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INTRODUCTION

This instruction manual provides information about the operation and installation of the BE1-CDS220
Current Differential System. To accomplish this, the following information is provided:

General information, specifications, and a Quick Start guide.

Functional description and setting parameters for the inputs and outputs, protection and control
functions, metering functions, and reporting and alarm functions.

BESTlogic™ programmable logic design and programming.
Documentation of the preprogrammed logic schemes and application tips.

Description of security and user interface setup including ASCIl communication and the human-
machine interface (HMI).

Installation procedures, dimension drawings, and connection diagrams.

Description of the front panel HMI and the ASCII command interface with write access security
procedures.

A summary of setting, metering, reporting, control, and miscellaneous commands.
Testing and maintenance procedures.
Description of BESTCOMS™ graphical user interface (GUI).

Appendices containing time overcurrent characteristic curves, an ASCII command-HMI cross
reference, terminal communication, and settings calculations.

Optional instruction manuals for the BE1-CDS220 include:

Distributed Network Protocol (DNP) (9313900992)
Modbus® (9313900991).

To avoid personal injury or equipment damage, only qualified personnel should
perform the procedures in this manual.

NOTE

Be sure that the relay is hard-wired to earth ground with no smaller than 12
AWG copper wire attached to the ground terminal on the rear of the unit case.
When the relay 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 this instruction manual
(9313900990), BESTCOMS software, application firmware, and hardware of the BE1-CDS220.

Manual

Revision and Date Change

G, 09/17 e Added caution box about nonvolatile memory in Section 7.
e Removed GOST-R Certification from Section 1.
e Minor text edits throughout manual.

F, 02/14 e Removed Registration of Relay from Section 12.

E, 12/12 e Added Table 1-1, Contact-Sensing Turn-On Voltages in Section 1.
e Replaced Figure 3-5, Inputs and Outputs Screen, Inputs 1-4 Tab.

e Replaced Figure 12-8, MX Case, Vertical Panel Mount, Panel Drilling
Diagram.

e Enhanced Phase Differential (87), Second Harmonic Restraint
Verification in Section 13.

e Added Storage statement in Section 13.
e Updated PC requirements for BESTCOMS in Section 14.
e Replaced Figure 14-27, Inputs and Outputs Screen, Inputs 1-4 Tab.

D, 12/10 e Reorganized Operational Specifications and listed functions in
numerical order in Section 1.

e Moved Real-Time Clock from Operational Specifications to General
Specifications in Section 1.

e Added serial number to fault reports and sequence of events,
replaced Figures 6-20 & 6-24 (View/Download Relay Fault Files
screen), and updated Fault Summary Report Example in Section 6.

C, 10/09 e Added manual part number and revision to footers.

e Removed TNP from RS-485 Port Communication option in Style
Chart in Section 1.

e Removed Front Panel option “N - With Target and Alarm LEDs” from
Style Chart in Section 1.

e Changed all instances of BESTWAVE to BESTWAVEPIus™.
e Added Settings Compare to the end of Section 6.

e Added Style Number and Firmware Version to Fault Summary Report
examples in Section 6.

e Added Figure 12-28, RS-232 Pin-outs.
e Added Note about two-part firmware when updating firmware in

Section 13.
e Removed Windows® 3.1 Terminal instructions from Appendix C.
B, 01/06 e Added Section 14, BESTCOMS Software.

e Re-organized Section 12, Installation.
e Added Power System Application Figures 12-26 and 12-27.

A, 09/00 e Changed the manual organization from two volumes to one volume
tin a loose leaf binder with tabs to separate the manual sections.

e Added Revision History to the Introduction, and CE qualification, UL
recognition, CSA certification, and DNP 3.0 certification.

e Added drawings and minor corrections to all sections.

—, 11/99 e [nitial release
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BESTCOMS™ Software
Version and Date

Change

2.03.00, 07/14

Added Windows 8 compatibility

2.02.02, 10/11

Improved Settings Compare feature.

2.02.01, 05/11

Added Windows® 7 compatibility.

2.02.00, 07/07

Added Russian language support.

2.01.00, 07/05

Improved ability to use special characters in comments.
Enhanced program to work with RS-232 converters.
Corrected printout problem with long comments.

Added “Settings Compare” feature.

2.00.01, 10/02

Initial 32-bit release.

Improved the 87ND function block diagram.

Corrected tap calculation reporting errors.

Improved programming of Reset Target Logic.

Corrected the SG-COM2 command to be sent out correctly.

1.01.01, 12/99

Added ability to create, upload, and download settings files.
Added ability to read fault report directory and fault summary reports.
Improved communications.

1.01.00, 05/99

Initial 16-bit release.

Firmware
Version and Date

Change

1.15.03, 01/10

Improved x62 timer when changing settings group.
Increased immunity to noise on IRIG input.
Improved DNP communication.

Increased Modbus immunity to noise.

DSP firmware and foreign language file incorporated into the
application HEX file.

Added serial number to sequence of events and fault report.

App: 1.15.01, 11/06
DSP: 1.14.07, 11/06

Added Style Number and Firmware Version to fault reports and
sequence of events.

App: 1.15.00, 01/06
DSP: 1.14.06, 07/05

Minor software enhancements.

App: 1.14.10, 11/05
DSP: 1.14.06, 07/05

Removed write capability from some Modbus registers.

App: 1.14.09, 07/05
DSP: 1.14.06, 07/05

Improved LCD display.

App: 1.14.08, 09/03
DSP: 1.14.05, 08/03

Added diagnostics for in-house testing.

App: 1.14.07, 08/03
DSP: 1.14.04, 07/03

Corrected the harmonic sharing inhibit problem.
Enhanced breaker operations counter.
Corrected cal defaults loaded problem when upgrading firmware.

App: 1.14.05, 06/03
DSP: 1.14.03, 06/03

Corrected ND timer problem.
Enhanced in-house diagnostics.
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Firmware

Version and Date

Change

App:
DSP:

1.14.04, 10/02
1.14.02, 12/02

Corrected triggering problem of 2™ oscillography record.

Allowed the differential alarm to be disabled through SA-DIFF serial
command.

Improved SER most recent events reporting.
Improved 62 timer function.
Corrected help text for SG-TARG command.

Allowed Trip LED to turn off when current is removed and SG-
TARG=0.

Updated 87ND time delay settings.
Corrected improper display of Q demand on LCD.

Moved the degrees symbol to the proper location on the LCD for the
GND current.

Improved 50TQ and 51Q time delay functions.

App:
DSP:

1.14.03, 06/01
1.14.01, 07/01

Fixed the SG-DI command (Setting Group-Demand Interval) so that it
now recognizes a demand interval of three or more digits as being
“out of range”.

Improved DNP 3.0, Level 2 protocol.

Added new “Password Security” parameters to Modbus protocol.
Modified display of Phase Angle information (HMI and reports) so that
an asterisk (*) appears in the angle position if the measured current is

below 1% of rated current (0.05 Afora 5 Arelay, 0.01 Aforal A
relay).

App:
DSP:

1.14.02, 05/01
1.14.01, 02/01

Corrected firmware problems with Modbus and DNP protocols.

App:
DSP:

1.14.01, 09/00
1.14.01, 09/00

Added reporting of the protocol option to the COM2 setting screen on
the LCD HMI.

Improved the arrangement of information on the current metering
screens on the HMI.

Added improvements to DNP 3.0 protocol to make it Level 2
compliant.

App:
DSP:

1.14.00, 03/00
1.14.00, 02/00

Corrected problem that caused the programmable variable names to
be limited to 10 characters instead of 16 characters. This problem
occurred with version 1.13.01.

Added Mode 6, Latching Timer to 62 timer functions.

Added DNP 3.0 Protocol.

Added a feature for the demand recording function to allow the user to

select block average or sliding block average calculation method in
addition to the existing thermal calculation method.
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Firmware
Version and Date

Change

App: 1.13.01, 11/99
DSP: 1.13.01, 06/99

Added option to select Percent of Average Restraint Current
operating characteristic to the 87R, Percentage Restrained
Differential element.

Added Modbus protocol option.
Improved COMTRADE oscillography recording function as follows:

o0 Provided user setting to partition the 240 cycles of
oscillography memory to provide control over the length of the
records.

o Doubled available oscillography memory to 480 cycles when
enhanced recording option is present.

0 Added *.hdr file in addition to the two files required by the
COMTRADE standard (*.cfg and *.dat) to provide additional
information useful in analyzing the data contained in the
oscillographic record.

Improved target reporting function such that the Trip LED on the relay
front panel only latches when there are targets to be displayed on the
HMI. The pickup condition, indicated by the Trip LED flashing, is now
a higher priority than latching to indicate that targets are being
displayed on the HMI.

Corrected problem with the 51 inverse overcurrent timing algorithm
that could cause an element to time out too fast when using the V2
curve.

App: 1.12.01, 06/99
DSP: 1.12.01, 04/99

Improved current check record diagnostic routine.

Corrected problem that caused magnitude in several reporting
functions to be reported in primary amps squared.

Changed several setting defaults.

App: 1.12.00, 04/99
DSP: 1.12.00, 04/99

Initial release

_H_ardware Change
Revision and Date
AF, 02/14 Maintenance release.
AE, 02/13 Improved current transformers.
AD, 12/11 Improved keyboard assembly.
AC, 10/10 Replaced obsolete RAM IC.
AB, 07/10 Updated keyboard to create uniformity between other Basler relays.
AA, 01/10 Released firmware version 1.15.03.
Z, 09/09 Part standardization (nut and washer).
Y, 09/08 EEPROM replacement.
X, 07/07 Released BESTCOMS version 2.02.00.
W, 02/06 Removed W1 and installed wire on pins 2-3 to prevent damage to the
new flash chip.
T, 08/05 Upgraded U55 on main board to improve LCD.
S, 06/05 Improved CT terminal block.
R, 01/03 Improved RS-485 communications when slow baud rates are used.

Improved front panel display.

Vi
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Revigi?)rr(\j and Date Change
P, 05/02 Added labeling to back of case.
Added RTV to “s” wire of T1 to prevent hipot failure.
N, 06/01 Improved low-frequency filtering on LCD.
M, 03/01 Relocated P2 on magnetics board.
L, 03/01 Changed clearance around Q3 on power supply to prevent shorts.
K, 09/00 Improved Surge Withstand Capability.
J, 09/00 Improved RS-485 operation when driving long lines.
I, 08/00 Added CE qualification, UL recognition, and CSA certification.
H, 08/00 Changed escutcheon plate from mounting holes to mounting studs.
G, 04/99 Initial release
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SECTION 1 « GENERAL INFORMATION

Description

The BE1-CDS220 Current Differential System is an economical, microprocessor based, multifunction
system that provides two-input, three-phase percentage differential with harmonic restraint, three-phase,
ground, and negative sequence overcurrent protection with control, breaker failure, breaker monitoring,
transformer monitoring, and metering functions in an integrated system with communications. The
BE1-CDS220 Current Differential System is intended for use in any low impedance current differential
protection application including transformer, generator, motor, 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.

BE1-CDS220 relays have eight programmable contact sensing inputs, six programmable outputs, and
one alarm output. Outputs can be assigned various functions by logical programming to perform
protection, control, or indicator operations. For example, protection functions could cause a protective trip
operation. Control functions could cause a manual trip, manual close or automatic reclose operation.
Indicators could be relay fail, setting group one enable, setting group two enable, and others.

Protection scheme designers may select from a number of pre-programmed logic schemes that perform
the most common protection and control requirements or create a custom scheme using BESTlogic™.

A Quick Start, Section 2, provides BE1-CDS220 Current Differential System users with a simplified How
to Get Started procedure.

Features

The BE1-CDS220 relay 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, and reporting and alarm functions. 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 1/O, extensive communications features, and an optional advanced HMI (Human Machine
Interface) provide easy access to the features provided. BE1-CDS220 relay users with personal
computers (PC) have another easy access means to communicate, program, control, and monitor
relay/system performance. That means is BESTCOMS™ for BE1-CDS220. BESTCOMS is a Windows®
based software application that enhances communication between the PC user and the BE1-CDS220
relay. This software is provided free with every BE1-CDS220 relay. Another software application tool is
BESTwave™. BESTwave is a utility program to view standard COMTRADE (Common Format for
Transient Data Exchange) files captured by the Basler Electric multifunction relays. BESTCOMS is
available free of charge through the web site at http://www.basler.com or Customer Service at the
Highland, Illinois manufacturing facility.

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

Input and Output Functions

Power System Measurement Functions

e Two sets of three-phase currents are digitally sampled and digitally filtered. The fundamental,
second, and fifth harmonics are extracted using a Discrete Fourier Transform (DFT) algorithm for
use by all of the current based functions.

e Neutral (residual) and negative sequence current magnitudes are derived from each set of three-
phase currents.

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

e The digital sampling rate tracks the measured frequency 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.
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e An optional independent ground current input is available for directly measuring the current in a
transformer neutral, tertiary winding, or a flux balancing CT and for providing ground differential
protection.

e Each of the seven current sensing circuits is low burden and isolated to allow improving zones of
protection with fewer costly CTs.
Contact Sensing Inputs

e Eight programmable contact sensing inputs with programmable signal conditioning provide binary
logic interface to the protection and control system: IN1, IN2, IN3, IN4, IN5, IN6, IN7, and IN8.

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

Contact Outputs

e Six programmable general purpose contact outputs provide binary logic interface to the protection
and control system: OUT1, OUT2, OUT3, OUT4, OUT5, and OUT6.

e One programmable, fail-safe, alarm output: OUTA

e All outputs are trip rated and output 1 and 6 are high speed (quarter-cycle nominal speed). Output
6 is Form C.

e Each output is programmable using BESTlogic and can be given a user meaningful name for the
variable and for each state (open and closed) for use in reporting functions.

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

Protection and Control Functions

Setting Groups

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

e Automatic and external logic can be employed to select the active setting group.

Differential Protection
e Three-phase percentage restrained differential protection with harmonic restraint: 87.
e Restricted earth fault ground differential protection with optional independent ground input: 87ND.

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

Overcurrent Protection

¢ Nine instantaneous overcurrent functions with settable time delay. Three each for Phase, Neutral,
and Negative Sequence. Each function is individually assignable to any of the current input
circuits. Functions are: 50TP, 150TP, 250TP, 50TN, 150TN, 250TN, 50TQ, 150TQ, 250TQ.

e Nine inverse time overcurrent functions with integrating or instantaneous reset. Three each for
Phase, Neutral, and Negative Sequence. Each function is individually assignable to any of the
current input circuits. Functions are: 51TP, 151TP, 251TP, 51TN, 151TN, 251TN, 51TQ, 151TQ,
251TQ.

e Time overcurrent functions employ a dynamic integrating timing algorithm covering a range from
pickup to 40 times pickup with selectable instantaneous or integrated reset characteristics.

e Time overcurrent curves conform to the IEEE PC37.112 document and include seven curves

similar to Westinghouse/ABB CO curves, five curves similar to GE IAC curves, four IEC curves, a
fixed time curve, and a user programmable curve.

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

Breaker Failure Protection
e One breaker failure protection function block is assignable to any of the current input circuits.

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.
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General Purpose Logic Timers
e Two general purpose logic timers with six modes of operation: 62, 162.

Virtual Control Switches

e One virtual breaker control switch, accessible locally from the optional HMI or remotely from the
communications ports, can be used to provide trip and close control of a selected breaker: 101.

e The breaker label provided for the breaker monitoring function is used to label the virtual breaker
control switch. This makes it easily discernible which breaker is being controlled since there is
often more than one breaker associated with the differential zone of protection.

e Eight virtual switches with three modes of operation, accessible locally from the optional HMI or
remotely from the communications ports, can be used to provide additional control; for example,
to trip and close additional switches or breakers, or to enable and disable certain functions such
as 43, 143, 243, 343, 443, 543, 643, 743.

Metering
e Metering is provided for all measured phase and neutral currents and all derived neutral and
negative sequence currents.

e Metering is also provided for the phase and tap compensated restraint, 2nd and 5th harmonic,
and differential currents.

Reporting and Alarm Functions

Relay ldentification

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

Clock

e A realtime clock is included with a capacitor backup that will keep time upon loss of power for 8
to 24 hours depending upon conditions.

e A standard IRIG input (Format BO02 from IRIG Standard 200-98) is provided for receiving time
synch signals from a master clock.

e The time reporting format is settable for 12 or 24 hour format and for mm/dd/yy or dd/mm/yy
format.

e Automatic daylight savings time adjustment can be enabled.

General Status Reporting

e The relay has extensive capability to report its general status for monitoring, commissioning, and
trouble shooting.

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

Demand Reporting

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

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

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 4000 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 indicate the possible
source of the mismatch: for example, incorrect or missing phase compensation.
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Transformer Monitoring

e Transformer through-fault duty statistics are recorded including number of through faults,
accumulated through-fault (It or 12t), and maximum through-fault (1t or 12t). 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

e Breaker statistics are recorded for a single breaker. They include the number of operations,
accumulated interrupted I or I, and breaker time to trip. This function is associated with the
current input circuit assigned to the breaker failure function block.

e Each of these conditions can be set to alarm.

Trip Circuit Monitoring

e A trip circuit monitor function is provided to monitor the trip circuit of a breaker or lockout relay for
loss of voltage (fuse blown) or loss of continuity (trip coil open).

e Additional trip or close circuit monitors can be implemented in BESTlogic using additional inputs,
logic timers, and programmable logic alarms.

Fault Reporting

e Fault reports consist of simple target information, fault summary reports, and detailed
oscillography records to enable the user to retrieve information about disturbances in as much
detail as is desired.

e Oscillography memory can be partitioned into 6 to 16 records (6 to 32 records with enhanced
recording option, Load Profile option Y).

e The relay records and reports oscillography data in industry standard IEEE, COMTRADE format
to allow using any fault analysis software.

Sequence of Events Recorder

e A 255 event sequence of events recorder (SER) is provided that records and time stamps all
inputs and outputs to the relay as well as all alarm conditions monitored by the relay. Time
stamps are to the nearest quarter cycle resolution.

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

Alarm Function

e The relay includes extensive self diagnostics. Fatal relay trouble alarms are not programmable
and are dedicated to OUTA and the relay trouble LED on the front of the relay.

e 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 optional 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. A
historical sequence of events report of alarms with time stamps as to when each alarm occurred
and cleared is also available from the communications ports.

e Twenty-eight alarm conditions are available to be monitored including user definable logic
conditions using BESTlogic.

Version Report

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

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

BESTlogic™ Programmable Logic

e Each of the protection and control functions in the BE1-CDS220 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
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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.

Several preprogrammed logic schemes are provided and thoroughly documented in this manual
in Section 8, Applications. To use the relay in one of these applications, it is only necessary to
make that scheme active.

A set of custom logic settings is also available for you to optimize the functionality to the specific
needs of your operations 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 global password can provide access
to all three functional areas. Each of these four passwords can be unique or multiple functional
access areas can have the same password.

A second dimension of security is provided by allowing the user to restrict access to any of the
three functional access areas from only specific communication ports. For example, you could set
security to deny access to control commands from the rear RS-232 port that is connected through
a modem to a telephone line.

Security settings only affect write access. You have read access from any port to any area.

Human-Machine Interface

Each BE1-CDS220 comes with a front panel display with LED indicators for power, relay trouble
alarm, minor alarm, major alarm, and trip. Each BE1-CDS220 also comes with the software
application program BESTCOMS for BE1-CDS220. This program is a user friendly, Windows
based program that makes relay setup and support very easy.

The programmable graphical LCD allows the relay to replace local indication and control
functions such as panel metering, alarm annunciation, and control switches.

The HMI is set up in a menu tree with four scrolling buttons for navigation. Edit and Reset
pushbuttons provide access to change parameters and reset targets, alarms, and other registers.
The scrolling buttons are used for data entry when in edit mode. Edit mode is indicated by an Edit
LED on the Edit button.

The LCD has automatic priority logic to govern what is being displayed on the screen so that
when an operator approaches, the information of most interest is automatically displayed without
having to navigate the menu structure. The priorities are targets, then alarms, then the
programmable automatic scrolling list.

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

ASCIlI Command Interface

Three 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 nine pin RS-232 port
located on the back of the case. Com 2 is a 3-wire, 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.

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.

Modbus® and other common protocols are optionally available for the RS-485 communications

port. A separate instruction manual appropriate for the protocol comes with each unit. Consult the
product bulletin or the factory for availability of these options and instruction manuals.
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Primary Applications

The BE1-CDS220 Current Differential System provides percentage restrained differential protection along
with multiple overcurrent elements and is intended for use in any low impedance current differential
protection application including transformer, generator, motor, reactor, and bus protection. Its unique
capabilities make it ideally suited for applications with the following requirements.

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

e Applications where dedicated CTs for the differential are not available. Unlike traditional
differential relays, dedicated CT circuits are not required because each CT input is isolated from
the others and phase shift compensation can be accomplished internally.

e Applications that require high accuracy across a wide frequency range such as motor, generator,
and generator step-up transformer protection or in cogeneration facilities.

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

e Applications that require the economy and space savings provided by a multifunction, multiphase
unit. This one unit can provide all of the protection, as well as, the local and remote indication,
metering, and control required on a typical circuit.

e Applications that require harmonic restraint to aid security for the differential.
e Applications that require communication capability and protocol support.

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

o Applications where the capabilities of a digital multifunction relay are required, yet drawout
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.

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, differential protection has several difficulties
which present challenges to the application of this type of protection. The BE1-CDS220 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 currents 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 primary system. This
will cause a false differential current to be seen by the differential relay.

BE1-CDS220 Solution:

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

The BE1-CDS220 relay has two settable restraint current calculation methods: average and maximum.
Average restraint emulates the operating characteristics of common electromechanical relays. Maximum
restraint is recommended 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-CDS220 relay to detect the onset of CT saturation to ride through the condition to
further 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 current 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.

Problem 2: Measured Current Magnitude Mismatch

General

The currents measured by each set of current inputs can be transformed from their primary values 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. That is—due to the trans-
former 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.
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Figure 1-3. Currents on Different Voltage Bases

BE1-CDS220 Solution:

The BE1-CDS220 relay applies a tap adjustment factor to the measured currents to cancel the effect of
dissimilar CT ratio and voltage bases by converting the currents to per unit quantities on a common base.
The tap adjusted currents are used by the percentage restrained differential protection 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 circuit and for 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 Measurement Functions. 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 parameter for the
automatic tap calculation feature.

The setup parameters for the tap adjustment factor are described in Section 4, Protection and Control
Functions, 87 Differential Protection. The user can enter the mega-volt-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. Or, the user can enter the taps
directly for each CT input.

Problem 3: Mismatch Caused by Load Tap Changers

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.
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.
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BE1-CDS220 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 the
through current as described by the slope characteristic setting of the differential protection function. Also,
the relay has four setting groups to allow the tap settings and other parameters to be changed
dynamically based upon operating conditions.

Problem 4: Phase Angle Shift

General

When differential protection is used in a transformer application, the transformer often introduces a phase
shift between the various current inputs to the zone of protection. An example is a transformer with a delta
connected high side and a wye connected low side as shown in Figure 1-4a. The currents in the phases
connected to the delta side of the transformer are each made up of the combination of the current flowing
in two legs of the delta winding. On the other hand, the currents in the phases connected to the wye side
of the transformer are made up of the current in only one leg of the wye winding. It can be seen that the
primary currents flowing into the zone of protection, when tap is adjusted for magnitude mismatch, still do
not sum to zero as shown in Figures 1-4b and 1-4c.

BE1-CDS220 Solution

The input currents must be combined to mimic the way they are combined in the protected power
transformer so that the currents presented to the differential protection are made up of the same
components. Traditionally, this has been done by special connection of the CTs. Figure 1-5 shows the
transformer from Figure 1-4 with the CTs connected. The wye side CTs can be connected in delta such
that the differential protection is summing 1 with 1,-1,. The resulting two currents being seen by the
differential relay are now made up of the same components but exactly 180° out of phase with each other.
They will always 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.

There are several drawbacks to the traditional solution:

e The delta connection requires a dedicated set of CTs that generally cannot be used for other
purposes.

e The delta connection is more difficult to test.

e The delta connected CTs experience greater burden than wye connected CTs because the lead
burden must be multiplied by a factor of three in the CT performance calculation. See Appendix E
for more information on calculating CT performance.

The BE1-CDS220 relays support the traditional solution so that they may be used in retrofit/modernization
projects. However, in a numerical relay, it is possible to connect all of the CTs in wye as shown in Figure
1-6 so that the above mentioned drawbacks are not a consideration. The BE1-CDS220 relay can
numerically combine currents internally to accomplish a numerical delta if required for phase angle
compensation.

The setup parameters for each of the current input circuits are described in Section 3, I1/O Functions,
Power System Measurement Functions. The CT connection and the transformer connection are included
to allow the BE1-CDS220 relay to automatically determine the appropriate combination of currents to
present to the differential protection function.
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NOTE

The BE1-CDS220 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.

Problem 5: Zero Sequence 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 differential current being measured during ground imbalances. The most common example
of this is when the 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.

BE1-CDS220 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-CDS220 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 transformer to
mimic the power transformer’s delta connection, the zero sequence currents are blocked from flowing to
the differential protection and circulate in the CT delta just as they circulate in the delta of the power
transformer on the delta side.

The BE1-CDS220 selects the proper phase shift compensation settings to not only provide the correct
phase shift, but to also block zero sequence currents as appropriate.

The second solution of inserting a zero sequence trap is used in applications where there is a grounding
bank within the zone of protection that is not predicted by the transformer connection information
contained in the CT circuit setup parameters. In the example shown in Figure 1-7, the compensation logic
would require that the delta compensation be applied to the grounded wye winding. 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.

This application is greatly simplified with the BE1-CDS220. The user can connect all CTs in wye and
specify that the delta transformer winding has a ground source. The BE1-CDS220 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 components
from that current input just as would traditionally be done with a zero sequence trap.
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The setup parameters for each of the current input circuits are described in Section 3, Input and Output
Functions, Power System Measurement Functions. 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-CDS220 relay does not automatically remove the zero sequence
components from all currents presented to the differential protection functions
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 Overexcitation

General

When the zone of protection includes a transformer, excitation and energization inrush currents appear as
differential current because they flow into the zone of protection 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, this can cause sensitive differential protection to operate.

BE1-CDS220 Solution

Overexcitation and inrush are non-linear and the currents have high harmonic content. Inrush is
characterized by high, even harmonics such as the second harmonic. Overexcitation is characterized by
high, fifth harmonics. The BE1-CDS220 calculates the magnitude of the second and fifth harmonic
components of the differential current. If the differential current is made up of a significant proportion of
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either of these two components, the user can 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 differential element is included to provide dependability for an internal fault
with CT saturation.

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

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

Problem 7: Digital Measurement Errors

General

Numerical relays 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
the sampled 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 which can introduce magnitude and angle
errors to the measurement.

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-CDS220 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. Or, disable the protection at off-nominal
frequency. Or, compensate to maintain accuracy at off-nominal frequency. The BE1-CDS220 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. For example, tripping of important
transformers during a disturbance that causes the system to go unstable can have a catastrophic affect
on an already over-stressed power system. Generator and motor 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-CDS220 uses digital signal
processing technology and 144 samples per cycle over-sampling to provide digital low-pass filtering.

Model and Style Number Description

General

The BE1-CDS220 Relay electrical characteristics and operational features are defined by a 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 clear window on the front
panel and on a sticker located inside the case. Upon receipt of a relay, be sure to check the style number
against the requisition and the packing list to ensure that they agree.

Sample Style Number

The style number identification chart (Figure 1-8) defines the electrical characteristics and operational
features included in BE1-CDS220 Relays. For example, if the style number were EOENOYYONOR, the
device would have the following:
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BE1-CDS220 —
(E) - 5 Amp Nominal System with 5 Amp Independent Ground Input
(0) - English language user interface
(E) - 8Inputs, 6 Outputs and 1 Alarm Output
(N) - No Option
(0) - No Option
(Y) - 48/125 Vac/dc Power Supply
(Y) - 6 button HMI with LCD Display
(0) - ASCII Communications
(N) - No load profile recording
(0) - No cover
(R) - Horizontal with 19" Rack Mount Brackets

BE1-CDS220| — E N 0 Y
OPTION 1 NO OPTION FRONT PANEL PRORRE MOUNTING
0) English Y) 6 button N) None H) Horizontal Panel
1) Russian HMI with LCD Y) 4000 Point Mount
Display Data Array R) Horizontal 190
é Rack Mount
V) Vertical
Panel Mount
SENSING INPUT/OUTPUT
INPUT TYPE POWER RS-485 PORT
SUPPLY PROTOCOL
1 Amp Nominal Systems E) 8 Inputs, 6 Outputs and COVER
A) W/O Independent Gnd Input 1 Alarm Output L) 24 Vdc 0) ASCII
B) 1 Amp Independent Gnd Input Y) 48/125 Vac/dc 1) Modbus” 0) No cover
2) 125/250 Vac/dc 3) DNP 3.0 1) Cover
5 Amp Nominal Systems
D) W/O Independent Gnd Input P0066.33
E) 5 Amp Independent Gnd Input NOTES:
F) 1 Amp Independent Gnd Input )
A Doubles SER and oscillography memory.
Figure 1-8. Style Number Identification Chart
Operational Specifications
BE1-CDS220 relays have the following features and capabilities.
Metered Current
5 Aac Nominal Range...........cccceviiiiiiiieieeeeniiiieeeeeee 0.5t0 15.0 Aac
1 Aac Nominal Range.......cevveeiiiiiiieiiiee e ieiiieee e e e 0.1to 3.0 Aac
ACCUFACY ..ttt e e e et eeee s +1% of reading, +1 least significant digit at 25°C
Temperature DependencCe........ccccoovuvieeeeeeeeiiiiiiieeeeeen <40.02% per °C

Metered Frequency
RaANgE ... 40 to 63 Hz

Calculated Values and Accuracy

Demand
RANGE .o 0.1to 1.5 nominal
Ty P ettt Thermal, Block, Sliding Block
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ACCUFACY ..ttt e e e +1% of reading, +1 digit at 25°C
Temperature DependencCe........ccccoevviiviieeieeeieiiiiieeeeenn < +0.02% per °C
INEEIVAL ... 1 to 60 minutes

50T Instantaneous Overcurrent Protection

Pickup

5 Ampere CT Setting Range ..........ccccvveeeeeeeeiiniiiiieeeeenn, 0.5t0 150 A

1 Ampere CT Setting Range ..o 0.1t0o 30 A

Dropout/Pickup RaAtio.........ceveeeeiiiiiiiiiiee e cciireeee e e 95%

Accuracy (50TP, 50TN)

5 AMPErE CT .ot +2% or +50 mA, whichever is greater

L AMPEIE CT oottt e e +2% or +10 mA, whichever is greater

Accuracy (50TQ)

5 AMPErE CT .ot +3% or 75 mA, whichever is greater

LT AMPEIE CT oot +3% or 15 mA, whichever is greater

Time Delay

Setting RANQE ....vvviiiieee et 0to60s

Accuracy

L0 I T 0 I N U +0.5% or +% cycle, whichever is greater, Plus trip
time for instantaneous response (0.0 setting)+*

L0 1 2R +0.5% or +1 cycle, whichever is greater, Plus trip

time for instantaneous response (0.0 setting)+*

* Trip Time for 0.0 Delay Setting

SOTP, S0TN L.t 1% cycles maximum for currents = 5 times the
pickup setting. Three cycles maximum for a
current of 1.5 times pickup. Four maximum for a
current of 1.05 times the pickup setting.

ST 0 1 1 U 2Y, cycles maximum for currents 5 times the
pickup setting. Three maximum for a current of
1.5 times pickup. Five cycles maximum for a
current of 1.05 times the pickup setting.

50BF Breaker Failure Protection

Pickup

SettiNng RANGE ....vviiiiieee e Fixed at 0.5 A for 5 A unit, 0.1 A for 1 A unit
ACCUTNACY ..o +10%

Time Delay

Setting RANGE .....uveiiiiiieeiee e 50 to 999 ms

F ool 0| - T YRR +5% or ¥4 cycle, whichever is greater

RESEL TIME ..oeiiiiiiie e Within 1% cycles of the current being removed

51 Time Overcurrent Protection

Pickup

5 Ampere CT Setting Range ..........cccccvveveeeecvecciiieeneeenn, 0.5t016 A

1 Ampere CT Setting Range .......cccccveveeeeeiiciviieeee e 0.1to3.2A

Dropout/Pickup RaAtio.........ceveeeeiiiiiiiiiiee e cciireeee e e 95%

Accuracy (51P, 51N)

AN 10] o1 (= O [ +2% or +50 mA, whichever is greater
N 0] o 1= T O SRS +2% or +10 mA, whichever is greater
Accuracy (51Q)

AN 11] o1 (= O [ +3% or +75 mA, whichever is greater
LT AMPEIE CT oo +3% or 15 mA, whichever is greater
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Time Current Characteristic Curves
Timing Accuracy (All 51 FUNCHIONS) ......cceeeeiiiiiiiiiieneaenn.

62 Logic Timers

SettiNng RANGE ...ovviiiie e
ACCUIACY ..

87 Differential Protection

Restrained Differential (87RPU, 87RT)

5 Ampere CT Pickup ACCUIaCy.......ccccvuveveeeesiiiiivinnnneannn
1 Ampere CT Pickup ACCUraCYy.......ccccveevieivvviireeeeeeiaenns
Response Time (See Figure 1-9) ......ccccooiiiiiiiienienninnns

Unrestrained Differential (87UT)

5 Ampere CT Pickup ACCUIaCY.......cccuuveeeeeeeniiiiiiieeeaaaennn
1 Ampere CT Pickup ACCUraCY.........cceeeeiiiiiiiiiineaaeainnns
Response Time (See Figure 1-9) .....ccccccoovvvvvieveeeeeeiinns

Within £5% or +1% cycles, whichever is greater,
for time dial settings greater than 0.1 and
multiples of 2 to 40 times the pickup setting but
not over 150 A for 5 ACT unitsor 30 Afor LACT
units.

See Appendix A, Time Overcurrent Characteristic
Curves, for information on available timing curves.

Pickup/Dropout, Integrating, Retriggerable, Non-
Retriggerable, Oscillator, and Latch

010 9,999 s

+5% or +% cycle, whichever is greater

+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

+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

~3.50
o
£3.00

2250

£ 2.00 < —e— Unrestrained

= 1.50

—a— Restrained

(]
© 1.00 e

2.0.50
]

L 2
L 4

& 0.00

00 1.0 20 3.0 40 50 6.0 7.0 80 9.0 10.011.0

Multiple of Pickup

Figure 1-9. Typical 87 Response Characteristic Curves

Harmonic Inhibit
5 Ampere CT Pickup ACCUIaCY.......cccuveeeeeeeniniiiiieeaaaeennn

1 Ampere CT Pickup ACCUraCY.........cceeeeiiiiiiiiiieaaaeaaanns

TAP

5 Ampere CT Setting Range .........cccccvveveeeevvicvvnieeeeeennnn
1 Ampere CT Setting Range ........cccceeeeiiiiiiiiiieeeeeeeees

Minimum Pickup
1 or 5 Ampere CT Setting Range ..........cooecvvvvveeeeeiinnns

Restraint Slope

+2% of setting or 50 mA, whichever is greater
+2% of setting or 50 mA, whichever is greater

2.00t0 20.0 A
0.40t0 4.00 A

0.10 to 1.00 per unit

1 or 5 Ampere CT Setting Range ...........oooccuvveeeeeeeeinnnnns 15to 60 %
Second and Fifth Harmonic
1 or 5 Ampere CT Setting Range ..........cooccvvvvveeeeeiinnns 5.0t0 75.0 %
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Unrestrained Pickup

1 or 5 Ampere CT Setting Range ..........ccccoecvvvveeeeeeennns 1to 21 times TAP up to 30 times | nominal,
symmetrical

87ND Neutral Differential Protection
Restrained Differential (87NDPU, 87NDT)

5 Ampere CT Pickup ACCUIaCY........cccuveeeeeeeeiiiiiiiieeeenn +4% or £75 mA, whichever is greater
1 Ampere CT Pickup ACCUraCy.......ccccccveeeeviciivinieeeeennnnnns +4% or +25 mA, whichever is greater
TAP

5 Ampere CT Setting Range ..........occccvvvveeeeeviiciivneeeeenn, 2.00t0 20.0 A

1 Ampere CT Setting Range .......ccccvveveeeeeiiiciviieeeee e 0.40t04.00 A

Minimum Pickup

1 or 5 Ampere CT Setting Range ........c.ccccoeecvvveeeeeeennns 0.10 to 1.00 per unit

Restraint Slope
1 or 5 Ampere CT Setting Range ..........cccoccvveeviineeennnn 15to 60 %

Automatic Setting Group Characteristics

Number of Setting GroupPS ........coocvviiieiieeiniiiiieeeee e 4

Switch Level

(= L o = SR 0-150% of the setting group 0, 51 phase, neutral,
or negative-sequence pickup setting

ACCUIACY ettt a e e eeeaae s +2% or £50 mA (5 A), £2% or £10 mA (1 A)

Switch Timer

[ = Lo = SRR 0 to 60 min (0 = disabled)

INCIEMENT ...t 1 min

ACCUFACY ..ttt ettt e e e +0.5% or +2 s, whichever is greater

BESTlogic™

Update RALE......ueeviiee e Ya cycle

General Specifications

AC Current Inputs

5 Ampere CT

CoNtiNUOUS FatiNg....cceeeeeiieeiiieieeeeeesesireee e e e e e sssinineeeeae e 20A

(@] [-IT=ToTo] oo I -1 1] o PSR 400 A

For other current levels, use the formula | = (K/t) “where t = time in seconds and K = 160,000.
Begins to Clip (Saturate) ..........oooecueeieeeeeiiiiiiiieeeee e 150 A

BUFAEN e Less than 10 mQ at 5 Aac

1 Ampere CT

ContinUOUS RAtING ...vvveeeiiciiiiieeee e 4A

(@] (=R Y= ToTo] a o I -1 1] o RS 80 A

For other current levels, use the formula | = (K/t) “ where t = time in seconds and K = 6,400.
Begins to Clip (Saturate) ..........oooecuvieeeeaeiiiiiiiiieee e 30A

BUIAEN ..o Less than 22 mQ at 1 Aac

Analog to Digital Converter

Ty P ettt 16 bit

Sampling RAte .......coviiiiiiiie e 144 samples per cycle into digital filter
Digital Filter QULPUL.........cvvvieeeeeiicieee e 24 samples per cycle

Frequency Tracking .......cccueeveeeeeiiciiiiieee e ceiireeeee e 40 to 63 Hz
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Power Supply
Input Voltage Range

(O] ][0 o I 02V (o) IS 17 to 32 vdc

Option Y (48/125 Vac/dC) .....ceveeeeeiiciiiieieee et 35 to 150 Vdc or 55 to 135 Vac

Option Z (125/250 Vac/dC) .....ccccevvicvvriieieeeeeieiiiieeeeeee 90 to 300 Vdc or 90 to 270 Vac

Frequency Range

Options Y and Z only ..o, 35t0 75 Hz

Burden

OptioN L (24 VAC) ..ot 12 W continuous, 17 W maximum with all outputs
energized

Option Y (48/125 Vac/VAC)......cccuveeeiiieeiiiiiiieeeee e 11 W continuous, 15 W maximum with all outputs
energized

Option Z (125/250 Vac/VAC) ......cccvveveeeeiiciiiieiee e, 10 W continuous, 13 W maximum with all outputs
energized

Output Contacts

Make and Carry for Tripping DUtY ......ccevveeeeviiiiiiieneeenn, 30 A for 0.2 seconds per IEEE C37.90; 7 A
continuous
Break Resistive or INdUCHIVE ..........ccccvvvvvieeeeiiiiiiieeeeeen 0.3 A at 125 or 250 Vdc (L/R = 0.04 maximum)

Contact-Sensing Inputs

Turn-On Voltage
Contact-sensing turn-on voltages are listed in Table 1-1.
Table 1-1. Contact-Sensing Turn-On Voltages

Contact-Sensing Turn-On Voltage *
Style Option Nominal Input Voltage Jumper Pins 1-2 Jumper Pins 2-3
(Low Position) T (High Position) 1
XXXXXY XXXXX 48 Vdc or 125 Vac/dc 26 to 38 vVdc 69 to 100 Vdc
56 to 97 Vac
69 to 100 Vdc 138 to 200 Vdc
XXXXXZXXXXX 125/250 Vac/dc 56 10 97 Vac 112 1o 194 Vac
XXXXXLXXXXX 24 VVdc n/a Approx. 5 Vdc

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

T Voltage ranges depend on jumper configurations. See Section 3, Input and Output Functions, Contact-
Sensing Inputs, for more information.

Input Burden

Burden values shown in Table 1-2 assume nominal value of input voltage applied.

Table 1-2. Contact-Sensing Input Burden

Burden
Style Option Nominal Input Voltage Jumper Pins 1-2 Jumper Pins 2-3
(Low Position) (High Position)
XXXXXY XXXXX 48 Vdc or 125 Vac 35 kQ 90 kQ
XXXXXZXXXXX 125/250 Vac/dc 90 kQ 185 kQ
XXXXXLXXXXX 24 Vdc 15 kQ n/a
Recognition Time
Programmable ... 4 to 255 ms
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NOTE

All timing specifications are for the worst-case response. This includes output
contact operate times and standard BESTlogic operation timing but excludes
input debounce timing and non-standard logic configurations. If a non-standard
logic scheme involves feedback, then one or more BESTlogic update rate
delays must be included to calculate the worst-case delay. An example of
feedback is Virtual Outputs driving Function Block Inputs. For more
information, see Section 7, BESTlogic Programmable Logic.

IRIG

Supports IRIG Standard 200-98, Format B002

INPUL SIGNAL...eiiiieiiiieec e Demodulated (dc level-shifted digital signal)
Logic-High Voltage ........cceeeveeeeiiiiiiiece e 3.5 Vdc, minimum

Logic-LOW VOltage ......cevvvieeiee et 0.5 Vdc, maximum

Input Voltage Range...........cooovveiiiiiiiiic i +20 Vdc, maximum

RESISTANCE ....oiiiiiiiiei e Nonlinear, approximately 4 kQ at 3.5 Vdc,

approximately 3 kQ at 20 Vdc

Real-Time Clock

F ot ol U | - 1o VS 1 second per day at 25°C (free running) or +2
milliseconds (with IRIG synchronization)

RESOIULION ..ot 1 millisecond

Date and Time Setting Provisions...........cccccccoevvevvvveennnn. Front panel, communications port, and IRIG. Leap
year correction provided.

Clock Power Supply Holdup Capacitor...............cceeeenee. 8 to 24 hours, depending on conditions

Communication Ports

Interface

Front RS-232 (COM 0) ..uuvviiiieeeiiiiiiieee e ceiveeeee e e e 300 to 19,200 baud, 8N1 full duplex

Rear RS-232 (COM 1) ...uuuiiiiieeiiiiiiiieeee e e s ceivneeee e e 300 to 19,200 baud, 8N1 full duplex

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

Display

Ty P ettt Graphic LCD (liquid crystal display) with LED
(light emitting diode) back-light

Operating TEMPETALUIE ........ceeveeeeeiiiiniieieeeeeeeeenineeeeeeens —-40°C to 70°C (-40°F to 158°F) The 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. (Excludes communication ports.)

Surge Withstand Capability

Oscillatory
Qualified to IEEE C37.90.1-1989, 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)

Type tested using a five-watt, hand-held transceiver in the ranges of 144 and 440 MHz with the antenna
placed six inches from the relay. Qualified to C37.90.2-1995, Standard For Withstand Capability Of Relay
Systems To Radiated Electromagnetic Interference From Transceivers.
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Electrostatic Discharge (ESD)
8 kV contact discharges and 15 kV air discharges applied in accordance with IEC 60255-22.

Shock
Quialified to IEC 255-21-2, Class 1

Vibration
Quialified to IEC 255-21-1, Class 1

Environment

Temperature

Operating RANQE ......ccovviiiiiiiee e —40°C to 70°C (-40°F to 158°F)
StOrage RANGE......cevveeiiiiiiiiiie e e e e e e eer e e e e —40°C to 70°C (-40°F to 158°F)
Humidity

Quialified to IEC 68-2-38, 1st Edition 1974, Basic Environmental Test Procedures, Part 2: Test Z/AD:
Composite Temperature Humidity Cyclic Test.

UL Recognition

U.L. recognized per Standard 508, U.L. File Number E97033. Note: Output 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 14-M91, C.S.A. File Number LR23131.
Note: Output contacts are not C.S.A. certified for voltages greater than 250 volts.

CE Qualified

This product meets or exceeds the standards required for distribution in the European Community.

DNP Certification
DNP3 IED certified, Subset Level 2, by SUBNET Solutions, Inc.

Physical
LA | 12 1b (5.4 kg)
CASE SIZE oot 19 inch rack mount, 3 rack units high, or MX case:

M1, M2/FT31, and FT32 size. See Section 12,
Installation, for more information.
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SECTION 2 ¢ QUICK START

General

This section provides an overview of the BE1-CDS220 Current Differential System. You should be familiar
with the concepts behind the user interfaces and BESTlogic™ before you begin reading about the detailed
BE1-CDS220 functions. Sections 3 through 6 in this manual describe in detail each function of the BE1-
CDS220.

The following information is intended to provide the reader with a basic understanding of the three user
interfaces (front panel human-machine interface (HMI), ASCIl serial communications link, and the
BESTCOMS™ for BE1-CDS220 software) and the security features provided in the BE1-CDS220 relay.
Detailed information on the operation of the HMI (human-machine interface) is in Section 10, and the
information on ASCIl command communications is in Section 11. BESTCOMS is a Windows® based
software application (graphical user interface) that enhances communication between the PC user and
the BE1-CDS220 relay. BESTCOMS for the BE1-CDS220 is provided free of charge with the BE1-
CDS220 and details are provided in Section 14.

Also covered in this section is an overview of BESTIlogic. 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
BESTlIogic 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 BE1-CDS220 relay and include references to
the following items. Note that not all items are appropriate for each function.

e Human-machine interface (HMI) screens for setting the operational parameters.
e BESTCOMS for setting the operational parameters.

e BESTCOMS for setting up the BESTlogic required for functions in your protection and control
scheme.

e Outputs from the function such as alarm and BESTlogic variables or data reports.
o HMI screens for operation or interrogation of the outputs and reports provided by each function.

e ASCIl commands for operation or interrogation of the outputs and reports provided by each
function.

About This Manual

The various application functions provided by this multifunction relay are divided into four functional
categories: input and output functions, protection 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 2-1. Function Categories and Manual Sections Cross-Reference

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

N0 b

BESTIlogic™

Each of the protection and control elements in the BE1-CDS220 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
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BESTlogic 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.
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 several preprogrammed logic schemes embedded in the relay
firmware and 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 necessary to enter a
unique name for the new logic before modifying the settings. Naming the new logic distinguishes it from
the preprogrammed logic scheme.

There are two types of BESTlogic settings: element (function block) logic settings 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 protected 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 to a discrete device counterpart. For
example, the transformer differential element in the BE1-CDS220 relay has all of the characteristics of a
version of the BE1-87T transformer differential relay with similar functionality. Figure 2-1 shows the 87
phase differential element inputs and outputs.

Mode =
0-disable
1- enabled

PERCENT [—O87RPU

DIFF
with  —O8RT

Harmonic 87UT
Restraint O

87)  L_O2NDHAR

BLK
*——> O5THHAR

D2840-23
01-28-99

Figure 2-1. 87 Phase Differential Element

Two inputs: Five operational settings:
e Mode (enable/disable 87 operation) e Minimum pickup
e BLK (block 87 operation) e Slope

Five outputs: e 2™ Harmonic Inhibit
e 87RPU (87 Restrained Pickup) e 5" Harmonic Inhibit
e 87RT (87 Restrained Trip) e Unrestrained Pickup

e 87UT (87 Unrestrained Trip)
e 2NDHAR (2™ Harmonic Inhibit Status)
e 5THHAR (5" Harmonic Inhibit Status)

Of the above 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 logic.
The mode is equivalent to deciding which devices you want to install in your protection and control
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 to be
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,S1R for Set in Setting
Group 0 - the 51N function = to pickup at 6.5 amps with a time dial of 2.1 using curve S1 with an
integrating reset characteristic.

The 51N element has two logic output variables, 51NT (Trip) and 51NPU (Picked Up). 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-CDS220, supports up to 16 output expressions. The output
expressions are called virtual outputs to distinguish them from the physical output relays. In the BE1-
CDS220, VOA and VOL1 through VO6 drive physical outputs OUT A (fail safe alarm output), and OUT1
through OUTG6 respectively. The rest of the virtual outputs can be used for 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
BESTlogic setting command might be SL-VO1=V011+101T+BFPU for Set Logic - Virtual Output 1 = to
Virtual Qutput 11 (which is the intermediate logic expression for all of the element tripping outputs) or (+)
101T (the trip output of the virtual breaker control switch) or (+) BEPU (the pickup output of the breaker
failure element that indicates that breaker failure has been initiated). To assign this to OUT1, the
BESTlogic command would be SL-OUT1=VO1.

User Interfaces

Three user interfaces are provided for interacting with the BE1-CDS220 relay: the front panel HMI, ASCII
communications, and the BESTCOMS for BE1-CDS220 software. The front panel HMI provides access to
a subset of the total functionality of the device. ASCIl communications provides access to all settings,
controls, reports, and metering functionality of the system. The BESTCOMS for BE1-CDS220 software
provides a Windows based, user-friendly environment for editing settings files and uploading and
downloading them from the relay (see Section 14 for details).

Front Panel HMI

The front panel HMI consists of five LEDs for indicating power supply status, relay trouble alarm status,
programmable major and minor alarm status, and a multipurpose Trip LED that flashes to indicate that a
protective element is picked up. The Trip LED lights continuously when the trip output is energized and
seals in when a protective trip has occurred.

The front panel HMI also has a 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. When the Trip LED lights solidly, it indicates that target information is
being displayed on the LCD. A complete description of the HMI is included in Section 10, Human-Machine
Interface.

The BE1-CDS220 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 left 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 would press the right or
left scrolling pushbuttons to get to Screen \PROT - PROTECTION. You would then press the down
scrolling pushbutton to get to the next level of detail and the right or left scrolling pushbutton to get to
Screen \PROT\SG3 - SETTING GROUP 3. To continue, you would press the down and then 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, the pickup, 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 CRV
51P 1 10.3 9.99 BIR
51N G 1.0 0.20 BS
510 0 xx.x x.xx C4R

<251 >151

D2840-35
04-02-03

Figure 2-2. 51 HMI Screen

ASCIl Command Communications

The BE1-CDS220 relay has three independent communications ports for serial communications. Basler
Terminal in BESTCOMS can be connected to any of the three ports so that the user may send commands
to the relay. Alternatively, a computer terminal or PC running a terminal emulation program such as
Windows Terminal can be 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 ASCIl command communications is designed for use in both human-to-machine
interactions and in batch download type operations. The following paragraphs briefly describe the
command structure and then discuss human-to-machine interactions and batch command text file
operations for interacting with the relay. The operation of the ASCII commands is described in detail in
Section 11, ASCII Command Interface.

Command Structure

An ASCIlI command consists of a command string made up of one or two letters followed by a hyphen
and an object name. The 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 functions,
D for Demand recording functions, F for Fault summary reporting functions, G for General
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, and curve settings for the 51N
element. To edit these settings, the same command would be used with an = 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 ASCII command scheme allows the user to read and/or write settings and operational items on a
function-by-function basis. However, this also requires a great many 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 enter the 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 operations counter reading. You can enter RB for
Report Breaker and the relay will respond with all of the breaker report objects including the operations
counter. If you had remembered that the object name is OPCNTR, you could have entered RB-OPCNTR
and received only the operations counter report. 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 respond 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 would have been entered (RD-PIN).

Batch Command Text File Operations

With a few exceptions, each function of the relay uses one command to set it and each setting command
operates on all of the parameters required by that element. See the example mentioned above in the
paragraph titted Command Structure. This format results in a great many commands to fully set the relay.
Also, the process of setting the relay does not use a prompting mode where the relay prompts you for
each parameter in turn until you exit the setting process. For these reasons, a method for setting the relay
using batch text files is 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-
CDS220 in command format. So 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
Group 2, 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 11, ASCIlI Command Interface, for a more detailed discussion of how to use ASCII text files for
setting the relay.

BESTCOMS™ for BE1-CDS220, 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 schemes that are stored in the relay. 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 of stored
oscillography data. Detailed analysis of the oscillography files may be accomplished using BESTwave™
software. For more information on Basler Electric's Windows based BESTCOMS (GUI) software, refer to
Section 14, BESTCOMS Software.

Getting Started

Connections

Figure 12-12, in Section 12, Installation, shows typical external dc control connections. If your relay has
Power Supply Option Y or Z, it can be supplied by normal 120 V ac house power. These two power
supply options (Y and Z) are the midrange and high range AC/DC power supplies. The contact sensing
inputs are half-wave rectified opto-isolators. The default contact recognition and debounce settings
enable their use on ac signals as well as dc signals.

Section 12 also shows typical external ac sensing connections. The relay measures the A phase, B
phase, and C phase current magnitudes directly from the three current sensing inputs on Circuit #1 (this
is dependent on style configuration). Circuit #2 measures the A phase, B phase, and C phase current
magnitudes directly from the three current sensing inputs. The neutral and negative-sequence
magnitudes are calculated from the fundamental component of each of the three-phase currents. When
evaluating the negative-sequence functions, the relay can be tested using a two-phase current source. To
fully evaluate the operation of the relay in the power 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, ASCII Command Interface, for additional information).

Entering Test Settings

Use BESTOMS to enter test settings (see 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 Command 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 two subgroups of settings, you will not see the global security settings, user
programmable BESTlogic settings, settings for protection Setting Groups 1, 2, and 3, settings for alarm
functions, and the settings for breaker monitoring functions.

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

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

e The nominal system frequency (FREQ).
e The normal phase-sequence (ABC or ACB) for the system (PHROT).
Open the SO file in a text editor, change settings, as required, and save the changes. For example:
e The differential taps setting by putting the 87 function in manual and selecting tap values (87).
e The pickup, time dial, and curve for the 51 functions (51P, 51N, 51Q).

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
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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 described above
under Batch Command Text File Operations. Do not forget to add E;Y (Exit; Save Settings? Yes) to the
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-87 logic diagram. Review this logic to help understand the
following discussion. In this scheme, IN1 and IN2 are being used to show the position of the breakers in
the sequence of events record (SER). Input 3 is showing the status of the 86 lockout relay. Inputs 6 to 8
can be used for alarm annunciation. You can quickly review the state of the inputs in three different ways:
one, through the front panel HMI, two, using the ASCIl command interface, or three using BESTCOMS,
Metering screen.

The front panel HMI displays the input status on Screen 1.4.1, \STAT\OPER\INPUT. A diagram showing
all of the menu tree branches is located in Section 10, Human-Machine Interface. To get to this screen,
press the Up scrolling pushbutton until you reach the top screen in the current branch. You know when
you have reached the top screen because the screen stops changing when you press the Up scrolling
pushbutton. From this position, press the Right scrolling pushbutton until you have reached the screen
titled, \STATUS BE1-CDS220 REPORT STATUS. From this position, press the Down scrolling
pushbutton one time (\STAT\TARGETS) and press the Right 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. Another command is RG-INPUT. This command will only read the
status of the inputs and nothing else.
Testing
To determine if the relay is responding correctly to each test, the following commands are useful.

e RG-TARG, (report general targets): reports the targets from the last fault.

e RF, (report faults): reports a directory listing of the twelve fault summary reports. The fault
summary reports are numbered from 1 to 255, then wrap around, and start over. RF-### reports
the ### report.

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

FAQ/Troubleshooting

Frequently Asked Questions (FAQS)

1) Why won't the Trip 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-CDS220 style) and the position of
the contact sensing jumper. See Section 12, Installation, for additional information.

How can the BE1-CDS220 be configured into a simple transformer differential relay?

Two preprogrammed schemes perform this function. One is BASIC-87 from the BESTCOMS
logic library (Basic Differential) and the other is the embedded logic scheme BASIC-TX (Basic
Transformer). See Section 8, Application, for additional information.

How can the BE1-CDS220 be configured into a generator differential relay?

The BE1-CDS220 can be configured into a generator differential relay by loading the
preprogrammed logic scheme BASIC-87 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 compensate for the
phase shift between the high side and low side of a transformer?

No, the BE1-CDS220 can compensate for phase shift. See Section 3, Input and Output
Functions, for additional information.

Should | be concerned about zero-sequence blocking in my CT connections?

No, the BE1-CDS220 can compensate for zero-sequence blocking. See Section 3, Input and
Output Functions, for additional information.

Does the BE1-CDS220 trip output contact latch after a fault?

The answer to the question is Yes and No. In general, once the fault goes away the output
contacts open. The BE1-CDS220 does offer an option to ensure that the contact will stay
closed for at least 200 milliseconds. See Section 3, Input and Output Functions, for additional
information on that function. However, BESTlogic can latch the relay outputs. See Section 8,
Application, Application Tips, for additional information.

Why won't a function work when | put in settings such as the pickup and time delays?
Make sure that the logic function is enabled.

How many overcurrent elements does the BE1-CDS220 have available?

The BE1-CDS220 has nine instantaneous overcurrent and nine time overcurrent elements. Just
like any element, each of these elements can be assigned to any output for building logic
equations.

Can | make logic settings at the front panel?

No, the front panel cannot program logic settings. Logic settings must be programmed using
the ASCIl command interface or BESTCOMS communication software.

Since the BE1-CDS220 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
instruction 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-CDS220 have a battery installed as the back-up power source for the
internal clock on loss of power?

No, the BE1-CDS220 does not have a battery. It 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-CDS220 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 overcurrent 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, an access conflict results. The
unit has three different communication ports. The front HMI and front RS-232 are considered
the same port and are the first port (COM 0). The rear RS-232 (COM 1) is the second and the
rear RS-485 (COM 2) is the third port. If you have gained access at the front panel HMI and the
5-minute timeout has not ended, you cannot gain access at another 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-CDS220 is required (control or setting change
or report reset). Data can be read and reports can be obtained without gaining access. After
gaining access though one of the ports, the session can be ended with the Exit command. If
access is gained, but the session is not ended, a 5-minute timeout will end the session and any
changes that were not saved will be lost. If you 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 Alarms,
Fault Reporting, to get more details on how to correctly program these commands. The trip
LED has two different functions in the relay. When the SG-TRIGGER PU expression is true and
the TRIP expression is false, the trip LED flashes. When both the SG-TRIGGER PU and TRIP
expression are true, the trip LED lights solidly. When neither expression is true, the trip LED
lights solidly if there are latched targets. A flashing LED means one of the protection elements
is in a picked-up state and timing towards trip. Once the trip occurs, the LED turns on solidly.
The LED will not change state until the target has been reset. If the fault has not cleared, the
LED turns on again. Table 2-2 is a truth table for the Trip LED and it should help to interpret the
LED indications.

Table 2-2. Trip LED Truth Table

Trip PU Targets LED
0 0 Off
On

Flash

Flash
On
On
On
On

I E=1E=1k=]
== =1k=]
Rlo|rR|o|lkr| ok
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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 Alarms; and Section 12, Installation, for additional
information.

Can the IRIG signal be daisy-chained to multiple BE1-CDS220 units?

Yes, multiple BE1-CDS220 units can use the same IRIG input signal by daisy-chaining the
BE1-CDS220 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 Alarms; and
Section 12, Installation, for additional information.

How can | find out the version number of my BE1-CDS2207?
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-CDS220 BESTCOMS (the version is provided on the General Operation
Screen, Identification Tab).

How are reports and other information obtained from the relay saved in files for future
use?

Through BESTCOMS, select print from the dropdown menu and then select RTF export, which
allows the user to save the file to any location. In addition, text transferred from the relay to your
terminal emulation software can be selected and copied to the clipboard. The clipboard
contents are pasted into any word processor such as Microsoft® Notepad and saved with an
appropriate file name.
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SECTION 3 e INPUT AND OUTPUT FUNCTIONS

General

BE1-CDS220 relays have two sets of three-phase current measurement inputs, an optional ground
current measurement input, eight contact sensing (programmable) inputs, six general purpose output
contacts, and 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.

Input Current

Currents from the secondary of a CT 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. Secondary current from each internal CT is converted
to a voltage signal, and filtered by an analog, low-pass, anti-aliasing filter.

Current 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 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.

Frequency Compensation

The frequency of the power system is monitored on the C phase input for CT circuit one. When the
current applied to phase C of CT circuit one, is greater than 10% nominal, the BE1-CDS220 relay
measures the frequency and varies the sampling rate to maintain 144 samples per cycle over a frequency
range of 40 to 63 hertz. If the C phase current on input circuit one is too low for the frequency to be
accurately read, or the measured frequency is outside this range, the relay ADC defaults to 144 samples
per cycle of the nominal frequency. Protection is still provided for all functions except for negative
sequence, but accuracy is degraded.

Compensated Restraint And Operate Currents For Differential Protection

As described in Section 1, General Information, it is necessary to provide phase angle, zero sequence,
and tap compensation to 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 harmonic operate currents. Tap compensation setup is covered in Section 4, Protection
and Control, Phase Differential Protection.

Neutral and Negative Sequence Current Measurement

The BE1-CDS220 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 or 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% nominal rating and detects the interruption of current in the circuit breaker in less than a cycle.

Setting Up the Current Measurement Functions
Settings for the current measurement functions are provided in Table 3-1.
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Table 3-1. Power System Measurement Function Settings

Setting Range Increment Sl Default
Measure

Nominal Frequency 50 or 60 N/a Hertz 60
Phase Rotation ABC, ACB N/a N/a ABC
CT Ratio (ct ratio), Input 1 1-50,000 1 Turns 1
CT Connection (ct con), Input 1 WYE, DAB, DAC N/a N/a WYE
Transf. Connection (tx con), Input 1 N/a, V\gA\EC DAB, N/a N/a N/a
Groynd Source (gnd src), Input 1 0=No, 1=Yes N/a N/a 0
(optional)
CT Ratio (ct ratio), Input 2 1-50,000 1 Turns 1
CT Connection (ct con), Input 2 WYE, DAB, DAC N/a N/a WYE
Transf. Connection (tx con), Input 2 N/a, V\|/3\,(A\Ec DAB, N/a N/a N/a
Grognd Source (gnd src), Input 2 0=No, 1=Yes N/a N/a 0
(optional)
ICI:‘]'Fr)quaUO, Optional Independent Ground 1-50,000 1 Turns 1

Power System Setup

To enter Power System settings, select General Operation from the Screens pull-down menu. Then select
the Power System tab. Refer to Figure 3-1.

BE1-CDS220 Settings ( [Untitled] )
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1 E: 1 - 1 5:1 -
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CT Conn Xfmr Conn CT Conn Xfmr Conn 60 -
WiYE M | WwE [ ha
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124772005 | 410PM

[~ Ground Source [~ Ground Source

Enter the CT Turns walue for CT Input 1. General Operation

Figure 3-1. General Operation Screen, Power System Tab
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Nominal Frequency. When the current is too low for the frequency to be reliably measured, the ADC
circuit defaults to operation at the nominal frequency setting. This can be set for operation on either 50 or
60-hertz  power systems using BESTCOMS™, the optional HMI wusing screen 6.3.2,
SETUP\PWR_S\FREQ, and from the ASCII command interface using the SG-FREQ (settings general-
frequency) command.

Normal Phase Sequence. The normal phase sequence setting can be entered using BESTCOMS, the
optional HMI using screen 6.3.3, SETUP\PWR_S\P_SEQ, and from the ASCII command interface using
the SG-PHROT (settings General-Phase Rotation Sequence) command.

Current Input Circuit Settings. The BE1-CDS220 relay requires information on the CT connections and
the characteristics of the protected zone. For each three-phase CT input circuit, it is necessary to enter
CT ratio, CT connection, transformer connection (if applicable), and optionally whether there is a ground
source that must be taken into consideration.

Each set of three-phase CTs can be connected in wye or one of two delta configurations as shown in
Figure 3-2. As described in Section 1, General Information, Differential Protection Application
Considerations, wye CT connections are recommended for most applications. The CT ratio should always
be entered as the actual ratio and not the effective ratio. When the CTs are connected in delta, the
secondary current under balanced conditions 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-CDS220 automatically considers this
factor so it is not necessary for the user to manually compensate when entering the CT ratio.

POLARITY
ZONE OF -
PROTECTION INTO ZONE
C Y R } Y RN } ( Y 1 }
B y 1 y 1 v 1
— T 3y ¥
A J Y } ‘ v } v 1 }
N IA 1B IcC IA-18 Is-1IcC Ic-1A IA-1IcC I1B-1A Ic-18
D2837-15
12.22-98 WYE DAB DAC

Figure 3-2. CT Connections

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 Sidebar 3-1).
For each CT input circuit, a setting is provided to enter the transformer connection associated with that
input. If there is no transformer within the protected zone, this setting should be set to N/A (Not
Applicable).
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Sidebar 3-1. 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 connected to a
delta winding could be classified as one of two delta connections: Delta IA-IB (DAB), or Delta IA-IC
(DAC). A delta configuration is defined by the currents that flow in the primary phases connected to
the delta. The wye-winding phase connections are used as the point of reference since the current
that flows in the wye winding is the same as the current in the wye side primary phases. Figure 3-3
(left) shows an example of a transformer with a DAB connection. Figure 3-3 (right) shows an example
of the same transformer with the phases reconnected to provide a DAC connection. If there is no wye
winding to use as reference, as is the case with a delta/delta transformer, the definition of the delta
configuration is not important.

IC=Ic-la 1A=1a-Ic
C 1 % c A 1 g a
5 I1B=1b-Ic | | b D I1B=Ib-l1a | | b
1 % o ‘ E
IA=1a-1b I 1A=1c-1b | .
A % % a C % é
1 1

D2837-22.vsd
D2837-21.vsd 12-22:98
12-21-98

Figure 3-3. DAB Delta (left) and DAC Delta (right)

With the appropriate CT and transformer connection information, the relay can automatically determine
the correct compensation required. Table 3-2 provides a listing of all acceptable combinations of CT and
transformer connection settings and the compensation that the BE1-CDS220 will apply. The
recommended settings for each configuration are highlighted in Bold. Figure 3-3 provides details on how
to choose the correct CT and transformer connections to describe the application. If a combination of
connection settings is entered that results in an invalid condition, the relay will give an error message
when the settings are validated on Exit/Save Yes.
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Table 3-2. CT Input Circuit Settings

Normal Transformer Connection CT Connection Compensation
s “lizze CT Input CT Input CT Input CT Input CT Input CT Input
equence Circuit 1 Circuit 2 Circuit 1 Circuit 2 Circuit 1 Circuit 2
N/a N/a N/a WYE WYE WYE (NONE) | WYE (NONE)
WYE DAB DAB WYE (NONE)
WYE DAC DAC WYE (NONE)
DAB WYE WYE (NONE) DAB
DAC WYE WYE (NONE) DAC
DAB DAB WYE (NONE) | WYE (NONE)
DAC DAC WYE (NONE) | WYE (NONE)
WYE WYE WYE WYE DAB DAB
B WYE DAB DAB WYE (NONE)
)\ WYE DAC DAC WYE (NONE)
A I DAB WYE WYE (NONE) DAB
0° LAG DAC WYE WYE (NONE) DAC
c DAB DAB WYE (NONE) | WYE (NONE)
D /l\ )\ DAC DAC WYE (NONE) | WYE (NONE)
A B
0° LAG
DAB WYE WYE WYE WYE (NONE) DAB)
j\\ i : WYE DAB WYE (NONE) | WYE (NONE)
A C
30° LAG
A B 30° LEAD
DAC WYE WYE WYE WYE (NONE) DAC
j\\ f : WYE DAC WYE (NONE) | WYE (NONE)
A C 30° LEAD
A B 30° LAG
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Table 3-2. CT Input Circuit Settings - Continued

Normal Transformer Connection CT Connection Compensation
Selz]hua:asnece CT Input CT Input CT Input CT Input CT Input CT Input
Circuit 1 Circuit 2 Circuit 1 Circuit 2 Circuit 1 Circuit 2
B WYE DAB WYE WYE DAB WYE (NONE
D /l\ b DAB WYE WYE (NONE) | WYE (NONE)
A C 3
30° LEAD
C\
A)\B /I\ 4
30° LAG
B WYE DAC WYE WYE DAC WYE (NONE)
D /l\ DAC WYE WYE (NONE) | WYE (NONE)
A C
30° LAG
C\
30° LEAD
DAB DAB WYE WYE WYE (NONE) | WYE (NONE)
WYE DAB DAB WYE (NONE)
WYE DAC DAC WYE (NONE)
DAB WYE WYE (NONE) DAB
0° LAG DAC WYE WYE (NONE) DAC
DAB DAB WYE (NONE) | WYE (NONE)
A DAC DAC WYE (NONE) | WYE (NONE)
0° LAG
DAB DAC WYE WYE DAC DAB
WYE DAB DAC WYE (NONE)
DAC WYE WYE (NONE) DAB
DAC DAB WYE (NONE) | WYE (NONE)
60° LAG
60° LEAD
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Table 3-2. Continued, CT Input Circuit Settings

Normal Transformer Connection CT Connection Compensation
Phase CT Input CT Input CT Input CT Input CT Input CT Input
Sequence Circuit 1 Circuit 2 Circuit1 | Circuit 2 Circuit 1 Circuit 2
B DAC DAC WYE WYE WYE (NONE) | WYE (NONE)
D WYE DAB DAB WYE (NONE)
A A WYE DAC DAC | WYE (NONE)
A C DAB WYE WYE (NONE) DAB
0° LAG DAC WYE WYE (NONE) DAC
C DAB DAB WYE (NONE) | WYE (NONE)
D f f DAC DAC WYE (NONE) | WYE (NONE)
A B
0° LAG
B DAC DAB WYE WYE DAB DAC
D WYE DAC DAB WYE (NONE)
A V DAB WYE WYE (NONE) DAC
A C DAB DAC WYE (NONE) | WYE (NONE)
60° LEAD
IRIVANAY,
A B 60° LAG
NOTES

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 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.

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. 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

9313900990 Rev G BE1-CDS220 Input And Output Functions

3-7



transformer connections are ground sources, the relay always assumes that a wye transformer
connection is a ground source so that it is secure. Zero 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 3-4 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 compensation chosen as
shown in Table 3-2 and the ground source setting.

Table 3-3. Internal Compensation Chart

Compensation Ground Source A Phase B Phase C Phase
Wye (None) 0=No Ia lg le
Wye (None) 1=Yes Ia- 1o Ig - 1, Ie- 1y

DAB 0=Noorl=Yes (- 15) /1 V3 (I - 1) / V3 (Ic- 1) /3
DAC O0=Noorl=Yes (Ia-10) /N3 (I- 1) /3 (Ic- 1g) /3
“ (I3 «
Ic I
Sl T -lg
l-1,)N3
(I-1)N3
< 'IA >

. (hlh3
|B | |
(IB-IC)/\/?’ Tc 4 “lc 4
DAB Internal Compensation DAC Internal Compensation
Measured Current Measured Current *(-1) Compensated Current

Figure 3-4. Internal Phase and Zero Sequence Compensation

CT connection settings can be entered through BESTCOMS, the optional HMI using screen 6.3.1.1,
SETUP\PWR_S\CON\CTP, and from the ASCII command interface using the SG-CT (setting general-CT
input circuit) command.

If the BE1-CDS220 relay is equipped with the optional independent ground current input, the CT ratio
must be entered for that input. This setting can be entered from the optional HMI using screen 6.3.1.2,
SETUP\PWR_S\CON\CTG, from the ASCIlI command interface using the SG-CTG (setting general-CT
input circuit ground) command, and through BESTCOMS.

SG-CTn and SG-CTG affect the primary current metering values, the contact duty log (RB-DUTY)
calculations, the transformer duty log (RT-DUTY), and the COMTRADE fault record current levels. The
CT ratios and connections also affect the automatic phase compensation used by the 87 differential
function as well as the auto-tap calculation.
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Contact-Sensing Inputs

BE1-CDS220 relays have eight contact-sensing inputs to initiate BE1-CDS220 relay actions. These inputs
are isolated and require an external wetting voltage. Nominal voltage(s) of the external dc source(s) must
fall within the relay dc power supply input voltage range. To enhance user flexibility, the BE1-CDS220
relay uses wide range ac/dc power supplies that cover several common control voltage ratings. To further
enhance flexibility, the input circuits are designed to respond to voltages at the lower end of the control
voltage range while not overheating at the high end of the control voltage range.

Energizing levels for the contact-sensing inputs are jumper selectable for a minimum of 13 Vdc for 24 Vdc
nominal sensing voltages, 26 Vdc for 48 Vdc nominal sensing voltages, or 69 Vdc for 125 Vdc nominal
sensing voltages. See Table 3-4 for the contact-sensing turn-on voltages.

Table 3-4. Contact-Sensing Turn-On Voltages

Contact-Sensing Turn-On Voltage *
Style Option Nominal Input Voltage Jumper Pins 1-2 Jumper Pins 2-3
(Low Position) (High Position)
XXXXXY XXXXX 48 Vdc or 125 Vac/dc 26 to 38 vdc 69 to 100 Vdc
56 to 97 Vac
69 to 100 Vdc 138 to 200 Vdc
XXXXXZXXXXX 125/250 Vac/dc 56 10 97 Vac 112 to 194 Vac
XXXXXLXXXXX 24 Vdc n/a Approx. 5 Vdc

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

Each BE1-CDS220 is delivered with the contact-sensing jumpers installed (pins 1-2 shorted) for operation
in the lower end of the control voltage range. If the contact-sensing inputs are to be operated at the higher
end of the control voltage range, the jumpers must be changed to pins 2-3 shorted. See Section 12,
Installation for details on how to set the jumper positions in the contact-sensing input circuits.

Digital Input Conditioning Function

The relay scans the inputs for status 24 times per cycle. When operating on a 60-hertz power system, this
results in the input status being sampled every 0.7 milliseconds (0.8 milliseconds on 50-hertz systems).
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 quarter cycle.

If the sampled status of the monitored contact is detected to be closed for the recognition time, the logic
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 this
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 and labels for the digital input conditioning function are set using BESTCOMS. Alternately,
settings may be made using the SG-IN ASCII command.

Each of the inputs has two settings and three labels. The settings are Recognition Time and Debounce
Time. The labels include a label to describe the input, a label to describe the Closed State, and a label to
describe the Open State. Labels are used by the BE1-CDS220’s reporting functions.

To edit the settings or labels, select Inputs and Outputs from the Screens pull-down menu. Then select
the Inputs 1-4 or Inputs 5-8 tab. Refer to Figure 3-5.
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Figure 3-5. Inputs and Outputs Screen, Inputs 1-4 Tab

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

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 timer can be 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.

Retrieving Input Status Information From The Relay

The status of the inputs can be determined using BESTCOMS Metering screen, the optional HMI using
screen 1.4.1, STAT\OPER\INPUT, and from the ASCII command interface using the RG-STAT (report
general-status) command or RG-INPUT (report general-input status) command. See Section 6, Reporting
and Alarms, General Status Reporting for more information.

Outputs

BE1-CDS220 relays have six general-purpose output contacts (OUT1 through OUT6) and one fail-safe,
normally closed (relay in de-energized state), alarm output contact (OUTA). Each output is isolated and
rated for tripping duty. Relays OUT1 and OUT6 are high speed (one-quarter cycle nominal operating
time). OUT1 through OUT5 are Form A (normally open), OUT6 is Form C (single-pole, double-throw), and
OUTA is Form B (normally closed).

Hardware Outputs and Virtual Outputs

Output contacts OUT1 through OUT6 and OUTA are driven by BESTIlogic™ output expressions VO1
through VO6 and VOA (virtual outputs 1 through 6, and A). Since the use of each output contact is
completely programmable, the user can assign meaningful labels 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 output (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 three reasons: one, the relay trouble alarm disables all outputs; two, the programmable
hold timer function; and three, the select before operate logic override control function. Figure 3-6 shows
a diagram of the output contact logic for the general-purpose output contacts. Figure 3-7 shows a diagram
of the output contact logic for the fail-safe alarm output contact.
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Figure 3-6. Output Logic, General Purpose Output Contacts
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Figure 3-7. 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 portion of the screen. Alternately, status can be
determined through the HMI using screen 1.4.2, STAT\OPER\OUT, and from the ASCII command
interface using the RG-STAT (report general-status) command or RG-OUTSTAT (report general-output
status) command. See Section 6, Reporting and Alarms, General Status Reporting for more information.

Relay Trouble Alarm Disable

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

Programmable Hold Timer

Historically, trip contact seal-in circuits have been provided in electromechanical relays. These seal-in
circuits consisted of a dc coil in series with the relay trip contact and a seal-in contact in parallel with the
trip contact. The seal-in feature serves several purposes for the electromechanical relays. One is to
provide mechanical energy to drop the target. Two is to carry the dc tripping current from the induction
disk contact, which may not have significant closing torque for a low resistance connection. Three is to
prevent the relay contact from dropping out until the current has been interrupted by the 52a contacts in
series with the trip coil. If the tripping contact opens before the dc current is interrupted, the contact 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 for a minimum of 200 milliseconds. Alternatively, if the protection engineer desires seal-in logic
with feedback from the breaker position logic, he can provide this logic by modifying the BESTIogic
expression for the tripping output. This process is described in Section 8, Application, Application Tips,
Output Contact Seal-In.

The hold timer can be enabled for each input from the ASCII command input using the SG-HOLD (setting
general, hold) command. The settings are shown in Table 3-5.
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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 1-6, 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 3-8.

BE1-CDS220 Settings ( [Untitled] )
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Figure 3-8. Inputs and Outputs Screen, Outputs 1-6, A Tab

Table 3-5 lists the default setting for the hold timer attributes.

Table 3-5. Output Hold Function Settings

Setting Range Default

0 = disabled OUTA, OUT6 =0
1 = enabled OUT1-0UT5=1

Output Hold Timer

Output Logic Override Control

The state of each output contact can be controlled directly using the select before operate, output control
function. The virtual output 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 available in the programmable alarm function for monitoring when the output logic has
been overridden. See Section 6, Reporting and Alarms, Alarms Function for more information on
programmable alarms. Write access to control functions is required to use the select before operate
control functions from either the optional HMI or the ASCII command interface. It cannot be achieved
using BESTCOMS.

Enabling Logic Override 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=enal/dis (control select/control operate-output
override=enable or disable) command. This command only enables or disables logic override control. It
does not enable or disable the outputs themselves.
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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
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-0OUTNn=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 open in
the field for the output contact. Control can be accessed from the ASCII command interface using the
CS/CO-0UTNn=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, it is necessary to
return the contact to logic control manually.

Return to logic control can be accessed from the HMI using screen 2.4, \CTRL\OUT and entering 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. First, 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 control selected and operation selected
must exactly match or the command is blocked. If the command is not entered within the 30-second
window, the command is blocked. If the control command is blocked, an error 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 EXIT command. The output control status
is saved to non-volatile 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 the trip output (OUT1) by holding it at logic O.
>CS-0UT1=0
OUT1=0 SELECTED
>C0O-0UT1=0
OUT1=0 EXECUTED
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4. Return OUTL1 to logic control.
>CS-0OUT1=L
OUT1=L SELECTED
>CO-0UT1=0
OUT1=L EXECUTED

5. Disable the output control feature.
>CS-OUT=DIS
OUT=DIS SELECTED
>CO-0OUT=DIS
OUT=DIS EXECUTED
>E (exit)
Save Changes (Y/N/C)?
>Y (yes)

Retrieving Output Logic Override Status

The status of the output contact logic override control can be accessed from the HMI using screen 1.4.2,
\STAT\OPER\OUT. Screen 2.4, \CTRL\OUT is output control but can also display the status. The status
of the output logic can also be accessed from the ASCIl command interface using the RG-STAT (report
general-status) command or RG-OUTCNTRL (report general-output control status) command. See
Section 6, Reporting and Alarms, General Status Reporting for more information.

An L indicates that the state of the output is controlled by logic. A zero or one indicates that the logic has
been overridden and the contact is held in the open (zero) or closed (one) state. 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-CDS220 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-<function> command or
enabled through BESTCOMS™. To enable or disable a function that is part of a preprogrammed
logic scheme, the user must first create a custom name for the new scheme.

2. The inputs and outputs of that function must be connected properly in a logic scheme.
3. Operational characteristics or settings for the function must be programmed by the user and
based on the specific application requirements.

Items 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 capabilities may be disabled by programming the
operational characteristics setting to zero.

Example: The second negative-sequence instantaneous overcurrent function is enabled in the
logic scheme but is not needed for this application. Set the 150TQ function pickup
setting to zero (S#-150TQ=0) or set 150TQ to zero using the Overcurrent 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 Programmable Logic and Section 8, Application.

Setting Groups

BE1-CDS220 relays provide a normal setting group, SGO, and up to three auxiliary setting groups SG1,
SG2, and SG3 (See Figure 4-1). Auxiliary setting 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 based upon source conditions or to improve security during overload
conditions. The possibilities for improving protection by eliminating compromises in coordination settings
with adaptive setting groups are endless.

Mode

0=Disable - SGOo

1=Discrete Input SETTING

2=Binary Input GROUP | —OSG1
DO LOGIC

| —
D1 sL-Group | (SC2
D2

o—=5—p QSGS

P D3 >

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
logic 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.

9313900990 Rev G BE1-CDS220 Protection and Control 4-1



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 Alarms,
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 the relay 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 from changing 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 defined by the pickup logic expression
in the fault reporting functions. See Section 6, Reporting and Alarms, Fault Reporting, for more
information.

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

BESTlogic™ 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 for the Setting Group Selection function is
illustrated in Figure 4-2. To open the BESTlogic Function Element screen for Setting Group Selection,
select Setting Group Selection from the Screens pull-down menu. Then select the BESTlogic button in the
lower left hand corner of the screen. Alternately, settings may be made using the SL-GROUP ASCII

command.
BESTlogic Function Element

Sefting Group Selection
Logic |EASLER -]
Mode
|Dis-:rete Inputs ﬂ
D+—— Do —o SG0
D——— D1 —o 5G1
Do— D2 —o 562
INZe————— D3 —o5G3
/INZe—— AUTOMATIC

Figure 4-2. BESTIogic 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 logic
scheme must be created and selected in the Logic pull-down menu at the top of the screen before
BESTlogic 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 BESTIogic
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.

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

Table 4-1. BESTlogic Settings for Setting Group Control

Function Range/Purpose Default
o | e e e 2 e Inouts (AU MOt 3 orcrte pur
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 the Mode setting. 0
D3 Logic expression. Meaning is dependent upon the Mode 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 the 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 status of the logic inputs to the setting group control function block to
determine what setting group should be active. For the logic inputs to determine which setting group
should be active, the AUTO input must be logic 0. The function block logic mode setting determines how it
reads these logic inputs. There are three possible logic modes as shown in Table 4-1.

When the setting group control function block is enabled for Mode 1, there is a direct correspondence
between each discrete logic input and the setting group that will be selected. That is, asserting input DO
selects SGO, asserting input D1 selects SG1, etc. The active setting group latches in after the input is
read so they can be pulsed. It is not necessary that the input be maintained. If one or more inputs are
asserted at the same time, the numerically higher setting group will be activated. A pulse must be present
for approximately one second for the setting group change to occur. After a setting group change occurs,
no setting group change can occur within two times the SGC alarm-on time. Any pulses to the inputs will
be ignored during that period.

Figure 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 does not initiate a setting
group change to SG3 because the AUTO input is active.
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D3

D2647-20
D2 08-21-98
D1
DO

AUTO

SG3 |

SG2 | |

SG1 | |

SGO
SGC

Figure 4-3. Input Control Mode 1

When the setting group control function block is enabled for Mode 2, inputs DO and D1 are read as binary
encoded (Table 4-2). Inputs D2 and D3 are ignored. A new coded input must be stable for approximately
1 second for the setting group change to occur. After a setting group change occurs, no setting group
change can occur within two times the SGC alarm on time.

Table 4-2. Setting Group Binary Codes

Binary Code ) ; )
Decimal Equivalent Setting Group
D1 DO
0 0 0 SGO
0 1 1 SG1
1 0 2 SG2
1 1 3 SG3

When using control Mode 2, the active setting group is controlled by a binary signal applied to discrete
inputs DO and D1. This requires separate logic equations for only DO and D1 if all setting groups are to be
used. Figure 4-4 shows how the active setting group follows the binary sum of the DO and D1 inputs
except when blocked by the AUTO input. Note that a pulse on the D1 input while DO is also active does
not initiate a setting change to SG3 because the AUTO input is active.

D3

D2647-21

08-21-98
D2

D1 [ ] | |

DO \ \

AUTO |

SG3 \

SG2 | |

sG1 | |

SGO
SGC

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 is
enabled for Mode 2. Note that a pulse on the D1 input while DO was also active does not initiate a setting
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 Selection
screen, select Setting Group Selection from the Screens pull-down menu. Alternately, settings may be
made using the SP-GROUP ASCII command.

BE1-CDS220 Settings ( [Untitled] )

Flle Screens Copy Communication Reports Help

U= @& Logic [BASLER ~| Settings | Global

E— 120 I =
5 BodkWnHes® o

Setting Group Selection
Setting Group Automatic Control Settings

Setting Group 1 Setting Group 2 Setting Group 3
Switch Threshold Switch Time Switch Threshold Switch Time Switch Threshold Switch Time
¥ Gip051PFU bin. ¥Gip051PPU Min. ¥ GipOsIPPU Iir.
IS R 0 ] 0 ] oI o H
Return Threshald Return Time Return Threshold Retum Time Return Threshald Return Time
X Gmp O05IPPU Flir. EGmp 05IPPU Flir. X GpO5IPPU kir.
JI= R 0] 0] g A
Monitor Setting Monitor Setting Monitor Setting
ol - 51F - 51F -
Setting Group Selection Function Block Setting Group Change [SGC) Alarm Timer [Sec)

Dizcrete Inputs

BES Tlogic ‘ 5 El

Enter percentage of monitored pickup for automatic change. Setting Group Selection 12/8/2008 1.26 PM

Figure 4-5. Setting Group Selection Screen

At the top center of the 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 BESTlogic settings can be changed.
See Section 7, BESTlogic Programmable Logic. To the right of 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.

Using the pull-down menus and buttons, make the application appropriate settings to the Setting Group
Selection function. Table 4-3 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 g, 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.

Time in minutes that determines when a return to SGO

. 1to 60 . ;
Return Time 0 = Disabled will occur once the monitored current has decreased 0
below the Return Threshold setting.

Percentage of the SGO Monitor Setting that the
0 to 150 monitored current must decrease below in order for a 0
return to SGO.

Determines when automatic setting group changes
occur. Time overcurrent elements x51P, x51N, or

Return
Threshold

Monitor Setting X51P5'1)(51N’ x51Q can be selected so that setting group changes 51P
x51Q are based on load current.
Note: x = none, 1, or 2.
gﬁ;t:]n%((zsrc()sug) 1to 10 Measured in seconds, the SGC alarm 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 relay to automatically change configuration for
optimum protection based on the current system conditions. For example, in locations where seasonal
variations can cause large variations in loading, the overcurrent protection can be set with sensitive
settings during the majority of the time and switch to a setting group with lower sensitivity (higher pickups)
during the few days of the year when the loading is at peak.

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 and time delay and a monitored element. The switch to and
return thresholds are a percentage of the SGO pickup 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 you wish to 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 time delay for the criteria to be met. All phases must be below the
return threshold for the return time delay for the return criteria to be met.

Figure 4-6 shows an example of using the automatic setting group selection settings to change settings
groups based upon loading. Note that the AUTO input must be at a TRUE logic state in order to allow the
automatic logic to operate. At time = 0, current 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 Group 3 becomes 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 faint dashed line 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 the setting change output pulses.
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Figure 4-6. Automatic Operation Based on Load Change

This function can also be used to automatically change 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% nominal rating of the relay current input.

Figure 4-7 shows how the active setting group follows the load current and time delay settings for Setting
Group 1. Note that the AUTO input must be at 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 active and the setting group change output pulses TRUE. When the breaker is
closed at time = 40 minutes, load current increases to approximately 90 percent of pickup. As the load
current decreases to 50 percent of pickup, the Setting Group 1 return timer begins timing. After ten
minutes, Setting Group 1 output goes FALSE, the setting group returns to Setting Group 0 and the setting
group change output pulses TRUE.

When the switch-to criteria is 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, automatic control for that group is disabled. If the return time delay setting is set to O for a
setting group, automatic return for that group is disabled and the relay will remain in that setting group
until returned 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 Function

Setting group selection can be overridden to allow manual setting group selection. Manual setting group
control and selection is achieved through HMI Screen 2.3, \CTRL\SG, or by using the CS/CO-GROUP
command. It cannot be achieved using BESTCOMS. The CS/CO-GROUP command uses select-before-
operate logic. A setting group must be selected using the CS-GROUP command before the setting group
is activated using the CO-GROUP command. The process 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, the setting group can be activated using the CO-GROUP command during a 30-second window.

Use the CO-GROUP command to activate the setting group already selected. The setting group activated
with the CO-GROUP command must match the setting group selected with the CS-GROUP command. If
the setting group specified in each command does not match or the CO-GROUP command is not 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 the 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.
Syntax: GROUP[=<mode>]
Comments: mode = Setting Group O, 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 setting group logic.
>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 Alarms, General Status Reporting, provides more
information about determining the active setting group.

Logic override status can be determined from HMI Screen 2.3, \CTRL\SG, or through the RG-STAT
command. Section 6, Reporting and Alarms, General Status Reporting, provides more information about
determining logic override status. Logic override cannot be determined using BESTCOMS.

Differential Protection

87 - Phase Differential Protection

BE1-CDS220 relays provide three-phase percentage restrained differential protection with high-speed
unrestrained instantaneous differential protection. The differential protection includes harmonic restraint to
improve security in transformer applications. The 87 function (see Figure 4-8) has five outputs 87RPU
(restrained pickup), 87RT (restrained trip), 87UT (unrestrained trip), 2NDHAR (second harmonic restraint
picked up), and 5THHAR (fifth harmonic restraint picked up).

87RT
Mode = PERCENT [O
0-Disable DIFE

%

1-Enabled with 87UT
—/ Harmonic O
Restraint
(87)
O2NDHAR
BLK
o—Pp
OSTH HAR

D2840-23
01-28-99

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, Input Current, 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 Operating Current Function
determines the magnitude of the fundamental, second and fifth harmonic differential current as the phasor
sum of those components of the compensated currents.

Figure 4-10 shows the characteristic of the Restrained Element function. This comparator has a slope
setting and a minimum pickup setting. The slope setting is the ratio of operate current to restraint current.
The slope setting should be set above the maximum mismatch caused by excitation losses, tap
mismatch, and load tap changers. The minimum pickup setting determines the minimum sensitivity of the
restrained element. If the ratio of operate current to restraint current is above the slope setting and the
operate current is above the minimum pickup setting for any of the three phases, the 87RPU (87
restrained element picked up) logic output is set.

Minimum
Pickup Slope

Restraint > 87 Restrained
Current Restrained Pickup
> Element
2nd
harmonic ZD%I’:;e
Fundamental Fund inhibit
Phasor Phase perunit | Fund lop i 87
v .
. . d Restrained
2nd harmonic Compensahon 2nd ) ™ Trip
Phasor and Ta per unit R Operatlng 2nd lop q
—> »
i i P 5th Current 2nd
5th harmonic Adjustment ) 5th lop
Phasor porunt Harmonic
__Phasor >
[ g
Har?\ggnic -‘ 2nd Harmonic
Inhibit Status
Unrestrained i 5th 5th Harmonic
™ setting Harmonic Status
—>
Restraint
CurrentI .
Transient
Fondtsll  Monitor
u trained 87 Unrestrained
2X Unrestrained nrestraine Trip
setting Element
D2840-24

Figure 4-9. 87 Phase Differential Protection Functional Block Diagram
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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 Alarms, Fault Reporting, for more details on the target
reporting function.

The differential protection function includes a transient monitor to detect the effects of CT saturation
during a through fault. It does this by monitoring the change in restraint current versus the change in
operate current. For an internal fault, the restraint current and operate current will experience a step
increase at the same time. For an external fault, there should be no operate current. If CT saturation
occurs during a through fault, the operate current will increase at some time after the restraint current
increases. In this case, a two-cycle delay is added to the restrained differential output to enhance
security.

The second and fifth harmonic functions check the ratio of the second and fifth harmonic operate current
to the fundamental operate current. Traditional harmonic restraint units operate on the ratio of harmonic
current to total operate current versus the ratio to only the fundamental operate current used by the BE1-
CDS220. For this reason, the relay will provide greater security for inrush and overexcitation with the
same harmonic inhibit ratio settings used with traditional differential relays. When either of these two
comparators is above the threshold, the percentage-restrained output is blocked from setting the 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 set.

In many cases, the second harmonic content of the inrush current may show up primarily in only one or
two phases, which can cause one or two phases to not be inhibited. The BE1-CDS220 relay allows the
second harmonic currents to be shared between the three phases. When second harmonic sharing is
enabled, the magnitude of the second harmonic operating current is summed from all three phases and
this magnitude is used by the second harmonic comparator for each phase instead of the second
harmonic operate current for only that phase. This is superior to other methods of cross blocking since
each phase element operates independently in its comparison of operating current to harmonic current.
Thus, security is enhanced without sacrificing dependability because a faulted phase will not be
restrained by inrush on unfaulted phases as is the case with cross blocking schemes.

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
inrush 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 Alarms, 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 Alarms, Alarms Function, for more details on the
alarm reporting function.

BESTloqic Settings for Phase Differential Protection

BESTlogic settings are made from the BESTIlogic 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 BESTlogic Function Element screen by selecting the BESTlogic
button. Alternately, these settings can be made using the SL-87 ASCII command.

BESTlogic Function Element

Percentage Differential
Phase (87)

Logic |BASLER -

Mode

|Enable j

g— BLK —o 87RT

—o 87RPU

—e87UT

—= ZndHAR

—o SthHAR

Done

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

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
BESTlogic 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 connect the
element's input, select the button for the 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
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 4-4 summarizes the BESTIogic settings for Phase Differential Protection.

Table 4-4. BESTlogic Settings for Phase Differential Protection

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

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 87
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 calculate the tap
adjust factors using CTR and Compensation Factor parameters from the current measurement input
function settings. See Section 3, Input and Output Functions, Input Current, 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 generally at
neutral. Table 4-6 lists the tap compensation settings for Phase Differential.

MVA *1000 * COMPn
J3 *KV1,2*CTRn

TAP1,2 =

Equation 4-1. Calculate Tap Adjust Factors

Table 4-5. MVA and KVn Base Parameters

Parameter Description Explanation

TAPN Restraint winding CDS220 has 2 restraint windings (2 taps).

MVA MVA base Full load MVA or top rating of the protected equipment.

KVn KV base for CT input n | L-L Voltage in KV for each CT input circuit.

CTRn CT ratio for CT input n | Actual ratio not effective ratio.
Phase compensation V3 if CTs are connected in Delta (CTcon = DAB or DAC).

COMPN adjustment factor for 1in all other cases.

CTinput n See Section 3, Input and Output Functions.

Table 4-6. Tap Compensation Settings for Phase Differential Protection

Range Unit of
Setting 2 Increment nito Default
5A 1A Measure
Manual = auto- | Manual = auto- N/A
Auto-tap MVA base | tap disabled tap disabled 0.1 Manual
0.5 t0 9999 0.5 to0 9999 MVA
0.01 for 2.00 to 9.99
Tap CT Input 1 or | 2.0to 20.0 or | 0.40to 4.00 or 0.1 for 10.0 t0 20.0 or Sec. amps or 5
Auto-tap KV base | 0.01to 1000.0 | 0.01 to 1000 ' 0 o1 ' Primary KV
Tap CT Input 2 or | 2.0to20.0 or | 0.40to 4.00 or 001 for 2.00 t0 9.99 Sec. amps or
Auto-tap KV base | 0.01t0 1000.0 | 0.01to 1000 | O-1 ™" 1%%;" 20001 | b imary KV 2

The input currents can be tap adjusted up to a spread ratio of 10:1. If the ratio between TAP1 and TAP2
is greater than ten, it will be necessary to adjust the CT ratios to bring the tap factors closer together.
When the auto-tap calculation feature is used, the 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.
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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. In addition, 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 setting group with
BESSTCOMS or from the ASCIl command interface using the S<g>-TAP87 command.

NOTE to users of the BE1-87T Transformer Differential Relay:

Three-phase versions of the BE1-87T also allow internal phase compensation.
The jumper settings for the BE1-87T correspond to the internal compensation
for the BE1-CDS220 as follows: A1 = DAC and A2 = DAB.

When calculating the tap adjust settings for the BE1-87T, the Y3 COMPn factor
has to be included regardless of whether phase compensation is done by
connecting the CTs in delta or by using internal delta compensation. The BE1-
CDS220 automatically takes the 3 factor into account prior to the tap
adjustment when internal phase compensation is applied to a set of CT input
currents. Thus, the tap adjust factors for these two relays will not be the same
in applications using internal phase compensation.

BE1-CDS220 Settings ( [Untitled] ) Al=3

File Screens Copy Communication Reports Help

b—'ﬂ. O EHESE Logic ,m Settings lm
B fesciMume e o

87 Phase | 87ND | Diff Alam |

87 Tap 87 Phase
[ SelecttoEnt
Q Dea:acforo.f-‘-.u?nefl'ap Restrained Pickup |Times Tap || (0.00 El

Calculation

X Mi h
. Iljs_glljtc kAN LLAL Restraint Slope % 45 E

(+ % of Maximum
Transformer MyA | |1.0 E ¥ TR
2nd Harmonic Restraint X lop 180 El

Tap. CT Circuit 1 Amps| 200 E -
5th Harmonic Restraint % lop ’W El
kv, CT Circuit 1 200 E

W El Unrestrained Pickup ’m ’07 El

Tap. CT Circuit 2 Amps

Enabled
kv, CT Circuit 2 | [2.00 E BESTlogic
Enter the 87t minimum pickup. Percentage Differential 12/8/2005 | 3:33PM

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 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 3, Input and Output Functions, Input Current, for more information
on CT input circuit settings.

The tap factors calculated by the auto-tap calculation feature can be determined in several ways. They
are displayed on the optional HMI using Screen 5.#.1.2, \PROT\SG#\87\MVA. Alternatively, the current
check record provided by the differential alarm function includes a listing of the compensation parameters
in the setting group that was active at the time that the record was triggered. See Section 6, Reporting
and Alarms, Differential Current Monitoring Function, Setting Differential Current Monitoring Alarms, for
more details on this report.

Operating Settings for Phase Differential Protection

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 the 87 Phase tab. Alternately, settings may be made using S<g>-
87 ASCII command or through the optional HMI Screens 5.#.1.1, \PROT\SG#\87\87.

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

The settings for restrained minimum pickup and unrestrained trip are set in multiples of tap. If the ideal
taps calculated by Equation 4-1 fell within the acceptable range, the sensitivity settings will be in Per Unit
on the MVA Base used in the equation. For example, a 100 MVA, 115 KV transformer has a full load (1
per unit) current of 500 amperes. A pickup setting of 10 times tap for the unrestrained output pickup
(URO) element is equivalent to 5,000 primary amperes of differential current.

If the taps had to be adjusted upwards or downwards to fit within the acceptable range, the sensitivity
settings for these protective elements should be adjusted as well. Equation 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 (TAPn)) 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 (TAPna) 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 0.35 * 0.8 = 0.28 to achieve the same sensitivity.

The pickup settings in Times Tap can be related to primary amps by Equation 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.

X TAPNI MVA *1000 * COMPn lori Mpu* TAPNn*CTRnN
TAPNA  TAPnA*4/3 *KVn*CTRn P COMPnN
Equation 4-2. Tab Adjustment Equation Equation 4-3. Calculate Primary Amps
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Table 4-7. Operating Settings for Phase Differential Protection

Setting Range Increment Unit of Measure Default
. : . 0 = Disabled )
Minimum Pickup (minpu) 0.10 to 1.00 0.01 Times 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
. - 0 = Disabled 9 nd
2 Harmonic Inhibit Isable 05 % of 2™ vs. fundamental | 18
5.0to 75.0 operate
. - 0 = Disabled 0 g
5" Harmonic Inhibit Isable 0.5 0% of 5" vs. fundamental | 35
5.0to 75.0 operate
Unrestrained output pickup 0 = Disabled .
(URO) 0to 21 1 Times tap 0
2" Harmonic sharing 0 = Independent
between phases 1 = Shared N/a N/a 1

Maximum restraint uses the maximum of two compensated input currents, and average restraint uses the
average of the two compensated input currents. For example, if maximum restraint is used (no A after the
slope percentage), the restraint current for phase A would be Izra = max (la1 comp, la2 come). If average
restraint were used (an A after the slope percentage), the restraint current for phase A would be given by
Equation 4-4.

o = (laicomp) + (la2comp)
RA = >

Equation 4-4. Calculate Restraint Current for Phase A

Retrieving Phase Differential Protection Status from the Relay

The status of each logic variable can be determined from the ASCIl command interface using the RG-
STAT command. See Section 6, Reporting and Alarms, General Status Reporting, for more information.

87ND - Neutral Differential Protection

When equipped with the optional independent ground input, BE1-CDS220 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 be cleared by time delayed
backup overcurrent protection if sensitive differential protection is not available.

The function block in Figure 4-13 has two outputs: 87NDPU (pickup) and 87NDT (trip). A BLK (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.

W D2840-25
Hode = PERCENT | ™™
0- disable
1-Gvs. N1 /| NEUTRAL
2- G vs. N2 DIFF
(87ND) | 87NDPU
BLK _87NDT

Figure 4-13. Neutral Differential Logic Block
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To use this function, the relay must always be installed with the optional independent ground sensing
input I that is the zero-sequence current entering the zone of protection. Figure 4-14 shows the
configuration of this protective function. The zero-sequence current exiting the zone of protection is the
calculated neutral for the three-phase CT input circuit designated by the BESTlogic mode setting.

NOTE

The CTs for this three-phase input circuit must be connected in wye with zero-
sequence compensation for the grounded winding provided by internal delta
compensation. If the CTs are connected in delta to provide external zero-
sequence compensation, the calculated 310 (neutral) current exiting the zone
will always be zero since it is filtered out by the CTs delta connection.

|
Oy
|
Op
( |
Op
= !
. 1 0 - 1 0 l 0
< I —
oP
- N | I
I < R R » -
3 i ) _5 1 )
ZO
31 D2840-20.vsd
0 02-08-99

Figure 4-14. 87ND Polarity Configuration

These paragraphs discuss the details of how the function works and how to set it up. Figure 4-15 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 4-15. 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 to restraint current.
The minimum pickup setting determines the minimum sensitivity. If the ratio of operate current to restraint
current is above the slope setting and the operate current is above the minimum 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 differential function 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 allow it to ride-through until the external fault
is cleared.

If the target is enabled for this function, the target reporting function will 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 Alarms, Fault Reporting, for more details on the target reporting function.

BESTIoqic Settings for Neutral Differential Protection

BESTlogic settings are made from the BESTIlogic Function Element screen in BESTCOMS. Figure 4-16
illustrates the BESTCOMS screen used to select BESTlogic 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 tab. Select the BESTlogic button for 87ND. Alternately, these settings can be made
using the SL-87ND ASCII command.

BESTlogic Function Element

Percentage Difterential
Neutral (87ND)

Logic |BASLER h

Mode

| Disable ~|

De—— BLK — 87NDT

—o 87NDPU

Dane

Figure 4-16. 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 logic
scheme must be created and selected in the Logic pull-down menu at the top of the screen before
BESTlogic 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 connect the
element's input, select the button for the 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
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 BESTIogic settings for Neutral Differential Protection.

Table 4-8. BESTlogic Settings for Neutral Differential Protection

Function Range/Purpose Default
0 = Disabled
Mode 1=1G vs. CT Input 1 Neutral * 0
2 =1G vs. CT Input 2 Neutral *
BLK Logic expression that disables function when TRUE. 0

* If the unit does not have an independent ground input, a NO GROUND CT PRESENT error message
will be returned if you try to set the mode to 1 or 2.

Auto-Tap Compensation Settings for Neutral Differential Protection

The tap adjustment factors are automatically calculated such that Equation 4-5 is TRUE. CTRn is the CT
ratio for the three-phase CT input circuit designated by the 87ND setting in the active logic. The CTR
settings are entered using BESTCOMS (see Figure 4-12). See Section 3, Input and Output Functions,
Input Current, for more details on these 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 4-8 is solved for the other tap. The currents can be tap
adjusted up to a spread ratio of 10:1. If the ratio between TAPN and TAPG is greater than 10, it will be
necessary to adjust CT ratios to bring the tap factors closer together. The relay will give an error message
if the spread ratio is greater than 10.

TAPn*CTRn =TAPG*CTRG

N =Input 1 or 2.

Equation 4-5. Solve for the other Tap (TAPn or TAPG)

NOTE

Since the calculated neutral used by the 87ND function is designated by
BESTlogic, you may get an auto-tap error when changing the 87ND logic
setting in the user programmable logic settings.

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

Operating Settings for Neutral Differential Protection

Operating settings are made using BESTCOMS. Figure 4-17 illustrates the BESTCOMS screen used to
select operational settings for the 87ND function. To open the screen, select Percentage Differential from
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the Screens pull-down menu. Then select the 87ND tab. Alternately, settings may be made using S<g>-
87ND ASCII command or through the optional HMI Screen 5.#.2.1, \PROT\SG#\87ND\87ND.

The operating settings for Neutral Differential Protection are provided in Table 4-9.

The minimum pickup is set in multiples of tap. Equation 4-6 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

Equation 4-6. Convert the Minpu setting to Primary Current

Table 4-9. Operating Settings for Neutral Differential Protection

Setting Range Increment Unit of Measure | Default

Minimum :
: 0=D I :

Pickup 0 10|nggd 0.01 Times tap 0

(minpu) Bt
0,
Slope 15-60 1 oloperale vs. | 20
50-999 ms 1m Milliseconds
0.1for0.1-9.9s
0.05 - 60 sec 1.0 for 10 - 60 s Seconds
0 - 3600 (60 Hz) or 0 - 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
delays can be entered to the nearest 0.01 cycles from the ASCIl 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.

The 87ND neutral differential operational settings may be entered with BESTCOMS (Figure 4-17), or from

the front panel HMI from Screens 5.#.2.1, \PROT\SG#\87ND7\87ND, or from the ASCIl command
interface using the S<g>-87ND command.

BE1-CDS220 Settings ( [Untitled] ) =S

Eile Screens Copy Communication Reports Help

U= HEE Logic [BASLER  ~| Settings [Group 0 ~|
=|[E 120 I ..
B = P M A = o

87 Phaze  87ND | Diff Alam|

Eiiller

87 Neutral
Restrained Pickup [Times Tap  »]| [000 El
Restiaint Slope % |20 E
time[ms ]| 500 [

Dizabled

BESTlogic

Enter the 87 Meutral pickup. Percentage Differential 12/9/2005 | 236 PM

Figure 4-17. Percentage Differential Screen, 87ND/187ND Tab
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Retrieving Neutral Differential Protection Status from the Relay

The status of each logic variable can be determined from the ASCIl command interface using the RG-
STAT command. See Section 6, Reporting and Alarms, General Status Reporting, for more information.

Overcurrent Protection

50T - Instantaneous Overcurrent Protection with Settable Time Delay

There are three independent function blocks for phase (50TP, 150TP, 250TP), three for neutral (50TN,
150TN, 250TN), and three for negative-sequence (50TQ, 150TQ, 250TQ) instantaneous overcurrent
protection. Each function block can be attached to either of the two hardware CT input circuits by the
BESTlogic mode setting.

The instantaneous overcurrent protective functions in the BE1-CDS220 relay are labeled 50T because
each has a settable time delay. If the time delay is set to zero, they operate as instantaneous overcurrent
relays.

Figure 4-18 shows the 50TP phase instantaneous over-current as a typical 50T function. Each of the nine
independent functions has two logic outputs: #50TnPU (picked up) and #50TnT (trip) where n indicates
whether it is a P (phase), N (neutral), or Q (negative-sequence) and the #50 differentiates between the
protective functions (50, 150, or 250).

Mode =
O-disable —— 50TPT
l-ctcktl
2-ct ckt 2 SL-30TP ) 50TPPU
- ] LOGIC
.&; D2843-02
07-24-00

Figure 4-18. Instantaneous Overcurrent Logic Block

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 function trip logic
expression is TRUE. See Section 6, Reporting and Alarms, Fault Reporting Functions, for more details on
the target reporting function.

BESTIogic Settings for Instantaneous Overcurrent Protection

BESTlogic settings are made from the BESTIlogic Function Element screen in BESTCOMS. Figure 4-19
illustrates the BESTCOMS screen used to select BESTIogic settings for the 50T elements. To open the
BESTlogic Function Element screen, select Overcurrent from the Screens pull-down menu. Then select
the 50T, 150T or 250T tab. Open the BESTIogic Function 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 ASCII commands (where x = blank, 1, or 2).
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BESTlogic Function Element

Instantaneous Overcurrent With Settable Time Delay

Phase (b0OTP)

Logic |BASLER -

Mode

|CT Input 1 ~|

ge— BLK —oS50TPT

—=50TPPU

Done

Figure 4-19. 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
BESTlogic settings can be changed. See Section 7, BESTlogic Programmable Logic.

Enable the 50T, 150T, or 250T function by selecting its mode of operation from the Mode pull-down
menu. To connect the element's inputs, select the button for the corresponding input in the BESTlogic
Function Element screen. The BESTIlogic Expression Builder screen will open. Select the expression type
to be used. Then, select the BESTIogic 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 4-10 summarizes the BESTlogic settings for Instantaneous Overcurrent Protection.

Table 4-10. BESTlogic Settings for Instantaneous Overcurrent Protection

Function

Range/Purpose

Default

Mode

= Disabled

= CT Input Circuit 1

= CT input Circuit 2

= Independent Ground Input (#50TN functions only)

ON RO

BLK

Logic expression that disables function when TRUE.
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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
changing logic schemes or settings causes a neutral overcurrent setting to be
OUT OF RANGE, the out of range setting will be forced in-range by multiplying
or dividing the current setting by five.

Operating Settings for Instantaneous Overcurrent Protection

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

Operating settings are made using BESTCOMS. Figure 4-20 illustrates the BESTCOMS screen used to
select operational settings for the 50T elements. To open the screen, select Overcurrent from the Screens
pull-down menu. Then select the 50T, 150T, or 250T tab. Alternately, settings may be made using S<g>-
50T ASCIl command or through the optional HMI Screens 5.#.3.1 - 5.#.3.3, \PROT\SG#\x50T\.

BE1-CDS220 Settings ( [Untitled] ) =3

File Screens Copy Communication Reports Help

EE. = E @ Logic |BASLER +| Settings |Group 0 -
w == 1.-2|o I o T
=) = O P 7 ] o LG e ﬂ‘

s1] 151] 250 507 | 1507] 2807]

Instantaneous Overcurrent With Settable Time Delay

Phase [G0TP) Meutral [50TH] Neg. Seq. [50TQ)

Pickup |Sec. Amps v ]W@ ]W@ IW@
Time s =] | O s T H]

CT Input 1 Ground Input CT Input 2
BESTiogic | BESTlogic | BESTlogic |
Enter the pickup level for the B0 Meutral element. Ovwercurrent 12/9/2008 414 PM

Figure 4-20. Overcurrent Screen, 50T/150T 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 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 seconds, minutes, and cycles.

If time delay settings are made in cycles, they are converted to seconds or milliseconds (per the nominal
frequency setting stored in EEPROM) before being stored and rounded to the nearest whole millisecond.
See Section 3, Input and Output Functions, Input Current, for more information about this setting. If the
nominal frequency setting is being changed from the default (60 hertz) and time delay settings are being
set in cycles, 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's settings apply to.
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Table 4-11 summarizes the operating settings for Instantaneous Overcurrent Protection.

Table 4-11. Operating Settings for Instantaneous Overcurrent Protection

Range Unit of
Setting s Increment nito Default
5A 1A Measure
_ 0 = Disabled 0=Disabled | C01fOr001t09.99 | o o dary
Pickup 0.5 to 150 0.1 to 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
0.1 to 60 seconds 1.0 for 10 to 60 sec Seconds
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
delays can be entered to the nearest 0.01 cycles from the ASCIl 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.

Retrieving Instantaneous Overcurrent Protection Status from the Relay

The status of each logic variable can be determined from the ASCIl command interface using the RG-
STAT command. See Section 6, Reporting and Alarms, 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 three independent functions for phase (51P, 151P, 251P), three for neutral (51N, 151N, 251N),
and three for negative-sequence (51Q, 151Q, 251Q) inverse time overcurrent protection. Each function
can be attached to either of the two hardware CT input circuits by the BESTlogic mode setting.

Figure 4-21 shows the 51P (phase time overcurrent) as a typical 51 function. Each of the nine
independent functions has two logic outputs #51nPU (picked up) and #51nT (trip) where n indicates
whether it is a P (phase), N (neutral), or Q (negative-sequence). The # differentiates between the
protective functions (51, 151, or 251).

Mode =
O-disable ——( B1PT
1-ctcktl
2-ct ckt 2 SL-51P L (O 51PPU
- ] LOGIC
Ab D2843-03
07-24-00

Figure 4-21. Time Overcurrent Logic Block

A BLK (Block) logic input is provided to each function that 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.
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Each inverse time overcurrent function has a pickup, a time dial, and a curve setting. See Appendix A,
Time Overcurrent Characteristic 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 user can append an R to the selected time current characteristic curve. A
programmable curve is 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 inverse timing is started per the selected characteristic. If the current stays above pickup
until the function times out, the trip logic output, 51PT (for example) = TRUE. If the current falls below the
dropout ratio, which is 95%, the function will either reset instantaneously or begin timing to reset
depending on 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
condition is 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 Alarms, Fault Reporting, for more
details on the target reporting function.

BESTIloqic Settings for Time Overcurrent Protection

BESTlogic settings are made from the BESTIlogic Function Element screen in BESTCOMS. Figure 4-22
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, or 251
tab. Then select the BESTlogic button that corresponds with the element to be modified. Alternately,
settings may be made using the SL-x51 command (where x = blank, 1, or 2).

BESTlogic Function Element

Time Overcurrent
Phase (b1P)

Logic |BASLER hd

Mode

|CT Input 1 ~]

Oe— BLE. —=51PT

—=51PPU

Dane

Figure 4-22. BESTlogic Function 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 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
BESTlogic settings can be changed. See Section 7, BESTlogic Programmable Logic.

Enable the Time Overcurrent 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 BESTlogic Function
Element screen. The BESTIlogic Expression Builder screen will open. Select the expression type to be
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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.

The BESTIogic settings for Time Overcurrent Protection 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 Protection

Function Range/Purpose Default
0 | = Disabled
1 | =CT Input Circuit 1
Mode | 5 | _ o input Circuit 2 0
G | = Independent Ground Input (#51N functions only)
BLK Logic expression that disables function when TRUE. 0

Example 1. Make the following settings to the 51P element using BESTCOMS. See Figure 4-22.

Mode: CT Input 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
changing logic schemes or settings causes a neutral overcurrent setting to be
OUT OF RANGE, the out of range setting will be forced in-range by multiplying
or dividing the current setting by five.

Operating Settings for Time Overcurrent Protection

Operating settings are made using BESTCOMS. Figure 4-23 illustrates the 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, or 251 tab. Alternately, settings may be made
using S<g>-51 ASCIl command or from the optional HMI Screens 5.#.4.1 through 5.#.4.3,
\PROT\SG#\51\, \PROT\SG#\151\, or \PROT\SG#\251.

See Negative-Sequence Overcurrent Protection later in this section for information on setting the
negative-sequence overcurrent protection.

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 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 seconds, minutes, and cycles.

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.

Table 4-13 summarizes the operating settings for Time Overcurrent Protection.
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BE1-CDS220 Settings ( [Untitled] )
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Figure 4-23. Overcurrent Screen, 51 Tab

Table 4-13. Operating Settings for Time Overcurrent Protection

Range Unit of

Setting =4 A Increment Measure Default
Pickup 0 = Disabled 0 = Disabled | 0.01 for 0.01 to 9.99 Sec. Amps 0
0.5t0 16 0.1t0 3.2 0.1 for 10.0 to 16.0
Time Dial 0.0t09.9 0.1 N/A 0
Curve See Appendix A N/A N/A V2

Example 1. Make the following settings to the Phase 51P time overcurrent element in BESTCOMS.
Refer to Figure 4-23.

Pickup: 10 secondary amps
Time Dial: 3.0
Curve: S1R

Retrieving Time Overcurrent Protection 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 Alarms, General Status Reporting,
for more information.

Programmable Curves

Time current characteristics for trip and reset programmable curves are defined by Equation 4-7 and
Equation 4-8 respectively. These equations comply with IEEE standard C37.112-1996. The curve specific
coefficients are defined for the standard curves as listed in Appendix A, Time Overcurrent Characteristic
Curves. When time current characteristic curve P is selected, the coefficients used in the equation are
those defined by the user. Definitions for these equations are provided in Table 4-14.

Equation 4-7. Time OC Characteristics for Trip Equation 4-8. Time OC Characteristics for Reset

= AD +BD +K Tr RD

MN —C Mm%
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Table 4-14. Definitions for Equations 4-7 and 4-8

Parameter Description Explanation
T, Time to trip Time that the 51 function will take to time out and trip.
D Time dial setting Time dial setting for the 51 function.
. . Measured current in multiples of pickup. The timing algorithm has a
M Multiple of pickup dynamic range of 0 to 40 times pickup.
A Coefficient specific Affects the effective range of the time dial.
to selected curve
B Coefficient specific | Affects a constant term in the timing equation. Has greatest effect
to selected curve on curve shape at high multiples of tap.
- .. | 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 effect on
to selected curve curve shape at low to medium multiples of tap.
K Constant Characteristic minimum delay term.
Tk Time to reset Relevant if 51 function is set for integrating reset.
R Coefficient specific Affects the speed of reset when integrating reset is selected.
to selected curve

Setting Programmable Curves

Curve coefficients are entered using BESTCOMS. Alternately, curve coefficients can be entered using the

SP-CURVE ASCII

programmable curve settings.

(Settings Protection-programmable curve) command. Table 4-15

lists the

Table 4-15. Programmable Time Current Characteristic Curve 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 05t02.5 0.0001 1.2969
R Coefficient O0to 30 0.0001 0.5000

Curve coefficients are entered by selecting the Curve
Coefficients button on the 51 tab in the Time Overcurrent
screen. (Refer to Figure 4-23.) The Curve Coefficients screen
will appear (see Figure 4-24). Enter the calculated values for

each constant and select Done.

Programmable curve coefficients can be entered regardless of
the curve chosen for the protection element. However, the
programmable curve will not be enabled until P is selected as
the curve for the protective element.

0.2663

0.0338
1.0000
1.28964

0.5000
Done

A Constant Range 0 - 600

B Constant Range 0- 25

C Constant

Fange 00-1.0

M Conztant Range 05-25

R Constant Range 0- 30

Figure 4-24. Curve Coefficients
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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 (3,) current component. The negative-sequence elements can provide
similar increased sensitivity to phase-to-phase faults because a balanced load has no negative-sequence
(1) current component.

Pickup Settings for Negative-Sequence Overcurrent Protection

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 humber 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 4-25.

The phase-to-phase fault is made up of both positive and negative-sequence components as shown in
Figure 4-26 or a phase-to-phase fault, the magnitude of the negative-sequence component is 1/ 3 (58%)
of the magnitude of the total phase current. When these two factors (V3/2 and 1/N3) are combined, the \3
factors cancel which leaves the one-half factor.

Z
T T 3Ph
FAULT
Vi = vV
FAULT —
—l— Zz
— Z
Zz

D2843-04
02-08-99

Figure 4-25. Phase-to-Phase Fault Magnitude
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D2843-05
02-08-00 [cq

IB2 ]A2=|[2|=[APhase
N

V3

I B Phase

I A Phase

4

»

IB1

IA1

lc2
v I C Phase= ()

—_—
Pos. Seq.(I)

Neg. Seq.(Iz) Phase Current

Figure 4-26. Sequence Components for an A-B Fault
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Coordination Settings for Negative-Seqguence Overcurrent Protection

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 current
characteristics on the same plot for the phase devices, you need to multiply the negative-sequence
element pickup value by the correct multiplier. The multiplier is the ratio of phase current to negative-
sequence current for the fault type for which you are interested. To plot the negative-sequence time
current characteristics on the same plot for the ground devices, you need to multiply the pickup value by
the multiplier for phase-to-ground faults (see Table 4-16).

Table 4-16. 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 amperes. 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 normally with pickup at 150 amperes. The
51Q element would be shifted to the right by the appropriate factor m. Thus, the characteristic would be
plotted on the coordination graph with pickup at: (200 amperes) * 1.732 = 346 amperes.

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

Delta/Wye Transformer Application

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

Negative-sequence overcurrent protection is immune to the effect caused by the zero-sequence trap and
30 degrees phase shift provided by the delta/wye transformer. For a phase-to-ground fault, the magnitude
of the negative-sequence components is 1/3 the magnitude of the total fault current. On a per unit basis,
this is true for the fault current on the delta side of the transformer as well. (The previous statement
specifies per unit since the actual magnitudes will be adjusted by the inverse of the voltage ratio of the
delta/wye transformer.) Thus, backup protection for phase-to-ground faults on the wye side of the
transformer can be obtained by using 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.

Breaker Failure Protection

BF - Breaker Failure Protection

BE1-CDS220 relays provide one function for breaker failure protection. This function includes a timer and
a current detector. The current detector can be attached to any of the three phase CT input circuits by the
BESTlogic mode setting. Figure 4-27 shows the Breaker Failure logic block. It is recommended that the
CT input circuit used by the breaker failure function be connected to CTs mounted directly on the
protected breaker. The function has two outputs: BFPU (breaker failure pickup) and BFT (breaker failure

trip).

4-30 BE1-CDS220 Protection and Control 9313900990 Rev G



An INI (Initiate) logic input is provided to start the breaker

failure timer. When this expression is TRUE and current is ~ Mode - O BFT
flowing in the assigned input circuit, the breaker failure timer 0-Disable -

is started. Supervision of the initiate signal can be designed 1-CTcki 1 BFPU
: ; ; . : 2-CT ckt 2 BREAKER

in BESTlogic. Once the breaker failure timer is started, the — FAILURE

initiate signal does not have to remain TRUE. (BF)

A BESTlogic expression defines how the BLK (Block) input o N |

functions. When this expression is TRUE, the element is BLK

disabled by forcing the outputs to logic 0 and resetting the *—» D28ss 27

timer to zero. For example, this may be an input wired to a . ] )
test switch such that breaker failure protection is disabled ~ Figure 4-27. Breaker Failure Logic Block
when the primary protective elements are being tested to

prevent inadvertent backup tripping during testing.

The breaker failure Timer is stopped by the fast-dropout current detector function. See Section 3, Input
and Output Functions, Input Current, 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 without
having to wait for the fault current samples to clear the one-cycle filter time used by the normal current
measurement function. This function has less than one cycle dropout time. The Timer can also be
stopped by the BLK (Block) logic input being asserted.

The current detector sensitivity is fixed at 10% nominal. A traditional breaker failure relay includes a fault
detector function, which serves two independent purposes: current detector and fault detector. A current
detector is generally included to determine that the current has been successfully interrupted in all poles
of the breaker to stop breaker failure timing. The secondary function of a traditional fault detector is to
provide an independent confirmation that a fault exists on the system to increase security from
misoperation caused by an inadvertent initiate signal. To do this, a fault detector by definition must be set
above load current, reducing its sensitivity as a current detector. Since this breaker failure timer is
included in a multifunction protection system, fault detector supervision is not required.

If you are using external relays to initiate the breaker failure timer, it may be desirable to include fault
detector supervision of the initiate signal using an instantaneous overcurrent function in BESTlogic. For
example, if it is desired that certain initiate signals be supervised by a fault detector, it is possible to AND
them with one of the 50T protective functions using a virtual output expression. In other applications, it
may be desirable to have breaker failure timing with no current detector supervision. In this case, one of
the general-purpose logic timers (device 62) can be used as a breaker failure timer. See Section 8,
Application, Application Tips, for more details on this application.

When the breaker failure timer is picked up, the BFPU logic output is TRUE. This output would typically
be used as a re-trip signal to the protected breaker. This can provide an independent tripping signal to the
breaker that may also open the breaker to prevent backup tripping.

If the current detector remains picked up for the duration of the breaker failure delay time, the BFT output
is asserted. This output would normally be used to trip an 86F lockout relay, which will trip and prevent
closing of adjacent breakers and/or key transfer trip transmitters.

If the target is enabled for the BF function, 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 Alarms, 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 protection trips. See Section 6, Reporting and Alarms, Alarms
Function, for more details on the alarm reporting function.

BESTloqic Settings for Breaker Failure Protection

BESTlogic settings are made from the BESTIlogic Function Element screen in BESTCOMS. Figure 4-28
illustrates the BESTCOMS screen used to select BESTlogic settings for the breaker failure element. To
open BESTlogic Function Element screen for the breaker failure element, select Overcurrent from the
Screens pull-down menu. Then select the button labeled BESTlogic. Alternately, settings may be made
using the SL-50BF ASCII command.
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BESTlogic Function Element

Breaker Failure

Logic |BASLER -

Mode

|CT Input 1 ~|

INZ+—— IMI = BFT

ING»——— BLK = BFPU

Done

Figure 4-28. BESTlogic Function Element Screen, 50BF

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
BESTlogic settings can be changed. See Section 7, BESTlogic Programmable Logic.

Enable the breaker failure 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 BESTlogic Function
Element Screen. The BESTlogic Expression Builder screen will open. Select the expression type to be
used. 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
BESTlogic Expression Builder, see Section 7, BESTlogic Programmable Logic. Select Done when the
settings have been completely edited.

Table 4-17 summarizes the BESTIogic settings for Breaker Failure Protection.

Table 4-17. BESTlogic Settings for Breaker Failure Protection

Function Range/Purpose Default

0 = Disable
Mode 1 = CT Input Circuit 1 0
2 = CT Input Circuit 2

Logic expression that starts the breaker failure timer when TRUE and current is

INI flowing in the assigned input circuit. 0
BLK Logic expression that disables function when TRUE. 0
Example 1. Make the following changes to the Breaker Failure element. Refer to Figure 4-28.
Mode: CT Input 1
INI: IN3
BLK: IN6
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Operating Settings for Breaker Failure Protection

Operating settings are made using BESTCOMS. Figure 4-29 illustrates the BESTCOMS screen used to
select operational settings for the breaker failure element. To open BESTIlogic Function Element screen
for the breaker failure element, select Breaker Failure from the Screens pull-down menu. Alternately,
settings may be made using the SP-BF ASCII command or through the optional HMI interface using the
\PROT\GLOBAL\BF Screen.

BE1-CDS220 Settings ( [Untitled] ) =S

Ele Screens Copy Communication Reports Help

5 0= HEE Logic [BASLER +| Settings | Global
B g ol e e o

o 3

Breaker Failure

CT Input 1

BES Tlogic

Timer Setting

Time Units

[ B S

Enter the breaker failure time delay setting. Breaker Failure 12412420058 | 12237 PM

Figure 4-29. Breaker Failure Screen, 50BF Tab

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 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 4-18 summarizes the operating settings for Breaker Failure Protection.

Table 4-18. Operating Settings for Breaker Failure Protection

Setting Range Increment MUer;;l?:e Default
0 = Disabled N/A N/A
50 to 999 ms 1m Milliseconds
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 0.1 cycles from 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. 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 breaker failure element. See Figure 4-29.
Timer Setting: 100 ms
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Retrieving Breaker Failure Protection Status from the Relay

The status of each logic variable can be determined from the ASCIl command interface using the RG-
STAT (report general-status) or the RL (report logic) commands. See Section 6, Reporting and Alarms,
General Status Reporting, for more information.

Logic Timers

62 - General Purpose Logic Timers

BE1-CDS220 relays provide two 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 or 162) that is asserted when the timing criteria has been met according to the BESTlogic
mode setting. Figure 4-30 shows the 62 function block as an example. Each mode of operation is
described in detail in the following paragraphs.

A D2861-04
02:07-00

Mode

0-Disable

1-PU/DO

2-One Shot Non-Retri
3-One Shot Retrig
4-Oscillator 62 TIMER
5-Integrating
6-Latch

A4

° INI 62
BLK

Figure 4-30. General Purpose Logic Timers Logic Block

An INI (initiate) logic input is provided to start the timing sequence.

A BLK (block) logic input is provided to block operation of the timer. When this expression is TRUE, the
function is disabled.

Each timer has a T1 time setting and a T2 time setting. The functioning of these settings is dependent
upon the type of timer as specified by the mode setting in BESTlogic.

If the target is enabled for the function block, the target reporting function will record a target when the
timer output is TRUE and the fault recording function trip logic expression is TRUE. See Section 6,
Reporting and Alarms, Fault Reporting, for more details on the target reporting function.

Mode 1, PU/DO (Pickup/Dropout Timer)

The output will change to logic TRUE if the INITIATE input expression is TRUE for the duration of
PICKUP time delay setting T1. See Figure 4-31. If the initiate expression toggles to FALSE before time
T1, the T1 timer is reset. Once the output of the timer toggles to TRUE, the INITIATE input expression
must be FALSE for the duration of DROPOUT time delay setting T2. If the INITIATE input expression
toggles to TRUE before time T2, the output stays TRUE and the T2 timer is reset.

1
BLOCK

0

Das43-08
102300

1
INITIATE

0 - — —
| 1 I 1

1 I | |

L% L L
x62 1 1 T2

Figure 4-31. Mode 1, PU/DO (Pickup/Dropout Timer)
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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 4-32. 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 oo
1
INITIATE |_|
O P—
|

1 |

x62 ' >
0 T T2

Figure 4-32. 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 4-33.

1

BLOCKU ey
1
INITIATE I_I
0—
| | | |
x62 t —F t2
0

Figure 4-33. Mode 3, One Shot Retriggerable Timer

Mode 4, Oscillator

In this mode, the INITIATE input is ignored. See Figure 4-34. If the BLOCK input is FALSE, the output,
x62, oscillates with an ON time of T1 and an OFF time of T2. When the BLOCK input is held TRUE, the
oscillator stops and the output is held OFF.

1 — _—

BLOCK
0

1

| |
| |
INITIATE \ \ DN CARR \ \
0
| |
1
x62 = T2
0— T1 o

D2843-1°
N2-97-02

Figure 4-34. 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 time
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 4-35, 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 reset completely but
then toggles back to TRUE and stays TRUE for the entire duration of time T1. At that point, the output of
the timer is toggled to TRUE. Then later, the initiate expression becomes FALSE and stays 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% ——-——-- ——— e — ==

A A
llP7)
v
OOA) [E—— A

1

P

x62
0

D2843-12
10-23-03

Figure 4-35. Mode 5, Integrating Timer

This type of timer is useful in applications where a monitored signal may be hovering at its threshold
between on and off. For example, it is desired to take some action when current is above a certain level
for a certain period. A 50T function could be used to monitor the current level. Thus, if the current level is
near the threshold so that the INITIATE input toggles between TRUE and FALSE from time to time, the
function will still time out as long as the time that it is TRUE is longer than the time that it is FALSE. With a
simple pickup/dropout timer, the timing function would reset to zero and start over each time the initiate
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 timer will time 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 4-36.

1

BLOCK
0
1
INITIATE ’_|
0
|
1 |
x62 I 1

0
D2863-07
10-23-03

Figure 4-36. Mode 6, Latch
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BESTIoqic Settings for General Purpose Logic Timers

BESTlogic settings are made from the BESTIlogic Function Element screen in BESTCOMS. Figure 4-37
illustrates the BESTCOMS screen used to select BESTlogic settings for the Logic Timer elements. To
open the BESTIogic Function Element screen for Logic Timer, select Logic Timers from the Screens pull-
down menu. Alternately, settings may be made using the SL-x62 ASCII command.

BESTlogic Function Element

Logic Timer
62

Logic |BASLER -

Hode
| Ome Shat Nor-Retrig ﬂ

IN2e— IMI —o 52

Oe— BLK

Figure 4-37. BESTlogic Function Element Screen, 62

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. User or custom
logic must be selected on this menu in order to allow changes to the mode and inputs of the element.
Enable the Logic Timer function by selecting its mode of operation from the Mode pull-down menu.

To connect the element's inputs, select the button for the corresponding input in the BESTIlogic 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. 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 summarizes the BESTIogic settings for General Purpose Logic Timers.

Table 4-19. BESTlogic Settings for General Purpose Logic Timers

Function Range/Purpose Default

0 = Disabled .
1= PU/DO 4 = Oscillator

Mode 2 = One Shot Non-Retrig 5 = Integrating 0

= Latch
3 = One Shot Retrig 6=Latc
INI Logic expression that initiates timing sequence. 0
BLK Logic expression that disables function when TRUE.
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Example 1. Make the following settings to the 62 Logic Timer. Figure 4-37 illustrates these settings.

Logic: User

Mode: One Shot Non-Retriggerable
INITIATE: IN2

BLOCK: 0

Operating Settings for General Purpose Logic Timers

Operating settings are made using BESTCOMS. Figure 4-38 illustrates the BESTCOMS screen used to
select operational settings for the Logic Timer elements. To open the Logic Timers screen, select Logic
Timers from the Screens pull-down menu. Alternately, settings may be made using the S<g>-x62 ASCII
command or through the optional HMI interface using Screen 5.#.5.1, \PROT\SG#\62\SETTINGS.

BE1-CDS220 Settings ( [Untitled] )

Ele Screens Copy Communication Reports Help

012 H &2 &' Logic [BASLER ~| Settings |GroupD ~

ﬁ—l — — T )
3§u @F'Lé%”dj[ﬁﬂﬂi%mﬂ‘

o =

Logic Timers

Time Units |ms -

62 162
T1 Time T1 Time
100 E 0 E
& —o o— —c
T2 Time T2 Time
5 0
One Shot Mon-Retrig Dizabled

BESTlogic BESTlagic

Enter B2 tirmer 1 zetting. Lagic Timers 12422005 | 1:16 PM

Figure 4-38. Logic Timers Screen

At the top left of the screen is a pull-down menu labeled Logic. This menu allows viewing of the
BESTlogic settings for each preprogrammed logic scheme. User or custom logic must be selected on this
menu in order to allow changes to be made to the mode and inputs of the element.

Beneath 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. See Section 7, BESTlogic Programmable
Logic, Logic Schemes.

Using the pull-down menus and buttons, make the application appropriate settings to the Logic Timer
elements.

Table 4-20 summarizes the operating settings for General Purpose Logic Timers.

Table 4-20. Operating Settings for General Purpose Logic Timers

Setting Range Increment Unit of Measure Default
0to 999 ms 1 Milliseconds
0.1 for 0.1 to 9.9 sec.
1.0 for 10 to 9999 sec.

0 to 599,940 (60 Hz)
0 to 499,950 (50Hz)
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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 ASCIl 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 operating settings to the 62 element. Figure 4-38 illustrates these
settings.
Time units: ms
T1 Time: 100
T2 Time: 0

Retrieving General Purpose Logic Timers Status from the Relay

The status of each logic variable can be determined from the ASCIl command interface by using the RG-
STAT (report general-status) or the RL (report logic) commands. See Section 6, Reporting and Alarms,
General Status Reporting, for more information.

Virtual Switches

43 - Virtual Selector Switches

The BE1-CDS220 Current Differential System has eight virtual selector switches that can provide manual
control, locally and remotely, without using physical 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 panel 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 modem connection to a remote operator's console.

The state of the switches can be controlled from the optional HMI or ASCII 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), close (logic 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 two-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 accepted. Because switch status information is saved in nonvolatile memory, the relay
powers up with the switches in the same state as when the relay was powered down.

Each virtual selector switch element (see Figure 4-39) has one output: 43, 143, 243, 343, 443, 543, 643,
and 743. The output is TRUE 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 times as desired in your programmable logic, they can emulate a switch with as many normally
open and 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
2-On/Off SELECTOR
3-OffMomentary On SWITCH _043/ 143/243/343/443/543/643/743

Figure 4-39. Virtual Selector Switches Logic Block

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 87 protection element. This
would disable the differential 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 87 CUTOFF (10 characters
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maximum). The closed position on the switch might be labeled DISABLD (7 characters 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.

BESTIoqic Settings for Virtual Selector Switches

BESTlogic settings are made from the BESTIlogic Function Element screen in BESTCOMS. Figure 4-40
illustrates the BESTCOMS screen used to select BESTIogic settings for the Virtual Switch element. To
open the BESTIogic Function Element screen for the Virtual Switch element, select Virtual Switches from
the Screens pull-down menu. Then select the BESTlogic button for the virtual switch to be 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 of the screen before
BESTlogic settings can be changed. See Section 7, BESTlogic Programmable Logic.

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 -

Mode

On/Off |

—= 43

Done

Figure 4-40. BESTlogic Function Element Screen, 43

Table 4-21 summarizes the BESTIogic settings for Virtual Selector Switches. These settings enable the
x43 element by selecting the mode of operation. There are no logic inputs.

Table 4-21. BESTlogic Settings for Virtual Selector Switches

Function Range/Purpose Default
0 = Disabled 2 = On/Off
Mode 0
1 = On/Off/Pulse 3 = Off/Momentary On

Example 1. Make the following BESTlogic settings to the Virtual Switch function. See Figure 4-40.
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 2.1.1
through 2.1.8, \CTRL\43\x43 (where x = blank, 1, 2, 3, 4, 5, 6, or 7). Control is also possible through the
ASCII 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 immediately without
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 4-41) for the 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 close 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-operate logic. First, the command
must be selected using the CS-x43 command. After the select command is entered, the CO-x43 control
command will be accepted during a 30-second window. The 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 Switch 543 to closed.
>CS-543=P
543=P SELECTED
>C0-543=P
543=P EXECUTED
Example 3. An example of an operate command not matching the select command.
>C0-243=1
ERROR:NO SELECT (Note: Must enter “CS-243=1" first to select.)

BE1-CDS220 Settings ( [Untitled] )

File Screens Copy Communication Reports Help
=) 0| S & Logic [BASLER ~| Settings | Global
w 120 I .| T
B Esclinnfe i® o
43-143-243-343-1 l 443-543-843-?43]
43 243 101
Label Label
SWwWITCH_43 | SWITCH_243 o 1017
Cao-101
Co - 43 _33 Closed State Co - 243 _2::1)3 Clozed State Command [~ o1t
Command TRUE Command OM o 1015C
OnA0ff Dpen State Disabled Open State Disabled
BESTlogic FALSE BESTlogic OFF BES Tlogic
143 343
Label Label
| SwITCH_143 | SwITCH_343
143 343
Co-142 Clozed State Co - 242 Closed State
Command | YES Cormmand | © HOT
Disabled Open State Disabled Open State
BESTlogic NO BE5Tlogic CoLD
Enter a name for the open state of wirtual switch 343, Wirtual Switches 12412/2005 | 3.08 P

Figure 4-41. Virtual Switches Screen, 43 - 143 - 243 - 343 - 101 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. See Section 6, Reporting and Alarms, General Status Reporting, for more
information.

HMI Screens 2.1.1 through 2.1.8 provide switch control and can display the status of their respective
switches. ASCII 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

The virtual breaker control switch (shown in Figure 4-42) provides manual control of a circuit breaker or
switch without using physical switches and/or interposing relays. Both local and remote control is
possible. A virtual switch can be used instead of a physical switch to reduce costs with the added benefit
that the virtual switch can be operated both locally from the HMI and remotely from a substation computer
or modem connection to an operator's console. The BE1-CDS220 relays provide one Virtual Breaker
Control Switch (101).

Mode
0-Disable
1-Enable

D2861-06
08-05-99

101
BREAKER o017

CONTROL (—QO101C
SWITCH [—0101SC

Figure 4-42. Virtual Breaker Control Switch Logic Block

The virtual breaker control switch emulates a typical breaker control 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 output retains the status of the last control action. That
is, it is FALSE (open) in the after-trip state and TRUE (closed) in the after-close state. Figure 4-43 shows
the state of the 101SC logic output with respect to the state of the 101T and 101C outputs.

When the virtual control switch is controlled to trip, the 101T output pulses TRUE (closed) for
approximately 200 milliseconds and the 101SC 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 that the relay will power up with the contact in the same state as when
the relay was powered down.

101T —> r<— 200 ms
0

1
101C \ —>  =<—200ms
0
1
101SC D2843-15
0 02-02-99

Figure 4-43. Virtual Breaker Control Switch State Diagram

BESTloqic Settings for Virtual Breaker Control Switches

BESTlogic settings are made from the BESTIlogic Function Element screen in BESTCOMS. Figure 4-44
illustrates the BESTCOMS screen used to select BESTlogic settings for the 101 Virtual Breaker Control
Switch 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 BESTlogic
button for the Virtual Breaker Control Switch. Alternately, settings may be made using the SL-101 ASCII
command.
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BESTlogic Function Element

Virtual Breaker Control
101

Logic |BASLER -

Mode

Enable j

—=101T

—e101C

—=1015C

Done

Figure 4-44. BESTlogic Function Element Screen, 101

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
BESTlogic settings can be changed. See Section 7, BESTlogic Programmable Logic.

Enable the 101 Virtual Breaker Control function by selecting its mode of operation from the Mode pull-
down menu. Select Done when the settings have been completely edited.

Table 4-22 summarizes the BESTIogic settings for the Virtual Breaker Control Switch.

Table 4-22. BESTlogic Settings for the Virtual Breaker Control Switch

Function Range/Purpose Default

Mode 0 = Disable, 1 = Enable 0

Select Before Operate Control of the Virtual Breaker Control Switch

The state of the virtual breaker control switch can be controlled at the optional HMI through Screens 2.2,
\CTRL\BKR. Control is also possible through the ASCII command interface by using the select-before-
operate commands CS-101 (control select-virtual control switch) and CO-101 (control operate-virtual
control switch). Control is not possible using BESTCOMS. A state change takes place immediately
without having to execute an Exit - Save settings command.

CS/C0O-101 Command

Purpose: Select and operate the virtual control switch.

Syntax: CS/CO-101[=<Action>]

Comments: Action = T to pulse the 101T output; C to pulse the 101C output

The virtual switch control commands require the use of select-before-operate logic. First, the command
must be selected using the CS-x101 command. After the select command is entered, the CO-101 control
command will be accepted during a 30-second window. 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/C0O-101 Command Examples:

Example 1. Read the status of the 101 virtual control switch.
>C0-101
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 101 virtual control switch.
>CS-101=T
101=T SELECTED
>C0-101=T
101=T EXECUTED

Retrieving Virtual Breaker Control Switch Status from the Relay

The state of the virtual breaker control switch (after-trip or after-close) can be determined through the
ASCIlI command interface by using the RG-STAT (reports general-status) command. See Section 6,
Reporting and Alarms, General Status Reporting, for more information.

HMI Screen 2.2 provides switch control and displays the status of the virtual control switch (after-trip or
after-close). As the previous Example 1 demonstrated, the state of the virtual selector switch can be
determined using the CO-101 command in a read-only mode.
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SECTION 5 « METERING

Introduction

Metering, as it applies to the BE1-CDS220 relay, is measuring the current inputs, displaying those values
in real time, recording those values every one-quarter second, and calculating other quantities from the
measured inputs. There are two important references. One is that phase angle metering is referenced to
phase Al. (See the following paragraph for more information on phase angle references.) If phase Al is
not present (zero), all other phase angles will be zero. Two is that the measured frequency is detected by
zero cross-over on phase C1. If phase C1 is not present (zero), all frequency measurements will be NA
(indicates no current flow in the input circuit).

The angles reported by the metering function can be understood by considering the following example. In
response to a request to “Read all metered values when CT circuit is set for a WYE connection”, part of
the report reads “1A1=4_95A,@ O; and IB1=5.03A,®240;”. Figure 5-1 shows a polar graph with
counterclockwise rotation. Because phase A current magnitude is 4.95 amperes at an angle of 0 degrees
(it is the reference point), the phasor is on 0 degrees and almost reaches the outside of the circle which is
5.0 amperes. Phase B current is at an angle of 240 degrees and is shown on the polar graph at 240
degrees which is lagging phase A by 120 degrees. Phase B current magnitude is 5.03 amperes and the
phasor extends slightly beyond the circle. All reported angles can be laid out on this polar graph to
indicate leading or lagging quantities.

" 1A1=4.95A, @ 0°

270° PO001-19.cdr

07-26-00

Figure 5-1. Polar Graph for Phase Angle Reporting Reference

For information on the current Demand Reporting Functions, see Section 6, Reporting And Alarms,
Demand Functions.

Current Metering

BE1-CDS220 relays provide metering of phases A, B, C, neutral (N), and negative sequence (Q) for CT
circuit 1 and CT circuit 2 as well as the optional independent ground (G). Metering data is available in
primary or secondary current and can be obtained from the HMI screens 3.1 and 3.2, \AMETER\CRNT\
and \METER\DIFF\) and their associated sub-screens. This data can also be obtained through the M or
M-I serial communication commands as shown in the following paragraphs. Any individual metered value
may be obtained using these serial commands. BESTCOMS™ may also be used for metering. For more
information on metering Demand Reporting Functions see Section 6, Reporting and Alarms, Demand
Functions.
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BESTCOMS™ Metering Screen

Metered values are viewed through the BESTCOMS Metering screen (see Figure 5-2). To open the
Metering screen, select Metering from the Reports pull-down menu. To begin viewing metered values,
select the Start Polling button in the bottom right of the screen.

Alternately, metering can be performed through the use of the ASCIl command interface or HMI using
screens \METER\CRNT and \METER\DIFF.

BE1-CDS220 Metering X
File Communication
CT Circuit 1 CT Circuit 2 CT1 Camgp. CTE Camp.

Current  Angle Current  Angle xTAP  Angle *TAP  Angle [-OF
A 000A | == el o0a] == a] 0oo| == gal ooo| == 000
B 000Aa| == g oo0a] = g oo == gl ooo| == 000
il ooal == | oooal = ] o000 = e o000 == | 000
M| 000a | e | Dooa | ==
o] 001A o] 0.00A IN| 000 == | ooof = | 000

Ground CT = 0.00
L Anglik Pregeicy Znd Harmonic 5th Harmonic
G| 0004 | MAHZ " T " 7
B 0% B 0%
12345678 A1 23456 = % c %
hput: S S SSSS e DW= G S SO S @
Target: MOME

Alarms  |RALGC WOME
Ra-ta) MOME
Rt MOME I:l
Ra-REL MOME
Stop Poling

Yersion - 1.00.00

Figure 5-2. BESTCOMS Metering Screen

ASCIl Command and HMI Screen Cross-Reference
Refer to Table 5-1 for a list of ASCII commands and HMI screens used for metering.

Table 5-1. ASCIl Command and HMI Metering Cross-Reference

Metering Function ASCII Command HMI Screen
All metered values M \METER
Frequency M-FREQ \METER\CRNT
Current, all values M-I \METER\CRNT
Current, Circuits 1-2 M1, M2 \M\EJIIEE.FE\;\RCNRT&?F-\%%_?\_'E\'M_ %:\SLgnd
Current, Circuits 1-2 M1-I, M2-| \METER\CRNT\CT_1-2\I_MEAS
Current, Circuits 1-2, A-phase M1-1A, M2-1A \METER\CRNT\CT_1-2\ MEAS
Current, Circuits 1-2, B-phase M1-1B, M2-1B \METER\CRNT\CT_1-2\_ MEAS
Current, Circuits 1-2, C-phase M1-IC, M2-IC \METER\CRNT\CT_1-2\ MEAS
Current, Circuits 1-2, Neutral M1-IN, M2-IN \METER\CRNT\CT_1-2\I_CALC
Current, Circuits 1-2, Negative-Sequence M1-1Q, M2-1Q \METER\CRNT\CT_1-2\I CALC
Current, Ground M-1G \METER\CRNT\GND
Differential Currents, all values MD \METER\DIFF
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Metering Function ASCIl Command HMI Screen
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\COMP
Diff Currents, Comp & lop, A-phase MD-IA \METER\DIFF\COMP\IA
Diff Currents, Comp, A-phase MD-IA1COMP \METER\DIFF\COMP\IA
Diff Currents, Comp, A-phase MD-1A2COMP \METER\DIFF\COMP\IA
2" Harmonics as a % of lop, A-phase MD-1A2ND \METER\DIFF\HARM
5" Harmonics as a % of lop, A-phase MD-IA5TH \METER\DIFF\HARM
Diff Currents, Comp & lop, B-phase MD-1B \METER\DIFF\COMP\IB
Diff Currents, Comp, B-phase MD-IBLCOMP \METER\DIFF\COMP\IB
Diff Currents, Comp, B-phase MD-IB2COMP \METER\DIFF\COMP\IB
2" Harmonics as a % of lop, B-phase MD-IB2ND \METER\DIFF\HARM
5" Harmonics as a % of lop, B-phase MD-IB5TH \METER\DIFF\HARM
Diff Currents, Comp & lop, C-phase MD-IC \METER\DIFFA\ACOMP\IC
Diff Currents, Comp, C-phase MD-IC1COMP \METER\DIFFA\ACOMP\IC
Diff Currents, Comp, C-phase MD-IC2COMP \METER\DIFFACOMP\IC
2" Harmonics as a % of lop, C-phase MD-IC2ND \METER\DIFF\HARM
5" Harmonics as a % of lop, C-phase MD-IC5TH \METER\DIFF\HARM
Ground Differential Current values MD-IGCOMP \METER\DIFF\COMP\IN
Diff Currents, Comp & lop, all values MD-IN \METER\DIFF\COMP\IN
Diff Currents, Neutral, CT Circuit #1 MD-IN1COMP \METER\DIFF\COMP\IN
Diff Currents, Neutral, CT Circuit #2 MD-IN2COMP \METER\DIFF\COMP\IN
Neutral lop Current Values MD-INOP \METER\DIFF\COMP\IN

Current

Metered current includes A-phase current, B-phase current, C-phase current, neutral three-phase zero-
sequence current, and optional 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 9,999 A and then switches to kilo at 10.0 kA to 9,999 kA.

Frequency

Frequency is metered over a range of 40 to 63 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-wire
sensing systems or from A-phase to B-phase for three-wire sensing systems.
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SECTION 6 ¢« REPORTING AND ALARMS

Introduction

This section describes all available reports from the BE1-CDS220 Current Differential System and how
they are set and retrieved. All alarm functions are also described along with how major and minor alarms
are programmed (or mapped).

Relay Identifier Information

It is important to attach (label) meaningful names to the relays and the relay reports. To provide this
feature, BE1-CDS220 relays have four relay identification fields: Relay ID, Station ID, General 1, and
General 2. These fields are used in the header information lines of the Fault Reports, the Oscillographic
Records, and the Sequence of Events Recorder (SER) Reports. Each of these four ID fields may be up to
30 alpha/numeric characters long. Figure 6-1 illustrates the BESTCOMS™ screen used to change these
settings. Alternately, settings may be made using the SG-ID ASCII command.

BE1-CDS220 Settings ( [Untitled] )

File Screens Copy Communication Reports Help

) D= HEE Logic [BASLER ~| Settings | Global

Basler

=]

B = 0% B # of

General Info  1dentification l Paower System] GlobaISecurit_l,ll Communication] HHI Displa_l,l] Conversions

Version Humbers

App Program Ver. [>=1.10.002/15/33 | | VER s ndun/uu

DSP Program Yer. | WER s He R
Boot Code Yersion | WER 4.5 Hi md e
Senal Humber |H:-c:-:xx:-c:-:xx | Hii

Circuit Identification

Felay D |BET-CDS_#1

StationID  |RIDGELAKE_#1

General 1 |B RIAN_D

General 2 |JEFF_H

Enter the Station |0 for the device. General Operation 12/13/20058 | 341 AM

Figure 6-1. General Operation Screen, ldentification Tab

To change these, delete the old label from the cell and type the new label. Identification settings are
summarized in Table 6-1.

Table 6-1. Circuit Identification Settings

Setting Parameters Default
Relay ID 30 characters maximum BE1-CDS220
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-CDS220 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.

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 code signal 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 is restored after an
outage and the clock is re-synchronized the current year is restored. When the clock rolls over to a new
year, the year is automatically incremented in nonvolatile memory. An alarm bit is included in the
programmable alarm function for loss of IRIG signal. The alarm point monitors for IRIG 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. The 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 volts.

Setting the Clock Function

Time and date format settings are made using BESTCOMS. Figure 6-2 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 Mode tab. Alternately, settings may be made
using the SG-CLK ASCIlI command. Refer to Table 6-2, Time and Date Format Settings.

BE1-CDS220 Settings ( [Untitled] ) =13

File Screens Copy Communication Reports Help

T r— D& H S Logic [BASLER  ~| Settings | Global
B B e ol e L o

Clack. Dizplay Mode l Demands ] Breaker Monitoring] TransformelMonitoring] Alarmsl FauItHecording]

Time Format

|24 Hour - Ex 13:32:45.141 |

[~ Autarnatic Daylight 5 avings

D ate Format

mm/dd ey ﬂ

Reporting and Alarms 121342006 | 1017 &M

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.M./P.M. parameter is placed between the minutes and seconds parameters (10:24P23.004
indicates 10:24 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
accommodate daylight saving time changes. Automatic daylight saving time adjustments are optional and
are disabled by default.
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Table 6-2. Time and Date Format Settings

Parameter Range Default

12 42 o e 2

Date Format r(’;l (((;T(]jmm(::g;/)) M
puomatcDeyigh Saunge | § G/ im0 tne e :

Reading and Setting the Clock

Clock information can be viewed and set at the front panel human-machine interface (HMI) and through
the communication ports using ASCIl commands or BESTCOMS. Write access to reports 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 communication ports using the
RG-DATE and RG-TIME ASCII commands, and through BESTCOMS by selecting the Communication
pull-down menu and then selecting Set Date and Time.

General Status Reporting

BE1-CDS220 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 command. This
report lists all of the information required to determine the status of the relay. An example of a typical
General Status report follows as well as a description of what each line represents. In the explanation of
each line, cross-references are made to the corresponding HMI screens that contain that data.

>RG-STAT
INPUT (12345678) STATUS : 00000000
OUTPUT(A123456) STATUS : 0000000

CO-0UT (A123456) STATUS - LLLLLLL
C0-43 to CO-743 STATUS : 00000000

C0-101(101SC) STATUS : AFTER CLOSE(1)
CO-GROUP STATUS : L
ACTIVE LOGIC STATUS :- BASIC-87

LOGIC VAR(00-31) STATUS : 00000000 00000000 00000000 00010000
LOGIC VAR(32-63) STATUS : 00000000 00000000 00000000 00000001
LOGIC VAR(64-95) STATUS : 00000000 00000000 00000000 00000000
ACTIVE GROUP STATUS - O

BREAKER(52) STATUS : OFF
DIAG/ALARM STATUS : O RELAY, O LOGIC, O MAJOR, O MINOR
Input (1-8)

This line reports the status of contact sensing inputs IN1 through IN8. Input information is available at HMI
Screen 1.4.1, \STAT\OPER\INPUT, or with the RG-INPUT ASCIl command. “0” indicates a de-energized
input and “1” indicates an energized input. See Section 3, Input and Output Functions, for more
information about contact sensing input operation.

Output (A, 1-6)

Output contact status for OUTA, OUT1 through OUT6 is reported on this line. This information is also
available at HMI Screen 1.4.2, \STAT\OPER\OUT, or with the RG-OUTSTAT ASCIl 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.
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CO-0OUT (A,1-6)

This line reports the logic override of the output contacts. Logic override status is reported at HMI Screen
2.4, \CTRL\OUT, and through the RG-OUTCNTRL ASCII command. Section 3, Input and Output
Functions, provides more information about output logic override control.

CO-43 to 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 also
available from the RG-43STAT ASCIl command. See Section 4, Protection and Control, Virtual Switches,
for more information about this function.

CO-101

These lines report the status of the slip contact output of the virtual breaker control switch. 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 function. This information is
available on HMI Screen 2.3, \CTRL\SG, or using the RG-GRPCNTRL ASCIl command. 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, BESTlogic™
Programmable Logic, Logic Schemes, for more information about active logic.

Logic Variables (00-31), (32-63), and (64-95)

These three lines report the status of each of the BESTlogic variable. 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 BESTlogic Variables. This information is not available
from the HMI. RL (report logic) also reports the BESTIogic logic variables.

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 can also be used to view active group status. See Section
4, Protection and Control, Setting Groups, for more information about setting groups.

Breaker (52)

This line reports the state of the breaker as defined by the logic expression SB-LOGIC. This information is
also available on HMI Screen 1.4.5, \STAT\OPER\BKR, or using ASCIl command RG-BREAKER. See
the paragraphs Breaker Monitoring, later in this section for more information about the breaker label.

Diag/Alarm

This line reports the status of each of the following alarm categories: relay, logic, major, and minor.
Detailed information on individual alarm points is available on HMI Screen 1.2, \STAT\ALARMS, or using
the ASCIl command RA. See Section 10, Human-Machine Interface and the paragraphs on Alarms
Function later in this section for more information about the diagnostic and alarm functions.

Other Report General Commands

There are several other RG (report general) commands in addition to those discussed in the previous
paragraphs. These include 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 read several items in a group. If the command RG is entered by itself, the relay reports the
time, date, target information, and other reports as shown in the following example. The RG-VER
command has multiple line outputs and is not read with the RG command.
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Table 6-3. Logic Variable Status Report Format

1]2 1]2 12 2[5[ s
5/5|5|5|(5|5|5|5| |5 1]2 1]2 1]2 8 N[T||P
olo/o|lo|o|o|o|o||0|5|5|5|5|5|5|5]||5]|5 7/8/8|/D|H||A
TIT|T|T|T|T|T|T||T|2|2|2|2]2|2|2||2|2|B|N|7|7|H|H| IR 1/s|s|s|s
PIP/PIN|IN/N|Q|Q||Q|P|P|P|N|IN|N|Q||Q|Q|FID|R|U|A|A||E|6|6|G|G|G|G
TiT(T|T|T|T|T|T||T|T|(T|T|T|T|T|T||T|T|T|T|T|T|R|IR||2|2|2|0]1|2]|3]0
olo/o|o|o[o]ofo| |00 1)1 1112212222 [2]2]2]2]2]2]3]3
0[1/2|3]|4|5|6|7||8|9|0|1]|2|3|4|5||6|7|8/9]|0|1|2/3||4|5|6|7/8]|9]0]1
s|A[A[A|C
PILIL|L|K 1
V|V|V|V| V|V AM/M[M|T|1]1]0
viviviviv|v|v|v||v|v|ololo|ololo||t|t|t|t]{1|i|t]|1]|R|M[M|L|M|O|O|1
olo|o|o|o|o|o|o||olo|1|1|1/1|1|1||N|[N|IN|N|N[N|/N|N| |E|A|I|G|O|1]|1]S
Al1|2|3]4|5|6|7||8l9]0]1|2|3]4a|5||1|2/3|4a|5|6]|7|8||2|G|IN|C|N|T|C|C
3(3|3[3[3|3|3[3||a|4a|a]alala|4a]a]|4a]a|5|5|5|5|5|5]/|5/5|5|5]6 6|6
2/3|4|5|6|7|/8|9||0|1|2|3|4|5|6|7||8]|9|0|1|2|3|/4|5||6|7|8|9/0]|1]2]3
12 1]2 1] ]2 AT
5/5|5|5|5|5|5|5| |5 1]2 1]2 1]2 8 S|R|R
olo/o|o|o|o|o|o||0|5|5|5|5|5|/5|5]||5]|5 7/8/P|sS|s
TIT|(T|T|T|T|T|T||T|2|2|2|2|2|2|2||2|2|B|N|7|A|T|T
PIP/PIN/N/N|Q|Q||Q|P|P|P|N|[N|IN|Q||Q|Q|F|D|R|R|K|K 1/2|3[4|5|6]|7
PP/ P|P/PPP|P|l|PIPIP|P|P|P|P|P||P|P|PIP|P|E|E|E||4|4|a|a|a|a|a|4
ululujulu|lu|ju|u||ulululu|ulululu|lululululul3|y|Y||3|3|3|3[3|3|3]|3
6l6|6|6|6|6|7|7| 7777777788 |8|8|8|a8|s|8||s[8]9[o/9]9]9]9
4/5/6|7|8/9|0[1||2[3|4|5|6|7|8|9|]|0|1|2/3|4a|5|6|7||8|9]|0[1/2|3]4]5

Demand Functions

The demand reporting function continuously calculates demand values for the three-phase currents,
neutral current (3-phase residual 310), and negative-sequence current. Demand values are recorded with
time 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 conditions.

Demand Calculation and Reporting Function

Thermal Demand Calculation Method

The demand reporting function incorporates an algorithm to digitally simulate a thermal or exponential
response. Thermal demand values 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 measured. The demand interval and monitored CT can be set independently
for the phase, neutral, and negative-sequence demand calculations.

Block Demand Calculation Method

The block demand method calculates the average value of the measured current for the time interval set
by the demand reporting function. This value remains constant, is stored in registers, and reported for the
duration of the following time interval. At the end of the time interval, the calculated average for the
previous time interval is again stored in registers and reported for the duration of the following time
interval. If you have set a fifteen-minute time interval and block demand calculation, the reported value for
fifteen minutes is the average value of the measured current for the previous fifteen minutes.

Sliding Block Demand 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
minute.
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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
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 demand interval,
calculation method, and which CT to monitor. This is done using BESTCOMS. Figure 6-3 illustrates the
BESTCOMS screen used to select demand-reporting settings. To open the screen shown in Figure 6-3,
select Reporting and Alarms, from the Screens pull-down menu. Then select the Demands tab.
Alternately, settings may be made using the SG-DI (Read/Program Demand Current settings) ASCII
command, or the HMI using Screen 6.4.1, \SETUP\DMD\DETAILS.

Demand settings for include columns labeled Phase, Neutral, and Neg.-Sequence. Each of these
columns has settings for Interval (Minutes), Calculation Method, Input, and Current Threshold. Current
Threshold display units are selectable from a pull-down menu allowing the selection of Sec. Amps, Pri.
Amps, Per U Amps, or % Amps. The default display unit is Sec. Amps. Calculation Method can be
Thermal, Block, or Sliding Block. Interval (Minutes) can be set from 0 to 60. Input can be set for CT Input
1 or CT Input 2.

Using the pull-down menus and buttons, make the application appropriate current demand settings.
Demand reporting settings are summarized in Table 6-4.

BE1-CDS220 Settings ( [Untitled] )

Ele Screens Copy Communication Reports Help
012 H & &' Logic [BASLER +| Settings | Global
= 120 I o T
= &AL ]+ L6 = o

Clock Dizplay Mode  Demands ] BreakerMonitoring] Transformerh-‘lonitoringl Alarms] Fault Recarding

Demands

Eiil‘[j

Phase Meutral Meg. Sequence

L= L= . =

Calculation Method |Thelmal j |Therma| ﬂ |Thelmal j

Interval [Minutes]

Input | [CTinputz = | [CTiwpw2 ~| | [CTInpuwz =]
Current Threshold |Sec. Amps - 0.00 El | 0.00 El | 0.00 El

Load Profile

Logging Interval [Minutes)

15 E Logging Period [Days) 4167

Select the winding for the Phase element demand.

Fiepoarting and Alarms 1241372005 | 4:15PM

Figure 6-3. Reporting and Alarms Screen, Demands 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),
Calculation Method Sliding Block (S) N/A N/A T
Input CT Input 1 (1) N/A N/A 2

CT Input 2 (2)

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 4.4, \REPRT\DEMAND. The values in
the Peak Since Reset registers can be reset by pressing the Reset key. The value in the register will be
set to zero and then updated on the next processing loop with the currently calculated demand value. No
write access is required to do this from the HMI. It is also possible to preset a value into the Peak Since
Reset demand registers. This can be done by pressing the Edit key, changing the preset value using the
scrolling pushbutton keys, exiting and then saving the settings. Write access to the Reports functional
area is required to do this from the HMI.

The values and time stamps in the demand registers can also be read and reset or preset from the ASCII
command interface using the RD (report demands) command.

Overload and Unbalance Alarms Function

The programmable alarms function includes 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 is updated, the value is compared to the appropriate demand
alarm threshold. If the threshold is exceeded, the alarm point is set. See Alarms Function in this section
for more information on how to use the programmable 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 command or BESTCOMS (Figure 6-4). Alternately, HMI Screen
\SETUP\DMD\ALARMS can be used to set all demand alarms.
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BE1-CDS220 Settings ( [Untitled] )

Ele Screens Copy Communication Reports Help

E—lq O = EH S e Logic ’W‘ Settings IW
B Ee sl g e e o

3
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Demands
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Calculation Method |Thelmal j |Therma| j |Thelmal j

Input | [CTinputz = | [CTiwpw2 ~| | [CTInpuz =]
Current Threshold |Sec. Amps - 0.00 El | 0.00 El | 0.00 El

Load Profile

Logging Interval (Minutes) 15 E Logging Period [Days) 4167

Select the winding for the Phase element demand. Fiepoarting ahd Alarmms 124132005 | 4:15PM

Figure 6-4. Reporting and Alarms Screen, Demands 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 11, ASCIl Command Interface.

Table 6-5. Demand Alarm Threshold Settings
Demand Alarm Threshold Range Increment Unit of Measure | Default

Phase Current

Neutral Current

Neg.-Sequence Current

Optional Load Profile Recording Function

Load profile recording is an optional selection when the BE1-CDS220 is ordered. The Load Profile, 4000
Point Data Array option (Y 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 profile data is smoothed
by the demand calculation function. If you made a step change in primary current, with 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 level. See the
previous paragraphs in this section on Demand Calculation and Reporting Function, for information on
calculation methods.

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). Table 6-6
lists the settings for the optional load profile recording.
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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 the RD-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 differential 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 characteristics to the characteristics at commissioning. A
differential record is generated automatically when the ASCII interface command RA-DIFF=TRIG (report
alarm-differential, trigger) is issued or when a differential 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 settings. 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 connections and 87 (differential) settings. These settings may be
entered using the S<g>-87 command. Refer to Section 3, Input and Output Functions, and Section 4,
Protection and Control, Differential Protection, for more information on entering settings that develop both
the second and third parts of the record. Also, refer to Section 3, Input and Output Functions, for
information on the CT polarity convention used in both the fourth and fifth parts of the record.

The third part is a record of the compensation factors. It is important to note that the angle compensation
cannot be entered manually. The angle compensation is calculated by the relay based on the CT and
transformer connections. (See Section 3, Input and Output Functions, Input Current, Setting Up the
Current Measurement Functions, for more information on automatically determining compensation.)
Additionally, the tap compensation setting may be entered manually or automatically calculated. (See
Section 4, Protection and Control, Differential Protection, for more information on auto-tap compensation.)

The fourth part of the record 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 exceeds the differential alarm, percent of trip setting. If the differential alarm is set and
neither the polarity alarm nor angle compensation alarm is set, a mismatch error is identified indicating
that the most likely cause of the alarm is incorrect tap settings. The differential check record needs a
specific amount of 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.

The fifth 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 PRI) 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
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 the
alarm level setting times the minimum pickup setting. Two, the slope ratio must be above the alarm level
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setting times the slope setting. 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 information 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 using the RA-
DIFF=TRIG ASCIl command.

Example 1.

>RA-DIFF

CDS 220 DIFFERENTIAL CHECK RECORD

REPORT DATE : 11/10/98

REPORT TIME - 11:10:08.203

STATION 1D : SIMULATED SUBST

RELAY ID I BANK-T1

USER1 1D - TEST1

USER2 1D - TEST1

RELAY ADDRESS -0

ACTIVE GROUP : 0

87T SETTINGS CTR CT CON TX CON GROUNDED

CT CKT1 240 WYE DAC NO

CT CKT2 400 WYE WYE YES

MINPU 0.20 *TAP

SLOPE 25 %

ALARM 50 %

URO 6 *TAP

COMPENSATION Angle Tap

CT CKT1 WYE 3.12

CT CKT2 DAC 4.68

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 1 PRI

CT CKT1: 209 @ O 206 @ 240 206 @ 121
CT CKT2: 528 @ 211 516 @ 91 528 @ 332
MEASURED 1 SEC

CT CKT1: 0.87 @ O 0.86 @ 240 0.86 @ 121
CT CKT2: 1.32 @ 211 1.29 @ 91 1.32 @ 332
ANGLE COMPENSATED I

CT CKT1: 0.87 @ O 0.86 @ 240 0.86 @ 121
CT CKT2: 1.32 @ 181 1.29 @ 61 1.32 @ 302
TAP COMP 1

CT CKT1: 0.28 @ 0O 0.27 @ 240 0.27 @ 121
CT CKT2: 0.28 @ 181 0.28 @ 61 0.27 @ 302
10P: 0.01 *TAP 0.01 *TAP 0.01 *TAP
SLOPE RATIO 4 % 4 % 4 %

The following differential check record example was developed from the same simulated substation but
has differential alarms caused by the angle compensation. This record shows a 60 degree error between
the compared phases (the angle should be 180 degrees). Notice that in the 87 Settings, the transformer
connection for CT circuit 1 is set to DAB. In trying to compensate for a 30 degree shift, the compensation
shifted the angle the wrong direction and created a 60 degree error. The connection should be DAC.
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Example 2.

>RA-DIFF

CDS 220 DIFFERENTIAL CHECK RECORD

REPORT DATE : 11/10/98

REPORT TIME : 10:12:42.701

STATION ID : SIMULATED SUBST

RELAY 1D : BANK-T1

USER1 1ID : TEST1

USER2 1D : TEST1

RELAY ADDRESS : 0

ACTIVE GROUP : 0

87T SETTINGS CTR CT CON TX CON GROUNDED

CT CKT1 240 WYE DAB NO

CT CKT2 400 WYE WYE YES

MINPU 0.20 *TAP

SLOPE 25 %

ALARM 50 %

URO 6 *TAP

COMPENSATION Angle Tap

CT CKT1 WYE 3.12

CT CKT2 DAB 4.68

ALARMS PHASE A PHASE B PHASE C
DIFFERENTIAL: ALARM ALARM ALARM
POLARITY: OK OK OK

ANGLE COMP: ALARM ALARM ALARM
MISMATCH: OK OK OK
MEASUREMENTS PHASE A PHASE B PHASE C
MEASURED 1 PRI

CT CKT1: 206 @ O 202 @ 240 204 @ 121
CT CKT2: 516 @ 211 508 @ 91 516 @ 332
MEASURED I SEC

CT CKT1: 0.86 @ O 0.84 @ 240 0.85 @ 121
CT CKT2: 1.29 @ 211 1.27 @ 91 1.29 @ 332
ANGLE COMPENSATED 1

CT CKT1: 0.86 @ O 0.84 @ 240 0.85 @ 121
CT CKT2: 1.29 @ 241 1.27 @ 122 1.29 @ 2
TAP COMP 1

CT CKT1: 0.27 @ O 0.27 @ 240 0.27 @ 121
CT CKT2: 0.27 @ 241 0.27 @ 122 0.27 @ 2
10P: 0.28 *TAP 0.28 *TAP 0.28 *TAP
SLOPE RATIO 104 % 104 % 104 %

Setting Differential Current Monitoring Alarms

The differential function continuously monitors the input current in CT Circuits 1 and 2. If a mismatch due
to current loading is approaching the trip level, the differential alarm may be activated. This alarm is alarm
point number three in the relay programmable alarms. The alarm point must be mapped to activate an
alarm and/or light an LED. For more information on 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. Alternately, settings can be made using ASCIl command SA-DIFF
(setting alarm, differential). This setting is not available via the front panel HMI. Table 6-7 summarizes the
differential alarm threshold setting.
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Table 6-7. Differential Alarm Threshold Setting

Function Range Increment Unit of Measure Default
. . 0 - Disable
0,
Differential Alarm Level 50 - 100 1 Percent (%) 67

Retrieving Differential Current Monitoring Information
To retrieve the differential check record, use the ASCIl command RA-DIFF.
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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 set as a
programmable alarm. See the paragraphs on Alarms Function, later in this section for more information
on the use of programmable alarms.

Number of Through Faults Monitoring Function

This function monitors the SG-TRIGGER pickup logic expression. It increments the count in the
operations counter register each time that the SG-TRIGGER pickup logic expression is true and returns to
false. For more information on this function and the SG-TRIGGER pickup expression, see the 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 number 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 also be read or preset from the ASCII
command interface using the RT-TFCNTR (report transformer, through-fault counter) command.

The through fault counter 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 Duty Monitoring

The transformer duty monitoring function accumulates the maximum current in each phase of the
transformer when a through fault occurs. A through fault is defined as whenever the pickup expression set
with the SG-TRIGGER command is true.

Every time the pickup expression in the SG-TRIGGER command 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-DUTY) is monitored.) In the accumulated 1*t Duty registers,
the function adds the maximum measured current in primary-ampere seconds. In the accumulated 12*t
Duty registers, the function adds the maximum measured current squared in primary-ampere seconds.
The t is calculated from the time the pickup 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 is calculated 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 relay 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 injecting currents into the relay, the values in the duty registers should be read
and recorded prior to the start of testing. Once testing is complete and the relay is returned to service, the
registers should be reset to the 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 logic term (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 is equal to 1), transformer through faults are not counted or accumulated. It should be noted
that even though a BESTIogic logic expression is used to make this setting, this setting is not included in
the section on BESTlogic settings.

Setting the Transformer 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 made using the ASCII command ST-DUTY (setting transformer, duty) command or the HMI using
Screen 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.
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Table 6-8. Transformer Duty Monitoring Settings

Setting Range/Purpose Default
0 = | Disabled
1 = | Transformer monitoring enabled with duty calculated as > 1*t

2 = | Transformer monitoring enabled with duty calculated as > 12*t

t = Fault clearing time

DMAX Range = 0 to 4.2e+7; Increment = 1; Measured in primary amperes 0.000e+00
Circuit# | 1=Ckt#1,2=Ckt#2 1

Block Logic expression that blocks transformer duty accumulation when TRUE.
Logic (This parameter cannot be set through the HMI.)

0

Retrieving Transformer Duty Information

The values currently stored in the 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 can also be read and set through the ASCII command interface using the RT-DUTY
(report transformer, duty) command. It should be noted that when reading and writing to these registers,
only the set of registers that is selected to be monitored by the mode setting (accumulated 1*t or 12*t)
and the CT setting (CT 1 or 2) 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 programmable 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
monitor one of the monitored functions. The transformer alarms may be programmed using BESTCOMS
(Figure 6-7). Pull down the Screens menu and select Reporting and Alarms. Select the Transformer
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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 one 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. The
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
1 = | Transformer alarm function enabled and set for percent duty.

2 = | Transformer alarm function enabled and set for through faults.

Alarm Limit 0 to 100%; Increment = 1; Measured in % of DMAX 0
(in mode 1)
Alarm Limit 0 to 99999; Increment = 1; Number of through faults 0
(in mode 2)

Breaker Monitoring

Depending on the system scheme, one BE1-CDS220 relay can provide overcurrent protection for more
than one circuit breaker. However, breaker-monitoring functions provide extensive monitoring and alarms
for only a single circuit breaker. This extensive monitoring helps to manage equipment inspection and
maintenance expenses. Breaker monitoring functions include breaker status and operations counter
reporting, breaker fault current interruption duty monitoring, 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 programmable alarms.

Breaker Status Reporting

The breaker status monitoring function monitors the position of the breaker for reporting purposes. It also,
counts the opening strokes of the breaker and records them in the breaker operations counter register.

Setting the Breaker Status Reporting Function

Since the relay is completely programmable, it is necessary to program which logic variable is to be
monitored for breaker status. This is done with BESTCOMS. See Breaker Status Logic in the lower left
corner of the screen shown in Figure 6-8. Alternately, the ASCIl command SB-LOGIC (setting breaker,
logic) can be used. It should be noted that even though a BESTlogic logic expression is used to make this
setting, this setting is not included in the section on BESTIogic settings. We include it here because it is
related to breaker monitoring. See Section 7, BESTlogic Programmable Logic, for more information on
the use of BESTlogic for programming the relay. When you program SB-LOGIC, the breaker name that
you set also labels the 101 Virtual Breaker Control Switch. For more information on this switch, 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 reporting function.

Table 6-10. Breaker Status Reporting Settings

Setting Range/Purpose

Default

Breaker Closed Logic closed (e.g.. 52a logic)

Logic expression that is TRUE when the breaker is

0

Breaker Label 16 character alpha/numerical label (name)

BREAKER_LABEL

NOTE

symbol.

The NOT symbol (/) is applied to the variable immediately following the

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 interface using the RG-STAT or RG-BREAKER command. The paragraphs on General Status
Reporting in this section provide more information on this command.

The current value of the breaker operations counter register can 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 it to a value 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.
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Breaker Duty Monitoring

When the breaker opens, 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 function (SB-LOGIC).
Figure 6-9 illustrates breaker status (SB-LOGIC) during a fault and protective trip. Table 6-11 serves as a
legend for the call-outs of Figure 6-9.

Each time the breaker trips, the breaker duty monitor updates two sets of registers for each pole of the
breaker. In the Accumulated I Duty registers, the breaker duty monitor adds the measured current in
primary amperes. In the Accumulated 12 Duty registers, the function adds the measured current squared
in primary amperes. The user selects which of the two sets of duty registers are reported and monitored
when setting up the breaker duty monitor.

Even though duty register values are calculated and stored in primary amperes or primary amperes-
squared, the duty value is reported as a percent of maximum. The user sets the value that the relay will
use for 100 percent duty (Dyax). The value set for maximum duty is used directly for reporting the
accumulated I Duty. The square of the value set for maximum duty is used for reporting the accumulated
12 Duty.

If the breaker monitoring mode is set to sum I, the relay sums the sum of the currents that are interrupted
and will set the breaker duty alarm when the sum passes that breaker duty setting (Dyax). The approach
to set DMAX is to select the maximum number of operations at some current level and enter Dy
calculated by the equation:

Dmax = linterrupt x # of operations Equation 6-1. Dmax Set by Number of Operations

The setting is in terms of primary amps (the relay multiplies by the CT ratio before doing calculations).

If the breaker monitoring mode is set to sum 12, the relay internally squares the setting that is entered for
Duax- The relay sums the square of the currents that are interrupted and will set the breaker duty alarm
when the sum exceeds the square of the Dy, setting. The approach to set Dy is to select the maximum
number of operations at some current level and enter a Dy« calculated by the equation:

Dmax = (Iinterrupt 2 x# of operationsj Equation 6-2. Dmax Set Using Square Root Factor

Again, the setting is in terms of primary amps. The 0.5 power (i.e., square root factor) shown above for
the Dyax Setting is to compensate for the fact that the relay internally squares the D, that is entered.

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 testing is complete and the relay is returned to service, the
registers should be reset to the original pre-test values. 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) which blocks 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 6-9

Locator Description

A fault summary report and an oscillograph record are triggered when either the SG-
A TRIGGER pickup or logic expression becomes TRUE. These reports are also triggered
through the HMI interface by issuing the ASCIl 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

B used for tripping purposes, the associated target function can be disabled through the SG-
TARG setting.
C Fault clearing time is calculated as the duration of the time that either the SG-TRIGGER

pickup or logic expression is TRUE.

Breaker operate time is calculated as the time from when the SG-TRIGGER trip expression
D 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 the time that the first
E oscillographic record ends. This second record will have from Y4 to five cycles of pre-trigger
data depending upon when both the SG-TRIGGER pickup and logic expressions become
FALSE.

Recorded fault current magnitudes are displayed on the Target screen of the optional HMI. If
the SG_TRIGGER TRIP expression does not become TRUE, the fault was cleared by a
downstream device. For these pickup-only events, fault current recorded in the fault

F summary report 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 ASCII
command interface by the RF=TRIG command.

G During the time that the SG-TRIGGER pickup expression is TRUE, the red Trip LED on the

front panel flashes indicating that the relay is picked up.

During the time the SG-TRIGGER trip expression is TRUE, the red Trip LED on the front
H 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 interruption duty functions are driven by the breaker status function.
The operations counter is incremented on breaker opening. The magnitudes of the currents
I that are used for accumulating breaker duty are recorded for the power system cycle ending
when the breaker status changes state. Thus, breaker duty is accumulated every time that
the breaker opens even if it is not opening under fault.

The transformer through fault counter is incremented each time that the SG-TRIGGER
J pickup expression returns to FALSE. The time used in calculating 1t or 12t for transformer
through fault duty monitoring is the time that the SG-TRIGGER pickup expression in TRUE.

Setting group changes are blocked when the SG-TRIGGER pickup expression is TRUE to
K prevent protective functions from being reinitialized with new operating parameters while a
fault is occurring.

Setting the Breaker Duty Monitoring Function

Breaker Duty Monitoring settings are made using BESTCOMS. Figure 6-10 illustrates the BESTCOMS
screen used to select settings for the Breaker Duty Monitoring function for Circuits 1 or 2. To open the
screen, select Reporting and Alarms from the Screens pull-down menu. Then select the Breaker
Monitoring tab. Alternately, settings may be made using the SB-DUTY ASCIl command.
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Figure 6-10. Reporting and Alarms Screen, Breaker Monitoring Tab

To connect the functions BLOCK logic input. Select the Logic button in the Block Accumulation Logic box.
The BESTIogic Function Element screen for Breaker Duty Monitoring will appear. See Figure 6-11. Then
select the BLOCK input button. 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 BESTlogic Function Element screen. For more
details on the BESTIlogic Expression Builder, See Section 7, BESTlogic Programmable Logic. Select
Done when the settings have been completely edited.

BESTlogic Function Element

Breaker Duty Monitoring
Block Accumulation Logic

IN5=— BLOCK

Figure 6-11. BESTlogic Function Element Screen, Breaker Duty Monitoring, Block
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Table 6-12 summarizes the Breaker Duty Monitoring settings.

Table 6-12. Breaker Duty Monitoring Settings

Setting Range/Purpose Default
0 = Disabled
Mode 1 = Enabled with duty calculated as 1 0
2 = Enabled with duty calculated as 12
- 1=CTlInputl
Winding 15 - T input 2 2
100% Dut Maximum duty the breaker contacts can withstand before they need
Maxiomumy service. DMAX is programmed in primary amperes using exponential 0.000e+00
floating-point format. The maximum DMAX setting is 4.2e+7.
Block Logic expression. Logic OR term which blocks the breaker duty 0
accumulation when TRUE ().
Example 1. Make the following settings to your Breaker Duty Monitoring Settings. Refer to Figure
6-10 and Figure 6-11.
Mode: Enabled 12
Winding: CT Input 1
100% Duty Maximum: 0.000e+00
Block: IN5

Retrieving Breaker Duty Information

The values currently stored in the accumulated interruption duty registers can 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 ASCII 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 mode setting (Accumulated 1 or 12) and the CT setting (CT 1
or 2) 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 section for more information on this feature.

Breaker Clearing Time Monitoring

The breaker clearing time monitoring function monitors the time from when a trip output occurs (as
defined by the TRIP logic expression) to when the fast dropout current detector detects that current is
zero in all three poles of the breaker (see Locator D for Figure 6-9). The monitored breaker is determined
by the CT circuit parameters set in the SB-DUTY function. The output of the breaker clearing time
function is reported as a line in the fault summary 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, the TRIP logic expression must directly trip the monitored breaker. See
the paragraphs on Fault Reporting in this section for more information on the TRIP logic expression and
the Fault Summary reports.

The breaker clearing time can be monitored to give an alarm when the value exceeds a threshold. See
the following paragraphs on Breaker Alarms for more information on this feature.

Breaker Alarms

Three alarm points are included in the programmable alarms for checking breaker monitoring functions.
Each alarm point can be programmed to monitor any of the three breaker monitoring functions
(operations counter, interruption duty, or clearing time). 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 6-12 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 using Screen 6.5.2, \SETUP\BKR\ALARM.
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Figure 6-12. Reporting and Alarms Screen, Breaker Monitoring Tab

Table 6-13 summarizes the Breaker Alarms settings.

Table 6-13. Breaker Alarms Settings

Setting Range/Purpose Default
Mode 0 = Disabled 2 = Number of Operations 0
1 = Percent Duty 3 = Breaker Clearing Time

Point 1 0 to 100 in percent, increment = 0.01 0
Mode
Point 2 0 to 99,999 in operations, increment = 1 0
Mode
Point 3 | 0, 20 to 1,000 in milliseconds (m), seconds (s), or cycles (c). Setting 0
Mode is reported in milliseconds if less than 1 seconds.
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Trip Circuit Monitor

The trip circuit voltage and continuity monitoring function
monitors the trip circuit for voltage and continuity. If a

breaker is closed or the 86 Lockout relay is reset and no MQ—de ~ CKTMON
voltage is detected across the trip contacts, then either the O - Disable

fuse supplying the circuit is blown or there is a loss of 1-Enable CIRCUIT

continuity in the trip coil circuit. MONITOR

The trip circuit monitor function obtains the breaker status MONITOR
from a programmable setting, which is set using the '

<status> parameter in the SL-CKTMON command. The STATUS D2850-12
detector circuit used by the trip circuit monitoring function is 121405
programmable using the <monitor> parameter in the SL- Figure 6-13. Trip Circuit Monitor Logic

CKTMON command. Program one of the contact sensing
inputs (e.g. IN6) as the trip circuit monitor input. The input circuit draws less than two milliamperes of
current through the trip coil when the breaker is closed. Figure 6-13 shows the trip circuit monitor logic.

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 6-14 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, OUT1 is tripping the lockout relay (86T) and IN3 is monitoring the lockout relay status.

Trip Circuit Relay Circuit
+ L +
Monitor
Other _|_ CDS 1 cDbs B
Relays —— ING —— OuT1 ___ 86a
Trip
1 86a Status
1 CDS
TC
D2850-13
06-25-99

Figure 6-14. Trip Circuit Voltage and Continuity Monitor

CAUTION

Applications that place other device inputs in parallel with the breaker trip coil
may not perform as desired. The connection of other devices in parallel with
the trip coil causes a voltage divider to occur when the breaker or trip circuit is
open. This may cause false tripping of the other devices and prevent the BE1-
CDS220 trip circuit monitor from reliably detecting an open circuit. Contact
Basler Electric for advice on this application.

The circuit monitor sensing element has the same rating as the power supply
voltage. If the trip circuit voltage is significantly greater than the power supply
voltage (for example, when using a capacitor trip device), the user should
program the BE1-CDS220 to use one of the other output relays for tripping. In
this situation, the trip circuit monitor function will not be available.
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Figure 6-15, 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 TCM logic from
working, even if the trip coil is open. Normally, when redundant systems are used, each relay system is
on an individual circuit and the sensing input for each relay system is isolated from the tripping circuit.

+ : a o
Monitor +
Other —— 851 | cDs V2>TCM
e —— OouT1 -
Relays ING Trip
) > Trip
D2850-14 _ 1 bB2a
06-25-99 -
52a
+
62X 52TC V2> 62X T

Figure 6-15. TCM with Other Devices

Setting the Trip Coil Monitor Function

The TCM function can be programmed from the ASCII command interface using the SL-CKTMON
(setting logic, circuit monitor) command.

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-CDS220 provides many fault reporting features. These features include Fault Summary
Reports, Sequence of Events Recorder Reports, Oscillographic Records, and Targets.

Logic expressions are used to define the three conditions for fault reporting. These conditions are Trip,
Pickup, and Logic trigger. Figure 6-9 and Table 6-11 illustrate how each of these logic expressions is
used by the various relay functions. Note that even though BESTlogic 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 to start logging targets for an event and to record
fault current magnitudes at the time of trip. The trip expression is used to illuminate the Trip LED on the
HMI. The Trip LED will turn on and remain on as long as the trip expression is true. The Trip LED will
remain on (or “sealed-in”) after the trip expression becomes false if targets are associated with the trip.
The breaker monitoring function uses the trip expression to start counting the breaker operate time.

Pickup

Pickup expressions are used by the fault reporting 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
oscillographic data. The pickup expression is used to flash, on and off, the Trip LED on the HMI. The Trip
LED will continue to flash on and off as long as the pickup expression is true and the trip expression is not
true. A pickup expression is also used by the setting group selection 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 expression provides an input to the fault reporting function much as the pickup
expression does. This logic expression is not used by the setting group selection or the HMI.
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Fault Reporting Trigger Settings

Fault reporting trigger settings are made from the BESTIlogic Function Element screen in BESTCOMS.
Figure 6-16 illustrates the BESTCOMS screen used to select BESTIogic settings for the Fault Recording
function. To open the BESTlogic Function Element screen for Fault Recording, select Reporting and
Alarms from the Screens pull-down menu. Select the Fault Recording tab. Then select the Logic button in
the Fault Recording box in the upper left hand corner of the screen.

BESTlogic Function Element

Fault Recording
Protection Tripped. Picked Up and Logic Triggers

v09#—— TRIPPED

vo10
vu11::z> PICKED UP
AN2e——  LOGIC

Daone

Figure 6-16. BESTlogic Function Element Screen, Fault Recording

To connect the function's 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. 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. Trigger settings for fault reports are made using the SG-TRIGGER

(settings-general, trigger) command.
Table 6-14 lists the function's trigger settings.

Table 6-14. Fault Reporting Trigger Settings

Function Purpose Default
Logic expression used to define Trip fault reporting condition.
TRIPPED When this expression becomes TRUE (1), it triggers data BFT+VO11

recording and illuminates the Trip LED.

Logic expression used to define Pickup fault reporting condition.
PICKED UP | When this expression becomes TRUE (1), it initiates the pickup VO12+BFPU
timing sequence and the Trip LED will flash on and off.

Logic expression used to define the trigger for fault reporting
LOGIC when relay is not picked up. When this expression is TRUE (1), | 2NDHAR+5THHAR

fault reporting is triggered.
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Targets

Each protective function (see Table 6-15) logs target information to the fault reporting function when a trip
condition occurs and the trip output of the function block becomes TRUE (refer to Figure 6-9 and Table
6-11, call-out B). Target information can be viewed and reset at the HMI and through the communication

ports.
Table 6-15. Protective Functions with Targets

Name Protective Function I-Dr:;gjrt
87R Phase Differential Restrained Pickup Enabled
87U Phase Differential Unrestrained Pickup Enabled
87ND Neutral Differential Restrained Pickup Enabled
51P, 151P, 251P Phase Inverse Time Overcurrent Enabled
51N, 151N, 251N Neutral Inverse Time Overcurrent Enabled
51Q, 151Q, 2510Q Negative-Sequence Inverse Time Overcurrent Enabled
50TP, 150TP, 250TP Phase Instantaneous Overcurrent Enabled
50TN, 150TN, 250TN Neutral Instantaneous Overcurrent Enabled
50TQ, 150TQ, 250TQ Negative-Sequence Instantaneous Overcurrent Enabled
BF Breaker Failure Enabled
62, 162 General Purpose Logic Timer Enabled

Target logging for a protective function can 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 6-17. You can select which protective
elements trigger a target and 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 appropriate boxes.

Alternately, targets can be enabled using the SG-TARG ASCII command. Using the SG-TARG command,
you can select which protective elements trigger a target and what type of logic condition will reset the

targets.
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Figure 6-17. Reporting and Alarms Screen, Fault 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 BESTIlogic expression is TRUE (1) and the trip output is
TRUE (1), a trip event is recorded 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 front panel HMI Screen 1.1.1, \STAT\TARGETS or through
the ASCIl command interface using the RG-TARG (report general, targets) command. The target
information provided by the relay is from the most recent trip event. It is specific to an event and not
cumulative. The two most recent target reports are stored in nonvolatile memory. These two reports are
available from the front panel HMI Screen 4.1.1, \REPRT\FAULT\WM_REC and 4.1.2, \REPRT\
FAULT\PREV. Targets for previous events are recorded in the fault summary reports, which are
described in detail later in this section.

When the relay trips and targets are logged for the event, the Trip LED is sealed-in on the front of the
relay and menu tree branch Screen 1.1.1, \STAT\TARGETS is automatically displayed on the LCD. See
Section 4, Human Machine Interface, for more information about the automatic display priority logic. The
display scrolls between the targets and the fault current magnitudes that were recorded during the fault.
See the paragraphs on Fault Summary Reports in this

section for more information on how these fault TRSTKEY
current magnitudes are recorded. D2850-10

Pressing the Reset key on the HMI while the Target HMI 06-25:99

Screen is displayed will clear these targets and the RESETKEY — Target

trip LED. No password access is required to reset R t
targets from the front panel. After reset, the two most RG-TARG=0 D esg
recent target reports are still available from the HMI Loglc
menu branch 4, Reports. Password access is not

required to reset targets at the HMI. Logic
Figure 6-18 illustrates the target reset logic.

Figure 6-18. Target Reset Logic

9313900990 Rev G BE1-CDS220 Reporting and Alarms 6-27



A logic input can be used to reset the target. Using BESTCOMS, select Reporting and Alarms from the
Screens pull-down menu. Then select Fault Recording tab. The logic input can be connected by selecting
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 Metering from
the Reports pull-down menu. This screen (Figure 6-19) will contain target and alarm information.

BE1-CDS220 Metering =3

File Communication
CT Circuit 1 CT Circuit 2 CT1 Comp. CT2 Comp.

Current  Angle Current  Angle *TAF  Angle *xTAFP  Angle [-OF
]  oooAa| == | oo0a| == sl 000 e s 000 == | 000
|| 000A[ == g| oo00A| = g o000 == g 000 == | 000
o] 000A | == | oo0A| == | o000 = g 000 == | 000
| 000& | e oy|  D00A | ==
o] 000 o] 0004 Mjooo| o] ooof e | 000

Ground CT I 0.00
Current  Angle Frequency 2nd Harmanic 5th Harmanic
G| 0.004 ] | MaHZ " o " o
B 0% B 0%
12345678 A123456 i 0% = 0%
nput: 222008 OSSO0
Targetz: MOME
Alarms RALGC MOME
Rl HMOME
RaMIN - NONE |:|
Ra-REL MONE
Stop Polling
Yersion - 1.00.00

Figure 6-19. BESTCOMS™ Metering Screen

Table 6-17 provides the possible targets that may be displayed on the Metering screen.

Table 6-17. Targets as Displayed

IEEE Device Number Definition
50/150/250 ABC, N, Q Instantaneous Overcurrents
51/151/251 ABC, N, Q Time Overcurrents
BF Breaker Failure
62/162 Logic Timers
87R ABC Phase Differential Restrained
87U Phase Differential Unrestrained
87ND Neutral Differential Restrained

The RG-TARG (report general, targets) command can be used to read and reset the targets. Write
access to Reports must be gained to reset the targets using the ASCIl command interface.

Fault Summary Reports

The BE1-CDS220 records information about faults and creates fault summary reports. A maximum of 12
fault summary reports 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 12 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.

If the PICKUP or LOGIC trigger expressions stay TRUE for longer than 60 seconds, an alarm bit (FAULT
RECORD TIMEOUT) in the programmable alarm function will be set. In this situation, the fault reporting
functions (including targets) will not operate again until the PICKUP and LOGIC trigger expressions return
to a false state to enable another trigger.
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BESTCOMS™ 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 6-20 will appear.

View/Download Relay Fault Files

Select the Fault Record to @ & vicw Fault Details
" %iew Fault Sequence of Events
BE1-CDS52Z0 FAULT SUMMARY REPCORT
# DATE TIME EVENT TYFE QOSC  |STYLE NUMBER : E1ENOYY¥1NOH
013_01/25/10 114113 _RF=TRIG 7 |ERIAL WUMBER - Henisals
012 01/25/10 11:41:00 RF=TRIG 1 FIRMIRRZ VERSION ;11503
01 01/01/09 0000319 RF=TRIG 1 FAULT DAIZ : 01725710
oo 0101409 0300319 RF=TRIG i FRULT TIME : 11:41:00.757
STATICHN ID : SUBSTATICH 1
RELAY ID - BE1-COS
OSER1 ID : USER1_ID
USERZ ID : USERZ_ID
RELAY ADDRESS i
FAULT NUMEER : 12
FAULT TRIGEER : RE=TRIG
EVENT TYFPE : RE=TRIG
ACTIVE GROUP : 0
TRREETS : NCNE
< 5 FAULT CLERRING TIME : QUT OF RARMNEE
BREAFER QPERATE TIME : WO OPERARTICN
X X OSCILLOZRATHIC RELORTS: 1
D ovanload | Refresh | Trigger | Exit | I21; Iaz - 0.01Z @ 0; 0.00R @ O
IB1; IBZ J.002 @ O; O.00R @ O
File Faormat |IEEE C37.111 Standard ICl; Icz : 0.00A B O; D.OORE D
IN1; INZ : 0.012 @ O; D002 @ O
* 1991 COMTRADE Standard | [2077 o7 0.01%: 0012
" ASCH (" 1999 COMTRADE Standard | |IE 0.002 € O

Figure 6-20. View/Download Relay Fault Files Screen

From this screen, you can View Fault Details or View Fault Sequence of Events by selecting your choice
at the top of the screen and then highlighting the fault to be displayed. In Figure 6-20, fault 012 is
highlighted.

The Trigger button allows for a fault to be manually triggered. This can also be done using the SG-
TRIGGER ASCII command.

The Refresh button is used to refresh the list of faults. The Download button will download the selected
fault, storing it on the selected drive as either a binary or ASCII file, selected beneath the button.

Fault Summary Report Example

A fault summary report collects several items of information about a fault that can aid in determining why
a fault occurred without having to sort through all of the detailed information available. The following
example illustrates a typical fault summary report. Call-outs shown in the report are references to the
legend of Table 6-11.
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Fault Summary Report Example:
>RF-1

BE1-CDS FAULT SUMMARY REPORT

STYLE NUMBER - EOENOYY1NOH
SERIAL NUMBER - HO0476352

FIRMWARE VERSION - 1.15.03

FAULT DATE - 05/11/98

FAULT TIME - 02:09:58.081

STATION ID - SUBSTATION_1

RELAY 1D - BE1-CDS

USER1 ID - USER1_ID

USER2 ID - USER2_ID

RELAY ADDRESS - 65

FAULT NUMBER -1

FAULT TRIGGER - 51NPU, 51QPU

EVENT TYPE - TRIP

ACTIVE GROUP -1

TARGETS - 51N, 510 k///(:>

FAULT CLEARING TIME : 0.164 sec

BREAKER OPERATE TIME : 0.087 sec +—<:>
OSCILLOGRAPHIC REPORTS: 1 < <E9
IAL; I1A2 - 1.20kA @ O: 5.43KA @ 180
IB1: 1B2 - 0.40kA @ 240: 2.10kA @ 60
IC1: IC2 - 0.40kA @ 120: 2.10kA @ 300
INL: IN2 - 0.80KA @ 0; 3.33KA

101; 102 0.27KA: 1.

IG 0.00A @ O

Style Number. This line reports the style number of the relay.
Serial Number. This line reports the serial number of the relay.
Firmware Version. This line reports the 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 expression or the logic trigger expression becoming TRUE as defined by the
SG-TRIGGER command. Refer to Figure 6-9 and Table 6-11, call-out A.

Station ID, Relay ID, Userl ID, and User2 ID. These lines report station and device identifier information
as defined by the SG-ID command.

Relay Address. This line reports the communications port address that the report was requested from.
The relay address number is assigned using the SG-COM command, described in Section 11, ASCII
Command Interface.

Fault Number. This line reports the sequential number (from 1 to 255) assigned to the report by the BE1-
CDS220.

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.

Event Type. This line reports the type of event that occurred. There are five fault event categories:

e Trip: A fault was detected as defined by the pickup expression and the relay tripped to clear the
fault.

e Pickup: 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.

e 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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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 6-9 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 6-9 and Table 6-11, call-out C.

If the fault report was triggered by the RF-TRIG command, the recording of the report was terminated
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 in the programmable
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 return to a FALSE
state to enable another trigger.

Breaker Operate Time. This line reports the breaker trip time from the breaker monitoring 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 Figure 6-9 and Table 6-11, call-out D.

Oscillographic Reports. This line reports the number of oscillographic records that are stored in memory
for this fault report. Refer to Figure 6-9 and Table 6-11, call-out E. Recording of oscillographic records is
described in the Oscillographic Records subsection.

1AL, 1A2, IB1, IB2, IC1, IC2, IN1, IN2, IQ1, IQ2, IG. 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 the power system cycle two cycles prior to the end of the
fault. Refer to Figure 6-9 and Table 6-11, call-out F.

Retrieving Fault Report Information from the Relay

Fault Summary Directory Report. The fault reporting function provides a directory of fault summary
reports that lists the number assigned to the 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 is required to retrieve information about that event from the relay.
This directory report can be accessed by using the RF command.

New Faults Counter. One line of the fault summary directory report contains the new faults counter. The
new faults counter tracks how many new fault reports have been recorded since the new faults counter
was reset to 0. This counter provides a way to check the fault information and then reset the new faults
counter. Then, the next time that the relay is checked, it's easy to determine if any fault reports have been
entered. Resetting the new faults counter is achieved using the RF-NEW=0 command. Write access to
Reports must be gained to reset the new faults counter through the communication ports. The new faults
counter can also be viewed 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 represents 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 obtained for the faults also. This is discussed in greater detail later in this section.

Oscillographic Records

Recording Oscillographic Records

The fault reporting function can record 240 cycles of sample data at 24 samples per cycle for current
inputs |4, Ig, lc, and Ig (optional independent ground input). 480 cycles are possible with the expanded
memory option, Load Profile option Y, 4,000 point data array. 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 (record lengths),
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
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Number of Records Length in Cycles
8 60
10 48
15 32
20 24
24 20
32 15

Each time the fault reporting function starts recording a fault summary report, it freezes a three cycle pre-
fault buffer and records for the length of the record. If the pickup and logic trigger expressions have not
returned to false within that time, the oscillographic recording function records a second record to capture
the end of the fault. The second record records one-forth cycle to five cycles of pre-trigger depending on
when the second record begins. If the second record begins within five cycles of the end of the first
record, then there is no gap in data between the two records. If the second record begins after five cycles,
there will be a gap (some data not recorded) between the records. Refer to Figure 6-9, Legend E. In that
illustration, the number of records was set to 32, which equates to 15 cycles recorded. The first record is
triggered and has 3 cycles of pre-trigger data and 12 cycles of post-trigger data. The fault takes longer
than 12 cycles to clear so a second record is necessary. The pickup condition drops out approximately
3.5 cycles into the second record, which is 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 in volatile memory. As additional faults are recorded, the oldest
oscillographic records are overwritten.

Oscillographic Records Settings

The oscillographic records settings can be programmed

through BESTCOMS. To select the number of records, select
Reporting and Alarms from the Screens pull-down menu. Number of LengthinCycles | Lengthin Cycles
Select the Fault Recording tab and click the Select box in the fecords | (tendardMemow] | ExpandedMemos)
Oscillographic Records pane. Make your selection as shown C B 40 80
in Figure 6-21, Oscillographic Records Selector. Select Done C 8 a0 B0
once the setting has been made. C 0 2 48
The oscillographic records settings can also be made using i A &
the SG-OSC (settings general, oscillography) ASCII i 1 L2
command. See Table 6-19 for possible settings. g 15 0
0 M, 24
v WA 20
Table 6-19. Oscillographic Records Settings r N 15
Range 6, 8, 10, 12, 15, 16, 20, 24, 32 —
Default 16

Figure 6-21. Oscillographic Records Selector

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
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 menu.
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 6-22) appears. Select a location for the file to be stored or create a New Folder
and press OK. The Fault Record Filenames screen (Figure 6-23) will appear. Type the base filename in
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the first row. The rest of the filenames will respond by changing to match the base filename. Select OK to
save the file.

Browse for Folder Px

Select folder to save the fault fles in, Enter a Baze Filename far the Fault Beconds.

EE&]My Documents Base Filename : |R0-003
) Adabe Osc File 1 CFG : |RO-00381.cfg
) CcowiIMig .
[5) Corel User Files Osc File 1 DAT : |RO-00361.dat
0 HML Osc File 2 CFG |
3 IBM
() My eBooks Oz File 2 DAT : |
Q v Huse Header File : [AD-003.hd
My Pictures
[C3) My Received Files Fault Sumrmary - |F||:|-E|E|3_5Uh-1.t:-ct
g My Shapes Fault Sequence : |F|EI-DDS_SEI].h-ct
My Videos
b

[ 7% M Berent Minm imenta
Ok | Cancel
Mew Folder I Ok l l Cancel ]

Figure 6-22. Browse for Folder Screen

Figure 6-23. Fault Record Filenames

Only one oscillographic report file can be requested at a time. Reports are transmitted in COMTRADE
format. A configuration file (CFG), a data file (DAT), or a header report (HDR) can be requested. Header
files contain the fault summary report followed by all the pertinent settings that are associated with the
requested fault record. These settings include the following:

e BESTIogic settings for User Programmable Logic Scheme.

e User Programmable Label settings, Global I/O settings.

e The protection setting group active during the fault.

e General protection settings.

e Fault reporting settings.

e Breaker monitoring settings.

e Alarm settings.
Files can be requested in ASCII or binary format but both file transfers use the same format. Binary file
transfer is much faster and 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 format. For ease of reference the name of the downloaded file should be the same as the
command.

Sequence of Events Recorder

A sequence of events recorder (SER) report is very useful in reconstructing the exact sequence and
timing of events during a power disturbance or even normal system operations. The SER tracks over 100
data points by monitoring the internal and external status of the relay. Data points are scanned every
guarter-cycle. All changes of state that occur during each scan are time tagged to 1 millisecond
resolution. A total of 255 records are stored in volatile memory; when the SER memory becomes full, the
oldest record is replaced by the latest one acquired. When using the expanded memory version, 511
records are possible.
The SER monitors the following points and conditions:

e Single-state events such as resetting demands or targets, changing settings, etc.

e Programmable logic variables

e Targets

e Relay trouble alarm variables

e Programmable alarm variables
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e Output contact status
e Fault reporting trigger expressions

When a monitored event occurs or a monitored variable changes state, the SER logs the time and date of
the event, the event or variable name, and the state that the variable changed to. For user-programmable
logic variables (contact sensing inputs, virtual switches, and virtual outputs), the user-programmed
variable name, and state names are logged in the SER report instead of the generic variable name and
state names. For more information, refer to Section 7, BESTlogic Programmable Logic, User Input and
Output Logic Variable Names.

Retrieving SER Information Using BESTCOMS™

To view SER information using BESTCOMS, select Oscillography Download from the Reports pull-down
menu. A screen such as the one shown in Figure 6-24 will appear. Select View Fault Sequence of Events
and highlight a fault record to view.

View/Download Relay Fault Files CEX

Select the Fault Record t0 © ¢~ viaw Fault Details

&% View Fault Sequence of Events

# DATE TIME
03 01425410 11:41:19 R
012 0142540 11:41:
01 /0109 00:00:13 RF=TRIG
00 01/01/09 00:00:13  RF=TRIG

EVENT TYPE asc

REPCORT DATE
REPCORT TIME
STRTICH ID
RELAY ID :
[USERL1 ID : USER1_ID
: USERZ_ID
: 0

-—--TIME---- —-————————- POINT DESCRIPTION---——-——--— --— STATUS--
01/25/10 11:40:34.271 SETTING CHANGE ALARM MADE

Sr=p_

< >
Download | Refresh | Trigger | Exit ‘
File: Format IEEE C37.111 Standard

 Hinang 1391 COMTRADE Standard

" AsCl " 15999 COMTRADE Standard

Figure 6-24. View/Download Relay Fault Files Screen

Retrieving SER Information Using ASCII Commands

SER information is retrieved through SER Directory Reports, the New Events Counter, and by obtaining
specific SER Reports.

SER 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.

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.
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SER Report

A directory of SER reports can be obtained using the RS (report SER) command. Six sub-reports are
available through the RS command: RS-n, RS-Fn, RS-ALM, RS-I/O, RS-LGC, and RS-NEW. These sub-
reports give specific types of data without confusing the user with every internal state change and event
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 report 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 the fault. Entering 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 since the last 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 zero.)

5. RS-LGC (report SER, logic)

A report is retrieved for all logic events since the last RS=0 command was issued. (RS=0 resets
the new records counter to zero.)

6. RS-NEW (report SER, new events since RS=0 reset)
Events are retrieved for the period of time covered by the New Events Counter register.

Alarms Function

The alarms function monitors internal relay systems, external relay interfaces, and power system
equipment. Alarm points are segregated into Relay Trouble Alarms and Programmable Alarms. Alarm
point status is stored in nonvolatile memory and is retained when relay operating power is lost.

The ability to program the reporting and display of alarms along with the automatic display priority feature
of the HMI gives the relay the functionality of local and remote alarm annunciation. See Section 10,
Human-Machine Interface, 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
OUTA contact, 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
BESTIogic to program the output logic. One of the output relays with normally open contacts (OUT1
through OUT6) can be programmed to be held closed. For example, to open OUTS5 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.
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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 error.
3 UP FAILURE Microprocessor exception or self-test error.
4 EEPROM FATAL ERROR EEPROM read/write error.
5 ANALOG FAILURE Analog to digital converter error.
6 CALIBRATION ERR Relay not calibrated or calibration checksum error.
7 PWR SUPPLY ERR Power supply out of tolerance.
8 WATCHDOG FAILURE Microprocessor watchdog circuit timed out.
9 SET DEFLTS LOADED Relay using setting defaults.
10 CAL DFLTS LOADED Relay using calibration defaults.
11 DSP FAILURE Digital signal processor error.

Relay trouble alarms, except for CALIBRATION ERR, EEPROM FATAL ERR, SET DFLTS LOADED, and
CALDFLTS LOADED indicate that the relay is not functional and causes the self-test diagnostics to force
a microprocessor reset to try to correct the problem.

CALIBRATION ERR, EEPROM FATAL ERROR, or DFLTS LOADED errors indicate that the relay is
functional but needs re-calibration or the settings reprogrammed.

Any relay trouble alarm will disable the protection functions, 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 1.2 or using the RA=0 or RA-REL=0 commands, then
the relay will attempt to return back online by issuing a software reset. The relay resets by going through
a full startup and initialization cycle. If no problems are detected, the relay returns online and enables
protection.

Major, Minor, and Logic Programmable Alarms

The programmable alarms function covers all circuits monitored by the continuous self-test diagnostics
function that do not affect the relay core functions. Alarm functions used to monitor the power system and
equipment are also part of the programmable alarms. Table 6-21 provides a detailed list of all
programmable alarms. The 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
BESTIogic variable ALMMAJ to assert. Minor alarm points, when triggered, causes the HMI Minor Alarm
LED to light and the BESTlogic variable ALMMIN to assert.

Any programmable alarm can also be used in programmable logic expressions without programming it to
be reported by the programmable 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.
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Table 6-21. Programmable Alarms

I.D. # Name Description
1 OUTPUT CKT OPEN = Output circuit continuity monitor alarm.
2 BKR FAIL ALARM = Breaker failure trip.
3 DIFFERENTIAL ALARM Differential threshold exceeded.
4 CHANGES LOST ALARM Access lost.
5 BREAKER ALARM 1 Breaker Alarm 1 threshold (SA-BKR1 setting) exceeded.
6 BREAKER ALARM 2 Breaker Alarm 2 threshold (SA-BKR2 setting) exceeded.
7 BREAKER ALARM 3 Breaker Alarm 3 threshold (SA-BKR2 setting) exceeded.
8 P DEMAND ALARM * Phase demand alarm.
9 N DEMAND ALARM Neutral demand alarm.
10 | Q DEMAND ALARM = Excessive negative-sequence unbalance alarm.
11 | GROUP OVERRIDE * Setting group override in effect.
12 | SYS /O ALARM Excessive delay in operation of HMI or serial communications.
13 | COMM ERROR ALARM Communications failure.
14 CLOCK ERROR Real time clock has not been set.
15 | uP RESET ALARM Microprocessor has been reset.
16 | SETTINGS CHANGE Settings change made by user.
17 | EE NON FATAL ERROR EEPROM non-fatal recoverable error.
18 | OUTPUT OVERRIDE * An override condition is active in one or more outputs.
19 LOSS OF IRIGB = Loss of IRIG sync.
20 | SGC ACTIVE Setting group change alarm active.
21 | VO13_LABEL * VO13 logic if TRUE. (User programmable logic alarm.)
22 | VO14_LABEL * VO14 logic if TRUE. (User programmable logic alarm.)
23 | VO15_LABEL * VO15 logic if TRUE. (User programmable logic alarm.)
24 FAULT REPORT TIMEOUT | TRUE if fault event trigger lasts longer than 60 seconds.
25 | TRANSFORMER ALARM 1 | Transformer Alarm 1 threshold (SA-TX1 setting) exceeded.
26 | TRANSFORMER ALARM 2 | Transformer Alarm 2 threshold (SA-TX1 setting) exceeded.
27 | TRANSFORMER ALARM 3 | Transformer Alarm 3 threshold (SA-TX1 setting) exceeded.
28 LOGIC = NONE ALARM No logic selected.

* Alarms with an asterisk are non-latching. A non-latching alarm clears itself automatically when the alarm
condition goes away. All other alarms are latching and must be manually reset by using the HMI Reset
button or the RA=0 command.

Programming Alarm Priorities

Alarm settings include Major, Minor, and Logic alarm priorities, Demand alarm points, and the Breaker
alarm points. Programming 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, Minor, and Logic programmable alarm settings are made using BESTCOMS. To select
alarm priority, select Reporting and Alarms from the Screens pull-down menu. Select the Alarms tab. See
Figure 6-25. Set the alarm point priority by checking the box or boxes to its right.

Alternately, settings for Major, Minor, and Logic alarms can be made using the SA-MAJ, SA-MIN, or SA-
LGC ASCII commands. Refer to Section 11, ASCII Command Interface, Command Summary, Alarm
Setting Commands, for complete command descriptions.

9313900990 Rev G BE1-CDS220 Reporting and Alarms 6-37



BE1-CDS220 Settings ( [Untitled] )

Ele Screens Copy Communication Reports Help
m—lq D = [ S & Logic [BASLER Settings | Global
=
= ™o Lé%”n[tmaa Lg o :D\
Clack Dizplay Mode] Demands ] BreakerMonitoringl Tranzformer Manitaring Alarmsl Fault Recarding
Alarm Priority BESTlogic
Praitt Major  Minor  Logic > ALMMA
ALARMS " ALMMIN
rFY
OUTPUT CKT OPEM 1 1 11 o ALMLGEE
BER FalL ALARM rz T2 [ 2
< ARSTKEY
DIFFEREMTIAL ALARM 3 I3 [ 3 HMI Feset key
CHAMGES LOST ALARM [ 4 W 4 [ 4 A
BREAKER ALARM 1 s "5 [5 eIl E o
RAIN=0 Reset
BREAKER ALARM 2 W& "6 [ B Logic
BREAKER ALARM 3 s 7 7 Logic
F DEMaMD ALARM a I8 [ 8
M DEM&AMD ALARM a "9 [ 9
[ DEMAND ALARM 0 10 10 BESTIogic || | onmoR | O CKTMON
Select or de-zelect the alarm. Fiepoarting ahd Alarmms 1241542005 | 10:46 Ak

Figure 6-25. Reporting and Alarms Screen, Alarms Tab

Table 6-22 summarizes major, minor, and logic programmable alarm settings.

Table 6-22. Programmable Alarm Settings

Setting Range/Purpose Default

Major alarm points (drives Major Alarm LED and
ALMMAJ logic variable).

Minor alarm points (drives Minor Alarm LED and
ALMMAJ logic variable).

Logic alarm points (drives ALMLGC logic variable). List of alarm functions per Table 6-21. 0

List of alarm functions per Table 6-21. 3,28

List of alarm functions per Table 6-21. 4

Retrieving and Resetting Alarm Reports

When an alarm condition occurs, 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 priority logic.) The HMI display scrolls between displaying all active alarm points.
This includes alarms that are not programmable (relay trouble alarms). Any latched alarms that are not
currently active can be reset by pressing the HMI Reset key. See Figure 6-26 for logic.

Logic variables for ALMMAJ, ALMMIN, and ALMLGC can also be set to operate any of the output
contacts to give an indication 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 line of the General Status Report. Refer to the General Status Reporting subsection for
more information about obtaining relay status with the RG-STAT command. Figure 6-26 shows the alarm
reset logic.
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Figure 6-26. Alarm Reset Logic

The Reset key of the HMI is context sensitive. That is, the functionality depends upon what screen is
currently being displayed. BESTlogic variable ARSTKEY takes advantage of this to allow the front panel
Reset key to be used in the programmable logic scheme when Alarm Screen 1.2, \STAT\ALARMS, is
active. An example of the use of this logic variable is to break the seal-in for a logic expression. 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\ALARMS. When 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 currently active. Refer to Table 6-21 for a list of
latching alarm points and self-clearing alarm points. Figure 6-26 shows the alarm reset logic.

After an operation, alarms information can be viewed using BESTCOMS. Select Metering from the
Reports pull-down menu. Select the Start Polling button. See Figure 6-27.

BE1-CDS220 Metering X

File Communication
CT Circuit 1 CT Circuit 2 CT1 Comp. CT2 Cormp.
Current  Angle Current  Angle = TAF  Angle xTAF  Angle FOF
14, 0.00A A 0.004A A 0.00 A 0.00 == 0.00
B 0.00A = B 0.004A =B 0.00 =B 0.00 == 0.00
Ic 0.00A = 0.004A =0 0.01 == 0.00 == 0.00
IN 0.00A =N 0.00A =
i 000 i 0004 | 000 = on| o oo = | 000
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Ground CT I
i e EgLEng; 2nd Harmonic Bth Harmonic
IG| 0.00A | | NaHZ W 0% W o%
[5] 0% [5] 0%
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Figure 6-27. Alarms Status, Metering Screen

The RA (report alarms) command can be used to read detailed alarm reports and reset latched alarms.

Links between Programmable Alarms and BESTlogic™

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.
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Programmable Alarms Controlled by BESTlogic™ Elements

Virtual Outputs VO13, VO14, and VO15 are driven by BESTlogic expressions and are available in the
programmable alarms function. These three virtual outputs have labels that can be assigned meaningful
names. Then, when a logic condition that is used for an alarm exists, the label will be reported in the
alarm reporting function.

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.

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 6-25. The BESTlogic Function Element screen for Alarm Reset Logic will appear. See
Figure 6-28.

To connect the function's input, select the Reset button 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 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.
BESTlogic Function Element

Alarm Reset Logic

0s=—— HRESET

Dane

Figure 6-28. BESTlogic Function Element Screen, Alarm Reset Logic

BESTIlogic™ Elements Controlled by Programmable Alarms

Major, Minor, and Logic programmable alarm settings drive BESTlogic variables ALMMAJ, ALMMIN, and
ALMLGC. These variables can be used in logic expressions to control logic when the alarm is active. For
example, these variables could be used to actuate an output relay to signal a SCADA RTU that an alarm
condition exists.
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Hardware and Software Version Reporting

Hardware and software version reporting is used to determine what style chart selections are included in
the relay, the relay serial number and the version of the embedded software (firmware).

Model (style) number serial number 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 displayed briefly 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 view the version of the relay once the download is complete, select General Operation from the
Screens pull-down menu. Then select the Identification tab (Figure 6-29). The General Info tab (Figure
6-30) displays all of the style information about the relay.

BE1-CDS220 Settings ( [Untitled] )

Ele Screens Copy Communication Reports Help
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Yersion Numbers
App Program Ver, |>=1.10.00 2/15/93 = | | YER 1.14.1011/23/2005

DSP Program Wer. | WER 1.14.08 07002005
Boot Code Version | YWER 21200 07/11./2002
Serial Number |H'I 2345678 | H sz
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Geneial 1 [BRIAN_D

General 2 [JEFF_H

Enter the Serial Mumber for the device. General Operation 1241542005 | 11:30 AM

Figure 6-29. General Operation Screen, Identification Tab
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BE1-CDS220 Settings ( [Untitled] )
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Select the Current Sensing Input Type for the device.

General Operation 1241542005

11:31 &M

Figure 6-30. General Operation Screen, General Info Tab

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 6-31. 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 a
Settings file on disk, click on the folder button and browse for the file. If you wish to Download settings
from unit to compare, click on the RS-232 button to setup the Com Port and Baud Rate. Click on the
Compare button to compare the settings files that you have selected.

BESTCOMS Settings Compare Setup

Left Settings Source
{* Settings open in BESTCOMS
" Settings file on disk

" Download settings from unit

J Download

Left Source

Right Seftings Source

" Settings open in BESTCOMS
* Sethings file on disk

" Download settings from urnit

|Settings open in BESTCOMS

Right Source g Download

Compare ‘

|E:'\Documents and Settingshbriandaty\My Documents\Untitled bst

Cloze |

Figure 6-31. BESTCOMS™ Settings Compare Setup Dialog Box

If there are any differences in the two files, a dialog box will pop up notifying you that Differences Are
Found. The BESTCOMS Settings Compare dialog box pops up (Figure 6-32) where you can select to

Show All or Show Diffs.
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w. BESTCOMS Settings Compare

Show Al

Settings open in BESTCOMS

|E:\Documents and Settingzhbriandotysk.. sUntitled bt

SL-M = BASLER /| SLM =BASIC-87
SG-IM3 = 6m, 16 /A |5GANI =416
S0-51F =1.00,0.02 4 |5061F =0.00,0.042
SP-GROUP1 =05,0,051P / |5P-GROUPT =0.00051P
249 settings compared. Gl
4 difference(s) were found.
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Figure 6-32. BESTCOMS Settings Compare Dialog Box
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SECTION 7 ¢« BESTlogic™ PROGRAMMABLE
LOGIC

Introduction

Multifunction relays such as the BE1-CDS220 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 digital, 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 of wiring a panel. It
integrates the multifunction protection, control, and input/output elements into a unique 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 the inputs 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 form with 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, virtual outputs, and hardware outputs. A group
of logic equations defining the function of the multifunction relay is called 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™, Basler Electric's Windows® based graphical user
interface program. Each scheme is configured for a typical protection application and virtually eliminates
the need for “start-from-scratch” programming. Any of the preprogrammed schemes can be copied and
saved as the active logic. Preprogrammed logic schemes can also be copied and then customized to suit
your application. Detailed information about preprogrammed logic schemes is provided later in this
section.

BESTIogic 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. Changing logic 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.

CAUTION

This product contains one or more nonvolatile memory devices. Nonvolatile
memory is used to store information (such as settings) that needs to be
preserved when the product is power-cycled or otherwise restarted.
Established nonvolatile memory technologies have a physical limit on the
number of times they can be erased and written. In this product, the limit is
100,000 erase/write cycles. During product application, consideration should
be given to communications, logic, and other factors that may cause
frequent/repeated writes of settings or other information that is retained by the
product. Applications that result in such frequent/repeated writes may reduce
the useable product life and result in loss of information and/or product
inoperability.

Working with Programmable Logic

BESTlogic uses two types of logic settings: 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. BESTlogic function blocks are illustrated in
Figure 7-1 and 7-2 and are discussed in the following paragraphs.

9313900990 Rev G BE1-CDS220 BESTlogic™ Programmable Logic 7-1



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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Figure 7-1. BESTlogic Function Blocks - page 1 of 2
7-2

BE1-CDS220 BESTlogic™ Programmable Logic

9313900990 Rev G



—

Mode =
Mode = Mode = 101T O-disable
0-disable 0-disable —O 1-pickup/dropout
1-on/off/pulse 1-enable 101C 2-1shot nomemg
2-on/off O .
3-off/momentary on 101 3-1Sh_0t retrig
43 BREAKER 4-oscillator
43 AUX SWITCH —(O CSO\AE‘ITTF(":OH'- 5-integrating 62 TIMER
CO-101 =
101SC -
Trip O 6-latch
C-close INI
i > 2
406
BLK
o—p
Mode 143 Mode
143 AUX SWITCH —() Mode =
CO-143= 0-disable SGO INI
- — o ——h
1-discrete select 162 TIMER 162
2-binary select ACTIVE SG1 BLK O
Mode 243 seTTNG O o>
243 AUX SWITCH —() Do GROUP
C0-243= e~ » conTroL oS¢
D2
° > - SG3
Mode 243 PREEECINY HARSTKEY
343 AUX SWITCH —() o AUTO HMI
CO-343= QTRSTKEY
Mode
443
443 AUX SWITCH —()
CO-443=
Mode 543 VOA
543 AUX SWITCH —() O— Vo7
CO-543= O
OC_(g;fOUTA - ouTPUT | ouTt Vo8 ~
Mode 043 1on LOGIC A
643 AUX SWITCH —() P-pulse Vo9 o
CO-643= L-logic
V010
O
Mode 743 Vo1 Vo1l
743 AUX SWITCH —O O—— C O
T Cco743= OUTPUT ouT
1 LOGIC 1 vo12
CO-0UTL O
vo13
Vo2 o
+ OPTO IN1 O——
ISOLATION O OUTPUT out vo14 o
- — — LOGIC 2
CO-0UT2 VoI5
+ O
OPTO IN2
—0
: ISOLATION VO3
C OUTPUT £ out
+ — — LOGIC 3
OPTO IN3
) souamon O ~coouts L
P— Vo4 fo
OPTO IN4 O—
ISOLATION O OUTPUT out
JR— 1 LoGIC 4
CO-0UT4
+—
OPTO INS
} ISOLATION O VOS5
C OUTPUT i ouT
+ I— LOGIC 5
OPTO ING
_ sotaton O —coours Ly
+ OPTO IN7
) ISOLATION O Vo6 C
OUTPUT ouTe
A OPTO IN8 CO-0UT6 roeie
R ISOLATION O I D2857-18.vsd
08-01-00
Figure 7-2. BESTlogic Function Blocks - page 2 of 2
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Table 7-1. Logic Variable Names and Descriptions

Variable o Variable o
Name Description Name Description
Inputs and Outputs Time Overcurrent (continued)
IN1-IN8 Inputs 1 through 8 Status 15INT 151 Neutral Tripped
VOA Relay Trouble Alarm Output Status 151INPU 151 Neutral Picked Up
VO1-VO6 | Virtual Outputs 1 through 6 (hardware outputs) 151QT 151 Negative-Sequence Tripped
VO7-VO15 | Virtual Outputs 7 through 15 151QPU 151 Negative-Sequence Picked Up
HMI Reset Keys 251PT 251 Phase Tripped
TRSTKEY | Target Reset Key 251PPU 251 Phase Picked Up
ARSTKEY | Alarm Reset Key 251INT 251 Neutral Tripped
Virtual Breaker Control Switches 251NPU 251 Neutral Picked Up
101T 101 Tripped 251QT 251 Negative-Sequence Tripped
101C 101 Closed 251QPU 251 Negative-Sequence Picked Up
101SC 101 Slip Contact Instantaneous Overcurrent
Timers 50TPT 50T Phase Tripped
62 62 Output 50TPPU 50T Phase Picked Up
162 162 Output 50TNT 50T Neutral Tripped
Virtual Switches 50TNPU 50T Neutral Picked Up
43 43 Output 50TQT 50T Negative-Sequence Tripped
143 143 Output 50TQPU 50T Negative-Sequence Picked Up
243 243 Output 150TPT 150T Phase Tripped
343 343 Output 150TPPU 150T Phase Picked Up
443 443 Output 150TNT 150T Neutral Tripped
543 543 Output 150TNPU 150T Neutral Picked Up
643 643 Output 150TQT 150T Negative-Sequence Tripped
743 743 Output 150TQPU 150T Negative-Sequence Picked Up
Breaker Failure 250TPT 250T Phase Tripped
BFT Breaker Failure Tripped 250TPPU 250T Phase Picked Up
BFPU Breaker Failure Picked Up 250TNT 250T Neutral Tripped
Alarms and Monitors 250TNPU | 250T Neutral Picked Up
ALMLGC Logic Alarm 250TQT 250T Negative-Sequence Tripped
ALMMAJ Major Alarm 250TQPU | 250T Negative-Sequence Picked Up
ALMMIN Minor Alarm Percentage Differential
CKTMON Monitor Circuit Continuity 87RT 87 Phase Restraint Tripped
Setting Groups 87RPU 87 Phase Restraint Picked Up
SGO Setting Group 0 Active (default) 87UT 87 Phase Unrestraint Tripped
SG1 Setting Group 1 Active 2NDHAR | 2" Harmonic Restraint
SG2 Setting Group 2 Active 5THHAR 5" Harmonic Restraint
SG3 Setting Group 3 Active 87NDT 87 Neutral Tripped
Time Overcurrent 87NDPU 87 Neutral Picked Up
51PT 51 Phase Tripped
51PPU 51 Phase Picked Up
5INT 51Neutral Tripped
51NPU 51 Neutral Picked Up
51QT 51 Negative-Sequence Tripped
51QPU 51 Negative-Sequence Picked Up
151PT 151 Phase Tripped
151PPU 151 Phase Picked Up
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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-CDS220 relay shown in Figure 7-1 has many of the characteristics of
a BE1-87T transformer differential relay.

Before using a protection or control function block, two items must be set: the Mode and the Input Logic.
Setting the Mode is equivalent to deciding which protection or control functions will be used in a logic
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 function block
operates. Input logic defines which logic variables control or disable a logic function. An 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 function will 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 o
variable in an equation corresponds to the current state

(evaluated every quarter cycle) of an input, output, or timer. LOGIC LOGIC I/O

Figure 7-3 illustrates this relationship. Every quarter cycle, EQUATION

output expressions are evaluated as TRUE or FALSE. If a @——p _OVO[n]
logic output corresponding to a hardware output changes

state, then the corresponding output relay contact also Figure 7-3. 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 are 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, and SGO through SG3.
All control commands, including logic override control, are also stored in EEPROM. If you override output
logic and force an output to open, that condition will be maintained even if operating power is cycled.

When the logic is running and logic expression SL-VO[n] is FALSE, then output VO[n] = 0. When the logic
is running and logic expression SL-VOI[n] is TRUE, then VOI[n] = 1. Hardware output OUTA follows the
corresponding logic output VOA. Hardware outputs A and 1 through 5 follow the corresponding logic
outputs VOA and VO1 through VOG6.

Logic equations are defined by logic variables, logic operators, and their position in an equation. The
available logic operators include AND (*), OR (+), and NOT (/). The NOT operator is applied to the
variable immediately following the 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 no OR logic is used. Any number of NOT operators may be used. For complex
expressions that use both AND and OR operators, OR logic is limited to four terms. Up to four AND terms
with any number of variables can be ORed together. When the relay is processing a complex expression,
it performs AND operations before performing OR operations.

Virtual and Hardware Outputs

A virtual output exists 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-CDS220 relay has five isolated
Form A output contacts (OUT1 - OUTS5), one isolated Form C output contacts (OUT6), and one isolated
Form B alarm output (OUTA). Output contacts OUT1 through OUT6 are controlled by the status of the
internal virtual logic signals VO1 through VOG. If VO[n] becomes TRUE, then the corresponding output
relay OUT[n] energizes and operates the contacts. For the alarm output, if VOA becomes TRUE, the ALM
output de-energizes and closes. For more information about input and output functions, see Section 3,
Input and Output Functions.
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BESTlogic™ 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 7-4 illustrates the BESTIogic
Expression Builder screen.

BESTlogic Expression Builder

Prograrming LOGIC input of SLA0A command.
INT + IN4
1] 0 A| BESTlogic Expreszion Type
ZIN1
IN2 /N2 & Single OR ::’_a
IN3 /IN3
/IN4
INS /NG " Single AND
ING /ING
IN7 /IN7
IN8 /IN8 m
87RPU /B87RPU
87RT /87RT m
87uUT 787UT " AND/OR Combo B
2NDHAR /2MDHAR N
5THHAR /STHHAR
87NDPU /87NDPU N
87NDT JB7NDT
50TPT /50TPT -|
Click above to select a variable for inclusion
in the BESTlogic expression. Clear Reset ‘ Cancel ‘ Save |

Figure 7-4. BESTlogic Expression Builder Screen

The BESTlogic Expression Builder provides a point and click interface that allows the selected input to be
easily connected using a single OR gate, single AND gate, or an AND/OR combination. The usable list of
inputs and outputs in the bottom left of the 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 the BESTIlogic expression in a text window. Above the text window, the
selected input and the associated ASCIl command are displayed.

The Clear button will clear the expression 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 BESTlogic Expression Builder was first opened and returns the user to the
previous screen. The Save button saves the expression shown in the text window and returns the user to
the previous window.

Logic Schemes

A logic scheme is a group 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 8 characters in length. This allows
the user to select a specific scheme and be confident that the selected scheme is in operation. Six
preprogrammed logic schemes are embedded in the relay firmware and 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 eliminate the 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 nhumber of
applications with no special programming required. Unneeded inputs or outputs may be left open to
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disable a function. Or a function element can be disabled through operating settings. Unused current
sensing inputs should be shorted to minimize noise pickup.

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, active logic
scheme for the BE1-CDS220 is named BASIC-87. 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 than that 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 logic scheme into active logic,
select the scheme from the BESTCOMS logic library and upload it to the relay. 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 distinguishes it from the preprogrammed logic scheme. 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 on the 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 Logic). The active logic scheme is shown in the Logic
Name box. In Figure 7-5, BASIC-TX has been selected as the user logic.

BE1-CDS220 Settings ( [Untitled] )

Ele Screens Copy Communication Reports Help

| Logic [BASIC-TX  ~| Settings | Global
B s ol Mnmg s o

3

Logic Select l Wirtual Elutputsl Function Blocks I

User

BASIC-Tx

Copy to Active Logic
B&SIC-87

BASIC-Tx

|

|
Tow-CTL |
Tx4w-BU |
|

|

|

BUS-w/-BL

MOTOR
MHOME

BESTlogic: 12A15/2005 | 3:27 PM

Figure 7-5. BESTlogic 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 scheme after
copying it to Logic Name and then renaming it. A preprogrammed logic scheme copied to Logic Name
with no name change is treated as a read-only scheme and cannot have its logic expressions altered.
Before modifying a logic scheme copied to Logic Name, the scheme must be assigned a unique name of
one to eight alphanumeric characters. This scheme is then referred to as a custom or user programmable
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 times but only the most
recent changes are saved to as the active (Logic Name) logic.

Copying and Renaming Preprogrammed Logic Schemes

Copying a preprogrammed logic scheme to the active logic (Logic Name) and assigning a unique name is
accomplished by selecting the desired logic scheme in BESTCOMS and then typing over the logic
scheme's name. Changes are not activated until the new settings have been uploaded to the device.

Creating or Customizing a Logic Scheme

CAUTION

Always remove the relay from service prior to changing or modifying the active
logic scheme. Attempting to modify a logic scheme while the relay is in service
could generate unexpected or unwanted outputs.

Before customizing a preprogrammed logic scheme, the scheme must be renamed. The following
procedure outlines the process of customizing or creating a logic scheme:

Step 1. Copy the preprogrammed scheme.

Step 2. Rename the scheme with a unique, non-preprogrammed name.
Step 3. Using BESTCOMS, enable or disable the desired relay functions.
Step 4. Edit the logic expressions, as required.

Step 5. Save the changes. Refer to Section 14, BESTCOMS Software, for more information on how to
save and export settings files.

Sending and Retrieving Relay Settings

Retrieving Relay Settings

To retrieve settings from the relay, the relay must be connected to a computer through a serial port. Once
the necessary connections are made, settings can be downloaded from the relay by selecting Download
Settings from Device 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 connections are made, settings can be uploaded to the relay by selecting Upload Settings to
Device on the Communication pull-down menu.

Debugging the Logic Scheme

If there are problems with a customized logic scheme, the RG-STAT command can be used to check the
status of all logic variables. More information about the RG-STAT command can be found in Section 6,
Reporting and Alarms.

7-8 BE1-CDS220 BESTlogic™ Programmable Logic 9313900990 Rev G



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-CDS220’s inputs, outputs, and 43 switches have labels that
can be edited. Table 7-2 shows the range and purpose of each label. Alternately, labels may be edited
using the SN-ASCII command.

Table 7-2. Programmable Variable Name Setting

Settings Range/Purpose Default

1 to 16 characters INPUT_x
Name/Label User name to re Iéce <var> in the RS report SWITCH_x43
P e VOx_LABEL

. 1to 7 characters.
True/Energized State Used to replace default labels. TRUE

. 1to 7 characters.
False/De-Energized State Used to replace default labels. FALSE

BESTIlogic™ Application Tips

When designing a completely new logic scheme, logic evaluation order should be considered. Contact
sensing inputs are evaluated first, then the function elements, and then the virtual outputs. VO15 is
evaluated first and VOA is evaluated last. If a virtual output is 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 won'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 scheme and the preprogrammed schemes.

OUT1 through OUT5 have normally open contacts (coil is de-energized). OUT6 is Form C and has one
normally open and one normally closed contact. Normally open contacts can be used as normally closed
outputs by inverting the logic 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 logic because there are no shorting bars to maintain the closed condition if the draw-out
assembly is removed from the chassis. In applications where a normally closed output is needed even
when the electronics are removed, a hormally open contact from the relay can be used to drive a low-cost
auxiliary relay. The normally closed output of the auxiliary relay will maintain the closed output when the
draw-out assembly is removed from the case. Alternately, an external switch can be used to short across
a normally closed relay output when the draw-out assembly is removed. Extra care is required to ensure
that the switch is closed prior to removing the draw-out assembly and that the switch is open after the
relay is 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 function.

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 outputs VO13, VO14, and VO15 are driven by BESTIogic 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 application of the BE1-CDS220 Current Differential Protection System using
preprogrammed logic schemes. The paragraphs on Details of Preprogrammed Logic Schemes describe
the characteristics of each logic scheme and how they combine to create a differential protection scheme
for transformers, generators, motors, and buses. A detailed description of preprogrammed schemes is
also provided. This section concludes with tips on programming custom logic schemes to meet specific
user applications.

The preprogrammed logic schemes are designed to accommodate the most common differential
protection applications. The protection engineer can choose a logic scheme that closely meets his
application and adapt it by changing the protection and control elements and settings. In most cases, this
eliminates the need to create a custom logic scheme from scratch.

Please note that each preprogrammed logic scheme also illustrates typical ways of using or controlling
various functions. The user may choose to create a custom logic scheme by mixing the logic from several
of the preprogrammed schemes. The logic also can be modified to incorporate some of the features
described in the Application Tips provided at the end of this section. The flexibility of BESTlogic™ allows
the engineer to create a protection and control scheme that meets the exact requirements of his
application.

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. The user will have to program and enable these features and
functions as part of building a custom logic scheme.

Explanation of Terms

Understanding the following terms and definitions will help to clarify the application discussions that
follow.

Function Element
Stand-alone protection or control function that is equivalent to the discrete component counterpart.

Virtual Switches

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 ASCIlI command interface or the front panel HMI. Operation of these switches can 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.

Overview of Preprogrammed Logic Schemes

The BE1-CDS220 has six preprogrammed logic schemes. Three of the logic schemes are intended for
use on transformers. One of the schemes is for motor protection with a speed sensing input, 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 buses. 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 resulting from heavy current transformer (CT) saturation can cause the
harmonic restraint units to block restrained differential tripping (87RT) for internal faults. Therefore, a
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high-speed, unrestrained instantaneous differential 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 units to O (setting disabled).

Basic Differential Protection Logic Scheme

This logic scheme (BASIC-87) provides three-phase, percent-restrained differential protection, with high-
speed unrestrained instantaneous differential protection for motor, generator, bus, and transformer
applications. A single zone of time overcurrent phase, neutral, and negative-sequence protection (51P, N,
and Q) is also included for backup protection.

Basic Transformer Logic Scheme

This logic scheme (BASIC-TX) provides three-phase, percent-restrained differential protection with high-
speed unrestrained instantaneous differential protection. The differential protection also includes 2™ and
5" 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 (l¢) 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.

Basic Transformer with Control Logic Scheme

This logic scheme (TX-W-CTL) provides the same differential and overcurrent protection elements as the
basic transformer logic scheme but with different outputs and the addition of virtual control switch logic
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.

Transformer Differential with Backup Logic Scheme

This logic (TX-W-BU) incorporates nearly all the protection elements available in the BE1-CDS220. 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 51N fed
from an optional ground CT (1g), 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).

Bus Protection with Backup Logic Scheme

This logic scheme (BUS-W-BU) 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 is the only function of the 87 protection element
required for this application. Set the pickup of the 2™, 5", and 87 unrestrained functions to O (setting
disabled). The 87 unrestrained function has a setting only when the 2™ and 5" harmonic restraint
functions are set for transformer applications (refer to the discussion in Overview of Preprogrammed
Logic Schemes).

The 87 restrained element provides conventional high speed, low impedance, bus differential protection.
On feeder circuits using the 851 or 951 distribution feeder protection relays, the 50T, P, and Q elements
from the BE1-CDS220 are hard wired to the feeder protection package, providing a high-speed backup,
bus interlocked, zone of bus protection. When the BE1-CDS220 detects a feeder relay out of service, the
BE1-CDS220 50/51P, N, and Q protection elements and outputs are automatically reconfigured to
provide feeder protection. The 150/151P, N, and Q protection elements of the BE1-CDS220 are time
coordinated with the bus and feeder circuit protection, providing overall backup protection from the
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transformer side of the bus main breaker through the first down-line interrupting device on the distribution
circuit.

Motor Protection Logic Scheme

This logic scheme (MOTOR) incorporates the essential differential and overcurrent protection elements
that are ideally suited for large motor protection. The 87 restrained element provides high-speed
differential fault protection. Sensitive instantaneous and time overcurrent, negative sequence elements,
50TQ and 51Q, are incorporated for open phase and phase imbalance protection. High-speed ground
fault protection is accomplished with an instantaneous 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 high inertia 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 protection function is the only function of the 87 protection element
required for this application. Set the pickup of the 2™, 5" and 87 unrestrained functions to O (setting
disabled). The 87 unrestrained function has a setting 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 Preprogrammed Logic Schemes

The following paragraphs expand on each preprogrammed scheme. The application features of each
logic scheme are broken down into their separate protection elements and described in detail. The
integration of protection and control elements, and alarm elements are also described in detail.

Multifunction protection products are the best thing to happen to the protection 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 ensure continuous, reliable, and secure protection
of the user’s facilities.

CAUTION

Never use a protection element from a multifunction relay to backup another
protection element in the same relay!

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-CDS220 is used to protect a two-winding transformer,
the protection engineer cannot depend on the internal 51 time overcurrent element to backup the primary
differential 87 protection element of the same relay. A common mode failure such as the power supply
could disable the entire relay and leave the transformer with no protection. Also, 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 most reliable 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 installed to provide independent backup and zone overlapping for
each protected zone. In the transformer example given in the previous paragraph, the 87 protection
element of the BE1-CDS220 would require 51 backup protection from a separate BE1-851 or BE1-951
device. Conversely, a BE1-CDS220 50 or 51 overcurrent element would backup a separate BE1-851 or
BE1-951 zone used for low-side bus protection.

The following paragraphs discuss the protection and control capabilities of each preprogrammed BE1-
CDS220 protection logic scheme. Although it is not discussed in each paragraph, the reader should be
aware that the application of an independent, overlapping, backup zone of protection is recommended for
a complete protection design.

Each preprogrammed protection logic scheme begins with the application intent of the design. Next, the
protection elements are discussed in detail, including CT connections and typical zone and reach
information, followed by protection and control integration, and alarm information specific to the
preprogrammed design. Unique references for each scheme, including one-line and logic diagrams, and
program codes are included.
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Preprogrammed logic can be a starting point or an ending point for the protection engineer depending on
how closely the logic meets engineering requirements. These basic logic schemes were created by
applications personnel from the utility industry and are easily modified to meet specific user needs. For
applications assistance, contact your local Basler Electric representative.

Basic Differential Logic Scheme

The basic differential logic scheme (BASIC-87) 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 8-1 is a one-line drawing and Figure 8-2 is a logic drawing representing the logic settings and
equations shown in Table 8-1. In Table 8-1, the user can see the protection and control elements that are
enabled (set to logic 1) for the BASIC-87 application and see 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. BASIC-87 Logic Settings and Equations

SL-N=BASIC-87

SL-87=1,0

SL-87ND=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-51P=1,0; SL-51N=1,0; SL-510=1,0
SL-151P=0,0; SL-151N=0,0; SL-151Q=0,0
SL-251P=0,0; SL-251N=0,0; SL-2510Q=0,0
SL-62=0,0,0

SL-162=0,0,0

SL-BF=0,0,0

SL-GROUP=1,0,0,0,0,/0

SL-43=0

SL-143=0

SL-243=0

SL-343=0

SL-443=0

SL-543=0

SL-643=0

SL-743=0

SL-101=0

SL-CKTMON=0,0,0

SL-VOA=0

SL-VO1=87RT+87UT

SL-VO2=87RT+87UT

SL-VO3=87RT+87UT

SL-VO4=51PT+51INT+51QT

SL-VO5=0

SL-VO6=ALMMAJ

SL-VO7=0

SL-VO8=0

SL-VO9=0

SL-VO10=0
SL-VO11=51PT+5INT+51QT+87RT+87UT
SL-VO12=87UT+51PPU+51NPU+51QPU+87RPU
SL-VO13=IN6

SL-VO14=IN7

SL-VO15=IN8
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Figure 8-1. Typical One-Line Diagram for BASIC-87
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Figure 8-2. Typical Logic Diagram for BASIC-87

Protection Elements

Referring to all four schemes (Generator, Motor, Bus, and Transformer) in Figure 8-1, the 87 protection
element is connected to CT input 1 and CT input 2. The 51 protection element is also connected to the
CT input 1. The 87 and 51 protection elements are logic enabled by the programming shown in Table 8-1
to provide a trip through the BE1-CDS220 output contacts.

Typically, the 87 protection element provides high-speed percent restrained, phase, and ground
protection for faults inside the differential zone. For the generator, motor, and bus applications shown in
Figure 8-1, the percent-restrained differential protection function is the only function of the 87 protection
element required. Set the pickup of the 2™, 5", and 87 unrestrained functions to 0 (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 Figure 8-1 (refer to the discussion in Overview of Preprogrammed Logic
Schemes).

Typically, the 51 protection element is coordinated with down-line protection devices to provide
overlapping Phase, Neutral, 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 of Protection, Control, and I/O Elements

The logic settings in Table 8-1 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 8-1
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 51 protection element (also trip enabled by the settings)
trips through output 4. There are no virtual switches used in this application.

Control of the active setting group can be manual or automatic. For the BASIC-87 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.

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 BASIC-87
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 8-2 through 8-5 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 BASIC-87 preprogrammed logic are
described in the following Tables.

Table 8-2. BASIC-87 Contact Input Logic

State Labels
Input Purpose Name Label
Closed Open
Optional input. Used for CT input circuit 1 breaker status
IN1 indication in SER reports. TRUE when breaker closed. BREAKER-1 | CLOSED OPEN
Optional input. Used for CT input circuit 2 breaker status
IN2 indication in SER reports. TRUE when breaker closed. BREAKER-2 | CLOSED OPEN
IN3 Optional input. Us_ed for 86 status indication in SER reports. 86-TRIPPED | TRIPPED | NORMAL
TRUE when 86 tripped.
Optional inputs. Used for programmable alarms and SER
reporting. For example, sudden pressure trip or transformer INPUT_S6,
ING - IN8 |hot-spot alarm, etc. Drives VO13 to VO15 which are INPUT_7, CLOSED OPEN
programmable alarm points 21 to 23. Label inputs as INPUT_8
appropriate.
Table 8-3. BASIC-87 Function Block Logic
Function Purpose BESTIOQ'C Mode Setting
Expression
87 Used for_ perc_ent-restralned d_|fferent_|al protect_lon with high-speed 0 1 (Enabled)
unrestrained instantaneous differential protection.
51P Used for timed phase-overcurrent protection for CT input circuit 1. 1 (CT Input 1)
51N Used for timed neutral-overcurrent protection for CT input circuit 1. 1 (CT Input 1)
510 Qseq for timed negative sequence overcurrent protection for CT input 0 1(CT Input 1)
circuit 1.
Auto/Manual Logic: Set to 1 (/0) to enable automatic selection. No 1 (Discrete
GROUP e /0
manual selection is used. Inputs)
Table 8-4. BASIC-87 Virtual Switch Logic
) State Labels
Switch Purpose Mode Label
Closed Open
N/A No virtual switches used. N/A N/A N/A N/A
Table 8-5. BASIC-87 Output Logic
Description State Labels
Output Purpose Label
True False
VOA  |Relay Trouble alarm. OUTA contact closes when RELAY-TROU| ACTIVE | NORMAL
relay trouble alarm occurs.
BESTlogic Expression: VOA=0
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51 element picks up

Sl SEeae Description Label State Labels
True False
. o OUT1 contact closes if
VOl .Phas?‘ d|fferent|al_ trip. OUT1 restrained or unrestrained trip 87TRIP-OUT TRIP NORMAL
is a high-speed trip contact. OCCUTS.
BESTlogic Expression: VO1=87RT+87UT
OUT2 contact closes if
VO2 Phase differential trip. restrained or unrestrained trip 87TRIP-OUT TRIP NORMAL
OCCUrs.
BESTIogic Expression: VO2=87RT+87UT
OUT3 contact closes if
VO3 Phase differential trip. restrained or unrestrained trip 87TRIP-OUT TRIP NORMAL
OCCUrs.
BESTlogic Expression: VO3=87RT+87UT
Time overcurrent trip. May be |OUT4 contact closes if any time
VO4 used to direct trip main overcurrent (51P, N, or Q) trip 51TRIP-OUT TRIP NORMAL
breaker or lockout. OCCurs.
BESTlogic Expression: VO4=51PT+51NT+51QT
OUT6 contact closes when any
VOG6 Used to annunciate an alarm. [programmed major alarm MAJOR-ALAR| ALARM | NORMAL
condition is TRUE.
BESTIogic Expression: VO6=ALMMAJ
VO1l |Protective trip expression. ?_)/1011 Is TRUE whenany 8701 | ppnrecTivE| TRIP | NORMAL
element trips.
BESTlogic Expression: VO11=51PT+5INT+51QT+87RT+87UT
VO12  |Protective pickup expression |YO 21 TRUE whenany870r | pparpicke | pu | NORMAL

BESTIogic Expression: VO12=87UT+51PPU+51NPU+51QPU+87RPU (87UT is included to tr
because there is no unrestrained pickup output)

igger the fault recorder

Optional. Use to annunciate

VO13 is TRUE when IN6 is

is enabled

TRUE

V013 an alarm when alarm point 21 IN6-ALARM | ALARM | NORMAL
. TRUE.
is enabled.
BESTIogic Expression: VO13=IN6
Optional. Use to annunciate . .
VO14 |an alarm when alarm point 22 \T/Sé‘é's TRUE when IN7is IN7-ALARM | ALARM | NORMAL
is enabled. )
BESTlogic Expression: VO14=IN7
Optional. Use to annunciate . .
VO15  |an alarm when alarm point 23 | YO12 18 TRUE when IN8 is IN8-ALARM | ALARM | NORMAL

BESTlogic Expression: VO15=IN8

Basic Transformer Logic Scheme

The basic transformer logic scheme (BASIC-TX) was designed to provide a primary zone of differential
protection and three backup zones of time overcurrent protection for detecting phase and ground faults in

two-winding transformer applications.

Figure 8-3 is a one-line drawing and Figure 8-4 is a logic drawing that represents the logic settings and
equations shown in Table 8-6. In Table 8-6, the user can see the protection and control elements that are
enabled for the BASIC-TX 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, BESTIlogic Programmable

Logic.
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Table 8-6. BASIC-TX Logic Settings and Equations

SL-N=BASIC-TX

SL-87=1,0

SL-87ND=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-51P=0,0; SL-51N=G,0; SL-510Q=0,0
SL-151P=1,0; SL-151N=1,0; SL-1510Q=1,0
SL-251P=2,0; SL-251N=2,0; SL-251Q=2,0
SL-62=0,0,0

SL-162=0,0,0

SL-BF=0,0,0

SL-GROUP=1,0,0,0,0,/0

SL-43=0

SL-143=0

SL-243=0

SL-343=0

SL-443=0

SL-543=0

SL-643=0

SL-743=0

SL-101=0

SL-CKTMON=0,0,0

SL-VOA=0

SL-VO1=87RT+87UT

SL-VO2=87RT+87UT

SL-VO3=87RT+87UT
SL-VO4=151PT+51INT+151NT+151QT
SL-VO5=251PT+251NT+251QT

SL-VO6=ALMMAJ

SL-VO7=0

SL-VO8=0

SL-VO9=0

SL-VO10=0
SL-VO11=151PT+251PT+51NT+151NT+251INT+151QT+251QT+87RT+87UT

SL-VO12=87UT+151PPU+251PPU+51NPU+151INPU+251NPU+151QPU+251QPU+87RPU

SL-VO13=IN6
SL-VO14=IN7
SL-VO15=IN8
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Figure 8-4. Typical Logic Diagram for BASIC-TX

Protection Elements

Referring to Figure 8-3, the 87 and 151 protection elements are connected to the high-side CT, input 1.
The 87 and 251 protection elements are connected to the low-side CT input 2. The 51 protection element
(N only) is connected to a ground CT at the grounded side of a delta-wye transformer. The ground-input
(G) is an option on the BE1-CDS220 and must be ordered. Paralleled CTs inside a delta tertiary (310) can
also feed the 51N. The 87, 51, 151, and 251 protection elements are logic enabled by the settings shown
in Table 8-6 to provide a trip through the BE1-CDS220 output contacts. Protection elements set to 0 are
setting disabled and will not provide a trip output even if logic enabled.

Typically, the BE1-CDS220 would be applied with a BE1-851 or BE1-951 multifunction overcurrent relay
to provide independent, 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 protection for 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" harmonics.

Typically, the 151 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.

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 equations of Table 8-6 establish the control connections between BASIC-TX scheme elements.
For example, the three underlined logic settings in the equations of Table 8-6 provide the electrical
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 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 BASIC-TX 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. Tables 8-7 through
8-10 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 associated front panel
LED. When the relay self-test detects a problem in the relay (ALMREL) as programmed for the BASIC-TX
scheme, the Relay Trouble LED lights, output A operates, and all 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, but in this scheme, no output relay is programmed to
operate.

NOTE

Tables 8-7 through 8-10 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 BASIC-TX preprogrammed logic
are described in the following Tables.

Table 8-7. BASIC-TX Contact Input Logic

State Labels
Input Purpose Name Label
Closed Open
Optional input. Used for CT input circuit 1 breaker status
IN1 indication in SER reports. TRUE when breaker closed. BREAKER-1 CLOSED OPEN
Optional input. Used for CT input circuit 2 breaker status )
IN2 indication in SER reports. TRUE when breaker closed. BREAKER-2 CLOSED OPEN
IN3 Optional input. Uged for 86 status indication in SER reports. 86-TRIPPED TRIPPED | NORMAL
TRUE when 86 tripped.
Optional inputs. Used for programmable alarms and SER
reporting. For example, sudden pressure trip or transformer INPUT_S6,
ING - IN8 |hot spot alarm, etc. Drives VO13-VO15 which are INPUT_7, CLOSED OPEN
programmable alarm points 21-23. Label inputs as INPUT_8
appropriate.
Table 8-8. BASIC-TX Function Block Logic
Function Purpose BESTIOQ'C Mode Setting
Expression
87 Used for. pergent-restralned dllﬁerenglal protect'lon with high-speed 0 1 (Enabled)
unrestrained instantaneous differential protection.
51N Used fo_r tlmed_ grqund-overcurrent protection for independent 0 G (Ground Input)
ground input circuit.
151P Used for timed phase-overcurrent protection for CT input circuit 1. 0 1 (CT Input 1)
151N Used for timed neutral-overcurrent protection for CT input circuit 1. 0 1 (CT Input 1)

8-12 BE1-CDS220 Application 9313900990 Rev G



Function Purpose BESTIog|c Mode Setting
Expression
151Q _Used f(_)r tl_med negative sequence-overcurrent protection for CT 0 1 (CT Input 1)
input circuit 1.
Auto/Manual Logic: Set to 1 (/0) to enable automatic selection. No 1 (Discrete
GROUP S /0
manual selection is used. Inputs)
251P Used for timed phase-overcurrent protection for CT input circuit 2. 2 (CT Input 2)
251N Used for timed neutral-overcurrent protection for CT input circuit 2. 2 (CT Input 2)
2510 psed fpr tlmed negative sequence-overcurrent protection for CT 0 2 (CT Input 2)
input circuit 2.
Table 8-9. BASIC-TX Virtual Switch Logic
. State Labels
Switch Purpose Mode Label
Closed Open
N/A No virtual switches used. N/A N/A N/A N/A
Table 8-10. BASIC-TX Output Logic
o State Labels
Output Purpose Description Label
True False
VOA |Relay Trouble alarm. OUTA contact closes when relay | e Ay TROU | ACTIVE | NORMAL
trouble alarm occurs.
BESTIogic Expression: VOA=0
VO1 _Phasz_a dlfferentlal_trlp. OUT1 |OUT1 contgct cIo_ses if restrained 87TRIP-OUT TRIP NORMAL
is a high-speed trip contact. |or unrestrained trip occurs.
BESTlogic Expression: VO1=87RT+87UT
VO2 |Phase differential trip. OUT?2 contact closes if restrained | g7rpip o1 | TRIP | NORMAL
or unrestrained trip occurs.
BESTIogic Expression: VO2=87RT+87UT
VO3  |Phase differential trip. OUTS3 contact closes if restrained | gzrpip oyt | TRIP | NORMAL
or unrestrained trip occurs.
BESTlogic Expression: VO3=87RT+87UT
Time overcurrent trip. May  |OUT4 contact closes if any time
VO4 |be used to direct trip main overcurrent (51N, 151P, N, or Q) 151TRIP-OU TRIP NORMAL
breaker or lockout. trip occurs.
BESTlogic Expression: VO4=51N+151PT+15INT+151QT
Time overcurrent trip. May |OUT5 contact closes if any time
VO5 |be used to direct trip main  |overcurrent (251P, N, or Q) trip 251 TRIP-OU TRIP NORMAL
breaker or lockout. occurs.
BESTlogic Expression: VO5=251PT+251NT+251QT
Used to annunciate an OUT6 contact closes when any
VOG6 programmed major alarm condition| MAJOR-ALAR | ALARM | NORMAL
alarm. !
is TRUE.
BESTlogic Expression: VO6=ALMMAJ
VO11 |Protective trip expression. | O11 1S TRUEwhenany 87,51, | poqrecrive | TRIP | NORMAL
151, or 251 element trips.
BESTIlogic Expression: VO11=151PT+251PT+51NT+151NT+251INT+151QT+251QT+87RT+87UT
VO12 Protectl\_/e pickup VO12 is T_RUE when any 87 or 51 PROT-PICKE PU NORMAL
expression. element picks up.
BESTlogic Expression: VO11=87UT+151PPU+251PPU+51NPU+151NPU+251NPU+151QPU+251QPU+87RPU
(87UT is included to trigger the fault recorder because there is no unrestrained pickup output)
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State Labels
True False

Output Purpose Description Label

Optional. Use to annunciate
VO13 |an alarm when alarm point  [VO13 is TRUE when IN6 is TRUE. | IN6-ALARM ACTIVE | NORMAL

21 is enabled.
BESTlogic Expression: VO13=IN6

Optional. Use to annunciate
VO14 |an alarm when alarm point |VO14 is TRUE when IN7 is TRUE. | IN7-ALARM ACTIVE | NORMAL
22 is enabled.

BESTlogic Expression: VO14=IN7

Optional. Use to annunciate
VO15 |an alarm when alarm point |VO15 is TRUE when IN8 is TRUE | IN8-ALARM ACTIVE | NORMAL
23 is enabled

BESTlogic Expression: VO15=IN8

Basic Transformer with Control Logic Scheme

The Basic Transformer With Control Logic (TX-W-CTL) 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 transformer applications. This scheme also uses virtual control switch logic to eliminate the
need for external control switches.

The control switch elements are referred to as virtual because they have no physical form. They exist only
in logic form and can only be operated via the ASCIl command interface or the front panel HMI. The
virtual 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 8-11. In Table 8-11, the user can see the protection and control elements that are enabled for the
TX-W-CTL 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.
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Figure 8-6. Typical Logic Diagram for TX-W-CTL

Table 8-11. TX-W-CTL Logic Settings and Equations

SL-N=TX-W-CTL
SL-87=1,243
SL-87ND=0,0

SL-50TP=0,0;
SL-150TP=0,0;
SL-250TP=0,0;
SL-51P=0,0;
SL-151P=1,0;
SL-251P=2,0;
SL-62=0,0,0
SL-162=0,0,0
SL-BF=0,0,0

SL-50TN=0,0;
SL-150TN=0,0;
SL-250TN=0,0;
SL-51N=G,0;
SL-151N=1,0;
SL-251N=2,0;

SL-GROUP=1,0,0,0,0,/343

SL-43=3

SL-143=3
SL-243=2
SL-343=2
SL-443=0
SL-543=0
SL-643=0
SL-743=0
SL-101=1

SL-CKTMON=0,0,0

SL-VOA=0

SL-50TQ=0,0
SL-150TQ=0,0
SL-250TQ=0,0
SL-51Q=0,0
SL-151Q=1,0
SL-2510Q=2,0

SL-VO1=151PT+51INT+151INT+151QT+87RT+87UT
SL-VO2=151PT+51INT+151INT+151QT+87RT+87UT+43
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SL-VO3=/IN3*143

SL-VO4=251PT+251NT+251QT+87RT+87UT+101T

SL-VO5=/IN3*101C

SL-VO6=ALMMAJ

SL-VO7=0

SL-VO8=0

SL-VO9=0

SL-VO10=0
SL-VO11=151PT+251PT+5INT+15INT+25INT+151QT+251QT+87RT+87UT
SL-VO12=87UT+151PPU+251PPU+51NPU+151INPU+251NPU+151QPU+251QPU+87RPU
SL-VO13=/243

SL-VO14=IN7

SL-VO15=IN8

Protection Elements

Referring to Figure 8-5, the 87 and 151 protection elements are connected to the high-side CT, input 1.
The 87 and 251 protection elements are connected to the low-side CT input 2. The 51 protection element
(N only) is connected to a ground CT at the grounded side of a delta-wye transformer. The ground input
(G) is an option on the BE1-CDS220 and must be ordered. Paralleled CTs inside a delta tertiary (310) can
also feed the 51N. The 87, 51, 151, and 251 protection elements are logic enabled to provide a trip
through the BE1-CDS220 outputs. Protection elements set at 0 are setting disabled and will not provide a
trip output, even if logic enabled.

Typically, the BE1-CDS220 would be applied with a BE1-851 or BE1-951 multifunction overcurrent relay
to provide independent, overlapping, backup protection in the event of a common mode failure. The 87
protection element provides high-speed restrained differential and unrestrained differential phase and
ground protection for 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" harmonics.

Typically, the 151 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.

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.

Integration of Protection, Control, and I/O Elements

The logic settings in Table 8-11 also include the logic equations that establish the control connections
between elements of the TX-W-CTL scheme. For example, the three underlined commands in the logic
equations of Table 8-11 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, and 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 breaker through output
5if 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 to turn the 87 function on or off.

Control of the active setting group can be manual or automatic. For the TX-W-CTL application, setting
group control is enabled for discrete input and automatic or manual control as determined 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), 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 TX-W-CTL
scheme, the Relay Trouble LED lights, output A operates, and all 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, but in this scheme, no output relay is programmed to

operate.
NOTE
Tables 8-12 through 8-15 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 TX-W-CTL preprogrammed logic
are described in the following Tables.
Table 8-12. TX-W-CTL Contact Input Logic
State Labels
Input Purpose Name Label
Closed Open
Optional input. Used for CT input circuit 1 breaker status
IN1 indication in SER reports. TRUE when breaker closed. BREAKER-1 CLOSED OPEN
Optional input. Used for CT input circuit 2 breaker status
IN2 indication in SER reports. TRUE when breaker closed. BREAKER-2 CLOSED OPEN
Optional input. Used for 86 status indication and locks out the
IN3  |low-side and high-side breakers when TRUE. TRUE when 86 86-TRIPPED | TRIPPED | NORMAL
tripped.
Optional inputs. Used for programmable alarms and SER
reporting. For example, sudden pressure trip or transformer hot| INPUT_7,
IN7, IN8 spot alarm, etc. Drives VO14-VO15 which are programmable INPUT_8 CLOSED OPEN
alarm points 22-23. Label inputs as appropriate.
Table 8-13. TX-W-CTL Function Block Logic
Function Purpose BESTIOQ'C Mode Setting
Expression
87 Used for_ perc_ent-restralned d_|fferent_|al protect_lon with high-speed 243 1 (Enabled)
unrestrained instantaneous differential protection.
51N Used for timed ground-overcurrent protection for independent ground 0 G (Ground
input circuit. Input)
151P |Used for timed phase-overcurrent protection for CT input circuit 1. 0 1 (CT Input 1)
151N |Used for timed neutral-overcurrent protection for CT input circuit 1. 0 1 (CT Input 1)
151Q U_sed_ for timed negative sequence-overcurrent protection for CT input 0 1 (CT Input 1)
circuit 1.
GROUP Auto/l\/!anual Logic: Dlsap]e automatic selection when virtual switch /343 1 (Discrete
343 is in the manual position. Inputs)
251P |Used for timed phase-overcurrent protection for CT input circuit 2. 2 (CT Input 2)
251N |Used for timed neutral-overcurrent protection for CT input circuit 2. 2 (CT Input 2)
251Q U_sed_ for timed negative sequence-overcurrent protection for CT input 0 2 (CT Input 2)
circuit 2.
Table 8-14. TX-W-CTL Virtual Switch Logic
) State Labels
Switch Purpose Mode Label
Closed Open
43 Trip high-side breaker (1). 3 (OFF MOM-ON) | BREAKER1-T TRIP NORMAL
143 Close low-side breaker (1). 3 (OFF MOM-ON) [BREAKER1-C| CLOSE NORMAL
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Switch Purpose Mode Label State Labels
Differential Cutoff switch. The 87
243  |function is blocked when the switch is 2 (ON/OFF) 87-CUTOFF | DISABLD | NORMAL
closed.
343 Automatic settln'g group change logic 2 (ON/OFF) SETGRP- MANUAL AUTO
auto/manual switch. CON
Allows breaker to be tripped or closed
101 manually from HMI or ASCIl command 1 (ENABLED) N/A N/A N/A
interface.
Table 8-15. TX-W-CTL Output Logic
State Labels
Output Purpose Description Label
True False
VOA |Relay Trouble alarm. OUTA contact closes whenrelay | pe) av.TrRou | ACTIVE | NORMAL
trouble alarm occurs.
BESTlogic Expression: VOA=0
Phase differential trip. OUT1 contact closes if a
VOl |OUT1 is a high-speed trip |restrained, unrestrained, or time TRIP_86T-O TRIP NORMAL
contact. overcurrent trip occurs.
BESTlogic Expression: VO1=87RT+87UT+51NT+151PT+151INT+151QT
OUT2 contact closes if restrained
. or unrestrained trip occurs or for
VO2 |Breaker 1 Trip. 51 or 151 trip or for control switch TRIP-BKR1- TRIP NORMAL
trip.
BESTlogic Expression: VO2=87RT+87UT+51NT+151PT+151NT+151QT+43
Close breaker if virtual control
VO3 |Breaker 1 close. switch is TRUE and 86 lockoutis | CLOSE-BKR1 CLOSE NORMAL
not tripped.
BESTlogic Expression: VO3=143*/IN3
OUT4 contact closes if restrained
. or unrestrained trip or any time
VO4 |Breaker 2 trip. overcurrent (251P, N, or Q) trip TRIP-BKR2- TRIP NORMAL
occurs or for control switch trip.
BESTlogic Expression: VO4=87RT+87UT+251PT+251NT+251QT+101T
Close breaker if virtual control
VO5 |Breaker 2 close. switch is TRUE and 86 lockoutis | CLOSE-BKR2 CLOSE NORMAL
not tripped.
BESTlogic Expression: VO5=101C*/IN3
Used to annunciate an
ilaé:ilnbyi;:ggtag; tcfl}tésure O |oUT6 contact closes when any
voe |openingitany programmed major alarm MAJOR-ALAR | ALARM | NORMAL
conditions programmed as o
. condition is TRUE.
a major programmable
alarm is TRUE.
BESTlogic Expression: VO6=ALMMAJ
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State Labels

Output Purpose Description Label
True False

VOL11 is TRUE when any 87, 51,

VO11 |Protective trip expression. 151, or 251 element trips.

PROTECTIVE TRIP NORMAL

BESTlogic Expression: VO11=87RT+87UT+51INT+151PT+151NT+151QT+251PT+251NT+251QT

Protective pickup VO12 is TRUE when any 87, 51,

Voi2 expression. 151, or 251 element picks up.

PROT-PICKE PU NORMAL

BESTIlogic Expression: VO12=87RPU+87UT+51NPU+151PPU+151INPU+151QPU+251PPU+251NPU+251QPU

(87UT is included to trigger the fault recorder because there is no unrestrained pickup output)

Alarm to indicate that
differential cutoff switch is in
the block operation posit-
ion. This can be used as a
programmable alarm by VO13 is TRUE when virtual switch
enabling alarm point 21. 243 is in the closed position.

The programmable Variable
Label will be displayed on
the alarm report when
TRUE.

V013 87-BLOCKED | ACTIVE | NORMAL

BESTlogic Expression: VO13=243

Optional. Use to annunciate
VO14 |an alarm when alarm point [VO14 is TRUE when IN7 is TRUE.| IN7-ALARM ACTIVE NORMAL
22 is enabled.

BESTIogic Expression: VO14=IN7

Optional. Use to annunciate
VO15 |an alarm when alarm point [VO15 is TRUE when IN8 is TRUE. | IN8-ALARM ACTIVE NORMAL
23 is enabled.

BESTlogic Expression: VO15=IN8

Transformer with Backup Scheme

The Transformer with Backup (TX-W-BU) scheme was designed to provide high-speed phase and ground
fault protection for a two-winding transformer and definite time backup protection for the associated low-
side bus (similar to the BE1-851 BUS and BACKUP Logic Scheme). Figure 8-7 shows the interconnection
of the BE1-851 or BE1-951 relays providing bus and feeder protection with a BE1-CDS220 (TX-W-BU)
providing backup transformer protection. The TX-W-BU scheme also includes a low-side breaker BF
(breaker failure) protection element with fast current reset. Current and contact supervised external
breaker failure initiates (BFI) are included for the low-side breaker BF element. Virtual control switch logic
is used for local or remote (SCADA) control and can be used to replace the equivalent panel control
switch. See the paragraphs on BUS WITH BACKUP SCHEME, in this Section for an interconnection of
BE1-851 or BE1-951 relays providing feeder protection with BE1-CDS220 relays providing bus protection
(BUS-W-BU) and transformer protection (TX-W-BU).

The control switch elements are referred to as virtual because they have no physical form, they exist only
in logic form, and they can only be operated via the ASCII command interface or the front panel HMI. The
virtual 101 switch is used to trip and close the transformer low-side breaker, and 743 is used to select test
mode enable. The user may choose to eliminate the use of external switches, as the virtual switches are
fully functional equivalents of their physical counterparts.

Figure 8-8 is a one-line drawing and Figure 8-9 is a logic drawing that represent the logic settings and
equations shown in Table 8-16. In Table 8-16, the user can see the protection and control elements that
are enabled for the TX-W-BU 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
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available through programming. For programming details, refer to Section 7, BESTlogic Programmable
Logic.

Table 8-16. TX-W-BU Logic Settings and Equations

SL-N=TX-W-BU

SL-87=1,43

SL-87ND=0,0

SL-50TP=2,0; SL-50TN=2,0; SL-50TQ=2,0
SL-150TP=0,0; SL-150TN=0,0; SL-150TQ=0,0
SL-250TP=2,0; SL-250TN=2,0; SL-250TQ=2,0
SL-51P=0,0; SL-51N=G,0; SL-510Q=0,0
SL-151P=1,0; SL-151N=1,0; SL-1510Q=1,0
SL-251P=2,0; SL-251N=2,0; SL-2510Q=2,0
SL-62=1,v09,v0O15

SL-162=0,0,0

SL-BF=2,v010,VO15

SL-GROUP=2,/IN5,0,0,0,0

SL-43=2

SL-143=0

SL-243=0

SL-343=0

SL-443=0

SL-543=0

SL-643=0

SL-743=2

SL-101=1

SL-VOA=0
SL-VO1=151PT+51NT+151INT+151QT+87RT+87UT
SL-VO2=250TPT+250TNT+250TQT

SL-VO3=BFT+62
SL-VO4=251PT+251INT+251QT+87RT+87UT+VO9+101T+BFPU
SL-VO5=/IN3*/IN4*101C

SL-VO6=/IN5

SL-VO7=0

SL-VO8=0
SL-VO9=87RT*/VO15*IN2+87UT*/VO15*IN2+/VO15*IN2*IN6
SL-VO10=VO11+IN7*150TPPU+IN7*150TNPU+IN7*150TQPU
SL-VO11=
250TPT+250TNT+250TQT+151PT+251PT+51INT+151NT+251INT+151QT+251QT+87RT+87UT
SL-VO12=
87UT+250TPPU+250TNPU+250TQPU+151PPU+251PPU+51NPU+151NPU+251NPU+151QPU+
251QPU+87RPU

SL-VO13=43

SL-VO14=0

SL-VO15=/IN8+743

Protection Elements

Referring to Figure 8-8, the 87 and 151 protection elements are connected to the high-side CT, input 1
and the 87 and 251 protection elements are connected to the low-side CT, input 2. The 51 protection
element (N only) is connected to a ground CT at the grounded side of a delta-wye transformer. The
ground-input (G) is an option on the BE1-CDS220 and must be ordered. Paralleled CTs inside a delta
tertiary (3lo) can also feed the 51N. The 87, 51, 151, and 251 protection elements are logic enabled to
provide a trip by the settings shown in Table 8-16. Protection elements set at 0 are setting disabled and
will not provide a trip output even if logic enabled.

Typically, the TX-W-BU scheme would be applied with a BE1-851 on the feeder circuits, and a BE1-851
or BE1-CDS220 on the bus main breaker interlocked with the feeder relay to provide high-speed, bus
fault protection. This combination provides independent, overlapping backup protection in the event of a
common mode failure.
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Typically, the 87 protection element provides high speed restrained differential and unrestrained
differential phase and ground protection for faults inside the differential zone. At the same time, it provides
security against misoperations resulting from transformer inrush by restraining and preventing a trip in the
presence of 2™ and 5" harmonics.

Typically, the 151 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.

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.

Typically, the 250T protection element is set to coordinate with a high-speed bus-interlocking scheme
(851 or BE1-CDS220) to provide a definite time coordination interval of 18 to 20 cycles for bus fault
backup protection. The 250T protection element should have a pickup setting greater than the highest
feeder instantaneous element to ensure that it will not pickup before any feeder relay.

Typically, the 50T protection element is set to provide fault detection but not to be picked-up on load. This
element provides current supervision for the external BFI input associated with the BF protection element.

Integration of Protection, Control, and I/O Elements

The logic settings in Table 8-16 also include the logic equations that establish the control connections
between elements of the TX-W-BU scheme. For example, the two underlined commands in the settings of
Table 8-16 provide the electrical connection between the 87 element (trip enabled by the program) and
trip outputs 1 and 4. Referring to Figures 8-9 and 8-10, the 87 protection element trips through outputs 1
and 4. The 151 and 51N protection elements (also trip enabled by the settings) trip through output 1. The
251 protective element trips through output 4. The 250 protection element trips through output 2 and the
BF element trips through output 3. Protection elements set at 0 are setting disabled and will not provide a
trip output even if logic enabled.

Input 5 of the TX-W-BU scheme is hard wired from the feeder protection relays (851) (not shown on
Figure 8-8) allowing the TX-W-BU scheme to signal (through output 6) to the primary bus protection
scheme (851 or CDS220) to switch to Feeder Backup Mode. This signaling method was chosen because
of limited 851 I/O. Input 6 of the TX-W-BU scheme is a contact supervised BFI input and Input 7 is a
current supervised BFI input.

Virtual control switch elements enabled for use in this scheme are 101, 43, and 743. The 101 control
switch trips the low-side breaker through output 4 and closes the low-side breaker through output 5.
Control switch 43 is used to turn the 87 function on or off and 743 us used to enable Test Mode.

Setting group selection mode 2, binary coded selection, is used to recognize the group setting state.
When Input DO of the setting group selection element is high, it is interpreted as a binary 1 causing the
logic to switch to group 1. For normal operation, setting group 0 is active for the TX-W-BU scheme. Input
5 to the TX-W-BU scheme indicates when a feeder relay is out of service and causes a switch from
setting group O to setting group 1. At the same time, output 6 of the TX-W-BU scheme provides an input
to the primary bus protection relay.
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Test Mode

When virtual control switch 743 is enabled, all breaker failure functions are defeated.

Alarms

CAUTION

Test Mode Enable does not defeat the trip outputs of the relay. External trip
test blades must be opened or the TX-W-BU logic scheme must be modified to
suit the user’'s test mode requirements. One option is to trip the breakers
through an 86 device only. Typically, 86 devices are installed with test blades
in the breaker trip circuit so that the protection scheme can be safely
operational checked while the primary equipment is in service. Another option
is to inhibit all trip outputs when test mode is enabled; however, external
devices such as auxiliary relays and 86 devices would no longer be included in
the operational test.

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
LED. When the relay self-test detects a problem in the relay (ALMREL) as programmed for the TX-W-BU
scheme, the Relay Trouble LED lights, output A operates, and all outputs are disabled. When a Major
Alarm is detected (ALMMAJ), the associated LED lights, but in this scheme, no output relay is
programmed to operate. When a Minor Alarm (ALMMIN) is detected, the associated LED lights, but in this
scheme, no output relay is programmed to operate.

NOTE

Tables 8-17 through 8-20 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 TX-W-BU preprogrammed logic are
described in the following Tables.

Table 8-17. TX-W-BU Contact Input Logic

State Labels
Input Purpose Name Label
Closed Open

Optional input. Used for CT input circuit 1 breaker status

IN1 indication in SER reports. TRUE when breaker closed. BREAKER-1 CLOSED OPEN
Optional input. Used for CT input circuit 2 breaker status _

IN2 indication in SER reports. TRUE when breaker closed. BREAKER-2 CLOSED OPEN
Optional input. Used for 86T status indication and locks out the

IN3 low-side breaker when TRUE. TRUE when 86T is tripped. 86T-TRIPPED | TRIPPED | NORMAL
Optional input. Used for 86B status indication and locks out the

IN4 low-side breaker when TRUE. TRUE when 86B is tripped. 86B-TRIPPED | TRIPPED | NORMAL
Puts transformer and bus relays in feeder backup mode when
feeder relay out-of-service is detected by an open contact.

INS Feeder relays such as BE1-851 or BE1-951 using one of the FEEDERS_OK | NORMAL | FDR_OOS
preprogrammed schemes with interlock logic.
Breaker Failure Initiate by external relays with breaker status EXT-BFI-52B-

IN6 |supervision. Typically used for differential or sudden pressure SUPV INI NORMAL
tripping.

IN7 Breakgr .Fallure I.nltlate by external relays Wlth fqult detector EXT-BFI-50- INI NORMAL
supervision. Typically used for overcurrent tripping relays. SUPV

INS Puts the relay_ in test moo_le so that breaker failure is disabled TEST-MODE- NORMAL | TSTMODE
when input 8 is de-energized. DISABL
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Table 8-18. TX-W-BU Function Block Logic

Function Purpose BESTIOQ'C Mode Setting
Expression
Used for percent-restrained differential protection with high-speed
87 unrestrained instantaneous differential protection. Differential function 43 1 (Enabled)
is blocked when virtual switch 43 is TRUE.
51N _Used fpr tl_med ground-overcurrent protection for independent ground 0 G (Ground Input)
input circuit.
151P |Used for timed phase-overcurrent protection for CT input circuit 1. 1 (CT Input 1)
151N |Used for timed neutral-overcurrent protection for CT input circuit 1. 1 (CT Input 1)
151Q U.56d. for timed negative sequence-overcurrent protection for CT input 0 1(CT Input 1)
circuit 1.
251P |Used for timed phase-overcurrent protection for CT input circuit 2. 2 (CT Input 2)
251N  |Used for timed neutral-overcurrent protection for CT input circuit 2. 2 (CT Input 2)
2510 U_sed_ for timed negative-sequence overcurrent protection for CT input 0 2 (CT Input 2)
circuit 2.
50TP |Used as fault detector for Breaker 2 external BFI (IN7) supervision. 0 2 (CT Input 2)
50TN |Used as fault detector for Breaker 2 external BFI (IN7) supervision. 0 2 (CT Input 2)
50TQ |Used as fault detector for Breaker 2 external BFI (IN7) supervision. 0 2 (CT Input 2)
250TP |Used for bus backup overcurrent protection, CT circuit 2. 0 2 (CT Input 2)
250TN |Used for bus backup overcurrent protection, CT circuit 2. 0 2 (CT Input 2)
250TQ |Used for bus backup overcurrent protection, CT circuit 2. 0 2 (CT Input 2)
INI Logic: Used for CT circuit 2 breaker failure protection. Initiated by
. g - VO10
BFI with fault detector supervision expression.
BLK Logic: Block breaker failure protection when relay is in test mode. VO15
INI Logic: Used for breaker failure tripping with no current supervision. VO9
BLK Logic: Block breaker failure protection when relay is in test mode. VO15
Auto/Manual Logic: Switch to setting group 1 if feeder relay is out of .
GROUP service as indicated by open contact (IN5). /INS 2 (Binary Inputs)
Table 8-19. TX-W-BU Virtual Switch Logic
. State Labels
Switch Purpose Mode Label
Closed Open
43 Used as dlffe_rent_lal_ cutoff. The 87 is blocked 2 (ON/Off) 87-CUTOFE DISABLD | NORMAL
when the switch is in the closed state.
743 S.elects test moqe SO thqt reqlosmg and BF are 2 (On/Off) | TEST-MODE- | TSTMODE | NORMAL
disabled when virtual switch is closed.
Allows breaker to be tripped or closed manually
101 from HMI or ASCIlI command interface. 1 (Enabled) N/A N/A N/A
Table 8-20. TX-W-BU Output Logic
o State Labels
Output Purpose Description Label
True False
VOA I elay Trouble alarm. OUTA contact closes when RELAY-TROU | ACTIVE | NORMAL
(OUTA) relay trouble alarm occurs.

BESTlogic Expression: VOA=0

8-24 BE1-CDS220 Application 9313900990 Rev G



State Labels

Output Purpose Description Label
True False
. OUT1 contact closes if a
Vo1 Zgr‘:fcl’é;ner fault trip (86T for | . cirained, unrestrained, or TRIP_86T-O TRIP | NORMAL
pie). phase differential is TRUE.
BESTIlogic Expression: VO1=87RT+87UT+51NT+151PT+151INT+151QT
. Trip bus breaker via lockout for
vog |Transformer fault trip (868 for |\ o't 1ts"(250T w/ 18-20 cycles| TRIP-86B-0 | TRUE FALSE
example). d
elay).
BESTlogic Expression: VO2=250TPT+250TNT+250TQT
vo3 |Breaker2 breakerfailure Uip. |yp e \yhen BFT or 62 times out| TRIP-86F-O | TRUE | FALSE
(86F for example)
BESTlogic Expression: VO3=BFT+62
Trip if 87R or 87U trip output of
the phase diff. protection
VO4 |Breaker 2 trip. function is TRUE. Or for 251 bus| rpip gro. | TRIP | NORMAL
backup over-current trip. Or for
control switch trip. Or when BF
is initiated.
BESTIlogic Expression: VO4=87RT+87UT+251PT+251NT+251QT+VO9+BFPU+101T
Close breaker if virtual control
VO5 |Breaker 2 close. switch is TRUE and 86T or 86B | CLOSE-BKR2 CLOSE NORMAL
LO is not tripped.
BESTlogic Expression: VO5=101C*/IN3*/IN4
Signal relay on bus source Feeder relay is out of service as
VO6 |[thatis using BUS logic that a |indicated by contact open from | FDR-BACKUP | BACKUP | NORMAL
feeder relay is out of service. |the feeder relays.
BESTlogic Expression: VO6=/IN5
Initiate BF timing (62 timer)
when 87R or 87U trip is TRUE
52b supervised breaker failure | when external BFI contact
vog |22 sup . (IN®6) is sensed. Stop BF timing BFI-62 INI NORMAL
initiate expression
when breaker opens (52a status
contact). Prevent initiate when in
test mode (VO15).
BESTIlogic Expression: VO9=87RT*IN2*/VO15+87UT*IN2*/VO15+IN6*IN2*/\VO15
Initiate BF timing when
protective trip expression is
VO10 Cl_Jrren_t ggperwsed br_eaker TRUE. Or Whgn external initiate BEI-BE INI NORMAL
failure initiate expression. contact (IN7) is sensed and any
of the fault detectors is picked
up.
BESTIlogic Expression: VO10= VO11+IN7*150TPPU+IN7*150TNPU+IN7*150TQPU
TRUE when any 87, 250T, 51,
VO11 |Protective trip expression. 151 or 251 element has timed PROTECTIVE TRIP NORMAL
out.
BESTlogic Expression: VO11= 87RT+87UT+250TPT+250TNT+250TQT+51INT+151PT+151INT+151QT+251PT+
251INT+251QT
TRUE when any 87, 250T, 51,
VO12 |Protective pickup expression [151, or 251 element is picked PROT-PICKE PU NORMAL
up.
BESTlogic Expression: VO12=87RPU+87UT+250TPPU+250TNPU+250TQPU+51NPU+151PPU+
151INPU+151QPU+251PPU+ 251NPU+251QPU
(87UT is included to trigger the fault recorder because there is no unrestrained pickup output.)
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Output

Purpose

Alarm to indicate that the

Description

Label

State Labels

VO13

differential cutoff switch is in TRUE if virtual switch 43 is in
. " the closed position.
the block operation position.

BESTlogic Expression: VO13=43

87-BLOCKED

True False

ACTIVE | NORMAL

Alarm bit #23 indication that

VO15

that breaker failure is

disabled.

BESTlogic Expression: VO15=/IN8+743

the relay is in test mode and

TRUE if IN8 is de-energized or if
virtual switch 743 is closed.

IN8-ALARM

ACTIVE | NORMAL

BE1-CDS220 Application
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ONE LINE DIAGRAM
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Figure 8-7. Device Interconnection for Integrated Protection System Using
BE1-CDS220 for Transformer Protection and BE1-851 or BE1-951 for Bus and Feeder Protection
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Figure 8-8. Typical One-Line Diagram for TX-W-BU
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Figure 8-9. Typical Logic Diagram for TX-W-BU

Bus with Backup Scheme

The BUS With Backup (BUS-W-BU) scheme was designed to provide low impedance, high-speed phase
and ground bus fault protection for distribution buses. This scheme also includes a high-speed bus-
interlocking scheme that provides a second level of bus protection and Feeder Relay out of Service
backup protection. Figure 8-10 shows the interconnection of BE1-851 or BE1-951 relays for backup and
feeder protection and the BE1-CDS220 (BUS-W-BU). Figure 8-11 shows the interconnection of a BE1-
CDS220 (TX-W-BU) for backup protection, a BE1-851 or BE1-951 for feeder protection, and the BE1-
CDS220 for bus protection. When interconnected with feeder relays using preprogrammed feeder logic
(FDR-W-IL), the BUS-W-BU scheme provides complete backup, except for reclosing, for the feeder relays
if relay failure occurs or when they are out of service for testing or maintenance. Virtual control switch
logic is used for local or remote (SCADA) control and can be used to replace the equivalent panel control
switches.

The control switch elements are referred to as virtual because they have no physical form, they exist only
in logic form, and they can only be operated via the ASCIlI command interface or the front panel. The
virtual 101 switch is used to trip and close the bus main breaker, virtual control switch 43 is used to turn
off the 87 protection element, and 743 is used to select test mode enable. The user may choose to
eliminate the use of external switches, as the virtual switches are fully functional equivalents of their
physical counterparts.

Figure 8-12 is a one-line drawing and Figure 8-13 is a logic drawing that represent the logic settings
shown in Table 8-21. In Table 8-21, the user can see the protection and control elements that are
enabled for the BUS-W-BU 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.
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Figure 8-10. Device Interconnection for Integrated Protection System Using
BE1-CDS220 for Bus Protection and BE1-851 or BE1-951 for Feeder and Backup Protection
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Figure 8-11. Device Interconnection for Integrated Protection System Using
BE1-CDS220 for Transformer and Bus Protection and BE1-851 or BE1-951 for Feeder Protection
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Table 8-21. BUS-W-BU Logic Settings and Equations

SL-N=BUS-W-BU

SL-87=1,43

SL-87ND=0,0

SL-50TP=1,IN5;  SL-50TN=1,IN5;  SL-50TQ=1,IN5
SL-150TP=1,0; SL-150TN=1,0; SL-150TQ=1,0
SL-250TP=0,0; SL-250TN=0,0; SL-250TQ=0,0
SL-51P=1,0; SL-51N=1,0; SL-510Q=1,0
SL-151P=1,0; SL-151N=1,0; SL-151Q=1,0
SL-251P=0,0; SL-251N=0,0; SL-2510Q=0,0
SL-62=0,0,0

SL-162=0,0,0

SL-BF=0,0,0

SL-GROUP=2,IN7,0,0,0,0

SL-43=2

SL-143=0

SL-243=0

SL-343=0

SL-443=0

SL-543=0

SL-643=0

SL-743=2

SL-101=1

SL-CKTMON=0,0,0

SL-VOA=0

SL-VO1=87RT+V0O8*Vv014

SL-VO2=0

SL-VO3=V09*VO14
SL-VO4=87RT+V09*/VO14+VO10+101T
SL-VO5=/IN3*/IN4*101C

SL-VO6=VO7*/VO15
SL-VO7=87RT+V09*/VO14+VO10
SL-VO8=50TPT+50TNT+50TQT
SL-VO9=50TPT+50TNT+50TQT+51PT+51NT+51QT
SL-VO10=150TPT+150TNT+150TQT+151PT+151INT+151QT

SL-VO11=50TPT+150TPT+50TNT+150TNT+50TQT+150TQT+51PT+151PT+51NT+151INT+51QT+

151QT+87RT

SL-VO12=50TPPU+150TPPU+50TNPU+150TNPU+50TQPU+150TQPU+51PPU+151PPU+51NPU+

151INPU+51QPU+151QPU+87RPU
SL-VO13=43

SL-VO14=SG1

SL-VO15=/IN8+743
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Figure 8-12. Typical One-Line Diagram for BUS-W-BU
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Figure 8-13. Typical Logic Diagram for BUS-W-BU
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Protection Elements

Referring to Figure 8-12, the 87, 150/151, 50/51 protection elements are connected to CT input 1, and the
Feeder Side of the 87 protection element is connected to input 2. The 87, 150/151, and 50/51 protection
elements are logic enabled to provide a trip by the settings shown in Table 8-21. Protection elements set
to 0 are setting disabled and will not provide a trip output even if logic enabled.

As shown in Figure 8-12, the BUS-W-BU scheme is typically applied with a BE1-851 on the feeder circuits
and a BE1-CDS220 on the transformer (not shown) supplying the bus. The transformer BE1-CDS220
provides an independent backup for bus faults with a coordination interval of 18 to 20 cycles. This
combination provides independent, overlapping backup protection in the event of a common mode failure
(refer to the discussion in Details of Preprogrammed Logic Schemes).

Typically, the 87 protection element provides high-speed percent restrained phase and ground protection
for faults inside the differential zone. For the BUS-W-BU application shown in Figure 8-12, the percent-
restrained differential protection function is the only function of the 87 protection element required. Set the
pickup of the 2™, 5" and 87U functions to O (setting disabled). The 87U function has a setting only when
the 2™ and 5" harmonic restraint functions are set for transformers (refer to the discussion in Overview of
Preprogrammed Logic Schemes).

Typically, the 150 and 151 protection elements are coordinated with the bus and feeder protection to
provide Phase, Neutral, and Negative Sequence instantaneous and timed backup protection for bus and
feeder faults.

Typically, the 51 protection element is coordinated with the low-side feeder protection to provide Phase,
Neutral, and Negative Sequence timed backup protection for feeder faults should feeder protection be out
of service. When a Feeder Relay out of Service signal is detected through IN7 of the BE1-CDS220
BUS-W-BU scheme, the relay switches from normal mode to feeder backup mode. The 251 protection
element is reset from setting group 0 to setting group 1 to provide time overcurrent feeder replacement
protection.

Typically, the 50T protection element is set to provide high-speed bus fault protection (2-4 cycles
coordination interval) when used with 851 feeder protection inputs as part of a bus interlocking scheme
(IN5 of the Bus BE1-CDS220). For normal mode, the 250T protection element should have a pickup
setting greater than the highest feeder instantaneous element to ensure that it will not pickup before any
feeder relay. When a Feeder Relay out of Service signal is detected through IN7 of the BE1-CDS220
BUS-W-BU, the relay switches from normal mode to feeder backup mode. The 250T protection element is
reset from setting group O to setting group 1 to provide instantaneous overcurrent feeder replacement
protection.

Integration of Protection, Control, and I/O Elements

The logic settings in Table 8-21 also include the logic equations that establish the control connections or
logic wiring between elements of the BUS-W-BU scheme. For example, the two underlined equations in
the settings of Table 8-21 provide the electrical connection between the 87 element (trip enabled by the
settings) and trip outputs 1 and 4. Referring to Figures 8-12 and 8-13, during the normal mode, the 87,
50, and 51 protection elements (each trip enabled by the settings) trip through outputs 1 and 4. The 150
and 151 protection elements and the 101 virtual switch element (also trip enabled by the settings) trip
through output 4. During the feeder backup mode, the 50T and 51 protection elements are rerouted from
output 1 and output 4, to output 3 to provide feeder protection. Protection elements set at 0 are setting
disabled and will not provide a trip output even if logic enabled.

As shown in Table 8-12, IN7 of the BUS-W-BU signals the scheme that a feeder relay is out of service.
This input instructs the BE1-CDS220 relay to switch from the normal mode of interlocked bus protection
to the feeder backup mode.

As shown in Table 8-12, IN5 of the BUS-W-BU scheme is hard wired to the feeder protection relays
(BE1-851). This signal path provides the intelligence that allows the BUS-W-BU to determine if a fault is
on the bus or on a feeder circuit. When any feeder overcurrent elements are picked up and timing, a
signal at IN5 of the BE1-CDS220 bus blocks the 50T protection elements. The pickup of the 50T
protection element is delayed 2 to 4 cycles to allow time for the feeder protection to detect, pickup, and
start timing. If the fault is not on a feeder, the 50T protection element of the BE1-CDS220 bus is not
blocked and trips in 2 to 4 cycles through outputs 1 and 4 as previously discussed. The overlapping 250T
protection element from the transformer BE1-CDS220 (not shown in Table 8-12) does not get blocked
when the feeder relays are picked up. Therefore, the 250T protection element must be set with a time
delay long enough to allow the feeder breaker to interrupt the fault.
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Virtual control switch elements enabled for use in this scheme are 101, 43, and 743. The 101 control
switch trips the low-side breaker through output 4 and closes the low-side breaker through output 5.
Control switch 43 is used to turn the 87 function on or off and 743 us used to enable Test Mode.

Test Mode
When virtual control switch 743 is enabled, breaker failure initiate through output 6 is defeated.

CAUTION

Test Mode Enable does not defeat the trip outputs of the relay. External trip
test blades must be opened or the BUS-W-BU logic scheme must be modified
to suit the user’s test mode requirements. One option is to trip the breakers
through an 86 device only. Typically, 86 devices are installed with test blades
in the breaker trip circuit so that the protection scheme can be safely
operational checked while the primary equipment is in service. Another option
is to inhibit all trip outputs when test mode is enabled; however, external
devices such as auxiliary relays and 86 devices would no longer be included in
the operational test.

Setting Group

For normal operation, setting group O is active for the BUS-W-BU scheme. IN7 to the BE1-CDS220
identifies when a feeder relay (851) is out of service. At the same time, IN5 of the transformer BE1-
CDS220 scheme gets the same signal. Both relays then switch to setting group 1. Setting group selection
mode 2, binary coded selection, is used to recognize the group setting state. When input DO to the setting
group selection element is a one, it is interpreted as a binary 1 causing the logic to switch to group 1.

When the bus BE1-CDS220 is in setting group 1, it is operating in feeder backup mode. This expression
is programmed to virtual output 14 which drives alarm bit #22 in the programmable alarm mask. It can be
masked to drive an alarm LED and alarm display to indicate when the relay is in feeder backup mode and
to trip a feeder breaker instead of the bus breaker.

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
LED. When the relay self-test detects a problem in the relay (ALMREL) as programmed for the BUS-W-
BU scheme, the Relay Trouble LED lights, output A operates, and all outputs are disabled. When a Major
Alarm is detected (ALMMAJ), the associated LED lights, but in this scheme, no output relay is
programmed to operate. When a Minor Alarm (ALMMIN) is detected, the associated LED lights, but in this
scheme, no output relay is programmed to operate.

NOTE

Tables 8-22 through 8-25 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 BUS-W-BU preprogrammed logic
are described in the following Tables.

Table 8-22. BUS-W-BU Contact Input Logic

State Labels

Input Purpose Name Label
Closed Open

Optional input. Used for CT input circuit 1 breaker status indication

IN1 in SER reports. TRUE when breaker closed.

BREAKER-1 | CLOSED OPEN

Used for 86 status indication in SER reports. TRUE when
IN3 |Transformer 86 tripped. Also blocks virtual breaker close switch 86T-TRIPPED| TRIPPED | NORMAL
close until 86 is reset.
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Input

Purpose

Name Label

State Labels

Closed

Open

IN4

Optional input. Used for 86B status indication and locks out the
low-side breaker when TRUE. TRUE when 86B is tripped.

86B-TRIPPED

TRIPPED

NORMAL

INS

Block instantaneous when feeder relay is picked up. Feeder relays
such as BE1-851 or BE1-951 using one of the preprogrammed
schemes with interlock logic.

FDR-RLY-
PICKEDUP

PICKDUP

NORMAL

IN7

Signal from relay on bus source that is using BACKUP logic that a
feeder relay is out of service. BE1-851, BE1-951, or BE1-CDS220
using preprogrammed logic scheme BACKUP.

BACKUP-
FDR-RELAY

BACKUP

NORMAL

IN8

Puts the relay in test mode so that breaker failure is disabled when
input 8 is de-energized.

TEST-MODE-
DISABL

NORMAL

TSTMODE

Table 8-23. BUS-W-BU Function Block Logic

Function

Purpose

BESTIogic
Expression

Mode Setting

87

Used for percent-restrained differential protection with high-speed
unrestrained instantaneous differential protection. Differential function
is blocked when virtual switch 43 is TRUE.

43

1 (Enabled)

51P

Applied to bus main (CT 1). Normally for bus time OC protection
coordinated with feeder relay time OC. When in feeder relay backup
mode, provides primary time OC protection for feeder. SG1 settings
must coordinate with other feeder 51 elements.

1 (CT Input 1)

51N

Applied to bus main (CT 1). Normally for bus time OC protection
coordinated with feeder relay time OC. When in feeder relay backup
mode, provides primary time OC protection for feeder. SG1 settings
must coordinate with other feeder 51 elements.

1 (CT Input 1)

51Q

Applied to bus main (CT 1). Normally for bus time OC protection
coordinated with feeder relay time OC. When in feeder relay backup
mode, provides primary time OC protection for feeder. SG1 settings
must coordinate with other feeder 51 elements.

1 (CT Input 1)

151P

Applied to bus main (CT 1). Used for backup bus time OC trip.
Provides primary time OC protection when 51 elements are used for
feeder relay backup.

1 (CT Input 1)

151N

Applied to bus main (CT 1). Used for backup bus time OC trip.
Provides primary time OC protection when 51 elements are used for
feeder relay backup.

1 (CT Input 1)

151Q

Applied to bus main (CT 1). Used for backup bus time OC trip.
Provides primary time OC protection when 51 elements are used for
feeder relay backup.

1 (CT Input 1)

50TP

Applied to bus main (CT 1). Normally for fast bus OC protection (2-4
cycle delay) as backup to 87. When in feeder relay backup mode,
provides near instantaneous for feeder. Block when feeder relay is
picked up indicating that the fault is on a feeder.

IN5

1 (CT Input 1)

50TN

Applied to bus main (CT 1). Normally for fast bus OC protection (2-4
cycle delay) as backup to 87. When in feeder relay backup mode,
provides near instantaneous for feeder. Block when feeder relay is
picked up indicating that the fault is on a feeder.

IN5

1 (CT Input 1)

50TQ

Applied to bus main (CT 1). Normally for fast bus OC protection (2-4
cycle delay) as backup to 87. When in feeder relay backup mode,
provides near instantaneous for feeder. Block when feeder relay is
picked up indicating that the fault is on a feeder.

IN5

1 (CT Input 1)

150TP

Applied to bus main (CT 1). Used for backup bus OC trip. 18-20
cycles delay (no feeder picked up interlock). Provides primary OC

protection when 50T elements are used for feeder relay backup.

1 (CT Input 1)
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BESTlogic

Expression Mode Setting

Function Purpose

Applied to bus main (CT 1). Used for backup bus OC trip. 18-20
150TN |cycles delay (no feeder picked up interlock). Provides primary OC 0 1 (CT Input 1)
protection when 50T elements are used for feeder relay backup.

Applied to bus main (CT 1). Used for backup bus OC trip. 18-20
150TQ |cycles delay (no feeder picked up interlock). Provides primary OC 0 1 (CT Input 1)
protection when 50T elements are used for feeder relay backup.

Auto/Manual Logic: Switch to setting group 1 if feeder relay is out of
GROUP |service as indicated by closed contact from relay with BACKUP logic IN7 2 (Binary Inputs)
such as BE1-851, BE1-951, or BE1-CDS220.

Table 8-24. BUS-W-BU Virtual Switch Logic

. State Labels
Switch Purpose Mode Label
Closed Open
43 Used as dlﬁgrentllall cutoff. The 87 is blocked 2 (On/Off) | 87-CUTOFF | DISABLD | NORMAL
when the switch is in the closed state.
Selects test mode so that reclosing and BF are TEST-
743 disabled when virtual switch is closed. 2 (On/off) MODE- TSTMODE | NORMAL
Allows breaker to be tripped or closed manually
101 from HMI or ASCIl command interface 1 (Enabled) N/A N/A N/A
Table 8-25. BUS-W-BU Output Logic
o State Labels
Output Purpose Description Label

True False

OUTA contact closes when relay

RELAY-TROU | ACTIVE | NORMAL
trouble alarm occurs.

VOA |Relay Trouble alarm.

BESTlogic Expression: VOA=0

Trip if bus fault by restrained
Bus fault trip (86B for differential trip or for high speed
example). bus OC trip (50T) and not in
feeder backup mode (VO14).

BESTIogic Expression: VO1=87RT+V0O8*V014

Trip feeder breaker via auxiliary
re-lay (94) for 50/51 (VO9) trip
when in feeder relay backup
mode (VO14).

BESTlogic Expression: VO3=V09*V014

Trip for bus diff, 87 is TRUE. Or,
high speed bus OC with interlock,
50T, or bus time OC trip, 51 is
VO4 |Breaker 1 trip. TRUE and not in feeder backup TRIP-BKR1- TRIP NORMAL
mode (VO14). Or, for 150T & 151
bus backup overcurrent trip. Or,
for control switch trip.

BESTlogic Expression: VO4=87RT+V09*/VO14+V0O10+101T

Close breaker 1 (main) if virtual
VO5 |Breaker 1 close. control switch is TRUE and 86T | CLOSE-BKR1 | CLOSE | NORMAL
or 86B LO is not tripped.

BESTIogic Expression: VO5=101C*/IN3*/IN4

VO1 TRIP-86B-O TRIP NORMAL

VO3 |Feeder breaker trip. FEEDER-BKR TRIP NORMAL
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Output

Purpose

Description

Label

State Labels

True

False

VOG6

Breaker Failure Initiate
output. Initiate breaker failure
protection in relay using
backup logic.

Initiate breaker failure if BFI
expression is TRUE (VO7) and
not in test mode.

BFI-OUT6

INI

NORMAL

BESTlogic Expression: VO6= VO7*/VO15

VvO7

Breaker failure initiate
expression.

Initiate breaker failure for all bus
breaker protective tripping
elements. 87RT, 50/51 (when not
in feeder backup mode), or
150/151. (101T is excluded).

BFI

INI

NORMAL

BESTlogic Expression: VO9=87RT+V09*/V0O14+V0O10

V08

Intermediate logic expression
for 50T Trip. Used for high
speed bus OC trip in normal
mode or feeder breaker inst.
trip in feeder backup mode.

TRUE if any 50T with feeder
pickup interlock is TRUE.
Elements have 2-4 cycles delay
due to interlock with feeder relay
pickups.

50T-INTERL

TRIP

NORMAL

BESTlogic Expression: VO10=50TPT+50TNT+50TQT

VO9

Intermediate logic expression
for 50T and 51 Trip. Used for
bus OC trip in normal mode

or for feeder relay backup trip

TRUE for any primary OC trip
(50T or 51).

in feeder backup mode.

50T-51-TRI

TRUE

FALSE

BESTIogic Expression: VO9=50TPT+50TNT+50TQT+51PT+51NT+51QT

VO10

Intermediate logic expression
for 150T Trip. Used for
backup bus OC trip.

TRUE for any backup overcurrent
trip (150T or 151).

150T-151-T

TRUE

FALSE

BESTIogic Expression: VO10=150TPT+150TNT+150TQT+151PT+151INT+151QT

VO11l

Protective trip expression

TRUE when any 87, 250T, 51,
151 or 251 element has timed out.

PROTECTIVE

TRIP

NORMAL

BESTlogic Expression: VO11=87RT+50TPT+50TNT+50TQT+51PT+51INT+51QT+150TPT+150TNT+
150TQT+151PT+151INT+151QT

V012

Protective pickup expression.

None

PROT-PICKE

PU

NORMAL

BESTIogic Expression: VO12=87RPU+50TPPU+50TNPU+50TQPU+51PPU+51NPU+51QPU+
150TPPU+150TNPU+150TQPU+151PPU+151NPU+151QPU

V013

Alarm to indicate that the
differential cutoff switch is in
the block operation position.

TRUE if virtual switch 43 is in the
closed position.

87-BLOCKED

ACTIVE

NORMAL

BESTlogic Expression: VO13=43

V014

Alarm that relay is in feeder
backup mode.

TRUE if in setting group 1.

FDR-BU-ENA

BACKUP

NORMAL

BESTlogic Expression: VO15=SG1

VO15

Alarm bit #23 indication that
the relay is in test mode and
that breaker failure is
disabled

TRUE if IN8 is de-energized or if
virtual switch 743 is closed.

TEST_ MODE

TEST

NORMAL

BESTlogic Expression: VO15=/IN8+743

Motor Protection Logic

The Motor Protection (MOTOR) scheme provides high-speed differential and multiple layers of
instantaneous and time overcurrent protection for large motors. This scheme protects against stator
phase and ground faults, locked rotor, jam, thermal overload, and unbalanced current. Basic frequent
starting protection is also provided. Virtual control switch logic is used for local or remote control and can
be used to replace the equivalent panel control switches.

9313900990 Rev G

BE1-CDS220 Application

8-39




The control switch elements are referred to as virtual because they have no physical form, they exist only
in logic form, and they can only be operated via the ASCIl command interface or the front panel. When
virtual control switch 143 is on or enabled, motor starting is determined by speed switch. When off or
disabled, starting is determined by current detector set at 85% of locked rotor current. The virtual control
switch 243 is used to customize the protection for high or low starting inertia applications. When high is
selected, 150TP is blocked, and 151P is enabled for locked rotor protection. The user may choose to
eliminate the use of external switches, as the virtual switches are fully functional equivalents of their
physical counterparts.

Figure 8-14 is a one-line drawing and Figure 8-15 is a logic drawing that represent the settings shown in
Table 8-26. In Table 8-26, the user can see the protection and control elements that are enabled for the
MOTOR 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 8-26. Motor Logic Settings And Equations

SL-N=MOTOR

SL-87=1,0

SL-87ND=0,0

SL-50TP=1,0; SL-50TN=1,0; SL-50TQ=1,0
SL-150TP=1,250TPT+243; SL-150TN=0,0; SL-150TQ=0,0
SL-250TP=1,0; SL-250TN=0,0; SL-250TQ=0,0

SL-51P=1,0; SL-51IN=0,0; SL-510=1,0

SL-151P=1,/VO7+/243;SL-151N=0,0; SL-151Q=0,0
SL-251P=1,v0O8; SL-251N=0,0; SL-251Q=0,0
SL-62=0,0,0

SL-162=0,0,0

SL-BF=0,0,0

SL-GROUP=0,0,0,0,0,0

SL-43=0

SL-143=2

SL-243=2

SL-343=0

SL-443=0

SL-543=0

SL-643=0

SL-743=0

SL-101=0

SL-CKTMON=0,0,0

SL-VOA=0

SL-VO1=V0O11

SL-VO2=0

SL-VO3=0

SL-VO4=V014

SL-VO5=V015

SL-VO6=0
SL-VO7=IN2*250TPPU*143+50TPPU*/143
SL-VO8=/250TPT*250TPPU

SL-VO9=VO13+IN3

SL-VO10=0
SL-VO11=150TPT+50TNT+50TQT+51PT+151PT+251PT+51QT+87RT+VO13
SL-VO12=150TPPU+50TNPU+50TQPU+51PPU+151PPU+251PPU+51QPU+87RPU
SL-VO13=VO9*/ARSTKEY
SL-VO14=250TPT*51PPU

SL-VO15=51QPU
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Figure 8-14. Typical One-Line Diagram for MOTOR
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Figure 8-15. Typical Logic Diagram for MOTOR

Protection Elements

Referring to Figure 8-14, the 87, 50/51, 150/151, and 250 protection elements are connected to CT input
1, and the motor side of the 87 protection element is connected to input 2. The 87, 50/51, 150/151, and
250 protection elements are logic enabled to provide a trip by the settings shown in Table 8-26. Protection
elements set at 0 are setting disabled, and will not provide a trip output even if logic enabled.

Typically, the 87 protection element provides high-speed, percent restrained, phase and ground
protection, for faults inside the differential zone. For the MOTOR application shown in Figure 8-15, the
percent-restrained differential protection function is the only function of the 87 protection element
required. Set the pickup of the 2™, 5", and 87U functions to O (setting disabled). The unrestrained
differential function has a setting only when the 2™ and 5" harmonic restraint functions are set for
transformer applications (refer to the discussion in Overview of Preprogrammed Logic Schemes).

In the MOTOR scheme, the 50TQ protection element is used for loss of phase detection, the 51Q
protection element is used for unbalance protection (46), and the 50TN protection element is used for
ground fault backup protection.

In the MOTOR scheme, the 51P protection element is used for motor overload protection. Blocking during
staring is not required since this element is slower than the locked rotor protection. It also serves as
backup during starting. The 251P protection element is used to protect for a jam or stall condition. It is
blocked while the motor is starting as determined by VO8.

In the MOTOR scheme, the 150TP protection element provides locked rotor protection for low inertia
motors. It is blocked when the motor is running (after the 250TP time setting expires) or when virtual
control switch 243 is set to high inertia mode. The 151P protection element provides locked rotor
protection for high inertia motors. It is blocked when virtual control switch 243 is set to low inertia mode. If
high Inertia is selected, it is unblocked when starting as determined by intermediate logic VO7. Virtual
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control switch 143 selects whether high inertia motor starting is determined by speed switch or by current
detection (50TP protection element set at 85% of locked rotor current).

In the MOTOR scheme, the 50TP protection element is used for motor start detection (50S). The 250TP
protection element is used to detect when the motor is running. It supervises the 150TP locked rotor
protection for low inertia motor applications and the 251P jam or stall protection. Targets should not be
enabled with the SG-TARG setting for either the 50TP or the 250TP function.

Integration of Protection, Control, and I/O Elements

The logic settings in Table 8-26 also include the logic equations that establish the control connections or
logic wiring between elements of the MOTOR scheme. For example, the two underlined equations in the
settings of Table 8-26 provide the electrical connection between the 87 element (trip enabled by the
settings) and trip output 1. Referring to Figures 8-14 and 8-15, all protection elements in the MOTOR
scheme are enabled to trip. All protection elements with the exception of 250TP start /run detection, are
connected to trip through output 1. Motor phase unbalance alarms are connected through output 5, and
motor overload alarms through output 4. Protection elements set at O are setting disabled and will not
provide a trip output even if logic enabled.

The 87, 50TN, 50TQ, 51P, and 251P protection elements provide primary and backup fault/open phase
protection, including stall protection for a running motor. The remainder of the protection is associated
with starting the motor. High and low inertia locked rotor protection is provided by 150TP and 151P
protection elements. Start/Run current detection for low inertia motors is provided by the 250TP protection
element, and start detection for high inertia motors is provided by either speed switch input or current
detection from the 50TP protection element.

High Inertia Motor Start

As shown on Figure 8-14, the first thing the user must do is select the high inertia position of virtual
control switch 243 and then select between motion detection by external speed switch or motion detection
by current sensing. This is accomplished by the position of virtual switch 143. If we assume current
sensing was selected, then, when the breaker is closed, 50TP picks up forcing VO7 high, and removing
the block from 151P locked rotor protection. Locked rotor 151P picks up and starts timing. If the motor
current drops below the 50TP setting before 151P times out, the locked rotor protection is blocked and
the motor start was successful. However, if the motor current stays high until 151P times out, the motor is
tripped through output 1 and the Major Alarm LED on the front panel lights.

If speed switch input is selected by the position of virtual switch 143, then, when the breaker is closed,
250TP picks up and a closed external speed sensing contact at input 2 unblocks the locked rotor
protection. If the speed sensing contact opens, or the 250TP drops out, locked rotor protection is blocked
and the motor successfully starts.

For high or low inertia starts, 251P jam or stall protection is blocked by V08 until 250T drops out or times
out.

For high inertia motors, the distance between the burn-up curve and the knee point of the start/run plot is
typically close. Locked rotor protection will reset when the motor comes up to speed, but abnormally high
run current could still be present, but not high enough to trip on overload. If the abnormal run current is
allowed to persist, motor life will be shortened through accelerated thermal aging. To alert the user to this
condition, when 250TP has timed out and 51P is picked up, virtual output 14 is programmed to go high
which drives alarm bit #22 in the programmable alarm mask and alarms through output 4 to the outside
world. It can also be masked to drive an alarm LED, and the alarm display to indicate when the overload
condition exists. If the overload is high enough to time out 51P, the breaker is tripped through output 1.

Phase imbalance can lead to stator and rotor overheating resulting in the same scenario as previously
discussed. For this reason, a circuit similar to the overload alarm is included for phase imbalance. When
51Q picks up, virtual output 15 is programmed to go high which drives alarm bit #23 in the programmable
alarm mask and alarms through output 5 to the outside world. It can also be masked to drive an alarm
LED, and the alarm display to indicate when the imbalance condition exists. If the imbalance is high
enough to time out 51Q, the breaker is tripped through output 1.

Low Inertia Motor Start

Selecting the low inertia protection through virtual control switch 243 disables the 151P high inertia locked
rotor protection. When the breaker is closed, 250TP, start/run current detection, and 150TP low inertia
locked rotor protection, start timing. If the motor comes up to speed before time out of the 150TP element,
start is successful. If 150TP times out first, the motor is tripped through output 1. As described under high
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inertia start, a motor could successfully start but still have abnormally high run currents. If 250TP, start/run
current detection times out, 150TP (low inertia locked rotor protection) is defeated and the same motor
overload protection discussed above takes over.

Emergency Trip

An external emergency trip as sensed at IN3 initiates a trip of the breaker through output 1 and seals the
trip path through V09. Virtual output 13 goes high which drives alarm bit #21 in the programmable alarm
mask. The breaker cannot be closed until the seal-in is cleared by the alarm reset key (ARSTKEY).

Alarms

Three logic variables drive the front panel LEDs: Relay Trouble (ALMREL), Major Alarm (ALMMAJ), and
Minor Alarm (ALMMIN). There is a fourth logic variable, Logic Alarm (ALMLGC), but there is no
associated front panel LED. When the relay self-test detects a problem in the relay (ALMREL) as
programmed for the MOTOR scheme, the Relay Trouble LED lights, output A operates, and all outputs
are disabled. When a Major Alarm is detected (ALMMAJ), the associated LED lights, but in this scheme,
no output relay is programmed to operate. When a Minor Alarm (ALMMIN) is detected, the associated
LED lights, but in this scheme, no output relay is programmed to operate.

NOTE

Tables 8-27 through 8-30 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 MOTOR preprogrammed logic are
described in the following Tables.

Table 8-27. MOTOR Contact Input Logic

State Labels
Closed Open

Input Purpose Name Label

INL Optional input. Used for CT input circuit 1 breaker status

indication in SER reports. TRUE when breaker closed. BREAKER-1 | CLOSED OPEN

N e o e e S ke ot | P2 | RUNING | SToPPeD
IN3 |Emergency trip. This is an optional input. EME'TSéTRlp' TRIP NORMAL
Table 8-28. MOTOR Function Block Logic
Function Purpose EBprSr-e“s?s?(lafw Mode Setting

87 Used for percent-restrained differential protection with high-speed 43 1 (Enabled)

unrestrained instantaneous differential protection.

51P is used for motor overload protection. Blocking during starting is
51P not required since this element is slower than the LR protection. It 0 1 (CT Input 1)
serves as backup during starting.

51Q 51Q is used for unbalance protection (46). 0 1 (CT Input 1)

The 151P element provides locked rotor protection for high inertia
motors. Blocked when low inertia is selected by switch 243. If high
Inertia is selected, it is unblocked when starting as determined by
intermediate logic VO7.

151P NO7+/243 | 1(CT Input 1)

o51p This element protects for a jam condition. It is blocked while the

motor is starting as determined by VO8. vos 1(CT Input 1)
50TP is used for motor start detection (50S). Target should not be
50TP enabled with the SG-TARG setting for this function. 0 1(CT Input 1)
50TN 50TN is used for ground fault backup protection. 0 1 (CT Input 1)
50TQ 50TQ is used for loss of phase detection. 0 1 (CT Input 1)
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Function

Purpose

EESTeso Mode Setting

Expression
This element provides LR protection for low inertia motors. It is
150TP |blocked when the motor is running (after the 250TP time setting 243+250TPT | 1 (CT Input 1)
expires) or when the high inertia mode is selected.
The 250TP is used to detect when the motor is running. It supervises
the 150TP locked rotor protection for low inertia motor applications
250TP and the 251P jam protection. Target should not be enabled with the 0 1(CT Input 1)
SG-TARG setting for this function.
Table 8-29. MOTOR Virtual Switch Logic
) State Labels
Switch Purpose Mode Label
Closed Open
Speed Switch selector. When enabled, the motor
starting is determined by speed switch. When SPEED-
143 None, starting is determined by current detector 2 (On/of) SWIT ENABLED NONE
set at 85% of locked rotor current.
Selector switch to customize the protection for high
or low inertia applications. When high is selected,
243 blocks 150TP and enables 151P for locked rotor 2 (On/Off) | INERTIA-MO HIGH LOW
protection.
Table 8-30. MOTOR Output Logic
o State Labels
Output Purpose Description Labe
True False
VOA |Relay Trouble alarm. OUTA contact closes whenrelay | e Ay TROU | ALARM | NORMAL
trouble alarm occurs.
BESTIogic Expression: VOA=0
VOl |Breaker trip. TRUE when protective trip MOTOR_TRIP | TRIP |NORMAL
expression is TRUE.
BESTlogic Expression: VO1=VO11
VO4 Overload alarm output Overloaq protecthn (51P) is picked OVERLOAD-O | ALARM | NORMAL
contact. up and timing to trip.
BESTIogic Expression: VO4=V014
VOS5 Unbalance alarm output U_nbalance prot_ec_tlon (51_Q) is UNBALANCE- TRIP | NORMAL
contact. picked up and timing to trip.
BESTlogic Expression: VO5=VO15
SW 143 selects whether starting is
Intermediate logic variable |determined by monitoring speed
that determines if a high switch or current. TRUE if motor
VO7 |inertia motor application is |energized 250TPPU and speed STARTING-H TRUE FALSE
starting. (Not yet up to switch (IN2) closed. Or, 50TP is
speed). picked up. Used to unblock 151P for
Locked Rotor protection.
BESTIogic Expression: VO9= IN2*250TPPU*143+50TPPU*/143
Intermediate logic variable
that determines if the motor |[TRUE if 250TP is picked up but not
VO8 |[is starting. (Time set for yet timed out. Used to unblock jam STARTING TRUE FALSE
about 120% of maximum (251P) protection.
start time).
BESTlogic Expression: VO10=250TPPU*/250TPT
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State Labels

Output Purpose Description Label
True False

Emergency Trip
intermediate logic
expression for external trip
alarm seal-in.

BESTlogic Expression: VO9=IN3+V013

Restrained diff trip, 50TN ground
fault, 50TQ loss of phase, 150TP
low inertia locked rotor, 51P
overload, 51Q unbalance, 151P
high inertia locked rotor, 251P Jam,
or VO13 Emergency Trip.

BESTIlogic Expression: VO11=87RT+50TNT+50TQT+150TPT+51PT+51QT+151PT+251PT+VO13

Restrained and unrestrained diff
trip, 50TN ground fault, 50TQ loss

TRUE if IN3 is energized causing a
trip or if emergency trip alarm point EMER-TRIP- TRUE FALSE
is TRUE.

VO9

VO11 |Protective trip expression. PROTECTIVE TRIP | NORMAL

VO12 Protectl\_/e pickup of phase, 150TP low inertia locked PROT-PICKE PU NORMAL
expression. rotor, 51P overload, 51Q unbalance,
151P high inertia locked rotor, 251P
Jam.

BESTlogic Expression: VO12=87RPU+50TNPU+50TQPU+150TPPU+51PPU+51QPU+151PPU+251PPU

TRUE if emergency trip input is
energized causing a motor trip. The
alarm condition is sealed in for
VO13 |Emergency trip alarm,  |2nnunciation on the HMI until the EMER-TRIP- | ALARM | NORMAL

alarm reset key is pressed on the HMI.
Note: Seal-in condition cannot be
broken unless optional HMI is

purchased.
BESTlogic Expression: VO13=VO9*/ARSTKEY

TRUE if overload (51P) protection is
picked up. This condition will trip the
VO14 |Overload alarm motor if allowed to time out. The alarm| o\ /ep) oAD | ALARM | NORMAL
point is supervised by the 250TP
timing out to prevent a spurious alarm

during starting.
BESTlogic Expression: VO15=51PPU*250TPT

TRUE if unbalance (51Q) protection is
VO15 |Unbalance alarm picked up. This condition will trip the UNBALANCE | ALARM |NORMAL
motor if allowed to time out.

BESTlogic Expression: VO15=51QPU

Miscellaneous Logic Expressions

Several logic expressions are classified as miscellaneous. That is, they are not included in the BESTlogic
settings and are not set through the ASCII command interface using the SL (Set Logic) commands.
Several of the Reporting and Alarm Functions provided in the relay require programmable logic
expressions to determine their functionality. These logic expressions are included with the settings
associated with each function. Table 8-31 cross-references the manual Sections and commands
associated with each miscellaneous logic expression.

Each of the preprogrammed logic schemes is designed to be compatible with the factory default logic
expression settings for these Reporting and Alarm Functions. However, when copying a preprogrammed
scheme for modification or direct use, it is important to recognize that these miscellaneous logic
expressions will not be effected. These miscellaneous logic settings must be reviewed to ensure desired
performance for these functions.
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Table 8-31. Miscellaneous Logic Expressions

Command Reference

SA-RESET Section 6, Reporting and Alarms, Alarms Function

SB-DUTY Section 6, Reporting and Alarms, Breaker Monitoring

SB-LOGIC Section 6, Reporting and Alarms, Breaker Monitoring

SG-TARG Section 6, Reporting and Alarms, Fault Reporting
SG-TRIGGER Section 6, Reporting and Alarms, Fault Reporting

ST-DUTY Section 6, Reporting and Alarms, Transformer Monitoring

Application Tips

Trip Circuit Continuity and Voltage Monitor

The trip circuit monitor drives logic variable CKTMON. This variable can be used to improve breaker
failure logic or to automatically enhance security during testing.

If the relay detects a loss of voltage or continuity in the breaker trip circuit, it is possible to speed up fault
clearing time by bypassing the breaker failure timer. Since relay failure and breaker failure are covered by
different backup actions, it is desirable to reduce common mode failure mechanisms. It is recommended
that the feeder breaker and feeder protection circuits be supplied by separate control power fuses or
breakers. The equation for the Breaker Failure Trip logic (VOS5) in Figure 8-16 can be modified by ORing
the Breaker Failure Trip output with the expression VO10*CKTMON. VO10 is designated as the Breaker
Failure Initiate expression. Example 1 illustrates how the BFT logic expression is modified. It is important
that the breaker failure timer bypass logic also be disabled in test mode. Example 2 shows the expression
for blocking the upstream instantaneous element. Figure 8-16 illustrates using the trip circuit continuity
monitor in breaker failure logic.

Example 1: Breaker failure trip expression:
SL-VO5=BFT+VO10*CKTMON*IN4*/343

Example 2: Block upstream instantaneous expression:
SL-VO4=V012*/VO5*/CKTMON*IN4*/343

If the internal breaker failure function block is not being used, the trip circuit continuity and voltage monitor
alarm can be used to detect when the test switches have been opened. This will automatically place the
relay in the test mode. Each of the preprogrammed logic schemes has logic to detect when the relay is
out of service for test. This enables the backup logic and enhances security. It should be noted that if the
test mode logic is modified in this manner, it is not possible to differentiate between the relay being out of
service for test and a problem in the circuit breaker trip circuit. Otherwise, the internal breaker failure
function block would be disabled during a known problem in the trip circuit.
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Figure 8-16. Trip Circuit Continuity and Voltage Monitor

Close-Circuit Monitor

A close-circuit monitor is not included in any of the preprogrammed logic schemes. This function may be
added by using a 62 function block and a contact sensing input (INX) to monitor the close circuit. The
logic is shown in Figure 8-17. The output of the 62 protection block will close the designated output
contact (VOY) when an open breaker and an open close-circuit condition exists. The S<g>-62 command
is used to provide a 500 millisecond time delay to inhibit the momentary alarm that will occur due to the
timing difference between the two signals.

0=BREAKER CLOSED
1=BREAKER OPEN

VOX NI 62 VoY

IN1 A\
(52B) 4‘_J PICKUP o—©

TIME

DROPOUT
TIME

INX O—DO— 62 TIMER
(CLOSE CKT)

0=CLOSE CKT OPEN
1=CLOSE CKT OK VOX=INL*/INX
SL-62=1,VOX
S<g>-62=500,0
SL-VOY=62

D2587-02
3-13-97

Figure 8-17. Close Circuit Monitor Logic

Block Neutral and Negative Sequence Protection

The neutral and negative sequence overcurrent elements provide greater sensitivity to unbalanced faults
than the phase overcurrent elements because they can be set to pickup below balanced three phase
load. This can lead to a mis-operation during periods of load imbalance. The BE1-CDS220 provides a
neutral and negative sequence demand function that allows monitoring and alarming to prevent load
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imbalances. However, distribution systems with single-pole fault clearing and switching devices or long
single-phase laterals, may have mis-operations during switching activities.

Some of the preprogrammed logic schemes provide for the use of a cutoff switch to block the ground and
negative sequence 50T (used for low set instantaneous) and the 51 (inverse time) function blocks during
switching activities. This is the most conservative approach. The protection engineer may wish to
evaluate this strategy based on his system, his operating practices, and his setting practices. For
instance, on systems with wye connected loads, the ground units are most sensitive to this situation. On
systems with delta connected loads the negative sequence units are most sensitive to this situation. It
may not be necessary to block the instantaneous units if their settings prevent them from tripping for a
switching imbalance.

To maintain proper coordination, the logic of the feeder relays may be interconnected with the upstream
bus relay to block the equivalent ground and/or negative sequence function blocks in the upstream relay.

Setting Group Selection

The BE1-CDS220 Current Differential System provides multiple settings groups for adaptive relaying. The
preprogrammed logic schemes barely tap the flexibility that is available. The following examples illustrate
how the setting groups can be adapted for different conditions and how different setting groups can be
used to vary the system logic.

Example 1: Adapting the relay settings for different conditions.

In overcurrent protection systems, the source conditions can have a major impact on sensitivity,
coordination intervals, and clearing times. Generally, the pickup and time dial settings are a compromise
between a normal condition and a worst case condition. Contact logic from the position of the source
breakers can select which settings group is active. To do this, assign input DO or D1 to a contact sensing
input. Set the setting group selection mode at 2 for binary coded selection. If DO is set, group 0 will be
selected when the input is off (binary code 00). Group 1 will be selected when the input is on (binary code
01). Similarly, if D1 is set, group 2 will be selected when the input is on (binary coded 10).

This logic is useful in a situation where two transformers feed a single bus or two busses have a bus tie
between them. The feeder and bus relays must be coordinated for the situation where only one source is
in service (bus tie open or one transformer out of service). However, when both sources are in service,
such as when the bus tie is closed, each bus relay sees only half of the current for a fault. This results in
poor sensitivity and slow clearing time for the bus relays.

Example 2: Adapting the logic in different setting groups.

The logic in most of the preprogrammed logic schemes can be varied in each of the different setting
groups. This is accomplished by disabling functions by setting their primary settings at zero. It is also
possible to do more sophisticated modification of the logic in each of the different setting groups by using
the active setting group logic variables SGO, SG1, SG2, and SG3 in the BESTlogic expressions.

Output Contact Seal-In

Trip contact seal-in circuits have historically been provided with electromechanical relays. These seal-in
circuits consisted of a dc coil in series with the relay trip contact and a seal-in contact in parallel with the
trip contact. The seal-in feature serves several purposes for the EM relays. One is to provide mechanical
energy to drop the target. Second is to carry the dc tripping current from the induction disk contact which
may not have significant closing torque for a low resistance connection. The third is to prevent the relay
contact from dropping out until the current has been interrupted by the 52a contacts in series with the trip
coil. If the tripping contact opens before the dc current is interrupted, the contact 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 200 millisecond hold timer can be
selected with the SG-HOLDn=1 command. Refer to Section 3, Input and Output Functions, Outputs,
Programmable Hold Timer, for more information on this feature. If the protection engineer desires seal-in
logic with feedback from the breaker position logic, he can provide this feature by modifying the
BESTIogic expression for the tripping output. To do this, use one of the general purpose timers, 62 or
162, and set it for mode 1 (Pickup/Dropout Timer). Set the timer logic so that it is initiated by the breaker
position input, and set the timer for two cycles pickup and two cycles dropout. Then AND the timer output
with the tripping output (VO1) and OR it into the expression for the tripping output. The same can be done
for the closing output. See Figure 8-18 for the seal-in logic diagram and Seal-In Logic Example that
follows. This example is based on the BASIC-TX preprogrammed logic scheme.
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Figure 8-18. Output Seal-In Logic Diagram
Table 8-32. Output Contact Seal-in Logic
Command Purpose
SG-HOLD1=0 Turn off the hold timer for output 1.
SL-62=1,IN1,0 Set the timer logic to mode 1 (pickup/dropout), IN1 to initiate, no blocking.
S#-62=2c,2c Set the pickup (2 cycles) and dropout (2 cycles) times.

VO1=87RT+87UT+VO1+/62

Set the tripping logic for restrained 87 or unrestrained 87 or virtual output 1 and
not 62.

VO2=87RT+87UT+VO7

Set the closing logic for restrained 87 or unrestrained 87 or virtual output 7.

VO6=V0O1+/62

Set the virtual output 6 logic to VO1 and not 62.

VO7=V02%62 Set the virtual output 7 logic to VO2 and 62.
E Exit.
Y Save settings.

Latching a Tripping Contact

On occasion, an application will call for latching an output contact. As an example, assume that a BE1-
CDS220 is used for protection of a radial transformer as shown in Figure 8-19. The user wants to trip and
lockout the high-side circuit switcher for a differential trip; but, not for an overcurrent trip. He does not
want the transformer to be re-energized until someone locally checks and resets the relay.

Referring to Figure 8-20, which is an adaptation of BASIC-87 logic, an 87 trip will cause VO7 to go true.
This causes OUT1, OUT2, and OUT3 to close and OUT5 which would be wired in the close circuit, to
open. VO7 is sealed in through VYO8 and holds the outputs in this condition. The front panel HMI LCD
automatically goes to the targets screen per the automatic display priority function. When the operator
presses the reset key while the display is on the targets screen, the TRSTKEY logic variable goes high
and breaks the seal in of logic expressions VO7 and VO8. Outputs OUT1, OUT2, and OUT3 will then

open and OUT5 will close.

8-50
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Figure 8-19. Station One-Line Drawing
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Note: For clarity, multiple variables going to the same OR Gate are shown by a single line into the OR Gate.

Figure 8-20. Latching a Tripping Contact Example

Latching a Programmable Logic Alarm or Creating a Pseudo Target

P0004-08.vsd
08-22-00

Sometimes, a user may want the relay to annunciate and latch for a user defined condition originating
internally or externally to the relay. This can be accomplished using the user programmable labels
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functionality and the virtual outputs VO13, VO14, or VO15. These virtual outputs are also programmable
alarm variables. If one of these three logic expressions is true and is also programmed as a major or
minor alarm point, the programmable label will appear on the alarms screen of the front panel HMI
display.

The application of this is best illustrated with an example. Use the application shown in Figure 8-19 and
8-20. The user wants to trip and lockout the high side circuit switcher (CSW) for a Sudden Pressure Relay
(63_SPR) trip. The SPR trip is to be supervised and sealed in via the BE1-CDS220 relay. Since this is an
external function, it is desired that the relay annunciate that the trip came from the SPR instead of an
internal protective element.

Referring to Figure 8-20, when the SPR contact closes, IN4 will cause VO13 to go true. This causes
OUT1, OUT2, and OUT3 to close and OUT5 which would be wired in the close circuit, to open. VO13 is
sealed in through VO9 which holds the outputs in this condition. The HMI LCD automatically goes to the
alarms screen if VO13 is programmed as a major or minor alarm per the automatic display priority
function. The LCD displays the user programmable label for VO13 which in this example might be
programmed to be SN-VO13=SPR_TRIP.

When the operator presses the reset key while the display is on the alarms screen, the ARSTKEY logic
variable goes high and breaks the seal in of logic expressions VO13 and VO9. Outputs OUT1, OUT2, and
OUT3 will then open and OUT5 will close.

Refer to Section 6, Reporting and Alarms for more information on programmable alarms. Refer to Section
10, Human-Machine Interface for more information on Automatic Display Priorities.

Logic Settings Associated With Figure 8-20
SL-87=1,0

SL-51P=1,0; SL-51N=1,0; SL-510=1,0
SL-VO01=V07+V013

SL-V02=V07+V013

SL-V03=V07+V013
SL-VO4=51PT+51INT+51QT
SL-V05=/V07+/V013

SL-VO6=ALMMAJ

SL-VO7=87RT+87UT+V08
SL-V08=VO7*/TRSTKEY
SL-V09=V013*/ARSTKEY
SL-VO11=51PT+5INT+51QT+87RT+87UT
SL-V012=87UT+51PPU+51NPU+51QPU+87RPU
SL-V013=IN4+V09
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SECTION 9 ¢ SECURITY

Introduction

In this section, security, in the form of multilevel password protection, is discussed along with the
information required for protecting specific function groups and user interface components against
unauthorized access.

Passwords provide access security for three distinct functional access areas: Settings, Reports, and
Control. Each functional area can be assigned a unique password or one password can be assigned to
multiple areas. A global password is used to access all three of the functional areas. BE1-CDS220
passwords are not case sensitive; either lowercase or uppercase letters may be entered. Password
security only limits write operations; passwords are never required to read information from any area.

Additional security is provided by controlling the functional areas that can be accessed from a particular
communication port. For example, security can be configured so that access to control commands from
the rear RS-232 port (COM1) is denied. An attempt to issue a Control command through COM1 will cause
the relay to respond with an ACCESS DENIED and/or INVALID PASSWORD message. This will occur
whether a valid password is entered or not. When configuring communication port access areas, you
should be aware that the front RS-232 port (COMO0) and the front panel human-machine interface (HMI)
are treated as the same port.

The communication ports and password parameters act as a two-dimensional control to limit changes. In
order for a command to be accepted, the entered password must be correct and the command must be
entered through a valid port. Only one password can be active at one time for any area or port. For
example, if a user gains write access at COM1, then users at other areas (COMO, front panel human-
machine interface (HMI) and COM2) won't be able to gain write access until the user at COML1 uses the
EXIT command to release access control.

If a port holding access privileges sees no activity (command entered or HMI key pressed) for
approximately five minutes, access privileges and any pending changes will be lost. This feature ensures
that password protection can't be accidentally left in a state where access privileges are enabled for one
area and other areas locked out for an indefinite period.

If password protection is disabled, then entering ACCESS= followed by no password or any alphanumeric
character string will obtain access to the unprotected area(s).
Setting Up Password Protection

Password protection is configured for each access area port and communication port using
BESTCOMS™. Alternately, password protection can be configured using the GS-PW ASCII command.

To configure password protection using BESTCOMS, select General Operation from the Screens pull-
down menu. Then select the Global Security tab. Refer to Figure 9-1.
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Figure 9-1. General Operation Screen, Global Security Tab

If a change is required and the Password Security box reads Show Passwords, press Show Passwords.
Passwords may be entered in the text boxes for Global Access, Settings Access, Reports Access, and
Control Access. See Figure 9-2. Each access level may be enabled (or not enabled) for COM 0 Front RS-
232 and HMI, COM 1 Rear RS-232, and COM 2 Rear RS-485. Access levels may also be enabled for

multiple ports.
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Figure 9-2. General Operation Screen, Global Security Tab with Passwords Shown
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Table 9-1 lists password protection settings.

Table 9-1. Password Protection Settings

Setting Range/Purpose
User defined alphanumeric string with a maximum of 8 characters.
Password . . .
A setting of O (zero) disables password protection.
0 = Front RS-232 port
Com ports 1 = Rear RS-232 port
2 = Rear RS-485 port
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SECTION 10 ¢« HUMAN-MACHINE INTERFACE

General

This section describes the BE1-CDS220 Current Differential System human-machine interface (HMI) and
illustrates the front panel display menu tree branches.

Front Panel Display

Figure 10-1 shows the front panel HMI for a horizontal mount BE1-CDS220 Current Differential System.
The vertical mount relay layout has identical functionality. The locators and descriptions of Table 10-1
correspond to the locators shown in Figure 10-1.

: CECOEONONS

Current
Differential
i System

Basler

M |4
Rel Mi Maj
Po‘wer Troeuob\e A\‘ar?v: A\zjron: Trg } BEW CDS

naec

ITEM NUMBER:

BE1-CDS220 T
SENSING INPUT:
5A PH, 5A GND
POWER SUPPLY: 4
48/125V AC/DE
SERIAL NUMBER:
HODO5164B
REV H ‘
b
\ Ed\t Reset

D2833-20
08-18-00

Figure 10-1. BE1-CDS220 Current Differential System HMI

Table 10-1. Front Panel HMI Descriptions

Locator

Description

Identification Label — This label lists the style number, serial number, sensing input current
and voltage range, and power supply input voltages.

Power Indicator — This green LED lights when operating power is applied to the relay.

Relay Trouble Indicator — This red LED lights momentarily during start-up and lights
continuously when a relay failure is detected. Section 6, Reporting and Alarms, provides a
complete description of all relay failure alarm diagnostics.

Minor Alarm, Major Alarm Indicators — These red LEDs light to indicate that a programmable
alarm has been set. Each indicator can be programmed to annunciate one or more
conditions. Section 6, Reporting and Alarms, provides detailed information about
programming alarms.

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

Communication Port 0 — This RS-232 serial port can be used to communicate with the relay
using simple ASCII command language. A computer terminal or PC running terminal
emulation software (such as Windows® HyperTerminal) is required to send commands to
the relay or receive information from the relay.

9313900990 Rev G BE1-CDS220 Human-Machine Interface 10-1



Locator Description

Reset Pushbutton — Pushing this switch will reset the Trip LED, sealed-in Trip Targets, Peak
Demand Currents, and Alarms.

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

Edit Pushbutton — Settings changes can be made at the front panel using this switch. When
pushed, this switch lights to indicate that Edit mode is active. When you are finished making
settings changes (using the scrolling pushbuttons) and the Edit switch is pressed again, the
switch light turns off to indicate that your settings changes have been saved. If changes
aren’t completed and saved within five minutes, the relay will automatically exit the Edit
mode without saving any changes.

Display — 64 by 128 pixel graphic liquid crystal display (LCD) with backlighting. The LCD is
the primary source for obtaining information from the relay or when locally setting the relay.
Information such as targets, metering values, demand values, communication parameters,
the active logic scheme name, and diagnostic information is provided by the LCD.
Information and settings are displayed in a menu with branches. The Menu Tree subsection
provides more information about the menu branches.

Menu Tree

A menu tree with six branches can be accessed through the front panel controls and display. The LEFT
and RIGHT scrolling pushbuttons are used to view each of the six branches. A greater level of detail in a
menu branch is accessed using the DOWN scrolling pushbutton. The branch path is located in the upper
left hand corner. This path is like a computer file path and indicates the current branch and level in the
menu tree structure. This path helps so that you do not loose track of where you are in the menu tree.
Each time you go to a lower level in the menu tree, another branch is added to the screen path and is
separated by a backslash. The UP scrolling pushbutton is used to return to the top of the menu branch.

The six branches of the menu tree are illustrated in Figure 10-2 and summarized in the following

paragraphs.
‘1 2 3 4 5 6 i
\STATUS \CONTROL \METER \REPORTS \PROT \SETUP
BE1-CDS220 Ll CONTROL les! METERING les! REPORTS les! PROTECTION GENERAL
REPORT STATUS PRI/SEC BASIC-87 " SETTINGS
<SETUP VTARG >CTRL <STAT v43 >SMETER <CTRL VCRNT >REPRT <METER VFAULT >PROT <REPRT VvSGO >SETUP <PROT VCOM  >STAT
D2840-11
01-03-06
Figure 10-2. BE1-CDS220 Menu Tree (Top Level, All Branches)
1. REPORT STATUS - Provides display and resetting of general status information such as targets,

alarms, and recloser status. Figure 10-3 illustrates the structure of the Report Status menu
branch.

CONTROL - Accesses control function operation of virtual switches, active setting group
selection, and others. Control menu branch structure is illustrated in Figure 10-4.

METERING - Displays real time metering values. Figure 10-5 illustrates the structure of the
Metering menu branch.

REPORTS - Provides display and resetting of report information such as time and date, demand
registers, and breaker duty statistics. Reports menu branch structure is illustrated in Figure 10-6.

PROTECTION LOGIC - Provides display and setting of protective functions such as pickups and
time delays. Figure 10-7 illustrates the structure of the Protection Logic menu branch.

10-2
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6. GENERAL SETTINGS - Provides display and setting of relay configuration settings such as
communication, LCD contrast, transformer ratios, and system frequency. General Settings menu
branch structure is illustrated in Figure 10-8.

In the following figures, notice near the upper left hand corner of each screen display, one, two, three, or
four digit numbers with decimal points between each digit. These numbers are reference numbers to the
screens in the menu tree. They are frequently referred to in the text of this manual and are necessary for
programming the SG-SCREEN command as described in this section.

1
\STATUS
To/From BE1-CDS220 TolF
GENERAL < y O/From
< REPORT STATUS ” CONTROL
SETTINGS
<SETUP VTARG >CTRL
5 X
1.1 1.2 f 1.3 T 14 1
\STAT\TARGETS \STAT\ALARMS \STAT\SCREENS \STAT\OPER_STAT
SCREEN SCROLL OPERATIONAL
TARGETS < » ALARMS LIST STATUS
YES YES
<PV VDET  >ALMS <TARG  VDET  >SCRNS <ALMS VSCRN  >OPER <SCRNS VINPUT >TARG
A A A A A
1.21 ! 1.3.1 v
\STAT\ALARM\DETAILS \STAT\SCRNS\SCRN NOTE:
OUT1 CKT OP BKR ALM 2 1. Up to 16 screens
BKR FAIL P DMD see note 2. No nav aids
RECL FAIL Q DMD 3. Path on scrolled screen
REC LOCKOUT CLOCK ERR remains intact
BKR ALM 1 IRIG LOSS
SGC ACTIVE  LOGIC ALM
>MORE
111 112t 113 1 114 1
\STAT\TARG\DETAILS \STAT\TARG\CT_1 \STAT\TARG\CT_2 \STAT\TARG\GND
87ABC 150Q-CT1 CT CKT 1 CT CKT 2 CT GROUND
50ABC-CT1 51ABC-CT2 IA 2.00K < 23° 1A 2.00K < 23° GND 2.00A
50N-CT1  5IN-CTG  |q | IB 2.00K < 23° «p 1B 2.00K < 23° >
50Q-CT1  51Q-CT2 IC 2.00K < 23° IC 2.00K < 23°
150ABC-CT2 IN 2.00K < 23° IN 2.00K < 23°
150N-CT2 1Q 2.00K 1Q 2.00K
<GND >CT_1 <DET >CT_2 <CT_1 >GND <CT 2 >DET
D2840-12
08-04-00
1.4.1 T 1.4.2 T 1.4.3 T 1.4.4 T 1.4.5T 1.4.6
STAT\OPER\INPUT STAT\OPER\OUT \STAT\OPER\43 \STAT\OPER\ACTIVEG \STAT\OPER\BKR \STAT\OPER\TIME_DATE
INPUTS 12345678 OUTPUTS A123456 X43 -1234567 ACTIVE GROUP BREAKER_LABEL TIME  2:35:12
XXXXXXXX (> XXXXXXX [ XXXXXXXX [« X > OFF > DATE 05/10/97
CO-OUT  A123456
XXXXXXX
<TIME >0UT <INPUT >43 <ouT >ACT <43 >BKR <ACT >TIME <BKR >INPUT

>

>

Figure 10-3. BE1-CDS220 Menu Tree (Report Status)
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\CONTROL
To/From To/From
REPORT «—» CONTROL < » METERING
STATUS PRI/SEC
<STAT v43 >METER
A A T A
2.1 \ 2.2 2.3 2.4
\CTRL\43 \CTRL\BKR \CTRL\SG \CTRL\OUT

43 AUX SWITCHES BREAKER_LABEL

SETTING GROUP CONTROL

OUTPUT CONTROL

> «—» OVERRIDE
NOTUSED LOGIC OVERRIDE x OUT A1234567
HXXXXXXX
<OUT v43 >BKR <43 >SG <BKR >0UT <SG >43
A
A
2.1.1 2.1.2 2.1.3 2.1.8 T
\CTRL\43\43 \CTRL\43\143 \CTRL\43\243 \CTRL\43\743
SWITCH LABEL SWITCH LABEL SWITCH LABEL SWITCH LABEL
ACTION @1 STATE || ACTION @ 1 STATE | ACTION @ 1 STATE |§ ACTION @ 1 STATE
NOTUSED 0 STATE NOTUSED 0 STATE NOTUSED 0 STATE NOTUSED 0 STATE
<743 >143 <43 >243 <143 >343 <643 >43
D2840-13
08-04-00
Figure 10-4. BE1-CDS220 Menu Tree (Control Branch)
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\METER
To/From To/From
CONTROL +————— METERING >
PRI/SEC REPORTS
<CTRL VCRNT >REPRT

A

31 i 32 |

\METER\CRNT \METER\DIFF
CURRENT DIFFERENTIAL
MEASURED FREQUENCY
XX.XX HZ <CRNT  vCOMP
<DIFF_vCT_1_>DIFF >CRNT
e . L I
»< >
311 I 312 3.1.3 321 3.2.2
\METER\CRNT\CT_1 \METER\CRNT\CT_2 \METER\CRNT\GND \METER\DIFF\COMP \METER\DIFF\HARM
CT CIRCUIT 1 CT CIRCUIT 2 CT CIRCUIT GROUND %lop IA IB IC
Nig [« COMPENSATED CURRENTS |¢» 2nd 2.0% 2.3% 3.6%
VIEW PRI CURRENTS VIEW PRI CURRENTS VIEW PRI CURRENTS 5th 2.1% 5.7% 8.2%
<HARM VIA  >HARM
<GND vl MEA >CT 2 <CT 1 vl MEA >CT X <CT_X__ vl _MEA >CT 1 Y <cowp >cowP
A
o v etc. o »>< ><
3111 3112 3.131 5 1
.- \CRNT\CT_1\I_MEAS .- \CRNT\CT_1\I_CALC .- \\CRNT\GND\I_MEAS
1A 1B IC S IN 1Q S GROUND S 3.2.1.1 3.2.1.2
2.000K 2.300K 2.100K > 2.000K 2.300K 2.000K \METER\DIFF\COMP\IA \METER\DIFF\COMP\ 1B
<12° <133° <255° <12° <12° TIMES TAP 1A TIMES TAP 1B
<I_CAL >1_CAL <I_MEA >1_MEA CT CKT CT CKT
/1 1.20< 0° lep| 1 1.25< 12°
2 1.52<180° 2 1.52<192°
1I0P 0.32 I0P 0.27
*3.1.11 3112
<IN >1B <IA >IC
.- \CRNT\CT_1\I_MEAS .. .\CRNT\CT_1\I_CALC - B
IA-1B IB-IC IC-IAS IN IQ S -
™ 2.000K 2.300K 2.100K <> NA  2.300K [
<12° <133° <255° <NA
<1_cAL 1 CAL <1 MEA o1 MEA 3.2.1.3 T 3.21.4 T
= = \METER\DIFF\COMP\IC \METER\DIFF\COMP\ IN
»< »< TIMES TAP IC TIMES TAP IN
* CT CKT CT CKT
8111 8112 Ly 1 1.20< 0° «p 1 1.25< 12° >
.. .\CRNT\CT_1\I_MEAS .. .\CRNT\CT_1\I_CALC 2 1.52<180° 2 1.52<192°
IA-IC  IB-IA IC-IBS IN 1Q S 10P 0.32 G 0.00<000°
™ 2.000K 2.300K 2.100K <> NA 2.300K 0P 0.27
<12° <133° <255° <NA <IN >1B <lA >I1C
<I_CAL >1_CAL <I_MEA >1_MEA e ><

Alternate labeling if CT's D2840-14
. 08-04-00
are connected in delta.

Figure 10-5. BE1-CDS220 Menu Tree (Metering PRI/SEC Branch)
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\REPORTS
To/From REPORTS
METERING «——— > < » To/From
PRI/SEC <METER VFAULT >PROT PROTECTION
A A

- | e w1 wl w1 ]

\REPRT\FAULT \REPRT\SEQ \REPRT\BKR_RPTS \REPRT\DEMAND \REPRT\XFORMER \REPRT\VERS
FAULT REPORT SEQUENCE OF TRANSFORMER MODEL: BE1-CDS220
SUMMARY l«—» EVENTS SUMMARY [«—»BREAKER REPORTS @«—» DEMAND REPORT ¢—» REPORT [e—> VERSION: XX.xx
NEW FAULTS 2 XX EVENTS SUMMARY
<VERS M_REC >SEQ <FAULT SBRPTS <SEQ  VSTAT >DMD <SER  VTODAY >XFORM <DMD  VDET  SVERS <XFORM SFAULT
- A A A o
411 | 412 1 43.1 451
\REPRT\BRPTS\STATUS \REPRT\XFORM\DETAILS
\REPRT\FAULT\M_REC \REPRT\FAULT\PREV EASIEN-Habe STHRU FAULTS. so0ex
MOST RECENT TARGETS PREVIOUS TARGETS XXXXX ;:RAU FAL:}J;’UTY PHC
5/7/97 16:01:23.456 4% 5/3/97 10:01:23.456 DUTY A DUTY B DUTY C
XX% XX% XX% X XXX X XXX X XXX
<PREV_ VDET  >PREV <M_REC VDET _ >M_REC
t fetc.
Lo >4 3 A
4111 v
- \W_REC\DETAILS 441 v 4.4.2 4.4.3
87TABC 150Q-CT2 \REPRT\DMD\TODAY \REPRT\DMD\YEST \REPRT\DMD\RESET
S0ABC-CT1  51ABC-CT2
ggg:gi giggg le—» €tC. PEAK DEMAND TODAY  |¢p| PEAK DEMAND YESTERDAY || PEAK DEMAND SINCE RST
150ABC-CT2
150N-CT2 NORE <RESET VI_ABC >YEST <TODAY VI_ABC >RESET <YEST VI_ABC >TODAY
A, A,
< etc etc.
4411 4412
- - -\DMD\TODAY\I_ABC .- -\DMD\TODAY\IN_IQ
IA xxx.XA 15:23 12/31 IN xxx.xA 15:23 12/31

1B xxx.XA 15:23 12/31 (> 1Q xxx.xA 15:23 12/31
IC xxx.xA 15:23 12/31
<IN_IQ >IN_IQ <I_ABC >1_ABC

D2840-15
>e . 01-26-99

Figure 10-6. BE1-CDS220 Menu Tree (Reports Branch)
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\PROT
To/From
To/From
REPORTS «——— » PROTECTION « » GENERAL
FEEDER 2 SETTINGS
<REPRT VvSGO  >SETUP
51 T 5.2 T 5.3 T 5.4 T 5.5 T
\PROT\SGO \PROT\SG1 \PROT\SG2 \PROT\SG3 \PROT\GLOBAL
SETTING lol SETTING SETTING SETTING «»l GLOBAL
GROUP 0 GROUP 1 GROUP 2 GROUP 3 SETTINGS
<GLOB  v87  >SG1 <SG0  v87  >SG2 <SGl v87  >SG63 <SG2  v87  >GLOB <SG3 VBF  >SG0
A
i etc etci etc
55.1
\PROT\GLOB\BF
MODE X
TIME DELAY  XXXXX
5.1.1 5.1.2 l 5.1.3 T 5.14 T 5.15 i
\PROT\SGO\87 \PROT\SGO\87ND \PROT\SGO\50T \PROT\SGO\51 \PROT\SGO\62
DIFFERENTIAL PN NEUTRAL . INSTANTANEOUS || INVERSE TIME LOGIC TIMERS
DIFFERENTIAL OVERCURRENT OVERCURRENT
<62 v87  >87ND o7 VIND >80T <87ND VEOT 51 <50T V51 >62 <51  vSTGS >87
A
5121 5.15.1
\PROT\SGO\87ND\87ND
MIN PIGKUP = 0.45 \PROT\SGO\62\SETTINGS
SLOPE =30 62 TIMER 162 TIMER
TIME DELAY = 450m VODE x  MODE x
MODE
TAPN =2.00 TDL XXXX.XXX XXXX.XXX
TAP G =347 TD2 XXXX. XXX XXXX . XXX
5141 5.1.4.2 T 5.1.4.3
\PROT\SGON51\51 \PROT\SGO\51\151 \PROT\SGO\51\251
MODE PU TD CRV MODE PU  TD CRV MODE PU ~ TD CRV
51P 1 10.3 9.99 BIR 151P 2 10.3 9.99 BIR 251P 0 10.3 9.99 BI1R
5IN G 1.0 0.20 B5 [P 151N 2 1.0 0.21 B5 [« »25IN G 1.0 0.21 BS
51Q 0 XX.X X.XX C4R 151Q 2 XX.X X.XX CAR 251Q 1 xx.X X.xx C4R
<151 >151 <51 >251 <151 >51
5.1.3.1 5132 | 5133 |
\PROT\SGO\S0T\50T \PROT\SGO\50T\150T \PROT\SGO\50T\250T
MODE PU TDELAY MODE PU TDELAY MODE PU  TDELAY
50TP 0 12.3 15 MS 150TP 0 115 15 S 2501P O 115 15S
50TN G 1.0 0.2 S [¢P»150TN 2 1.0 0.2 S [«»250TN 2 1.0 0.2
50TQ 2 XXX xXxx MS 150TQ 1 XXX XXX S 250TQ 1 xxx Xxxx $
<150T >150T < 50T >250T <1507 >50T
51.1.1 s112 f 5113
\PROT\SGO\87\87 \PROT\SGO\87\MVA \PROT\SGO\87\TAP
MIN 35% X TAP MVA = 0.0
SLOPE  15% TAPL=xxxx KV1=XXXX MVA = O (MANUAL)
87 URO 6x to 21x TAP «—p| TAP2=XXXX KV2=XXXX «>
2ND HARMONIC INH= 12% NOTE: ENTER CT INFO TAPL=xxXX
5TH HARMONIC INH= 35% BEFORE TAP CALC TAP2=xxXX
2ND HARM SHARE = ON
<TAP >MVA <87 >TAP <MVA >87 D2840-16
02-04-99

Figure 10-7. BE1-CDS220 Menu Tree (Protection Branch)
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\SETUP
To/From
General
To/From “— Settings < » REPORT
PROTECTION STATUS
<PROT vCOM >STAT
A A
6.6 6.7 To/
_FO/ \SETUP\TRANSFORMER \SETUP\AUX_STGS From
From 6.1
6.5.¢_| TRANSFORMER MONITOR GROUP CONTROL SETUP |
AND ALARM SETUP
MODE X
<BKR VMON >AUX SGC ON TIME XX SEC
<XFRMR vSG1 _>COM
*
6.6.1 6.6.2 6.7.1
\SETUP\XFRMR\DUTY SETUP\XFORM\ALARM \SETUP\AUX\SG1
TRANSFORMER MONITOR XFORMER ALARM SETUP AUTOMATIC MODE SETUP
MODE X MODE ALARM LIMIT SETTING GROUP 1 etc.
MAXIMUM DUTY [«—»{XFRM1 X 20 TRACKED ELEMENT XXXXX >
X. XXXe+XX XFRM2 X 50 SWITCH RETURN
CT CIRCUIT X XFRM3 X 8C TIME LEVEL TIME LEVEL
<ALARM >ALARM <DUTY >DUTY XXM XX% XX M XX%
<SG3 >SG2
To) 61 v 6.2 t 6.3 t 6.4 t 6.5 Tol
From \SETUP\COM \SETUP\LCD \SETUP\PWR_SYST \SETUP\DEMAND \SETUP\BREAKER From
6.7 COMMUNICATIONS STGS LCD CONTRAST POWER SYSTEM CURRENT DEMAND BREAKER MONITOR 6.6
7 «> XX ™ SETTINGS " AND ALARM SETUP [** AND ALARM SETUP [«
<AUX  vCOMO >LCD <COM >PWR_S <LCD  VCONN >DMD <PWR_S VDET  >BKR <DMD  vDUTY  >XFRMR
4 A A A
6.4.1 6.4.2
\SETUP\DMD\DETAILS \SETUP\DMD\ALARMS
PHASE NEU Q
INTERVAL XX XX XX 4 PHASE NEU Q [ —
CT CIRCUIT X X X ALARM X X X
<DET >DET

6.3.1 632 | 633 |

\SETUP\PWR_S\CONN

\SETUP\PWR_S\FREQ \SETUP\PWR_S\P_SEQ

CT CONNECTIONS le—»| SYSTEM FREQUENCY |44 PHASE SEQUENCE
60 HZ ABC

<P_SEQ VCTP >FREQ <CONN >P_SEQ <FREQ

e 4 L

6.3.1.1 6.3.1.2

- . - \PWR_S\CONN\CTP - . -\PWR_S\CONN\CTG

PHASE CONNECTIONS GROUND CONNECTIONS
CTR CTC TXC GND CTR

CTL XXXXX XXX XXX X [€ P

CT2 XXXXX XXX XXX X

<CTG >CTG <CTP
< 6.5.1 6.5.2

>CONN

A

CTG XxxxX

\SETUP\BKR\DUTY \SETUP\BKR\ALARM
6.1.2 6.1.3 CONTACT DUTY OPER BREAKER ALARM STGS
MODE X MODE ALARM LIMIT
\SETUP\COM\COMO \SETUP\COM\COM1 \SETUP\COM\COM2 MAXTMUM DUTY BKRL 2 20
FRONT PANEL 232 REAR PANEL 232 REAR PANEL 485 X-XXXerXX PRI AMPS BKR2 1 50
CT CIRCUIT X BKR3 3 8C
A [¢—® PROTOCOL MODBUS <ALARM >ALARM | |<DUTY >DUTY
BAUD RATE 9600 BAUD RATE 9600 BAUD RATE 9600
ADDRESS ADDRESS
<com2 >COML <COMO >COM2 <CoM1 >COMO
D2840-17
e > 07-07-99

Figure 10-8. BE1-CDS220 Menu Tree (General Settings Branch)
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Automatic Display Priority

If no front panel-scrolling key has been pressed for approximately five minutes, the relay automatically
switches to and displays the highest priority REPORT STATUS menu screen. In a typical application, the
user would return to the relay and prefer to see the data that is of the most interest already on the screen.
The automatic screen display follows the priority logic described in Table 10-2. For example, if a trip has
occurred, the Targets screen is the highest priority and will be displayed automatically.

Table 10-2. Automatic Screen Display Priority Status
Priority Logic

Priority State Screen Displayed Data
_ Scrolling display of Target Elements and Fault
1 Targets active \STAT\TARGETS Currents.
2 Alarms active \STAT\ALARMS Scrolling display of Active Alarms.

Scrolling Screens Scrolling display of User Screens programmed
8 active \STAT\SCRNS\SCRN with the SG-SCREEN command.

4 S.crolling Screens | \STAT\TARGETS Defaul:[ target screen showing ‘TARGETS
disabled NONE'.

If there are no targets or alarms, then the relay will automatically scroll through the user programmable
scroll list (there is a scrolling display of up to 16 screens).

When the display is scrolling through the programmed scroll list, you can freeze the display and manually
scroll through the scroll list. Pressing the RIGHT or LEFT scroll pushbutton will freeze the display.
Repeatedly pressing the RIGHT scroll pushbutton will progress through the scroll list in ascending order.
Repeatedly pressing the LEFT scroll pushbutton will progress through the scroll list in descending order.
Pressing the UP scroll pushbutton will leave the automatic scroll list and place you in the menu tree at
Screen 1.3, STAT\SCREENS.

Once the user has taken manual control of the display by pressing any of the scrolling pushbuttons,
automatic priority has been disabled until the display times out. Thus, if a trip or alarm occurs during this
time, the trip or Alarm LED will light up but the display will not jump to the appropriate screen. It will be
necessary to manually scroll to the Targets or Alarms screen to see this data and to reset it.

The HMI can be returned to automatic priority immediately without waiting for the timer to time out by
scrolling to Screen 1.3, STAT\SCREENS and pressing the DOWN scroll pushbutton to return to the
automatic scroll list.

Setting the Screen Scroll list

The default screen number is the screen number displayed in the upper-left-hand corner of display screen
shown in Figures 10-2 through 10-8. Consult these Figures for assistance when making or interpreting
scrolling screens settings.

The default scrolling screens are:

SG-SCREEN1 =1.4.6 SG-SCREEN9 =0

SG-SCREEN2 =3.1.1 SG-SCREEN10 =0
SG-SCREEN3=3.1.1.1 SG-SCREEN11 =0
SG-SCREEN4 =3.1.1.2 SG-SCREEN12 =0
SG-SCREEN5=3.1.2 SG-SCREEN13 =0
SG-SCREEN6=3.1.2.1 SG-SCREEN14 =0
SG-SCREEN7 =3.1.2.2 SG-SCREEN15=0
SG-SCREEN8 =0 SG-SCREEN16 =0
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To edit the automatic scrolling list using BESTCOMS™, select General Operation from the Screens pull-
down menu. Then select the HMI Display tab. Refer to Figure 10-9. The screen numbers listed exhibit the
default scrolling list. The list of numbers on the right represents the screen numbers and the order in
which they will be displayed when automatic scrolling begins. The number closest to the top will be
displayed first. The four buttons on the screen can be used to add or remove screens from the list. They
can also be used to change a selected screens position in the list.

BE1-CDS220 Settings ( [Untitled] )

Ele Screens Copy Communication Reports Help

0|2 EH & &' Logic [USER +| Settings | Global

%—' 1.2 I :
5 5o Ol W T o

General Info ] Identificalion] Power S_l,lstem] Glabal Securit_l,l] Communication  HHI Displa_',l] Conversions

\STATUS
Screen Address
BE1-CDS220 L
148
311
REPORT STATUS 311
a1z
<SETUP wTARG >CTRL 31.21
<- Hemove 122
Power  Relay  Minor  Major Trip ]
Trouble  Alarm  &larm i}
- b L Move Up g
N ]
Move Down g
| > Soedon] s
a
Edit A Reset
General Operation 143742006 | 11:38 AM

Figure 10-9. General Operation Screen, HMI Display Tab

To add a screen to the list, select the screen on the HMI simulation by clicking the mouse pointer on the
arrows. Select the Add-> button to add the screen to the list.

Alternately, these settings may be made using the SG-SCREEN ASCII command.

HMI Operations

The following paragraphs describe how the HMI is used to set and control relay functions.

Entering Settings

Settings for protection functions can be edited from menu branch 5, PROTECTION of the LCD HMI.
Control functions can be edited from menu branch 2, CONTROL. Settings for general and reporting
functions can be edited from menu branch 6, GENERAL SETTINGS. To edit a setting using the manual
scrolling pushbuttons, perform the following procedures:

1.
2.

Scroll to the screen that displays the function to be edited.

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

Press the UP or DOWN scrolling key to select the desired setting. Some settings require entering
a number one character at a time. For example, to enter a 51 pickup as 7.3 amps, you would
press the UP pushbutton until the 7 is showing. Then, press the RIGHT pushbutton to move the
cursor over and press the UP pushbutton until the “.” is showing. Then, press the RIGHT
pushbutton to move the cursor over and press the UP pushbutton until the 3 is showing. Other
settings require scrolling through a list of selections. For example, you would move the cursor
over to the CRYV field and then scroll through a list of available TCC curves.

10-10

BE1-CDS220 Human-Machine Interface 9313900990 Rev G



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

Performing Control Operations

Control operations can be executed from the LCD HMI from menu branch 2, CONTROL. These functions
allow you to control the state of virtual switches, override logic and control the active setting group, and
override the logic and control the state of output contacts. All of these functions work similarly to the
process of entering settings in that you press the Edit pushbutton, use the UP and DOWN scroll
pushbuttons to select the desired state and press the Edit pushbutton for the action to be executed.

Figure 10-10 shows virtual switch 243 as an example of a virtual

switch screen. See Section 4, Protection and Control, for more 213

details on the x43 and 101 functions. Table 10-3 describes each —

of the callouts shown on Figure 10-10. The user programmable \CTRL\43\243 |
label for this switch has been set to DIFF_CUTOFF. The TRUE ®\ DIFF_CUTOFF
(closed) state label has been set to NORMAL and the FALSE \ACT'ON ORMAL 4
(open) state label has been set to 87_OFF. The logical mode for NORMAL 87_OFF =

this application would be set to Mode 2 (On/Off switch). @ 2143 >343

Figure 10-10. Virtual Control Switch 243

©® 0

Table 10-3. Virtual Control Switches Controls and Indicators

Locator Description

A User selectable label (meaningful name) for specific virtual switches. Switch 243
identification label set to DIFF_CUTOFF.

B User selectable label for the closed (1) state for Virtual Switch 243. Switch 243 closed
state label set to NORMAL.

C User selectable label for the open (0) state for Virtual Switch 243. Switch 243 open state
label set to 87_OFF.

D Icon to show the current switch position (status). In Figure 10-11, the current status is the
closed state, which is labeled NORMAL.

E Current switch status. This indicator should correspond to the current user labeled switch
status. The switch is closed (1) and the user label for closed is NORMAL.

To operate the switch, you would use the following procedure:

1. Using the manual scrolling pushbuttons, scroll to Screen 2.1.x, \CTRL\3\. Alternatively, if the
screen has been placed in the automatic scroll list, simply wait for it to appear and press the
RIGHT or LEFT scroll pushbutton to freeze the display.

2. Press the Edit pushbutton to gain access. If password security has been initiated for control
functions, you will be prompted to enter the appropriate password. See the following paragraphs,
Entering Passwords, for details on entering passwords from the HMI. Once access has been
gained to the control function, the Edit LED will be lighted and a cursor will appear in the action
field.

3. Press the UP or DOWN scrolling key to select the desired action. The selections available are
dependent upon the logic mode setting for that switch. If it is set to Mode 1, the action choices are
pulse or one of the two positions as defined by the user programmable state labels. If the mode is
set to Mode 2 (ON/OFF Switch), the choices for action are limited to one of the two positions. If
the mode is set to Mode 3 (OFF/Momentary ON Switch), the choice for action is limited to pulse.

4. Press the Edit pushbutton a second time and the switch will change to the selected position, the
screen will flash CHANGES SAVED and the Edit LED will go out. If you want to abort the edit
session without changing any controls, press the Reset pushbutton before you press the Edit
pushbutton the second time. The screen will flash CHANGES LOST and the Edit LED will go out.
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Resetting Functions

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

There are two BESTIlogic™ variables associated with the HMI Reset pushbutton. Logic variable TRSTKEY
becomes TRUE when the Reset pushbutton is pressed while the Targets screen is displayed. Logic
variable ARSTKEY becomes TRUE when the Reset pushbutton is pressed while the Alarms screen is
displayed. See Section 8, Application, Application Tips, for examples on the use of these variables.

Entering Passwords

If password security has been initiated for a function, the HMI will prompt you to enter a password when
the Edit pushbutton is pressed. To gain access, you must enter the appropriate password. A field of 8
asterisks appears with the cursor located under the leftmost character position. You can enter passwords
by performing the following procedures:

1. Press the UP or DOWN scrolling pushbuttons until the proper first character of the password
appears. Pressing UP scrolls through the alphabet and then the numbers in ascending order.
Pressing DOWN scrolls through the numbers and then the alphabet in descending order.

2. Press the RIGHT scrolling pushbutton to move the cursor to the next character of the password
and select the appropriate character.

3. Continue the process until the entire password has been spelled out. If the password is less than
8 characters, leave the remaining asterisks in place instead of entering blanks.

4. Press the Edit pushbutton to enter the password. If the proper password has been entered, the
screen will flash ACCESS GRANTED. If an incorrect password has been entered, the screen will
flash ACCESS DENIED and the Edit LED will go out.

5. Once you gain access, it remains in effect for five minutes after the last pushbutton has been
pressed. As long as you continue to press the Edit key for a function for which you have gained
access, the five-minute timer will be refreshed and you will not be prompted for a password.
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SECTION 11 ¢ ASCII COMMAND INTERFACE

Introduction

Relay and power system information can be retrieved from a remote location using the ASCIl command
interface. The ASCII command interface is also used to enter settings, retrieve reports and metering
information, and perform control operations. A communication port on the relay front panel provides a
temporary, local interface for communication. Communication ports on the rear panel provide a
permanent communication interface.

Front and rear panel communication ports can be connected to computers, terminals, serial printers,
modems, and intermediate communication/control interfaces such as RS-232 serial multiplexors. BE1-
CDS220 communication protocols support ASCII and binary data transmissions. ASCII data is used to
send and receive human readable data and commands. Binary data is used for computer communication
and transmission of raw oscillographic fault data if available.

DNP, Modbus™, and other common protocols are also available. Available communication protocol
instruction manuals include 9313900991 for Modbus and 9313900992 for DNP3. For information about
other protocols, consult your Basler Electric representative.

Serial Port

Communication connections consist of two Data Communication Equipment (DCE) RS-232 ports, one
RS-485 port, and an IRIG port. The BE1-CDS220 communication protocol is compatible with readily
available modem/terminal software. If required, password protection provides security against
unauthorized operation. Detailed information about making communication connections is provided in
Section 12, Installation. Communications port setup is covered in this section. Security settings are
covered in Section 9, Security.

RS-232 Ports

Two female RS-232 (DB-9) connectors are provided. One port is located on the front panel and is
designated COM 0. Another port is located on the rear panel and is designated COM 1. Both ports
support full-duplex operation. Polled operation is possible at the rear port using a simple RS-232 splitter if
a polling address is programmed for COM 1.

RS-485 Port

RS-485 terminal block connections are located on the rear panel and designated COM 2. This port
supports half-duplex, multi-drop operation. Multi-drop operation is possible if a polling address is
programmed for the port.

IRIG-B Input

Connections at the rear panel accept a demodulated (TTL) IRIG-B signal and provide the capability to
time synchronize the BE1-CDS220 internal clock to within one millisecond of the IRIG-B source.

ASCIl Command Interface

A computer terminal or PC running terminal emulation software can be used at any of the three serial
ports to send commands to the relay. Simple ASCIl command language is used to communicate with the
relay. When the relay receives a command, it responds with the appropriate action. ASCIl commands can
be used in human to machine interactions and in batch download type operations.
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Command Structure

An ASCII command consists of a string made up of one or two letters followed by a hyphen and an object
name:

Xy-object name

X Specifies the general command function.
y Specifies the command subgroup.
Object Name Defines the specific object to which the command refers.

Examples of object names include 51N (neutral inverse time overcurrent function) and PIA (phase A peak
current demand register). A command string entered alone is a read command. A command string
followed by an equal sign (=) and one or more parameters is a write command.

General command functions are organized into five major groups plus one group of miscellaneous
commands.

CONTROL (C): Control commands perform select-before-operate control actions such as circuit
breaker tripping and closing and active setting group changes. Subgroups
include Select (S) and Operate (O).

GLOBAL (G): One Global command performs operations that don't fall into the other general
groups. The command for reading and changing passwords (GS-PW) is the only
global command available.

METERING (M): Commands in this group report all real-time metering values. No subgroup is
used with metering commands.

REPORTS (R): Reports commands read and reset reporting functions such as time and date,
demand registers and breaker duty statistics. Subgroups include Alarms (A),
Breaker Monitoring (B), Demand Recording (D), Fault Summary Reporting (F),
General Information (G), Sequence of Events Recorder (S), and Oscillography
©).

SETTINGS (S): This group contains all of the setting parameters that govern relay function.
Subgroups include Setting Groups 0, 1, 2, and 3 (0, 1, 2, 3), Protection Settings
(P) not in setting groups, Alarm Settings (A), Breaker Monitor Settings (B),
General Settings (G), and Logic Settings (L).

MISCELLANEOUS: Miscellaneous commands include Access, Exit, and Help. Note that only the first
letter of these commands must be entered; entering the full command name is
optional.

Using the ASCIl Command Interface

Human to Machine ASCII Command Operations

Using ASCII commands, settings can be read and changed on a function-by-function basis. The
mnemonic format of the commands helps you interact with the relay. It isn't necessary to remember all of
the object names. Most commands don't require that you specify a complete object name. If the first two
letters of a command are entered, the relay will respond with all applicable object names.

ASCII Command Examples:

Example 1. Obtain a breaker operations count by entering RB (Report Breaker). The BE1-CDS220
responds with the operations counter value along with all other breaker report objects. If
you know that the object name for the breaker operations counter is OPCNTR, you can
enter RB-OPCNTR and read only the number of breaker operations.

Partial object names are also supported. This allows multiple objects to be read or reset at the same time.

Example 2. Read all peak-since-reset demand current registers. Entering RD-PI (Report Demand -
Peak Current (1)) will return demand values and time stamps for phase A, B, C, neutral,
and negative-sequence current. To read only the neutral demand value, the full object
name (RD-PIN) is entered. Entering RD-PI=0 resets all five of the peak-since-reset
current demand registers.
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Command Text File Operations

In command text file operations, an ASCII text file of commands is created and sent to the relay. For
example, the S command is used to retrieve a complete list of settings from the relay in ASCIl command
format. This list of commands is captured, saved to a file, edited with any ASCII text editor, and then
uploaded to the relay. Because the number of relay settings is so large, loading settings with a text file is
the preferred method of setting the BE1-CDS220.

Embedding Comments into ASCII Text Files

Adding comments to ASCII settings files is an easy way to organize and label your settings. A comment
line is started with two forward slashes (//) followed by the comment text. When the relay encounters // in
a text file, it ignores all following characters until the next carriage return or linefeed character.

Example of embedding comments in a settings file:
/IGroupO is used during normal operation
>S0-50TP=7.50,0m;S0-50TN=2.5,0m . . .
/IGroupl is used during cold load pickup
>S1-50TP=0,0m; S1-50TN=0,0m; S1-50TQ=0,0m

Miscellaneous Command Descriptions

HELP Command

The HELP (H) command provides general information on command syntax and functionality when the
manual is not available. Entering HELP or H provides information about using the HELP command.
HELP1 or H1 returns a complete list of relay commands. Entering HELP <cmd> where <cmd> is a
specific command, returns information about the use and format of the command along with an example
of how the command is used.

HELP Command

Purpose: Obtain help on command operation
Syntax: HELP {cmd} or H {cmd} for help on {cmd}, H1 for command list
Example: HELP, H1, H SG-COM

ACCESS Command

Before making settings changes through a communication port, the ACCESS command must be used to
obtain programming access. Enter ACCESS=<password> to obtain access to change settings associated
with the password. Different passwords give the ability or access to perform different operations. The
relay will deny access if an invalid password is entered or if another user has already been granted
programming access through another serial port or at the front panel. Only one user can have access at
any one time.

Even if password protection is not used, it is still necessary to obtain access so that accidental changes
are prevented. If password protection is disabled, then ACCESS= will be accepted in place of a
password. The relay will respond with ACCESS GRANTED: GLOBAL if the command entered was
received and executed. The relay will respond with an error message and a ‘?’ if the command could not
be executed.

The ACCESS (A) command and the EXIT (E) command are used to change relay settings, reset report
registers, and enable control commands through a serial port. These commands prevent changes from
being made concurrently from two areas. For example, a user cannot make changes through COM 0 at
the same time a remote user is making changes through COM 2.

ACCESS Command

Purpose: Read/Set Access level in order to change settings

Syntax: ACCESS[={password}]

Example: ACCESS=CDS

Comments: The ACCESS command must be used before any changes to settings can be made.

Available ACCESS privileges are summarized in the following paragraphs.
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READ-ONLY: This is the default access privilege when no passwords are active. Read-only access
allows you to read settings and reports but not make settings changes.

PRIVILEGE G: GLOBAL ACCESS. Global access is obtained by password G (PWG). Global access
permits entry of any command with no restrictions.

PRIVILEGE S: SETTING ACCESS. Setting access is obtained by password S (PWS). Setting access
allows changes to any settings.

PRIVILEGE C: CONTROL ACCESS. Control access is obtained by password C (PWC). Control access
enables relay control operations.

PRIVILEGE R: REPORT ACCESS. Report access is obtained by password R (PWR). Report access
enables report operations to be performed.

An access privilege is obtained only when the appropriate password is entered. When a valid password is
entered, the relay responds with the access privilege provided by the password entered. If an invalid
password is entered, an error message is returned. If password protection is disabled in one or more
privileges, then entering any string will provide access to the unprotected privileges.

Note: In examples throughout this manual, relay responses are printed in Courier New typeface.

ACCESS Command Examples:

Example 1. A valid password is entered.
>ACCESS=0OPENUP
ACCESS GRANTED: GLOBAL
Example 2. An invalid password is entered.

>ACCESS=POENUP
ACCESS DENIED

Example 3. The current access privilege is read.
>ACCESS
ACCESS: GLOBAL

EXIT Command

After changes are made, the new data is saved or discarded using the EXIT command. Prior to saving or
discarding any changes, you must confirm that you wish to exit the programming mode. There is three
exit options: Y (yes), N (no), or C (continue).

EXIT Command

Purpose: Exit programming mode

Syntax: EXIT (Note: Relay will prompt for verification.)

Example: EXIT

Comments: It's important to make all programming changes before executing the EXIT command.

This prevents a partial or incomplete protection scheme from being implemented.

When access privileges are obtained, all programming changes are made to a temporary, scratchpad
copy of relay settings. These changes aren't saved to nonvolatile memory and initiated until the EXIT
command is invoked and confirmed. After the EXIT command is entered, the relay prompts to confirm that
the new data should be saved. Three options, Y, N, or C are available. Entering Y will save the data. If N
is entered, the relay will clear the changes and resume operating with the old settings. Entering C will
abort the EXIT command and allow programming to continue.

EXIT Command Example: Release programming privileges and save settings changes.
>EXIT<CR>
SAVE CHANGES (Y/N/C)? Prompt to save Yes, No, or Continue
>Y<CR> Confirmation to save changes
CHANGES SAVED Confirmation that changes were saved
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Settings (S) Command Descriptions

Reading All Settings

All user programmable settings can be listed using the S command. This read-only command is useful for
documenting relay status during installation. The settings retrieved by the S command can be saved to a
standard text file and sent to another relay to be configured with the same settings. This type of settings

transfer takes less than one minute.

S Command

Purpose: Read all relay setting parameters
Syntax: S

Example: S

The S command returns the values of relay setting parameters in the same form that they are
programmed. It can be used at the end of a programming session to make a record of the relay settings.
If saved in a file, the report can be sent to another BE1-CDS220 that will use the same settings. Because
the report that is created is a set of commands, sending the report to a different relay re-programs that

relay with the settings contained in the S report.

Reading Specific Groups of Settings

While the S command is useful for reading all relay settings, several commands are available to read

specific groups of settings.

SA Command

Purpose: Read all alarm settings for Major, Minor and Logic alarms
Syntax: SA

Example: SA

SA Command Example:

Example 1. Read all alarm settings.
>SA

SA-DIFF=67

SA-BKR1=0,0; SA-BKR2=0,0;
SA-DIP=0.00; SA-DIN=0.00;
SA-LGC=0

SA-MAJ=3/28

SA-MIN=4

SA-RESET=0

SA-TX1=0,0; SA-TX2=0,0;

SB Command

Purpose: Read all breaker settings
Syntax: SB

Example: SB

SB Command Example:
Example 1. Read all breaker settings.

>SB
SB-DUTY=0,0.000e+00,2,0
SB-LOGIC=0,BREAKER_LABEL

SA-BKR3=0,0
SA-D1Q=0.00

SA-TX3=0,0

9313900990 Rev G BE1-CDS220 ASCIl Command Interface

11-5



SG Command

Purpose: Read all general settings
Syntax: SG
Example: SG

SG Command Example:

Example 1. Obtain a report of all general settings.
>SG

SG-FREQ=60

SG-PHROT=ABC

SG-CT1=1,WYE,NA,O

SG-CT2=1,WYE,NA,O

SG-CTG=1

SG-IN1= 4, 16; SG-IN2= 4, 16; SG-IN3= 4, 16; SG-IN4= 4, 16
SG-IN5= 4, 16; SG-IN6= 4, 16; SG-IN7= 4, 16; SG-IN8= 4, 16
SG-HOLDA=0; SG-HOLD1=1; SG-HOLD2=1; SG-HOLD3=1
SG-HOLD4=1; SG-HOLD5=1; SG-HOLD6=0

SG-SGCON= 5

SG-DIP= 15,T,2; SG-DIN= 1,T,2; SG-DIQ= 1,T,2

SG-LOG=15

SG-

TARG=BF/62/162/250TP/250TN/250TQ/150TP/150TN/150TQ/50TP/50TN/50TQ/87U/87R/87N
D/251P/251N/251Q/151P/151N/151Q/51P/51N/51Q,0

SG-TRIGGER=BFT+V011,V012+BFPU, 2NDHAR+5THHAR

SG-1D1=BE1-CDS

SG-1D2=SUBSTATION_1

SG-1D3=USER1_ID

SG-1D4=USER2_ID

SG-CLK=M, 24,0

SG-SCREEN1=1.4.6; SG-SCREEN2=3.1.1; SG-SCREEN3=3.1.1.1; SG-SCREEN4=3.1.1.2
SG-SCREEN5=3.1.2; SG-SCREEN6=3.1.2.1; SG-SCREEN7=3.1.2.2; SG-SCREEN8=0

SN Command

Purpose: Read/Set User Programmable Names

Syntax: SN[-{var}[={name},{TRUE label},{FALSE label}]

Example: SN or SN-VO1=TRIP,CLOSED,OPEN or SN-IN1=BREAKER,OPEN,CLOSED

SN Command Example:

Example 1. Read the programmed labels for the alarm output (OUTA).
>SN-VOA
VOA_ LABEL,TRUE,FALSE

S<g> Command

Purpose: Read all Protection settings
Syntax: S{g} where g=setting group 0-3 or # for all groups
Example: S#or SO or S1

S <g> Command Example:
Example 1. Obtain a list of settings for Setting Group 1.

>S1
S1-TAP87=MANUAL,2.00,2.00
S1-87=0.00,45,18.0,35.0, 0,1
S1-87ND=0.00,20,500m
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S1-50TP=0.00, Om; S1-50TN=0.00, Om; S1-50TQ=0.00, Om
S1-150TP=0.00, Om; S1-150TN=0.00, Om; S1-150TQ=0.00, Om
S1-250TP=0.00, Om; S1-250TN=0.00, Om; S1-250TQ=0.00, Om
S1-51P=0.00,0.0,V2; S1-51N=0.00,0.0,V2; S1-510=0.00,0.0,V2
S$1-151P=0.00,0.0,V2;S1-151N=0.00,0.0,V2;S1-1510=0.00,0.0,V2
S$1-251pP=0.00,0.0,V2;S1-251N=0.00,0.0,V2;S1-2510=0.00,0.0,V2
S1-62= Om, Om

S1-162= Om, Om

SP-BF= Om

SP-CURVE= 0.2663, 0.0339, 1.0000, 1.2969, 0.5000
SP-GROUP1= 0, O, O, O0,51P; SP-GROUP2= 0, 0, 0, O0,51P
SP-GROUP3= 0, O, O, 0,51P

Reading Logic Settings

The SL command is used to view the names of available logic schemes in memory. It also will return all of
the logic equations for a specific logic scheme.

SL Command

Purpose: Obtain Setting Logic Information

Syntax: SL:[{name}]

Example: SL, SL: or SL:BASIC-87

Comments: No password access is required to read settings.

Entering SL by itself returns all of the logic equations associated with the active logic scheme including
custom logic. Entering SL: returns the names of all available logic schemes. Entering SL:<name> returns
all logic equations and settings for the named logic scheme.

SL Command Examples:

Example 1. Read the logic schemes available in memory.
>SL:
BASIC-87, BASIC-87, BASIC-TX, TX-W-CTL, TX-W-BU, BUS-W-BU, MOTOR, NONE

Example 2. Read all logic settings associated with the BASIC-87 logic scheme.
>SL:BASIC-87

SL-N:BASIC-87

SL-87:1,0

SL-87ND:0,0

SL-50TP:0,0;
SL-150TP:0,0;
SL-250TP:0,0;
SL-51P:1,0;
SL-151P:0,0;
SL-251P:0,0;
SL-62:0,0,0
SL-162:0,0,0
SL-BF:0,0,0

SL-50TN:0,0;
SL-150TN:0,0;
SL-250TN:0,0;
SL-51N:1,0;
SL-151IN:0,0;
SL-251IN:0,0;

SL-GROUP:1,0,0,0,0,/0

SL-43:0

SL-143:0
SL-243:0
SL-343:0
SL-443:0
SL-543:0
SL-643:0
SL-743:0
SL-101:0

SL-50TQ:0,0
SL-150TQ:0,0
SL-250TQ:0,0
SL-51Q:1,0
SL-151Q:0,0
SL-251Q:0,0

SL-CKTMON:0,0,0
SL-VOA:0
SL-VO01:87RT+87UT
SL-V02:87RT+87UT
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SL-V03:87RT+87UT
SL-VO4:51PT+51INT+51QT

SL-V05:0

SL-VO6:ALMMAJ

SL-VO07:0

SL-V08:0

SL-V09:0

SL-V010:0
SL-VO11:51PT+51INT+51QT+87RT+87UT
SL-V012:87UT+51PPU+51NPU+51QPU+87RPU
SL-VO13:IN6

SL-VO14:IN7

SL-VO15:IN8

Configuring the Serial Port Communication Protocol
The serial communication protocol is defined with the SG-COM command shown below.

SG-COM Command

Purpose: Read/Set serial communications protocol

Syntax: SG-COM[#[={baud},A{addr},P{pglen},R{reply ack},X{XON ena}]]
Example: SG-COM0=9600 or SG-COM1=9600,A0,P24,R1,X1

Comments: Password Access Privilege G or Privilege S required to change settings

# = port number. (0 = Front, 1 = Rear 232, 2= Rear 485)

baud = baud rate (300/600/1200/2200/4800/9600/19K)

Ax = Address for polled operation where x = 0 (No polling) to 65534

Px = Page length (lines/pg) setting where x = 0 (No page mode) to 40

Rx = Reply acknowledgment level where x = 0 (disabled). 1 (enabled)

Xx = Xon/Xoff setting where X0 = handshake disabled, X1 = handshake enabled.

The following parameters pertain to relays using Modbus communication protocol at COM2:

MFx = Modbus extended precision format where x = 0 for floating point or 1 for triple
precision

MPx = Modbus parity where x = N (None), O (Odd) and E (Even).

MRx = Modbus remote delay time where x = 10(msec.) to 200(msec.).

MSx = Modbus stop bit where x = 1 for one stop bit or 2 for two stop bits.

If a non-zero address is programmed in the ‘A" parameter, then the relay will ignore all commands that are
not preceded by its specific address. If an address of 0 is programmed, then the relay will respond with an
error message for any command preceded by an address.

If polling software sends a command preceded by an address of 0, then that command will be treated as
a global command. All relays will execute the command but no relay will respond to avoid bus contention.

NOTE: Polling is disabled on COMO (Front RS-232), so an attempt to program an address other than AQ
will cause an error message. The factory default settings are 9600, AO, P24, R1, X1 for COM 0 and COM
1 and 9600, A0, PO, R1, X0 for COM 2.

SG-COM Command Example:

Example 1. Program front port for 1200 baud
>SG-COM0=1200

Example 2. Read the protocol setting for the rear RS-485 port.
>SG-COM2
19K, A156,P0,R1,X0
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Example 3. Read settings for all ports.
>SG-COM
SG-COM0=1200,P24,R1,X1
SG-COM1=9600,A0,P24,R1,X1
SG-COM2=19K,A156,P0,R1,X0

Command Summary

Miscellaneous Commands
ACCESS Command

Purpose: Read/Set Access level in order to change settings

Syntax: ACCESS[={password}]

Example: ACCESS=CDS

Reference: Section 11, ASCIl Command Interface, Miscellaneous Command Descriptions

EXIT Command

Purpose: Exit programming mode

Syntax: EXIT - Note: Relay will prompt for verification

Example: EXIT

Reference: Section 11, ASCII Command Interface, Miscellaneous Command Descriptions

HELP Command

Purpose: Obtain help on command operation

Syntax: HELP {cmd} or H {cmd} for help on {cmd}, H1 for command list

Example: HELP, H1, H SG-COM

Reference: Section 11, ASCIl Command Interface, Miscellaneous Command Descriptions

Metering Commands

M Command

Purpose: Read all metered values in primary or secondary units
Syntax: M[,P/,S] where P=primary, S=secondary

Example: M or M,S

Reference: Section 5, Metering

M-FREQ Command

Purpose: Read measured frequency
Syntax: M-FREQ

Example: M-FREQ

Reference: Section 5, Metering

M-I Command

Purpose: Read metered currents (1) in primary or secondary units
Syntax: M-1[G],[y] where y = P for primary, S for secondary
Example: M-I or M-1G or M-1,S

Reference: Section 5, Metering

M1-I Command

Purpose: Read CT circuit #1 current primary or secondary units

Syntax: M1[-I[p][y]] where p = A/B/CIN/Q, y=P for primary, S for secondary
Example: M1 or M1-l or M1-IA

Reference: Section 5, Metering
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M2-I Command

Purpose: Read CT circuit #2 current primary or secondary units

Syntax: M2[-1[p]ly]] where p = A/B/C/N/Q, y=P for primary, S for secondary
Example: M2 or M2-I or M2-1A

Reference: Section 5, Metering

MD Command

Purpose: Read differential currents (compensated currents, lop & Harmonics)
Syntax: MDI,P/,S] where P=primary, S=secondary

Example: MD or MD,S

Reference: Section 5, Metering

MD-2ND Command

Purpose: Read 2nd harmonics as a percentage of lop
Syntax: MD-[Ip]2ND where p = A/B/C

Example: MD-2ND or MD-IA2ND

Reference: Section 5, Metering

MD-5TH Command

Purpose: Read 5th harmonics as a percentage of lop

Syntax: MD-[Ip]5TH where p = A/B/C

Example: MD-5TH or MD-1A5TH

Reference: Section 5, Metering

MD-1 Command

Purpose: Read differential currents (compensated currents & lop)
Syntax: MD-I[p[,P/,S]] where p = A/B/C/G/N

Example: MD-I or MD-IN or MD-I,S

Reference: Section 5, Metering

MD-ICOMP Command

Purpose: Read differential currents (compensated currents)
Syntax: MD-Ip[#][COMPI,P/,S]] where p = A/B/C/G/N, # =1 or 2
Example: MD-IA1COMP or MD-1B2 or MD-IACOMP or MD-1A1,S
Reference: Section 5, Metering

MD-IOP Command

Purpose: Read differential currents (lop)
Syntax: MD-IpOP where p = A/B/C/N,
Example: MD-IAOP

Reference: Section 5, Metering

Control Commands

CO Command
Purpose: Control Operation
Syntax : CO-{control}[={mode}] where control=GROUP/OUT/x43/101

mode=0-3/L for GROUP, 0/1/P/L/ENA/DIS for OUT,
0/1/P for x43 and T/C for 101

Example: CO-GROUP=2 or CO-OUT1=1 or CO-43=P

Reference: Section 3, Input and Output Functions, Outputs (CO-OUT)
Section 4, Protection and Control, Setting Groups (CO-GROUP)
Section 4, Protection and Control, Virtual Switches (CO-43)
Section 4, Protection and Control, Virtual Switches (CO-101)
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CS Command

Purpose: Control Selection

Syntax: CS-control[={mode}] where control=GROUP/OUT/x43/x101
mode=0-3/L for GROUP, 0/1/P/L/ENA/DIS for OUT,
0/1/P for x43 and T/C for x101

Example: CS-GROUP=2 or CS-OUT1=1 or CS-43=P

Reference: Section 3, Input and Output Functions, Outputs (CS-OUT)
Section 4, Protection and Control, Setting Groups (CS-GROUP)
Section 4, Protection and Control, Virtual Switches (CS-43)
Section 4, Protection and Control, Virtual Switches (CS-101)

Report Commands

RA Command

Purpose: Report/Reset Alarm information

Syntax: RA[=0]

Example: RA

Reference: Section 6, Reporting and Alarms, Alarms Function

RA-DIFF Command

Purpose: Read/Trigger Differential Report Data

Syntax: RA-DIFF[=TRIG] where TRIG triggers a Differential Report

Example: RA-DIFF (displays the differential report)

Reference: Section 6, Reporting and Alarms, Differential Current Monitoring Function

RA-LGC Command

Purpose: Report/Reset Logic Alarm information

Syntax: RA-LGC[=0]

Example: RA-LGC

Reference: Section 6, Reporting and Alarms, Alarms Function

RA-MAJ Command

Purpose: Report/Reset Major Alarm information

Syntax: RA-MAJ[=0]

Example: RA-MAJ

Reference: Section 6, Reporting and Alarms, Alarms Function

RA-MIN Command

Purpose: Report/Reset Minor Alarm information

Syntax: RA-MIN[=0]

Example: RA-MIN

Reference: Section 6, Reporting and Alarms, Alarms Function

RA-REL Command

Purpose:
Syntax:
Example:
Reference:

Report/Reset Relay Alarm information
RA-REL[=0]

RA-REL

Section 6, Reporting and Alarms, Alarms Function

RA-SER Command

Purpose:
Syntax:
Example:
Reference:

Report Relay Alarm Sequence of Events information
RA-SER
RA-SER

Section 6, Reporting and Alarms, Sequence of Events Recorder Function
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RB Command

Purpose: Read Breaker Status

Syntax: RB

Example: RB

Reference: Section 6, Reporting and Alarms, Breaker Monitoring

RB-DUTY Command

Purpose: Read/Set Breaker Contact Duty Log

Syntax: RB-DUTY[{phase}[={%duty}]] where %duty is % of dmax set with SB-DUTY
Example: RB-DUTYA or RB-DUTYB=50

Reference: Section 6, Reporting and Alarms, Breaker Monitoring

RB-OPCNTR Command

Purpose: Read/Set Breaker Operation Counter

Syntax: RB-OPCNTR[={#operations}]

Example: RB-OPCNTR=32 or RB-OPCNTR=652

Reference: Section 6, Reporting and Alarms, Breaker Monitoring
RD Command

Purpose: Report all demand data

Syntax: RD

Example: RD

Reference: Section 6, Reporting and Alarms, Demand Functions

RD-PI Command

Purpose: Read/Reset peak demand current (1)

Syntax: D-PI[{p}[=0]] where p=A/B/C/IN/Q

Example: D-PI or RD-PIA or RD-PIN or RD-PI=0

Reference: Section 6, Reporting and Alarms, Demand Functions

RD-TI Command

Purpose: Report today's demand current (1)

Syntax: RD-TI[{p}] where p=A/B/C/N/Q

Example: RD-TI or RD-TIA or RD-TIN

Reference: Section 6, Reporting and Alarms, Demand Functions

RD-YI Command

Purpose: Report yesterday's demand current (1)

Syntax: RD-YI[{p}] where p=A/B/C/N/Q

Example: RD-YI or RD-YIA or RD-YIN

Reference: Section 6, Reporting and Alarms, Demand Functions

RD-LOG Command

Purpose: Report load profile data

Syntax: RD-LOG,<n>

Example: RD-LOG,23 (view load profile record for last 23 records)
Reference: Section 6, Reporting and Alarms, Demand Functions
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RF Command

Purpose: Read/Reset Fault Report Data
Syntax: RF[-n/NEW][=0/TRIG] where n=record # or NEW = new records
Example: RF (displays a directory of all fault reports in memory)

RF-23 (view summary report for fault record 23)

RF-NEW (view summary report for newest fault record since RF=0 reset)
RF=0 (reset NEW fault counter)

RF=TRIG (Manually Trigger a fault record)

Reference: Section 6, Reporting and Alarms, Fault Reporting

RG Command

Purpose: Report General Information

Syntax: RG

Example: RG

Reference: Section 6, Reporting and Alarms, General Status Reporting

RG-101STAT Command

Purpose: Report 101 status

Syntax: RG-101STAT

Example: RG-101STAT

Reference: Section 6, Reporting and Alarms, General Status Reporting

RG-43STAT Command

Purpose: Report 43 status

Syntax: RG-43STAT

Example: RG-43STAT

Reference: Section 6, Reporting and Alarms, General Status Reporting

RG-ADDR Command

Purpose: Report/Set COM1/COM2 Address for Polled Communications
Syntax: RG-ADDR[n][={com addr}] where n = 1 for COM1 or 2 for COM2
Example: RG-ADDR or RG-ADDR1=0 or RG-ADDR2=27

Reference: Section 6, Reporting and Alarms, General Status Reporting

RG-BREAKER Command

Purpose: Report breaker status

Syntax: RG-BREAKER

Example: RG-BREAKER

Reference: Section 6, Reporting and Alarms, General Status Reporting

RG-DATE Command

Purpose: Report/Set Date

Syntax: RG-DATE[={M/D/Y}] or RG-DATE[={D-M-Y}]

Example: RG-DATE=12/31/96 or RG-DATE=31-12-96 (Format set by SG-CLK Command)
Reference: Section 6, Reporting and Alarms, General Status Reporting

RG-GRPACTIVE Command

Purpose: Report active group

Syntax: RG-GRPACTIVE

Example: RG-GRPACTIVE

Reference: Section 6, Reporting and Alarms, General Status Reporting
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RG-GRPCNTRL Command

Purpose:
Syntax:
Example:
Reference:

Report group logic override control status

RG-GRPCNTRL

RG-GRPCNTRL

Section 6, Reporting and Alarms, General Status Reporting

RG-INPUT Command

Purpose:
Syntax:
Example:
Reference:

Report INPUT status

RG-INPUT

RG-INPUT

Section 6, Reporting and Alarms, General Status Reporting

RG-LOGIC Command

Purpose:
Syntax:
Example:
Reference:

Report active logic

RG-LOGIC

RG-LOGIC

Section 6, Reporting and Alarms, General Status Reporting

RG-OUTCNTRL Command

Purpose:
Syntax:
Example:
Reference:

Report OUTPUT CONTROL status

RG-OUTCNTRL

RG-OUTCNTRL

Section 6, Reporting and Alarms, General Status Reporting

RG-OUTSTAT Command

Purpose:
Syntax:
Example:
Reference:

Report OUTPUT status

RG-OUTSTAT

RG-OUTSTAT

Section 6, Reporting and Alarms, General Status Reporting

RG-TARG Command

Purpose:
Syntax:
Example:
Reference:

Report/Reset Target status

RG-TARG

RG-TARG or RG-TARG=0

Section 6, Reporting and Alarms, General Status Reporting

RG-TIME Command

Purpose:
Syntax:
Example:
Reference:

Report/Set Time

RG-TIME[=hr:mn:sc] or RG-TIME[=hr:mn{f}sc]

RG-TIME=13:25:00 or RG-TIME=1:25P00 (Format(f) set by SG-CLK Command)
Section 6, Reporting and Alarms, General Status Reporting

RG-VER Command

Purpose:
Syntax:
Example:
Reference:

RL Command
Purpose:
Syntax:
Example:
Reference:

Read Model #, Style #, Program Version, Serial #

RG-VER

RG-VER

Section 6, Reporting and Alarms, General Status Reporting

Read Logic Variables (each Logic Variable is 32 bits long)
RL-[nN]wheren=1,2o0r3

RL or RL-1

Section 6, Reporting and Alarms, General Status Reporting
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RO Command
Purpose:
Syntax:
Example:
Reference:

RS Command
Purpose:
Syntax:
Example:

Reference:

RT Command
Purpose:
Syntax:
Example:
Reference:

Read Oscillographic COMTRADE .DAT/.CFG/.HDR Fault Report
RO-nA/B[#].CFG/DAT/HDR where n=report number,A=ASCII/B=BINARY ,#=0SC 1/2
RO-3A1.CFG or RO-3A1.DAT or RO-5B2.CFG or RO-5B2.DAT or RO-5A.HDR
Section 6, Reporting and Alarms, Fault Reporting

Read/Reset Sequence of Events Record Data
RS[-n/Fn/ALM/IO/LGC/NEW][=0] where n=# of events and Fn=fault record #
RS (displays a directory of all event records in memory)

RS-23 (view SER report for last 23 events)

RS-F12 (view SER report associated with fault record 12)

RS-ALM (view all SER report ALARM events since RS=0 reset)

RS-IO (view all SER report INPUT OUTPUT events since RS=0 reset)
RS-LGC (view all SER report LOGIC events since RS=0 reset)

RS-NEW (view all SER report events since RS=0 reset)

RS=0 (reset NEW records counter)

Section 6, Reporting and Alarms, Sequence of Events Recorder Function

Read Transformer Duty Status

RT

RT

Section 6, Reporting and Alarms, Transformer Monitoring

RT-DUTY Command

Purpose:
Syntax:
Example:
Reference:

Read/Set Transformer through Fault Duty Log
RT-DUTY[{phase}[={%duty}]] where %duty is % of dmax set with ST-DUTY
RT-DUTYA or RT-DUTYB=50

Section 6, Reporting and Alarms, Transformer Monitoring

RT-TFCNTR Command

Purpose:
Syntax:
Example:
Reference:

Read/Set Transformer through Fault Counter
RT-TFCNTR[={#operations}]

RT-TFCNTR=32 or RT-TFCNTR=652

Section 6, Reporting and Alarms, Transformer Monitoring

Setting Command

S Command
Purpose:
Syntax:
Example:
Reference:

Read all relay setting parameters

S

S

Section 11, ASCII Command Interface, Settings (S) Command Descriptions

Alarm Setting Commands

SA Command
Purpose:
Syntax:
Example:
Reference:

Read all alarm settings for Major, Minor and Logic alarms
SA

SA

Section 6, Reporting and Alarms, Alarms Function
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SA-BKR Command

Purpose:
Syntax:
Example:
Reference:

Read/Set breaker alarm settings

SA-BKR[n][={mode},{alarm limit}] where mode=0-3(dis/%duty/#op/BkrOpTim)
SA-BKR or SA-BKR1=1,80 or SA-BKR2=2,250, or SA-BKR3=3,6¢

Section 6, Reporting and Alarms, Breaker Monitoring

SA-DI Command

Purpose:
Syntax:
Example:
Reference:

Read/Set demand alarm settings

SA-Dl[p][={alarm level}] where p=P/N/Q, alarm level=Secondary Amps
SA-DI or SA-DIP=8.0 or SA-DIN=2.4

Section 6, Reporting and Alarms, Demand Functions

SA-DIFF Command

Purpose:
Syntax:
Example:
Reference:

Read/Set differential alarm setting
SA-DIFF[={alarm level}] where alarm level=Percentage (0 (disable), 50 to 100)
SA-DIFF or SA-DIFF=75

Section 6, Reporting and Alarms, Differential Current Monitoring Function

SA-LGC Command

Purpose:
Syntax:
Example:
Reference:

Read/Set logic alarm setting mask

SA-LGC[={alarm num 1}[/alarm num 2}]...[/{alarm num n}]]
SA-LGC or SA-LGC=2/6/7/10/11

Section 6, Reporting and Alarms, Alarms Function

SA-MAJ Command

Purpose:
Syntax:
Example:
Reference:

Read/Set major alarm setting mask

SA-MAJ[={alarm num 1}[/{alarm num 2}]...[/{alarm num n}]]
SA-MAJ or SA-MAJ=1/3/5/12

Section 6, Reporting and Alarms, Alarms Function

SA-MIN Command

Purpose:
Syntax:
Example:
Reference:

Read/Set minor alarm setting mask

SA-MIN[={alarm num 1}{/{alarm num 2}]...[/{alarm num n}]]
SA-MIN or SA-MIN=2/6/7/10/11

Section 6, Reporting and Alarms, Alarms Function

SA-RESET Command

Purpose:
Syntax:
Example:
Reference:

Read/Set Programmable Alarms Reset logic
SA-RESET[={rst alm logic}]

SA-RESET or SA-RESET=VO1

Section 6, Reporting and Alarms, Alarms Function

SA-TX Command

Purpose:
Syntax:
Example:
Reference:

Read/Set transformer alarm settings

SA-TX[n][={mode},{alarm limit}] where mode=0-2(disabled/%duty/#thflts)
SA-TX or SA-TX1=1,80 or SA-TX=2,250

Section 6, Reporting and Alarms, Transformer Monitoring

Breaker Monitor Setting Commands

SB Command
Purpose:
Syntax:
Example:
Reference:

Read all breaker settings

SB

SB

Section 6, Reporting and Alarms, Breaker Monitoring
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SB-DUTY Command

Purpose: Read/Set Breaker Contact Duty where mode = 0/1/2 (disabled/I/1"2)
Syntax: SB-DUTY[={mode},{dmax},{ct ckt#},{BLKBKR logic}]

Example: SB-DUTY=1,60E3,1,IN5

Reference: Section 6, Reporting and Alarms, Breaker Monitoring

SB-LOGIC Command

Purpose: Read/Set Breaker Contact Logic

Syntax: SB-LOGIC[={breaker close logic},{breaker name}]

Example: SB-LOGIC=IN1,NAME or SB-LOGIC=/IN2,BREAKER10 where IN1=52a and IN2=52b
Reference: Section 6, Reporting and Alarms, Breaker Monitoring

General Setting Commands

SG Command

Purpose: Read all general settings

Syntax: SG

Example: SG

Reference: Section 11, ASCIl Command Interface, Settings (S) Command Descriptions

SG-CLK Command

Purpose: Read/Program format of date and time display

Syntax: SG-CLK[={date format(M/D)},{time format(12/24)},{dst enable(0/1)}]
Example: SG-CLK=D,12,1 or SG-CLK=M,24,0

Reference: Section 6, Reporting and Alarms, Clock

SG-COM Command

Purpose: Read/Set serial communications protocol

Syntax: SG-COM[#[={baud},A{addr},P{pglen},R{reply ack},X{XON ena}]]

Example: SG-COM0=9600 or SG-COM1=9600,A0,P24,R1,X1

Reference: Section 11, ASCII Command Interface, Settings (S) Command Descriptions, Configuring

the Serial Port Communication Protocol

SG-CT Command

Purpose: Read/Set CKT1, CKT2 or GROUND CT ratios

Syntax: SG-CTIt][={ct ratio},{ct con},{tx con},{gnd src}] where t = 1/2/G

Example: SG-CT1=80,wye,wye,0 or SG-CT2=400:5,wye,dab,1 or SG-CTG=400/5
Reference: Section 3, Input and Output Functions, Power System Inputs

SG-DI Command

Purpose: Read/Set demand current interval

Syntax: SG-Dl[p][={interval},{method}{ct ckt#}] where p=P/N/Q, method=T,B,S
Example: SG-DI or SG-DIP=15,T,1 or SG-DIN=1,T,2

Reference: Section 6, Reporting and Alarms, Demand Functions

SG-FREQ Command

Purpose: Read/Enter power system Frequency

Syntax: SG-FREQ[={freq(HZ)}]

Example: SG-FREQ=60 or SG-FREQ=50

Reference: Section 3, Input and Output Functions, Power System Inputs
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SG-HOLD Command

Purpose: Read/Program Output Hold operation

Syntax: SG-HOLDI[n][={1/0 hold ena}] where 1=TRUE, 0=FALSE
Example: SG-HOLD or SG-HOLD1=1 or SG-HOLD2=0
Reference: Section 3, Input and Output Functions, Outputs

SG-ID Command

Purpose: Read/Set ID label (up to 30 characters long) used in reports

Syntax: SG-ID[n][={ID label}] where n=1(relay), 2(station), 3(userl), 4(user2)
Example: SG-ID or SG-ID1=44, SG-ID2=SUBSTATION3, SG-ID3=ANY_NAME
Reference: Section 6, Reporting and Alarms, Relay Identifier Information

SG-IN Command

Purpose: Read/Set Input recognition/debounce

Syntax: SG-IN[#[={r(ms)},{db(ms)}]] where ms=4-255msec

Example: SG-IN or SG-IN3 or SG-IN3=4,16

Reference: Section 3, Input and Output Functions, Contact Sensing Inputs

SG-LOG Command

Purpose: Read/Set load profile interval

Syntax: SG-LOG[={interval}] where interval is between 1 and 60 minutes
Example: SG-LOG or SG-LOG=15

Reference: Section 6, Reporting and Alarms, Demand Functions

SG-0OSC Command

Purpose: Read/Set the number of oscillograph fault records saved

Syntax: SG-OSC[=6/8/10/12/15/16/20/24/32]

Example: SG-0OSC or SG-0OSC=16

Reference: Section 6, Reporting and Alarms, Fault Reporting, Oscillographic Records

SG-PHROT Command

Purpose: Read/Set Phase Rotation setting

Syntax: SG-PHROT[={phase rotation}] ABC/ACB

Example: SG-PHROT or SG-PHROT=ABC or SG-PHROT=ACB
Reference: Section 3, Input and Output Functions, Power System Inputs

SG-SCREEN Command

Purpose: Read/Set default screen(s)

Syntax: SG-SCREEN]n][={default screen humber}]

Example: SG-SCREEN or SG-SCREEN1=2.2.1 or SG-SCREEN2=2.2.2
Reference: Section 4, Human-Machine Interface, Front Panel Display

SG-SGCON Command

Purpose: Read/Set SGC output on time

Syntax: SG-SGCON[={time}] where time is in (s)ec

Example: SG-SGCON or SG-SGCON=1S or SG-SGCON =5S
Reference: Section 4, Protection and Control, Setting Groups

SG-TARG Command

Purpose: Report/Enable Target List and reset target logic

Syntax: SG-TARG[={x/x/..x},{rst TARG logic}] where x = 50T,51,87U,87R,BF etc.
Example: SG-TARG or SG-TARG=51/50TP/50TN/50TQ/151TP/87R

Reference: Section 6, Reporting and Alarms, Fault Reporting
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SG-TRIGGER Command

Purpose: Read/Set Trigger logic

Syntax: SG-TRIGGER[={TRIP trig},{PU trig},{LOGIC trig}]
Example: SG-TRIGGER or SG-TRIGGER=VO01,VO12,IN4
Reference: Section 6, Reporting and Alarms, Fault Reporting

Programmable Logic Setting Commands

SL Command

Purpose: Obtain Setting Logic Information

Syntax: SL:[{name}]

Example: SL, SL: or SL:BASIC-87

Reference: Section 11, ASCIlI Command Interface, Settings (S) Command Descriptions

SL-CKTMON Command

Purpose: Read/Set Circuit Monitor logic settings

Syntax: SL-CKTMON[={mode},{monitor},{status}]

Example: SL-CKTMON or SL-CKTMON=1,IN6,IN2

Reference: Section 4, Reporting and Alarm Functions, Trip Circuit Monitor

SL-GROUP Command

Purpose: Read/Set Logic for Setting Group Module

Syntax: SL-GROUP[={mode},{DO0logic},{D1logic},{D2logic},{D3logic},{AUTOlogic}]
Example: SL-GROUP or SL-GROUP=1,IN3,IN4,0,0,0

Reference: Section 4, Protection and Control, Setting Groups

SL-N Command

Purpose: Read/Set Name of the active logic

Syntax: SL-N[={name}]

Example: SL-N=CDSTEST

Reference: Section 7, BESTlogic™ Programmable Logic, Logic Schemes

SL-VO Command

Purpose: Read/Set Output Logic

Syntax: SL-VOI[x[={Boolean equation}]] where x is 1 - 15 or A

Example: SL-VO or SL-VO1=50TPT+50TNT+51PT+51NT+101T or SL-VO2=101C+*/VO2
Reference: Section 7, BESTlogic Programmable Logic, Working With Programmable Logic

SL-101 Command

Purpose: Read/Set Logic for Virtual Breaker switch (101)
Syntax: SL-101[=mode] where mode=0/1 (disabled/enabled)
Example: SL-101 or SL-101=0 or SL-101=1

Reference: Section 4, Protection and Control, Voltage Protection

SL-43 Command

Purpose: Read/Set Logic for Virtual switch (x43)

Syntax: SL-{x}43[=mode] where x = blank/1/2/3/4/5/6/7, mode=0/1/2/3
Example: SL-43 or SL-743=0 or SL-143=1

Reference: Section 4, Protection and Control, Virtual Switches
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SL-BF Command

Purpose: Read/Set Logic for Breaker Failure Function Modules

Syntax: SL-BF[{p}[={mode}{INI logic},{BLK logic}]]

Example: SL-BF or SL-BF=1,v01,0 or SL-BF=1,VO1,IN1

Reference: Section 4, Protection and Control, BF Breaker Failure Protection

SL-50T Command

Purpose: Read/Set Logic for x50 Function Modules where x = blank, 1 or 2
Syntax: SL-x50T[{p}[={mode},{BLK logic}]] where p = P/N/Q and mode = 0/1/2
Example: SL-50T or SL-50T=1,0 or SL-150TN=1,IN3 or SL-250TQ=2,IN2
Reference: Section 4, Protection and Control, Overcurrent Protection

SL-51 Command

Purpose: Read/Set Logic for x51 Function Modules where x = blank, 1 or 2
Syntax: SL-x51[{p}[={mode} {BLK logic}]] where p = P/N/Q and mode = 0/1/2
Example: SL-51 or SL-51P=1,0 or SL-151N=1,IN3 or SL-251Q=2,IN2
Reference: Section 4, Protection and Control, Overcurrent Protection

SL-62 Command

Purpose: Read/Set Logic for x62 Function Modules where x = blank or 1
Syntax: SL-x62[={mode},{INI logic},{BLK logic}] where mode 1 - 6
Example: SL-62 or SL-62=1,v010,0 or SL-162=2,v09,VO8

Reference: Section 4, Protection and Control, General Purpose Logic Timers

SL-87 Command

Purpose: Read/Set Logic for the 87 Function

Syntax: SL-87[={mode},{BLK logic}]

Example: SL-87 or SL-87=1,0 or SL-87=1,IN3

Reference: Section 4, Protection and Control, Differential Protection

SL-87ND Command

Purpose: Read/Set Logic for the 87ND Function

Syntax: SL-87ND[={mode},{BLK logic}] where mode=0/1/2
Example: SL-87ND or SL-87ND=1,0 or SL-87ND=2,IN3
Reference: Section 4, Protection and Control, Differential Protection

User Programmable Name Setting Command

SN Command

Purpose: Read/Set User Programmable Names

Syntax: SN[-{var}[={name},{TRUE label},{FALSE label}]

Example: SN or SN-VO1=TRIP,CLOSED,OPEN or SN-IN1=BREAKER,OPEN,CLOSED
Reference: Section 7, BESTlogic Programmable Logic, User Input and Output Logic Variable Names

Protection Setting Commands
S<g> Command

Purpose: Read all Protection settings

Syntax: S{g} where g=setting group 0-3 or # for all groups

Example: S#or SO or S1

Reference: Section 11, ASCIl Command Interface, Settings (S) Command Descriptions
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S<g>-50TP Command

Purpose: Read/Set x50T pickup level and time delay where x = blank, 1 or 2
Syntax: S{g}-x50T{pH[={pu(A)}[{td(m)}]] where g = 0-3, p = P/N/Q
Example: S0-50T or S1-50TP=25,0 or S1-150TN=3,20 or S2-250TN=3,20
Reference: Section 4, Protection and Control, Overcurrent Protection

S<g>-51 Command

Purpose: Read/Set x51 pickup level, time dial and curve where x = blank,1 or 2
Syntax: S{g}-x51[{p}H[={pu(A)}.{td},{crv}] where g = 0-3, p = P/N/Q

Example: S0-51 or S0-51P=7.5,6.5,S1 or S1-151Q=3,2.0,S1 or S2-251Q=3,2.0,S1
Reference: Section 4, Protection and Control, Overcurrent Protection

S<g>-62 Command

Purpose: Read/Set x62 Time Delay where x = blank, 1 or 2

Syntax: S{g}-x62[={td1},{td2}] where td suffix m=msec, s=sec, c=cy
Example: S0-62=500m,200m or S0-62=0.5s,0.2s or S2-162=30c,12c
Reference: Section 4, Protection and Control, General Purpose Logic Timers

S<g>-87 Command

Purpose: Read/Set the 87 parameters

Syntax: S{g}-87[=minpu,slope,2nd,5th,URO,2nd harmonic sharing (0=0ff,1=0n)]
Example: S#-87 or S0-87=0.35,45,18,35,10,1

Reference: Section 4, Protection and Control, Differential Protection

S<g>-87ND Command

Purpose: Read/Set the 87ND parameters

Syntax: S{g}-87ND[=minpu,slope,td]

Example: S#-87ND or S0-87ND=0.35,45,500m

Reference: Section 4, Protection and Control, Differential Protection

S<g>-TAP87 Command

Purpose: Read/Set the 87 Tap parameters

Syntax: S{g}-TAP87[=mva,kvl/tapl,kv2/tap2]

Example: S#-TAP87 or SO-TAP87=5,1000000,1000000
Reference: Section 4, Protection and Control, Differential Protection

SP-BF Command

Purpose: Read/Set the Breaker Failure Timer Setting

Syntax: SP-BF[={time}[m/s/c]] where m=msec,s=sec,c=cycle

Example: SP-BF or SP-BF=50m or SP-BF=3c

Reference: Section 4, Protection and Control, BF Breaker Failure Protection

SP-CURVE Command

Purpose: Read/Set the user programmable 51 curve parameters
Syntax: SP-CURVE[={A},{B}{C},{N}{R}]

Example: SP-CURVE or SP-CURVE=1.0,0,0,2.5,0

Reference: Section 4, Protection and Control, Overcurrent Protection

SP-GROUP Command

Purpose: Read/Program auxiliary setting group 1-3 operation

Syntax: SP-GROUP[{g}]=[{sw_time},{sw_level}{ret_time} {ret_level}{prot_ele}]
Example: SP-GROUP or SP-GROUP1=10,75,10,45,51P

Reference: Section 4, Protection and Control, Setting Groups
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ST-DUTY Command

Purpose: Read/Set Transformer Duty where mode = 0/1/2 (disable/I*t/1"2*t)
Syntax: ST-DUTY[={mode},{dmax},{ct ckt#}{BLKTXFMR logic}]

Example: ST-DUTY=1,60E3,1,IN5

Reference: Section 6, Reporting and Alarms, Transformer Duty Monitoring

Global Commands
GS-PW Command

Purpose: Read/Set Password and password access port(s)

Syntax: GS-PWI{t}[={password},{com ports(0/1/2)}]] where t=G/S/C/R

Example: GS-PWG=TEST,0 or GS-PWS=XYZ,1/2

Reference: Section 9, Security
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SECTION 12 « INSTALLATION

General

BE1-CDS220 Current Differential Systems are delivered with an instruction manual and BESTCOMS™
software in a sturdy carton to prevent shipping damage. Upon receipt of the relay, check the model and
style number against the requisition and packaging list for agreement. If there is evidence of shipping
damage, file a claim with the carrier, and notify the Basler Electric Regional Sales Office, your sales
representative, or a sales representative at Basler Electric, Highland, lllinois.

If the BE1-CDS220 is not installed immediately, store it in the original shipping package in a moisture and
dust free environment.

Contact-Sensing Input Jumpers

NOTE

The BE1-CDS220 relay is delivered with the jumpers in the LOW position.
Read the following paragraphs closely before placing the relay in service.

BE1-CDS220 relays have eight contact-sensing inputs to initiate relay actions. An external wetting voltage
is required for the contact-sensing inputs. The nominal voltage level of the external dc source must
comply with the dc power supply input voltage ranges listed in Section 1, General Information,
Specifications. To enhance user flexibility, the BE1-CDS220 uses wide range ac/dc power supplies that
cover several common control voltages. The contact-sensing input circuits are designed to respond to
voltages at the lower end of the control voltage range while not overheating at the high end of the range.

Energizing levels for the contact-sensing inputs are jumper selectable for a minimum of 13 Vdc for 24 Vdc
nominal sensing voltages, 26 Vdc for 48 Vdc nominal sensing voltages, or 69 Vdc for 125 Vdc nominal
sensing voltages. See Table 12-1 for the contact-sensing turn-on voltages.

Table 12-1. Contact-Sensing Turn-On Voltages

Contact-Sensing Turn-On Voltage *
Style Option Nominal Input Voltage Jumper Pins 1-2 Jumper Pins 2-3
(Low Position) (High Position)
XXXXXY XXXXX 48 Vdc or 125 Vac/dc 26 to 38 vdc 69 to 100 Vdc
56 to 97 Vac
69 to 100 Vdc 138 to 200 Vdc
XXXXXZXXXXX 125/250 Vac/dc 56 t0 97 Vac 112 t0 194 Vac
XXXXXLXXXXX 24 VVdc n/a Approx. 5 Vdc

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

Each BE1-CDS220 is delivered with the contact-sensing jumpers installed (pins 1-2 shorted) for operation
in the lower end of the control voltage. If the contact sensing inputs are to be operated at the higher end
of the control voltage range, the jumpers must be changed to pins 2-3 shorted.

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

1. Remove the drawout assembly by pulling the two latches outward and sliding the assembly out of
the case. Observe all electrostatic discharge (ESD) precautions when handling the drawout
assembly.

2. Locate the eight jumper terminal blocks that are mounted on the Input/Output Circuit Board. The
Input/Output Circuit Board is the middle board in the assembly and the jumper terminal blocks are
located on the component side of the circuit board near the left hand side (right hand side when
looking at the unit from the rear by the internal connections). Each terminal block has three pins.
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With the jumper as installed at the factory, one pin should be visible when viewed from the rear of
the unit. Figure 12-1 illustrates the location of the jumpers placed in the low voltage position.

To select operation at the higher end of the control voltage range, position the blue jumper on the
two terminals closest to the rear of the circuit board (pins 2 - 3). Use care when removing each
jumper so that no components are damaged.

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

Align the drawout assembly with the case guides and slide the assembly into the case.
Push the latches down until they are parallel with the front panel.

16

REAR

\\ H
/ c15 45
\ ca4

R82 R81

CONTACT
SENSING
JUMPER

///
\‘\ labeled P0001-14

11-19-03

<—FRONT

Figure 12-1. Contact-Sensing Input Jumper Locations

Mounting

Because the unit is of solid-state design, it does not have to be mounted vertically. Any convenient
mounting angle may be chosen. BE1-CDS220 Current Differential Systems are available in Basler
Electric's MX case design. MX cases are fully drawout with current circuit shorting provisions. MX cases
are available in three configurations: a standard 19-inch rack horizontal mount, a horizontal panel mount,
and a vertical panel mount. The vertical panel mount configuration fits cutout and panel drilling
dimensions (when mounting flange is moved to the back set of mounting holes) of Basler Electric M1, GE
M1 and M2, and Westinghouse FT31 and FT32 size cases.

Figures 12-2 through 12-4 show the overall dimensions for the MX case with rack mount
brackets. The dimensions shown in Figure 12-2, Front View, Optional HMI, are the same with the
standard HMI.

Figures 12-5 through 12-7 show the overall dimensions of the MX case with a panel mounting

flange. The examples shown in these figures are vertical panel mounting configurations.
Horizontal panel mounting configurations have the same dimensions except that they are in a

12-2
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horizontal arrangement. Figure 12-6 shows the locations of holes for the Basler, GE, and
Westinghouse unit relay cases (vertical panel mount only).

Figure 12-8 shows the panel cutout and panel drilling dimensions for the MX case vertical panel
mounting configuration. Horizontal panel mounting configurations have the same panel cutout
and panel drilling dimensions except that they are in a horizontal arrangement.

Figure 12-9 (horizontal or vertical panel mount) shows the locations of the studs used for
mounting.

Vertical and horizontal configurations are functionally the same with some controls and indicators
relocated. All dimensions given on the above listed drawings are dimensioned in inches (millimeters).
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Figure 12-2. MX Case, 19-Inch Rack Mount, Front View, Overall Dimensions, Optional HMI

Note: The dimensions are the same for the standard HMI.
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Figure 12-3. MX Case, 19-Inch Rack Mount, Top View, Overall Dimensions
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Figure 12-4. MX Case, 19-Inch Rack Mount, Side View, Overall Dimensions
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Figure 12-5. MX Case, Vertical Panel Mount, Top View, Overall Dimensions
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Figure 12-8. MX Case, Vertical Panel Mount, Panel Drilling Diagram

NOTE

The dimensions of the panel drilling diagram are for the MX case, vertical
panel mount, or the MX case, horizontal panel mount. Rotate this drawing
ninety degrees for the MX case, horizontal panel mount.
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Relay Connections

Relay connections are dependent on the application and logic scheme used. Not all inputs or outputs may
be used in a given installation. Incorrect wiring may result in damage to the relay. Be sure to check the
model and style number against the options listed in the Style Number Identification Chart in Section 1,
General Information, before connecting and energizing a particular relay.

Terminal Blocks

There are two sizes of terminal blocks used on the BE1-CDS220. Terminals B1 through B16 are for
current inputs and use 8-32 pan head (Phillips) screws with a lock washer. The remaining terminals use
6-32 pan head (Phillips) screws with no washer. See Figure 12-10 to locate these terminals.

The lock washers on Terminals B1 through B16 are integral parts of the current input circuit wiring and
should not be removed. Without the lock washer, the 8-32 screw may bottom out and prevent a good
mechanical connection with the terminal block.

Maximum wire lug width accommodated by Terminals Bl through B16 is 0.344 inches (8.6 mm).
Maximum wire lug width accommodated by the other terminals is 0.320 inches (8.1 mm). Figure 12-10 is
a rear view of the BE1-CDS220 case showing the terminal connections.
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Figure 12-10. Horizontal or Vertical Rear View Terminal Connections
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Typical AC and DC Connections
Typical external AC and DC connections for the BE1-CDS220 are shown in Figures 12-11 and 12-12.

NOTE

The relay should be hard-wired to earth ground with no smaller than 12 AWG
copper wire attached to the rear ground terminal of the relay case. When the

relay is configured in a system with other protective devices, a separate
ground bus lead is recommended for each relay.

Except as noted above, connections should be made with minimum wire size of 14 AWG. Be sure to use
the correct input power for the power supply specified.

q }
_‘c' p
g
ks
L
H1 H2 H3
. BE1-CDS220
Transformer T . Ta1
X1 X2 X3 =

P0001-01
07-21-00

Figure 12-11. Typical AC Connection Diagram
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Figure 12-12. Typical DC Connection Diagram
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CT Polarity

CT polarity is critical to the proper operation of the BE1-CDS220. The sidebar below provides
fundamental information on CT polarity and protective relays.

Sidebar: Current Circuit Polarity

By ANSI convention, Current Transformer Polarity will face away from the protected winding of a
transformer, motor, generator, or reactor and away from the contacts in a circuit breaker. Therefore,
primary current flow towards the winding or contacts (direction of protected zone) will result in a
secondary current out X1, in phase with the primary. (See Figures 12-13 and 12-14.)

Circuit Breaker Transformer Motor, Generator, Reactor
1 Primary current-in polarity (H1) results in
1 T r— secondary current-out polarity (X1) for a
— T Prim Fig Bushing CT.
r re— | ——
T E | 4— £ — q—kl X1 A E—
g - g 15 Secondary -
5] 3 3 X2 x2
S| S S | Motor, Generator, ~ —
| E| rrn 2 Reactor He
a — o 1 =
L E— [
|—— T T
L —— D2877-06
—— T r 07-17-00
Figure 12-13. Standard CT Polarity Figure 12-14. Current Transformer Action

On occasion, however, protection engineers will encounter situations where CT polarity is reversed for
a specific application. That is, non-polarity of the CT secondary will be in phase with the primary
current flow (Figure 12-15). For example, a transformer differential CT from a breaker with a different
polarity convention, such as low voltage switchgear or a bus differential CT taken from the low side of a
transformer.

Source
| Polarity of TX
> Diff Relay, CKT 1
3 | —
Ll tH
5 WA
g Y'Y
O X1
Pl B —
g
g 1y —
=T
- Polarity of
( Bus Diff Relay
T
lowVoltage | | D2877-07
Switchgear — 032500
52 o
R
T ., PolaryofTX
Diff Relay, CKT 2
Load

Figure 12-15. Example of Reversed CT Polarity

Orientation of CT polarity relative to primary current flow establishes the secondary CT terminal that
should be connected to polarity of the protective relay.
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Power System Applications

Figures 12-16 through 12-27 are examples of the applications that can be served by the Basler Electric
BE1-CDS220 Current Differential System. Many of these applications can be used in concert with other
Basler numeric systems such as the BE1-851 and BE1-951 Overcurrent Protection System, the BE1-
CDS220 Current Differential System, or the BE1-GPS100 Generator Protection System.

AD
—
BJ
4
' Co
:::::::E: Circuit
Switcher
A
L1
T
A
—I 1 T
HLI H2 H3
Transformer A
X1 X2 X3 =

Low Side Breaker
52

=)
i BE1-CDS220
A\

A With the appropriate transformer and CT connection information, the relay can automatically determine the required
compensation. The relay can accommodate any combination of transformer and CT connection (wye, delta AB, or
Delta AC). For more information, refer to Section 3, Input And Output Functions, Input Current.

I

q H

P0001-02
09-21-00

AZ BZ CO@

/_\ Optional independent ground input (1) can be connected for overcurrent or neutral differential protection. For more
information on connection details, see the following figures on optional ground inputs.
A Phase, Residual, and 1, overcurrent elements can be connected to either CT circuit for backup protectiion. For more
information on applying overcurrent backup, refer to Section 8, Application.
A Overcurrent neutral ground (1) operates on internally calculated residual (310) current.
5

For complete metering and independent backup protection, add a BE1-951 Overcurrent Protection System with the
BE1-CDS220 (see the following figure for a connection diagram). To add only metering to the BE1-CDS220, connect
a BE1-MMS100.

Figure 12-16. Typical Transformer Differential Connection
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AD
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¢
C@
1
52
1k
1
jp—
Motor BE1-CDS220
Reactor
N
I
(R =
q Hd
- P0001-05
08-11-00

Phase, Residual, and 1, overcurrent elements can be connected to either CT circuit for backup protectiion. For more
information on applying overcurrent backup, refer to Section 8, Application.

Overcurrent neutral ground (1) operates on internally calculated residual (310) current.
For complete metering and independent backup protection for motors and reactors, add a BE1-951 Overcurrent

Protection System with the BE1-CDS220 (similar to Figure 12-16). To add only metering to the BE1-CDS220,
connect a BE1-MMS100.

Figure 12-17. Typical Connection for Motor or Reactor Differential Protection
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[ CQO °
====£= Circuit
Switcher 1 1 1 A
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Ac' + =
_‘c' *
a
1
L
BE1-951
Optional
/A
5 Tl
@] L
5 [ AH
2 _
DO_ L
Bl
L
v -

H1 H2 H3

Transformer
— A
=

X2 X3 Optional

Low Side Breaker
52

1§ =

P0001-03
06-20-00
AZ B@ CQ

Figure 12-18. BE1-CDS220 Connected for Primary Protection with
a BE1-951 Connected for Independent Backup and Metering
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Notes for Figure 12-18:

A\

> B> BBk >

With the appropriate transformer and CT connection information, the relay can automatically determine the required
compensation. The relay can accommodate any combination of transformer and CT connection (wye, delta AB, or
Delta AC). for more information, refer to Section 3, Input And Output Functions, Input Current.

Optional independent ground input (1) can be connected for overcurrent or neutral differential protection. For more
information on connection details, see the following figures on optional ground inputs.

Phase, Residual, and I, overcurrent elements can be connected to either CT circuit for backup protectiion. For more
information on applying overcurrent backup, refer to Section 8, Application.

Overcurrent neutral ground (1) operates on internally calculated residual (310) current.

VTP connections shown are for H1 case. For more information on case connections, refer to the BE1-951 Instruction
Manual, Section 12, Installation.

Four-wire connection shown as typical. For more information on case connections, refer to the BE1-951 Instruction
Manual, Section 12, Installation.

With CT polarity connected to relay polarity, power flow from the high side to the low side is defined as power out and
equals positive watts.

Optional independent ground input can be connected for low side ground faults. For more information on case
connections, refer to the BE1-951 Instruction Manual, Section 12, Installation.

Shown with separate, overlapping CT for independent backup protection.

P0001-04
09-21-00
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/J\ H1 H2 H3

Groundin
g Bank

BE1-CDS220

Low Side Breaker

=

P0001-08
09-21-00

With the appropriate transformer and CT connection information, the relay can automatically determine
the required compensation. The relay can accommodate any combination of transformer and CT
connection (wye, delta AB, or Delta AC). For more information, refer to Section 3, Input And Output

Functions, Input Current.

To cancel out the zero sequence current source inside the zone of protection connect circuit2 CTs in
wye and specify a ground source on the delta transformer winding For more information, refer to

Section 1, General Information, Problem 5.

Phase, Residual, and I, overcurrent elements can be connected to either CT circuit for backup
protection. For more information on applying overcurrent backup, refer to Section 8, Application.

Overcurrent neutral ground (1) operates on internally calculated residual (310) current.

For complete metering and independent backup protection, add a BE1-951 Overcurrent Protection
System with the BE1-CDS220 (refer to Figure 12-18 for a connection diagram). To add only metering to
the BE1-CDS220, connect a BE1-MMS100.

Figure 12-19. Differential Protection for Wye-Grounded-Delta Transformer
with Ground Source inside the Protected Zone

12-16
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AD Bus or Line
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—— . . J_ Circuit
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14
> L 11 Ya\
DAB H1 H2 H3

L YYyvl YYy)

/‘\ X1 X2 X3

Low Side Breaker

N

P0001-09
08-22-00
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With the appropriate transformer and CT connection information, the relay can automatically determine
the required compensation. The relay can accommodate any combination of transformer and CT
connection (wye, delta AB, or Delta AC). for more information, refer to Section 3, Input And Output
Functions, Input Current.

A Optional independent groupd input (1) connected to detect low side ground faults.
A Phase, Residual, and I, overcurrent elements can be connected to either CT circuit for backup
protectiion. For more information on applying overcurrent backup, refer to Section 8, Application.
A Overcurrent neutral ground (1) operates on internally calculated residual (310) current.
5 For complete metering and independent backup protection add a BE1-951 Overcurrent Protection

Element with the BE1-CDS220 (refer to Figure 12-18 for a connection diagram). To add only metering to
the BE1-CDS220, connect a BE1-MMS100.

Figure 12-20. Differential Protection of Delta-Wye Grounded Transformer with Optional Independent
Ground Input Connected for Low Side Ground Fault Protection
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| 4 BE1-CDS220
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P0001-10
09-26-00

>

With the appropriate transformer and CT connection information, the relay can automatically determine
the required compensation. The relay can accommodate any combination of transformer and CT
connection (wye, delta AB, or Delta AC). for more information, refer to Section 3, Input And Output
Functions, Input Current.

Optional independent ground input (Ig)connected to one CT inside the delta (1,) to protect an unloaded
tertiary winding and provide overcurrent backup protection for system ground faults A loaded tertiary
requires the application of a three input current differential scheme

Phase, Residual, and 12 overcurrent elements can be connected to either CT circuit for backup
protection. For more information on applying overcurrent backup, refer to Section 8, Application.

> > >

Overcurrent neutral ground (1) operates on internally calculated residual (31) current.

For complete metering and independent backup protection, add a BE1-951 Overcurrent Protection
System with the BE1-CDS220 (refer to Figure 12-18 for a connection diagram). To add only metering to
the BE1-CDS220, connect a BE1-MMS100.

A When I is connected with a single CT inside the delta, 1 senses 11,. When I is connected per the
alternate connection, I senses 3l,.

Figure 12-21. Differential Protection for High and Low Side Windings with Optional Independent Ground
Input Connected to Protect Unloaded Tertiary Winding
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With the appropriate transformer and CT connection information, the relay can automatically determine
the required compensation. The relay can accommodate any combination of transformer and CT
connection (wye, delta AB, or Delta AC). for more information, refer to Section 3, Input And Output
Functions, Input Current.

A Optional independent groupd input (1) connected to detect low side ground faults.
A Phase, Residual, and I, overcurrent elements can be connected to either CT circuit for backup
protectiion. For more information on applying overcurrent backup, refer to Section 8, Application.
A Overcurrent neutral ground (1) operates on internally calculated residual (310) current.
5 For complete metering and independent backup protection add a BE1-951 Overcurrent Protection

Element with the BE1-CDS220 (refer to Figure 12-18 for a connection diagram). To add only metering to
the BE1-CDS220, connect a BE1-MMS100.

Figure 12-22. Differential Protection of Delta-Wye Resistance Grounded Transformer with Optional
Independent Ground Input Connected for 87ND Protection

9313900990 Rev G BE1-CDS220 Installation 12-19



H2 H3
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/l\ X1 X2 X3

Low Side Breaker

I lo log

|| W IF

—PA

P0001-12
09-21-00

A The zero sequence current exiting the zone of protection is the calculated neutral for the three-phase CT
input circuit designated by the BESTlogic mode setting. The CT's for this three-phase input circuit must
be connected in wye with zero sequence compensation for the grounded winding provided by internal
delta compensation.

Figure 12-23. Depiction of BE1-CDS220 with Optional Independent Ground Input Connected for 87ND
Protection, Balanced, Normal Load Flow, IR’s Cancel, and 1op = 0.
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High speed bus differential zone. Source current IN equals the radial load current OUT.

Phase, Residual, and I, overcurrent elements can be connected to either CT circuit for backup protectiion. For more
information on applying overcurrent backup, refer to Section 8, Application.

Overcurrent neutral ground () operates on internally calculated residual (310) current.

- PP

For complete metering and independent backup protection, use a BE1-951 Overcurrent Protection System with the
BE1-CDS220. A BE1-951 on the Bus Source Breaker can also be used in conjunction with Feeder BE1-851 or
BE1-951 relays to create a high speed bus interlocking protection scheme. To add only metering to the BE1-
CDS220, connect a BE1-MMS100.

Figure 12-24. BE1-CDS220 Connected for Low-Impedance Bus Differential Protection

9313900990 Rev G BE1-CDS220 Installation 12-21



Power Out

v

. AD /_\ AD
High Z T — 1T DY
— N =2 IGenerator\ pp—=2 Gsu
= | |ost=== . o\ l ' , co L2
TN T

Lo

_
OO E £

Lot f1c

%gﬁe IO DO

o)

4
VA VB VC
Part of
BE1-GPS100 A A Part of
OO DOO | sl
BE1-CDS220
.IAl .|31 Jet A ol lc2 o Is2 ofln2
B2 B4 B6 B14 B12 B10

P0001-06
A L A 081100

Connected for high speed generator differential protection.

Phase, Residual, and I, overcurrent elements can be connected to either CT circuit for backup protection. For more
information on applying overcurrent backup, refer to Section 8, Application.

Overcurrent neutral ground (ly) operates on internally calculated residual (310) current.

Four-wire connection shown as typical. For more information on case connections, see Section 12, Installation, in
the BE1-GPS100 Instruction Manual.

With CT polarity connected to relay polarity, power flow from the high side to the low side is defined as power out and
equals positive watts.

Optional independent ground input (Ig) connected for backup ground fault protection.

> B> P>

VTX connected for third harmonic detection.

Figure 12-25. Large Generator Protection with BE1-CDS220 Connected for Primary Current Differential
Protection, and BE1-GPS100 Connected for Independent Backup Fault Protection,
Detection of Abnormal Situations, and Metering
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With the appropriate transformer and CT connection information, the relay can automatically determine
the required compensation. The relay can accommodate any combination of transformer and CT
connection (wye, delta AB, or delta AC). for more information, refer to Section 3, Input And Output
Functions, Input Current.

Optional independent groupd input (1) connected to detect low side ground faults.
Phase, Residual, and Negative-Sequence overcurrent elements can be connected to either CT circuit for
backup protectiion. For more information on applying overcurrent backup, refer to Section 8, Application.

(Residual current not available on delta connected CTs.)

Overcurrent neutral ground (1) operates on internally calculated residual (310) current.

o > B P>

For complete metering and independent backup protection, add a BE1-951 Overcurrent Protection
Element with the BE1-CDS220 (refer to Figure 12-18 for a connection diagram). To add only metering to
the BE1-CDS220, connect a BE1-MMS100.

Figure 12-26. Differential Protection of DAB-Wye Grounded Transformer with Y-D CTs and Optional
Independent Ground Input Connected for Low Side Ground Fault Protection.
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With the appropriate transformer and CT connection information, the relay can automatically determine
the required compensation. The relay can accommodate any combination of transformer and CT
connection (wye, delta AB, or delta AC). for more information, refer to Section 3, Input And Output
Functions, Input Current.

Optional independent groupd input (1) connected to detect low side ground faults.
Phase, Residual, and Negative-Sequence overcurrent elements can be connected to either CT circuit for
backup protectiion. For more information on applying overcurrent backup, refer to Section 8, Application.

(Residual current not available on delta connected CTs.)

Overcurrent neutral ground (1) operates on internally calculated residual (310) current.

o > B P>

For complete metering and independent backup protection, add a BE1-951 Overcurrent Protection
Element with the BE1-CDS220 (refer to Figure 12-18 for a connection diagram). To add only metering to
the BE1-CDS220, connect a BE1-MMS100.

Figure 12-27. Differential Protection of DAC-WYE Grounded Transformer with Y-D CT’s and Optional
Independent Ground Input Connected for Low Side Ground Fault Protection
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Settings

Settings for your application should be entered and confirmed before placing the relay in service. Register
settings such as breaker operations and breaker duty can be entered to match the current state of your
system.

Preparing the Relay for Service

Basler microprocessor-based protection systems are similar in nature to a panel of electromechanical or
solid-state component relays. Both must be wired together with inputs, outputs, and have operating
settings applied. Logic settings determine which protection elements are electronically wired to the inputs
and outputs of the device. Operating settings determine the pickup thresholds and time delays. The logic
and operating settings should be tested by applying actual inputs and operating quantities and verifying
proper output response. For more details, refer to Section 13, Testing and Maintenance. All of the
following connections and functions should be verified during commissioning tests:

e Proper connection and sensing of current and voltage signals
e Input and output contact connections

e 1/O sensing versus virtual sensing

e Settings validation

e Proper operation of equipment (main or auxiliary)

e Proper alarming (to SCADA) and/or targeting

Refer to Section 7, BESTlogic™ Programmable Logic, for information about customizing preprogrammed
logic and creating user-defined logic and Section 8, Application, for information about the application of
preprogrammed logic schemes.

Communications Connections

The following paragraphs describe the communication connections for the BE1-CDS220. Section 11,
ASCIlI Command Interface, provides information about using the relay communication interface and lists
all communication commands along with a description and the syntax for each command.

RS-232 Connectors

Front and rear panel RS-232 connectors are Data Communication Equipment (DCE) DB-9 female
connectors. Connector pin humbers, functions, names, and signal directions are shown in Table 12-2 and
Figure 12-28. RS-232 cable connection diagrams are provided in Figures 12-29 through 12-32. Optional
Clear to Send (CTS) and Request to Send (RTS) connections are required only if hardware handshaking
is enabled.

Table 12-2. RS-232 Pinouts (COMO and COML1)

Name Function Name Direction
1 Shield N/A
2 Transmit Data (TXD) From relay
3 Receive Data (RXD) Into relay
4 N/C N/A
5 Signal Ground (GND) N/A
6 N/C N/A
7 N/C N/A
8 N/C N/A
9 N/C N/A

9313900990 Rev G BE1-CDS220 Installation 12-25



® .é
0090 ;
18ls

(BE1-CDS220)
View looking into female connector

Figure 12-28. RS-232 Pin-outs

9-PIN PC-AT TO BE1-CDS 25-PIN PC-XT TO BE1-CDS
MALE DB-9, DTE FEMALE DB-9, DCE  MALE DB-25, DTE FEMALE DB-9, DCE
1] 1] N ] 1] N
RXD |2 2| ™D 3] 2| ™D
™D | 3| 3] RXD 2] 3] RXD
4 | 4] NC. Ne. | | 4| NC.
SGND |5 | 5| SGND 7] 5| SGND
6| N.C. 6| N.C.

7| NC. 7] NC.

8| N.C. 8| N.C.

—— D2839-02 - —— -
] 06-23-00 i N.C. ] i N.C.

Figure 12-29. Personal Computer to BE1-CDS220

TO 25 PIN MODEM TO BE1-CDS
FEMALE DB-25, DCE FEMALE DB-9, DCE
GND |1 | 11 N.C.
TXD |2 | 2| TXD
RXD |3 | 3| RXD
+5V | 6 | 4| NC.
SGND L i SGND
DTR |20 6| +10v
7] NG

8| NC.

9] NC.

~—— S0FEETMAX. — =  7oous

Figure 12-30. Modem to BE1-CDS220
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TO BE1-CDS
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N.C.

TXD
RXD
N.C.
SGND
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N.C.
N.C.
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Figure 12-31. RFL9660 Protective Relay Switch to BE1-CDS220 Cable

TO SEL-2020 TO BE1-CDS
FEMALE DB-9, DTE FEMALE DB-9, DCE
RXD| 2 2 |TXD
TXD| 3 3 | RXD
SGND | 5 5 | SGND
CTS| 7 7 |CTS*
RTS| 8 8 |RTS*
P0001-15
1 06-23-00 TO BE1-CDS
IRIG TERMINALS
IRIG-B+ | 4 +
IRIG-B—| 6 —

Figure 12-32. SEL 2020 to BE1-CDS220 Relay

ports.

NOTE

The RS-232 communication ports are not equipped with Request to Send
(RTS) and Clear to Send (CTS) control lines. The makes the BE1-CDS220
incompatible with systems that require hardware handshaking or systems that
use self-powered RS-232 to RS-485 converters connected to the RS-232

RS-485 Connectors

RS-485 connections are made at a three-position terminal block connector which mates with a standard
communication cable. A twisted pair cable is recommended. Connector pin numbers, functions, names,
and signal directions are shown in Table 12-3. An RS-485 connection diagram is provided in Figure

12-33.
Table 12-3. RS-485 Pinouts (COM 2)
Terminal Function Name Direction
D5 (A) Send/Receive A (SDA/RDA) In/Out
D4 (B) Send/Receive B (SDB/RDB) In/Out
D3 (C) Signal Ground (GND) N/A
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TO RS-422/RS-485 TO BE1-CDS
DB-37 FEMALE 3 POSITION TB

4
6 l
21 %Rr 5 A DS
] — BE1-CDS
24 B | D4
— = COM 2
119] Cc| D3
" A| DS
— BE1-CDS
B| D4
] COM 2
Lc| b3
4000
MAX. A
—~\
R, A D>
BE1-CDS
B | D4
COM 2
c| D3

D2839-04 R, = OPTIONAL TERMINATING
06-23-00 RESISTOR (120 OHMS TYP.)

Figure 12-33. RS-485 DB-37 to BE1-CDS220

IRIG Input and Connections

The IRIG input is fully isolated and supports IRIG Standard 200-98, Format B002. The demodulated (dc
level-shifted) input signal must be 3.5 volts or higher to be recognized as a high logic level. The maximum
acceptable input voltage range is +10 volts or —10 volts (a 20 volt range). Input burden is nonlinear and
rated at approximately 4 kQ at 3.5 Vdc and approximately 3 kQ at 20 Vdc.

IRIG connections are located on a terminal block shared with the RS-485 and input power terminals.
Terminal designations and functions are shown in Table 12-4.

Table 12-4. IRIG Terminal Assignments

Terminal Function
D1 (+) Signal
D2 (-) Reference

12-28 BE1-CDS220 Installation 9313900990 Rev G



SECTION 13 ¢ TESTING AND MAINTENANCE
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SECTION 13 ¢ TESTING AND MAINTENANCE

General

The need to test protective relays to confirm performance as designed by relay manufacturers will always
exist. This Section provides guidelines for performing those tests and others. It also provides guidelines
for performing maintenance on, and troubleshooting the BE1-CDS220 relay. Included are discussions on
testing philosophies and methods, requirements, and expected outcomes. For assistance in conducting
relay self-tests and troubleshooting using internal diagnostics, contact Basler Electric, Customer Service.

Testing Philosophies

Testing is generally divided into several categories and is known by various names:

e Acceptance (or integrity)
Commissioning

Periodic (or maintenance)
e Functional (application)

e Performance

While all types of tests may be performed, they are not generally performed by all users. Likewise, the
degree to which you will conduct each type of test depends on need, economics, and perceived system
value.

Acceptance Testing

Acceptance (or integrity) testing is intended to confirm through basic tests, that a particular relay that has
been manufactured and shipped meets published core specifications. Some of the more rudimentary
procedures will provide a good foundation for application-specific tests that may be delved into during
functional or commissioning tests. Generally, while basic in nature, these tests validate proper relay
manufacturing and shipping and usually precede any functional or commissioning tests.

Basler Electric performs detailed acceptance testing on all devices to verify all functions meet published
specifications. All products are packaged and shipped using strict standards and will remain intact and
precise during shipping. The BE1-CDS220 relay is a microprocessor-based relay whose operating
characteristics will not change over time. The relay will not experience changes in operating
characteristics during transit. However, it remains material that you perform these basic acceptance tests
to verify the device has not suffered any degradation in transit. Basler Electric warrants all products
against any decay in performance outside of the published specified tolerances that result from problems
created during transit.

Commissioning Testing

Commissioning testing verifies all physical connections and functional aspects of the protective relay for a
new installation. All of the following connections or functions can be verified during commissioning tests:

e Proper connection and sensing of current and voltage signals as applicable
Connections of I/0 contacts

I/O sensing versus virtual sensing

e Setting validation

e Proper operation of equipment (main or auxiliary)

e Proper alarming (to SCADA) and/or targeting

Periodic Testing

Periodic (or maintenance) testing can be performed at regularly scheduled intervals or upon an indication
of problems or questionable operations within the relay. Verifying the integrity of the relay performance
(short of playback of recorded events) may be necessary by performing certain tests similar to those
accomplished in the acceptance and/or functional tests. Verification that the relay is measuring signals
faithfully, that relay logic is appropriate, and, that protective elements and equipment (main or auxiliary)
operate correctly are goals that can be achieved during this type of testing.
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Basler Electric recommends that all captured fault records and sequence of event records be analyzed
and kept on file as in-service periodic test results for this particular device. This is an indication that all
protective elements and associated equipment are operating satisfactorily.

It is not the intent of this manual to elaborate on every conceivable test possible since this would
encroach on individual preferences, techniques, and philosophies. It is the intent to pursue relevant
testing methods to verify this relay meets published design specifications and applicability.

Functional Testing

Functional (or application) testing is significantly more comprehensive in nature and is intended to test
suitability for a particular application. Functional testing also provides a means to familiarize yourself with
the logic and operation of this device. Test setups are generally more involved and often times include
ancillary equipment beyond voltage or current source type equipment. While economics may at times
prohibit full functional testing, it is recommended that some application testing be performed when
published specifications lack appropriate detail to satisfy application testing requirements.

Basler Electric performs a thorough and comprehensive functional test of all relays before shipping. This
ensures that this device is within specified tolerances, measures accurately, and operates correctly as
designed.

Performance Testing

Performance testing can be accomplished through the capture and playback of system fault records. In
actual applications, this type of test realizes further confirmation of faithful relay responses during system
disturbances. For specific power system disturbances, relays can be subjected to a recreation of captured
events with the aid of equipment capable of replicating COMTRADE record files. In these instances, there
is significant merit in testing relays in this manner to assess relay performance. Correct response of relay
action in a performance test is supplemental verification of the conclusions drawn from functional (or
application) tests.

This type of testing verifies not only whether or not the device operated correctly for a particular system
disturbance, but also offers additional confirmation of your protection philosophy in this application. It is
beyond the scope of this manual to develop performance tests for this device. For assistance in
developing these types of tests, please consult Basler Electric and your test equipment manufacturer.

Testing and Troubleshooting Aids

Under test or in-service, the BE1-CDS220 provides several ways to check operations, targets, or events.
A continuous self-test monitors the system health and status. The most basic reporting function is targets.
Targets may be viewed through ASCII command interface or through the front panel HMI. Fault Summary
Reports, Sequence of Events Recorder (SER) Reports, and Oscillographic Records yield more detail.

Each time a system disturbance occurs in or around this relay’s zone of protection, it is a test of the relay
performance during the fault. If a questionable operation (or lack of) results in the need for
troubleshooting, you have several ways in which to troubleshoot the relay, the installation, and the overall
application.

Relay Self-Test

All internal circuitry and software that affect the relay core functionality are monitored by the continuous
self-test diagnostics. For specific relay trouble alarms, the self-test diagnostics force the microprocessor
to reset and try to correct the problem. If unsuccessful, OUTA operates, the Relay Trouble LED on the
front panel turns ON, all of the output relays are disabled, internal logic point ALMREL is set, and the
relay is taken off line. For more information on self-test diagnostics and relay trouble alarms, see Section
6, Reporting and Alarms, Alarms Function.

Status and Event Reporting Features

General status reporting is available through the ASCII command interface using the RG-STAT (report
general, status) command or the front panel human-machine interface (HMI) with LCD display. This report
assembles all of the information required to determine the relay status. For more information on general
status reporting, see Section 6, Reporting And Alarms, General Status Reporting, General Status Report.
Several different HMI screens display the same information. Section 6, Reporting and Alarms, General
Status Reporting, General Status Report details the location and number of each of the HMI screens for
every line in the general status report.
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Fault reporting and target data is dependent on the proper setting of trip, pickup, and logic trigger
expressions (via the SG-TRIGGER command) and the assignment of protective elements to be logged as
targets (via the SG-TARG command).

The SER function of the relay records protective element output state changes, overcurrent element
pickup or dropout, input/output contact state changes, logic triggers, setting group changes, and setting
changes. For more information on event reporting, see Section 6, Reporting and Alarms, Sequence of
Events Recorder Function.

The following is a summary of ASCIl commands where target and event data may be viewed.

e RF provides a directory of fault summary reports in memory

e RF-# provides a summary report giving targets, timing and event data
e RG-TARG provides target data only

e RS provides a summary of sequence of events records

e RS-F# provides a detailed SER report for the selected fault event #

e RS-# provides a detailed SER report on the last # events

The following summarizes the reporting capabilities of the relay through the front panel HMI.

e Flashing Trip LED: flashes during pickup of protective elements based on the pickup logic
expression set in the SG-TRIGGER command.

e Trip LED (sealed-in): stays illuminated after trip logic goes TRUE based on the trip logic
expression set in the SG-TRIGGER command

e \STAT\TARGETS\DETAILS (Screen 1.1.1): provides target data

e \STAT\ALARMS (Screen 1.2.1): provides alarm data (including BKR FAIL, REC FAIL and REC
LO)

e \REPRT\FAULT\M_REC\DETAILS (Screen 4.1.1.1): provides targets and fault summary data

e \REPRT\SEQ (Screen 4.2): provides the number of new events logged by the SER since the last
new counter reset (resettable only through ASCIl command RS=0), events must be viewed using
RS and RS-# commands listed in the previous paragraph.

For more information on HMI menu trees, see Section 10, Human Machine Interface.

While the design of the relay facilitates obtaining and verifying targets and event data, it is not always
necessary to utilize the relay functions to determine if the device operated while testing. You may simply
use an ohm-meter or continuity tester to monitor the output contact status.

Acceptance Testing

Although Basler Electric performs detailed acceptance testing on all new relays, it is generally
recommended that you perform each of the following acceptance test steps when you receive the relay.
Performing these steps tests each function of the BE1-CDS relay to confirm that no degradation of
performance occurred as a result of shipping.

Test Setup
When performing the test setups (connections) for each of the following steps, refer to Figure 13-1 for
terminal locations.

Test Equipment

Suitable test equipment requires a minimum of two current source elements, two voltage source elements
(for relay power and contact wetting voltage), and circuit monitoring with timing algorithms.
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Figure 13-1. BE1-CDS, Rear View, Terminal Connections

Power Up
Purpose: To verify that the relay performs the power-up sequence.

Step 1. Apply voltage to input power terminals A2 and A3. Table 13-1 shows the appropriate voltage
for each relay style.

Table 13-1. Voltage Input

Style Number Voltage Input
BE1-CDS220-XxXXXXXLXXXXX 24 Vdc
BE1-CDS220-XXXXXXY XXXXX 48/125 Vac/dc
BE1-CDS220-XXXXXXZXXXXX 125/250 Vac/dc

Step 2. Verify that the Power LED is ON, and that characters are displayed on the HMI display. Upon
power-up, the relay will perform a brief self test.

During this brief test, all front panel LEDs will flash momentarily, the display will indicate each
step of the self test, relay model, software version and then settle into the default display
screen. Contact Basler Electric, Customer Service if anything appears out of the ordinary or if
the LCD code error messages appeatr.

Communications

Purpose: To verify that the BE1-CDS relay communicates through all ports.
Reference Commands: ACCESS, EXIT

To communicate with the BE1-CDS220 through any of the three ports, you may use either a VT-100
terminal or a personal computer (PC) with a serial port and suitable communications software. The relay
communication default settings are:

e Baud Rate = 9600 bps

e DataBits=8

Stop Bit =1

Parity = None

e Flow Control = Xon/Xoff.

Step 1. Depress the up-arrow pushbutton twice to get to the top level of the menu tree. Depress the
left or right-arrow pushbuttons until the \SETUP\GENERAL SETTINGS screen appears. Next,
depress the down-arrow pushbutton two times to get to the sublevel menu \SETUP \COM
\COMO screen. With the right-arrow pushbutton, scroll one screen to the right. These are the
settings for the relay rear RS-232 (COMZ1) port. Verify that the baud rate is 9600 bps.
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Step 2.

Step 3.
Step 4.

Step 5.
Step 6.
Step 7.

Connect the serial cable between the terminal or PC and the rear RS-232 port (COM1) on the
relay.

Initiate the communication program for your computer/terminal.

Transmit the command ACCESS= (you may use the shortcut keystrokes and just enter a=).
RESULT: The relay should respond with ACCESS GRANTED: GLOBAL.

Transmit EXIT.

Repeat steps 1, 2, and 3 for the front RS-232 port (COMO).

Connect the male end of the terminal cable to the RS-232 port on a RS-232/485 converter
box. Connect the RS-485 output of the converter box to the relay RS-485 terminals (COM2)
and repeat steps 1, 2, and 3.

Style Number and Serial Number Verification

Purpose:

To verify that the BE1-CDS relay model number, style number, and current software program

version matches the unit/unit labels.
Reference Commands: RG-VER

Step 1.

Through any communications port, transmit the command RG-VER. The BE1-CDS relay
should respond with the model number, style number, application program version and date,
DSP program version and date, boot program version and date, and the relay serial number.
Verify that all reported data is current, appropriate, and matches the label on the relay front
panel.

IRIG Verification

Purpose:

To verify that the BE1-CDS relay acquires and updates IRIG time and date information.

Reference Commands: RG-DATE, RG-TIME

Step 1.
Step 2.

Connect a suitable IRIG source to relay terminals D1 and D2.

Upon receiving the IRIG signal, the relay clock will be updated with the current time, day, and
month. Verify this on screen \STAT\SCRNS\SCRN on the front panel HMI or by sending the
RG-TIME and RG-DATE commands to the relay through any communications port.

NOTE

The following tests may be skipped if it is critical to expedite the installation of
this device. The commissioning tests later in this Section overlap these tests
and verify proper contact sensing input and control output changes.

Contact Sensing Inputs and Control Outputs

Purpose:

To verify that the BE1-CDS relay senses hardware inputs and activates contact outputs.

Reference Commands: ACCESS, CO-OUT, CS-OUT, EXIT, RG-STAT

Step 1.

NOTE

Each BE1-CDS relay is delivered with the eight sensing jumpers installed for
operation in the lower end of the control voltage range (pins 1 and 2 shorted).
For contact sensing inputs at the upper end of the control voltage range,
change the jumpers to short pins 2 and 3 or completely remove the jumper.
For more information see Section 12, Installation, Contact Sensing Input
Jumpers.

Verify that the position of the contact sensing jumpers is correct before applying wetting
voltage to any input contacts.
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Step 2.

Step 3.

Step 4.

Step 5.

Step 6.

Step 7.

Step 8.

Use Table 13-2 as a reference. Apply an external voltage source above the appropriate
voltage turn-on range listed in Table 13-2 but below the power supply maximum voltage to
contact sensing inputs IN1, IN2, IN3, IN4, IN5, IN6, IN7, and IN8.

Table 13-2. Contact Sensing Turn-On Voltage

Contact Sensing Turn-On Voltage

Nominal Control Voltage

Low Position

High Position

24 Vdc

13 to 19 Vdc

N/A

48/125 Vac/dc

26 to 38 Vac/dc

69 to 100 Vac/dc

125/250 Vac/dc

69 to 100 Vac/dc

138 to 200 Vac/dc

To verify that all inputs have been detected, transmit the command RG-INPUT to retrieve
INPUT (12345678) information or, alternatively, transmit the command RG-STAT and review
the response at the tail end of the line INPUT (12345678). You may also view the input status
on HMI screen 1.4.1, \STAT\OPER\INPUT.

Transmit the commands ACCESS=, CS-OUT=ENA, CO-OUT=ENA, EXIT, and YES to enable
the output control override capability of the relay in order to pulse each output contact.

NOTE

If your relay is supplied with the HMI option, skip steps 5 and 6 and proceed
directly to Step 7.

Using Table 13-3 as a guide, transmit the commands listed and verify that the appropriate
output contacts change state. When the operate command is transmitted, the corresponding
output changes state for 200 milliseconds and returns to the normal state. An ohm-meter or
continuity tester may be used to monitor the output contacts. Remember, you have to gain
access (as in Step 4) before you begin issuing commands and again if the access time-out
expires.

If desired, you may disable the control override capability by transmitting the commands
ACCESS=, CS-OUT=DIS, CO-OUT=DIS, EXIT, and YES to the relay.

Table 13-3. Output Control Override Commands

Commands
CS-OUTA=P,CO-OUTA=P
CS-OUT1=P,CO-OUT1=P
CS-0OUT2=P,CO-0OUT2=P
CS-OUT3=P,CO-OUT3=P
CS-OUT4=P,CO-0OUT4=P
CS-OUT5=P,CO-OUT5=P
CS-OUT6=P,CO-OUT6=P

Terminals
ClandC2
C3and C4
C5and C6
C7 and C8
C9 and C10
Cll and C12
C13, C14, and C15

Output
ALARM (N.C.)
OUT1 (N.O))
OUT2 (N.O.)
OUT3 (N.O.)
OUT4 (N.O.)
OUT5 (N.O.))
OUT6 (NC/NO)

From the HMI keypad, navigate to the screen \CTRL\OUT (Output Control Override) to
override control of the outputs via the keypad.

Once you have accessed the screen, press the EDIT pushbutton. Select an output to override
by using the left/right arrow pushbuttons. Once selected, use the up/down arrow pushbuttons
to choose the type of action (P, 1, or 0) for the selected contact output. Select the pulse (P)
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action for the alarm contact (A). Pressing the EDIT pushbutton again will force the alarm
output contact action.

Step 9. Verify that the sequence of events recorder logged the events by sending the command RS-2
to the relay (requesting the last two events it logged). The close-open pulse action should be
listed as two separate events.

Step 10. Repeat Step 8 for all desired output contacts, and then verify that the sequence of events
recorder logged the events.

Current Circuit Verification

Purpose: To verify that the relay internal CT circuits accurately measures currents and polarities.
Reference Commands: M-I, SG-TARG, SG-TRIGGER, RS
Step 1. Connect in series, one current source to terminals B1, B2 (l,,), B3, B4 (I, B5, B6 (I.,), B7, B8

(Is if present), B10, B9 (l.,), B12, B11 (ls,), B14, B13 (l.,). See Figure 13-2. Notice that CT
circuit 2 polarities are reversed.

180 Degrees
Circuit Current Current
Monitor Source 1 Source 2
O O o O O O
D2857-07.vsd
05-05-00
® . ®e ®lci %G }\.I A2 }\.Iaz %
.B7 B9 811\ B13 | B15
B8 B1 \4 B16
. ol P | \
© la2 IB2 lc2
Typical Jumpers

Figure 13-2. Series Current Connection Diagram
Step 2. Apply 5 amperes of current to 5 ampere rated CT inputs (or 1 ampere to 1 ampere rated CT
inputs).

Step 3. Transmit the command M1-l to the relay, or navigate to the front panel HMI screen
\METER\CRNT\CT_1\I_MEAS (3.1.1.1) and \METER\CRNT\CT_1\l_CALC (3.1.1.2) and verify
the values listed in Table 13-4.

Table 13-4. Circuit 1 Metering Quantities

CT secondary las, lse And Iy la o1
5A 50A(x1%) @ 0° 15.0 A (£ 1%) @ 0° 0.0 A (X 1%)
1A 1.0A(X1%) @ 0° 3.0A(X1%) @ 0° 0.0 A (X 1%)

Step 4. Transmit the command M2-l to the relay, or navigate to the front panel HMI screen
\METER\CRNT\CT_2\I_MEAS (3.1.2.1) and \METER\CRNT\CT_2\I_CALC (3.1.2.2) and verify
the values listed in Table 13-5.
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Table 13-5. Circuit 2 Metering Quantities

CT secondary lao lso And I, Inz lo2
SA 50A (1%) @ 180° 15.0 A (£ 1%) @ 180° 0.0 A (£ 1%)
1A 1.0A(*1%) @ 180° 3.0A (£ 1%) @ 180° 0.0 A (£ 1%)
Step 5. If the unit has an independent ground input, transmit the command M-IG to the relay, or

navigate to the screen \METER\CRNT\GND\I_MEAS (3.1.3.1) on the front panel HMI and

verify that 1,=5.0 A (£ 1%) @ 0° (for a 5 A secondary rated CT inputs), or 1.0 A (£ 1%) @ 0°
(for a 1 A secondary rated CT inputs).

Step 6. Remove current from the relay.

Commissioning Testing

Because the commissioning of this relay may be a new installation or a retrofit, special precautions should
be taken to ensure that all tests are performed with safety as the utmost concern. Any CT circuit signals
that are routed through this device as part of a protection scheme including discrete relays or as a stand-
alone device, should be shorted and isolated from this relay during these tests until the final instrument
transformer current circuit check.

If this relay is being installed in an existing installation, please be aware of the equipment monitoring
features of this device, especially if the monitoring logic will be utilized. Make note of any pretest
operation levels, duty levels, etc. on existing equipment (e.g. — breakers or transformers). As the user,
you may set the initial values into the relay to duplicate monitored values in the existing equipment.

Because of the multifunction capabilities of the BE1-CDS relay, it may be necessary to temporarily
disable some of the protective elements while testing others or to change setting logic to test a specific
function. Always remember to enable these functions and install operation settings before placing the
relay in service. To guard against placing the relay in service with unwanted operational or logic settings,
it is a good practice to save a copy of the original setting file before the testing process begins. When
testing is complete, the saved copy could then be loaded into the relay which would guarantee that no
setting changes or testing modifications would remain in the relay.

To assist you in the commissioning testing of this relay, refer to the previous paragraphs in this Section on
Testing and Troubleshooting Aids, and Section 6, Reporting and Alarms, for various ways to retrieve or
interpret reporting status, alarms, and targets.

Refer to the other Sections of the instruction manual for assistance on any particular functions of the
relay. If you require further assistance, contact Basler Electric field application personnel or the factory.

Protection and Control Function Verification

Before placing the relay in service, it should be verified that the desired protection and control functions
are enabled and connected to the correct CT input circuits that the programmable logic settings provide
the proper interconnection of these functions, and that each has the desired set points. This can be
accomplished by a detailed review of the settings as read out of the relay before placing it in service. Or, it
may be desirable to verify the settings by test.

NOTE

Because this is a numerical relay whose characteristics are defined by
software, it is not necessary to verify that each phase element of a protective
function responds. By testing a single phase of each function and varying the
phase input tested for each function, it is possible to verify the entire relay. For
example, to verify the phase overcurrent elements, one could test phase A for
the 51P element, and phase B for the 50TP element, etc.
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Before testing each protection and control function, the logic settings should be examined to determine:

e The mode setting for the function so that you know what the relay is supposed to do.

e Which virtual output logic expressions contain the logic variables that represent the outputs of the
function under test so that the proper contact can be monitored.

e The input logic expressions for the function under test (especially the block input because it
renders the function disabled if the block input is asserted).

e That the fault reporting settings are properly set such that the relay properly indicates pickup and
trip states and records targets. These settings are set from the ASCIlI command interface using
the SG-TRIGGER and SG-TARG setting commands. See Section 6, Reporting and Alarms, Fault
Reporting Functions, for more details.

Testing Phase Differential Protection with Internal Compensation

The internal phase and zero sequence compensation features of the relay can combine the currents from
multiple CT input circuits and/or subtract out the zero sequence components before their use by the
phase differential function. Thus, the testing of this function with the internal compensation features can
be somewhat complicated. For this reason, a detailed test procedure is provided for verifying the set
points of this function with internal compensation. See Sidebar 13-1 in this Section for more information
on how the internal compensation features work.

Step 1. Record settings for the following tests.

The settings for the following tests should be recorded before starting the test. You will refer to these
settings throughout the test procedure.

e Angle Compensation and Ground Source compensation can be determined by matching the SG-
CT or Screen 6.3.1.1 settings with Table 3-2 in Section 3 and reading the right two columns to
determine what angle compensation is applied.

e Tap Compensation settings in each setting group can be determined from screens 5.x.1.2 or
5.x.1.3 on the HMI. Or, the S#-TAP87 settings from the ASCIl command interface if manual tap
adjust is used. If automatic tap adjust is used, it will be necessary to use the settings and
equations 4-1 and 4-2 from Section 4, Protection and Control Functions, Differential Protection.

e Restrained Minimum Pickup, Slope, and Unrestrained Pickup settings can be determined from
screens 5.x.1.1 on the HMI. Or, the S#-87 settings from the ASCIl command interface.

Alternatively, all of these parameters can be determined from reading the Current Check Record provided
by the Differential Alarm Function. To use this method, use the commands in Table 13-6.

Table 13-7 lists the currents that will be seen by each 87 phase differential element after phase and zero
sequence compensation. This table is based upon the internal compensation chart in Section 3, Input and
Output Functions, Input Current. Examination of this table shows that for most cases, test current injection
using only one or two current sources will result in currents being applied to more than one 87 Phase
element. See Sidebar 13-1 for more information on testing and compensated currents. The following test
procedures will enable you to determine the test points and which phases will be tested.
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Sidebar 13-1. Testing With Internal Phase and 10 Compensation

When the internal phase and zero sequence compensation feature of the BE1-CDS is used, confusing
test results can occur unless the compensation is taken into consideration. The best way to illustrate how
the BE1-CDS relay performs internal phase compensation and thus, what to expect under test situations,
is by looking at an application example. The application below shows a delta/grounded-wye transformer
with wye connected CTs. The currents flowing into and out of the transformer and reflected through the
CTs are shown for this configuration.
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Isolating the box marked BE1-CDS, we see that, for the A phase 87 element, the relay subtracts the
measured Ib from the measured la on the transformer wye side to compensate for the measured 1A-IB
delta currents that are flowing in the line phases on the transformer delta side. Remember that these
currents are the compensating currents when the relay is in service for this application.

Under a test scenario, any set of balanced, 180° out of phase, single-phase, input currents that we apply
to the two phase A connections will result in balanced currents in the 87A element. But, the 87C element
will also see a compensating -IA2 current that will cause it to operate. Table 13-7 shows the compensated
currents that with the various compensation settings will be applied to each 87 phase element.

The relay can also remove the zero sequence component of the current if a zero sequence source exists
on an input that is not delta compensated. When this compensation is applied during testing, it has a
similar effect as subtracting 10 from the phases not under test. This also causes them to operate.

It is this compensating effect that you must be aware of in order to understand what operations and
targets to expect when testing a BE1-CDS relay with internal phase compensation settings. To prevent
unwanted phases from tripping during the slope test which starts from a balanced condition, delta test
injection connections are recommended as shown in Table 13-11 and Figures 13-4 to 13-11.

Tables 13-8 through 13-10 also show what equation to use to calculate the test points for the minimum
pickup (minpu) and slope tests for each possible configuration of compensation.
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Table 13-6. Commands To Initiate a Differential Check Record

Command

Purpose

A=<reports password if used>

Gain write access to the relay

CS-GROUP=0; CO-GROUP=0

Override logic and make sure that relay is in group 0

RA-DIFF=TRIG; Trigger current check record
RA-DIFF Read record and record for group 0
CS-GROUP=1; CO-GROUP=1 Make sure that relay is in group 1
RA-DIFF=TRIG; Trigger current check record
RA-DIFF Read record and record for group 1
CS-GROUP=2; CO-GROUP=2 Make sure that relay is in group 2
RA-DIFF=TRIG; Trigger current check record
RA-DIFF Read record and record for group 2

CS-GROUP=3; CO-GROUP=3

Make sure that relay is in group 3

RA-DIFF=TRIG;

Trigger current check record

RA-DIFF

Read record and record for group 3

CS-GROUP=0; CO-GROUP=0

Return relay to group 0

CS-GROUP=L; CO-GROUP=L

Return setting group control to logic control

E

Exit

Table 13-7 is based on
compensation.

NOTE
internal phase angle compensation and not CT
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Table 13-7. Phase and Zero Sequence Compensated Currents

Angle Compensation And 87A Element 87B Element 87C Element
Ground Source Settings

CT1 CT2 CT1 CT2 CT1 CT2 CT1 CT2
WYE (NONE) | WYE (NONE) |IA IA IB 1B IC IC
WYE (NONE) |WYE G IA IA-10 IB IB-10 IC IC-10
WYE (NONE) | DAB IA (IA-IB)N3 |I1B (IB-IC)A3 |IC (IC-IA)~3
WYE (NONE) | DAC IA (IA-IC)N3 | 1B (IB-IA)N3 |IC (IC-IB)N3
WYE G WYE (NONE) |IA-10 IA IB-10 1B IC-10 IC
WYE G WYE G IA-10 IA-10 IB-10 IB-10 IC-10 IC-10
WYE G DAB IA-10 (IA-1B)N3 |IB-I10 (IB-IC)~N3 |IC-I0 (IC-IA)3
WYE G DAC IA-10 (IA-IC)N3 |1B-10 (IB-IA)A3 |IC-10 (IC-1B)N3
DAB WYE (NONE) | (IA-IB)N3 |[IA (IB-IC)N3 | 1B (IC-IA)N3 |IC
DAB WYE G (IA-1B)N3 |IA-10 (IB-IC)N3 |IB-I0 (IC-IA)N3 |IC-10
DAB DAB (IA-IB)N3 | (IA-IB)N3 | (IB-IC)N3 | (IB-IC)N3 | (IC-IA)N3 | (IC-IA)N3
DAB DAC (IA-IB)N3 | (IA-IC)N3 | (IB-IC)A3 | (IB-IA)N3 | (IC-IA)N3 | (IC-IB)N3
DAC WYE (NONE) | (IA-IC)N3 |IA (IB-IA)N3 | 1B (IC-IB)A3 |IC
DAC WYE G (IA-IC)N3 |IA-10 (IB-IA)3 | IB-10 (IC-IB)N3 |IC-I0
DAC DAB (IA-IC)N3 | (IA-IB)N3 | (IB-IA)N3 | (IB-IC)N3 | (IC-IB)N3 | (IC-IA)~N3
DAC DAC (IA-IC)N3 | (IA-IC)N3 | (IB-IA)N3 | (IB-IA)N3 | (IC-IB)N3 | (IC-IB)N3

Phase Differential Restrained Minimum Pickup Trip

The test current will be a function of the internal angle and zero sequence compensation and the tap
compensation. For the following test, you will apply a single-phase test current to one CT input circuit at a
time. It is only necessary to apply one phase per input to verify response and correctly entered settings.
For example, apply A phase for CT circuit 1 and 2 for group 0, B phase for CT circuit 1 and 2 for group 1,

etc. to verify all phases and all set points.

Step 2.

Calculate test points for minimum-pickup test.

e Calculate the test points using the compensation settings recorded in Step 1 and the appropriate
equations shown in Tables 13-8 through 13-10. Record the calculated test point for each setting
group before running the test.

e Record the phases that will respond to the test.

Table 13-8. Differential Element Minpu Response to IA Test Current

Element
CT Input Compensation
Angle Comp Ground Source 87A 87B 87C
Wye (None) 0=No Minpu*Tap NA NA
Wye (None) 1=Yes 1.5*Minpu*Tap 3*Minpu*Tap 3*Minpu*Tap
DAB NA \3*Minpu*Tap NA \3*Minpu*Tap
DAC NA \3*Minpu*Tap V3*Minpu*Tap NA
Table 13-9. Differential Element Minpu Response to IB Test Current
CT Input Compensation Element
Angle Comp Ground Source 87A 87B 87C
Wye (None) 0=No NA Minpu*Tap NA
Wye (None) 1=Yes 3*Minpu*Tap 1.5*Minpu*Tap 3*Minpu*Tap
DAB NA \3*Minpu*Tap \3*Minpu*Tap NA
DAC NA NA \3*Minpu*Tap \3*Minpu*Tap
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Table 13-10. Differential Element Minpu Response to IC Test Current

CT Input Compensation Element
Angle Comp Ground Source 87A 87B 87C
Wye (None) 0=No NA NA Minpu*Tap
Wye (None) 1=Yes 3*Minpu*Tap 3*Minpu*Tap 1.5*Minpu*Tap
DAB NA NA \3*Minpu*Tap \3*Minpu*Tap
DAC NA V3*Minpu*Tap NA V3*Minpu*Tap

Step 3. Test minimum pickup.

Slowly ramp up test current until the relay trips. Monitor an appropriate contact per the logic settings and
the trip LED. Record the value. Record if the proper phases targeted and if the test was passed. The
accuracy should be +4% or 0.75 milliamperes for 5 ampere units and +4% or 25 milliamperes for 1
ampere units.

Phase Differential Restrained Slope Trip

This test will verify the percentage restraint characteristic. Since each current input circuit and phase
protective element was verified in the preceding test, it is only necessary to test and verify the slope
characteristic on one phase element for each setting group.

The restrained slope test requires that you start from a balanced condition. To create the lop (differential)
current, you will vary one test current upward or downward from this balanced condition. The test point at
which a trip should occur will depend upon whether you set the relay to operate on percent of maximum
restraint current or percent of average restraint current. It will also depend upon whether the lop is to be
developed by increasing or decreasing one current source from balance. See Figure 13-3 for details.

Step 4. Calculate test starting point (balanced) for restrained slope test.
Step 4-1. Select and record the appropriate test connection from Table 13-11.

Step 4-2. Calculate the balanced starting test currents that are to be applied to each input circuit of the
relay. Use the appropriate equation from Table 13-11, Test Current, and record values before
starting the test. The equations provide a convenient starting balance point at two times tap.
Do this for each setting group.

Step 4-3. Check that the starting (balanced) test current at two times tap is not above the maximum
continuous current rating of the relay. If it is, adjust both starting test currents downward until
both are below this level. Use the same adjustment factor on both currents such that they
remain balanced.
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CDS Restraint Characteristic
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Yimp =11 decreasing with maximum restraint lop=11-12|
Yim =11 increasing with maximum restraint Ir = max(|I1],]12]) for max restraint
Yiap =11 decreasing with average restraint Ir = (|I1|+]12])/2 for average restraint
Yia =11 increasing with average restraint
Condition Restraint Min PU? Trip If Min PU Trip If Slope
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Figure 13-3. Test Currents for Restrained Trip Test
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Table 13-11. Starting Test Currents and Test Connections for Slope Test

Angle/l0 Comp. Test Current Test Con. Element
CT1 CT2 CT1 CT2 Figure 87A 87B 87C
WYE WYE 2*tap 2*tap 13-4, A Y N N
WYE WYE 2*tap 2*tap 13-4, B N Y N
WYE WYE 2*tap 2*tap 13-4,C N N Y
WYE WYE/G | 2*ap 2*tap 13-5, A Y Y N
WYE WYE/G | 2*ap 2*tap 13-5, B N Y Y
WYE WYE/G | 2*ap 2*tap 13-5,C Y N Y
WYE DAB 2*tap 2*\3*tap 13-6, A Y N Y
WYE DAB 2*tap 2*3*tap 13-6, B Y Y N
WYE DAB 2*tap 2*\3*tap 13-6, C N Y Y
WYE DAC 2*tap 2*\3*ap 13-7, A N Y N
WYE DAC 2*tap 2*\3*tap 13-7,B N Y Y
WYE DAC 2*tap 2*\3*ap 13-7,C N N Y
WYE/G | WYE 2*tap 2*tap 13-5, A Y Y N
WYE/G | WYE 2*tap 2*tap 13-5, B N Y Y
WYE/G | WYE 2*tap 2*tap 13-5,C Y N Y
WYE/G |WYE/G | 2*ap 2*tap 13-5, A Y Y N
WYE/G  |WYE/G | 2*ap 2*tap 13-5, B N Y Y
WYE/G |WYE/G | 2*ap 2*tap 13-5,C Y N Y
WYE/G DAB 2*tap 2*\3*tap 13-6, A Y N Y
WYE/G DAB 2*tap 2*\3*tap 13-6, B Y Y N
WYE/G DAB 2*tap 2*\3*ap 13-6, C N Y Y
WYE/G DAC 2*tap 2*\3*tap 13-7, A Y Y N
WYE/G DAC 2*tap 2*\3*ap 13-7, B N Y Y
WYE/G DAC 2*tap 2*\3*tap 13-7,C Y N Y
DAB WYE 2*\3*tap | 2*tap 13-8, A Y N Y
DAB WYE 2*V3*tap | 2*tap 13-8, B Y Y N
DAB WYE 2*\3*tap | 2*tap 13-8, C N Y Y
DAB WYE/G 2%\3*tap |2*tap 13-8, A N N Y
DAB WYE/G | 2*3*tap |2*tap 13-8, B Y Y N
DAB WYE/G 2%\3*tap |2*tap 13-8,C N Y Y
DAB DAB 2=3*ap | 2*\3*tap 13-4, A Y N Y
DAB DAB 2*V3*tap | 2*V3*tap 13-4, B Y Y N
DAB DAB 2*V3*%ap | 2*V3*tap 13-4, C N Y \
DAB DAC 2*V3*tap | 2*V3*tap 13-9, A N Y Y
DAB DAC 2*V3*%ap | 2*V3*tap 13-9,B Y N Y
DAB DAC 2=3*ap | 2*\3*tap 139, C Y Y N
DAC WYE 2%\3*tap |2*tap 13-10, A N Y N
DAC WYE 2*3*tap | 2*tap 13-10, B N Y Y
DAC WYE 2*\3*tap | 2*tap 13-10, C Y N Y
DAC WYE/G | 2*3*ap |2*ap 13-10, A Y Y N
DAC WYE/G | 2*3*tap |2*tap 13-10, B N Y Y
DAC WYE/G 2%\3*tap |2*tap 13-10, C N N Y
DAC DAB 2*\3*tap | 2*V3*tap 13-11, A N Y Y
DAC DAB 2*V3*%ap | 2*V3*tap 13-11,B Y N Y
DAC DAB 2+3*%ap | 2*V3*tap 13-11, C N Y N
DAC DAC 2*V3*tap | 2*V3*tap 13-4, A Y N Y
DAC DAC 2*V3*%ap | 2*V3*tap 13-4,B N Y \
DAC DAC 2*V3*tap | 2*V3*tap 13-4,C Y Y N
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Figure 13-4. Test Connection Diagrams for Table 13-11
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Figure 13-11. Test Connection Diagrams for Table 13-11

NOTE

It is necessary to convert the slope setting from percent to decimal for use in
the equations used in Step 4-4.

Check that the starting (balanced) test current will not result in a minimum pickup trip. Use the
appropriate equation under the column heading Min PU? in Figure 13-3. If it will result in a
minimum pickup, adjust both starting test currents upward until they are above minimum
pickup. Use the same adjustment factor on both currents such that they remain balanced.

Record the phases that are expected to respond.

Verify that the current sources are configured such that they are 180 degrees out of phase
with each other.

Calculate test points (restrained trip) for restrained slope test.

The test point at which a trip should occur will depend upon whether you set the relay to
operate on percent of maximum restraint current or percent of average restraint current. It will
also depend upon whether the lop (differential current) is to be developed by increasing one
current source from balance or by decreasing one current source from balance.

13-18

BE1-CDS220 Testing And Maintenance 9313900990 Rev G



Step 5-1. Use the starting current calculated in Step 4 and the appropriate equation under the column
heading Trip If Slope in Figure 13-3 to calculate the test point for each setting group and
record that point before starting the test.

Step 5-2. Record the phases that are expected to respond.

Step 6. Test the slope for each setting group.

Step 6-1. Slowly ramp the test current on CT input circuit 1 in desired direction until the relay trips.

Step 6-2. Monitor an appropriate contact per the logic settings and the trip LED, and record the trip
values for each setting group.

Step 6-3. Record whether the proper phases targeted and if the test was passed. The accuracy should
be +4% of the setting or 0.75 milliamperes, whichever is greater, for 5 ampere units and +4%
or 25 milliamperes, whichever is greater, for 1 ampere units.

Phase Differential Unrestrained Trip

The following test is similar to the restrained minimum pickup test. For this test, you will apply a single
phase test current to one CT input circuit at a time. It is only necessary to apply one phase per input to
verify response and settings correctly entered. For example, apply phase A for CT circuit 1 and 2 for
group 0, phase B for CT circuit 1 and 2 for group 1, etc. to verify all phases and all set points.

Step 7. Calculate test points for the unrestrained test.

Step 7-1. Calculate the test points using the compensation settings recorded in Step 1 and the
appropriate equations shown in Tables 13-8 through 13-10. In this case, substitute the
unrestrained pickup setting for the restrained minimum pickup setting in the equations. Record
the calculated test point for each setting group before running the test.

Step 7-2. Record the phases that will respond to the test.

NOTE

Depending upon your relay settings, it may be necessary to disable the
restrained differential element to test the unrestrained differential element.

Step 8. Begin the unrestrained pickup test.
Step 8-1. Slowly ramp up the test current until the relay trips.
Step 8-2. Monitor an appropriate contact per the logic settings and the trip LED, and record the value.

Step 8-3. Record whether the proper phases targeted and if the test was passed. The accuracy should
be £3% of the setting or 0.75 milliamperes, whichever is greater, for 5 ampere units and +3%
of the setting or 25 milliamperes, whichever is greater, for 1 ampere units.

Verify Other Set Points as Appropriate

Consult Functional Testing in this Section of the manual for guidelines on how to test other functions to
verify set points of other protection and control functions.

Digital I/0O Connection Verification

Contact Sensing Inputs

Purpose: To verify contact sensing input settings and connections
Reference Commands: SN-IN, SG-IN

Step 1. Verify contact sensing input settings.

e Transmit the SN-IN1 command to verify the input 1 user-defined name, Energized State label,
and De-Energized State label.

e Transmit the SN-IN1 command for each of the remaining seven contact sensing inputs that are
used in your system. Add the number of an input to the SN-IN command to check that input’s
name and labels.
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Step 2.

Verify the recognition and debounce settings for each contact sensing input by using the SG-IN
command. When the SG-IN command is transmitted, the relay responds with the recognition and
debounce settings for each input. Reported settings use the format SG-IN1=recognition,
debounce.

Verify contact sensing input connections.

Operate (or cause to operate) each contact associated with all contact sensing inputs that are
used in your system. You may operate them individually and verify that the BE1-CDS recognized
the contact operation or operate all of them and then verify the operation.

To verify that all inputs have been recognized, transmit the command RG-INPUT to retrieve
INPUT (12345678) information or, alternatively, transmit the command RG-STAT and review the
response at the tail end of the line INPUT (12345678). You may also view the input status on HMI
screen 1.4.1, \STAT\OPER\INPUT.

Output Contacts

Purpose: To verify output settings and connections.
Reference Commands: SN-VO, SL-VO, SG-HOLD

Step 1.

Step 2.

Verify output settings.

Transmit the SN-VOA command to verify the virtual output A user-defined hame, TRUE label,
and FALSE label.

Transmit the SN-VOA command for virtual outputs 1 through 15. Add the number of an output to
the SN-VO command to check that output’s name and labels.

Transmit the SL-VO command to obtain a list of all virtual outputs and their Boolean logic
equations. Verify that the desired virtual output equations match the reported equations.

Verify the programmable hold timer setting for each hardware output by transmitting the
command SG-HOLD. The output hold timer setting for each output is reported as enabled (1) or
disabled (0).

Verify output connections.

Output logic override control cannot be accessed from the HMI. Transmit the commands
ACCESS=, CS-OUT=ENA, CO-OUT=ENA, EXIT, and YES to enable the output logic control
override capability of the relay in order to operate each output contact.

Transmit the commands listed in Table 13-12. When the operate command is transmitted, the
corresponding output changes state for 200 milliseconds and returns to the normal state. Monitor
the specific output contacts in whatever manner you require to verify that the output connections
are valid. Remember, you have to gain access before you begin issuing commands and again if
the access time-out expires.

NOTE

In verifying output connections, we pulse the hardware outputs for 200
milliseconds. If you have a specific output that requires a longer operate time
to verify operation, substitute a 1 or 0 (depending on the output logic) for the P
in the commands listed in Table 13-12. After the output connection is verified,
it is important to return the output to logic control using the commands CS-
OUTn=L; CO-OUTn=L <enter>.

If desired, you may disable the control override capability by transmitting the commands
ACCESS=, CS-OUT=DIS, CO-OUT=DIS, EXIT, and YES to the relay.

Table 13-12. Output Control Override Commands

Output Terminals Commands
ALARM (N.C.) ClandC2 CS-OUTA=P,CO-OUTA=P
OUT1 (N.O)) C3and C4 CS-OUT1=P,CO-OUT1=P
OUT2 (N.O.) C5 and C6 CS-0OUT2=P,CO-OUT2=P
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Output Terminals Commands
OUT3 (N.O.) C7 and C8 CS-0OUT3=P,CO-OUT3=P
OUT4 (N.O.) C9 and C10 CS-0OUT4=P,CO-OUT4=P
OUT5 (N.O.) CllandC12 CS-OUT5=P,CO-OUT5=P
OUT6 (NC/NO) C13, C14, and C15 CS-0OUT6=P,CO-OUT6=P

Virtual 43 Switches

Purpose:

To verify the operation, labels, and logic settings of the virtual 43 switches.

Reference Commands: SN-43, SL-43, RG-43STAT, RG-STAT, CS/C0-43

Step 1.

Step 2.

Step 3.

Step 4.

Step 5

Step 6.

Step 7.

Step 8.

NOTE

If virtual 43 switches are not used, skip the eight associated steps and go to
the next test.

Transmit the SN-43 command to verify the virtual selector switch 43 name, TRUE label, and
FALSE label. This information is reported using the format SN-x43=name, TRUE label,FALSE
label.

Repeat Step 1 for virtual selector switches 143 through 743. Use the number of a switch in the
SN-43 command to retrieve name and label information for that switch.

Use the SL-x43 command to obtain the logic setting of virtual switches 43 through 743. Logic
settings for virtual switches can also be obtained by using the SL command. Verify that the
desired virtual selector switch setting matches the reported setting.

Transmit the RG-43STAT command to obtain the position of the eight virtual selector
switches. Alternately, the virtual selector switch positions can be obtained through the RG-
STAT command or HMI screens 2.1.1 through 2.1.8, \CTRL\43\43 through \CTRL\43\743.

Obtain write access to the relay by using the ACCESS= command. For each virtual selector
switch enabled in your logic scheme, change the switch position by entering CS-x43 = 1
(TRUE), 0 (FALSE), or P (Pulse) followed by CO-x43=1,0, or P. The syntax of the CS-x43 and
CO-x43 commands must match or the CO-x43 command won't be executed.

Verify each switch position change by using the CO-x43 command or through HMI screens
\CTRL\43\43 through \CTRL\43\743.

Leave each virtual 43 switch in the desired position for placing the protection and control
system in service.

Verify the 43 switch activity by viewing the sequence of events reports with the RS-###
command.

Virtual 101 Switch

Purpose:

To verify the operation and logic setting for the 101 switch.

Reference Commands: SB-LOGIC, SL-101, RG-101STAT, RG-STAT, CS/C0O-101

Step 1.
Step 2.

Step 3.

Step 4.

Step 5.
Step 6.

Verify the breaker label and breaker-closed logic expression with the SB-LOGIC command.

Use the SL-101 command to read the logic mode of the 101 switch. The switch is either
enabled (1) or disabled (0).

Verify the virtual control switch status by using the RG-101STAT, RG-STAT, or CO-101
commands or HMI screens 2.2, \CTRL\BKR.

Transmit the command ACCESS= to obtain write access to the relay. Change the switch
position by entering CS-101=T (Trip) or C (Close) followed by CO-101=T (Trip) or C (Close).
The syntax of the CS-101 and CO-101 commands must match or the CO-101 command won't
be executed.

Verify the switch position change as you did in Step 3.
Repeat Step 4 to return the 101 switch to the desired position for your application.
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Step 7. Verify the 101 switch activity by viewing the sequence of events reports with the RS-###
command.

Reporting and Alarm Functions

Just prior to placing the relay in service, the following reporting and alarm functions should be reset and
verified. For information on how to use the ASCIlI command interface or the front panel HMI to enter or
edit relay settings, refer to Section 10, Human-Machine Interface, and Section 11, ASCII Command
Interface.

Clock Display

Set the real-time clock to the current date and time. If an IRIG input is used, day and time are
automatically synced to the IRIG source. Remember that the IRIG time code signal does not contain the
current year information.

Purpose: To verify that the reporting and alarm functions are set/reset as required for the system
installation.

Reference Commands: RG-TIME, RG-DATE

For clock setting details, refer to Section 6, Reporting and Alarms, Clock, Setting the Clock. To use the
front panel HMI, go to screen 1.4.6.

Demand Functions

If the relay Demand Functions feature is enabled, reset the peak current demand registers to zero or an
existing value.

Purpose: To set the demand registers as required for the system installation.

Reference Commands: RD-PI, RD-Pl<p>

Refer to Section 6, Reporting and Alarms, Demand Functions, for setting details. To use the front panel
HMI, go to screen 4.4.3.

Transformer Monitoring

If the relay Transformer Through-Fault and Duty Monitoring features are enabled, reset the counter and
duty registers to zero or an existing value.

Purpose: To set the transformer counter and duty registers as required for the system installation.
Reference Commands: RT-TFCNTR, RT-DUTY

Refer to Section 6, Reporting and Alarms, Transformer Monitoring, for setting details. To use the front
panel HMI, go to screen 4.5.1.

Breaker Monitoring

If the relay Breaker Monitoring feature is enabled, reset the counter and duty registers to zero or an
existing value.

Purpose: To set the breaker counter and duty registers as required for the system installation.
Reference Commands: RB-OPCNTR, RB-DUTY

Refer to Section 6, Reporting and Alarms, Breaker Monitoring, for setting details. To use the front panel
HMI, go to screen 4.3.1.

Relay Trouble Alarms

Reset and verify that the relay trouble alarm is not ON. Alarm information can be read by transmitting the
ASCIlI commands RA or RG-STAT. To clear (reset) a relay trouble alarm, first gain write access to the
reporting functions (R password) and then initiate the RA=0 or RA-REL=0 commands or press the
RESET key while the front panel HMI screen 1.2, \STAT\ALARMS\ALARM screen is displayed.

Purpose: To verify that all alarms are cleared and no alarms are active before initially loading the
system.

Reference Commands: RA, RG-STAT, RA=0, RA-REL=0

Refer to Section 6, Reporting and Alarms, Major/Minor/Logic Programmable Alarms, for information on
setting alarms and retrieving and resetting alarm reports. To use the front panel HMI, go to screen 1.2,
\STAT\ALARMS\ALARM.
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Major/Minor/Logic Programmable Alarms

Reset and verify that the relay Major/Minor/Logic Programmable alarms are not ON. Alarm information
can be read by transmitting the ASCIl commands RA or RG-STAT. To clear (reset) a relay
Major/Minor/Logic alarm, first gain write access to the reporting functions (R password) and then initiate
the RA=0 or RA-MAJ/MIN/LGC=0 commands or press the RESET key while the front panel HMI screen
1.2.1,\STAT\ALARMS\DETAILS screen is displayed.

Purpose: To verify that all Major/Minor/Logic Programmable alarms are cleared and no alarms are
active before initially loading the system.

Reference Commands: RA, RG-STAT, RA=0, RA-MAJ/MIN/LGC =0

Refer to Section 6, Reporting and Alarms, Major/Minor/Logic Programmable Alarms, for information on
setting alarms and retrieving and resetting alarm reports. To use the front panel HMI, go to screen 1.2.1,
\STAT\ALARMS\DETAILS.

Targets

Reset and verify that there is no target information. Target information can be read by transmitting the
ASCIl command RG-TARG. To clear (reset) a relay target, first gain write access to the reporting
functions (R password) and then initiate the RG-TARG=0 command or press the RESET key while the
front panel HMI screen 1.1, \STAT\TARGETS screen is displayed.

Purpose: To verify that all targets are cleared before initially loading the system.
Reference Commands: RG-TARG, RG-TARG=0

Refer to Section 6, Reporting and Alarms, Fault Reporting, Targets, for information on setting targets and
retrieving and resetting target information. To use the front panel HMI, go to screen 1.1,
\STAT\TARGETS.

Fault Summary Reports

Reset and verify that new fault summary directory records are set to zero. To reset the new fault summary
directory records, first gain write access to the reporting functions (R password) and then initiate the RF-
NEW=0 command two times. Verify that there are no new fault summary records by initiating the RF
command and observe that the NEW FAULTS line indicates zero or view the front panel HMI screen 4.1,
\REPRT\FAULT.

Purpose: To verify that there is no new fault records before initially loading the system.
Reference Commands: RF, RF-NEW=0

Refer to Section 6, Reporting and Alarms, Fault Reporting, Fault Summary Reports, for information on
retrieving fault summary reports.

Sequence of Events Recorder (SER) Function

Reset SER registers and verify that there are no SER events. SER directory reports can be read by
transmitting the ASCIl command RS or through the front panel HMI screen 4.2. To clear (reset) SER
registers, first gain write access to the reporting functions (R password) and then initiate the RS-NEW=0
command.

Purpose: To verify that all SER registers are cleared before initially loading the system.
Reference Commands: RS, RS-NEW=0

Refer to Section 6, Reporting and Alarms, Sequence of Events Recorder Function, for information on
retrieving and resetting SER records.

System Report Documentation

After completing all previous steps in Commissioning Testing and before placing the protection system in
service, it is important to create a record of the relay settings and system status at the time of
commissioning. This report should be kept for comparison in future maintenance procedures.

To create the settings record, transmit the ASCII S command and then use normal personal computer
techniques to save or print the SER report that is returned.

To create the status record, transmit the ASCIl RG-STAT command and then use normal personal
computer techniques to save or print the status report that is returned.

Purpose: To create a permanent status and settings record for future reference before initially loading
the system.
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Reference Commands: S, RG-STAT

Refer to Section 6, Reporting and Alarms, General Status Reporting, and Sequence of Events Recorder
Function, for information on retrieving and resetting SER records.

In Service Current Circuit Verification

To verify correct CT circuit connections, internal phase, zero sequence and tap compensation settings for
the differential functions, it is recommended that the load be placed on the protected zone and a
differential check record be triggered, recorded, and examined. See Section 6, Reporting and Alarms,
Differential Current Monitoring Function for more information on differential check records.

To assist you in performing this procedure, an Annotated Differential Check Record and an In Service
Current Circuit Verification Form is provided on the following pages. It is recommended that this form be
copied, completed (filled out), and that the differential check record retrieved from the relay be captured to
a file and printed. These two documents should then be placed with the commissioning records for future
reference.

Test Scenarios

The protected circuit should be loaded prior to triggering a differential check record. It is desirable that the
loading be great enough to result in relay currents that are above the minimum sensitivity of the
differential current diagnostic function, but not great enough to cause a trip if there is a problem in the
installation. The minimum sensitivity of the differential current diagnostic function is 150 milliamperes of
secondary current for 5 ampere relays and 30 milliamperes of secondary current or 1 ampere relays.

When you put initial loading on the differential zone of protection, one of four scenarios may result.

1. Everything is correct and there is no differential alarm or trip.

2. There is a problem with the settings or installation but the initial loading is too low so there is no
differential alarm or trip.

3. There is a problem with the settings or installation and the initial loading is great enough to cause a
differential alarm but not a trip.

NOTE

If the load picked up results in differential current greater than the alarm set
point (scenario 3), a record will be generated automatically by the differential
alarm function. If this occurs, it is still recommended to manually trigger
generation of a new differential check record so that you are assured that you
are looking at up-to-date data.

4. There is a problem with the settings or installation and the initial loading is great enough to cause a
trip.

NOTE

If the load picked up results in a trip (scenario 4), examine the fault summary
and oscillography records to determine the cause of the trip. If it is not a fault,
re-energize the transformer and pick up less load; or, block the differential trip,
re-energize the transformer, and pick up the load. After the load is picked up,
trigger a differential check record. Once the problem has been corrected,
unblock the differential element. Or, an Excel spreadsheet template
(CDSFAULT.xIt) is available from the web site www.basler.com. The
magnitude and angle of the currents recorded in the fault summary report at
the time of the trip can be entered into this spreadsheet along with the
pertinent differential and connections settings. The spreadsheet will then
calculate the differential currents after compensation which makes it easier to
diagnose and correct the problem.
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Annotated Differential Check Record
CDS 220 DIFFERENTIAL CHECK RECORD

REPORT DATE - 11/10/98
REPORT TIME - 11:10:08.203
STATION ID - SIMULATED_SUBST
RELAY ID - BANK-T1
USER1 ID - TEST1
USER2 1D - TEST1
RELAY ADDRESS - 0
ACTIVE GROUP -0
PHASE 87 SETTINGS CTR CT CON TX CON GROUNDED
CT CKT1 240 WYE DAC NO
CT CKT2 400 WYE WYE YES
MINPU 0.20 *TAP
SLOPE 25 %
ALARM 50 %
URO 6 *TAP
P0004-18.vsd
COMPENSATION Angle Tap 09-22:00
CT CKT1 WYE 3.12
CT CKT2 DAC 4.68
ALARMS PHASE A PHASE B PHASE C
DIFFERENTTAL: oK oK oK
POLARITY: oK oK oK
ANGLE COMP: oK oK oK
MISMATCH: oK oK oK
MEASUREMENTS PHASE A PHASE B PHASE C
MEASURED 1 PRI
209 @ 0 206 @ 240 206 @ 121
528 @ 211 516 @ 91 528 @ 332
MEASURED |1 SEC -
CT CKT1: 0.87 @ 0 |EXaMIN€ 4 gs 6 540 0.86 @ 121
CT CKT2: 1.32 @ 211 1.29 1.32 @
ANGLE COMPENSATED 1|
CT CKT1:
currents
0.28 @0 0.27 @
0.28 @ 18 0.27 @
1oP: 0.01 *TAP 0.01 *TAP 0.01 *TAP
SLOPE RATIO 4 % 4 % 4 %

>
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In-Service Current Circuit Verification Form
Time and Date:
Station ID: Relay ID:

Userl ID: User2 ID:

Trigger Differential Check Record

To trigger and retrieve a current check record, use the following commands:
A=

RA-DIFF=TRIG

RA-DIFF

Examine Differential Check Record

1. Examine the Measurements portion of the report. Plot on the appropriate polar graph, the currents
under the differential check record lines Measured | Pri and Tap Comp | for each phase and CT input
circuit.

90° 9o

70° D2558-14.cdr
270 07-18-00

270°
Plot Primary Currents Plot Compensated Currents
2. Examine the plotted currents.
— Is the phase sequence for both CT circuits the same as expected?
— Does the phase sequence match the phase sequence setting (SG-PHROT) or HMI screen 6.3.3?

— Examine the angle and tap compensated currents on the polar graph from the line labeled Tap
Comp I. For each phase, determine if the currents are approximately the same magnitude for
each CT input circuit and approximately 180 degrees out of phase? Some small amount of
mismatch is expected due to excitation and possible LTC or other tap adjust differences.

3. Examine the Alarms portion of the report.

— The line marked Differential will report Alarm for any phase where the differential current is above
the alarm threshold on that phase.

— The lines marked Polarity, Angle Comp, and Mismatch will report Alarm or OK as determined by
the current circuit diagnostic function if the currents are above the minimum sensitivity. The
diagnostic function for these lines operates even if the differential current is not above the alarm
threshold.
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Periodic Testing

Because the relay has extensive internal self test capabilities, periodic testing of the protection system
can be greatly reduced. The relay characteristics are a function of the programming instructions that do
not drift over time. Thus, the user may wish to verify that the:

e Set points that were proven during the commissioning have not been changed.

e Inputs and outputs are properly interfacing with the rest of the protection and control system.

e Power system analog parameters used by the protection and control functions are being
measured accurately.

These are things that the self test capability cannot completely determine.

Settings Verification

Verification of the relay settings can be accomplished in several ways depending upon the user's
preferences and practices. This step may not be required if the settings changed alarm point is
programmed to an output and is being monitored. This way, any unexpected setting changes would be
logged and investigated. Some settings verification possibilities include:

e Repeating the Protection and Control Function commissioning tests.

e If afile of the settings recorded upon commissioning is available, the settings can be read out of
the relay and captured to a similar file and compared using software tools.

e The settings can be verified by simple inspection of the settings versus those recorded upon
commissioning.

Digital I/0O Connection Verification
Verification of the relay digital I/O connections can be accomplished in several ways depending upon the
user’s preferences and practices.

e Repeating the digital I/O connection verification commissioning tests.

e Monitoring SER, Status, and Fault reports for proper sensing of digital signals and proper tripping
during normal operation.

NOTE

If protection systems are redundant such that multiple relays will trip a given
breaker or device for a fault, simply monitoring fault reports may not indicate a
failed output contact. The relay may report that it energized an output.
However, tripping was actually accomplished by the redundant relay. With this
situation, actually testing the contact is recommended.

Analog Circuit Verification

Verification of the relay analog measurement circuits can be accomplished in several ways depending
upon the user’s preferences and practices. Some of these ways are:

e Repeating portions of the acceptance or commissioning tests and injecting known test signals
into the relay.

e Using the metering functions of the relay and comparing the measurements to those provided by
other similar devices that are measuring the same signals. Redundant relays and/or metering
devices can provide this source of independent confirmation of the measured signals. If the relay
is connected to an integration system, this can even be automated and done on a routine basis.

NOTE

If you are going to verify the analog measurement circuits by comparison to
independent devices, you should ensure that the two devices use similar
measurement algorithms. For example, the measurements of a fundamental
sensing relay cannot be compared with the measurements of an RMS sensing
device.
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Updating Firmware and Software

Future enhancements to relay functionality may make a firmware update desirable. Enhancements to
relay firmware typically coincide with enhancements to BESTCOMS™ software for that relay. When a
relay is updated with the latest version of firmware, the latest version of BESTCOMS software should also
be obtained.

Updating Relay Firmware
If a firmware upgrade is desired, contact Basler Electric technical support to request download access.

Once the appropriate firmware is obtained, it can be uploaded to a relay using the BESTload™ software
utility provided on the CD-ROM originally supplied with the relay.

Updating BESTCOMS™ Software

Firmware enhancements often include the addition of relay settings or the modification of existing
settings. BESTCOMS software is revised to accommodate the new or changed settings. When firmware
is updated, the latest version of BESTCOMS should also be obtained. If a CD-ROM was obtained from
Basler Electric, then that CD-ROM will contain firmware and the corresponding version of BESTCOMS
software. BESTCOMS can also be downloaded from the Basler Electric web site (http://www.basler.com).

NOTE

Functional testing is NOT required for this unit. It is only necessary if the user
wants to perform a comprehensive assessment to determine suitability for an
application.

Functional Testing

Functional testing provides a comprehensive assessment of this relay to determine suitability for your
application. Functional testing goes beyond the more basic tests found in acceptance testing, but does
not go into the detail for each function as in Commissioning Testing.

Test each of the following functions to verify that this relay measures accurately, is within specified
tolerances, and operates correctly as designed. In addition, these tests are suitable for assisting in
systematic trouble-shooting in the event of a questionable operation. Revisiting a functional test of a
specific function of the relay can help verify whether the relay is indeed operating within the
manufacturer’s specified tolerance. For further assistance, contact Basler Electric, Customer Services
Department.

Phase Differential (87)

Minimum Pickup
Purpose: To verify the minimum pickup of the 87 elements.
Reference Commands: SL-87, S<g>-87, S<g>-TAP87, SG-CT

Step 1. Connect one current source to terminals B1 and B2 (A-phase, input 1). See Figures 13-1 and
13-2. An ohm-meter or continuity tester may be used to monitor output contact status.

Step 2. To prepare the 87 elements for testing, transmit the commands in Table 13-13 to the relay.
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Table 13-13. Pickup Test Commands

Command Purpose
A= Gain access
SL-N=NONE Zero out custom logic settings/overwrite with logic = none settings
Y Confirm overwrite
SL-N=RDIFF Name custom logic for this test
SL-87=1,0 Enables 87
SL-VO1=87RT Enables OUTL1 to close for 87 restrained trip

SG-CT1=1,WYE,NA

ctr=1, ct=wye, xfmr=na

SG-CT2=1,WYE,NA

ctr=1, ct=wye, xfmr=na

SG-TRIGGER=87RT, 7RPU,0

Enable 87RT to log and trigger fault recording

E

Exit

Y

Save settings

Step 3. Send to the relay the commands listed in Table 13-14.

The tap settings listed in the S#-TAP87 command are within the range of
settings for a 5 ampere sensing input type relay. If your relay is a 1 ampere
sensing input type, change the TAP 1 and TAP 2 values to 1.0.

NOTE

Table 13-14. S#-87 Commands

Command

Purpose

A=

Gain access

S#-TAP87=MANUAL,
5.00,5.00

Set TAP 1=5.00 and TAP 2=5.00

S#-87=0.1,15,0,0,0,1

Minpu = 0.1, slope = 15%, 2™ = disable, 5" = dis-able, URO = disable, 2™
harm sharing = 1 (yes)

E

Exit

Y

Save settings

Step 4. Apply current to phase A, input 1 and slowly ramp up until OUT1 closes. The relay should
pickup at a value of minimum pickup x TAP (see Figure 13-12).
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Figure 13-12. Minimum Pickup Characteristic

Step 5. Verify that pickup occurred within the specified accuracy of the relay (see Table 13-15) as
indicated by the low and high limits in Table 13-16.

Table 13-15. Sensing Input Type Accuracy

CT secondary rating Accuracy
SA T 4% of setting or 75 milliamperes whichever is greater
1A T 4% of setting or 25 milliamperes whichever is greater

Step 6. Decrease the phase A, input 1 current until the relay drops out. Remove current.

NOTE
Testing all inputs at various sensitivity settings is optional.
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Table 13-16. Minimum Pickup Accuracy Limits

Sensing Phase Tap 1/Tap 2 Pickup Low Limit High
Type Inputs Terminals MINPU values (A) (A) Limit (A)
Al B1,B2 0.10 5.00/5.00 0.50 0.425 0.575
B1 B3,B4 0.50 5.00/5.00 2.50 2.400 2.600
C1 B5,B6 1.00 5.00/5.00 5.00 4.800 5.200
A2 B9,B10 0.10 5.00/10.0 1.00 0.925 1.075
B2 B11,B12 0.50 5.00/10.0 5.00 4.800 5.200
C2 BB13,B14 1.00 5.00/10.0 10.0 9.600 10.40
Al B1,B2 0.10 1.00/1.00 0.10 0.075 0.125
B1 B3,B4 0.50 1.00/1.00 0.50 0.475 0.525
C1 B5,B6 1.00 1.00/1.00 1.00 0.960 1.040
A2 B9,B10 0.10 1.00/2.00 0.20 0.175 0.225
B2 B11,B12 0.50 1.00/2.00 1.00 0.960 1.040
C2 BB13,B14 1.00 1.00/2.00 2.00 1.952 2.080
Step 7. Repeat Steps 3 and 4 by connecting the current sources to the phases indicated in Table 13-

Step 8.

Step 9.

16 and substitute for MINPU (in the S#-87 command) and TAP values in the S#-TAP87
command (or if your relay is supplied with the HMI option, navigate to the \PROT\SGn\87\87
screen to change MINPU values and \PROT\SGn\87\TAP screen to change TAP 1 and TAP 2
values) to verify linearity over the range of MINPU values.

(Optional) Confirm that the relay acknowledged each change of state of OUT1 (87 restrained
trip) by using the RS command. Gain write access to the relay (a=) and reset the new events
counter by sending an RS=0 command to the relay.

NOTE

The action listed in Step 8 will not be introduced again in these tests. It is up to
the user to decide whether it is necessary to do this check after each test.

(Optional) Repeat Steps 2 through 8 for setting groups 1 through 3. Use the CS/CO-GROUP
command to change setting groups.

Restrained Pickup

The following tests verify the functional operation of the restrained 87 element. See Sidebar 13-2 for more
information on the percentage differential restraint operating principle.

Purpose:
Reference
Step 1.

Step 2.

To verify the accuracy of the restraint operation of the 87 element.
Commands: SL-87, SL- VO, SG-CT, S<g>-87, S<g>-TAP87

Connect one current source to terminals B1 and B2 (A-phase, input 1) and a second current
source to terminals B9 and B10 (A-phase, input 2). Ensure that the two current sources are
180° out of phase. See Figure 13-13 for a connection diagram.

An ohm-meter or continuity tester may be used to monitor output contact status.

Send the commands listed in Table 13-17 to the relay to prepare the 87 elements for pickup
testing.
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Table 13-17. Commands To Prepare For Pickup Testing

Command Purpose
A= Gain access
SL-N=NONE Zero out custom logic settings/overwrite with logic = none settings
Y Confirm overwrite
SL-N=RDIFF Name custom logic for this test
SL-87=1,0 Enables 87
SL-VO1=87RT Enables OUT1 to close for 87 restrained trip

SG-CT1=1,WYE,NA

ctr=1, ct=wye, xfmr=na

SG-CT2=1,WYE,NA

ctr=1, ct=wye, xfmr=na

SG-TRIGGER=87RT, 7RPU,0

Enable 87RT to log and trigger fault recording

E Exit
Y Save settings
180 degrees
current current circuit
source 1 source 2 monitor
o O O
®a1 ®B1 ®lc1 ®c ®a2 %2 ®lc2
B1 B3 | B5 B7 B9 | B11 | B13 | B15
B2 B4 | B6 B8 B10 | B12 | B14 | B16
—||A1 IB1 Ic1 e —||A2 IB2 Ic2
Figure 13-13. Connections for Restraint Verification
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Sidebar 13-2. Percentage Differential Restraint Operating Principle

The percentage differential restraint characteristic of the BE1-CDS relay is illustrated in Section 1, Figure
1-1. The knee of the operating curve for any slope setting is determined by taking the minimum pickup
operating characteristic and dividing it by the slope.

For example, for a minimum pickup setting of 0.30 and a slope setting of 15%, the knee of the operating
curve is plotted at a point equal to 0.30/0.15=2.00 multiples of tap on the maximum restraint current axis.
This implies that at these settings, the relay requires greater than 2.00 multiples of tap of maximum or
average restraint current to operate along the 15% slope characteristic of the relay.

Thus, for restraint currents less than the knee of the curve, the relay will operate at a differential current
greater than or equal to the minimum pickup operate setting. Beyond the knee of the curve, the
differential current operating characteristic is defined along the slope portion of the curve.

The BE1-CDS relay has two distinct operating principles for performing the restraint operation. Maximum
restraint uses the maximum of the two compensated currents as the restraint while average restraint,
uses the average of the two compensated currents. Either characteristic may be selected via the S<g>-87
command. For more information on the S<g>-87 command, refer to Section 4, Protection and Control
Functions, Differential Protection.

Step 3. Send to the relay the commands listed in Table 13-18.

Table 13-18. Setup Commands

Command Purpose
A= Gain access
For 5 A sensing input:
S#-TAP87=MANUAL,2.00,3.80 Set tap 1=2.00 and tap 2=3.80
For 1 A sensing input:
S#-TAP87=MANUAL,0.40,0.76 Set tap 1=0.40 and tap 2=0.76

You can test the relay either by increasing one current from a balanced condition or decreasing it. Refer
to the descriptions of both methods and Sidebar 13-3 to evaluate the differences in the two approaches.
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Sidebar 13-3. Maximum Restraint Operating Characteristic

Under maximum restraint, the relay reaches the trip or operate point depending on the level of restraint
as shown in the associated figure. When only one current is changed, the restraint current can vary
depending on the relative changes between currents. When one current is decreased from balance, the
maximum restraint has a vertical characteristic. When increasing one current relative to the other, it will
shift to the right with a sloping characteristic as it continues to increase toward the trip region of the
operate characteristic.

D2857-13.vsd
10-14-99

decreasing current increasing current
from balance from balance

A

N ‘5/\09(%
minimum /
pickup

/ /

OPERATING CURRENT (IN MULTIPLES OF TAP)

1 2 3 4 5
MAXIMUM RESTRAINT CURRENT (IN MULTIPLES OF TAP)

In order to test the restrained pickup function of the BE1-CDS relay, you may increase one of two
currents initially applied in balance, to create an operate imbalance. In this narrative, the input 1 current
will be the input to be deviated. A similar analysis can be made for deviating input 2 current.

By increasing input current I, from balance, |, is defined as
slope
100
Sidebar 13-3, Equation 1

Iltrip: Ilbalance/(l'( ))ln per Unit

with the minimum trip point established as
Iltripmin = |1balance + mlnpu In per unlt
Sidebar 13-3, Equation 2

where: minpu is the minimum pickup setting
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Sidebar 13-3. Maximum Restraint Operating Characteristic — Continued

Under test and in-service conditions, the following equations determine whether the relay operates
along the flat minimum pickup or slope of the operating characteristic. If:

| estraint at batance => MINPU X #4 in per unit, use Equation 1, or if
slope /100

L estraint at batance < MINPU X 1 1 in per unit, use Equation 2.
slope /100

Example (Increasing One Input from Balance):
TAP 1=2.00 Minpu=0.30

TAP 2=3.80 Slope =15%
Input 1 current at balance = 3 per unit (6 amperes)
Input 2 current at balance = 3 per unit (11.40 amperes)

Input 1 is being increased relative to a fixed input 2 current. Thus, the maximum restraint used by the
relay is input 1, the larger of the two currents in per unit.

1 .
Irestraintat balance — 3>0.3 [m - ] =1.70 per unit
Then,

= |u,a.ance/(1-(Sl‘(’)—'f’oe )) = 3/(1-0.85) = 3.53 per unit (see the following figure)

=
°

minimum pickup
=0.30 x tap

|

=15%
- \Op*lool\REsTR /
S\Ope/

A

................ , 7= Differential current

OPERATING CURRENT (IN MULTIPLES OF TAP)

1 2 3 3.53 4 5

MAXIMUM RESTRAINT CURRENT (IN MULTIPLES OF TAP)

Maximum Restraint Characteristic Example

You may also use the maximum restraint operating characteristic and test the relay by decreasing one
current from a balanced condition. For additional information on testing in this manner, see Sidebar 13-4.
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Sidebar 13-4. Maximum Restraint When Decreasing One Input from Balance

A second way to test the restrained pickup of the BE1-CDS relay is to decrease one of two currents,
initially applied in balance, to create an imbalance. In this narrative, input 2 current will be the input
deviated. A similar analysis can be made for deviating input 1 current.

By decreasing the input current |, from balance, the value of |,, is defined as:

slope

IZtrip: |2balance (1_ ( 100

)) in per unit Sidebar 13-4, Equation

1
with the minimum trip point established as:

Latrip min = labatance — MINPU iN per unit Sidebar 13-4, Equation
2

where: minpu is the minimum pickup setting.

Under test and in-service conditions, the following equations determine whether the relay operates along
the flat minimum pickup or the slope of the operating characteristic. If:
slo

| estraint at batance = (minpu/(T%e) in per unit, use Equation 1, or, if

| estrain at batance < (minpu/(smﬂ) in per unit, use Equation 2.

100
With the maximum restraint operating principle of the BE1-CDS relay, as one input current is decreased
from balance, the other input current, remaining the greater of the two currents, will be the restraint
current (in per unit). Since that current remains fixed while the other is decreased, the operate current
plotted against the restraint current will be a vertical line on the operating characteristic diagram.

If you are applying this relay using the maximum restraint operating characteristic, continue with Step 4.
Otherwise, you may proceed directly to Step 12 to test the average restraint operating characteristic.

Step 4. Send the commands listed in Table 13-19 to the relay.

Table 13-19. Setup Commands

Command Purpose
A= Gain access
S#-87=0.35,15,0,0,0,1 | minpu=0.35,slope=15%,2"=dis,5"=dis,URO=dis,2™ harm sharing=1 (yes)
E Exit
Y Save settings

Step 5. Apply balancing current to phase A, input 1 and phase A, input 2 at the magnitude indicated in
the first row of either Table 13-20 (5 ampere sensing) or 13-21 (1 ampere sensing) and slowly
increase input 1 until OUTL1 closes. Reference the appropriate table to verify pickup accuracy.

Step 6. Repeat for all values and (optionally) reconnect to phases B and C, inputs 1 and 2 when
advancing through the set of test values in the table. It is not necessary to test each phase at
all the values listed to verify the response of each phase. If your relay is supplied with the HMI
option, navigate to the \PROT\SGn\87\87 screen to make the listed slope setting changes.

Notice that the test values in Tables 13-20 and 13-21 are intended to show operation on both the
minimum operate and slope portion of the operating curve.

Step 7. Verify that pickup occurred within the specified accuracy of the relay. Accuracy when
increasing or decreasing the input current is +4% of setting or 75 milliamperes (whichever is
larger) for 5 ampere sensing inputs and +4% of setting or 25 milliamperes (whichever is larger)
for 1 ampere sensing inputs.

13-36 BE1-CDS220 Testing And Maintenance 9313900990 Rev G




Table 13-20. Maximum Restraint Pickup Test Points (5 A Sensing Input)

Sensing Input 1 Input 2 Increasing Input 1 Decreasing Input 2
Input |Minimum | slope tap = 2.00 tap = 3.80 From Balance From Balance
Type Pickup | (%) | Bal.Input(A) | PU Bal. Input (A) PU Pickup (A) Pickup (A)

5 0.35 15 2.00 1 3.80 1 270 | + | 0.108 | 247 | + | 0.099
5 0.35 15 10.00 5 19.00 5 | 1176 | + | 0470 [16.15| + | 0.646
5 0.35 30 2.00 1 3.80 1 286 | + | 0.108 | 247 | + | 0.089
5 0.35 30 10.00 5 19.00 5 11429 | + | 0572 [13.30| + | 0.532
5 0.35 45 2.00 1 3.80 1 364 | + | 0146 | 209 | + | 0.084
5 0.35 45 10.00 5 19.00 5 118.18 | + | 0.727 [10.45| + | 0.418
5 0.35 60 2.00 1 3.80 1 500 | + | 0.200 | 1.52 | + | 0.075
5 0.35 60 10.00 5 19.00 5 12500 | + |0.100 | 7.60 | + | 0.304
Table 13-21. Maximum Restraint Pickup Test Points (1 A Sensing Input)

Sensing Input 1 Input 2 Increasing Input 1 Decreasing Input 2
Input |Minimum | slope tap = 2.00 tap = 3.80 From Balance From Balance
Type Pickup | (%) | Bal.Input(A) | PU Bal. Input (A) PU Pickup (A) Pickup (A)

1 0.35 15 0.40 1 0.76 1 054 | + | 0.025 | 049 | + | 0.025
1 0.35 15 2.00 5 3.80 5 235 | + | 0.094 | 3.23 | + | 0.129
1 0.35 30 0.40 1 0.76 1 057 | + | 0.025 | 049 | + | 0.025
1 0.35 30 2.00 5 3.80 5 286 | + | 0114 | 266 | + | 0.106
1 0.35 45 0.40 1 0.76 1 0.73 | + | 0.029 | 0.42 | + | 0.025
1 0.35 45 2.00 5 3.80 5 364 | + | 0146 | 209 | + | 0.084
1 0.35 60 0.40 1 0.76 1 1.00 | £ | 0.040 | 0.30 | + | 0.025
1 0.35 60 2.00 5 3.80 5 500 | + | 0.200 | 1.52 | + | 0.061

Step 8. Remove both currents.

Step 9. For each change in slope value indicated, send the commands listed in Table 13-22 to the
relay to invoke a change in slope settings (notice the leading comma (,) in the S#-87

command).
Table 13-22. Setup Commands
Command Purpose
A= Gain access
S#-87=,30 Minpu = no change, slope = 30%
E Exit
Y Save settings

Step 10. Repeat Steps 2 through 4 for phases B and C unless all phases were tested during the
restraint pickup tests in Step 5. If so, proceed with the next step.

Step 11. (Optional) Repeat Steps 2 through 5 for setting groups 1 through 3 using the CS/CO-GROUP
command to change setting groups.

If you are applying this relay using the average restraint operating characteristic, you may begin your
testing at Step 12, otherwise go back to Step 4 to test for the maximum restraint operating characteristic.
For more information on testing using the average restraint operating characteristic, see Sidebar 13-5 and
Sidebar 13-6.
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Sidebar 13-5. Average Restraint Operating Characteristic

Operating in an average restraint characteristic, the BE1-CDS relay reaches the trip or operate point
depending on the level of restraint per the diagram below.

As illustrated in the associated diagram, when only one current is changed, the restraint current will vary
depending on the relative change in currents. As one current is decreased from balance, the average
restraint will shift to the left with a sloping characteristic as the differential current increases to the point of
operating. The average restraint will shift to the right with a sloping characteristic when one current is
increased relative to the other as the differential current increases.

3

| | D2857-14.vsd

. . 10-15-99
increasing current

from balance
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from balance

2
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1 2 3 4 5
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Average Restraint Operating Characteristic

Sidebar 13-6. Average Restraint When Increasing One Input from Balance

In order to test the restrained pickup function of the BE1-CDS relay, you may increase one of two currents
initially applied in balance, to create an operate imbalance. In this narrative, the input 1 current will be the
input to be changed. A similar analysis can be made for changing input 2 current.

By increasing input current |, from balance, |, is defined as:

slope slope .., . . . .
Litip = Dobatance™ (1 +((2* 100 )(2- 100 ))) in per unit Sidebar 13-6, Equation 1
with the minimum trip point established as:
Litip min = labaance + MINPU in per unit Sidebar 13-6, Equation 2

where: minpu is the minimum pickup setting.

Under test and in-service conditions, the following equations determine whether the relay operates along
the flat minimum pickup or slope of the operating characteristic. If:

| estraint at batance => MINPU X #_1/2 in per unit, use Equation 1, or if
slope /100

| estraint at batance < MINPU X #_1/2 in per unit, use Equation 2.
slope /100
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Sidebar 13-6. Average Restraint When Increasing One Input from Balance - Continued
Example (Increasing One Input from Balance):
Tapl =2.00 Minpu = 0.30
Tap2 = 3.80 Slope = 15%
Input 1 current at balance = 3 per unit (6 amperes)

Input 2 current at balance = 3 per unit (11.40 amperes)
Input 1 is being increased relative to a fixed input 2 current.

1 .
Irestraimatbalance =3>0.3 [E_Osj =1.85 per unit

Then,
slope slope .
liip = Lobatance * (L+((2* /(2- = 3(1+0.30/1.85) = 3.486 per unit
= e (LH((27 == )(2- = 50=0)) = 3( ) P
| estraint = IlJ;IZ = (3.0 + 3.486)/2 = 6.486/2 = 3.243 per unit (see the following figure)

minimum pickup
=0.30 x tap

X1 = 15%

slope = loP¥100/IresTR

<
T e /";\ Differential current
.............. : |

1 2 3 3.243 4 5

AVERAGE RESTRAINT CURRENT (IN MULTIPLES OF TAP)

OPERATING CURRENT (IN MULTIPLES OF TAP)

Average Restraint Characteristic Example

You may also use the average restraint operating characteristic and test the relay by decreasing one
current from a balanced condition. For additional information on testing in this manner, see Sidebar 13-7.

Sidebar 13-7. Average Restraint When Decreasing One Input from Balance

A second way to test the restrained pickup of the BE1-CDS relay is to decrease one of two currents,
initially applied in balance, to create an imbalance. In this narrative, input 1 current will be the input to be
changed. A similar analysis can be made for changing input 2 current.

By decreasing the input current |, from balance, the value of I, is defined as:

slope Y2+ slope

Itri =1 alance 1- ((2*
1trip — l2bal ( (( 100 100

))) in per unit
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Sidebar 13-7. Average Restraint When Decreasing One Input from Balance - Continued
with the minimum trip point established as:
1tip min = labatance = MINPU in per unit
where: minpu is the minimum pickup setting

Under test and in-service conditions, the following equations determine whether the relay operates along
the flat minimum pickup or slope of the operating characteristic. If

lestraint atbatance > MINPU X | —— = 1 1/2 in per unit, use the 1* equation, or if
slope/100

L estraint at batance < MINPU X # +1/2 in per unit, use the 2" equation.
slope/100

Step 12. Send the commands listed in Table 13-23 to the relay.

Table 13-23. Setup Commands

Command Purpose
A= Gain access
S#- Minpu = 0.35, slope = 15% (of average restraint), 2" = disabled, 5" = disabled,
87=0.35,15A,0,0,0,1 URO= disabled, 2™ harm sharing =1 (yes)
E Exit
Y Save settings

Step 13. Apply balancing current to phase A input 1 and phase A input 2 at the magnitude indicated in
each row of either Table 13-24 (5 ampere sensing) or 13-25 (1 ampere sensing) and slowly
increase phase A input 1 until OUT1 closes. Reference the corresponding table to verify
pickup accuracy.

Table 13-24. Maximum Restraint Pickup Test Points (5 A Sensing Input)

Sensing Input 1 Input 2 Increasing Input 1 Decreasing Input 2
Input |Minimum | slope tap = 2.00 tap = 3.80 From Balance From Balance
Type Pickup | (%) | Bal.Input(A) | PU Bal. Input (A) PU Pickup (A) Pickup (A)

5 0.35 15 2.00 1 3.80 1 270 | + | 0108 | 247 | + | 0.099
5 0.35 15 10.00 5 19.00 5 11162 | + | 0.465 [16.35| + | 0.654
5 0.35 30 2.00 1 3.80 1 270 | + | 0.108 | 247 | + | 0.089
5 0.35 30 10.00 5 19.00 5 | 1353 | + | 0541 [14.04| + | 0.562
5 0.35 45 2.00 1 3.80 1 3.16 | + | 0126 | 240 | + | 0.096
5 0.35 45 10.00 5 19.00 5 11581 | + | 0.632 [12.03| + | 0.481
5 0.35 60 2.00 1 3.80 1 3.71 | + | 0.148 | 204 | + | 0.096
5 0.35 60 10.00 5 19.00 5 | 1857 | + | 0.743 |10.22| + | 0.409
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Table 13-25. Maximum Restraint Pickup Test Points (1 A Sensing Input)

Sensing Input 1 Input 2 Increasing Input 1 Decreasing Input 2
Input |Minimum | slope tap = 2.00 tap = 3.80 From Balance From Balance
Type Pickup (%) | Bal. Input (A) | PU Bal. Input (A) PU Pickup (A) Pickup (A)

1 0.35 15 0.40 1 0.76 1 054 | + | 0.025 | 049 | + | 0.025
1 0.35 15 2.00 5 3.80 5 232 | + | 0093|327 | + | 0.131
1 0.35 30 0.40 1 0.76 1 054 | + | 0.025 | 049 | + | 0.025
1 0.35 30 2.00 5 3.80 5 271 | + | 0108 | 281 | + | 0.112
1 0.35 45 0.40 1 0.76 1 063 | + | 0.025 [0.481| + | 0.025
1 0.35 45 2.00 5 3.80 5 3.16 | + | 0.126 [{2.406| + | 0.096
1 0.35 60 0.40 1 0.76 1 0.74 | + | 0.030 {0.408| + | 0.025
1 0.35 60 2.00 5 3.80 5 3.71 | + | 0.148 [2.046| + | 0.082
Step 14. Repeat for all values and optionally, reconnect to phases B and C, inputs 1 and 2 when

advancing through the set of test values in the table. It is not necessary to test each phase at
all the values listed to verify the response of each phase. If your relay is supplied with the HMI
option, navigate to the \PROT\SGn\87\87 screen to make the listed slope setting changes.

Notice that the test values in Tables 13-24 and 13-25 are intended to show operation on both the
minimum operate and slope portion of the operating curve. These tables have values for testing the relay
either by increasing one current from a balanced condition or decreasing it. Either technique can be
utilized to test this function. Refer to the descriptions of both methods to evaluate the differences in the
two approaches.

Step 15. Verify that pickup occurred within the specified accuracy of the relay. Accuracy when
increasing or decreasing the input current is +4% of setting or 75 milliamperes (whichever is
larger) for 5 ampere sensing inputs and +4% of setting or 25 milliamperes (whichever is larger)
for 1 ampere sensing inputs.

Step 16. Remove both currents.

Step 17. For each indicated change in slope value, send the commands listed in Table 13-26 to the
relay to invoke a change in slope settings (notice the leading comma (,) in the S#-87
command).

Table 13-26. Setup Commands
Command Purpose
A= Gain access
S#-87=,30 Minpu = no change, slope = 30%
E Exit
Y Save settings

Step 18. Repeat Steps 12, 13, and 14 for phases B and C unless all phases were tested during the
restraint testing in Steps 13 and 14. If so, proceed with the next step.

Step 19. (Optional) Repeat Steps 2 through 4 and 12 through 14 for setting groups 1 through 3 using

the CS/CO-GROUP command to change setting groups.

Restrained Time Verification

A timing circuit or a contact monitor with timing algorithm must be used to time the output contact status
change. For more information on determining the minimum pickup current, see Sidebar 13-8.
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Sidebar 13-8. Determining the Operating Point on the Curve

1

Irestraim at balance <> minpu X T A~
slope /100

_ J in per unit

1< (0.35 * ((1/0.15)-1))= (0.35 * 5.67) = 1.98 per unit
where: The operating point is on the flat part of the curve.

Thus, we use the following to derive the trip condition. Notice the added multiples of tap variable which we
know in this case is 1.5 times tap or, 1.5 per unit.

Latip min = lanaiance + MiNpU * multiples of tap in per unit
Lpmn = 1 +0.35* 1.5 = 1.53 per unit
where: |, en (@ 2 X tap) = tap X lyypmn = 2.00 * 1.53 =  3.05 amps

Because 1.53 per unit is less than 1.98 per unit, we know that our trip point is on the flat part of the curve
and the applied current is actually 1.5 pu.

Step 1. Connect one current source to terminals B1, B2 (A-phase, input 1) and a second current
source to terminals B9, B10 (A-phase, input 2).

Step 2. Send the commands listed in Table 13-27 to the relay to setup a test of the response time of
the 87 restrained elements.

Table 13-27. Restrained Element Response Time Setup Commands

Command Purpose
A= Gain access
SL-N=NONE Zero out custom logic settings/overwrite with logic = none settings
Y Confirm overwrite
SL-N=DIFF Sets DIFF as custom logic name
SL-87=1,0 Enables 87
SL-VO1=87RT Enables OUT1 to close with 87 restrained trip
SG-CT1=1,WYE,NA,0 ctr=1, ct=wye, xfmr=na, no grd source
SG-CT2=1,WYE,NA,0 ctr=1, ct=wye, xfmr=na, no grd source
'?SI_GGER=87RT,87RPU,O Enable 87RT to log and trigger fault recording
S#- _ set tap 1=2.00 and tap 2=2.00
TAP87=MANUAL,2.00,2.00
E Exit
Y Save settings

Step 3. Apply 1 multiple of tap current (2 amperes) to both A-phase input 1 and A-phase input 2 (at
180° phase relation to input 1).

Step 4. To force a restrained trip at 1.5 times pickup, you must apply a step change in the current on
input 2 to 3.05 amps. Apply the step change in current to input 2 and record the time interval
between the time the step change was initiated to the time OUT1 output contact closes (the
restrained trip (87RT)).

Step 5. Reduce the current to input 2 until OUT1 contact opens.
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Step 6. Apply 1 multiple of tap current (2 amperes) to both A-phase input 1 and A-phase input 2 (at
180° phase relation to input 1).

Step 7. To force a restrained trip at 5 times pickup, you must apply a step change in the current on
input 2 to 8.0 amperes. This value (8.0 amperes) was derived from the following:

Iop =5* Ioptrip
l,—1=5%*(l,*slope)
l,—1,=5%*(,*0.15)
,L—1=0.751,
0251,=1

I, = 4 per unit
I, = 8 amperes

Step 8. Apply the step change in current to input 2 and record the time interval between the time the
step change was initiated to the time OUTL1 output contact closes (the restrained trip (87RT)).

Step 9. Reduce the current to input 2 until OUT1 contact opens.
Step 10. The time measured in Steps 4 and 8 should be less than those shown in Table 13-28.

Table 13-28. Restrained Trip Operate Times

Function Differential current Time
Restrained trip 1.5 times pu Less than 3 cycles
Restrained trip 5 times pu Less than 2 cycles

Second Harmonic Restraint Verification

Purpose: To verify the operation of the 2™ harmonic restraint function of the 87 element.
Reference Commands: SL-87, S(n)-87, S(n)-TAP87, SL-VO, SG-CT

Step 1. Parallel a 60 Hz current source and a second 120 Hz current source to terminals B1, B2
(A-phase, input 1). Reference Figure 13-14.

An ohm-meter or continuity tester may be used to monitor output contact status.

87RT 2NDHAR 60 Hz 120 Hz
circuit circuit current current
monitor monitor source 1  source 2

£ 5 5 5
vYvY

a1 ®&1 ®lcr ®c % ®Bs2 ®lc2
B1 B3 | B5 B7 B9 | B11 | B13 | B15
B2 B4 | B6 B8 B10 | B12 | B14 | B16

Q_IMl IB1 Ic1 e la2 IB2  lc2

Figure 13-14. Connection for Harmonic Restraint Verification

Step 2. Send the commands listed in Table 13-29 to the relay to setup a test of the pickup of the
second harmonic restraint elements.
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Table 13-29. Second Harmonic Restraint Elements Setup Commands

Command Purpose
A= Gain access
SL-N=NONE Zero out custom logic settings/overwrite with logic = none settings
Y Confirm overwrite
SL-N=2HAR Sets 2HAR as custom logic name
SL-87=1,0 Enables 87
SL-VO1=87RT Enables OUT1 to close with 87 restrained trip
SL-VO2=2NDHAR Enables OUT2 to close when 2™ harmonic restrains 87RT
SG-CT1=1,WYE,NA,0 ctr=1, ct=wye, xfmr=na, no grd source
SG-CT2=1,WYE,NA,0 ctr=1, ct=wye, xfmr=na, no grd source
SG- Enable 87RT to log and trigger fault recording
TRIGGER=87RT,87RPU,0
S#- set tap 1=2.00 and tap 2=3.80
TAP87=MANUAL,2.00,3.80
i = = 0 nd = 0 "= di =di
S#-87=0.35,15.18,0,0,1 l\/ﬂjnpu 0.35_, sIo_pe 15% ,2™ = 18%, 5" = disabled, URO = disabled,
2" harm sharing = shared
E Exit
Y Save settings

Step 3. Apply 2.0 amps of 60 Hz current to the A-phase input 1. The OUT1 (87RT restrained trip)
output contact should close upon application of current.

Step 4. Apply 120 Hz current on the source paralleled to A-phase input 1 and slowly increase the
current from zero until OUT2 closes (and conversely, OUT1 opens).

Step 5. Record the current magnitude from Step 4 that caused OUT 2 to close and OUT1 to open.
These output contact changes indicated that the 2™ harmonic restraint function is now
restraining the 87RT operation.

Step 6. Remove both 60 Hz and 120 Hz currents.

Step 7. To arrive at a 2™ harmonic inhibit percentage value, divide the magnitude of the applied 2™

harmonic current (120 Hz) by the magnitude of the applied 60 Hz input current. For this
particular test, this value should be equal to 0.36 amperes @ 120 Hz +~ 2 A @ 60 Hz = 18 %.
Verify that the 2™ harmonic inhibit function restrains operation at the expected value based on
settings from Step 2. The recommended CT connection for this test is WYE. If the user
decides to use a DELTA CT connection, the 2™ harmonic current will be doubled as a result of
delta summation and the relay will operate at 9%.
The recommended CT connection for this test is WYE. If the user decides to use a DELTA CT
connection with “harmonic sharing enabled” during this test, the 2™ harmonic current will be
doubled as a result of delta summation and the relay will operate at 9%. This occurs only
during single-phase testing with settings as stated.

Step 8. (Optional) Repeat steps 2 through 7 for phases B and C. Because the relay was set for
harmonic sharing in the S#-87 command (the last ‘1’ in the string) in Step 2, the harmonic
content on all phases is shared, or summed, and this magnitude is used by the second
harmonic comparators for each phase. Thus, the same operation will occur regardless of
which phase of the 120 hertz test current is applied.

Step 9. (Optional) Repeat Steps 2 through 8 for setting groups 1 through 3 using the CS/CO-GROUP

command to change setting groups.

Fifth Harmonic Restraint Verification

Purpose:

To verify the operation of the 5" harmonic restraint function of the 87 element.

Reference Commands: SL-87, S(n)-87, S(n)-TAP87, SL-VO, SG-CT
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Step 1.

Parallel a 60 Hz current source and a second 300 Hz current source to terminals B1, B2

(A-phase, input 1). Same as Figure 13-14 except for the applied harmonic frequency.
An ohm-meter or continuity tester may be used to monitor output contact status.

Step 2. Send the commands listed in Table 13-30 to the relay to setup a test of the pickup of the fifth
harmonic restraint elements.
Table 13-30. Fifth Harmonic Restraint Elements Setup Commands
Command Purpose
A= Gain access
SL-N=NONE Zero out custom logic settings/overwrite with logic = none settings
Y Confirm overwrite
SL-N=5HAR Sets 5SHAR as custom logic name
SL-87=1,0 Enables 87
SL-VO1=87RT Enables OUTL1 to close with 87 restrained trip

SL-VO2=5THHAR

Enables OUT2 to close when 5" harmonic restrains 87RT

SG-CT1=1,WYE,NA,0

ctr=1, ct=wye, xfmr=na, no grd source

SG-CT2=1,WYE,NA,0

ctr=1, ct=wye, xfmr=na, no grd source

SG-

TRIGGER=87RT,87RPU,0

Enable 87RT to log and trigger fault recording

S#-

TAP87=MANUAL,2.00,3.80

set tap 1=2.00 and tap 2=3.80

#-87=0.35,15,0,35,0,1

Minpu = 0.35, slope = 15%, 2™ = disabled, 5" = 35%, URO = disabled,
2" harm sharing = shared

E Exit
Y Save settings

Step 3. Apply 2.0 amps of 60 Hz current to the A-phase input 1. The OUT1 (87RT restrained trip)
output contact should close upon application of current.

Step 4. Apply 300 Hz current on the source paralleled to A-phase input 1 and slowly increase the
current from zero until OUT2 closes (and conversely, OUT1 opens).

Step 5. Record the current magnitude from Step 4 that caused OUT 2 to close and OUT1 to open.
These output contact changes indicated that the 5" harmonic restraint function is now
restraining the 87RT operation.

Step 6. Remove both 60 Hz and 300 Hz currents.

Step 7. To arrive at a 5" harmonic inhibit percentage value, divide the magnitude of the applied 5"
harmonic current (300 Hz) by the magnitude of the applied 60 Hz input current. For this
particular test, this value should be equal to 0.70 amperes @ 300 Hz ~ 2 A @ 60 Hz = 35 %.
Verify that the 5™ harmonic inhibit function restrains operation at the expected value based on
settings from Step 2.

Step 8. (Optional) Repeat steps 2 through 7 for phases B and C.

Step 9. (Optional) Repeat Steps 2 through 8 for setting groups 1 through 3 using the CS/CO-GROUP

command to change setting groups.

Unrestrained Pickup Verification

Purpose:

To verify the accuracy of the unrestrained operation of the 87 element.

Reference Commands: SL-87, SL- VO, SG-CT, S(n)-87, S(n)-TAP87

Step 1.

Connect one current source to terminals B1, B2 (A-phase, input 1). Refer to Figure 13-1.

An ohm-meter or continuity tester may be used to monitor output contact status.
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Step 2. Send the commands listed in Table 13-31 to the relay to setup a test of the pickup of the 87

elements.
Table 13-31. 87 Elements Pickup Setup Commands
Command Purpose
A= Gain access
SL-N=NONE Zero out custom logic settings/overwrite with logic = none settings
Y Confirm overwrite
SL-N=UDIFF Name custom logic for this test
SL-87=1,0 Enables 87
SL-VO1=87UT Enables OUTL1 to close with 87 unrestrained trip

SL-VO2=5THHAR

Enables OUT?2 to close when 5" harmonic restrains 87RT

SG-CT1=1,WYE,NA,0 ctr=1, ct=wye, xfmr=na, no grd source

SG-CT2=1,WYE,NA,0 ctr=1, ct=wye, xfmr=na, no grd source

SG-TRIGGER=87UT,87UT,0 | Enable 87UT to log and trigger fault recording

S#-

TAP87=MANUAL,2.00,3.80 Set tap 1=2.00 and tap 2=3.80

Minpu = disabled, slope = 15%, 2" = disabled, 5" = disabled, URO =

S#-87=0,15,00,1.1 disabled, 2™ harm sharing = shared

E Exit

Y Save settings

Step 3. Apply current to A-phase input 1, increasing the magnitude until OUT1 closes. Since the URO
setting is 1 and Tap 1= 2, this should occur at 2 amperes. Accuracy when increasing or
decreasing the input current is +4% of setting or 75 milliamperes (whichever is larger) for 5
ampere sensing inputs and +4% of setting or 25 milliamperes (whichever is larger) for 1
ampere sensing inputs. Verify that pickup occurred within the specified accuracy of the relay.

Step 4. Reduce the input current until OUT1 opens.
Step 5. Using the values in Table 13-32, repeat Step 3 for the other values of unrestrained settings

indicated.
Table 13-32. Unrestrained Pickup Accuracy Limits
URO Setting Tap 1 Pickup (A) Low Limit (A) High Limit (A)
1 2.00 2 1.925 2.075
5 2.00 10 9.700 10.30
10 2.00 20 19.40 20.60

Step 6. (Optional) Repeat steps 1 through 5 for phases B and C.

Step 7. (Optional) Repeat Steps 2 through 6 for setting groups 1 through 3 using the CS/CO-GROUP
command to change setting groups.

Unrestrained Time Verification

A timing circuit or a contact monitor with timing algorithm must be used to time the output contact status
change. For more information on determining the minimum pickup current, refer to Sidebar 13-8.

Step 1. Connect one current source to terminals B1, B2 (A-phase, input 1) and a second current
source to terminals B9, B10 (A-phase, input 2).
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Step 2. Send the commands listed in Table 13-33 to the relay to setup a test of the response time of
the 87 unrestrained elements.

Table 13-33. Unrestrained Element Response Time Setup Commands

Command Purpose
A= Gain access
SL-N=NONE Zero out custom logic settings/overwrite with logic = none settings
Y Confirm overwrite
SL-N=DIFF Sets DIFF as custom logic name
SL-87=1,0 Enables 87
SL-VO1=87UT Enables OUT1 to close with 87 unrestrained trip
SG-CT1=1,WYE,NA0 ctr=1, ct=wye, xfmr=na, no grd source
SG-CT2=1,WYE,NA,0 ctr=1, ct=wye, xfmr=na, no grd source
SG-TRIGGER=87UT,87UT,0 | Enable 87UT to log and trigger fault recording
S#- set tap 1=2.00 and tap 2=2.00
TAP87=MANUAL,2.00,2.00
S#-87=0,15,002.1 Q'A,Ln;lljjn:re%trii(r)wpe?j :u:lks:/po g:: ;afiibgzﬂhg‘l:sgfrae%ea VRO = 2 times
E Exit
Y Save settings

Step 3. Apply 1 multiple of tap current (2 amperes) to both A-phase input 1 and A-phase input 2 (at
180° phase relation to input 1).

Step 4. To force an unrestrained trip at 1.5 times pickup, you must apply a step change in the current
on input 2 to 8.0 amps. Apply step change in current to input 2 and record the time interval
between the time the step change was initiated to the time OUT1 output contact closes (the
unrestrained trip (87UT)).

Step 5. Reduce the current to input 2 until OUT1 contact opens.

Step 6. Apply 1 multiple of tap current (2 amperes) to both A-phase input 1 and A-phase input 2 (at
180° phase relation to input 1).

Step 7. To force an unrestrained trip at 5 times pickup, you must apply a step change in the current on
input 2 to 22 amperes.

Step 8. Apply step change in current to input 2 and record the time interval between the time the step
change was initiated to the time OUT1 output contact closes (the unrestrained trip (87UT)).

Step 9. Reduce the current to input 2 until OUT1 contact opens.
Step 10. The time measured in Steps 4 and 8 should be less than those shown in Table 13-34.

Table 13-34. Restrained Trip Operate Times

Function Differential current Time
Unrestrained trip 1.5 times pu Less than 2 cycles
Unrestrained trip 5 times pu Less than 1 cycle

Step 11. (Optional) Repeat steps 1 through 10 for phases B and C.

Step 12. (Optional) Repeat Steps 3 through 11 for setting groups 1 through 3 using the CS/CO-GROUP
command to change setting groups.
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Neutral Differential (87ND)
Minimum Pickup

Purpose: To verify the accuracy of the restraint operation of the 87ND element.
Reference Commands: SL-87ND, SL- VO, SG-CT, S(n)-87, S(n)-TAP87

Step 1. Connect current source 1 to terminals B7 and B8 (ground input). See Figure 13-15. An ohm-
meter or continuity tester may be used to monitor output contact status.

180 degrees
circuit current current
monitor source 1 source 2

o o0 Qo O o O

® . ®B1 ®lci| ®c ®r ®B2 ®lc2
B1 B3 B5 B7 B9 B11 | B13 | B15
B2 B4 B6 B8 B10 | B12 | B14 | B16
| |
a1 IB1 Ic1 e la2  IB2 lc2

Figure 13-15. Connection for 87ND Minimum Pickup Verification
Step 2. To prepare the 87ND element for testing, transmit the commands in Table 13-35 to the relay.

Table 13-35. 87ND Pickup Test Commands

Command Purpose

A= Gain access
SL-N=NONE Zero out custom logic settings/overwrite with logic = none settings
Y Confirm overwrite
SL-N=NDIFF Name custom logic for this test
SL-87=0 Disables 87
SL-87ND=2,0 Enables 87ND, mode=IG v. CT2, no blk
SL-VO1=87NDT Enables OUTL1 to close for 87ND restrained trip
SG-CT2=1,WYE,NA,0 input 2 ctr=1, ct=wye, xfmr=na, no grd source
SG-CTG=1 gnd input ctr=1
SG-TRIGGER=87NDT, 87NDPU,0 | Enable 87NDT to log and trigger fault recording
S#-87ND=0.1,15,50m Minpu = 0.1, slope = 15%, 50 ms (minimum time delay)
E Exit
Y Save settings

NOTE

With the relay in service, it is necessary to view the 87ND tap factors by
accessing the HMI screen \PROT\SGn\87ND\87ND.
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Step 3. The relay auto tap compensation logic will calculate TAPN and TAPG values based on the CT
ratios for the designated phase CTs and the ground CT. Since CTR2 and CTRG are both
equal to 1:1 for this test, the TAPN and TAPG values are both equal to the minimum settings
for either 5 ampere or 1 ampere relays (2.0 and 0.4 respectively). For more information on
auto tap compensation, see Sidebar 13-9.

Sidebar 13-9. Auto Tap Compensation
Tap adjustment factors for the 87ND function are automatically calculated based on the equation:
TAPN * CTRn = TAPG * CTRG

where CTRn is the CT ratio for the CT designated in the SL-87ND setting in the active logic. Currents are
tap adjusted based on the CT ratios with the driving tap (CT input with the highest CTR) set at the
minimum setting (2.0 for 5 ampere sensing relays and 0.4 for 1 ampere sensing relays) and the other tap
adjusted to the driving tap based on the equation above. For more information on Auto Tap
Compensation, refer to Section 4, Protection and Control Functions, Differential Protection, 87ND Neutral
Differential Function.

Step 4. Apply current to the ground input and slowly ramp up until OUT1 closes.

Step 5. Accuracy when increasing or decreasing the input current is +4% of setting or 75 milliamperes
(whichever is larger) for 5 ampere sensing inputs and +4% of setting or 25 milliamperes
(whichever is larger) for 1 ampere sensing inputs. Verify that pickup occurred within the
specified accuracy of the relay.

Step 6. Decrease the current to the ground input until the relay drops out.

Step 7. Repeat for all other values shown in Table 13-36 by substituting for minpu in the S#-87ND
command or if supplied with the HMI option, by navigating to screen \PROT\SGn\87ND\87ND
and editing the MIN PICKUP value.

Table 13-36. Minimum Pickup Accuracy Limits (87ND)

Sensing Type | MINPU Calculated TAPG Pickup (A) Low Limit (A) High Limit (A)
0.10 2.00 0.20 0.125 0.275
0.50 2.00 1.00 0.925 1.075
1.00 2.00 2.00 1.920 2.080
0.10 0.40 0.04 0.015 0.065
0.50 0.40 0.20 0.175 0.225
1.00 0.40 0.40 0.375 0.425

Step 8. (Optional) Repeat Steps 2 through 8 for setting groups 1 through 3, using the CS/CO-GROUP
command to change setting groups.

Restrained Pickup Verification (87ND)
Purpose: To verify the accuracy of the restraint operation of the 87ND element.
Reference Commands: SL-87ND, SL- VO, SG-CT, S(n)-87, S(n)-TAP87

Step 1. Connect one current source to terminals B9 and B10 (A-phase input 2) and a second source
at 180° to terminals B7 and B8 (ground input). See Figure 13-16. An ohm-meter or continuity
tester may be used to monitor output contact status.
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180 degrees
circuit current current
monitor source 1 source 2

o o o 0 o O

®a ®B1 ®lci]| ®c ®r OB ®lc2
B1 B3 | B5 B7 Bo | B11 | B13 | B15
B2 B4 | B6 B8 B10 | B12 | B14 | B16

[ |
lar IB1 lc1 le —I|A2 IB2 Ic2

Figure 13-16. Connection for 87ND Restraint Pickup Verification

Step 2. To prepare the 87ND element for testing the restraint operation accuracy, transmit the
commands in Table 13-37 to the relay.

Table 13-37. 87ND Restraint Operation Accuracy Test Commands

Command Purpose

A= Gain access
SL-N=NONE Zero out custom logic settings/overwrite with logic = none settings
Y Confirm overwrite
SL-N=NDIFF Name custom logic for this test
SL-87=0 Disables 87
SL-87ND=2,0 Enables 87ND, mode=IG v. CT2, no blk
SL-VO1=87NDT Enables OUT1 to close for 87ND restrained trip
SG-CT2=1,WYE,NA,0 input 2 ctr=1, ct=wye, xfmr=na, no grd source
SG-CTG=1 gnd input ctr=1
SG-TRIGGER=87NDT, 87NDPU,0 | Enable 87NDT to log and trigger fault recording
S#-87ND=0.35,15,50m Minpu = 0.35, slope = 15%, minimum time delay
E Exit
Y Save settings

NOTE

The ground differential function always uses the maximum restraint principle
as its operating characteristic. Thus, the slope setting is simply a number
between 15 and 60.

Step 3. The auto tap compensation logic of the relay will calculate TAPN and TAPG values based on
CT ratios for the designated phase CTs and the ground CT. Since CTR2 and CTRG are both
equal to 1:1 for this test, the TAPN and TAPG values are both equal to the minimum settings
for either 5 ampere or 1 ampere relays (2.0 and 0.4 respectively).
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NOTE

Tables 13-38 and 13-39 show values for testing the relay either by increasing
input 2 (neutral) current or decreasing the ground input current. Both methods
are shown for convenience and either method may be used. For differences in
measurement of the two methods, refer to the paragraphs in this Section,
Functional Testing, Restrained Pickup and Sidebar 13-3, Maximum Restraint
Operating Characteristic.

Step 4. Input current values for this step are provided in Table 13-38 or 13-39. Apply balancing current
to phase A input 2 (represented as the Neutral column) and the ground input as indicated in
each row and slowly increase phase A input 2 until OUT1 closes.

Step 5. Remove both currents.

Step 6. Verify the restrained pickup accuracy as listed in the appropriate Table (13-38 or 13-39).

Step 7. (Optional) Repeat Steps 2 through 6 for setting groups 1 through 3 using the CS/CO-GROUP
command to change setting groups.

Table 13-38. Restraint Pickup Test Points (87ND — 5 Ampere Sensing Input)

Sensing Neutral (Input 2) Ground Increasing Input 2 Decreasing |s
Input |Minimum | slope | Calc. Tap = | 2.00 Calc. Tap = 2.00 From Balance From Balance
Type Pickup | (%) | Bal.Input(A) | PU Bal. Input (A) PU Pickup (A) Pickup (A)

5 0.35 | 15 2.00 1 2.00 1 | 270 | + [0.108 [1.30 | + | 0.075
5 0.35 | 15 10.00 5 10.00 5 [11.76 | £ | 0.470 |850 | + | 0.340
5 0.35 | 30 2.00 1 2.00 1 | 286 | + [0.108 [1.30 | + | 0.075
5 0.35 | 30 10.00 5 10.00 5 (1429 | £ | 0572 |7.00 | + | 0.280
5 0.35 | 45 2.00 1 2.00 1 | 364 | + | 0146 (1.10 | + | 0.075
5 0.35 | 45 10.00 5 10.00 5 [18.18 | £ | 0.727 |5.50 | + | 0.220
5 0.35 | 60 2.00 1 2.00 1 | 500 | + [ 0.200 (0.80 | + | 0.075
5 0.35 | 60 10.00 5 10.00 5 [25.00| + | 0.100 |4.00 | + | 0.160
Table 13-39. Restraint Pickup Test Points (87ND — 1 Ampere Sensing Input)

Sensing Input 1 Input 2 Increasing Input 1 Decreasing Input 2
Input |Minimum | slope tap = 2.00 tap = 3.80 From Balance From Balance
Type Pickup | (%) | Bal.Input(A) | PU Bal. Input (A) PU Pickup (A) Pickup (A)

1 0.35 | 15 0.40 1 0.40 1 | 054 | + [0.025(0.26 | + | 0.025
1 0.35 | 15 2.00 5 2.00 5 | 235 | £+ | 0.094 |1.70 | + | 0.068
1 0.35 | 30 0.40 1 0.40 1 | 057 | + [0.025(0.26 | + | 0.025
1 0.35 | 30 2.00 5 2.00 5 | 286 | + | 0.114 |140 | + | 0.056
1 0.35 | 45 0.40 1 0.40 1 | 073 | + [0.029 [0.22 | + | 0.025
1 0.35 | 45 2.00 5 2.00 5 | 3.64 | £+ | 0.146 |1.10 | + | 0.044
1 0.35 | 60 0.40 1 0.40 1 1.00 | + | 0.040 [0.16 | + | 0.025
1 0.35 | 60 2.00 5 2.00 5 | 5.00 | + | 0.200 |0.80 | + | 0.032
9313900990 Rev G BE1-CDS220 Testing And Maintenance 13-51



Instantaneous Overcurrent

Pickup and Dropout Verification (50T/150T/250T)

Purpose: To verify the accuracy of the operation of the 50T/150T/250T elements.
Reference Commands: SL-50T/150T/250T, SL-GROUP, SL-VO

Step 1. Connect a current source to terminals B1 and B2 (A phase input 1).
Step 2. To initially prepare the 50T/150T/250T elements for testing, transmit the commands in Table
13-40 to the relay.
Table 13-40. 50T/150T/250T Overcurrent Test Commands
Command Purpose
A= Gain access
SL-N=NONE Zgro out cijstom Iog|q settings/overwrite
with logic = none settings
Y Confirm overwrite
SL-N=PU50 Name custom logic for this test
SL-50T=1,0 Enables 50TP/50TN/50TQ, CT input 1

SL-VO1=50TPT

Enables OUTL1 to close for 50T P trip

SL-VO2=50TNT

Enables OUT2 to close for 50T N trip

SL-VO3=50TQT

Enables OUT3 to close for 50T Q trip

SG-CT1=1,WYE,NA,0

Input 1 ctr=1, ct=wye, xfmr=na, no grd
source

SG-TRIGGER=50TPT+
50TNT,+50TQT50TPPU+50TNPU,+50TQN,0

Enable 50TP+50TN+50TQ to log and
trigger fault recording

E Exit
Y Save settings
Step 3. Send the first appropriate row of the setting commands S0-50TP, S0-50TN, and S0-50TQ
from Table 13-41 to the relay. You may also go to the front panel interface screen
\PROT\SGO\50T\50T and edit the SO-50TP, SO-50TN, and S0-50TQ settings.
Table 13-41. Instantaneous 50T Element Test Values
Sensing Negative
Input Type Phase Sequence Neutral Comments
S0-50TP=0.5,0 S0-50TQ=0,0 S0-50TN=0.5,0 Note 1
S0-50TP=5.0,0 | S0-50TQ=1.67,0 S0-50TN=5.0,0 Note 2
S0-50TP=25.0,0 | S0-50TQ=8.33,0 | S0-50TN=25.0,0 Note 2
S0-50TP=0.1,0 S0-50TQ=0,0 S0-50TN=0.1,0 Note 1
S0-50TP=1.0,0 | S0-50TQ=0.33,0 S0-50TN=1.0,0 Note 2
S0-50TP=5.0,0 | S0-50TQ=1.67,0 S0-50TN=5.0,0 Note 2
Notes for Table 13-41.:
1. Sets 50TP and 50TN to pickup at 0.5 amperes test current, and 50TQ is disabled.
2. Sets all 50T<x> to pickup at 0.5 amperes test current.
3. See Sidebar 13-10 for more information on negative sequence pickup.
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Step 4.

Slowly ramp up current on the phase A input until OUT1, OUT2, and OUT3 close. (In
accordance with Note 1 for Table 13-41, OUT3 will not close when 50TQ is disabled.) Verify
that pickup occurred within the specified accuracy of the relay as listed in Table 13-42.

Table 13-42. Instantaneous 50T Element Accuracy

Sensing Type Pickup Accuracy - Phase and Neutral

A or B (1 ampere nominal systems)

T 2% of setting or * 10 milliamperes

D, E, or F (5 ampere nominal systems)

T 2% of setting or £ 50 milliamperes

Step 5.

Step 6.

Step 7.

Step 8.

After pickup occurs, slowly ramp the current down until both OUT1, OUT2, and OUT3 open.
Verify that dropout occurred as specified (95% T 2%).
Repeat Steps 3, 4, and 5 for all values in Table 13-42. Optionally, reconnect the current

source to B-phase (B3, B4) and C-phase (B5, B6) inputs to test the response of all phases for
each succeeding test.

(Optional) Repeat steps 3 through 6 for phases B and C of the relay unless each phase was
tested in step 4. If so, skip this step and proceed to Step 8.

(Optional) Repeat steps 1 through 7 for the 150T and 250T elements. Use Table 13-43 or 13-
44 as a reference for substituting the commands used in Step 1.

Table 13-43. Instantaneous Overcurrent 150T Element Test Logic

Replace These Commands

With These Commands For 150T Element Tests

SL-50T=1,0

SL-150T=1,0

SL-VO1=50TPT

SL-VO1=150TPT

SL-VO2=50TNT

SL-VO2=150TNT

SL-VO3=50TQT

SL-VO3=150TQT

SG-TARG=50T

SG-TARG=150T

SG-TRIGGER=50TPT+50TNT+50TQT,
50TPPU+ 50TNPU,+50TQPU,0

SG-TRIGGER=150TPT+150TNT+150TQT,150TPPU+
150TNPU+150TQTPU,0

Table 13-44. Instantaneous Overcurrent 250T Element Test Logic

Replace These Commands

With These Commands For 250T Element Tests

SL-50T=1,0

SL-250T=1,0

SL-VO1=50TPT

SL-VO1=250TPT

SL-VO2=50TNT

SL-VO2=250TNT

SL-VO3=50TQT

SL-VO3=250TQT

SG-TARG=50T

SG-TARG=250T

SG-TRIGGER=50TPT+50TNT+50TQT,
50TPPU+50TNPU+50TQPU,0

SG-TRIGGER=250TPT+250TNT+250TQT,250TPPU+
250TNPU+250TQTPU,0

Step 9.

(Optional) Repeat steps 1 through 8 for the 50T, 150T, and 250T elements in setting groups 1,
2, and 3. Use the following information as a guide to program the 50T/150T/250T elements in
higher order setting groups.

In order to program the pickup of the elements in a higher order setting group, you would
replace the Q in the S0-50TP, SO-50TN, and S0-50TQ commands in Table 13-41 with a 1, 2,
or 3 for setting groups 1, 2, or 3. Or, if your relay is supplied with the HMI option, you can
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program each set of values by navigating to the appropriate setting group screen
\PROT\SGn\50T\50T, where n is equal to the setting group you desire. Refer to the CS/CO-
GROUP command in Section 4, Protection and Control Functions for more information on
changing the active setting group.

To change from group O to group 1, execute the following commands.
CS-GROUP=1 select setting group 1
CO-GROUP=1 execute setting group 1

Using the basic information in Table 13-41, program the pickup of the elements for setting
group 1 and, optionally, proceed with group 1 testing.

Sidebar 13-9. Negative Sequence Overcurrent Element Pickup

A three-phase electric power system can be modeled using a set of balanced equations known as
symmetrical components. These components provide a practical method of analyzing power system
operation during unbalanced conditions such as would occur during a fault.

The symmetrical components of a power system are segregated into positive, negative, and zero
sequence components. At any given time, all of these components may be present in load current due to
unbalanced load, etc. In practice however, asymmetrical current or voltage conditions are more typical
due to unbalanced loads, unbalanced system faults, open conductors, etc. In the case of an unbalanced
load, this condition may be detrimental to the operation of a power system and the equipment. Under
unbalanced fault conditions, these components will very likely be harmful to equipment and potentially, to
personnel. Positive sequence components are comprised of balanced three-phase currents and line-to-
neutral voltages supplied by power system generators. Under any of these scenarios, negative sequence,
and zero sequence components will be present. The associated figure shows the sequence components
in phasor form.

Icl Ib2

positive negative zero
| lo=lo=lwo
I a2 — >
Ibl IC2

Sequence Components in Phasor Form

These sequence component quantities are very useful in that they can be measured and used as
operating parameters to help safeguard equipment. Proper management of the power system conserves
resources and minimizes potentially harmful exposure to the public and operating personnel.

Using symmetrical components, we can say the following about phase currents.
L= +1,+]1, (see the associated figure)
Lb=al+ al,+1,
L=al,+ ai,+1, where ¢ is an operator equal to 1.0 £120°.
From this we can derive that the equation for negative sequence current 1, is
L="%+a’L+a )

Under balanced conditions, this value would be zero. If a single-phase input is applied, then a negative
sequence quantity will appear to the relay. If we letl,=1,=0, then, I,= I, + 3.
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Time Overcurrent

Pickup and Dropout Verification (51/151/251)

Purpose: To verify the accuracy of the operation of the 51/151/251 elements.
Reference Commands: SL-51/151/251, S<n>-51

Step 1. Connect a current source to terminals B1 and B2 (A-phase input 1).

Step 2. To initially prepare the 51/151/251 elements for pickup and dropout testing, send the
commands in Table 13-45 to the relay.

Table 13-45. 51/151/251 Time Overcurrent Test Commands

Command Purpose
A= Gain access
SL-N=NONE Eenrgngustectgrs];%m logic settings/overwrite with logic
Y Confirm overwrite
SL-N=51 Name custom logic for this test
SL-51=1,0 Enables 51P/51N/51Q, CT input 1
SL-VO1=51PT Enables OUTL1 to close for 50P trip
SL-VO2=51NT Enables OUT2 to close for 51N trip
SL-VO3=51QT Enables OUT3 to close for 51Q trip
SG-CT1=1,WYE,NA,0 Input 1 ctr=1, ct=wye, xfmr=na, no grd source
SG-TRIGGER=51PT+ 51INT+51QT,51PPU+ Enable 51PT+51NT+51QT to log targets and
51INPU+51QPU,0 trigger fault recording
E Exit
Y Save settings

Step 3. Transmit to the relay the appropriate row of the setting commands S0-51P from Table 13-46.
You may also go to the front panel interface screen \PROT\SGO0\51\51 and edit the 51P, 51N,
and 51Q settings.

Table 13-46. Time Overcurrent 51 Element Test Settings

S oI Phase Neutral Negative Sequence
Type

1A S0-51P=1.0,0.5,I12 S0-51N=1.0,0.5,12 S0-51QN=0.33,0.5,12

5A S0-51P=5.0,0.5,12 S0-51N=5.0,0.5,12 S0-51QN=1.67,0.5,12

Notes for Table 13-46
1. See Sidebar 13-10 for more information on negative sequence pickup.

Step 4. Slowly ramp up current on the phase A input until OUT1, OUT2, and OUT3 close. Verify that
pickup occurred within the specified accuracy of the relay as listed in Table 13-47

Table 13-47. Time Overcurrent 51 Element Accuracy

Sensing Type Pickup Accuracy - Phase and Neutral
A or B (1 ampere nominal systems) T 2% of setting or * 10 milliamperes
D, E, or F (5 ampere nominal systems) T 2% of setting or £ 50 milliamperes
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Step 5. After pickup occurs, slowly ramp the current down until both OUT1, OUT2, and OUT3 open.
Verify that dropout occurred as specified (95% T 2%).

Step 6. Repeat Steps 3, 4, and 5 for all values in Table 13-46. Optionally, reconnect the current
source to B-phase (B3, B4) and C-phase (B5, B6) inputs to test the response of all phases for
each succeeding test.

Step 7. (Optional) Repeat steps 3 through 6 for phases B and C of the relay unless each phase was
tested in step 4. If so, skip this step and proceed to Step 8.

Step 8. (Optional) Repeat steps 1 through 7 for the 151 and 251 elements. Use Table 13-48 or 13-49
as a reference for substituting the commands used in Step 1.

Table 13-48. Time Overcurrent 151 Element Test Logic
Replace These Commands With These Commands For 151 Element Tests
SL-51=1,0 SL-151=1,0
SL-VO1=51PT SL-VO1=151PT
SL-VO2=51INT SL-VO2=151INT
SL-VO3=51QT SL-VO3=151QT
SG-TARG=51 SG-TARG=151
SG-TRIGGER=51PT+5INT+51QT, 51PPU+ | SG-TRIGGER=151PT+151INT+151QT,151PPU+
51NPU,+51QPU,0 151INPU+151QTPU,0
Table 13-49. Time Overcurrent 251 Element Test Logic
Replace These Commands With These Commands For 251 Element Tests
SL-51=1,0 SL-251=1,0
SL-VO1=51PT SL-VO1=251PT
SL-VO2=51INT SL-VO2=251INT
SL-VO3=51QT SL-VO3=251QT
SG-TARG=51 SG-TARG=251
SG-TRIGGER=51PT+51NT+51QT, 51PPU+ | SG-TRIGGER=251PT+251NT+251QT,251PPU+
51NPU,+51QPU,0 251INPU+251QTPU,0

Step 9. (Optional) Repeat steps 1 through 8 for the 51, 151, and 251 elements in setting groups 1, 2,
and 3. Use the following information as a guide to program the 51/151/251 elements in higher
order setting groups.

In order to program the pickup of the elements in a higher order setting group, you would
replace the 0 in the S0-51P, S0-51N, and S0-51Q commands in Table 13-45 with a 1, 2, or 3
for setting groups 1, 2, or 3. Or, if your relay is supplied with the HMI option, you can program
each set of values by navigating to the appropriate setting group screen \PROT\SGn\51\51,
where n is equal to the setting group you desire. Refer to the CS/CO-GROUP command in
Section 4, Protection and Control Functions for more information on changing the active
setting group.

To change from group 0 to group 1, execute the following commands.

CS-GROUP=1 select setting group 1

CO-GROUP=1 execute setting group 1

Using the basic information in Table 13-45, program the pickup of the elements for setting
group 1 and, optionally, proceed with the testing.
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Timing Verification (51/151/251)
Purpose: To verify the accuracy of the timing operation of the 51/151/251 elements.
Reference Commands: SL-51/151/251, S<n>-51

Step 1. Connect a current source to terminals B1 and B2 (A-phase input 1).
Step 2. To initially prepare the 51/151/251 elements for testing, send the commands in Table 13-50 to
the relay.
Table 13-50. 51/151/251 Overcurrent Timing Test Commands
Command Purpose
A= Gain access
SL-N=NONE g:trtci)ngl;t custom logic settings/overwrite with logic = none
Y Confirm overwrite
SL-N=51 Name custom logic for this test
SL-51=1,0 Enables 51P/51N/51Q, CT input 1
SL-VO1=51PT Enables OUT1 to close for 50P trip
SL-VO2=51NT Enables OUT2 to close for 51N trip
SL-VO3=51QT Enables OUT3 to close for 51Q trip
SG-CT1=1,WYE,NA,0 Input 1 ctr=1, ct=wye, xfmr=na, no grd source
SG-TRIGGER=51PT+ Enable 51PT+51NT+51QT to log targets and trigger fault
5INT+51QT,51PPU+ recording
51INPU+51QPU,0
E Exit
Y Save settings

Step 3. Transmit to the relay the appropriate row of the setting commands S0-51P from Table 13-51.
You may also go to the front panel interface screen \PROT\SGO\50T\50T and edit the 51P,

51N, and 51Q settings.

Table 13-51. Time Overcurrent 51 Element Test Settings

<RnElg) 17 208 Phase Neutral Negative Sequence
Type

1A S0-51P=1.0,0.5,12 S0-51N=1.0,0.5,12 S0-51QN=0.33,0.5,12

5A S0-51P=5.0,0.5,12 S0-51N=5.0,0.5,12 S0-51QN=1.67,0.5,12

Notes for Table 13-51
1. See Sidebar 13-10 for more information on negative sequence pickup.

Step 4. Using the values listed in Table 13-52, apply the current listed to the A phase current input and
measure the time between the application of current and the time it takes for the relay outputs
OUT1, OUT2, and OUT3 to close. Verify that the relay performs with the specified limits. An
ohm-meter or continuity tester may be used to monitor the output contacts status.

Step 5. After each pickup occurs, slowly ramp current down until OUT1, OUT2, and OUT3 open.

Dropout should occur at 95% =+ 2%.
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Table 13-52. Time Overcurrent 51 Element Test Values

Sensing Input Type Time Dial Applied Current Lower Limit Higher Limit
150 A 0.748 sec 0.827 sec
5.00 A 0.190 sec 0.240 sec
150 A 7.244 sec 8.007 sec
5.00 A 1.798 sec 1.988 sec
150 A 14.318 sec 15.825 sec
5.00 A 3.535 sec 3.907 sec
0.5 75A 0.748 sec 0.827 sec
25.0A 0.190 sec 0.240 sec
5.0 75A 7.244 sec 8.007 sec
25.0 A 1.798 sec 1.988 sec
9.9 75A 14.318 sec 15.825 sec
25.0 A 3.535 sec 3.907 sec
Step 6. Repeat Steps 3, 4, and 5 for all current and time dial settings listed (using the command SO-

Step 7.

Step 8.

Step 9.

51P, 51N, and 51Q or, if your relay is supplied with the HMI option, by navigating to screen
\PROT\SGO0\51\51 to edit the 51P, 51N, and 51Q settings) and optionally, reconnect the
current source to B-phase (B3, B4) and C-phase (B5, B6) inputs to test the response of all
phases for each succeeding test.

(Optional) Repeat Steps 2 through 6 for B and C phase elements unless each phase was
tested in previous steps. If so, skip this step and proceed to Step 8.

(Optional) Repeat Steps 1 through 7 for the 151 and 251 elements respectively. Use Table 13-
51 or 13-52 as a reference for substituting the commands used in Step 1.

(Optional) Repeat steps 1 through 8 for the 51, 151, and 251 elements in setting groups 1, 2,
and 3. Use the following information as a guide to program the 51/151/251 elements in higher
order setting groups.

In order to program the pickup of the elements in a higher order setting group, you would
replace the 0 in the S0-51P, S0-51N, and S0-51Q commands in Table 13-50 with a 1, 2, or 3
for setting groups 1, 2, or 3. Or, if your relay is supplied with the HMI option, you can program
each set of values by navigating to the appropriate setting group screen \PROT\SGn\51\51,
where n is equal to the setting group you desire. Refer to the CS/CO-GROUP command in
Section 4, Protection and Control Functions for more information on changing the active
setting group.

To change from group 0 to group 1, execute the following commands.
CS-GROUP=1 select setting group 1
CO-GROUP=1 execute setting group 1

Using the basic information in Table 13-50, program the pickup of the elements for setting
group 1 and, optionally, proceed with the testing.

Breaker Failure
Purpose: To verify the operation of the breaker failure (BF) function.
Reference Commands: SL-BF, SP-BF

Step 1.

Prepare the BF function block for testing by transmitting the commands in Table 13-53 to the
relay.

13-58
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Table 13-53. BF Pickup Test Commands

Command Purpose
A= Gain write access
SL-N=NONE Zero out custom logic settings. Overwrite with logic = none settings.
Y Confirm overwrite
SL-N=BF Sets BF as custom logic name
SL-BF=1,IN4,/IN3 Enables BF CT input 1, IN4 initiate, /IN3 block
SL-VO1=BFT Enables OUT1 to close for BF trip
SL-VO2=BFPU Enables OUT?2 to close for BF pickup
SG-CT=1,WYE,NA,0 Input 1 ctr=1, ct=wye, xfmr=na, no grd source
SG-TRIGGER=BFT,BFPU,0 |Enable BFT to log and trigger fault recording
SP-BF=50m Set BF time delay at minimum
EXIT Exit
Y Save settings

Step 2. Apply wetting voltage to relay inputs IN3 and IN4. This applies the BF initiate, and removes
the BF block...

The BF current detector dropout setting is a fixed value that is determined by the relay current
sensing type. Table 13-54 lists the pickup setting for each current sensing type.

Table 13-54. BF Current Detector Dropout Settings

Sensing Type Dropout Setting
A or B (1 ampere nominal systems) 0.1A
D, E, or F (5 ampere nominal systems) 05A

Step 3. Connect a current source to terminals B1 and B2 (A-phase input). Slowly decrease the current
applied until OUT2 (and subsequently OUT1) opens. Compare the applied current to the
current values listed in Table 13-55. Verify that dropout occurred between the lower and upper
limits for your relay.

Table 13-55. BF Dropout Limits

Sensing Type Lower Dropout Limit Upper Dropout Limit
A or B (1 ampere nominal systems) 0.09 A 0.11 A
D, E, or F (5 ampere nominal systems) 0.45A 0.55 A

Step 4. Transmit the commands in Table 13-56 to set the BF time delay.

Table 13-56. BF Time Delay Commands

Command Purpose
A= Gain write access
SP-BF=100m Sets BF time delay at 100 milliseconds
EXIT Exit
Y Save settings

Step 5. Verify the BF time delay by applying nominal current for the duration given in the following
steps.
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Step 6.

Step 7.

Step 8.

Step 9.

Apply nominal current to phase A for 4 cycles (67 ms at 60 Hz). No trip should occur.
Apply nominal current to phase A for 5 cycles. (83 ms at 60 Hz). No trip should occur.
Apply nominal current to phase A for 7 cycles (117 ms at 60 Hz). A BF trip should
occur. Use the RS-LGC command to retrieve an SER report and verify that a BF trip
was logged 100 milliseconds +0.5 percent or +1v4, -¥4 cycles, whichever is greater

whh ke

(Optional) Remove the wetting voltage from relay input IN3. This blocks the breaker fail logic.
Apply nominal current to phase A. Verify that relay outputs OUT1 and OUT2 open and remain
open (BF element does not operate) in spite of pickup current being applied. Apply the wetting
voltage to relay input IN3 and verify that OUT2 (and subsequently OUT1) closes. Remove
current from phase A.

(Optional) Apply nominal current to phase A. OUT2 and OUT1 should close. Remove the
wetting voltage from relay input IN4 and verify that OUT1 and OUT2 open. Remove current
from phase A.

Apply wetting voltage to relay input IN4 and nominal current to the phase A current input.
Measure the time between the application of current and OUT1 closing. OUT2 should have
closed immediately when current was applied. Verify that the BF timer operated within the
specified accuracy of £0.5 percent of setting or +1v4, -4 cycles, whichever is greater.

(Optional) Repeat Steps 3 through 8 for the phase B and phase C elements.

Virtual Switch Verification (43/143/243/343/443/543/643/743)

To test the virtual switches, we verify each mode of operation but do not verify each of the eight virtual
switches. In your testing, you may substitute any or all of the switches as you choose. If you give an
invalid command such as CS-243=1/C0O-243=1 when switch 243 is programmed for mode 3 operation,
the relay will not operate on the command and if you were using the ASCIl command interface, the
monitor would return an INVALID PARAMETER. For more information on virtual switch operation, see
Section 4, Protection and Control Functions, Virtual Switches. You may verify operation of virtual switches
by monitoring the programmed output contacts, by monitoring the front panel interface screen \CTRL\xx,
or by using the RS-LGC command to retrieve logic variable data from the SER. You may also use the
RG-STAT command. See Section 6, Reporting and Alarms for more information on reports.

Virtual Switch Mode 1 Operation (On/Off/Pulse)

Purpose: To verify virtual switch Mode 1 operation.
Reference Commands: SL-43, CS/CO-43

Step 1. Prepare for Mode 1 testing by transmitting the commands in Table 13-62 to the relay.
Table 13-57. Mode 1 Test Commands
Command Purpose
A= Gain write access
SL-N=NONE Zero out custom logic settings. Overwrite with logic = none settings.
Y Confirm overwrite

SL-N=MODE1 Sets MODE1 as custom logic name

SL-43=1 Sets 43 to Mode 1 operation

SL-VO1=43 Enables OUT1 to close for 43

EXIT Exit

Y Save settings
Step 2. Prepare to monitor the virtual switch operation.
Step 3. Transmit the commands in Table 13-58 to the relay or, if the HMI is supplied, navigate to

screen \CTRL\43\43 to set the mode of the 43 switch to the TRUE state (logic 1).

Result: OUT1 contact closes and remains closed.
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Table 13-58. Mode 1 Test Commands

Command Purpose

A= Gain write access

CS-43=1 Selects virtual switch 43 for change to closed (true) state
C0O-43=1 Executes virtual switch 43 for change to closed (true) state

Step 4. Transmit the commands in Table 13-59 to the relay or, if the HMI is supplied, navigate to
screen \CTRL\43\43 to set the mode of the 43 switch to the FALSE state (logic 0). It is not
necessary to gain access for the following steps unless access times out.

Result: OUT1 contact opens and remains open.

Table 13-59. Mode 1 Test Commands
Command Purpose
CS-43=0 Selects virtual switch 43 for change to open (false) state
C0O-43=0 Executes virtual switch 43 for change to open (false) state

Step 5. Transmit the commands in Table 13-60 to the relay or, if the HMI is supplied, navigate to
screen \CTRL\43\43 to set the mode of the 43 switch to the pulse state.

Result: OUT1 contact closes for 200 milliseconds and returns to the open state.

Table 13-60. Mode 1 Test Commands
Command Purpose
CS-43=P Selects virtual switch 43 for change to closed (true) state and return open
CO-43=P Executes virtual switch 43 for change to closed (true) state and return open

Virtual Switch Mode 2 Operation (On/Off)

Purpose: To verify virtual switch Mode 2 operation.

Reference Commands: SL-143, CS/C0O-143
Step 1. Prepare for Mode 2 testing by transmitting the commands in Table 13-61 to the relay.
Table 13-61. Mode 2 Test Commands
Command Purpose
A= Gain write access
SL-N=NONE Zero out custom logic settings. Overwrite with logic = none settings.
Y Confirm overwrite
SL-N=MODE2 Sets MODE? as custom logic name
SL-143=2 Sets 143 to Mode 2 operation
SL-VO1=143 Enables OUTL1 to close for 143
EXIT Exit
Y Save settings
Step 2. Prepare to monitor the virtual switch operation.
Step 3. Send the commands in Table 13-62 to the relay or, if the HMI is supplied, navigate to screen
\CTRL\3\143 to set the mode of the 143 switch to the TRUE state (logic 1).
Result: OUT1 contact closes and remains closed.
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Table 13-62. Mode 2 Test Commands

Command Purpose

A= Gain write access

CS-143=1 | Selects virtual switch 143 for change to closed (true) state
CO-143=1 | Executes virtual switch 143 for change to closed (true) state

Step 4. Send the commands in Table 13-63 to the relay or, if the HMI is supplied, navigate to screen
\CTRL\3\143 to set the mode of the 143 switch to the FALSE state (logic 0). It is not
necessary to gain access for the following step unless access times out.

Result: OUT1 contact opens and remains open.

Table 13-63. Mode 2 Test Commands

Command Purpose
CS-143=0 | Selects virtual switch 143 for change to open (false) state
CO-143=0 | Executes virtual switch 143 for change to open (false) state

Virtual Switch Mode 3 Operation (Off/Momentary On)

Purpose: To verify virtual switch Mode 3 operation.

Reference Commands: SL-243, CS/CO-243

Step 1. Prepare for Mode 3 testing by transmitting the commands in Table 13-64 to the relay.

Table 13-64. Mode 3 Test Commands

Command Purpose
A= Gain write access
SL-N=NONE Zero out custom logic settings. Overwrite with logic = none settings.
Y Confirm overwrite
SL-N=MODE3 Sets MODE3 as custom logic name
SL-243=3 Sets 243 to Mode 3 operation
SL-VO1=243 Enables OUT1 to close for 243
EXIT Exit
Y Save settings

Step 2. Prepare to monitor the virtual switch operation.

Step 3. Send the commands in Table 13-65 to the relay or, if the HMI is supplied, navigate to screen
\CTRL\3\243 to set the mode of the 243 switch to the pulse state.

Result: OUT1 contact closes for 200 milliseconds and returns to the open state.

Table 13-65. Mode 3 Test Commands

Command Purpose
CS-243=P Selects virtual switch 243 for change to closed (true) state and return open
CO-243=P Executes virtual switch 243 for change to closed (true) state and return open

101 Virtual Breaker Control Switch
Purpose: To verify 101 virtual breaker control switch operation.
Reference Commands: SL-101, CS/CO-101C, CS/CO-101T
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Step 1.

Prepare for 101 virtual breaker control switch testing by sending the commands in Table 13-66

to the relay.

Table 13-66. 101 Virtual Breaker Control Switch Test Commands

Command Purpose
A= Gain write access
SL-N=NONE Zero out custom logic settings. Overwrite with logic = none settings.
Y Confirm overwrite
SL-N=S101 Sets S101 as custom logic nhame
SL-101=1 Enables 101 switch
SL-VO1=101T Enables OUT1 to close for 101T TRUE
SL-VO2=101C Enables OUT2 to close for 101C TRUE
SL-VO3=101SC Enables OUT3 to close for 101SC TRUE
EXIT Exit
Y Save settings
Step 2. Prepare to monitor the 101 virtual breaker control switch operation. You may verify operation
of the virtual switch by monitoring the programmed output contacts or from the front panel
interface screen \CTRL\BKR or by using the RG-STAT command. See Section 6, Reporting
and Alarms for more information.
Step 3. Send the commands in Table 13-67 to the relay or, if the HMI is supplied, navigate to screen
\CTRL\BKR to set the mode of the 101 virtual breaker control switch to the trip state.
Result: OUT1 contact closes for 200 milliseconds and returns to the open state, and OUT3 contact
opens (trip state) and remains open.
Table 13-67. 101 Virtual Breaker Control Switch Trip Test Commands
Command Purpose
A= Gain write access
CS-101=T Selects 101T for trip operation
CO-101=T Executes 101T for trip operation
Step 4. Send the commands in Table 13-68 to the relay or, if the HMI is supplied, navigate to screen
\CTRL\BKR to set the mode of the 101 virtual breaker control switch to the close state.
Result: OUT2 contact closes for 200 milliseconds and returns to the open state, and OUT3 contact

closes (close state) and remains closed.

Table 13-68. 101 Virtual Breaker Control Switch Close Test Commands

Command Purpose
A= Gain write access
CS-101=C Selects 101C for close operation
CO-101=C Executes 101C for close operation

Logic Timer Verification (62/162)

Mode 1 - Pickup/Dropout
Purpose: To verify the operation of the 62 timer elements.
Reference Commands: SL-62/162, S<g>-62/162
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Step 1. Prepare for mode 1 logic timer verification testing by sending the commands in Table 13-69 to

the relay.
Table 13-69. x62 Mode 1 Test Commands

Command Purpose
A= Gain write access
SL-N=NONE Zero out custom logic settings. Overwrite with logic = none settings.
Y Confirm overwrite
SL-N=T62 Sets T62 as custom logic name
SL-43=2 Enables 43 switch ON/OFF mode
SN-43=62_INITIATE,PU,DO | Name switch to make SER easier to read
SL-62=1,43 Enables 62 PU/DO mode, 43 initiate, no block
S# -62=400m,2000m Sets 62 pickup = 400 ms, dropout = 2,000 ms
EXIT Exit
Y Save settings

Step 2. Send the commands in Table 13-70 to the relay. These commands will initiate the 62 timer by
changing the 43 switch state to closed (logic 1). Once initiated, the 62 timer will force an
output based on the 400 millisecond pickup time setting.

Table 13-70. x62 Mode 1 Timer Initiate Commands

Command Purpose
A= Gain write access
CS-43=1 Selects 43 for close operation
C0O-43=1 Executes 43 for close operation

Step 3. Send the commands in Table 13-71 to the relay. These commands will remove the initiate
input from the 62 timer by changing the 43 switch state to open (logic 0). It is not necessary to
gain access for the following steps unless access times out.

Table 13-71. x62 Mode 1 Timer Initiate Clear Commands

Command Purpose
CS-43=0 Selects 43 for open operation
C0O-43=0 Executes 43 for open operation

Step 4. Use the RS-LGC command to retrieve logic variable data from the SER. Verify that the 43
switch change to a closed state, was logged, and approximately 400 milliseconds later, the 62
timer picked up. Then, later, the 43 switch changed to an open state, was logged, and the 62
timer dropped out approximately 2,000 milliseconds later. The state of the 43 switches in the
SER report use the programmable name parameters applied to the switch. Figure 13-17
illustrates the timing relationship of the 43 switch and 62 timer.
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Figure 13-17. x62 Mode 1 (Pickup/Dropout) Timing Example

Mode 2 — One Shot Nonretriggerable

Step 1. Prepare for mode 2 logic timer verification testing by sending the commands in Table 13-72 to
the relay.
Table 13-72. x62 Mode 2 Test Commands
Command Purpose
A= Gain write access
SL-N=NONE Zero out custom logic settings. Overwrite with logic = none settings.
Y Confirm overwrite
SL-N=T162 Sets T162 as custom logic name
SL-143=3 Enables 143 switch pulse mode

SN-143=162_INI,IN,NORMAL

Name switch to make SER easier to read

SL-162=2,143,0

Enables 162 1-shot, nonretriggerable mode, 143 initiate, no blocking

S0-162=400m,20s

Sets 162 delay at 400 milliseconds, 162 dropout at 20 seconds

EXIT Exit
Y Save settings
Step 2. Send the commands in Table 13-73 to the relay. These commands supply the 162 timer with a
momentary initiate input by pulsing the 143 switch from a FALSE state to a TRUE state and
then back to a FALSE state. You may view the state changes of the 143 switch at front panel
interface \CTRL\43\143, screen 2.1.2.
NOTE
The 143 switch action is performed twice in this test. To illustrate the action of
the timer mode, the commands of Table 13-73 should be executed as quickly
as possible. Ideally, this test should be repeated within 20 seconds. If this is a
problem, try extending the dropout timer setting to 30 seconds.
Table 13-73. x62 Mode 2 Timer Initiate Commands
Command Purpose
A= Gain write access
CS-143=P Selects 143 for pulse operation
CO-143=P Executes 143 for pulse operation
CS-143=P Selects 143 for pulse operation
CO-143=P Executes 143 for pulse operation
Step 3. Use the RS-LGC command to retrieve logic variable data from the SER. Verify that a 143

pulse action (FALSE-

the initial 143 FALSE-TRUE-FALSE initiate signal action, the 162 timer output went TRUE.

9313900990 Rev G

BE1-CDS220 Testing And Maintenance

TRUE-FALSE) was logged and that approximately 400 milliseconds after

13-65



Then, approximately 20 seconds later, duration timer T2 expired and the timer output went
FALSE despite a second 143 FALSE to TRUE initiate signal while the duration timer was
active. Figure 13-18 illustrates the timing relationship of the 143 switch and x62 timer.
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Figure 13-18. x62 Mode 2 (One-Shot Nonretriggerable) Timing Example

Mode 3 — One Shot Retriggerable

Step 1. Prepare for mode 3 logic timer verification testing by sending the commands in Table 13-74 to
the relay.
Table 13-74. x62 Mode 3 Test Commands
Command Purpose
A= Gain write access
SL-N=NONE Zero out custom logic settings. Overwrite with logic = none settings.
Y Confirm overwrite
SL-N=T62 Sets T62 as custom logic name
SL-343=3 Enables 343 switch pulse mode
SN-343=62_INI,INI,NORMAL | Name switch to make SER easier to read
SL-62=3,343,0 Enables 62 1-shot, re-triggerable mode, 343 initiate, no blocking
S0-62=15s,20s Sets 62 delay at 15 seconds, 62 dropout at 20 seconds
EXIT Exit
Y Save settings
Step 2. Send the commands in Table 13-75 to the relay. These commands supply the 62 timer with a
momentary initiate input by pulsing the 343 switch from a FALSE state to a TRUE state and
then back to a FALSE state. You may view the state changes of the 343 switch at front panel
interface \CTRL\43\343, screen 2.1.4.
NOTE
The 343 switch action is performed three times in this test. To illustrate the
action of the timer mode, the second 343 switch action should be executed as
quickly as possible (within the 15 second duration of the pickup time delay).
Perform the third 343 switch action after at least 15 seconds (the pickup timer
setting) have elapsed, but before the 20 second dropout time delay expires.
This will illustrate the action of the timer mode. The time delay settings may be
increased if difficulty is encountered with repeating the 343 switch actions.
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Table 13-75. x62 Mode 3 Timer Initiate Commands

Command Purpose
A= Gain write access
CS-343=P Selects 343 for pulse operation
CO-343=P Executes 343 for pulse operation
CS-343=P Selects 343 for pulse operation
CO-343=P Executes 343 for pulse operation
Wait at least 15 seconds (but no longer than 35 seconds) to execute the next
commands
CS-343=P Selects 343 for pulse operation
CO-343=P Executes 343 for pulse operation

Step 3. Use the RS-LGC command to obtain an SER report and verify that the following actions were
logged. These events are illustrated in the timing diagram of Figure 13-19.

After a 343 pulse action (FALSE-TRUE-FALSE) was logged, the 62 timer output did not go
TRUE because of a second FALSE to TRUE initiate signal action.

Approximately 15 seconds after the second 343 FALSE to TRUE initiate signal, the 62 timer
output went TRUE. The timer output went FALSE when the third FALSE to TRUE initiate
signal forced the 62 timer (T1) to restart.

Fifteen seconds after the third 343 FALSE to TRUE initiate signal, the 62 timer output went
TRUE again and then went FALSE after the duration timer (T2) expired 20 seconds later.

INI
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Figure 13-19. x62 Mode 3 (One-Shot Retriggerable) Timing Example

Mode 4 - Oscillator

Because this operating mode is not intended for general use, no testing procedure is provided.
Information about Mode 4 is available in Section 4, Protection and Control, General Purpose Logic

Timers.

Mode 5 — Integrating Timer

Step 1. Prepare for mode 5 logic timer verification testing by sending the commands in Table 13-76 to

the relay.
Table 13-76. x62 Mode 5 Test Commands
Command Purpose
A= Gain write access
SL-N=NONE Zero out custom logic settings. Overwrite with logic = none settings.
Y Confirm overwrite
SL-N=T62 Sets T62 as custom logic name
SL-43=2 Enables 43 switch ON/OFF mode
SN-43=62_INI,PU,DO Name switch to make SER easier to read
SL-62=5,43,0 Enables 62 integrating mode, 43 initiate, no blocking
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Command Purpose
S0-62=15s,5s Sets T1 at 15 seconds, T2 at 5 seconds
EXIT Exit
Y Save settings

Step 2. Send the commands in Table 13-77 to the relay. These commands supply a block input to the
62 timer by changing the 43 switch state to TRUE.

NOTE

The CS and CO commands of Table 13-77 are performed three times. Follow
the timing sequence to illustrate timer mode action. The time delay settings
may be increased if difficulty is encountered with repeating the 43 switch

actions.

Table 13-77. x62 Mode 5 Timer Initiate Commands

Command Purpose

A= Gain write access
CS-43=1 Selects 43 for TRUE operation
C0O-43=1 Executes 43 for TRUE operation
Wait no longer than 10 seconds to interrupt the T1 timer
CS-43=0 Selects 43 for FALSE operation
C0O-43=0 Executes 43 for FALSE operation
Wait at least 5 seconds for the T2 timer to time out and reset the integration
CS-43=1 Selects 43 for TRUE operation
C0O-43=1 Executes 43 for TRUE operation
Wait at least 20 seconds for the T1 timer to elapse
E Exit

Step 3. Use the RS-LGC command to obtain an SER report and verify that the following actions were
logged. These events are illustrated in the timing diagram of Figure 13-20.

Timer T1 failed to time out in the first 43 switch action (TRUE).

Timer T2 timed out after the second 43 switch action (FALSE).

Timer T1 timed out and the 62 timer output went TRUE.

Timer T2 timed out and the 62 timer output returned to a FALSE state

13-68 BE1-CDS220 Testing And Maintenance 9313900990 Rev G



BLK

D2595-05.cdr
07-19-00

43

4—<i5s—Pi >5s 4 4—— 155 — P 455

Figure 13-20. x62 Mode 5 (Integrating) Timing Example

Step 4. (Optional) Repeat the 62 timer tests for Modes 1, 2, 3, and 5 for setting groups 1, 2, and 3.
Mode 6 — Latch Timer
Step 1. Prepare for mode 6 logic timer verification testing by sending the commands in Table 13-78 to
the relay.
Table 13-78. x62 Mode 6 Test Commands
Command Purpose
A= Gain write access
SL-N=NONE Zer(_) out custom logic settings. Overwrite with logic = none
settings.
Y Confirm overwrite
SL-N=T62 Sets T62 as custom logic name
SL-43=3 Enables 43 switch pulse mode
SL-143=3 Enables 143 switch pulse mode
SN-43=62_LATCH,INI,NORMAL Name switch to make SER easier to read
SN-

143=62_RESET,RESET,NORMAL

Name switch to make SER easier to read

SL-62=6,43,143

Enables 62 latch mode, 43 initiate, 143 block (reset latch)

S0-62=30s Sets T1 at 30 seconds, T2 time not applicable

EXIT Exit

Y Save settings
Step 2. Sent the commands in Table 13-79 to the relay. These commands supply a latch input to the

62 timer by changing the 43 switch state to TRUE and a reset command by changing the BLK

input (143 switch) to TRUE.

switch actions.

The CS and CO commands of Table 13-79 are performed two times. Follow
the timing sequence to illustrate timer mode action. The time delay settings
may be increased if difficulty is encountered with repeating the 43 and 143

NOTE
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Table 13-79. x62 Mode 6 Timer Initiate Commands

Command Purpose
A= Gain write access
CS-43=P Selects 43 for pulse operation
CO-43=P Executes 43 for pulse operation (initiates 62 timing)
Execute the following commands in less than 30 seconds
CS-43=P Selects 43 for pulse operation
CO-43=P Executes 43 for pulse operation (no effect)

Wait at least 30 seconds (total elapsed time) to initiate the latch reset (block) command (this allows
timer T1 to time out (output goes TRUE) and latch until the BLK input goes TRUE)

CS-143=P Selects 143 for pulse operation
CO-143=P Executes 143 for pulse operation (applies BLK input)
E Exit

Step 3. Use the RS-LGC command to obtain an SER report and verify that the following actions were
logged. These events are illustrated in the timing diagram of Figure 13-21.

Timer T1 continued to time out after the first 43 switch action (TRUE).

Timer T1 timed out and the 62 timer output went TRUE 30 seconds after 43 switch action
(TRUE).

62 timer output returned to a FALSE state with the 143 switch action (TRUE).
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Figure 13-21. x62 Mode 6 (Latch) Timing Example

Step 4. (Optional) Repeat the 62 timer tests for Modes 1, 2, 3, and 5 for setting groups 1, 2, and 3.

Automatic Setting Group Change

Automatic Change
Purpose: To verify the operation of the automatic setting group change function.

Reference Commands: SL-GROUP, SG-SGCON, SP-GROUP, CS/CO-GROUP, SL-51/151/251,
S<n>-51

Step 1. Connect a current source to terminals B1 and B2 (A-phase input 1).

Step 2. To initially prepare the automatic setting group change function for testing, transmit the
commands in Table 13-80 to the relay.
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Table 13-80. Automatic Setting Group Change Function Test Commands

Command Purpose
A= Gain access
SL-N=NONE ﬁg:}z c;l;tic:;om logic settings/overwrite with logic =
Y Confirm overwrite
SL-N=ASG Name custom logic for this test

SL-GROUP=1,43,143,243,343, 443

Sets logic mode to discrete selection with virtual
switches to control

SL-51P=1,0 Enables 51P CT input 1

SG-SGCON=1 Sets SGC alarm = 1 sec, and anti-pump = 2 sec
SL-VO1=SG1 Enables OUT1 to close when SG1 active
SL-VO2=SG2 Enables OUT2 to close when SG2 active
SL-VO3=SG3 Enables OUT3 to close when SG3 active

SG-CT1=1,WYE,NA,0

Input 1 ctr=1, ct=wye, xfmr=na, no grd source

SG-TRIGGER=51PT,51PPU,0

Enable 51PT to log and trigger fault recording

SL-43=2 Enables 43 switch ON /OFF mode

SL-143=2 Enables 143 switch ON /OFF mode
SL-243=2 Enables 243 switch ON /OFF mode
SL-343=2 Enables 343 switch ON /OFF mode
SL-443=2 Enables 443 switch ON /OFF mode

SN-43=GROUP_MAN_SELECT,
GROUPO,NORMAL

Set Switch Names

SN-143=GROUP_MAN_SELECT,
GROUP1,NORMAL

Set Switch Names

SN-243=GROUP_MAN_SELECT,
GROUP2,NORMAL

Set Switch Names

SN-343=GROUP_MAN_SELECT,
GROUP3,NORMAL

Set Switch Names

SN-443=GROUP_CONTROL, AUTO,MANUAL

Set Switch Names

SP-GROUP1=1,75,1,70,51P

SG1 t=1min@75%, t=1min@70% of SGO 51P

SP-GROUP2=1,90,1,85,51P

SG2 t=1min@90%, t=1min@85% of SGO 51P

SP-GROUP3=1,110,1,100,51P

SG3 t=1min@110%, t=1min@100% of SGO 51P

E Exit
Y Save settings
Step 3. Switch group control to automatic using virtual switch 443. Use Table 13-81 ASCIl commands
or front panel interface \CTRL\43\543, screen 2.1.6.
Table 13-81. Automatic Group Control Selection
Command Purpose
A= Gain access
CS-443=1 Selects 443 for TRUE operation
C0O-443=1 Executes 443 TRUE operation (AUTO)
Step 4. Gain access if access timed out from the previous step. Send to the relay the appropriate

setting commands from Table 13-82. If your relay is supplied with the HMI option, you may
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Step 5.

also go to the front panel interface screen \PROT\SGO0\51\51 and edit the 51P settings. After
you send the commands to your relay, EXIT’ and (save) ‘Y’) the changes.

An ohmmeter or continuity tester may be used to monitor the output contacts (OUT1, OUT2,
and OUT3) status.

Table 13-82. Time Overcurrent 51P Element Pickup Settings

Sensing Input Command Comments
Type
S0-51P=1.0,5.0,12 pu=1.0, td=5, curve=I2
S1-51P=1.5,5.0,12 pu=1.5, td=5, curve=I2
S2-51P=1.8,5.0,12 pu=1.8, td=5, curve=I2
S3-51P=2.2,5.0,12 pu=2.2, td=5, curve=I2
S0-51P=5.0,5.0,12 pu=>5.0, td=5, curve=I2
S1-51P=7.5,5.0,12 pu=7.5, td=5, curve=I2
S2-51P=9.0,5.0,12 pu=9.0, td=5, curve=I2
S3-51P=11.0,5.0,12 pu=10.5, td=5, curve=I2

Using the values listed in Table 13-83, apply current to the A phase current input, beginning at
the starting point, then stepping up to just slightly above the threshold limit for the amount of
time listed. If the active setting group does not change, step the current up to just below the
next group switch limit for the duration indicated. The setting group change should occur
between the low and high limits. Monitor the output contacts to verify that the change occurred
within the time limits programmed at an accuracy of +0.5% of setting or +2 seconds,
whichever is greater. Step the current up to each new level and verify the setting group
change and pickup accuracy.

Table 13-83. Automatic Setting Group Change Example Accuracy Limits - Increasing Current

Current Value
But Below Next
Sensing | Above Switch Group Switch
Type Threshold ThreShOILdUand 51P | Time Comments
051 A 0.73 A - Starting point 50% of SO-51P pickup
0.77 A 0.88 A >1 min | Switch to SG1 (75% SO0 51P pickup)
092 A 1.07 A >1 min | Switch to SG2 (90% SO0 51P pickup)
1.13 2.1 >1 min | Switch to SG3 (110% SO0 51P pickup)
255 A 36A - Starting point 50% pickup
3.83A 4.4 A >1 min | Switch to SG1 (75% SO0 51P pickup)
459 A 4595 A >1 min | Switch to SG2 (90% SO0 51P pickup)
561 A 10.78 A >1 min | Switch to SG3 (110% SO0 51P pickup)
Step 6. Verify that SG3 is the active setting group by sending the command RG-GRPACTIVE to the

Step 7.

relay. It should echo back that the SG3 is the active group. If your relay is supplied with the
HMI option, you may also verify the active setting group at the front panel interface screen
\STAT\OPER\ACTIVEG, 1.4.4.

Send to the relay the commands in Table 13-84.
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Step 8.

Step 9.

Table 13-84. Automatic Group Control Selection

Command Purpose
A= Gain access
CS-143=1 Selects 143 for TRUE operation
CO-143=1 Executes 143 TRUE operation (setting group
1)
E Exit

Verify that the relay did not change to setting group 1 (SG1) by transmitting the RG-
GRPACTIVE to the relay. It should echo back that the SG3 is still the active group. This
verifies that the relay will not make any setting group changes from logic inputs while the
AUTO input logic is TRUE.

Begin stepping down the level of current from one level to the next as shown in Table 13-85.
First step the current to just below the threshold limit for the amount of time listed. Monitor the
output contacts to verify that the setting group changed. If the active setting group does not
change, step the current down to just above the next group switch limit for the duration
indicated. This will verify the accuracy of the pickup return threshold. Continue stepping down
to each new level.

Table 13-85. Automatic Setting Group Change Example Accuracy Limits - Decreasing Current

Current Value
Sensing | Below Switch But Above Next
Type Timing Group Switch Time Comments
Threshold Threshold

21A 113 A >1min | SG3 (110% SGO0 51P)

0.98 A 0.86 A >1 min | Switch to SG2 (100% SGO0 51P)
0.83A 0.71 A >1 min | Switch to SG1 (85% SO0 51P pickup)

1.13 2.1 >1 min | Switch to SGO (70% SO0 51P pickup)
10.78 A 5.61 A > 1 min | SG3 (110% SGO0 51P)

49 A 4.4 A >1 min | Switch to SG2 (100% SGO0 51P)
416 A 3.57A >1 min | Switch to SG1 (85% SO0 51P pickup)
3.43A 2.55 A >1 min | Switch to SGO (70% SO0 51P pickup)

Step 10. Remove the current from A-phase, input 1.

Step 11.

Using the RS-LGC command to retrieve logic variable data from the SER, verify that the
following actions were logged.

Verify that all setting group changes were logged.

Verify that VO1 went TRUE and closed relay output OUT1 when SG1 became the active
setting group.

Verify that VO2 went TRUE and closed relay output OUT2 when SG2 became the active
setting group and that relay output OUT1 opened.

Verify that VO3 went TRUE and closed relay output OUT3 when SG3 became the active
setting group and that relay output OUT2 opened.

Verify that when the virtual switch 143 went TRUE (as a discrete input to the SG1 input of the
setting group logic block) that the active setting group remained SG3.

Verify the events that occurred in reverse order, when the current was being stepped down.

Manual Change Mode 1

Manual Change Mode 1 test procedures are a continuation of the automatic test procedures. Do not
change the logic or settings except for those in Step 1 and subsequent.
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Step 1. Transmit to the relay the commands in Table 13-86.

Table 13-86. Manual Group Control Selection

Command Purpose
A= Gain access
CS-443=0 Selects 443 for FALSE operation to enable logic control (manual mode)
C0O-443=0 Executes 443 for FALSE operation to enable logic control (manual mode)
E Exit

Step 2. Verify that VO1 went TRUE and closed relay output OUT1 when SG1 became the active

setting group (remember in Step 6, switch 143 was made TRUE).

Step 3. Send to the relay the commands in Table 13-87. Monitor the output contacts to verify the
setting group changes. After all commands have been sent, verify that SG3 is the active
setting group by sending the command RG-GRPACTIVE to the relay. It should echo back that
the SG3 is the active group. If your relay is supplied with the HMI option, you may also verify
the active setting group at the front panel interface screen \STAT\OPER\ACTIVEG, 1.4.4.

Table 13-87. Manual Group Control Selection

Command Purpose
A= Gain access
CS-143=0 Deselects setting group 1 for operation
CO-143=0 Executes Deselecting setting group 1 for operation
CS-43=1 Selects setting group 0 for operation
C0O-43=1 Executes setting group O for operation
CS-43=0 Deselects setting group O for operation
C0-43=0 Executes Deselecting setting group 0 for operation
CS-243=1 Selects setting group 2 for operation
C0O-243=1 Executes setting group 2 for operation
CS-243=0 Deselects setting group 2 for operation
CO-243=0 Executes Deselecting setting group 2 for operation
CS-343=1 Selects setting group 3 for operation
CO-343=1 Executes setting group 3 for operation
E Exit
Y Save settings

Step 4. Using the RS-LGC command to retrieve logic variable data from the SER, verify that the

setting group change actions were logged.

Manual Change Mode 2

Manual Change Mode 2 test procedures are a continuation of the Mode 1 test procedures. Do not change

the logic or settings except for those in Step 1 and subsequent.
Step 1. Send to the relay the commands in Table 13-88.
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Table 13-88. Binary Group Control Selection Setup

Command Purpose
A= Gain access
SL- Sets setting group control function to binary coded selection (AUTO logic is unchanged
GROUP=2 from Table 13-80)
E Exit
Y Save settings

Step 2. Verify that relay outputs OUT3 opened when the commands in Table 13-88 were completed
and OUT1 and OUT2 remained open. With the existing logic and discrete select enabled, DO
and D1 inputs are FALSE, and D2 and D3 inputs have no effect on setting group selection.
For more information on setting group selection, see Section 4, Protection and Control
Functions, Setting Groups.

Step 3. Verify that SGO is the active setting group by sending the command RG-GRPACTIVE to the
relay. It should echo back that the SGO is the active group. If your relay is supplied with the
HMI option, you may also verify the active setting group at the front panel interface screen
\STAT\OPER\ACTIVEG, 1.4.4.

Step 4. Send to the relay the commands in Table 13-89.

Table 13-89. Binary Group Control Selection Test Commands

Command Purpose
A= Gain access
CS-43=1 Selects setting group 1 for operation
C0-43=1 Executes setting group 1 for operation (D0=1)
CS-43=0 Deselects setting group 1 for operation
C0-43=0 Executes Deselecting setting group 1 for operation

CS-143=1 Selects setting group 2 for operation

CO-143=1 Executes setting group 2 for operation (D1=1)

CS-43=1 Selects setting group 3 for operation

C0-43=1 Executes setting group 3 for operation (D0=1 and D1=1)
E Exit

Step 4. Verify that the appropriate setting groups became active and relay outputs OUT1 through
OUT3 closed in accordance with the discrete inputs of Table 13-89. Refer to Step 3 for more
information on verifying active setting groups.

Maintenance

BE1-CDS220 Current Differential Systems require no preventive maintenance. The fully numeric design
of the BE1-CDS contains no internal jumpers or mechanical settings except for contact sensing ranges. It
also requires no calibration. Testing, however, should be performed according to scheduled practices.

The BE1-CDS can be fully drawn out of the case. When the drawout assembly is removed, the current
transformer input circuits are automatically shorted by internal case contacts. The case contains no
components that are likely to require service; all critical components are contained in the drawout
assembly. When removing the drawout assembly from the case, care should be taken to prevent
electrostatic discharge (ESD) and mechanical damage.

There is no need to disturb the circuit interconnections within the drawout assembly. Repair of the
drawout assembly by replacement of individual circuit boards is not recommended. The printed circuit
boards are constructed using surface-mount technology and are not intended to be field serviceable.
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If a relay failure occurs in a critical application without sufficient redundancy, protection can be restored by
inserting a spare relay in the mounted and wired case of the relay requiring service. The drawout
assembly requiring service can then be returned to the factory in the case from the spare relay. If a spare
case isn't available, care should be used when packing the drawout assembly for shipment. Use antistatic
packing material that prevents mechanical damage during transit.

Before returning the drawout assembly for repair, contact the Basler Electric Technical Services
Department at 618-654-2341 for a return authorization number.

Storage

This device contains long-life aluminum electrolytic capacitors. For devices that are not in service (spares
in storage), the life of these capacitors can be maximized by energizing the device for 30 minutes once
per year.
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SECTION 14 ¢« BESTCOMS™ SOFTWARE

Description

BESTCOMS™ is a Windows® based program that runs on an IBM compatible computer and provides a
user friendly, graphical user interface (GUI) for use with Basler Electric communicating products.
BESTCOMS is an acronym that stands for Basler Electric Software Tool for Communications, Operations,
Maintenance, and Settings.

BESTCOMS provides the user with a point and click means for setting and monitoring the in-service relay
or relays under test. The point and click method provides an efficient, fast setup for configuring one or
several relays. This software is provided free with every BE1-CDS220 Current Differential System.

Introduction

A primary advantage of the 32-bit BESTCOMS is that an actual unit (i.e., operating transmission
protection system) is not required to perform any or all settings and adjustments for any preprogrammed
scheme. Nor is it needed to create a custom scheme complete with settings and adjustments. Also,
BESTCOMS is identical within all of the Basler Electric Numerical Systems except for differences inherit
in the individual systems. This means that once you become familiar with a BESTCOMS for one system,
you are also familiar with BESTCOMS for all of the systems.

Using the BESTCOMS 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, operating and logic, breaker monitoring, metering, and fault recording. Engineering personnel can
develop, test, and replicate the settings before exporting them to a file and transmitting the file to
technical personnel in the field. In the field, the technician simply imports the file into the BESTCOMS
database and uploads the file to the relay where it is stored in nonvolatile memory. (See the paragraphs
on File Management later in this manual for more information on saving, uploading, and downloading
files.)

The BESTCOMS GUI also has the same preprogrammed logic schemes that are stored in the relay. This
gives the engineer the option (off-line) of developing his/her setting file using a preprogrammed logic
scheme, customizing a preprogrammed logic scheme, or building a unique 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 BESTCOMS GUI also allows for downloading industry-standard COMTRADE files for analysis of
stored oscillography data. Detailed analysis of the oscillography files may be accomplished using
BESTwave™ software.

This section provides an introduction to all of the screens in the BE1-CDS220 Current Differential System
with their field layouts and typical entries. Common program activities such as applying settings,
modifying logic, and setting up password security are discussed. These discussions are application
oriented. We explore how the activity or task can be performed using an appropriate BE1-CDS220
BESTCOMS screen.

BESTCOMS screens are similar to most Windows based GUI screens. You may immediately notice
common features such as the pull-down menu, toolbar, icons, and help prompts when the mouse pointer
is paused over an icon. Some of these features are shown in Figure 14-1. If the Navigation Bar has a right
and left arrow at the extreme right hand side of the screen, clicking on these arrows will shift the
Navigation Bar to allow access to all of the icons on the bar. Like most computer programs, there is often
more than one way to perform an activity or task. These various methods are discussed in the following
paragraphs in conjunction with the appropriate BESTCOMS screen.
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Figure 14-1. Typical User Interface Components

Installation

BESTCOMS for BE1-CDS220 software contains a setup utility that installs the program on your PC. (This
is typical for all of the BE1 numerical systems.) When it installs the program, an uninstall icon (in the
Control Panel, Add/Remove Programs feature) is created that you may use to uninstall (remove) the
program from your PC. The minimum recommended operating requirements are listed in the following
paragraph.

PC Requirements

e Pentium 233 MHz or faster processor (300 MHz is recommended)

e 64 megabytes (MB) of RAM (128 MB is recommended)

e Windows® XP (32-bit), Windows® Vista (32-bit all editions), Windows® 7 (32/64-bit all editions),
Windows® 8 (32/64-bit all editions)

e 7 MB of hard disk space

e CD-ROM drive for installation

e One available serial port

Installing the Program on Your PC Using Microsoft® Windows®

1. Insertthe CD in the PC CD-ROM drive.

2. When the Setup and Documentation CD menu appears, click the install button for the
BESTCOMS PC Program. The setup utility automatically installs “BESTCOMS for BE1-CDS220”
on your PC.

When BESTCOMS installation is complete, a Basler Electric folder is added to the Windows program
menu. This folder is accessed by clicking the Start button and Programs and then Basler Electric. The
Basler Electric folder contains an icon for the “TBESTCOMS for BE1-CDS220” program.

Connecting the PC to the Relay

Remember, you do not have to have a unit connected to the PC to operate BESTCOMS and program
settings. If you have an actual unit, connect a communication cable between the front RS-232
communication port on the BE1-CDS220 front panel and an appropriate communication port on the PC.
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Updating BESTCOMS™ Software

Future enhancements to relay functionality may make firmware update desirable. Enhancements to relay
firmware typically coincide with enhancements to BESTCOMS software for that relay. When a relay is
updated with the latest version of firmware, the latest version of BESTCOMS should also be obtained.

If you obtained a CD-ROM containing firmware from Basler Electric, then that CD-ROM will also contain
the corresponding version of BESTCOMS software. BESTCOMS can also be downloaded from the
Basler Electric web site (http://www.basler.com) after creating an account.

Starting BESTCOMS™

Start BESTCOMS™

Start BESTCOMS by clicking the Start button, Programs, Basler Electric, and then the BESTCOMS for
BE1-CDS220 icon. At startup, a splash screen with the program title and version number is displayed for
a brief time (Figure 14-2). After the splash screen clears, you can see the initial screen - the System
Setup Summary screen. (This is the same process if you do or do not have a unit connected to your PC.)

Basler

BESTCOMS for BE1-CDS220
Current Differential System

Version - XX.YY.ZZ

PO033-19 Copyright Basler Electric

Figure 14-2. BESTCOMS™ Splash Screen

System Setup Summary Screen

If you are at another BESTCOMS screen such as Overcurrent and want to go to this screen, you
may use the Screens pull-down menu or click on the System Setup Summary icon as is shown at
the right margin of this paragraph. This screen has two areas or folder tabs (like paper file folder
tabs) to the screen (see Figure 14-3). The first tab is Protection and Control and the second tab is
Reporting and Alarms.

This screen gives you an overview of the system setup. When the screen is first displayed, the Protection
and Control tab is in the foreground and the Reporting and Alarms tab is in the background. You may
select either of these tabs and bring that tab and information into the foreground.

Protection and Control

Look in the lower, right-hand corner for the legend. This legend provides interpretation for the various
indicated colors. Any protection and control function or element may be enabled or disabled and the
current state is indicated by the associated color. If the function is enabled, the color is green. If the
function is only disabled by a setting (such as zero), the color is yellow. If the function is only disabled by
logic, the color is blue. If the function is disabled by both a setting and logic, the color is gray.

If a function has variations such as 51P, which has two modes (CT Input 1 and CT Input 2) and none of
these modes are enabled, a tilde (~) is displayed.

In addition to the functional status, Group Selection is displayed and the names are shown for the
displayed and active logic and the virtual switches.
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Figure 14-3. System Setup Summary Screen, Protection and Control Tab

Reporting and Alarms

This second tab of the System Setup Summary screen (Figure 14-4) provides the remaining summary
information for the relay in regard to monitoring, metering, and alarms. Again, a legend for the color-
coding of relay status is provided in the lower right side of the screen.
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Figure 14-4. System Setup Summary Screen, Reporting and Alarms Tab
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Configuring the PC

If you have an actual BE1-CDS220 relay, configure your PC to match the BE1-CDS220 configuration. To
do this, pull down the Communication menu in the pull-down menu and select Configure. Now, match the
communication configuration in the BE1-CDS220 relay. You may select Terminal (VT100 Emulation) and
go directly to that communication protocol. You must close Terminal Mode before you can use
BESTCOMS again. If you are comfortable using ASCIl commands, the Terminal Mode is an easy method
for checking the actual settings or status of the relay when you are in doubt about an action to take in
BESTCOMS. ASCIlI commands are available in Section 11, ASCIl Command Interface.

Setting the Relay

To set the relay, we will discuss the contents of each of the screens for BESTCOMS for the BE1-
CDS220. The System Setup Summary screen was discussed in previous paragraphs. We begin with the
assumption that you have started BESTCOMS, connected the PC to the relay, and configured your PC to
the relay. If the default settings are active in your relay, you will have to change the logic to clear the
Major alarm or disable the Logic = None Alarm under Alarm Priority in Reporting and Alarms, Alarms.
This section describes BESTCOMS features as they occur and not on a priority (perform this setting first)
basis. For information on how to select or name the active logic, see the paragraphs on BESTlogic™.

Select Logic Scheme for Display

In Figure 14-4, below the pull-down Menu bar, there is a pull-down arrow for the Logic window in the
Toolbar row. To select a preprogrammed scheme, pull down this menu and click on the desired scheme.
When you do, the selected logic name is displayed in the Logic window and the System Setup Summary
screen displays what results would be if that scheme were active. It does not make it the active screen.
You select custom and preprogrammed logic schemes using the BESTlogic screen. (See additional
paragraphs in this section.)

Settings Display and Selection

Immediately to the right of the Logic window is a Settings window. A pull-down menu is shown and
provides for Group O, 1, 2, or 3 selection. An example of this is the Overcurrent Protection screen. Pull
down the Screens menu and select Overcurrent. When you do, the Settings window display changes to
the Group pull-down menu. If you wanted the specific setting change that you were about to make to
affect the Group 1 settings, select Group 1.

General Operation Screen

Pull-down the Screens menu and select General Operation or click on the General Operation
icon that is shown at the right margin of this paragraph. This screen has nine folder tabs and the

first tab is General Info.

General Info

Pull-down the Screens menu and select General Operation or click on the General Operation icon, which
is shown at the right margin of this paragraph. This screen has seven folder tabs. The first tab is General
Info (Figure 14-5).
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Identification

Figure 14-5. General Operation Screen, General Info Tab

This screen (Figure 14-6) allows you to fill in the serial number of the relay and the various software and
firmware application version information. Additionally, you may enter the name of the relay, substation
identification, and other installation-specific identification. This information will become useful when

reports are generated.
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Figure 14-6. General Operation Screen, Identification Tab
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Power System

This screen (Figure 14-7) allows you to enter the nominal frequency, normal phase rotation, CT Ratios
and CT Connections. If the phase rotation entry is not correct, it will cause problems in several areas
including metering values and targets. In other words, you must make entries in these fields in order for
the BE1-CDS220 protection elements to function. Enter the CT Ratio Turns value and the primary
amperes value is entered for you. For example, if you entered 220 for the Turns value and the secondary
nominal current input is 1, the primary amperes value is 220. If you change the secondary nominal current
input to 5, the primary amperes value becomes 1,200. Select the correct CT Connection type. As
appropriate, enter the values for CT Input 2. If the ground current input is valid for your relay, enter the
appropriate values for Ground Input (l,). Use the Transformer and CT Connections Selector (Figure 14-8)
to set up CT Connections and Compensation.
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Figure 14-7. General Operation Screen, Power System / VT Setup Tab

Transformer and CT Connections Selector
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Figure 14-8. Transformer and CT Connections Selector
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Global Security

This screen (Figure 14-9) allows you to set up password security. Each of three communication ports and
the four functional areas (Global, Settings, Reports, and Control) are protected with password security.
This allows the user to customize password protection for any or all ports. For example, you could allow
technicians to have global access (sometimes called a fourth level of access) to all three functional areas
via the front port. You could also restrict the rear port, which is connected to a modem to read-only
access.

If you select show passwords and notice that the default passwords have not been changed, then you
may change all four passwords. If the global password has been changed, a dialog box appears
explaining that you must enter the global password to enable viewing and editing the existing passwords.
After entering the global password, the passwords and enable boxes appear. You may then make
changes in any or all areas. Clicking a box for a specific communication port toggles the functional area
for that port either ON or OFF. Notice that the front panel human-machine interface (HMI) and
communications port zero are combined and considered as one.
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Figure 14-9. General Operation Screen, Global Security Tab

Communication

This screen (Figure 14-10) allows the user to set or change additional communication parameters that
cannot be set with the toolbar Communication, Configure screen. Baud Rate has the pull-down menu
while Reply and Handshaking are either enabled or disabled. Page Length can be stepped up or down
one page at a time using the Up or Down arrow buttons. Address can be stepped up or down to change
the address except for Com Port O Front. This address is always A0 and cannot be changed. If the relay
has Modbus™, the Com Port 2, Modbus Settings panel appears on the General Operation screen,
Communication tab. This panel allows the user to select the Precision Format, Parity, Remote Delay
Time, Stop Bits, and Password. For more information on these parameters, see the Modbus Instruction
Manual (Basler Electric part number 9365200992).

14-8 BE1-CDS220 BESTCOMS™ Software 9313900990 Rev G



BE1-CDS220 Settings ( [Untitled] )

Ele Screens Copy Communication Reports Help

) 0= H S Logic [BASLER +| Settings | Global
=|[E 120 I @
) D@F*Lé%ﬂnﬂ[{?ﬂg—%mﬂ‘

3

(i

Eenerallnfol Identificalion] Power S_l,lstem] Global Secuity  Communication l HEl Display] Caonversions

Relay Communication Port Settings

Com Port 0 Front Com Port 1 Com Port 2
R5-232 Rear R5-232 Rear R5-485
Baud Rate 3600 ||| 9800 R RIREET =l
Reply % Enabled X Enabled % Enabled
Handshaking ¥ Enabled ¥ Enabled r

Page Length

il
=

PUEI
g

PDEI
s

Address

Enter the frant panel R5-232 baud rate. General Operation 1142372005 | 318 PM

Figure 14-10. General Operation Screen, Communication Tab

HMI Display

The human-machine interface (HMI) screen (Figure 14-11) allows the user to change the screen scroll
list. Only the code for the latest version of BESTCOMS is contained within BESTCOMS. If you have an
earlier version of the embedded firmware in your relay and selected that information on the General Info
tab under General Operation screen, you can select a screen scroll item in BESTCOMS that is not
available in the relay. If you do, you will get an error code immediately.
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Figure 14-11. General Operation Screen, HMI Display Tab
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Conversions

The Conversions tab (Figure 14-12) brings up the screen that allows entries in per unit. The per unit
conversion for the settings involves entries for the base quantities. When you are entering settings later
on, you can select primary current values, secondary current values, percent, or per unit. If you are using
percent or per unit, then you have to enter the Conversion screen field values regarding three-phase,
phase-to-phase, and phase-to-neutral base quantities. If the settings are entered in terms of primary or
secondary current values, you do not need to enter this information.

BE1-CDS220 Settings ( [Untitled] )
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Figure 14-12. General Operation Screen, Conversions Tab

Setting Group Selection
Pull down the Screens menu and select Setting Group Selection or click on the Setting Group =

Selection icon that is shown at the right margin of this paragraph. This screen (Figure 14-13) @
does not have folder tabs and it is labeled Setting Group Selection. [

Setting group selection involves programming the relay to automatically select one group out of four
protective element setting groups in response to system conditions. When the system is normal, the
default or normal group is 0. Auxiliary setting 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 based upon source conditions or to improve security during overload
conditions. Near the bottom of Figure 14-13, there is a Monitor Setting window for Groups 1, 2, and 3.
This field in each group allows you to select which element controls that specific group selection. The
Switch Threshold sets the level for the monitored element and the Switch Time sets the time delay to
prevent the group change from changing the instant that the monitored element exceeds the Switch
Threshold setting. Return Threshold and Time does the same thing for changing back to the previous
group.

You do not have to depend only on monitored conditions to change group selection. The active Setting
Group can be controlled at any point in time by the setting group control logic. (Refer to Section 4,
Protection and Control, for more information on Setting Groups.) The setting group control also has an
alarm output variable SGC (Setting Group Changed). This output is asserted whenever the BE1-CDS220
switches from one setting group to another. The alarm bit is asserted for the SGCON time setting. You
can click in the Setting Group Change (SGC) Alarm Timer (Sec) field and set the SGCON time setting.
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Figure 14-13. Setting Group Selection Screen

Percentage Differential

Pull down the Screens menu and select Percentage Differential or click on the Percentage DI—L
Differential icon that is shown at the right margin of this paragraph. This screen has three folder |F
tabs and the first tab is 87 Phase. RES

87 Phase

The 87 Phase tab (Figure 14-14) brings up the screen that allows setting the 87 Tap. In the MANUAL
mode, Tap, CT amps can be set for Circuit 1 and Circuit 2, only, through a range of 2 to 20. By selecting
the box, "Select to Enter Data for Auto Tap Calculation," the MANUAL display changes to AUTO. In this
mode, the transformer MVA can be set in the range of .5 to 9,999 and kv, CT can be set in the range of
.01 to 1,000.

The Restrained Pickup can be set using the drop down menu. The 87 Phase can be adjusted from 0.10
times tap to 1.00 times tap using the Up/Down arrows. Restraint Slope % is, likewise, adjustable from 15
to 60% with 45% being the default. The 2™ Harmonic Restraint % lop can be set from 5 to 75 with 18.0
being the default. The 5" Harmonic Restraint % lop has the same range with 35.0 being the default.

Unrestrained Pickup is set using the drop down menu arrow next to the selection box. To the right,
Up/Down arrows are used to select any value between 1 times tap to 21 times tap with zero as the
default.
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Figure 14-14. Percentage Differential Screen, 87 Phase Tab

87ND/187ND

The 87ND/187ND tab (Figure 14-15) brings up the screen that allows setting the 87 Neutral. Restrained
Pickup is adjusted using the pull-down menu with Times Tap as the default. Other options include Input 1-
2 amps and Input 1% or 2% Full Load. The allowed range for Times Tap is 0.010 times tap to 1.000 times
tap using the Up/Down arrows. Restraint Slope % can be set for 15 to 60 degrees. Time can be set for
milliseconds, minutes, or cycles using the drop down menu.
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Figure 14-15. Percentage Differential Screen, 87ND Tab
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Diff Alarm

The Diff Alarm tab (Figure 14-16) brings up a screen that allows setting the percentage of differential
characteristic. The default value is 67% but the permissible range is 50 to 100.

BE1-CDS220 Settings ( [Untitled] )
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Figure 14-16. Percentage Differential Screen, Diff Alarm Tab

Overcurrent Protection

Pull down the Screens menu and select Overcurrent or click on the Overcurrent Protection icon
that is shown at the right margin of this paragraph. This screen has six folder tabs and the first g%[lﬂ
tab is 51.

51

This screen (Figure 14-17) allows you to enter the settings for the 51 time overcurrent elements. BE1-
CDS220 relays have three phase time overcurrent elements, three neutral time overcurrent elements, and
three negative-sequence time overcurrent elements. They are divided up into three tabs, (51, 151, and
251). The pull down Pickup menu allows you to select the relative pickup quantity. BE1-CDS220 relays
measure the current input in secondary amperes. If you want to use per unit, percent amperes, or primary
current, you must coordinate the settings in Power Systems & Conversions. Settings for Time Dial and
Curve (time characteristic curve) are conventional settings. If you want to change the characteristic curve
constants, select the Curve Coefficients and a dialog box opens for those entries. Select the BESTlogic
button at the bottom of the Phase (51P) panel. The status of the logic is shown above the BESTlogic
button. A dialog box (BESTlogic Function Element) opens showing the status of the element logic and the
logic scheme name. If you have a custom logic scheme active, you may change the status of the element
logic by pulling down the menu and selecting from the available choices.
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151 and 251 Tabs

Figure 14-17. Overcurrent Screen, 51 Tab

These two screen tabs allow you to enter the settings for the 151 and 251 time overcurrent elements.
They are configured the same as on the 51 tab.

50T

BE1-CDS220 relays have three of each phase, neutral, and negative-sequence instantaneous
overcurrent elements with settable time delay. The screens for the instantaneous elements are almost
identical to the 51 screen. The settable time delay is the primary difference. See Figure 14-18. To change
the time delay, pull down the Time menu, select your preferred unit of measure, and then change the time
for the appropriate phase, neutral, or negative-sequence element.
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Figure 14-18. Overcurrent Screen, 50T Tab
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150T and 250T Tabs

These three screen tabs allow you to enter the settings for the 150T and 250T time overcurrent elements
with settable time delay elements. They are configured as explained above.

Breaker Failure

Pull down the Screens menu and select Breaker Failure or click on the Breaker Failure icon that
is shown at the right margin of this paragraph. -L_/ﬂ-

To set the time delay from when the breaker failure initiate is received and the trip output is
asserted, first pull down the Units menu and set the units for time measurement i.e., milliseconds,
seconds, minutes, or cycle). See Figure 14-19. The Timer Setting can be set using the Up/Down arrows
within a range of 50 to 999 milliseconds.

Logic settings for the breaker failure function can be made by clicking on the BESTlogic button and with
your custom logic selected. Select the mode and other input logic by using the Mode pull-down menu and
clicking on the logic inputs to set the logic.
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Figure 14-19. Breaker Failure Screen
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Logic Timers

Pull down the Screens menu and select Logic Timers or click on the Logic Timers icon that is | fg
shown at the right margin of this paragraph. This screen (see Figure 14-20) configures two logic |].-Tz|

timers and has no folder tabs.
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Figure 14-20. Logic Timers Screen

62/162

Logic timers, 62 and 162 are general-purpose timers with six operating modes. Each operating mode has
a T1 and T2 setting. The function of these settings depends on the type of timer (mode) selected. For a
description of the setting functions, see Section 4, Protection and Control.

Logic settings for the logic timers can be made by clicking on the BESTlogic button and with your custom
logic selected. Use the Mode pull-down menu and select one of the six timer modes or disable the logic
timers. Select other input logic by clicking on the logic inputs to set the logic.

Reporting and Alarms

Pull down the Screens menu and select Reporting and Alarms or click on the Reporting and %
Alarms icon that is shown at the right margin of this paragraph. This screen has six folder tabs @_
and the first tab is Clock Display Mode.

Clock Display Mode

Use the Time Format and Date Format pull-down menus to set the current time and date in the preferred
format. See Figure 14-21.
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Figure 14-21. Reporting and Alarms Screen, Clock Display Mode Tab

Demands

This tab, Figure 14-22, allows demand intervals to be set independently for the phase, neutral, and
negative-sequence demand calculations. Click in the Phase, Neutral, or Neg. Sequence fields and enter
the time in minutes or adjust the time by using the appropriate (Up or Down) arrow buttons. Use the pull-
down menu to set the unit of measure for the threshold settings.

Load Profile is an optional function and is not available on some units. This option uses a 4,000-point
data array for data storage. At the load profile logging interval, the data in the demand calculation
registers is copied and stored in the data array. The period required to generate 4,000 entries is shown in
the Logging Period (Days) field. To set the Logging Interval (Minutes), click in the field and enter the time
or adjust the time by using the appropriate (Up or Down) arrow buttons in the range of 1 to 60 minutes.
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Figure 14-22. Reporting and Alarms Screen, Demands Tab

Breaker Monitoring
This screen, Figure 14-23, contains settings for Breaker Duty Monitoring and Breaker Duty Alarms.

Click in the field for 100% Duty Maximum and set the value. Logic settings for the Block Accumulation
Logic can be made by clicking on the Logic button. With your custom logic selected, select the block
accumulation logic.

Because the relay is completely programmable, it is necessary to program which logic variable monitors
breaker status (how the relay knows when the breaker is closed). Set the Breaker Status Logic by clicking
on the Logic button. With your custom logic selected, select the control logic.

Three breaker alarm points are programmable for checking breaker-monitoring functions. Each alarm
point can be programmed to monitor any of the three breaker monitoring functions or all three of the alarm
points can be programmed to monitor one function and alarm at various threshold levels. Use the pull-
down menu for Point 1 and select the preferred breaker-monitoring mode (function). With the Mode set,
the Threshold field is viable and has a zero threshold. Use the keyboard to enter the threshold value or
the appropriate (Up or Down) arrow buttons. Repeat the procedure for Breaker Alarm Points 2 and 3.
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Figure 14-23. Reporting and Alarms Screen, Breaker Monitoring Tab

Transformer Monitoring

This tab, Figure 14-24, contains settings for Transformer Duty Monitoring and Transformer Alarms. There
is settings for Mode (Disabled, Enabled I, and Enabled 12), 100% Duty Maximum in primary amps, and
Block Accumulation Logic.

In addition, three transformer alarms are provided (Points 1-3). The pull down arrows will allow the Mode
to be selected as Disabled (default), Duty, or Thru Faults. The Threshold (range) is set using Up/Down
arrows and is dependent on the mode setting: Duty: 0-100 and Thru Faults: 0 - 99,999.
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Figure 14-24. Reporting and Alarms Screen, Transformer Monitoring Tab
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Alarms

BE1-CDS220 relays have 28 programmable alarm points (Figure 14-25). These points are for the
monitored power system, associated equipment, and non-core circuits and functions in the relay. Each of
these alarm points can be programmed to assert the Major, Minor, or Logic Alarm when an alarm point is
activated. To program an alarm point, find the point in the Alarm Priority list and then click on the
appropriate field under the Major, Minor, or Logic Alarm.

Logic settings for the Alarm Reset Logic can be made by clicking on the Logic button and then clicking on
the Reset input. Other logic blocks shown under the BESTlogic panel are shown for reference only. There
is no interaction available.
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Figure 14-25. Reporting and Alarms Screen, Alarms Tab

Fault Recording

Logic expressions define the three conditions that determine when a fault has occurred. If a fault is
detected by the relay, the relay records (stores in memory) data about the fault. The three conditions that
determine a fault are Trip, Pick Up, and Logic trigger. To define these conditions, click on Fault
Recording, Logic, and then click on Tripped, Pickup, and Logic in turn and program the inputs that define
each condition. (See Figure 14-26.) You may clear the existing programming by clicking on the Clear
button or clicking on each individual variable.

The fault recording function can record up to 32 oscillographic records in non-volatile memory. Because
there is only a specific amount of memory available, as additional faults are recorded, the oldest records
are overwritten. Each record can record only a limited number of data cycles. If you have less than 32
records, you can have more than 15 cycles of data per record (total of 480 cycles). To select the number
of cycles of data and number of records, click on the Oscillographic Records, Select button, and click on
the number of records that you want to record.

Logic settings for the Target Reset Logic can be made by clicking on the Target Reset Logic button and
then clicking on the Reset input. Other logic blocks shown under BESTlogic on the panel are shown for
reference only. There is no interaction available.

Any protective function, except 62 and 162 that has a trip, will set a target because these functions have
the targets enabled on the Fault Recording tab. If you are using a protective function in a supervisory
capacity and do not want to set a target when the protective function trips, disable that target by clicking
on the specific target. If you want to disable all of the targets for a function such as the 51 time
overcurrent protection function, click on the No 51's button on the left side of the Enabled Targets.
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Figure 14-26. Reporting and Alarms Screen, Fault Recording Tab

Inputs and Outputs

Pull down the Screens menu and select Inputs and Outputs or click on the Inputs and Outputs
icon that is shown at the right margin of this paragraph. This screen has three folder tabs and the

first tab is Inputs 1 - 4.
Inputs 1 - 4

Four programmable inputs in the BE1-CDS220 relay are set by this tab. See Figure 14-27.
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Figure 14-27. Inputs and Outputs Screen, Inputs 1 - 4 Tab
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To program how long the Input 1 contact must be closed for it to be recognized as closed, first pull down
the Time Units menu and set the units for the appropriate time measurement (i.e., ms (default), seconds
minutes, or cycles). Then, click on the Input 1, Recognition Time and enter the new value or use the
appropriate (Up or Down) arrow buttons to set the new value. To program how long the Input 1 contact
must be open to be recognized as open, click on the Input 1, Debounce Time and enter the new value or
use the appropriate (Up or Down) arrow buttons to set the new value.

You can assign a meaningful name to each input. This makes sequential events reports easier to
analyze. To assign a meaningful name to Input 1, click in the Name field and enter the new name. To
change the label for the Closed State, click on the Closed State field and enter the new name. To change
the label for the Open State, click on the Open State field and enter the new name. The remaining three
inputs have the same functions.

Inputs 5 - 8

There are four programmable inputs in the BE1-CDS220 relay that are set by this tab. Functionality is the
same as described for Inputs 1 - 4.

Outputs 1 — 6, A

On this tab (Figure 14-28), the only feature that you may change is to select the programmable hold
attribute. To select the hold attribute (contacts remain closed for 200 milliseconds) for any output, click on
the Hold Attribute field for that output. To change the label for any of the virtual outputs, see the
paragraphs on BESTlogic, Virtual Outputs, later in this section.

BE1-CDS220 Settings ( [Untitled] )
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Figure 14-28. Inputs and Outputs Screen, Outputs 1 - 14, A Tab

Virtual Switches

Pull down the Screens menu and select Virtual Switches or click on the Virtual Switches icon that
is shown at the right margin of this paragraph. This screen has two folder tabs and the first is 43- m
143-243-343-101.

43-143-243-343-101

You can assign a meaningful name or label to each virtual switch (Figure 14-29). This makes sequential
events reports easier to analyze. To assign a meaningful label to Virtual Switch 43, click in the Label field
and enter the new name. To change the label for the Closed State, click on the Closed State field and
enter the new name. To change the label for the Open State, click on the Open State field and enter the
new name. The 143, 243, and 343 switches can be changed in the same manner.

14-22 BE1-CDS220 BESTCOMS™ Software 9313900990 Rev G



BE1-CDS220 Settings ( [Untitled] )

Ele Screens Copy Communication Reports Help
5= O=EEES Logic |BASLER +| Settings | Global
= ‘of B a4 ak: o
3‘[ 0@3 PL‘% 'I?ﬂ' # /l::) m
43-743-243-343 -1 l 443 - 543-543-?43]
43 243 im
Label Label
SWITCH_43 | SWITCH_243 L o107
Co-101
Co-43 _:;3 Clozed State Co - 243 _2? Clozed State Command [—C 1018
Command TRUE Command TRUE —o 10150
Dizabled Open State Dizabled Open State Dizabled
BES Tlogic FALSE BES Tlogic FALSE BESTlogic
143 343
Label Label
| SWITCH_143 | SWITCH_343
143 343
Co-143 Closed State Co - 3243 Cloged State
Cornmand [ TRUE Corrmand [ TRUE
Disabled Open State Disabled Open State
BES Tlagic: FALSE BES Tlaaic FALSE
Enter a name far virtual switch 343, irtual Switches 11/28/2005 | 1:22FPM

Figure 14-29. Virtual Switches Screen, 43-143-243-343 Tab

The virtual breaker control switch provides manual control of a circuit breaker or switch without using
physical switches and/or interposing relays. The mode logic setting for Virtual Switch 43 can be made by
clicking on the BESTlogic button. With your custom logic selected, select the mode logic by using the
Mode pull-down menu. The 143, 243, and 343 switches can be changed in the same manner.

One virtual breaker control switch is available with the BE1-CDS220 (Figure 14-29). The mode logic
setting for Virtual Breaker Control Switch 101 can be made by clicking on the BESTlogic button. With your
custom logic selected, select the mode logic by using the Mode pull-down menu. Trip outputs include
Trip, Close, and Slip Contact.

443-543-643-743
These virtual switches have the same functionality as the 43 virtual switch explained above.

BESTlogic™

Pull down the Screens menu and select BESTlogic or click on the BESTlogic icon, which is
shown at the right margin of this paragraph. This screen has three folder tabs and the first tab is -

Logic Select.
Logic Select

This screen (Figure 14-30) allows you to select one of the preprogrammed logic schemes and copy that
scheme to active logic. Click on the logic to be copied to the active logic and a dialog box appears
requiring that you okay the replacement of all settings. Execute the OK and then type in the custom
name.
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Figure 14-30. BESTlogic Screen, Logic Select Tab

Virtual Outputs

You can assign a meaningful name or label to each virtual output. This makes sequential events reports
easier to analyze. To assign a meaningful label to a virtual output (Figure 14-31), click in the Label field
and enter the new name. Any virtual output can be assigned to any physical output. Only VOA and VO1
through VO5 have hardware output contacts. To change the label for the True State, click on the True
State field and enter the new name. To change the label for the False State, click on the False State field
and enter the new name. To change the logic associated with VO6, click on the BESTIlogic button
associated with VOG6. Click on the logic input and program the logic variables that define VO6. You may
clear the existing programming by clicking on the Clear button or clicking on each individual variable. All
16 virtual outputs have the same function.
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Figure 14-31. BESTlogic Screen, Virtual Outputs Tab
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Function Blocks

Not all of the logic functions have BESTlogic labeled on the button (Figure 14-32). If the logic function is
labeled Logic and not BESTIogic, the ASCIl command for the function is not prefixed with SL-. For
example: Breaker Status is a function of breaker monitoring and the ASCIl command is SB-LOGIC for
Setting, Breaker-Logic. To program a logic function, find the logic function in the list and click on the
associated BESTlogic or Logic button. The BESTlogic Function Element dialog box opens (see Figure
14-33) with the available programming. If the Mode pull-down menu is available, select the appropriate
mode. Click on the logic inputs and program the appropriate logic.
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Figure 14-32. BESTlogic Screen, Function Blocks Tab
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Copying Settings from Group to Group

There are a lot of settings in any BE1-numerical systems product and the differences between Group 0
and any other group settings may be minimal. It would be convenient if there were a way to copy settings
from Group O to another group and then just change only those settings that are different. With
BESTCOMS, there is an easy way to do that. Pull down the Copy menu from the pull-down menu as
shown in Figure 14-34. There is only one choice, Copy From Group to Group. When you select this
choice, a dialog box opens (Figure 14-35) allowing you to select the Copy to Group. After you OK the
copy routine, another dialog box opens to inform you that the copy routine is complete.
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Figure 14-34. From Group to Group from Copy Pull-down Menu
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Figure 14-35. Copy Group To Dialog Box
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Downloading Oscillography Files

To download an oscillography file, pull down the Reports menu from the pull-down menu as shown in
Figure 14-36 and select Oscillography Download. When you select this choice, you may get a
communication error if you are not configured to an actual relay. If you have communication with the
relay, a dialog box opens (Figure 14-37) allowing you to View/Download Relay Fault Files. If there have
been no fault events triggered, you may create one by clicking on the Trigger button in the
View/Download Relay Fault Files dialog box.
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Figure 14-36. Oscillography Download from Reports Pull-down Menu
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Figure 14-37. View/Download Relay Fault Files Screen
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View Fault Details

To view the fault record details, select an event by clicking on the event number or anywhere on the event
line. The event grays-out while the information is being retrieved from the relay. View the fault details in
the associated window.

View Fault Sequence of Events

To view the fault record sequence of events, click on the radio button by the View Fault Sequence of
Events. View the fault sequence of events in the associated window.

Download Oscillography File

To download an oscillography file, select the type of file to download: Binary or ASCII. Click on the
Download button in the View/Download Relay Fault Files dialog box. Use normal Windows techniques to
select the computer folder that is to receive the download file. You may create a new folder at this time by
clicking on the New Folder button. Okay the file save and the Fault Record Filenames dialog box opens.
Use the default Base Filename or enter a new file name. As you change the file name, the names for the
Header File, Fault Sequence, and Fault Summary also change automatically. OK the file names and then
exit the dialog box. You have now downloaded the oscillography file. You may view this oscillography file
using BESTwave software.

Metering

To observe the system metering, pull down the Reports menu from the pull-down menu and select
Metering. When the Metering dialog box (Figure 14-38) opens, click on the Start Polling button. If
BESTCOMS is not configured to the relay communication settings, you will receive a Communications
Error. The Metering dialog box has two pull-down menus: File and Communication. To configure
communication with the relay, pull down the Communication menu and select Configure. Choose the
Com Port and Baud Rate, as required. If you have communication with the relay, click on the Start Polling
Button. Metering values are displayed. If you select Configure with polling in progress, you will get the
Polling Active dialog box. You must stop polling before you can change configuration. To stop polling,
click on the Stop Polling button. To exit, pull down the File menu and select Exit. You may also use the
Windows techniques and click on the close icon (X) in the upper right-hand corner of the Metering dialog
box.

BE1-CDS220 Metering x]
File Communication
CT Circuit 1 CT Circuit 2 CT1 Comp. CTZ Comp.

Current  Angle Current  Angle *TAF  Angle *xTAFP  Angle [-OF
4] 000A| == al  oo0a| == jal 000 == ga| 000 = | 000
|| 000A[ == g| oo00A| = g o000 == g 000 == | 000
el 00tA|l == | oo0A| == | o000 = g 000 == | 000
M| 000& | ey DO0A | ==
o] 000 o] 0004 Mjooo| o] ooof e | 000

Ground CT = 0.00
U s TEEEREY 2nd Harmanic 5th Harmaonic
G| 0.004 | | MaHZ " T " o
B 0% B 0%
12345678 A1 23456 o 0% C %
hputs @SS OC Oupuis 2SO0 O OO
Targetz: MOME

Alarms [RALGC MOME
Ré-bdasl MOME
Ra-bdit MOME |:|
R&-REL MOME

Stop Polling

Yergion - 1.00.00

Figure 14-38. Metering from Reports Pull-Down Menu
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File Management

In these paragraphs, file management describes saving, opening, uploading, downloading, printing, and
comparing settings files.

Saving a Settings File

If you change any settings in the active custom logic scheme and try to exit BESTCOMS, the dialog box
shown in Figure 14-39 appears. If you choose Yes, a file properties dialog box appears. The file
properties dialog box also appears if you pull down the file menu and choose Save or Save As. The lines
of information that are grayed-out are automatically entered based on the file name and relay identifier
information command (SG-ID). You may enter up to 50 characters in the Additional Info: field and 2,500
characters in the File Comments field. When you okay the dialog box, you are given an opportunity to
name the file and select the path. Clicking on Save completes the saving of a settings file.

BE1-CDS220 Settings Have Changed X

9P

»._"/ Do you want to save the changes you made to Untitled?

Mo | Cancel |

Figure 14-39. Settings Have Changed Dialog Box

Opening a Settings File

To open a settings file into BESTCOMS, pull down the Eile menu and choose Open. If the settings in your
BESTCOMS have changed, a dialog box will open asking you if want to save the current settings
changes. You may choose Yes or No. After you have taken the required action to save or not save the
current settings, the Open dialog box appears. This dialog box allows you to use normal Windows
techniques to select the file that you want to open. Select the file and open it and the file settings have
been brought into BESTCOMS.

Uploading a Settings File

To upload a settings file to the BE1-CDS220 relay, you must first open the file through BESTCOMS or
create the file using BESTCOMS. Then pull down the Communication menu and select Upload Settings
to Device. You are prompted to enter the password. If the password is correct, the upload begins and the
percent complete loading bar is shown. At upload completion, you are asked if you want to save the
settings and make them active. After replying, you are informed of the status: Yes - settings are saved or
No - settings are discarded. If you would like to view the file names as they are uploaded, pull down the
Communication menu and select Configure. When the Configure Communication Port dialog box opens,
click the On button for Show Commands During Data Transfer and then click OK. Now, during data
transfer, you will see two screens (Sending and Status) and the percent complete loading bar. If a data
transfer error occurs, you can briefly see the error notification in the Status window. The file settings will
not be uploaded and the changes discarded. You may then scroll through the Status window until you find
the error notification. Click on the error notification and the data file that transferred in error is shown in
the Sending window.

Downloading a Settings File

To download a settings file from a BE1-CDS220 relay, you must pull down the Communication menu and
select Download Settings from Device. If the settings in your BESTCOMS have changed, a dialog box will
open asking you if want to save the current settings changes. You may choose Yes or No. After you have
taken the required action to save or not save the current settings, the downloading is executed.

Printing a Settings File

To print a settings file, pull down the File menu and select Print. A dialog box, Print BE1-CDS220 Settings
File opens with the settings file shown and typical Windows choices to setup the page and the printer.
Execute these commands, as necessary, and then select Print.
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You may also export the settings file to a text file. Pull down the File menu and select Export to Text. A
dialog box, Export to Text File opens with the settings file shown. Execute the OK command and then use
normal Windows techniques to select the path. Execute the Save command and you now have a text file
of your BESTCOMS settings.

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 14-40. 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 a
Settings file on disk, click on the folder button and browse for the file. If you wish to Download settings
from unit to compare, click on the RS-232 button to setup the Com Port and Baud Rate. Click on the
Compare button to compare the settings files that you have selected.

BESTCOMS Settings Compare Setup

Left Settings Source Right Seftings Source
(% Settings open in BESTCOMS " Setings open in BESTCOMS
" Setings file on disk {* Setings file on disk
" Download settings from unit " Download settings from urit

Left Source J Download

|Settings open in BESTCOMS

Right Source g Dovrload

|E:kDocuments and Settingz\briandatyikdy D ocurentshntitled bat

Canpare ‘ Cloze |

Figure 14-40. BESTCOMS™ Settings Compare Setup Dialog Box

If there are any differences in the two files, a dialog box will pop up notifying you that Differences Are
Found. The BESTCOMS Settings Compare dialog box pops up (Figure 14-41) where you can select to
Show All or Show Diffs.
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4 difference(s) were found.

Figure 14-41. BESTCOMS™ Settings Compare Dialog Box
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BESTprint™

BESTprint, which is found on the CD included with the BE1-CDS220 relay, will preview and print Basler
Electric relay settings files. This is via graphic representations similar to what is seen in the BESTCOMS
software application. BESTprint will only read the settings files and document the information. It will not
write or change any settings in the settings file (*.bst) at this time.

Profile files for each device are needed to print documentation for that particular device. New and updated
profiles will be available from Basler Electric. One new set of profiles and their support files will be the
optimum way to acquire additional printing of more devices or updated settings files.

For additional information, see the Help files in the BESTprint application.
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APPENDIX A e« TIME OVERCURRENT
CHARACTERISTIC CURVES

General

Basler Electric inverse time overcurrent systems (ANSI Device 51) provide time/current characteristic
curves that very closely emulate most of the common electro-mechanical, induction disk relays that were
manufactured in North America. To further improve proper relay coordination, selection of integrated reset
or instantaneous reset characteristics is also provided.

Curve Specifications

Timing Accuracy (All 51 Functions):

Within +5% or +1% cycles, whichever is greater,
with time dial settings greater than 0.1 and
multiples of 2 to 40 times the pickup setting but
not over 150 A for 5 ACT units or 30 Afor LACT
units.

Sixteen inverse time functions, one fixed time
function, and one programmable time function
can be selected. Characteristic curves for the
inverse and definite time functions are defined by
the following equations and comply with IEEE Std
C37.112 - 1996 - IEEE Standard Inverse-Time
Characteristic Equations for Overcurrent Relays.

A-D

Tr=—y—<-*B-D+K Equation A-1
MT-C

T R-D 5

RTT 5 1 Equation A-
v | q

T; =TimetotripwhenM>1

Time to reset if relay is set for integrating
reset when M < 1. Otherwise, reset is 50
milliseconds or less

TIME DIAL setting (0.0 to 9.9)

Multiple of PICKUP setting (0 to 40)
Constants for the particular curve

Constant defining the reset time.

—
o
1

ITXZ0
Ino1mmnn

Table A-1 lists time characteristic curve
constants. See Figures A-1 through A-16 for
graphs of the characteristics.
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Table A-1. 51P, 51N, and 51Q Time Characteristic Curve Constants

Curve Trip Characteristic Constants Reset t
Selection Curve Name
A B C N K R

S1 Short Inverse 0.2663 | 0.03393 1 1.2969 0.028 0.5
S2 Short Inverse 0.0286 | 0.0208 1 0.9844 0.028 0.094
L1 Long Inverse 5.6143 | 2.18592 1 1 0.028 15.75
L2 Long Inverse 2.3955 0 1 0.3125 0.028 7.8001
D Definite Time 0.4797 | 0.21359 1 1.5625 0.028 0.875
M Moderately Inverse 0.3022 0.1284 1 0.5 0.028 1.75
11 Inverse Time 8.9341 | 0.17966 1 2.0938 0.028 9
12 Inverse Time 0.2747 | 0.10426 1 0.4375 0.028 0.8868
V1 Very Inverse 5.4678 | 0.10814 1 2.0469 0.028 55
V2 Very Inverse 4.4309 0.0991 1 1.9531 0.028 5.8231
El Extremely Inverse 7.7624 | 0.02758 1 2.0938 0.028 7.75
E2 Extremely Inverse 4.9883 0.0129 1 2.0469 0.028 47742
A Standard Inverse 0.01414 0 1 0.02 0.028 2
B Very Inverse (1) 1.4636 0 1 1.0469 0.028 3.25
C Extremely Inverse (I’t) 8.2506 0 1 2.0469 0.028 8
G Long Time Inverse (1) 12.1212 0 1 1 0.028 29
F Fixed Time * 0 1 0 0 0.028 1
P Programmable t 0to600| Oto25 Oto1l 0.5t02.5 | 0.028 0to 30

* Curve F has a fixed delay of one second times the Time Dial setting.

t For integrated reset, append R to the curve name. For example, curve S1 has instantaneous reset.

Curve S1R has integrated reset.

¥ The programmable curve allows for four significant digits after the decimal place for every variable.

Time Overcurrent Characteristic Curve Graphs

Figures A-1 through A-16 illustrate the characteristic curves of the BE1-CDS220 relay. Table A-2 cross-
references each curve to existing electromechanical relay characteristics. Equivalent time dial settings
were calculated at a value of five times pickup.

A-2
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Table A-2. Characteristic Curve Cross-Reference

Curve Curve Name Similar To
S1 Short Inverse ABB CO-2
S2 Short Inverse GE IAC-55
L1 Long Inverse ABB CO-5
L2 Long Inverse GE IAC-66
D Definite Time ABB CO-6
M Moderately Inverse ABB CO-7
11 Inverse Time ABB CO-8
12 Inverse Time GE IAC-51
V1 Very Inverse ABB CO-9
V2 Very Inverse GE IAC-53
El Extremely Inverse ABB CO-11
E2 Extremely Inverse GE IAC-77
A Standard Inverse Refer to BS 142
B Very Inverse (1) Refer to BS 142
C Extremely Inverse (1) Refer to BS 142
G Long Time Inverse (I*t) Refer to BS 142
F Fixed Time N/A
P Programmable N/A

Time Dial Setting Cross-Reference

Although the time characteristic curve shapes have been optimized for each relay, time dial settings of
Basler Electric relays are not identical to the settings of electromechanical induction disk overcurrent
relays. Table A-3 helps you convert the time dial settings of induction disk relays to the equivalent setting
for Basler Electric relays. Enter time dial settings using BESTCOMS™, S<g>-
51P/51N/51Q/151P/151N/151Q/251P/251N/251Q ASCIlI commands, or human-machine interface (HMI)
Screens 5.x.4.1 (51P/N/Q), 5.x.4.2 (151P/N/Q), and 5.x.4.3 (251P/N/Q). For more information, refer to
Section 4, Protection and Control, Overcurrent Protection, 51 - Time Overcurrent Protection.

Using Table A-3

Cross-reference table values were obtained by inspection of published electromechanical time current
characteristic curves. The time delay for a current of five times tap was entered into the time dial
calculator function for each time dial setting. The equivalent Basler Electric time dial setting was then
entered into the cross-reference table.

If your electromechanical relay time dial setting is between the values provided in the table, it will be
necessary to interpolate (estimate the correct intermediate value) between the electromechanical setting
and the Basler Electric setting.

Basler Electric relays have a maximum time dial setting of 9.9. The Basler Electric equivalent time dial
setting for the electromechanical maximum setting is provided in the cross-reference table even if it
exceeds 9.9. This allows interpolation as noted above.

Basler Electric time current characteristics are determined by a linear mathematical equation. The
induction disk of an electromechanical relay has a certain degree of non linearity due to inertial and
friction effects. For this reason, even though every effort has been made to provide characteristic curves
with minimum deviation from the published electromechanical curves, slight deviations can exist between
them.

In applications where the time coordination between curves is extremely close, we recommend that you
choose the optimal time dial setting by inspection of the coordination study. In applications where
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coordination is tight, it is recommended that you retrofit your circuits with Basler Electric electronic

to ensure high timing accuracy.

Table A-3. Time Dial Setting Cross-Reference

Electromechanical Relay Time Dial Setting

Curve Equ::'em 05|10 20[30]40[50]60]70]80]90]100]110
Basler Electric Equivalent Time Dial Setting
S1 ABBCO-2 (03|08 |17 |24 |34 |42 |50|58|67)| 7786|097
L1 ABBCO-5 (04|08 |15(23|33|42|50|60(|70]| 7888|099
D ABB CO-6 05|111)|20|29|37|45(50|59)|72)|80]| 89 (101
M ABB CO-7 04| 08)|17|25|33|43(53|61|70)|80]|90] 938
11 ABBCO-8 (03|07 |15 |23(32|40|50|58|68]| 76| 8.7/10.0
Vi ABBCO9 (03|07 |14(21|30|39 |48 |57 |67 |78|87]|96
El ABBCO-11 | 03 | 0.7 | 15|24 (32|42 )|50)|57|66]|78]| 85103
12 GEIAC-51 |06 |10 (19|27 |37 |48 |57 |68 |80 |93 [10.6|N/A
V2 GEIAC-53 | 04 |08 |16 |24 |34 |43 |51|63|72)| 84|96 |NA
S2 GEIAC55 |02 |10|20|31|40(49|61|72|81|89]|98]|NA
L2 GEIAC-66 | 04 |09 (18|27 (39|49 |63 |72 |85]| 97 [109|N/A
E2 GEIAC-77 | 05|10 (19|27 |35|43 |52 |62 |74 |82]|99 |NA

relays
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Figure A-3. Time Characteristic Curve L1, Long Inverse (Similar to ABB CO-5)
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Figure A-4. Time Characteristic Curve L2, Long Inverse (Similar To GE |IAC-66)
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Figure A-5. Time Characteristic Curve D, Definite Time (Similar To ABB CO-6)
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Figure A-6. Time Characteristic Curve M, Moderately Inverse (Similar to ABB CO-7)
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Figure A-7. Time Characteristic Curve 11, Inverse Time (Similar to ABB CO-8)
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Figure A-8. Time Characteristic Curve 12, Inverse Time (Similar to GE IAC-51)
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Figure A-9. Time Characteristic Curve V1, Very Inverse (Similar to ABB CO-9)
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Figure A-10. Time Characteristic Curve V2, Very Inverse (Similar to GE IAC-53)
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Figure A-11. Time Characteristic Curve E1, Extremely Inverse (Similar to ABB CO-11)
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Figure A-12. Time Characteristic Curve E2, Extremely Inverse (Similar to GE IAC-77)
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Figure A-13. Time Characteristic Curve A, Standard Inverse
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APPENDIX B ¢« COMMAND CROSS-REFERENCE

Introduction

This appendix lists all ASCIl commands, command syntax, brief command descriptions, and any
corresponding HMI screens. Commands are organized by function in the following groups and tables:

e Miscellaneous (Table B-1)
e Metering (Table B-2)

e Control (Table B-3)
e Report (Table B-4)
e Setting (Table B-5)

e Alarm Setting (Table B-6) °

General Setting (Table B-7)

e Breaker Monitor and Setting (Table B-8)
e Programmable Logic Setting (Table B-9)
e User Programmable Name Setting (Table B-10)
e Protection Setting (Table B-11)

Global (Table B-12)

An entry of x in the HMI Screen column represents multiple entry possibilities such as 0, 1, 2, or 3 for
setting groups and 43, 143, 243, or 343 for virtual switches.

Table B-1. Miscellaneous Commands

ASCIl Command Function HMI Screen
ACCESS[=<password>] Read/Set access level in order to change settings. N/A
EXIT Exit programming mode. N/A
HELP <cmd> or H <cmd> Obtain help with command operation. N/A

Table B-2. Metering Commands
ASCIl Command Function HMI Screen
M Read all metered values. N/A
M-FREQ Read metered frequency. 3.1
M-I Read metered current in primary units (all phases). 3.1%
M-l[<phase>] Read metered current in primary units. 3.1x
M1 Read CT circuit #1 current primary or secondary 3.1.1=%
units (all phases).

M1[<phase>] Read CT circuit #1 current primary or secondary 3.1.11
units.

M2 Read CT circuit #2 current primary or secondary 3.1.2 %
units (all phases).

M2[<phase>] Read CT circuit #2 current primary or secondary 3.1.21
units.

MD Read differential currents (all phases, compensated 3.2
currents, operating current and harmonics).

MD[<x>] Read differential current. 3.2.x.x

* Multiple screens required.
Table B-3. Control Commands

ASCIl Command Function HMI Screen
CO-<control>[=<mode>] Control operation. N/A
CS-<control>[=<mode>] Control selection. N/A
CS/C0O-43 Control Virtual Switches 2.1x
CS/CO-101 Control Breaker control switch 221
CS/CO-GROUP Control Group 231
CS/CO-OUTn Control Output n 24.1

9313900990 Rev G BE1-CDS220 Command Cross-Reference B-1



Table B-4. Report Commands

ASCIl Command Function HMI Screen
RA Report/Reset alarm information (logic, major, 1.2
minor, relay).
RA[<x>] Report/Reset alarm information. 21
RA-DIFF[=TRIG] Read/Trigger Differential Report Data. N/A
RA-LGC[=0] Report/Reset logic alarm information. N/A
RA-MAJ[=0] Report/Reset major alarm information. 1.2
RA-MIN[=0] Report/Reset minor alarm information. 1.2
RA-REL[=0] Report/Reset relay alarm information. 1.2
RA-SER[=0] Report relay alarm sequence of events information. N/A
RB Read breaker status. 1.4.5,4.3
RB-DUTY[<phase>[=%duty>]] Read/Set breaker contact duty log. 43.1
RB-OPCNTR[=<#operations>] Read/Set breaker operation counter. 431
RD Report all demand data. 4.4
RD-LOG<n> Report load profile data. N/A
RD-PI[<p>[=0]] Read/Reset peak demand current. 4431 *
RD-Tl[<p>] Report today’s demand current. 4411
RD-YI[<p>] Report yesterday’s demand current. 4421 =
RF[-n/NEW][=0/TRIG] Read/Reset fault report data. N/A
RG Report general information. N/A
RG-101STAT Report general information, 101 status. 2.2
RG-43STAT Report general information, 43 status. 2.1.x,1.4.3
RG-ADDR[X] Report/Set COM1/COM2 Address for Polled 6.1.x
Communications.
RG-BREAKER Report general information, breaker status. 1.45
RG-DATE[=<M/D/Y>] Read/Set date. 1.4.6
RG-GRPACTIVE Report active group. 1.4.4
RG-GRPCNTRL Report group logic override control status. 2.3.x
RG-INPUT Report input status. 1.4.1
RG-LOGIC Report active logic. 5.0
RG-OUTCNTROL Report output control status. 24,142
RG-OUTSTAT Report output status. 14.2
RG-STAT Report relay status. N/A
RG-TARG Report/Reset target status. 1.1
RG-TIME[=hr:mn:sc] Report/Set time. 1.4.6
RG-VER Read program version, model number, style 4.6
number, and serial number.
RL Read logic variables. N/A
RO-nA/B[#].CFG/DAT/HDR Read oscillographic COMTRADE .DAT/.CFG/.HDR N/A
fault report.
RS Read sequence of events directory N/A
RS[-n/Fn/ALM/IO/LGC/NEW] [=0] Read/Reset sequence of events record data N/A
RT Read Transformer Duty Status 45.1
RT-DUTY Read/Set transformer through-fault duty log 45.1
RT-TFCNTR[=0] Read/Set transformer through fault counter 45.1

* Multiple screens required.
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Table B-5. Setting Command

ASCIl Command Function HMI Screen
S Read all relay setting parameters. N/A
Table B-6. Alarm Setting Commands
ASCIl Command Function HMI Screen
SA Read all major and minor alarm settings. N/A
SA-BKR[n][=<mode>, <alarm limit>] Read/Set breaker alarm settings. 6.5.2
SA-Dl[p][=<alarm level>] Read/Set demand alarm settings. 6.4.2
SA-DIFF[=<alarm level>] Read/Set differential alarm setting N/A
SA-LGC[=<alarm num 1> [/<alarm num 2>] . | Read/Set logic alarm setting mask. N/A
.. [<alarm num n>]]
SA-MAJ[=<alarm num 1> [/<alarm num 2>] . | Read/Set major alarm setting mask. N/A
.. [<alarm num n>]]
SA-MIN[=<alarm num 1> [/<alarm num 2>] . . | Read/Set minor alarm setting mask N/A
. [<alarm num n>]]
SA-RESET[=<rst alm logic>] Read/Set programmable alarms reset logic. N/A
SA-TX[n][=<mode>,<alarm limit>] Read/Set transformer alarm settings 6.6.2
Table B-7. General Setting Commands
ASCIl Command Function HMI Screen
SG Read all general settings. N/A
SG-CLK[=<date format(M/D)>, Read/Program time and date format . N/A
<timeformat(12/24)>]
SG-COM[#[=<baud>, A<addr>,P<pglen>, Read/Set serial communication protocol. 6.1.x
R<reply ack>,X<XON ena>]]
SG-CT[t][=<CTratio>] Read/Set Phase/Neutral CT ratio. 6.3.1.x
SG-DI[p][=<interval>, <method>,<ct ckt#>] Read/Set demand interval, method, and CT circuit. 6.4.1
SG-FREQ[=<freq(Hz)>] Read/Enter power system frequency. 6.3.2
SG-HOLD[n][=<1/0 hold ena>] Read/Program output hold operation. N/A
SG-ID[=<relayID>, <Station|D>] Read relay IDs used in reports. N/A
SG-ID[n][={ID label}] Read/Set relay ID used in reports. N/A
SG-IN[#[=<r(ms)>,<db(ms)>]] Read/Set input recognition/denounce. N/A
SG-LOG[={interval}] Read/Set load profile interval. N/A
SG-PHROT[=<phase rotation>] Read/Set phase rotation setting. 6.3.3
SG-SCREEN([n][=<default screen number>] | Read/Set default screen(s). N/A
SG-SGCONJ[=<time>] Read/Set SGC output on time. 6.7
SG-TARG[=<x/x/...x><rst TARG logic>] Report/Enable Target List and Reset Target Logic. N/A
SG-TRIGGER[n][=<TRIPtrigger>, Read/Set trigger logic. N/A
<PUtrigger>, <LOGIC trigger>]
Table B-8. Breaker Monitoring and Setting Commands
ASCIl Command Function HMI Screen
SB Read all breaker settings. N/A
SB-DUTY[=<mode>,<DMAX>] Read/Set breaker contact duty. 6.5.1
SB-LOGIC[=<breaker close logic>] Read/Set breaker contact logic. N/A
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Table B-9. Programmable Logic Setting Commands

ASCIl Command Function HMI Screen
SL[:<name>] Obtain setting logic information. N/A
SL-101[=<mode >] Read/Set logic for virtual breaker switch (101). N/A
SL-x43[=<mode >] Read/Set logic for virtual switch (x43). N/A
SL-x50T[<p>[=<mode>,<BLK logic>]] Read/Set logic for x50 function modules. N/A
SL-x51[<p>[=<mode><BLK logic>]] Read/Set logic for 51 function modules. N/A
SL-51Q[=<mode>,<BLK logic>] Read/Set logic for 51Q function modules. N/A
SL-x62[=<mode>,<INI logic>,<BLK logic>] Read/Set logic for 62 function modules. N/A
SL-87[=<mode>,<BLK logic>] Read/Set logic for the 87 function. N/A
SL-87ND[=<mode>,<BLK logic>] Read/Set logic for the 87ND function. N/A
SL-BF[<p>][=<mode><INI logic>,<BLK Read/Set logic for breaker failure function modules. N/A
logic>]]
SL-CKTMON[=<mode>,<monitor>,<status>]] | Read/Set circuit monitor logic setting N/A
SL-GROUP[=<mode>,<input logic>] Read/Set logic for setting group module. N/A
SL-N[=<name>] Read/Set or copy the name of the custom logic. N/A
SL-VO[#[=<Boolean equation>]] Read/Set output logic. N/A

Table B-10. User Programmable Name Setting Command

ASCIl Command Function HMI Screen
SN[-<var>[=<name>,<TRUE label><FALSE | Read/Set user programmable names. N/A
label>]

Table B-11. Protection Setting Commands

ASCIl Command Function HMI Screen
S<#> Read all protection settings. N/A
S<#>-x50TP[=<pu(A)>,<td(m)>] Read/Set x50TP pickup level and time delay. 5.#3.x
S<#>-x50TN[=<pu(A)>,<td(m)>] Read/Set x50TN pickup level and time delay. 5#3x
S<#>-x50TQ[=<pu(A)>,<td(m)>] Read/Set x50TQ pickup level and time delay. 5.#.3.x
S<#>-x51P[=<pu(A)>,<td(m)>,<crv>] Read/Set x51 pickup level, time delay, and curve. 5.#.4.x
S<#>-x51N[=<pu(A)>,<td(m)>,<crv>] Read/Set x51N pickup level, time delay, and curve. 5.#.4.x
S<#>-x51Q[=<pu(A)>,<td(m)>,<crv>] Read/Set x51Q pickup level, time delay, and curve. 5.#.4.x
S<#>-62[=<t1><t2>] Read/Set 62 time delay. 5#51
S<#>-87[=<minpu>,<slope>,<2">,<5"> <UR | Read/Set the 87 parameters. 5.#5.1
0O>,<2nd harmonic sharing (0=off,1=0n)>]
S<#>-87ND[=<minpu>,<slope>,<td)>] Read/Set the 87ND parameters. 5#.21
S<#>-TAP87[=<mva><kvl/tapl><kv2/tap2] | Read/Set the 87 tap parameters 5#.1.2
>]
SP-BF[=<time>[m/s/c]] Read/Set the breaker failure timer setting 55.1
SP-CURVE[=<A><B><C><N><R>] Read/Set the user programmable 51 curve N/A

parameters.

SP-GROUP<g>=[<sw_time>,<sw_level%>,< | Read/Program auxiliary setting group auto 6.7x
ret_time>,<ret_level%>,<prot_ele>] operation.
ST[=<mode>,<dmax>,<ct Read/Set transformer duty. 6.6.1

ckt#>,<BLKTXFMR logic>
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Table B-12. Global Command

ASCIl Command Function HMI Screen
GS-PW<t>[=<password>,<com Read or change a password. N/A
ports(0/1/2)>]]
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APPENDIX C ¢« TERMINAL COMMUNICATION

HyperTerminal (provided with Windows® 2000/XP) or other stand-alone software can be used to
communicate with a BE1-CDS220 relay. The following instructions are used for configuring
HyperTerminal in Windows 2000/XP to communicate with your BE1-CDS220 relay. The configuration of
other stand-alone software is similar.

Step 1: Click Start: Highlight Programs, Accessories, Communication, HyperTerminal.

Step 2: Click HyperTerminal to open the folder.

Step 3: Select the file or icon labeled Hypertrm or Hypertrm.exe. Once the program has started, you will
be presented with a series of dialog boxes.

Step 4: Dialog Box: Connection Description
a. Type the desired file name, for example, BE1-CDS220. See Figure C-1.
b. Click “OK".

Connection Description

Q“ New Connection

Enter a name and choose an icon for the connection:

Mame:
|BE1-CDS220 |
lcon:
=)
—
[ OK H Cancel ]

Figure C-1. Connection Description Dialog Box

Step 5: Dialog Box: Connect To
a. Click the Connect using: drop-down menu. See Figure C-2.
Select COMx, where x is the port you are using on your computer.
b. Click “OK”.
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Connect To

W2 BE1CDS220

Enter details for the phone number that you want to dial:

Country/region:

Area code: I:I

Phone number: | |

Connect using: | COM1 v |

[ 0K H Cancel ]

Figure C-2. Connect To Dialog Box

Step 6: Dialog Box: COMx Properties
a. Make the following selections using Figure C-3 as a guide:

Set the bits per second setting so that it matches the setting of the relay. The default baud
rate of the relay is 9,600.

Set the Data bits at 8.

Set the Parity to None.

Set the Stop bits at 1.

Set Flow control to Xon/Xoff.

b. Click “OK”. This creates an icon with the file name entered in Step 4 and places it in the
HyperTerminal folder. Future communication sessions can then be started by clicking the
appropriate icon.

COM1 Properties

Port Settings |

Bits per second: |m v|

Databits: [@ v|
Party: | None |

Stop bits: |1 v |
Flow control: | Xon / Xoff v|

Bestore Defaults

[ ok || cance || ooty |

Figure C-3. COM Properties Dialog Box
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Step 7: Click File/Properties on the menu bar. Click the Settings tab.
a. Make the following selections using Figure C-4 as a guide:
Check the Terminal Keys radio button.
Select VT-100 emulation.
Set Backscroll buffer lines to the maximum setting of 500.

BE1-CD5220 Properties

Connect To Settingsl

Function, amow, and ctrl keys act as

(&) Teminal keys ) Windows keys

Backspace key sends
@® CsH O Del O Cid+H, Space, Cirl+H

Emulation:
|VT'|DI} VH Teminal Setup... ]

Telnettemninal ID: ~ [VT100

4

Backscroll buffer lines: |E-I}I3l

[] Play sound when connecting or disconnecting

[ Input Translation... ] [ ASCI Setup... ]

I oK H Cancel l

Figure C-4. Properties, Settings Tab

b. Click the ASCII Setup button. Make the following selections using Figure C-5 as a guide:
ASCII Sending
Place a check at Send line ends...
Place a check at Echo typed characters...
Select a Line delay setting of 100 to 200 milliseconds.
Set the Character delay setting to 0 milliseconds.
ASCII Receiving
Disable Append line feeds...by leaving the box unchecked.

Disable Force incoming... by leaving the box unchecked.
Place a check at Wrap lines...

c. Click “OK".

d. Click “OK".

Step 8: Click File and click Save.

NOTE
Settings changes do not become active until the settings are saved.

9313900990 Rev G BE1-CDS220 Terminal Communication
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ASCII Setup

ASCI Sending
Send line ends with line feeds
Echo typed characters locally

Line delay: miliseconds.
Character delay: EI milliseconds.

ASCIl Receiving

] Append line feeds to incoming line ends
] Force incoming data to 7-bit ASCII
Wrap lines that exceed terminal width

[ OK H Cancel l

Figure C-5. ASCII Setup Dialog Box

Step 9: HyperTerminal is now ready to communicate with the relay. Table C-1 describes the required

connection for each RS-232 port.

Table C-1. RS-232 Communication Ports

Connection Type
Front Port 9-pin female DCE
PC to Front RS-232 port cable Straight
Rear Port 9-pin female DCE
PC to Rear RS-232 port cable Straight

C-4
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APPENDIX D e SETTINGS CALCULATIONS

General

These settings calculations are provided to assist in developing the required settings for the BE1-CDS220
Current Differential System. To develop these settings, the paragraphs in this section discuss each task.

e Verify CT Performance
e Determine Tap Settings
e Calculate Minimum Pickup Restraint Setting
e Select Unrestrained Pickup Setting
e Calculate Slope
e Select Harmonic Restraint Settings
For additional information on selected examples, see the associated Setting Notes.

Example - Two Winding Transformer

Verify CT Performance
Refer to Figure D-1 and Table D-1 for the application parameters used in this example.

Zs=2%@100MV 12/20MVA

A 69KV > L 12.47kV
600/5MR 1200/5MR
S ,¢\ 300/5T % g Y™ g LOAD
| | 3) 3 ®3) | | 800/5T
1916 (3 &) 10,603 (3 @)
1171 (1 @) — 11,231 (1 @)
+10%LTC D1873-21
Z1=5%@12MVA 11-05-99

Figure D-1. Two-Winding Transformer Relay Setting Calculation Example

Table D-1. Two-Winding Transformer Relay Setting Calculation Example

Specifications High Side Low Side
Nominal Voltage 69 kV 12.47 kV
70.725 kv
72.450 kv
No-Load Taps 69.000 kV 12.47 kV
67.275 kv
65.550 kv
MVA 12/20 12/20
CT Ratio 600:5 1200:5
CT Tap 300:5 800:5
CT Accuracy Class 400 800
One-Way Lead Burden (Q) 0.7 0.7
XFMR Connection * DELTA WYE
CT Connection WYE WYE
Input # 1 2
Fault Current (Three-Phase) 1,916 10,603
Fault Current (Single-Phase) 1,171 11,231

* Standard connection: High voltage leads the low voltage by 30°.
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NOTE

This procedure uses the ANSI accuracy class method. See Setting Note 1 for
more information.

Step 1. Determine the maximum CT secondary fault current for external faults at F (I; for three-
phase, and I, for single-phase). Refer to Figure D-1 for this example.

HIGH LOW
g3 = % = 32.0A g3 = % = 66A
lFG = % =19.5A g = 11-62531 = 70A
Step 2. Determine the worst case CT burden voltage for a three-phase fault (Vg3).

For wye-connected CTs:

VB3 =Ir3(RL +RR)

For delta-connected CTs, for three-phase fault:
VB3 = 3lr3(RL +RR)

Note that the wye connection produces a lower burden on the CTs (see Setting Note 2).

Where:
l; =determinedin Step 1
R, = one-way lead resistance in ohms
Rr =relay resistance in ohms (< 0.05 Q)

Neglecting Rg, use R, from Table D-1.

HIGH LOW
Vg3 = (32)(0.7) = 22.4V Vg3 = (66)(0.7) = 46.2V
Step 3. Determine the worst case burden voltage for a line-to-ground fault (Vge).

For wye-connected CTs:
VBG =IFG(2RL +RR)

Where:
l.c = determined in Step 1
R, =one-way lead resistance in ohms
Rk  =relay resistance in ohms
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For delta-connected CTs:

Vgs IS a function of the proportion of positive-sequence to zero-sequence currents,
but may be approximated by the same equation (for worst case).

Neglecting Rg, use R, from Table D-1.

HIGH = LOW
Vgg = (19.5)(0.7) =13.6V Vg = (70){(2)0.7} = 98.0V

* Since a phase-to-ground fault looks like a phase-to-phase fault on the delta side of a
delta/wye transformer, each CT has to carry only one times the one way lead burden.

Step 4. Determine the effective CT accuracy class (V¢g):

(Base Accuracy)(Number of CT Turnsin use)

Vee = Maximum Ratio
i
HIGH LOW
VcE = (400)(%) =200 VcE = (800)(%} =533.3
Step 5. Determine the saturation factor (Sg):

Vg is the largest of the burden voltages calculated in steps 2 and 3.

vV
Sp =—2—
Vce
HIGH LOW
F _224 911 Sg = 980 _y1s
200 533.3
NOTE

Maximum recommended S; = 0.5. Larger saturation factors will make the relay
insecure for external faults. Possible solutions are to increase the CT quality,
adjust the CT tap connections to increase effective accuracy class, or to use
internal phase compensation instead of delta connecting CTs.
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Determine Tap Settings

Calculate Ideal Taps

Step 1: Use Equations D-1 and D-2 to calculate ideal taps. Parameters for these equations are in
Table D-2. For more information refer to Section 4, Protection and Control, 87-Phase
Differential Function.

TAPL— MVA %1000 * COMP1 TAP? — MVA #1000 * COMP2
V3 *KV1+CTRI V3 #KV2%CTR2
Equation D-1 Equation D-2

Table D-2. Parameters for Equations D-1 and D-2

Parameter Description Explanation

MVA MVA Base Full load MVA or top rating of the protected equipment.
KVn KV Base for CT input n L-L Voltage in KV for each CT input circuit.
CTRn CT Ratio for CT input n Actual ratio not effective ratio.

Phase Compensation 3 if CT’s are connected in Delta (ctcon = DAB or DAC). 1

COMPn | Adjustment Factor for CT in all other cases. See Section 3, Input and Output
Input n Functions, Table 3-2 and Figure 3-3.
NOTE

When calculating the tap adjust settings for the BE1-87T, the Y3 COMPn factor
had to be included regardless of whether phase compensation was done by
connecting the CTs in delta or by using internal delta compensation. The BE1-
CDS220 relay does not magnify the secondary current when performing the
phase compensation internally. The COMP factor is 1 unless the CTs are
connected in Delta. The BE1-CDS220 automatically takes the V3 factor into
account prior to the tap adjustment when internal phase compensation is
applied to a set of CT input currents.

Step 2: Calculate ideal tap values. Use the top (e.g. FA) MVA rating of the transformer when making
the calculations. Since both CTs are wye connected, COMP1 and COMP2 are 1 per Table D-
2. If the actual power transformer ratings at the no load tap position are used for the KV
Base, the tap adjust factor calculation can completely cancel this source of mismatch.
However, if the no load taps in the protected transformer could be changed without the BE1-
CDS220 tap adjust factors being reset, it would be safer to use the system nominal values
and account for the additional mismatch in the slope setting.

TAP = 20+1000+1 5, 49 TApy - 20#1000+1 5 5q
V3 %69 + 60 V3 #12.47 +160
Equation D-3 Equation D-4
Step 3: If the calculated TAP1 and TAP2 are in range, (2.00 - 20.0 for 5 ampere sensing input types

or 0.40 - 4.00 for 1 ampere sensing input types) proceed to Calculate Minpu. If they are not in
range, proceed with Step 4.

Step 4: Calculate spread ratio. Determine the ratio of TAP1 to TAP2. If greater than 10:1, adjust the
CT ratios to bring them closer together.
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Step 5: Calculate actual tap settings. Choose the tap that is out of range, and adjust to the nearest
valid tap setting.

Step 6: Calculate the opposite actual tap such that Equation D-5 is true.

IdealTapl ActualTapl
IdealTap2 ActualTap2

Equation D-5

Calculate Minpu

The minimum pickup restraint setting (Minpu) adjusts the sensitivity of the relay. In non-numerical relays,
the Minpu was fixed at a typical value of 0.35 of the relay tap. In the BE1-CDS220 relay, the user can
choose lower or higher values to optimize the protection in each particular application. Selecting a lower
minpu setting will tend to raise the slope setting to maintain a given margin at the knee-point of the
differential tripping characteristic (for more information, see the Calculate Slope paragraphs later in this
section). Conversely, it is sometimes necessary to accommodate unmonitored loads in the differential
zone. In that case, the minpu setting may be higher. A setting of 0.25 per unit of transformer full load (FA)
rating is recommended for typical installations where no unmonitored load needs to be considered. This
value is well above the magnetizing current and provides a safe margin at the knee point of the slope
characteristic. If unmonitored loads such as station service or small capacitor banks are connected in the
differential zone, the minpu must be increased by the magnitude of the unmonitored current in multiples of
tap.

NOTE

Unmonitored capacitor banks should be avoided if possible, or they must be
treated very carefully to avoid false tripping due to inrush currents.

Step 1: Calculate desired minimum pickup setting in times tap. Choose the desired minimum pickup
in per unit on the transformer full load base (0.25). Multiply times the factor X calculated using
Equation D-6. If the ideal tap (TAPn1) is equal to the actual tap (TAPna), the factor will be 1.
For this example, this is the case, so the minimum pickup of 0.25 per unit will equal a
minimum pickup of 0.25 times tap.

X = TAP,  MVA=*1000 * COMPy,
Tapna  TAP,p *4/3 *KVNn*CTRn
Equation D-6
Step 2: Calculate the unmonitored load in times tap. Use Equation D-7.

lunmonpri* COMPnN
TAP, *CTRn

lunmon =

lunmon =20
Equation D-7
Step 3: Calculate the Minpu setting. Add the two to get the Minpu setting.

Minpu =0.25+0
=0.25
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Step 4: Convert pickup setting to primary amps.

As a reality check, convert the minimum sensitivity to high side and low side primary amperes. The pickup
settings in times tap can be related to primary amperes by Equation D-8.

i Mpu*TAPn*CTRn

Ipr
P COMPN

tpri = 2:22* 21'79 *60 _ 11a@69kv

Ipri = 0'25*5'179 *160 _ o31p@12.47kv

Equation D-8

Choose Unrestrained Pickup Setting

This two step process selects the unrestraint element setting to provide security for both inrush and
external fault conditions.

Step 1: Calculate the expected inrush current based upon the self cooled rating of the transformer.

Asymmetrical CT saturation during a heavy internal fault generates 2™ harmonics that can inhibit the
sensitive percentage restrained unit until the CT recovers. The unrestrained unit provides fast clearing for
these internal faults. Thus, the unrestrained unit should be set as sensitive as possible without operating
on inrush.

Typical numbers used in the industry for inrush have been eight to twelve times the rating of the
transformer. Due to the operating characteristics of the BE1-CDS220 unrestrained differential element, a
setting of six times the self cooled rating provides security for inrush. We can use a lower URO pickup
setting and maintain security for unrestrained tripping because inrush current typically has a high peak
that is non-sinusoidal. The relay extracts the fundamental component of the operate current for use by the
unrestrained element to greatly reduce its sensitivity to this non-sinusoidal inrush current. Also, the high
initial peak generally decays quickly to a lower value.

Since the tap values are based upon the forced cooled rating and adjusted if necessary by the factor
X calculated in Calculate Minpu, Step 1, Equation D-6, the pickup can be calculated by Equation D-9.

MVA self cooled
MVA forced cooled

URO =6*X=*

URO=6*1*£=3.6
20

Equation D-9

This URO value (3.6 rounded up to 4.0) is the minimum setting to avoid tripping during inrush. The next
step will determine the value required to avoid tripping for the maximum external fault under worst case
CT saturation.

Calculate Maximum External Fault

Step 1: Calculate the maximum external fault (IE) in multiples of tap. Use Equation D-10 or D-11.
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For wye connected CT’s:

_ MaximumFault

For delta connected CT's (See Setting Note 3)

_ MaximumFault 3phase * V3

IE IE
Tap Tap
Equation D-10 Equation D-11
69 kV Side 12.47 kV Side
[1916j (10603)
E-~ %) 115 g~ 100 ) 414
2.79 5.79
Step 2: The transient monitor function provides security from tripping for external through faults by

doubling the unrestrained unit pickup setting when saturation is detected. Calculate the
unrestrained pickup such that 2 times the unrestrained pickup is greater than 70% of the
maximum external through fault in times tap. This calculation assumes that the CTs
carrying the maximum fault saturates severely, yielding only 30% of the expected ratio
current. This leaves 70% of the fault current as false differential current.

URO:%:4.0Z URO:L;llAzglgg

Equation D-12 Equation D-13

Step 3: Select the unrestrained pickup setting. Choose the larger of the unrestrained pickup values
calculated in Equations D-9 and D-12 or D-13, and round it up to the next integer value. (In
Equation D-12, because 4.02 is very close to 4.0, do not round up to 5.) This results in a
setting of URO = 4 times tap for this example.

Step 4: Convert pickup setting to primary amperes.

As a reality check, convert the unrestrained pickup sensitivity to high side and low side primary amperes.
The equation to do so is similar to Equation D-8.

4%579%160

. 4%2.79%60
Ipn:f

=670 A@69 kV lpri= =3,706 A@12.47 kV

Equation D-14 Equation D-15

Calculate Slope

The percentage restrained tripping characteristic is defined by the slope ratio. The slope setting S is the
ratio of the differential current (l,,) versus the restraint current (leswn) that will cause a trip. The
percentage differential characteristic can operate on a slope setting that is a percent of the maximum of
the through currents or a percent of the average of the through currents.

Step 1: Calculate the Operating Slope S..

The operating slope S; is the ratio of the differential current (l,,) caused by the sum of all the mismatch
sources versus the through current. The following sources of I, current must be taken into account.

e No load tap changer (this can be compensated for in the tap calculation). You may choose to
include this source of mismatch if it is possible that the no load taps may be adjusted without the
relay taps being reset.

e Load tap changer.
e Tap mismatch (assumed to negligible due to the fine tap adjustment available in the relay).

9313900990 Rev G BE1-CDS220 Settings Calculations D-7



Quality of the CTs (If the saturation factor calculated previously is greater than 0.5, additional
margin is recommended. For SF<0.5, we assume that the CTs perform within the 10% limit
defined in the ANSI Accuracy Class. When accounting for CT error, the total CT error should be
10%=(n-1) where n is the number of restraint current inputs (2 for two restraint relay, 3 for three
restraint relay). If more than one CT is nearing the performance limit, the errors tend to cancel.

Relay measuring errors. A total of 4% applies to the BE1-CDS220 (2% per input circuit).

The following errors are not included in the S; operating slope value (these sources of mismatch do not
vary with through current so they affect the minpu setting only).

Transformer excitation current IE (assumed to be less than 4% of the self cooled rating). This
mismatch does not vary with through current (load) so it tends to not add to the slope mismatch
line. It will offset the slope characteristic from the origin in the operate direction on the operate
versus restraint characteristic (see Figure D-2).

Unmonitored loads “lunmon” such as station service or small capacitor banks in the differential
zone add to the constant excitation current.

When the saturation factor exceeds 0.5 on any of the CTs, CT saturation is likely. For this condition, the
BE1-CDS220 improves security by delaying restrained tripping by two cycles when the transient monitor
function detects operate (differential) current that is a result of CT saturation. For applications where the
saturation factor is greater than 0.5, additional slope margin is recommended. For applications where the
saturation factor exceeds 1.0, severe distortion is likely at high fault current and the maximum slope
setting (60%) is recommended. For more information see Setting Note 4.

In the example, the tap factors were calculated on system nominal ratings so the no load tap changer
position is included as a source of mismatch.

S; = (5%NLTC)+ (10%LTC)+ (10%CT)+ (4%Relay) = 29%
Equation D-16

| D2857-20
op

In Multiples
Of Tap 1.0

minimum pickup

1.0 lg InMultiples Of Tap

Mo = AB - AC

. Sj
Mo = Mlnpu(l- glj — loffset

Figure D-2. Slope and Operating Margin

D-8
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Step 2:

Step 3:

Where:

Where:

Step 4:

Choose slope setting S. The tripping slope S must be greater than S; to provide a safety
margin at the differential tripping characteristic knee point (intersection of the minimum pickup
tripping characteristic and the slope tripping characteristic). This safety margin is required to
accommodate the additional mismatch caused by the excitation current and the unmonitored
load current. Refer to Figure D-2. A slope margin of 10% is recommended.

S = S; + Slope Margin

S = 29% + 10% = 39% Equation D-17

Calculate Offset Current I The margin at the knee point of the tripping characteristic is
illustrated in Figure D-2. The additional mismatch caused by excitation current and
unmonitored loads does not vary with through current loading so it tends to offset the
operating slope S; upward from the origin. Thus, it decreases the safety margin at the
differential tripping characteristic knee point (intersection of the minimum pickup tripping
characteristic and the slope tripping characteristic).

IE is assumed to be less than 4% of the self cooled rating.

MVAgeltcooled 12
IE = IE selfcooled X+ S€ IE=0.04%1%===0.024
MVAforcecooled 20
Equation D-18 Equation D-19

X is the tap conversion factor defined in Calculate Minpu, Step 1, Equation D-6.
lnmon IS the unmonitored load calculated in Calculate Minpu, Step 2, Equation D-7.

Calculate Operating Margin M,. The Operating Margin M, is given by Equation D-20.

: S;
Mo = Mlnpu[l—?'J— | offset

Equation D-20

The conservative calculation of margin at the knee point uses S, as calculated in Calculate Slope, Step 1.
For this example, M, in times tap is Equation D-21.

Mg =0.25% (1—%) —0.024 = 0.040 times tap

Equation D-21

The above calculation of margin is conservative. For the low current level where the margin at the tripping
characteristic knee point is of interest, the CT error will typically be less than 1%. Thus, calculating the
margin using S; = 20 (replace 10% CT error with 1% CT error) yields the following result in Equation D-22.

9313900990 Rev G BE1-CDS220 Settings Calculations D-9



My =0.25 *(1— %) —0.024 =0.098 times tap

Equation D-22

If the conservative calculation yielded a margin < or = 0, the minpu and/or the slope settings should be
increased.

Step 5: Convert the margin to primary amperes. As a reality check, convert the margin to high side
and low side primary amperes. The equation to do so is similar to Equation D-8.

lpri = 2:098* i'79 *60 _164a@69ky  Ipri= 209" 51'79 *160 _ 90,08 A@12.47 KV
Equation D-23 Equation D-24

Harmonic Restraint Settings

The recommended harmonic restraint settings have been in effect successfully for many years. Most
applications should use these settings. When second harmonic sharing is enabled, restraint for the A
phase differential element is determined by:

||Aop2nd | + ||Bop2nd| + ||Cop2nd|

100 > 2nd Restraint Setting

IAoplst

The B phase and C phase differential elements respond similarly with 1B, and 1C,,;s substituted in the
respective equation. This unique method of second harmonic sharing is recommended to ensure proper
restraint on all phases without blocking tripping on faulted phases.

For special transformers cases, contact the transformer manufacturer or the Basler Electric Technical
Services Department.

Step 1: If second harmonic sharing is enabled, set the second harmonic restraint unit setting at 18%.
If second harmonic sharing is disabled, set the second harmonic restraint unit at 12%.

Step 2: Set the fifth harmonic restraint unit setting.
5" = 35%
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Setting Note 1 - CT Performance Evaluation: Saturation Factor

The secondary current delivered by a current transformer to a relay circuit is always less than the current
available from an ideal CT. The ideal, or ratio current (1st=IP/RCT), is reduced by the excitation current
(le) to yield the actual current (Is). This relationship is illustrated in the CT equivalent circuit shown in
Figure D-3.

Is

E—

Rs RI

Rr

le i
Ve
VT

Figure D-3. CT Equivalent Circuit

For relaying applications, the CT performance is considered acceptable if the ratio correction is less than
10%. The ratio error is defined in C57.13-1993, section 8.1.10 as le/ls. This criterion is expressed in the
ANSI C accuracy class which is defined in the following sentence. Under steady state (symmetrical
current) conditions, the excitation current must be less than 10 amperes for a relay current of 100
amperes into the specified standard burden. Since fault currents necessarily start with some degree of
transient DC offset, good design practice requires that the ratio error remain below 10% during the initial
transient offset period, if possible, particularly when fast tripping is in effect. It has been generally
accepted that a design for a saturation factor (SF) of 0.5 or less is acceptable. The following analysis
provides two definitions of the saturation factor, using a C200 application as an example.

Saturation Factor Defined from the ANSI C Classification

In Figure D-4, the CT terminal voltage increases linearly with the secondary current along the V=2ZBxI line
where ZB is the total CT burden (leads plus relays for a particular fault and connection). A terminal
voltage (VT) corresponds to the maximum fault current. This voltage is lower than the maximum voltage
(VC) that the C200 CT can support. Saturation will occur (i.e. ratio error will exceed 10%) for secondary
currents in excess of IFs where the corresponding terminal voltage crosses the accuracy class limit VC
(point C in Figure D-4). We can define a measure of the degree of saturation with the Saturation Factor:

_IF

SF=—
IFs

By examination of triangles OAB and OCD, the same saturation factor can be expressed as

VT

SF="_
VC
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Figure D-4. CT Terminal and Excitation Voltages

This first definition of saturation relates the CT terminal voltage to the accuracy class of the CT (effective
class in the case of multi-ratio CTs). It is practical and easy to calculate since it requires only readily
available data. An application is considered reasonably secure when SF is less than 0.5.

Saturation Factor Defined from the CT Excitation Curve

The definition of the saturation factor given above appears to be conservative because it assumes the
worst case ratio error. However, a closer look is required since it neglects the CT internal resistance. It
corresponds to an excitation voltage on a curve passing through point Q in Figure D-4 at which the
excitation current is 10 amperes (the maximum error allowed by the accuracy class definition). The
Rsx100 term represents the voltage drop across the CT internal resistance. A new SF which takes the
internal CT resistance into account can be defined on the excitation curve, as:

sp=_Ve
V10'

Where Ve is the internal excitation voltage (VT+Rs.IF) at the maximum fault current IF and V10’ is the
voltage of the curve passing through point Q where the exciting is 10A. This voltage is practically close to
the knee-point voltage VK’ which would yield nearly the same (a slightly more conservative) result.

Since in all likelihood, the excitation voltage capability of the CT will be higher (passing through point R in
Figure D-4 for instance), the saturation factor defined on the excitation curve appears to be lower, i.e. -
more favorable. A detailed analysis can be performed to compare the two saturation factor definitions.

Saturation Factor Definitions Compared

Using the equivalent circuit in Figure D-3 and the ANSI Accuracy Class definition that the CT must be
able to source 20 times nominal current into a standard burden Zc, we now develop a comparative
analysis between the two definitions:

sF= YT SF=_Ye
VC V10'
_ ZBIF spr_ IF(ZB+Rs)
~100.Zc 100.(Zc +Rs)
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To compare the two expressions, we take the ratio SF'/SF:

SF' Zc (ZB+Rs)
SF ZB (Zc+Rs)

Since this expression varies with the ratio of the actual relay circuit burden (ZB) to the accuracy class
burden (Zc) and the CT internal resistance (Rs), it is best visualized with a surface plot (Figure D-5)
showing simultaneous variations of the parameters. The following example is based on a C200 (Zc=2)
with Rs varying from 0.1 to 0.8 ohms and ZB varying from 0.1 to 2 times ZC ohms. (load angles are
neglected).

Figure D-5. SF'/SF Ratio

The 0 to 20 axis represents the variations X10 of ZB (20 is 2xZC). The 0 to 8 axis represents the
variations x10 of Rs in ohms. The vertical axis (0 to 4) shows that for ZB values equal to or greater than
the burden value Zc, the two saturation factor equations are nearly identical. The ANSI Accuracy Class
method yields the larger, more conservative result. For low values of ZB and large values of Rs, the
Excitation Curve method yields a larger saturation factor. Since the Excitation Curve method is closely
following the CT characteristics, it may be said that the ANSI Class method which neglects the CT
internal resistance, is too optimistic in this range and should be discarded in favor of the Excitation Curve
method. The absolute values of SF and SF’ are compared in Figure D-6 for the particular case where
Zc=2, ZB=0.5, and Rs=0.8 when IF varies from 0 to 100A.

SF and SF° for Zc=2, ZB=0.5, Rs=0.2
0.4

SF

S

Figure D-6. Comparing SF and SF’
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Figure D-7 illustrates how a lower Rs value reduces the difference between SF and SF'.

SF and SF° for Zc=2, ZB=0.5, Rs=0.2

0.4

0 20 40 60 80 100

IF
Figure D-7. Reducing the Difference between SF and SF’

Conclusion

This analysis shows that the easy to apply SF based on the ANSI Accuracy Class may yield optimistic
results in cases where the CT internal resistance is significant. The Excitation Curve method, requiring
more data, yields more accurate results and should be used when the SF is marginal.

Setting Note 2 - CT Burden, Delta Connected CT's, 3-Phase Fault

RELAY
RR
RR
4
Re
3
D2857-22.vsd
11-09-99
7

Figure D-8. CT Burden, Delta Connected CTs, 3-Phase Fault
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[at+ls+lc=0
|A='(IB+IC)

Vs:IARW+(IA'IC)(RL+RR)'(IB'IA)(RL+RR)
=|A(Rw+RL+RR+RL+RR)'lB(RL+RR)'IC(RL+RR)
=la(Rwt2R+2RR)-(lst1c)(R+RR)

Since 1,=-(ls+lc)
Ve=In(Ru+3R.+3Rz)
V+=Vs -Rwla
V:=3I(R+Rz)

Where:

I, = 3-Phase fault current
R:= Relay burden

R, = Lead burden

R, = Winding burden

Setting Note 3 - Phase-to-Phase Fault, Delta Connected CTs
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Figure D-9. Phase-To-Phase Fault, Delta Connected CTs

9313900990 Rev G BE1-CDS220 Settings Calculations

D-15



Assuming Zi1=Z, l¢p= gx 134

Phase 2 carries twice the fault current returning from the relay to the CTs. Therefore, the maximum
current is:

IMAX = 2x1¢¢

=2x[§|3¢]

IMAX = \/EX |3¢

Setting Note 4 - Slope Setting when CT Saturation Factor (SF) > 0.5

In this case, the maximum slope is set to 60 percent (S = 60). This occurs when poor CTs are used. This
situation should be avoided if possible, since no accurate calculations can be made to verify the security
of the protection.

The effect of this setting is illustrated in the following hypothetical, where it can be seen that the slope
based on the linear operation may be too low when severe saturation occurs.

20 /

15
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@©
h 4
=
2 & .
o ©7
2 10 ,/
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= / ,/ ‘‘‘‘‘‘
a LR
N° //

5 / P

/ 5= T
T S
----- 1"
P
T
0
0 5 10 15 20 25 30 Dt

D2857-21

Slope for saturating CTs
04-28-03

Slope for linear CTs

— — Iyp Vs Iy Max

Figure D-10. Slope Setting
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