 [ & 2
| 409_LABEL | W010_LABEL | “011_LABEL A‘.l‘ W012_LABEL
[ Hald Attribute [ Hald Attribute pe 4 3
o
. LJ
Out 13 Dut 14 Dut A L 4
| W013_LABEL | W014_LABEL | . VDALABEL
pe 3 ]
b o

P\
Inputsland Ourputegd 10/3/2005 | 3:22PM
s - _

Figure 3-11. Inputs and Outputs Sereen, Outputs 1-14, A Tab

Table 3-9 lists the default setting for the hold timer attributes.

Table 3-9%0utput Hold Function Settings

Setting Range Default

0 = disabled OUTA=0
1 = enabled OUT1-0uUT14=1

Output Hold Timer

Output Logic Override Coatrol

The state of each outputéi€entactrcan be controlled directly using the select before operate, output control
function. The virtual oytput logic expression that normally controls the state of an output contact can be
overridden and the contact pulsed, held open, or held closed. This function is useful for testing purposes.
An alarm point is availablein the programmable alarm function for monitoring when the output logic has
been overridden.[See Section 6, Reporting and Alarm Functions, Alarms Function, for more information
on programmable“alarms. Write access to control functions is required to use the select before operate
control functions¥rom either the optional HMI or the ASCII command interface. It cannot be achieved
using BESTCOMS.

Enabling LagicOverride Control

The logic override control must be enabled before the function can be used. The default state is disabled.
Enabling output logic override control cannot be accessed from the HMI. It can only be accessed from the
ASCIl command interface using the CS/CO-OUT=ena/dis (control select/control operate-output
override=enable or disable) command. This command only enables or disables logic override control. It
dees,not enable or disable the outputs themselves.

Pulsing an Output Contact

Outputs can be pulsed to provide the push-to-energize function provided in Basler Electric solid-state
relays. This is useful in trip testing the protection and control system. When pulsed, the contact changes
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from the current state as determined by the virtual output logic expression to the opposite state for 200
milliseconds. After 200 milliseconds, the output contact is returned automatically to logic control.

Pulse override control can be accessed from the HMI using Screen 2.4, \CTRL\OUT and entering a P in
the field for the output contact. Control can be accessed from the ASCIl command interface using the
CS/CO-0OUTn=P (control select/control operate - output contact n = pulse) command.

Holding an Output Contact Open or Closed

An output can be forced to a closed (logic one or TRUE) state or to an open (logic zero or FALSE) state.
This is useful in testing to disable a contact during testing. Open or close logic override control can be
accessed from the HMI using Screen 2.4, \CTRL\OUT and entering a one for closed or a zero for open4n
the field for the output contact. Control can be accessed from the ASCII command interface®using the
CS/CO-0OUTN=0/1 (control select/control operate - output contact n = 0/1) command.

Returning an Output Contact to Logic Control

When the logic has been overridden and the contact is held in an open or closed state, it4sthecessary to
return the contact to logic control manually.

Return to logic control can be accessed from the HMI using Screen 2.4, \CTRL\OUT andyentering an L for
return to logic control in the field for the output contact. Control can be accessed from the ASCII
command interface using the CS/CO-OUTn=L (control select/control operate-output contact n = logic
control) command.

The output control commands require the use of Select Before Operate logic; Rirst; the command must be
selected using the CS-OUT command. After the command is selected; there is a 30-second window
during which the CO-OUT control command can be entered. The coniralsele€ted and operation selected
must exactly match or the command is blocked. If the command is“pot¥entered within the 30-second
window, the command is blocked. If the control command is blocked,anserror message is output.

Output control commands, except for ENA and DIS, are acted'on immediately. To take effect, the ENA or
DIS output control command changes must be saved with the"EXIL.eommand. The output control status
is saved to nonvolatile memory and, if power is lost, it is restored after power returns.

1. Enable the output control feature.
>CS-OUT=ENA
OUT=ENA SELECTED
>CO-OUT=ENA
OUT=ENA EXECUTED
>E (exit)
Save Changes (Y/N/C)?
>Y (yes)

2. Test all outputs by pulsing,momentarily.
>CS-OUT=P
OUT=P SELECTED
>CO-OUT=P
OUT=P EXECUTED

3. Disable thgtripteutput(OUTL1) by holding it at logic O.
>CS-OUT1=0
OUT1=0%SELECFED
>CO-OUT1=0
OUT1=0 EXECUTED

4. Return OUTL1 to logic control.
>CS-OUT1=L
OUT2=L SELECTED
>C0O-0UT1=0
OUT1=L EXECUTED

3:20 BE1-CDS240 Input and Output Functions 9365200990 Rev E



5. Disable the output control feature.
>CS-0OUT=DIS

OUT=DIS SELECTED
>CO-0OUT=DIS O
OUT=DIS EXECUTED

>E (exit) O

Save Changes (Y/N/C)?

>Y (yes)
L 4

Retrieving Output Logic Override Status @

The status of the output contact logic override control can be accessed from the using Screen 1.4.2,
\STAT\OPER\OUT. Screen 2.4, \CTRL\OUT is output control but can also dis tatus. The status
of the output logic can also be accessed from the ASCIl command interface usi RG-STAT (report
general-status) command or RG-OUTCNTRL (report general-output contkol us) command. See
Section 6, Reporting and Alarm Functions, General Status Reporting, for more rmation.

An L indicates that the state of the output is controlled by logic. A ze indicates that the logic has

r
been overridden and the contact is held in the open (0) or closed (1),8tate®¥A P indicates that the contact
is being pulsed and will return to logic control automatically.
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SECTION 4 ¢« PROTECTION AND CONTROL

GENERAL

BE1-CDS240 relays provide many functions that can be used for protection and control of power system
equipment in and around the protected zone. Four settings groups are provided for adapting /the
coordination under various operating conditions with options for controlling which settings are active by
automatic or programmable logic criteria. Protection and control functions include phase and neutral
differential protection, overcurrent protection, breaker failure protection, general-purpose logic timers and
virtual control switches.

To use a function, three things must occur:

1. The function block must be enabled in the active logic scheme by SL-<fupcti®h> command or
enabled through BESTCOMS. To enable or disable a function that isgpart,of‘a preprogrammed
logic scheme, the user must first create a custom name for the new scheme.

The inputs and outputs of that function must be connected properly in‘@logic scheme.

3. Operational characteristics or settings for the function must be“programmed by the user and
based on the specific application requirements.

ltems 1 and 2 may be skipped if a preprogrammed logic scheme is used for a typical application. Most of
the schemes are general in nature and unneeded capabilitiesgmay, be” disabled by programming the
operational characteristics setting to zero.

Example: The second negative-sequence instantaneous owereurrent function is enabled in the logic
scheme but is not needed for this applicatioRmSet the 150TQ function pickup setting to zero
(S#-150TQ=0) or set 150TQ to zero using,the'@vercurrent Screen in BESTCOMS.

More information on each individual function for item¢1%is, provided in this section. More information on
items 2 and 3 is provided in Section 7, BESTlogic Pragrammable Logic and Section 8, Application.

SETTING GROUPS

BE1-CDS240 relays provide a normal setting group?¥SGO, and up to three auxiliary setting groups SG1,
SG2, and SG3 (See Figure 4-1). Auxiliary &etting groups allow 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 basedwpon source conditions or to improve security during overload
conditions. The possibilities for impravingyprotection by eliminating compromises in coordination settings
with adaptive setting groups are endless.

D2840-21
02/20/02

llode
O3 Disable

1 - Discrete In SETTING

2-Binary Input/ | GROUP | (SGO
LOGIC

L e

o0 sL-GRoup -OSG1
[ >
@ D3 L g
o AUTOMATIC —(SG3

Figure 4-1. Setting Group Control Logic Block

The group of settings that are active at any point in time is controlled by the setting group control function.
This function allows for manual (logic) or automatic control. When manual control is enabled by the AUTO
l@gic input not being asserted, the function monitors logic inputs DO, D1, D2, and 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 inputs. When automatic control is enabled by the AUTO logic input
being asserted, the relay monitors loading or unbalance conditions and changes the active setting group
according to the switch to and return criteria set. The change criteria for manual and automatic control are
described in more detail later in this section.
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The setting group control function has four logic variable outputs, SGO, SG1, SG2, and 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. For example, it may be
desired for the 51P to trip the low side breaker through OUT2 under normal conditions, but to trip the 86T
lockout relay through OUT1 when in Setting Group 3. The logic for OUT1 would include the term
51PT*SG3 so that 51PT only actuates OUT1 when SG3 is asserted.

The setting group control function also has an alarm output variable SGC (Setting Group Changed). This
output is asserted whenever the relay switches from one setting group to another. The SGC 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 relay changes to a new setting group. See Section 6, Reporting and Alarm
Functions, Alarms Function, for more information on using alarm outputs.

The SGCON time setting also serves to provide anti-pump protection to prevent excessive changing
between groups. Once a change in active group has been made, another change cannot take place for
two times the SGCON setting.

When the relay switches to a new setting group, all functions are reset and initialized with the new
operating parameters. The setting change occurs instantaneously so at no time is theyelay off line. The
active setting group is saved in nonvolatile memory so that the relay will power up“using the same setting
group as it was using when it was powered down. To prevent the relay fromfchanging settings while a
fault condition is in process, setting group changes are blocked when the relay is“in a picked-up state.
Since the relay is completely programmable, the fault condition is defineddoy. theypickup logic expression
in the fault reporting functions. See Section 6, Reporting and Alarm Fungtionspkault Reporting, for more
information.

The selection of the active setting group provided by this function blockycamalso be overridden. When the
logic override is used, a setting group is made active and the relaysstays in that group regardless of the
state of the automatic or manual logic control conditions.

BESTIlogic Settings for Setting Group Control

BESTlogic settings are made from the BESTlogic Function“Element screen in BESTCOMS. The
BESTCOMS screen used to select BESTlogic settings gor| the Setting Group Selection function is
illustrated in Figure 4-2. To open the BESTlogic #unctioniElement screen for Setting Group Selection,
select Setting Group Selection from the Screens§ pullédown menu. Then select the BESTlogic button in
the lower left hand corner of the screen. Alternatelyy settings may be made using the SL-GROUP ASCII
command.

BESTlogic Function Element

. Setting Group Selection
@BASLEH -]
Mode
|Discrete Inputs j
Do— DO —o 5GO0
De—— D1 —o 5G1
De————— D2 —o 562
INZoe———— D3 —o 5G3
AINZe—— AUTOMATIC

Dane

Figure 4-2. BESTlogic Function Element Screen, Setting Group Selection
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At the top center of the BESTlogic Function Element screen is a pull-down menu labeled Logic. This
menu allows viewing of the BESTlogic settings for each preprogrammed logic scheme. A custom logi¢
scheme must be created and selected in the Logic pull-down menu at the top of the screen before
BESTIogic settings can be changed. See Section 7, BESTlogic Programmable Logic.

Enable the Setting Group Selection function by selecting its mode of operation from the Mode pull-down
menu. To connect the functions inputs, select the button for the corresponding input in the BESTIgic
Function Element screen. The BESTlogic Expression Builder screen will open. Select the expressiendype
to be used. Then, select the BESTlogic variable, or series of variables to be connected to the input.
Select Save when finished to return to the BESTIlogic Function Element screen. For more details on the
BESTlogic Expression Builder, See Section 7, BESTlogic Programmable Logic. Select Done“when the
settings have been completely edited.

Table 4-1 summarizes the BESTIogic settings for Setting Group Control.

Table 4-1. BESTlogic Settings for Setting Group Control

Function Range/Purpose Default
o | o 1o "1 (AR TR | 3 orscrte it
DO Logic expression. Meaning is dependent upon the Mode ‘setting. 0
D1 Logic expression. Meaning is dependent upon the Mode setting. 0
D2 Logic expression. Meaning is dependent upon theyModessetting. 0
D3 Logic expression. Meaning is dependent upon theyMode setting. 0
Automatic Logic Expression._ When TRUE, automatic control'is enabled and 0
when FALSE, logic control is enabled.
Example 1. Make the following settings to thg'setting group selection logic. Refer to Figure 4-2.
Mode: Discrete Inputs
DO: 0
D1: 0
D2: 0
D3: IN2

AUTOMATIC: [/IN2

Manual (logic) control reads the ‘Statys of the logic inputs to the setting group control function block to
determine what setting grodp sheuld be active. For the logic inputs to determine which setting group
should be active, the AWILO input must be logic 0. The function block logic mode setting determines how
it reads these logic inputs.here’are three possible logic modes as shown in Table 4-1.

When the setting group comtrol function block is enabled for Mode 1, there is a direct correspondence
between each discreteylogic’ input and the setting group that will be selected. That is, asserting input DO
selects SGO, asseérting,input D1 selects SG1, etc. The active setting group latches in after the input is
read so theyacan b€ pulsed. It is not necessary that the input be maintained. If one or more inputs are
asserted apthe'sametime, the numerically higher setting group will be activated. A pulse must be present
for appreximately ohe second for the setting group change to occur. After a setting group change occurs,
no setting,gfoup £hange can occur within two times the SGC alarm-on time. Any pulses to the inputs will
be ignored'during that period.

Figure 4-3 shows an example of how the inputs are read when the setting group control function logic is
enabled for Mode 1. Note that a pulse on the D3 input while DO is also active doesn’t cause a setting
group change to SG3 because the AUTO input is active.
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D3

D2

D1

DO

AUTO

SG3

SG2

SG1

SGO

SGC

D2647-20
08-21-98

Figure 4-3. Input Control Mode 1

When the setting group control function block is enabled for Mode 2, input
encoded (Table 4-2). Inputs D2 and D3 are ignored. A new coded input mu

1 second for the setting group change to occur. After a setting gr
change can occur within two times the SGC alarm on time.

Table 4-2. Setting Group Bi

D1 are read as binary
table for approximately
occurs, no setting group

Binary Code . )
Deci Setting Group
D1 DO
0 0 SGO
0 1 SG1
1 0 SG2
1 1 SG3

When using control Mode 2, the active
inputs DO and D1. This requires separat
used. Figure 4-4 shows how the acti
except when blocked by the AUTO j
cause a setting change to SG3

D3

D2

D1

DO

AUTO

SG3

SG2

the AUTO input is active.

up is controlled by a binary signal applied to discrete
ogicjequations for only DO and D1 if all setting groups are to be
ing group follows the binary sum of the DO and D1 inputs
ut."Niote that a pulse on the D1 input while DO is also active doesn't

D2647-21
08-21-98

Figure 4-4. Input Control Mode 2
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Figure 4-4 shows an example of how the inputs are read when the setting group control function block i
enabled for Mode 2. Note that a pulse on the D1 input while DO was also active does not cause a setti

group change to SG3 because the AUTO input is active. :

Operating Settings for Setting Group Control

Operating settings are made using BESTCOMS. Figure 4-5 illustrates the BESTCOMS screen used to
select operational settings for the Setting Group Selection function. To open the Setting Group ion
screen, select Setting Group Selection from the Screens pull-down menu. Alternately, settings may be
made using the SP-GROUP ASCII command.

BE1-CDS240 Settings ( [Untitled] )

File Screens Copy Communication Reports Help

0= EHEE Logic [BASLER ~| Settings | Global
== 120 I W
B. B8 e O P Wi e {20 O] o L6 R 0w

Setting Group Selection

Setting Group Automatic Control Settings

Basler

Setting Group 1 Setting Group 2
Switch Threshald Switch Time Switch Threshold Switch Time
ZGp0&IPPU tdin, #%Grp 051FP PU tdin,
&l "Bl "Bl "Bl
Feturn Threshald Feturn Time Fieturn Threshold Feturn Time
%G DSIPPU Min, % Grp 051P PU Hin.
&l &l "Bl "Bl

tdonitor Setting
51P

Monitar Setting tdonitor Sgttin
51P 51P *
Setting Group Selection Function Block Group Change [SGC) Alarm Timer [Sec]
Discrete Inputs
BESTlogic 5 EI

Setting Group Selection 104372005 | 346 PM

Figur ing Group Selection Screen

is apull-down menu labeled Logic. This menu allows viewing of the

BESTlogic settings for each med logic scheme. A custom logic scheme must be created and

selected in the Logic pull-do u at the top of the screen before BESTlogic settings can be changed.

See Section 7, BESTIoKra mable Logic. To the right of the Logic pull-down menu is a pull-down
S

At the top center of the scree

menu labeled Settings. ings menu is used to select the setting group that the elements settings
apply to.

Using the pull-down us and buttons, make the application appropriate settings to the Setting Group
Selection functior@ -3 summarizes the operating settings for Setting Group Control.

%
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Table 4-3. Operating Settings for Setting Group Control

Setting Range Purpose Default
1 t0 60 Time in minutes that determines when a setting
Switch Time gty change occurs once the Switch Threshold setting is 0
0 = Disabled
exceeded.
Switch Percentage of the SGO Monitor Setting that must be
0to 150 ; 0
Threshold exceeded for a setting group change to occur.
110 60 Time in minutes that determines when a return to SGO

Return Time will occur once the monitored current has decreased 0

0 = Disabled below the Return Threshold setting.
Return Percentage of the SGO Monitor Setting that“the
Threshold 0to 150 monitored current must decrease below in ordergfor a 0

return to SGO.

Determines when automatic setting groupfchanges
occur. Time overcurrent elements x51P, xX51N,;51Q,

Monitor Setting xgiP, )25511';]\1 or 451N can be selected so that setting/group | 51P
x51Q, changes are based on load current.
Note: x = none, 1, 2, or 3
CSﬁ;tén%((Bé%ucp) 1to 10 Measured in seconds, the SGC falarm timer sets the 5
9 0 = Disabled amount of time the alarm is on.

Alarm Timer

Automatic control of the active setting group allows the relayjto autematically change configuration for
optimum protection based on the current system conditions{Foriexample, in locations where seasonal
variations can cause large variations in loading, the overcurgent protection can be set with sensitive
settings during the majority of the time and switch to a settingygroup with lower sensitivity (higher pickups)
during the few days of the year when the loading is at peak

There are five settings for each group that are used for automatic control. Each group has a switch to
threshold and time delay, a return threshold andtimefdelay and a monitored element. The switch to and
return thresholds are a percentage of the SGO%ickup,setting for the monitored element. The monitored
element can be any of the 51 protective functions., Thus, if you wish to switch settings based upon
loading, you could set it to monitor 51P. If yau wish o switch settings based upon unbalance, you could
set it to monitor 51N or 51Q. When the monitored element is 51P, any one phase must be above the
switch to threshold for the switch to timef'delay“for the criteria to be met. All phases must be below the
return threshold for the return time délay fer the return criteria to be met.

Figure 4-6 shows an example of usifig the automatic setting group selection settings to change settings
groups based upon loading. Note thatithe AUTO input must be at a TRUE logic state in order to allow the
automatic logic to operate. At timey= O0;%urrent begins to increase. When current reaches 75 percent of
pickup, Setting Group 2 begins™timing¥(30 minutes). When current reaches 90 percent of pickup, Setting
Group 3 begins timing (5 minutes). After 5 minutes, at time = 37, with the current still above Setting Group
3 threshold, Setting Groupg8ybecomes active and the setting group change output pulses. At time = 55,
Setting Group 2 timer times out'but no setting group change occurs because a higher setting group takes
precedence. The faintidasheddine for SG2, between time = 55 and 75 shows that Setting Group 2 would
be active except for Setting, Group 3. Current decreases to 75 percent at time = 70 and Setting Group 3
return timer begins timing, Current varies but stays below 75 percent for 5 minutes and at time = 75,
Setting Group 2 becomes active and the setting change output pulses. After 20 minutes, Setting Group 0
becomes active and'thé setting change output pulses.
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SG1
SGO
coc 0 0 N

Figure 4-6. Automatic Operatien Based on Load Change

This function can also be used to automatically €hange the active setting group for cold load pickup
conditions. If the switch to threshold for a'group is set to 0%, 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. The threshold for this is 10% neminal rating of the relay current input.

Figure 4-7 shows how the active settingygroup follows the load current and time delay settings for Setting
Group 1. Note that the AUTO input must bevat a TRUE (1) logic state in order to allow the automatic logic
to operate. When the breaker opens, the load current falls to zero at time = 15 minutes. After 10 minutes,
Setting Group 1 becomes activeland the setting group change output pulses TRUE. When the breaker is
closed at time = 40 minutes, deadieuirent increases to approximately 90 percent of pickup. As the load
current decreases to 50 percentyof pickup, the Setting Group 1 return timer begins timing. After ten
minutes, Setting Group &, eutput goes FALSE, the setting group returns to Setting Group 0 and the setting
group change output pulses,TRUE.

When the switch-to cfiteriagis met for more than one setting group at a time, the function will use the
numerically higher of the enabled settings groups. If the switch-to time delay setting is set to O for a
setting group, autématic control for that group is disabled. If the return time delay setting is set to O for a
setting groupy, autematic return for that group is disabled and the relay will remain in that setting group
until returnéd manually of by logic override control.
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Figure 4-7. Automatic Operation Based'on Cold Load Pickup

Logic Override of the Setting Group Control Funetion

Setting group selection can be overridden to allow manual setting group selection. Manual setting group
control and selection is achieved through HML Sereéen 2.3, \CTRL\SG, or by using the CS/CO-GROUP
command. It cannot be achieved using BESTCOMS.“Ehe CS/CO-GROUP command uses select-before-
operate logic. A setting group must be selectedyusing,the CS-GROUP command before the setting group
is activated using the CO-GROUP command{ Theprocess of selecting and then placing a setting group in
operation is summarized in the following two, paragraphs.

Use the CS-GROUP command to select the‘desired setting group. After the CS-GROUP command is
issued, there is a 30-second windowgduringéwhich the setting group can be activated using the CO-
GROUP command.

Use the CO-GROUP command tofactivate the setting group already selected. The setting group activated
with the CO-GROUP commandgmnustmatch the setting group selected with the CS-GROUP command. If
the setting group specified infeach¢gcommand doesn't match or the CO-GROUP command isn't entered
during the 30-second window, the CO-GROUP command is blocked and an error message is returned.

CS/CO-GROUP commands#are executed without having to use the EXIT command to save setting
changes.

When a setting group, change is made, any subsequent setting change is blocked for two times the
duration of theé . SGC alarm output time setting. Refer to the Setting Groups subsection for more
information about'SGC Alarm settings.

CS/CO-GROUP Command

Purpose: Read or change logic override settings for setting group selection.
Syntaxg GROUP[=<mode>]
Comments: mode = Setting Group 0, 1, 2, 3, or L. L returns group control to the automatic setting

group logic. <mode> entry of CS-GROUP command and CO-GROUP command must
match or setting group selection will be rejected. If more than 30 seconds elapse after
issuing a CS-GROUP command, the CO-GROUP command will be rejected.
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CS/CO-GROUP Command Examples:

Example 1. Read the status of setting group override.
>CO-GROUP
L

Example 2. Override logic control and change the active setting group to SG1.
>CS-GROUP=1
GROUP=1 SELECTED
>CO-GROUP=1
GROUP=1 EXECUTED

Example 3. Return control of the active setting group to the automatic settingygroupdodgic.
>CS-GROUP=L
GROUP=L SELECTED
>CO-GROUP=L
GROUP=L EXECUTED

Retrieving Setting Group Control Status from the Relay

The active setting group can be determined from HMI Screen 1.4.4, \STAT\OPER\ACTIVEG, or by using
the RG-STAT command. Section 6, Reporting and Alarm FunctionShGeneral Status Reporting, provides
more information about determining the active setting group. The @active group can also be determined
using BESTCOMS Metering screen.

Logic override status can be determined from HMI Sereen 2.3/\CTRL\SG, or through the RG-STAT
command. Section 6, Reporting and Alarm Functions, Geferal Status Reporting, provides more
information about determining logic override status# Logic override cannot be determined using
BESTCOMS.

DIFFERENTIAL PROTECTION

87 - Phase Differential Protection

BE1-CDS240 relays provide three-phasefpercentage restrained differential protection with high-speed
unrestrained instantaneous differential ‘protection. The differential protection includes harmonic restraint
to improve security in transformer applieations. The 87 function (see Figure 4-8) has nine outputs 87RPU
(restrained pickup), 87RT (restrained trip)p87UT (unrestrained trip), 2NDHAR (second harmonic A, B, C
restraint picked up), and 5THHAR (fifth(harmonic A, B, C restraint picked up).

Mode,=
O-disable PERCENT | (87RPU
2 enabled DIFF
with %}87RT
Harmonic 87UT
Restraint | =
OZNDHAR
BLK ®87) A B, C
A B, C
D2840-41
03-08-04

Figure 4-8. Phase Differential Logic Block

A'Block logic input is provided to block operation of the differential protection. When this expression is
TRUE, the function is disabled. For example, this may be an input wired to a differential cutoff switch.

Section 1, General Information, Differential Protection Application Considerations, describes application
of percentage restrained differential protection. This section discusses the details of how the function
works and how to set it up. Figure 4-9 shows a detailed functional diagram of one phase of the phase
differential protection function. These functions and comparators are duplicated for each phase.
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The measured currents are phase, zero-sequence, and tap compensated. Section 3, Input and Output
Functions, Power System Inputs, describes the setup of the relay for phase and zero-sequence
compensation. Setup of the tap adjustment compensation is described later in this section. 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 Operatin
Current Function determines the magnitude of the fundamental, second and fifth harmonic differenti
current as the phasor sum of those components of the compensated currents. Section 3 also discuss
“virtual Circuits 5 and 6” and how they can be applied. Their use as an input to the “Virtual Restraint
Function” is discussed later in this section.

Figure 4-10 shows the characteristic of the Restrained Element function. This comparator has a sloﬁ

setting and a minimum pickup setting. The slope setting is the ratio of operate current to rest t current.
The slope setting should be set above the maximum mismatch caused by eXC|t , tap

mismatch, and load tap changers. The minimum pickup setting determines the minimum s of the
restrained element. If the ratio of operate current to restraint current is above the slo and the
operate current is above the minimum pickup setting for any of the three phase 7RPU (87

restrained element picked up) logic output is set.

Minimum

Pickup Slope
Restraint > 5
v 87 Restraine
Current R Pickup
Element
2 Cycle
Delay
Fundamental Fund. Fund lop
Phasor Phase perunit 1 o 87 Restrained
2nd harmonic . 2nd . Trip
Phasor Compensation | per unit Operating | _2ndlop
__Phasor ] »
Sth harmonic apd Tap 5th Current it lop
phasor | Adjustment perunit
Harmonic 2nd Harmonic
Inhibit Status
Unrestrained 5th 5th Harmonic
™ setting Harmonic Status
Restraint \
Current .
Transient
Fund Loy Monitor
Unrestrained 87 Unrestrained Trip
Element
D2840-24.vsd
02-08-99
ured-9. 87 Phase Differential Protection Functional Block Diagram
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Figure 4-10. Percentage Restrained Differential Characteristic

If the target is enabled for the restrained element, the target reporting“function will record an 87R target
for the appropriate phases when the 87RT output is TRUE and the,fault recording function trip logic
expression is TRUE. See Section 6, Reporting and Alarm Fnctions, Fault Reporting, for more details on
the target reporting function.

The differential protection function includes a transient'menitor to detect the effects of CT saturation
during a through fault. It does this by monitoring the, chamnge 1 restraint current versus the change in
operate current. For an internal fault, the restraint curkent 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. willlincrease at some time after the restraint current
increases. In this case, a two-cycle delay is added, to the restrained differential output to enhance
security.

The second and fifth harmonic functionsgheck the ratio of the second and fifth harmonic operate current
to the fundamental operate current. Traditienal harmonic restraint units operate on the ratio of harmonic
current to total operate current versus theyratioyto only the fundamental operate current used by the BE1-
CDS240. For this reason, the relay will, provide greater security for inrush and overexcitation with the
same harmonic inhibit ratio settings usedawith traditional differential relays. When either of these two
comparators is above the threshold, the percentage-restrained output is blocked from setting the 87RT
(87 restrained trip) logic output. If the second or fifth harmonic inhibit comparators are picked up for any of
the three phases, the 2NDHAR and 5THHAR logic outputs respectively are also set.

In many cases, the second,hiarmenic content of the inrush current may show up primarily in only one or
two phases, which can'gauseyone or two phases to not be inhibited. The BE1-CDS240 relay allows the
second harmonic currentse,_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 operateg€ufrent for only that phase. This is superior to other methods of cross blocking since
each phase glement operates independently in its comparison of operating current to harmonic current.
Thus, securityWis “enflanced without sacrificing dependability because a faulted phase will not be
restrained by inrushyon unfaulted phases as is the case with cross blocking schemes.

The Unrestrained Element function provides high-speed tripping for high-grade faults inside the zone of
protection. This'comparator has a minimum pickup setting. If the operate current is above the threshold,
for any of the"three phases, the 87UT (87 unrestrained element trip) logic output is set. 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 trip threshold should be the maximum
infush current with a small margin.

If'the)target is enabled for the unrestrained element, the target reporting function will record an 87U target
for, the appropriate phases when the 87UT output is TRUE and the fault recording function trip logic
expression is TRUE. See Section 6, Reporting and Alarm Functions, Fault Reporting, for more details on
the target reporting function.
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An alarm variable is also provided in the programmable alarms function that can be used to indicate an
alarm condition if 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. See Section 6, Reporting and Alarm Functions, Alarms Function, for more
details on the alarm reporting function.

BESTIloqic Settings for Phase Differential

BESTIlogic settings are made from the BESTlogic Function Element screen in BESTCOMS. Figure 4-11
illustrates the BESTCOMS screen used to select BESTlogic settings for the 87 function. To open the
BESTlogic Function Element screen, select Percentage Differential from the Screens pull-down menu.
Then select the 87 Phase tab. Open the BESTIlogic Function Element screen by selecting the BESTlogic
button. Alternately, these settings can be made using the SL-87 ASCII command.

Percentage Differential /
Phase (87)
Logic |BASLER - PN

Mode
|Enable j
Oe—— BLK 87RT
87REU
87UT
2ndHAR

D) Y

N
9

Figure 4-11. BESTlogic Eunction Element Screen, Phase (87)

At the top center of the BESTlogic{Funection Element screen is a pull-down menu labeled Logic. This
menu allows viewing of the BESTPlogie, settings for each preprogrammed logic scheme. A custom logic
scheme must be created and seleeted”in the Logic pull-down menu at the top of the screen before
BESTIlogic settings can be changed, See Section 7, BESTlogic Programmable Logic.

Enable the 87 function by selegting/its mode of operation from the Mode pull-down menu. To connect the
element's input, select the'button for the input in the BESTlogic Function Element screen. The BESTlogic
Expression Builder sereenill @pen. Select the expression type to be used. Then, select the BESTlogic
variable, or seriesfof vatiables to be connected to the input. Select Save when finished to return to the
BESTlogic Function Element screen. For more details on the BESTlogic Expression Builder, see Section
7, BESTlogic Pragrammable Logic. Select Done when the settings have been completely edited.

Table 4-4 summarizesthe BESTIogic settings for Phase Differential.

Table 4-4. BESTlogic Settings for Phase Differential

Function Range/Purpose Default
0 = disabled
1
NG 1 = enabled
BLK Logic expression that disables function when TRUE. 0
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Tap Compensation Settings for Phase Differential

As discussed in Section 1, General Information, Differential Protection Application Considerations, the
measured currents must be tap adjusted to eliminate magnitude mismatch prior to being used by the=8i
phase differential protection function. The tap adjust factors can be manually calculated per Equation 4-1.
Or, the user can enter the MVA and KV base parameters (Table 4-5) and the relay will calculatesthettap
adjust factors using CTR and Compensation Factor parameters from the current measurement ifiput
function settings. See Section 3, Input and Output Functions, Power System Inputs, for more details on
these settings. For a transformer application, the mismatch will be at a minimum if the actual transformer
voltage ratings are used taking the no-load tap changer into consideration. If the transformer has a load
tap changer, the voltage rating at the middle of the adjustment range should be used. This is géherally at
neutral. Table 4-6 lists the tap compensation settings for Phase Differential.

MVA *1000 * COMPn

TAP1.23,4 =
J3*KV1,2,3.4 *CTRn

Equation 4-1. Calculate Tap Adjust Factors

Table 4-5. MVA and KVn Base Parameters

Parameter Description Explanation
Tapn Restraint winding CDS240 has up to 4testraint windings (4 taps).
MVA MVA base Full load MVA ortopaating of the protected equipment.
KVn KV base for CT input n | L-L Voltage infKV fomeach CT input circuit.
CTRn CT ratio for CT input n | Actual ratio g0t efféctive ratio.
Phase compensation V3 if CTgséire, cohnected in Delta (CTcon = DAB or DAC).
COMPN adjustment factor for 1 in.all other cases.
CTinputn Sée Section8, Input and Output Functions.
Table 4-6. Tap Compensation Settings for Phase Differential
Range i
Setting f Increment Unit of Default
5A 1A Measure
Manual& auto-4 Manual = auto- N/A
Auto-tap MVA base | tap disabled tap disabled 0.1 Manual
0.6 tey9999 0.5 to 9999 MVA
Tap CT Input Lor |#2:0t0 20.0 or | 0.40 to 4.00 or ooioft Iolrozbogtgogbgzr Sec.ampsor|
Auto-tap KV base ['0.0140 1000.0 | 0.01 to 1000 ' 0 01 ' Primary KV
.01 for 2. .
Tap CT Inputi2 orayf#2.0 to 20.0 or | 0.40 to 4.00 or Ooloforolro Oogtgogoggr Sec. amps or 5
Auto-tap KV base,, | 0.01 to 1000.0 | 0.01 to 1000 ' 0 01 ' Primary KV
Tap CT Input3 or | 2.0to 20.0 or | 0.40 to 4.00 or Oo'loftIolroZ(')ogtgogbggr Sec. amps or 5
Auto-tap KV base | 0.01to 1000.0 | 0.01 to 1000 ' 0 01 ' Primary KV
Bap CT Input 4 or | 2.0to 20.0 or | 0.40 to 4.00 or 00'10;):0;02603)20969; Sec. amps or 2
Alto-tap KV base | 0.01to 1000.0 | 0.01 to 1000 ' 0 o1 ' Primary KV

The input currents can be tap adjusted up to a spread ratio of 10:1. If the ratio between TAP1, and TAP2,
3, or 4 is greater than ten, it will be necessary to adjust the CT ratios to bring the tap factors closer
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together. When the auto-tap calculation feature is used, the relay will give an error message if the spread
ratio is greater than ten.

If one of the calculated taps is outside the acceptable range (2.0 to 20 for 5 ampere units or 0.4 to 4.0 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.

BESTCOMS can be used to provide auto tap calculation by filling in the appropriate fields on the
Percentage Differential screen (Figure 4-12) and pressing the calculate button or manual tap values can
be entered. Also, the auto-tap calculation settings can be entered for each setting group from the optional
HMI using Screen 5.#.1.2, \PROT\SG#\87\MVA. The manual tap compensation settings can be entered
for each setting group from the optional HMI using Screen 5.#.1.3, \PROT\SG#\87\TAP{ These two
screens are mutually exclusive. If the user enters settings on the TAP Screen, the MVA%and*KV settings
on the MVA Screen will be zeroed out. If the user enters settings on the MVA Screen, the“automatically
calculated taps are shown on both screens.

The auto-tap calculation settings or the manual tap settings can be entered for each sétting group with
BESSTCOMS or from the ASCII command interface using the S<g>-TAP87 command:

NOTE to users of the BE1-87T Transformer Differential Relays

Three-phase versions of the BE1-87T also allow internal phaSe, compensation.
The jumper settings for the BE1-87T correspond to the internal €ompensation for
the BE1-CDS240 as follows: A1 = DAC and A2 = DAB.

When calculating the tap adjust settings for the BE&-87T,the®3 COMPn factor
has to be included regardless of whether phase%eompensation is done by
connecting the CTs in delta or by using internal ‘delta e@mpensation. The BE1-
CDS240 automatically takes the V3 factor into acgduntygsior to the tap adjustment
when internal phase compensation is applied to aiset of CT input currents. Thus,
the tap adjust factors for these two relays willinot ie the same in applications
using internal phase compensation.

BE1-CDS240 Settings ( [Untitled] )

File Screens Copy Communication Reports Help A
5 == Logic [BASLER (| 4 {)~| Settings [Group 0 ~
o 120 I Y| —r o T
ng D@g%%”n”[h”w%& ® L P oow o
87 Phase ] S7NDAEPND | Diff Al | ‘U
87 Tap X 4 \ 87 Phase
Calculate D Taps s nte : : - 000
Diat o Tap Restrained Pickup |Times Tap .
Calculatiol
hfAM AL Restraint Slope % | |49 E
| l & % of Masimum
Transformer MVA 1 " % of Average
Ci J Circuit 2 2nd Harmonic Restraint % lop 18.0 E
X Shared
i 2.0 = oo =
Tap. Cif S v A 5th Harmonic Restraint % lop 35.0 E
kV_Circ S B E 200 E ; : - I—D EI
Circuit 3 Circuit 4 Unrestrained Pickup |Times Tap
it A | E | E Enabled
BESTlagic
icuit | E | E
87ND 187ND
. 2.00 |2.00
TaprIlCull Amps |
Tap G. Circuit Amps |2'DD |2'DD
P Percentage Differential 10/3/2005 | 3:49PM

Figure 4-12. Percentage Differential Screen, 87 Phase Tab
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NOTE

The CT input circuit settings are used by the auto-tap calculation function to
calculate the correct tap adjustment factor for the differential functions. When
entering these settings via the ASCII command interface, the validation routine
and auto-tap calculation is performed on exit after all parameters have been
entered.

When entering these settings using the optional HMI, the validation routine and
auto-tap calculation is performed on exit of each screen. This may cause an OUT
OF RANGE error message from the auto-tap calculation function. The user is
advised to enter valid CT input circuit settings on Screen #6:3.1.1,
SETUP\PWR_S\CON\CTP prior to entering the auto-tap calculation, settings; If
the user has previously set the auto-tap calculation settings and needs‘te, chafnge
the CT input circuit settings, it may be necessary to temporarily change, theyauto-
tap function setting to MANUAL on Screens 5.1.1.3, 5.2.1.3, 5.3.1.3,/and5.4.1.3
\PROT\SG#\87\TAP in order to enter the new CT settings.

See Section 3, Input and Output Functions, Power System Inputs, for more
information on CT input circuit settings.

The tap factors calculated by the auto-tap calculation feature capsbe determined in several ways. They
are displayed on the optional HMI using Screen 5.#.1.2, \PROT\SG#A87\MVA. Alternatively, the current
check record provided by the differential alarm function inclides a listing of the compensation parameters
in the setting group that was active at the time that the recotd Was triggered. See Section 6, Reporting
and Alarm Functions, Differential Current Monitoring €Einction, Setting Differential Current Monitoring
Alarms, for more details on this report.

Operating Settings for Phase Differential

Operating settings for the 87 function consist of Restrained Pickup, Restraint Slope, 2" and 5" Harmonic
Restraint, and Unrestrained Pickup values.

Operating settings are made using BESTCOMS: Figure 4-12 illustrates the BESTCOMS screen used to
select operational settings for the 87 function. To open the screen, select Percentage Differential from the
Screens pull-down menu. Then select thed87 Phase tab. Alternately, settings may be made using S<g>-
87 ASCIl command or through the optional HMI Screens 5.#.1.1, \PROT\SG#\87\87.

The operating settings for Phase Differéntial‘are provided in Table 4-7.

The settings for restrained minimumepickup and unrestrained trip are set in multiples of tap. If the ideal
taps calculated by Equation 4-1 fel'withinthe 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 ampéres.“A¥pickup setting of 10 times tap for the unrestrained output pickup
(URO) element is equivalentito 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 proteetivetelements should be adjusted as well. Equation 4-2 gives the adjustment
factor. The definitions. for the variables in Equation 4-2 are the same as those for Equation 4-1. For
example, the ideal tapS'(APn,) were calculated using Equations 4-2 and 4-3 to be 1.6 and 5.0. They had
to be adjusted upwards)so that the actual taps (TAPn,) are 2.0 and 6.25. Per Equation 4-2, X is 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¥.35 * 0.8 = 0.28 to achieve the same sensitivity.

The piekup settings in Times Tap can be related to primary amps by Equation 4-3. Minpu is the minimum
pickup setting in"Times Tap. The definitions for the remaining variables in Equation 4-3 are the same as
those for Equation 4-1.

TAPNI MVA*1000* COMPN . Mpu*TAPn*CTRn
= = Ipri=
TAPRA  TAPnA*y/3*KVn*CTRn COMPn
Equation 4-2. Tab Adjustment Equation Equation 4-3. Calculate Primary Amps
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Table 4-7. Operating Settings for Phase Differential

Setting Range Increment Unit of Measure Default
0 = Disabled
Mini Pick i .01 Ti
inimum Pickup (minpu) 0.10 to 1.00 0.0 imes tap 0
Slope (Maximum restraint) 15to 60 1 % | operate vs. maximum 45
restraint
(Average Restraint) 15 Ato 60 A 1A % | operate vs. average N/A
restraint
nd S 0 = Disabled % of 2" vs. fundamental |
2" Harmonic Inhibit 50 t0 75.0 0.5 operate 18
5" Harmonic Inhibit 0 = Disabled 05 9% of 5™ vs. fundamentéali 35
5.0to 75.0 ' operate
Unrestrained output picku 0 = Disabled i
(URO) putp P 01to 21 1 Times tap 10
2" Harmonic sharing 0 = Independent n/a £ 1
between phases 1 = Shared

Maximum restraint uses the maximum of the compensated input currents, and average restraint uses the
average of the compensated input currents. For example, if maximum restraint is used (no A after the
slope percentage), the restraint current for phase A would be Taa="max\(Iaxcomp) Where x = 1, 2, 3, or 4
depending on the number of current inputs. If average restraintywere used (an A after the slope
percentage), the restraint current for phase A would be given by Equation 4-4.

IRA = Sum of 1| AXCOMPS (x = number/ofrestraint inputs —2, 3, or 4)

X inputs

Equation 4-4. CalculateiRestraint Current for Phase A

Retrieving Phase Differential Status from the Relay

The status of each logic variable can be determined from the ASCIl command interface using the RG-
STAT command. Status can also be detéfmined using BESTCOMS Metering screen. See Section 6,
Reporting and Alarm Functions, GeneralStatus|Reporting, for more information.

Virtual Restraint Element

Transformer differential applicatiens ‘associated with high and/or low side ring bus or breaker-and-a-half
arrangements normally include thesbreakers in the transformer differential zone of protection (Figure 4-
13).

That is, the restraint currents fer_the differential relay are derived from each breaker connected to the
transformer. However, usingsnarmal restraint methods on a lightly loaded transformer combined with a
high impedance faultieould{Cause the differential relay to restrain when in fact it should trip. To avoid this
condition, the BEZ*CDS240 provides a Virtual Restraint Element that derives its restraint from the
vector sum of tw@ or more high or low side breaker CT inputs (see Section 3, Input and Output Functions,
for details on thelirtual circuit measurement function and settings).
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Figure 4-13. Breakers in the Differential Z%rotection

With the breakers included in the transformer differenti aditional arrangement, and using the
“maximum restraint current mode,” the restraint value i imum” current of CT Circuits 1, 2, 3, or
4, and the operate current is the vector sum of CT C% , 3, and 4. Using this mode, Equation 4-5

applies: K
|

T@  Ysiope = PERATE 10006 - 200
RESTRAINT

Equation 4-5. Slop\ation, Maximum Restraint Current Mode

If the relay is set for a typical slo f , the 87R will not operate because the relay responds to the
restraint current flowing thought €T Ci s1and 2.

Using the relay’s “average %X rent mode” offers some improvement by “averaging” the four CT
a
t

!

IrestrainT = 10 A, |

inputs to determine the r current. However, is still below the typical 45% setting, providing
borderline 87R operatio his mode, Equation 4-6 applies:

loPERATE
IresTRAINT = loperaTE = 2 A %051 opE = ——"A=—-100% = 44.4%
s © ’ IRESTRAINT

ation 4-6. Slope Calculation, Average Restraint Current Mode

The onWake the 87R operate is to either add a CT at location VCKT5 (Figure 4-14) or make the

element more sensitive by reducing the percent restraint setting. The latter however, could make 87R
prone to false operation when full load or external fault current flows through the transformer. Virtual
restraint pfovides a practical way to solve this problem without adding an additional CT.
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Figure 4-14. Virtual Circuit with a CT;

Virtual restraint was specifically designed for applications wheré high, per unit current flows through the
primary or secondary breaker current transformers withoutgflowing, though the protected transformer.
Using the same example as above, first configure Virtual Circuit 5 for the vector sum of CT Circuits 1 and
2. Next, enable virtual restraint to use Virtual Circuit 5¢asyoney of its restraining inputs. When virtual
restraint is enabled to use Virtual Circuit 5, the BE1-CDS240 automatically excludes Circuits 1 and 2 from
the restraint calculations.

The restraint current is then determined from Virtual Circuit 5 and CT Circuits 3 and 4. The operate
current is determined as before from the vectorsum ef,CT Circuits 1, 2, 3, and 4.

Virtual Circuit 5 becomes the vector sum of Gircuits,1 and 2 and is equal to 3 A. Using the maximum
mode, Equation 4-7 applies:

- Ybs ope = —OPERATE 10006 — 44.4%

Irestraint = 3 A, loperate =92 A IRESTRAINT

Equation 4-7."Slope Calculation, using VCKT5

Using the typical setting of 45% slope, 87R easily operates for the same fault condition that restrained in
the original example (Figure 4-23). By using virtual restraint, the high current flowing thought CT Circuits 1
and 2 has no impact on the festraint calculations. By using virtual restraint, the restraint current is only
proportional to current actually flowing through the protected transformer. This avoids the need to apply a
separate CT at VEKT5ylocation (Figure 4-14) and maintains a good balance between sensitivity and
security.

87ND - Neutral Differential Protection

BE1-CDS240 relays can provide sensitive differential protection for ground faults on the grounded side of
a delta/wye transformer. 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 beycleared by time delayed backup overcurrent protection if sensitive differential protection is not
available?

The, funetion block in Figure 4-15 has two outputs: 87NDPU (pickup) and 87NDT (trip). A BLK (block)
legiciinput is provided to block operation of the differential protection. When this expression is TRUE, the
functian is disabled. For example, this may be an input wired to a differential cutoff switch.
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Mode = ooLe
0- disable PERCENT
1-Guvs N1 / NEUTRAL
2-Gvs. N2 DIFF
(E7ND) 87NDPU
BLK | 87NDT

Figure 4-15. Neutral Differential Logic Block

To use this function, the relay must always be installed with the optional independenisground sensing
input I that is the zero-sequence current entering the zone of protectiongsRigure, 4-16 shows the
configuration of this protective function. The zero-sequence current exiting the zonewof protection is the
calculated neutral for the three-phase CT input circuit designated by the BES{Llodic_ mode setting.

Note: Circuit 4 is not used on 187ND because it is the ground current (Ig)for that function.

NOTE

The CTs for this three-phase input circuit must be ¢onneeted in wye with zero-
sequence compensation for the grounded winding” provided by internal delta
compensation. If the CTs are connected in deltayto provide external zero-
sequence compensation, the calculated 314i(neutral) ctrrent exiting the zone will
always be zero since it is filtered out by the CTs, delta’connection.

O I
é I
0 .
' I
Oy

é. — ﬁlo ,Tlo jlo

0
ZO

31 o D2840-20.vsd
-

02-08-99
Figure 4-16. 87ND Polarity Configuration

These paragraphs discuss the details of how the function works and how to set it up. Figure 4-17 shows a
detailed functional block diagram of the neutral differential protection function. The measured ground
current and the neutral current are tap adjusted to eliminate magnitude mismatch. The Restraint Current
function determines the magnitude of the restraint current as the maximum of the compensated currents
in‘multiples of tap. The Operating Current function determines the magnitude of the differential current as
the phasor sum of the compensated currents.
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Figure 4-17. 87 Neutral Differential Protection Functional Block Diagram

The characteristic of the Restrained Element function is the same as that for the phase differential shown
in Figure 4-10 with the exception that maximum restraint is always used. This comparator has a slope
setting and a minimum pickup setting. The slope setting is the ratio of operate current ta'restraint current.
The minimum pickup setting determines the minimum sensitivity. If the ratio offopegsate current to restraint
current is above the slope setting and the operate current is above the mipimum pickup setting, the
87NDPU (87 neutral element picked up) logic output is set.

A timer provides security from misoperation on false residual caused by*CT saturation during a through
fault. If the transient monitor function from the 87 phase differentialifunction"detects CT saturation, the
87NDT trip logic output is routed through the timer. The timer_should be set longer than the normal
clearing time for a fault just outside the zone of protection to allowittesside-through until the external fault
is cleared.

If the target is enabled for this function, the target reporting fdnctiongwill record an 87ND target when the
87NDT logic output is TRUE and the fault recording function trip,logic expression is TRUE. See Section 6,
Reporting and Alarm Functions, Fault Reporting, for morefdetails ©n the target reporting function.

BESTlogic Settings for Neutral Differential

BESTlogic settings are made from the BESTlogi¢, Function Element screen in BESTCOMS. Figure 4-18
illustrates the BESTCOMS screen used to seléct BESTIogic settings for the 87ND function. To open the
BESTlogic Function Element screen, select Percentage Differential from the Screens pull-down menu.
Then select the 87ND/187ND tab. Selectgthey, appropriate BESTlogic button for 87ND or 187ND.
Alternately, these settings can be made usingithe SE-87ND and SL-187ND ASCIl commands.

BESTlogic Function Element

ercentage Differential
Neutral (87N D}
\ ic |BASLER |

Mode

Clircuit 1 -
Oe—— BLK —= 87NDT

—o BZNDPU

Dane

Figure 4-18. BESTlogic Function Element Screen, Neutral (87ND)
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At the top center of the BESTlogic Function Element screen is a pull-down menu labeled Logic. This
menu allows viewing of the BESTlogic settings for each preprogrammed logic scheme. A custom logi¢
scheme must be created and selected in the Logic pull-down menu at the top of the screen before
BESTIlogic settings can be changed. See Section 7, BESTlogic Programmable Logic.

Enable the 87 function by selecting its mode of operation from the Mode pull-down menu. To connectithe
element's input, select the button for the input in the BESTlogic Function Element screen. The BESTI0gic
Expression Builder screen will open. Select the expression type to be used. Then, select the BESTlogic
variable, or series of variables to be connected to the input. Select Save when finished to return to the
BESTlogic Function Element screen. For more details on the BESTlogic Expression Builder, see Section
7, BESTlogic Programmable Logic. Select Done when the settings have been completely edited.

Table 4-8 summarizes the BESTlogic settings for Neutral Differential.

Table 4-8. BESTlogic Settings for Neutral Differential

Function Range/Purpose Default
0 = Disabled, 1 = IG vs. CT Input 1 Neutral, 2 = IG vs, CT Taput 2
Mode Neutral, 3 = 1G vs. CT Input 3 Neutral, 4 = IG vs. CT Input 4 Neutral, 5 = 0
IG vs. CT Input 5 Neutral, 6 = IG vs. CT Input 6 Ngutral,
BLK Logic expression that disables function when TRUE. 0

Auto-Tap Compensation Settings for Neutral Differential

The tap adjustment factors are automatically calculated‘stieh,that Equation 4-8 is TRUE. CTRn is the CT
ratio for the three-phase CT input circuit designated by, the'87/ND"or 187ND setting in the active logic. The
CTR settings are entered using BESTCOMS (see_{Figure ¥-12). See Section 3, Input and Output
Functions, Power System Inputs, for more details onghese settings.

The CT input with the highest CTR is selected as the,driving tap and set to the minimum setting (2.0 for 5-
ampere units or 0.4 for 1-ampere units). Equation 448%isrsolved for the other tap. The currents can be tap
adjusted up to a spread ratio of 10:1. If thé"ratio hetween TAPN and TAPG is greater than 10, it will be
necessary to adjust CT ratios to bring theftap factors closer together. The relay will give an error message
if the spread ratio is greater than 10.

TARN*CTRn =TAPG*CTRG

Equation4-8.(Solve for the other Tap (TAPN or TAPG)

NOTE

Since the lealculated neutral used by the 87ND function is designated by
BESTlogic, yotihmay get an auto-tap error when changing the 87ND logic setting
in the usef programmable logic settings.

The tap factors calcylated by the auto-tap calculation feature can be determined in several ways. They
are displayethen the optional HMI using Screen 5.#.2.1, \PROT\SG#\87ND\87ND. Or, the current check
record pravidedhy, the differential alarm function includes a listing of the compensation parameters in the
setting groupfthat was active at the time that the record was triggered. See Section 6, Reporting and
Alarm FunetionsgDifferential Current Monitoring Function, Setting Differential Current Monitoring Alarms,
for more details on this report.

Operating Settings for Neutral Differential

Qperating’settings are made using BESTCOMS. Figure 4-19 illustrates the BESTCOMS screen used to
select operational settings for the 87ND and 187ND functions. To open the screen, select Percentage
Differential from the Screens pull-down menu. Then select the 87ND/187ND tab. Alternately, settings may
be made using S<g>-87ND and S<g>-187ND ASCII commands or through the optional HMI Screens
5#.2.1, \PROT\SG#\87ND\87ND, 5.#.2.2, \PROT\SG#\187ND\187ND.

The operating settings for Neutral Differential are provided in Table 4-9.
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The minimum pickup is set in multiples of tap. Equation 4-9 can be used to convert the Minpu setting to
primary current. The 87ND auto-tap calculation routine uses the minimum allowable taps to allow the
minimum pickup to be set to allow maximum sensitivity to ground faults.

Ipri= Minpu* TAPn*CTRn O
Equation 4-9. Convert the Minpu setting to Primary Current
L 4
Table 4-9. Operating Settings for Neutral Differential
Setting Range Increment M%';; 0 fault
Minimum .
Pickup 0 = Disabled 0.01 Ti ® 0

(minpu) 0.10to 1.00

(o] te vs.
Slope 15 to 60 1 Qram 20
50 to 999 ms 1m illiseconds

0.1for0.1 9
1.0 for 10 to

0.05 to 60 sec Seconds 500

Time Delay

0 to 3600 (60 Hz) or 0 to 2500 (50 - Cvcles
Hz) g

* Time delays less than 10 cycles can be entered to the neal 0.1 cycles from the optional HMI. All time

delays can be entered to the nearest 0.01 cycles from the mmand interface. Time delays entered
in cycles are converted to milliseconds or seconds. Incr ecision after conversion is limited to that

appropriate for each of those units of measure.

The 87ND neutral differential operational settings
the optional front panel HMI from Screen
command interface using the S<g>-87ND com

‘Zr
»@C’
O
<<>Q’

L 4

be entered with BESTCOMS (Figure 4-19), or from
, \PROT\SG#\87ND7\87ND, or from the ASCII
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Figure 4-19. Percentage Differenti en, 87TND/187ND Tab

Retrieving Neutral Differential Status from the Relay

The status of each logic variable can be determinedsf he ASCII command interface using the RG-
STAT command or using the BESTCOMS Metefing screen. See Section 6, Reporting and Alarm
Functions, General Status Reporting, for more inf;

OVERCURRENT PROTECTION

with Settable Time Delay

50T - Instantaneous Overcurrent Pr t

There are eight independent functiongblo for phase (50TP, 150TP, 250TP, 350TP, 450TP, 550TP,
650TP, 750TP), five for neutral (50TN, , 250TN, 350TN, 450TN), and four for negative-sequence
(50TQ, 150TQ, 250TQ, 350TQ)_inst eous overcurrent protection. Each function block can be
e

attached to any of the four hardwar nput circuits or the two virtual current circuits by the BESTlogic
mode setting. See Section 371 and Outputs, for details on the virtual current circuits.

The instantaneous overcurrént ective functions in the BE1-CDS240 relay are labeled 50T because
If the time delay is set to zero, they operate as instantaneous overcurrent

each has a settable tim

relays.

Figure 4-20 shows the 50TR phase instantaneous over-current as a typical 50T function. Each of the nine
independent function 0 logic outputs: #50TnPU (picked up) and #50TnT (trip) where n indicates

whether it is a P@ N (neutral), or Q (negative-sequence) and the #50 differentiates between the
[ 150, etc.).

protective fu&
_— D2843-40
Mode = 08-18-03
0 - disable
1-ctckt1

2-ctckt2 SL-50TP

4 3-ctckt3
4 -ctckt4 LOGIC

5-ctcktb5
6 - ct ckt 6 —O50TPT

BLK _~50TPPU

Figure 4-20. Instantaneous Overcurrent Logic Block
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A Block logic input is provided to each function and can be used to disable the function. When this
expression is TRUE, the function is disabled by forcing the outputs to logic zero and resetting the timers
to zero. For example, this could be used similar to a torque control contact on an electromechanical relay.

Each instantaneous overcurrent function has a pickup and a time delay setting. When the measured
current is above the pickup threshold, the pickup logic output, 50TPPU (for example) = TRUE and the
timer is started. If the current stays above pickup for the time delay, the trip logic output, 50TPT (for
example) = TRUE. If the current falls below the dropout ratio, which is 95%, the timer is reset to zero.

The phase overcurrent protective functions include three independent comparators and timers, one for
each phase. If the current is above the pickup setting for any one phase, the pickup logic output is
asserted and if the trip condition is TRUE for any one phase, the trip logic output is asserted.

If the target is enabled for the function, the target reporting function will record a target for the appropriate
phase when the protective function trip output is TRUE and the fault recording funetion trip logic
expression is TRUE. See Section 6, Reporting and Alarm Functions, Fault Reporting Functions, for more
details on the target reporting function.

BESTIoqic Settings for Instantaneous Overcurrent

BESTIogic settings are made from the BESTlogic Function Element screen in BESTCQOMS. Figure 4-21
illustrates the BESTCOMS screen used to select BESTlogic settings for the 50T, elements. To open the
BESTIogic Function Element screen, select Overcurrent from the Screens pull-down menu. Then select
the 50T/150T, 250T/350T, 450T/550T, or 650T/750T tab. Open the BESTlegic¥kunction Element screen
for the desired element by selecting the BESTlogic button corresponding“with the desired element.
Alternately, these settings can be made using the SL-x50T ASCIl cammands (where x = blank, 1, 2, 3, 4,
5,6,0r7).

BESTlogic Function Element

Phase (b0TP)
Logic |BASLER W S

ng
CircEit 1_ Y -

f o
0—5— BLE’ —o 5OTPT
N —o 50TPPU

A

Figure 4-21. BESTlogic Function Element Screen, Phase (50TP)

At the top center of the BESTlogic Function Element screen is a pull-down menu labeled Logic. This
menu allows viewing of the BESTlogic settings for each preprogrammed logic scheme. A custom logic
scheme must be“created and selected in the Logic pull-down menu at the top of the screen before
BESTIlogicysettings can be changed. See Section 7, BESTlogic Programmable Logic.

Enable the®50T, 150T, 250T, etc. function by selecting its mode of operation from the Mode pull-down
meau."ke\connect the element's inputs, select the button for the corresponding input in the BESTlogic
RBunction Element screen. The BESTlogic Expression Builder screen will open. Select the expression type
toybexused. Then, select the BESTIogic variable, or series of variables to be connected to the input.
Select Save when finished to return to the BESTIlogic Function Element screen. For more details on the
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BESTlogic Expression Builder, See Section 7, BESTlogic Programmable Logic. Select Done when the
settings have been completely edited.

Table 4-10 summarizes the BESTIogic settings for Instantaneous Overcurrent.

Table 4-10. BESTlogic Settings for Instantaneous Overcurrent

Function Range/Purpose Default

0 = Disabled

1 = CT Input Circuit 1
2 = CT input Circuit 2
3 = CT Input Circuit 3

Mode 4 = CT Input Circuit 4 0
5 = Virtual Input Circuit 5
6 = Virtual Input Circuit 6
G = Independent Ground Input (#50TN functions only)

BLK Logic expression that disables function when TRUE. 0

NOTE

If the unit has five ampere phase inputs and a oneyampere independent ground
input, the valid pickup setting range of the,neutral, overcurrent functions will be
dependent upon the logic mode setting which®designates whether the three-
phase residual or the independent groundynputyis to be monitored. If changing
logic schemes or settings causes a neutral®@yvercurrent setting to be OUT OF
RANGE, the out of range setting will be ¥arced in-range by multiplying or dividing
the current setting by five.

Operating Settings for Instantaneous Qvercurient

Operating settings for the 50T functions “éensist of Pickup and Time delay values. The Pickup value
determines the level of current requifed/far,the element to start timing toward a trip. Time delays can be
set in milliseconds, seconds, or cycle§. The default is milliseconds if no unit of measure is specified.
Minimum timing resolution is tohe nearest one-quarter cycle. A time delay setting of zero makes the
element instantaneous with fig_intentiopal time delay.

Operating settings are madég using BESTCOMS. Figure 4-22 illustrates the BESTCOMS screen used to
select operational settings for the 50T elements. To open the screen, select Overcurrent from the
Screens pull-down mend:&fhenvselect the 50T/150T, 250T/350T, etc. tab. Alternately, settings may be
made using S<g>-x50T ASECIl command or through the optional HMI Screens 5.#.3.1 - 5.#.3.4,
\PROT\SG#\x50T\.
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Figure 4-22. Overcurrent Screen, 50T/150] Tab

The default unit of measure for the Pickup setting is secondary.amps. Primary amps (Pri Amps), per unit
amps (Per U Amps), and percent amps (% Amps) can alsoibe,selected as the pickup setting unit of
measure. The unit of measure for the Time setting that representsthe element's time delay, defaults to
milliseconds. It is also selectable for seconds, minutes, andsgycles.

If time delay settings are made in cycles, they are converted t@seconds or milliseconds (per the nominal
frequency setting stored in EEPROM) before being'stared ‘and rounded to the nearest whole millisecond.
See Section 3, Input and Output Functions, Rower/ System Inputs, Current Measurement, for more
information about this setting. If the nominal4requéncy setting is being changed from the default (60
hertz) and time delay settings are being set in cy€les, the frequency setting should be entered and saved
before making any time delay settings changes®

Beside the Logic pull-down menu is a pull-down menu labeled Settings. The Settings menu is used to
select the setting group that the element'sfsettings apply to.

Table 4-11 summarizes the operating settings for Instantaneous Overcurrent.

Table 4-117 Qperating Settings for Instantaneous Overcurrent

i Range it of
Setting g Increment Unit o Default
59 1A Measure
: 0 =\Disabled 0 = Disabled 001 for 0.01 to 9.99 Secondary
Pickup 0.5 18W.50 01 t0 30 0.1 for 10.0t0 99.9 amps 0
' ' 1.0 for 100 to 150
0 to 999 milliseconds 1m Milliseconds
. 0.1 for 0.1 t0 9.9 sec
Time Delay 0.1 to 60 seconds 1.0 for 10 to 60 sec Seconds 0
0 to 3600 (60 Hz) or 0 to 2500 (50 Hz) * Cycles

*  Time, delays less than 10 cycles can be entered to the nearest 0.1 cycles from the optional HMI. All
time, délays can be entered to the nearest 0.01 cycles from the ASCII command interface. Time delays
entered in cycles are converted to milliseconds or seconds. Increment precision after conversion is limited
totthat.appropriate for each of those units of measure.
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Retrieving Instantaneous Overcurrent Status from the Relay

The status of each logic variable can be determined from the ASCII command interface using the RG=
STAT command or using BESTCOMS Metering screen. See Section 6, Reporting and Alarm Functions,
General Status Reporting, for more information.

NOTE

When changing settings with the relay in service, an error message (PU TOO
LOW) will be generated if the new setting is within approximately 90% of the
metered current level. This is intended to prevent the user from inadvertently
causing a trip when changing a setting.

51 - Time Overcurrent Protection

There are four independent functions for phase (51P, 151P, 251P, 351P)&fivetfef neutral (51N, 151N,
251N, 351N, 451N), and four for negative-sequence (51Q, 151Q, 251Q,351Q)inverse time overcurrent
protection. Each function can be attached to any of the four hardware CT ‘taput circuits or the two virtual
current circuits by the BESTIlogic mode
setting. See Section 3, Inputs and Outputs, for D2843-41
details on the virtual current circuits. Mode = 08-18-03

Figure 4-23 shows the 51P (phase time O-disablé@
overcurrent) as a typical 51 function. Each of

the nine independent functions has two logic l-ctcktl
outputs #51nPU (picked up) and #51nT (trip) 2-Ct CKE,2 SL-51P
where n indicates whether it is a P (phase), N  3-ctickt 3 LOGIC

(neutral), or Q (negative-sequence). The #
differentiates between the protective functions 4-ctcki4

(51, 151, etc). 5t ckt 5 51PT
6ictiekt 6 —O
BLK —()91PPU

Figure 4-23. Time Overcurrent Logic Block

A BLK (Block) logic input is providedta each function that can be used to disable the function. When this
expression is TRUE, the functionfis disabled by forcing the outputs to logic zero and resetting the timers
to zero. For example, this could be used similar to a torque control contact on an electromechanical relay.

Each inverse time overcurreft fupction has a pickup, a time dial, and a curve setting. See Appendix A,
Time Overcurrent Chagacteristic Curves, for details on each of the curves available. To make the
protective element use’“integrated reset and emulate an electromechanical induction disk reset
characteristic, the ugsér’ can®append an R to the selected time current characteristic curve. A
programmable curve s available that can be used to create a custom curve by selecting coefficients in
the inverse time characteristic equation.

When the measured current is above the pickup threshold, the pickup logic output, 51PPU (for example)
= TRUE and inversestiming is started per the selected characteristic. If the current stays above pickup
until the finctien times out, the trip logic output, 51PT (for example) = TRUE. If the current falls below the
dropoutiatio, which is 95%, the function will either reset instantaneously or begin timing to reset
dependingon the user’s setting.

The phase overcurrent protective functions use the highest of the three measured phase currents. If the
current is above the pickup setting for any one phase, the pickup logic output is asserted. If the trip
condition9s TRUE, the trip logic output is asserted.

If the target is enabled for the function block, the target reporting function will record a target for all
phases that are above pickup when the protective function trip output is TRUE and the fault recording
function trip logic expression is TRUE. See Section 6, Reporting and Alarm Functions, Fault Reporting,
for more details on the target reporting function.
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BESTIoqic Settings for Time Overcurrent

BESTIlogic settings are made from the BESTIlogic Function Element screen in BESTCOMS. Figure 4-24
illustrates the BESTCOMS screen used to select BESTlogic settings for the Time Overcurrent function.
To open the screen, select Overcurrent from the Screens pull-down menu and select the 51, 151/251, or
351/451 tab. Then select the BESTIogic button that corresponds with the element to be modified.
Alternately, settings may be made using the SL-51 command.

BESTlogic Function Element

Time Overcurrent
Phase (b1P)

Logic |BASLER ~|
|
f
Mode
| Circuit 1 ~]
0 BLE —o 51RPT
—= 51PPU

N
7

Figure 4-24. BESTlogic Fun€tion Element Screen, Phase (51P)

At the top center of the BESTlogic Function Element screen is a pull-down menu labeled Logic. This
menu allows viewing of the BESTlogic settings/far, each preprogrammed logic scheme. A custom logic
scheme must be created and selected in_the Lagic pull-down menu at the top of the screen before
BESTIlogic settings can be changed. SeefSectign7, BESTlogic Programmable Logic.

Enable the Time Overcurrent functiondy seleeting its mode of operation from the Mode pull-down menu.
To connect the functions inputs, seléct the button for the corresponding input in the BESTlogic Function
Element screen. The BESTIogie, EXpression Builder screen will open. Select the expression type to be
used. Then, select the BESTIlogicyvariable, or series of variables to be connected to the input. Select
Save when finished to returpg”to the"BESTlogic Function Element screen. For more details on the
BESTlogic Expression Builder;, seeSection 7, BESTlogic Programmable Logic. Select Done when the
settings have been completely, edited.

The BESTIogic settings for Time Overcurrent are provided in Table 4-12. These settings enable an
element by attaching it%to the"CT input circuits and provide blocking control as determined by the logic
expression assigned to the'block input.

Table 4-12. BESTlogic Settings for Time Overcurrent

Function Range/Purpose Default
0 = disabled, 1 = CT Input Circuit 1, 2 = CT input Circuit 2, 3 = CT Input
Mode Circuit 3, 4 = CT Input Circuit 4, 5 = CT Input Circuit 5, 6 = CT Input Circuit. 0
G = Independent Ground Input (#51N functions only)
BLK Logic expression that disables function when TRUE. 0
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Example 1. Make the following settings to the 51P element using BESTCOMS. See Figure 4-24.
Mode: Circuit 1
BLK: O

NOTE

If the unit has five ampere phase inputs and a one ampere independent ground
input, the valid pickup setting range of the neutral overcurrent functions will be
dependent upon the logic mode setting which designates whether the_three-
phase residual or the independent ground input is to be monitored. If ¢ghanging
logic schemes or settings causes a neutral overcurrent setting to‘he OUT OF
RANGE, the out of range setting will be forced in-range by multiplying oRdividing
the current setting by five.

Operating Settings for Time Overcurrent

Operating settings are made using BESTCOMS. Figure 4-25 illustrates theS BESTCOMS screen used to
select operational settings for the Time Overcurrent element. To open the,screen, select Overcurrent from
the Screens pull-down menu and select either the 51, 151/251, or 352451 tab. Alternately, settings may
be made using S<g>-51 ASCIl command or from the optienal’ HMJ' Screens 5.#.4.1 through 5.#.4.3,
\PROT\SG#\51\.

See Negative-Sequence Overcurrent Protection latefiinwthisysection for information on setting the
negative-sequence overcurrent protection.

The default unit of measure for the Pickup setting isasecondary amps. Primary amps (Pri Amps), per unit
amps (Per U Amps), and percent amps (% Amps), can, also be selected as the pickup setting unit of
measure. The unit of measure for the Time setting/that represents the element's time delay defaults to
milliseconds. It is also selectable for secondsfminutes; and cycles.

Beside the Logic pull-down menu is a pull-dewn menu labeled Settings. The Settings menu is used to
select the setting group that the element's settings apply to.

Table 4-13 summarizes the operating settings for Time Overcurrent.
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Table 4-13. Operating Settings foﬂ&ercurrent
n

Range i
Setting 9 rement Unit of Default
5A 1A Measure
. 0 = Disabled 0=Di .01 for 0.01 to 9.99
Pickup 0.51t0 16 0. 0.1f0r 10.0t0 16,0 | S°C AMPS 0
Time Dial 0.0t0 9.9 0.1 N/A 0
Curve See AppendixA /' N/A N/A V2

[
Example 1. Make the following Qetti@he Phase 51P time overcurrent element in BESTCOMS.
Refer to Figure 4-25 X
Pickup: % ry amps
Time Dial: K
Curve: @

The status of eachylo can be determined through the ASCII command interface using the RG-
STAT (report ge command. See Section 6, Reporting and Alarm Functions, General Status

Voltage Restraint/Control for Time Overcurrent Protection

The 51P protection function can be set for voltage control or voltage restraint mode of operation (51V).
This feature is us€d to allow increased overcurrent sensitivity while providing security from operation due
to load cutgent. This feature is also often used for generator backup protection to ensure delayed tripping
t-circuit where the fault current contribution from the generator falls to a value close to the
ting of the generator.

set for Control mode of operation, the phase overcurrent element is disabled until the measured
drops below the threshold. Thus, as long as the voltage on the appropriate phase is above the
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27R threshold setting, the overcurrent element will be blocked. When set for this mode of operation, the
51P pickup setting is typically set near or below load current levels.

When set for Restraint mode of operation, the pickup of the phase overcurrent element is adjusted based
upon the magnitude of the measured voltage. Figure 4-26 shows how the overcurrent pickup threshold
setting is adjusted in response to the measured voltage level. Equation 4-1 determines the pickup level
for the 51P elements when the measured voltage is between 25% and 100% of the 27R threshold setting.
Below 25%, the pickup level stays at 25%. Above 100%, the pickup level stays at 100%. For example, if
the 27R threshold is set for 120V and the measured voltage on the appropriate phase is 100V (83% of
the 27R threshold setting), the overcurrent pickup level for that phase will be reduced to 83% of its
setting. When set for this mode of operation, the 51P pickup setting is typically set above worst Case, load
current levels.

100%
o
£
=
7]
& 5%
o
-
[Te]
S 5o%
O
%y
3
3
25%
D2871-20 25% 50% 5% 100%
02:02-00 )
Viesiant 20 Of 27R Setting

Figure 4-26. 51P Pickup Level"€@empensation

The 51/27R function can be set to monitor eithergVpp oF Vpn depending upon the VTP connection
settings. See Section 3, Input and Output Functions, Pewer System Inputs, for more detail on how to set
the VTP Connections. Table 4-14 shows which/Vveltage measurements are used by each phase
overcurrent element for each possible VTP gennection’and 51/27 voltage monitoring mode setting.

Table 4-14, VTP, Connection Cross Reference

VTP 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 N/A N/A
BN Vpn N/A Vbn N/A
CN Vpn N/A N/A Ven
AB Vpp Vab N/A N/A
BC Vpp N/A Vbc N/A
CA Vpp N/A N/A Vca

When single-phase voltage sensing is used, only the overcurrent element on the phase with voltage
magnitude information is affected by the 51/27R feature. Thus, in voltage control mode, the 51 elements
on the two unmonitored phases will always be disabled. In voltage restraint mode, the 51 elements on the
two unmapitored phases will not have their overcurrent pickup settings adjusted from 100%.

NOTE

For single phase sensing, the unmonitored phase is not restrained or controlled.
These phases are marked in the table by N/A (not applicable).
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The VT fuse loss detection function (60FL) can also be set to supervise the 51/27R function. It is possible
to set the 60FL function to automatically prevent mis-operation on loss of sensing voltage. When the
51/27R function is set for control and a 60FL condition is detected, the phase overcurrent elements will be
disabled. When the 51/27R function is set for restraint and a 60FL condition is detected, the phase
overcurrent elements will remain enabled but the pickup will not be adjusted from 100% of its setting. See
the paragraph titled Voltage Transformer Fuse Loss Detection, later in this section for more information.

Operating Settings for Voltage Restraint/Control for Time Overcurrent

See the previous Figure 4-25 for setting the Time Overcurrent elements. Using the pull-down menus and
buttons, make the appropriate settings to the 51P Voltage Restraint/Control element. Table 4-15
summarizes the operating settings for Voltage Restraint/Control for Time Overcurrent.

Table 4-15. Operating Settings for Voltage Restraint/Control for Time Overcurrent

Setting Range Increment Unit of MeaSure “fwDefault
Pickup 30 to 250, 0 = Disable 0.1 for 30 to 99, 1.0 for 100 to 250 Volts 0
Mode | C (control), R (restraint) N/A N/A R

Pickup Threshold. A setting of zero disables voltage restraint/control and allows the,51P time overcurrent
function to operate normally. When voltage restraint or control is desired, the, pickup value can be set
over a range of 30 to 250 volts. Setting curve coefficients is discussed latefimthissection.

Mode Setting (Mode). Two mode settings are available: Restraintyand"Control.
Restraint I. In Restraint mode, the 51P pickup level is reduced linearly when the sensing voltage
decreases below the restraint pickup level. The 51P picktipslevelis determined by Equation 4-1.
sensing voltage level

Actual Pickup Level = - - -
restraint pickup setting

x 51Prpickup setting

Equation 4-10. RestraintsRickupyLevel

Control I. In Control Mode, pickup level is as'Selected by the 27R pickup setting.
Control or restraint operation can also be set by the S<g>-27R ASCII command.

Programmable Curves

Time current characteristics for trip and resét pregrammable curves are defined by Equation 4-2 and
Equation 4-3 respectively. These equations comply with IEEE standard C37.112-1996. The curve specific
coefficients are defined for the standard gurvesas listed in Appendix A, Time Overcurrent Characteristic
Curves. When time current characteristi¢,curve P is selected, the coefficients used in the equation are
those defined by the user. Definitions fogthese equations are provided in Table 4-16.

Equation 4-11. Time OC Characteristies for Trip Equation 4-12. Time OC Characteristics for Reset

T = NAD +BD K Tr = IjD
M +4C Me -1

Table 4-16. Definitions for Equations 4-11 and 4-12

Parameter Déscription Explanation
Tr Timextogrip Time that the 51 function will take to time out and trip.
D Time dial setting Time dial setting for the 51 function.
M mdlitiple of pickup Measured current in multiples of pickup. The timing algorithm has a

dynamic range of 0 to 40 times pickup.

Coefficient specific

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

Coefficient specific | Affects a constant term in the timing equation. Has greatest effect
to selected curve on curve shape at high multiples of tap.
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Parameter Description Explanation
- .. | Affects the multiple of PU where the curve would approach infinity if
Coefficient specific . .
C allowed to continue below pickup. Has greatest effect on curve
to selected curve )
shape near pickup.
N Exponent specific | Affects how inverse the characteristics are. Has greatest efféct on
to selected curve curve shape at low to medium multiples of tap.
K Constant Characteristic minimum delay term.
Tr Time to reset Relevant if 51 function is set for integrating reset.
Coefficient specific . . ’
R 10 selected curve Affects the speed of reset when integrating reset(is selected.

Setting Programmable Curves

Curve coefficients are entered using BESTCOMS. Alternately, curve coefficients ¢an'be entered using the
SP-CURVE ASCIl (Settings Protection-programmable curve) commands, Table 4-17 lists the
programmable curve settings.

Table 4-17. Programmable Time Current CharacteristiciCurve Coefficients

Setting Range Increment Default
A Coefficient 0 to 600 0.0001 0.2663
B Coefficient 0to 25 0.0001 0.0339
C Coefficient 0.0to 1.0 0.0001 1.0000
N Coefficient 0.5t025 0,0001 1.2969
R Coefficient 0to 30 0.0001 0.5000

Curve coefficients are entered by seélecting “the Curve

Coefficients button on the 51 tab in the Time Overcurrent
screen. (Refer to Figure 4-25.) The Cagrve Coefficients screen
; . 0.2663 .
will appear (see Figure 4-27). Enter the €alculated values for 4 Canstant Rlange 0 - 500
each constant and select Done.
.. B Constant 0.0334 Range 0 - 25
Programmable curve coefficients carrbhe entered regardless of
the curve chosen for the prote€tion element. However, the
A R ’ C Constant 1.0000  Rangeno-1.0
programmable curve will notbe ‘enabled until P is selected as e e
the curve for the protective element. \ Constant ’71_2959 S
R Constant 0.5000 Range 0 - 30
Done
Figure 4-27. Curve Coefficients
46 Curve

The 46 curve,is'a special curve designed to emulate the It withstand ratings of generators using what is
frequently referred to as the generator’s K factor. Do not confuse the 46 curve with the 46 element. The
46 curve was designed for use with the 46 function. But, in actuality, the 46 curve may be selected for use
with the 51P, 51N, and 51Q protection functions as well (though in actual practice, it is doubted that this
will be done very often).

Jo%use the 46 curve, the user should determine the K factor of the generator and the continuous (I2)2t
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 Appendix A, Time Overcurrent Characteristic Curves. The K factor
is the time the generator can withstand 1 per unit I, where 1 pu is the relay setting for nominal current.
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Negative-Sequence Overcurrent Protection

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 (3p) current component. The negative-sequence elements can provide
similar increased sensitivity to phase-to-phase faults because a balanced load has no negative-sequence
(I2) current component.

Pickup Settings for Negative-Seguence Overcurrent

A typical setting for the negative-sequence 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 V3/2 (87%) of the three-pHase,fault at
the same location. This is illustrated in Figure 4-28.

The phase-to-phase fault is made up of both positive and negative-sequence components“as shown in
Figure 4-29 or a phase-to-phase fault, the magnitude of the negative-sequence companentiis 1/ 3 (58%)
of the magnitude of the total phase current. When these two factors (V3/2 and 1/3) are’ gombined, the V3
factors cancel which leaves the one-half factor.

T 3Ph
FAULT

|
v I 3ph - \Vi
_l_ FAULT ?

D2843-04
02-08-99

Figure¥-28. Phase-to-Phase Fault Magnitude

A
D280463—05 I
02:08-00
Cc1 1
Igo IA2=|12| — 1 APhase
.. B
1 B Phase I APhase
I+ Taq
Ico
v IcPhase= 0
—_—) » _>

Pos. Seq.(I)) Neg. Seq.(I2) Phase Current

Figure 4-29. Sequence Components for an A-B Fault
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Coordination Settings for Negative-Sequence Overcurrent

The 51Q 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 cusrent
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 negatives
sequence current for the fault type for which you are interested. To plot the negative-sequénce time
current characteristics on the same plot for the ground devices, you need to multiply the pickupvalue by
the multiplier for phase-to-ground faults (see Table 4-18).

Table 4-18. Fault Type Multipliers

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

For example, a downstream phase 51 element has a pickup of 150 amperesr The upstream 51Q 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 nofmallyawith pickup at 150 amperes. The
51Q element would be shifted to the right by the appropriatéyfactof. m. Thus, the characteristic would be
plotted on the coordination graph with pickup at: (200 amperes) *.732 = 346 amperes.

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

Delta/Wye Transformer Application

Often, the phase relays on the delta side of a deltaiye transformer must provide backup protection for
faults on the wye side. For faults not involving graungd, this is not a problem since the phase relays will
see 1.0 per unit fault current for three-pfiase faults”and 2/v/3 (1.15) per unit fault current for phase-to-
phase faults. However, for faults involyingaground, the sensitivity is reduced because the zero-sequence
components are trapped in the delta notseen,by the delta-side phase relays. The phase relays will see
only 1/N3 (0.577) per unit current for phase-te-ground faults.

Negative-sequence overcurrent protection|is immune to the effect caused by the zero-sequence trap and
30 degrees phase shift provided bystheidelta/wye transformer. For a phase-to-ground fault, the magnitude
of the negative-sequence compaonents)is 1/3 the magnitude of the total fault current. On a per unit basis,
this is true for the fault currept omythe delta side of the transformer as well. (The previous statement
specifies per unit since the, actualymagnitudes will be adjusted by the inverse of the voltage ratio of the
delta/wye transformer.)yJhus;, backup protection for phase-to-ground faults on the wye side of the
transformer can be obtained, by tUsing negative-sequence overcurrent protection on the delta side with the
pickup sensitivity set at 1/3,per unit of the magnitude of the phase-to-ground fault for which you wish to
have backup protection,

VOLTAGEPROTECTION

BE1-CDS240 voltage protection includes elements for overexcitation, phase undervoltage, phase
overvoltage, negative-sequence overvoltage, and over/underfrequency.

24 - Volts pendertz Overexcitation Protection

Overexcitation occurs when a generator or transformer magnetic core becomes saturated. When this
happens,gstray flux is induced in nonlaminated components, causing overheating. The BE1-CDS-240
detects overexcitation conditions with a volts/hertz element that consists of one alarm setting, one
integrating time characteristic with selectable exponents (3 sets of time curves), and two definite-time
characteristics. This allows the user to individually select an inverse-time characteristic, a composite
characteristic with inverse-time, and one or two definite-time elements, or a dual-level, definite-time
element. The volts/hertz element has two outputs: Pickup and Trip as shown in Figure 4-30.
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D2871-23
Mode 01-27-00
0-Disable } voOLTS PER
1-Enable HERTZ .
_/ (24) _024T (Trip)

BLK _O24PU (Pickup)

Figure 4-30. Volts per Hertz Overexcitation Logic Block

The integrating 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 24 element is enabled or disabled by the Mode input. Two modes are available/(Sglecting Mode 0
disables protection; Mode 1 enables the 24 element.

The block (BLK) input is used to disable protection. A BESTIlogic expression defines how the BLK input
functions. When this expression is TRUE, the element is disabled by forcing the outputs to logic O and
resetting the timers. This feature functions in a similar way to the torque“gontrol contact of an
electromechanical relay.

Theory of Operation for Volts per Hertz Overexcitation

V/Hz protection responds to the magnitude of voltage versus frequeney where the measured voltage is
phase-phase and includes the phase with the frequency measurementielement. If monitored V/Hz is
above a pickup setting, the pickup bit is asserted and integrating ‘and/or, definite time timers start timing
towards trip. The trip output becomes TRUE when the first timer<imes out (integrating or definite time
characteristic). If monitored V/Hz is above both the integrating“and definite time pickup thresholds, the
definite time delay has priority over the integrating time charaeteristic:

The pickup settings determine the V/Hz pickup level. TheSmeasured V/Hz is always calculated as the
measured voltage divided by the sensed system frequeficy.* The measured phase depends on the
sensing voltage setting, SG-VTP. The 24 functiongmonitors,MAB for both 3-wire and 4-wire connections.
Thus, setting is in VPP/Hz for VT connection =@W, 4W, AB, BC, CA and VPN/Hz for VT connection =
AN, BN, CN. For more information, refer to Seetion 3§ Input and Output Functions.

Nominal voltage for the BE1-CDS-240 is defined asya phase to neutral quantity. (Refer to Section 3, Input
and Output Functions, for details). 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 c@nnections equal to 3W, 4W, AB, BC, CA, the nominal voltage
(phase-neutral value) must be convertedito a phase-phase value by multiplying by the square root of 3.
No additional conversion is required for\/T €ennections equal to AN, BN, or CN.

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

Measured V Phase-Phase VNomina|*‘/§

V/Hz = V/Hz inal=
Measured™ ™ yaaslited Frequency Nominal™"Nominal Frequency

For AN, BN, or C\'phaseito neutral sensing connections:

Measured V ppase-Neutral VNomi
V/Ha 4 V/Hz - Nominal
Measured=" Measured Frequency Nominal™"Nominal Frequency

Equationg 4-13 and 4-14 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 VV/Hz measured divided by
V/Hz nominal is always greater than 1.000 throughout the pickup range. If the pickup is set less than
nomiifal, then measured values above pickup and below nominal will result in the maximum time delay.
The'maximum time delay is determined by Equation 4-13 with (V/Hz measured / V/Hz nominal) set equal
t0,MQ01. The overall inverse time delay range is limited to 1,000 seconds maximum and 0.2 seconds
minimum.
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Dt

Tt
VIHZ Measured
VIHZ Nominal

]

Equation 4-13. Time to Trip

where:
T+ = Time to trip Er
Tr = Time to reset n
D; = Time dial trip EST
Dr = Time dial, reset E/FST

When the measured V/Hz rises above a pickup threshold, the pick
integrating or definite time timer starts. If the V/Hz remains above thepi
continues for the required time interval as defined by the equati

= Elapsed time

= Curve exponent (0.5, 1, 2)
= Full scale trip time (Ty)

Er
TR = DR *——*100
R™ZRFsT O
Equation 4-14. Time to Reset O

\(0.

= Fraction of total travel tow ro%t integration had
progressed to. (After a trip, this ill be equal to one.)

ent becomes TRUE and an
kup threshold and the integration
n above and the set time dial,

ards reset at a linear rate based

|
the trip output becomes TRUE. But if the measured V/Hz onmﬂs below the pickup setting and

integrating reset is chosen, the integrating trip timer will ra
on the reset time dial setting. See Appendix B, Overexcitati

each of the available time curves.
If the target is enabled for the 24 element,

output is TRUE and the fault recording function trip l0gi
and Alarm Functions, Fault Reporting, for more informati

BESTIoqgic Settings for Volts Per Hertz Overexci

the target repor

BESTlIogic settings are made from the B

illustrates the BESTCOMS screen used o@

To open the BESTlogic Function Ele

n
the Screens pull-down menu and sel he
settings may be made using SL-24 AS@I\.c

BESTlogic Function Element

gic

and.

Overexcitation

Inverse Time Curves, for details on

function will record a target when the trip
ession is TRUE. See Section 6, Reporting

on about target reporting.

ction Element screen in BESTCOMS. Figure 4-31
t BESTlogic settings for the Overexcitation (24) element.
reen for Overexcitation (24), select Voltage Protection from
4 tab. Then, select the BESTIlogic button. Alternately,

.
\ 24
\ Logic |BASLER -]
@ Mode
Enable -
g——  BLK Lo 241
o 24PU

Done

Figure 4-31. BESTlogic Function Element Screen, 24
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At the top center of the BESTlogic Function Element screen is a pull-down menu labeled Logic. This
menu allows viewing of the BESTlogic settings for each preprogrammed logic scheme. A custom logic
scheme must be created and selected in the Logic pull-down menu at the top of the screen before
BESTIlogic settings can be changed. See Section 7, BESTlogic Programmable Logic.

Enable the BESTlogic function by selecting its mode of operation from the Mode pull-down menu. To
connect the function/elements inputs, select the button for the corresponding input in the BESTIlogic
Function Element screen. The BESTlogic Expression Builder screen will open. Select the expression type
to be used. Then, select the BESTlogic variable, or series of variables to be connected to the input.
Select Save when finished to return to the BESTIlogic Function Element screen. For more details on the
BESTlogic Expression Builder, See Section 7, BESTlogic Programmable Logic. Select Done when the
settings have been completely edited.

Table 4-19 lists the BESTlogic settings for Volts per Hertz Overexcitation.

Table 4-19. BESTlogic Settings for Volts per Hertz Overexcitation

Function Range/Purpose Default
0 = Disable
Mode 1 = Enable 0
BLK Logic expression that disables the function whenfFRUE: 0

Operating Settings for Volts per Hertz Overexcitation

Operating settings for the 24 function consist of a pickup setting,atrip,.time dial, and a reset time dial. A
pickup of O disables the element. The unit of measure is secaondarya/PP/Hz or VPN/Hz and depends on
the SG-VTP setting. For more information, refer to Section 3, dnput and Output Functions, Power System
Inputs. Operating settings are made using BESTCOMS. Figure 4-32 illustrates the BESTCOMS screen
used to select operational settings for the Volts per Hertzaglement. To open the screen, select Voltage
Protection from the Screens pull-down menu and select the*24 Tab. Alternately, settings can be made
using the S<g>-24 and S<g>-24D commands or @f%the optional front panel HMI using Screen 5.#.5.1,
\PROT\SG#\24\24.

BE1-CDS240 Settings ( [Untitled] )

File Screens Copy Communication Reports Help
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24 Alarm

Alarm Threshold |Sec. ¥/Hz 3.00 E VppiHz
Alarm Time [Seconds 1 E

Pickup |Sec. ¥/Hz

Time Dial

n:n E|

Pickup |Ses, vz 4.00 Elvppmz
Time# B-DE

Pick$ [Sec.vHz 0.00 E| Vpp/Hz .
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g
&
@
£
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Figure 4-32. Voltage Protection Screen, 24 Tab
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Table 4-20 lists the operating settings for Volts per Hertz Overexcitation.

Table 4-20. Operating Settings for Volts per Hertz Overexcitation

Setting Range Increment Unit of Measure Default
Integrating Pickup 05t06 0.1 Sec. V/Hz 0
Trip Time Dial 0t0 9.9 0.1 N/A 0
Reset Time Dial 0t0 9.9 0.1 N/A 0
Inverse Trip Curve 0.5,1.0,2.0 N/A N/A (M-1)"2
Definite Time
Pickup #1 05to6 0.1 Sec. V/Hz 0
Definite Time 0.050 to 600 3 digit resolution Seconds 50 ms
Delay #1
Definite Time
Pickup #2 05to6 0.1 Sec,V/Hz 0
Definite Time 0.050 to 600 3 digit resolution Seconds 50 ms
Delay #2

Programmable Alarm for Volts per Hertz Overexcitation

A separate V/Hz alarm threshold and user adjustable time, delay are included for indicating when
overexcitation is occurring so that the operator can take corrective action before the 24 function trips. If
the V/Hz level exceeds the alarm setting, a programmable“alarm’bit is set. See Section 6, Reporting and
Alarm Functions, for more information. Settings for thg'alarm are made using BESTCOMS (Figure 4-25).
Alternately, settings can be made with the SA-24 ASCIl command. Table 4-21 lists the programmable
alarm settings for Volts per Hertz Overexcitation. M{Hz%alarm settings cannot be set through the optional

HMI.
Table 4-21. ProgrammablejAlarm Settings for Volts per Hertz Overexcitation
Setting Range Increment Unit of Measure Default
Alarm Level 0.5t06 0.1 Sec. V/Hz 0
Alarm Time Delay 0.050 to 600 3 digit resolution Seconds 0

Settings Example for Volts pef‘Hertz=Overexcitation

V/Hz tripping elements, arélused*to de-energize a generator or transformer that is experiencing an
overexcitation conditiong gl herefore, the manufacturer's overexcitation limit curves are required to
establish optimum proteetionwFigures 4-33 and 4-34 show examples of a transformer and generator limit

curve along with the optimum composite protection characteristic.

NOTE

Actualddamage curves must be obtained from the equipment manufacturer for
particular equipment to be protected.
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Volt/Hz Characteristic
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Figure 4-33. Time Shown on Vertical Axis 2
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@gure 4-34. Time Shown on Horizontal Axis

f 69.3 volts phase-neutral, 1 pu voltsthertz = (69.3 * \3) / 60 = 2.00. Using
IEEE/C37.102, " AC Generator Protection" as a guide for setting overexcitation protection, the
following example d nstrates how to set the BE1-CDS240 to provide a composite V/Hz characteristic
for protection of a generator and a step-up transformer:

Assuming a VAom

®
05% @ 1 second time delay; V/IHz=2*1.05=2.10
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Figure 4-35. Voltage Protection Screen erexcitation (24) Tab

The reset rate is determined by the reset dial setting ting of 0.0 enables reset to be instantaneous.
Using the inverse squared characteristic, assume a time dial setting 2.0 and a pickup multiple of 1.2.
The total time to trip will be 50 seconds. If this exi 0 seconds before being corrected (60% elapsed

time), what would the total reset time be for a r ial setting of 5?7 Based on the reset equation
(Equation 4-15), the calculation will be:
E 30
Tr = DR * —1— # Tr =5.0%—*100 = 300 seconds
FST 50
E jon 4-15. Time to Reset

If the overexcitation condition ret@or to total reset (i.e., less than 300 seconds), timing resumes from
that point at the inverse squ te’For example, if this condition recurs after 150 seconds or 50% of the

total reset time, then trip time fromithe second event will start at 30% instead of 0%, therefore tripping in
70% or the original trip k seconds. Figure 4-36 illustrates the inverse time delay and reset time.
100% ‘ )
OVEREXCITATION NO LONGER >
DETECTED s
o AN
70 LiN 5/
l E4r O 430)‘@
o/ AY 10 RNVYNS
J/L l WARDS < §
/& REser <" OVEREXCITATION
30% [ &/9 | [#~ DETECTED
* & | !
Yol L
30 ‘i* 120 “‘ﬂ 35——r
0 30 150 185  avor

TIME IN SECONDS

Figure 4-36. Inverse Time Delay and Reset Time
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Retrieving Volts per Hertz Overexcitation Status from the Relay

The status of each logic variable can be determined through the ASCII command interface using the RG-
STAT (report general-status) command. See Section 6, Reporting and Alarm Functions, General Status
Reporting, for more information. The status can also be determined using BESTCOMS Metering screen.

27P/59P - Phase Undervoltage/Overvoltage Protection

Figure 4-37 illustrates the Phase Undervoltage/Overvoltage Logic Blocks. The 127P phase undervoltage
element and the 159P phase overvoltage element are identical in configuration.

D2849-17 _ 1 P0033-11

MOT 06-29-99 Mo d e 09-29-05
0-Disable PHASE 0-Disable PHASE

1-10f 3 1-10f 3 OVER

2-2 of 3 UNDER- 2-2 of 3 -

33 0f 3 VOLTAGE 33 0f 3 VOLTAGE

s (27P) O27PT ] (59P) _OSQPT
o BK, _H27PPU o BLK, L \59PPU

Figure 4-37. Phase Undervoltage/Overvoltage Logic Blocks

Each element has two logic outputs: 27PT (Trip) and 27PPU (Pickup)fWhen¥the monitored voltage
decreases below the undervoltage pickup setting (27P) or increasesgbove thejovervoltage pickup setting
(59P), the pickup output becomes TRUE and the element starts timing toward a trip. The trip output
becomes TRUE when the element timer times out. The BLK (block) inputtis, used to disable protection. A
BESTIlogic expression defines how the BLK input functions. When this,expression is TRUE, the element
is disabled by forcing the outputs to logic 0 and resetting the timer. This feature functions in a similar way
to the torque control contact of an electromechanical relay.

An element is enabled or disabled by the Mode input. Any ohe of four modes is possible for the phase
undervoltage and phase overvoltage elements. Selecting®Mede 0@ disables protection. Mode 1 activates
protection when one of the three phases of voltage decreases b€low the pickup setting (27P) or increases
above the pickup setting (59P). Mode 2 requiresftwo of thefthree phases of voltage to be beyond the
pickup setting. Mode 3 requires all three phases of voltage to be beyond the pickup setting. More
information about logic mode selections is pravided in the BESTlogic Settings for Phase Undervoltage
and Overvoltage in this section.

The phase undervoltage and overvoltage protective, functions each include a timer and three independent
comparators, one for each phase. The 27P/59P functions can be set to monitor VPP or VPN. This is
determined by the 27/59 mode parametef of the®phase VT connections setting. For more information on
the VTP setup for PP or PN voltage#esponse,/see Section 3, Input and Output Functions, Power System
Inputs, Voltage Measurement.

If the 60FL element trip logic i, TRUE, and V block is enabled for phase blocking (P), all functions that
use the phase voltage are blockedy Forimore information on the 60FL function, see the paragraphs later
in this section.

If the target is enabled for the‘element, the target reporting function will record a target for all phases that
are picked up when the protéetive function trip output is TRUE and the fault recording function trip logic
expression is TRUE. Seef Section 6, Reporting and Alarm Functions, Fault Reporting, for more
information about targetyeporting.

When undervoltage inhibit IS selected, undervoltage sensing is disabled for any phase that falls below the
inhibit threshold®yUnderydltage inhibiting is disabled when the threshold is set to zero. Undervoltage
inhibit is used to prevent undesired undervoltage tripping, such as when a loss of supply occurs.

BESTIoqic Settings for Phase Undervoltage/Overvoltage

BESTlogic settings are made from the BESTIlogic Function Element screen in BESTCOMS. Figure 4-38
illustratesithe BESTCOMS screen used to select BESTIlogic settings for the Under and Overvoltage
elementsy, @ open the screen, select Voltage Protection from the Screens pull-down menu, and select
the 27P/127P or 59P/159P tab. alternately, settings may be made using the SL-27P and SL-59P ASCII
commands.

At the top center of the BESTlogic Function Element screen is a pull-down menu labeled Logic. This
menu allows viewing of the BESTlogic settings for each preprogrammed logic scheme. A custom logic
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scheme must be created and selected in the Logic pull-down menu at the top of the screen befor
BESTIlogic settings can be changed. See Section 7, BESTlogic Programmable Logic.

Enable the element by selecting its mode of operation from the Mode pull-down menu. To conne s
elements inputs, select the button for the corresponding input in the BESTlogic Function Element s
The BESTIogic Expression Builder screen will open. Select the expression type to be used. Th ele
the BESTlogic variable, or series of variables to be connected to the input. Select Save when finished to
return to the BESTlogic Function Element screen. For more details on the BESTlogic Expressio ilder,
see Section 7, BESTlogic Programmable Logic. Select Done when the settings have been completely
edited. .

BESTlogic Function Element

Time Undervoltage
Phase (27P)

Logic |BASLER -]

Mode
|t Least 1 of 3 -

De—— BLK 27PT

K 27PPU
g
Figure 4-38. Bm unction Element Screen, Phase (27P)

Table 4-22 summarizes the §ES logicisettings for Phase Undervoltage/Overvoltage.

éﬂogic settings for Phase Undervoltage/Overvoltage

Tabl
Function Range/Purpose Default
0=
1= Itage (27) or overvoltage (59) on one (or more) phases causes
Mode P 0
dervoltage (27) or overvoltage (59) on two (or more) phases causes
ickup.
Undervoltage or overvoltage on all three phases causes pickup.
BLK gic expression that disables function when TRUE. 0

ampIeY. Make the following BESTlogic settings to the 27P element. Refer to Figure 4-38.
Mode: At least 1of 3 phases
BLK: O
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Operating Settings for Phase Undervoltage/Overvoltage

Operating settings for the 27P and 59P functions consist of pickup and time delay values. The pickup
value determines the level of voltage required for the element to start timing toward a trip. The time delay
value determines the length of time between pickup and trip. Time delays can be set in milliseconds,

Operating settings are made using BESTCOMS. Figure 4-39 illustrates the BESTCOMS screen used

seconds, or cycles. The default is milliseconds if no unit of measure is specified. OO
in

select operational settings for the undervoltage elements. The 59P/159P overvoltage elements are set

a similar manner. To open the screen, select Voltage Protection from the Screens pull-down menu and
select the 27P/127P or 59/159P tab. Alternately, settings may be made using the S<g>-27P and S<g;—
59P ASCIlI command or through the optional HMI using Screens 5.#.6.1 (27P), \PROT\SG#\27, and
5.#.8.1 (59P), \PROT\SG#\59.

BE1-CDS240 Settings ( [Untitled] )

File Screens Copy Communication Reports Help

0@ EHEE Loc [BASLER ~| Semings [Group0  ~
B )| (T AL S e 121 ) o 16 o oe ||

24 2iP27P | 47| saprnar] 53| INH/1/151 /28138 Ma1 581 |

Basler

Phase Undervoltage With Settable Time Delay
Phase [27P]
Pickup W 55.0 Vpp
Inhibit [Sec. valts 1 0.00 F vpp
Time 'm 3o
Alarm Threshold W 0.00 Vpp

AtLeast 1 of 3 Digabled
BES Tlogi BESTlogic

ge Protection 104372005 ZH9PM

V e ection Screen, 27P/127P Tab

Figure 4-39.

L 4
Beside the Logic pull-down menu s a
select the setting group that th
Alarm Threshold, and Inhibit s

Volts) and percent volts (% Valts
measure for the Time setting

down menu labeled Settings. The Settings menu is used to
ts settings apply to. The default unit of measure for the Pickup,
secondary volts. Primary volts (Pri Volts), per unit volts (Per U
Iso be selected as the Pickup setting unit of measure. The unit of
t represents the element's time delay defaults to milliseconds. It is also
d cycles.

selectable for seconds, mj
Operating settings f(& Undervoltage/Overvoltage are summarized in Table 4-23.
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Table 4-23. Operating Settings for Phase Undervoltage/Overvoltage

Setting Range Increment Unit of Measure Default
0 = Disabled 0.1 for 0 to 99.9
Pick S dary Volt
eKup 10 to 300 1.0for 100to 300 | Sccondary Volts A
Inhibit 0 = Disabled
27 only 10 to 300 0.1 Secondary Volts T 0
50 to 999 milliseconds 1 Milliseconds
0.1for1.0t09.9 Seconds
) 1 to 600 seconds
Time Delay 1.0 for 10 to 600 Seconds 50 ms
3 to 36,000 cycles (60 Hz)
* Cycles
2.5 to 30,000 cycles (50 Hz)

* Time delays less than 10 cycles can be entered to the nearest 0.1 cyclesgfrom'the front panel HMI. All
time delays can be entered to the nearest 0.01 cycles from the ASCII command interface. Time delays
entered in cycles are converted to milliseconds or seconds. Incrementyprecision after conversion is
limited to that appropriate for each of those units of measure.

T Unit of measure is secondary VPP or secondary VPN depending on‘the VTP connection settings.

Time delay settings entered in cycles are converted to secgndsWer milliseconds (per the nominal
frequency setting stored in EEPROM) before being stored{See"Section 3, Input and Output Functions,
Power System Inputs, Voltage Measurement, for more information about this setting. If the nominal
frequency setting is being changed from the default (6@ghertz),and time delay settings are being set in
cycles, the frequency setting should be entered and “savedwbefore making any time delay settings
changes.

Example 1. Make the following operating settings tothe 27P element. Refer to Figure 4-39.
Pickup: 55 secondary valts
Time: 3 seconds

Retrieving Phase Undervoltage/Overvoltage Status from the Relay

The status of each logic variable cangbe determined through the ASCIl command interface using the RG-
STAT (report general-status) command. See Section 6, Reporting and Alarm Functions, General Status
Reporting, for more information. The status can also be determined using BESTCOMS Metering screen.

59X - Auxiliary Overvoltage,Proteetion

Figure 4-40 illustrates the, inputs and outputs of the auxiliary overvoltage element. Element operation is
described in the following paragraphs.

S— | D2861-50
Mode HAs 04
0-Disable AUX
2-3V0-3ph VT Input OVER-
VOLTAGE
(59X | (5AXT
BLK L 5XPU

Figure 4-40. Auxiliary Overvoltage Logic Block

The 59X auxiliary element has two outputs: 59XPU (pickup) and 59XT (trip). When the monitored voltage
increases above the pickup setting, the pickup output becomes TRUE and the element starts timing
toward a trip. The trip output becomes TRUE when the element timer times out.

ithe BLK (block) input is used to disable protection. A BESTlogic expression defines how the BLK input
functions. When this expression is TRUE, the element is disabled by forcing the outputs to logic 0 and
resetting the timer. This feature functions in a similar way to the torque control contact of an
electromechanical relay.
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The 59X element is enabled or disabled by the Mode input. Two modes are available. Selecting Mode 0
disables protection. Mode 2 enables the element as described in this section under BESTlogic Settings
for the Auxiliary Overvoltage Element. The pickup setting determines the voltage pickup level of the
element. The time delay setting controls how long it takes the trip output to become TRUE after the
pickup output becomes TRUE. When the monitored voltage increases above the pickup threshold, the
pickup output becomes TRUE and the timer starts. If the voltage remains above the pickup threshold for
the duration of the time delay setting, the trip output becomes TRUE. If the voltage decreases below the
59X dropout ratio of 98 percent, the timer is reset to zero.

If the 60FL element trip logic is TRUE and V block is enabled for 3VO blocking (N), the 59X function will
be blocked if they are set to Mode 2. For more information on the 60FL function, see the paragraphs later
in this section.

If the target is enabled for the 59X element, the target reporting function will record a tafget when the trip
output is TRUE and the fault recording function trip logic expression is TRUE. See Section'6, Reporting
and Alarm Functions, Fault Reporting, for more information about target

BESTloqgic Settings for Auxiliary Overvoltage

BESTIlogic settings are made from the BESTlogic Function Element Screen in BESTCOMS. Figure 4-41
illustrates the BESTCOMS screen used to select BESTlogic settings for the _Overnvoltage element. To
open the BESTIogic Function Element Screen for the Time Overvoltage element, select Voltage
Protection from the Screens pull-down menu. Then select the 59X tab. Alternately, settings may be made
using SL-59X ASCII command.

BESTlogic Function Element

Time Ovewoltag\
59X
Logic |BASLER t_j

de
0 -_3|:-hﬂ' Input_ -

Os— LK —o 59KT

o 59xPU

C)H
ol

Eigure 4-41. BESTlogic Function Element Screen, 59X

At the top centerdaf thefBESTlogic Function Element Screen is a pull-down menu labeled Logic. This
menu allows viewing¥@f the BESTIlogic settings for each preprogrammed logic scheme. A custom logic
scheme must be created and selected in the Logic pull-down menu at the top of the screen before
BESTIogic settings can be changed. See Section 7, BESTlogic Programmable Logic.

Enable the overvoltage function by selecting its mode of operation from the Mode pull-down menu. To
conneetythe, elements inputs, select the button for the corresponding input in the BESTlogic Function
ElementyScreen. The BESTlogic Expression Builder screen will open. Select the expression type to be
used. Then, select the BESTlogic variable, or series of variables to be connected to the input. Select
Saveywhen finished to return to the BESTlogic Function Element screen. For more details on the
BESTlogic Expression Builder, see Section 7, BESTlogic Programmable Logic. Select Done when the
Settings have been completely edited.
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Table 4-24 summarizes the BESTIogic settings for Auxiliary Overvoltage.

Table 4-24. BESTlogic Settings for Auxiliary Overvoltage
Function Range/Purpose Default
0 = Disabled
M ( )
ode 2 = 3V0-3-phase VT Input 0
BLK Logic expression that disables function when TRUE. 0
L 4

Note: To use Mode 2, the VTP connection must be 4-wire.

Mode: 3VO0 3-phase Vx Input

BLK: O 0
Operating Settings for Auxiliary Overvoltage

Operating settings for the 59X function consists of pickup and ti delay values. The pickup value
determines the level of voltage required for the element to start tigmi ard a trip. The unit of measure
is secondary volts (PP or PN). The time delay value determines!t gth of time between pickup and
trip. Time delays can be set in milliseconds, seconds, or ¢ efault is milliseconds if no unit of
measure is specified.

Example 1. Make the following settings to the 59X element. Refer to Flgure®\

Operating settings are made using BESTCOMS. Figur trates the BESTCOMS screen used to
select operational settings for the Auxiliary Overvolta nt. To open the Voltage Protection screen
for the Overvoltage element, select Voltage Protectio the Screens pull-down menu. Then select the

59X tab. Alternately, settings may be made using t <g>-59X ASCIlI command or through the optional

HMI Screen 5.#.8.1, \PROT\SG#\59.
Beside the Logic pull-down menu is a pull- Iabeled Settings. The settings menu is used to
& S @

select the setting group that the elements to.

BE1-CD5240 Settings  ( [Untitled] )
File Screens

B W= = Logic

1 22
al=Jre]

Copy Communication Reports

j Settings |Emupl] j
D T e |

Basler

F181/281/381 /481/581 ]

24| 2rpzie| 47| 59%
Aum@e With Settable Time Delay

Augxiliary [59X)

Pickup [Gec Valts 750 E Von

\@Q el | [

I0-3ph VT Input
BESTlogic

L 4

Select the units for dizplaying Time values in. ‘Waltage Protection 104372005 | 4:00 PM

Figure 4-42. Voltage Protection Screen, 59X Tab
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Table 4-25 summarizes the operating settings for Auxiliary Overvoltage.

Table 4-25. Operating Settings for Auxiliary Overvoltage

Setting Range Increment Unit of Measure Default
. 0 = Disabled 0.1 for 0 t0 99.9
Pickup 1to 150 1.0for100t0 150 | Secondary Volts 0
50 to 999 milliseconds 1 Milliseconds
0.1for1.0t09.9 Seconds

) 1 to 600 seconds

Time Delay 1.0 for 10 to 600 Seconds 500ms
3 to 36,000 cycles (60 Hz)
* Cycles
2.5 to 30,000 cycles (50 Hz)

* Time delays less than 10 cycles can be entered to the nearest 0.1 cycles from theyfront panel HMI. All
time delays can be entered to the nearest 0.01 cycles from the ASCII command interface. Time delays
entered in cycles are converted to milliseconds or seconds. Increment precision afteégconversion is limited
to that appropriate for each of those units of measure.

Example 1. Make the following changes to the 59X element. Refer to Figure 4:42.
Pickup: 75 secondary volts

Time: 50 ms

Retrieving Auxiliary Overvoltage Status from the Relay

The status of each logic variable can be determined through the ASCII command interface using the RG-
STAT (report general-status) command. See Section 6, Repasting and Alarm Functions, General Status
Reporting, for more information. The status can also be dgtémmined using BESTCOMS Metering screen.

47 - Negative-Sequence Overvoltage Protection

Figure 4-43 illustrates the inputs and outputs Ofythefnegative-sequence overvoltage element. Element
operation is described in the following paragraphsyNegative-sequence overvoltage protection is not
available if VTP connection is single-phase.

Mode _
0-Disapte Y=»NEGATIVE-
1-Enable SEQUENCE
OVER-
voLtage O 4rt
BLK (47) e 47PU

Figure”-43. Negative-Sequence Overvoltage Logic Block

The negative-sgquente oyervoltage element has two outputs: 47PU (pickup) and 47T (trip). When the
monitored negative-seqguence voltage increases above the pickup setting, the pickup output becomes
TRUE and the elementfstarts timing toward a trip. The trip output becomes TRUE when the element timer
times out.

The BLK (block) ipput is used to disable protection. A BESTlogic expression defines how the BLK input
functions@When this expression is TRUE, the element is disabled by forcing the outputs to logic 0 and
resetting, the timer. This feature functions in a similar way to the torque control contact of an
electromechanical relay.

The¥47 element is enabled or disabled by the Mode input. Two modes are available. Selecting Mode 0
disables protection. Mode 1 enables the 47 element. More information about logic mode selections is
provided in the BESTlogic Settings for Negative-Sequence Overvoltage paragraphs.
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The pickup setting determines the voltage pickup level of the element. Voltage pickup is based on PN,
The time delay setting controls how long it takes the trip output to become TRUE after the pickup output
becomes TRUE. When the monitored voltage increases above the pickup threshold, the pickup output
(47PU) becomes TRUE and the timer starts. If the voltage remains above the pickup threshold for the
duration of the time delay setting, the trip output (47T) becomes TRUE. If the voltage decreases_below,
the dropout ratio of 98 percent, the timer is reset to zero.

If the 60FL element trip logic is TRUE and V block is enabled for negative-sequence blocking“sQ>," all
functions that use the negative-sequence voltage (V2) are blocked. For more information on the 60FL
function, see the paragraphs later in this section.

If the target is enabled for the 47 element, the target reporting function will record a target when the trip
output is TRUE and the fault recording function trip logic expression is TRUE. See Section 6, Reporting
and Alarm Functions, Fault Reporting, for more information about target reporting:

BESTIoqic Settings for Negative-Sequence Overvoltage

BESTIlogic settings are made from the BESTIlogic Function Element screen in’\BESTCOMS. Figure 4-44
illustrates the BESTCOMS screen used to select BESTIogic settings™feor ‘the negative-sequence
overvoltage function. To open the screen, select Voltage Protection from, the Screens pull-down menu
and then select the 47 Tab. Then select the BESTlogic button at the Jottomg0f the screen. Alternately,
settings may be made using the SL-47 ASCII command.

BESTlogic Function Element

Time Overvoltag
Negative Seque
Logic |BASLER

47T

—o 47PU

N4
CH

Figure 4:44. BESTlogic Function Element Screen, Negative Sequence (47)

At the tap center ‘of the BESTlogic Function Element screen is a pull-down menu labeled Logic. This
menu allews viewing of the BESTIogic settings for each preprogrammed logic scheme. A custom logic
scheme must be created and selected in the Logic pull-down menu at the top of the screen before
BESTIlogic settings can be changed. See Section 7, BESTlogic Programmable Logic.

Enable the negative-sequence overvoltage function by selecting its mode of operation from the Mode
pull-down"menu. To connect the elements inputs, select the button for the corresponding input in the
BESTIlogic Function Element screen. The BESTIlogic Expression Builder screen will open. Select the
expression type to be used. Then, select the BESTlogic variable, or series of variables to be connected to
fhe input. Select Save when finished to return to the BESTlogic Function Element screen. For more
details on the BESTIogic Expression Builder, see Section 7, BESTlogic Programmable Logic. Select
Done when the settings have been completely edited.
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Table 4-26 summarizes the BESTIogic settings for Negative-Sequence Overvoltage.

Table 4-26. BESTlogic Settings for Negative-Sequence Overvoltage

Function Range/Purpose Default
0 = Disabled
Mode | 1 _ Enabled ! :J
BLK Logic expression that disables function when TRUE. A 0
setting of O disables blocking. L 4

Example 1. Make the following BESTlogic settings to the 47 element. Refer to Figur&

Mode: Enable
BLK: 0 (b

Operating Settings for Negative-Sequence Overvoltage Q

Operating settings are made using BESTCOMS. Figure 4-45 illustrates the S screen used to
select operational settings for the negative-sequence overvoltage element&To o the screen select
Voltage Protection from the Screens pull-down menu and then select t . Alternately, settings

maybe made using the S<g>-47 ASCIl command or through the optiona interface using Screen
5#£7.1, \PROT\SG#\47\47.

BE1-CDS240 Settings ( [Untitled] )

File Screens Copy Communication Reports Help
5 0@ EHEE Loc [BASLER ~| Senings
w 120 I W | T

35 D@SPL%"“’UDU[]DUWVAQA

24] 2iPAZTP 47 ] 58P!158P] 59}“ INH/31/181/281/381/481/581

Time |ms |

XY
\ Enabled

\K BESTlagic

Figure 4-45. Voltage Protection Screen, 47 Tab

Enter the up level “oltage Protection 104372005 4:00 PM

Beside the Logic pull-down menu is a pull-down menu labeled Settings. The Settings menu is used to
select the setting group that the elements settings apply to.

The default unit of measure for the Pickup setting is secondary volts. Primary volts (Pri Volts), per unit
volts r'v Volts), and percent volts (% Volts) can also be selected as the pickup setting unit of
measu unit of measure for the Time setting that represents the element's time delay defaults to
mil . It is also selectable for seconds, minutes, and cycles.
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Table 4-27 summarizes

operating settings for Negative-Sequence Overvoltage.

Table 4-27. Operating Settings for Negative-Sequence Overvoltage

Setting Range Increment Unit of Measure Default
. 0 = Disabled 0.1 for 0 t0 99.9
Pickup 10 to 300 1.0for100t0 300 | Sccondary Volts 0
50 to 999 milliseconds 1 Milliseconds
0.1for0.1t09.9 Seconds

) 1 to 600 seconds

Time Delay 1.0 for 10 to 600 Seconds 50 ms
3 to 36,000 cycles (60 Hz)
* Cycles
2.5 to 30,000 cycles (50 Hz)

* Time delays less than 10 cycles can be entered to the nearest 0.1 cyclesefromithe front panel HMI. All
time delays can be entered to the nearest 0.01 cycles from the ASCII command interface. Time delays
entered in cycles are converted to milliseconds or seconds. Increment precision/after conversion is limited
to that appropriate for each of those units of measure.

Example 1. Make the following operational settings to the 47 lement. Refer to Figure 4-45.

Pickup:
Time:

50 Vpn secondary volts
50 ms

Retrieving Negative-Sequence Overvoltage Status fromthe Relay

The status of each logic variable can be determined through“the ASCIl command interface using the RG-
STAT (report general-status) command. See Sectien 6,"Reporting and Alarm Functions, General Status
Reporting, for more information. The status can also'bedetermined using BESTCOMS Metering screen.

FREQUENCY PROTECTION

81 - Over/Underfrequency Protection

BE1-CDS240 frequency protection gonsists of six independent elements that can be programmed for
underfrequency or overfrequency protection. Each element has an adjustable frequency setpoint and time
delay. The 81 elements sharega common undervoltage inhibit setting. Power system frequency is
measured on the A phase veltage, input for four-wire or single-phase connections or the AB voltage input
when in three-wire mode. Power,system frequency is measured on the optional auxiliary voltage input as
well. When the applied voltage is greater than 10 volts, the BE1-CDS240 measures the frequency.

Frequency element designations are 81, 181, 281, 381, 481, and 581. Each of the six elements has
identical inputs, outputS] and”setting provisions. Figure 4-46 illustrates the inputs and output of a
frequency element. ALtrip Qutput (x81T) is provided on each element. The trip output becomes TRUE
when the monitoredafrequency decreases below (81U) or increases above (810) the pickup setting and
the element timertimestout.

D2849-36
7'\/'0 de 09-29-03
O-Disable OVER/UNDER
1-Phase VT/| FREQUENCY
Input (x81)
BLK ) X81T

Figure 4-46. Over/Underfrequency Protection Logic Block
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The BLK (block) input is used to disable protection. A BESTlogic expression is used to define how the
BLK input functions. When this expression is TRUE, the element is disabled by forcing the outputs to
logic 0 and resetting the timer. This feature functions in a similar way to the torque control contact of an
electromechanical relay.

An element is enabled or disabled by the Mode input. Two mode options are possible. Mode 0 disables
protection and Mode 1 enables the element to monitor the frequency on VTP input. Security of your load-
shedding scheme can be enhanced by monitoring two independent VT circuits. See Section 8;
Application, for more information. More information about logic mode selections is provided in the
following BESTIlogic Settings for Underfrequency and Overfrequency Elements paragraphs. Pickup
settings define the frequency setpoint and time delay, and program the element for underfrequency or
overfrequency protection. The frequency setpoint defines the value of frequency that will initiat€”action by
an element. The time delay setting determines how long it takes the trip output to become, TRUE once the
measured frequency reaches the frequency setpoint. If three consecutive cycles of ‘the measured
frequency have either decreased (81U) below or increased (810) above the pickup thfeshold, and the
timer has timed out, then the 81T will trip. If the timer has not timed out and the frequency remains in the
pickup range for the remainder of the time delay, the 81T will trip. If the monitored, voltage decreases
below the user-defined setpoint, frequency protection is inhibited.

If the target is enabled for the element, the target reporting function will record astargetsfor the appropriate
phase when the protective function trip output is TRUE and the fault recording function trip logic
expression is TRUE. See Section 6, Reporting and Alarm Functions, Fault Reporting, for more
information about target reporting.

BESTIoqic Settings for Over/Underfrequency

BESTlogic settings are made from the BESTlogic Function Element sereep in BESTCOMS. Figure 4-47
illustrates the BESTCOMS screen used to select BESTIlogieysettings for the Over/Underfrequency
element. To open the BESTlogic Function Element screenyfor Ower/Underfrequency element, select
Voltage Protection from the Screens pull-down menu and seleet, the INH/81/181/281/381/481/581 tab.
Then select the BESTIogic button for the element to be programmed. Alternately, settings may be made
using the SL-<x>81 ASCIl command.

BESTlogic Function Element

Overf

Logic |BASLER ]

, Mode
|Phase YT Input j

r

= BLK 81T

—o81PU

.

Figure 4-47. BESTlogic Function Element Screen, 81

At the®tep)center of the BESTlogic Function Element screen is a pull-down menu labeled Logic. This
mentjallows viewing of the BESTlogic settings for each preprogrammed logic scheme. A custom logic
scheme must be created and selected in the Logic pull-down menu at the top of the screen before
BESlogic settings can be changed. See Section 7, BESTlogic Programmable Logic. Enable the
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Over/Underfrequency function by selecting its mode of operation from the Mode pull-down menu. Ta
connect the elements inputs, select the button for the corresponding input in the BESTlogic Function
Element screen. The BESTIogic Expression Builder screen will open. Select the expression type to.be
used. Then, select the BESTlogic variable, or series of variables to be connected to the input. $elect
Save when finished to return to the BESTlogic Function Element screen. For more details_onythe
BESTlogic Expression Builder, see Section 7, BESTlogic Programmable Logic. Select Done whengthe
settings have been completely edited.

BESTIlogic settings for Over/Underfrequency are summarized in Table 4-28.

Table 4-28. BESTlogic Settings for Over/Underfrequency

Function Range/Purpose Default
0 = Disabled
Mode 1 = Enabled on VP input y
BLK Logic expression that disables function when TRUE. 0

Example 1. Make the following BESTlogic settings to the 81 element. Refero Figure 4-47.

Mode: Phase VT Input
BLK: O

Operating Settings for Over/Underfrequency

Operating settings for the 81 elements consist of pickup valuesatime delay values, and a mode setting
that defines whether an element provides under or ov€mfreguency protection and is selectable from a
pull-down menu under each element tab. The pickup valuewdetermines the value of frequency required for
the element to start timing toward a trip. The time delay value determines the length of time between
reaching the pickup value and tripping. Time delays,€an befSet in milliseconds, seconds, or cycles. The
default is milliseconds if no unit of measure is specified. Minimum timing resolution is two cycles. A time
delay setting of zero makes the element instantapeous,with no intentional time delay.

Operating settings are made using BESTCOMS. Figure 4-48 illustrates the BESTCOMS screen used to
select operational settings for the Ovef/Underfrequency element. To open the BESTlogic Function
Element screen for Over/Underfrequency element, select Voltage Protection from the Screens pull-down
menu and select the INH/81/181/281/38%/481/581 tab. Alternately, settings may be made using the S<g>-
<x>81 ASCIl command or the optional, HMI interface using Screens 5.#.10.1 and 5.#.10.2,
\PROT\SG#\8I\SETTINGS.

BE1-CD5240 Settings ( [Untitled] )
Eile Screens Copy Cal B

MASLER ~| Settings [Group 0~
B &\ @S%w&wﬁm@ L6 | oe ||

24| 2P 27mlpe? ;:P] 53 INH/81/181/281/351 /481/581 |
o 4

OjUiFreq cy With Settable Time Delay
INHIBIT a1 181 28
‘W ,W EI Von Pickup Hortz | | 5950 El [ oooo El [ oo El
h Timefms | | 2fg || = 1
\~ |Undar ‘Dvar |Dver
’ Phaze VT Input Dizabled Dizabled
/ BESTlogic | EESTlogic | BESTlogic |
v 381 481 581
PickupHertz | [ 0000 [ | [ ooooff] | [ o000 [
Time[ms | = 1= =
|Dver ‘Dver |Dver
Dizabled Dizabled Dizabled
BESTlogic | BESTlogic | BESTlogic |

Enter the pickup level for 81 [nhibit.

Woltage Protection

10/3/2005 | 401 PM

Figure 4-48. Voltage Protection Screen, INH/81/181/281/381/481/581 Tab
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Beside the Logic pull-down menu is a pull-down menu labeled Settings. The Settings menu is used to
select the setting group that the element's settings apply to.

Over/Underfrequency protection can be inhibited when the monitored voltage decreases below a user-
defined level. The undervoltage inhibit level is set through BESTCOMS. Alternately, it can be set using
the S<g>-<x>81INH command where x equals nothing or one through five. Settings can also be made
using the optional HMI Screen 5.#.10.3, \PROT\SG#\81\SETTINGS. The voltage inhibit setting unit of
measure depends upon the VTP and VTX connection settings. For 4-wire or PN connections, it is Sec
VPN. For 3-wire or PP connections, it is Sec. VPP.

Table 4-29 summarizes the operating settings for Over/Underfrequency.

Table 4-29. Operating Settings for Over/Underfrequency

Setting Range Increment Unit of Measuge, Default
Pickup 40 to 70, 0 = Disabled 0.01 Hertz 0
0 to 999 milliseconds 1 Milliseconds
0.1for0.1t09.9 Seconds
0.0 to 600 seconds
Time Delay 1.0 for 10 to 600 Seeonds 0
0 to 36,000 cycles (60 Hz) Cycles

0 to 30,000 cycles (50 Hz)

O = Overfrequency

Mode U = Underfrequency n/a N/A 0
15 to 150
Voltage o . 0.1 (for Odnto 99:9) Secondary Volts t
Inhibit Level | 0= Disabled (functions 1 4 0 d00itgpa50) Y 40.0

enabled for all voltage levels)

* Time delays less than 10 cycles can be entered, to the nearest 0.1 cycles from the front panel HMI. All
time delays can be entered to the nearest 0.04, cycles from the ASCII command interface. Time delays
entered in cycles are converted to milliseconds orseconds. Increment precision after conversion is limited
to that appropriate for each of those units of méasure:

t Phase-to-phase and phase-to-neutral settings'depend on the VTP and VTX connection settings.

The default unit of measure for the Yeltagesand negative-sequence inhibit setting is secondary volts.
Primary volt (Pri Volt), per unit volts,(Per UyVolts), and percent volts (% Volts) can also be selected as the
pickup setting unit of measure. ‘@yer/underfrequency inhibit is in hertz. The unit of measure for the Time
setting that represents the element's,time delay defaults to milliseconds. It is also selectable for seconds,
minutes, and cycles.

Example 1. Make the following settings to the 81 element and to the inhibit function. See Figure 4-48.
Pickupidertz: 59.5
Time; 2ms
Node: Underfrequency
Voltage INHIBIT: 100 Vpn secondary volts

Retrieving Over/Underfrequency Status from the Relay

The statusiof each logic variable can be determined through the ASCII command interface using the RG-
STAT (tepert, general-status) command. See Section 6, Reporting and Alarm Functions, General Status
Rep6ring;, for more information. The status can also be determined using BESTCOMS Metering screen.
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BREAKER FAILURE PROTECTION

50BF - Breaker Failure Protection

BE1-CDS240 relays provide four independent breaker failure protection functions. Each current €ircuit
has an associated breaker failure function. For example, Current Circuit 1 is internally connected#o'50BF;
Current Circuit 2 is internally connected to 150 BF and so on. This section discuses 50BF but applies to
all BF functions. Figure 4-49 shows the breaker failure function block which has two outputs, BFRT(1, 2,
3, 4) (Breaker Failure Retrip) and BFT (1, 2, 3, 4) (Breaker Failure trip) which is true after the breaker
failure Delay Timer has timed out. The BFIALM (1, 2, 3, 4) (Breaker failure initiate alarm) oceurs if the
Control Timer has expired (closing the window of breaker failure opportunity), and there is no BLK (Block
input) and the BFI5O0 (internal protection element) is still calling for a trip.

Mode v
0-Disable

1-Enable
— BREAKER

50 INI FAILURE
52 INI (BF) —QBFT

52 STATUS
BLK —O BFRT

Figure 4-49. Breaker Failure Logic Block

A BESTIlogic expression defines how the BLK (Block) inputdtinctions. When this expression is TRUE, the
element is disabled by forcing the outputs to logic 0 andyresetting the timer to zero. For example, this may
be an input wired to a test switch such that breaker failure protection is disabled when the primary
protective elements are being tested to prevent inadvertent backup tripping during testing.

The breaker failure Delay Timer is stoppéd by the fast-dropout current detector function. See Section 3,
Input and Output Functions, Power System Inputs, Current Measurement, for more details on this
function. The fast-dropout current detector, is ‘designed to directly determine when the current in the poles
of the breaker has been interrupted withoutthaving to wait for the fault current samples to clear the one-
cycle filter time used by the normal ¢urientymeasurement function. This function has less than one cycle
dropout time. The Delay Timer can.alsa be’'stopped by the BLK (Block) logic input being asserted.

Upon sensing 50 INI transitien fram O to 1 state, a Control Timer seals in the 50 INI signal for the duration
of the Control Timer setting. Ifthe“@entrol Timer expires and the 50 INI signal is still present, a BFIALM
(Breaker Failure Initiate Alarm) ‘signal will occur. The Control Timer serves the purpose to improve
security by presenting aawindew of opportunity for the breaker failure element to operate. It improves
dependability by sealing,inthe nitiate to prevent stopping breaker failure timing if the tripping relay drops
out prematurely. A Controlglimer setting of zero shall disable the control timer seal in function allowing
the Control Timer to follew the 50 INI input.

Phase and peutralgfadilt detectors are provided to monitor current. At least one of these four fault
detectors mustibe ‘pieked up to start the breaker failure Delay Timer.

The curgent detector logic is TRUE if the current has been interrupted and is used to stop the BF timer.
The | = Oralgorithm looks at the sample data directly and does not rely upon the 1 cycle phasor estimation
calculation. It s€jects dc tail-off by looking for the characteristic exponential decay. Current shall be
declared interrupted when the current in all three phases is below 10% nominal or if the current is
decaying exponentially. Only the three phase currents shall be monitored by this function.

LYegic to start the breaker failure timing via the 52 INI input is provided with breaker status supervision.
Both the 52 STATUS and the 52 INI have to be TRUE for a 52 INI to cause a trip condition. A breaker
status logic input monitors the breaker state.

The breaker failure timer is initiated by the either the 52 INI or the 50 INI. When both signals are in the
zero state the breaker failure Delay Timer will be stopped. When the breaker failure Delay Timer is
actively timing, the BFRT (Breaker Failure Retrip) output shall be TRUE. When the breaker failure Delay
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Timer times out, the BFT output shall be TRUE. A block input is provided to disable the function and reset
the timers to zero.

If the target is enabled for the function block, the target reporting function will record a target when the
protective function trip output is TRUE and the fault recording function trip logic expression is TRUE. See
Section 6, Reporting and Alarm Functions, Fault Reporting, for more details on the target reporting.

An alarm variable is provided in the programmable alarms function that can be used to indicate an alarm
condition when the breaker failure initiate is held longer than the control time. See Section 6, Reporting
and Alarm Functions, Alarms Function, for more details on the alarm reporting function.

BESTIoqic Settings for Breaker Failure

BESTlogic settings are made from the BESTlogic Function Element Screen in BESTCQMSkigure 4-50
illustrates the BESTCOMS screen used to select BESTlogic settings for the breaker failurg,element. To
open BESTIogic Function Element screen for the breaker failure element, select Overéurrent from the
Screens pull-down menu. Then select the button labeled BESTlogic. Alternately, settings may be made

using the SL-50BF ASCII command.
Breaker Failure
bOBF
Logic |BASLER ]

Mode

|Enable j

BESTlogic Function Element

BFT1

INgo———— BFIS0

INZo——— BF152

«a
IN3s——— 52 STAT
N

BFRT1

N

Figure 4-500, BESTIlogic Function Element Screen, 50BF

At the top center of the BESTIogiC Function Element Screen is a pull-down menu labeled Logic. This
menu allows viewing of the/BESTIogic settings for each preprogrammed logic scheme. A custom logic
scheme must be created“and’selected in the Logic pull-down menu at the top of the screen before
BESTlIogic settings can beychanged. See Section 7, BESTlogic Programmable Logic.

Enable the breakerfailurefunction by selecting its mode of operation from the Mode pull-down menu. To
connect the elements dnputs, select the button for the corresponding input in the BESTlogic Function
Element Screen. The BESTlogic Expression Builder screen will open. Select the expression type to be
used. Then, select the BESTlogic variable, or series of variables to be connected to the input. Select
Save when finished to return to the BESTIlogic Function Element Screen. For more details on the
BESTIogieyExpression Builder, see Section 7, BESTlogic Programmable Logic. Select Done when the
settingsthave been completely edited.

Table 4=80)summarizes the BESTlogic settings for Breaker Failure.
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Range/Purpose
Mode 0 = Disable, 1 = Enable
BFI50 Logic expression that starts the breaker failure timer when TRUE.
BF152 Logic expression that starts the breaker failure timer when TRUE. 0

52 STATUS | Monitors the breaker state.

BLK Logic expression that disables function when TRUE. o O

Example 1. Make the following changes to the Breaker Failure element. Ref t0%4—50.
Mode: Enable \
50 INI: IN4
52 INI: IN2
52 STATUS: IN3
BLK: V02

Operating Settings for Breaker Failure
Operating settings are made using BESTCOMS. Figure 4-51 illu s‘the BESTCOMS screen used to
e

select operational settings for the breaker failure element. Tlogic Function Element screen
for the breaker failure element, select Breaker Failure fro ens pull-down menu. Alternately,
settings may be made using the SO-x50BF (where x = , 2y.0r 3) ASCIlI command or through the
optional HMI interface using Screens 5.#.11.1 through PROT\SG#\BF\x50BF (where x = blank,
1,2, or3).

EO&X

BE1-CDS240 Settings ( [Untitled] )

File Screens Copy Communication Reports Help

5 DeEES Logic |BASLER ettings |Group D~
| 120 I ..
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INI Delay Timer

B [ o0 B

AND BFRT

~ AND Ereaker Fail Alaim
—

ELK —

Cantrol Timer

& E Enabled
E BESTlogic

G Ereaker Failure 10/3/20056 | 4:03 PM

Figure 4-51. Breaker Failure Screen, 50BF Tab
L 4

Beside the Logic pull-down menu is a pull-down menu labeled Settings. The Settings menu is used to
the setting group that the elements settings apply to.

default unit of measure for the Pickup setting is secondary amps. The unit of measure for the Time
setting that represents the element's time delay defaults to milliseconds. It is also selectable for seconds,
minutes, and cycles.

Table 4-31 summarizes the operating settings for Breaker Failure.
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Table 4-31. Operating Settings for Breaker Failure

Setting Range Increment Unit of Default
Measure
Pickup Sec. Amps, Pri. Amps, Per. U. Amps, N/A N/A Sec. Amps
% Amps
Time Milliseconds, Seconds, Minutes, Cycles N/A N/A Milliseconds
Phase Fault | 5ACT:0.5Ato0 10.00 A .
Detector PU | 1A CT- 0.1 A t0 2.00 A 0.01A (See Pickup) 0.00
Neutral Fault | 5SACT: 0.5Ato 10.00 A .
Detector PU | 1A CT- 0.1 A t0 2.00 A 0.01A (See Pickup) 0.00
0 = Disabled N/A N/A
. 50 to 999 ms 1m Milliseconds
Delay Timer 0
0.05 to 0.999 seconds 0.1 sec Seconds
0 to 59.96 (60 Hz) or 0 to 49.97 (50 Hz) * Cycles
0 = Disabled N/A N/A
] 50 to 999 ms 1m Milliseconds
Control Timer 0
0.05 to 0.999 seconds 0.1¢sec Seconds
0 to 59.94 (60 Hz) or 0 to 49.95 (50 Hz) * Cycles

* Time delays less than 10 cycles can be entered to the nearest'Qxl cycles from the front panel HMI. All
time delays can be entered to the nearest 0.01 cycles from the,ASCll command interface. Time delays
entered in cycles are converted to milliseconds or seconds. In€rement precision after conversion is limited
to that appropriate for each of those units of measure.

Example 1. Make the following operational settingsito thedreaker failure element. See Figure 4-51.
Pickup: secondary amps
Time: ms
Phase Fault Detector PU: 3.00
Neutral Fault Detector PU: 3:00
Control Timer: 100
Delay Timer: 100

Retrieving Breaker Failure Status from.the Relay

The status of each logic variable can be determined from the ASCII command interface using the RG-
STAT (report general-status) (or the, RL (report logic) commands. Status can also be determined using
BESTCOMS Metering screen."SeesSection 6, Reporting and Alarm Functions, General Status Reporting,
for more information.

LOGIC TIMERS

62 - General Purpgse Logic Timers

BE1-CDS240 relays provide four general-purpose logic timers, which are extremely versatile. Each can
be set for one of five modes of operation to emulate virtually any type of timer. Each function block has
one output (62, 162, 262, or 362) that is asserted when the timing criteria has been met according to the
BESTIlogie, mode setting. Figure 4-52 shows the 62 function block as an example. Each mode of
operation.isydescribed in detail in the following paragraphs.
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\ D2861-04
02-07-00

Mode
0-Disable

1-PU/DO
2-One Shot Non-Retri
3-One Shot Retrig

4-Oscillator 62 TIMER O

5-Integrating
6-Latch

o NI

e
< 9
o BLK \

Figure 4-52. General Purpose Logic Timers Logic Blo@
An INI (initiate) logic input is provided to start the timing sequence. 0

A BLK (block) logic input is provided to block operation of the timer., Whenythis expression is TRUE, the
function is disabled.

Each timer has a T1 time setting and a T2 time setting. The fu
upon the type of timer as specified by the mode setting in B

If the target is enabled for the function block, the target rep
timer output is TRUE and the fault recording function_t¥i

Reporting and Alarm Functions, Fault Reporting, for mor,
Mode 1, PU/DO (Pickup/Dropout Timer) gﬂ&
I

Y

i of these settings is dependent
i

unction will record a target when the
ic expression is TRUE. See Section 6,
n the target reporting function.

The output will change to logic TRUE if the IN input expression is TRUE for the duration of
PICKUP time delay setting T1. See Figure 4-5 initiate expression toggles to FALSE before time
T1, the T1 timer is reset. Once the output efyth toggles to TRUE, the INITIATE input expression
must be FALSE for the duration of DRO ti delay setting T2. If the INITIATE input expression
toggles to TRUE before time T2, the output s TRUE and the T2 timer is reset.

1
BLOCK
0 D2843-08
1
INITIATE
0 R N —_

I | |
XGEO e L Ly

% Figure 4-53. Mode 1, PU/DO (Pickup/Dropout Timer)

L 4
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Mode 2, One-Shot Nonretriggerable Timer

The one-shot nonretriggerable timer starts its timing sequence when the INITIATE input expression
changes from FALSE to TRUE. See Figure 4-54. The timer will time for DELAY time T1 and then the
output will toggle to TRUE for DURATION time T2. Additional initiate input expression changes of state
are ignored until the timing sequence has been completed. If the duration time (T2) is set to 0, this timer
will not function. The timer will return to FALSE if the BLOCK input becomes TRUE.

1

BLOCK
0 D2843-09
10-23-03
1
INITIATE
0
I
1 |
x62
0 T T2

Figure 4-54. Mode 2, One-Shot Nonretriggerable Timer

Mode 3, One-Shot Retriggerable Timer

This mode of operation is similar to the one shot nonretriggerable mode;¥except that if a new FALSE-to-
TRUE transition occurs on the INITIATE input expression, the{output is forced to logic FALSE and the
timing sequence is restarted. See Figure 4-55.

1
BLOCK D2843-10

02-27-02
0

1

INITIATE I_I
0—

1 | I £1 l 1 , t1
62 S— __L%

0 t1 t2

Figure 4-55:4Mode"3, One Shot Retriggerable Timer

Mode 4, Oscillator

In this mode, the INITIATE input isgignored. See Figure 4-56. If the BLOCK input is FALSE, the output,
x62, oscillates with an ON timeyof 1 and an OFF time of T2. When the BLOCK input is held TRUE, the
oscillator stops and the outputis held OFF.

1 — I

BLQCK
0

1

| |
] |
INITIATE \ \ D&\Q CARR \ \
0
| |
1
x62 5l T2
0— | T1 —1

D2843-11
02-27-02

Figure 4-56. Mode 4, Oscillator
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Mode 5, Integrating Timer

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 dime
T2 defines the rate that the timer integrates toward dropout and resetting the output to FALSE. PICKUP
time T1 defines the time delay for the output to change to TRUE if the initiate input becomes TRUE “and
stays TRUE. RESET time T2 defines the 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 4-57, RESET time T2 is set to half of the PICKUP time T1 setting. The
initiate input expression becomes TRUE and the timer starts integrating toward pickup. Prior to timing out,
the initiate expression 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 gesetscompletely but
then toggles back to TRUE and stays TRUE for the entire duration of time T1. Atithat®point, the output of
the timer is toggled to TRUE. Then later, the initiate expression becomes FALSE andistays FALSE for the
duration of RESET time T2. At that point, the output of the timer is toggled to FALSE:

1
BLOCK
0

1

INITIATE

0

100% —————- —— 41—z >

A A
Timer "97 \O y
yd
OO/O —— A ——
1

A

x62

0
D2843-12
102303

Figureyd-573Mode 5, Integrating Timer

This type of timer is useful in appligatiohs where a monitored signal may be hovering at its threshold
between on and off. For example, it'is flesired to take some action when current is above a certain level
for a certain period. A 50T functigh 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 longyasthe time that it is TRUE is longer than the time that it is FALSE. With a
simple pickup/dropout timegy the timing function would reset to zero and start over each time the initiate
expression became FALSE.

Mode 6, Latch

A one shot timer starts)its timing sequence when the INITIATE input expression changes from FALSE to
TRUE. The timergwillitime for DELAY time T1 and then the output will latch TRUE. Additional INITIATE
input expression changes of state are ignored. Time (T2) is ignored. Refer to Figure 4-58.

1

BLOCK
0
1
INITIATE |_‘
0 J
I
1 |
x62
0 T1
D2863-07
10-23-03

Figure 4-58. Mode 6, Latch
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BESTIoqic Settings for General Purpose Logic Timers

BESTIogic settings are made from the BESTlogic Function Element screen in BESTCOMS. Figure 4-59
illustrates the BESTCOMS screen used to select BESTIogic settings for the Logic Timer elements. To
open the BESTlogic Function Element screen for Logic Timer, select Logic Timers from the Screens pull-

down menu. Alternately, settings may be made using the SL-x62 ASCIl command. OO

BESTlogic Function Element

Logic Timer V'S
62
Logic |BASLER ]

Mode 0

|Dne Shot Mon-Retrig j Q
INZ2e— INI —o 62
0e——— BLEK

Done

Figure 4-59. BESTlogi

At the top center of the BESTlogic Function entyscreen is a pull-down menu labeled Logic. This
menu allows viewing of the BESTlogic setti r'@ach preprogrammed logic scheme. User or custom

logic must be selected on this menu in ord w changes to the mode and inputs of the element.
Enable the Logic Timer function by selectingyit e of operation from the Mode pull-down menu.

To connect the element's inputs, select button for the corresponding input in the BESTlogic Function
Element screen. The BESTIogic Ex uilder screen will open. Select the expression type to be

used. Then, select the BESTlogic yaria or series of variables to be connected to the input. Select
Save when finished to return% ESTlogic Function Element screen. For more details on the

BESTlogic Expression Builder ion 7, BESTlogic Programmable Logic. Select Done when the
settings have been completel@.

Table 4-32 summarii@ﬂogic settings for General Purpose Logic Timers.
le 4=

2. BESTlogic Settings for General Purpose Logic Timers

Function Range/Purpose Default
= Disabled 4 = Oscillator
Logic Mode & 1=PUDO . 5 = Integrating 0
2 = One Shot NonTRetrlg 6 = Latch
3 = One Shot Retrig
ATE Logic expression that initiates timing sequence. 0
BLOCK Logic expression that disables function when TRUE. 0
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Example 1. Make the following settings to the 62 Logic Timer. Figure 4-59 illustrates these settings.
Logic: User
Mode: One Shot Non-Retriggerable
INITIATE: IN2 O
BLOCK: 0

Operating Settings for General Purpose Logic Timers

Operating settings are made using BESTCOMS. Figure 4-60 illustrates the BESTCOMS screep used to
select operational settings for the Logic Timer elements. To open the Logic Timers E%een, select Logic

Timers from the Screens pull-down menu. Alternately, settings may be made using g>-x62 ASCII
command or through the optional HMI interface using Screen 5.#.9.1, \PROT\SG#6 NGS.

BE1-CDS240 Settings ( [Untitled] )

File Screens Copy Communication Reports Help

5 0@ EHEE Loc [BASLER

j Settings |Emup[l j

) HE o O 12 Ol o Lo W2 or o

Logic Timers

Time Units |ms
62
T1 Time
100 [
o —o —c
112 TG One Shot Mon-Fetrig Dizabled
0 BESTlagic BESTlogic
262 K
T1 Time T1 Time
"B "
o o— —o
: ’leen Dizabled
(=] BESTlogic

Enter 62 timer 1 zetting. Logic Timers 104372005 4:04 Ph

. Figure 4-60. Logic Timers Screen

pull-down menu labeled Logic. This menu allows viewing of the

At the top left of the scre N
BESTIogic settings for &pro rammed logic scheme. User or custom logic must be selected on this
e

menu in order to allow ¢ be made to the mode and inputs of the element.

Beneath the Logic pull-do enu is a pull-down menu labeled Settings. The Settings menu is used to
select the setting group. that the element's settings apply to. See Section 7, BESTlogic Programmable

Logic, Logic Sch
Using the \ nus and buttons, make the application appropriate settings to the Logic Timer

elements

Table 4433 marizes the operating settings for General Purpose Logic Timers.

Table 4-33. Operating Settings for General Purpose Logic Timers

Setting Range Increment Unit of Measure Default
0to 999 ms 1 Milliseconds
i 0.1 for 0.1 to 9.9 sec.

T1 Time, 0.1 to 9999 sec. Seconds 0

T2 Time 1.0 for 10 to 9999 sec.
0 to 599,940 (60 Hz) . Cveles
0 to 499,950 (50Hz) y
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* Time delays less than 10 cycles can be entered to the nearest 0.1 cycles through the HMI. All time
delays can be entered to the nearest 0.01 cycles from the ASCII command interface. Time delays entered
in cycles are converted to milliseconds or seconds. Increment precision after conversion is limited to that
appropriate for each of those units of measure. O

Example 1. Make the following operating settings to the 62 element. Figure 4-60 illustrates theO

settings.
Time units: ms
T1 Time: 100 L 4

T2 Time: 0

Retrieving General Purpose Logic Timers Status from the Relay \
The status of each logic variable can be determined from the ASCII command interfac g the RG-
STAT (report general-status) or the RL (report logic) commands. Status can also mined using

BESTCOMS Metering screen. See Section 6, Reporting and Alarm Functions, GeneraliStatus Reporting,
for more information.

VOLTAGE TRANSFORMER FUSE LOSS DETECTION Q

e ;oss or loss of potential in a

hen the element logic becomes
Figure 4-62. Logic parameters

60FL - Fuse Loss Detection

BE1-CDS240 relays have one 60FL element that can be used to det
three-phase system. The 60FL element is illustrated in Figur
TRUE, the 60FL logic output becomes TRUE. A logic diagra

are shown in Table 4-34.

Trip Logic: 60FL Trip=(A* * G)+(E*F*B*G) (See Table 4-42.)
Reset Logic: 60FL Reset = H* /K ¥IL (See Table 4-42.)

Q>®
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Figure 4-62. 60FL¥Element Logic

Table 4-34. 60EL Logic Parameters

Input TRUE €Condition
Positive-sequence volts greater than8.8% of the"nominal voltage; Detects minimum voltage is applied.

>

Positive-sequence amps greater tham8#% of the nominal current; Detects minimum current is applied.

Negative-sequence volts greater than,25%)of the pos-seq volts; Detects loss of 1 or 2 phase voltages.

Negative-sequence amps less thamid7.7% of the pos-seq amps; Detects a normal current condition.

Positive-sequence volts less than 8.8% of the nominal voltage; Detects loss of 3-phase voltage.

Positive-sequence amps less than 200% of the nominal current; Detects a normal load current condition.

Three-wire or four-wiresensingsSelected.

Positive-sequence vaelts greater than 85% of nominal voltage; Detects a restored voltage condition.

(A*B*C*D * G)Retects when either one or two phases are lost.

FIX|I@|MM|O[O|®

(E * F * B * G)ffDetects'when all three phases are lost.

=
z

Latches the 60EL output until the reset criteria are met.

Fuse Loss DetectionsBlocking Settings

The 60FL logie bitlis always enabled regardless of the SP-60FL setting. User selectable block settings
determine,_how gertain (not all) current and voltage protective functions operate when a fuse loss
condition existsf(see Table 4-35). The | Block setting (51/27R) assumes that the voltage is VNOM when
60FL is TRUE because the voltage measurement is not present or is unreliable. If the input voltage is
nominal, then voltage restraint and control have no effect. The V Block settings (P, N, and Q) determine
which voltage functions are blocked when the 60FL logic is TRUE.

Settings are made using BESTCOMS. Figure 4-63 illustrates the BESTCOMS screen used to select
blecking settings for the 60FL element. Select Reporting and Alarms from the Screens pull-down menu
and select the VT Monitor tab. Alternately, settings may be made using the SP-60FL ASCII command.
See Section 11, ASCII Command Interface, Command Summary, Protection Setting Commands, for
more information.
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Table 4-35. 60FL Element Blocking Settings

Mode Setting Explanation Default
Input
When 1 Block is disabled, current tripping level is determined by the
DIS .
sensing voltage level (51/27R operates normally).
| Block When I Block is enabled and the 60FL logic is TRUE (voltage sensing is | gnA
ENA lost), the current tripping level is controlled by the 51P function and the
27R function is inhibited. When 1 Block is enabled and the 60FL logic is
FALSE, the current tripping level is controlled by the 51/27R function. ¢
DIS Phase (P), Neutral (N), and Negative-Sequence (Q) voltage functions al
not automatically blocked when 60FL logic is TRUE.
= All functions that use phase voltage are blocked when the 60FL
Vv TRUE. (27P/127P and 59P/159P) PNO
Block N All functions that use 3-phase residual voltage (3Vy) measure
blocked when the 60FL logic is TRUE. (59X - Mode 2)
Q All functions that use the negative-sequence voltage (V, ement
are blocked when the 60FL logic is TRUE. (47)

BE1-CDS240 Settings ( [Untitled] )

File Screens Copy Communication Reports Help

D& & &' Logic [BASLER ~| Settings
D oLl e ™

Clock Display Mode I | Demand ] V&P Demand YT Manitor l Bkr Dutyl Bkr Statug

Fuse Loss Bloc @
514,
Blon age Contral

7
lock Phase
2 J v Black 3v0
\ ¥ Block V2

S
&

-63. Reporting and Alarms Screen, VT Monitor Tab

T ansformarMonitoring] Alarms] Fault Recording

Fieporting and Alarms 10/3/2005 | 4:04 PM

The directional tests also supervised by the loss of potential function 60FL. If the 60FL bit is TRUE,
then voltage sensing was loss or is unreliable. Under this condition positive, negative, and zero-sequence
directional tests age disabled and their bits are cleared. There is no user setting to enable or disabled this
supervisi@n. Current polarization is not effected by the 60FL since it does not rely on voltage sensing.
0-sequence voltage polarization can only be performed if 3P4W sensing is selected. The
followin ifiers are applied to the voltage polarized ground direction element based on the user
ut quantity:
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VOIN inputs:
Test: 60FL=FALSE & 3P4W=TRUE & (IN > minimum) & (IN > [1*8%) & (VO > minimum)

VOIG inputs:
Test: 60FL=FALSE & 3P4W=TRUE & (IG > minimum) & (VO > minimum)

VXIN inputs:
Test: (IG > minimum) & (IN >11*8%) & (VX > minimum)

VXIG inputs:
Test: (IG > minimum) & (VX > minimum)
I Block and V Block settings are made using the SP-60FL command.

The 60FL element detects fuse loss and loss of potential by using voltage andf{current.thresholds that are
expressed as a percentage of the nominal voltage and current values. SeeySection 3, Input and Output
Functions, for information on changing the nominal voltage and current values using the SG-NOM
command.

Retrieving Fuse Loss Detection Status from the Relay

The status of the logic variable can be determined through the ASE€Il cemmand interface using the RG-
STAT (report general-status) command. See Section 6, Reporting andyAlarm Functions, General Status
Reporting, for more information. The status can also be determined(using BESTCOMS Metering screen.

VIRTUAL SWITCHES

43 - Virtual Selector Switches

The BE1-CDS240 Current Differential System has eight virtual selector switches that can provide manual
control, locally and remotely, without using phySi¢al Switches and/or interposing relays. Each virtual
switch can be set for one of three modes of operation to”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 panelé@and wire the output to a contact sensing input on the relay or in
series with the ground trip output of the, relay. Instead, a virtual switch can be used to reduce costs with
the added benefit of being able to operate,the¥switch both locally through the HMI and remotely from a
substation computer or through a modémyconnection to a remote operator's console.

The state of the switches can be controlled from the optional HMI or ASCIl command interface. Control
actions can be set by the BESTlogic“mode setting. When set for On/Off/Pulse, each switch can be
controlled to open (logic 0),4elose,(logje 1), or pulse such that the output toggles from its current state to
the opposite state and then,returnS. Additional modes allow the switch operation to be restricted. In
On/Off, the switch emulates, a twe-position selector switch, and only open and close commands are
accepted. In Off Momentary On, a momentary close, spring-return switch is emulated and only the pulse
command is acceptedgBecause switch status information is saved in nonvolatile memory, the relay
powers up with the switchesjin the same state as when the relay was powered down.

Each virtual selectamswitelt element (see Figure 4-64) has one output: 43, 143, 243, 343, 443, 543, 643,
and 743. The outputfis §RUE when the switch is in the closed state; the output is FALSE when the switch
is the open state.“Since both the output and the inverse of the output of these switches can be used as
many timés as desired in your programmable logic, they can emulate a switch with as many normally
open apd normally Closed decks as desired.

P0033-12
Mode 43/143/243 | 09-30-05
0-Disable 343/443/543
1-On/Off/Pulse 643/743
VIRTUAL
oo SELECTOR
3-Off/Momentary On SWITCH _043/ 143/243/343/443/543/643/743

Figure 4-64. Virtual Selector Switches Logic Block
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User specified labels could be assigned to each virtual switch and to both states of each switch. In the
previous ground cutoff switch example, you might enable one of the switches in BESTlogic as Mode 2,
ON/OFF and connect the output of that switch to the blocking input of the 59x protection element. This
would disable the ground overvoltage protection when the switch is closed (logic 1) and enable it when
the switch is open (logic 0). For the application, you might set the switch label to be 59N_CUTOFF (10
character maximum). The closed position on the switch might be labeled DISABLD (7 character
maximum) and the open position might be labeled NORMAL. Section 7, BESTlogic Programmable Logic;
has more details about setting user programmable names for programmable logic variables.

BESTlogic Settings for Virtual Selector Switches

BESTIlogic settings are made from the BESTlogic Function Element screen in BESTCOMS. Eigure 4-65
illustrates the BESTCOMS screen used to select BESTlogic settings for the Virtual Switch/element. To
open the BESTlogic Function Element screen for the Virtual Switch element, select VirtualhSwitches from
the Screens pull-down menu. Then select the BESTlogic button for the virtual switch toybe edited.
Alternately, settings may be made using SL-x43 ASCII command (where x = blank, 1, 2{'3,/4%5,6, or 7).

At the top center of the BESTlogic Function Element screen is a pull-down menu,labeled Logic. This
menu allows viewing of the BESTlogic settings for each preprogrammed logic scheme. A custom logic
scheme must be created and selected in the Logic pull-down menu at the top%ef the screen before
BESTIogic settings can be changed. See Section 7, BESTlogic Programmablef-ogic.

Enable the Virtual Switch function by selecting its mode of operation from the Mode pull-down menu.
Select Done when the settings have been completely edited.

BESTlogic Function Element

Virtual Switch

43
Logic |BASLER -
.

|wmf\EX -]
( D'

L |

D e

Figure 4-65. BESTlogic Function Element Screen, 43

Table 4-36 sumimarizes the BESTIlogic settings for Virtual Selector Switches. These settings enable the
x43 element by selécting'the mode of operation. There are no logic inputs.

Table 4-36. BESTIogic Settings for Virtual Selector Switches

Function Range/Purpose Default
0 = Disabled 2 = On/Off
Mode 0
1 = On/Off/Pulse 3 = OffMomentary On

Example 1. Make the following BESTlogic settings to the Virtual Switch function. See Figure 4-65.
Mode: On/Off
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Select Before Operate Control of Virtual Selector Switches

The state of each virtual selector switch can be controlled at the optional HMI using Screens 2.1%
through 2.1.8, \CTRL\43\x43 (where x = blank, 1, 2, 3, 4, 5, 6, or 7). Control is also possible throughsthe
ASCIl command interface by using the select-before-operate commands CS-x43 (control select-virtual
switch) and CO-x43 (operate select-virtual switch). A state change takes place immediatelygswithout
having to execute an Exit - Save settings command. The state of the switches cannot be controlled uSing
BESTCOMS. BESCOMS can only be used to set the logic mode or name labels (Figure 4-66) forithe/x43
virtual selector switches.

CS/C0O-x43 Command

Purpose: Select and operate the virtual selector switches.
Syntax: CS/CO-<x>43[=<Action>]
Comments: x = no entry for 43 or 1 for 143. Action = 0 to open the switch, 1 to“elose the switch, P to

pulse the switch to the opposite state for 200 milliseconds and'then automatically return
to starting state.

The virtual switch control commands require the use of select-before-operatetagic. First, the command
must be selected using the CS-x43 command. After the select command iS%entered, there is a 30 second
window during which the CO-x43 control command will be accepted.“fhe control selected and the
operation selected must match exactly or the operate command will be,blocked. If the operate command
is blocked, an error message is output.

CS/CO-x43 Command Examples:

Example 1. Read the status of Virtual Switch 43.
>C0-43
0

Example 2. Momentarily toggle the state of Switéh,543 10 closed.
>CS-543=P
543=P SELECTED
>CO0-543=P
543=P EXECUTED

Example 3. An example of an operateéycommand not matching the select command.
>C0-243=1
ERROR:NO SELECT®(Notg: Must enter “CS-243=1" first to select.)

BE1-CDS240 Settings ( [Untitled] )
Elle Screens Copy CDI‘HI‘&tIU D0

= é g.c \BA:;LEH =] Settings | Global
35 .h @S%hﬁqﬂjﬁt{?ﬂ-g / oo -

43143 a3 | s - pas- 7a3] 1011101 -2 -1 |

43 143
Label Label
‘ SITCH_1 SWITCH_2
] True State 143 True State
CO - 43 CO-143
. Cornmard [ - ON Command O OFEN
\ OndOit False State Disabled False State
OFF CLOSED
v' BES Tlogic BESTlogic
243 343

Label Label
| SwITCH_3 [ SWITCH_4

o0 - 243 247 True State — 243 Tiue State

el [ TRUE e S VES

Disabled False State Disabled False State

. FALSE N HO
BESTlogic BESTlogic

Wirtual Switches 10/3/2005 | 4:06 PM

Figure 4-66. Virtual Switches Screen, 43 — 143 — 243 — 343 Tab
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Retrieving Virtual Selector Switches Status from the Relay

The state of each virtual selector switch can be determined from the optional HMI Screen 1.4.3,
\STAT\OPER\43. This information is also available through the ASCII command interface by using the
RG-STAT command and on BESTCOMS Metering screen. See Section 6, Reporting and Alarm
Functions, General Status Reporting, for more information.

HMI Screens 2.1.1 through 2.1.8 provide switch control and can also display the current status of their
respective switches. ASCIl command CO-x43 returns the state of each virtual selector switch in a read-
only mode. See the previous Example 1.

101 - Virtual Breaker Control Switches

Virtual breaker control switches (shown in Figure 4-67) provide manual control of a circuit_breaker or
switch without using physical switches and/or interposing relays. Both local and remete gontrol 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 HMI and remotely from a sibstatien computer
or modem connection to an operator's console. The BE1-CDS240 relays providegfour Virtual Breaker
Control Switches (101, 1101, 2101, and 3101).

Mode
0-Disable
1-Enable

D2861-06
08-05-99

101
BREAKER o117

CONTROL Q101G
SWITCH [—01Q¥sC

Figure 4-67. Virtual Breaker Control Switeh,Logic Block

The virtual breaker control switch emulates a typical breakér comtrol switch with a momentary close,
spring return, trip contact (output 101T), a momentary close,“spring return, close contact (output 101C),
and a slip contact (output 101SC). The slip contact outpuigretainsthe status of the last control action. That
is, it is FALSE (open) in the after-trip state and TRUE (closed)|ifi the after-close state. Figure 4-68 shows
the state of the 101SC logic output with respect tothe state‘efithe 101T and 101C outputs.

When the virtual control switch is controlled“te 4rip, the 101T output pulses TRUE (closed) for
approximately 200 milliseconds and the 101SE€, output goes FALSE (open). When the virtual control
switch is controlled to close, the 101SC output pulses TRUE (closed). The status of the slip contact
output is saved to nonvolatile memory so thatthetelay will power up with the contact in the same state as
when the relay was powered down.

1
1017 —> @ & 200ms
0
1
101C } —> = 200ms
0
N |
1
1098C D2843-15
Q 02-02-99

Figure 4-68. Virtual Breaker Control Switch State Diagram

BESTlogic Settings for Virtual Breaker Control Switches

BESTIlogi¢, settings are made from the BESTIlogic Function Element screen in BESTCOMS. Figure 4-69
illustrates, the BESTCOMS screen used to select BESTlogic settings for the 101 Virtual Breaker Control
Switeh element. To open the BESTlogic Function Element screen for the 101Virtual Breaker Control
Switch element, select Virtual Switches from the Screens pull-down menu. Then select the 101 — 1101 —
2101+ 3101 tab. Next, select the BESTlogic button for the Virtual Breaker Control Switch to be edited.
Alternately, settings may be made using the SL-x101 ASCIl command (where x = blank, 1, 2, or 3).
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BESTlogic Function Element

Virtual Breaker Control

101
Logic |BASLER -

Mode ¢
Enable j %
<1017 \
—=101C @
—a1015C 0

Done

Figure 4-69. BESTlogic Functi nt'Screen, 101

At the top center of the BESTlogic Function Eleme&ﬂ is a pull-down menu labeled Logic. This
menu allows viewing of the BESTlogic settings for h preprogrammed logic scheme. A custom logic
scheme must be created and selected in the i -down menu at the top of the screen before
BESTIlogic settings can be changed. See Sectior@ﬂogic Programmable Logic.

b

Enable the 101 Virtual Breaker Control lecting its mode of operation from the Mode pull-
down menu. Select Done when the setti e been completely edited.

Table 4-37 summarizes the BESTIogic& or Virtual Breaker Control Switches.

Table 4-37. BES ttings for Virtual Breaker Control Switches
Function Range/Purpose Default
Mode & 0 = Disable, 1 = Enable 0
Select Before Operate Virtual Breaker Control Switches

The state of the virtual breaker control switches can be controlled at the optional HMI through Screens
2.2.1 through 2.2.4 BKR\BKR_x (where x = 1 for 101, 2 for 1101, 3 for 2101, or 4 for 3101).
Control is also @ ble through the ASCII command interface by using the select-before-operate
commands CS-x101 (eontrol select-virtual control switch) and CO-x101 (control operate-virtual control
switch). not possible using BESTCOMS. A state change takes place immediately without
having te an Exit - Save settings command.

Purpose: Select and operate the virtual control switch.
Syntax: 4 CS/CO-<x>101[=<Action>]
mments: Action = T to pulse the 101T output; C to pulse the 101C output

irtual switch control commands require the use of select-before-operate logic. First, the command

t be selected using the CS-x101 command. After the select command is entered, there is a 30

second window during which the CO-x101 control command will be accepted. The control selected and

the operation selected must match exactly or the operate command will be blocked. If the operate
command is blocked and error message is output.
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CS/CO-x101 Command Examples:

Example 1. Read the status of the 2101 virtual control switch.
>C0-2101
C
The returned setting indicates that the switch is in the after-close state. < ’

Example 2. Trip the breaker by closing the trip output of the 1101 virtual control switch.
>CS-1101=T
1101=T SELECTED

>C0-1101=T @
1101=T EXECUTED \

Retrieving Virtual Breaker Control Switch Status from the Relay @
The virtual breaker control switch state (after-trip or after-close) can be determ@ough the ASCII

command interface by using the RG-STAT (reports general-status) command or o COMS Metering

screen. See Section 6, Reporting and Alarm Functions, General Status Reporting¥or more information.
HMI Screens 2.2.1 through 2.2.4 provide switch control and displays the us of the virtual control
switches (after-trip or after-close). As the previous Example 1 demons state of each virtual
selector switch can be determined using the CO-2101 command in a ode.

&
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SECTION 5 ¢« METERING

INTRODUCTION

The BE1-CDS240 Current Differential System measures the voltage and current inputs, displays’ those
values in real time, records those values every one-half second, and calculates other quantitiesifrom/the
measured inputs.

METERING FUNCTIONS

The CDS-240 metering functions include voltage, current, frequency, power factor, apparent power,
reactive power, and true power. Metered values are viewed through any commudnication port using serial
commands, using the BESTCOMS Metering screen, or at the front panel HMI. Metefifng functions are
summarized in the following paragraphs and in Table 5-1. For assistancegwith, navigating the HMI
metering screens, refer to Section 10, Human-Machine Interface. For more information” on power, VA, and
var calculations, refer to Section 3, Input and Output Functions, Power “System Inputs, Power
Measurement. Energy measurement is covered in Section 6, Reporting and Alarm Functions.

Auto Ranging

The BE1-CDS240 automatically scales metered values. Table 5-L,illustrates the ranges for each value
metered.

Table 5-1. Auto Ranging Scales for'Metered Values

Unit Display“Ranges
Metered Value - : - X : .
Whole Units Kilo Units Mega Units Giga Units
Current 0At09,999 A | 10 kA to 9,999°kA 10 MA N/A
Voltage 0V1t09,999V | 10KkV to 9,999V N/A N/A
Apparent Power N/A 0 kvA't0,000.kVA | 1 MVAto 999 MVA | 1 GVAto 1000 GVA
Reactive Power N/A O%vardo 999 kvar | 1 Mvarto 999 Mvar | 1 Gvar to 1000 Gvar
True Power N/A OkW10,999 kW 1 MW to 999 MW 1 GW to 1000 GW
Frequency 10to 75 Hz N/A N/A N/A

BESTCOMS Metering Screen

Metered values are viewedgthrough the BESTCOMS Metering screen (see Figure 5-1). To open the
Metering screen, select, Métering ffrom the Reports pull-down menu. To begin viewing metered values,
select the Start Polling butten imthe bottom right of the screen.

Alternately, metering /can be“performed using the ASCIl command interface or HMI using screens
\METER\VOLT, \METER\CRNT, \METER\DIFF, \METER\POWER, and \METER\FREQ.

Refer to Table 5-2for ajlist of ASCIl commands and HMI screens used for metering.
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BE1-CDS240 Metering

Bile View Communication

Pall Time : 4,006 Sec. Start F'ollingl Stop Paling | Wergion - 1.03.00

Circuit 1 (X] Gircuit2 (%] Gircuit 3 x|
Current Angle Current Angle Current Angle

0 I | n.o0A | O

I | 0.02 A 0 0.07A |
B | 0.01 A D.OBA | B | D.00A |
Ic | 0.03 A D01 A | Ic | D.06A |
|
I

IN | 0.03 & 0.07 & N | 0.064 |
Q| 0.044 0.07 &

Circuit 4 [ Circuit 5 - Virtual
Current Current
0134 la |  MNoData
0.03 A B |
0l A | Ic |
01z | N |
0134 | a |

Figures 5-2 through 5-4.

Other metering views can be selected from the View pull-dov(&These alternate views are shown in

BE1-CD5240 Metering

Eile Wiew Communication

Pall Time : 1.957 Sec. Werzion - 1.03.00

Woltage Angle

Real ] & : 1 I 0my I 0
Real A : . W2 I 0.o0 I 0
Feal B i 0 IW I—D

Feal C
Feactive
Feactive A
Reactive B |4 ¥ ! Current Angle
IG1 | nooA |0

Ground 1

Freguency

Frequency
Fhase 00.00 Hz
Au)(iliary 00.00 Hz

Figu Metering - Watts/Vars/VA, Phase-Phase, Sequence, Phase-Neutral, Ground 1, Frequency
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BE1-CD5240 Metering

File View Communication

Poll Time : 0.555 Sec. Stop Paling | Werzion - 1.03.00

Alarms

Alams  [Ra-LGC MOME
Ra-Mal MOME
Ra-MIM NONE
RA-REL MOME

Targets

Target: MOME

Output Status [X| Input Status

A1 234567 881011121314
Output: @@ ¢ S0 0SS C ¢ 0 G 0 @

Figure 5-3. Metering - Alarms, Targets, Qutp , Input Status

BE1-CDS240 Metering

File View Communication

Foll Time : 0.434 Sec. : Wersion - 1.03.00

Logic Bits (0 - 31)

@ EOTRPU @ 5O0TPT @ EOTHP 5 @ INg @ gruT @ BFRT2
@ 150TPPU. @ 150TPT @ 150THP i @ IN10 @ 2NDHAR @ BFRT3
@ 250TPPU. @ 2507PT @ 250TNPU @ N1 @ 5THHAR @ BFRT4
@ 3E0TPPU. @ 350TPT @ 3507 @ IN12 @52 @ BFT1
@ 450TPPU. @ 450TPT @ CKTMONT @ 162 @ BFT2
@ E50TPPU. @ 550TPT @ CKTMONZ @ 262 @ BFT3
@ B50TPPU @ BSOTPT @ CKTMONZ @ 362 @ BFT4
@ 750TPPU. @ 7SOTPT 187NDT @ CKTMON4 @ BFRTH @0

Logic Bits (96 - 127)

@ g1pu @ 2817 @ sO0TaT
@ 181FU @ 3.7 @ 150707
@ 281PU @ 4817 @ 250707
@ 381PU @ 51T @ 3E07OT
@ 481PU @ s0TARU @ 107
@ 5a1PU @ 150TQRU @ 10T
@ a7 @ Z0TorU @ 21017
@ 1817 @ BOTORU @ 30T

Logic Bits (160 - 191)

@ 451INT @ 51PPU @ 451NPU @ SPARE @ ALMMA)
@ SPARE @ 151PPU @ SPARE @ SPARE @ ALMMIN
@ 5107 @ 251PPU @ 510PU @ SPARE @ ALMLGC
@ 15107 @ 351PPU @ 1510PU @ SPARE @ TRSTKEY
@ 5107 @ 5INFU @ 2510PU & 560 @ ARSTKEY
@ 35107 @ 151MPU @ 3510PU @ 561 @ SPARE
@ 27PT @ 251NPU @ 27PPU @ 562 @ SPARE
@ 127PT @ 35INPU @ 127PPU @ 563 @ BOFL

Figure 5-4. Metering - Logic Bits Views
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Table 5-2. ASCII Command and HMI Metering Cross-Reference

Metering Function ASCIl Command HMI Screen
All metered values M \METER
Fast metered values M-FAST N/A
Voltage, all values M-V \METER\VOLT
Voltage, A-phase M-VA \METER\VOLT\V_PH
Voltage, B-phase M-VB \METER\VOLT\V_PH
Voltage, C-phase M-VC \METER\VOLT\V_PH
Voltage, A-phase to B-phase M-VAB \METER\VOL®\V ‘Li¢
Voltage, B-phase to C-phase M-VBC \METER\VOLT\V kL
Voltage, A-phase to C-phase M-VAC \METER\VOLTAV kL
Voltage, Positive-Sequence M-V1 \METER\VOLT\W#'SEQ
Voltage, Negative-Sequence M-V2 \METERWOLT\V_SEQ
Voltage, Zero-Sequence M-3V0 \METERWOLT\V_SEQ
Power, True M-WATT \METER\POWER\WATTS
Power, True, A-phase M-WATTA \METER\POWER\WATTS
Power, True, B-phase M-WATTB \WMETER\POWER\WATTS
Power, True, C-phase M-WATTC \METER\POWER\WATTS
Power, True, Three-phase M-WATT3 \METER\POWER\POWER
Power, Reactive M-VAR \METER\POWER\VARS
Power, Reactive, A-phase M-VARA \METER\POWER\VARS
Power, Reactive, B-phase M-VARB \METER\POWER\VARS
Power, Reactive, C-phase M-VARC \METER\POWER\VARS
Power, Reactive, Three-phase M-VAR3 \METER\POWER\POWER
Power, Apparent (VA) M=S \METER\POWER\POWER
Power Factor M:PF \METER\POWER\POWER
Frequency, all values M-FREQ \METER\FREQ
Frequency, Phase M-FREQP \METER\FREQ
Frequency, Auxiliary Current M-FREQX \METER\FREQ
Current, all values M-I \METER\CRNT
Current. Circuits 1-6 M1, M2, M3, M4, | \METER\CRNT\CT_1-6\_MEAS and
' M5, M6 \METER\CRNT\CT_1-6\l_CALC
Current, Circuits 1-6 ':\"/Ii'_'l', '\I\"Aé'_'l" I\I\A/I:é-II’ \METER\CRNT\CT_1-6\_MEAS
M1-1A, M2-IA,
Current, Circuits’1-6 ,A-phase M3-1A, M4-IA, \METER\CRNT\CT_1-6\_MEAS
M5-1A, M6-IA
M1-1B, M2-IB,
Current, Circuits 1-6, B-phase M3-1B, M4-IB, \METER\CRNT\CT_1-6\l_MEAS
M5-1B, M6-1B
M1-IC, M2-IC,
Current, Circuits 1-6, C-phase M3-IC, M4-IC, \METER\CRNT\CT_1-6\_MEAS
M5-IC, M6-IC
M1-IN, M2-IN,
Gurrent, Circuits 1-6, Neutral M3-IN, M4-IN, \METER\CRNT\CT_1-6\l_CALC
M5-IN, M6-IN

5.4
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Metering Function ASCII Command HMI Screen
M1-1Q, M2-1Q,
Current, Circuits 1-6, Negative-Sequence M3-1Q, M4-IQ, \METER\CRNT\CT_1-6\l_CALG
M5-1Q, M6-1Q
Current, Ground M-IG \METER\CRNT\GND
Differential Currents, all values MD \METER\DIFF
2" Harmonics as a % of lop MD-2ND \METER\DIFF\HARM
5™ Harmonics as a % of lop MD-5TH \METER\DIFF\HARM
Diff Currents, Comp & lop, all phases MD-I \METER\DIFF\€GOMP
Diff Currents, Comp & lop, A-phase MD-IA \METER\RIFF\C@OMP\IA
Diff Currents, Comp, A-phase MD-IA1COMP \METER\RIFR\COMP\IA
Diff Currents, Comp, A-phase MD-IA2COMP \METER\DIFF\COMP\IA
2" Harmonics as a % of lop, A-phase MD-IA2ND \METRER\DIFF\HARM
Diff Currents, Comp, A-phase MD-IA3COMP \METLER\DIFF\COMP\IA
Diff Currents, Comp, A-phase MD-IA4COMP \METER\DIFF\COMP\IA
5™ Harmonics as a % of lop, A-phase MD-IA5TH \METER\DIFF\HARM
Diff Currents, Comp & lop, B-phase MD-IB \METER\DIFF\COMP\IB
Diff Currents, Comp, B-phase MD-IB1COMP. \METER\DIFF\COMP\IB
Diff Currents, Comp, B-phase MD-1B2COMP. \METER\DIFF\COMP\IB
2" Harmonics as a % of lop, B-phase MD-IB2ND \METER\DIFF\HARM
Diff Currents, Comp, B-phase MD-IBBCOMP \METER\DIFF\COMP\IB
Diff Currents, Comp, B-phase MB=IB4COMP \METER\DIFF\COMP\IB
5™ Harmonics as a % of lop, B-phase MD-IB5TH \METER\DIFF\HARM
Diff Currents, Comp & lop, C-phase MD-IC \METER\DIFF\COMP\IC
Diff Currents, Comp, C-phase MD-IC1COMP \METER\DIFF\COMP\IC
Diff Currents, Comp, C-phase MD-IC2COMP \METER\DIFF\COMP\IC
2" Harmonics as a % of lop, C-phase MD-IC2ND \METER\DIFF\HARM
Diff Currents, Comp, C-phase MD-IC3COMP \METER\DIFF\COMP\IC
Diff Currents, Comp, C-phase MD-IC4COMP \METER\DIFF\COMP\IC
5" Harmonics as a % of lop, C-phase MD-IC5TH \METER\DIFF\HARM
Diff Currents, Comp, Ground MD-IG1COMP \METER\DIFF\COMP\IN
Diff Currents, Comp, Gfound MD-IG2COMP \METER\DIFF\COMP\IN
Diff Currents, Comp &lop, all values MD-IN \METER\DIFF\COMP\IN
Diff Currents, Camp; Neutral MD-IN1COMP \METER\DIFF\COMP\IN
Diff Curreptsi€ompgNeutral MD-IN2COMP \METER\DIFF\COMP\IN
Diff Currentsy lop,®Neutral MD-INOP1 \METER\DIFFA\COMP\IN
Diff Currents, lgp, Neutral MD-INOP2 \METER\DIFF\COMP\IN

Voltage

The BE14€DS240 meters A-phase voltage, B-phase voltage, C-phase voltage, voltage across phases A
and B, phases B and C, and phases A and C. Positive-sequence voltage, negative-sequence voltage,
andithree-phase zero-sequence (residual) voltage are also metered. The VTP connection determines
what'is measured.
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Current

Metered current includes A-phase current, B-phase current, C-phase current, neutral three-phase zero-
sequence current, and ground current. Other metered currents include negative-sequence current and

derived neutral current. All current measurements are auto ranging. Current is displayed in amps up to O
9,999 A and then switches to kilo at 10.0 kA to 9,999 KA. O

Frequency

Frequency is metered over a range of 10 to 75 hertz. If the measured frequency is outside this range, the
nominal system frequency will be displayed. Frequency is sensed from A-phase to Neutral for four-wi@
sensing systems or from A-phase to B-phase for three-wire sensing systems. The frequency of auxiliary
voltage VX is also measured.

Power Factor \

Three-phase power factor is metered over a range of maximum lagging (—0.00)@ (2.00) to

maximum leading (+0.00).

Apparent Power 0

Metered apparent power is displayed over a range of —7,500 kilovolt amperes to +##,500 kilovars on five-
ampere nominal systems. One-ampere nominal systems meter reactive po over a range of —1,500

kilovars to +1,500 kilovars. @
True Power

True power is metered over a range of —7,500 kilowatts to 0 ‘kilowatts on five-ampere nominal
systems. One-ampere nominal systems meter true power over a 1,500 watts to +1,500 watts.
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SECTION 6 ¢ REPORTING AND ALARM
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SECTION 6 ¢ REPORTING AND ALARM
FUNCTIONS

INTRODUCTION

This section describes all available reports from the BE1-CDS240 Current Differential System a ow
they are set and retrieved. All alarm functions are also described along with how major and minor alarms
are programmed (or mapped). s

RELAY IDENTIFIER INFORMATION a
It is important to attach (label) meaningful names to the relays and the relayN; o provide this

feature, BE1-CDS240 relays have four relay identification fields: Relay ID, StationnD, User Label 1, and
User Label 2. These fields are used in the header information lines ¢ ault Reports, the

Oscillographic Records, and the Sequence of Events Recorder (SER) , ach of these four ID
th
|

fields may be up to 30 alpha/numeric characters long. Figure 6-1 illustrat €' BESTCOMS screen used
to change these settings. Alternately, settings may be made using the Il command.

a

BE1-CDS240 Settings ( [Untitled] )

File Screens Copy Communicaton Reports Help

B Logic |BASLER ~| Settings
B z-ciupknmes

Version Numbers

App Program Yer. |»=1.03.00 10/

DSF Program er.

Boot Code Yersion

WER 1 M
WER 2.0 0 R0 RN

Select the program device. General Operation 10/6/2005 | 10:26 AM

To change these
summarized in T 651.

6-1. General Operation Screen, Identification Tab

e old label from the cell and type the new label. Identification settings are

Table 6-1. Circuit Identification Settings

tting Parameters Default
Relay ID 30 characters maximum BE1-CDS240
. Station ID 30 characters maximum * SUBSTATION_1
General 1 30 characters maximum USER1 ID
General 2 30 characters maximum = USER2_ID

* No spaces are allowed in labels; any spaces used in the labels are stripped when the label change is
saved. Use the character “ " (Shift + Underscore) to create a break in characters. An example of this is
“SUBSTATION_1".
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CLOCK

The BE1-CDS240 provides a real-time clock with capacitor backup that is capable of operating the clock
for up to eight hours after power is removed from the relay. The clock is used by the demand reporting
function, the fault reporting function, the oscillograph recording function, and the sequence of events
recorder function to time-stamp events. The clock function records the year in two-digit format.

Optionally, a battery backup may be installed. The battery will maintain the clock for up to five years. See
Section 13, Testing and Maintenance, for maintenance of battery.

IRIG-B Port

IRIG time code signal connections are located on the rear panel. When a valid time code’ signal is
detected at the port, it is used to synchronize the clock function. Note that the IRIG time €odeisighal does
not contain year information. For this reason, it is necessary to enter the date even when“using#an IRIG
signal. Year information is stored in nonvolatile memory so that when operating power isfréstored after an
outage and the clock is re-synchronized the current year is restored. When the clock olls over to a new
year, the year is automatically incremented in nonvolatile memory. An alarm bit, isVin¢luded in the
programmable alarm function for loss of IRIG signal. The alarm point monitors for,RIG Signal loss once a
valid signal is detected at the IRIG port.

The IRIG input is fully isolated and accepts a demodulated (dc level-shifted) signal’fhe input signal must
be 3.5 volts or higher to be recognized as a valid signal. Maximum input signal level is +10 to -10 volts
(20 volt range). Input resistance is nonlinear and rated at 4 kQ at 3.5 voltst

Setting the Clock Function

Time and date format settings are made using BESTCOMS. Figures6:2 illustrates the BESTCOMS screen
used to select time and date format settings. To open the screen;¥select' Reporting and Alarms from the
Screens pull-down menu. Then select the Clock Display Modeytab.“Alternately, settings may be made
using the SG-CLK ASCII command. Refer to Table 6-2, Timg,and Daté Format Settings.

BE1-CDS240 Settings ( [Untitled] )

File Screens Copy Communication Reports Help

m Logic Wﬁ)&[hngs Global
B govianofiefon - o

Clock Display Mode 1 | Demand ] WEP Demand} WT Monitar ]M Dmﬂr SMUS] Bkr Alarmns ] Transformer Monitoring I A\arms] Fault Hecording]

Basler

. ime Fi at
\\24 Hour - Ex: 133245141

[ Automatic Daylight Savings

Date Format

|mm.d‘dd.-’yy

o
¥

Select the desired time display farmat. Reporting and Alarms 10/6/2005 | 10:38 AM

Figure 6-2. Reporting and Alarms Screen, Clock Display Mode Tab

Time and date reporting can be displayed in 12 or 24-hour format. When operating in the 12-hour format,
the A.MW/PM. parameter is placed between the minutes and seconds parameters (10:24P23.004
indicatess10:24 in the evening). The default time format is 24 hours. Date reporting format can display the
date in mm/dd/yy or dd/mm/yy format. The default date format is mm/dd/yy. The relay clock can also
aceommodate daylight saving time changes. Automatic daylight saving time adjustments are optional and
arexdisabled by default.
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Table 6-2. Time and Date Format Settings

Parameter Range Default

2 o oy 2

Date Format rg ((égmm?:;%) M
suromane Dayine sangs | (/IS e oo :

Reading and Setting the Clock

Clock information can be viewed and set at the front panel human-machine interfacet(HMI) and through
the communication ports using ASCII commands or BESTCOMS. Write acceSs 10 feports is required to
set the clock at the HMI and communication ports. An alarm point is provided,in the programmable alarms
to detect when the relay has powered up and the clock has not been set. Time and date information is
read and set at HMI Screen 1.4.6, \STAT\OPER\TIME_DATE, through the*éemmunication ports using the
RG-DATE and RG-TIME ASCII commands, and through BESTCOMS hy, selecting the Communication
pull-down menu and then selecting Set Date and Time.

Alternate DST (Daylight Saving Time) Settings

Alternate DST settings are necessary when not using a time%zone,in'the United States. These settings
can be adjusted only by using ASCIl commands. They cannet be, set with BESTCOMS or through the
HMI.

The following serial commands must be entered in theyérdershown and all parameters must be entered
in order for the alternate DST settings to function properly:

Select Floating Date or Fixed Date Configuration
SG-DST=1 (Floating Date) or 2 (Fixed Date)
Example: SG-DST=2 selects Fixed Dateconfigdration

If using Floating Date Configuration
SG-DSTSTART=Mo,D,H,M,0 and SG:DSTSTOP=Mo,D,H,M,O
Mo (Month) = 1 (January) to 22 (RBecember)
D (Day of Week) = 0 (Sunday) to 6 (Saturday)
H (Hour) = 0 (12:00am) t6 23 (@1:00pm)
M (Minutes) = 0 to 59
O (Occurrence) = 1 (Firsti®, (Day) of the month) to 5 (Fifth D (Day) of the month)
Examples: SG-DSTSTARY$=5,3,2,15,3 is the 3" Wednesday in May at 2:15am

SG-DSTSTORE7,6,5,45,2 is the 2™ Saturday in July at 5:45am

If using Fixed Date Configuration
SG-DSTSTART=Meg,D,H,M,0 and SG-DSTSTOP=Mo,D,H,M,O
Ma, (Menth),=4"(January) to 12 (December)
Df(Day ofMonth) =1 to 31
H (Hour) 0 (12:00am) to 23 (11:00pm)
M (Mindtes) = 0 to 59
O (Occurrence) = 0 (Not used for Fixed Date configuration)
Examples: SG-DSTSTART=5,20,2,15,0 is May 20th at 2:15am
SG-DSTSTOP=7,10,15,30,0 is July 10th at 3:30pm

UTE\(Coordinated Universal Time)
SG-UTC=M,R,B
M (Offset from UTC in Minutes) = -720 to 840
R (Reference Time) = 0 (Local) or 1 (UTC)
B (Bias: amount of minutes to adjust DST) = 0 to 300
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Example: SG-UTC=0,0,60 for UTC offset of 0 minutes, local reference for the DST change, and
adjustment amount of 60 minutes

The RG-DST command reports start and stop times and dates for daylight saving time referenced to local
time. Refer to Section 11, ASCII Command Interface, for a list of all ASCIl commands.

GENERAL STATUS REPORTING

BE1-CDS240 relays have extensive capabilities for reporting relay status. This is important for
determining the health and status of the system for diagnostics and troubleshooting. Throughout this
manual, reference is made to the RG-STAT (report general, status) report and the appropriate HMI
screens for determining the status of various functions.

General Status Report

A General Status report is available through the communication ports using the RG-STAT 0mmand. This
report lists all of the information required to determine the status of the relay. Angexamplée of a typical
General Status report follows as well as a description of what each line represents. Inithe explanation of
each line, cross-references are made to the corresponding HMI screens that contaifythat data.

>RG-STAT

INPUT(1-12) STATUS : 000000000000
OUTPUT(A,1-10) STATUS : 000000000000000
CO-OUT(A,1-10) STATUS : LLLLLLLLLLLLLLL
CO-43 to CO-743 STATUS : 00000000
C0-101(101SC) STATUS : AFTER CLOSE(1)

C0-1101(1101SC) STATUS
C0-2101(2101SC) STATUS
C0-3101(3101SC) STATUS
CO-GROUP STATUS
ACTIVE LOGIC STATUS : CDS240-BA87-A-BE

LOGIC VAR( 0- 31) STATUS : 00000000 00000000 99000000 00000000

: AFTER CLOSE(1)
LOGIC VAR( 32- 63) STATUS : 00000000 QOGRO000 00000000 00000000

AFTER CLOSE(1)
AFTER CLOSE(1)
L

LOGIC VAR( 64- 95) STATUS : 000000004000Q0000 00000000 00000000
LOGIC VAR( 96-127) STATUS : 000000Q0 ‘00000000 00000000 00001111
LOGIC VAR(128-159) STATUS : 00000000%00000000 00000000 00000000
LOGIC VAR(160-191) STATUS : 0000000, 06001000 00000000 00000000

ACTIVE GROUP STATUS 0

BREAKER_LABEL1 STATUS OFF

BREAKER LABEL2 STATUS OFF

BREAKER LABEL3 STATUS OFF

BREAKER LABEL4 STATUS OFE

DIAG/ALARM STATUS 0 RELAY, O LOGIC, O MAJOR, O MINOCR
Input (1-12)

This line reports the status of contact sensing inputs IN1 through IN12. Input information is available at
HMI Screen 1.4.1, \STAT\OPERMNPUT, or with the RG-INPUT ASCII command. “0” indicates a de-
energized input and “1” indicates an energized input. See Section 3, Input and Output Functions, for more
information about cofitact'sénsing input operation.

Output (A, 1-10)

Output contact statds folfOUTA, OUT1 through OUT10 is reported on this line. This information is also
available at HMI Sereén 1.4.2, \STAT\OPER\OUT, or with the RG-OUTSTAT ASCII command. “0”
indicates a de-energized output and “1” indicates an energized output. More information about output
contact operation is available in Section 3, Input and Output Functions.

CO-OUT¢A,1-10)

This linesteports the logic override of the output contacts. Logic override status is reported at HMI Screen
2.4,0\CTRL\OUT, and through the RG-OUTCNTRL ASCIl command. Section 3, Input and Output
Funetionsprovides more information about output logic override control.
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CO-43to CO-743

Virtual switch function status is reported on this line. This information is also available at HMI Screen
1.4.3, \STAT\OPER\x43, where x is blank, 1, 2, 3, 4, 5, 6, or 7. The status of the 43 switches is_alse
available from the RG-43STAT ASCII command. See Section 4, Protection and Control, Virtual Switches,
for more information about this function.

C0-101/1101/2101/3101

These lines report the status of the slip contact outputs of the four virtual breaker control switches. This
information is available on HMI Screen 2.2, \CTRL\BKR, or with the RG-101STAT ASCII command. See
Section 4, Protection and Control, Virtual Switches, for more information about this function.

CO-GROUP

This line reports the status of the logic override of the setting group selection functign. This information is
available on HMI Screen 2.3, \CTRL\SG, or using the RG-GRPCNTRL ASCII cemmand. See Section 4,
Protection and Control, Setting Groups, for more information on this function.

Active Logic

This line reports the name of the active logic scheme. The active logic scheme name can also be viewed
at HMI Screen 5, \PROT, or with the RG-LOGIC ASCIl command. See Section 7, BESTIlogic
Programmable Logic, Logic Schemes, for more information about active logi¢:

Logic Variables (00-31), (32-63), (64-95), (96-127), (128-159), and/(160-191)

These six lines report the status of each of the BESTlogiéyvariable. The output of these lines can be
entered into Table 6-3 to determine the status of each “logic Variable. See Section 7, BESTlogic
Programmable Logic, for more information about BESTlegic Variables. This information is not available
from the HMI. RL (report logic) also reports the BESTIlogicilogiewariables.

Active Group
The active group is indicated on this line. HMI Screen, 1.4.4, \STAT\OPER\ACTIVEG, also provides this

information. ASCII command RG-GRPACTIVE canfalso'he used to view active group status. See Section
4, Protection and Control, Setting Groups, for mare infarmation about setting groups.

Breaker Label (1/2/3/4)

These lines report the state of the breakersdas defined by the logic expressions SB-LOGIC1/2/3/4. This
information is also available on HMI Sereen¥i.4.5, \STAT\OPER\BKR, or using ASCIl command RG-
BREAKER. See the paragraphs Breaker Monitoring, later in this section for more information about
breaker labels.

Diag/Alarm

This line reports the status”of each of the following alarm categories: relay, logic, major, and minor.
Detailed information on individualalarm points is available on HMI Screen 1.2, \STAT\ALARMS, or using
the ASCII command RA. See Section 10, Human-Machine Interface and the paragraphs on Alarms
Function later in this section forfmore information about the diagnostic and alarm functions.

Other Report General Commands

There are severalg@ther RG (report general) commands in addition to those discussed in the previous
paragraphs. Jhese ificlude RG-TIME, RG-DATE, RG-TARG, and RG-VER. These are covered in detail in
the respective‘paragraphs in this section. As with many other commands, a combination read command
is available to,reathseveral items in a group. If the command RG is entered by itself, the relay reports the
time, date, gargeb information, and other reports as shown in the following example. The RG-VER
commandhas multiple line outputs and is not read with the RG command.
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Table 6-3. Logic Variable Status Report Format
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ENERGY DATA

Energy information in the form of watthours and varhours is measured and reported by the BE1-IPS100:
Both positive and negative values are reported in three-phase, primary units. Watthour and varhour:
values are calculated per minute as shown in Equation 6-1.

Primary VT Ratiox Primary CT Ratio

- x Secondary watts or vars
60 minutes

Equation 6-1. Energy Data Equation

The primary CT ratio can be any of the 4 input current circuits or 2 virtual current €ircuits. Use Current
Circuit for Power Calculations to select the current circuit to be used in the powertalculation as shown in
Figure 14-7, Section 14, BESTCOMS Software. Watt and var values are updated,every 250 milliseconds
and watthour and varhour values are logged once every minute. Energy registers are,stored in nonvolatile
memory during every update.

Watthour values and varhour values can be read, reset, or changed through the HMI or communication
ports. Watthour and varhour values can be accessed at the HMI through"Sereen 4.6.1. ASCIl command
RE-KWH (report energy - kilowatthours) gives access to both positive and negative watthour values. A
lagging power factor load will report positive watts and positive vars.

ASCIl command RE-KVAR (report energy-kilovarhours) givesaccess ‘to both positive and negative
varhour values.

Energy data is also available through the communication ports\byausing the RE (report energy) command.
This read-only command returns both the watt-hours andaarhours.

DEMAND FUNCTIONS

The demand reporting function continuously calculates demand values for the three-phase currents,
three-phase power, three-phase reactive powergfeutralycurrent (3-phase residual 310), and negative-
sequence current. Demand values are recorded withime stamps for Peak Since Reset, Yesterday's
Peak, and Today's Peak. Programmable alarm, points’can be set to alarm if thresholds are exceeded for
overload and unbalanced loading conditigns.

Demand Calculation and Reporting Funetion

Thermal Demand Calculation Method

The demand reporting function ineerporates an algorithm to digitally simulate a thermal or exponential
response. Thermal demand valugs are\computed by an exponential algorithm with the demand interval or
response period defined as the time_taken by the meter to reach 90 percent of the final value for a step
change in the current being fneasured. The demand interval and monitored CT can be set independently
for the phase, neutral, and,negative-sequence demand calculations.

Block Demand Calculatien Method

The block demand method calculates the average value of the measured current for the time interval set
by the demand repextingufunction. This value remains constant, is stored in registers, and reported for the
duration of the followirlg time interval. At the end of the time interval, the calculated average for the
previous timegintervaldis again stored in registers and reported for the duration of the following time
interval. Iffyou have set a fifteen-minute time interval and block demand calculation, the reported value for
fifteen plinutes is the average value of the measured current for the previous fifteen minutes.

Sliding Bloek.Deémand Calculation Method

Sliding block demand method calculates the average value of the measured current for the time interval
set by the demand reporting function. This value is stored in registers and reported for one minute. After
one minute has elapsed, the sliding block demand method again calculates the average value of the
measured current for the set time interval including the most recent minute. This value is updated each
miRute.

Each time that the value in the current demand register is updated, it is compared to the values stored in
the Peak Since Reset and the Today's Peak registers. If the new demand value is greater, the new value
and time stamp is entered into the appropriate registers. In addition, the demand reporting function keeps
an additional set of registers for Yesterday's Peak. Each day at midnight, the demand reporting function
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replaces the values and time stamps stored in Yesterday's Peak registers with the values and time
stamps from Today's Peak registers. It then starts recording new information in Today's Peak registers.
The demand registers are stored in volatile memory.

The Today's Peak and Yesterday's Peak registers are read only. The values in the Peak Since Reset
registers can be reset to zero or preset to a predetermined value. For example, if you are going to switch
some loads to take a feeder out of service and you do not want the abnormal loading to affect the values
stored in the Peak Since Reset registers. You may read these values prior to doing the switching and
then reset the registers to these values after the abnormal loading condition has passed.

Setting the Demand Reporting Function

For the demand reporting function to calculate demand, it is necessary to specify the demandginterval,
calculation method, and which CT to monitor. This is done using BESTCOMS. Figure 6+ illdstrates the
BESTCOMS screen used to select demand-reporting settings. To open the screen shown RyFigure 6-3,
select Reporting and Alarms, from the Screens pull-down menu. Then select theé [WBemand tab.
Alternately, setting may be made using the SG-DI (Read/Program Demand Current settings) and SG-DC
(Read/Set Demand Circuit) ASCII commands or the HMI using Screen 6.4.1, \SETUP\RMDADETAILS.

Demand settings for include columns labeled Phase, Neutral, and Neg.-Sequence; Each of these
columns has settings for Interval (Minutes), Calculation Method, and Cdrfent “Threshold. Current
Threshold display units are selectable from a pull-down menu allowing the &election of Sec. Amps, Pri.
Amps, Per U Amps, or % Amps. The default display unit is Sec. Ampsg Caleulation Method can be
Thermal, Block, or Sliding Block. Interval (Minutes) can be set from 0 to 60.

Additionally, Current Threshold can be set on Demand Circuits 1 through 6Choose the demand circuit
from the Demand Circuits pull-down menu.

Using the pull-down menus and buttons, make the application appropriaie current demand settings.
Demand reporting settings are summarized in Table 6-4.

BE1-CDS240 Settings ( [Untitled] )

File Screens Copy Communication Reports Help

E % Logic mahn Global
B sor WV&M

Clock Display Mode | Demand l V&P Demand WT Monitor ] BkrmkEkr

Current Demand Metering and Alari
Phase Neutral Neg. Sequence
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Calculation whnd |Thelma\ |Thelma\ |Thelma\
ircuit

Current Threshold |3ec. Amps A!}NCircuM | 0.00 EI | 0.00 EI | 0.00 EI

BkrAIarms TransformarMonltonng] Alarms] FauItHecordmg]

9
Current Threshold |Sec. AmEs 5 h' Circuit 2 | 0.00 EI | 0.00 EI | 0.00 EI
Current Threshold [Seclfmps o “on | |Cicut 3 | 0.00 EI | 0.00 EI | 0.00 EI
Current ThresholdgiSec. Amps on | |Cicuitd | 0.00 E | 0.o0 E | 0.00 EI

Load Profile Ground Demand Threshold

Lo -’N 15 E Interval [Minutes] Sec. Amps
09 Period'{D ays] 41.67 &0 0.ao EI

Select the Demand Circuit far these Thersholds. Reporting and Alarms 104772005 | 9:22 AM

Figure 6-3. Reporting and Alarms Screen, | Demand Tab
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Table 6-4. Demand Settings for Current

Setting Range Increment | Unit of Measure | Default
Phase Interval (Minutes) 0to 60 1 Minutes 15
Neutral Interval (Minutes) 0to 60 1 Minutes
Neg.-Sequence Interval (Minutes) 0to 60 1 Minutes

Thermal (T), Block (B),
Sliding Block (S)

Demand Circuit 1to6 N/A N/A 1,2,3,4

Calculation Method N/A N/A T

The Interval (Minutes) for Phase Voltage, Watt, and Var demands are automatically determined by the
Interval (Minutes) Phase setting on the | Demand tab (Figure 6-3). The Interval, (Minutes) for Neutral
Voltage is automatically determined by the Interval (Minutes) Neutral setting on the 1 Demand tab (Figure
6-3).

Retrieving Demand Reporting Information

The values and time stamps in the demand registers are reported in primary, amperes. They can be read
from both the HMI and the ASCII command interface.

The values and time stamps can be read from HMI menu Screen 44 \REPRT\DEMAND. The values in
the Peak Since Reset registers can be reset by pressing thelReset key. The value in the register will be
set to zero and then updated on the next processing loop withythe,currently calculated demand value. No
write access is required to do this from the HMI. It is alSespossibleto preset a value into the Peak Since
Reset demand registers. This can be done by pressing theyEdit'key, changing the preset value using the
scrolling pushbutton keys, exiting and then saving theisettings. Write access to the Reports functional
area is required to do this from the HMI.

The values and time stamps in the demand registers, canalso be read and reset or preset from the ASCII
command interface using the RD (report demands) ¢ommnand.

Overload and Unbalance Alarms Function

The programmable alarms function ingludes_ alarm points for monitoring phase demand thresholds for
overload alarms, and neutral and negative:sequence demand thresholds for unbalanced loading alarms.
Each time that the current demand register iSsupdated, the value is compared to the appropriate demand
alarm threshold. If the threshold is excgeded, the alarm point is set. See Alarms Function in this section
for more information on how to usesthe ‘pr@grammable alarms reporting function.

The Phase, Neutral, and Neg.-Sequence current demand alarm thresholds can be set from the ASCII
command interface using the,SA:DI"¢ommand or BESTCOMS (Figure 6-3). The SA-DIG ASCIlI command
is used to set the ground demandalarm threshold, which can also be set with BESTCOMS (Figure 6-3).
The Voltage Max and Min Phase/Neutral thresholds are set with the SA-DV ASCII command or with
BESTCOMS (Figure 6:4). Bhe Watt Positive and Negative demand thresholds are set with the SA-
DWATT ASCIl command onwith BESTCOMS (Figure 6-4). The SA-DVAR ASCIlI command is used to set
the Var Positive and Negative demand thresholds, which can also be set using BESTCOMS (Figure 6-4).
Alternately, HMI Screen \SETUP\DMD\ALARMS, can be used to set all demand alarms.
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Figure 6-4. Reporting and Alarms Screen,&a& P Demand Tab

Table 6-5 provides the specifications for the Demand Alarm Threshold settings. The ASCIl commands for
setting the Demand Alarm Thresholds are listed in Section 12, ASCII'Command Interface.

Table 6-5. Demand Alarm Threshoéld Settings

Demand Alarm Threshold Range Increment Unit of Measure Default

Phase Current

Neutral Current 5A > 0.50 -16.0 0.01 for 0 — 9.99
Neg.-Sequence Current 1A > 0.10 -8.20 0.1 for 10.0 - 16.0

Secondary Amps

Ground

0.1 for 10.0 to0 99.9
. ! 0
Voltage Max/Min Phase 10.0-— 300 1 for 100 to 300 Secondary Volts

0.1 for 10.0 to0 99.9

Voltage Max/Min Neutral 10.0% 150 1 for 100 to 150 Secondary Volts
Watts Positive/Negative 0.1 for 0 to 99.9 Secondary 3@ Watts
— : 0 — 8500
Vars Positive/Negative 1 for 100 to 8500 | Secondary 3@ Vars

Optional Load Profile Recording Function

Load profile recording isfan optional selection when the BE1-CDS240 is ordered. The Load Profile, 4000
Point Data Array optioft (2 or 3 as the third character from the right in the style chart) uses a 4,000-point
data array for data storage. Refer to Section 1, General Information, Model and Style Number
Description, for more information on optional selections. At the specified (programmed) interval, Load
Profile takes the data from the demand calculation register and places it in a data array. If the
programmed interval is set to 15 minutes, it will take 41 days and 16 hours to generate 4,000 entries.
Load profiletdata is smoothed by the demand calculation function. If you made a step change in primary
cureenthwith the demand interval set for fifteen minutes and the load profile recording interval set for one
minute, it would take approximately fifteen minutes for the load (step change) to reach 90 percent of the
final fevel. See the previous paragraphs in this section on Demand Calculation and Reporting Function,
forinformation on calculation methods.
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Setting the Load Profile Recording Function

For the load profile recording function to log data, you must set the demand logging interval. This can be
done from the ASCII command interface using the SG-LOG (setting general, logging interval). Tables6=6
lists the settings for the optional load profile recording.

Table 6-6. Load Profile Recording Settings

Function Range | Increment | Unit of Measure | Default

Demand Log Interval 1-60 1 Minutes 15

Retrieving the Load Profile Recording Function

Load profile recorded data is reported by the ASCIl command interface using®he RB-LOG command.
You may request the entire log or only a specific number of entries.

DIFFERENTIAL CURRENT MONITORING FUNCTION

Differential current monitoring is a diagnostic function designed®to, aid” in the installation and
commissioning of transformer banks. This function attempts to identify and prevent false trips due to
incorrect polarity, incorrect angle compensation, or mismatch.

During transformer commissioning, it would be particularly useful to analyze the system installation and
create a record of the settings and measured currents. The differeatial current monitoring function can
create a differential check record like the sample shown in the following paragraphs. These records are
also useful when comparing the present system characteristies to the characteristics at commissioning. A
differential record is generated automatically when the, ASCI| interface command RA-DIFF=TRIG (report
alarm-differential, trigger) is issued or when a differeatial,alarm is set. When no alarms are active, you
must use the RA-DIFF=TRIG command to obtain a record of‘the actual operating conditions.

The following differential check record example was,developed from a simulated substation and shows
that there are no problems in the installation or Seftings: The first part of the record is the date and time
the record was captured and the basic relay identification.

The second part is a record of the CT cannettions and 87 (differential) settings. These settings may be
entered using the S<g>-87 commandReferto Section 3, Input and Output Functions, and Section 4,
Protection and Control, Differential Protectien, for more information on entering settings that develop both
the second and third parts of the gecord. Also, refer to Section 3, Input and Output Functions, for
information on the CT polarity conventign used in both the fourth and fifth parts of the record.

The third part is a record of the ¢ompensation factors. It is important to note that the angle compensation
cannot be entered manually’ Theyangle compensation is calculated by the relay based on the CT and
transformer connections. (See“Section 3, Input and Output Functions, Power system Inputs, Power
Measurement, Setting, Up¥the Power System Measurement Functions, for more information on
automatically determiningycompensation.) Additionally, the tap compensation setting may be entered
manually or automatically caletilated. (See Section 4, Protection and Control, Differential Protection, for
more information on auto-tap compensation.)

The fourth part of gA€precord attempts to identify polarity and angle compensation errors by looking at the
phase angle differences of compared phases. The differential alarm is set whenever the minimum pickup
or the slope ratio exeeeds the differential alarm, percent of trip setting. If the differential alarm is set and
neither thie polaritypalarm nor angle compensation alarm is set, a mismatch error is identified indicating
that the:maost likely cause of the alarm is incorrect tap settings. The differential check record needs a
specific ameuntof secondary current to properly measure phase angles. In 5-ampere relays, that amount
of current is 150 milliamperes. In one-ampere relays, it is 30 milliamperes. If there is not enough current
present to run the algorithm, the message 1 < 150 ma (or 30 ma) appears in the appropriate alarm
column. Since all phase angles are referenced to Al, no current applied to A1 will cause the 1 < 150
ma (or 30 ma) message to appear for all phases.

Thefifth part (MEASUREMENTS) displays the measured and calculated currents at the time of the
differential record trigger. The relay measures secondary current and develops the tap compensated
currents for use by the differential element. Primary current (MEASURED 1 PRI1) is calculated simply as
the secondary current multiplied by the CT turns ratio. Secondary current (MEASURED 1 SEC) is the
current actually measured by the relay. Angle compensated current (ANGLE COMPENSATED 1) is the
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measured secondary current with phase compensation applied. Tap compensated current (TAP COMP 1)
is the tap and phase compensated current actually used by the differential function. IOP is the operating
current. SLOPE RATIO is the ratio of 10P to the restraint current (maximum TAP COMP 1). The slope
ratio is compared against the differential alarm setting. To generate a differential report and set the
differential alarm (alarm point number 3), two requirements must be met. One, 10P must be above
minimum pickup. Two, the slope ratio must exceed the differential alarm. For example, our settings are
minimum pickup = 0.20, slope = 40%, and differential alarm setting = 75%. Seventy-five percent of the
minimum pickup is 0.75 times 0.2 = 0.15. Operating current must be above 0.15 to satisfy requirement
one. When a differential alarm setting of 75% and a slope ratio setting of 40, requirement two is satisfied
when the slope ratio exceeds 30% (0.75 times 40 = 30%). See the following paragraphs on Setting
Differential Current Monitoring Alarms and the associated figure in this section for more inf@fmation on
slope ratios.

A new differential report will not be generated unless the slope ratio drops below the differential alarm
setting then increases above the setting. Alternatively, a record can be generated bsing” the RA-
DIFF=TRIG ASCIl command.

Example 1 is based on the connections of Figure 12-15, an autotransformer with tertiary load. Current
transformers are located in double breakers on the transformer H winding side, a‘single/breaker on the X
winding and on the leads to the Y winding.

Example 1.

>RA-DIFF

CDS240 DIFFERENTIAL CHECK RECORD
STATION ID - SUBSTATION_1
RELAY ID : BE1-CDS240
USER1 ID : USERL_ID
USER2 ID : USER2_ID
RELAY ADDRESS : 0

REPORT DATE : 04/26/03
REPORT TIME : 10:06:50.060
ACTIVE GROUP : 0

PHASE 87 SETTINGS CTR CT CON <X GON GROUNDED ABC SWAP DIFF CKT

CT CKT1 400 WYE WYE YES ABC PRI
CT CKT2 200 WYE WYE YES ABC SEC
CT CKT3 240 WYE DAC NO ABC SEC
CT CKT4 400 WYE WYE YES ABC PRI
MINPU 0.2 * JAP

SLOPE 40 %

ALARM 75 %

URO 6 EOTAR

COMPENSATION ANGLE ROTATE ABC SWAP Ground TAP

CT CKT1 DAC NO NO YES 2.00

CT CKT2 DAC NO NO YES 8.00

CT CKT3 WYE NO NO NO 19.2

CT CKT4 DAC NO NO YES 2.00

ALARMS PHASE A PHASE B PHASE C
DIFFERENTIAL OK OK OK
POLARITY OK OK OK

ANGLE COMP OK OK OK
MISMATCH OK OK OK
MEASUREMENTS PHASE A PHASE B PHASE C
MEASURED*PRI |

CT ¢CKTk 167.3 @ O 167.3 @ 240 167.3 @ 120
CI CKT2 200.8 @ 180 200.8 @ 60 200.8 @ 300
CT, CKTF3 125.5 @ 151 125.5 @ 31 125.5 @ 271
G, CKT4 54.5 @ 180 54.5 @ 60 54_.4 @ 300
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MEASURED SEC 1

CT CKT1 0.42 @ O 0.42 @ 240 0.42 @ 120
CT CKT2 1.01 @ 180 1.01 @ 60 1.01 @ 300
CT CKT3 0.52 @ 151 0.52 @ 31 0.52 @ 271
CT CKT4 0.14 @ 180 0.14 @ 60 0.14 @ 300
ANGLE COMPENSATED 1

CT CKT1 0.42 @ 330 0.42 @ 210 0.42 @ 90
CT CKT2 1.01 @ 150 1.01 @ 30 1.01 @ 270
CT CKT3 0.52 @ 151 0.52 @ 31 0.52 @ 271
CT CKT4 0.14 @ 150 0.14 @ 30 0.14 @ 270
TAP COMPENSATED I

CT CKT1 0.21 @ 330 0.21 @ 210 0210 90
CT CKT2 0.13 @ 150 0.13 @ 30 0.98" @ 270
CT CKT3 0.03 @ 151 0.03 @ 31 003 @ 271
CT CKT4 0.07 @ 150 0.07 @ 30 @.07 @ 270
I OPERATE 0.01 * TAP 0.01 * TAP 0.01 * TAP
SLOPE RATIO 1% 1% 1%

Setting Differential Current Monitoring Alarms

The differential function continuously monitors the input curtentyin CT Circuits 1, 2, 3, 4, 5, or 6. If a
mismatch due to current loading is approaching the tripdevel, the differential alarm may be activated. This
alarm is alarm point number nine in the relay programmable alarms. The alarm point must be mapped to
activate an alarm and/or light an LED. For more information ‘@m mapping the alarm functions, see Alarms
Function, Major, Minor, and Logic Programmable Alarms later in this section. The differential alarm is set
as a percentage of the percentage restrained differential characteristic. See Figure 6-5 for a graph
showing the percentage restrained differential and differential alarm characteristics. To set the differential
alarm threshold level, use BESTCOMS (Figure 6-6). Pull down the Screens menu and select Differential
Protection. Select the Diff Alarm tab. Altefhately, settings can be made using ASCIl command SA-DIFF
(setting alarm, differential). This setting iStnot@vailable via the front panel HMI. Table 6-7 summarizes the
differential alarm threshold setting.

Table 6-74Differential Alarm Threshold Setting

Function Range | Increment | Unit of Measure | Default
Differential Alarm,Level 450 — 100 1 Percent (%) 67

Retrieving Differentials€urreat Monitoring Information
To retrieve the differential check record, use the ASCIl command RA-DIFF.

9365200990 Rev E BE1-CDS240 Reporting and Alarm Functions 6-13



3

D2850-15
05-27-99

N
o)
4% *© * ¢
MINIMUM PICKUP Q- C
TIneS T AS a0 = M0
\%3
c //@ I

OPERATING CURRENT (IN MULTIPLES OF TAP)

=
=Y

BE1-CDS240 Settings ( [Untitled] )

File Screens Copy Communication Reports Help

‘ 5 D& HEE| Logic [BASLER
@
iB |

1 7]

1 .20 I W
0@3 Plﬂaé HH Hh
87 Phase| E7ND/1SZND  Diff dlam |

% of Diff
Characteristic

14

BE1-CDS240 Reporting and Alarm Functions

9365200990 Rev E



TRANSFORMER MONITORING FUNCTIONS

The transformer monitoring functions provide monitoring and alarms for the transformer to help manage
equipment inspection and maintenance expenses. Transformer monitoring functions include through#fault
counter reporting and through-fault current duty monitoring. Each of these functions can be setlas a
programmable alarm. See the paragraphs on Alarms Function, later in this section for more inféermation
on the use of programmable alarms.

Number of Through Faults Monitoring Function

This function monitors the SG-TRIGGER pickup logic expression. It increments the coumt in the
operations counter register each time that the SG-TRIGGER pickup logic expression isstrue and returns to
false. For more information on this function and the SG-TRIGGER pickup expression, séejthe illustration
and paragraphs later in this section on Fault Reporting.

Retrieving Through Fault Operation Counter Information

The current value of the through-fault operations counter register can be read{from HMI Screen 4.5.1,
\REPRT\XFORM\STATUS. Pressing the Edit key allows the user to enter a“aumber into the register to
preset it to a value if desired. Write access to the reports functional area must be“gained to edit this value
at the HMI. The current value of the breaker operations counter can alsoibe read or preset from the ASCII
command interface using the RT-TFCNTR (report transformer, through-fault'eounter) command.

The through fault counter can be monitored to give an alarm whemythe"walue exceeds a threshold. See
Transformer Alarms in this section for more information on this feature.

Transformer Duty Monitoring

The transformer duty monitoring function accumulatesyth@asmaximum current in each phase of the
transformer when a through fault occurs. A through fadlt istdefined as whenever the pickup expression
set with the SG-TRIGGER command is true.

Every time the pickup expression in the SG-TRIGGERycommand is true, the transformer duty monitoring
function updates two sets of registers for each phase of the transformer. (Only the CT selected by the
transformer duty monitoring function (ST-DUIYY is monitored.) In the accumulated 1*t Duty registers,
the function adds the maximum measured current iIAprimary-ampere seconds. In the accumulated 12*t
Duty registers, the function adds the maximdm measured current squared in primary-ampere seconds.
The tis calculated from the time the piekup expression is TRUE. The user selects which of the six sets of
duty registers are reported and monitored by the function when setting up the mode setting in ST-DUTY.

The value in each set of duty registers/isiealculated and stored in primary ampere seconds or primary-
amperes squared seconds as appropriate. This value is reported, however, as a percent of maximum.
The user sets the value that the frelay will use for 100% duty (DMAX). The value set for maximum duty is
used directly for reporting the accumulated 1*t Duty registers or 12*t Duty registers.

When testing the relay by igjectingycurrents into the relay, the values in the duty registers should be read
and recorded prior to thestartief testing. Once testing is complete and the relay is returned to service, the
registers should be reset taythe original pre-test values. A block accumulation logic input may be used
when testing so that simulated transformer duty is not added to the duty registers. The BLKTXFMR logic
function is an OR logiciterm’(e.g., IN1 or VO7) which blocks the transformer monitoring logic when TRUE
(1). BLKTXFMR may’be set to zero to disable blocking. When transformer monitoring is blocked (logic
expression igeequalfto 1), transformer through faults are not counted or accumulated. It should be noted
that even though,a BESTIlogic logic expression is used to make this setting, this setting is not included in
the section omyBESTlogic settings.

Setting thedTransformer Duty Monitoring Function

The transformer monitoring function can be set from BESTCOMS (Figure 6-7). Pull down the Screens
menu and select Reporting and Alarms. Select the Transformer Monitoring tab. Alternately, settings can
be madequsing the ASCIl command ST-DUTY (setting transformer, duty) command or the HMI using
Sereen 6.6.1, \SETUP\XFRMR\DUTY. This function selects the transformer CT to be monitored that also
affects the transformer alarm function (SA-TX). Table 6-8 lists the settings for the transformer duty
monitoring function.

9365200990 Rev E BE1-CDS240 Reporting and Alarm Functions 6-15



BE1-CDS240 Settings ( [Untitled] )

Figure 6-7. Reporting and Alarms Screen, TragsfermegMonitoring Tab

File Screens Copy Communication Reports Help
aB DeEES Logic |BASLER ~| Settings | Global
| 120 I W o T
D o e LMl e o™ e o
Clock Display Mode I | Demand ] V&P Demand} WT Monitor ] Ekr Dutyl Ekr Stalus} BkrAlarms  Transformer Monitoring l Alarms] Fault Recarding
Trangformer Duty Monitoring Trangformer Alarms
Monitor 1 Alarm 1 Alarm 2
Made 100 Duty Maximum Made Threshold Made Threshold
Dizabled 0.000e+00 P amps Dizabled E Dizabled E|
Circuit 1 Block Accumulation Lagic Dty 1 Dty 1
Monitor 2 Alarm 3 Alarm 4
Mode 1007 Duty Mazinum Mode Thieshald Mode Thieshald
Disabled 0.0002+00 P Amps Disabled E Disabled E.
Circuit 1 Black Accumulation Logic Dty 1 Dty 1
y _
Monitor 3 Alarm 5 Alarm b y 4
Made 100 Duty Maximum Made Threshold Made Threshal
Dizabled 0.000e+00 P amps Dizabled E Dizabled "
Circuit 1 Block Accumulation Lagic Dty 1 Dty 1 \ \
Monitor 4 Alarm 7 Alarm 8 _n_Jd
e 1003 Dty Masimurm s Thieshald s fueshald
Disabled 0.0002+00 P Amps Disabled E Disabled
Circuit 1 Black Accumulation Logic Dty 1 DLty
AV W
-~ A
Select the Transformer Duty Monitaring mode far monitor 1 Feporting and Alarms 104 UKEDDg‘!sAM !

Table 6-8. Transformer Duty Monitoring,Settings

Setting Range/Purpose Default
= Disabled
= Transformer monitoring enabled with déty calculated as X 1*t
Mode = Transformer monitoring enabled with duty calculated as > 17*t 0
t = Fault clearing time
DMAX Range = 0 to 4.2e+7; Increment = 4;"Measured in primary amperes 0.000e+00
Circuit# | 1=Ckt#1,2=Ckt#2, 3=kt #8344 = Ckt #4,5=Ckt #5, 6 = Ckt #6 1
Bloqk Log_ic expression that Blocksytransformer duty accumulation when TRUE. 0
Logic (This parameter cannotgberset through the HMI.)

Retrieving Transformer Duty Infermatien

The values currently stored inithe accumulated transformer duty registers can be read from HMI Screen
4.5.1, \REPRT\XFORM\DETAILS™ Pressing the Edit key allows the user to enter a number into the
register to preset to a previous value. Write access to the reports functional area is required to edit this
value. These values cap, alsese read and set through the ASCIl command interface using the RT-DUTY
(report transformer, duty)*@@emmand. It should be noted that when reading and writing to these registers,
only the set of registérs that is selected to be monitored by the mode setting (accumulated 1*t or 12*t)
and the CT setting(CT &~ 6) is affected. The other set of registers is ignored.

The transformer duty registers can be monitored to give an alarm when the value exceeds a threshold.
See Transformer Alarms, in this section for more information on this feature.

Transformer Alarms

The pregrammable alarms function includes three alarm points for checking transformer monitoring
functions. ) Each of these alarm points can be programmed to monitor either of the two transformer
monitoring functions (through-fault counter or through-fault duty). That is, you may program an alarm
threshold (limit) to monitor each function. Alternately, you may program three different alarm thresholds to
menitor one of the monitored functions. The transformer alarms may be programmed using BESTCOMS
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(Figure 6-7). Pull down the Screens menu and select Reporting and Alarms. Select the Transformer
Monitoring tab. Alternately, settings can be made using the ASCII command SA-TX or using the HMI
Screen 6.6.2, \SETUP\XFORM\ALARMS. When [n] in SA-TX[n] is equal to 1, alarm point number ong,is
selected. Likewise for alarm points 2 and 3. When <mode> is set to 0, the transformer alarm function is
disabled. When <mode> is set to 1, the transformer alarm function is set for percent duty and the alarm
limit threshold is set for a percentage of DMAX which is programmed using the ST-DUTY command. dhe
transformer CT to be monitored is also programmed using the ST-DUTY command. When <mode> is set
to 2, the transformer alarm function is set for through faults and the alarm limit threshold is set for the
through-fault counter value which when reached would cause an alarm. The transformer CT to be
monitored is programmed using the ST-DUTY command. Table 6-9 lists the settings for the transformer
programmable alarms function.

Table 6-9. Transformer Programmable Alarms Settings

Setting Range/Purpose Default
0= Disabled
Mode 1= Transformer alarm function enabled and set for pefeent duty. 0

2 = Transformer alarm function enabled and set forfthreugh faults.

Alarm Limit 0 to 100%; Increment = 1; Measured in % of DMAX 0
(in mode 1)

Alarm Limit . A

(in mode 2) 0 to 99999; Increment = 1; Number of through¥aults 0

VT MONITOR FUNCTIONS

The VT Monitor reporting function allows the userde enable or disable Fuse Loss Block Logic. The Block
Voltage Control box can be checked (enabled) of unchecked (disabled) for the 51/27 elements. Likewise,
Block Phase, Block 3V0, and Block V2 andyeach be independently checked (enabled) or unchecked
(disabled) for the 27 and 59 elements. The default value for all of these logic functions is enabled.

Setting Fuse Loss Block Logic

Fuse Loss Block Logic settings can be%¥made using BESTCOMS. Figure 6-8 illustrates the BESTCOMS
screen used to select these reporting settings. To open the screen shown in Figure 6-8, select Reporting
and Alarms, from the Screens pullsdown.menu. Then select the VT Monitor tab. Alternately, settings may
be made using the SP-60FL,ASCII command.

9365200990 Rev E BE1-CDS240 Reporting and Alarm Functions 6-17



BE1-CDS240 Settings ( [Untitled] )

File Screens Copy Communication Reports Help
aB 0 &S & Logic [BASLER ~| Settings | Global
| 120 I i o T
0 D@F'Rlé%un”[hunqﬂm@éﬁ?mpﬁ
Clock Display Mode I | Demand ] V&P Demand YT Manitor ] Ekr Dutyl Blr Stalus} Bikr Alarms 1 Transformer Maoritoring ] Alarms] Fault Recarding
Fuse Lozz Block Logic
51727
[ Elack Yoltage Control
27759
[v Block Phase
Iv Block 30
Iv Block %2
Select ta enable the Black Yoltage function. Feporting and Alarms 104 UKEUD&!&M u

Figure 6-8. Reporting and Alarms Screefm\.I Manitor Tab

BREAKER MONITORING

Depending on the system scheme, one BE1-CDS240 rglay €an provide overcurrent protection for more
than one circuit breaker. However, breaker-monitoringyfunctions provide extensive monitoring and alarms
for only a single circuit breaker. This extensive snonitoring“helps to manage equipment inspection and
maintenance expenses. Breaker monitoring funetions include breaker status and operations counter
reporting, breaker fault current interruption dutyymonitoring, and breaker trip speed monitoring. Each of
these functions can be programmed as a programmable alarm. See Alarms Function in this section for
more information on the use of programmablg alarms.

Breaker Status Reporting

The breaker status monitoring functionymonitors the position of the breaker for reporting purposes. It also,
counts the opening strokes of the bregakefand records them in the breaker operations counter register.

Setting the Breaker Status Repotting Function

Since the relay is completelygprogramimable, it is necessary to program which logic variable is to be
monitored for breaker status. This iS\done with BESTCOMS (Figure 6-9). Alternately, the ASCIl command
SB-LOGIC (setting breakegmlogie)can be used. It should be noted that even though a BESTIogic logic
expression is used to make ghis setting, this setting is not included in the section on BESTlogic settings.
We include it here beeause.itis related to breaker monitoring. See Section 7, BESTlogic Programmable
Logic, for more informatién, on the use of BESTlogic for programming the relay. When you program SB-
LOGIC, the breakergname that you set also labels the 101 Virtual Breaker Control Switch. For more
information on thigygwitch; refer to Section 4, Protection And Control, 101 Virtual Breaker Control Switch.
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Table 6-10 lists the settings for the breaker status rep@rtingyfunction.

Table 6-10. Breaker Stats Reporting Settings

Setting Range/Purpose Default

Logic expressionithat is TRUE when the breaker is
closed (e.g., 52a logie)

Breaker Label 16 characteralpha/mumerical label (name) BREAKER_LABEL

Breaker Closed Logic 0

NOTE
The NOT symbol(f),is applied to the variable immediately following the symbol.

Retrieving Breaker Status and Operation Counter Information

The current breaker status can be read from HMI Screen 1.4.5, \STAT\OPER\BKR and from the ASCII
command interfacedusing the RG-STAT or RG-BREAKER command. The paragraphs on General Status
Reporting ih thisysection provide more information on this command.

The current yalueWof the breaker operations counter register can be read from HMI Screen 4.3.1,
\REPRTBRPTS\STATUS. Pressing the Edit key allows the user to enter a number into the register to
preset it to“ayvalue to match an existing mechanical cyclometer on the breaker mechanism. Write access
to the reports*functional area must be gained to edit this value at the HMI. The current value of the
breaker operations counter can also be read or preset from the ASCII command interface using the RB-
OPCNTR{(report breaker, operations counter) command.

The breaker operations counter can be monitored to give an alarm when the value exceeds a threshold.
See Breaker Alarms in this section for more information on this feature.

Breaker Duty Monitoring

When the breaker opens, the N power of the current interrupted in each pole of the circuit breaker is
accumulated by the breaker duty monitor. Breaker opening is defined by the breaker status monitoring
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function (SB-LOGIC). Figure 6-10 illustrates breaker status (SB-LOGIC) during a fault and protective trip.
Table 6-11 serves as a legend for the call-outs of Figure 6-10.

The relay sums the N power of the currents that are interrupted and will set the breaker duty alarm when
the sum exceeds the N™ power of the maximum breaker duty (Dmax) Setting. The user must enter a value
for N and a value for Dyax.

To determine N and Dpay, the user needs to find two measurements of allowable breaker wear. These
levels would typically be the maximum number of operations at load level currents and the maximum
number of operations at maximum fault rating.

Point 1; # Ops @ max Ioad
Point 2; # Ops @ Imax fault

To determine the breaker wear exponent N, using the above data points as an example,, apply this
equation:

o (#OPS@ I max load j
#0ps @ | max fault

log { I max fault ]
I max load

Using values for Imax 10ad @Nd Imax faurt iN primary amperes (the relay_multiplies by the CTR before doing
calculations), the value for maximum breaker duty, Dnma, is calculated fromyeither of these two equations:

N =

N can be any value from 1 to 3.

N UN
Dmax = (' max Ioad) e #0ps @ | ag10ad

N 1IN
Dmax = ('max fault) o #0ps @ | makfault

Both of the last two equations should yield the same_value for Diax.

When testing the relay by injecting currents into the relay, the values in the duty registers should be read
and recorded prior to the start of testing. Once testingfis complete and the relay is returned to service, the
registers should be reset to the original pre-testyvalues. A block accumulation logic input may be used
when testing so that simulated breaker duty is not added to the duty registers. The BLKBKR logic function
is an OR logic term (e.g., IN1 or VO7) whichblocks the breaker monitoring logic when TRUE (1).
BLKBKR is set to zero to disable blocking. When breaker monitoring is blocked (logic expression equals
1), breaker duty is not accumulated.
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Table 6-11. Legend for Figure 6-10

Locator

Description

A

A fault summary report and an oscillograph record are triggered when either the SG-
TRIGGER pickup or logic expression becomes TRUE. These reports are also triggered
through the HMI interface by issuing the ASCII command RF=TRIG.

During the time that the SG-TRIGGER trip expression is TRUE, targets are logged from
each of the protective functions that reach a trip state. If a protective function is not being
used for tripping purposes, the associated target function can be disabled through the SG-
TARG setting.

Fault clearing time is calculated as the duration of the time that either the SGSTRIGGER
pickup or logic expression is TRUE.

Breaker operate time is calculated as the time from when the SG-TRIGGER4trip ‘@xpression
becomes TRUE until the fast-dropout current detector senses that the/ breaker has
successfully interrupted the current in all poles of the breaker.

A second oscillographic record is triggered to record the end of the fault if the,SG-TRIGGER
pickup or logic trigger expression remains in the TRUE state at_theytime that the first
oscillographic record ends. This second record will have from Y4 t0 five,cycles of pre-trigger
data depending upon when both the SG-TRIGGER pickup and™legic expressions become
FALSE.

Recorded fault current, voltage, and distance magnitdes”are displayed on the Target
screen of the optional HMI. The same information ineluding®phase voltage frequency,
auxiliary voltage frequency, and voltage and current angles’ are recorded in the Fault
Summary Report. The magnitude, angle, and distance, reésulis are based on data captured
two cycles after the trip output goes TRUE. This twa-cycle,delay allows the line transients to
settle to provide more accurate data. The post fault“eunsent vectors are compared to pre-
fault current vectors captured three cycles priordto protective pickup to perform distance
calculations. If the SG_TRIGGER TRIP expréssion ‘does not become TRUE, the fault was
cleared by a down stream device. For thesepickup=only events, fault current, voltage, angle
and distance recorded in the fault sumfary, repeit'will be for the power system cycle ending
two cycles prior to the end of the fault record. This is also the case if the fault record was
triggered through the ASCIl command interface by the RF=TRIG command.

During the time that the SG-TRIGGER%ickup expression is TRUE, the red Trip LED on the
front panel flashes indicating thatthe relay is picked up.

During the time the SG-TRIGGER trip’ expression is TRUE, the red Trip LED on the front
panel lights steadily indicating that{the relay is in a tripped state. If targets have been logged
for the fault, the Trip LED is sealed'in until the targets have been reset.

Breaker operations and,interrtiption duty functions are driven by the breaker status function.
The operations counter iIStincremented on breaker opening. The magnitudes of the currents
that are used for accumulating breaker duty are recorded for the power system cycle ending
when the breakerfstatus changes state. Thus, breaker duty is accumulated every time that
the breaker opens‘even/if it is not opening under fault.

The transformergthrough fault counter is incremented each time that the SG-TRIGGER
pickup eXpression seturns to FALSE. The time used in calculating 1t or 1%t for transformer
through fault'duty monitoring is the time that the SG-TRIGGER pickup expression in TRUE.

Setting groupgchanges are blocked when the SG-TRIGGER pickup expression is TRUE to
prevent protective functions from being reinitialized with new operating parameters while a
fault is oceurring.

Setting the Breaker Duty Monitoring Function

Breakéer'Duty, Monitoring settings are made using BESTCOMS. Figure 6-11 illustrates the BESTCOMS
screen,used to select settings for the Breaker Duty Monitoring function for Circuits 1 - 4. To open the
screen, select Reporting and Alarms from the Screens pull-down menu. Then select the Bkr Duty tab.
Alterpately, settings may be made using the SB-DUTY ASCII command.
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Table 6-12 summarizes the Breaker Duty Monitoring settings.

Table 6-12. Breaker Duty Monitoring Settings

Setting Range/Purpose Default

Exponent 1 to 3 inincrements of 0.0001 (0 = breaker monitoring disabled) 0.0000

Maximum duty the breaker contacts can withstand before they need
service. DMAX is programmed in primary amperes using exponential 0.000e+00
floating-point format. The maximum DMAX setting is 4.2e+7.

100% Duty
Maximum

Logic expression. Logic OR term which blocks the breaker duty 0

Block accumulation when TRUE (1).

Example 1. Make the following settings to your Breaker Duty Monitoring Settings: Refer to Figures
6-11 and 6-12.

Exponent: 0
100% Duty Maximum: 0.000e+00
Block: 0

Retrieving Breaker Duty Information

The values currently stored in the accumulated interruption duty registersiean be read from HMI Screen
4.3.1, \REPRT\BRPTS\STATUS. Pressing the Edit key allows the,User,to, enter a number into the register
to preset to a previous value. Write access to the reports functional area is required to edit this value.
These values can also be read and set through the ASCIlI command interface using the RB-DUTY (report
breaker, duty) command. It should be noted that when reading, and Writing to these registers, only the set
of registers selected to be monitored by the exponent setting ‘and the CT setting (CT 1 - 4) is affected.
The other set of registers is ignored.

The breaker duty registers can be monitored to giVe an alarm when the value exceeds a threshold. See
the paragraphs on Breaker Alarms in this sectionffor more information on this feature.

Breaker Clearing Time Monitoring

The breaker clearing time monitoring functiomymonitors the time from when a trip output occurs (as
defined by the TRIP logic expression) to whenftherfast dropout current detector detects that current is
zero in all three poles of the breaker (see(Locator D for Figure 6-10). The monitored breaker is
determined by the CT circuit parameters(set inithe SB-DUTY function. The output of the breaker clearing
time function is reported as a line in the, fault simmary reports. It is important to note that if the TRIP logic
expression trips an 86 function and the 86, function trips the breaker, the measured clearing time will not
be accurate. To ensure accuracy, theyIRIP logic expression must directly trip the monitored breaker. See
the paragraphs on Fault Reportingyin this section for more information on the TRIP logic expression and
the Fault Summary reports.

The breaker clearing time canijbe monitored to give an alarm when the value exceeds a threshold. See
the following paragraphs @n Breaker Alarms for more information on this feature.

Breaker Alarms

Twelve alarm pgints are included in the programmable alarms for checking breaker monitoring functions.
Each alarm poifatécan e programmed to monitor any of the three breaker monitoring functions,
operations counter, intérruption duty, or clearing time. Circuit 1, 2, 3, or 4 can be chosen for each of the
12 alarms. An alarm threshold can be programmed to monitor each function. Alternately, three different
thresholds can be programmed to monitor one of the monitored functions. Breaker Alarms settings are
made using BESTCOMS. Figure 6-13 illustrates the BESTCOMS screen used to select settings for the
Breaker Alarms function. Alternately, settings may be made using the SA-BKR ASCII command or the
HMI usingeSereen 6.5.2, \SETUP\BKR\ALARM.
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Table 6-13 summarizes the Breaker Alarms settingsb
Table 6- > Alarms Settings
Setting ange/Purpose Default
Mode 0 = Disabled 2 = Number of Operations 0
1 = Percent Du 3 = Breaker Clearing Time
Point 1 . X
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Mode
Point 2 , : .
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TRIP CIRCUIT M
The trip circuit

ITOR

and continuity monitoring function monitors the trip circuit for voltage and
closed or the 86 Lockout relay is reset and no voltage is detected across the trip

circuit.

continuity. If br@
contacts, N e fuse supplying the circuit is blown or there is a loss of continuity in the trip coll

The trip it nitor function obtains the breaker status from a D2sso-12
programma etting, which is set using the <Trip Coil Enable> Mode
parameter in the SB-LOGIC command. The detector circuit used 0 - disable
by the trip circuit monitoring function is internally connected in 1-enable CIRCUIT

rallel with Contact Outputs 7-10. The monitor circuits draw less — } MONITOR
t two milliamperes of current through the trip coil when the

er is closed. If this current flow presents a problem for the
lication, the monitor circuits can be physically disconnected by ~ +STATUS | . CKTMON

Connectors P5, P6, P7, and P8. Figure 6-14 shows the trip
circuit monitor logic.

Figure 6-14. Trip Circuit Monitor Logic
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If the relay detects that the breaker is closed and no voltage is sensed across the terminals of the open
output contact after the appropriate coordination time delay (approximately 500 milliseconds), the relay
sets an alarm bit in the programmable alarms function and sets the CKTMON BESTIogic logic variable to

TRUE.

Figure 6-15 shows a typical connection diagram for the circuit monitor. Also, see Section 8, Application;
Application Tips, for instructions on how to program a close-circuit monitoring function in BESTlogic. In
this example, OUT?7 is tripping the lockout relay (86T) and IN3 is monitoring the lockout relay status.

Trip Circuit Relay Circuit
+ i T +
] our7
Other _1 ;
Relays — ™M T — gof
Tiip PS#CDS 5

1 Status
86a
CRS
86T NG
D2850-31 TC

08-22-03

Figure 6-15. Trip Circuit Voltage and‘€entinuity Monitor

CAUTIONsm. N,
Applications that place other device inputs @ allel with the breaker trip coil
il

may not perform as desired when the C or is active. The connection of
other devices in parallel with the trip &: uses a voltage divider to occur when
the breaker or trip circuit is open. (&ig 6-16 shows a schematic representation
of the equivalent circuit.) This may cause false tripping of the other devices and

prevent the BE1-CDS240 trip @ nitor from reliably detecting an open

circuit. If this situation exists, theffri monitor can be removed from the circuit.
oil Monitor (TCM) Jumpers, for complete

Refer to Section 12, Installatiom,
instructions. S
The circuit monitor sensi ent has the same rating as the power supply

voltage. If the trip %ol e is significantly greater than the power supply

voltage (for exampl h sing a capacitor trip device), the trip circuit monitor

circuits should beﬁ)‘

T ¢ —
. TCM1 T :
Other —&=
Relays an P5 CDS
O e e —
1 52a
62X 52TC

D2850-32
08-22-03

Figure 6-16. TCM with Other Devices
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In Figure 6-16, a 62x auxiliary relay is shown. In this case, the impedance of the 62x coil is small
compared to the impedance of the TCM circuit so the TCM is always at logic 1. This prevents the FCM
logic from working, even if the trip coil is open. Normally, when redundant systems are used, eachirelay
system is on an individual circuit and the sensing input for each relay system is isolated from thestsipping
circuit.

Setting the Trip Coil Monitor Function

The TCM function can be programmed from the ASCII command interface using the SB-LOGIC (set
breaker logic) command. For more information on setting the trip coil monitor, refer to Setting the Breaker
Status Reporting Function earlier in this section.

FAULT REPORTING

Fault Reporting Expressions and Settings

The fault reporting function records and reports information about faults that*have been detected by the
relay. The BE1-CDS240 provides many fault reporting features. These features’include Fault Summary
Reports, Sequence of Events Recorder Reports, Oscillographic Recordspand“Fargets.

Logic expressions are used to define the three conditions for fault feporting. These conditions are Trip,
Pickup, and Logic trigger. Figure 6-10 and Table 6-11 illustrate h@w, each of these logic expressions is
used by the various relay functions. Note that even though BESTlogier expressions are used to define
these conditions, these expressions are not included here.\Section, 7, BESTlogic Programmable Logic,
provides information about using BESTlogic to program the relay:

Trip

Trip expressions are used by the fault reporting function‘te start logging targets for an event and to record
the fault current magnitudes at the time of trip. The HMI uses the trip expression to seal-in the Trip LED.
The breaker monitoring function uses the trip expressionyto start counting the breaker operate time.

Pickup

Pickup expressions are used by the fault #eporting function to time-stamp the fault summary record, time
the length of the fault from pickup to“dropout (fault clearing time) and to control the recording of
oscillograph data. The HMI uses the piekup“expression to control the flashing of the Trip LED. A pickup
expression is also used by the setting grotp,seléction function to prevent a setting group change during a
fault.

Logic

Logic trigger expressions allow the fault reporting function to be triggered even though the relay in not
picked up. A logic trigger expressionsprovides an input to the fault reporting function much as the pickup
expression does. This logic &xpression is not used by the setting group selection or the HMI.

Fault Reporting Trigger Settings

Fault reporting triggerfsettings are made from the BESTIlogic Function Element screen in BESTCOMS.
Figure 6-17 illustratesithe BESTCOMS screen used to select BESTlogic settings for the Fault Recording
function. To opensthe BESTlogic Function Element screen for Fault Recording, select Reporting and
Alarms from the Scréens pull-down menu. Select the Fault Recording tab. Then select the Logic button in
the Fault RecordinguoXx in the upper left hand corner of the screen. Alternately, settings may be made
using SGSTRIGGER ASCII command.
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Fault Recording
Protection Tripped. Picked Up and Logic Triggers

v0g9s—— TRIPPED
V10
vu11::Z>' PICKED UP

o N,
2

Done

Figure 6-17. BESTlogic Function Element S It Recording

To connect the function's inputs, select the button for the ¢ &!ng input in the BESTlogic Function
Element screen. The BESTIlogic Expression Builder scre open. Select the expression type to be
used. Then, select the BESTlogic variable, or series o to be connected to the input. Select
Save when finished to return to the BESTIogic ment screen. For more details on the
BESTlogic Expression Builder, see Section 7, ic grammable Logic. Select Done when the
settings have been completely edited. Trigger s or fault reports are made using the SG-TRIGGER
(settings-general, trigger) command.

Table 6-14 lists the function's trigger settings.

Function Default
Logic expression o define Trip fault reporting
TRIPPED | condition. When xpression becomes TRUE (1), it BFTé;{B_ZI\Z/inI;T%
triggers data recordi
Logic expre sed to define Pickup fault reporting
PICKED UP | condition. : is expression becomes TRUE (1), it BFRT;;E?EI&B?;RT%
initi diekup timing sequence.
sSion used to define the trigger for fault
LOGIC en relay is not picked up. When this expression 0
, fault reporting is triggered.
Targets
Each protective function (see Table 6-15) logs target information to the fault reporting function when a trip

urs and the trip output of the function block becomes TRUE (refer to Figure 6-11 and Table
6-10, c B). Target information can be viewed and reset at the HMI and through the communication
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Table 6-15. Protective Functions with Targets

Name Protective Function I-Dr::glfltt
87R Phase Differential Restrained Pickup Enabled
87U Phase Differential Unrestrained Pickup Enabled
87ND, 187ND Neutral Differential Restrained Pickup Enabled
51P, 151P, 251P, 351P Phase Inverse Time Overcurrent Enabled
51N, 151N, 251N, 351N, 451N Neutral Inverse Time Overcurrent Enabled
51Q, 151Q, 251Q, 351Q Negative-Sequence Inverse Time Overcurrent Enabled
igg'?plggginggg'?pg)ggg?p Phase Instantaneous Overcurrent Enabled
igg.?l,’\llSOTN’ 250TN, 350TN, Neutral Instantaneous Overcurrent Enabled
50TQ, 150TQ, 250TQ, 350TQ Negative-Sequence Instantaneous Owercurrent Enabled
50BF, 150BF, 250BF, 350BF Breaker Failure Enabled
24 Volts per Hertz Enabled
27P, 127P Phase Undervoltage Enabled
a7 Negative-Sequence Ovenoltage Enabled
59P, 159P Phase Overvoltage Enabled
59X Auxiliary Overvaoltage Enabled
81, 181, 281, 381, 481, 581 Under/Over Frequengy, Enabled
62, 162, 262, 362 General Purposeskogic Timer Enabled
60FL Fuse Loss(Detection Enabled

Target logging for a protective function“eafn be disabled if the function is used in a supervisory or
monitoring capacity. The following paragraphs, describe how the relay is programmed to define which
protective functions log targets.

Setting the Targets Function

Targets are enabled using the BESTCOMS screen shown in Figure 6-18. You can select which protective
elements trigger a target an@what type of logic condition will reset the targets. To open the screen, select
Reporting and Alarms from the“Screens pull-down menu. Then select the Fault Recording tab. Enable the
targets by checking the apptopriate?boxes.

Alternately, targets can betenabled using the SG-TARG ASCIl command. Using the SG-TARG command,
you can select which grotectiVe elements trigger a target and what type of logic condition will reset the

targets.
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BE1-CDS240 Settings ( [Untitled] ) C)ox

File Screens Copy Communication Reports Help
aB 0 &S & Logic [BASLER ~| Settings | Global
w 120 I v o T
B . D@PR%HQDUIHH“WQA%W{}
Clock Display Mode I | Demand ] V&P Demand} WT Monitor ] Ekr Dutyl Blr Stalus} Bikr Alarms 1 Transformer Monitoring | Alarms — Fault Recording
Fault Recording Enabled Targets
o &7z W B7FR W B7l W EFND W 187D
Logic NoS1s | W mp W EIN W 50
Ho151's W 1EIP W OTEIN W10
Ho 251's W 5P W ZHIN W 20
Dscillographic Records
Mo 351's
P — W 3P W 3N W 3D el (
it o Byl E NodlT's | W 50TP W S0TN W 50O \
Select Hol80T'z| [ 180TF W 180TH W 18070
Ho280T'z| [ Z60TP W Z50TH W 250710
Target Reset Ho280T'z| [ 380TP W 380TH W 38070
CTRSTKEY Mo 450T's ¥ 450TP W 450TH
HMI Flaset Key v E&0TP W E&0TP W FEOTP
R TAEEL B Target HoSOBF'z| [ BORF W 150BF W ZR0BF W 3&0BF
: = Feset
Lo W24 WP WI1ZFP W47 W v W B
ez Ho &'z (= I R T I e B ™ B v 581
Nob2s | W WiE2 Wo2 W 352A VEDFL
Feporting and Alarms 102113200g‘!§h‘1 !

Figure 6-18. Reporting and Alarms ScreendFault Recording Tab

Target settings are summarized in Table 6-16.
Table 6-16. Target Settings

Function Purpose

Specifies which protective elements will trigger a target. When the programmed
Enabled Targets protective element’'s BESTlogic expression is TRUE (1) and the trip output is
TRUE (1), a trip event ig'recarded in the target log.

Target Reset Logic | Logic expression that'will reset the targets when TRUE.

Retrieving and Resetting Target Information

Target information can be obtained from the*frontpanel HMI Screen 1.1.1, \STAT\TARGETS or through
the ASCIlI command interface using the RG=FARG (report general, targets) command. The target
information provided by the relay isyfrom, the Jmost recent trip event. It is specific to an event and not
cumulative. The two most recent targetyeports are stored in nonvolatile memory. These two reports are
available from the front panel HMI Sereen 4.1.1, \REPRT\FAULT\WM_REC and 4.1.2, \REPRT\
FAULT\PREV. Targets for previcus “events are recorded in the fault summary reports, which are
described in detail later in this seetion:

When the relay trips and targets aré logged for the event, the Trip LED is sealed-in on the front of the
relay and menu tree branchaScreen 1.1.1, \STAT\TARGETS is automatically displayed on the LCD. See
Section 4, Human_ Machinef Interface, for more

information about thelautomatic display priority logic. TRSTKEY
The display scrolls’ between the targets and the fault D2850-10

current magnitddes gthat, were recorded during the HMI 06-25-99

fault. See the pafagraph§ on Fault Summary Reports RESET KEY — Target

in this section for moke’information on how these fault Reset
current magnitudes are recorded. RG-TARG=0 D )
Pressing the Reset key on the HMI while the Target Loglc
Screen isidisplayed will clear these targets and the trip
LED. Ne,password access is required to reset targets
from, theyfront panel. After reset, the two most recent
tardet reports are still available from the HMI menu Figure 6-19. Target Reset Logic
branch 4, Reports. Password access is not required to

reset targets at the HMI.

Figure 6-19 illustrates the target reset logic.

Logic ———
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A logic input can be used to reset the target. Using BESTCOMS, select Reporting and Alarms from th

Screens pull-down menu. Then select Fault Recording tab. The logic input can be connected by selecti

the Logic button in the Target Reset pane. When the logic input becomes TRUE, the target is reset.
’

BESTCOMS can also be used to review targets and alarms after an operation by selecting Meterin
the Reports pull-down menu. Using the View pull-down menu, select Alarms Status and Targe t
These panes (Figure 6-20) will contain target and alarm information.

Targetz: Mo Data 4

Alams (Mo Data 2

Figure 6-20. Targets and Alarms Status, BESTCO Metering Screen

Table 6-17 provides the possible targets that may be displayed o%tering screen.

Table 6-17. Targets,as Displ

IEEE Device Number Definition
24 Overexcitation
271127 ABC Phase Undervoltage
47 Negative Sequence Overvoltage
50/150/250/350 ABC, N, Q; 450 ABC, N; ® Instantaneous OVercurrents
550/650/750 ABC
51/151/251/351 ABC, N, Q; 451 N Time Overcurrents
50BF/150BF/250BF/350BF Breaker Failure
59/159 ABC Phase Overvoltage
59BUS, 59N, 59-3BUS (59X fundamental,;'8V0, 3" harmonic) | Auxiliary Overvoltage
60FL Fuse Loss
62/162/262/362 @ Logic Timers
81/181/281/381/481/581 Frequency
87R ABC Phase Differential Restrained
87U Phase Differential Unrestrained
87ND/187ND Neutral Differential Restrained

The RG-TARG (r eral, targets) command can be used to read and reset the targets. Write
access to Report stibe gained to reset the targets using the ASCIl command interface.
x

orts

24@yrecords information about faults and creates fault summary reports. A maximum of 16
fault sum ports are stored in the relay. The two most recent reports are stored in nonvolatile
memory. When a new fault summary report is generated, the relay discards the oldest of the 16 events
and replaces it with a new one. Each fault summary report is assigned a sequential number (from 1 to
255) by the relay. After event number 255 has been assigned, the numbering starts over at 1.

-CDS240 relays generate five different event types. They are BKR FAIL, PICKUP, TRIP, LOGIC, and
IG.

TCOMS Fault Summary Report

To view fault reports using BESTCOMS, select Oscillography Download from the Reports pull-down
menu. A screen such as the one shown in Figure 6-21 will appear.
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View/Download Relay Fault Files

#

003
00z
oot

£

TIME

DATE

03/21/06 15:02:44
03/21/06 14:53.00
03/21/06 145512

Selectthe Fault Record {0 ' view Fault Details

" Wiew Fault Sequence of Events

EVENT TYPE 0SC  |STYLE NUMBER
1 FIRMWARE VERSION
TRIP 1 STATION ID
TRIP vl el
TRIF 1 USER1 ID
USERZ ID

Downloadl Refreshl Triggerl

RELAY ADDRESS

FAULT WUMBER
[EVENT TYPE
FAULT DATE
FAULT TIME
FAULT TRIGGER
ACTIVE GROUP
TRRECETS

| »| |FAULT CLERRING TIME
— |BREXFER OPERATE TIME

Exit | s i

* Binary
" ASCI

i~ File Farmat —  — IEEE C37.111 Standard
% 1991 COMTRADE Standard
" 1999 COMTRADE Standard #4 IR,

vz, avo

1B, IC, IN,
, IB, IC, IN,
, IB, IC, IN,
1B, IC, IN,

$5 = Cktl + Cktd
I, IB, IC, IN,

$6 = CktZ + Ckt3
Ia, IB, IC, IN
FP, FX

IQ:
IQ:
IQ:-
IQ:-

IQ:-

IQ:

(SR PR

BE1-CDS5240 FAULT SUMMARY REPORT

z 4E3N1H3N3ELl
- 1.032_00

: SUBSTATICN 1
- BE1-CDS5Z240

= USER1_ID

: USERZ_ID

il 4}

o

= TRIP

= 09/21/06

- 16-07:36.218
: WOl1,V012

= 0]

- 0FL, S12

- 0.251 SEC

- #1 0.234 SEC, #2 0.234 SEC,
(OSCILLOGRLRPHIC REPORTS:

1

: 120.0V @ 0 , 119.9V @ 120, 120.0V @ 2
0LV g 0 , 120.0V @ 0 , 0.11V @ 305
.99A @ 31 , 0.48A @ 152, 0.48R @ 2
_ODA @ 31 , 0.49A @ 153, 0.47A @
.99A @ 31 , 0.49A @ 154, 0.48A
_99A @ 32 , 0.S0A @ 154,

_51A @ 32
3.988 @ 31
3.992 @ 31 3
60.00Hz, 6€1.06Hz

From this screen, you can View Fault Details or View F q
at the top of the screen and then highlighting th

highlighted.
The Trigger button allows a fault to be manuall

ASCII command.

Figure 6-21. View/Download Relay

The Refresh button is used to refresh the list
fault, storing it on the selected drive as either,

Fault Summary Report Example

A fault summary report collects sevéral items

a fault occurred without having to
example illustrates a typical fault
legend of Table 6-11.

ma

O
Q>®

L 4

u

#3 0.234 SEC,

, 0.98A @ 31
@ 31, 0.9%A @ 32
@ 31, 0.99A @ 32
@ 32 , 0998 @ 32
32 , 1.37A @ 32
31, 1.97a @ 32

Screen

nce of Events by selecting your choice

a displayed. In Figure 6-21, fault 004 is

d. This can also be done using the SG-TRIGGER

The Download button will download the selected
or ASCII file, selected beneath the button.

information about a fault that can aid in determining why

gh all of the detailed information available. The following
report. Call-outs shown in the report are references to the

32
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Fault Summary Report Example:
>RF-1

BE1-CDS240 FAULT SUMMARY REPORT

STYLE NUMBER - 4E3N1H3N3E1
FIRMWARE VERSION - 1.03.00

STATION 1D - SUBSTATION 1
RELAY 1D : BE1-CDS240

USER1 ID : USER1_ID

USER2 ID : USER2_ID

RELAY ADDRESS -0

FAULT NUMBER -1

EVENT TYPE - TRIP

FAULT DATE - 09/21/06

FAULT TIME - 14:55:12.640
FAULT TRIGGER . v011,v01
ACTIVE GROUP -0

TARGETS : B60FL,51A /@
FAULT CLEARING TIME : 0.266 SEC

BREAKER OPERATE TIME : #1 0.241 _SEC, #2 0.241 SEC, #3 00241 SEC, #4 0.241 SEC,
OSCILLOGRAPHIC REPORTS: 1
0

VAN, VBN, VCN : 119.1v , 119.4v @ 120, (119.4% @ 240
Vi, v2, 3V0 : 0.26V @ 175, 119.3V @ 01 %, 0.34V/@ 309
—»>#1 1A, IB, IC, IN, 1Q: 1.97A @ 34 , 0.48A @ 158,,,0048A"@ 277, 1.47A @ 34 , 0.97A @ 35
> #2 1A, IB, IC, IN, 1Q: 1.99A @ 35 , 0.49A @pi57, 0.47A @ 277, 1.51A @ 35 , 0.99A @ 35
> #3 1A, 1B, IC, IN, 1Q: 1.98A @ 36 , 0.49A @"156,%0.48A @ 278, 1.51A @ 36 , 0.98A @ 36
> #4 1A, IB, IC, IN, 1Q: 1.97A @ 34 , 0.49AN@”1565, 0.47A @ 276, 1.49A @ 34 , 0.98A @ 35
1G : 1.50A @ 217
> #5 = Cktl + Ckt4
1A, 1B, IC, IN, 1Q: 3.94A @ 34 , 0.98A @157, 0.95A @ 276, 2.96A @ 34 , 1.96A @ 35
> #6 = Ckt2 + Ckt3
1A, 1B, IC, IN, 1Q: 3.97A @ 35, 0.97A )@ 156, 0.95A @ 277, 3.01A @ 35 , 1.97A @ 36
FP, FX : 60.00Hz £61.11Hz
= P0038-27

10-13-06

Style Number. This line reports the style Aumber of the relay.
Firmware Version. This line reportsgthe(version of firmware that the relay holds.

Fault Date and Time. These,lines report the date and time of the initial trigger of the event. This is based
on either the pickup logic expressienfor the logic trigger expression becoming TRUE as defined by the
SG-TRIGGER command. Refer tossigure 6-10 and Table 6-11, call-out A.

Station ID, Relay ID, Userl IDpand User2 ID. These lines report station and device identifier information
as defined by the SG-1Rscommand.

Relay Address. This line reports the communications port address that the report was requested from.
The relay addressgnumberf is assigned using the SG-COM command, described in Section 11, ASCII
Command Interface;,

Fault Number.“ThisYine reports the sequential number (from 1 to 255) assigned to the report by the BE1-
CDS2404

Event Typef Thisfline reports the type of event that occurred. There are five fault event categories:

o Trip:"A'fault was detected as defined by the pickup expression and the relay tripped to clear the
fault.

e PRickup: A fault was detected as defined by the pickup expression but the relay never tripped
indicating that the fault was cleared by another device.

e, Logic: A fault report was recorded by the logic trigger expression but no fault was detected as
defined by the pickup expression.

o Breaker Failure: A fault was detected as defined by the pickup expression and the breaker failure
trip became TRUE before the fault was cleared.

e RF=TRIG: A fault report was recorded by the ASCIl command interface.
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Fault Date and Time. These lines report the date and time of the initial trigger of the fault. This is based
on either the pickup logic expression or the logic trigger expression becoming TRUE as defined by the
SG-TRIGGER command.

Fault Trigger. This line reports the logic variables in the pickup or logic trigger expressions that became
TRUE to trigger the recording of the event.

Active Group. This line reports what setting group was active at the time that the fault occurred.

Targets. This line reports the targets that were logged to the fault report between the time that the trip
expression became TRUE until the end of the fault. Refer to Figure 6-10 and Table 6-11, call-out B.

Fault Clearing Time. This line reports the time from when the relay detected the fault until the relay
detected that the fault had cleared. Refer to Figure 6-10 and Table 6-11, call-out C.

If the fault report was triggered by the RF-TRIG command, the recording of the reportiwas®erminated
after 60 seconds and this line is reported as N/A.

If the pickup or logic expressions stay TRUE for more than 60 seconds, an alarm bit infthe ptegrammable
alarm function is set and this line is reported as N/A. In this situation, the fault reporting functions
(including targets) won't operate again until the pickup and logic trigger expressions“teturn to a FALSE
state to enable another trigger.

Breaker Operate Time. This line reports the breaker trip time from the breakerymonitoring and alarm
function. This is the time measured from when the breaker is tripped until the “fast-dropout current
detector function detects that the arc has been extinguished. Refer to Figufe'6:10%and Table 6-11, call-out
D.

Oscillographic Reports. This line reports the number of oscillographi¢,records that are stored in memory
for this fault report. Refer to Figure 6-10 and Table 6-11, call-ouE. Recording of oscillographic records is
described in the Oscillographic Records subsection.

IA1...1A6, IB1...1B6, IC1...IC6, IN1...IN6, 1Q1...1Q6, IG1, IG2. These lines report the current magnitudes
and angles measured two power system cycles immediately following’the trip trigger. If the fault is cleared
prior to the relay tripping, the recorded fault currents are for thelpower system cycle two cycles prior to the
end of the fault. Refer to Figure 6-10 and Table 6-11, callfout k.

VAN, VBN, VCN, V1, V2, 3V0. These lines reportthe voltage magnitudes and angles measured two
power system cycles immediately following the trp trigger. [T the fault is cleared prior to the relay tripping,
the recorded fault voltages are for the power system,€ycle two cycles prior to the end of the fault. Refer to
Figure 6-10 and Table 6-11, call-out F.

FP and FX. This line reports the frequency*for the phase voltage input and auxiliary voltage input
measured immediately following the trip trigger.Refer to Figure 6-10 and Table 6-11, call-out F.

Retrieving Fault Report Information from the Relay

Fault Summary Directory Report. The faultgreporting function provides a directory of fault summary
reports that lists the number assignéd toythe fault summary report along with the date and time of the
fault, the event type, and the total,number of oscillography records stored in memory for that event. The
event number is important because,it isrequired to retrieve information about that event from the relay.
This directory report can be acéessedby using the RF command.

New Faults Counter. One line“ef the fault summary directory report contains the new faults counter. The
new faults counter tracksghow many new fault reports have been recorded since the new faults counter
was reset to 0. Thisountef provides a way to check the fault information and then reset the new faults
counter. Then, themexttime®hat the relay is checked, it's easy to determine if any fault reports have been
entered. Resetting the neWpfaults counter is achieved using the RF-NEW=0 command. Write access to
Reports must beygained to reset the new faults counter through the communication ports. The new faults
counter can also beyiewed at HMI Screen 4.1, \REPRT\FAULT. The new faults counter cannot be reset
at the HMI.

Fault Summary Reports. Individual fault summary reports can be retrieved using the RF-n command,
where n fepresents the number assigned to the fault summary report. To obtain the most recent report,
use RF-NEW. If additional detail is desired, Sequence of Events Recorder data and Oscillographic data
can be'@btained for the faults also. This is discussed in greater detail later in this section.
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Oscillographic Records

Recording Oscillographic Records

The fault reporting function can record 480 cycles of sample data at 24 samples per cycle for cdrrent
inputs la<n>, lg<n>» lc<n> and Ig (independent ground input). Each oscillographic record length is
determined by the number of partitions programmed. Table 6-18 lists the possible numbers, of
oscillographic records for each partition. For more information on programming partitions (recordiengths),
see Oscillographic Records Settings, later in this section. The records are formatted to IEEE Standard
C37.111, Common Format for Transient Data Exchange (COMTRADE).

Table 6-18. Possible Oscillographic Records

Number of Records Length in Cycles
6 80
8 60
10 48
15 32
20 24
24 20
32 15

Each time the fault reporting function starts recording a“faultssummary report, it freezes a three cycle pre-
fault buffer and records for the length of the record. Ifithe pickup and logic trigger expressions have not
returned to false within that time, the oscillographic regording function records a second record to capture
the end of the fault. The second record records onesforth cycle to five cycles of pre-trigger depending on
when the second record begins. If the second reeord¥begins within five cycles of the end of the first
record, then there is no gap in data between the twao'reeords. If the second record begins after five cycles,
there will be a gap (some data not recorded)*between ghe records. Refer to Figure 6-10, Legend E. In that
illustration, the number of records was sgt'to 32, which equates to 15 cycles recorded. The first record is
triggered and has 3 cycles of pre-triggerdata and 12 cycles of post-trigger data. The fault takes longer
than 12 cycles to clear so a second recerd iSynecessary. The pickup condition drops out approximately
3.5 cycles into the second record, whichyis the trigger point for the second record. In this case, the second
record will consist of 3.5 cycles of pre-trigger, and 11.5 cycles of post-trigger data.

The oscillographic records are stored inyadnvolatile memory. As additional faults are recorded, the oldest
oscillographic records are oyerwrtitten.

Oscillographic Records Settings

The oscillographic recerdsWsettings can be programmed through

BESTCOMS. To select the, number of records, select Reporting and
Alarms from the Scregns pullfdown menu. Select the Fault Recording

tab and click the Selegt boxiin the Oscillographic Records pane. Make Moo | Longh inCycs
your selection asmshown™ in Figure 6-22, Oscillographic Records

Selector. Select Don€ ance the setting has been made. 5 &0
The oscillagraphic ‘fé€ords settings can also be made using the SG- 8 E0
OSC (settings) general, oscillography) ASCII command. See Table 6- 10 4
19 for passible settings. 1z 40
15 32
Table 6-19. Oscillographic Records Settings I 30
20 24
Range 6, 8, 10, 12, 15, 16, 20, 24, 32 ~ o -0
Default 16 o3 15

Done

Figure 6-22. Oscillographic Records
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Retrieving Oscillographic Records

The fault summary directory and the fault summary reports list the numbers assigned to each fault record
and the number of oscillographic records associated with each fault. Oscillographic records can be O

retrieved using BESTCOMS. Alternately, oscillographic records can be retrieved using the RO ASCII

command.
To download oscillographic records, select Oscillography Download from the Reports pull-down meno
Highlight the record to be downloaded and select either ASCII or Binary as the file type for download.
Select the Download button.

Assume record 003 is selected for a binary download. When the Download button is selected, the Browse

for Folder screen (Figure 6-23) appears. Select a location for the file to be stored or create a New Folder
and press OK. The Fault Record Filenames screen (Figure 6-24) will appear. Type the basg fi ein
the first row. The rest of the filenames will respond by changing to match the base filenal OK to
save the file.

Browse for Folder E]

Fault Record Filenames

select folder to save the fault files in.

ER&]My Documents | A

IC3) Adabe B aze Filename : |RO-
[ cowimin

[5) Corel User Files

3 HTML
i) 1BM
[y My eBooks

My Music Osc 0

My Pictures .
[C3) My Received Files ade 4 IHD-UU3.hdr
(g 11y Shapes it Spunary : [RO-003_SUM gt

B My videos
uence : |RO-003_SEQ.tat

|_\:’!. Mu Berent Dinrmimenta

I Ok, ] l Cancel ok, | Cancel

e Fault Records.

Enter a Baze Filena

£

Figure 6-23. Browse for Folder Screen Figure 6-24. Fault Record Filenames
Only one oscillographic report file can be_teq d at a time. Reports are transmitted in COMTRADE
format. A configuration file (CFG), a datafile ( ), or a header report (HDR) can be requested. Header
files contain the fault summary repétt,fo by all the pertinent settings that are associated with the

the following:
rammable Logic Scheme.
s, Global I/O settings.
roup,active during the fault.

requested fault record. These settin
e BESTIogic settings for
e User Programmable Lal
e The protection setting
e General protection
e Fault reporting s
e Breakerm i

gs.

Files can be r SCII or binary format but both file transfers use the same format. Binary file
transfer is much d consumes less disk space. ASCII format data is human readable and can be
analyzed by standard“text editing software. Software for IBM compatible computers is available from
Basler Electric to convert binary files to ASCII format. The download protocol may be either XMODEM or
XMODEM CRC farmat. For ease of reference the name of the downloaded file should be the same as the

comman
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SEQUENCE OF EVENTS RECORDER

A sequence of events recorder (SER) report is very useful in reconstructing the exact sequence an
timing of events during a power disturbance or even normal system operations. The SER tracks ove
data points by monitoring the internal and external status of the relay. Data points are scanned
guarter-cycle. All changes of state that occur during each scan are time tagged to 1 mi
resolution. A total of 511 records are stored in volatile memory; when the SER memory become
oldest record is replaced by the latest one acquired.

The SER monitors the following points and conditions:

e Single-state events such as resetting demands or targets, changing settings, etc. L4
e Programmable logic variables

e Targets %

¢ Relay trouble alarm variables

e Programmable alarm variables @

e Output contact status

e Fault reporting trigger expressions g
When a monitored event occurs or a monitored variable changes stat logs the time and date of
the event, the event or variable name, and the state that the variabl an to. For user-programmable

al

logic variables (contact sensing inputs, virtual switches, and vi tputs), the user-programmed
variable name and state names are logged in the SER report inst the generic variable name and
c

state names. For more information, refer to Section 7, BE rammable Logic, User Input and
Output Logic Variable Names.

Retrieving SER Information Using BESTCOMS

To view SER information using BESTCOMS, select hy Download from the Reports pull-down
menu. A screen such as the one shown in Figure 6-25 will appear. Select View Fault Sequence of Events
and highlight a fault record to view.

View/Download Relay Fault Files

OF EVENTS RECORD
: GSB1S1V

: 4.43.00

: 02/14/08
 13:37:11

# DATE TIME EYENT TYPE
(03 02/14/08
002 02/714/08 1

1
001 02/06/08 105441 RF=TRIG O

: SUBSTATION 1
RELAY ID : BE1-851
RELARY ADDRESS =0
--DRTE-- ----TIME---- ————---——- DOINT DESCRIBTION---------= --— STRTUS--
02/14/08 13: .52% QUTFUT 1 CIRCUIT OFEN TRUZ
02/14/08 13:32¢ -453 &2 TRU=
VOl_LRREL TRUE
V0Z_LABEL FALSE
OUTEUT 1 CIRCUIT OPEN FALSE
CUTEUT 1 CLOSED
CUTEUT 2 OFEN
PU TRIGEER FRLSE
TRIP TRIGGER TRU=
SETTING CHRNGE ALARM MADE
02/14/08 13:36:44.03¢8 &2 FALSE
WOl_LRBEL FALSE
VOZ_LABEL TRUZ L
CUTEUT 1 OPEN
OUTEUT 2 CLOSED
~

Figure 6-25. View/Download Relay Fault Files Screen

Retrieving SER Information Using ASCIl Commands

information is retrieved through SER Directory Reports, the New Events Counter, and by obtaining
ific SER Reports.

Directory Report

A directory report lists the number of events currently in memory and the time span that the events cover.
Directory reports are accessed using the RS (report SER) command.
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New Events Counter

The new events counter tracks how many new entries have been logged to the SER since the new
events counter was reset to zero. After SER information is checked, the new events counter can be reset.
Then, the next time that the relay is checked, it is easy to determine if there are new events that haven't
been evaluated. One line of an SER directory report contains the new events counter information. The
new events counter is reset by obtaining write access to Reports and using the RS=0 command. The new
events counter can be viewed but not reset at HMI Screen 4.2.

SER Report

A directory of SER reports can be obtained using the RS (report SER) command. Six sub-reports afre
available through the RS command: RS-n, RS-Fn, RS-ALM, RS-1/0, RS-LGC, and RS-NEW g4Fhese sub-
reports give specific types of data without confusing the user with every internal state change@ndevent
occurrence. Each sub-report is defined in the following paragraphs:

1. RS-n (report SER, number of most recent events)
Events are retrieved for the most recent entries. Entering RS-4 would view an‘SER geport for the
last four events.

2. RS-<n> (report SER, for Fault <event number>)
Events are retrieved for the period of time specific to a fault event. The report includes all events
within the time span of the fault plus one event before and after thesfaultyEntering RS-F9 views a
SER report associated with fault record 9.

3. RS-ALM (report SER, alarm)
This command retrieves all alarm events that exist sinceathe fast' RS=0 command was issued.
(RS=0 resets the new records counter to zero.) This information’can also be obtained using the
RA-SER command.

4. RS-0 (report SER, input/output)
This command reports all input and output events/since the last RS=0 command was issued.
(RS=0 resets the new records counter to zeroy)

5. RS-LGC (report SER, logic)
A report is retrieved for all logic events'Sincetthe last RS=0 command was issued. (RS=0 resets
the new records counter to zero.)

6. RS-NEW (report SER, new events sincé R$S=0 reset)
Events are retrieved for the period of time covered by the New Events Counter register.

The time tag associated with each®vent répresents the time that the change was recognized. The SER
update rate time is every one-forth.cycley(4.167 milliseconds at 60 hertz).

ALARMS FUNCTION

The alarms function monitors, internal relay systems, external relay interfaces, and power system
equipment. Alarm peintstare segregated into Relay Trouble Alarms and Programmable Alarms. Alarm
point status is storgd in“honvelatile memory and is retained when relay operating power is lost.

The ability to pragramithe reporting and display of alarms along with the automatic display priority feature
of the HMI givesythe relay the functionality of a local and remote alarm annunciator. See Section 10,
Human-Machine Integface, for more information on the automatic display priority logic.

Relay Trouble Alarms

All internal circuitry and software that affects how the relay 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 6-20%IF any one of these points asserts, the failsafe alarm output relay de-energizes and closes the
OUiI A%eentact, the HMI Relay Trouble LED lights, all output relays are disabled, logic variable ALMREL is
set and the relay is taken offline. The relay trouble alarms function is not programmable.

If your-application requires a normally closed contact that opens to indicate a relay trouble condition, use
BESTlogic to program the output logic. One of the output relays with normally open contacts (OUT1
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through OUT6) can be programmed to be held closed. For example, to open OUT5 for indication of relay,
trouble, set the VOS5 logic expression at /0 (SL-VO5=/0). A not zero setting is equal to logic 1. When the
relay is fully functional, the OUT5 output contact is closed. Since all output relays are disabled when,a
relay trouble alarm exists, OUT5 opens when relay trouble occurs.

Table 6-20. Relay Trouble Alarms

I.D. # Name Description
1 RAM FAILURE Static RAM read/write error.
2 ROM FAILURE EPROM program memory checksum erros
3 UP FAILURE Microprocessor exception or self-test,errok
4 EEPROM FATAL ERROR EEPROM read/write error.
5 ANALOG FAILURE Analog to digital converter error.
6 CALIBRATION ERR Relay not calibrated or calibration,cheeksum error.
7 PWR SUPPLY ERR Power supply out of tolerancés
8 WATCHDOG FAILURE Microprocessor watchdog/Cireuit timed out.
9 SET DEFLTS LOADED Relay using setting defaults;
10 CAL DFLTS LOADED Relay using calibration defaults.

Relay trouble alarms, except for CALIBRATION ERR, EEPROM FATAL ERR, SET DFLTS LOADED, and
CALDFLTS LOADED indicate that the relay is not functionalfandycauses the self-test diagnostics to force
a microprocessor reset to try to correct the problem.

CALIBRATION ERR, EEPROM FATAL ERROR, orf DFER& LOADED errors indicate that the relay is
functional but needs re-calibration or the settings reprogrammed.

Any relay trouble alarm will disable the protectign funetions, light the Relay Trouble LED, and place the
output contacts in their normal, de-energized State./If a relay trouble (RA-REL) alarm is cleared by
pressing the HMI Reset key while viewing Screen 1.3 or using the RA=0 or RA-REL=0 commands, then
the relay will attempt to return back onlineypyfissuing a software reset. The relay resets by going through
a full startup and initialization cycle. If"no preblems are detected, the relay returns online and enables
protection.

Major, Minor, and Logic Programmable Alarms

The programmable alarms function c@vers all circuits monitored by the continuous self-test diagnostics
function that do not affect the relayacore functions. Alarm functions used to monitor the power system and
equipment are also part of they,programmable alarms. Table 6-21 provides a detailed list of all
programmable alarms. iihe ‘programmable alarm points can be prioritized into Major and Minor alarms
using BESTCOMS. Major-alarm“points, when triggered, causes the HMI Major Alarm LED to light and the
BESTlogic variable AUMMAJ™ 0 assert. Minor alarm points, when triggered, causes the HMI Minor Alarm
LED to light and the BESTIlogic variable ALMMIN to assert.

Any programmabjé alarm can also be used in programmable logic expressions without programming it to
be reported by thefprogrammable alarm reporting function. The ALMLGC variable is provided for this
purpose. Programmable alarm variables can be masked to drive BESTlogic variable ALMLGC by using
the SA-LGC command.

Table 6-21. Programmable Alarms

I.D. # Name Description
1 CKT MON 1 OPEN ALARM Trip circuit continuity and voltage monitor 1 (OUT7).
2 CKT MON 2 OPEN ALARM Trip circuit continuity and voltage monitor 2 (OUT8).
3 CKT MON 3 OPEN ALARM Trip circuit continuity and voltage monitor 3 (OUT9).
4 CKT MON 4 OPEN ALARM Trip circuit continuity and voltage monitor 4 (OUT10).
5 BKR 1 FAIL ALARM Breaker Failure Initiate > Control Time (50BF).
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I.D. # Name Description

6 BKR 2 FAIL ALARM Breaker Failure Initiate > Control Time (150BF).
7 BKR 3 FAIL ALARM Breaker Failure Initiate > Control Time (250BF).
8 BKR 4 FAIL ALARM Breaker Failure Initiate > Control Time (350BF).
9 DIFFERENTIAL ALARM Differential threshold exceeded.
10 | CHANGES LOST ALARM = Password access lost. No changes saved.
11 | BREAKER ALARM 1 Breaker Alarm 1 threshold (SA-BKR1 setting) exceeded.
12 | BREAKER ALARM 2 Breaker Alarm 2 threshold (SA-BKR2 setting) exceeded.
13 | BREAKER ALARM 3 Breaker Alarm 3 threshold (SA-BKR3 setting),exceeded.
14 | BREAKER ALARM 4 Breaker Alarm 4 threshold (SA-BKR4 setting). exeeeded.
15 | BREAKER ALARM 5 Breaker Alarm 5 threshold (SA-BKR5 setting) exeeeded.
16 | BREAKER ALARM 6 Breaker Alarm 6 threshold (SA-BKR6 setting)exceeded.
17 | BREAKER ALARM 7 Breaker Alarm 7 threshold (SA-BKR7%setting) exceeded.
18 | BREAKER ALARM 8 Breaker Alarm 8 threshold (SA-BKR8'setting) exceeded.
19 | BREAKER ALARM 9 Breaker Alarm 9 threshold (SA-BKR9 setting) exceeded.
20 | BREAKER ALARM 10 Breaker Alarm 10 threshold (SA-BKR10 setting) exceeded.
21 | BREAKER ALARM 11 Breaker Alarm 11 thresheldy(SA=BKR11 setting) exceeded.
22 | BREAKER ALARM 12 Breaker Alarm 12 threshold (SA-BKR12 setting) exceeded.
23 | GROUP OVERRIDE ALARM Setting Group overridelin effect.
24 | SYS I/O DELAY ALARM Excessive delay in HMiler serial communication operation.
25 | COMM ERROR ALARM Communication failure.
26 | CLOCK ERROR ALARM Real-time clock ngbtrset.
27 | uP RESET ALARM Micraprocessorihas been reset.
28 | SETTING CHANGE ALARM Settingyehange made by user.
29 | EE NON-FATAL ERR ALARM EEPROM"'nonfatal recoverable error.
30 | OUTPUT OVERRIDE ALARM * | ©Ong@rmore output contacts have logic override condition.
31 IRIG SYNC LOST ALARM = Lossgof IRIG synchronization.
32 | SGC ACTIVE ALARM = Agctive setting group changed.
33 | VO13_LABEL * VO13 logic is TRUE (user programmable logic alarm).
34 | VO14_LABEL * VO14 logic is TRUE (user programmable logic alarm).
35 | VO15_LABEL * VO15 logic is TRUE (user programmable logic alarm).
36 | FLT RPT TIMEOUT ALARM TRUE if fault event trigger lasts longer than 60 seconds.
37 | TRANSFORMER ALARM 1 Transformer Alarm 1 threshold (SA-TX1 setting) exceeded.
38 | TRANSFORMER"AIARM 2 Transformer Alarm 2 threshold (SA-TX2 setting) exceeded.
39 | TRANSFORMERALARM 3 Transformer Alarm 3 threshold (SA-TX3 setting) exceeded.
40 | TRANSFORMER ALARM 4 Transformer Alarm 4 threshold (SA-TX4 setting) exceeded.
41 | TRANSFORMER ALARM 5 Transformer Alarm 5 threshold (SA-TX5 setting) exceeded.
42 | TRANSFORMER ALARM 6 Transformer Alarm 6 threshold (SA-TX6 setting) exceeded.
43 | §RANSFORMER ALARM 7 Transformer Alarm 7 threshold (SA-TX7 setting) exceeded.
44 (NLRANSFORMER ALARM 8 Transformer Alarm 8 threshold (SA-TX8 setting) exceeded.
45"%, LOGIC = NONE ALARM =* Active Logic=NONE. No logic selected.
464 | PHASE DEMAND 1 ALARM Circuit 1 Phase Current Demand threshold exceeded.
47 | PHASE DEMAND 2 ALARM Circuit 2 Phase Current Demand threshold exceeded.
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I.D. # Name

48 | PHASE DEMAND 3 ALARM =

49 | PHASE DEMAND 4 ALARM =

50 | NEUTRAL DEMAND 1 ALARM *
51 | NEUTRAL DEMAND 2 ALARM =
52 | NEUTRAL DEMAND 3 ALARM =
53 | NEUTRAL DEMAND 4 ALARM =
54 | NEG SEQ DEMAND 1 ALARM
55 | NEG SEQ DEMAND 2 ALARM =
56 | NEG SEQ DEMAND 3 ALARM
57 | NEG SEQ DEMAND 4 ALARM

Description

Circuit 3 Phase Current Demand threshold exceeded.

Circuit 4 Phase Current Demand threshold exceeded.

Circuit 1 Neutral Current Demand threshold exceeded!

Circuit 2 Neutral Current Demand threshold exceeded.

Circuit 3 Neutral Current Demand threshold exceeded.

Circuit 4 Neutral Current Demand threshold exceeded.

Circuit 1 Neg. Sequence | Demand threshold_exceeded.

Circuit 2 Neg. Sequence | Demand threshold exceeded.

Circuit 3 Neg. Sequence | Demandghreshald exceeded.

Circuit 4 Neg. Sequence | Demand threshold exceeded.

58 IG DEMAND ALARM Ground Current Demand thresholdhexceeded.

59 | VAR POS DEMAND ALARM Positive Var Demand threshold‘exceeded.

60 | VAR NEG DEMAND ALARM = Negative Var Demand thresholdrexceeded.

61 | WATT POS DEMAND ALARM * | Positive Watt Demand threshold exceeded.

62 | WATT NEG DEMAND ALARM #* | Negative Watt Demand threshold exceeded.

63 | VP MAX DEMAND ALARM Max Phase, Voltage Demand threshold exceeded.
64 | VP MIN DEMAND ALARM Min Phase Valtage®Demand threshold exceeded.
65 | VN MAX DEMAND ALARM = Max Neutrah\oltage Demand threshold exceeded.
66 | VN MIN DEMAND ALARM Min Neutral Voltage Demand threshold exceeded.
67 | VOLTS PER HERTZ ALARM = Volts periHertz Alarm threshold exceeded.

68 | 27 UNDER VOLTAGE ALARM #4I Phase Undervoltage Alarm threshold exceeded.
69 | 59 OVER VOLTAGE ALARM = Phase Overvoltage Alarm threshold exceeded.

70 | 60 FUSE LOSS ALARM One or more phases of voltage lost.

71 FREQ RANGE ALARM = Frequency out of range.

* Alarms with an asterisk are nongatchingd’A non-latching alarm clears itself automatically when the alarm
condition goes away. All other alarmsfare latching and must be manually reset by using the HMI Reset
button or the RA=0 command.:

Programming Alarm Prioriti€s

Alarm settings include Majer, Minor, and Logic alarm priorities, Demand alarm points, and the Breaker
alarm points. Prograpiming “details for Demand alarm points is available in the Demand Functions
subsection. Refer to the Breaker Monitoring subsection for details about programming Breaker alarm
points. Major, Minempand®ogic programmable alarm settings are made using BESTCOMS. To select
alarm priority, selectRéporting and Alarms from the Screens pull-down menu. Select the Alarms tab. See
Figure 6-26. Set theyalarm point priority by checking the box or boxes to its right.

Alternately, settingsyfor Major, Minor, and Logic alarms can be made using the SA-MAJ, SA-MIN, or SA-
LGC ASClldcommands. Refer to Section 11, ASCII Command Interface, Command Summary, Alarm
Setting Commands, for complete command descriptions.
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Figure 6-26. Reporting and Alarms Scréen, Alarms Tab

Table 6-22 summarizes major, minor, and logic programmablé alarmsettings.

Table 6-22. Programmable Alarm Settings

Setting Range/Purpose Default
Major alarm points (drives Major Alarm LED and List of alarm functions per Table 9 45
ALMMAJ logic variable). 6-21. '
Minor alarm points (drives Minor Alarm LED @&nd List of alarm functions per Table 10
ALMMAJ logic variable). 6-21.
. . . ; . List of alarm functions per Table
Logic alarm points (drives ALMLGC logic variable). 6-21 0

Retrieving and Resetting Alarm Réports

When an alarm condition ogturs, ‘the appropriate front panel LED lights and HMI Screen 1.2.1,
\STAT\ALARMS\DETAILS, is displayed. (See Section 10, Human-Machine Interface, for more information
about automatic display prerity 1egic.) The HMI display scrolls between displaying all active alarm points.
This includes alarms, that aré not programmable (relay trouble alarms). Any latched alarms that are not
currently active can bewesetby pressing the HMI Reset key. See Figure 6-27 for logic.

Logic variables for ALMMAJ, ALMMIN, and ALMLGC can also be set to operate any of the output
contacts to givéian dndication that an alarm condition exists. Section 7, BESTlogic Programmable Logic,
provides more details about this feature.

The status of the three front-panel LEDs (Relay Trouble, Minor Alarm, and Major Alarm) can be read
through the communication ports by using the RG-STAT command. Alarm status is given in the
DIAG/ALARM ling" of the General Status Report. Refer to the General Status Reporting subsection for
more inforation about obtaining relay status with the RG-STAT command. Figure 6-27 shows the alarm
reset logie:
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Figure 6-27. Alarm Reset Logic

The Reset key of the HMI is context sensitive. That is, the functionality dependstupor®what screen is
currently being displayed. BESTlogic variable ARSTKEY takes advantage of thiste allow the front panel
Reset key to be used in the programmable logic scheme when Alarm Screen 4.2, \STAT\ALARMS, is
active. An example of the use of this logic variable is to break the seal-in forfa, logiefexpression. The logic
expression can be programmed so that the seal-in function uses VO13, VO14, or VO15. If the virtual
output expression is included in one of the programmable alarm masks, the/automatic display priority
logic will cause the display to go to Alarm Screen 1.2, \STAT\ALARMSyWhen the HMI Reset key is
pressed, the ARSTKEY logic variable is asserted and the logic expression seal-in is broken. See Section
8, Application, Application Tips, for more information. Pressing the®HMI| Reset key while the Alarm screen
is displayed, will clear any latched alarms that are not currentlyjactive¥ Refer to Table 6-21 for a list of
latching alarm points and self-clearing alarm points. Figure 6-27%shows the alarm reset logic.

After an operation, alarms information can be viewedyusingy BESTCOMS. Select Metering from the
Reports pull-down menu. From the View pull-down menujseléet:Alarms Status (Figure 6-28).

Alarms Mo Data

PN

Figure 6-28: Alarms Status, Metering Screen

The RA (report alarms) commandigan be used to read detailed alarm reports and reset latched alarms.

Links between Programmable*Alarms and BESTIogic

Several links between the programmable alarms and BESTlogic allow alarm functions to be used in the
logic scheme and programmable logic functions to be used in the alarm reporting function.

Programmable Alarms Controlled by BESTlogic Elements

Virtual OutputsWOT37VO14, and VO15 are driven by BESTlogic expressions and are available in the
programimable alarms function. These three virtual outputs have labels that can be assigned meaningful
names{hen, when a logic condition that is used for an alarm exists, the label will be reported in the
alarm reportingdunction.

Programmable Alarms Reset
Programmable alarms can be reset by any one of three methods:

e The programmable alarms reset logic expression becomes TRUE.
e Pressing the front panel Reset key when HMI Screen 1.2, \STAT\ALARMS is active.

e By connecting the alarms reset logic in BESTCOMS. Alternately, this can be done using the SA-
RESET ASCII command.
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To reset the alarms using BESTCOMS select Reporting and Alarms from the Screens pull-down menu.
Then select the Alarms tab. Select the Logic button in the BESTlogic box on the right side of the screen.
Refer to Figure 6-26. The BESTlogic Function Element screen for Alarm Reset Logic will appear. See
Figure 6-29.

To connect the function's input, select the Reset button in the BESTlogic Function Element screen. The
BESTIlogic Expression Builder screen will open. Select the expression type to be used. Then, select the
BESTlogic variable, or series of variables to be connected to the input. Select Save when finished to
return to the BESTIlogic Function Element screen. For more details on the BESTlogic Expression Builder,
see Section 7, BESTlogic Programmable Logic. Select Done when the settings have been completely
edited.

BESTlogic Function Element

Alarm Reset Logic

0+=—— RESET

o
&/

Figure 6-29. BESTlogic FunctioniElement Screen, Alarm Reset Logic

BESTIoqic Elements Controlled by Programmable Alarms

Major, Minor, and Logic programmable alarm settings drive BESTlogic variables ALMMAJ, ALMMIN, and
ALMLGC. These variables can be used imlogi¢ expressions to control logic when the alarm is active. For
example, these variables could be used‘te actuate an output relay to signal a SCADA RTU that an alarm
condition exists.

HARDWARE AND SOFTWARE VERSION REPORTING

Hardware and software versionweporting is used to determine what style chart selections are included in
the relay, the relay serial Aumber and the version of the embedded software (firmware).

Model (style) number<serialypymber information is contained on the label on the front panel. Embedded
software information can“be obtained at HMI Screen 4.6, \REPRT\VERSION. The information of Screen
4.6 is also displayeddriefly when operating power is applied to the relay.

A software and hardware version report can be obtained through BESTCOMS. Alternately, it can be
obtained using the RG-VER ASCIl command.

To obtain the relay's version report through BESTCOMS, select Download Settings from Device from the
Communication pull-down menu. Downloaded settings from the relay will overwrite any settings you have
made in BESTCOMS; the relay will ask you to save your current file before continuing the download.

To viewythejversion of the relay once the download is complete, select General Operation from the
Screefsypull-down menu. Then select the Identification tab (Figure 6-30). The General Info tab (Figure 6-
31) displays all of the style information about the relay.
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Figure 6-31. General Operation Screen, General Info Tab
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SETTINGS COMPARE

BESTCOMS has the ability to compare two different settings files. To use this feature, pull down the
Reports menu and select Settings Compare. The BESTCOMS Settings Compare Setup dialog box
appears. See Figure 6-32. Select the location of the first file to compare under Left Settings Source and
select the location of the second file to compare under Right Settings Source. If you are comparing
Settings file on disk, click on the folder box and browse for the file. If you wish to Download settings fro
unit to compare, click on the RS-232 box to setup the Com Port and Baud Rate. Click on the Compare
box to compare the settings files that you have selected.

L 4

BESTCOMS Settings Compare Setup

Left Settings Source Right Seftings Source
{* Settings open in BESTCOMS " Settings open in BESTCOMS
" Settings file on digk {* Sethngs file on disk
" Download settings from it " Download setings fram it

Left Source J Download

|Settings open in BESTCOMS

Right Saource g Download

|C:'~.D0cuments and Settingzhbnandotysky DocumentshJnhitled, bat

Compare | Cloge

Figure 6-32. BESTCOMS Settings Compar p Dialog Box

p up notifying you that Differences Are
p p (Figure 6-33) where you can select to

If there are any differences in the two files, a dialog b

|C: “Documents and SettingshbriandotyiyM. .\ Untitled. bt
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T T e

|Settings open in BESTCOMS
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*
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Figure 6-33. BESTCOMS Settings Compare Dialog Box
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SECTION 7 ¢« BESTLOGIC PROGRAMMABLE
LOGIC

INTRODUCTION

Multifunction relays such as the BE1-CDS240 Current Differential System are similar in nature to a“panel
of single-function protective relays. Both must be wired together with ancillary devices to operate as a
complete protection and control system. In the single-function static and electromechanical environment,
elementary diagrams and wiring diagrams provide direction for wiring protective elements, switches,
meters, and indicator lights into a unique protection and control system. In the /[digitaly, multifunction
environment, the process of wiring individual protection or control elements is replaced with the entry of
logic settings. The process of creating a logic scheme is the digital equivalent “af, wiring a panel. It
integrates the multifunction protection, control, and input/output elements intd" a GRique protection and
control system.

BESTIogic is a programming method used for managing the input, output, protection, control, monitoring,
and reporting capabilities of Basler Electric's digital, multifunction, protective relay systems. Each relay
system has multiple, self-contained function blocks that have all of thé iRputs and outputs of its discrete
component counterpart. Each independent function block interacts with, control inputs, virtual outputs, and
hardware outputs based on logic variables defined in equation fornpmwith"BESTlogic. BESTlogic equations
entered and saved in the relay system's nonvolatile memory, integrate (electronically wire) the selected or
enabled protection and control blocks with control inputs, virtial outputs, and hardware outputs. A group
of logic equations defining the function of the multifunction relay iSyealled a logic scheme.

One preprogrammed relay logic scheme is stored (embedded),in the relays memory and several others
are available in the logic library of BESTCOMS, BaslegElectric's Windows based graphical user interface
program. Each scheme is configured for a typical protectien application and virtually eliminates the need
for “start-from-scratch” programming. Any of the préprogrammed schemes can be copied and saved as
the active logic. Preprogrammed logic schemescan also be copied and then customized to suit your
application. Detailed information about preprogrammediogic schemes is provided later in this section.

BESTIlogic is not used to define the operating Settings (pickup thresholds and time delays) of the
individual protection and control functions. Operating settings and logic settings are interdependent but
separately programmed functions. Changinglogic settings is similar to rewiring a panel and is separate
and distinct from making the operating settings that control the pickup thresholds and time delays of a
relay. Detailed information about operating, settings is provided in Section 4, Protection and Control.

WORKING WITH PROGRAMMABLE LOGIC

BESTIlogic uses two types of logi€ysettings: output logic settings and function logic block settings. These
two types of settings are discussed in the following paragraphs. Output logic settings are entered in
equation form and control,the, hardware outputs of the relay. BESTIlogic function blocks are illustrated in
Figures 7-1 through 7-5 and, are'discussed in the following paragraphs.

Names assigned to inputs; outputs, timers, and protection and control elements represent the logic
variables in the equations. Table 7-1 lists the logic variable names and descriptions.
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Table 7-1. Logic Variable Names and Descriptions

Variable

Variable

Name Description Name Description
Inputs and Outputs Alarms and Monitors
IN1-IN12 Inputs 1 through 12 Status ALMLGC Logic Alarm
VOA Relay Trouble Alarm Output Status ALMMAJ Major Alarm
VO1-VO6 Virtual Outputs 1 through 6 (hardware outputs) ALMMIN Minor Alarm
VO7-VO15 | Virtual Outputs 7 through 15 CKTMON1 | Output 7 Monitor (circuit continuity)
HMI Reset Keys CKTMON2 | Output 8 Monitor (circuitgontinuity)
TRSTKEY | Target Reset Key CKTMON3 | Output 9 Monitor (gircuitiegntinuity)
ARSTKEY | Alarm Reset Key CKTMON4 | Output 10 Monitor (cireuit continuity)
Virtual Breaker Control Switches Setting Groups
101T 101 Tripped SGO Setting Group 0"Active/(default)
101C 101 Closed SG1 Setting Group I"Active
101SC 101 Slip Contact SG2 Setting Group,2 Active
1101T 1101 Tripped SG3 Setting Graup 3 Active
1101C 1101 Closed Time Overcurrent
1101sC 1101 Slip Contact 51PT 51/Phase Tripped
2101T 2101 Tripped 51PPU 51, Phase Picked Up
2101C 2101 Closed S5INT S51Neutral Tripped
2101sC 2101 Slip Contact 52NPU 51 Neutral Picked Up
3101T 3101 Tripped 51QT 51 Negative-Sequence Tripped
3101C 3101 Closed 51QRU 51 Negative-Sequence Picked Up
3101SC 3101 Slip Contact 151PT 151 Phase Tripped
Timers 151PPU 151 Phase Picked Up
62 62 Output 151INT 151 Neutral Tripped
162 162 Output 151NPU 151 Neutral Picked Up
262 262 Output 151QT 151 Negative-Sequence Tripped
362 362 Output 151QPU 151 Negative-Sequence Picked Up
Virtual Switches 251PT 251 Phase Tripped
43 43 Output 251PPU 251 Phase Picked Up
143 143 Output 251NT 251 Neutral Tripped
243 243 Output 251NPU 251 Neutral Picked Up
343 343 Output 251QT 251 Negative-Sequence Tripped
443 443 Output 251QPU 251 Negative-Sequence Picked Up
543 543 Output 351PT 351 Phase Tripped
643 643 Output 351PPU 351 Phase Picked Up
743 743 Qutput 351INT 351 Neutral Tripped
Breaker Failuse 351NPU 351 Neutral Picked Up
BFT1 50BRikripped 351QT 351 Negative-Sequence Tripped
BFRT1 50BF4Retrip 351QPU 351 Negative-Sequence Picked Up
BFT2 150BF Tripped 451INT 451 Neutral Tripped
BFRT2 150BF Retrip 451NPU 451 Neutral Picked Up
BFT3 250BF Tripped
BFRT3 250BF Retrip
BFT4 350BF Tripped
BFRT4 350BF Retrip
Fuse Loss
60FL 60 Loss of Potential Alarm

9365200990 Rev E
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Variable Description Variable Description
Name Name
Instantaneous Overcurrent Voltage
50TPT 50T Phase Tripped 24T 24 Qverexcitation Tripped
50TPPU 50T Phase Picked Up 24PU 24 Qverexcitation Picked Up
50TNT 50T Neutral Tripped 47T 47 Negative-Sequence Tripped
50TNPU 50T Neutral Picked Up 47PU 47 Negative-Sequence Picked Up
50TQT 50T Negative-Sequence Tripped 27PT 27 Phase Undervoltage Tripped
50TQPU 50T Negative-Sequence Picked Up 27PPU 27 Phase Undervoltage Picked Up
150TPT 150T Phase Tripped 127PT 127 Phase Undervoltage Tripped
150TPPU 150T Phase Picked Up 127PPU 127 Phase Undervoltage PickedhUp
150TNT 150T Neutral Tripped 59PT 59 Phase Overvoltage Tripped
150TNPU 150T Neutral Picked Up 59PPU 59 Phase Overvoltage Picked Up
150TQT 150T Negative-Sequence Tripped 159PT 159 Phase Overvoltageipped
150TQPU 150T Negative-Sequence Picked Up 159PPU 159 Phase Overvoltage Picked Up
250TPT 250T Phase Tripped 59XT 59 Auxiliary Overvaltage Tripped
250TPPU 250T Phase Picked Up 59XPU 59 Auxiliary Overvoltage Picked Up
250TNT 250T Neutral Tripped Percentage Differential
250TNPU 250T Neutral Picked Up 87RT 87/Phase’Restraint Tripped
250TQT 250T Negative-Sequence Tripped 87RPU 87 Phase,Restraint Picked Up
250TQPU 250T Negative-Sequence Picked Up 87UT 8%, Phase Unrestraint Tripped
350TPT 350T Phase Tripped 87NDT, 8%Neutral Tripped
350TPPU 350T Phase Picked Up 87NDPU 87 Neutral Picked Up
350TNT 350T Neutral Tripped 187NDT. 187 Neutral Tripped
350TNPU 350T Neutral Picked Up 18ZNDPU 187 Neutral Picked Up
350TQT 350T Negative-Sequence Tripped 2NDHARA | 2"° Harmonic Restraint, A-phase
350TQPU 350T Negative-Sequence Picked Up 2NDHARB | 2"° Harmonic Restraint, B-phase
450TPT 450T Phase Tripped 2NDHARC | 2"° Harmonic Restraint, C-phase
450TPPU 450T Phase Picked Up 5THHARA | 5" Harmonic Restraint, A-phase
450TNT 450T Neutral Tripped 5THHARB 5™ Harmonic Restraint, B-phase
450TNPU 450T Neutral Picked Up 5THHARC | 5™ Harmonic Restraint, C-phase
550TPT 550T Phase Tripped
550TPPU 550T Phase Picked Up
650TPT 650T Phase Tripped
650TPPU 650T Phase Picked Up!
750TPT 750T Phase Tripped
750TPPU 750T Phase Picked Up
Over/Under Frequency
81T 81 Tripped
81PU 81 Picked Up
181T 1814Fripped
181PU 181"Ricked Up
281T 281 Tripped
281PU 281 Picked Up
381T 381 Tkipped
381PU 381 Picked Up
481T 481 Tripped
481RU 481 Picked Up
581T 581 Tripped
581PU 581 Picked Up

-8
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Function Block Logic Settings

Each function block is equivalent to its discrete device counterpart. For example, the phase percentage
differential function block in the BE1-CDS240 relay shown in Figure 7-1 has many of the characteristies"of
a BE1-87T transformer differential relay.

Before using a protection or control function block, two items must be set: the Mode and the Inp@t’Logie:
Setting the Mode is equivalent to deciding which protection or control functions will be used in a lagic
scheme. The Input Logic establishes control of a function block.

Mode and input logic information is contained in logic setting command strings. Depending on the
command, the mode setting can either enable or disable a logic input or determine how a funetion block
operates. Input logic defines which logic variables control or disable a logic functiongAn example of an
input logic equation is SL-87=1,IN2. In this differential logic command string, the 1{parameter indicates
that the 87 function is enabled. The IN2 expression indicates that the 87 functiomwill be"blocked when
input two goes TRUE.

The AND operator may not be applied to the terms of an input logic equation. Any number of variables or
their inverse can be combined in a function element input logic expression. Section 4, Protection and
Control, provides detailed information about setting the logic for each function element.

Output Logic Settings

Defining Output Operation S
Output operation is defined by Boolean logic equations. Each SL-VO e
variable in an equation corresponds to the current state

(evaluated every quarter cycle) of an input, output, or timer Yocic LOGIC I/O

Figure 7-6 illustrates this relationship. Every quarteficyele, EQUATION|

output expressions are evaluated as TRUE or FALSE.“li,a @— _OVO[n]
logic output that corresponds to a hardware output_€hanges

state, then the corresponding output relay contact also Figure 7-6. Virtual Output Logic

changes state.

When the relay is powered up, all logic outputs are disabled and most variables (including virtual outputs)
initialize as FALSE. Some variable states afe stored,in' EEPROM and are restored to the last state prior to
loss of power. These variables include 43/143/243/343/443/543/643/743,101SC, 1101SC, 2101SC,
3101SC, and SGO through SG3. All controlkgdmmands, including logic override control, are also stored in
EEPROM. If you override output logic and,forée,an output to open, that condition will be maintained even
if operating power is cycled.

When the logic is running and logic expfession SL-VOI[n] is FALSE, then output VOI[n] = 0. When the logic
is running and logic expression SEVO[n}'is TRUE, then VO[n] = 1. Hardware Output OUTA follows the
corresponding Logic OutputegVOA. Hardware outputs 1 through 14 can be operated by any virtual output
(SL-VO(n)) or combination.

Logic equations are defined\by logic variables, logic operators, and their position in an equation. The
available logic operatorsinclude AND (*), OR (+) and NOT (/). The NOT operator is applied to the
variable immediately follewingsthe symbol (/). For virtual output equations, OR logic can be applied to any
number of variables if no AND logic is used in the expression. Similarly, AND logic can be applied to any
number of variables,if MesOR logic is used. Any number of NOT operators may be used. For complex
expressions that gsefbath AND and OR operators, OR logic is limited to four terms. Up to four AND terms
with any number af'variables can be ORed together. When the relay is processing a complex expression,
it performs’/AND @perations before performing OR operations.

Virtual and Hardware Outputs

A virtual outputfexists only as a logical state inside the relay (VO1 through VO15). A hardware output is a
physical relay contact that can be used for protection or control. The BE1-CDS240 relay has up to 14
isolated output contacts (I/O Option E) (OUT1 - OUT14) consisting of two Form C output contacts
(OUT1,2)%and 12 Form A output contacts (OUT 3-14). I/0O Option A consists of 10 outputs. Alarm contact
output, OUTA, is a Form B contact so that upon loss of power, it will "fail safe" close. Output contacts
OUT1 through OUT14 are controlled by the status of the internal virtual logic signals VO1 through VO15.
If,VO[n] becomes TRUE, it can be mapped to any of the 14 output relays, operating the associated
contact. For the alarm output, if VOA becomes TRUE, the ALM output de-energizes and opens. For more
information about input and output functions, see Section 3, Input and Output Functions.
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BESTIogic Expression Builder

The BESTlogic Expression Builder is used to connect the inputs of the relay's function blocks, physical
inputs and outputs, and virtual outputs. Using the BESTIlogic Expression Builder is analogous to
physically attaching wire between discrete relay terminals. The BESTlogic Expression Builder is opened
each time the input of a BESTlogic function block is selected. Figure 7-7 illustrates the BESTIlogic
Expression Builder screen.

BESTlogic Expression Builder

Frogramming BLE. input of SL-51P command.
IN4 + 50TPT ‘\
|
( |
b 4
5THHARE /STHHARB A| BESTlogic Expression Type N
S5THHARC /ATHHARC
87MDT FB7NDT * Single OR o
87MDPU JBZNDPU |
187NDT J1B7HNDT
187NDPU H187HDPU -
24T 1241
24PU J24PU
27PT F27PT
Z7PPU J27PPU
127PT 27PT
127PPU 2iPPU '
47T 7T
47PU HATPU
J50TFT
50TFPU /50TPPU
5OTNT /S0TNT ~| -_—
Click above to select a variable for inclusion —
in the BESTlogic expression. Iea‘ eset ‘ Cancel ‘ Save |

Figure 7-7. BESTlodigExpression Builder Screen

The BESTlogic Expression Builder provides agpaint and click interface that allows the selected input to be
easily connected using a single OR gate, singlef/AND gate, or an AND/OR combination. The usable list of
inputs and outputs in the bottom left ofgthe 'Screen corresponds with the variable lists of Table 7-1.
Currently, the virtual outputs are the only functions that can use the single AND or AND/OR combination
BESTlogic Expression Type.

The top of the screen displays theqBESTIagic expression in a text window. Above the text window, the
selected input and the associatedfASCI,command are displayed.

The Clear button will clear thegexpression to 0. The Reset button will reset the expression to its original
state when the BESTlogic Expression Builder was first opened. The Cancel button resets the expression
to its original state when the,BES¥logic Expression Builder was first opened and returns the user to the
previous screen. The Save butten saves the expression shown in the text window and returns the user to
the previous window.

LOGIC SCHEMES

A logic scheme is“@gfoup of logic variables written in equation form that defines the operation of a
multifunction relay. Each logic scheme is given a unique name up to 16 characters in length (i.e.,
CDS240-BATX-A-BE). This allows the user to select a specific scheme and be confident that the selected
scheme is in operation. Several preprogrammed logic schemes are available, one embedded in the relay
firmware and several schemes that can be copied from the BESTCOMS logic library. Only one of these
logic schemes can be active at a given time. In most applications, preprogrammed logic schemes
eliminateythe need for custom programming. Preprogrammed logic schemes may provide more inputs,
outputs, or features than are needed for a particular application. This is because the preprogrammed
schemes are designed for a large number of applications with no special programming required.
Unheeded inputs or outputs may be left open to disable a function. Or a function element can be disabled
through operating settings. Unused current sensing inputs should be shorted to minimize noise pickup.
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When a custom logic scheme is required, programming time can be reduced by copying a
preprogrammed scheme into the active logic. The logic scheme can then be modified to meet the specific
application.

The Active Logic Scheme

Digital, multifunction relays must have an active logic scheme in order to function. All Basler EleCtric
multifunction relays are delivered with a default, active logic loaded into memory. The default, activeogic
scheme for the BE1-CDS240 is named CDS240-BATX-A-BE. If the function element configuration and
output logic of Basic Transformer Logic Scheme meets the requirements of your application, then only the
operating settings (power system parameters and threshold settings) need to be adjusted before placing
the relay in service.

If you wish to modify the scheme, it must be saved under a different name thanythat found in the logic
library (read only files). Any of the preprogrammed logic schemes discussed in Section, 8, Application, can
be copied to the active logic and customized, or used as is. To copy a logigfscheme’ into active logic,
select the scheme from the BESTCOMS logic library and upload it to the relay. To modify the
preprogrammed scheme, it is necessary to enter a unique name for the newylogi€ before modifying the
settings. Naming the new logic distinguishes it from the preprogrammed lagic scheme. In the 16 character
preprogrammed logic name, the last 4 characters refer to revision A, dash*(s)f and BE (Basler Electric).
When customizing a programmed logic scheme, it is recommended that theluser include the revision level
of their scheme and change the BE to a 2-digit code representative“ef the user's company name. For
example, if VA Power were modifying the CDS240-BATX-A-BE Jogieyscheme, the preprogrammed logic
scheme might be CDS240-BATX-B-VP. The B stands for revision devel B and VP stands for VA Power.
After a preprogrammed logic scheme is uploaded to the relay, from"BESTCOMS, it can also be renamed
with the SL-N<name> and customized using ASCIl commands:

Logic schemes can be selected from the logic select tab omthe ' BESTlogic screen. To access this screen,
select BESTlogic from the Screens pull-down menu. Then select the Logic Select tab. Select the desired
logic scheme to Copy to Active Logic (Internal Logi€). Thefactive logic scheme is shown in the Logic
Name box. In Figure 7-8, CDS240-BATX-A-BE has been selected as the user logic.

BE1-CDS240 Settings ( [Untitled] )

File Screens Copy Communicaton Reports
DO ZE &S Logic [CD5240BATHA-BE =| Settings | Global
i 20|
35 B2 o o A N TN o L o o

Logic Select 1 Wirtual Dutputsl F'hys\calﬂput

Logic Name ‘ & BESTlogic Logic Library
ED824D BATXA EE ;‘IB Load Scheme ‘ Remove Scheme ‘

‘ 5 Copy to Active Logic [Logic Library File]

ioh Eemenls}

Wiew |

?\Lnglc {Internal Logic] 1) CD3240-8487-BE [ o | view |
s COSOEAT ABE 2 CDS240-TXCL-E-BE [ o | view |
<'u‘ 3 CDS240-TBU-B-BE [ o | view |
4 COS240B5EL-4-EE [ e | view |

|

|

|

J 5 CD5240MOTR--BE B =
) ; |
7 |

tnler a name for the Custarn U zer Logic. BESTlagic 10/14/2005 | 254 PM

Figure 7-8. BESTIogic Screen, Logic Select Tab

CAUTION

Selecting a logic scheme to be active in BESTCOMS does not automatically
make that scheme active in the relay. See the paragraphs later in this section
titted, Sending and Retrieving Relay Settings.
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Custom Logic Schemes

CAUTION

If "NONE" logic is selected, the protection elements are not connected to the
virtual outputs or output relays and fault recording features including targets are
not enabled.

A custom logic scheme can be created from scratch by copying NONE to Logic Name and then renaming
the logic. A custom logic scheme can also be created by modifying a preprogrammed logic seheme after
copying it to Logic Name and then renaming it. A preprogrammed logic scheme copied to(LogiciName
with no name change is treated as a read-only scheme and cannot have its logic expressionsgaltered.
Before modifying a logic scheme copied to Logic Name, the scheme must be assigned aaunique name of
one to eight alphanumeric characters. This scheme is then referred to as a custom or user pregrammable
logic scheme because the variable expressions of the logic can be customized or created from scratch to
suit the needs of an application. A custom logic scheme may be revised many timesiput only the most
recent changes are saved to as the active (Logic Name) logic.

CAUTION

Always remove the relay from service prior to changing,or madifyifig the active
logic scheme. Attempting to modify a logic scheme while“the reldy is in service
could generate unexpected or unwanted outputs.

Copying and Renaming Preprogrammed Logic Schemes

Copying a preprogrammed logic scheme to the active logic(lL ogic Name) and assigning a unique name is
accomplished by selecting the desired logic scheme jn BESTCOMS and then typing over the logic
scheme's name. Changes are not activated until thegnew'settings have been uploaded to the device.

Creating or Customizing a Logic Scheme

Before customizing a preprogrammed logic schemey, the scheme must be renamed. The following
procedure outlines the process of customizinggopcreating a logic scheme:

Step 1. Copy the preprogrammed scheme.

Step 2. Rename the scheme with a unique, nop-preprogrammed name.
Step 3. Using BESTCOMS, enable ordisablethe desired relay functions.
Step 4. Edit the logic expressions, as required.

Step 5. Save the changes. Referito Segtion 14, BESTCOMS Software, for more information on how to
save and export settingsfilesh

Sending and Retrieving Relay*Settings
Retrieving Relay Settings

To retrieve settings’ fromithe relay, the relay must be connected to a computer through a serial port. Once
the necessary connegtions are made, settings can be downloaded from the relay by selecting Download
Settings from Devicé on the Communication pull-down menu.

Sending Relay Settings

To send settings to the relay, the relay must be connected to a computer through a serial port. Once the
necessary conneg¢tions are made, settings can be uploaded to the relay by selecting Upload Settings to
Device onithe Communication pull-down menu.

Debuggihg the Logic Scheme

If there are problems with a customized logic scheme, the RG-STAT command can be used to check the
statlis of all logic variables. More information about the RG-STAT command can be found in Section 6,
Reporting and Alarm Functions.
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USER INPUT AND OUTPUT LOGIC VARIABLE NAMES

Assigning meaningful names to the inputs and outputs makes sequential events reports easier to
analyze. Input and output logic variable names are assigned by typing them into the appropriate text"box
on the related BESTCOMS screen. All of the BE1-CDS240’s inputs, outputs, and 43 switches have labels
that can be edited. Table 7-2 shows the range and purpose of each label. Alternately, labelsfmay be
edited using the SN-ASCII command.

Table 7-2. Programmable Variable Name Setting

Settings Range/Purpose Default

1 to 10 characters INPUT_x
Namefl.abel User name to re Iéce <var> in the RS report SWITCH_x43
P o VOx_LABEL

. 1to 7 characters.
True/Energized State Used to replace default labels. TRUE

: 1 to 7 characters.
False/De-Energized State Used to replace default labels. FALSE

BESTLOGIC APPLICATION TIPS

When designing a completely new logic scheme, logic evaluation order should be considered. Contact
sensing inputs are evaluated first, then the function €lements, and then the virtual outputs. VO15 is
evaluated first and VOA is evaluated last. If a virtual output®™s used in a logic expression to control
another virtual output, the virtual output used in the expression should be numerically higher. Otherwise,
a logic expression for a numerically smaller virtual output wan't be available to a numerically higher virtual
output until the next processing interval. Logic is evaluated every quarter-cycle.

When designing custom protection schemes, avoid/confusion by maintaining consistency between input
and output functions in the custom schemegnd, the preprogrammed schemes.

OUT3 through OUT14 have normally open cantacts (coil is de-energized). OUT1 and 2 are form C and
have one normally open and one narmally closed contact. Normally open contacts can be used as
normally closed outputs by inverting theylogie expressions that drive them. Inverting an output logic
expression causes the coil to be energized with the contacts closed in the normal state. Caution should
be taken with normally closed contact Jogie because there are no shorting bars to maintain the closed
condition if the draw-out assemblysis removed from the chassis. In applications where a normally closed
output is needed even when the(electfonics are removed, a normally open contact from the relay can be
used to drive a low-cost auxiliary felay. The normally closed output of the auxiliary relay will maintain the
closed output when the draw-outtassembly is removed from the case. Alternately, an external switch can
be used to short across,a negmally closed relay output when the draw-out assembly is removed. Extra
care is required to ensurethat the switch is closed prior to removing the draw-out assembly and that the
switch is open after thg'relay 1S'placed back in service.

Several links between'the programmable alarms function and BESTlogic programmable logic allow alarm
functions to be used’in a logic scheme and programmable logic functions to be used in the alarm
reporting funetion.

Programmable alarm settings for Major, Minor, and Logic alarms drive BESTlogic variables ALMMAJ,
ALMMIN; and’ALMLGC. These variables can be used in logic expressions to control logic when an alarm
is active:

Virtual outputsfVO13, VO14, and VO15 are driven by BESTIlogic expressions. These three logic variables
are also available in the programmable alarm function. Virtual outputs can also be assigned user
programmable labels (described previously). With this feature, a logic condition can be designed and
used for an alarm. The virtual output label would then be reported in the alarm reporting function.
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SECTION 8 ¢« APPLICATION

INTRODUCTION

This section discusses the application of the BE1-CDS240 Current Differential System gusinga
preprogrammed logic scheme. The CDS240 has one embedded, default logic scheme (CDS240-BATX-A-
BE) as delivered from the factory. This scheme was developed based on customer requirements¥nput
from Basler Electric Application Engineers, and on IEEE C37.91 Guide for Protective Relay Applications
to Power Transformers. Other preprogrammed logic schemes such as Basic Differential, Basic
Transformer with Control Logic, Basic Transformer with Backup Logic, Bus Protection with Backup Logic,
and Motor Protection are available on the Basler Web site and included in (theglegic library of
BESTCOMS, Basler Electric's Windows based graphical user interface program.“A,description of each of
those schemes follows the Basic Transformer discussion. The paragraphs on Detailsyof Preprogrammed
Logic describe the characteristics of the logic scheme and how they combine ta‘ereate a Transformer
Differential Scheme for application on network and radial transformers at any poltage level. A detailed
description of the preprogrammed scheme is also provided. This section, céncludes with tips on
programming custom logic schemes to meet specific user applications.

This preprogrammed logic scheme is designed to take advantage“ef all the CDS240 protection
capabilities. However, not all elements have to be set. The protection “€ngineer can choose which
elements receive operational settings or adapt the scheme toguiser “specific needs by changing the
protection and control elements and settings. In many cases, thig eliminates the need to create a custom
logic scheme from scratch.

Please note that this preprogrammed logic scheme also illustrates typical ways of using or controlling
various functions. The user may choose to create a customegic\scheme by mixing preprogrammed logic
with user defined logic. The logic also can be modifiedgto theorporate some of the features described in
the Application Tips provided at the end of this sectign.“Ehe flexibility of BESTIlogic in combination with
easy to use BESTCOMS allows the engineer to duickly Create a protection and control scheme that
meets the exact requirements of the application.

CAUTION

If "NONE" logic is selectédy, theyprotection elements are not connected to the
virtual outputs or output relaySihand fault recording features including targets are
not enabled. The user willlhave to program and enable these features and
functions as part of building'a custom logic scheme.

EXPLANATION OFFERMS

Understanding the follewing“t€rms and definitions will help to clarify the application discussions that
follow:

Function Element
Stand-alone pretection or control function that is equivalent to the discrete component counterpart.

Virtual‘Swit€hes

Virtual switches are logic switches that emulate traditional protection and control panel switches such as
the breaker control switch (101) and on/off, selector switches (43). Virtual switches may be operated via
the ASCII command interface or the front panel human-machine interface (HMI). Operation of these
switches €an be password protected or disabled if the user chooses not to use them. You might do this
when using a preprogrammed logic scheme without changing the preprogrammed logic.
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OVERVIEW OF PREPROGRAMMED BASIC TRANSFORMER PROTECTION LOGIC

This logic scheme, CDS240-BATX-A-BE provides three-phase, percent-restrained differential protection
with high-speed unrestrained instantaneous differential protection. The differential protection also
includes 2nd and 5th harmonic restraint to improve security for transformer inrush. Time overcurrent
phase, neutral, and negative sequence protection are included on the high side (151P, N, and Q) and low
side (251P, N, and Q) of the transformer to provide time delay backup protection for the transformer and
low-side zones. A separate 51N fed from an optional ground CT (IG) input is also included in this scheme
and provides sensitive, time overcurrent ground fault backup protection for the transformer low-side
winding, the bus, and the feeders.

DETAILS OF PREPROGRAMMED BASIC TRANSFORMER PROTECTION LOGIC

The following paragraphs expand on the Basic Transformer Protection (CDS240:BATX-A-BE)
preprogrammed logic scheme. The application features of the logic scheme are brokgf®dowryinto their
separate protection elements and described in detail. The integration of protection and contrel elements,
and alarm elements are also described in detail.

CAUTION

Never use a protection element from a multifunction relay to, bagkup another
protection element in the same relay!

Multifunction protection products are the best things to happen to the,praiection industry in the last 30
years. The operating information they provide, along with their flexibility, versatility, and economics,
provide the protection engineer with options that were never @available with previous technologies. There
is, however, one cardinal rule that must be followed to ensurescontinuous, reliable, and secure protection
of the user's facilities.

Regardless of the product manufacturer, common mode failure is‘a possibility that the protection engineer
must consider in his design. For example, if a BE1-CDS240'is|used to protect a two-winding transformer,
the protection engineer cannot depend on the intefnal 51 time overcurrent element to backup the primary
differential 87 protection element of the same rélay. A'common mode failure such as the power supply
could disable the entire relay and leave the transfermer with no protection. In addition, the self-testing
feature of the product is designed to disable the relay outputs when a problem is detected.

Basler Electric products are among the mostfreliable in the industry, but we believe that it does not make
good engineering sense to place all your eggs in/one basket. That is why Basler strongly recommends
that a second multifunction device be ingtalled 16 provide independent backup and zone overlapping for
each protected zone. In the transformen,example given in the previous paragraph, the 87 protection
element of the BE1-CDS240 would gequire 51 backup protection from a separate BE1-851 or BE1-951
device. Conversely, a BE1-CDS24@,50 or1 overcurrent element would backup a separate BE1-851 or
BE1-951 zone used for low-side bus pratection.

The following paragraphs discéSs the¥protection and control capabilities of this logic scheme. Although it
is not discussed in each paragraph; the reader should be aware that the application of an independent,
overlapping, backup zone efiprotection is recommended for a complete protection design.

This preprogrammed,protegtion/logic scheme begins with the application intent of the design. Next, the
protection elements are, disetssed in detail, including CT connections and typical zone and reach
information, follewedgby “protection and control integration, and alarm information specific to the
preprogrammed design. Wnique references, including one-line and logic diagrams, and program codes
are included.

Preprogrammed logic can be a starting point or an ending point for the protection engineer depending on
how closely the logic meets engineering requirements. This logic schemes was created by applications
personnel from the utility industry and is easily modified to meet specific user needs. For applications
assistancey contact your local Basler Electric representative.
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CDS240-BATX-A-BE LOGIC SCHEME (BASIC TRANSFORMER PROTECTION)

The basic transformer logic scheme (CDS240-BATX-A-BE) was designed to provide a primary zone of
differential protection and three backup zones of time overcurrent protection for detecting phasefand
ground faults in two-winding transformer applications.

Figure 8-1 is a one-line drawing and Figure 8-2 is a logic drawing. Both represent the logic settings.and
equations shown in Table 8-1. In Table 8-1, the user can see the protection and control elementsythat’are
enabled for the CDS240-BATX-A-BE application and how the elements are logically wired together
(equations). If the user should decide to build on this scheme, all elements required for a more detailed
application are available through programming. For programming details, refer to Section 7, BESTlogic
Programmable Logic.

Table 8-1. CDS240-BATX-A-BE (Basic Transformer) Logic Settings and Eguations

SL-N=CDS240-BATX-A-BE,BASLER SL-62=0,0,0

SL-87=1,0 SL-162=0,0,0

SL-87ND=0,0 SL-262=0,0,0

SL-187ND=0,0 SL-362=0,0,0
SL-50BF=0,0,0,0,0 SL-GROUP=1,0,0,0,0,/0
SL-150BF=0,0,0,0,0 SL-43=0

SL-250BF=0,0,0,0,0 SL-143=0

SL-350BF=0,0,0,0,0 SL-243=0

SL-50TP=0,0 SL-343=0

SL-50TN=0,0 SL-443=0

SL-50TQ=0,0 SL-543=0

SL-150TP=0,0 Sle=643=0

SL-150TN=0,0 SL<743=0

SL-150TQ=0,0 SI-101=0

SL-250TP=0,0 SL=2101=0

SL-250TN=0,0 SL-2101=0

SL-250TQ=0,0 Sk-3101=0

SL-350TP=0,0 SL-VOA=0

SL-350TN=0,0 SL-VO1=87RT+87UT
SL-350TQ=0,0 SL-VO2=0

SL-450TP=0,0 SL-VO3=0

SL-450TN=0,0 SL-VO4=151PT+5INT+151NT+151QT
SL-550TP=0,0 SL-VO5=251PT+251INT+251QT
SL-650TP=0,0 SL-VO6=ALMMAJ
SL-750TP=0,0 SL-VO7=0

SL-51P=0,0 SL-VO8=0

SL-51N=G,0 SL-VO9=0

SL-51Q=0,0 SL-VO10=0

SL-151P=1,0 SL-VO11=87RT+87UT+151PT+251PT+51NT+
SL-151N=1,0 15INT+251INT+151QT+251QT
SL-151Q=1,0 SL-VO12=87RPU+87UT+151PPU+251PPU+
SL-251P=2,0 51INPU+151NPU+251NPU+151QPU+251QPU
SL-251N=2,0 SL-VO13=IN6

SL-251Q=2,0 SL-VO14=IN7

SL-351P=0,0 SL-VO15=IN8

SL-351N=0,0 SL-OUTA=VOA

SL-351Q=0,0 SL-OUT1=VO1

SL-451N=0,0 SL-OUT2=VO1

SL-24=0,0 SL-OUT3=VO1

SL-27P=0,0 SL-OUT4=V04

SL-127P=0,0 SL-OUT5=VO05

SL-47=0,0 SL-OUT6=VO6

SL-59P=0,0 SL-OUT7=0

SL-59X=0,0 SL-OUT8=0

SL-159P=0,0 SL-OUT9=0

SL-81=0,0 SL-OUT10=0

S§L-181=0,0 SL-OUT11=0

SL-281=0,0 SL-OUT12=0

SL-381=0,0 SL-OUT13=0

SL-481=0,0 SL-OUT14=0

SL-581=0,0
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Figure 8-2. Typical Logic Diagram for CDS240-BATX-A-BE Protection Elements

Referring to Figure 8-1, the 87 and 15#4yprotection elements are connected to the high-side CT, input 1.
The 87 and 251 protection elements @recannected to the low-side CT, input 2. The 51 protection element
(N only) is connected to a ground,€T at the grounded side of a delta-wye transformer. The ground-input
(G) is an option on the BE1-CDS240 and must be ordered. Paralleled CTs inside a delta tertiary (3l0) can
also feed the 51N. The 87, 514,15%; and 251 protection elements are logic enabled by the settings shown
in Table 8-1 to provide a tripfthreugh the BE1-CDS240 output contacts. Protection elements set to 0 are
setting disabled and wilhnot'provide a trip output even if logic enabled.

Typically, the BE1-CDS240zwould be applied with a BE1-851 or BE1-951 multifunction overcurrent relay
to provide independenit, overlapping, backup protection in the event of a common mode failure. Typically,
the 87 protection element provides high-speed restrained differential and unrestrained differential phase
and ground protegtiofpfor faults inside the differential zone. At the same time, it provides security against
mis-operations resulting from transformer inrush by restraining and preventing a trip in the presence of 2"
and 5" hagmonies.

Typically, thef151 protection element is coordinated with the low-side bus protection to provide Phase,
Neutral,“and Negative-Sequence timed backup protection for the low-side bus if the bus protection is out
of service.

Typically, the 251 protection element is coordinated with the low-side feeder protection to provide Phase,
Neutral, and Negative Sequence timed backup protection for feeder faults if the feeder protection is out of
service.

dypically, the 51N protection element is coordinated with the low-side bus and feeder protection to
provide Neutral (ground) timed backup protection for transformer low-side, bus and feeder ground faults if
any primary zone of protection is of service.
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Integration of Protection, Control, and I/O Elements

The logic equations of Table 8-1 establish the control connections between CDS240-BATX-A-BE scheme
elements. For example, the three underlined logic settings in the equations of Table 8-1 provide the
electrical connection between the 87 element (trip enabled by the settings) and trip outputs 1, 2, and 3.
Referring to Figures 8-1 and 8-2, the 87 protection element trips through outputs 1, 2, and 3. The user
can apply any or all of the outputs. The 151 and 51N protection elements (also trip enabled by the
settings) trip through output 4, while the 251 protective element (also trip enabled by the settings) trips
through output 5. Protection elements set at 0 are setting disabled and will not provide a trip output even
if logic enabled.

Control of the active setting group can be manual or automatic. For the CDS240 application, setting group
control is programmed for continuous automatic operation because the /0 (not 0), logic 1 is applied,to the
AUTO input of the Active Setting Group Control Logic as shown in Figure 8-2. Tables'8-2"through 8-6
provide detailed logic definitions for the inputs, outputs, protection, and control elements.

Alarms

Three logic variables drive the front panel LEDs: Relay Trouble (ALMREL), Major Alarm (ALMMAJ), and
Minor Alarm (ALMMIN). A fourth logic variable, Logic Alarm (ALMLGC), has no%assogiated front panel
LED. When the relay self-test detects a problem in the relay (ALMREL) as pro@fammed for the CDS240-
BATX-A-BE scheme, the Relay Trouble LED lights, output A operates and alhoutputs are disabled. When
a Major Alarm is detected (ALMMAJ), the associated LED lights and output 6%eperates. When a Minor
Alarm (ALMMIN) is detected, the associated LED lights, but in this sCheme, no output relay is
programmed to operate.

NOTE

Tables 8-2 through 8-6 provide detailed logic definitionsyfor the inputs, outputs,
protection, and control elements. Only those inputs; logic blocks, virtual switches,
and outputs in use for the CDS240-BATX-A:BE%preprogrammed logic are
described in the following tables.

Table 8-2. CDS240-BARX-ASBE Contact Input Logic

State Labels

Input Purpose Name Label
Energized | De-Energized

Optional input. Used for CT inputigircuit 1
IN1 breaker status indication ingSERyreports. TRUE BREAKER-1 CLOSED OPEN
when breaker is closed.

Optional input. Used for Gl input circuit 2
IN2 breaker status indication in SER reports. TRUE BREAKER-2 CLOSED OPEN
when breaker is closed.

Optional inputfUsed for 86 status indication in

IN3 SER repdrts. TRUE when 86 is tripped. 86-TRIPPED TRIPPED NORMAL
Optiopal inputsiilsed for programmable alarms
and(SERg#reporting. For example, sudden INPUT_S6,
ING - IN8 | pressure trip or transformer hot spot alarm, etc. INPUT_7, CLOSED OPEN
Drives VO48'- VO15 that are programmable INPUT_8

alarm points 21 - 23. Label inputs as appropriate.
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Table 8-3. CDS240-BATX-A-BE Function Block Logic

. BESTIlogic Mode
Function Purpose ; .
Expression Setting
87 Used for percent-res_tralned dlfferent_lal prot_ectlon wnh high- 0 1 (Efabled)
speed unrestrained instantaneous differential protection.
51N Used for timed ground overcurrent protection for independent 0 G (Ground
ground input circuit. Input)
151p U_sed_ for timed phase overcurrent protection for CT input 0 1 (Circuit 1)
circuit 1.
151N QSeq for timed neutral overcurrent protection for CT input 0 1 (Circuit 1)
circuit 1.
151Q Use_d for tl_mec_i negative-sequence overcurrent protection for 0 1 (Circuit 1)
CT input circuit 1.
251p U.sed_ for timed phase overcurrent protection for CT input 0 2 (Circuit 2)
circuit 2.
251N U_seo! for timed neutral overcurrent protection for CT input 0 2 (Circuit 2)
circuit 2.
2510 Use_d for tl_meq negative-sequence overcurrent proteétion for 0 2 (Circuit 2)
CT input circuit 2.
Input O Logic: No manual selection logic is used. 0
Input 1 Logic: No manual selection logic is used. 0
GROUP Input 2 Logic: No manual selection logic is used. 0 1 ﬁ;}ﬁgte
Input 3 Logic: No manual selection logicis used. 0
Auto/Manual Logic: Set to 1 (/0) to"€hablefautomatic /0
selection. No manual selections used.
Table 8-4. CDS240-BATX-A-BE Virtual Switch Logic
) State Labels
Switch Pugpese Mode Label
True False
N/A No virtual switches uséd. N/A N/A N/A N/A
Table 8-5. CDS240-BATX-A-BE Virtual Output Logic
o State Labels
Output Rurpose Description Label
True False
VOA TRUE fif relay trouble RELAY-
VOA Relay Trouble Alarm. alarm oceurs. TROUBLE ACTIVE | NORMAL
BESTIogi¢(Expression: VOA=0
VO1 Phas_e dlfferentlal_trlp. OouT1 VOl TR_UE if rgstralned or 87TRIP-VO1 TRIP NORMAL
is a high-speed trip contact. unrestrained trip occurs.
BESTlogic Expression: VO1=87RT+87UT
Time overcurrent trip. May be | VO4 TRUE if any time 151TRIP-
VO4 used to direct trip main overcurrent (51N, 151P, N, or TRIP NORMAL
: VO4
breaker or lockout. Q) trip occurs.
BESTlogic Expression: VO4=51NT+151NT+151PT+151QT
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o State Labels
Output Purpose Description Label
True False
Time overcurrent trip. May be | VO5 TRUE if any time 251TRIP-
VO5 used to direct trip main overcurrent (251P, N, or Q) VOS5 TRIP NORMAL
breaker or lockout. trip occurs.
BESTlogic Expression: VO5=251PT+251NT+251QT
VO6 TRUE when any MAJOR-
VOG6 Used to annunciate an alarm. | programmed major alarm ALARM [_NORMAL
D ALARM
condition is TRUE.
BESTlogic Expression: VO6=ALMMAJ
. . . TRUE when any 87, 51N, PROTECT-

VO11 Protective Trip expression. 151, or 251 element trips. TRIP TRIP NORMAL

BESTlogic Expression: VO11=87RT+87UT+151PT+251PT+51NT+15INT+251INT+151Q+251Qi
Protection Picked Up TRUE when any 87, 51N, PROT-

Vvo12 expression. 151, or 251 element picks up. PICKED-UP PU NORMAL
BESTlogic Expression: VO12=87RPU+87UT+151PPU+251PPU+51NPU+151NRU+251NPU+151QPU+251QPU
(Note: 87UT is included to trigger the fault recorder because there is no unrestrained pickup output.)

Optional. Use to annunciate . .
VO13 | an alarm when alarm point 21 \T/Sb?s TRUE when ING & IN6-ALARM | ACTIVE | NORMAL
is enabled. ’
BESTlogic Expression: VO13=IN6
Optional. Use to annunciate . )
VO14 | an alarm when alarm point 22 \T/S&fé's TRUE whefRpl' ™ IN7-ALARM | ACTIVE | NORMAL
is enabled. ’
BESTlogic Expression: VO14=IN7
Optional. Use to annunciate . .
VO15 | an alarm when alarm point 23 \T/Slﬁ‘;'s TR When IN8 is IN8-ALARM | ACTIVE | NORMAL
is enabled. ’
BESTlogic Expression: VO15=IN8
Table 8-6 ..£DS240-BATX-A-BE Hardware Output Logic
Output Pukpose Description
OUTA Relay Trouble Afar, OUTA contact closes when relay trouble alarm
occurs.
BESTlogic Expresgion: OUTA=VOA
OUT1 Phase differential trip. OUT1 is a high-speed OUT1 contact closes if restrained or unrestrained
trip contact. trip occurs.
BESTlogic Expression: OUT1=VO1
oUT?2 Phase differential trip. QUT2 contact closes if restrained or unrestrained
trip occurs.
BESTIlagic*Expression: OUT2=VO1
ouT3 Phase differential trip. QUTS contact closes if restrained or unrestrained
trip occurs.
BESTlogic Expression: OUT3=VO1
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Output Purpose Description

Time overcurrent trip. May be used to direct trip | OUT4 contact closes if any time overcurrent (51N,

ouT4 main breaker or lockout. 151P, N, or Q) trip occurs.

BESTlogic Expression: OUT4=V04

Time overcurrent trip. May be used to direct trip | OUT5 contact closes if any time overcurrent (251P,

ouTS main breaker or lockout. N, or Q) trip occurs.

BESTlogic Expression: OUT5=VO5

OUT®6 contact closes whenfany programmed major

ouT6 Used to annunciate an alarm. alarm condition is TRUE.

BESTlogic Expression: OUT6=VO6

OouT?7 -

14 Spare output contacts. N/A

BESTlogic Expression: OUT7-14 =0

OVERVIEW OF ADDITIONAL PREPROGRAMMED,LOGIC SCHEMES

The following preprogrammed logic schemes can be foundyin16gic library of BESTCOMS for the CDS240
or at the Basler Electric Web site. Two of the logic schemes ase intended for use on transformers. One of
the schemes is for motor protection with a speed sensing put, one is for bus protection with backup, and
one is a basic 87 function designed for multiple "applications including transformer, motor, bus, or
generator protection.

The 87 function as applied to transformer protection is fundamentally different from the application of the
87 function to motors, generators, and busest That'is, the 2" and 5" harmonic restraint elements are
required on transformer applications to prevent false tripping resulting from magnetizing inrush currents.
However, waveform distortion resultingyfromyheavy current transformer (CT) saturation can cause the
harmonic restraint units to block restrained, differential tripping (87RT) for internal faults. Therefore, a
high-speed, unrestrained instantangousdifferential element (87UT) is also required for transformer
applications.

When the 87 protection element(is applied to other than transformer protection, set the pickup thresholds
for the 2", 5, and 87UT unitsyto Oy(setting disabled).

CDS240-BA87-B-BE (Basic'Rifferential) Logic Scheme

This logic scheme (CDS240:BA87-B-BE) provides three-phase, percent-restrained differential protection,
with high-speed unréstraiped instantaneous differential protection for motor, generator, bus, and
transformer applications. A’ single zone of time overcurrent phase, neutral and negative sequence
protection (51P, Nf'and Q) is also included for backup protection.

CDS240-TXCL=B-BE*(Basic Transformer with Control) Logic Scheme

This logic seheme” (CDS240-TXCL-B-BE) provides the same differential and overcurrent protection
elementsias thefbasic transformer logic scheme but with different outputs and the addition of virtual
control switchydogic that can be operated locally or remotely (SCADA). The Virtual 101 Control Switch is
applied for tripping and closing the low-side breaker, while 43 and 143 Control Switch elements are
applied for tripping and closing the high-side breaker. Virtual Control Switch 243 is used to turn off the
differential protection element and Virtual Control Switch 343 allows for automatic or manual selection of
the,active setting group.

CDbS240-TXBU-B-BE (Transformer Differential with Backup) Logic Scheme

This logic (CDS240-TXBU-B-BE) incorporates nearly all the protection elements available in the BE1-
CDS240. These include the differential functions with harmonic restraint as well as 51 phase, neutral, and
negative-sequence backup protection as seen from the transformer high side. Also included is a separate

9365200990 Rev E BE1-CDS240 Application 8-9



51N fed from an optional ground CT (IG), 50P N, and Q definite time bus protection as seen from the
transformer low-side breaker, and low-side breaker BF (breaker failure) protection with fast current reset.
A current supervised, external breaker failure initiate (BFI), 50/62, and a contact supervised BFI, 62 are
also included. The 101 Virtual Control Switch is used to trip and close the low-side breaker while the
Virtual 43 Switch is used to turn off the 87 function. Both virtual functions can be operated locally or
remotely (SCADA).

CDS240-BSBU-A-BE (Bus Protection with Backup) Logic Scheme

This logic scheme (CDS240-BSBU-A-BE) provides a primary zone of high-speed, low impedance, bus
differential protection and a backup zone of high-speed instantaneous overcurrent (bus interlocking)
protection. Feeder circuit backup protection and overall backup protection from the bus main™to_the first
down-line interrupting device for each feeder circuit are also provided.

The percent-restrained differential protection function |s the only function of the 87 protection element
required for this application. Set the pickup of the 2" 5" and 87 unrestralned functlons t0"0 (setting
disabled). The 87 unrestrained function has a settmg only when the 2" and 5" ‘hafmonic restraint
functions are set for transformer applications (refer to the discussion in Overviewaef Rreprogrammed
Logic Schemes).

The 87 restrained element provides conventional high speed, low impedanée, and bus differential
protection. On feeder circuits using the 851 or 951 distribution feeder protection relays, the 50T, P, and Q
elements from the BE1-CDS240 are hard wired to the feeder protection paekagey providing a high-speed
backup, bus interlocked, zone of bus protection. When the BE1-CDS240 detects a feeder relay out of
service, the BE1-CDS240 50/51P, N, and Q protection eleménts and oOutputs are automatically
reconfigured to provide feeder protection. The 150/151P, N, and Q, pretection elements of the BE1-
CDS240 are time coordinated with the bus and feeder cirglityprotection, providing overall backup
protection from the transformer side of the bus main breaker through’ the first down-line interrupting
device on the distribution circuit.

CDS240-MOTR-A-BE (Motor Protection) Logic Scheme

This logic scheme (CDS240-MOTR-A-BE) incorporates/the, essential differential and overcurrent
protection elements that are ideally suited for largegm@tor protection. The 87 restrained element provides
high-speed differential fault protection. Sensitive dnstantaneous and time overcurrent, negative-sequence
elements, 50TQ and 51Q are incorporated for,openghase and phase imbalance protection. High-speed
ground fault protection is accomplished with anginstantaneous overcurrent element 50TN and the 51P
and 251P elements provide motor overload and stall (jam) protection. Further protection, locked rotor
protection and start/run detection for low and highiipertia motors, is accomplished using a combination of
instantaneous and time overcurrent phase,elements, virtual logic switches, and a speed sensing input
from the motor.

The percent-restrained differential pratectiensfunction |s the only function of the 87 protection element
required for this application. Set thé pickup of the 2™, 5" and 87 unrestralned functlons to O (setting
disabled). The 87 unrestrainedyfunction has a settlng only when the 2" and 5" harmonic restraint
functions are set for transformer applications (refer to the discussion in Overview of Preprogrammed
Logic Schemes).

DETAILS OF ADDITIONAL PREPROGRAMMED LOGIC SCHEMES

The following subsections‘deseribe each of the five additional logic library preprogrammed logic schemes
in detail. For eagh scheme, operation of the protection, and control logic under normal conditions is
described. The featufes of each logic scheme are broken down into functional groups and described in
detail.
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CDS240-BA87-B-BE (BASIC DIFFERENTIAL) LOGIC SCHEME

The basic differential logic scheme (CDS240-BA87-B-BE) provides a primary zone of low-impedance;
differential protection, and one backup zone of time overcurrent protection for transformer, generator,
motor, and radial bus applications.

Figure 8-3 is a one-line drawing and Figure 8-4 is a logic drawing representing the logic seftings and
equations shown in Table 8-7. In Table 8-1, the user can see the protection and control elements that are
enabled (set to logic 1) for the CDS240-BA87-B-BE application. They can also see how the elements are
logically wired together (equations). If the user should decide to build on this scheme, allgelements
required for a more detailed application are available through programming. For programming details,
refer to Section 7, BESTlogic Programmable Logic.

Table 8-7. CDS240-BA87-B-BE Logic Settings and Equations

SL-N=CDS240-BA87-B-BE,BASLER SL-62=0,0,0
SL-87=1,0 SL-162=0,0,0
SL-87ND=0,0 SL-262=0,0,0
SL-187ND=0,0 SL-362=0,0,0
SL-50BF=0,0,0,0,0 SL-GROUP=1,0,0,0,07©
SL-150BF=0,0,0,0,0 SL-43=0
SL-250BF=0,0,0,0,0 SL-143=0
SL-350BF=0,0,0,0,0 SL-243=0
SL-50TP=0,0 SL-343=0
SL-50TN=0,0 SL-443<0
SL-50TQ=0,0 Sl-543=0
SL-150TP=0,0 S[E-643=0
SL-150TN=0,0 Sl+743s0
SL-150TQ=0,0 S[-201=0
SL-250TP=0,0 SL-1101=0
SL-250TN=0,0 Sk-2101=0
SL-250TQ=0,0 SL-3101=0
SL-350TP=0,0 SL-VOA=0
SL-350TN=0,0 SL-VO1=87RT+87UT
SL-350TQ=0,0 SL-VO2=0
SL-450TP=0,0 SL-VO3=0
SL-450TN=0,0 SL-VO4=51PT+51NT+51QT
SL-550TP=0,0 SL-VO5=0
SL-650TP=0,0 SL-VO6=ALMMAJ
SL-750TP=0,0 SL-VO7=0
SL-51P=1,0 SL-VO8=0
SL-51N=1,0 SL-VO9=0
SL-51Q=1,0 SL-VO10=0
SL-151P=0,0 SL-VO11=87RT+87UT+51PT+5INT+51QT
SL-151IN=0,0 SL-V012=87RPU+87UT+51PPU+51NPU+51QPU
SL-151Q=0,0 SL-VO13=IN6
SL-251P=0,0 SL-VO14=IN7
SL-251N=0,0 SL-VO15=IN8
SL-251Q=0,0 SL-OUTA=VOA
SL-351P=0,0 SL-OUT1=vO1
SL-351N=0,0 SL-OUT2=VO1
SL-351Q=0,0 SL-OUT3=VO01
SL-451N=0,0 SL-OUT4=V0O4
SL-24=0,0 SL-OUT5=0
SL-27P=0;0 SL-OUT6=VO6
SL-127P=0,0 SL-OUT7=0
SL-47=0,0 SL-OUT8=0
SL-59P=0,0 SL-OUT9=0
SL-59X=0,0 SL-OUT10=0
SL-159P=0,0 SL-OUT11=0
SL-81=0,0 SL-OUT12=0
SL-181=0,0 SL-OUT13=0
SL-281=0,0 SL-OUT14=0
SL-381=0,0

SL-481=0,0

SL-581=0,0
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Figure 8-4. Typical Logic Diagram for€DS240-BA87-B-BE

Protection Elements

Referring to all four schemes (Generator, MotorfBusy and Transformer) in Figure 8-3, the 87 protection
element is connected to CT input 1 and Clginput 2. The 51 protection element is also connected to the
CT input 1. The 87 and 51 protection elements are1@gic enabled by the programming shown in Table 8-3
to provide a trip through the BE1-CDS240)utput contacts.

Typically, the 87 protection element provides high-speed percent restrained, phase and ground protection
for faults inside the differential zone. Eer, theygenerator, motor, and bus applications shown in Figure 8-3,
the percent-restrained differential protectiop function is the only function of the 87 protection element
required. Set the pickup of the 2™ "5 and 87 unrestrained functions to O (setting disabled). The 87
restrained function has a setting when the 2" and 5™ harmonic restraint functions are set for the
transformer application shown,in ‘Rigure 8-1 (refer to the discussion in Overview Of Preprogrammed Logic
Schemes).

Typically, the 51 protectionyelement is coordinated with down-line protection devices to provide
overlapping Phase, Nedutral, and Negative-Sequence timed backup protection for zones beyond the
equipment being protected. In the low impedance, bus application, the 51 protection element must
coordinate with the feeder protection of the circuits connected to the bus.

Integration @f Protection, Control, and I/O Elements

The logic gettings,in Table 8-3 also include the logic equations that connect the various elements of the
basic differential scheme. For example, the three underlined commands in the equations of Table 8-7
provide theselectrical connection between the 87 element (trip enabled by the settings) and trip outputs 1,
2 and 3. Referring to Figures 8-3 and 8-4, the 87 protection element trips through Outputs 1, 2, and 3.
The user can apply any or all of the outputs. The 51 protection element (also trip enabled by the settings)
trips through Output 4. There are no virtual switches used in this application.

Gontrol of the active setting group can be manual or automatic. For the CDS240-BA87-A-BE application,
setting group control is programmed for continuous automatic operation because the /0 (not 0), logic 1 is
applied to the AUTO input of the Active Setting Group Control Logic as shown in Figure 8-4.

Alarms

Three logic variables drive the front panel LEDs: Relay Trouble (ALMREL), Major Alarm (ALMMAJ), and
Minor Alarm (ALMMIN). A fourth logic variable, Logic Alarm (ALMLGC), has no associated front panel
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LED. When the relay self-test detects a problem in the relay (ALMREL) as programmed for the CDS240-
BA87-A-BE scheme, the Relay Trouble LED lights, output A operates, and all other outputs are disabled.
When a Major Alarm is detected (ALMMAJ), the associated LED lights and output six operates. When a
Minor Alarm (ALMMIN) is detected, the associated LED lights, but in this scheme, no output relay is
programmed to operate.

NOTE

Tables 8-8 through 8-12 provide detailed logic definitions for the inputs, outputs,
protection, and control elements. Only those inputs, logic blocks, virtual switches,
and outputs in use for the CDS240-BA87-B-BE preprogrammed logicyare

described in the following tables.

Table 8-8. CDS240-BA87-B-BE Contact Input Logic

State Labels
Input Purpose Name Label
Energized | De-Energized
Optional input. Used for CT input circuit 1
IN1 breaker status indication in SER reports. TRUE BREAKER;1 CLOSED OPEN
when breaker is closed.
Optional input. Used for CT input circuit 2
IN2 breaker status indication in SER reports. TRUE BREAKER-2 CLOSED OPEN
when breaker is closed.
Optional input. Used for 86 status indication in
IN3 SER reports. TRUE when 86 is tripped. SORQIPPED TRIPPED NORMAL
Optional inputs. Used for programmable alasims
and SER reporting. For example, sudden
pressure trip or transformer hot spot alarm, et INPUT_S6,
ING - IN8 - v 4 INPUT_7, CLOSED OPEN
Drives VO13 - VO15 that are programmable
) ; INPUT_8
alarm points 21 - 23. Label inputs as -
appropriate.
Table 8-9. CD$240-BA87-B-BE Function Block Logic
) BESTlogic Mode
Function Pugpose - )
Expression Setting
87 Used for. pergent-restralned dllfferent.lal protectllon with high-speed 0 1 (enabled)
unrestrained instantaneous differential protection.
51P Used for timedgphaset@vercurrent protection for CT input circuit 1. 0 1 (Circuit 1)
51N QSeq foritimedyneutral overcurrent protection for CT input 0 1 (Circuit 1)
circuitt.
51Q _Used f(_)r tl_med negative-sequence overcurrent protection for CT 0 1 (Circuit 1)
inputieircuit 1
Input 0 Logic: No manual selection logic is used. 0
Input,1 Logic: No manual selection logic is used. 0
GROUP Input 2 Logic: No manual selection logic is used. 0 1 Erl?rl)suctrste
Input 3 Logic: No manual selection logic is used. 0
Auto/Manual Logic: Set to 1 (/0) to enable automatic selection. No /0
manual selection is used.
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Table 8-10. CDS240-BA87-B-BE Virtual Switch Logic

) State Labels
Switch Purpose Mode Label
True False
N/A No virtual switches used. N/A N/A N/A N/A
Table 8-11. CDS240-BA87-B-BE Virtual Output Logic
o State Labels
Output Purpose Description Label
True False
VOA TRUE fif relay trouble RELAY-
VOA Relay Trouble Alarm. alarm oceurs. TROUBLE ACTIVE | NORMAL
BESTlogic Expression: VOA=0
VO1 _Phas_e dlfferentlal_trlp. OuUT1 | VO1 TR_UE if r_estralned or 87TRIP TRIP NORMAL
is a high-speed trip contact. unrestrained trip occurs.
BESTlogic Expression: VO1=87RT+87UT
Time overcurrent trip. May VO4 TRUE if any time
VO4 be used to direct trip main overcurrent (51P, N\, or Q) 51TRIP TRIP NORMAL
breaker or lockout. trip occurs.
BESTlogic Expression: VO4=51PT+51NT+51QT
Used to annunciate an VOB TRUE Wher.' any
VOG6 programme@d majorialarm MAJOR-ALARM | ALARM | NORMAL
alarm. o
condition is TIRUEx
BESTlogic Expression: VO6=ALMMAJ
VO11 Protective Trip expression. R whgn any 87 or 51 PROTECTIVE- TRIP NORMAL
elementirips. TRIP
BESTlogic Expression: VO11=87RT+87UTA52PT+51NT+51QT
VO12 Protectlgn Picked Up TRUE whgn any 87 or 51 PROT-PICKED- PU NORMAL
expression. element picks up. upP
BESTIogic Expression: VO12£87RRU+87UT+51PPU+51NPU+51QPU
(Note: 87UT is included te trigger the fault recorder because there is no unrestrained pickup output.)
Optional. Usgeste annufciate . .
VO13 | an alarm wHen alaim point | YO13 s TRUE when IN6 is IN6-ALARM | ACTIVE | NORMAL
: TRUE.
21 is enabledy
BESTIlogic Expressioft: VO13=IN6
Optional. Use to annunciate . .
vo144| anfalarmWhen alarm point | YO14 is TRUE when IN7'is IN7-ALARM | ACTIVE | NORMAL
- TRUE.
22 is efabled.
BESTlogic Expression: VO14=IN7
Optional. Use to annunciate . .
vo15 ¥ an alarm when alarm point | YOL15 s TRUE when IN8 is IN8-ALARM | ACTIVE | NORMAL
: TRUE.
23 is enabled.
BESTIlogic Expression: VO15=IN8
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Table 8-12. CDS240-BA87-B-BE Hardware Output Logic

main breaker or lockout.

Output Purpose Description
OUTA Relay Trouble Alarm. OUTA contact closes when relay trouble alarm
occurs.
BESTlogic Expression: OUTA=VOA
OUT1 Phase differential trip. OUT1 is a high-speed OUT1 contact closes if restrained or unrestrained
trip contact. trip occurs.
BESTlogic Expression: OUT1=VO1
OUT?2 Phase differential trip. QUT2 contact closes if restrainedg@iunrestrained
trip occurs.
BESTlogic Expression: OUT2=VO1
OUT3 Phase differential trip. O_UT3 contact closes if restraiped or unrestrained
trip occurs.
BESTlogic Expression: OUT3=VO1
ouT4 Time overcurrent trip. May be used to direct trip | OUT4 contdet closes if any time overcurrent (51P,

N, or Q) trip‘eceurs:.

BESTlogic Expression: OUT4=V0O4

OuUTS Spare output contact. N/A

BESTlogic Expression: OUT5=0

OUT6,contact closes when any programmed major

ouTé alarm condition is TRUE.

Used to annunciate an alarm.

BESTlogic Expression: OUT6=VO6

OUT7 -

14 N/A

Spare output contacts.

BESTlogic Expression: OUT7-14 =0

CDS240-TXCL-B-BE (BASIGTRANSFORMER WITH CONTROL) LOGIC SCHEME

The Basic Transformer With Cantrol Tagic (CDS240-TXCL-B-BE) scheme was designed to provide a
primary zone of differential relaying ‘and three backup zones of time overcurrent relaying for phase and
ground faults in two-winding transforimer applications. This scheme also uses virtual control switch logic to
eliminate the need for extegaal control switches.

The control switch glements are referred to as virtual because they have no physical form. These
elements exist only, in“legicierm and they can only be operated via the ASCII command interface or by
the front panel HMI. The“irtual 101 switch is used to trip and close the transformer low-side breaker.
Virtual Control Switches 43 and 143 are used to trip and close the transformer high-side breaker. Virtual
Control Switch 243 turns off the 87 protection element and 343 selects whether the setting group control
is automatic or manual:

Figure 8-5 is a one-line drawing and Figure 8-6 is a logic drawing that represents the logic settings shown
in Table 8-13. In Table 8-13, the user can see the protection and control elements that are enabled for the
CDS240-TXCL-B-BE application and how the elements are logically wired together (equations). If the
user shouldydecide to build on this scheme, all elements required for a more detailed application are
availableythrough programming. For programming details, refer to Section 7, BESTlogic Programmable
Logie.
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Table 8-13. CDS240-TXCL-B-BE Logic Settings and Equations

SL-N=CDS240-TXCL-B-BE,BASLER

SL-87=1,243
SL-87ND=0,0
SL-187ND=0,0

SL-50BF=0,0,0,0,0

SL-150BF=0,0,0,0,0
SL-250BF=0,0,0,0,0
SL-350BF=0,0,0,0,0

SL-50TP=0,0
SL-50TN=0,0
SL-50TQ=0,0
SL-150TP=0,0
SL-150TN=0,0
SL-150TQ=0,0
SL-250TP=0,0
SL-250TN=0,0
SL-250TQ=0,0
SL-350TP=0,0
SL-350TN=0,0
SL-350TQ=0,0
SL-450TP=0,0
SL-450TN=0,0
SL-550TP=0,0
SL-650TP=0,0
SL-750TP=0,0
SL-51P=0,0
SL-51N=G,0
SL-51Q=0,0
SL-151P=1,0
SL-151N=1,0
SL-151Q=1,0
SL-251P=2,0
SL-251N=2,0
SL-251Q=2,0
SL-351P=0,0
SL-351N=0,0
SL-351Q=0,0
SL-451N=0,0
SL-24=0,0
SL-27P=0,0
SL-127P=0,0
SL-47=0,0
SL-59P=0,0
SL-59X=0,0
SL-159P=0,0

SL-81=0,0 \

SL-62=0,0,0
SL-162=0,0,0

SL-262=0,0,0 O
SL-362=0,0,0
SL-GROUP=1,0,0,0,0,/343 s
SL-43=3
SL-143=3
SL-243=2 \
SL-743=0 t
SL-101=1
SL-1101=0
SL-2101=0
SL-3101=0
V09=0
L-vO10=0
SL-VO11=87RT+87UT+151PT+251PT+51NT+151NT+
25INT+151QT+251QT
SL-VO12=87RPU+87UT+151PPU+251PPU+5INPU+
SL-OUTA=VOA
SL-OUT1=VO1
SL-OUT2=V02
SL-OUT3=VO3
SL-OUT4=V04
SL-OUT9=0
SL-OUT10=0
SL-OUT11=0
SL-OUT12=0
SL-OUT13=0

SL-343=2
SL-VOA=0
T, +151PT+5INT+151INT+151QT
R T+151PT+51INT+151INT+151QT+
3*143
151NPU+251INPU+151QPU+251QPU
SL-OUT5=VO5
SL-OUT14=0

SL-443=0

T+87UT+101T+251PT+251NT+251QT
SL-VO13=243
SL-OUT6=VO6

SL-543=0

N3*101C
SL-VO14=IN7
SL-OUT7=0

SL-643=0
%ALMMAJ
-VO7=0
SIRy08=0
SL-VO15=IN8
SL-OUT8=0
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Figure 8-5. Typical One-line Diagram for CDS240-TXCL-B-BE
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Figure 8-6. TypicalfLogie Diagfam for CDS240-TXCL-B-BE

Protection Elements

Referring to Figure 8-5, the 87 and 15X protection elements are connected to the high-side CT, input 1.
The 87 and 251 protection elemepts are,connected to the low-side CT, input 2. The 51 protection element
(N only) is connected to a ground CT ‘t the grounded side of a delta-wye transformer. The ground input
(G) is an option on the BE1-CBS240.and must be ordered. Paralleled CTs inside a delta tertiary (3lo) can
also feed the 51IN. The 8751451, and 251 protection elements are logic enabled to provide a trip
through the BE1-CDS240 outputs. Protection elements set at 0 are setting disabled and will not provide a
trip output, even if logic enabled:

Typically, the BE1-CDS240pwould be applied with a BE1-851 or BE1-951 multifunction overcurrent relay
to provide independenty, overlapping, backup protection in the event of a common mode failure. The 87
protection element proyides high-speed restrained differential and unrestrained differential phase and
ground protegtion for faults inside the differential zone. At the same time, it provides security against mis-
operationsgresulting“ffom transformer inrush by restraining and preventing a trip in the presence of 2"
and 5™ harmonics.

Typicallyjthe 154 protection element is coordinated with the low-side bus protection to provide Phase,
Neutral, andiNégative Sequence timed backup protection for the low-side bus if the bus protection is out
of service.

Typically,the 251 protection element is coordinated with the low-side feeder protection to provide Phase,
Neutral, and Negative Sequence timed backup protection for feeder faults if the feeder protection is out of
seryice.

Typically, the 51N protection element is coordinated with the low-side bus and feeder protection to
provide Neutral (ground) timed backup protection for transformer low-side, bus, and feeder ground faults
if any primary zone of protection is of service.
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Integration of Protection, Control, and I/O Elements

The logic settings in Table 8-13 also include the logic equations that establish the control connections
between elements of the CDS240-TXCL-B-BE scheme. For example, the three underlined commands in
the logic equations of Table 8-13 provide the electrical connection between the 87 element (trip enabled
by the settings) and trip outputs 1, 2, and 4. Referring to Figures 8-5 and 8-6, the 87 protection element
trips through Outputs 1, 2, and 4. The 151 and 51N protection elements (also trip enabled by the settings)
trip through Outputs 1 and 2 while the 251 protective element (also trip enabled by the settings) trips
through Output 4. Protection elements set at 0 are setting disabled and will not provide a trip output even
if logic enabled.

Virtual control switch elements enabled for use in this scheme are 101, 43, 143, 243, and 343. The 101
Control Switch trips the low-side breaker through Output 4 and closes the low-side breakergthrough
Output 5 if IN3 (86 input) is not TRUE. The high-side breaker is tripped by 43 through, Output/2 and
closed by 143 through Output 3 if IN3 (86 input) is not TRUE. Control Switch 243 is used toyturn the 87
function on or off.

Control of the active setting group can be manual or automatic. For the CDS240-TXCL-B-BE application,
setting group control is enabled for discrete input and automatic or manual control astdetermined by the
position of Virtual Switch 343.

Alarms

Three logic variables drive the front panel LEDs: Relay Trouble (ALMREL),"™Major Alarm (ALMMAJ), and
Minor Alarm (ALMMIN). A fourth logic variable, Logic Alarm (ALMLGC), hasiAo associated front panel
LED. When the relay self-test detects a problem in the relay (ALMREL),as ‘programmed for the CDS240-
TXCL-A-BE scheme, the Relay Trouble LED lights, Output A operatestandiall outputs are disabled. When
a Major Alarm is detected (ALMMAJ), the associated LED lights,and,Output 6 operates. When a Minor
Alarm (ALMMIN) is detected, the associated LED lights.hBut™in, this scheme, no output relay is
programmed to operate.

NOTE

Tables 8-14 through 8-18 provide detaileddogic definitions for the inputs, outputs,
protection, and control elements. Qunlythose inputs, logic blocks, virtual switches,
and outputs in use for the CDS240-TXCL-B-BE preprogrammed logic are
described in the following tables.

Table 8-147 CDS240-TXCL-B-BE Contact Input Logic

State Labels
Input Punpose Name Label : :
Energized | De-Energized
Optional input. Used/for CT input circuit 1 breaker
IN1 status indication in SER,reports. TRUE when BREAKER-1 CLOSED OPEN
breaker is closed.
Optionalinput, Usedsfor CT input circuit 2 breaker
IN2 status indicatiomiin SER reports. TRUE when BREAKER-2 CLOSED OPEN
breaker is £losed.
Optionallinputi'Used for 86 status indication and
IN3 locks out the'low-side and high-side breakers 86-TRIPPED TRIPPED NORMAL
when TRUE. TRUE when 86 tripped.
Optional inputs. Used for programmable alarms
and SER reporting. For example, sudden
pressure trip or transformer hot spot alarm, etc. INPUT_7,
IN7, ING Drives VO14 and VO15 that are programmable INPUT_8 CLOSED OPEN
alarm points 22 and 23. Label inputs as
appropriate.
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Table 8-15. CDS240-TXCL-B-BE Function Block Logic

. BESTlogic Mode
Function Purpose i X
Expression | Setti
Used for percent-restrained differential protection with high-speed
87 unrestrained instantaneous differential protection. Differential function 243 1 (enabled)
is blocked when Virtual Switch 243 is TRUE.
Used for timed ground overcurrent protection for independent ground G (Ground
51N . R 0
input circuit. wput)
151pP U_seq for timed phase overcurrent protection for CT input 1 (Circuit 1)
circuit 1.
151N U_seq for timed neutral overcurrent protection for CT input x 1 (Circuit 1)
circuit 1.
151Q U_seq for timed negative-sequence overcurrent protection for CT input 1 (Circuit 1)
circuit 1.
251P Used for timed phase overcurrent protection for CT input circuit 0 2 (Circuit 2)
251N U_seq for timed neutral overcurrent protection for CT input 0 2 (Circuit 2)
circuit 2.
251Q U_seq for timed negative-sequence overcurrent prot @put 0 2 (Circuit 2)
circuit 2.
Input 0 Logic: No manual selection logic is use 0
Input 1 Logic: No manual selection logic is u 0
GROUP Input 2 Logic: No manual selection logic is 0 1 Egg)su(igte
Input 3 Logic: No manual selection logi . 0
Auto/Manual Logic: Disable auto sel when virtual switch /343
343 is in the MANUAL position
Table 8—1%10—TXCL—B—BE Virtual Switch Logic
. State Labels
Switch Purpos Mode Label
True False
3 (OffIMomentary BREAKER1-
on) TRIP TRIP NORMAL
3 (OffIMomentary BREAKER1-
On) CLOSE CLOSE NORMAL
2 (On/Off) 87-CUTOFF DISABLD | NORMAL
SETGRP-
2 (On/Off) CONTROL MANUAL AUTO
Allows breaker to be tripped or closed
101 manually from HMI or ASCII command 1 (enabled) N/A N/A N/A
?interface.
9365200990 Rev E BE1-CDS240 Application 8-21




Table 8-17. CDS240-TXCL-B-BE Virtual Output Logic

o State Labels
Output Purpose Description Label
True False
VOA TRUE if relay RELAY-
VOA Relay Trouble Alarm. trouble alarm occurs. TROUBLE ACTIVE | NORMAL
BESTlogic Expression: VOA=0
VO1 TRUE if
. o . restrained,
voi | Phase differential trip. OUTLisa |\ Joqirained, or time TRIP_86T TRIP (| NORMAL
high-speed trip contact. . -
overcurrent trip
occurs.
BESTlogic Expression: VO1=87RT+87UT+151PT+51NT+151NT+151QT
VO2 TRUE if
restrained,
VvVO2 Breaker 1 Trip. unrestrained, 51, 151, TRIP-BKR® TRIP NORMAL
or 43 virtual switch trip
occurs.
BESTlogic Expression: VO2=87RT+87UT+151PT+51NT+151NT+151QT+43
VO3 TRUE if virtual
VO3 | Breaker 1 Close. control switch is TRUEW_ chosE gkR1 | CLOSE | NORMAL
and 86 lockout is not
tripped.
BESTlogic Expression: VO3=/IN3*143
VO4 TRUE jf
restrained,
VO4 | Breaker 2 Trip. unregfralggd, Redfly TRIP-BKR2 | TRIP | NORMAL
251 timeOvercurrent
trip ocedrs, or 101T
(tripped)is, TRUE.
BESTIlogic Expression: VO4=87RT+87UT+101T#251RT+251NT+251QT
VOS/TRUE if breaker
€ontrol switch 101C is
VO5 Breaker 2 Close. TRUE (closed) and 86 CLOSE-BKR2 | CLOSE | NORMAL
lockout is not tripped.
BESTlogic Expression: VO5=/IN3*201C
Used to annunciate aft glarrn by VOB TRUE when any
contact closure or opening if any of rogrammed maior MAJOR-
VOG6 the conditions progranmed as a prog d may ALARM | NORMAL
. . alarm condition is ALARM
major programmablé alarm 