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INTRODUCTION

This instruction manual provides information about the operation and installation of the BE1-85&E
Enhanced Overcurrent Protection System. To accomplish this, the following information is provided:

General information, specifications, and a Quick Start guide.

Functional description and setting parameters for the input/output functions, protection and“€entrol
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 ASCII communi€ation ,and the human-
machine interface (HMI).

Installation procedures, dimension drawings, and connection diagrams.

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

A summary of setting, metering, reporting, control, and miscellanegusi¢ommands.
Testing and maintenance procedures.
Description of BESTCOMS graphical user interface (GUI).

Appendices containing time overcurrent characteristic %eurvesd an ASCIl command-HMI cross
reference, and terminal communication.

Optional instruction manuals for the BE1-851E include:

Distributed Network Protocol (DNP) 3.0 (9289900792)
Modbus™ (9289900791).

WARNING! I

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

NOTE

Be sure_ thatthé relay is hard-wired to earth ground with no smaller than 12 AWG
coppér 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 fead to the ground bus from each unit.
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REVISION HISTORY

The following information provides a historical summary of the changes made to the BE1-851E hard
firmware, and software. The corresponding revisions made to this instruction manual (9289900
also summarized. Revisions are listed in reverse chronological order.

BESTCOMS Software

Version and Date Change L 4
2.05.02, 03/07 e Enhanced Settings Compare Feature.
2.05.01, 05/06 e Minor visual improvements.

2.05.00, 04/06 e [|nitial release.

Application Firmware 0

Version and Date Change
5.49.03, 04/06 e Initial release. Q
Hardware @

Version and Date e

Version 5, 04/06 ¢ Initial Release.
Manual K\
Revision and Date Change
C, 03/07 o C, Terminal Communication.
) | part number and revision to footers.
B, 07/06 e Added agency approval and updated drawings with agency markings.

A, 05/06 ° 3ESTCOMS screen shots.
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SECTION 1 ¢ GENERAL INFORMATION

GENERAL

The BE1-851E Enhanced Overcurrent Protection System is an economical, microprocessor based,
multifunction system. It is available in the H1 (half-rack) configuration. BE1-851E features include:

¢ Time & Instantaneous Overcurrent Protection e Breaker Monitoring
e Control e Metering Functions
e Automatic Reclosing e Communication

e Breaker Failure Protection

BE1-851E relays have four programmable contact sensing inputs, seven programmable outputs, and one
alarm output. Outputs can be assigned to perform protection, control, ordindicater operations through
logical programming. For example, protection functions could be programmedte cause a protective trip.
Control functions could be programmed to cause a manual trip, manualyclose, or automatic reclose.
Indicators could be configured to annunciate relay failure, a settings gréupiehange, and others.

Protection scheme designers may select from a number of pre-programmed logic schemes that perform
the most common protection and control requirements. Alternately,ha clistom scheme can be created
using BESTlogic.

A simplified “How to Get Started” procedure for BE1-851E usekstis,provided in Section 2, Quick Start.

FEATURES

The BE1-851E relay includes many features for the protegtion, monitoring, and control of power system
equipment. These features include protection and control functions, metering functions, and reporting and
alarm functions. A highly flexible programmable J6gic_system called BESTlogic allows the user to apply
the available functions with complete flexibility and gustemize the system to meet the requirements of the
protected power system. Programmablef#1/O) extepsive communication features, and an advanced
human-machine interface (HMI) provide €asy access to the features provided.

The following information summarizes the capabilities of this multifunction device. Each feature along with
how to set it up and how to use its outputs IS’ described in complete detail in the later section of this
manual.

Input and Output Functions

Input functions consist of power system measurement and contact sensing inputs. Programmable contact
outputs make up the outpet functions. Input and output functions are described in the following
paragraphs.

Power System Measurement.Functions

BE1-851E relays are (desigfied for operation on both 50 and 60 Hz systems and have four current inputs
to measure phasej andynéutral currents. It is a numerical device that samples the analog current
waveforms and uSes'mathematical algorithms to measure the operating quantities. One of three current
measurementalgorithms may be individually selected for phase and neutral. Those are:

e Fundamental
e Average
e Wideband RMS

The fundamental algorithm responds to the fundamental component of the current and rejects the
harmonic components. The average algorithm emulates an RC measurement circuit and has a relatively
flatyresponse characteristic over a wide frequency range. The wideband RMS algorithm measures all
components of the current up to the seventh harmonic.

Inaddition, the relay measures the magnitude of the negative-sequence component of the fundamental
phase current quantities. The negative-sequence measurement has by definition a fundamental response
characteristic.
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Each current sensing circuit is low burden and isolated. Negative-sequence current magnitudes are
derived from the three-phase currents. Neutral current input is available for direct measurement of the
current in a transformer neutral, tertiary winding, or flux balancing current transformer.

Contact Sensing Inputs

Four programmable contact sensing inputs (IN1, IN2, IN3, and IN4) with programmable signdl
conditioning provide a binary logic interface to the protection and control system. Each input’'s function
and labeling is programmable using BESTlogic. A user-meaningful name can be assigned to each input
and to each state (energized and de-energized) for use in reporting functions.

Contact Outputs

Seven programmable general-purpose contact outputs (OUT1, OUT2, OUT3, OUT4, OUT5{ OUi6, and
OUT7) provide a binary logic interface to the protection and control system. One programmable, fail-safe
contact output (OUTA) provides an alarm output. Each output’s function and labeling is pregrammable
using BESTlogic. A user-meaningful name can be assigned to each output and to eagh state (open and
closed) for use in reporting functions. Output logic can be overridden to open, close, oFpdlse each output
contact for testing or control purposes. All output contacts are trip rated.

Protection and Control Functions

Protection functions consist of overcurrent, breaker reclosing, and breaker failure pretection and general-
purpose logic timers. Setting groups and virtual control switches makegup, the, control functions. The
following paragraphs describe each protection and control function.

Overcurrent Protection

Overcurrent protection is provided by six instantaneous overcurfent functions and three time-overcurrent
functions.

Each instantaneous overcurrent function has a settable time/delay. Phase elements include 50TP and
150TP. Neutral elements include 50TN and 150TN. Negative-sequence elements include 50TQ and
150TQ.

A 51P phase element, 51N neutral element, and 51Q negativessequence element are provided for time
overcurrent functions. Time overcurrent functions gmpley a dynamic integrating timing algorithm covering
a range from pickup to 40 times pickup with selgctable instantaneous or integrated reset characteristics.
Time overcurrent curves conform to the IEEE, C3%112 document and include seven curves similar to
Westinghouse/ABB CO curves, five curves similar to"GE IAC curves, IEC types A, B, C, and G, a fixed
time curve, and a user programmable curve.

Breaker Failure Protection
One breaker failure protection block (BF)fprovides programmable breaker failure protection.

General Purpose Logic Timers
Two general-purpose logic timers (62),162)With six modes of operation are provided.

Setting Groups

Four setting groups allow adaptive telaying to be implemented to optimize BE1-851E settings for various
operating conditions. Automatictand external logic can be employed to select the active setting group.

Virtual Control Switches
BE1-851E virtual gontrolswitches include one virtual breaker control switch and four virtual switches.

Trip and close gontral of a Selected breaker can be controlled by the virtual breaker control switch (101).
The virtual breaker@ontrol switch is accessed locally from the human-machine interface (HMI) or remotely
from the communicatieft ports.

Additional control is provided by the four virtual switches: 43, 143, 243, and 343. These virtual switches
are accessed locally from the HMI or remotely from the communication ports. Virtual switches can be
used to trip and close additional switches or breakers, or enable and disable certain functions.

Metering

Meteringis provided for all measured currents, and all derived neutral and negative-sequence currents.
Oneypercent meter accuracy is provided down to ten percent of nominal current.
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Reporting and Alarm Functions

Several reporting and alarm functions provide fault reporting, demand, breaker, and trip circuit monitoring
as well as relay diagnostic and firmware information.

Relay ldentification

Two free-form fields are provided for the user to enter information to identify the relay. These ffields¢are
used by many of the reporting functions to identify the relay that the report is from. Examplesief relay
identification field uses are station name, circuit number, relay system, purchase order, and others.

Clock

A real-time clock is included with a capacitor backup and is available with an optiopal battery backup.
Depending upon conditions, capacitor backup maintains timekeeping during an 8 tef24 hour loss of
operating power. Battery backup maintains timekeeping when operating power iSttsemaoved for up to five
years or longer.

A standard IRIG input is provided for receiving time synchronization signals’ from a master clock.
Automatic daylight saving time compensation can be enabled. Time reportin@yis settable for 12 or 24-hour
format. The date can be formatted as mm/dd/yy or dd/mm/yy.

General Status Reporting

The BE1-851E provides extensive general status reporting forjmonitoring, commissioning, and
troubleshooting. Status reports are available from the HMI or commtimicatien ports.

Demand Reporting

Ampere demand registers monitor phase A, B, C, neutral, and negative-sequence values. The demand
interval and demand calculation method are independéntly, settable for phase, neutral, and negative-
sequence measurements. Demand reporting records today’s peak, yesterday’s peak, and peak since
reset with time stamps for each register.

Breaker Monitoring

Breaker statistics are recorded for a single breaker. Rhey'include the number of operations, accumulated
interrupted | or 12, and breaker time to trip. Each 'of these conditions can be set to trigger an alarm.

Trip Circuit Monitoring

A trip circuit monitor function is providéd, to“monitor the trip circuit of a breaker or lockout relay for loss of
voltage (fuse blown) or loss of continuityg(trip¥coil open). The monitoring input is internally connected
across OUT1. Additional trip or closefcireuit‘monitors can be implemented in BESTlogic using additional
inputs, logic timers, and programmable dogic’alarms.

Fault Reporting

Fault reports consist of simple tasget information, fault summary reports, and detailed oscillography
records to enable the user t@ retrieve information about disturbances in as much detail as is desired. The
relay records and reports, escillography data in industry standard IEEE, COMTRADE format to allow using
any fault analysis software:

Sequence of Events Recorder

A 255-event Sequenceof Events Recorder (SER) is provided that records and time stamps all relay
inputs and outputs as well as all alarm conditions monitored by the relay. Time stamp resolution is to the
nearest quartercycle«!/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

Extensive selfdiagnostics will trigger a fatal relay trouble alarm if any of the relay’s core functions are
adversely affected. Fatal relay trouble alarms are not programmable and are dedicated to the alarm
output (OUTA) and the front panel Relay Trouble LED. Additional relay trouble alarms and all other alarm
functions are programmable for major or minor priority. Programmed alarms are indicated by major and
minor alarm LEDs on the front panel. Major and minor alarm points can also be programmed to any
output contact including OUTA. Over 20 alarm conditions are available to be monitored including user
definable logic conditions using BESTlogic.

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

The version of the embedded software (firmware) is available from the HMI or the communication ports.
The unit serial number and style number is also available through the communication ports.

BESTlogic Programmable Logic

Each BE1-851E protection and control function is implemented in an independent function block. Every.
function block is equivalent to its single function, discrete device counterpart so it is immediately familiar
to the protection engineer. Each independent function block has all of the inputs and outputs that the
discrete component counterpart might have. Programming with BESTIogic is equivalent to choosing the
devices required by your protection and control scheme and then drawing schematic diagrams_to connect
the inputs and outputs to obtain the desired operating logic.

Several preprogrammed logic schemes and a set of custom logic settings areyprovided. A
preprogrammed scheme can be activated by merely selecting it. Custom logic settings allow Veu to tailor
the relay functionality to match the needs of your operation’s practices and power systein requirements.

Security

Security can be defined for three distinct functional access areas: Settings, reports, @and control. Each
access area can be assigned its own password. A global password provides access,to all three functional
areas. Each of the four passwords can be unique or multiple access areas cansharethe same password.

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

Security settings only affect write access. Read access is alway$§ awvailable in any area through any port.

Human-Machine Interface

Each BE1-851E comes with a front panel display with five LED. indicators for Power Supply Status, Relay
Trouble Alarm, Minor Alarm, Major Alarm, and Trip. Theglighted, liquid crystal display (LCD) allows the
relay to replace local indication and control function such/ashpanel metering, alarm annunciation, and
control switches. The LCD has automatic priority logic%to g@vern 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 order ofypfiorities is:

1. Recloser active
2. Targets
3. Alarms
4. Programmable automatic scgolling list
Up to 16 screens can be defined in the programmable, automatic scroll list.

Communication

Three independent, isolated communi€ation ports provide access to all functions in the relay. COMO is a
9-pin female RS-232 port located on the front of the case. COML1 is a 9-pin female RS-232 port located
on the back of the case.

An ASCIl commandyinterface Jallows easy interaction with the relay by using standard off the shelf
communication software, The"ASCII command interface is optimized to allow automating of the relay
setting process. Settings files can be captured from the relay and edited using any software that supports
the *.txt file fofmat4These ASCII test files can then be used to set the relay using the send text file
function of your communication software.

Modbus™ and other common protocols are optionally available for the RS-485 communication port. A
separate instruction manual is available for each available protocol. Consult the product bulletin or the
factory for availability of these options and instruction manuals.
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BESTCOMS Software

BESTCOMS is a Windows® based graphical user interface (GUI) that runs on IBM-compatible
computers. The software is used to create settings files for protection, control, operating logic, breake
monitoring, metering, and fault recording functionality. A primary advantage to BESTCOMS is that these
setting files may be created while off line (not connected to a unit). This feature gives the engineer
flexibility in developing, testing, and replicating the settings before exporting them to afile @and
transmitting the file to technical personnel in the field.

The BESTCOMS GUI also includes the same preprogrammed logic schemes that are contained in the
relay. This allows engineers the flexibility of developing setting files using a preprogrammed logic
scheme, customizing a preprogrammed logic scheme or building a scheme from scratch. Logic schemes
are developed using the GUI Logic Builder. The logic builder uses basic Boolean @nd/ex, constructs to
develop logic schemes.

PRIMARY APPLICATIONS

The BE1-851E Enhanced Overcurrent Protection System provides completeygircuit protection with
multiple overcurrent elements and is intended for use in any non-directional owercurrent application. Its
unigue capabilities make it ideally suited for applications where:

e Low burden is required to extend the linear range of CTs.

e One relay provides the flexibility of wide settings rangesgmultiple settings groups, and multiple
coordination curves.

¢ A multifunction, multi-phase relay is desired for economicalkand space saving benefits. A single
BE1-851E provides all of the protection, local _and%emete indication, metering, and control
required on a typical circuit.

e Communication capability and protocol supportis desired.
e Applications that require specific current respanse characteristics.

o The fundamental digital signal®precessing (DSP) algorithm provides rejection of
harmonics and low transient overreach:

The RMS DSP algorithm gprovides trile wide band RMS measurement.

The average DSP algarithmyprovides a flat response characteristic over a wide frequency
range.

e Bus protection is provided byfathigh-=speed overcurrent-blocking scheme on the transformer bus
mains instead of a bus differential gircuit.

e The capabilities of intelligent eleetronic devices (IEDs) are used to decrease relay and equipment
maintenance costs.

e Applications where the optional case configurations facilitate retrofit in existing substations. One
electromechanigal, Overcurrent or reclosing relay can be replaced by a BE1-851E relay. The
remaining relays‘can be‘removed or left in service as backup.

e Applications Wheregthe capabilities of a digital multifunction relay are required yet test paddles
and/or drawouticonstruction is also required.

MODEL AND SYLE NUMBER DESCRIPTION

General

The BEI-851E#Enhanced Overcurrent Protection System 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 vindow 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

Style number identification chart (Figure 1-1) defines the electrical characteristics and operational
features included in BE1-851E Enhanced Overcurrent Protection Systems. For example, if the style
number were H5-N1KONOO, the device would have the following:
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H) -
® -
(N) -
@ -
K) -
© -
N) -
(00) -

3-phase, Negative-Sequence, and Neutral

5A phase and Neutral CTs

Not applicable (H1, F1 case)

48/125 V power supply

H1 type case with normally open alarm output contacts
ASCII protocol communication via RS-485

None

None

BE1-851E

MODEL NO.

R

(=]

]

_|

i

SENSING

SENSING COVER

INPUT TYPE

INPUT RANGE

CASE

H) 3 Phase, Negative,
sequence, and

1) 1A Nominal Phase
1A Nominal Neutral

N) Not applicable

J) H1 (half rack),
N.C. alarm

Neutral

3) 5A Nominal Phase K) H1 (half rack),

> B>

1A Nominal Neutral N.O. alarm
5) 5A Nominal Phase

5A Nominal Neutral

1A Nominal inputs: 0.1-3.2A
5A Nominal inputs: 0.5-16.0A
50 or 60Hz systems

P0037-14
6

OPTION 1 OPTION 2

N) None None
U) Battery Backup for

Real Time Clock

/

POWER
SUPPLY

NOTES:
ASCII communication is standard on Com 0
(front RS-232) and Com 1 (rear RS-232) ports.

Contact your Basler Electric representative for
availability of other protocol options.

1) 48/125Vac/dc
2) 125/250Vac/dc
3) 24Vdc

Figure 1-1. Style Identification Chart
OPERATIONAL SPECIFICATIONS
BE1-851E relays have the following features a pabilities:

Metered Current Values and Accu
Current Range:
Accuracy (Phase and Neutral):\
Accuracy (Negative-Seque
Temperature Dependence:

a\ 0.1 to 1.5 nominal
+1% of reading, £1 least significant digit at 25°C
e). +1.5% of reading, £1 least significant digit at 25°C

<+0.02% per °C

Calculated Values uracy
Demand N
Range: 0.1 to 1.5 nominal
Type: Exponential
Accuracy: +1% of reading +1 digit at 25°C
Interval: @ 1 to 60 minutes
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Real Time Clock
Accuracy:

Resolution:
Date and Time Setting Provisions:

Clock Power Supply Holdup Capacitor:
Clock Power Supply Holdup Battery:
Backup Battery (Optional):

IRIG
Standard:
Input Signal:
Logic-High Voltage:
Logic-Low Voltage:
Input Voltage Range:
Resistance:

Contact Inputs Recognition Time

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

1 millisecond

Front panel, communications port, and IRIG.
Leap year correction provided.

8 to 24 hours, depending on conditions
Greater than 5 years

Lithium battery 3.6 Vdc, 0.95 AHy Basler Electric
p/n: 9318700012 or Applied Power p/n: BM551902

200-98, Format B002

Demodulated (dc level-shifted digital signal)
3.5 Vvdc, minimum

0.5 Vdc, maximum

+10 to -10 Vdc

Non-linear, approximately 4kQ at 3.5 Vdc,
Approximately:8kQ at 20 Vdc

Programmable, 4 to 255 milliseconds

BESTlogic Programmable lLogic.

NOJLE

All timing specifications are forgthe®worst-case response. This includes output
contact operate times and standard BESTlogic operation timing but excludes
input debounce timing and ‘fen-standard logic configurations. If a non-standard
logic scheme involves feetback;ithen one or more BESTIogic update rate delays
must be included to calculatetthe Worst-case delay. An example of feedback is
virtual outputs driving fun€tion,block inputs. For more information, see Section 7,

Time Overcurrent Functions
Current Pickup, Phasg & Neutral (51P, 51N):
Pickup Accuracy
5 Ampere CT:
1 Ampere Cs
Current PiekupyNegative-Sequence (51Q)
Pickup Accuraey
5 Ampgre Cl:
1 Ampere/CT:
Current Input All 51 Functions
5 Ampere CT
Range:
Increments:
1 Ampere CT
Range:
Increments:

Dropout/pickup ratio: 95%

+2% or £50 mA
2% or £10 mA
Dropout/pickup ratio: 90%

+3% or 75 mA
+3% or +15 mA
0.50t0 16.0 A

0.01 from 0.50 to 9.99 A, 0.1 from 10.0 to 16.0 A

0.10t0o 3.20 A
0.01A
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Time Current Characteristic Curves
Timing Accuracy (All 51 Functions):

Instantaneous Overcurrent Functions
Current Pickup Accuracy, Phase & Neutral
50TP, 50TN, 150TP, 150TN:

5 Ampere CT:

1 Ampere CT:
Current pickup Accuracy, Negative-Sequence
50TQ, 150TQ:

5 Ampere CT:

1 Ampere CT:
Current Pickup Ranges
50T, 150T

5 Ampere CT

Range:
Increments:

1 Ampere CT
Range:
Increments:
Settable Time Delay Characteristics
50T, 150T:
Time Range:
Time Increments:

Timing Accuracy

50TP, 50TN, 150TP, 150TN, 250TNy,350TN:

Timing Accuracy
50TQ, 150TQ:

Trip Time for 0.0 delay setting
50TP, 50TN, 250TR, T50TN:

Trip Time for 0.0 delay setting
50TQ, 150TQ:

Within £5% or +1%2 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 A CT units or 30 A for 1 A CT units.

Dropout/pickup ratio: 95% or higher
+2% or £50 mA
2% or £10 mA

Dropout/pickup ratio: 95% or higher
+3% or £75 mA
+3% or £15 mA

0.5t0 150.0 A

0.01 from 0250.1089.99 A, 0.1 from 10.0 to 99.99 A,
and 1.0,fromyd00to 150 A

0.1t030.0 A
0.01 from 0.01 to 9.99 A, 0.1 from 10.0 to 30.0 A

Definite time for any current exceeding pickup
0.00 to 60.0 seconds

1 millisecond from 0 to 999 milliseconds, 0.1
second from 1.0 to 9.9 seconds, 1 second from 10
to 60 seconds

+0.5% or +% cycle; whichever is greater plus trip
time for instantaneous response (0.0 setting)

+0.5% or +1 cycle; whichever is greater plus trip
time for instantaneous response (0.0 setting)

1Y, cycles maximum for currents > 5 times the
pickup setting. Three cycles maximum for a
current of 1.5 times pickup. Four cycles maximum
for a current of 1.05 times the pickup setting.

2%, cycles maximum for currents > 5 times the
pickup setting. Three cycles maximum for a
current of 1.5 times pickup. Five cycles maximum
for a current of 1.05 times the pickup setting.
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Reclosing Timers (79)

Delay (4), Reset (1), Max Cycle (1), Reclose Fail (1)

Range:
Increments:

Accuracy:

Breaker Fail Timer (BF)
Current Detector Pickup:
Current Detector Pickup Accuracy:
Delay Range:
Increments:
Reset Time (Fundamental):

Timer Accuracy:

General Purpose Timers (62, 162)

PU/DO, Integrating, Retriggerable,
Non-Retriggerable, Oscillator, and Latch

Range:
Increments:

Accuracy:

Automatic Setting Group Characteristi

Number of Setting Groups:

Switch Level Range: \
+ O

Switch Timer Accuracy: K\

Switch Level Accuracy:
Switch Timer Range:

Ly

100 milliseconds to 600 seconds

1 millisecond from 0 to 999 milliseconds;
second from 1.0 to 9.9 seconds, 1 second fro
to 600 seconds

+5% or (+1.75, -0 cycles); whichever is greater

L 4
Fixed at 0.5 for 5 A units, 0.1 @A units
+10% \
50 to 999 milliseconds
1 millisecond

Within 1% cycles of the,current being removed
(excluding output ¢ ct operate time).

+5% or (+1Y4, @es); whichever is greater

Y% or +% cycles; whichever is greater

4

0-150% of the setting group 0, 51 phase pickup
setting (SO-51P).

+2% or £50 mA (5 A), +2% or £10 mA (1 A)

0 to 60 minutes with 1 minute increments.
(O = disabled)

+5% or +2 seconds; whichever is greater

GENERAL SPECIEICATIONS

AC Current Inp th5ACT
Continugus i

One Second Rating:

4
egins to Clip (Saturate):
den:

20A
400 A

For other current levels, use the formula:

| = (K/t)2

where t = time in seconds

K = 160,000 (S1 case); 90,000 (H1/F1 case)

150 A
.004 Qorlessat5 A

9289900790 Rev C
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AC Current Inputs with 1 A CT
Continuous Rating:
One Second Rating:

Begins to Clip (Saturate):
Burden:

Analog to Digital Converter

Type:
Sampling Rate:

Power Supply
Option 1

4 A
80 A

For other current levels, use the formula:
| = (K/t)"?

where t = time in seconds

K =6,400

30 A
.O1lQorlessatl A

L 4
16 bit \
24 samples per cycle @

O

48, 110, and 125 Vvdc:

67, 110, and 120 Vac:
Option 2

110, 125, and 250 Vdc:

110, 120, and 240 Vac:

Range 35-150 Vdc Q
Range 55-135 Va

Range 90-300
Range 9

Option 3 &
24 Vdc Rang&% dc
Frequency Range
(Options 1 and 2 only): 40-
Burden

(Options 1, 2, and 3): 6 watts continuous, 8 watts maximum with all

tputs energized.

Output Contacts @
Make and Carry for Tripping Duty: 30 A for 0.2 seconds per IEEE C37.90; 7 A
Q\ continuous

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

Control Inputs
Voltage Range:

Same as control power

48/125 Vac/Vdc Power S 26-100V
125/250 Vac/Vdc Pow 69 - 200 V
5-8Vdc

24 Vdc Power S N
Input Burden: Burden per contact for sensing depends on the

power supply model and the input voltage. Table
1-1 provides appropriate burden specifications.

Table 1-1. Burden

¢ Power Supply Jumper Installed Jumper Not
Burden Installed Burden
1 (48/125V) 13 kQ 25 kQ
2 (125/250V) 25 kQ 54 kQ
3 (24Vdc) 7 kQ N/A
10 BE1-851E General Information 9289900790 Rev C



Communication Ports

Interface
Front RS-232: 300 to 19,200 baud, 8N1, full duplex
Rear RS-232: 300 to 19,200 baud, 8N1, full duplex O
Rear RS-485: 300 to 19,200 baud, 8N1, half duplex O
Display
Type: Two line, 16 characters alphanumeric LCD (liquid
crystal display) with light emitting diode (LED)
backlight.
Operating Temperature: -40°C (-40°F) to +70°C (+ ‘%

Display contrast may be i ired at temperatures
below -20°C (-4°F).

Isolation
All circuits to Ground: 2,828 vdc

(Excludes communication ports)
Communication Ports to Ground: 500 Vdc
Input Circuits to Output Circuits: 2,000,Vac or, Vdc

Surge Withstand Capability

Oscillatory: IEEE C37.90.1-1989 Standard Surge
d Capability (SWC) Tests for Protective

and Relay Systems.

alified to IEEE C37.90.1-1989 Standard Surge
stand Capability (SWC) Tests for Protective
elays 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.
O Qualified to C37.90.2-1995, Standard For

Fast Transient:

Withstand Capability Of Relay Systems To
¢ Radiated Electromagnetic Interference From

\ Transceivers.
Electrostatic Discharg&
8 KV contact discharges and 15 KV air discharges
applied in accordance with IEC EN61000-4-2

@ criterion.
cURus R (N

cURus recognition per UL Standard 508, File
E97035 and CSA Standard C22.2 No. 14.

CE Qualiﬁed

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

Operating Temperature Range:

Storage Temperature Range:
Humidity:

Shock

Vibration

Weight
Maximum Weight:

-40°C to 70°C (-40°F to 158°F)

-40°C to 70°C (-40°F to 158°F)

Qualified to IEC 86-2-38, 1% Edition 1974, Basi
Environmental Test Procedures, Part 2: Te
ZIAD: Composite Temperature Humidity Cycl
Test.

L 4
In standard tests, the relay has with g in
each of three mutually perpendic es'shock
without structural damage or& ion of
performance. @

In standard tests, the rel as)withstood 2 g in
each of three mutu ndicular planes,
swept over the range @f 10 00 Hz for a total of

six sweeps, 15 each sweep, without
structural damage%adation of performance.
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SECTION 2 ¢ QUICK START

GENERAL

This section provides an overview of the BE1-851E Enhanced Overcurrent Protection Systém. You
should be familiar with the concepts behind the user interfaces and BESTlogic before you begif,reading
about the detailed BE1-851E functions. Sections 3 through 6 describe each function of the BE1-851E in
detail.

The following information is intended to provide the reader with a basic understanding of the three user
interfaces (front panel HMI, ASCII serial communications link, and the BE1-851E BESTCOMS software)
and the security features provided in the BE1-851E relay. Detailed information, on(the”operation of the
HMI (human-machine interface) can be found in Section 10, Human-Machine Interfacesgand the ASCII
command communications in Section 11, ASCIl Command Interface.

Also covered in this section is an overview of BESTlogic, which is fundamental|t6 how each of the
protection and control functions are set up and used in the BE1-851E relay. ‘Detailed information on using
BESTIlogic to design complete protection and control schemes for the protected circuit can be found in
Section 7, BESTlogic, and Section 8, Application.

Sections 3 through 6 describe each function provided in the BE1-851E relaydand include references to the
following items. Note that NOT all items are appropriate for each function:

o HMI Screens for setting the operational parameters.
e ASCIl commands for setting the operational parameters:

¢ ASCIl commands for setting up the BESTlogic £8quiredito Use the function in your protection and
control scheme.

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

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

BESTLOGIC

Each of the protection and control functions,inthe BE1-851E is implemented as an independent function
block that is equivalent to a single fupction, discrete device counterpart. Each independent function block
has all of the inputs and outputs that the discrete component counterpart might have. Programming
BESTIogic is equivalent to choqgsing thefdevices 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 function block by enabling it
and use Boolean logic expressionsyto connect the inputs and outputs. The result is that in designing your
system, you have evenigreater, flexibility than you had using discrete devices. An added benefit is that
you are not constrained_ by the flexibility limitations inherent in many multifunction relays.

One user programmable, ‘eustom logic scheme is in the user settings. To save you time, several
preprogrammed logic, Sehemes are also provided. Any of the preprogrammed schemes can be selected
and used directly’ witheut having to make any BESTIlogic settings. The logic scheme that is active is
determined by,a protection setting. Provisions have also been made to allow the protection engineer to
copy one0f the preprogrammed logic schemes into the user programmed custom logic settings so that it
can simply be'modified to fine tune it to the user’s requirements.

There aredtwo types of BESTlogic settings: function block logic settings and output logic settings. These
are describedfbriefly 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 Function Blocks

As stated before, each function block is equivalent to a discrete device counterpart. For example, the
recloser function block in the BE1-851E has all of the characteristics of a version of the BE1-79M
reclosing relay with similar functionality. See Figure 2-1.
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Mode oarezioz
0 - Disable

1 - Power Up to Lockou
2 - Power Up to Close —79C
79 — H79RNG
Al RECLOSER

O79LO
STATUS
WAIT _ ~79RST ¢
DTL/BLK

Figure 2-1. 79 Reclosing Function Block @
Four inputs: 0

¢ RI (reclose initiate)

e STATUS (breaker position) Q
e WAIT (b

e DTL/BLK (drive to lockout/block 79 operation)

Five Outputs:

79C (close) \
e  79RNG (recloser running) \

e  79F (reclose fail)
e 79LO (lockout)
e 79SCB (sequence controlled block signal
One mode setting selected from three availab
e Disabled, power up to lockout mode, 0 @ er up to close mode

Eight operational settings: \
e Four reclose times (1, 2, 3 &
e Resettime 2\
¢ Reclose fail time O
e Max cycle time
e Selected st i e reclosing sequence that can be used to block tripping elements (same
functions as th switches on the BE1-79M relay).

L 4

Of the above ch ics, the operational settings are not included in the logic settings. They are
contained in the pr tion 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 tirge delays.

Functi ock Logic Settings
To rotection or control function block, the two items that need to be set are mode and input logic.
Th is equivalent to deciding which devices you want to install in your protection and control

. You then must set the logic variables that will be connected to the inputs.
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For example, the 51N function block has two modes (disabled and enabled) and one input, block (torque
control). To use this function block, the logic setting command might be SL-51N=1,/IN2 for Set Logic-51\
to be mode 1 (enabled) with the function 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 function block, pickup, time dial, and curve, mustsbetset
separately in the setting group settings. The setting might be S0-51N=6.5,2.1,S1R for Set in group 0 4the
51N function equal to pickup at 6.5 amps with a time dial of 2.1 using curve S1 with an integrating,Reset
characteristic.

The 51N function block has two logic output variables, 51INT (Trip) and 51NPU (Picked ,Up). The
combination of the logic settings and the operational settings for the function block govern how these
variables respond to logic and current inputs.

Output Logic Settings

BESTIlogic, as implemented in the BE1-851E, supports up to 16 output/ expressions. The output
expressions are called virtual outputs to distinguish them from the physical output relays. VOA and VO1
through VOS5 drive physical outputs Out A (fail safe alarm output) and Out 1 thsough Out 5, respectively.
The rest of the virtual outputs can be used for intermediate logic expressions.

For example, OUT1 is wired to the trip bus of the circuit breaker. To(set'up the logic to trip the breaker,
the BESTlogic setting command might be SL-VO1=VO11+101T+BFPU,for Set Logic — Virtual Qutput 1 =
to Virtual Qutput 11 (which is the intermediate logic expressionfer alk of the function block tripping
outputs) or (+) 101T (the trip output of the virtual breaker control switch)%r (+) BEPU (the pickup output of
the breaker failure function block that indicates that breaker failure hasfbeen initiated).

USER INTERFACES

Three user interfaces are provided for interacting with'the BEL1-851E relay: The front panel HMI, ASCII
communications, and BESTCOMS communications Software’. The front panel HMI provides access to a
subset of the total functionality of the device. ASCIIfeommunications provides access to all settings,
controls, reports, and metering functions of the gystem. BESTCOMS for BE1-851E software provides a
user friendly Windows ® environment for editing“settings files and uploading and downloading them from
the relay.

Front Panel HMI

The front panel HMI consists of a twodine byy16 characters 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 activeq, There/are five other 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 seal$ infwhen a protective trip has occurred to indicate that target information is
being displayed on the, LCD. A complete description of the HMI is included in Section 10, Human-
Machine Interface.

The BE1-851E HMI i 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 dranches 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.

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

3. METERING. Display of real-time metering values.

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
communication, LCD contrast, and CT ratios.
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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 number indicates the branch and level in the
menu tree structure. Screen numbering helps you to keep track of where you are when you leave the
menu tree top level. You view each branch of the menu tree by using the RIGHT and LEFT scrolling
pushbuttons. To go to a level of greater detail, you use the DOWN scrolling pushbutton. Each time a
lower level in a menu branch is reached, the screen number changes to reflect the lower level. The
following paragraphs and Figure 2-1 illustrate how the display screens are numbered in the menu tree.

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 5 - PROTECTION LOGIC. You would then press the DOWN
scrolling pushbutton to get to the next level of detail and the RIGHT or LEFT scrolling pushbutton to getto
Screen 5.4 - SETTING GROUP 3. You would continue to press DOWN and RIGHT or LEFT scrolling
pushbuttons to get to Screen 5.4.2 - 51 SETTINGS and then Screen 5.4.2.2 - 51N. Onythis\séreen, the
pickup, time dial, and curve settings for the 51N function can be read and/or edited. To return tefthe top
level from this location, you would press the UP scrolling pushbutton three times.

ASCIl Command Communications

The BE1-851E relay has three independent communications ports for serial communicatiens. A computer
terminal or PC running a terminal emulation program such as Windows®ghlyperierminal® can be
connected to any of the three ports so that commands can be sent to the relay. Cammunication with the
relay uses a simple ASCII command language. When a command is enteredwia a serial port, the relay
responds with the appropriate action. ASCII command communication 45 designed for both human-to-
machine interactions and batch download type operations. The follewing”paragraphs briefly describe the
command structure and discuss human-to-machine interactions and‘bateh é@mmand text file operations.
The operation of the ASCII commands is described in detail in Section 21, ’ASCIl Command Interface.

Command Structure

An ASCII command consists of a command string made up f 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-group.
The object name is the specific function for which the commandyis intended. A command string entered
by itself is a read command. A command string followed(by/an‘equal sign and one or more parameters is
a write command. The general command groups-ate otganized into five major groups plus several
miscellaneous commands. These commands arefas follows:

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

G GLOBAL. Perform global operationsfthat do not fall into the other general groups such as password
security. Subgroups include: S for securityssettings.

M METERING. Read all real time metering values. This general command group has no subgroups.

R REPORTS. Read and resetiteporting functions such as time and date, demand registers, breaker
duty statistics, etc. Subgroups inclyde: A for Alarm functions, B for Breaker monitoring functions, D for
Demand recording functions, Ffor Fault summary reporting functions, G for General information, and
S for Sequence of Events reeorder functions.

S SETTINGS. Set all settingf{parameters that govern the functioning of the relay. Subgroups include:
0,1,2,3 for settingsyin“setting groups, A for alarm settings, B for breaker monitoring settings, G for
general settings, L fordegic settings.

MISCELLANEQUS. Miscellaneous commands include ACCESS, EXIT, and HELP.

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

For example, to check the 51N pickup setting in setting group 3, you would enter S3-51N for Set, Group
3-51N{Therelay would respond with the current pickup, time dial, and curve settings for the 51N function.
To edit these settings the same command would be used with an = followed by the new settings and the
enter, puShbutton. Note that it is necessary to use the ACCESS and EXIT commands when using the
wirite version of these commands.
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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 allvof
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.

Example 1. Obtain a count of the breaker operations by entering RB (Report Breaker). The BE1-851E
responds with the operations counter value along with all other breaker report objects®ifyou
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 resetat the same time.

Example 2. Read all peak-since-reset demand registers. Entering RD-Pl (Repeit 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 theypeak-since-reset demand
registers.

Batch Command Text File Operations

With a few exceptions, each function of the relay uses one command‘te,set it and each setting command
operates on all of the parameters required by that functiofihSee [the example mentioned above in the
paragraph tited 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 prempting mode where the relay prompts you for
each parameter in turn until you exit the setting process. Fer theése reasons, a method for setting the relay
using batch text files is recommended.

In batch download type operations, the user createsyan 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 BE1-851E
in command format. So the user need only enter/S forRSet (with no subgroup) and the relay responds with
all of the setting commands and their assogiated 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 can capture this response to
a file, edit it using any ASCII text editor, andéthen send the file back to the relay. See Section 11, ASCII
Command Interface, for a more detailedidiscussion of how to use ASCII text files for setting the relay.

BESTCOMS for BE1-851E, Graphical User Interface

Basler Electric's graphical user interface (GUI) software is an alternative method for quickly developing
setting files in a user-friendly, Windows® based environment. Using the GUI, you may prepare setting
files off-line (without being caenneeted to the relay) and then upload the settings to the relay at your
convenience. These settings'inclade protection and control, operating and logic, breaker and transformer
monitoring, metering, and, fault recording. Engineering personnel can develop, test, and replicate the
settings before exporting‘itito a file and transmitting the file to technical personnel in the field. 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 n@nvolatile memory.

The GUI also hag'the’ same preprogrammed logic schemes that are stored in the relay. This gives the
engineer they, option (0ff-line) of developing his setting file using a preprogrammed logic scheme,
customizing a preprégrammed logic scheme, or building a scheme from scratch. Files may be exported
from thedGUI go a‘text editor where they can be reviewed or modified. The modified text file may then be
uploadéd, tofthe selay. After it is uploaded to the relay, it can be brought into the GUI but it cannot be
brought directlyfinto 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 GUIValso allows for downloading industry standard COMTRADE files for analysis of stored
oscillography data. Detailed analysis of the oscillography files may be accomplished using Basler
Electric's BESTWAVE software. For more information on Basler Electric's Windows® based BESTCOMS
(GUI) software or BESTWAVE, contact your local sales representative or Basler Electric Technical
Support Services Department in Highland, lllinois.
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GETTING STARTED

Refer to Section 12, Installation, for typical external connection diagrams. If your relay has power supply
option 1 or 2, it can be supplied by normal 120 Vac house power. These two power supply options (1 and
2) 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 ag
signals as well as dc signals.

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 componenigef each of
the three-phase currents. When evaluating the negative sequence functions, the relay can_le‘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.

Using a serial cable, connect a computer to the relays front RS-232 port. Install BE14854E\BESTCOMS
according to the procedure given in Section 14, BESTCOMS Software. Once BESICQOMS is installed,
apply power to the relay. From the Basler Electric program group on your windows Start menu, select
BESTCOMS for BE1-851E to start BESTCOMS. From the Communication_pulkdown menu, select
Configure and verify communication is configured correctly.

Once communication settings are correct, from the Communication pull-down, menu select Download
Settings from Device (Figure 2-2). This command will transfer the grelays current settings to the
BESTCOMS software, allowing the settings to be viewed easilygin a*windows environment. Before
continuing, select the Save As command from the File menu. The File'Rropeérties screen for the file you
are saving will appear. Refer to Figure 2-3. Type in any comments about the file and select OK. The Save
As dialog box will appear. Give the file a unique name that you'will*fecognize at a later date and select
Save. This action does not send the settings to the relay but rather Saves them in a BESTCOMS settings
file with a .bst extension. Once saved, the settings file may be'retrieved, modified, and transmitted to the
relay at any time.

BE1-851E Settings ( [Untitled] )
File Screens Copy Resl=Ii,0 Reports Help

Upload Settings to Device
Upload Security to Device
Download Settings from Dexies,
Download Security from Dzvice
Set Date and Time

General Infarmation)  1arminal (VT 100 EmdlSten)

8 Settings Global
A
# 5™ o

runication ] Hedl Displa_l,l]

Style Number Configure

BE1-85 =] |.J - 0 - |N ~| [ +]

Senging Input Eover Ease D tion 1
H) 3 Phase, Negative Seq JIH1 [Half Rack] i
and Neutral WM) Mot applicable WC Alarm M) Mone
KJH1 [Half Rack] U] Battery Backup
4 RO &larm for Real Time Clock

Senging Range
1114 Mominal Phase; Weutral Pawer Supply Com?2 F5-485 Optian 2
3] 5& Morninal P Meutral 11484125 Vac/de 0] AsCl Mone
5] B& Mominal oninal Meutral 21 125/250 Vac/de
1] ModBus 3] DWP 30
O Jairh

g
s Circuit ldentification
er.| »=Ner .49 341408 ﬂ| WER ki Wit Wit R

Relay ID |EET1-851E
WER & xx. !
. K e StationlDlSUBSTthﬂN_'l

|H M | Hetnsnes

Serial Mum|

Enter a,Station D for this device. General Operation 242008 | 317 P

Figure 2-2. Communications Pull-Down Menu
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Untitled Properties

Full FileM ame : |I::'~.Dcu:uments ahd Settingzbriandatysk e Documents\Untitled

RelayID: |BE1-851E

Station 1D |SUBSTATION_1

Additional Info: ||

File Comments :  |General Motes:
Settings Motes:

Logic: Setup Mates:

O
Cancel
Figure 2-3. File Properties S

Entering General Settings

Time and date format can be changed by selecting Rep Alarms from the Screens menu. Select
the time and date format for your application. To cha theatime and date, use the HMI display buttons
to scroll over to Screen 4.5. Select the Edit button. The D in the button will light when you are in
edit mode. Use the LEFT and RIGHT arrows to m between hours, minutes, day, month, and year
settings. Use the UP and DOWN arrow keys to ¢ settings. When finished editing, press the Edit
pushbutton for the changes to take effect.

The BE1-851E relay requires informati the®nominal system frequency, DSP filtering, Current
Transformer (CT) ratio, and phase rotation proper current measurement to occur. These settings can
be made using BESTCOMS. Select Operation from the Screens pull-down menu. Then select
the tab labeled Power System. Refer to

Logic |USER v| settings | Global
B 0 {71 O # 16 1 o

=m] ElobaISecurity] Communicationl HHI Display]

5 = INJ - |J | Jo =] Ju =] foo -]

C Case Otion 1
A J] H1 [H alf Rack] Bach
M] Mot applicable Alarm ] Mone
K] H‘I [Half Rack) U] Battery Backup
MO Alarrm i

for Real Time Clock

enging Range

1) 14 Mominal Phase; 14 Mominal Meutral Power Supply Com2 RS-485 Optian 2

3] 54 Mominal Phaze; 14 Mominal Meutral 1] 484125 Vac/do ) ASCI NDI;B

5] B Mominal Phaze; B4 Nominal Meutral 2)125/2580 Vao/do

1] ModBus 3] ONP 3.0
3124 %de
. Version Numbers Circuit ldentification
£pp Program Ver, | = Ver 5.49 3/14/05 v |[VER 5.43.03 03/28/2006
Relay ID |BE1-851
i WER 2.08.00 08/13/2002
Boot Code Yersion Station ID |SUBSTJ§TIDN_1
Serial Mumber |HDD2?4?2? | HOO274727
Enter a Station ID for thig device. General Dperation B/24/2006 | 3:32PM

Figure 2-4. Screens Pull-Down Menu
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Using the pull-down menus and buttons located on the Power System tab, select the appropriate phase
and neutral CT ratios, the system's nominal frequency, and the system's phase rotation. Refer to Figure
2-5.

BE1-851E Settings ( Basler.bst )

File Screens Copy Communication Reports Help

O =& Logic [USER ~| Settings | Global

) i :
B e i e 1w o

General Information  Power System ] Global Securit_l,l] Communication ] HHI Displa_l,ll

MNominal Frequency Digital Signal Processing CT Ratio
Phase .
&0 - Phase Response Tums
Fundamental 1 @ "
Mormal Phase Rotation Pri Amps Sec Amps

Meutral Response
5 E D s
@ Hel Fundamental -

" ACH Meutral

Tumns

Per Unit Conversion

MYA Basze k¥ L-L Baze | Baze ec Amps
0 ] 0 o -

Enter the value for K3 || Base. Uzed in the calculation of | Base. 3272006 | 12:44 PM

scrolling menus on the Demands tab to select t and thresholds and their unit of measure. Refer to
Figure 2-6. For more information on demands ection 6, Reporting and Alarm Functions.

N # 2o o

1 Monitaring ] Alarmns ] Fault Recording ]

Clock Dizplay Mode

Demands

\Q Phase Meutral Neg. Sequence

Interval [Minutes] 15 El | 1 El | 1 El

Current Threshold |Sec. Amp: = 0.75 E | 0.0 E | 0.00 E
L 4

Enter the demand interval for the Meutral element. Reporting and Alarms IETS2008 | 1245 PM

Figure 2-6. Reporting and Alarms Screen, Demands Tab
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Use the remaining screens and associated tabs to make additional settings required for evaluation of the
relay. Save the file. From the Communication pull-down menu, select Upload Settings to Device to send
the settings to the relay. The relay's inputs and outputs as well as targets, alarms and current metering
can be monitored from the Metering Screen. To open the Metering Screen, select Metering from the
Reports pull-down menu. To begin viewing the relays metered values, select the Start Polling butten in
the bottom right hand corner of the screen.

FAQ/TROUBLE SHOOTING

Frequently Asked Questions (FAQs)

1)

2)

3)

4)

5.)

6.

7)

8.

Why won't the trip LED reset when | press the RESET key on the front panel?

The Reset key is context sensitive. To reset the trip LED or the targets, the Targ€t Screen must
be displayed. To reset the alarms, the Alarm Screen must be displayeds

Is the power supply polarity sensitive?

No, the power supply will accept either an ac or dc voltage inputhHowever, the contact sensing
for the programmable inputs is polarity sensitive. See Se€tion, 12, Installation, for a typical
interconnection diagram.

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

Voltage level is dependent on the power supply optien(BE1-851E style) and the position of the
contact sensing jumper. See Section 12, Installatien, for additional information.

Does the BE1-851E trip output contact lafch after a fault?

The answer to the question is Yes and No™ln general, once the fault goes away the output
contacts open. The BE1-851E does offér ameption to ensure that the contact will stay closed for
at least 200 milliseconds. SeegSection 3, Input and Output Functions, and Section 8,
Application, for additional information on*that function. But, BESTlogic can latch the relay
outputs. Refer to, Section 8, Application, Application Tips, for additional information.

Why won't a function work"when*Pput in settings such as the pickup and time delays?
Make sure that the protective/element is enabled in BESTlogic.

Can | make logic séttingssfrom the front panel?

No, the front panél cannot program logic settings. Logic settings must be programmed using the
ASCIl commandiinterface or BESTCOMS communication software.

Does the BEL1-851E have a battery installed as the back-up power source for the internal
clock oflass of power?

Nojthe"BE1-851E does not have a battery unless the option is specified. Without the battery
option;%you have to reset the time and date every time you lose power. You can use the IRIG to
automatically reset the time and date.

Why“do | keep getting access conflict errors when | am communicating with the relay?

Access can be granted to only one communication port at a time. The HMI is considered to be
the same port as the front RS-232 communication port. The unit has three different
communication ports. The front HMI and front RS-232 (COM 0) is the first port. The rear RS-232
(COM 1) is the second and the rear RS-485 (COM 3) is the third port. If you have gained access
at the front panel HMI and the 5-minute time out has not ended, you cannot gain access at
another port. The front RS-232 can still be accessed because HMI and the front RS-232 are
considered to be the same port. If you have tried to gain access to more than one port at a time,
an access conflict results. Access only needs to be gained when a change of a setting is
needed. To read data or to get any reports this can be done without gaining access. After
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9)

gaining access though one of the ports a session can be ended with an "Exit" command. If
access is gained, but the session is not ended, a 5-minute time out will end the session and any
changes that were not saved will be lost. If you are using the BESTCOMS program, the gaining
access and the exit commands are done for you.

Why doesn't the trip LED behave as expected when the relay picks up and trips? Another
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 ate
two commands that need to be checked for proper operation. The SG-TRIGGERscommand
needs to have the PU trigger and TRIP trigger logic correctly programmed. This shouldinitiate
the fault record. The SG-TARGET command needs that protective element (fungtion) ehabled
to log targets. Please refer Section 6, Reporting and Alarm Functions in the Instruction Manual
under the section Fault Reporting to get further details on how to program these,commands
correctly. 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 TRIP and PU expression are true, the Trip LED lightsWsolidly. When neither
expression is true, the trip LED lights solidly if there are latched targétsy A flashing LED means
one of the protection elements is in a pickup state and timing towards trip.“©nce the trip occurs,
the LED turns on solid. The LED will not change state until the tasget has been reset. If the fault
has not cleared, the LED will turn on again. See Table 2-1.

Table 2-1. Trip LED Truth Table

SG-TRIGGER PU | SG-TRIGGER TRIP | Tafgetsikatched Trip LED
True False No Flashes
True True No Lights Solid
False False Yes Lights Solid
10.) Is the IRIG sighal modulated or demodulated?
The IRIG signal is demodulated g(dchlevel-shifted digital signal). See Section 1, General
Information, Operational Specifications, and Section 8, Application, for additional information.
11.) Can the IRIG signal be daisy-chained to multiple BE1-851E units?
Yes, multiple BE1-851E units camruse the same IRIG-B input signal by daisy-chaining the BE1-
851E inputs. The burden datayis non-linear, approximately 4 k-ohms at 3.5 Vdc and 3 k-ohms at
20 Vdc. See, Sectiong8, Application, and Section 3, Input and Output Functions, for additional
information.
12.) How can Ifindlout what the version number is of my BE1-851E?
The applicationyversion can be found in three different ways. One, use the HMI, Screen 4.6.
Two, use the ASCII command interface with the RG-VER command. Three, use BE1-851E
BESTCOMS (th€ version is located on the General Identification Screen).
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SECTION 3 ¢ INPUT AND OUTPUT FUNCTIONS

GENERAL

The BE1-851E inputs consist of three-phase current inputs, neutral current inputs, and four contact
sensing inputs. Seven general-purpose output contacts and one dedicated, fail-safe alarm output make
up the BE1-851E outputs. Each input and output is isolated and terminated at separate terminal blocks.
This section describes the function and setup of each input and output.

CURRENT INPUTS

Secondary current from power system equipment CT is applied to current transfermers inside the relay.
These internal transformers step down the monitored current to levels compatible with, relay circuitry and
provide isolation. Secondary current from each internal CT is converted to @ voltage signal and then
filtered by an analog, low-pass, anti-aliasing harmonic filter.

Current Measurement Functions

The power system analog quantities for phase, neutral, and negative-seguence currents are calculated
and used by all of the current dependent functions of the relay. Theke is no separate positive or zero-
sequence value calculated. The filter response for phase and neutral calculations can be independently
programmed. Operation of the current measurement function is’ gaverned by settings for nominal
frequency, digital signal processing algorithm, current transfarmer ratio;, and normal phase rotation.

Nominal Frequency

Input waveforms are sampled by an analog-to-digital ,converter at 24 samples per cycle. A nominal
frequency of either 50 or 60 Hz must be selected in _order for the analog-to-digital converter to sample
analog quantities at appropriate time intervals to achigve 22wsamples per cycle.

Digital Signal Processing

The digital signal processing (DSP) setting_governs how the phase and neutral operating quantities are
measured. The negative-sequence curreat is derived from the phase currents and is not independently
settable. The three choices are Fundamentalf RMS, and Average. This is independently settable for the
phase and neutral quantities. Each settingteauses the relay to respond differently in the presence of
significant harmonics and for operation at'significantly off-nominal frequency. Accuracy characteristics for
each algorithm (Fundamental, RMS gand, Average) are shown in Figure 3-1. This figure is for a 60 Hz
nominal system with frequencies befween 55 and 65 Hz. A 50 Hz nominal system would have similar
characteristics.

The fundamental setting (F)dusesya Faurier filter to extract the fundamental frequency component of the
measured current and rejectythe, harmonic frequency components. This setting is best suited for most
protection purposes due tovits superior transient overreach and fast dropout characteristics. It is also
recommended for applicationsywhere harmonic rejection is desired. For example, in a neutral circuit
where the third harmoniesxcompenent is additive and can result in unwanted tripping.

The RMS setting uses\a true RMS calculation to include harmonic components of the measured current.
The presence of significant levels of harmonics can cause heating in protected equipment and increased
sensitivity in,electroéme@chanical devices. This setting is recommended for equipment applications that
require thermal, overload protection. It is also recommended for applications where the transient
overreachi’and sensitivity characteristics provide better coordination with induction disk type overcurrent
protectign systems.
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Negative-Sequence Current

Negative-Sequence components are measured from the fundamental component of the three-phase
current inputs. The relay can be set to accommodate ABC or ACB phase-sequence when calculatingsthe
negative-sequence component.

Neutral Current

The current entering “D7” and leaving “D8” will be understood by the relay to be the neutral current. If
nothing is connected, the relay will understand the neutral current to be zero. No neutral current will be
calculated from any phase imbalance.

Fast-Dropout Current Detector

A separate, fast-dropout current measurement algorithm is used by the breaker failureffuhction and the
breaker trip-speed monitoring function. This measurement algorithm has a sensitivity,of 10 percent of
nominal rating and detects current interruption in the circuit breaker much moreaguickly than the regular
current measurement functions.

Current Measurement Functions Setup

Current Input Circuit Settings. The BE1-851E requires information on the nominal system frequency, DSP
filtering, CT ratio, and phase rotation. These settings are used by theymetering and fault reporting
functions to display measured quantities in primary units. The se settings can be entered at the HMI, see
Section 10, Human-Machine Interface, or through the communi€atien ports using the SG-FREQ, SG-
DSP, SG-CT, and SG-PHROT setting general commands. Settings relating to current measurement are
summarized in Table 3-1.

Table 3-1. Current MeasurementFunction Settings

. Password Unit of
Settings ACCEsS Range Default Measure
Nominal Frequency Privilege G or'S 50 or 60 60 Hertz

Digital Signal Processing for Average, Fundamental,

Phase and Neutral Response Privilege Gor S RMS Fundamental N/A
Normal Phase Rotation None ABC or ACB ABC N/A
CT Ratio, Phase, and Neutral None 1 t0 50,000 1 Turns

(Increment of 1)

CT ratio for phase and neutfal, asyshown in the table above, uses turns as its unit of measure. Note that
the CT ratio can also béyipputias a ratio as in the example below (50:5). BESTCOMS will calculate either
turns or primary amps depending on which value is entered. BESTCOMS does not calculate secondary
amps.

To make the settings “using BESTCOMS, select General Operation from the Screens pull-down menu.
Then select the Rower System tab. Make selections for the above settings by using the appropriate pull-
down menustand‘bdttons on the Power System tab.

Example 1. 4Make the following settings in BESTCOMS (refer to Figure 3-3):

Nominal Frequency: 60 Hz

Digital Signal Processing, Phase Response: RMS

Digital Signal Processing, Neutral Response: Fundamental
Normal Phase Rotation: ACB

CT Ratio, Phase: 800:5

CT Ratio, Neutral: 50:5
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Figure 3-3. General Operation Screen, Rower System Tab

CONTACT SENSING INPUTS

BE1-851E relays have four contact sensing inputs to initiale§BE1-851E 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 BE1-851E relay uses
wide range AC/DC power supplies that cover several&£ommon control voltage ratings. To further enhance
flexibility, the input circuits are designed to respondito voltages at the lower end of the control voltage
range while not overheating at the high end of the cantrol voltage range.

Energizing levels for the contact sensing inputsaresjumper selectable for a minimum of 5 Vdc for 24 Vdc
nominal sensing voltages, 26 Vdc for 48 Mdc nominal sensing voltages or 69 Vdc for 125 Vdc nominal
sensing voltages. See Table 3-2 for the gontrolgvoltage ranges.

Each BE1-851E is delivered without the centact sensing jumpers installed. The operation will be in the
higher end of the control voltage range. Ifithe contact sensing inputs are to be operated at the lower end
of the control voltage range, thefjumpers must be installed. See Section 12, Installation, for details on how
to set the jumper positions in the contact'sensing input circuits.

Table 3-2. Turn on Thresholds

Nominal Turn-On Voltage Range
NominahControl
Voltage Jumper Installed Jumper Not Installed
(Low Position) (High Position)
24 Vdc 5-8Vdc N/A
48/125 Vac or Vdc 26 - 38 Vac or Vdc 69 - 100 Vac or Vdc
125/250 Vac or Vdc 69 - 100 Vac or Vdc 138 - 200 Vac or Vdc
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Digital Input Conditioning Function

Status of the contact sensing inputs is checked 24 times per cycle. When operating on a 60 Hz power,
system, this results in the input status being sampled every 0.7 milliseconds (0.8 milliseconds on 507Kz
systems). User settable digital contact recognition and debounce timers condition the signals applied to
the inputs. These parameters can be adjusted to obtain the optimum compromise between speed‘and
security for a specific application. Digital input conditioning is evaluated every quarter cycle.

If the sampled status of a monitored contact is detected as energized for the recognition time, theslogic
variable changes from a de-energized (logic 0 or FALSE) state to an energized (logic 1 or TRUE) state.
Once contact closure is recognized, the logic variable remains in the energized state until the, sampled
status of the monitored contact is detected to be open for a period that is longer than the debounce time.
At this point, the logic variable will change from an energized (logic 1 or TRUE) state tosa de-energized
(logic O or FALSE) state. See Figure 3-4.

| | | |
Energized ' : ‘ }
Contact IN[] | |
| |
De-Energized ! ! | :
| | | |
| | | |
Energized : }
|
Variable IN[n] | |
| |
De-Energized | | } |
—4ms | < 16 ms >
P0032-15 | Recognition | | Debounce |
07/06/05 I Time I \ Time [

Figure 3-4. Digital Input.Conditioning Diagram

Setting Up the Digital Input Conditioning Fufiction

The settings for the digital input signal c@nditioning function and related BESTCOMS features are shown
in Table 3-3. Digital input conditioning, settings could be entered using BESTCOMS. Alternately, the
setting may be entered through the communication ports using the SG-IN ASCIl command.

Tabler3-3, Digital Input Conditioning Settings

Setting Range Increment Unit of Measure Default
Recognition Time 4,to 255 1x Milliseconds 4
Debounce Time 4 19 255 1x* Milliseconds 16

Pull;down menu that selects the unit of measure for Recognition Time and
Time Units Débounce Time. Units of measure available are: milliseconds, seconds, minutes,
and cycles. The default is milliseconds.

User programmable label for the input contact. Used by the reporting function to
Name give meaningful identification to the input contact. This label may be up to 10
characters long.

User programmable label for the contact’s energized state. It is used by the
Energized State reporting function to give meaningful identification to the state of the input
contact. This label may be up to seven characters long.

User programmable label for the contact’'s de-energized state. It is used by the
De-Energized State | reporting function to give meaningful identification to the state of the input
contact. This label may be up to seven characters long.

* Since the input conditioning function is evaluated every quarter cycle, the setting is internally rounded to
the nearest multiple of 4.16 milliseconds (60 Hz systems) or 5 milliseconds (50 Hz systems).
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If you are concerned about ac voltage being coupled into the contact sensing circuits, the recognition time
can be set to greater than one-half of the power system cycle period. This will take advantage of the half-

wave rectification provided by the input circuitry.
If an ac wetting voltage is used, the recognition time can be set to less than one-half of the power system O

cycle period and the debounce timer can be set to greater than one-half of the power system cycl
period. The extended debounce time will keep the input energized during the negative half-cycle. T
default settings of 4 and 16 milliseconds are compatible with ac wetting voltages.

To make the settings using BESTCOMS, select Inputs and Outputs from the Screens pull-down menu.
Then select the Inputs 1-4 tab. Make selections for the settings in Table 3-3 by using the appropriate pLﬂ-
down menus, buttons, and text boxes on the Power System tab.

Example 1. Make the following setting for Input 1 (refer to Figure 3-5): \%
Recognition Time: 6 ms

Debounce Time: 20 ms @

Name: BREAKER 0

Energized State: OPEN
De-Energized State: CLOSED

BE1-851E Settings ( Basler.bst )
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Input 2

Input 4
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= 4 EI —yT
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o—| 16 El De-Energized State
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Fecognition Time

Debounce

Inputz and Outputs 2720068 1:19 P

screen, select Met rom the Reports pull-down menu. To begin viewing the relay’s metered values,
select the Start Polling button in the bottom right hand corner of the screen.

Alternately, input status is determined through HMI Screen 1.5.1 or through the communication ports
using theyRG-STAT (report general-status) command. See Section 6, Reporting and Alarm Functions,
Gener us Reporting, for more information.
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OUTPUTS

BE1-851E relays have seven general-purpose output contacts (OUT1 through OUT7) and one fail-safe;
normally open/normally closed, alarm output contact (OUTA). Each output is isolated and rated ok
tripping duty. OUT1 through OUT7 are “Form A” (normally open) and OUTA is “Form A or B” (nofmally
open or closed depending on BE1-851 style number, case option).

Hardware Outputs and Virtual Outputs

Output contacts OUT1 through OUT7 and OUTA are driven by BESTlogic expressions for VO1 through
VO7 (Virtual Outputs 1 through 7) and VOA (Virtual Output A). The use of each output €ontact is
completely programmable so you can assign meaningful labels to each output and to the logic 0 and logic
1 states of each output. Section 7, BESTlogic Programmable Logic, has ,morg infopmation about
programming output expressions in your programmable logic schemes.

A virtual output (VON) exists only as a logical state inside the relay. A hardware output is a physical
output relay contact. BESTlogic expressions for VO1 through VO7 (Virtual Outputs 1 through 7) and VOA
(Virtual Output A) drive output contacts OUT1 through OUT7 and OUTA. The,states0f the output contacts
can vary from the state of the output logic expressions for three reasons:

e The relay trouble alarm disables all hardware outputs.
e The programmable hold timer is active.
e The select-before-operate function overrides a virtuahoutpug:

Figure 3-6 shows a diagram of the output contact logi€ fertheysgeneral-purpose output contacts. Figure
3-7 illustrates the output contact logic for the fail-safe alarmieutput contact.

VIRTUAL OUTPUT

CONTROLED BY SL-VO[n]
LOGIC EQUATION OUTPUT
VO[n
o AND STATUS ARDWARE
‘ OUTPUT
OUTPUT CONTROL
(CO-OUT COMMAND) » 0 sec B
Control Override (0/1) AND AND ') oUT[n]
hd 0.200 sec O
Override State (0/1) AND
ONE SHOT
TIMER
Hold State (0/1) ALMREL
HOLD ENA D2647-18
(SG-HOLD COMMAND) 06-20.95

Figure,3=6. Output Logic, General Purpose Output Contacts

VIRTUAL OUTPUT
CONTROLLED BY SL-VO[n]
LOGIC EQUATION

VO[A] O———

OUTPUT

STATUS HARDWARE
Q OUTPUT

%UT[A]

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

0
Sec
0.200
Sec
ONE SHOT
TIMER

Override State (0/1)

D2647-19

ALMREL 03-13-06

Hold State (0/1)
HOLD ENA
(SG-HOLD COMMAND)

Figure 3-7. Output Logic, Fail-Safe Alarm Output Contact

Retrieving Output Status

The relay’s outputs can be monitored from the Metering screen. To open the Metering screen select
Metering from the Reports pull-down menu. To begin viewing the relay’s metered values, select the Start
Polling button in the bottom right hand corner of the screen.
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Alternately, status of output contacts can be assessed at HMI Screen 1.5.2 and through the
communication ports using the RG-STAT (report general-status) command. See Section 6, Reporting and
Alarm Functions, General Status Reporting, for more information.

Relay Trouble Alarm Disable

When the BE1-851E self-diagnostics function detects a relay problem, an internal alarm condition is set.
This alarm condition disables the outputs and de-energizes the OUTA relay toggling the OUTA contact:
For more details about this function see Section 6, Reporting and Alarm Functions, Alarms Function.

Programmable Hold Timer

Historically, electromechanical relays have provided trip contact seal-in circuits. These seal-iasgircuits
consisted of a dc coil in series with the relay trip contact and a seal-in contact in parallel with the trip
contact. The seal-in feature serves several purposes for electromechanical relays. One purpose is to
provide mechanical energy to drop the target. A second purpose is to carry the dc trippingycurrent from
the induction disk contact, which may not have significant closing torque for a low resistance connection.
A third purpose is to prevent the relay contact from dropping out until the current hastheeffinterrupted by
the 52a contacts in series with the trip coil. If the tripping contact opens béfore the dc current is
interrupted, the contact may be damaged. Of the three items, only item threegis amuissue for electronic
relays like the BE1-851E.

To prevent the output relay contacts from opening prematurely, a hold timer, camyhold the output contact
closed for a minimum of 200 milliseconds. If seal-in logic with feedback from the breaker position logic is
desired, the BESTlogic expression for the tripping output can be modified.. This process is described in
Section 7, BESTlogic Programmable Logic, Application Tips.

The hold timer can be enabled for each output using the SG-HOLDa(setting general-hold) command. To
enable the hold timer using BESTCOMS, select Inputs and Qutputs,from the Screens menu and select
the Outputs 1-7, A tab. To enable the hold timer for a desired @utput, check the box labeled Hold Attribute
by clicking in the box with the mouse pointer. In Figure 348, the ‘Hold Attribute for OUT1, OUT2, and
OUTS is enabled.

BE1-851E Settings ( Basler.bst )

File Screens Copy Communication Reports ﬂek v
b—q' 0= E @ Logic |USER !.SB“IHQS Global
7]
B o0 n@@ # L5, o
Inputz 1-4 - Outputs 1-7 L & l
Out 1 ut 2 v Out 3 Out 4
[ WwOI_LABEL LABEL | wO3_LABEL | wD4_LABEL
B Hold .ﬂ.ttnbu P Hold Attribute [ Hold Attribute [~ Hold Attribute
¢ )
1] N = 4 Out B Out 7 Out A
< 405 | L | wOB_LABEL | wO7_LABEL | wOA_LABEL
d Attribute [ Hold Attribute [ Hold Attribute [~ Hold Attribute
* Inputs ahd Outputs JETS2006 | 250PM

Figure 3-8. Inputs and Outputs Screen, Outputs 1-7 Tab

Output Cogic Override Control

Eachsoutput contact can be controlled directly using the select-before-operate output control function. The
virfual output logic expression that normally controls the state of an output contact can be overridden and
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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 Alarm Functions, Alarms Function, for more information about
programmable alarms. Write access to control functions is required before using the select-bgfore=
operate control functions through the HMI or ASCIl command interface.

Enabling Logic Override Control

By default, logic override control is disabled. Output logic override must be enabled before the contrél can
be used. Enabling of the output logic override control is not possible at the front panel HMI or through
BESTCOMS. It can only be enabled through a communication port using the CS/CO-OUg=ena/dis
(control select/control operate-output override = enable/disable) command. The CS/CO-OUT command
only enables or disables override control of the output logic; it doesn’t enable orfdisable the outputs
themselves.

Pulsing an Output Contact

Pulsing BE1-851E outputs provides the same function as the push-to-energize{feature of other Basler
Electric solid-state relays. This feature is useful when testing the protectionyand®€ontrol system. When
pulsed, an output contact changes from the current state (as determined by¥®the virtual output logic
expression) to the opposite state for 200 milliseconds. After 200 millisecends, the output contact is
returned automatically to logic control.

Holding an Output Contact Open or Closed

Outputs can be forced to a closed (logic 1 or TRUE) state gr todan open (logic O or FALSE) state. This
feature can be used to disable a contact during testing. Open ‘e, clos€é logic override control is accessed
at Screen 2.4.1 of the HMI by entering a O for open or 1.for closediin the field for the output contact to be
controlled. Outputs are forced open or closed throughy, a®eemmunication port by using the CS/CO-
OUTNn=P0/1 (control select/control operate-output conta¢t n-0/1) command.

Returning an Output Contact to Logic Control

When the output logic has been overridden andathe“gontact is held in an open or closed state, it's
necessary to manually return the output to logi€ contrel. Outputs are returned to logic control through
Screen 2.4.1 of the HMI. An L is entered ip*the field of the contact that is to be returned to logic control.
Outputs are returned to logic control thro@gh a communication port by using the CS/CO-OUTn=L (control
select/control operate-output contact n:0/Ihecommand.

CS/CO-OUT Command

Purpose: Controls or reads output selection/operation.

Syntax: CS/CO-0OUT[n][Z<mode>]

Comments: n = output numbenl, 2, 3, 4,5, 6, 7,0or A
Mode = 0, 1{P, ERENA, or DIS

The output control commandssfequire 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 C@;OWils€ontrol command can be entered. The control selected and operation selected
syntax must mat¢ch exactly or the command will be blocked. If the operate command isn’t entered within
30 seconds ofytheiselect command, the operate command will be blocked. An error message is returned
when a cgntrol cemmand is blocked.

Output€ontrol commands are acted on immediately except when the ENA and DIS modes are used. ENA
and DIS outputéeontrol command changes aren’t executed until saved with the EXIT command. Output
control statusds saved in non-volatile memory and is maintained when the relay operating power is lost.
All relay responses in the following examples and throughout the manual are printed in Courier New
typeface.

Example 1. Enable the output control feature.
>CS-OUT=ENA
OUT=ENA SELECTED
>CO-OUT=ENA
OUT=ENA EXECTUED Note: Itis not effective until EXIT with SAVE (Y).
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Example 2. Test all outputs by pulsing momentarily.

>CS-OUT=P

OUT=P SELECTED

>CO-OUT=P O

OUT=P EXECUTED O
Example 3. Disable the trip output (OUT1) by holding it at logic O.

>CS-0UT1=0

OUT1=0 SELECTED
>C0O-0UT1=0
OUT1=0 EXECUTED

L 4
Example 4. Return OUTL1 to logic control. %
>CS-OUT1=L
OUT1=L SELECTED 0
>CO-0OUT1=L
OUT1=L EXECUTED

Retrieving Output Logic Override Status
The status of the output contact logic override control can be vie t creen 1.5.3. HMI Screen
pu

2.4.1 is used for output control but can also display the current status. t logic status can also be
viewed using the RG-STAT (report general-status) command. indicates that the state of the output is
controlled by logic. A 0 or 1 indicates that the logic has been gy, nd the contact is held open (0)
or closed (1) state. A P indicates that the contact is bei ulsed and will return to logic control
automatically. See Section 6, Reporting and Alarm Functions, neral Status Reporting, for more
information.

L 4

>
N
NI

Q
o
&

L 4
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SECTION 4 ¢« PROTECTION AND CONTROL
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SECTION 4 ¢« PROTECTION AND CONTROL

INTRODUCTION

BE1-851E relays provide many functions that can be used to protect and control power system
equipment in and around a protected zone.

BE1-851E protection functions include:

e Instantaneous Overcurrent with Settable Time Delay (50TP, 50TN, 50TQy 150TP, 150TN,
150TQ)

e Time Overcurrent (51P, 51N, 51Q)

e Breaker Failure (BF)

e General Purpose Logic Timers (62, 162)

BE1-851E control functions include:

e Reclosing (79)
e Virtual Selector Switches (43, 143, 243, 343)
e Virtual Breaker Control Switches (101)

Four setting groups allow coordination to be adapted for changes iff operating conditions. Setting groups
can be selected using automatic or programmable logic criteria.

Using Protection and Control Functions
Three steps must be taken before using a protection ofz€entrolfunction block:

e The function block must be enabled in the agtive logic scheme by the SL-<function> command.

e Function inputs and outputs must be conneetedproperly in a logic scheme.

e Function characteristics or settings must bé pregrammed and based on the specific application
requirements.

If a preprogrammed logic scheme is used in‘atypical application, the first two steps may be skipped. Most
preprogrammed schemes are general in“hature. Unneeded capabilities can be disabled by a setting of
zero. For example, if the second negative-sequence instantaneous overcurrent function is enabled but
not needed, disable it by setting the 15QTQ pickup setting at zero (S#-150TQ=0).

More information about the indiyidualsftinction blocks of item 1 is provided in this section. Information
pertaining to items 2 and 3vis available in Section 7, BESTlogic Programmable Logic, and Section 8,
Application.

SETTING GROUPS

BE1-851E relays proyide anormal setting group, SGO, and up to three auxiliary setting groups, SG1,
SG2, and SG3. 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 timey,based upon source conditions or to improve protection by eliminating compromises in
coordination settingS"with adaptive setting groups is endless. Figure 4-1 outlines the setting group control
function blocke

The group,of settings that are active at any point in time is controlled by the setting group control function
block. Thisfanétion block allows for manual (logic) or automatic control. When manual control is enabled
by the AUTOMATIC logic input not being asserted, the function block 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
AUTOMATIC logic input being asserted, the relay monitors loading or unbalance conditions and changes
the active setting group according to the “switch to” and “return” criteria set. The change criteria for
manual and automatic control are described in more detail later in this section.
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Mode
0 - Disable OSGO

1 - Discrete Inpu
. SETTING
2 - Binary Input/v GROUP - SG1

LOGIC
DO
® > sLGroup —(O°C2

® D1 >
e D2 - OSGB
D3

AUTOMATIC P0029-13
® > 05-11-05

Figure 4-1. Setting Group Control Logic Block

The function block 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 progiammable logic to
modify the logic based upon which setting group is active. For example, it may beldesired for the 51P to
trip the low side breaker through OUT2 under normal conditions but to trip theg"86i[ lockout relay through
OUT1 only when in setting group 3. The logic for OUT1 would include the térm 51PT*SG3 so that 51PT
only actuates OUT1 when SG3 is asserted.

The setting group control function block also has an alarm output vasiable)SGC (Setting Group Changed).
This output is asserted whenever the relay switches from one setting“groupsto another. The SGC alarm
bit is asserted for the SGCON time setting. This output can be used inithe¥programmable alarms function
if it is desired to monitor when the relay changes to a new setting“greup. See Section 6, Reporting and
Alarm Functions, Alarms Function, for more information on usiagralatm outputs.

The SGCON time setting also serves to provide anti-pumpfprotection 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.

The SGC ACTIVE alarm output is typically used temprovide an external acknowledgment that a setting
group change occurred. If SCADA is used to change the active group, then this signal could be monitored
to verify that the operation occurred. The SGC AGIIVE alarm output ON time is user programmable and
should be set greater than the SCADA scan rate. This, can be set through the ASCIl command interface
by using the SG-SGCON (settings general — SGC Alarm on time) command.

When the relay switches to a new setting (groupwall functions are reset and initialized with the new
operating parameters. This settings change,occurs instantaneously so at no time is the relay off line. The
active setting group is saved in non-volatile 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@@roup, changes are blocked when the relay is in a picked-up state.
Since the relay is completely pregrammable, the fault condition is defined by the pickup logic expression
in the fault reporting functions. See,Section 6, Reporting and Alarm Functions, 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 séttihg, group is made active and the relay stays in that group regardless of the
state of the automatig,or mafual logic control conditions.

BESTIlogic Settings fer Setting Group Control

BESTIlogic settingsdare miade from the BESTlogic Function Element screen in BESTCOMS. Figure 4-2
illustrates the BESTEOMS screen used to select BESTIlogic settings for the Setting Group Control
function. 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 th&’screen. Alternately, settings may be made through the ASCII command interface using
the SL-GROUP (settings logic-group control) command.

At the tep“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 must be
selected on this menu to allow changes to the mode and inputs of the function/element.

Enable"the setting group control function by selecting its mode of operation from the Mode pull-down
menuw. To connect the setting group control functions inputs, select the button for the corresponding input
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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 he
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 Kogic:
Select Done once the settings have been completely edited.

BESTlogic Function Element

Setting Group Selection

Logic |USER - Q
o

Mode
|Discrete Inputs j

IN2Zo——— Do —o SG0
INZ+— D1 —o5G1
50TQT —— D2 —aS5G2
150TQT #—— D3 SG3
#0e———— AUTOMATIC |

Figure 4-2. BESTlogic Fungétion, Element Screen, Setting Group Selection

Table 4-1 summarizes the BESTlogic Settings, for Setting Group Control. These settings will determine
how the function selects the active setting greup when manual logic selection is enabled.

Table 4-#7BESWlogic Settings for Setting Group Control

Function Range/Purpose Default
o | e e e ey P (1A MOt S | 3 piscree )

DO Logic expressiopgMeaning 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 kogic¢ expression. Meaning is dependent upon the Mode setting. 0
Automatic LogiGExpression. When TRUE enables automatic control and when 0

FALSE enables logic control.

Manual (logic) control reads the status of the logic inputs to the setting group control function block to
determineg, what setting group should be active. For the logic inputs to determine which setting group
should be active, the AUTOMATIC input must be logic 0. The function block 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 Discrete Inputs, there is a direct
correspondence between each discrete logic input and the setting group that will be selected. That is,
when input DO is asserted, SGO will be selected, and when input D1 is asserted SG1 will be selected, 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
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setting group will be the active one. 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 block is
enabled for Discrete Inputs. Note that a pulse on the D3 input while DO was also active does not cause &
setting group change to SG3 because the AUTO input is active.

D3

D2647-20
D2 08-21-98
D1
DO [ ————————

AUTO

SG3 |

SG2 \ \

SG1 ‘ ‘

SGO
SGC

Figure 4-3. Input Control Discretédnputs

When the setting group control function block is enabled for, Binaryslhputs, the inputs on DO and D1 are
read as binary encoded as shown in Table 4-2. Inputs D2 _andyD3 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 twegtimes/{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 the
discrete inputs DO-D1. This requires separate logic equations for only DO and D1 if all setting groups are
to be used. Figure 44 ,shaws how the active setting group follows the binary sum of the DO and D1 inputs
except when blockéd byithe ”AUTO input. Note that a pulse on the D1 input while DO was also active does
not cause a setting group change to SG3 because the AUTO input is active.

Figure 4-4 showstan example of how the inputs are read when the setting group control function block is
enabled for Binary Inpdts. Note that a pulse on the D1 input while DO was also active does not cause a
setting group change to SG3 because the Auto input is active.
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D2647-21
D2 08-21-98
o1 = | ) O
; * O
AUTO |
SG3 \ \
| | ¢
SG2
sG1 | |
SGO
SGC
Figure 4-4. Input Control Binary Inputs
Example 1. Make the following settings changes to the setting gr ontrol function. Set the setting
group control such that automatic selection is owverrid and emergency overload
settings (SG3) are in place when transformer 2 is rvice. Contact Sensing Input 2
is TRUE when either the high side or low side br r Transformer 2 are open. Refer
to Figure 4-2 for an example.
Mode: Binary Inputs Connect to IN2
D1: Connect to IN2 Connectto O
D3: Connectto 0 Connected to /IN2

Operating Settings for Setting Group Control

Operating settings can be made using BESTCO
select operational settings for the Setting u
screen, select Setting Group Selection f
made from the ASCII command interfa

igure 4-5 illustrates the BESTCOMS screen used to
| function. To open the Setting Group Selection
e Sereens pull-down menu. Alternately, settings can be
g the SG-SGCON (settings general-SGC Alarm on time)

command.
BE1-851E Settings ( Basler.bst)
] s Help
gic |USER ¥ | Settings Global
¥ o 1
| H0 ZH ] o L6 e o
Setting Group 2 Setting Group 3
exhe Switch Time Switch Threshold Switch Time Switch Threshold Switch Time
FU kir. G 05IPPU X GpOsIPPU Mit.
E | 0 E 75 E | a0 E | 5 E
3] Threshold Feturn Time Return Thrashold Return Time Fieturn Threshald Fieturn Time
G 051F FU Min. ¥ Grp 051P PU ¥ Gip0s1PPU Min.
0 @ | 0 @ 70 El | 75 E | 5 E
F onitor Setting Fonitor Setting Monitor Setting
P ol - ol - 51F -
Setting Group Selection Function Block Setting Group Change [SGC) Alarm Timer [Sec)
Dizcrete Inputs
BESTlagic ‘ 2 El
Enter the time delay for automatic returh. Setting Group Selection 3/27S2006 | 4:09 PM

Figure 4-5. Setting Group Selection Screen
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At the top center of the screen is a pull-down menu labeled Logic. This menu allows viewing of the

BESTIlogic settings for each preprogrammed logic scheme.

Using the pull-down menus and buttons, make the application-appropriate settings to the Setting Group

Control function. Table 4-3 summarizes the operating settings for Setting Group Control.

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

Setting Range Increment Unit of Measure Default

Switch Threshold 0-150 1 % of SGO 51* Pickup 0
Switch Time 0 = Disabled, 1 — 60 1 Minutes 0
Return Threshold 0-150 1 % of SGO 51* Pickup 0
Return Time 0 = Disabled, 1 — 60 1 Minutes 0
Monitored Element See Note N/A N/A 51P
Setting Group Change A )

(SGC) Alarm Timer 0 = Disabled, 1 - 10 1 Seconds 5

NOTE

Monitored element is any 51 element: 51P, 51N, 51Q, 794, 792{793, or 794.

The SGC alarm output (SGC ACTIVE) is typically used to providéwapn external acknowledgement that a
setting group change occurred. If SCADA was used to change,the agtive group, then this signal could be
monitored to verify that the operation occurred. The SGC{AETIVE alarm output ON time is user
programmable using the Setting Group Change (SGC) Alarm Timer (sec.) setting on the BESTCOMS
screen (refer to Figure 4-5). The setting should be set greater than the SCADA scan rate.

Example 1. Set the SGC alarm timer to 5 secands.|Referto Figure 4-5.

Setting Group Change (SGC) Alarm.timer (sec.): 5

Automatic control of the active setting group allows the relay to automatically change configuration for
optimum protection based on the current system jconditions. For example, in locations where seasonal
variations can cause large variations infloading; 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 returnithreshold and time delay, and a monitored element. The switch to and
return thresholds are a percentage ofsithe SGO pickup setting for the monitored element. The monitored
element can be any of the 51 pratective functions. Thus, if you wish to switch settings based upon
loading, you could set it togmoniter'51P. If you with 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 fortheyswitch to time delay for the criteria to be met. All phases must be below the
return threshold farthe return time delay for the return criteria to be met.

Figure 4-6 shows am example of using the automatic setting group selection settings to change setting
groups based upon,loading. Figure 4-5 illustrates the operating settings used in the diagram shown in
Figure 4-6. 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 two beginsgtiming (30 minutes). When current reaches 90 percent of pickup, setting group three
begins timing (5 minutes). After 5 minutes, at time = 37, with the current still above setting group three
thresheld, setting group three becomes active and the setting group change output pulses. At time = 55,
setting group’ two timer times out but no setting group change occurs because a higher setting group
takés precedence. The faint dashed line for SG2, between time = 55 and 75 shows that setting group two
weuldybe active except for setting group three. Current decreases to 75 percent at time = 70 and setting
greup“three return timer begins timing. Current varies but stays below 75 percent for 5 minutes and at
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time = 75, setting group two becomes active and the setting change output pulses. After 20 minutes,
setting group zero becomes active and the setting change output pulses.

Load Current
as % of S0-51 <pickup>

A
150

140

| SP-GROUP2=30,75,20,70,51P

130

120 SP-GROUP3=5,90,5,75,51P

110
100 —

90

80 —

70

60 —

50 —

o N

40

30 —

20

10

| TIME
(28 T T 7 (vNuUTES)
0

4

o
[SENE
o~
o o+
© o<

SG3

SG2

SG1

SGO

D2837-23.vsd
sSGC 1 I [ 010789

Figure 4-6. Automatie,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 aagroup is set to 0%, the function will switch to that group when
there is no current flow for the time delayyperied indicating that the breaker is open or the circuit source is
out of service. The threshold for this is #0%nominal rating of the relay current input.

Figure 4-8 shows how the active getting‘group follows the load current and time delay settings. Figure 4-7
illustrates the operating settings used in the diagram shown in Figure 4-8. Note that the AUTO input must
be at a TRUE (1) logic state fornthe"automatic logic to operate. When the breaker opens, the load current
falls to zero, time = 15 minutes. After 10 minutes, setting group one becomes active and the setting group
change output pulses TRUE."When the breaker is closed, time = 40 minutes, load current increases to
approximately 90 percent ofypickup. As the load current decreases to 50 percent of pickup, the setting
group one return timef begifis timing. After ten minutes, setting group one output goes FALSE, the setting
group returns to settingagroup zero, and the setting group change output pulses TRUE.

When the switch{toCriteria is met for more than one setting group at a time, the function will use the
numerically higheriof the enabled setting groups. If the switch to time delay setting is set to 0 for a setting
group, automaticteontrol for that group is disabled. If the return time delay setting is set to 0 for a setting
group, Aautomatic return for that group is disabled and the relay will remain in that setting group until
returned‘manually by logic override control.
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Logic Override of the Setting Group Control Function

Control of the active setting group from the setting group control function can be overridden. This can be
accomplished from the HMI Screen 2.3.1, \CONTROL\SETTING GROUP CONTROL\SET GROUR
LOGIC OVERRIDE or from the ASCII command interface using the select before operate C$/CO-
GROUP (control select-setting group/control operate-setting group) command. This cannot be dope USing
BESTCOMS. A setting group change using logic override control is also blocked for two times the SGC
on setting after a setting group change and when the fault reporting pickup expression is TRUE.#The
setting group change takes place immediately without having to execute an EXIT — SAVE setting
command.

A group override alarm bit is set in the programmable alarm function when the logic has been overridden.
This output can be used in the programmable alarms function if it is desired to monitor when the function
has been overridden. See Section 6, Reporting and Alarm Functions, Aldfms “Function, for more
information on using alarm outputs.

CS/CO-GROUP Command

Purpose: Read/change active setting group.
Syntax: CS/CO-GROUP[=<n>/L]
Comments: <n> = new setting group number 0-3

L = returns group control to the setting group contrehfunction.

The group control commands require the use of Select before, Operate logic. First the command must be
selected using the CS-GROUP command. After the commandjis Selected there is a 30 second window
during which the CO-GROUP control command can beyentered. The control selected and operation
selected must exactly match or the command is blockeéd. Ifithe command is not entered within the 30-
second window, the command is blocked. If the contr@l command is blocked, an error message is output.

Example 1. Read the current status of setting group,override that is overridden and held in SGO.
>CO-GROUP
0

Example 2. Override logic control and change the active setting group to SG3.
>CS-GROUP=3
GROUP=3 SELECTED
>CO-GROUP=3
GROUP=3 EXECUTED

Example 3. Return contral*af, thé"active setting group to the setting group control function.
>CS-GROWR=L
GROUP=LGSELECTED
>CO-GROUP=L
GROUB=L EXECUTED

Example 4. Group gverride error due to time out of select.
>CS-GROUP=3
GROUP=3 SELECTED
>CO-GROUP=3

ERROR:NO SELECT
?

Retrieving Setting Group Control Status from the Relay

The active setting group can be determined from the HMI Screen 1.5.5, \REPORT
STATUS\OPERATIONAL STATUS\ACTIVE GROUP. The setting group can be determined from the
ASCIl command interface using the RG-STAT command. It cannot be determined using BESTCOMS.
See Section 6, Reporting and Alarm Functions, General Status Reporting, for more information.

The status of logic override can be determined from the HMI Screen 2.3.1, \CONTROL\SETTING
GROUP CONTROL\SET GROUP LOGIC OVERRIDE. The status of logic override can be determined
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from the ASCIlI command interface using the RG-STAT command. See Section 6, Reporting and Alarm
Functions, General Status Reporting, for more information.

OVERCURRENT PROTECTION

BE1-851E overcurrent protection includes instantaneous elements for Phase, Neutral, and Negative#
Sequence, as well as time overcurrent elements for Phase, Neutral, and Negative-Sequence.

50T - Instantaneous Overcurrent Protection with Settable Time Delay

There are two independent BESTlogic function blocks for phase (50TP, 150TP), two for neutral (50TN,
150TN), and two for negative-sequence (50TQ, 150TQ) instantaneous overcurrent protectiomr Sensing
input type G relays have four neutral elements and two phase elements. Sensing input type H_uhits have
two neutral, two phase, and two negative-sequence elements. The BESTlogic mode setting, cap,€onnect
each function block to any of the CT inputs. The instantaneous overcurrent functions aresabeled 50T and
150T because each function has an adjustable time delay. If a function block has a time delay setting of
zero, then that function block will operate as an instantaneous overcurrent relay.

Each of the six independent function blocks has two logic outputs, pickup, and trip. A Tyat the end of its
label indicates the trip output and a PU indicates pickup. The first letter of the labeliindicates the element
type where P is a phase element, N is a neutral element, and Q is a negative-sequence element. The 50T
element illustrated in Figure 4-9 is a phase element.

P0012-01.CDR
02/18/02

]

Mode
0-Disable PHASE
1-Enable 10C
(5OTP) _O5OTPT

o BLOCK { ~50mPPU

Figure 4-9. Instantaneous Overcurrent Logic Block

Each function block has a Block input that can bedused to disable the function. A BESTlogic expression is
used to define the Block input. When this expression is TRUE, forcing the outputs to logic zero and
resetting the timers to zero disable the function“blockagLhis feature functions in a similar way to the torque
control contact of an electro-mechanical relay.

A logic mode input allows each instantaneous overeurrent function block to be enabled or disabled. More
information about logic mode selection is previded/in the following paragraph titled BESTlogic Settings for
Instantaneous Overcurrent paragraph.

Each instantaneous overcurrent functiép, hassa pickup and time delay setting. When the measured current
increases above the pickup threshald, thedpickup output (x50TPPU) becomes TRUE and the timer starts.
If the current stays above pickup forthe duration of the time delay setting, the trip output (xX50TPT)
becomes TRUE. If the current decreases below the dropout ratio, which is 95 percent of pickup, the timer
is reset to zero (V4 to ¥ cyclesfater):

The phase overcurrent protective functions include three independent comparators and timers, one for
each phase. If the curreft increases above the pickup setting for any one phase, the pickup output
asserts. If the trip cofiditionds TRUE for any one phase, the trip logic output asserts.

If the target is emabled far, the function block, 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 s  TRUE. See Section 6, Reporting and Alarm Functions, Fault Reporting, for more
information about target reporting.

BESTIoqic Settings for Instantaneous Overcurrent

BESTlogic settings are made from the BESTlogic Function Element screen in BESTCOMS. Figure 4-10
illustrates the BESTCOMS screen used to select BESTIlogic settings for the Instantaneous Overcurrent
element. @ open the BESTIlogic Function Element screen for Instantaneous Overcurrent with Settable
Timé"Belay, select Overcurrent from the Screens pull-down menu and select either the 50T or 150T tab.
Thenyselect the BESTIogic button for the element you wish to edit. Alternately, logic settings for the 50T
and 50T functions can be made using the SL-x50T ASCIlI command.
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BESTlogic Function Element

Instantaneous Overcurrent With Settable Time Delay

Phase (b0TP)
Logic |USER -

Mode

|Enable j \%
INl=—— BLOCK —o h0TPT
—= 50TPPU

> =

reen, Phase (50TP)

Figure 4-10. BESTlogic Function

At the top center of the BESTlogic Function Eleme
menu allows viewing of the BESTlogic settings for
logic must be selected on this menu in ord
function/element.

Enable the instantaneous overcurrent fur b ecting its mode of operation from the Mode pull-
down menu. When enabled, this eleme ahnected to the CT input circuits.

To connect the elements inputs, selec putton for the corresponding input in the BESTlogic Function
Element screen. The BESTIogic Expressi uilder screen will open. Select the expression type to be
used. Then, select the BESTlogic v eries of variables to be connected to the input. Select Save
when finished to return to the BE unction Element screen. For more details on the BESTlogic
Expression Builder, See Section(7, logic Programmable Logic. Select Done when the BESTlogic
settings have been completély edited.

Table 4-4 summarizes the B Nc settings for Instantaneous Overcurrent.

is a pull-down menu labeled Logic. This
h preprogrammed logic scheme. User or custom
w changes to the mode and inputs of the

&. BESTIogic Settings for Instantaneous Overcurrent

Function Range/Purpose Default
= Disabled, 1 = Enabled 1
ogic expression that disables function when TRUE. 0
Exampl ake the following settings to the 50TP element. Refer to Figure 4-10.
Mode: Enable
Block: IN1

L 4

rating Settings for Instantaneous Overcurrent

ting settings are made using BESTCOMS. Figure 4-11 illustrates the BESTCOMS screen used to

ct operational settings for the instantaneous overcurrent element. To open the Overcurrent screen,
select Overcurrent from the Screens pull-down menu. Alternately, settings may be made using the S<g>-
x50T ASCIl command. Settings can also be made from the front panel HMI using Screens 5.x.1.1 through
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5.x.1.6 where x equals 1 for Setting Group 0, 2 for Setting Group 1, 3 for Setting Group 2, and 4 for
Setting Group 3.

BE1-851E Settings ( Basler.bst )

File Sceens Copy Communicaton Reports Help

D= S Logic |USER v| Settings |Group O -

E— 1.2 1
5 25 e 0 71T+ 16  o|

51 507 | 1507]

Instantaneous Overcurrent With Settable Time Delay

Phase [50TP) Meutral [50TH] Meg. Seq. [50TQ) (‘
Pickup |Sec. Amps = | 2h.0 El | 0.00 E 0.00 El‘ |
Time |Second: = | 10 El | 0.000 El D_DDD| \
Enabled Dizabled Disﬁd
. . | >
BESTlogic ‘ BESTlogic | BESTiogity
A\ N\t
4
| % A

Enter the time delay for the 50T Phase element. MAH& ETS2008 | 441 P

Figure 4-11. Overcurrent Scréen, 50T Tab

At the top center of the screen is a pull-down menu labéled Logic. This menu allows viewing of the
BESTlogic settings for each preprogrammed logicéscheme."WSer or custom logic must be selected on this
menu in order to allow changes to be made tojthefmode and inputs of the element. See Section 7,
BESTlogic Programmable Logic, Logic Schem@s,

To the right of the Logic pull-down menu is agpullfdown menu labeled Settings. The Settings menu is
used to select the setting group that the entefedsettings will apply to.

Operating settings for the 50T and 150Tgunctiops consist of Pickup and time delay (Time) values. The
Pickup value determines the level of curtent required for the function block to start timing toward a trip.
Time delays (Time) can be set in milliseconds{ seconds, or cycles. The default is milliseconds if no unit of
measure is specified. Minimum timing reselution is to the nearest quarter-cycle. A time delay setting of
zero makes the element instantaneous,with no intentional time delay.

The default unit of measure forthe Rickup 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 measureyfor the Time setting that represents the element’s time delay defaults to
milliseconds. It is also selgctable for seconds, minutes, and cycles.

If time delay settings age made’in cycles, they are converted to seconds or milliseconds (per the nominal
frequency settingtored in,EEPROM) before being stored and rounded to the nearest whole millisecond.
See Section 3, Anputdand Output Functions, Current Measurement Functions, for more information about
this setting. If theimbminal frequency setting is being changed from the default (60 hertz) and time delay
settings are being setdn cycles, the frequency setting should be entered and saved before making any
time delay settings changes.

For setting up the negative-sequence overcurrent protection, see Negative-Sequence Overcurrent
Protectiofylater in this section.

Using theypull-down menus and buttons, make the application appropriate settings to the instantaneous
overeurrent element. Table 4-5 summarizes the element’s operating settings.
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Table 4-5. Operating Settings for Instantaneous Overcurrent

Range
Setting 9 Increment Unit of Measure | Default
1A 5A

0=Disabled | 0= Disabled 0.01for 0.110 9.99

Pickup 0.1 for 10.0t0 99.9 Secondary Amps 0
0.1to 30 0.5to 150 1.0 for 100 to 150
0 to 999 milliseconds 1 Milliseconds
0.1for0.1t09.9
) 0.1 to 60 seconds Seconds
Time 1.0 for 10 to 60 0

0 to 3600 cycles (60 Hz)
0 to 2500 cycles (50 Hz)

* Cyeles

* Time delays less than 10 cycles can be entered to the nearest 0.1 cycles{romithe HMI. All time delays
can be entered to the nearest 0.01 cycles from the ASCII command interfaces Time delays entered in
cycles are converted to milliseconds or seconds. Increment precision aftég.conversion is limited to that
appropriate for each of those units of measure.

Example 1. Make the following operating settings to the 50TR element. Refer to Figure 4-11.

Logic: User

Settings: Setting Group 0
Pickup: 25 secondary amps
Time: 10 seconds

Retrieving Instantaneous Overcurrent Status from.the Relay

The status of each logic variable can be determined threugh the ASCII command interface using the RG-
STAT (report general-status) command. At cannotybe determined using BESTCOMS. See Section 6,
Reporting and Alarm Functions, GeneraldStatus Reporting, for more information.

51 - Time Overcurrent Protection

Sensing input type H relays have oné fungtion block for phase (51P), one for neutral (51N), and one for
negative-sequence (51Q) inverse time overcurrent protection. Sensing input type G relays have one
function block for phase (51P) and two,féF neutral (51N, 151N).

Each of the four independent functionblocks has two logic outputs, pickup, and trip. A T at the end of its
label indicates the trip outputfanéya PU indicates pickup. The first letter of the label indicates the element
type where P is a phase element, N is a neutral element, and Q is a negative-sequence element. The 51
element illustrated in Figure 4-12is a phase element.

D2849-15
Nb d e 06-17-99
O-Disable PHASE
1-Enable TOC
(51P) _51PT

Figure 4-12. Time Overcurrent Logic Block

A'Block logic input is provided to each function block that can be used to disable the function. When this
expression is true, forcing the outputs to logic zero and resetting the timers to zero disable the function.
Fer example, this could be used similar to a torque control contact on an electro-mechanical relay.

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 electro-mechanical induction disk reset
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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% of pickup, the function will either reset instantaneously or begin timing to reset
depending on the user’s setting.

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

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

BESTIoqgic Settings for Time Overcurrent

BESTIlogic settings are made from the BESTlogic Function Element screen ingBESTEOMS. Figure 4-13
illustrates the BESTCOMS screen used to select BESTlogic settings for theTime“®vercurrent element.
To open the BESTlogic Function Element screen for Time Overcurrentgseleet Overcurrent from the
Screens pull-down menu and select the 51 tab. Then select the BESTIogic button for the element you
wish to edit. Alternately, settings may be made using the SL-x51 ASCIi.command.

BESTlogic Function Element

Time Overcurrep
Phase (b1P)

Logic |USER Eh

INT——F 0 —=51PT

—=51PPU

O

Figure 4-13. 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. User or custom
logic must be selécted on this menu in order to allow changes to the mode and inputs of the element.

Enable,theytime overcurrent function by selecting its mode of operation from the Mode pull-down menu.
When enabled, this element is connected to the CT input circuits.

To ‘eonnect the blocking control, select the Block button on the BESTlogic Function Element screen. The
BESTlogic Expression Builder screen will open. Select the expression type to be used. Then, select the
BESTlogic variable or series of variables to be connected to the input. Select Save when finished to
return to the BESTIlogic Function Element screen. For more details on the BESTlogic Expression Builder,
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See Section 7, BESTlogic Programmable Logic. Select Done when the settings have been completel
edited.

Table 4-6 summarizes the BESTlogic settings for Time Overcurrent. O
Table 4-6. BESTlogic Settings for Time Overcurrent ‘ ’
Function Range/Purpose Defau
Mode 0 = Disabled, 1 = Enabled 1
Block Logic expression that disables function when TRUE. o®
Example 1. Make the following BESTlogic settings to the 51P element. Refer ig -13.

Mode: Enable
Block: IN1
Operating Settings for Time Overcurrent 0

Operating settings are made using BESTCOMS. Figure 4-14 illustrates t ESTCOMS screen used to
select operational settings for the time overcurrent element. To oEe e Overcurrent screen for Time
r
()

Overcurrent, select Overcurrent from the Screens pull-down select the 51 tab. Alternately,
operating settings can be made using the S<g>-x51 (setti ber-51/151) ASCIl command or
from the front panel HMI using Screens 5.x.2.1 through 5.x.2: equals 1 for Setting Group 0, 2 for
Setting Group 1, 3 for Setting Group 2, and 4 for Setting 3.

BE1-851E Settings ( Basler.bst )

E—P = Settings |Group 0 -
w =|[E 12 o

=) Hi= O ¥ 75| ™ o
51 | sar| 1507]

Time Overcurrent

Meutral [51H]) Meg. 5eq. [510Q)

[ o E [ oo E
| 0.0 E | 0.0 El
Ve =l

\ Ive S1R - V2o -

Programmal Curve [P] Enabled Digabled Dizabled

ificients BESTlogic ‘ BESTlogic | BESTlogic |

Ovwercurrent 3272008 | 442 PM
Figure 4-14. Overcurrent Screen, 51 Tab

At the top center of the screen is a pull-down menu labeled Logic. This menu allows viewing of the
STlogic settings for each preprogrammed logic scheme. User or custom logic must be selected on this
in order to allow changes to be made to the mode and inputs of the element. See Section 7,

logic Programmable Logic, Logic Schemes.

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 element’s settings apply to.
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The pickup value determines the level of current required for the element to start timing toward a trip.
Time Dial is used to select the time delay between pickup and trip based on the selected Curve. See
Appendix A, Time Overcurrent Characteristic Curves.

The unit of measure for the Pickup setting defaults to secondary amps though it is selectable for primary
amps (Pri Amps), per unit amps (Per U Amps), and percent amps (% Amps).

Using the pull-down menus and buttons, make the application appropriate settings to the time overcurrent
element. Table 4-7 summarizes the operating settings for Time Overcurrent.

NOTE

Changing settings while the relay is in service will return an error message (PU
CONDITON) if the new setting is within approximately 90 percent of the metered
current level. This is intended to prevent the user from inadvertently causing a
trip when changing a setting.

Table 4-7. Operating Settings for Time Overcurrent

. Range .
Setting Increment Unit of Measure | Default
1A 5A
. 0 = Disabled 0 = Disabled 0.01for 0.1 to 9299
Pickup 0.1t03.2 0.51t0 16 0.1 for 10.0 to 18,0%, [ Socondary Amps |0
Time Dial 0.0t09.9 0.1 N/A 0
Curve See Appendix A, Table A-1 N/A N/A V2

Example 1. Make the following operating settings to theas1P%lement. Refer to Figure 4-14.

Logic: User

Settings: Setting Group 0
Pickup: 10 secondary amps
Time Dial: 24

Curve: S1R

Setting Programmable Time Current Chafacteristic Curve Coefficients

Equation 4-1 and Equation 4-2 defineytime,current characteristics for trip and reset respectively. These
equations comply with IEEE standafd C3i.112-1996. The curve specific coefficients are defined for the
standard curves as listed in Appendix¥A, Time Overcurrent Characteristic Curves. Standard curves can be
selected for each 51 or 151 proteetion element by selecting them from the desired elements Curve pull-
down menu. 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 4-8.

Equation 4-14Timg@OC Characteristics for Trip Equation 4-2. Time OC Characteristics for Reset

AP Bp.k T, =D

MmN —c M? -1

T:
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Table 4-8. Definitions for Equations 4-1 and 4-2

Parameter Description Explanation
Tr 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.
Coefficient specific . . .
A to selected curve Affects the effective range of the time dial.
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.
Coefficient specific Affects the mul'glple of PU Where the curve would¥approach infinity if
C allowed to continue below pickup. Has greatestieffect on curve
to selected curve )
shape near pickup.
N Exponent specific | Affects how inverse the characteristics arejHas greatest effect on
to selected curve curve shape at low to medium multiplesyof tap.
K Constant Characteristic minimum delay term.
Tr Time to reset Relevant if 51 function is set feintegrating reset.
R Coefficient specific Affects the speed of resetwhefl integrating reset is selected.
to selected curve

Curve coefficients can be entered using BESTCOMS. Alternately, curve coefficients can be entered using
the SP-CURVE (Settings Protection-programmable curve)eommand. Table 4-9 lists the programmable

curve settings.

Table 4-9. Programmable Time Current,Characteristic Curve Coefficients

Setting Range Increment Default
A Coefficient 0 tof600 0.0001 0.2663
B Coefficient 010,25 0.0001 0.0339
C Coefficient 0.0u0 170 0.0001 1.0000
N Coefficient 0.510 25 0.0001 1.2969
R Coefficient 0 ta'30 0.0001 0.5000

Curve coefficients are entered by, selecting the Curve Coefficients button on the 51 or 151 tab in the
Overcurrent screen (refer togFigure 4-14). The Curve Coefficients screen will appear. See Figure 4-15.
Enter the calculated valuesor each constant and select Done.

£ Constant 0.2663 Range 0 - 600

B Constant 0.0333 Range 0 - 25

C Constant 1.0000 Fange 0.0-1.0

M Constant 1.2469 Range 0.5- 25

R Constant 0.6000 Range 0 - 30
Done

Figure 4-15. Curve Coefficients Screen
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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.

Retrieving Time Overcurrent Status from the Relay

The status of each logic variable cannot be determined in BESTCOMS. It can only be determined from
the ASCII command interface using the RG-STAT (report general-status) command. See Section 6;
Reporting and Alarm Functions, General Status Reporting, for more information.

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 kelays ecause a
balanced load has no ground (3lp) current component. The negative-sequence elements, cansprovide
similar increased sensitivity to phase-to-phase faults because a balanced load has no negativessequence
(1) current component.

Pickup Settings for Negative-Sequence Overcurrent

A typical setting for the negative-sequence elements might be one-half the phasepickup setting in order
to achieve equal sensitivity to phase-to-phase faults as to three-phase faults¢This number comes from
the fact that the magnitude of the current for a phase-to-phase fault is V3/2 (87%) ofthe three-phase fault
at the same location. This is illustrated in Figure 4-16.

D2843-04
02-08-99

Figure 4-16. Phase-to-Phase Fault Magnitude

Phase;to-phase fault current is made up of both positive and negative-sequence components as shown in
Figure 4-17.)For a phase-to-phase fault, the magnitude of the negative-sequence component is 1/\3
(58%) ‘Bfthe magnitude of the total phase current. When these two factors (vV3/2 and 1/v3) are combined,
the V8 factors cancel which leaves the one-half factor.
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Figure 4-17. Sequence Components for an A-B Fault

Coordination Settings for Negative-Sequence Overcurrent

The 51Q settings should be checked for coordination with phase-Gnly sensing devices such as
downstream fuses and reclosers and/or ground relays. To plot thempegative-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. /FQ,plot the negative-sequence time
current characteristics on the same plot for the ground devi€es, you need to multiply the pickup value by
the multiplier for phase-to-ground faults. See Table 4-10.

Table 4-10. Fault TypeaMulltiplier

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 down-stream phase 5iyelement has a pickup of 150 amperes. The up-stream 51Q
element has a pickup of 200 ampergs:, Toycheck the coordination between these two elements for a
phase-to-phase fault, the phase overcurtent element would be plotted normally with pickup at 150
amperes. The 51Q element would” he shifted to the right by the appropriate factor m. Thus, the
characteristic would be plotted on theycoordination graph with pickup at: (200 amperes) * 1.732 = 346
amperes.

Generally, for coordination With ‘dewn-stream phase overcurrent devices, phase-to-phase faults are the
most critical to consider.pAlljother fault types result in an equal or greater shift of the time current
characteristic curve to thé 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 URit faultsCurrent for three-phase faults and 2/v/3 (1.15) per unit fault current for phase-to-
phase faglts. Howeyer, for faults involving ground, the sensitivity is reduced because the zero-sequence
componéentsdare trkapped in the delta and not seen by the delta-side phase relays. The phase relays will
see only A3 (06577) 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° 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
pRitisince 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.
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BREAKER FAILURE PROTECTION

BF - Breaker Failure Protection

BE1-851E relays provide one function block for breaker failure protection. This function includes a timer
and a current detector. Figure 4-18 shows the BF function block. The function block has two outputs
BFPU (breaker failure pickup) and BFT (breaker failure trip).

D2843-06
Mode 02/21/02

1-Enable /1 EAILURE

(BF)
INI  BFT
BFPU
BLK -0

Figure 4-18. Breaker Failure Logic Block

An INI (Initiate) logic input is provided to start the breaker failure timer. When this expression is TRUE and
current is flowing in the phase current input circuits, the breaker failure timeriis,started. Supervision of the
initiate signal can be designed in BESTlogic. Once the breaker failute timmer is Started, the initiate signal
does not have to remain TRUE.

A BLOCK logic input is provided to block operation of the breakemfailure,protection. When this expression
is true, the function is disabled. For example, this may be an inputiwired@o a test switch such that breaker
failure protection is disabled when the primary protective elements areybeing 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, Current Measurement Functions, fop,more details on this function. The fast-
dropout current detector is designed to directly detesmine"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, fénction has less than one cycle dropout time. The
timer can also be stopped by the block logic input,being asserted.

The current detector sensitivity is fixed at 10%nominal. A traditional breaker failure relay includes a fault
detector function that serves two independent purposes: Current detector and fault detector. A current
detector is generally included to determingsthat'the current has been successfully interrupted in all poles
of the breaker to stop breaker failure timing. ihe 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 todnitiate 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 @fault detector supervise certain initiate signals, 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 sreaker failure timing with no current detector supervision. In this case, one of the
general-purposedogicdimers (device 62) can be used as a breaker failure timer.

When the breaker failureftimer 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 initiate logic, expression remains TRUE for the duration of the breaker failure delay time and the
current detector is still picked up, the BFT output is asserted. This output would normally be used to trip
an 86F lockout relay that will trip and prevent closing of adjacent breakers and/or key transfer trip
transmitters.f the target is enabled for the function block, the target reporting function will record a target
when“the protective function trip output is TRUE and the fault recording function trip logic expression is
TRUE. See Section 6, Reporting and Alarm Functions, Fault Reporting, for more details on the target
reporting function.
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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 Alarm Functions, Alarms
Function, for more details on the alarm reporting function.

BESTIoqic Settings for Breaker Failure

BESTlogic settings are made from the BESTIlogic Function Element screen in BESTCOMS. Figure 4-19
illustrates the BESTCOMS screen used to select BESTlogic settings for the breaker failure element) To
open the BESTIogic Function Element screen for Breaker Failure, select Breaker Failure from the
Screens pull-down menu. Then select the BESTlogic button. Alternately, settings may be made using the
SL-BF ASCII command.

BESTlogic Function Element
Breaker Failure @
Logic |USER = \

Mode

|Enable j

¥O1+—— INITIATE BFT
INde———  BLOCK ‘ BFPU

X

Figure 4-19. BESTIggienrunction Element Screen, Breaker Failure

At the top center of the BESTIlogic Function Element screen is a pull-down menu labeled Logic. This
menu allows viewing of the BESTIlogic settings for each preprogrammed logic scheme. User or custom
logic must be selected oa\this“menu in order to allow changes to the mode and inputs of the
function/element.

Enable the setting grelip control 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 serechmThe 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,tofreturn to the BESTlogic Function Element screen. These settings will enable the
function plock byRattaching it to one of the CT input circuits and provide initiate and blocking control as
determined by the logic expressions assigned to those inputs. For details on the BESTlogic Expression
Builder, 'Seé Se¢tion 7, BESTlogic Programmable Logic. Select Done when the settings have been
completely edited.

Table 4-11 summarizes the BESTIogic settings for Breaker Failure.

Table 4-11. BESTlogic Settings for Breaker Failure

Setting Range/Purpose Default
Mode 0 = Disabled, 1 = Enabled 0
Initiate Logic expression that enables function when TRUE. 0
Block Logic expression that disables function when TRUE. 0
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Example 1. Make the following BESTlogic settings to the Breaker Failure element. See Figure 4-19.

Mode: Enable
Initiate: VOl
Block: IN4

O

Operating Settings for Breaker Failure 0

Operating settings are made using BESTCOMS. Figure 4-20 illustrates the BESTCOMS screen used to
select operational settings for the Breaker Failure element. To open the Breaker Failure screen, selegt
Breaker Failure from the Screens pull-down menu. Alternately, settings may be made using_the SP-BF
ASCIl command or from the HMI interface using Screen 5.5.1.1.

BE1-851E Settings ( Basler.bst )

File Screens Copy Communication Reports Help

=) Logic [USER ~| Settings | Global 0
B B oM nE e E o Q

Breaker Failure

Enabled

BES Tlogic:

Timer Setting

= &

1002 = (o

% Breaker Failure 3272006 | 444 PM
Figuref4-20. aker Failure Screen

L 4

At the top center of the screen is MOwn menu labeled Logic. This menu allows viewing of the
BESTIlogic settings for each preprog ed logic scheme. User or custom logic must be selected on this
menu in order to allow change ade to the mode and inputs of the element. See Section 7,
Schemes.

enu is a text box labeled Settings. The word “Global” appears in the
text box, indicating the @" is not assigned to any setting group. The operating settings for the
Breaker Failure ele tC 4@ of a single time delay (Time). The time delay can be set in milliseconds,
seconds, or cycles. Theadefault is milliseconds if no unit of measure is specified. The minimum timing
resolution is to negarest'quarter-cycle. A time delay setting of zero makes the element instantaneous
with no intentio e delay.

If the time delay set are made in cycles, they are converted to seconds or milliseconds before being
stored. This conversion is based on the nominal frequency setting stored in EEPROM. See Section 3,
Input and Output Functions, Current Measurement Functions, for more information on this setting. If the
user is nging the nominal frequency setting from the default (60 Hz) and setting the time delays in

cycles equency setting should be entered and saved to EEPROM first by entering E;Y.
Using. t -down menus and buttons, make the application appropriate settings to the Breaker Failure
ele

-12 summarizes the operating settings for Breaker Failure.
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Table 4-12. Operating Settings for Breaker Failure

Setting Range Increment Unit of Measure | Default
0 = Disabled N/A N/A
50 to 999 ms 1ms Milliseconds
Time 0
0.05 to 0.999 sec. 0.001 sec. Seconds
0 to 59.96 (60 Hz) or 0 to 49.97 (50 Hz) * Cycles

* Time delays less than 10 cycles can be entered to the nearest 0.1 cycles from the HMI. All time delays
can be entered to the nearest 0.01 cycles from the ASCII command interface, Time delays entered in
cycles are converted to milliseconds or seconds. Increment precision after convegsion,is’limited to that
appropriate for each of those units of measure.

Example 1. Make the following operating settings to the Breaker Failure element. See Figure 4-20.
Logic: User
Timer Setting, Time: 10.02 cycles

Retrieving Breaker Failure Status from the Relay

The status of each logic variable can be determined from thepyASCllfcommand interface using the RG-
STAT (report general-status) command. Logic status cannot, beydetermined using BESTCOMS. See
Section 6, Reporting and Alarm Functions, General Status Repotting, for more information.

LOGIC TIMERS

62 - General Purpose Logic Timers

BE1-851E relays provide two general-purpese, logic timers that 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 whemythe timing criteria has been met according to the BESTlogic
mode setting. Figure 4-21 shows the%62 function block as an example. Each mode of operation is
described in detail in the following paragraphs.

\ D2861-04
02-07-00

Moade

0:Disable

1-RU/DO

2:0ne Shot Non-Retrig
3-One Shot Retrig
4-Oscillator 62 TIMER
5-Integrating
6-Latch

o INITIATE . 62

° BLOCK

Figure 4-21. General Purpose Logic Timers Logic Block

An INITIATE logic input is provided to start the timing sequence.

A BLOCK, logic input is provided to block operation of the timer. When this expression is TRUE, the
fénction 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 Alarm Functions, Fault Reporting, for more details on the target reporting function.
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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 4-22. 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

D2843-08
10-23-03

1
INITIATE

0 - _ — —

1 I ! |

e L —
x62 0 T1 T1 T2

Figure 4-22. Mode 1, PU/DO (Pickup/Dropout Timer)

Mode 2, One-Shot Nonretriggerable Timer

The one-shot nonretriggerable timer starts its timing sequence when, theNITIATE input expression
changes from FALSE to TRUE. See Figure 4-23. The timer wijll timeyfoRDELAY 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. Ifithe dugation time (T2) is set to O, this timer
will not function. The timer will return to FALSE if the BLOCK inputbecomes TRUE.

1
BLOCK
0 D2843-09
10-23-03
1
INITIATE
0
I
1 |
x62
0 T T2

Figure,4-28. Mode’2, One-Shot Nonretriggerable Timer

Mode 3, One-Shot RetriggerablesTimer

This mode of operation is similar tolthe one shot nonretriggerable mode, except that if a new FALSE-to-
TRUE transition occurs opsthe INITIATE input expression, the output is forced to logic FALSE and the
timing sequence is restarted¢'See Figure 4-24.

1
BLOCK D2843-10

02-27-02
0

1

INITIATE I_I
0—

| | I I
1 | | $1 I t1 , t1

X62 = > ?—»
0 t1 t2 t2

Figure 4-24. Mode 3, One-Shot Retriggerable Timer
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Mode 4, Oscillator

In this mode, the INITIATE input is ignored. See Figure 4-25. 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 TRUEgthe
oscillator stops and the output is held OFF.

1 — —

BLOCK

0
| |

1 ] |

INITIATE \ \ D&\QCARR \ \

0
| |

1

x62 ———> T2
0— | T

D2843-11
02-27-02

Figure 4-25. Mode 4, Oscillator

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 outputito FTRUE. (See Figure 4-26.) Conversely,
the RESET time T2 defines the rate that the timer integtates toward dropout and resetting the output to
FALSE. PICKUP time T1 defines the time delay for theyoutputyto change to TRUE if the initiate input
becomes TRUE and stays TRUE. RESET time T2 definesithe time delay for the output to change to
FALSE if it is presently TRUE and the initiate input be¢omes FALSE and stays FALSE.

In the example shown in Figure 4-26, RESET time_T2\is set to half of the PICKUP time T1 setting. The
initiate input expression becomes TRUE and the gfimegstarts 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 lomg eneugh for the integrating timer to reset completely but
then toggles back to TRUE and stays TRUE jor the entire duration of time T1. At that point, the output of
the timer is toggled to TRUE. Then at‘'Seme‘time later, the initiate expression becomes FALSE and stays
FALSE for the duration of RESET time T2FAt that point, the output of the timer is toggled FALSE.

1
BLOCK
0

1
INITIATE
0

100% —————— T T T T T T T oo
Tirr:er "y/ g’ y g
0% —— < ---- —
1

x62
0

D2843-12
10-23-03

Figure 4-26. 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 of time. 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
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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.

TRUE. See Figure 4-27. The timer will time for DELAY time T1 and then the output will latch TRU
Additional INITIATE input expression changes of state are ignored. Time (T2) is ignored.

1

Mode 6, Latch O
A one-shot timer starts its timing sequence when the INITIATE input expression changes from FALSE ( ,

BLOCK ¢
° &)
1 \
INITIATE @
0
|
1 ' 0
x62
. T1

D2863-07

10-23-03
Figure 4-27. Mode 6, Latch

BESTloqic Settings for General Purpose Logic Timers

BESTIlogic settings are made from the BESTlogic Function Ele n in BESTCOMS. Figure 4-28
illustrates the BESTCOMS screen used to select BESTlogi tti for the Logic Timer elements. To
open the BESTlogic Function Element screen for Logic Timer, ogic Timers from the Screens pull-
down menu. Then select the BESTlogic button for either th or the 162 element. Alternately, settings

may be made using the SL-x62 ASCIl command.

BESTlogic Function Element

Mode
| One Shot Mon-Retrig j

ZQ INITIATE —o 62

\ 0 BLOCK

.

Figure 4-28. BESTlogic Function Element Screen, 62

At center of the BESTlogic Function Element screen is a pull-down menu labeled Logic. This
llows viewing of the BESTlogic settings for each preprogrammed logic scheme. User or custom
lo st be selected on this menu in order to allow changes to the mode and inputs of the element.

e the Logic Timer function by selecting its mode of operation from the Mode pull-down menu.
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To connect the element’s inputs, select the button for the corresponding input in the BESTlogic Functio
Element screen. The BESTIlogic Expression Builder screen will open. Select the expression type to
used. Then, select the BESTIogic variable or series of variables to be connected to the input. Select
when finished to return to the BESTlogic Function Element screen. For more details on the BES
Expression Builder, see Section 7, BESTlogic Programmable Logic. Select Done when the settin
been completely edited.

Table 4-13 summarizes the BESTIogic settings for General Purpose Logic Timers.

Table 4-13. BESTlogic Settings for General Purpose Logic Timers ®
Function Range/Purpose efault
0 = Disabled 4 = Oscillator
Logic Mode 1=PUDO 5 = Integratin 0
g 2 = One Shot Non-Retrig 5 _ Latcgh g
3 = One Shot Retrig B
INITIATE Logic expression that initiates timing sequence. 0
BLOCK Logic expression that disables function when T 0

Example 1. Make the following settings to the 62 Logic Time®4-28 illustrates these settings.

Logic: User
Mode: One Shot Non-Retrig
Initiate: IN2

Block: 0 K\'

Operating Settings for General Purpose Logic Ti

Operating settings are made using BESTCOA 4-29 illustrates the BESTCOMS screen used to
select operational settings for the Logic el nt. To open the Logic Timers screen, select Logic
Timers from the Screens pull-down me ernately, settings may be made using the S<g>-62/162
ASCII command or through the HMI in sing Screens 5.x.3.1 and 5.x.3.2.

BE1-851E Settings ( Basler.bs

File Sceens Copy Communigato

Time Units |ms -

162
T1 Time T1 Time

o B

o —o o— —o
T2 Time T2 Time
0 3] g=
One Shat Mon-Retrig Digabled

4 BES Tlogic BES Tlagic

Mote : The range of the B2/162 timerz i 0 to 999 seconds when the firmware version is less than
2.45.02 for wersion 2 hardware or iz less then #.45.01 [x=3aor4] for wersion 3 and 4 hardware.

Enter B2 timer 2 setting. Logic Timers ETS2008 | 445 PM

Figure 4-29. Logic Timers Screen
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At the top center of the screen is a pull-down menu labeled Logic. This menu allows viewing of the
BESTIlogic 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.

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 element's settings apply to. See Section 7, BESTIlogic
Programmable Logic, Logic Schemes.

Using the pull-down menus and buttons, make the application appropriate settings to the Logic Timers
element. Table 4-14 summarizes the operating settings for General Purpose Logic Timers.

Table 4-14. Operating Settings for General Purpose Logic Timers

Setting Range Increment Unit of Measure Default
0 to 999 ms 1 Milliseconds
) 0.1 for 0.1 to 9.9 sec.
T1 Time, 0.1 to 9999 sec. Seconds 0
T2 Time 1.0 for 10 to 9999 sec.
0 to 599,940 (60 Hz) . Cveled
0 to 499,950 (50HZ) y

* Time delays less than 10 cycles can be entered to the nearest 0.1 cyclésythrough the HMI. All time
delays can be entered to the nearest 0.01 cycles from the ASCII commangdsinterface. 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, See Figure 4-29.
Logic: User
Setting: Group 0
Time Units: ms
T1 Time: 100
T2 Time: 0

Retrieving General Purpose Logic Timers Status fiom the Relay

The status of each logic variable can be determined.from the ASCII command interface by using the RG-
STAT (report general-status) command. Status ¢annotybe determined using BESTCOMS. See Section 6,
Reporting and Alarm Functions, General StatussReparting, for more information.

RECLOSING

The BE1-851E reclosing function frovides up to four reclosing attempts that can be initiated by a
protective trip or by one of the confaet sensing inputs. The reclosers allow supervisory control and
coordination of tripping and reclosing with%other system devices. Any of the four recloser shots can be
used to select a different settingfgroupywhen the appropriate shot is reached in a reclosing sequence.
This change in setting groups “allews PO0a216
changing protection coordination 4during  pode 09/28/05

the reclosing sequence. For_example, you O-—Disable

could have a fast 51 curve on'the first two 1 - Power Up to Lockou
trips in the reclosingysequénce and then 2 - Power Up to Close 79C
switch to a newggroupyon the second P O
reclose that uses ga slow 51 curve.
Detailed information abgut relay setting 79 L O79RNG
groups can be foundyearlier in this section R RECLOSING
under the heading of Setting Groups. ° >
Recloser function block inputs and outputs STATUS —O7QLO
are shown in “Figure 4-30 and are e >
describediin the following paragraphs. An - WAIT R - O79F
overalllMegic. diagram for the recloser - "
functien is shown in Figure 4-38. e DTL/BLK |

Figure 4-30. Reclosing Logic Block
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Inputs and Outputs

Reclose Initiate (RI)

The RI input is used with the 52 status input to start the reclose timers at each step of the reclésing
sequence. To start the automatic reclose timers, the RI input must be TRUE when the breaker Status
input indicates that the breaker has tripped. To ensure that the RI input is recognized, a re€cognition
dropout timer holds the RI input TRUE for approximately 225 milliseconds after it goes to a FALSE state.
This situation might occur if the Rl is driven by the trip output of a protective function. As soon“as the
breaker opens, the protective function will drop out. The recognition dropout timer ensures that the RI
signal will be recognized as TRUE even if the breaker status input is slow in indicating breaker,opening.
Figure 4-31 illustrates the recognition dropout logic and timing relationship.

ReCognition
Dropout [
al 0 RI *  Time ™
225 . :
_ Initiate Holdup
Holdup Timer D— Reclose Timer S—
52 Timer 50
STATUS ——— a8 STATUS

Figure 4-31. Recognition Dropout Timing

Breaker Status (STATUS)

This input is used to indicate to the recloser functionyblockythat'the breaker is closed. A TRUE signal at
this input indicates a closed breaker.

Reclose Wait (WAIT)

A TRUE signal at this input disables the reclosing' funetion. In this condition, recloser timing is interrupted.
When this input returns to a FALSE state, reelosingfis eénabled and recloser timing resumes.

Drive to Lockout/Block Recloser (DTL/BLK)

When TRUE, this input forces the reélesing function into the Lockout position. Lockout persists for the
period defined by the Reset time after the BTL/BLK input becomes FALSE and the breaker is closed.

Close (79C)

The 79C output becomes TRUEgat thegend of each reclose time delay and remains TRUE until the
breaker closes. Any of the fallowing conditions will cause the 79C output to become FALSE:

e The STAT input indicates that'the breaker is closed.
e The reclose fail timéntimesiout.

e The recloser goesito Loekout.

e The WAIT logiC'is asserted.

Recloser Running (ZO9RNG)

The 79RNG ,outputgds TRUE when the reclose is running (i.e., not in Reset or Lockout). This output is
available to bleck thegoperation of a load tap changer on a substation transformer or voltage regulator
during the'fault clearing and restoration process.

Lockout(Z9L0)

This output IS§FTRUE when the recloser is in the Lockout state. It remains TRUE until the recloser goes to
the Reset state. The recloser will go to Lockout if any of the following conditions exist:

o Meore than the maximum number of programmed recloses is initiated before the recloser returns
to the Reset state.

e The DTL/BLK input is TRUE.

e The Reclose Fail (79F) output is TRUE.

e The maximum reclose cycle time is exceeded.
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Recloser Fail Timer (79F)

This timer begins when the 79C output becomes TRUE and continues counting until the STATUS input
becomes TRUE. If the 79F timer times out, the recloser function is driven to lockout and the 79LO and O

79F outputs become TRUE. The relay remains in Lockout until the breaker is manually closed and the
STATUS input remains TRUE for the reset time.

Sequence Controlled Block (79SCB)

This output becomes TRUE when either the 52 status input OR the 79C input is TRUE AND the
sequence operation (shot counter) matches one of the programmed steps of the S<g>-79SCB command.
Figure 4-32 illustrates 79SCB logic.

L 4
S<g>-79SCB Setting %
vs.
Shot Counter Status D2595-10
11-29-99 @

79SCB
52 Status
Figure 4-32. 79SCB Logic Q

e BESTCOMS. Figure 4-33
reclosing element. To open
ing from the Screens pull-down

BESTlogic Settings for Reclosing

BESTIlogic settings are made from the BESTlogic Function Elemen
illustrates the BESTCOMS screen used to select BESTlogic settings
the BESTlogic Function Element screen for Reclosing (79), se

Power ockout =
IM1 ¢ —c 79C
N2 ATUS —o 7IRNG
M3 WAIT —o 79L0

|<.v— BLK/DTL | o 79F
@ —o 7I5CB
S é\'

Figure 4-33. BESTlogic Function Element Screen, 79

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

the reclosing function by selecting its mode of operation from the Mode pull-down menu. To
the element’s inputs, select the button for the corresponding input in the BESTlogic Function
nt screen. The BESTlogic 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 BESTlogic Function Element screen. For more details on the
BESTlogic Expression Builder, see Section 7, BESTlogic Programmable Logic. Select Done after_the
settings have been completely edited.

Table 4-15 summarizes the BESTIogic settings for Reclosing.

Table 4-15. BESTlogic Settings for Reclosing

Function Range/Purpose Default
0 = Reclosing disabled
1 = Standard power-up operation. After power-up, the STATUS lggic must
be TRUE for the Reset time delay or the recloser automaticallypgoes
to Lockout. If the STATUS logic stays TRUE for reset time delay, the
Mode recloser goes to Reset. 0
2 = Power-up to close. If the recloser was in the Reset stateqwhen _power
was lost and when power is restored the STATUS Jogictis, FALSE
(breaker open) and the RI logic is TRUE, the recloser will initiate the
first reclose operation. If the STATUS logic stays FRUE for the reset
time delay, the recloser goes to Reset.
RI OR logic term to initiate the operation of the reclosifig function. 0
OR logic term to indicate breaker status.
STATUS 0
TRUE/1 = closed, FALSE/O = open.
WAIT OR logic term to momentarily disable but'net fesetthe recloser. 0
BLK/DTL | OR logic term to disable the recloser (drive tolegkout). 0

Operating Settings for Reclosing

Operating settings are made using BESTCOMS. Figure 4-34 illustrates the BESTCOMS screen used to
select operational settings for the reclosing“element: To open the screen, select Reclosing from the
Screens pull-down menu. Alternately, seitings /nay be made using the S<g>-79 ASCIlI command.

Settings can also be made from the front panel HMI using Screens 5.x.4.1 through 5.x.4.5 where x equals
1 for Setting Group 0, 2 for Setting Group2;,3 for Setting Group 2, and 4 for Setting Group 3.

BE1-851E Settings ( Pasler.bst )

0 Recloze 1 Recloze 2 Feclose 3 Recloze 4
its Time Tirne Time Time

ﬁs_ | 100 @ | 200 @ | 300 @ 400 E
]

z @ @ =
LIEFICE

Contralled v Trip 1 [~ Trp2 [ Trp 3 [ Trip 4 [~ Tip &
Block Reset

i

M ax Cycle

o

< 3

Fail Powveer Up To Lockout Zone Sequence Logic

1000 E Increments Reclozer -
EEmE If True and MNa Trip Lagfe

Reclosing 327 /2006 4:46 P

< ke ¥

N

Figure 4-34. Reclosing Screen
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At the top 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 setting 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 element’s settings apply to.

Selecting the time units selects the time measurement that applies to all of the reclosing timers, Reset
timer, Max Cycle timer, and Reset Fall timer.

Using the pull-down menus and buttons, make the application appropriate settings to the reclosing
function.

Table 4-16 summarizes the operating settings for Reclosing.

Table 4-16. Operating Settings for Reclosing

Setting Range Increment Defawlt
791=0
792 =0
0.001 second (0 to 0.999 seconds _
Time 0.1 second (i 0 to 9.9 seconds) ) 793°0
Delays ) ' ) =
Y 0.1 to 600 seconds 1 second (10 to 600 seconds) 794=0
0.1 cycles (6 to 36000 cycles) 79R = 10s
79F = 1s
79M = 60s
1. 79SCB TRUE during Reset and while timing 1o 'Reset after
Lockout.
2. 79SCB TRUE when 79C is TRUE for firstireclose and
while timing to Reset after first recloses
. 3. 79SCB TRUE when 79C is TRUE forise¢onéreclose and
Step List 0

while timing to Reset after segondireclose.
4. 79SCB TRUE when 79C is TRUE for third reclose and
while timing to Reset aftenthirdireclose.

5. 79SCB TRUE when 79C is TRUE for fourth reclose and
while timing to Reset after fourthreclose.

Reset Timer (79RST)

The 79RST is TRUE when the recloser is¥in the reset position. This setting can be changed on the
Reclosing screen in BESTCOMS. See Figuire 4-34.

Maximum Cycle Timer (MAX Cycle)

Max Cycle is the reclose maximum oOperation time. If a reclose operation is not completed before the
maximum operate time expires;, the'recloser goes to Lockout. This timer limits the total fault clearing and
restoration sequence to agdefinable period. The timer starts when the first trip command is issued from a
protective element ofithe relay. The Max Cycle timer stops when the recloser is reset. If the total reclosing
time between Reset states exceeds the maximum reclose cycle timer setting, the recloser will go Lockout.
If the WAIT inputdgoes,highyduring the Max Cycle timing sequence, Max Cycle timing will “pause” until the
WAIT input goes,low: If nat desired, the Max Cycle timer can be disabled by setting it at zero. This setting
can be changed onithe Reclosing screen in BESTCOMS. See Figure 4-34.

Sequence Controlled Block (SCB)

The 79SCB output is TRUE when the breaker is closed, the 79 close output (79C) is TRUE, and the
reclose séquence step is enabled with a non-zero value in the S#-79SCB command. A 0 (zero) disables
the 79SCBjoutput. This setting can be changed on the Reclosing screen in BESTCOMS. See Figure
4-34,

Figure 4-35 shows a logic timing diagram showing all possible sequence control blocks enabled (TRUE).
Ifkigure 4-36, 79RTD is the reclose reset time delay and 79#TD is the reclose time delay where # is the
reclose shot number.
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Manual Close
b4

Closed —————T-—=—=———f———— —mmm e ———— e e —_,— e ————— - - — —
D2635-09
BREAKER STATUS s
Open
RESET
TIMER 79RTD : 79RTD : 79RTD : 79RTD : 79RTD

79C 4N—>| 4—>| 4—»‘ 4—>| B — |
RESET 791TD |_ 792TD |_ 793TD | _ 794TD | _ LOCKOUT RESET

SCB
STEP 1 2 3 4 5 1

79SCB 1 2 3 ‘ | 4 | 5 ' 1

Figure 4-35. S#-79SCB=1/2/3/4/5 Logic Timing Diagram

Manual Close
A

D2635-10

Closed
BREAKER STATUS
Open
11-29-98
RESET
TIMER 79RTD : 79RTD 79RTD | 79RTD : 79RTD
RESET 791TD 792TD 798%D. 794TD LOCKOUT RESET

SCB
STEP 1 2 3 4 5 1

79SCB 1 | 2 3 ‘ 4 5 1

Figure 4-36. §#-79SCB=2/3/4/5 Logic Timing Diagram

Zone-Sequence Coordination

To coordinate tripping and reclasing €equences with downstream protective relays and reclosers, the
BE1-851E senses fault current, from_downstream faults when a user programmable logic, set by the SP-
79ZONE command, picks up and, then drops out without a trip output (defined with the SG-TRIGGER
command) occurring. Typically, the low-set instantaneous pickup outputs (50TPPU and 50TNPU) or the
time overcurrent pickup4outputs (51PPU and 51NPU) are used for the zone sequence settings (SP-
79ZONE=50TPPU+50FNPU6F SP79ZONE=51PPU+51NPU).

If the upstream relay (BE1-851E) senses that a downstream device has interrupted fault current, the BE1-
851E will incremgnt the trip/reclose sequence by one operation. This occurs because the BE1-851E
recognizes that a‘nén-blocked low set (50TP or 50TN) element picked up and reset before timing out to
trip.

BESTIlogic seftings“are made from the BESTlogic Function Element screen in BESTCOMS. Figure 4-37
illustratesythe BESTCOMS screen used to select Zone Sequence Coordination Logic settings for the
reclosing elemént. To open the BESTIlogic Function Element screen for Reclosing (Zone Sequence
Logic), select Reclosing from the Screens pull-down menu and click on the Logic button next to Zone
Sequence Logic in the lower right corner of the screen. Alternately, settings may be made using the SP-
79Z0ONE ‘ASCII command.
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BESTlogic Function Element

Reclosing
Increments Recloser If True and No Trip

VOohe——m LOGIC
O
Figure 4-37. BESTlogic Function Element Screen, R i one Sequence Logic)

Table 4-17 summarizes the settings for Zone-Sequence Coor

Table 4-17. Settings for Zone- e Coordination

Function

Range/Purpose

he zone sequence pickup logic defines which

ic elements should be considered zone

equence pickups. Only OR (+) logic can be used —
no AND (*) variables may be used.

Zone Pickup Logic

Recloser zone-sequence coordinatio Q when a downstream recloser has cleared a fault and
increments the upstream 79 automati close count to maintain a consistent count with the other
recloser. A fault is presumed downstream when one or more protective functions pickup and
dropout with no trip occurring. | zone pickup logic becomes TRUE and then FALSE without a trip
output operating, then the 7 to ¢ reclose counter should be incremented. The Max Cycle timer
resets the shot counter.

Retrieving Reclosing S m the Relay

The status of eac e can be determined through the ASCII command interface using the RG-
STAT (report g tatus) command. See Section 6, Reporting and Alarm Functions, General Status
Reporting, for tion. The status cannot be determined using BESTCOMS.

Figure 4-38 (next page) illustrates an overall logic diagram for Reclosing.
4
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Figure 4-38. Overall Logic Diagram for Reclosing
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VIRTUAL SWITCHES

43 - Virtual Selector Switches

BE1-851E relays have four 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 threg
modes of operation to emulate virtually any type of binary (two position) switch. An example would be an
application that requires a recloser or 51N ground cutoff. The traditional approach might be to install a
switch on the panel and wire the output to a contact sensing input on 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 tg_a remote
operator’s console.

The state of the switches can be controlled from the HMI or ASCIl command interface."Tthe BESTlogic
mode setting can set control actions. When set for the On/Off/Pulse mode, each switch_ean be,controlled
to open (logic 0), close (logic 1), or pulse such that the output toggles from its clrrentystate to the
opposite state and then returns. Additional modes allow the switch operation tozbe restricted. In the
On/Off mode, the switch emulates a two-position selector switch, and only open and clese commands are
accepted. In the Off Momentary On mode, a momentary close, spring return switchyis emulated and only
the pulse command is accepted. Because switch status information is saved gA%aonvelatilie memory, the
relay powers up with the switches in the same state as when the relay was powered ‘down.

Each virtual selector switch function block (see Figure 4-39) has one outputi, 439143, 243, or 343. The
output is TRUE when the switch is in the closed state; the output is FALSE wherrthe switch is in the open
state. Since both the output and the inverse of the output of these switches,ean be used as many times
as desired in your programmable logic, they can emulate a switch“withyas many normally open and
normally closed decks as desired.

D2861-05
Mode 03-13-00
0-Disable
1-On/Off/Pulse g\SM%
2-On/Off
3-OffIMomentary On _043

Figure 4-39. VirtualksSeleetor Switches Logic Block

User specified labels could be assigned tegeach virtual switch and to both states of each switch. In the
previous differential cutoff switch example, yod, might enable one of the switches in BESTlogic as On/Off
and connect the output of that switch to the Block input of the 51P protection element block. This would
disable the differential when the switéh isyclosed (logic 1) and enable it when the switch is open (logic 0).
For the application, you might,sef“the switch label to be 51 CUTOFF (10 character maximum). The
closed position on the switch might be“labeled DISABLD (7 character maximum) and the open position
might be labeled NORMAL. Séction*%; BESTlogic Programmable Logic, has more details about setting
user programmable names for progfammable logic variables.

BESTIlogic Settings for Vigtual Selector Switches

BESTlogic settings are,made_from the BESTlogic Function Element screen in BESTCOMS. Figure 4-40
illustrates the BESTCOMS, screen used to select BESTlogic setting for the Virtual Switch element. To
open the BESTIOgic Function Element screen for Virtual Switch, select Virtual Switches from the Screens
pull-down menu:¥§ihen select the BESTlogic button for the 43, 143, 243, or 343 element. Alternately,
settings may be madesing SL-<x>43 ASCII command.
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BESTlogic Function Element

Virtual Switch

43
Logic |USER - O

Mode

Off M amentary On ﬂ \%

— 43

Figure 4-40. BESTlogic Function E creen, 43

At the top center of the BESTlogic Function Eleme
menu allows viewing of the BESTlogic settings for p
mo

selected on this menu in order to allow changes to t

a pull-down menu labeled Logic. This
rogrammed logic scheme. User must be
nd inputs of the element.

Enable the Virtual Switch element by selecting | of operation from the Mode pull-down menu.
Select Done when the settings have been compléte ited.
Table 4-18 summarizes the BESTlogic se or al Selector Switches.
Table 4-18. BE ettings for Virtual Selector Switches
Function ange/Purpose Default
0=Di 2 = On/Off
Mode 0
1 se 3 = Off/Momentary On

Example 1. Make the f ettings to the 43 Virtual Switch element. See Figure 4-40.

Logic: \ ser
Mode; Off/Momentary On

Select Before Op ol of Virtual Selector Switches
The state ofgac ual selector switch can be controlled at the human-machine interface (HMI) through
Screens 24.1thro .1.4. Control is also possible through the ASCIl command interface by using the

select-before-epe command’'s CS-x43 (control select-virtual switch) and CO-x43 (operate select-

is not possible through BESTCOMS. A state change takes place immediately without

having to an EXIT — SAVE settings command.

CS/CO-x43 Command
Purpose: ¥ Select and operate the virtual selector switches.
Syntax: CS/CO-x43[=<action>]
ents: X = no entry for 43, 1 for 143, 2 for 243, or 3 or 343
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.
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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, there is a 30 second
window during which the CO-x43 control command will be accepted. The control selected and the
operation selected must match exactly or the operate command will be blocked. If the operate command
is blocked an error message is output.

CS/CO-x43 Command Examples:

Example 1. Read the current status of virtual switch 43.
>C0-43
0

Example 2. Momentarily toggle the state of switch 43 to closed.
>CS-43=P
43=P SELECTED
>CO0-43=P
43=P EXECUTED
Example 3. An example of an operate command not matching the select command.
>CS-243=P
CS-243 SELECTED
>C0-243=1
ERROR:NO SELECT

Retrieving Virtual Selector Switches Status from the Relay

The state of each virtual selector switch can be determined frem HM} Screen 1.5.4. This information is
also available through the ASCII command interface by using the RGSTAT or RG-x43STAT commands.
This is not available through BESTCOMS. See Section 6, Reporting and Alarm Functions, General Status
Reporting, for more information.

HMI Screens 2.1.1 through 2.1.4 provide switch control and can also display the current status of their
respective switches. ASCII command CO-x43 returnsthe state of each virtual selector switch in a read-
only mode. See the previous example 1.

101 - Virtual Breaker Control Switch

The virtual breaker control switch (see Figure 4441)*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 gf a {physi€al switch to reduce costs with the added benefit that the
virtual switch can be operated both locallyafrom the HMI and remotely from a substation computer or
modem connection to an operator’s £onsole,

Mode 101 101T
ORisable ) BReAakER O 0
1-Enable/ | CONTROL 101C

SWITCH |—!01SC

D2861-06
08-05-99

Figure 4-41. 101 Function Block

The 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 4-42 shows the
state ofithe,201SC logic output with respect to the state of the 101T and 101C Outputs.
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101T —> ~<— 200 ms
0

|
1
101C \ —  =—200ms
0
| | O

101SC D2843-15
0 02-02-99 'S

Figure 4-42. 101 Control Switch State Diagram

When the virtual control switch is controlled to trip, the 101T output p \UE (closed) for

approximately 200 milliseconds and the 101SC output goes FALSE (open the virtual control
switch is controlled to close, the 101SC output pulses TRUE (closed). The s of the slip contact
output is saved to nonvolatile memory so that the relay will power up with the act in the same state as

when the relay was powered down.

BESTIoqic Settings for Virtual Breaker Control Switch

BESTlogic settings are made from the BESTlogic Function Elem n in BESTCOMS. Figure 4-43
illustrates the BESTCOMS screen used to select BESTlogic settin the Virtual Breaker Control 101
Irt

element. To open the BESTlogic Function Element screen reaker Control 101, select Virtual
Switches from the Screens pull-down menu. Then select the ogic button in for the 101 element.
Alternately, setting may be made using the SL-101 ASGClFeemmand.

»
D

BESTlogic Function Element

Virtual
flospe:
NS
Mode
Enable j
L 4
\\ —e 1017
\ —o101C
O o 1015C

@
Figure 4-43. BESTlogic Function Element Screen, 101

the toﬂ 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 must be
ed on this menu in order to allow changes to the mode and inputs of the element.

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

Table 4-19 summarizes the BESTlogic settings for Virtual Breaker Control Switch.
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Table 4-19. BESTlogic Settings for Virtual Breaker Control Switch

Function Range/Purpose Default
Mode 0 = Disable, 1 = Enable 0
Example 1. Make the following BESTlogic settings to the Virtual Breaker Control 101 element. Figure
4-43 illustrates these settings.
Logic: User
Mode: Enable

Select Before Operate Control of Virtual Breaker Control Switch

The state of each virtual selector switch can be controlled at the HMI through Screen 2.2.&: Control is
also possible through the ASCIl command interface by using the select-before-operatel commands CS-
101 (control select-virtual control switch) and CO-101 (control operate-virtual control switch). This cannot
be done using BESTCOMS. A state change takes place immediately without havingyto execute an EXIT —
SAVE settings command.

CS/C0O-101 Command
Purpose: Select and operate the virtual control switches.
Syntax: CS/CO-101[=<action>]
Comments: X = no entry for 43, 1 for 143, 2 for 243, or 3 or 343
Action = T to pulse the 101T output
C to pulse the 101C output

The virtual switch control commands require the use offsele¢t-before-operate logic. First, the command
must be selected using the CS-101 command. Afteigthe Select. command is entered, there is a 30 second
window during which the CO-101 control command)will“be accepted. The control selected and the
operation selected must match exactly or the operatefcommand will be blocked. If the operate command
is blocked, an error message is output.

CS/CO Command Examples:

Example 1. Read the current status @f thewirtual control switch.
>CO0-101
C

The returned setting indicated thatithe 'switch is in the after-close state.

Example 2. Trip the breaker by glosing the trip output of the virtual control switch.
>CS-101=F
101=sT SEKECTED
>CO-108=T
101=F EXECUTED

Retrieving Breaker Control Switch Status from the Relay

The virtual control switch state (after-trip or after-close) can be determined through the ASCIl command
interface by using the RG-STAT (reports general-status) command. This cannot be done using
BESTCOMS. See Section 6, Reporting and Alarm Functions, General Status Reporting, for more
information:

HMlgScreen2.2.1 provides switch control and also displays the current status of the virtual control
switehes“(after-trip or after-close). As the previous Example 1 demonstrated, the state of each virtual
selector switch can be determined using the CO-101 command in a read-only mode.
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SECTION 5 ¢« METERING

GENERAL

The BE1-851E relay measures current inputs, displays those values in real time, records tho
every one-quarter second, and calculates other quantities from the measured inputs.

METERING FUNCTIONS
4

Metered values are viewed through BESTCOMS Metering screen. Figure 5-1 illustrates the” Metering
screen. To open the Metering screen, select Metering from the Reports puII-do%u. To begin
e
s

viewing metered values, select the Start Polling button in the bottom right ofathe . Alternately,
metering can be accomplished through the communication port using ASCII co described in
Section 11, ASCIl Command Interface, Command Summary, Metering Com orvat the front panel
human-machine interface (HMI). Refer to Section 10, Human-Machine Interface, tails on navigating
the HMI metering screens. Refer to Section 11, ASCII Command Intéffac ommand Summary,
Metering Commands, for a list of ASCII Metering commands.

a

BE1-831E Metering

File Communication

Current ‘

14, 000A IC | 0o0A g | 0.0

B 0.00A N 0.004
12 34 \
Inputs @& & @ @
Al 23468
Outputs @ @ @ @ & BQ
Targetz  WOME
Alams  (RALGE WONE
Ra-tal NOME
Ré-MIM MNOME :l
Ra-REL MOME @

Stop Polling

Wergion - 1.01.00

5-1. BE1-851E Metering Screen

N
S
¥

L 4
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SECTION 6 ¢ REPORTING AND ALARM
FUNCTIONS

GENERAL

This section describes all of the reports that are available from the BE1-851E relay, how to set the
reporting functions, and how to retrieve these reports. This section also describes all of the alarm
functions, how to set those functions, and how to program (map) the major and minor alarins. In all
instances in this section where reporting is concerned, the relay must be connectedrto a PC running
BESTCOMS for reporting to be available through the BESTCOMS software. For hélpgf ¢onnecting the
relay, see Section 12, Installation.

RELAY IDENTIFIER INFORMATION

BE1-851E relays have two relay identification fields: Relay ID and Station ID.“fhese fields are used in the
header information lines of the Fault Reports, the Oscillographic Records;, and the Sequence of Events
Records. Relay and station identification assignments are made fromgthe ‘General Operation screen in
BESTCOMS. To open the General Operation screen (Figure 6-1),SelectyGeneral Operation from the
Screens pull-down menu. Then select the General Information tab. The fields are located in the lower
right hand corner of the screen. Alternately, these assignments ¢an/be, made using assignments can be
made using the SG-ID ASCIl command. Table 6-1 outlines the,range and default for these two fields.

BE1-851E Settings ( Basler.bst )
File Screens Copy Ceommunication Reports Help

=) Drﬁﬂ@ Logic [UStR Q%] solies | Giobal
B g = 0 o4 1 w26 o

General Information ] Power S_I,Jstem] Glom?] Mlcatlon] HMID|SpIa_I,I]

Style Number
BE1-851 H N_ =] |.J - 0 - |U ~| [ +]
Senging | il EZ
enzing Input 35e
D tiot1 1
H] 3 Phaze, Megative Sequence, JIH1 [Half Rack) PR
and Neutral 1 apnllcable M Alarm N) Nene
KJH1 [Half Rack] U] Battery Backup
’ RO &larm for Real Time Clock
Senging Range P Sl
1) 14 Meminal Phases 14 Maminal Meblral QuWer aLpply Com2 R5-485 Option 2
2 54 Maminal phaQ ral 11484125V ac/de 0] AsCl Mone
5] B Mominal Phas#%ma eutral 21125/250 Vacide 1] ModBus 3] DNP 2.0

3] 24 Vd
NN |2

Version Nu v Circuit Identification
App ProgramyWer | »= V&n6l43 3/14/06_~ |[VER 5.49.03 03/28/2006

RelayID |BET-851

; VER 2.08.00 08/13/2002
Boot Code Qg2" Station ID[SUBSTATION_1
Selﬁr‘ Wooerarz7 | Hoozvdvr
— =+~ =
Evfor this device. Bener) Uradia B/Z4/2005 | 338 FM

Figure 6-1. General Operation Screen, General Information Tab

Table 6-1. SG-ID Command Parameters

Identification Field Range Default
Relay 1D 1 to 10 alphanumeric characters. BE1-851E
Station ID 1 to 30 alphanumeric characters. | SUBSTATION_1

9289900790 Rev C BE1-851E Reporting and Alarm Functions 6-1



SG-ID Command

Purpose: Read/Set relay ID and station ID used in reports.

Syntax: SG-ID[=<RelayID(up to 10 char)>,<StationID(up to 30 char)>]

Comments: SG-ID by itself recalls label.

Example 1. Enter the SG-ID information for relay/station where the BE1-851E relay is installed.

>SG-ID=BE1-851E,SUBSTATION_1

CLOCK

The BE1-851E provides a real-time clock with capacitor backup that is capable of operating(thefclock for
up to eight hours without power to the relay. The clock function is used by the demand reperting,fénction,
the fault reporting function, the oscillographic recording function, and the sequence ofsevents recorder
function to time-stamp events. The clock function records the year in 2-digit format.

An optional battery backup may be installed. The battery will maintain the clock for4up toyfive years. See
Section 13, Testing and Maintenance, for maintenance of battery.

IRIG Port

The connections for IRIG time code are located on the rear panel. When a%alid time code signal is
detected at the IRIG port, it automatically synchronizes the internal clogk totthe ‘time code signal. Note
that the IRIG time code signal does not contain year information. Fahthis reason, it is necessary to enter
the date even when using an IRIG signal. Year information is stored‘in“honvelatiie 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 automaticallylincrémented in nonvolatile memory. An
alarm bit is included in the programmable alarm function for 19ss ofURIG signal. The alarm point begins
monitoring for IRIG signal loss once a valid signal is detected @t theylRIG port.

The IRIG input is fully isolated and accepts a demodulated (dcleyvel-shifted) signal. The input signal must
be 3.5 volts or higher to be recognized as a valid signal. inputisighal range is £10 Vdc. Input resistance is
nonlinear and rated at 4kQ at 3.5 volts. Section 12ginstallation, Communication Connections, IRIG Input
and Connections, identifies the terminal connectiagns forthe TRIG function.

Setting the Clock Function

Time and date format settings are made usinggBEST@OMS. 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 theaClogkgDisplay Mode tab. Alternately; settings may be made
using the SG-CLK ASCIl command. Refer to Table 6-2, SG-CLK Command Settings.

Time and date reporting can be displayed =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 P.M.). The default’timeyformat 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 savingftime ghanges. Automatic daylight saving time adjustments are optional and
they are disabled by default.

6:2 BE1-851E Reporting and Alarm Functions 9289900790 Rev C



BE1-851E Settings ( [Untitled] )

File Screens Copy Communication Reports Help

_ w Logic ’m Settings IW
El B8 e © Wi A {71 [ /T:D-‘

Basler

EBX

Clack Dizplay Mode l Demands l BreakelMonitoling] .t’-‘«lalms] Fault Hecolding]

Time Format

|24 Hour - Ex: 12:32:45.141 |

[ Automatic Daglight S avings

mmAdd ey j

9
\}&
Q

Select for automatic Duavlight S avings time adjustment.

3/28/2006

3:02 AM

Figure 6-2. Reporting and Alarms S

Table 6-2. se-cm@nd Settings

Parameter Range Default
i ( ur format)
Time Format (24 hour format) 24
(mm-dd-yy)
Date Format Ydd-mm-yy) M
0 (daylight saving time disabled) 0

L2

SG-CLK Command \
Purpose: Read/ ram,format of time and date display.

Syntax: ormat(M/D)>,<time format(12/24)>]
Example 1. lock{format

Automatic Dayhgh@ 1 (daylight saving time enabled)

Example N e clock format to display the day first and the 24-hour format with daylight savings
time enabled

G-CLK=D,24,1

Reading and Setting the Clock

Clock infarmation can be viewed and set at the front panel human-machine interface (HMI) and through
the communication ports using ASCII commands or BESTCOMS. Write access to reports is required to
e clock at the HMI and communication ports. An alarm point is provided in the programmable alarms

ect when the relay has powered up and the clock has not been set. Time and date information is

d and set at HMI Screen 4.5, 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.
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RG-DATE Command

Purpose: Read/Set date.
Syntax: RG-DATE[=<M/D/Y>] or RG-DATE[=<D-M-Y>]
Comments: d=day entered first or second based on SG-CLK setting.

m=month entered first or second based on SG-CLK setting.
y=last two digits of year.

If the battery backup option is not installed or the battery voltage is too low, the default on
power up is 01/01/yy where yy is the last value of year utilized by the real-time clock.

Example. Enter new date.
>RG-DATE=01/27/03

RG-TIME Command

Purpose: Report/Set time.
Syntax: RG-TIME[=hr:mn:sc] or RG-TIME[=hr:mn<f>sc]
Comments: hr = hour in 12 or 24 hour format as defined by the SG-CLK command; mn = minutes;

sc = seconds; f = format ( A = AM, P = PM for 12 hour clock)
Default on power up is 00:00:00

Example 1. Read the present time from the real time clock (programmeédjin, 12*hour format).
>RG-TIME
12:24P45

Example 2. Set a new time in 12-hour format.

>RG-TIME = 11:24P00

GENERAL STATUS REPORTING

BE1-851E relays have extensive capabilities for reporting relay status. This is important for determining
the health and status of the system for diagng@sties andgtroubleshooting. Throughout this manual,
reference is made to the RG-STAT (report genefal — status) report and the appropriate HMI screens for
determining the status of various functions.

General Status Report

A General Status Report is available through ghe; communication ports using the RG-STAT command.
This report lists all of the information required totdetermine the status of the relay. An example of a typical
general status report follows. In the gxplanation of what each line represents, cross-references are made
to the corresponding HMI screens that'egntainthat data.

>RG-STAT
INPUT(1234) STATUS : 40000
OUTPUT(A1234567) STATUS :,00000000
CO-OUT(A1234567) SPATYS™ LLLLLLLL
C0-43/143/243/343 STATUS : 0000
CO-101(101SC) STATUS : AFTER CLOSE(1)
CO-GROUP STATUS : L

LOGIC VAR(00-31) 4STATUS 00000000 00000000 00000000 00000000

ACTIVE LOGIC SPHATUS USER
LOGIC VAR(32-63)% STATUS 00000000 00000000 00000010 00011000

RECLOSER(79) STATUS OFF

ACTIVE GROUP STATUS 0

BREAKER(52) STATUS CLOSED

DIAG/ALARM STATUS O RELAY, O LOGIC, O MAJOR, O MINOR
InputaL234)

This'line reports the status of contact sensing inputs IN1, IN2, IN3, and IN4. Input information is available
atiHMI)Screen 1.5.1. 0 indicates a de-energized input and 1 indicates an energized input. See Section 3,
Taput and Output Functions, for more information about contact sensing input operation.
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Output (A1234567)

Current output contact status is reported on this line. This information is also available at HMI Screen
1.5.2. 0 indicates a de-energized output and 1 indicates an energized output. More information about
output contact operation is available in Section 3, Input and Output Functions.

CO-OUT (A1234567)

This line reports the logic override of the output contacts. Logic override status is reported at HMlyScreen
1.5.3. Section 3, Input and Output Functions, provides more information about overriding output contacts.

C0O-43/143/243/343

Virtual switch function status is reported on this line. This information is also available at HMI Screen
1.5.4. See Section 4, Protection and Control, for more information about virtual switch opération.

C0-101 (101SC)

This line reports the status of the virtual breaker control switch slip-contact output./Mere information about
the virtual breaker control switch is available in Section 4, Protection and Control,/Virtual Switches.

CO-Group

The logic override status of the setting group selection function isgrepofted on this line. For more
information about this function, refer to Section 4, Protection and Control, Setting Groups.

Active Logic

This line reports the name of the active logic scheme. Thegactive logic’ scheme name can be viewed at
HMI Screen 5 and with the SL-N command. See Sectiony7BESTIogic Programmable Logic, Logic
Schemes, for more information about this function.

Logic Var (00-31), Logic Var (32-63)

These two lines report the status of each BESTIogic yariable, These lines can be entered into Table 6-3
to determine the status of each logic variable. Section,7, BESTlogic Programmable Logic, provides more
information about BESTlogic variables.

Table 6-3. Logic Variable Status Report Format

1 1 1
1 1 1 5|5[51%,] 575
5|/5(5|5|5|5 0|04 0p0|0|0 5|5(5 7 71S
oj{ojo|o|0Of0O 51 [5|5(T|®| || T(T|(B|1|1]|1 917 9|P
TIT|T(T(T|T|B[1]|[1]|1[PTP | NsN|Q[Q||[F|P|N|Q 1 1{12(3|7|R[9|7[S|A
PIP[N|IN|Q|Q[F|P| |INyQR|P[P|P|P|P||P|P|P|P|[6]|6|4|4]||4]|4|9|N|L|9|C|R
TIT|T[T|T|T|T[T] | TARGUMIU[U|U|U||[UJUJU[U|2]2[3|3]||3[3|C|G|O|F|B|E
0|0(0|O|O|O(O|OMMO[Oy1 |2 |22 (22| |1({2|1|2(2]|2(2|2||2|2|2|2|2]|2(3]|3
011(2]3[4]5]|6] Zw| B3 1 5||6]7(8]9[0)1]2|3]|[4]5[6]7]8|9]|0]1
O
RI|A[A]A|U
1[(S||L|L|L|T
VIV|IV|V|V|V 1{2(0|T||M[M|M|1
VIVIVAV IV V|V |VIV|O|O[O|O[O|Of|I|IT|I]|1[O0O]0|1|K||L|M[M|M|S|S|S|S
O|O|0POJO(OfO|O| |O|O|1(21|2|2|1|2||IN[N|N|N|1[2|S|E||G|A|I|O|G|G|G|G
Al1]2|3145[6]|7]|(8]9]|0|1]2|3|4(5]|1|2|3]|4|T[C|C|Y|[C]I|N[NJO]J1|2]|3
313|3|3|3|3|3|3|(4|4|4|4|4|4|4|4(|4]|4|5|5|5|5[5(5||5|5|5|5|6(6|6|6
2|13|4(5]16]1718]19](0]1]12)13]4]|5]|6]7(18]9]0]1]|2|3[4(5||6]7]8[9[0(1]2]|3

See Table 7-1, Logic Variable Names and Descriptions, for a cross-reference of each BESTIogic bit.
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Recloser (79)

The status of the recloser is reported on this line. HMI Screen 1.1 also reports this information. More
information about the recloser function is available in Section 4, Protection and Control Functions.

Active Group

The active group is indicated on this line. HMI Screen 1.5.5 also provides this information. See Section 4,
Protection and Control, for more information about setting groups.

Breaker (52)

This line reports the state of the breaker. This information is also available at HMI Screen 1.5.6. Mote
information about breaker status is provided in the Breaker Monitoring subsection.

Diag/Alarm

This line reports the status of the Relay Trouble Alarm, Major Alarm, Minor Alarm, and Logic¥Alarm. The
status of these alarms can be viewed at HMI Screen 1.3. Front panel LEDs also indicate theystatus of the
Relay Trouble Alarm, Minor Alarm, and Major Alarm. Alarm status is also avallable/through the
communication ports. The SA-MIN command reports the Minor Alarm status, the“SA-MAJ command
reports the Major Alarm status, and the SA-LGC command reports the Logic Alarmistatus:

Other RG Commands

There are several other RG commands in addition to the RG-STAT command®ILhese include RG-TIME,
RG-DATE, RG-TARG, and RG-VER. These commands are covered in détaillin réspective paragraphs in
this section. As with other commands, a combination read commandhis 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 in the following example. RG-VER and RG-STAT gemmands‘have multiple line outputs and
these are not read at the RG command.

Example: Read the general reports.
>RG

RG-DATE=04/22/05
RG-TIME=12:49:01
RG-TARG=NONE

DEMAND FUNCTIONS

Demand Reporting

The demand reporting function continugusly ,calculates demand values for the three-phase currents,
neutral current, and negative-sequence current. Demand values are recorded with time stamps for Peak
Since Reset, Yesterday's Peak, and, Taeday’s Peak. Programmable alarm points can be set to alarm if
thresholds are exceeded for overload and tinbalanced loading conditions.

Demand Calculation and Reportifig

An algorithm in the demand réporting function digitally simulates a thermal or exponential response. An
exponential algorithm computes, demand values with the demand interval or response period defined as
the time taken by the megér o reach 90 percent of the final value for a step change in the current being
measured. Demanddinterval can be set independently for the phase, neutral, and negative-sequence
demand calculations. The reactive power and power demand intervals always match the phase demand
interval setting.

The following equation isfused to calculate demand current:

DI, =Dl 6 -1+ K(MI - DI n—l) Equation 6-1. Demand Current Equation

Where;
DI" =Demand current for sampling period n (tn =15 seconds)
MI. = Average metered current value for sampling period n
K = Exponential response constant
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The following equation is used for K :

t,

K — 1_ e—0.434T|
Equation 6-2. Exponential Response Constant

Where:
T, = Demand interval (programmed with SG-DI command)
t, = Fixed demand update rate of 15 seconds

Demand is calculated for a step change in current by the following equation:

tn

_ -0.434T
DI =|1-e " |MI Equation 6-3. Step Changeé®®emand Calculation

Demand calculation example for a step change in current;
If the current steps from 0 to 1,000 amperes, then thejpeak“demand will change from 0 to 900 amperes
after one demand interval ( =T, )

Each time that the value in the current demand re@ister i updated, it is compared to the values stored in
the Peak Since Reset and the Today’s Peak registers.®f the new demand is greater, the new value and
time stamp is entered into the appropriatedregisters. i 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.
Demand registers are stored in volatile®memary.

Today's Peak and Yesterday’'s Peak registers are read only. Values in the Peak Since Reset registers
can be reset to zero or preset tofa predetermined value. For example, if some loads will be switched to
remove a feeder from serviee and you do not want the abnormal loading to affect the Peak Since Reset
register values, these values%ean®be read before switching the loads. Once the abnormal loading
condition has passed, the registersycan be reset to the original values.

Setting Demand Reporting

Demand settings incldde Iaterval (Minutes) and Current Threshold. Interval (Minutes) determines how
often demand currentyis measured. Demand intervals can be set for Phase Neutral and Negative-
Sequence current’inputs. Demand current thresholds can also be set for each of these inputs. The
Current Threshold,is'used to select the level of demand current needed to trigger a demand alarm for that
input.

The programmable?demand alarm includes alarm points for monitoring phase demand thresholds for
phase overoad alarms, and neutral and negative-sequence demand thresholds for unbalanced loading
alarms. Each gime the current demand register is updated, the register value is compared to the
corresponding  demand alarm threshold. If a threshold is exceeded, the alarm point is set. The Alarm
Functions subsection provides more information about using the programmable alarms reporting function.

Demand reporting settings are made 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 SG-ID ASCIl command.

Using the pull-down menus and buttons, set up the application appropriate demand settings. Table 6-4
summarizes the command settings. Demand alarm current thresholds are set using the SA-DI (setting
alarm, demand current) command.
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Enter the demand alarm level for the Neutral element, Reporting and
Figure 6-3. Reporting and Alarms Scre
Table 6-4. SG-DI Comman ttings
Range i
Setting g Increment MUnlt of Default
5A easure
\ Sec. Amps
0 = Disabled 0=D | 0.01for 0.1 t0 9.99 Pri. Amps
Current Threshold 0
! 0.5-16.0 . . 0.1 for 10.0to 16.0 | Per U Amps
% Amps
Phase 1 Minutes 15
In_terval Neutral 1 Minutes 1
(minutes)
Negative- C I 1 Minutes 1
Sequence

Example 1. Make,th owing demand settings. See Figure 6-3.
val'Minutes Phase: 15

| Minutes Neutral: 1
nutes Negative-Sequence: 1

Cu hreshold (Sec. Amps) Phase: 0.00
Current Threshold (Sec. Amps) Neutral: 5.00
C.urrent Threshold (Sec. Amps) Neg. Seq.: 0.00

mand Reporting Information
time stamps in the demand registers are reported in primary amperes. They can be read at
nt panel HMI and through the communication ports.

Peak, Yesterday's Peak, and Peak Since Reset demand values are accessed through HMI
n 4.4, DEMAND REPORTS. Demand values viewed at the HMI can be reset by pressing the Reset
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key. When the Reset key is pressed, the viewed register value is set to zero and then updated on the
next processing loop with the currently calculated demand value. No write access is needed to reset
demand register values at the HMI. It is also possible to preset a value into the Peak Since Demand
registers. Pressing the Edit key can do this. Write access to the Reports functional area is required to
preset values at the HMI.

Values and time stamps in the demand registers can also be read through the communication port$)by
using the RD (report demands) command.

RD Command

Purpose: Report all demand data.

Syntax: RD

Comments: RD reports Today’s Peak, Yesterday's Peak, and Peak Since Resetidemand data for all
Phase current, Neutral current, Negative-Sequence current, three-phase reactive power
and three-phase power.

Example 1. Read all demand register data.
>RD
RD-TI1A:0.00A 15:06 04/22/05; RD=TI1B>0.00A 15:06 04/22/05
RD-TIC:0.00A 15:06 04/22/05; RP-TIN:0.00A 15:06 04/22/05
RD-TIQ:0.00A 15:06 04/22/05
RD-YIA:0.00A 00:00 01/01/84; RD=YIB:0.00A 00:00 01/01/84
RD-YI1C:0.00A 00:00 01/01/84; RD-YIN:z0.00A 00:00 01/01/84
RD-Y1Q:0.00A 00:00 01/01/84
RD-PIA=0.00A 15:06 04/22/05; RD-PIB=0.00A 15:06 04/22/05
RD-PIC=0.00A 15:06 04/22/05; RD-PIN=0.00A 15:06 04/22/05

RD-PIQ=0.00A 15:06 04/22/05

Demand information specific to current, can be obtaihed’by including an object name with the command
function (R) and subgroup (D). Today’'s Peak, Yesterday’'s Peak, and Peak Since Reset information for
current is available using the RD-TI, RD4, and RD-PI commands.

RD-PI Command

Purpose: Read/Reset peak demand)|current.
Syntax: RD-PI[<p>[=0]]

Comments: p = A/B/C/NIQ

Example 1. Read the peak demand current for phase A.
>RD-PIA
8.56A 15:21 04/22/05

Example 2. Read all peak demand current values.
>RD=P!
RD=P1A=8.69A 15:22 04/22/05; RD-PI1B=8.66A 15:22 04/22/05
RD-P1C=8.68A 15:22 04/22/05; RD-PIN=0.24A 15:22 04/22/05

RD-P1Q=0.25A 15:22 04/22/05

Example 3. Reset all peak demand current values.
>RD-PI=0
EXECUTED
EXECUTED
EXECUTED

EXECUTED
EXECUTED

9289900790 Rev C BE1-851E Reporting and Alarm Functions 6-9



RD-TI/YI Command

Purpose: Report today’s demand current (TI) or yesterday’s peak current (YI) demand values.
Syntax: RD-TI[<p>] or RD-YI[<p>]

Comments: p = A/B/C/N/Q.

Example 1. Read today’s C phase ampere demand current.
>RD-TIC
8.77A 15:28 04/22/05

Example 2. Read all demand current values for yesterday.
>RD-YI
RD-YI1A:8.68A 00:00 04/21/05; RD-YI1B:8.66A 00:00104/21/05
RD-YIC:8.67A 00:00 04/21/05; RD-YIN:0.24A400:00/04/21/05

RD-Y1Q:0.25A 00:00 04/21/05

BREAKER MONITORING

Breaker monitoring helps manage equipment inspection and maintenance¥expenses by providing
extensive monitoring and alarms for the circuit breaker. Breaker monitoring” functions include breaker
status and operations counter reporting, fault current interruptiony dity monitoring and trip-speed
monitoring. Each function can be set up as a programmable alafm™EhesAlarms Function subsection has
more information about the use of programmable alarms. The breaker trip circuit voltage and continuity
monitor is a related function and is described in the Trip CircuitiMenitor'subsection.

Breaker Status Reporting

The breaker status monitoring function monitors the posgition” of the breaker for reporting purposes.
Opening breaker strokes are also counted and recorded in the'breaker operations counter register. Circuit
breaker status is also used by the breaker trip{Circuit voltage and continuity monitor. The Trip Circuit
Monitor subsection provides more details.

Programming the Breaker Status Reporting Function

Since the relay is completely programmablej! it 4s ‘Necessary to program which logic variable will monitor
breaker status. Breaker status is programined.in’ BESTCOMS using the BESTIlogic Function Element
screen. Figure 6-4 illustrates this screen:. To @pen the BESTIlogic Function Element screen for Breaker
Status, select Reporting and Alarms fromathesScreens pull-down menu. Then select the Logic button in
the lower left hand corner of the scfeenyand inside the box labeled, Breaker Status Logic. Alternately,
settings may be made using theeSB-LE©@GIC ASCII command.

To connect the Breaker Status BROCK input, select the BLOCK button. The BESTlogic Expression
Builder screen will open. Selgct 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 screep? For more details on the BESTlogic Expression Builder, see Section 7,
BESTlogic Programmable\Logi¢: Select Done when the settings have been completely edited.

Example 1. Maké the following logic settings to the Breaker Status, CONTROL logic input. Figure 6-4
illustrates these settings.

CONTROL: /IN3

NOTE

When the NOT symbol (/) is used, the symbol is applied to the variable
immediately following the symbol.
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BESTlogic Function Element

Breaker Status

True When Breaker is Closed O

9

>

Figure 6-4. BESTlogic Function El en, Breaker Status

Current breaker status can be read from HMI Scre &nd through the communication ports using
the RG-STAT command. The General Status Reporting, subsection provides more information about this
command.

The number of breaker operations can be t Screen 4.3.1. The counter value can be adjusted
using the Edit key. This allows the r unter value to be matched to an existing mechanical
cyclometer on a breaker mechanism. ccess to the reports functions must be gained to edit this

value at the HMI. Breaker operations ¢ d or set through the communication ports using the RB-
OPCNTR (report breaker, operations command.

O

RB-OPCNTR Command
Purpose: Read/Set break erations counter.

Syntax: RB-OPCNT xzerationsﬂ
Comments: # operm&nu er of breaker operations recorded (0-99,999). If the counter exceeds
0

99,999, er will wrap back to O.

Example 1. Read'the number of breaker operations.
@ R

Example 2. \chronize the relay breaker operations counter with an external counter reading of 65
operations.
B-OPCNTR=65

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 about this feature.

ker Duty Monitoring

en the breaker opens, the current interrupted in each pole of the circuit breaker is accumulated by the

aker duty monitor. Breaker opening is defined by the breaker status monitoring function. Figure 6-8
illustrates breaker status during a fault and protective trip. Table 6-7 serves as a legend for the call-outs
of Figure 6-8.
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Every 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 1° 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 (Dmax). 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 17 Duty.

If the breaker monitoring mode is set to sum I (not 1?), the relay sums the sum of the currénts™hat are
interrupted and will set the breaker duty alarm when the sum passes that breaker duty ‘setting. (Dmax).
The approach to set Dmax is to select the maximum number of operations at some eurrent,level and
enter a Dmax calculated by the equation:

Dmax = (Iimer,upt*#operations) Equation 6-4. Dmax Set by Number, of Operations

The setting is in terms of primary amps (the relay multiples by the CT ratiodseforeddoing calculations).

If the breaker-monitoring mode is set to sum I? the relay internally squaresithe setting that is entered for
Dmax. The relay sums the square of the currents interrupted and it Willysetithe breaker duty alarm when
the sum exceeds the square of the Dmax setting. The approach to set Dmax is to select the maximum
number of operations at some current level and enter a Dmax caleulated'by the equation:

0.5
Dmax = (Iintem,ptz*# operations) Equation 6-5"Bmax 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 Dmax setting is to compensate for the fact thatithgfrelay internally squares the Dmax that is entered.

When testing the relay by injecting currents intothe relay, the values in the duty registers should be read
and recorded before the start of testing. Oncegestingyis complete and the relay is returned to service, the
registers should be reset to the original preftest values. A block accumulation logic input may be used
when testing so that simulated breaker duty is not added to the duty registers. The Block Accumulation
Logic function is an OR logic term (e.gf IN1¢or VO7) which blocks the breaker monitoring logic when
TRUE (1). Block Accumulation Logic,is‘%set 40 zero to disable blocking. When breaker monitoring is
blocked (logic expression equals 1), breaker duty is not accumulated.

Setting the Breaker Duty Monitofing Function

Breaker Duty Monitoring settings aredmade using BESTCOMS. Figure 6-5 illustrates the BESTCOMS
screen used to select settings forithe Breaker Duty Monitoring function. To open the Reporting and
Alarms screen, select Repogtingsand Alarms from the Screens pull-down menu. Then select the Breaker
Monitoring tab. Settings maygalso be made using the SB-DUTY ASCIl command.

At the top left of sghefscreenfis a pull-down menu labeled Logic. This menu allows viewing of the
BESTlogic settings for, each, preprogrammed logic scheme. User must be selected on this menu in order
to allow change§.to be made to the mode and inputs of the function/element.

Using the pull-dowagmenus and buttons, make the application appropriate settings to the Breaker Duty
Monitoring function. Table 6-5 summarizes SB-DUTY command settings.

6:12 BE1-851E Reporting and Alarm Functions 9289900790 Rev C



BE1-851E Settings ( Basler.bst ) H=E3

File Sceens Copy Communicaton Reports Help
— D= EH &' Logic [USER v| Settings | Global

B 1.2 1 o I
5 o = O i e {21 O o D e :D‘

Clock Display Mode] Demands  Breaker Monitoring ] Alarms] Fault Hecoldingl

Basler

Breaker Duty Monitoring Breaker Alarms
Mode
Point 1
Encbled(z ] Mode Threshold
1002 Duty Maximum Dizabled -
2.000e+04 Py Amps Point 2
Thres
Block Accumulation Logic Mode
Dizabled hd
Logic
Point 3
Mode esh
Breaker Status Logic Disabled - El

True when -
bre:aker closed g

Enter maximum duty for the breaker contacts. ifg ar ] 3282008 | 325 Ak
Figure 6-5. Reporting and Alarms aker Monitoring Tab

To connect the functions BLOCK logic input select thé” Logi
The BESTlogic Function Element screen for Breake
X

select the BLOCK input button. The BESTI
expression type to be used. Then, select th
the input. Select Save when finished to
details of the BESTlogic Expression Bui
when the settings have been complete

3reaker Duty Monitoring
Block Accumulation Logic

® IN3e——— BLOCK

Figure 6-6. BESTlogic Function Element Screen, Breaker Duty Monitoring

utton in the Block Accumulation Logic box.
ty Monitoring will appear. See Figure 6-6. Then

. D
Evariable or series of variables to be connected to
(6

e BESTIogic Function Element screen. For more
Section 7, BESTlogic Programmable Logic. Select Done

ssion Builder screen will open. Select the
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Table 6-5. SB-DUTY Command Settings

Setting Range/Purpose Default
0 = Disabled
Mode 1 =Enabled 1 0
2 = Enabled 12
0to 4.2e+7
100% Duty The Dmax parameter represents the maximum duty that the breaker 0
Maximum contacts can withstand before needing service. Dmax is programmed in
primary amperes using exponential floating-point format.
Block OR logic term (e.g., IN1 or VO7) that blocks the breaker monitoring Yegic
Accumulation when TRUE (1). A setting of 0 disabled blocking (breaker operation are 0
Logic no longer counted).
Example 1. Make the following settings to the Breaker Duty Monitoring Functign. Refer to Figure 6-5
and Figure 6-6.
Mode: Enabled 12
100% Duty Maximum: 2.000e+04
Block Accumulation Logic: IN3

Retrieving Breaker Duty Information

Breaker duty values can be read at HMI Screen 4.3.2. Duty valueSwean be changed by using the front
panel Edit key. Write access to reports is required to edit breaker ‘duty values. Duty values can also be
read or changed through the communication ports using the RB-DUTY ‘command.

RB-DUTY Command

Purpose: Read/Set breaker contact duty log.
Syntax: RB-DUTY[<phase>[=<%duty>]]
Comments: phase = A, B, or C. No entry for <phase> will read or write to all phases.
%duty = accumulated duty expressedhin percent of Dmax (set by SB-DUTY command)
Example 1. Read all contact duty values.
>RB-DUTY

RB-DUTYA= 92%; RB=DULYB= 23%; RB-DUTYC= 28%

Example 2. Reset the A-phase dutyaaftePmaintenance was performed.
>RB-DUTYA=0

Breaker Clearing Time Monitoring

The breaker clearing time manitor tracks the time from when a <TRIP> logic expression of the “Fault
Recording” feature (SG-TRIGGER=<TRIP>,<PU><LOGIC>) goes TRUE, until the fast current dropout
detector is FALSE (current # Ofamps in all three phases). The trip output (i.e., 51PT, 51NT, etc.) of any
protective element cambe pregrammed to the Fault Recording <TRIP> logic expression. Therefore, when
the trip output of ghe protegtive element goes TRUE, the <TRIP> logic expression goes TRUE. This time
is reported asda line ingthe fault summary reports. See the Fault Reporting subsection for more
information aboutthe TRIP logic expression and Fault Summary Reports.

Breaker clearing time“can be monitored to give an alarm when the value exceeds a threshold. The
following Breaker Alarms subsection provides more information about this feature.

Breaker Alarms

Three alammpoints are included in the programmable alarms for checking breaker-monitoring functions.
Eachwalarm point can be programmed to monitor any of the three breaker monitoring functions:
gperations counter, interruption duty, or clearing time. An alarm threshold can be programmed to monitor
eachfunction. Alternately, three different thresholds can be programmed to monitor one of the monitored
funetions.
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Breaker Alarms settings are made using BESTCOMS. Figure 6-7 illustrates the BESTCOMS screen use
to select settings for the Breaker Alarms function. To open the Reporting and Alarms screen, sel
Reporting and Alarms from the Screens pull-down menu. Then select the Breaker Monitoring
Settings may also be made using the SB-BKR ASCII command.

At the top left of the screen is a pull-down menu labeled Logic. This menu allows viewi
BESTIlogic settings for each preprogrammed logic scheme. User must be selected on this menu in er
to allow changes to be made to the mode and inputs of the function.

BE1-851E Settings ( Basler.bst )

File Screens Copy Ceommunication Reports Help

D& EHSE Logic [USER ~| Settings | Global \

S ) 12
I 310w 1E # 4 m o %

Clock Display Mode] Demands  Breaker Monitoring l Alarms] Fault Hecoldingl

Breaker Duty Monitoring Breaker Alarms
Mode
Point 1
Enabled 12 hd e shold

Made
100% Duty Maximum Operations 20#

£
lm Pri. Amps Point 2
Block A lation Logi ko Threzhold
ock Accumulation Logic - o El
inb 3
o Threshold
{%ﬂgﬁ B

Breaker Status Logic ’W
True when .
breaker clozed Logic

Reporting and Alarms 3282008 | 3:28 Ak

Figure 6-7. ReportK larms Screen, Breaker Monitoring Tab

Using the pull-down menus and butt e the application appropriate settings to the Breaker Alarms
function. Table 6-6 summarizes t Al command specifications.
L 4
N 6-6. SA-BKR Command Specifications
Setting Range/Purpose Default
0 S , 1 = Duty breaker alarm function enabled and set for percent
Mode d 2 =|Operations breaker alarm function enabled and set for operations 0
, 3 = Clearing Time breaker alarm function enabled and set for

eaker operate time.

100%; Increment=0.01; Measured in % of Dmax which is programmed

AI&zirrT T sing the SB-DUTY command. The breaker to be monitored (CT1 or CT2) 0
is also programmed using the SB-DUTY command.
Alarm Thre 0 to 99999, Increment=1; Number of operations counter value which when 0
(in mode 2) reached would cause an alarm.
Ranges are 20 to 1,000 milliseconds and 2 to 60 cycles. Setting is
a_rrrrn'qrgisg)old reported in milliseconds if less than 1 second but may be entered in 0

milliseconds (m), seconds (s), or cycles (c).
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A4

Breaker
operate time
; . 3 cycle Postitrigger reeording
Oscillographic  pre-trigger (Whi GER (PU or Logic) is TRUE)
>

A

1/4 to 5 cycles
of pre-trigger

»
P

®

Example 1. Make the following setting to the Breaker Alarms function. Refer to Figure 6-7
Breaker Alarms Point 1, Mode: Operations
Breaker Alarms Point 1, Threshold: 20
Breaker Alarms Point 2, Mode: Duty
Breaker Alarms Point 2, Threshold: 50
Breaker Alarms Point 3, Mode: Clearing Time
Breaker Alarms Point 3, Threshold: 20
L 4
Breaker auxiliary Protecti
Protective Protective contact changes element
element element state 0
picks up S trips N N
AN A AT AT AT AT AT ARATANATATANATA,
R VAVAVAVAVAVAVAVAVAVAVEVAVAY
SG-TRIGGER
-Trip
-Pickup ‘z r [
-Logic
PU + logic L Fast
dropout
Fast dropout current
current 4 detector
detector drops out
Breaker (SB-LOGIC setting)
status

.| Post-trigger
> < >

Record

Fault currents
recorded

Red TRIP LED
flashing

Red TRIP LED
solid

ults cle record, 3 cycle pre-trigger,
cle post-trigger)

(When SG-TRIGGER (PU) is TRUE)

@ (When SG-TRIGGER (PU) is TRUE)

@ (When SGI TRIGGER (Trip) is TRUE)

When
SG-TRIGGER
(PU or Logic)
goes FALSE

Q)

P0032-17
07-22-05

A4

Figure 6-8. Protective Fault Analysis
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Table 6-7. Legend for Figure 6-8.

Call-Out Description

A fault summary report and an oscillographic record are triggered when either the SG-
TRIGGER PICKUP or LOGIC expression becomes TRUE.

During the time that the SG-TRIGGER TRIP expression is TRUE, targets are logged fram
each of the protective functions that reach a TRIP state. If a protective function is notieeing
used for tripping purposes, the associated target function can be disabled through the SG-
TARG setting.

Fault clearing time is calculated as the duration of the time that either the SG-TRIGGER
PICKUP or LOGIC expression is TRUE.

Breaker operate time is calculated as the time from when the“SG-TRIGGER TRIP
D expression becomes TRUE until the fast-dropout current detector sensesythat the breaker
has successfully interrupted the current in all poles of the breaker.

A second oscillography record is triggered to record the end of the, fault'if the SG-TRIGGER
TRIP expression becomes FALSE. If the SG-TRIGGER TRIR,expression does not become
TRUE (as would occur if the fault were cleared by a downgstreamgédevice), the fault current
recorded in the fault summary report will be for the power system cycle ending two cycles
before the end of the fault record. This is also the caseqif the fault record was triggered
using the RF-TRIG command.

The fault currents are recorded in the fault sumipary report and on the Target Screen of the
HMI for the power system cycle immediately following the SG-TRIGGER TRIP expression
becoming TRUE. If the SG-TRIGGER TRIP®expression does not become TRUE as would
F occur if the fault were cleared by a down stream device, the fault current recorded in the
fault summary report will be for the power systemigeycle ending two cycles before the end of
the fault record. This is also the case jfithe fadlt record was triggered through the ASCII
command interface by the RF-TRIG command.

During the time that the SG-TRIGGER/PIEKUP expression is TRUE, the red Trip LED on
the front panel flashes indicatin@%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 sealedtin until the targets have been reset.

Breaker operations and interfuption 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 accimulatifng breaker duty are recorded for the power system cycle ending
when the breaKer status €hanges state. Breaker duty is accumulated every time that the
breaker opens eyenyif itis not opening under fault.

Setting group,changes are blocked when the SG-TRIGGER PICKUP expression is TRUE to
J prevent proteetive functions from being reinitialized with new operating parameters while a
fault is oceurring:

TRIP CIRGUITMONITOR

The trip gircuit menitor continually monitors the circuit breaker trip circuit for voltage and continuity. A
closed preaker wijth no voltage detected across the trip contacts can indicate that a trip circuit fuse is
open or thére isfa loss of continuity in the trip coil circuit. Breaker status (open or closed) is obtained
through the breaker status reporting function.

The detector circuit used by the trip circuit monitor is hardwired across the OUT1 contact. This contact is
used in all of the preprogrammed logic schemes as the main trip output. The detector circuit draws less
than 1 milliampere of current through the trip coil when the breaker is closed. Figure 6-9 illustrates typical
tripicircuit monitor connections for the BE1-851E.

Ifythe breaker status reporting function detects a closed breaker and no trip circuit voltage is sensed by
the trip circuit monitor after the appropriate coordination time delay (about 500 milliseconds), an alarm bit
in the programmable alarms function is set and the OUT1MON BESTIogic variable is set to TRUE.
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Trip Circuit Relay Circuit
+

DIi BE1-851E

i

i

. |
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er —— | CIRCUIT |
Relays ~ 5 ouTt CONTINUITY ! R

c2; MONITOR |

| |

: j

851E
—— 52a IN1

Figure 6-9. Trip Circuit Voltage and Continuity Monit

CAUTION
Applications that place other device inputs in parallel
may not perform as desired. The connection of ot parallel with the
trip coil causes a voltage divider to occur when the trip circuit is open.
This may cause false tripping of the other device d ent the BE1-851E trip
circuit monitor from reliably detecting an open cigeuit. tact Basler Electric for
advice on this application.

The circuit monitor sensing element has t
voltage. If the trip circuit voltage is sighnifi
voltage (for example, when using
program the BE1-851E to use one ©
situation, the trip circuit monitor funeti

eaker trip coil

ating as the power supply

gfother output relays for tripping. In this
ill not be available.

Figure 6-10, a 62x auxiliary relay is shown. |
to the impedance of the TCM circuit so the' T

ase, the impedance of the 62x coil is small compared
is always at logic 1. This prevents the TCM logic from
working even if the trip coil is open. Nor hen redundant systems are used, each relay system is on
an individual circuit and the sensingg each relay system is isolated from the tripping circuit. The
impedance of the TCM sensing,cir is the same as the contact sensing inputs. See Section 1, General
Information, General Specificati ol Inputs, for this information.

159

o BE1-851E ; +
TRIP : \
Oth L CIRCUIT I IR:i TCm
lays CONTINUITY | —
MONITOR |
i Trip
'| Trip
1
—__ b52a
\ —— b52a
62X 52 62X
TC -

P0037-16
03-28-06

Figure 6-10. TCM with Other Devices
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FAULT REPORTING

The fault reporting function records and reports information about faults that have been detected by the
relay. The BE1-851E provides many fault reporting features. These features include Targets, #Fault
Summary Reports, Oscillographic Records, and Sequence of Events Recorder Reports.

Logic Expressions for Fault Reporting

Logic expressions are used to define the three conditions for fault reporting. These conditions are
TRIPPED, PICKED UP, and LOGIC trigger. Figure 6-8 and Table 6-7 illustrate how each of these logic
expressions is used by the various relay functions. Note that even though BESTIogic expressions are
used to define these conditions, these expressions are not included here. Segtion 7, BESTlogic
Programmable Logic, provides information about using BESTlogic to program the relay.

Tripped

TRIPPED expressions are used by the fault reporting function to start logging gargets, for an event and to
record the fault current magnitudes at the time of trip. The HMI used the trip expression to seal-in the Trip
LED. The breaker clearing time monitor uses the TRIP expression to begingtiming the opening of the
circuit breaker. The resulting time is compared to the “Breaker Clearing Time” setting.

Picked Up

PICKED UP expressions are used by the fault reporting function tg.timesstamp 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 HMI uses the pickup expression togentrol/the flashing of the Trip LED. A pickup
expression is also used by the setting group selection functioh, teyprevent a setting group change during a
fault.

Logic

LOGIC trigger expressions allow the fault reporting functien 40 be triggered even though the relay is 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 usedsby. theysetting group selection or the HMI.

Fault Reporting Trigger Settings

Fault reporting trigger settings are madg from the BESTIlogic Function Element screen in BESTCOMS.
Figure 6-11 illustrates the BESTCOMS, screen used to select BESTlogic settings for the Fault Recording
function. To open the BESTlogic Functien 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 upper left hand corner of the scfeen.“Alternately, settings may be made using SG-TRIGGER ASCII
command.

To connect the function’s inputsjselect 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. Select the BESTlogic variable or series of variables to be connected to the input. Select Save when
finished to return to theyBESTHlogic Function Element screen. For details on the BESTlogic Expression
Builder, See Section 7,"BESTIogic 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.
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BESTlogic Function Element

Fault Recording
Protection Tripped. Picked Up and Logic Triggers
L 4
vgﬂ@ TRIPPED
¥012+————— FPICKED UP
] LOGIC 0
Figure 6-11. BESTlogic Function Element S@ieeordmg
Table 6-8 provides the SG-TRIGGER command specificatior\\
Table 6-8. SG-TRIGGER pecifications
Setting Default
TRIPPED Logic expressions used to d p fault reporting condition. VO11+BET

When this expression become (2), it triggers data recording.
Rickup fault reporting condition.

Logic expression used to define
@‘Q RUE (1), it initiates the pickup VO12+BFPU

PICKED UP | When this expression beco
timing sequence.
Logic expression u ne the trigger for fault reporting when

LOGIC relay is not picke &en this expression is TRUE (1), fault 0
reporting is tr

Example 1. Make the foll@ettings to the fault reporting function. Refer to Figure 6-11.

TRIPPE T+VO11
PIC : 012
GIC: 0

Each protective function 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 6-8 and Table 6-7, call-out B).
Target informatiofrcan be viewed and reset at the HMI and through the communication ports.

Target_logging for a protective function can be disabled if the function is used in a supervisory or
pacity. The following paragraphs describe how the relay is programmed to define which
unctions log targets. Table 6-9 lists the IEEE Device Number and the definition of the targets

Targets
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Table 6-9. Targets as Displayed

IEEE Device

Number Definition
50 ABC Phase Instantaneous Overcurrent
50 N Neutral Instantaneous Overcurrent < ’
50 Q Negative-Sequence Instantaneous Overcurrent (Sensing Input type H, only)
150 ABC Second Phase Instantaneous Overcurrent
150 N Second Neutral Instantaneous Overcurrent v
150 Q Second Negative-Sequence Instantaneous Overcurrent (Sensing(Ilnpéttype H, only)
250 N Third Neutral Instantaneous Overcurrent (Sensing Input type G
350 N Fourth Neutral Instantaneous Overcurrent (Sensing Input t 3 GY
51 ABC Phase Inverse Time Overcurrent
51N Neutral Inverse Time Overcurrent
51Q Negative-Sequence Inverse Time Overcurrent (Se
151N Second Neutral Time Overcurrent (Sensing Input only)
62 General Purpose Logic Timer
162 Second General Purpose Logic Timer
BF Breaker Failure

Setting the Targets Function

N

elements trigger a target and what type of logic

in Figure 6-12. You can select which protective
ill reset the targets. To setup the targets, go to

Targets are enabled using the BESTCOMS screen,sh
Reporting and Alarms from the Screens p @ and select the Fault Recording tab. Enable the
nat

, targets can be enabled using the SG-TARG ASCII

USER +| Settings Global

a_' gic
E | T
B | 21 o L6 | o
Clock Display ds | Bresker Manitoring]| Alams  Faul Hecordingl
Fault R ding Enabled T argets
Hao 51's M 514 W 518 W 5IC
@ ¥ BN W 50
rget Reset Mo30T's | | 5074 | S0TE W 5OTC
o TRSTKEY W BOTMN W 50TQ
Ml Feset Key Me130T's| | 15074 W 150TE ¥ 150TC
Target
RG-TARG=0 » Fesot W 150TH [ 150TQ
Logic MoB2s | ez I 182
. Logic
v EF

Reporting and Alarmsz 3/28/2006 9:52 AM

Figure 6-12. Reporting and Alarms Screen, Fault Recording Tab
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Retrieving Target Information

Targets can be viewed at HMI Screen 1.2 and through the communication ports using the RG-TARG
(report general, targets) command. The relay provides target information from the most recent trip event.
Target information is specific to an event; it is not cumulative. Targets for previous events are recorded in
the fault summary reports that are described in the following subsection.

When a protective trip occurs and targets are logged, the HMI Trip LED seals-in and Screen 1.2 is
automatically displayed. The LCD scrolls between the targets and the fault current magnitudes that were
recorded during the fault. Pressing the HMI Reset key will clear these targets and the Trip LED. Password
access is not required to reset targets at the HMI.

The RG-TARG (report general, targets) command is used to read and reset targets through the
communication ports.

RG-TARG Command

Purpose: Report/Reset target status.

Syntax: RG-TARG[=0]

Comments: Entering RG-TARG returns the target information logged during“the’most recent trip
event. Entering RG-TARG=0 clears the latched target data.

Example 1. Read the targets.
>RG-TARG

50A, 50N, 150A, 150N

Fault Summary Reports

The BE1-851E records information about faults and creates faultisummary reports. A maximum of 16 fault
summary reports are stored in the relay. The two most recent repars are stored in nonvolatile memory.
When a new fault summary report is generated, the relay discards the oldest of the 16 fault records 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, thefhumbering starts over at 1. Fault reports can
be viewed at HMI Screen 4.1.1. To view fault reports using®BESTCOMS, select Oscillography Download
from the Reports pull-down menu. A screen suchas the one shown in Figure 6-13 will appear.

From this screen, you can View Fault Details oriewikault Sequence of Events by selecting your choice
at the top of the screen and then highlighting, theyfault to be displayed. In Figure 6-13, fault 002 is
highlighted.

The Trigger button allows a fault to be manuallyitriggered. This can also be done using the SG-TRIGGER
ASCII command.

The Refresh button is used to refresh the 1ist of faults. The Download button will download the selected
fault, storing it on the selected drivesas either a binary or ASCI! file, selected beneath the button.
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View/Download Relay Fault Files

Selectthe Fault Record to : & vWiew Fault Details

" iew Fault Sequence of Events

BE1-851E FAULT SUMMRRY REPORT

# DATE TIME  EVENTTYPE  0SC |STYLE NUMEER : HSNIROU
£ 10459490 BEZTRIG i FIRMWALRE VERSION - 5.45.03
00T 03/28/06 10:4324 RF=TRIG 1 FROLT DRIZ S e
FRAULT TIME = 10:45:30_370
STATION ID : SUBSTATION_1
RELAY ID : BEl-851 .
RELAY ADDRESS 0

FAULT NUMBER =2
FRULT TRIGEER : RE=TRIG

EVENT TYPE : RF=TRIZ @
LCTIVE GROUP =0

TARGETS : NOWE

RECLOSER STATE - OFF

FAULT CLERRING TIME - N/A

BREAKER OPERATE TIME : NO O T

OSCILLOGRAPHIC REPORTS: 1

— |a © 04803

. . B - o

Download | Refresh Trlggerl Exit | e 02
IN o.

File Format e 0.00%

& Binary

o ASC

< 3

Figure 6-13. View/Download It Files Screen
Fault Summary Report Example &x
A fault summary report collects several items of i n about a fault that can aid in determining why
a fault occurred without having to sort through'al e detailed information available. The following
example illustrates a typical fault summ or [l-outs shown in the report are references to the
legend of Table 6-7.
Example 1. Fault Summary Report
BE1-851E FA MMARY REPORT
STYLE NUMBER : H5N1KOU
FIRM@RE@ION : 5.49.03
FAULT : 03/28/06 4——:::::1:>
TI : 02:09:58.081
1D : SUBSTATION 1
: BE1-851E
DDRESS : 65
NUMBER i1
T TRIGGER : V02,V010
ENT TYPE : TRIP
TIVE GROUP : 2
TARGETS : 51N, 510
RECLOSER STATE : OFF ‘4¥l~#//4:>
FAULT CLEARING TIME : 0.164 SEC
BREAKER OPERATE TIME 0.087 SEC«—(D)
OSCILLOGRAPHIC REPORTS: 1 <‘-~“~‘—~“‘\‘<:>
S 1A : 1.20KA
1B 0.40KA
ic 0.40KA
IG 0.80KA
P0037-17
IQ 0.27KA 03-28-06
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Style Number. This line reports the style 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 the 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 6-8 and Table 6-7, call-out A.

Station ID and Relay 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 from which the report was requested.
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 répert By the BE1-
851E.

Fault Trigger. This line reports the logic variables in the pickup or logic trigger expressionsithat 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 thestelayatfipped 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 expfession(but no fault was detected as
defined by the pickup expression.

e Breaker Failure: A fault was detected as defined by thedpiekup expression and the breaker failure
trip became TRUE before the fault was cleared.

¢ RF=TRIG: A fault report was recorded by the ASCII command‘interface.
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 t¢ the, fault report between the time that the trip
expression became TRUE until the end of the fault. Refertg Figure 6-8 and Table 6-7, call-out B.

Recloser State. This line reports the state of thegrecloser shot counter before the fault that triggered the
report.

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 Figlire 68 and Table 6-7, call-out C.

If the fault report was triggered manually from the View/Download Relay Fault Files screen, the recording
of the report was terminated after 60 secgfds and‘this line is reported as N/A.

If the pickup or logic expressions stay JTRUE far more than 60 seconds, an alarm bit in the programmable
alarm function is set and this line gs“feported as N/A. 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.

Breaker Operate Time. This line reperts 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 thatithe"arc has been extinguished. Refer to Figure 6-8 and Table 6-7, cal-out D.

Oscillographic Reports. This line reports the number of oscillographic records (1 or 2) that are stored in
memory for this fault report.“Refer to Figure 6-8 and Table 6-7; call-out E. Recording of oscillographic
records is descriped imthe Oscillographic Records subsection.

IA, IB, IC, IN, 1Q4 These lines report the current magnitudes measured two power system cycles
immediately followingythe trigger trip. If the fault is cleared before the relay tripping, the recorded fault
currents are for the power system cycle two cycles before the end of the fault. If the relay has been set to
the average current measurement algorithm, these currents may not be representative due to the time
constant inherentin the measurement algorithm. Refer to Figure 6-8 and Table 6-7, call-out F.

Retrieving Fault Report Information from the Relay

FaultaSummary 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
fatlt,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.
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RF Command

Purpose: Read/Reset fault report data.
Syntax: RF[-n/NEW][=0/TRIG]
Comments: Entering RF alone returns a directory of all fault reports in memory. RF-NEW returis a

summary report for the newest fault record. RF-[n] returns a fault report for fault number
[n]. RF=0 resets the new fault counter. RF=TRIG manually triggers a fault record.

Example 1. Directory of all Fault Reports in memory.
>RF
BE1-851E FAULT DIRECTORY
REPORT DATE : 04/28/05
REPORT TIME : 10:25:35
STATION 1D : SUBSTATION_1
RELAY 1D : BE1-851E
RELAY ADDRESS : O
NEW FAULTS : 16 (10:25:09 04/28/05-10:25:34004/28/05)
TOTAL FAULTS : 16 (10:25:09 04/28/05-10:25%34" 04/28/05)
-#- --DATE-- --TIME-- --EVENT TYPE-- -4-0S€--
022 04/28/05 10:25:34 RF=TRIG 1

021 04/28/05 10:25:33 RF=TRIG
020 04/28/05 10:25:33 RF=TRIG
019 04/28/05 10:25:30 RF=TRIG
018 04/28/05 10:25:30 RF=TRIG
017 04/28/05 10:25:29 RF=TRIG
016 04/28/05 10:25:29 RF=TRIG
015 04/28/05 10:25:23 RF=TRIG
014 04/28/05 10:25:22 RF=IRIG
013 04/28/05 10:25:22 RE=TRIG
012 04/28/05 10:25:17 RF=TRIG
011 04/28/05 10:25:46, RE=TRIG
010 04/28/05 10:25%711)) RF=TRIG
009 04/28/05 10:25g1¥ RF=TRIG

RPRrRRRRRRRRRERR

New Faults Counter. One line of the fault suimmary directory report contains the new faults counter. The
new faults counter tracks how many newfault 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 thegelay is checked, it is 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 ¢o reset the new faults counter through the communication ports. The new
faults counter can also ke yiewed and reset at HMI Screen 4.1.

Fault Summary Reports. Tadividual 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 the command RE-NEW. If additional detail is desired, Sequence of Events Recorder data and
oscillographic data’can also be obtained for the faults. This is discussed in detail later in this section.

Receiving Fault Report/Information from COM1 using the SG-DATADUMP command

When the' DATADWUMP function is enabled, a fault summary report is automatically sent to COM1 (Rear
RS-232) each time a fault occurs. For more information on fault summary reports, see Fault Summary
Reports, explainéd previously in this section.

NOTE

If ACCESS is held on COM1 (Rear RS-232), the DATADUMP function will be
paused until ACCESS is released by using the “EXIT” command.

9289900790 Rev C BE1-851E Reporting and Alarm Functions 6-25



SG-DATADUMP Command

Purpose: Report/Set fault record DATADUMP to COM1.

Syntax: SG-DATADUMP[={mode}] where mode is 0/1 (disabled/enabled)

Comments: Entering SG-DATADUMP alone returns the state (1 = enabled, 0 = disabled). Set SG-

DATADUMP=1 to turn on the DATADUMP or SG-DATADUMP=0 to turn off the
DATADUMP.

Refer to Section 14, BESTCOMS Software, Setting the Relay, General Operation, Communication for
information on enabling the DATADUMP through BESTCOMS.

Oscillographic Records

The fault reporting function can record up to 16 IEEE Standard Common Format for Transient Data
Exchange (COMTRADE) oscillographic records. Each record is 15 cycles long and regérds 24 samples
per cycle for the A, B, C, and N current inputs. The relay uses 24 samples per cycle inlits 0peration. Each
time the fault reporting function starts recording a fault summary report, it freezes, a 3-gycle pre-fault
buffer and records for 12 post-trigger cycles. If the fault is not cleared within that time,‘the fault reporting
function records a second oscillographic record. If a second oscillographic recordyis required, the fault
recording function will continue to record sample data in the second record with n@,gap. During this time,
a 5-cycle buffer is being filled. If the fault is cleared within 5 cycles of the start,of the second record, the
record is terminated after it has recorded 15 cycles. IF the fault does netfcleariin that period, the fault
reporting function continues to save 5 cycles of sample data in its bufferuntil the fault is cleared. At that
point, it freezes the 5-cycle buffer, providing 5 cycles of end of fault data,and\10 cycles of post-fault data.

An oscillographic record is triggered when the PICKED Up or LOGIC Expressions defined by the FAULT
RECORDING logic becomes TRUE. The oscillographic record wilcontain 3 cycles of pre-trigger data and
8 cycles of post-trigger data. Twelve samples will be stored evuery cycle. Each sample will contain 16-bit
A/D values for all four analog channels (IA, IB, IC, and IN) andfa 1%er 0 for each of the 64 digital channels.
The digital channels are updated every ¥ cycle, but they aréttecorded every 1/24 cycle. If the fault is not
cleared by the end of the record, then a second oscillographic report will be triggered as soon as the first
ends. The first report will cover the initiation of the fault{(startifault) and the second report will cover the
breaker operate time (end fault).

Oscillographic records are stored in volatile memary. As additional faults are recorded, the oldest records
are overwritten.

Table 6-10 shows oscillographic hardware suppert.

Table 6-10. Oscillographic Hardware Support

Feature Version, 2.xX Version 3.xx Version 4.xx
Number of Oscillographic
Records 12 16 16
Length of Oscillographic 11 ¢y€les each 15 cycles each 15 cycles each
Records
Sample Resolution 24,samples per cycle 24 samples per cycle 24 samples per cycle

Retrieving Oscillographic Recofds

The fault summary directorypand the fault summary reports list the numbers assigned to each fault record
and the number, offoscillegraphic 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 that you would like to downloaded and select either ASCII or binary as the file type
for download. Select the Download button.

In Figure 6=14, record 019 is selected for a binary download. When the Download button is selected, the
Browsenafor, Folder screen appears. See Figure 6-15. Select a location for the file to be stored, or create a
Newtkolder and press OK. The Fault Record Filename screen will appear. Type the base filename in the
firstraw, the rest of the filenames will respond by changing to match the base filename. Select OK to
Save, the file.
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#  DATE

View/Download Relay Fault Files

Selectthe Fault Record to : & vWiew Fault Details

" Wiew Fault Sequence aof Events

TIME

EVENT TYFE osc

018 03/28/06 11:41:08
017 03/28/06 11:40:28
016 03/28/06 11:40:20
015 03/28/06 11:40:12
014 03/28/06 11:40:04
013 03/28/06 11:33:56
012 03/28/06 11:33:43
011 03/28/06 11:33:41
010 03/28/06 11:33:34
003 03/28/06 11:3%:27
003 03/28/06 11:33:20
00V 03/28/06 11:33:12
OnR - m2ame 11-39-04

11:41:23  RF=TRIG
RFE=TRIG
RF=TRIG
RF=TRIG
RF=TRIG
RF=TRIG
RF=TRIG
RF=TRIG
RF=TRIG
RF=TRIG
RF=TRIG
RF=TRIG
RF=TRIG
RF=TRIG
RF=TRIR

e

[, P

| £

| =

DDwnIDad| Refresh‘ Trigger | Exit ‘

File Formnat

' Binary
" ASCI

BE1-851E FAULT SUMMARY
STYLE NUMBER
FIRMWALRE VERSION
FAULT DATE

FAULT TIME

S5TATION ID

RELAY ID

RELAY ADDRESS

FAULT NUMBER

FAULT TRIGEER

EVENT TYPE

LCTIVE GROUP
TARGETS

RECLOSER S5TATE

FAULT CLEARING TIME
BEEAFER OFERATE TIME

Ia
IB

o
a

Ic 0R

IN 0.

10 0.00R

REFORT

: HSN1EOU

- 5.45.03

: D3/28/08

= 11:41:14_778
: SUBSTATION_1
: BEl-851

T
1

= OFF

: HN/R

= HO O
1

OSCILLOGEAPHIC REPORTS:

Browse for Folder

Select folder to save the fault files in.

Figure 6-14. View/Downl

[C3) Desktop
5S¢ Favorites
I3 Local Settings
=+ My Documents
I3 Adobe
[ cowinin

[ Corel User i
= IBM%

Fault

Eaze Filename :
Ozc File 1 CFG
Osc File 1 DAT :
Ozc File 2 CFG
Osc File 2 DAT

Header File :

Files

[RO-019B1.cfg

\RO-019B1.dat

[RO-019.hdr

Fault Summary : |RO-013_SLM.tat

Fault Sequence : |F||:|-|:I'| 9 SEG. st

o]

Cancel

Figure 6-16. Fault Record Filenames

aphic report file can be requested at a time. Reports are transmitted in COMTRADE
ration 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:

BESTIlogic settings for User Programmable Logic Scheme.
User Programmable Label settings, Global 1/0 settings.
The protection setting group active during the fault.
General protection settings.
Fault reporting settings.
Breaker monitoring settings.
Alarm settings.
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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.

Configuration and data files can be downloaded using any standard communications program.

SEQUENCE OF EVENTS RECORDER

A sequence of events recorder (SER) report is very useful in reconstructing the exact seqguence and
timing of events during a power disturbance or even normal system operations. The SER tracksg@ver 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 toma I=millisecond
resolution. Two hundred and fifty five (255) changes are stored in volatile memory. When the SER
memory becomes full, the oldest record is replaced by the latest one acquired.

Points and Conditions Monitored
The SER monitors the following points and conditions:

Single-state events such as resetting demands or targets, changing settings, etc.
Programmable logic variables.

Targets.

Relay trouble alarm variables.

Programmable alarm variables.

Output contact status.

Fault reporting trigger expressions.

When a monitored event occurs or a monitored variable changes staté, the SER logs the time and date of
the event, the event or variable name, and the changed_stateyof the variable. For user programmable
logic variables (contact sensing inputs, virtual switchegs, /and Virtual outputs), the user-programmed
variable name and state names are logged in the SER"instead of the generic variable hame and state
names. For more information, refer to Section 3, lmput and Output Functions.

Retrieving SER Information

SER information is retrieved through SER Directofy, 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 aceessed 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 lpexttime that the relay is checked, it is easy to determine if there are new
events that have not been evaluated, ‘One line of an SER directory report contains the new events
counter information. The new @vents counter is reset by obtaining write access to Reports and using the
RS=0 command. The new events caunter can be viewed but not reset at HMI Screen 4.2.

SER. A directory of SERS can, be obtained using the RS (report SER) command. Six sub-reports are
available through theyRS'c@mmand: RS-n, RS-Fn, RS-ALM, RS-I/O, RS-LGC, and RS-NEW. These sub-
reports give specifie types of‘data without confusing the user with every internal state change and event
occurrence. Each'subsreport is defined in the following paragraphs.

RS-n (report SERy¢nhumber of most recent events). Events are retrieved for the most recent entries.
Entering RS-4 wouldwiéw an SER for the last four events.

RS-F<n> (report SER, for Fault <event number>). Events are retrieved for the period specific to a fault
event. The reportgncludes all events within the time span of the fault plus one event before and after the
fault. Entéring RS-F9 will show an SER associated with fault record 9.

RS-ALM(eport 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 tising the RA-SER command.

RSAO)(report SER, input/output). This command reports all input and output events since the last RS=0
eommand was issued. (RS=0 resets the New Records counter to 0.)
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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.)

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.

RS Command
Purpose: Read/Reset sequence of events record data.
Syntax: RS[-n/Fn/ALM/IO/LGC/NEW][=0]
Comments: n = number of events to be retrieved
Fn = fault record number to be retrieved
Example 1. View the Sequence of Events Directory.
>RS
BE1-851E SEQUENCE OF EVENTS DIRECTORY
REPORT DATE = 04/28/05
REPORT TIME : 13:29:43
STATION ID : SUBSTATION_1
RELAY 1D : BE1-851E
RELAY ADDRESS : O
NEW RECORDS : 13 (08:12:20.548 04/28/05 =,10929:42.068 04/28/05)
TOTAL RECORDS : 13 (08:12:20.548 04/28/05/- 110:29:42.068 04/28/05)
Example 2. View fault record number 8.
>RS-F8
BE1-851E SEQUENCE OF EVENTS RECORD
REPORT DATE = 04/28/05
REPORT TIME : 13:31:46
STATION ID : SUBSTATION_1
RELAY 1D : BE1-851E
RELAY ADDRESS : O
--DATE-- ---- TIME----4~-=2--S5# POINT DESCRIPTION---—--—-=-—- -- STATUS--

04/28/05 10:23:48.396 RELAY TROUBLE ALARM RESET
04/28/05 10:23:48.354“MINOR ALARM RESET
04/28/05 10:23:48.308, MAJOR ALARM RESET
ROGIC ALARM RESET
UP"RESET ALARM RESET
04/28/05 10:23:312:896 INEW FAULT COUNTER RESET
04/28/05 08:12¢20.548"0OUTPUT 1 CIRCUIT OPEN TRUE

ALARMS FUNCTION

The “alarms function” meniters 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 ig"fnonyolatile 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 givesftherrelay the functionality to annunciate local and remote alarms. See Section 10,
Human-Machine Intérface, for more information on the automatic display priority logic.

Relay Trouble Alarms

All internal€ircuitry and software that affects how the relay functions is monitored by the continuous self-
test diagnosties function of the relay trouble alarms. A detailed list of relay trouble alarms is provided in
Table 6-11. If any one of these points asserts, the fail-safe alarm output relay de-energizes allowing the
OUTA contact to close or open depending on the style number, the HMI Relay Trouble LED to light, all
output relays to become disabled, and the relay to be taken offline. The relay trouble alarms function is
not, programmable. If power is lost to the relay, the OUTA contact will close or open depending on the
style\number.

liXyour application requires a normally closed contact that opens to indicate a relay trouble condition, use
BESTlogic to program the output logic. One of the output relays with normally open contacts (OUT1
through OUT5) can be programmed so that it is held closed. For example, to open OUTS5 for indication of
relay trouble, set the VO5 logic expression at /0 (SL-VO5=/0). A “not zero” setting is equal to logic 1.
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When the relay is fully functional, the OUT5 output contact is closed. Since all output relays are disabled
when a relay trouble alarm exists, OUT5 opens when relay trouble occurs.

Table 6-11. 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 timeg@,out.
9 SET DEFLTS LOADED Relay using setting defaults.
10 CAL DFLTS LOADED Relay using calibration defaults.

Relay trouble alarms, except for CALIBRATION ERR, EEPROM FATARERR#SET DFLTS LOADED, and
CAL DFLTS 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"ROADED errors indicate that the relay is
functional but needs re-calibration or the setting re-programmed.

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. Iffa relay ‘trouble (RA-REL) alarm is cleared by
pressing the HMI Reset key while viewing Screen 1s3,0rusing 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 @&re 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 does not affect the relay €ore functions. The alarm function used to monitor the power
system and equipment is part of the,proagrammable alarms. Table 6-12 provides a detailed list of all
programmable alarms. The programmable alarm points can be prioritized into Major and Minor alarms
using the SA-MAJ (setting alarms, “major) ‘and SA-MIN (setting alarms, minor) commands. Major alarm
points, when triggered, cause the®HMI"Major Alarm LED to light and the BESTlogic variable ALMMAJ to
assert. Minor alarm points, whew triggéred, cause the HMI Minor Alarm LED to light and the BESTlogic
variable ALMMIN to assert.

Table 6-12. Programmable Alarms

I.D. # Name Description
1 OUT1 CKT,OREN ALARM = Trip circuit continuity and voltage monitor.
2 BKR FAIL ALARM Breaker failure trip.
3 RECLOSER FAIL ALARM = Reclose fail timer timed out before breaker closed.
4 RECLOSER LOCKOUT ALARM # | Recloser went through sequence without success.
5 BREAKER ALARM 1 Breaker Alarm 1 threshold (SA-BKR1 setting) exceeded.
6 BREAKER ALARM 2 Breaker Alarm 2 threshold (SA-BKR1 setting) exceeded.
7 BREAKER ALARM 3 Breaker Alarm 3 threshold (SA-BKR1 setting) exceeded.
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I.D. # Name Description
8 P DEMAND ALARM Phase demand.
9 N DEMAND ALARM = Neutral unbalance demand.
10 | Q DEMAND ALARM Negative-sequence unbalance demand.
11 | GROUP OVERRIDE ALARM = Setting group control logic override.
12 | SYS /O DELAY ALARM Excessive delay in HMI or serial communication operation.
13 | COMM ERROR ALARM Communication failure.
14 | CLOCK ERROR = Real-time clock not set.
15 | uP RESET ALARM Microprocessor has been reset.
16 | SETTING CHANGE ALARM Setting change made by user.
17 | EE NONFATAL ERR ALARM EEPROM nonfatal recoverable,error.
18 | OUTPUT OVERRIDE ALARM One or more output contacts have logic override condition.
19 | IRIG SYNC LOST ALARM Loss of IRIG synchronization.
20 | SGC ACTIVE ALARM = Active setting group changed.
21 | VO13 LOGIC ALRM = VO13 logicuis, T RUE (tUser programmable logic alarm).
22 | VO14 LOGIC ALRM = VO14 logi€ is TRUE (user programmable logic alarm).
23 | VO15 LOGIC ALRM = VO15 lggic is TRUE (user programmable logic alarm).
24 | FLT RPT TIMEOUT ALARM TRUE ifyffault event trigger lasts longer than 60 seconds.
25 | LOGIC=NONE ALARM Activeylsogic=NONE.
26 | CHANGES LOST ALARM Changes made on serial port not saved after 5 minutes.

* Alarms with an asterisk (*) are non-latchihg. A'non-latching alarm clears itself automatically when the
alarm condition goes away. All other @larms are latching and must be manually reset by using the HMI
Reset button or the RA=0 command.

The output of any programmablefalarm,can also be used in programmable logic expressions without
being programmed to be reportediby the programmable alarm reporting function. The ALMLGC variable
is provided for this purpose. Progiammable alarm variables can be masked to drive BESTIogic variable

ALMLGC by using the SA-I'GC command.

Programming Alarm Prioritieés

Alarm setting include{Major; Minor, and Logic alarm priorities, Demand alarm points, and the Breaker
alarm points. Programming details for Demand alarm points are available in the Demand Functions
subsection. Refef tofthe Breaker Monitoring subsection for details about programming Breaker alarm
points. MajofpMiner, and Logic programmable alarm settings are made using BESTCOMS. To select
alarm priofity, select Reporting and Alarms from the Reports pull-down menu. Select the Alarms tab (see
Figure 6£17) 4Set the alarm point priority by checking the box or boxes to its right. Table 6-13 summarizes
major, minar, and’logic programmable alarm settings.
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Figure 6-17. Reporting and Alarms Scréen, Alarms Tab

Table 6-13. Programmable Alarm Settings

Setting Range/Purpose Default
Zﬁ%fﬁ&gg?&i Sﬂari\ilaebslel\;llajor Alarm LED List ofjalarmsfunctions per Table 6-12 25
gﬂggoﬁfmﬂnﬂmgi \(/t;rrii\;%slel;/.linor Alarm LED List of<alarm functions per Table 6-12 29
\I;gﬁ:bﬁgl?rm points (drives ALMLGC logic List of alarm functions per Table 6-12 0

Retrieving and Resetting Alarm Reparts

When an alarm condition occursjthe appropriate front panel LED lights and HMI Screen 1.3 is displayed.
(See Section 10, Human-Machine Iatesface, 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.’Refer to Table 6-12 for the list of latching alarm points and self-clearing
alarm points.

The Reset key offthe HML is context sensitive. That is, the functionality depends upon what screen is
currently being displayed. BESTlogic variable RSTKEY takes advantage of this to allow the front panel
Reset key on theyrelay 40 be used in the programmable logic scheme when the Alarms screen 1.3 is
active. An example ofythe 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 gause the display to go to the Alarms screen 1.3. When the Reset key is pressed on the front of
the relay, the RSTKEY logic variable is asserted and the logic expression seal-in is broken. See Section
8, Applicatien, Application Tips, for more information. Figure 6-18 shows the alarm reset logic.

Lodic Variables for ALMMAJ, ALMMIN, and ALMLGC can also be set to operate any of the output
centagts to give an indication that an alarm condition exists. Section 7, BESTlogic Programmable Logic,
provides more details about this feature.
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Figure 6-18. Programmable Alarm Function

The status of the three front-panel LEDs (Relay Trouble, Minor Alarm, and MajorfAlafm) 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.

The RA (report alarms) command can be used to read detailed alarm reportsyandeset latched alarms.

RA Command
Purpose: Report/Reset alarm information.
Syntax: RA[=0]

Comments: Type = LGC (Logic), MAJ (Major), MIN (Ming@g), or REL}(Relay)
Privilege G or R password access is requiredto reset alarms.

Example 1. Read the current alarm status.
>RA

RA-LGC NONE
RA-MAJ NONE
RA-MIN NONE
RA-REL  ALARM# 9 4= SET DFLTS LOADED

Example 2. Clear the latched relay alarm.
>RA-REL=0

Links between Programmable Alarms®and BESTIlogic

Several links between the programmable alarms and BESTlogic allow alarm functions to be used in the
logic scheme and programmabledlogic functions to be used in the alarm reporting function.

Programmable Alarms Centrolled by BESTlogic Elements

Virtual outputs VO13, M@14npand VO15 are driven by BESTlogic expressions and are available in the
programmable alarmsfunction. These three virtual outputs have labels that can be assigned meaningful
names. When a logic ‘€endition that is used for an alarm exists, the label will be reported in the alarm
reporting functiont

Programmable®Alarms’Reset
Programmablé 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 1.3 is active.

e By connecting the alarms reset logic in BESTCOMS. Alternately, this can be done using the SA-
RESET ASCII command.

Toyreset 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 6-17. The BESTlogic Function Element screen for Alarm Reset Logic will appear. See
Figure 6-19.

To connect the function’s input, select the RESET button in the BESTlogic Function Element screen. The
BESTlogic Expression Builder screen will open. Select the expression type to be used and select the
BESTIlogic variable or series of variables to be connected to the input. Select Save when finished to
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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.
In the example of Figure 6-19, the programmable alarms will be reset when either IN3 or IN4 becomes
TRUE.

BESTlogic Function Element

Alarm Reset Logic

o

s

Figure 6-19. BESTlogic Functio e reen Alarm Reset Logic

BESTIogic Elements Controlled by Proqrammab!&a
Major, Minor, and Logic programmable alar drive BESTlogic variables ALMMAJ, ALMMIN, and

ALMLGC. These variables can be used in logi ressions to control logic when the alarm is active. For
example, these variables could be used c an output relay to signal a SCADA RTU that an alarm
condition exists. L 4

N

HARDWARE AND SOFT ERSION

Hardware and software versioh reporting is used to determine what style chart selection are included in
the relay, the relay serial n:? the version of the embedded software (firmware).

Style and serial number tion is contained on the label on the front panel. Embedded software
information can be,obtai HMI Screen 4.6. The information of Screen 4.6 is also displayed briefly
when operating eris lied to the relay.

are» version report can be obtained through BESTCOMS. Alternately it can be
R ASCII command.

To obtain the relay’s version report through BESTCOMS, select Download Settings from Device from the
Communications menu. Downloaded settings from the relay will overwrite any settings you have made in
BESTCOMS. Th&elay will ask you to save your current file before continuing the download.

A software an

elect the General Information tab (see Figure 6-1). The General Information tab displays all
ion information about the relay.
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SETTINGS COMPARE
BESTCOMS has the ability to compare two different settings files. To use this feature, pull down th

file. If you want to compare settings downloaded from a unit, click the RS-232 button to set“up
communication port and baud rate. Click the Compare button to compare the selected settings files.

L 4

BESTCOMS Settings Compare Setup

Left Settings Source Right Settings Source
¥ Settings open in BESTCOMS (" Settings open in BESTCOMS
™ Settings file on disk (¥ Settings file on dizk
" Dovnload setings from unit " Download setiings fro

Left Source J Download

|Settings apen in BESTCOMS

Right Source g Download

|C:'\Dncument$ and S ettingz\briandatyshy Docu

Compare

Figure 6-20. Settings re Setup Dialog Box

If there are any differences in the two fil
found. The BESTCOMS Settings Comp&

dial ox will appear and notify you that differences were
og box (Figure 6-21) is displayed where you can view all

Show Diffs |

|E:'\Documents and Settingshbriandotyshy.. \Basler bst

SL-M =USER ”~
SL-A0TF =1.0 i
SL-A0TH =1.0 D
SLEOTR =10

SL-150TP =10
SL-150TH =1.0
SL150TO =10
SLE1P=1.0
SL-E1M=1.0

SLE1R =10

SLE2 =000
SL-162=0.00
SL-73=00000

SL-BF =000
SL-GROUP=1,00,00/0
SL-43=1

S

| £
| £

198 zettings compared.
i Cloge
(0 differencels] were found.

Figure 6-21. Settings Compare Dialog Box
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SECTION 7 ¢« BESTLOGIC PROGRAMMABLE
LOGIC

INTRODUCTION

Multifunction relays 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 wiring4diagrams
provide direction for wiring protective elements, switches, meters, and indicator lights into a unique
protection and control system. In the digital, multifunctional environment, the pracess of'wiring individual
protection or control elements is replaced with the entry of logic settings. The proeess ofs€reating a logic
scheme is the digital equivalent of wiring a panel. It integrates the multifunctiopgprotection, control, and
input/output elements into a unique protection and control system.

BESTIlogic is a programming method used for managing the input, output, pketectief, control, monitoring,
and reporting capabilities of Basler Electric’'s digital, multifunction, protegctive relay systems. Each relay
system has multiple, self-contained function blocks that have all of the_inpuis_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 integfate,(electronically wire) the selected or
enabled protection and control blocks with control inputs, virtual\eutputs; and hardware outputs. A group
of logic equations defining the function of the multifunction relayis calléd a logic scheme.

Several preprogrammed logic schemes are stored in selay memory. Each scheme is configured for a
typical protection application and virtually eliminates the ‘need*far 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 suityour application. Detailed information about
preprogrammed logic schemes is provided later in thisisection.

BESTlogic is not used to define the operating settings (pickup thresholds and time delays) of the
individual protection and control functions. @perating 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.

WORKING WITH PROGRAMMABRE LOGIC

BESTlogic uses two types of logiesettings: output logic settings and function block logic settings. These
two types of settings are discussed in the following subsections. Output logic settings are entered in
equation form and control thethardware outputs of the relay. BESTIogic function blocks are illustrated in
Figure 7-1. These are discussed ifythe following paragraphs.

Names assigned to inputs, outputs, timers, and protection and control elements represent the logic
variables in the equations. Table 7-1 lists the logic variable names and descriptions.
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Figure 7-1. BESTlogic Function Blocks
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Table 7-1. Logic Variable Names and Descriptions

Variable Description Variable Description
Name Name
Inputs and Outputs Time Overcurrent L 4
IN1 —IN4 Inputs 1 through 4 Status 51PT 51 Phase Tripped
VOA Relay Trouble Alarm Output Status 51PPU 51 Phase Pic
VO1 -VO7 | Virtual Outputs 1 through 7 (hardware outputs) 5INT 51 Neutral Tri
VO8 —VO15 | Virtual Outputs 8 through 15 51INPU 51 Neutral
Controls 51QT 51 Negal
RSTKEY HMI Target Reset Key 51QPU 51 Negative-
101T Virtual Breaker Control Switch Tripped Instantaneous
101C Virtual Breaker Control Switch Closed 50TPT T Ph Tripped
101sC Virtual Breaker Control Switch Slip Contact 50TPPU 0 ase Picked Up
62 62 Timer Output 50INT eutral Tripped
162 162 Timer Output Neutral Picked Up
43 Virtual Switch 43 Output 50T Negative-Sequence Tripped
143 Virtual Switch 143 Output 50T Negative-Sequence Picked Up
243 Virtual Switch 243 Output 150T Phase Tripped
343 Virtual Switch 343 Output 150T Phase Picked Up
SGO Setting Group 0 Active (default) 50TNT 150T Neutral Tripped
SG1 Setting Group 1 Active 150TNPU 150T Neutral Picked Up
SG2 Setting Group 2 Active 150TQT 150T Negative-Sequence Tripped
SG3 Setting Group 3 Active 150TQPU 150T Negative-Sequence Picked Up
Alarms and Monitor
ALMLGC Logic Alarm
ALMMAJ Major Alarm
ALMMIN Minor Alarm
OUTIMON | Output 1 Monitor4girc ity)
Reclosing
79C 79 Close Si
79RNG 79 Running/B hanger
79LO
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Function Block Logic Settings

Each BESTIlogic function block is equivalent to its discrete device counterpart. For example, the
Reclosing Logic Function Block of Figure 7-2 has many of the characteristics of a BE1-79M Relay.

P0012-02
Mode 02/22/02
0 - Disable
1 - Power Up to Lockou
2 - Power Up to Close —_79C
79 O 79RNG
Al RECLOSER
~79L0
STATUS
WAIT O 79RST
DTL/BLK
£ 795€B

Figure 7-2. 79 Reclosing Logic Function'Bloek

Before using a protection or control function block, two items must beyset: the mode and the input logic.
Setting the Mode is equivalent to deciding which protection(or cemtrol 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 logi¢ 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 variable§ will'control or disable a logic function. An example of
an input BLOCK logic equation is IN3+VO6. ThelN3*VO6 expression indicates that the 51P function is
disabled when Input e (IN3) or Virtual Output 6 (%O6)'is, TRUE.

The AND operator may not be applied to the terms ofyan input logic equation. Any number of variables or
their inverse can be combined in a function block input logic expression. Section 4, Protection and Control
Functions, provides detailed information abeut Setting the logic for each function block.

Output Logic Settings

Defining Output Operation

Output operation is defined by Boaleandogic equations. Each variable in an equation corresponds to the
current state (evaluated every*quarter cycle) of an input, output, or timer. Figure 7-3 illustrates this
relationship. Every quarter cycle, oudtput expressions are evaluated as TRUE or FALSE. If a logic output
that corresponds to a hardware%eutput changes state, then the corresponding output relay contact also
changes state.

D2861-16
08-21-03

SL-VO
LOGIC I/O
LOGIC
EQUATION| e

Figure 7-3. Virtual Output Logic
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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 before
loss of power. These variables include 43/143/243/343, 101SC and SGO through SG3. All control
commands, including logic override control, are also stored in EEPROM. If you override output logi¢ and
force output to open, that condition will be maintained even if operating power is cycled.

Logic equations are defined by logic variables, logic operators, and their position in an equation. §he
available logic operators include AND (*), OR (+), and NOT (/). The NOT operator is appliedytofthe
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'cemplex 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. A hardware output is\aphysical relay contact
that can be used for protection or control. Each BE1-851E relay has seven isolated, normally open (NO)
output contacts (OUT1-OUT7) and one isolated, normally closed (NC)“aer. narmally open (NO) alarm
output (OUTA). Output contacts OUT1 through OUT7 are controlled py“the status of the internal virtual
logic signals VO1 through VO7. If VO[n] becomes TRUE, then the¥gorresponding output relay OUT[n]
energizes and closes the NO contacts. For the alarm output, if VOAsbecames TRUE, the ALM output de-
energizes and opens. More information about input and output fun€tions is provided in Section 3, Input
and Output Functions.

Hardware outputs can also be controlled by the CO-OUT (controlfeperate, output) ASCIl command. The
CO-OUT command overrides control of logic outputs. Outptitsymay be pulsed or latched in a 0 or 1 state
independently from the state of the virtual output logiéydvoreyinformation about overriding control of logic
outputs is available in Section 3, Input and Output Fun¢tions.

BESTIogic Expression Builder

The BESTIlogic Expression Builder is used to cgnnectythe inputs of the relay’s function blocks, physical
inputs and outputs, and virtual outputs gUsing (the' BESTlogic Expression Builder is analogous to
physically attaching wire between discrete relay terminals. The BESTIlogic Expression Builder is opened
each time the input of a BESTIogic funetion block is selected. Figure 7-4 illustrates the BESTIlogic
Expression Builder screen.

BESTlogic Expression Builder

2rogramming BLOCK, input of SL-50TP command.
INT + 743 + vo
y _4
&~ a
Ez ‘ /562 - BESTlogic Expression Type
5G3.__J0 /563
& woa MNOA & Single OR ::’_q
o v¥vm Aol
Ao2
. Vo3 03 ~
N vo4 04
| & ¥05 A0S
VOB OB m
Vo7 NO7
AO8 m
E 09 - B
vo10 010 @
vioii Aol
VD12 NO12 m
vio13 013
V014 D014 -|
Click above to select a vanable for inclusion
in the BESTlogic expression. Clear Reset | Cancel | Save |

Figure 7-4. BESTlogic Expression Builder Screen
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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 BESTlogic expression in a text window. Above the text window, the
selected input and the associated ASCIlI command is 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 theauser to
the previous window.

LOGIC SCHEMES

A logic scheme is a group of logic variables written in equation form that defines theYgperation of a multi-
function relay. Each logic scheme is given a uniqgue name of one to eight alphanumeri¢characters. This
gives you the ability to select a specific scheme and be confident that the selected scheme is in
operation. Six logic schemes, configured for typical protection applications; areystored in nonvolatile
memory. 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 negeded for'a\particular application. This
is because the preprogrammed schemes are designed for a large number ofapplications with no special
programming required. Unneeded inputs or outputs may be left opentto ‘disable a function, or a function
block can be disabled through operating settings. Unused currentesensing inputs should be shorted to
minimize noise pickup.

When a custom logic scheme is required, copying a prepreggrammed scheme into the user logic can
reduce programming time. The logic scheme can then be maodified to meet the specific application.

User Logic Scheme

Digital, multifunction relays must have a user Jogic jscheme in order to function. All Basler Electric
multifunction relays are delivered with a defaulttuser’logic loaded into memory. The default user logic
scheme for the BE1-851E is named USER. If'the function block configuration and output logic of USER
meets the requirements of your application, then“only the operating settings (power system parameters
and threshold settings) need to be adjusted béforeyplacing the relay in service.

NOTE

In the implementation offBESIlogic used in this relay, the logic scheme defined
by the user's logig, settings is always active. If the user wishes to use a
preprogrammed logicyscheme, he/she now copies it into his/her user logic
settings. This pro€éss s accomplished using BESTCOMS or the ASCII
command interface using the SL-N (Set Logic Name) command in this and
previous BESTlegicimplementations.

If a different preprogrammed logic scheme is required, it can be easily copied to active logic and used as
is, or customizedyto yodr specifications. To accomplish this, communication with the relay must be
established. It is accomplished by connecting a computer to the front or rear RS-232 port.

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 lagic scheme to copy to User logic. The active logic scheme is shown in the User box. In Figure
7-5, FEEDER 1 has been selected to user logic.
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BE1-851E Settings ( Basler.bst )

File Screens Copy Communication Reports Help

5=) 0 & EH &' Logic [FEEDER_1 ~| Settings | Global
i B S i 210 # 1o 7 o

Logic Select l Yirtual Dutputs] Function Blocks l

User

FEEDER_1

Copy to Active Logic
FEEDER_1

| &
FEEDER_2 |
FEEDER_3 |
FEEDER_4 |

|

|

|

BUS
BACKLIP
MOME

-
Enter a custom uzer logic name. MT lo I28/2006 | 1124 Ak

Figure 7-5. BESTlogic Screen, Logic Select Tab.

CAUTION N

Selecting a logic scheme to be ac% STCOMS does not automatically

make that scheme active in the relay. othe paragraphs later in this section

tittled Sending and Retrieving W tw.

Custom Logic Schemes

A custom logic scheme can be creatéd frem Scratch by copying NONE to active logic and then renaming
the logic. To rename a scheme, place the mouse pointer over the name shown in the User box. This will
highlight the current name. Simply cthoese a name that is appropriate for your application and type the
new name over the current pame, Modifying one of the preprogrammed logic schemes after copying it to
active logic and renaming can“also€feate a custom logic scheme. Preprogrammed logic schemes copied
to active logic with no name change are read-only schemes and cannot have their logic expressions
altered. Before modifyingfa logic scheme copied to active logic, 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 theyneeds of an application. A custom logic scheme may be revised many times, but
only the most recént changes are saved to active logic.

NOTE

A copied logic scheme must be renamed in order to become a custom logic
seheme. If it is not renamed, you will not be allowed to change the settings
associated with that scheme.

CAUTION

Always remove the relay from service before changing or modifying the active
logic scheme. Attempting a logic scheme change while the relay is in service
could generate unexpected or unwanted outputs.
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Creating or Customizing a Logic Scheme

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 logic scheme.

Step 2. Rename the scheme with a unique, non-preprogrammed name.
Step 3. Use BESTCOMS to 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 4o
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 relayfby/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-STAI command can be found in Section 6,
Reporting and Alarm Functions.

USER INPUT AND OUTPUT LOGIC VARIABLE NAMES

Assigning meaningful names to the inputs andfoutputs@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 the4BE1-851E’s inputs, outputs, and 43 switches have labels
that can be edited. Tables 7-2, 7-3, and 7-4 show'the range and purpose of each label. Alternately, labels
may be edited using the SN-[name]=[label] ASClhcommand.

Table 7-2. Label Settings for INPUTS

Setting Range/Purpose Default
1 to 1TQ,characters. INPUT x

Name —1 5
UsergdabeMesreplace default label. (where x =1, 2, 3, or 4)

) 1 to' characters.
Energized State TRUE
Userdabel to replace default label.

i I%0°7 characters.
De-Energized State FALSE
User label to replace default label.
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Table 7-3. Label Settings for OUTPUTS

Setting Range/Purpose Default
Label 1 to 10 characters. VOx LABEL
al _
User label to replace default label. (where x =1, 2, 3, 4, 5, omA)

1 to 7 characters.
True State TRUE
User label to replace default label.

1 to 7 characters.
False State FALSE
User label to replace default label.

Table 7-4. Label Settings for 43 SWITCHES

Setting Range/Purpose Default
Label 1 to 10 characters. SWITCH x
abe -
User label to replace default label. (Where'x = 43, 143, 243, or 343)

1 to 7 characters.
True State TRUE
User label to replace default label.

1to 7 characters.
False State FALSE
User label to replace default label

BESTLOGIC APPLICATION TIPS

When designing a completely new logic schemef1ggic ‘€valuation order should be considered. Contact
sensing inputs are evaluated first, then the function/locks and then the virtual outputs. VO15 is evaluated
first and VOA is evaluated last. If a virtual’output isgsed in a logic expression to control another virtual
output, the virtual output used in thedexpression should be numerically higher. Otherwise, a logic
expression for a numerically smaller sirtual’output will not be available to a numerically higher virtual
output until the next processing interval. Lagic i$evaluated every quarter cycle.

When designing custom protection s€hemes, avoid confusion by maintaining consistency between input
and output functions in the custom schéme and the preprogrammed schemes.

OUT1 through OUT7 have normally open contacts (coil is de-energized). Normally open contacts can be
used as normally closed outputsiby inverting the logic expressions that drive them. Inverting an output
logic expression causes thefeoilyto be energized with the contacts closed in the normal state. Caution
should be taken with ngrmally closed contact logic because there are no shorting bars to maintain the
closed condition if the draw:-outtassembly is removed from the chassis. In applications where a normally
closed output is neededevenswhen the electronics are removed, a normally 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 closgdgottput when the draw-out assembly is removed from the case. Alternately, an
external switch can pe @sed to short across a normally closed relay output when the draw-out assembly is
removed. EXtra careds required to ensure that the switch is closed before removing the draw-out
assembly/and thatthe switch is open after the relay is placed back in service.

Several links'between the programmable alarm functions and BESTIlogic programmable logic allow alarm
functions tg, befused 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
istactive.

Virtual outputs VO13, VO14, and VO15 are driven by BESTIlogic expressions. These three logic variables
afe 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

GENERAL

This section discusses application of the BE1-851E Enhanced Overcurrent Protection System fusinggthe
pre-programmed logic schemes. The Details of Preprogrammed Logic Schemes subsection describes'the
characteristics of each logic scheme and how they combine to create an overcurrent protection system
for a radial system substation. A detailed description of each preprogrammed scheme is also provided.
This section concludes with application tips for programming a custom logic scheme to4meet the
requirements of your application.

The preprogrammed logic schemes are designed to accommodate most commonadistribution or sub-
transmission radial system overcurrent coordination schemes. The protection engine€f can choose a
logic scheme that most closely meets his application practices and adapt it by chiangingithe function block
operation and settings. This eliminates the need to create a custom logic scheme;

It should be noted that each preprogrammed logic scheme also illustrates,typical ways of using or
controlling various functions. The user may choose to create a custom ldgic scheme by mixing the logic
from several of the preprogrammed schemes. The logic can also be medifiedsto incorporate some of the
features described in the application tips provided at the end of this,Section, The flexibility of BESTlogic
allows the protection engineer to create a custom scheme that exactly, meets the requirements of the
application.

EXPLANATION OF TERMS

The following terms and definitions will facilitate the“understanding of the application discussions to
follow.

Function Block - A stand-alone protection or control fumction that is equivalent to its discrete component
counterpart.

Torque Control - Torque control refers 4@, blocking the start of an overcurrent function block. The pickup
and trip outputs are held to zero and the timing function is not allowed to operate. This is in contrast to
merely blocking the trip output. This applies to%all overcurrent function blocks including those that do not
emulate induction disk type (51) relays.

Virtual Switches - These logic (Switches emulate traditional switches used on relay and control panels
such as the breaker control switchy(104) and selector switches (43). Virtual switches may be operated via
communication commands @r the,human-machine interface (HMI). Operation of these switches can be
disabled or password protected if the user chooses not to use them without changing the preprogrammed
BESTlogic schemes.

Radial System - As usedgn this section, a radial system is one where the loads are fed from only one
source at a time.

OVERVIEW OK,PREPROGRAMMED LOGIC SCHEMES

There are six préprogrammed logic schemes available. Four logic schemes are intended for use on
feeder breakers. Two schemes are intended for use on the bus main breaker. This is typically the low-
side bank breaker of the step-down power transformer.

Factory PDefault Logic Settings

BE1-851E relays are shipped from the factory with default logic settings that are designed to allow the
relay,to be used directly in applications that do not require any of the relays advanced features. These
default settings provide a basic overcurrent protection scheme. The default setting for the logic scheme
name is “USER”. This scheme can be modified as outlined in Section 7, BESTlogic Programmable Logic,
Logic Schemes. However, if you choose to change these settings, the defaults can only be brought back
through BESTCOMS, manual programming, or by reloading the entire factory defaults.
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Feeder_1 Logic Scheme

This logic scheme provides time and instantaneous overcurrent protection. Breaker failure protection is
also included. Functions such as manual control and automatic reclosing are not included. Logic is
provided to maintain feeder protection when the relay is out of service. A bus relay using the
preprogrammed logic scheme BACKUP will be signaled to continue protection.

Feeder_2 Logic Scheme

This logic scheme provides time and both high set and low set instantaneous overcurrent protection.
Automatic reclosing is included with reclosing initiated by a protective trip (reclose initiate scheme).
Breaker Failure and manual control functions are also included. Logic is included to signal a_bus relay
using the preprogrammed logic scheme BACKUP to provide feeder protection when the relaysyout of
service.

Feeder_3 Logic Scheme

This logic scheme provides time and both high set and low set instantaneous owercurrent protection.
Automatic reclosing is included. Reclosing is initiated when the breaker opens. Reclosing is disabled after
a manual trip by a control switch slip contact. Driving the recloser to lockout disables,the/recloser. Breaker
Failure and manual control functions are also provided. Logic is included tg”signal™a bus relay using
preprogrammed logic scheme BACKUP to provide feeder protection when théirelay is out of service.

Feeder_4 Logic Scheme

This logic scheme provides time and instantaneous overcurrentypretection. Automatic reclosing is
included. Reclosing is initiated when the breaker opens. Interrupting the reelose initiate input disables the
recloser. Reclosing is disabled after a manual trip by a controliswiteh, slip contact. Breaker Failure and
manual control functions are also included. Backup for anleut ofyservice relay is to be provided by
redundant relays on the feeder breaker. Logic is included to inferegnnect with the redundant relays for an
external breaker failure initiate and blocking of the external instantaneous.

BUS Logic Scheme

This logic scheme is applied to a bus main relay t@’provide‘primary bus overcurrent protection. It contains
logic to interconnect with the feeder logic schemes t@ provide high-speed overcurrent protection for the
bus under normal conditions. It also containsiylogi€{to trip the feeder breakers while the feeder relays
using Feeder_1, Feeder_2, or Feeder_3 logic schemes‘are out of service.

BACKUP Logic Schemes

This logic scheme is applied to a bus main relay“to provide backup bus overcurrent protection as well as
breaker failure protection for the bus breaker under normal conditions. It also provides primary bus
overcurrent protection when the relay using BUS logic is providing feeder protection or when the primary
bus relay is out of service.

DETAILS OF PREPROGRAMMED LOGIC SCHEMES

The following sub-sections describe each of the six preprogrammed logic schemes in detail. For each
scheme, the operation offthe protection and control logic under normal conditions is described. The
features of each logig,scheme are broken down into functional groupings and described in detail. This is
followed by a discussiomof iew various contingencies are covered by each logic scheme.

NOTE

Name Labels are limited to ten characters and State Labels are limited to seven
characters.

FACTORY DEFAULT LOGIC SETTINGS

Logie. scheme USER is intended for applications requiring three-phase and neutral non-directional
evercurrent protection. While not as elaborate as the other preprogrammed schemes, this logic scheme
provides an excellent base on which to create a custom scheme for a specific application.
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The components of USER logic are summarized in Tables 8-1 through 8-4. Figure 8-1 is a one-line
diagram of USER logic and Figure 8-2 is a diagram representing the logic settings and equations of
USER logic.

Operation - Protection

The phase, neutral, or negative-sequence elements are activated to provide timed (51) and instantanegus
(50) overcurrent protection in this scheme. A function block is disabled by setting the pickup setpgint at
zero in each of the four setting groups. Virtual output VO11 is assigned for all protective trips. When
VO11 becomes TRUE, OUTL1 will operate and trip the breaker. Contact outputs OUT2, OUT3, OUT4, and
OUTS are designated to specific function blocks. OUT2 operates for instantaneous phase overcurrent
conditions, OUT3 trips for timed phase overcurrent situations, OUT4 operates for instantaneous neutral
and negative-sequence overcurrent conditions, and OUT5 operates for timed, newtfal Jand negative-
sequence overcurrent conditions.

All contact sensing inputs are unassigned, but IN1 is typically assigned to monitofbreaker status (52b).
Inputs IN2, IN3, and IN4 are available for user specified functions.

Voltage protection, frequency protection, automatic reclosing, breaker failure,"hreaker control, and virtual
switches are not included in this logic scheme.

Operation - Setting Group Selection

A setting group can be selected automatically or by using the communication ports or the front panel HMI.
Automatic setting group changes are based on current level{and duration. Automatic setting group
changes for cold load pickup and/or dynamic setting adjustmentsgare enabled by the SP-GROUP#
command. Setting group changes initiated by contact sensing“ipputs are not accommodated in this
scheme, but IN2, IN3, or IN4 can be programmed to providesthisfunction.

Operations - Alarms

If the continuous self-test diagnostics of the relay detegt an error, failsafe output contact OUTA will close
and the Relay Trouble LED of the HMI will light. QUTA wilk also close if relay operating power is lost. More
information about alarms is provided in Section 6, Reparting and Alarm Functions.

Table 8-1. Factory, Defadlt Contact Sensing Input Logic Settings

State Labels
Input Purpose Name Label
Energized De-Energized
IN1 N/A INPUT_1 TRUE FALSE
IN2 N/A INPUT_2 TRUE FALSE
IN3 NIiA INPUT_3 TRUE FALSE
IN4 N/A INPUT_4 TRUE FALSE

Table 8-2. Factory Default Function Blocks Logic Settings

) BESTIlogic Mode
Functign Purpose i .
Expression Setting
50TP Used for instantaneous phase overcurrent protection. 0 1 (enabled)
50TN Used for instantaneous neutral overcurrent protection. 0 1 (enabled)
50TQ Used fgr instantaneous negative-sequence overcurrent 0 1 (enabled)
protection.
150TP N/A 0 1 (enabled)
150TN N/A 0 1 (enabled)
150TQ N/A 0 1 (enabled)
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) BESTIlogic Mode
Function Purpose i .
Expression Setting
51P Used for timed phase overcurrent protection. 0 1 (enabled)
51N Used for timed neutral overcurrent protection. 0 1 (enabled)
51Q Used for timed negative-sequence overcurrent protection. 0 1 (enabled)
62 N/A 0 0 (disabled)
162 N/A 0 0 (disabled)
79 N/A 0 OY(disabled)
BF N/A 0 0 (disabled)
Input O Logic: No manual selection logic is used. 0
Input 1 Logic: No manual selection logic is used. 0
- . . 1 (discrete
GROUP Input 2 Logic: No manual selection logic is used. 0 input
Input 3 Logic: No manual selection logic is used. 0 selection)
Auto/Manual Logic: Set to 1 (/0) to enable automatic 0
selection. No manual selection is used.
Table 8-3. Factory Default Virtual Switeh Lagic Settings
State Labels
Switch Purpose Mode Label
True False
43 N/A 1 (Off/On/Pulse) SWITCH_43 TRUE FALSE
143 N/A 1 (Off/OniPulse) SWITCH_143 TRUE FALSE
243 N/A 1 (Off/OniPulse) SWITCH_243 TRUE FALSE
343 N/A 1 (Off/Qn/Rulse) SWITCH_343 TRUE FALSE
101 V.|rtual Control Switch to 1 @enable) N/A N/A N/A
trip bus breaker.

Table 8#4. Fagtory Default Virtual Output Logic Settings

State Labels

Output Purpose Description Label
True False
VOA Alarm contact closes or opens
Alarm Qitput‘@ontact. automatically when relay trouble ALARM ACTIVE | NORMAL
(OUTA) alarm occurs. (Style dependent.)
BESTlogic Expression: V@A=0
VO1 i
Breaker Trip Contact. Contact closes when protective BKR_TRIP | TRIP | NORMAL
(OUT1) trip expression is TRUE.
BESTIogi¢,Expression: VO1=VO11
VO2 Instantaneous Phase Contact closes when
Overcurrent Auxiliary instantaneous phase overcurrent 50TP_TRIP TRIP NORMAL
(OWI?2) | contact. trip occurs.

BESTlogic Expression: VO2=50TPT

8-4
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o State Labels
Output Purpose Description Label
True False
VO3 i i
Tlmgd Phase Overcurrent | Contact closes wher] timed 51P TRIP TRIP NORMAL
(OUT3) | Auxiliary Contact. phase overcurrent trip occurs. -
BESTlogic Expression: VO3=51PT
Contact closes when
VO4 Instantaneous Neutral and | instantaneous neutral or
Negative-Sequence instantaneous negative- INST_N&Q TRIP NORMAL
(OUT4) | overcurrent. sequence overcurrent condition
occurs.
BESTlogic Expression: VO4=50TNT+50TQT
. Contact closes when timed
vos | Timed Neutral and neutral or timed negative-
Negative-Sequence " 51N.& QTRP TRIP NORMAL
(OUT5) | overcurrent sequence overcurrent condition
' exists.
BESTlogic Expression: VO5=51INT+51QT
VO6
N/A N/A VVO6_LABEL TRUE FALSE
(OUTe6)
BESTlogic Expression: VO6=0
VO7
N/A N/A VO7_LABEL TRUE FALSE
(OUTY7)
BESTlogic Expression: VO7=0
V08 N/A N/A VO8_LABEL TRUE FALSE
BESTlogic Expression: VO8=0
VO9 N/A N/A VO9_LABEL TRUE FALSE
BESTlogic Expression: VO9=0
VO10 | N/A N/A VO10_LABEL | TRUE FALSE
BESTlogic Expression: VO10=0
VO11 Protectl\{e Trip TRUE wh_en any 50 or 51 PROT TRIP TRIP NORMAL
Expression. element times out. -
BESTIogic Expression#VO11=50TPT+50TNT+50TQT+51PT+51NT+51QT
VO12 Protectlc_)n Rickup Up TRUE wh(_en any 50 or 51 PROT_PU PICKUP | NORMAL
Expressioft. element picks up.
BESTlogiglExpression:VO12=50TPPU+50TNPU+50TQPU+51PPU+51NPU+51QPU
VO13,, | N/A N/A VO13 LABEL | TRUE FALSE
BESTlogic Expression: VO13=0
V014 | N/A N/A VO14_LABEL | TRUE FALSE
BESTlogic Expression: VO14=0
Y015 N/A N/A VO15_LABEL | TRUE FALSE
BESTlogic Expression: VO15=0
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Figure 8-2. Factory Default Logic Settings Diagram
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Factory Default Logic Settings and Equations
SL-N=USER

SL-50TP =1,0
SL-50TN=1,0

SL-50TQ =1,0

SL-150TP =1,0
SL-150TN=1,0
SL-150TQ =1,0
SL-51P=1,0
SL-5IN=1,0
SL-51Q=1,0
SL-62=0,0,0
SL-162=0,0,0
SL-79=10,0,0,0,0

SL-BF =0,0,0
SL-GROUP =1,0,0,0,0,/0
SL-43=1

SL-143 =1

SL-243 =1

SL-343 =1

SL-101=1

SL-VOA=0

SL-vO1 =VO011

SL-VO2 =50TPT
SL-VO3 =51PT

SL-VO4 = 50TNT+50TQT
SL-VO5 = 51INT+51QT
SL-VO6 =0

SL-VO7=0

SL-VO8 =0

SL-VO9=0

SL-VO10=0

SL-VO11 = 50TPT+50TNT+50TQT+51PT+5NT+51QT
SL-VO12 = 50TPPU+50TNPU+50TQPU+51RPPU+5INPU+51QPU
SL-VO13=0
SL-VO14=0
SL-VO15=0

FEEDER_1 LOGIC SCHEME

Logic scheme Feeder_1 is meantdor use on a feeder breaker and provides overcurrent and breaker
failure protection for a typicalifeeder in a non-directional overcurrent protection application. This logic
scheme is intended for ug€ inrconjunction with other programmable relays using the BUS and BACKUP
logic schemes to prowide protection when the relay is out of service. Automatic reclosing and other control
functions such asgvirtual, switthes are not provided. When used with other programmable relays using
logic scheme BUS and BAEKUP, this scheme can provide complete high-speed overcurrent protection
for the transformers:

The components of‘Eeeder 1 logic are summarized in Tables 8-5 through 8-8. Figure 8-3 is a one-line
diagram of Feeder_1 logic and Figure 8-4 is a diagram representing the logic settings and equations of
Feeder_1 logic.

Normal Operation - Protection

The 51%unetion blocks and the breaker failure function block re-trip output are enabled in the logic for
trippingavia OUT1. The 50T function blocks are enabled in the logic for tripping through OUT2. Each
overcurrent function block can be disabled by setting its pickup setting at 0 in each of the four setting
greups» The 50T ground (N) and negative-sequence (Q), and the 51N and 51Q overcurrent function
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blocks are torque controlled by IN3. Modifying the inputs to these function blocks can disable all N & Q
function blocks or only the 51N & Q function blocks.

Normal Operation - Setting Group Selection

Setting group selection can be done automatically or by communications command/HMI ewverrides
Automatic setting group changes for cold load pickup and/or dynamic setting adjustments are enable@ by
the SP-GROUP# commands. Setting group changes initiate by a contact sensing inputiyiss not
accommodated in this scheme. IN2, IN3, or IN4 can be reprogrammed to provide this function if desired.
The automatic change logic can be disabled by IN2.

Normal Operation - Bus Protection

When any of the 50T or 51 overcurrent function blocks is picked up, OUT4 closésyThe signal from OUT4
is wired to IN2 of the upstream relay using BUS logic. The upstream relay blocks the, 50T elements that
are set to trip the bus breaker or bus lockout relay. If the fault is not on a feeder, the, 50T elements of the
bus relay are not blocked. The bus relay 50T elements are set with a timevdeélay of 2 to 4 cycles to
provide a minimal coordination interval for feeder relay OUT4 to close. Should theére be a problem with
the blocking logic, the bus relay 51 functions are not blocked to allow bu§yfaulticétearing with a traditional
coordination interval.

When used to provide high-speed overcurrent protection for the substation bus, it is recommended that all
51 function timing curves be set for instantaneous reset.

Normal Operation - Alarms

Two alarm logic variables drive the front panel alarm LEDs{Majer alarm (ALMMAJ) and Minor alarm
(ALMMIN). ALMMAJ is set to drive the fail-safe output OUTARALMMIN is not set to drive an output relay.
The logic can be modified to place ALMMIN in the BESTIogic expression for VOA if all alarms are to be
combined. ALMMIN can be placed in the BESTlogigiexpression for another output if it is desired that
these conditions be enunciated separately.

Contingency Operation - Test Mode

The test mode is intended to increase the Security ofithe feeder protection system if external test switches
are not installed on all outputs. When the,relay is out of service for testing, the breaker failure and block
upstream instantaneous functions arg,disabled. Backup by the upstream relay is enabled and the
instantaneous function block trips are redifectedrto OUT1.

De-energizing IN4 will put the logic gcheme in the test mode. IN4 can be controlled by a panel mounted
selector switch that is closed in the normal state and open in the test state. IN4 can also be controlled by
a pole of a standard external testswitchithat is opened with the rest of the test switch poles.

The logic expression for test' modeydrives Virtual Output 15 (VO15). This virtual output is alarm bit #23 in
the programmable alarm mask.“It,can be masked to drive an alarm LED to provide indication when the
relay is in test mode.

Contingency Operation’- Backup Protection for Feeder Breaker Failure

OUTS is programmedtas the breaker failure trip output. OUT5 can be wired to trip the bus breaker or a
lockout relay. Thefbreaker failure pickup (BFPU) output trips the feeder breaker directly via Output 1 to
provide a breaker re~trip signal for added security.

Initiation of the BE,function block by external relays is not accommodated in this scheme. IN2, IN3, or IN4
can be programmed to provide this function or Feeder_4 logic may be used. The breaker failure function
block istinitiated¢by a protective trip. This function block has an independent fast drop out phase and
ground currentfdetector that detects a breaker opening and stops timing. An open breaker is detected
when the current drops below 10% of nominal.

Setting the time delay at zero can disable the BF function block. This permits the traditional radial
systems backup scheme of coordinated relays tripping different breakers.

keeder 1 logic stops the block signal to allow the bus relay to trip the bus breaker through its 50T
elements if a direct trip is not desired. This provides clearing of the fault on the circuit with the failed
breaker in feeder relay breaker failure time (or bus relay 50T time whichever is greater) instead of the bus
relay 51 time but is limited by the sensitivity constraints of the bus relay.
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Contingency Operation - Backup Protection for Feeder Relay Out-of-Service

When the relay is out of service or it has failed, OUT3 opens to signal the upstream relays providing
backup protection. OUT3 operates in a fail-safe mode where the outputs are closed during normal
operation and open during a relay failure. This provides backup mode signaling when the feeder relay is
extracted from the case.

Backup for relay failure can be implemented using the BUS and BACKUP preprogrammed logic
schemes. These logic schemes are described later in this section.

Table 8-5. Feeder_1 Contact Sensing Input Logic

State Labels
Input Purpose Name Label
Energized De:Energized
IN1 52b Breaker Status. BREAKER OPEN CLOSED
IN2 | Automatic setting group change logic | sergrpAUTO | ENABLED DISABLD
auto/manual switch.
Enable neutral and negative-sequence,
IN3 50 and 51 protection when IN3 is N&Q ENABLE ENABLED DISABLD
energized.
Put the relay in test mode so that
breaker failure is disabled and all trips
IN4 go through OUT1 when IN4 is de- TESTDRISABL NORMAL TSTMODE
energized.
Table 8-6. Feeder 1"Eunction Block Logic
BESTlogic
Function Purpose g MOQe
Expression Setting
50TP Used for instantaneous phase overcurrent protection. 0 1 (enabled)
Used for instantaneous,neutral®@vercurrent protection.
507N Enabled when IN3 energizeds /N3 1 (enabled)
Used for instantaneous negative-sequence overcurrent
50TQ protection. Enabled wheR IN3 energized. s 1 (enabled)
150TP N/A 0 0 (disabled)
150TN N/A 0 0 (disabled)
150TQ N/A 0 0 (disabled)
51P Used for time phase overcurrent protection. 0 1 (enabled)
51N Used fardimed neutral overcurrent protection. Enabled /IN3 1 (enabled)
when IN3 energized.
Used for timed negative-sequence overcurrent protection.
51Q Enabled when IN3 energized. /IN3 1 (enabled)
62 N/A 0 (disabled)
162 N/A 0 (disabled)
79 N/A 0 0 (disabled)
8:10 BE1-851E Application 9289900790 Rev C




. BESTlogic Mode
Function Purpose . .
Expression Setting
Initiate breaker failure when breaker failure initiate
S VO10
expression is TRUE.
BF : : — 1 (epabled)
Block breaker failure protection when relay is in test /IN4
mode.
No manual selection logic is used. 0
No manual selection logic is used. 0
GROUP No manual selection logic is used. 0 1 Erﬁ)licigte
No manual selection logic is used. 0 P
Disable automatic selection when switch connected to IN2 62
is in the manual position.
Table 8-7. Feeder_1 Virtual Switches Logie
) State Labels
Switch Purpose Mode Label
True False
43 N/A 0 (Disable) SWITCH\43 CLOSED OPEN
143 N/A 0 (Disable) SWIRCH»143 CLOSED OPEN
243 N/A 0 (Disable) SWILCH™ 243 CLOSED OPEN
343 N/A 0 (Disable) SWITCH_343 CLOSED OPEN
101 N/A 0 (Disable) N/A N/A N/A
Table@-8. Feeder_1 Virtual Outputs
o State Labels
Output Purpose Description Label
True False
VOA Clasefor open alarm contact
Alarm Output Contact. 4| “1en relay failure or major ALARM ACTIVE | NORMAL
(OUTA) programmable alarm is TRUE.
(Style dependent.)
BESTlogic Expression: VOA=ALMMAJ
Close OUT1 when time
VO1 overcurrent trip is TRUE or
50T TriprOutput: when breaker failure is initiated 51_TRIP TRIP NORMAL
(OUTY) or when a protective trip occurs
while in test mode.
BESTIlogic Expression: VO1=VO8*IN4+BFPU+VO11*/IN4
VO2 Trip breaker when
50T Trip Output. instantaneous overcurrent trip 50_TRIP TRIP NORMAL
(OUT2) is TRUE and not in test mode.
BESTlogie Expression: VO2=VO9*IN4
\ Hold output cIc_Jsed if relay i_s _
Enable backup of relay not out of serwce_bgcause it is IN SERVICE NORMAL | BACKUP
(©OUT3) | by upstream relay. in test mode and it is not out of -
service due to relay failure
BESTlogic Expression: VO3=IN4
9289900790 Rev C BE1-851E Application 8-11



o State Labels
Output Purpose Description Label
True False
.B lock upstream Block upstream instantaneous
instantaneous elements | hen th .
VO4 when relay is picked up elements when the protective
for hiah db pickup expression is TRUE and | BLK_UPSTRM | BLOCKED | NORMAL
(OUT4) oci/rer::gur;Zﬁ(teerot:;ion the relay is not in test mode
loai P and the breaker has not failed.
ogic.
BESTlogic Expression: VO4=V0O12*/VO5*IN4
Breaker failure trip Trip bapkup if breaker failure BKR_FAIL TRIP NORMAL
(OUT5) | contact. protection times out.
BESTlogic Expression: VO5=BFT
VO6
N/A N/A VO6 TRUE FALSE
(OUTH6)
BESTlogic Expression: VO6=0
VO7
N/A N/A VO7 TRUE FALSE
(OUTY7)
BESTlogic Expression: VO7=0
vO8 | Time overcurrent trip. TRUE if any of the time 51 TRIP TRIP | NORMAL
overcurrent elements trip.
BESTlogic Expression: VO8=51PT+51INT+51QT
Instantaneous TRUE if any of the
vVO9 - instantaneous qvercurrent 50_TRIP TRIP NORMAL
overcurrent trip. .
elements trip.
BESTlogic Expression: VO9=50TPT+50TNT+50T QL
Breaker failure initiate Initiate breaker failure timing
V010 . when protective trip expression BFI INI NORMAL
expression. is TRUE
BESTlogic Expression: VO10=V011
VO11 Protectl\(e Trip TRUE wh_en any 50 or 51 PROT_TRIP TRIP NORMAL
Expression. element times out.
BESTIogic Expression: VO11=50FRT+50PNT+50TQT+51PT+51INT+51QT
VO12 Protectlc_)n Picked Up TRUE wh(_en any 50 or 51 PROT_PU PU NORMAL
Expression. element picks up.
BESTlogic Expression®¥012=50TPPU+50TNPU+50TQPU+51PPU+51NPU+51QPU
V013 N/A N/A V013 TRUE FALSE
BESTlogic Expression: V.013=0
VO1l4 | N/A N/A V014 TRUE FALSE
BESTlogic Expression: VO14=0
JBhe relay is in test mode,
veis §| Dreaker failure is TRUE if IN4 is de-energized. TEST_MODE TEST | NORMAL
disabled, and all trips are
rerouted to OUT1.
BESTIlogic Expression: VO15=/IN4
8:12 BE1-851E Application 9289900790 Rev C
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Feeder_1 Logic Settings and Equations
SL-N=FEEDER 1

SL-50TP =1,0

SL-50TN = 1,/IN3

SL-50TQ =1,/IN3

SL-150TP =0,0

SL-150TN =0,0

SL-150TQ =0,0

SL-51P=1,0

SL-5IN =1,/IN3

SL-51Q = 1,/IN3

SL-62=0,0,0

SL-162=0,0,0

SL-79=0,0,0,0,0

SL-BF =1,v010,/IN4

SL-GROUP =1,0,0,0,0,IN2

SL-43=0

SL-143=0

SL-243=0

SL-343=0

SL-101=0

SL-VOA = ALMMAJ

SL-VO1 = VO8*IN4+BFPU+VO11*/IN4
SL-VO2 = VO9*IN4

SL-VO3 =IN4

SL-VO4 = VO12*/VO5*IN4

SL-VO5 = BFT

SL-VO6 =0

SL-VO7=0

SL-VO8 = 51PT+51INT+51QT

SL-VO9 = 50TPT+50TNT+50TQT
SL-VO10 = V011

SL-VO11 = 50TPT+50TNT+50TQT+5AP+5INT+51QT
SL-VO12 = 50TPPU+50TNPU+50TQPWY+51PPU+51NPU+51QPU
SL-VO13=0

SL-VO14=0

SL-VO15 =/IN4

FEEDER_2 LOGIC SEGHEME

Logic scheme Feeder 2 isgneant for use on a feeder breaker and provides overcurrent, breaker failure
protection, reclosing, %and/the control functions required for a typical feeder in a non-directional
overcurrent prote€tion ,application. This logic scheme is intended for use in conjunction with other
programmabile relays using the BUS and BACKUP logic schemes to provide protection when the relay is
out of service.

Automatic reglosing’uses a reclose initiate scheme and is initiated by protective trip.

When used withi other programmable relays using logic scheme BUS and BACKUP, this scheme can
provide compléte high-speed overcurrent protection for the transformers, bus, and feeders in a radial
system substations. The components of Feeder_2 logic are summarized in Tables 8-9 through 8-12.
Figure 8-5 is a one-line diagram of Feeder_2 logic and Figure 8-6 represents the logic settings and
eguations of Feeder_2.

No¥mal Operation - Control

The virtual breaker control switch is programmed to provide manual trip and close control of the breaker.
The control functions of this logic scheme use both traditional contact sensing inputs and virtual switches.
Virtual switches that are not needed may simply go unused. The protection engineer may choose to free
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up contact sensing inputs for other uses by using the virtual switches exclusively for the various control
functions.

Normal Operation - Protection

All overcurrent function blocks and the breaker failure function block re-trip output are enabled in
Feeder_2 logic for tripping via OUT1. The 150T function blocks are set up as high set instantaneous
functions which drive the recloser to lockout when they trip. Setting the pickup at 0 in the four setting
groups can individually disable each overcurrent function block. The 50TN, 50TQ, 51N, and 51Q function
blocks are torque controlled by either IN3 or virtual switch 243. All N and Q function blocks or only the
51N and 51Q function blocks may be inhibited. This is done in BESTlogic by modifying the inputs to the
function blocks.

Normal Operation - Reclosing

The reclosing logic in Feeder_2 uses a reclose initiate (Rl) scheme where each step ingthe reclosing
sequence is initiated by a protective trip. Setting the first reclose time at zero in the four sgtting groups
can disable the recloser function block.

Reclosing can be disabled by either IN2 or Virtual Switch 143 that is connected“g_the drive to lockout
(DTL) input of the recloser function block. In this scheme, enabling the reclosefafter a “one shot” trip will
cause the recloser to be in lockout. When the breaker is manually closed, thexrelay will time out to a reset
condition.

Drive to lockout also occurs if any of the 150TP/N/Q functions (typicallytused fér high set instantaneous
protection) trip or a breaker failure occurs. It should be noted that the 280TR/N/Q functions drive both the
RI and the DTL inputs to the recloser function block. The DTL input takes priority over the Rl input.

Setting an appropriate logic expression for 79ZONE can enable zéne-sequence coordination. Zone-
sequence uses a BESTlogic expression but is not within the fogic settings. The Feeder_2 logic scheme
uses the expression SP-79ZONE=V012.

Feeder_2 logic provides for the recloser to torque control the"50TP/N/Q functions (typically used for low
set instantaneous protection) during various steps inftheWreclosing sequence. Setting the recloser
sequence controlled blocking output in the four settingygroups is done using the S#-79SCB command.

Recloser timing is stopped by the wait input if an’ overcurrent protection function block is picked up and
timing. This prevents the reset timer from resettingthé reclose function for a situation where a 51 element
is just above pickup and the time to trip is longerthan‘the reset time.

Initiation of the recloser function block by external relays is not accommodated in this scheme. IN2, IN3,
or IN4 can be reprogrammed to provide this funetionvif desired.

A block load tap changer output is not prgvided if°this scheme. OUT5 can be reprogrammed as a 79RNG
(recloser running/block tap changer)teutput and/wired to energized normally closed auxiliary relay.

Normal Operation - Setting GroupySelection

Setting group selection can be“doneWautomatically or externally by communications command/HMI
override. Automatic setting gretip changes for cold load pickup and/or dynamic setting adjustments are
enabled by SP-GROUP# commands. Setting group changes initiated by contact sensing inputs are not
accommodated in this scheme."IN2; IN3, or IN4 can be reprogrammed to provide this function if desired.
Virtual Switch 43 can disablefthé automatic change logic.

Normal Operatiof - Bus‘Rrotection

When any of theyovercurrent function blocks are picked up, OUT4 closes. The signal from OUT4 is wired
to IN2 of the upstream relay using BUS logic. The upstream relay blocks the 50T elements that are set up
to trip the bus breaker or bus lockout relay. If the fault is not on a feeder, the 50T elements of the bus
relay are not blocked. The bus relay 50T elements are set with a time delay of 2 to 4 cycles to provide a
minimal coordination interval for the feeder relay OUT4 to close. Should there be a problem with the
blocking Yegic, the bus relay 51 functions are not blocked to allow bus fault clearing with a traditional
coordinationinterval.

Normal'@peration - Alarms

Twonalarm logic variables drive the front panel alarm LEDs: Major alarm (ALMMAJ) and Minor alarm
(ALMMIN). ALMMAJ is set to drive the fail-safe output OUTA. ALMMIN is not set to drive an output relay.
The logic can be modified to place ALMMIN in the BESTlogic expression for VOA if all alarms are to be
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combined. ALMMIN can be placed in the BESTlogic expression for another output if it is desired that
these conditions be enunciated separately.

Contingency Operation - Test Mode

The test mode is intended to increase the security of the feeder protection and control system ifexternal
test switches are not installed on all outputs. When the relay is out of service for testing, the breaker
failure, automatic reclosing, and block upstream instantaneous functions are disabled. Backupaby/the
upstream relay is enabled.

De-energizing IN4 or closing Virtual Switch 343 will put the logic scheme in the test mode. IN4 can be
controlled by a panel mounted selector switch that is closed in the normal state and open in the test state.
IN4 can also be controlled by a pole of a standard external test switch that is opened withythe rest of the
test switch poles.

The logic expression for test mode drives virtual output 15 (VO15). This virtual eutputyis alarm bit #23 in
the programmable alarm mask. It can be masked to drive an alarm LED to provideyindication when the
relay is in test mode.

Contingency Operation - Backup Protection for Feeder Breaker Failure

OUTS5 is configured as the breaker failure trip output. OUT5S can befwired, to trip the bus breaker or a
lockout relay. The breaker failure pickup (BFPU) output trips the feeder breaker directly via output 1 to
provide a breaker re-trip signal for added security.

Initiation of the BF function block by external relays is not acgéemmadated in this scheme. IN2, IN3, or IN4
can be programmed to provide this function or Feeder_4 logic mayBe used. The breaker failure function
block is initiated by a protective trip. This function bloek has%an‘independent fast drop out phase and
ground current detector that detects a breaker opening“and“stops timing. An open breaker is detected
when the current drops below 10 percent of nominal.

Setting the time delay at zero disables the BF function bleek. This permits the traditional radial system
backup scheme of coordinated relays tripping different'hreakers.

Feeder_2 logic stops the block signal to allow the Bus relay to trip the bus breaker through its 50T
elements if a direct trip is not desired. This%provides clearing of the fault on the circuit with the failed
breaker in feeder relay breaker time (or bus relay 50T time; whichever is greater) instead of the bus relay
51 time but is limited by the sensitivity constraints of the bus relay.

Contingency Operation - Backup Pretectiop for Feeder Relay Out-of-Service

When the relay is out of service oriit flasfailed, OUT3 opens to signal the upstream relays providing
backup protection. OUT3 operates®in axfail-safe mode; the output is closed during normal operation and
open during a relay failure. ZThis fprovides backup mode signaling when the feeder relay is extracted from
the case.

Backup for relay failure ean be%implemented using the BUS and BACKUP preprogrammed logic
schemes. These logic schemesyare described later in this section.

Table 8-9. Feeder_2 Contact Sensing Input Logic

State Labels

Input Purpose Name Label
Energized De-Energized
IN1 52b Breaker Status. BREAKER OPEN CLOSED
IN2 Enable recloser when IN2 is energized. RCL_ENABLE ENABLED DISABLD
Enable neutral and negative-sequence,
IN3 50 and 51 protection when IN3 is N&Q ENABLE ENABLED DISABLD
energized.
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State Labels
Input Purpose Name Label
Energized De-Energized
Put the relay in test mode so that
IN4 reclosing and breaker failure are TESTDISABL NORMAL TSTMODE
disabled when IN4 is de-energized.
Table 8-10. Feeder_2 Function Block Logic
) BESTlogic Mode
Function Purpose - -
Expression Seftihg
Used for instantaneous phase overcurrent protection.
50TP Block when recloser sequence controlled blocking 79SCB 4 (enabled)
output is TRUE.
Used for instantaneous neutral overcurrent protection.
Block when recloser sequence controlled blocking
507N output is TRUE or when disabled by IN3 or Virtual 79SCBANGTZ4S | 1 (enabled)
Switch 243.
Used for instantaneous negative-sequence
overcurrent protection. Block when recloser sequence
50TQ controlled blocking output is TRUE or when disabled 79SCBH/IN3+243 | 1 (enabled)
by /IN3 or Virtual Switch 243.
150TP Used for instantaneous phase overcurrent protection. 0 1 (enabled)
150TN Used for instantaneous neutral overcurrent protection. 0 1 (enabled)
150TQ Used for instantaneous negative-sequence, 0 1 (enabled)
overcurrent protection.
51P Used for timed phase overcurrent grotection. 0 1 (enabled)
Used for timed neutral overcurrentiprotegtion. Block
SIN" 1 \vhen disabled by IN3 or Virtual Switchy243. /IN3+243 1 (enabled)
Used for timed negative-sequencg overcurrent
51Q protection. Block when disabled bysIN3 or Virtual /IN3+243 1 (enabled)
Switch 243.

62 N/A 0 0 (disabled)

162 N/A 0 0 (disabled)
RI Logic: Initiatefwhenyreclose initiate expression is VO8
TRUE.

STATUS Lagiet Breaker closed when IN1 is de- /IN1
energized.

79 WAIT Léyic: Stop recloser timing when timing for a 1 (Power Up
faulttrip. TRUE when protection picked up expression VO12 to Lockout)
is TRUE,

BLK/DTL Logic: Drive recloser to lockout when
recleser drive to lockout expression is TRUE or when VO9+/IN4+343
relay is in test mode.
Initiate breaker failure when breaker failure initiate

Lo VO10
expression is TRUE.

BF : : — 1 (enabled)
Block breaker failure protection when relay is in test /IN4+343
mode.
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) BESTIlogic Mode
Function Purpose - .
Expression Setting
No manual selection logic is used. 0
No manual selection logic is used. 0
GROUP No manual selection logic is used. 0 1 ﬁl)su(;:;te
No manual selection logic is used. 0
Disable automatic selection when Virtual Switch 43 is /43
in the manual position.
Table 8-11. Feeder_2 Virtual Switches Logic
. State Labels
Switch Purpose Mode Label

True False

Automatic setting group change

43 logic auto/manual switch.

2 (On/Off) | SETGRPLMAN | MANUAL AUTO

Disable recloser when virtual

143 switch is closed.

2 (On/Off) 4 \RCLLDISABL DISABLD | ENABLED

Disable neutral and negative-
243 sequence, 50 and 51 protection 2 (OnlOff) N, N&Q_DISABL DISABLD | ENABLED
when virtual switch is closed.

Put the relay in test mode so that
reclosing and breaker failure are

343 disabled when virtual switch is 2 (Onleff) | TESTENABLE | TSTMODE | NORMAL
closed.
101 Virtual Control Switch to trip,bus 1 (Enable) N/A N/A N/A
breaker.
Table 8-12. Feeder_2 Virtual Outputs
o State Labels
Output Purpose Description Label
True False
o Close or open alarm contact
V A . .
Alarm Outpdt Contact. when relay failure or major ALARM ACTIVE | NORMAL
(OUTA) programmable alarm is TRUE.
(Style dependent.)
BESTlogic Expression: VOA=ALMMAJ
Trip breaker when protective
VO trip expression is TRUE or
Breakér trip contact. when breaker failure is initiated 51 _TRIP TRIP NORMAL
(OUT1) or when virtual breaker control
switch is operated to trip
BESTlogie Expression: VO1=VO11+BFPU+101T
Close breaker when recloser
VO2 i
Breaker close contact. c!ose output it TRUE or V\(hen_ 50_TRIP CLOSE NORMAL
(OUT2) virtual breaker control switch is
operated to close.

BESTlogic Expression: VO2=79C+101C
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o State Labels
Output Purpose Description Label
True False
VO3 Hold output closed if relay is
Enable backup of relay pot out of serwce.b.ecause itis IN SERVICE NORMAL | BACKUP
(OUT3) | by upstream relay. in test mode and it is not out of -
service due to relay failure
BESTlogic Expression: VO3=IN4*/343
.B lock upstream Block upstream instantaneous
instantaneous elements | hen th .
VO4 when relay is picked up elements when the protective
for hiah db pickup expression is TRUE and | BLK_UPSTRM | BLOCKED | NORMAL
(OUT4) oci/rertl:gur;z‘r?lferot:stion the relay is not in test mode
logic P and the breaker has not failed.
BESTlogic Expression: VO4=V012*/VO5*IN4*/343
VO5 i i i i i
Breaker failure trip Trip ba_ckup if breaker failure BKR FAIl TRIP NORMAL
(OUTS5) | contact. protection times out. -
BESTlogic Expression: VO5=BFT
VO6
N/A N/A V06 TRUE FALSE
(OUT6)
BESTlogic Expression: VO6=0
VO7
N/A N/A Vo7 TRUE FALSE
(OUTY?)
BESTlogic Expression: VO7=0
vog | Reclose initiate TRUE for anyfprotetive trip. RCL_INI INI NORMAL
expression.
BESTlogic Expression: VO8=VO11
Drive recloser toleckout to
disable,it whendN2 is de-
energized or Virtual Switch 143
VO9 Reclose_r drive to lockout is closed or wher_l the_ b_reaker RCL_DTL DTL NORMAL
expression. virtual control switch is in the
after trip state or if the breaker
fails or when the high set
instantaneous element trips.
BESTlogic Expression: VO9=/IN2+143+VO5+150TPT+150TNT+150TQT
Breaker failure fhitidte Initiate breaker failure timing
VO10 . when protective trip expression BFI INI NORMAL
expression. ;
is TRUE.
BESTlogic Expréssion;’ VO10=V0O11
VO11 Protectlye hrip TRUE Wh_en any 50, 150, or 51 PROT_TRIP TRIP NORMAL
Expression. element times out.
BESTIlogic Expression: VO11=50TPT+50TNT+50TQT+150TPT+150TNT+150TQT+51PT+51INT+51QT
VO12 Protecthn Picked Up TRUE whgn any 50, 150, or 51 PROT PU PU NORMAL
Expression. element picks up. -

BESTIogie’Expression:
VO12=50TPPU+50TNPU+50TQPU+150TPPU+150TNPU+150TQPU+51PPU+51NPU+51QPU
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o State Labels
Output Purpose Description Label
True Fals
VO13 N/A N/A VO13 TRUE
BESTlogic Expression: VO13=0
V014 N/A N/A VO14 TRUE

BESTlogic Expression: VO14=0

The relay is in test
mode, breaker failure is TRUE if IN4 is de-energized or
disabled, and reclosing if Virtual Switch 343 is closed.

is disabled.

V015

TEST_MOD % NORMAL

BESTlogic Expression: VO15=/IN4+343

1 52 —
w
IN3 _ o
N &0 ! 9
ENABLE e~ s (@)
&
| £3
- OouT1l
| ] TRIP
TTTTmTTTT "':T": i
. “Rl STATUS
79
SCB,
/DL 7004
) SR D e i i
! i ouT2
: : $ CLOSE
C4
I' Y I'
I' T
> OUT5
k »
- BF
' 23 X TRIP
Auto
Man.
4 ‘,T"J
IN4 J ouT3
TEST TEST
MODE BE1-851E MODE OUT

Figure 8-5. Typical One-Line Diagram for Feeder_2 Logic

9289900790 Rev C BE1-851E Application

8-21



@ ‘8189 YO 8y} ol aul| 8|buis e Ag umoys ale sjes) YO swes ay} 0} Buiob ssjqenen ajdinw ‘Ajeo Jo4 810N

1nd1no

(49)
ENTagI
NENEINT:
€980 q0u1n00 bmo:\,\lo” 3 Sg
28O dno¥e | 20§ 23
Q7
Nd 1O¥d ZLOA bosC om_v_/_ﬁwm% Ia 88
00s O oa ©
didL 10¥d [TOA
"1 | oo QOW 1S3L STOA
s F:ooM 1ndLNO
g )
] 001 ST 3
~_| 21901 E 4O vdLNaN
7 4M% =" indino B INLg
SMOINVLNVISNI
WYIHLSdN %0078 vYOA ————— (O (@9
"1 [ oroon 000 | e
€10 5="1ndino
L
30IAY3S 40 LNO AVT3Y EOA
ST 1
z 1no L
2025 ZOA —st

=

3125 LOA

]

1ndino

80A

(NLoS1)
INLOSL o0I
IVELNAN
r_._m_\._E =+
mm.wm._o o— 71062 60A
6. NIVIS <
™ _wﬂw

3AOW Ls31 mwm. E

'YN3 O ANV N V¢

VN3 10d €71
8 €v1-00

V 449 L3S €V
oln £9-00

v 1no g
7

5

WYYV VOA

NOWLLNO
O
NINWTY
O WAVIV
FYWATY
0OTNTY
O

J1007-gs

gic Diagram

-6. Feeder_2 Lo
BE1-851E Application

Figure 8

9289900790 Rev C

22



Feeder_2 Logic Settings and Equations
SL-N=FEEDER_ 2

SL-50TP = 1,79SCB

SL-50TN = 1,79SCB+/IN3+243

SL-50TQ = 1,79SCB+/IN3+243

SL-150TP =1,0

SL-150TN=1,0

SL-150TQ =1,0

SL-51P=1,0

SL-51N = 1,/IN3+243

SL-51Q = 1,/IN3+243

SL-62=0,0,0

SL-162=0,0,0

SL-79 =1,VO8,/IN1,VO12,VO9+/IN4+343
SL-BF =1,V010,/IN4+343

SL-GROUP =1,0,0,0,0,/43

SL-43=2

SL-143 =2

SL-243 =2

SL-343 =2

SL-101=1

SL-VOA = ALMMAJ

SL-VO1 =VO11+BFPU+101T

SL-VO2 = 79C+101C

SL-VO3 = IN4*/343

SL-VO4 = VO12*/VO5*IN4*/343

SL-VO5 = BFT

SL-VO6 =0

SL-VO7=0

SL-VO8 = V011

SL-VO9 = /IN2+143+VO5+150TPT+150TNT4150TQT
SL-VO10 =VO11

SL-VO11 = 50TPT+50TNT+50TQT+160TRPTH150TNT+150TQT+51PT+51NT+51QT
SL-VO12 = 50TPPU+50TNPU+50TQPWY+150TPPU+150TNPU+150TQPU+51PPU+51NPU+51QPU
SL-VO13=0

SL-VO14=0

SL-VO15 =/IN3+343

FEEDER_3 LOGIC SEGHEME

Logic scheme Feeder 3 isgneant for use on a feeder breaker and provides all overcurrent and breaker
failure protection, reclesing, and control functions required for a typical feeder in a non-directional
overcurrent prote€tion ,application. This logic scheme is intended for use in conjunction with other
programmabile relays dsing BUS and BACKUP schemes to provide protection when the relay is out of
service.

Automatic reg¢losing’is initiated by the breaker opening. Reclosing is disabled after a manual trip by a
control switch slip contact. In this logic scheme, the disable logic is connected to the drive to lockout
(DTL) input:-<Khe recloser will remain in lockout until the breaker closes and the reset timer times out.

When used with other programmable relays using logic scheme BUS and BACKUP, this scheme can
provide complete high-speed overcurrent protection for the transformers, bus, and feeders in a radial
system substation.

Lheyxcomponents of Feeder_ 3 logic are summarized in Tables 8-13 through 8-16. Figure 8-7 is a one-line
diagram of Feeder_3 logic and Figure 8-8 is a diagram representing the logic settings and equations of
Feeder_3 logic.
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Normal Operation - Control

The virtual breaker control switch is programmed to provide manual trip and close control of the breaker.
Control functions of this logic scheme use traditional contact sensing inputs and virtual switches. Virtual
switches that are not needed may simply go unused. The protection engineer may choose to free up
contact sensing inputs for other uses by using the virtual switches exclusively for control functions.

Normal Operation - Protection

All overcurrent function blocks and the breaker failure function block re-trip output are enabled in
Feeder_3 logic for tripping via OUT1. The 150T function blocks are set up as high set instantaneous
functions which drive the recloser to lockout when they trip. Setting the pickup at zero in the four setting
groups can individually disable each overcurrent function block. The 50TN, 50TQ, 51N, and 51Qgfunction
blocks are torque controlled by either IN3 or Virtual Switch 243. All N and Q function blocks"or only the
51N and 51Q function blocks may be inhibited. This is done in BESTlogic by modifying thetipputs to the
function blocks.

Normal Operation - Reclosing

The reclosing logic in Feeder_3 is initiated by the breaker opening. Automatic reclesing is disabled for a
manual trip by a control switch slip contact. Setting the first reclose time can diSable the recloser function
block = zero in the four setting groups.

Reclosing can be disabled by IN2 or Virtual Switch 143 that is connected te, the» drive to lockout (DTL)
input of the recloser function block. In this scheme, enabling the recloser after @“one shot” trip will cause
the recloser to be in lockout. Once the breaker is manually closed, the, recleser will time out to a reset
condition. If an external control switch slip contact is used, it should e wired in series with the reclose
enable switch to IN2.

The BESTlogic can be modified so that the reclosing disable“logic mterrupts the RI input to the recloser
instead of driving the recloser to lockout. This is accomplished’by“asing variables IN2, 143, and 101SC in
the RI expression instead of the DTL expression. This recloser control logic is used in preprogrammed
logic scheme Feeder_4.

Drive to lockout also occurs if any of the 150TP/N/@gfunctions (typically used for high set instantaneous
protection) trip or breaker failure occurs. It should e nated that the 150TP/N/Q functions drive both the RI
and the DTL inputs to the recloser function block*jhedDTL input takes priority over the Rl input.

Setting an appropriate logic expression for 79Z0NEycan enable zone-sequence coordination. Zone-
sequence uses a BESTlogic expression but isspot Within the logic settings. The Feeder_3 logic scheme
uses the expression SP-79ZONE=V012.

Feeder_3 logic provides for the recloser jo%torque’ control the 50TP/N/Q functions (typically used for low
set instantaneous protection) during variousjsteps in the reclosing sequence. Setting the recloser
sequence controlled blocking output intthefeuf setting groups is done using the S#-79SCB command.

Recloser timing is stopped by the wait input if an overcurrent protection function block is picked up and
timing. This prevents the reset timer from resetting the reclose function for a situation where a 51 element
is just above pickup and the timeyto thipyis longer than the reset time.

A block load tap changer output is not provided in this scheme. OUT5 can be reprogrammed as a 79RNG
(recloser running/block tap,ehanger) output and wired to energize a normally closed auxiliary relay.

Normal Operation,- Setting,Group Selection

Setting group seélectien can be done automatically or externally by communications command/HMI
override. AutomaticgSetting group changes for cold load pickup and/or dynamic setting adjustments are
enabled by SP-GROUR# commands. Setting group changes initiated by contact sensing inputs are not
accommodated in this'scheme. IN3 or IN4 can be reprogrammed to provide this function instead of their
programmed functions if desired. Virtual Switch 43 can disable the automatic change logic.

Normal Qperation - Bus Protection

When anyagfithe overcurrent function blocks are picked up, OUT4 closes. The signal from OUT4 is wired
to IN2yof'the upstream relay using BUS logic. The upstream relay blocks the 50T elements that are set up
to trip the“bus breaker or bus lockout relay. If the fault is not on a feeder, the 50T elements of the bus
relaysare not blocked. The bus relay 50T elements are set with a time delay of 2 to 4 cycles to provide a
minimal coordination interval for the feeder relay OUT4 to close. Should there be a problem with the
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blocking logic, the bus relay 51 functions are not blocked to allow bus fault clearing with a traditional
coordination interval.

When used to provide high-speed overcurrent protection for the substation bus, it is recommended thatwail
51 function timing curves be set for instantaneous reset.

Normal Operation - Alarms

Two alarm logic variables drive the front panel alarm LEDs: Major alarm (ALMMAJ) and Minor#alarm
(ALMMIN). ALMMAJ is set to drive the fail-safe output OUTA. ALMMIN is not set to drive an output relay.
The logic can be modified to place ALMMIN in the BESTlogic expression for VOA if all alarms,are to be
combined. ALMMIN can be placed in the BESTlogic expression for another output if it is desired that
these conditions be enunciated separately.

Contingency Operation - Test Mode

The test mode is intended to increase the security of the feeder protection and centrel system if external
test switches are not installed on all outputs. When the relay is out of segvice for testing, the breaker
failure, automatic reclosing, and block upstream instantaneous functions areydisabled. Backup by the
upstream relay is enabled.

De-energizing IN4 or closing Virtual Switch 343 will put the logic in test made. IN4 can be controlled by a
panel mounted selector switch that is closed in the normal state and“@pen In the test state. IN4 can also
be controlled by a pole of a standard external test switch that isgopenedrwith the rest of the test switch
poles.

The logic expression for test mode drives virtual output 15 (MO25).“Fhis virtual output is alarm bit #23 in
the programmable alarm mask. It can be masked to drive analarm LED to provide indication when the
relay is in test mode.

Contingency Operation - Backup Protection for FeederiBreaker Failure

OUTS5 is configured as the breaker failure trip output®8@UTS can be wired to trip the bus breaker or a
lockout relay. The breaker failure pickup (BFPU) output trips the feeder breaker directly via output 1 to
provide a breaker re-trip signal for added seeutity.

Initiation of the BF function block by external relays is not accommodated in this scheme. IN2, IN3, or IN4
can be programmed to provide this function®r Feeder_4 logic may be used. The breaker failure function
block is initiated by a protective trip. This fuRetion block has an independent fast drop out phase and
ground current detector that detects ;gpening, and stops timing. An open breaker is detected when the
current drops below 10% of nominal.

Setting the time delay at zero disablesithe BF function block. This permits the traditional radial system
backup scheme of coordinated relays tripping different breakers.

Feeder_3 logic stops the bleckysighal to allow the bus relay to trip the bus breaker through its 50T
elements if a direct trip is@ot desired. This provides clearing of the fault on the circuit with the failed
breaker in feeder relay Bfeakerfailure time (or bus relay 50T time; whichever is greater) instead of the
bus relay 51 time; but isdimitedsby the sensitivity constraints of the bus relay.

Contingency Operation,sBackup Protection for Feeder Relay Out-of-Service

When the relay iS outfof service or it has failed, OUT3 opens to signal the upstream relays providing
backup pratection“@UT3 operates in a fail-safe mode; the output is closed during normal operation and
open durifig a relay, failure. This provides backup mode signaling when the feeder relay is extracted from
the case.

Backup foryrelay failure can be implemented using the BUS and BACKUP preprogrammed logic
schemes. These logic schemes are described later in this section.
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Table 8-13. Feeder_3 Contact Sensing Input Logic

State Labels
Input Purpose Name Label
Energized De-Energized
IN1 | 52b Breaker Status. BREAKER OPEN CLOSED
IN2 Enable recloser when IN2 is energized. | RCL_ENABLE ENABLED DISABLD
Enable neutral and negative-sequence,
IN3 | 50 and 51 protection when IN3 is N&Q_ENABLE ENABLED DISABLD
energized.
Put the relay in test mode so that
IN4 reclosing and breaker failure are TESTDISABL NORMAL TSTMODE
disabled when IN4 is de-energized.
Table 8-14. Feeder_3 Function Blockgl.ogic
) BESTlogic Mode
Function Purpose - .
Expression Setting
Used for instantaneous phase overcurrent protection.
50TP Block when recloser sequence controlled blocking 79SCB 1 (enabled)
output is TRUE.
Used for instantaneous neutral overcurrent protegtion.
Block when recloser sequence controlled blocking
507N output is TRUE or when disabled by,IN3¢or Virtual 79SCB+/IN3+243 | 1 (enabled)
Switch 243.
Used for instantaneous negativessequence
overcurrent protection. Block when réeloser sequence
50TQ controlled blocking output is LRUE of when disabled 79SCB+/IN3+243 | 1 (enabled)
by /IN3 or Virtual Switch 243.
150TP Used for instantaneousgphase®vercurrent protection. 0 1 (enabled)
150TN Used for instantanie@us neutral overcurrent protection. 0 1 (enabled)
150TQ Used for instantaA@ous négative-sequence 0 1 (enabled)
overcurrent protection.
51P Used for timed phase overcurrent protection. 0 1 (enabled)
Used,fortimedsnéutral overcurrent protection. Block
SIN when disabled by IN3 or Virtual Switch 243. /IN3+243 1 (enabled)
Used/for timed negative-sequence overcurrent
51Q protectien. Block when disabled by IN3 or Virtual /IN3+243 1 (enabled)
Switch 243.
62 N/A 0 0 (disabled)
162 N/A 0 0 (disabled)
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) BESTIlogic Mode
Function Purpose - .
Expression Setting
RI Logic: Strapped high. /0
STATUS Logic: Breaker closed when IN1 is de- /IN1
energized.
WAIT Logic: Stop recloser timing when timing for a 1 (Power Up
& fault trip. TRUE when protection picked up expression VO12 to Lockout)
is TRUE.
BLK/DTL Logic: Drive recloser to lockout when
recloser drive to lockout expression is TRUE or when VO9+/IN4+843
relay is in test mode.
Initiate breaker failure when breaker failure initiate VO10
expression is TRUE.
BF : : — 1 (enabled)
Block breaker failure protection when relay is in test \N#4 343
mode.
No manual selection logic is used. 0
No manual selection logic is used. 0
GROUP No manual selection logic is used. 0 1 Egg)suc;gte
No manual selection logic is used. 0
Disable automatic selection when Virtual'Switehy 43 is /43
in the manual position.
Table 8-15 4Feeder_3s¥irtual Switches Logic
State Labels
Switch Purpose Mode Label
True False
43 | Automatic setting group ChaGE™ | 5 o iofn | SETGRP_MAN | MANUAL |  AUTO
logic auto/manual switelm -
143 | Disable recloser WherRggys! 2 (On/Offy | RCL_DISABL | DISABLD | ENABLED
switch is closed. -
Disable neutrallandWegative-
243 sequence, 50;andy54 protection 2 (On/Off) | N&Q_DISABL DISABLD | ENABLED
when virtual switgh is closed.
Put thegrélay intest mode so that
reclosingfand breaker failure are
343 disabledwifen virtual switch is 2 (On/Off) | TESTENABLE | TSTMODE | NORMAL
closed:
Virtual Control Switch to trip bus
101 breaker, 1 (Enable) N/A N/A
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Table 8-16. Feeder_3 Virtual Outputs

o State Labels
Output Purpose Description Label
True False
Close or open alarm contact
VOA i i
Alarm Output Contact. | When relay failure or major ALARM ACTIVE | NORMAL
(OUTA) programmable alarm is TRUE.
(Style dependent.)
BESTlogic Expression: VOA=ALMMAJ
Trip breaker when protective
VO1 trip expression is TRUE or
Breaker trip contact. when breaker failure is initiated BKR_TRIP TRIR NORMAL
(OUT1) or when virtual breaker control
switch is operated to trip
BESTlogic Expression: VO1=VO11+BFPU+101T
Close breaker when recloser
V02 i
Breaker close contact. c!ose output it TRUE or V\_/hen_ BKR_CLOSE CLOSE NORMAL
(OUT2) virtual breaker control switch is
operated to close.
BESTlogic Expression: VO2=79C+101C
VO3 Hold output closed if relay is
Enable backup of relay _not out of serwce_b_ecause itis W_SERVICE NORMAL | BACKUP
(OUT3) | by upstream relay. in test mode and it is not out of
service due to relay failure
BESTlogic Expression: VO3=IN4*/343
.B lock upstream Block upstreamgnstantanecus
instantaneous elements | heft th .
VO4 when relay is picked up elements whefi the protective
for hiah db pickup expressionds TRUE and | BLK_UPSTRM | BLOCKED | NORMAL
(OUT4) oci/rertl:gur;ztr)l(teerot;;ion the relay is net,in tést mode
. P and the breakerthas not failed.
logic.
BESTlogic Expression: VO4=V012*/VVO5*IN4*/343
VO5 i i i i i
Breaker failure trip Frip bapkup if breaker failure BKR_FAIL TRIP NORMAL
(OUT5) | contact. pretection"times out.
BESTlogic Expression: VO5=BFT
VO6
None N/A VO6 TRUE FALSE
(OUTs)
BESTlogic Expression: VO6=0
vO7
None N/A Vo7 TRUE FALSE
(OUT7)
BESTIogic Expression: VO7=0
VO8 None N/A VO8 TRUE FALSE
BESTlogic Expression: VO8=0
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State Labels

Output Purpose Description Label
True False
Drive recloser to lockout to
disable it when IN2 is de-
energized or Virtual Switch 143
Recloser drive to lockout | is closed or when the breaker
Vo9 expression. virtual control switch is in the RCL_DTL DTL NORMAL
after trip state or if the breaker
fails or when the high set
instantaneous element trips.
BESTlogic Expression: VO9=/IN2+143+VO5+150TPT+150TNT+150TQT
Breaker failure initiate Initiate breaker failure timing
vO10 . when protective trip expression BFI INI NORMAL
expression. .
is TRUE.
BESTlogic Expression: VO10=V0O11
VO11 Protectl\(e Trip TRUE wh_en any 50, 150, or 51 PROT FRIP TRIP NORMAL
Expression. element times out. -
BESTlogic Expression: VO11=50TPT+50TNT+50TQT+150TPT+150TNT+1505QT+51PT+51INT+51QT
VO12 Protectlc_)n Picked Up TRUE Wh(_en any 50, 150, or5t PROT PU PU NORMAL
Expression. element picks up. -
BESTlogic Expression:
VO12=50TPPU+50TNPU+50TQPU+150TPPU+150TNPU+150TQPW+51PPU+51NPU+51QPU
VO13 | Alarm Mask 21. N/A VO13 TRUE FALSE
BESTlogic Expression: VO13=0
VO14 | Alarm Mask 22. N/A V014 TRUE FALSE
BESTlogic Expression: VO14=0
Alarm bit #23 indication
that the relay is in test ) . .
VO15 | mode, breaker failure is | YRUE N4 is de-energized or | rror ione | TEST | NORMAL
. ) if Virtyal Switch 343 is closed. -
disabled, and reclosing
is disabled.
BESTlogic Expression: VO15%/IN4+843
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Feeder_3 Logic Settings and Equations
SL-N=FEEDER_3

SL-50TP = 1,79SCB

SL-50TN = 1,79SCB+/IN3+243

SL-50TQ = 1,79SCB+/IN3+243

SL-150TP =1,0

SL-150TN=1,0

SL-150TQ =1,0

SL-51P=1,0

SL-51N = 1,/IN3+243

SL-51Q = 1,/IN3+243

SL-62=0,0,0

SL-162=0,0,0

SL-79 =1,/0,/IN1,VO12,VO9+/IN4+343
SL-BF =1,V010,/IN4+343

SL-GROUP =1,0,0,0,0,/43

SL-43=2

SL-143 =2

SL-243 =2

SL-343 =2

SL-101=1

SL-VOA = ALMMAJ

SL-VO1 =VO11+BFPU+101T

SL-VO2 = 79C+101C

SL-VO3 = IN4*/343

SL-VO4 = VO12*/VO5*IN4*/343

SL-VO5 = BFT

SL-VO6 =0

SL-VO7=0

SL-VO8 =0

SL-VO9 = /IN2+143+/101SC+VO5+150TPT+160TNT+150TQT
SL-VO10 =VO11

SL-VO11 = 50TPT+50TNT+50TQT+150TPT+I50INT#150TQT+51PT+51NT+51QT
SL-VO12 = 50TPPU+50TNPU+50TQPU+150TPPU+150TNPU+150TQPU+51PPU+51NPU+51QPU
SL-VO13=0

SL-VO14=0

SL-VO15 =/IN4+343

FEEDER_4 LOGIC SCHEME

Logic scheme Feeder_4 is meant fer use on a feeder breaker and provides all overcurrent and breaker
failure protection, reclosing, and eontrol functions required for a typical feeder in a non-directional
overcurrent protection application. This logic is intended for use in conjunction with redundant protective
relays such as existing electromechanical relays to provide backup when the relay is out of service.

Automatic reclosing is initiated by the breaker opening. Reclosing is disabled after a manual trip by a
control switch slip cantact. Th this logic scheme, the disable logic is connected to the reclose initiate (RI)
input. Once re-enabled, ghe recloser will start the sequence and automatically close the breaker if it is
open.

When used in conjunction with other programmable relays using logic scheme BUS, it can provide
complete overcurrent protection for the transformers, bus, and feeders in a radial system substation.

The compenents of Feeder_4 logic are summarized in Tables 8-17 through 8-20. Figure 8-9 is a one-line
diagrarmeef ‘Eeeder_4 logic and Figure 8-10 is a diagram representing the logic settings and equations of
Feeder 4 logic.

Nermal Operation - Control

Lheyvirtual breaker control switch is programmed to provide manual trip and close control of the breaker.
The control functions of this logic scheme use both traditional contact sensing inputs and virtual switches.

8:32 BE1-851E Application 9289900790 Rev C



Virtual switches that are not needed may simply go unused. The protection engineer may choose to free
up contact sensing inputs for other uses by using the virtual switches exclusively for the various contrel
functions.

Normal Operation - Protection

The 50T and 51 function blocks and the breaker failure function block re-trip output are enabled in
Feeder_4 logic for tripping via OUT1. Setting the pickup at zero in the four setting groups can individually
disable each overcurrent function block.

The 50TN, 50TQ, 51N, and 51Q function blocks are torque controlled by Virtual Switch 243. AILN and Q
function blocks or only the 51N and 51Q function blocks may be inhibited. This is done in BESTlogic by
modifying the inputs to the function blocks.

Normal Operation - Reclosing

The reclosing logic in Feeder_4 is initiated by the breaker opening. Automatic'reclosing is disabled for a
manual trip by a control switch slip contact. Setting the first reclose time = zero(can disable the recloser
function block in the four setting groups.

Reclosing can be disabled by IN2 or Virtual Switch 143 that interrupts the Rhinput to the recloser function
block. In this scheme, enabling the recloser after a “one shot” trip will“¢éause the recloser to start the
reclosing sequence and automatically close the breaker. If the control'switch slip contact is in the after trip
position, the recloser will not automatically start. If an external confrohswiteh slip contact is used, it should
be wired in series with the reclose enable switch to IN2.

The BESTlogic can be modified so that the reclosing disable legie,drives the recloser to lockout instead of
interrupting the RI input. This is accomplished by usiag_variables IN2, 143, and 101SC in the DTL
expression instead of the Rl expression. This recloserfeontral) logic is used in preprogrammed logic
scheme Feeder_3.

The recloser will be driven to lockout if a breaker failure occurs.

Setting an appropriate logic expression for 79Z@NE“¢an enable zone-sequence coordination. Zone-
sequence uses a BESTlogic expression but is not within the logic settings. The Feeder_4 logic scheme
uses the expression SP-79ZONE=V012.

Feeder_4 logic provides for the recloser{io tofque control the 50TP/N/Q functions (typically used for low
set instantaneous protection) during4varials steps in the reclosing sequence. Setting the recloser
sequence controlled blocking output in the, four setting groups is done using the S#-79SCB command.
Blocking of external instantaneous elements s done through OUT3.

Recloser timing is stopped by the waitfinput if an overcurrent protection function block is picked up and
timing. This prevents the reset timer fran¥resetting the reclose function for a situation where a 51 element
is just above pickup and thedime'to tripis longer than the reset time.

A block load tap changer outputis,not provided in this scheme. OUT5 can be reprogrammed as a 79RNG
(recloser running/block tap, changer) output and wired to energize a normally closed auxiliary relay.

Normal Operation - B@#s’ Protection

When any of the 50T ‘ot 51/function blocks is picked up, OUT4 closes. The signal from OUT4 is wired to
IN2 of the upstreaf felay using BUS logic. The upstream relay blocks the 150T elements that are set up
to trip the bus breaker or bus lockout relay. If the fault is not on a feeder, the 150T elements of the bus
relay are net blacked®The bus relay 150T elements are set with a time delay of 2 to 20 cycles to provide
a coordinationyinterval for the feeder relay OUT4 to close or the redundant feeder relays to trip the feeder
breakef.;Should there be a problem with the blocking logic, the bus relay 51 functions are not blocked to
allow bus fault ¢learing with a traditional coordination interval.

When used to provide high-speed overcurrent protection for the substation bus, it is recommended that all
51 function timing curves be set for instantaneous reset. Use of this protection feature with redundant
electromechanical relays should be done with caution. Retrofit of the electromechanical relays with BE1-
50/51B solid-state overcurrent relays can mitigate this concern.

Normal Operation - Alarms

Two alarm logic variables drive the front panel alarm LEDs: Major alarm (ALMMAJ) and Minor alarm
(ALMMIN). ALMMAJ is set to drive the fail-safe output OUTA. ALMMIN is not set to drive an output relay.
The logic can be modified to place ALMMIN in the BESTlogic expression for VOA if all alarms are to be

9289900790 Rev C BE1-851E Application 8-33



combined. ALMMIN can be placed in the BESTlogic expression for another output if it is desired that
these conditions be enunciated separately.

Contingency Operation - Test Mode

The test mode is intended to increase the security of the feeder protection and control system if external
test switches are not installed on all outputs. When the relay is out of service for testing, the breaker
failure, automatic reclosing, and block upstream instantaneous functions are disabled. Backup by the
upstream relay is enabled.

De-energizing IN4 or closing Virtual Switch 343 will put the logic in test mode. IN4 can be controlled by,a
panel mounted selector switch that is closed in the normal state and open in the test state. IN4 can also
be controlled by a standard external test switch that is opened with the rest of the test switch poless

The logic expression for test mode drives virtual output 15 (VO15). This virtual output is alarm bit'#23 in
the programmable alarm mask. It can be masked to drive an alarm LED to provide indieation,when the
relay is in Test Mode.

Contingency Operation - Backup Protection for Feeder Breaker Failure

OUTS5 is configured as the breaker failure trip output. OUT5 can be wired to_trip“the/bus breaker or a
lockout relay. The breaker failure pickup (BFPU) output trips the feeder breakertdirectly via output 1 to
provide a breaker re-trip signal for added security.

Initiation of the BF function block by external relays is provided by IN3. The 450T function blocks provide
fault detector supervision of the external initiate signal. The logic uses the fpickup outputs of the function
blocks. In this application, the time delay settings should be set to maximum®so that they do not time out
and trip targets. If the external BFI signal from protective relaysysuch'as 81 or 87T where fault detector
supervision is not desired, the BESTlogic expression for VO12 whichuisithe BFI logic expression in this
logic scheme, can be modified.

The BF function block is also initiated by a protective trip. fhis fun€tion block has an independent fast
drop out phase and ground current detector that detects a breaker opening and stops timing. An open
breaker is detected when the current drops below 10% of hominal. Setting the time delay at zero disables
the BF function block. This permits the traditional gadial system backup scheme of coordinated relays
tripping different breakers.

Feeder_4 logic stops the block signal to allow thefbus relay to trip the bus breaker through its 50T
elements if a direct trip is not desired. This providesyclearing of the fault on the circuit with the failed
breaker in feeder relay breaker failure time (ombustelay 50T time; whichever is greater) instead of the
bus relay 51 time but is limited by the sensitivity £0ohstraints of the bus relay.

Contingency Operation - Backup Protectionyfor Feeder Relay Out-of-Service
Primary protection for relay failure is pfevidedsby redundant relays applied to the feeder.

Table'8:17. Feeder_4 Contact Sensing Input Logic

State Labels

Input Purpese Name Label
Energized De-Energized
IN1 | 52b Breaker Status. BREAKER OPEN CLOSED
IN2 Enable recloser when IN2 is energized. | RCL_ENABLE ENABLED DISABLD

Enable neutral and negative-sequence,
IN3 50 and 51 protection when IN3 is N&Q ENABLE ENABLED DISABLD
energized.

Put the relay in test mode so that
IN4 reclosing and breaker failure are TESTDISABL NORMAL TSTMODE
disabled when IN4 is de-energized.
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Table 8-18. Feeder_4 Function Block Logic

) BESTlogic Mode
Function Purpose . ;
Expression Setting
Used for instantaneous phase overcurrent protection.
50TP Block when recloser sequence controlled blocking 79SCB 1 (enabled)
output is TRUE.
Used for instantaneous neutral overcurrent protection.
Block when recloser sequence controlled blocking
507N output is TRUE or when disabled by Virtual Switch 79SCB+243 1 (enabled)
243,
Used for instantaneous negative-sequence
overcurrent protection. Block when recloser sequence
50TQ | controlled blocking output is TRUE or when disabled 79S@Bj2a% | 1 (enabled)
by Virtual Switch 243.
150TP Used for instantaneous phase overcurrent protection. 0 1 (enabled)
150TN Used for instantaneous neutral overcurrent protection. 0 1 (enabled)
150TQ Used for instantaneous negative-sequence 0 1 (enabled)
overcurrent protection.
51P Used for timed phase overcurrent protection. 0 1 (enabled)
Used for timed neutral overcurrent protectionaBlock
SIN when disabled by Virtual Switch 243. 243 1 (enabled)
Used for timed negative-sequence overeurrent
51Q protection. Block when disabled by Mirtual Switch 243. 243 1 (enabled)

62 N/A 0 0 (disabled)

162 N/A 0 0 (disabled)
RI Logic: Initiate when reclosg initiate expression is Vo8
TRUE
STATUS Logic: Breaker ¢losed when IN1 is de- /IN1
energized.

79 WAIT Logic: Stopuecleser timing when timing for a 1 (Power Up
fault trip. TRUE whefyprotection picked up expression VO12 to Lockout)
is TRUE.

BLK/DTJ¢ Logic:*Drive recloser to lockout when
recloseridrive/to lockout expression is TRUE or when VO9+/IN4+343
relaysisyin t€st mode.
Initiate breaker failure when breaker failure initiate

4 V010
expression is TRUE.

BF : : — 1 (enabled)
Black breaker failure protection when relay is in test /IN4+343
mode.

No manual selection logic is used. 0
No manual selection logic is used. 0
GROUP No manual selection logic is used. 0 1 Egrl)su(igte
No manual selection logic is used. 0
Disable automatic selection when Virtual Switch 43 is /43
in the manual position.
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Table 8-19. Feeder_4 Virtual Switches Logic

. State Labels
Switch Purpose Mode Label
True False
43 | Automatic setting group change | , /06 | SETGRP MAN | AUTO MANUAL
logic auto/manual switch.
143 | Disable recloser when virtual 2 (On/Off) | RCL_DISABL | DISABLD | ENABLED
switch is closed.
Disable neutral and negative-
243 sequence, 50 and 51 protection | 2 (On/Off) | N&Q_DISABL DISABLD ENABLED
when virtual switch is closed.
Put the relay in test mode so
that reclosing and breaker
343 failure are disabled when virtual 2 (On/Off) | TESTENABLE | TSTM@DE NORMAL
switch is closed.
101 Virtual Control Switch to trip bus 1 (Enable) N/A N N/A
breaker.
Table 8-20. Feeder_4 Virtual Outputs
o State Labels
Output Purpose Description kabel
True False
Close or open alarm contact
VOA i i
Alarm Output Contact. | \When relay failure or majok ALARM ACTIVE | NORMAL
(OUTA) programmable alarm is' TRUE.
(Style dependentq)
BESTlogic Expression: VOA=ALMMAJ
Trip breakeriwhen‘protective
VO1 trip expression ISRIRUE or
Breaker trip contact. when bregker failure is initiated BKR_TRIP TRIP NORMAL
(OUT1) or when virtdal Bréaker control
switchsisroperated to trip
BESTlogic Expression: VO1=VO11+BFPU+101T
Close‘breaker when recloser
V02 i
Breaker close contact. c!ose output it TRUE or V\_/hen_ BKR_CLOSE CLOSE NORMAL
(OUT2) virtual breaker control switch is
operated to close.
BESTlogic Expression: VO2=79C#101C
Close contact when recloser
VO3
ﬁ'gg;ggg&as' elofiEfs, | Sequence controlled blocking 79INST BLK | NORMAL | BLOCK
(OUT3) " | outputis not TRUE.
BESTlogic Expfession: VO8=/79SCB
.B lock upstregtm Block upstream instantaneous
instantaneous elements | hen th .
VO4 when relay is picked up elements when the protective
for hiohispeed bus pickup expression is TRUE and | BLK_UPSTRM | BLOCKED | NORMAL
(OuT4) overcgurrepr)lt rotection the relay is not in test mode
i P and the breaker has not failed.
ogic.
BESTI@gic,Expression: VO4=V0O12*/VO5*IN4*/343
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State Labels

Output Purpose Description Label
True False
VO5 i i i i i
Breaker failure trip Trip ba_ckup if breaker failure BKR_FAIL TRIP NORMAL
(OUTS5) | contact. protection times out.
BESTlogic Expression: VO5=BFT
VO6
N/A N/A VO6 TRUE FALSE
(OUT6)
BESTlogic Expression: VO6=0
VO7
N/A N/A VO7 TRUE FALSE
(OUT7)
BESTlogic Expression: VO7=0
Allow reclose when the
recloser is not disabled. To
Reclose initiate operate, reclose must be
vos expression. enabled by IN2 and Virtual RCLW INI NORMAL
Switch 143 and virtual breaker
control switch slip contact.
BESTlogic Expression: VO8=IN2*/143*101SC
VO9 Reclose_r drive to lockout D_r|ve repl_oser to lockout to RCL DTL DTL NORMAL
expression. disable it if the breaker fails. -
BESTlogic Expression: VO9=VO5
Initiate breaker failurgytiming
when protectiye trigyexpression
VO10 Breaker_fallure initiate !s_'l_'RUE or whe_n external BEI INI NORMAL
expression. initiatefcontact isiseénsed and
any of the fault detectors is
picked up.
BESTlogic Expression: VO10=VO11+IN3*150TRPU+IN3*150TNPU+IN3*150TQPU
VO11 Protectl\(e Trip TRUE wh_en any 50, 150, or 51 PROT_TRIP TRIP NORMAL
Expression. element times out.
BESTlogic Expression: VO11£50TRI+50FNT+50TQT+150TPT+150TNT+150TQT+51PT+51NT+51QT
VO12 Protecthn Picked Up TRUE whe_zn any 50, 150, or 51 PROT PU PU NORMAL
Expression. element picks up. -
BESTlogic Expression:
VO12=50TPPU+50TNPU+50T QPU+150TPPU+150TNPU+150TQPU+51PPU+51NPU+51QPU
V013 N/A N/A V013 TRUE FALSE
BESTlogic Expression: Y013=0
VO14 £1 N/A N/A V014 TRUE FALSE
BESTIogie€Expression: VO14=0
The'relay is in test
mode, breaker failure is TRUE if IN4 is de-energized or
vo15 disabled, and reclosing if Virtual Switch 343 is closed. TEST_MODE TEST NORMAL
is disabled.
BESTlogic Expression: VO15=/IN4+343
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Feeder_4 Logic Settings and Equations
SL-N=FEEDER_4

SL-50TP = 1,79SCB

SL-50TN = 1,79SCB+243

SL-50TQ = 1,79SCB+243

SL-150TP =1,0

SL-150TN=1,0

SL-150TQ =1,0

SL-51P=1,0

SL-51N =1,243

SL-51Q = 1,243

SL-62=0,0,0

SL-162=0,0,0

SL-79 =1,V0O8,/IN1,VO12,VO9+/IN4+343
SL-BF =1,V010,/IN4+343

SL-GROUP =1,0,0,0,0,/43

SL-43=2

SL-143 =2

SL-243 =2

SL-343 =2

SL-101=1

SL-VOA = ALMMAJ

SL-VO1 =VO11+BFPU+101T

SL-VO2 = 79C+101C

SL-VO3 = /79SCB

SL-VO4 = VO12*/VO5*IN4*/343

SL-VO5 = BFT

SL-VO6 =0

SL-VO7=0

SL-VO8 = IN2*/143*101SC

SL-VO9 = VO5

SL-VO10 = VO11+IN3*150TPPU+IN3*150TNPU+IN3*150TQPU
SL-VO11 = 50TPT+50TNT+50TQT+51PT+5NT+51QT
SL-VO12 = 50TPPU+50TNPU+50TQPU+51RPPU+5INPU+51QPU
SL-VO13=0

SL-VO14=0

SL-VO15 =/IN4+343

BUS AND BACKUP LOGICSCHEMES

Logic schemes BUS and BACKUP @re meant for use on a bus main breaker, and provide all overcurrent
protection and control functions, reguired for a typical bus main breaker in a non-directional overcurrent
protection application. ThgSelogic schemes are intended for use in conjunction with other programmable
relays using the Feederlf Feeder 2, and Feeder_3 logic schemes to provide complete overcurrent
protection for the transformers; bus, and feeders in a radial system substation.

The components of BUS logic are summarized in Tabled 8-21 through 8-24. Figure 8-11 is a one-line
diagram of BUSYegic and Figure 8-12 is a diagram representing the logic settings and equations of BUS
logic.

The components of BACKUP logic are summarized in Tables 8-25 through 8-28. Figure 8-13 is a one-line
diagram of BACKUP logic and Figure 8-14 is a diagram representing the logic settings and equations of
BACKUPglogic.

When {nterconnected with feeder relays using logic scheme Feeder_1, Feeder_2, or Feeder_3, the
BACKUR, logic scheme provides complete backup (except for reclosing) for the feeder relays if relay
failure o€eurs or when they are out of service for testing or maintenance. Figure 8-15 shows the
iAtercennection of Feeder, BUS, and BACKUP relays to achieve this integrated protection system.
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Normal Operation - Control

The virtual breaker control switch is programmed to provide manual trip and close control of the bds
breaker in both BUS and BACKUP logic. The control functions of these logic schemes use both traditional
contact sensing inputs and virtual switches. Virtual switches that are not needed may simply go unused.
The protection engineer may choose to free up contact sensing inputs for other uses by using thesvirtual
switches exclusively for the various control functions.

Normal Operation - Bus Protection

The BUS relay logic primary task in normal operation is to provide high-speed bus fault protection (2-4
cycles coordination interval) and timed overload or high unbalanced load protection. The BACKUP relay
logic primary task is to backup the Bus relay for bus faults with a coordination intervalfof 18=20 cycles

When any of the feeder relay overcurrent elements are picked up and timing, OUl4 on.the feeder relay
closes. This signal is wired to IN2 of the upstream (primary) bus relay using Busgegicithat blocks the 50T
elements. These are set with a delay of 2 to 4 cycles. If the fault is not on a feederpthe 50T elements of
the bus relays are not blocked. The 50T function blocks are set up to trip the bus breaker by an external
bus lockout relay (86B) via OUT4. The BACKUP relay does not get blocked When the feeder relays are
picked up so its 50T elements are set with a time delay long enough™te, allow the feeder breaker to
interrupt the fault. These are set up to trip the 86B relay also via OUT4A™f,a bus fault lockout relay is not
used, OUT4 can be wired in parallel with OUT1 to direct trip the bus breaker:

The BUS and BACKUP 50T functions should be set with a fitgher “pickup that the highest feeder
instantaneous elements to ensure that they will not pickup beforelany feeder relay.

If there is a contingency problem such as a relay removed fromServi€e, 51 protection is still provided. The
BUS and BACKUP 51 functions are enabled for trippingyvia OUT2: The 51 functions are not blocked to
allow clearing a bus fault with a traditional coordination, interval. When used to provide high-speed
overcurrent protection for the substation bus, it is recomimended that all 51 function timing curves be set
for instantaneous reset.

Normal Operation - Setting Group Selection

For normal operation, the BUS and BACKUR, relays are in setting group 0. In setting group O, the two
relays will only trip the bus breaker. Inputf2 tojthe BACKUP relay identifies when a feeder relay is out of
service. The BACKUP relay then closeSi@U#3 that is connected to input 3 of the BUS relay. The two
relays then switch to setting group 1. Settingygroup selection mode 2, binary coded selection, is used to
recognize the group setting state. When input DO to the setting group selection function block is a 1, it is
interpreted as a binary 1 causing the dogiéito Switch to group 1.

When the relay is in setting group 1, the relays are operating in feeder relay backup mode. This
expression is programmed to yirtualpoutput 13 of the BUS relay that drives alarm bit #21 in the
programmable alarm mask. It camybe masked to drive an alarm LED and alarm display to indicate when
the BUS relay is in feeder baekupymode and to trip a feeder breaker instead of the bus breaker.

Normal Operation - Alarms

Two alarm logic variables drive the front panel alarm LEDs: Major alarm (ALMMAJ) and Minor alarm
(ALMMIN). ALMMAJ isset 1o drive the fail-safe output OUTA. ALMMIN is not set to drive an output relay.
The logic can be giogified to place ALMMIN in the BESTlogic expression for VOA if all alarms are to be
combined. ALMMIN‘can be placed in the BESTlogic expression for another output if it is desired that
these conditiong,be‘entinciated separately.

Contingengy Operation - Test Mode

The test modefis intended to increase the security of the protection and control system if external test
switches are not installed on all outputs. When the BUS relay is out of service for testing, the overcurrent
protection function trip outputs are routed to OUT1 only. When the BACKUP relay is out of service for
testing, theé overcurrent protection function trip outputs are routed to OUT1 only and the breaker failure
function is disabled.

De=energizing IN4 or closing Virtual Switch 343 will put the logic in test mode. IN4 can be controlled by a
panel mounted selector switch that is closed in the normal state and open in the test state. IN4 can also
be controlled by a pole of a standard external test switch that is opened with the rest of the test switch
poles.
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The logic expression for test mode drives virtual output 15 (VO15). This virtual output is alarm bit #23 in
the programmable alarm mask. It can be masked to drive an alarm LED and HMI alarm display to provide
indication when the relay is in test mode.

Contingency Operation - Backup Protection for Bus Breaker Failure

Bus breaker failure protection is provided by the main bus relay using preprogrammed logic scheme
BACKUP. OUTS5 is configured as the breaker failure trip output. OUT5 can be wired to trip the upstream
breaker or a bus breaker failure lockout relay or other lockout relay that trips the transformer high side
such as the 86T transformer differential lockout relay.

Initiation of the BF function block by external relays is provided by IN3. The 150T function blocks provide
fault detector supervision of the external initiate signal. The logic uses the pickup outputs offthegfunction
blocks. In this application, the time delay settings should be set to maximum so that theyado ‘Aot time out
and trip targets. If the external BFI signal from protective relays such as 81 or 87T where fault detector
supervision is not desired, the BESTlogic expression for VO12 which is the BFI logicexpression in this
logic scheme, can be modified. The BF function block is also initiated by a protectivel'trip. If you are
tripping for a bus fault via a lockout relay, the additional time delay of the lockout relayashould be added to
your breaker failure time setting.

This function block has an independent fast drop out phase and ground curréntydetector that detects a
breaker opening and stops timing. An open breaker is detected when the €urrentidrops below 10% of
nominal.

Setting the time delay at zero disables the BF function block. This permitg the”traditional radial system
backup scheme of coordinated relays tripping different breakers.

Contingency Operation - Backup Protection for BUS Relay Out®ef:Service

When the BUS relay is out of service, backup protection is provided by, the BACKUP main bus relay. The
BACKUP main bus relay provides permanent backup protection®for the BUS relay regardless of other
feeder contingencies. Under this contingency, protection for bus faults will be delayed by an 18-20 cycle
coordination interval.

Contingency Operation - Backup Protection foBACKURsRelay Out-of-Service

When the BACKUP relay is out of service, full high-sp€ed bus fault protection and overload protection are
provided by the BUS relay. Under this contingengy, Bus breaker failure protection is not provided, as this
is a double contingency situation.

Contingency Operation - Backup Protectiohffor/Feeder Relay Out-of-Service

OUT3 of each of the feeder relays should be wired to an auxiliary transfer relay (83/Fn) with one normally
open and one normally closed contact:, Under/normal conditions, OUT3 of the feeder relay is closed and
the 83 aux. Relay is picked up. Whefr theyfeeder relay is out of service due to failure, being in test mode,
or if it is drawn out from its casepthe*83 auxiliary relay will drop out.

The normally open contact (NO_in“sShelf state) of the 83/Fn aux. relay is wired to Input 2 of the BACKUP
relay to signal the BUS and BACKUP relays to change to setting group 1. When the BUS relay is in
setting group 1, the 50T and“81 owercurrent function blocks trip an auxiliary tripping relay (94/BU) via
OUTS.

In setting group 1, the, BACKUP relay 51 time settings must coordinate with the BUS relay 51 time dial
settings. Since theffeederrelays provide a blocking signal to the BUS relay upon pickup of the 51 function
blocks, it is notgecessary for the 51 time dial settings on the BUS relay to coordinate with the feeder
relays in setting“graup 14 Therefore, the 51 time dial settings of the BUS relay can be reduced in setting
group 1 to provide thesiecessary coordination interval between the BUS relay and the BACKUP relay for
this contingency. This minimizes the time delay that needs to be added to the 51 time dial settings for the
BACKUP relay and provides a greater opportunity to keep the setting below the transformer damage
curve.

The tripping output of the 94/BU auxiliary relay and the normally closed contacts (form B) of the 83/Fn
auxiliaryyrelay are wired in series with the feeder breaker trip coil. This allows the 94/BU relay to trip the
feedertbreaker when the feeder relay is out of service.

Whenythe BUS and BACKUP relays are in feeder relay backup mode, operation for the various faults is
asyfollows:
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o A fault on a feeder with its relay still in service will send a blocking signal to the BUS relay,
preventing it from tripping high-speed. The 51 functions of the BUS and BACKUP relays are set
to coordinate with each other and the feeder relays.

e A fault on the feeder with the relay out of service will not send a blocking signal to the BUS relay
so it will trip the feeder breaker via the 94 and 83 relay contacts. Fault clearing will be after thes2
to 4 cycle coordination interval set on the BUS relay 50T functions or in BUS relay 51 time ifithe
fault is farther out. For this reason, the BACKUP relay 51 functions must be set to coordinateswith
the BUS relay in this setting group.

e A fault on the bus will cause the BUS relay to trip the feeder breaker with the relay out®f service
because no blocking signal will be sent by any of the feeder relays. Since this, will not clear the
fault, the BACKUP relay will clear the fault with its 18-20 cycle coordination interval

Table 8-21. BUS Contact Sensing Input Logic

State Labels
Input Purpose Name Label - :
Energized | De-Energized
IN1 | 52b Breaker Status. BREAKER OPEN CLOSED
IN2 | Block instantaneous FEEDER_PU PICKUP NORMAL
Signal from relay on bus source that is using
IN3 | BACKUP logic that a feeder relay is out of BACKUPMODE | BACKUP NORMAL
service.
Put the relay in test mode so that reclosing
IN4 | and breaker failure are disabled when IN4 is TESTDISABL NORMAL TSTMODE
de-energized.
Table 8-22. BUS Function Block Logic
BESTlogic
Function Purpose g Mode
Expression Setting
Used for instantaneous ‘phiase overcurrent protection. Block
50TP when feeder relay isfpicked®p indicating that the fault is on a IN2 1 (enabled)
feeder.
Used for instantaneaus neutral overcurrent protection. Block
50TN when feedergelay is picked up indicating that the fault is on a IN2 1 (enabled)
feeder.
Used forlinstantaneous negative-sequence overcurrent
50TQ protectionyBlock when feeder relay is picked up indicating IN2 1 (enabled)
thatghefault is on a feeder.
150TP | NiA 0 0 (disabled)
150TN" | WA 0 0 (disabled)
150TQWN! N/A 0 0 (disabled)
51P Used for timed phase overcurrent protection. 0 1 (enabled)
51N Used for timed neutral overcurrent protection. 0 1 (enabled)
51Q Used for timed negative-sequence overcurrent protection. 0 1 (enabled)
Initiate time delay when 51 trip expressions are TRUE to
62 provide backup tripping of the bus breaker when the relay is VO8 1 (PU/DO)
being used for backup feeder protection.
162 N/A 0 0 (disabled)
9289900790 Rev C BE1-851E Application 8-43




. BESTlogic Mode
Function Purpose ) .
Expression Setting
79 N/A 0 0 (disabled)
BF N/A 0 0 (disabled)
Switch to setting group 1 if feeder relay is out of service. IN3
No manual logic is used.
GROUP No manual logic is used. 2|$]B|Lrj1{asr)y
No manual logic is used. P
Fix Auto/Manual switch in the manual position only. Selection 0
by contact sensing only. No automatic selection logic.
Table 8-23. BUS Virtual Switch Logic
. State Labels
Switch Purpose Mode Label
True False
43 N/A 0 (Disable) | SWITCH_43 €L OSED OPEN
143 N/A 0 (Disable) | SWITCH\143 CLOSED OPEN
243 N/A 0 (Disable) | SWITCH,..243 CLOSED OPEN
Put the relay in test mode so
that reclosing and breaker
343 failure are disabled when virtual 2 (On/Off) | RESTENABLE | TSTMODE NORMAL
switch is closed.
Virtual Control Switch to trip bus
101 breaker. 1 (Enable) N/A N/A N/A
Table 8-245BUS,Virtual Outputs
o State Labels
Output Purpose Description Label
True False
VOA Close,or open alarm contact
Alarm Output Contact. When relay failure or major ALARM ACTIVE | NORMAL
(OUTA) programmable alarm is TRUE.
(Style Dependent.)
BESTlogic Expression: VOA=ALMMAJ
Trip breaker for virtual control
switch trip OR for 51 trip when in
VO1 normal mode. Trip bus breaker
Bus lreakertrip. for 41 trip after coordination time BKR_TRIP TRIP NORMAL
(OUT) delay when in feeder backup
mode. Close OUTL1 for any trip
when in test mode.
BESTlogic Expression: VO1=101T+V08*/SG0+62*SG1+V011*VO15
VO2 Close breaker when virtual
Bus breaker close. breaker control switch is BKR_CLOSE | CLOSE | NORMAL
(OUT?) operated to close.

BESTlogic Expression: VO2=101C
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o State Labels
Output Purpose Description Label
True False
VO3
N/A N/A VO3 TRUE FALSE
(OUT3)
BESTlogic Expression: VO3=/IN2
vos Trip bus breaker via lockout for
Bus fault trip (86B). bus faults (ST with 2-4 cycles BUS TRIP | IRIP | NORMAL
(OUT4) delay) when in normal mode and
not in test mode.
BESTlogic Expression: VO4=V0O9*SG0*/VO15
Trip feeder breaker via auxiliary
relay (94) for time (51) and
VO5 i ith 2-
Feeder breaker trip. instantaneous (50T with 2-4 BKR_FAID TRIP | NORMAL
(OUT5) cycles delay) when in feeder
relay backup mode and not in
test mode.
BESTlogic Expression: VO5=V011*SG1*/VO15
VO6
N/A N/A VO6 TRUE FALSE
(OUTe)
BESTlogic Expression: VO6=0
vO7
N/A N/A VO7 TRUE FALSE
(OUTY7)
BESTlogic Expression: VO7=0
Vo8 | Time overcurrent trip. TRE if agy of e time 51 TRIP TRIP | NORMAL
overcurrent elements trip.
BESTlogic Expression: VO8=51PT+51NT+51QT
VO9 In_stantaneous overcurrent |(TRUEFany of the |nsta_1ntaneous 50 TRIP TRIP NORMAL
trip. overcurrent elements trip. -
BESTlogic Expression: VO9=50TPT+50TNT+50TQT
VO10 N/A N/A VO10 TRUE FALSE
BESTlogic Expression: VQ10=0
VO11 Protectl\_/e Trip TRUE Wh_en any 50 or 51 PROT_TRIP TRIP NORMAL
Expression. element times out.
BESTlogic Expression: VO11=50TPT+50TNT+50TQT+51PT+51NT+51QT
VO12 Protectlc_)n Pickup Up TRUE whgn any 50 or 51 PROT PU PU NORMAL
Expression. element picks up. -
BESTlogic Expression: VO12=50TPPU+50TNPU+50TQPU+51PPU+51NPU+51QPU
VO13 ﬁi'gg Is in feeder backup | 1o ye it in setting group 1. FEEDER_BU | BACKUP | NORMAL
BESTIlogic Expression: VO13=SG1
VO14 N/A N/A VO1l4 TRUE FALSE
BESTlogic Expression: VO14=0
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State Labels

Output Purpose Description Label
True False

The relay is in test mode,

breaker failure is TRUE if IN4 is de-energized or if
Vo1s disabled, and reclosing is | Virtual Switch 343 is closed. TEST_MODE TEST NORMA
disabled.

BESTlogic Expression: VO15=/IN4+343

ot Tu
509
00
OUT1 é |
-y
TRIP
IN2 1
——————— e R R
INST
BLOCK
g our2z ;
CLOSE
FEEDER BU
TRIP
b ouTA,
BUS FAULT
TRIP
38
N3, e
FEEDER BE1-851F g8
BACKUP

igure 8-11. Typical One-Line Diagram for BUS Logic
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BUS Logic Settings and Equations
SL-N=BUS

SL-50TP =1,IN2

SL-50TN = 1,IN2

SL-50TQ = 1,IN2

SL-150TP =0,0

SL-150TN =0,0

SL-150TQ =0,0

SL-51P=1,0

SL-51IN=1,0

SL-51Q =1,0

SL-62=1,v08,0

SL-162=0,0,0

SL-79=10,0,0,0,0

SL-BF =0,0,0

SL-GROUP = 2,IN3,0,0,0,0

SL-43=0

SL-143=0

SL-243=0

SL-343=2

SL-101=1

SL-VOA = ALMMAJ

SL-VO1 = 101T+V08*/SG0+62+V011*VO15
SL-VO2 =101C

SL-VO3=0

SL-VO4 = VO9*SG0*/VO15

SL-VO5 = VO11*SG1*/VO15

SL-VO6 =0

SL-VO7=0

SL-VO8 = 51PT+51INT+51QT

SL-VO9 = 50TPT+50TNT+50TQT
SL-VO10=0

SL-VO11 =50TPT+50TNT+50TQT+51PT+5
SL-VO12 = 50TPPU+50TNPU+50TQPU+51
SL-VO13 = SG1

SL-VO14 =0 L 2
SL-VO15 = /IN4+343 \

&
&

>
S

PU+51QPU

ACKUP Contact Sensing Input Logic

Tab
State Labels
Input P Name Label
Energized De-Energized

IN1 | 52b Breaker Status. BREAKER OPEN CLOSED

Put relay inffeeder backup mode when
IN2 feeder relay out of service is detected FEEDER_OK NORMAL FDR_OOS

by opep contact.
IN3 : 3I;er failure initiate by external BEI INI NORMAL
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State Labels

Input Purpose Name Label
Energized De-Energized
Put the relay in test mode so that
IN4 reclosing and breaker failure are TESTDISABL NORMAL TSTMODE
disabled when IN4 is de-energized.
Table 8-26. BACKUP Function Block Logic
) BESTIogic Mode
Function Purpose ) )
Expression Setting
50TP Used for instantaneous phase overcurrent protection. 0 1 (enabled)
50TN Used for instantaneous neutral overcurrent protection. 0 1 (enabled)
50TQ Used for instantaneous negative-sequence 0 1 (enabled)
overcurrent protection.
150TP Used for instantaneous phase overcurrent protection. 0 1 (enabled)
150TN Used for instantaneous neutral overcurrent protectian, 0 1 (enabled)
150TQ Used for instantaneous negative-sequence 0 1 (enabled)
overcurrent protection.
51P Used for timed phase overcurrent protection. 0 1 (enabled)
51N Used for timed neutral overcurrent protection: 0 1 (enabled)
Used for timed negative-sequence gvercurrent
51Q protection. 0 1 (enabled)
62 N/A 0 0 (disabled)
162 N/A 0 0 (disabled)
79 N/A 0 0 (disabled)
Initiate breaker failure when breaker failure initiate
oo VO10
expression is TRUE:
BF 1 (enabled)
Block breaker failure‘protection when relay is in test
VO15
mode.
Switch to setting group 1 if feeder relay is out of
service a@Sihdicated by open contact from feeder /IN2
relays.
No manual logic is used. 0
o 2(Binary
GROUPy | Ne,mandal logic is used. 0 Inputs)
No manual logic is used. 0
Fix Auto/Manual switch in the manual position only.
Selection by contact sensing only. No automatic 0
selection logic.
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Table 8-27. BACKUP Virtual Switch Logic

. State Labels
Switch Purpose Mode Label
True False
43 N/A 0 (Disable) SWITCH_43 CLOSED OPEN
143 N/A O (Disable) | SWITCH_143 CLOSED OPEN
243 N/A 0 (Disable) | SWITCH_243 CLOSED OPEN
Put the relay in test mode so
343 | thatreclosing and breaker 2 (On/Off) | TESTENABLE | TSTMODE | (INORMAL
failure are disabled when virtual
switch is closed.
101 Virtual Control Switch to trip bus 1 (Enable) N/A N/A N/A
breaker.
Table 8-28. BACKUP Virtual Outputs
o State Labels
Output Purpose Description Label
True False
VOA Close or open alarm contact
Alarm Output Contact. when relay failure or major ALARM ACTIVE | NORMAL
(OUTA) programmable alarm is TRUE.
(Style dependent.)
BESTlogic Expression: VOA=ALMMAJ
Trip breaker for virtual control
VO1 switch trip OR fer'5Iytrip (or
Bus breaker trip. when breakegfailure is picked BKR_TRIP TRIP NORMAL
(OUT1) up. Close QUTyfor any trip
when in testimode:
BESTlogic Expression: VO1=101T+VO8+BFPU+¥O21*VO15
VO2 Close breaker when virtual
Bus breaker close. breaker coantrol switch is BKR_CLOSE CLOSE | NORMAL
(OUT2) operated ta close.
BESTlogic Expression: VO2=101C
03 Signal relay on bus Feeder relay is out of service
V . .
source thatis using BES |5 iated by contact open BACKUPMODE | BACKUP | NORMAL
(OUT3) | logic that feeder relay,is from the feeder relavs
out of service. ys:
BESTlogic Expression:, VO3=/IN2
vos Trip bus breaker via lockout for
‘ bus faults (50T with 18-20
(OUT4) Bus faultdrip (86B). cycles delay) when not in test BUS_TRIP TRIP NORMAL
mode.
BESTlogic Expression: VO4=V09*/VO15
VO5 i i i i i
Breaker failure trip Trip ba_ckup if breaker failure BKR FAIL TRIP NORMAL
(OUTS)y,, ontact. protection times out. -
BESTlegic, Expression: VO5=BFT
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o State Labels
Output Purpose Description Label
True False
VO6
N/A N/A VO6 TRUE FALSE
(OUT6)
BESTlogic Expression: VO6=0
vO7
N/A N/A Vo7 TRUE FALSE
(OUTY)
BESTlogic Expression: VO7=0
VO8 | Time overcurrent trip. TRUE if any of the time 51 TRIP TRIP | NORMAL
overcurrent elements trip.
BESTlogic Expression: VO8=51PT+51NT+51QT
Instantaneous TRUE if any of the
vVO9 - instantaneous overcurrent 500 RIP TRIP NORMAL
overcurrent trip. .
elements trip.
BESTlogic Expression: VO9=50TPT+50TNT+50TQT
Initiate breaker failure timing
when protective trip expression
VO10 Breaker_fallure initiate !s_'l_'RUE or whe_n external VO10 INI NORMAL
expression. initiate contact is sensedyand
any of the fault detegters is
picked up.
BESTlogic Expression: VO10=0
VO11 Protectl\(e Trip TRUE When any 50/or 51 PROT TRIP TRIP NORMAL
Expression. elemghnt times outs -
BESTIlogic Expression: VO11=50TPT+50ZNT+*50TQT+51PT+51NT+51QT
VO12 Protectlc_)n Picked Up TRUE Wht_en any 50 or 51 PROT_PU PU NORMAL
Expression. element picks up.
BESTlogic Expression: VO12=50TERU+50LNPU+50TQPU+51PPU+51NPU+51QPU
VO13 | N/A N/A VO13 TRUE FALSE
BESTlogic Expression: VO13=SG1
VO1l4 | N/A N/A V014 TRUE FALSE
BESTlogic ExpressioniVO14=0
The relay is'in test mode,
bteakenfailure is TRUE if IN4 is de-energized or
vo15 disabled,and reclosing is | if Virtual Switch 343 is closed. TEST_MODE TEST NORMAL
disabled:
BESTIlogieExpression: VO15=/IN4+343
9289900790 Rev C BE1-851E Application 8-51
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Figure 8-13. Typical One-Line Diagram for Backup Logic
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BACKUP Logic Settings and Equations
SL-N=BACKUP

SL-50TP = 1,0
SL-50TN = 1,0 O
SL-50TQ = 1,0

SL-150TP = 1,0 Q
SL-150TN = 1,0

SL-150TQ = 1,0

SL-51P = 1,0

SL-5IN=1,0

SL-51Q=1,0

SL-62=0,0,0

.
SL-162=0,0,0 \
SL-79=0,0,0,0,0
SL-BF = 1,V010,V015 0

SL-GROUP = 2,/IN2,0,0,0,0
SL-43=0

SL-143=0

SL-243=0

SL-343=2

SL-101=1

SL-VOA = ALMMAJ

SL-VO1 = 101T+VO8+BFPU+V0O11*VO15

SL-VO2 = 101C

SL-VO3 =/IN2 K\

SL-VO4 = VO9*/VO15

SL-VOS5 = BFT
SL-VO6 =0
SL-VO7=0
SL-VO8 = 51PT+51NT+51QT
SL-VO9 = 50TPT+50TNT+50TQT
PM
T

SL-VO10 = VO11+IN3*150TPPU+IN3*150TN 0TQPU
SL-VO11 = 50TPT+50TNT+50TQT+51PT+5
SL-VO12 = 50TPPU+50TNPU+50TQPU+51 PU+51QPU

SL-VO13 =0
SL-VO14=0 S
SL-VO15 = /IN4+343 \

S
&

Q>®
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BACKUP RELAY CIRCUIT
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MISCELLANEOQOUS LO

re classified as miscellaneous logic expressions. These expressions

There are five logic varjables tha
are: SG-TARG, SG-T B-DUTY, SB-LOGIC, and SA-RESET. The equations associated with
e BE1-851E responds to conditions such as when to target what triggers

these variables deter
fault reporting, defini@ker status monitoring, and setup for remote alarm/target reset provisions.

These variables aren’ ed in any of the BESTlogic preprogrammed schemes. However, the factory
default equations patible with each scheme.

The defaul us expressions are common among the preprogrammed and custom schemes.
When a med scheme is modified or a new scheme is created, the miscellaneous logic

SB-LOGIC=/IN
SG-TRIGGER=BFT+VO11,BFPU+V012,0
SP-79ZONE=0

e reviewed to ensure desired performance.
ssions for the miscellaneous logic settings are as follows:

-TARG=50TA/50TB/50TC/50TN/50TQ/62/162/BF/150TA/150TB/150TC/150TN/150TQ/51A/51B/51C/51N/51Q,0

SET=0
-DUTY=0,0.000e+00,0

Table 8-29 lists the miscellaneous commands and the sections of this manual where detailed information

about each command may be found.
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Table 8-29. Miscellaneous Logic Expressions

Command Reference
SB-LOGIC Section 6, Reporting and Alarm Functions
SG-TRIGGER Section 6, Reporting and Alarm Functions
SP-79ZONE Section 4, Protection and Control
SG-TARG Section 6, Reporting and Alarm Functions
SA-RESET Section 6, Reporting and Alarm Functions
SB-DUTY Section 6, Reporting and Alarm Functions

APPLICATION TIPS

Trip Circuit Continuity and Voltage Monitor

OUT1 has a built in trip circuit voltage and continuity monitor that drives logic variable OUT1MON. This
variable can be used to improve breaker failure logic or to automatically enhanceysecurity 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 separate control power fuses or breakers supply the feederbreaker and feeder protection circuits.
The equation for the Breaker Failure Trip logic (VO5) can bey,madified by ORing the Breaker Failure
Initiate with the expression VO10*OUT1MON. VO10 is designated ineach of the preprogrammed logic
schemes as the Breaker Failure Initiate expression. Exampleyd illustfates how the BFT logic expression is
modified. It is important that the breaker failure timer bypass,logig also be disabled in test mode. Example
2 shows the expression for blocking the upstream instantaneeus element. Figure 8-16 illustrates using
the trip circuit continuity monitor in breaker failure logie:

Example 1. Breaker failure trip expression: SL-VO5=BFT+VO10*OUT1MON*IN4*/343
Example 2. Block upstream instantaneous expression: SL-VO4=V012*/VO5*/OUT1MON*IN4*/343

If the internal breaker failure function block is net being used, the trip circuit continuity and voltage monitor
alarm can be used to detect when the test jpaddle or test switches have been opened. This will
automatically place the relay in the test modef 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 mo@e, logic is'modified in this manner, it is not possible to differentiate
between the relay being out for servieefer test and a problem in the circuit breaker trip circuit. Otherwise,
the internal breaker failure function Bleck weuld be disabled during a known problem in the trip circuit.
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Figure 8-16. Trip Circuit Co&y and Voltage Monitor

Close Circuit Monitor
A close circuit monitor is not included

i %he preprogrammed logic schemes. This function may be
added by using a 62 function block an contact sensing input (INx) to monitor the close circuit. The

the 62 protection block will close the designated output

logic is shown in Figure 8-17. The t
contact (VOx) when an open break en close circuit condition exists. The S<g>-62 command is
used to provide a 500-millisecondgime

difference between the two §'gn .

y to inhibit the momentary alarm that will occur due the timing

0 D@
OSE CKT)

s 0 = CLOSE CKT OPEN
1 = CLOSE CKT OKAY

vox 62 VOY

PICKUP T ©

TIME

DROPOUT
TIME
BLK

62 TIMER
VOX=IN1*/INX
SL-62=1,VOX
S<g>-62=500,0 ?)?’-52827-;?92

Figure 8-17. Close Circuit Monitor Logic
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High-Speed Reclose

Each reclose time delay can be set as low as 100 milliseconds. If the application requires a reclose time
delay of less than 250 milliseconds, it is recommended that the close logic expression be modified to
prevent mis-coordination between the TRIP and CLOSE outputs. A hold timer for each output relay is
provided to hold the output closed for approximately 200 milliseconds. This prevents the relay contacts
from opening before the breaker auxiliary contact interrupts the trip coil current. For high-speed reclosing,
the hold timer must be disabled so that the output contact follows the VO1 output expression. To modify:
the logic, add the expression “reclose 79C AND NOT trip VO1” to the close logic. Examples 1 and 2 show
a close expression and hold disable setting for high-speed reclosing. Figure 8-18 illustrates this high-
speed reclose interlock logic scheme.

Example 1. Close expression: SL-VO2=79C*/VO1+101C
Example 2. Hold disable setting:  SG-HOLD1=0

e 101T \ Vo1
0 ) TRIP
BREAKER 101C
CONTROL
SWITCH
1 0}) SC O
O
CLOSE
79C —
79RNG
——0
79 79F D2582-02
RECLOSER © 07-22-99
79L0
——0
79SCB
——0
BFT
@
BF BERU
PROTECTIVE
TRIP ol

EXPRESSION O

Figure 8-18. High-Speed Reclose Interlock Logic

Block Load Tap Changer

A block load tap changer output is not provided in any of the preprogrammed logic schemes. One of the
output relays can‘e programmed to operate when the recloser is running (79RNG) and wired to energize
a normallyjclosed auxiliary relay. The 79RNG logic variable is high when any of the timers are timing and
low whenithe reclosing function is in a lockout or reset state.

Bloek 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
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load. This can lead to a mis-operation during periods of load imbalance. The BE1-851E provides a neutral
and negative-sequence demand function that allows monitoring and alarming to prevent load imbalances.
However, distribution systems with single pole fault clearing and switching devices or long single-phase
laterals may have mis-operations during switching activities.

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 dutking
switching activities. This is the most conservative approach. The protection engineer may“wish' to
evaluate this strategy based on his/her system, operating practices, and setting practices. For instance,
on systems with wye-connected loads, the ground 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 intef€onnected with the
upstream bus relay to block the equivalent ground and/or negative-sequence, funetion)blocks in the
upstream relay.

Setting Group Selection

The BE1-851E Enhanced Overcurrent Protection System provides multiple“settings groups for adaptive
relaying. The preprogrammed logic schemes barely tap the flexibility 4hat is ‘available. The following
examples illustrate how the settings groups can be adapted for different ‘€éenditions 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,andyime dial settings are a compromise
between a normal condition and a worst-case condition. Contactylogic from the position of the source
breakers can select which settings group is active. To daythisgpassign input DO or D1 to a contact sensing
input. Set the Setting Group Selection Mode at 2 for binaryacoded selection. If DO is set, Group 0 will be
selected when the input is off (binary code 00). Groupd 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 transformersyfeed a single bus or two busses have a bus tie
between them. The feeder and bus relays must be€oordinated for the situation where only one source is
in service (bus tie open or one transformgr out of'sefvice). However, when both sources are in service,
such as when the bus tie is closed, eachibus selay sees only half of the current for a fault. This results in
poor sensitivity and slow clearing time fer the'bus relays.

Example 2. Adapting the logic in different'Setting groups.

The logic in most of the preprogrammedilogic 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/SGO0, SG1, SG2, and SG3 in the BESTIlogic expressions.

Output Contact Seal-In

Trip contact seal-in circuitsSyhaye’ historically been provided with electromechanical relays. These seal-in
circuits consisted of afdc cail ih series with the relay trip contact and a seal-in contact in parallel with the
trip contact. The seakin feature serves several purposes for the electromechanical relays. One is to
provide mechanical"€pergy to drop the target. Second is to carry the dc tripping current from the induction
disk contact thatmay 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 wijth the, tripteoil. If the tripping contact opens before the dc current in interrupted, the contact may
be damaged: Theyfirst 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, for more
information on this feature. If the protection engineer desires seal-in logic with feed back from the breaker
pasition logic, he/she can provide this logic by modifying the BESTlogic expression for the tripping output.
Te, 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 and OR it into the
expression for the tripping output. The same can be done for the closing output. Figure 8-19 provides a
seal-in logic diagram.
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S 52
+ |N1 o INI 62 62 voe VO1 | 52TC OUTPUT | ouT1
:- BLK LOGIC
TRIPPING
LoGciIC —
VOT— voz | sacc | outPuT| 1 OJTZ
LOGIC T
CLOSING -
LOGIC ~—
——(52a ¥ 52b
52TC 52CC
D2590-10
- 03-23-98
T e
Figure 8-19. Output Seal-In Logic Diagram
NOTE
This example is based on the Feeder_2, Feeder_3, or Feeder_4 preprogrammed
logic schemes.

Example:

Turn off the hold timer for Output 1: SG-HOWUD1=0;SG-HOLD2=0

Set the timer logic: SL-62=1,IN1,0

Set the pickup and dropout times: S#-62=2c,2¢

Set the output logic: VO1=101T+BFPU+VO11+VO6*/62

VO02=101C+79C+VO7*62
VO6=V0O1*/62
VO 7=vV02*62

Oscillograhpic Recording of Breaker Closunes and Openings

How do | program the relay to creategantescillographic record when the breaker closes or opens? Monitor
the circuit breaker status by connecting the'52b contacts to IN1. Set a general-purpose logic timer (62) for
Mode 1 (Pickup/Dropout), initiatediby net input one (/IN1) and no blocking with T1 equal to 0.15 seconds,
and T2 equal to 0.015 secondsy (SE62=1,?7in1,0 and S<#>-62=0.015,0.015). Program a virtual output
(VO10) to be TRUE (high) when the input to IN1lis FALSE and the 62 output is False or when the IN1
input is TRUE and the 62 Qutputsis TRUE (VO10=/IN1*/62+IN1*62). Set the SG-TRIGGER command for
a logic trigger when VO10QisfTRUE (SG-TRIGGER=<TRIP trigger>,<PICKUP trigger>,v010).

Here is the scenario: The reaker has been open for a while. Therefore, IN1 input is TRUE and the 62
Output is FALSE4When the breaker closes, the IN1 input becomes FALSE and because the 62 Output is
FALSE, Virtual©Qutpat 10go0es TRUE for the duration of T1 (15 milliseconds). After the T1 time delay, the
62 Output goes TRUE and remains TRUE until the initiate input (IN1) goes FALSE for the duration of T2.
Virtual Output 10 was’' TRUE for the 15 milliseconds time delay of T1 and triggered the oscillographic
record when the breaker closed.

Before the breaker opens, IN1 if FALSE and the 62 output is TRUE. When the breaker opens, IN1
becomesTRUE longer than time delay T2. During that time T2, Virtual Output 10 is TRUE because both
IN1 andwthe 62 Output are TRUE because both IN1 and the 62 Output are TRUE. This time, an
oscillegraphic record is triggered because the circuit breaker opened.
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SECTION 9 ¢ SECURITY

INTRODUCTION

In this section, security, in the form of multilevel password protection, is discussed alongfwithqthe
information required for protecting specific function groups and user interface componentsjagainst
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. BE1-851E
passwords are not case sensitive; either lowercase or uppercase letters magybesentered. Password
security only limits write operations; passwords are never required to read information, frém 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 (COM 1) is denied. Then, an attempt to issue a Controlycommand through COM 1
will cause the relay to respond with an ACCESS DENIED and/or INVAIIDR, PASSWORD message. This
will occur whether a valid password is entered or not. When configuing“eemmunication port access
areas, you should be aware that the front RS-232 port (COM 0) angd'the frent panel HMI are treated as
the same port.

The communication ports and password parameters act as a two-dimensional control to limit changes.
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 activeyat 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 HMI, and
COM2) will not be able to gain write access until theyuseriat COM1 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 andgany pending changes will be lost. This feature ensures
that password protection cannot be accidentally!left ihya state where access privileges are enabled for
one area and other areas locked out for andndefinite period.

If password protection is disabled, then entering ACCESS= followed by no password or any alphanumeric
character string will obtain access to the,unpfotected area(s).

Setting Password Protection

Password protection is configured for each/access area port and communication port using BESTCOMS.
Alternately, password protection gan bg*€onfigured using the GS-PW ASCII command.

To configure password protectionyusing 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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BE1-851E Settings ( Basler.bst ) H=E3

File Screens Copy Communication Reports Help

O =& Logic [USER ~| Settings | Global
ImZ I | T

) E D@%ﬂﬁm?ﬂ@/g}mﬂ‘

General Information l Power Systern  Global SECUfil}'] Communication] HEl Displa_l,ll

[

Password Security

| Show Pazzwords |

Global Access Settings Access Reporis Access Control Access

Com 0 Front
RS232 and HMI Ju Jo i

Com 1 Rear
RS232 Ju Jo i

Com2 Rear
RS485 Ju Jo i

Password | | |
(for changes)

NOTE: Security Settings are transferred separately from other settings.

If a change is required and the Password Security box reads asswords, press Show Passwords.
Passwords may be entered in the text boxes for Global Aceess, tings Access, Reports Access, and
Control Access. See Figure 9-2. Each access level may, led (or not enabled) for COM 0 Front

RS232 and HMI, COM 1 Rear RS232, and COM 2 Rear ccess levels may also be enabled for
multiple ports.

BE1-851E Settings ( Basler.bst )

File Screens Copy Communication Reports Hi
» Setlings Global
w | T
& Tl 15w o
General Information ] Power Syst El ecuril}l] Communication] HR Displa_l,l]
Password Security
Hide Passwords ‘
bal Access Settings Access Reports Access Control Access
Com 0 Front
R5237 and H led [ Enabled [+ Enabled ¥ Enabled
Enabled [ Enabled [+ Enabled ¥ Enabled
[+ Enabled [ Enabled [+ Enabled ¥ Enabled
|Pass |Pass2 |Pass3 [T
NOTE: Security Settings are transferred separately from other settings.
’ Ta view zecurity settings from the device, zelect "Download Security from Device" from the communication men,
To upload changed security settings, select "Upload Security to Device' from the communication meru.
nter a password for Control Access. General Operation 382007 9:44 A

Figure 9-2. General Operation, 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 e HUMAN-MACHINE INTERFACE

GENERAL
This section provides a description of the BE1-851E human-machine interface and illustrates the menu

tree.

FRONT PANEL DISPLAY

Figure 10-1 shows the front panel HMI for a BE1-851E relay in an H1 case configuration. The lettered
locations of Figure 10-1 correspond to the HMI descriptions of Table 10-1. F1 and S1 _style relays have
the same controls and indicators with different layouts.

\\

v

4 1GED (

—
Enhanced Overcurrent \ -
Protection System | \ Relay \ Minor\ Major \ %E
Power | Trouble! Alarm | Alarm | Trip ©
l >0 >0 %0 >0 >0 J |\ @ .
( | \BE1-851E
3.1 IAl 24K
IB1.23K IC1.24K \
© ©
Com&®

ITEM NUMBER:  HIN1K3U00 Serial Port \_/

o
SENSING INPUT RANGE: 1APH, 1AN
POWER SUPPLY: 48/125V AC/DC Edit Reset
SERIAL NUMBER:  *##fttix REV Hx T

s (€ ]
|

J

{ P0037-27

W) H

Figure 10-1. BE1-851E Front Panel HMI

Table 10-1. Front Panel HMI Descriptions

Locator,

Description

Display - Two line by 16-character liquid crystal display (LCD) with backlighting. The LCD
is the primary source for obtaining information from the relay or when locally programming
settings to the relay. It displays the active logic scheme name, targets, metering values,
demand values, communication parameters, diagnostic information, and the menu tree
steps or branches.

Power LED - When this LED is ON, it indicates operating power is applied to the relay.

Relay Trouble LED - When this LED is ON, it indicates that the relay is off-line due to a
relay failure alarm. Refer to Section 6, Reporting and Alarm Functions, for a description of
all relay failure alarm diagnostics.
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Locator Description

Minor Alarm and Major Alarm LEDs - When these LEDs are ON, it indicates a minor or
D, E major alarm status. Refer to Section 6, Reporting and Alarm Functions, for a complete
description of minor or major alarms.

F Trip LED - When this LED is flashing ON, it indicates that a protective element is pickup
up. When this LED in ON continuously, it indicates that a trip output is closed. The LED is
sealed-in if a protective trip has occurred and there are targets being displayed.

G Communication Port O - This is an RS-232 serial port. A computer terminal or PC running
BESTCOMS software or terminal emulation software (such as Windows® Hyper Terminal)
can be connected to this port so that the user may send commands to the relay©rreceive
reports from the relay. Communication with the relay uses a simple ASCIIYeemmand
language.

H Reset Pushbutton Switch - Pushing this switch resets data including sealgd-imirip targets,
the Trip LED, peak demand currents, and alarms. It aborts the editing“session without
saving changes.

I Scrolling Pushbuttons - Scrolls UP/DOWN/LEFT/RIGHT though the"kCD’s menu tree or
when in the Edit mode.

J Edit Pushbutton Switch - Enable settings changes.

K Identification Label - This ID label lists the relay’s sensing gnput current range, power
supply type, serial number, and style number.

Menu Tree
The menu tree has six branches. These branches are:

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

2. CONTROL. Operation of control functionsguchyas ‘eentrolling virtual switches, selection of active
setting group, etc.

3. METERING. Display of real time metering,values.

4. REPORTS. Display and resetting of repert ififormation such as time and date, demand registers,
breaker duty statistics, etc.

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

6. GENERAL SETTINGS. Display“and-Setting of non-protective function setting parameters such as
communication, CT ratios, cennections, etc.

Each screen in the menu tree iIstaumbered in the upper left hand corner of the screen. This number
indicates the current branch an@"levelin the menu tree structure so that you do not loose track of where
you are when you have left the top level of the menu tree. You scroll through each level of the menu tree
by using the RIGHT and LER] serélling keys. To go to a level of detail, you use the DOWN scrolling key.
Each time you go to a lower {fevel in the menu tree, another number is added to the screen number
separated by a periodAEiguress10-2 through 10-7 illustrate all branches in the menu tree.

ol - dl -
<> <>
1 REPORT STATUS 2 CONTROL 3 METERING 4 REPORTS 5 PROTECTION 6 GENERAL
LOGIC SETTINGS
i i i i i i P0012-03
03-12-02

Figure 10-2. Menu Tree Branches

10-2 BE1-851E Human-Machine Interface 9289900790 Rev C



1 REPORT STATUS

a 7y 7y 7y \

1.1 RECLOSER 1.2 TARGETS 1.3 ALARMS 1.4 SCREEN 1.5 OPERATIONAL
(’ RESET YES XXXX scroLL L1sT [ STATUS
1

P0037-28 1.3.1 mxxxmxxxxx | | pggivional Alarms

03-28-06 XXXXXXXXXXXXXXX .
[ 2 |
| 1

1.2.1 TARGETS 1.2.2 TARGETS !

| . |
| |1soraBc, 150mv [*¥[512BC, SIN g ETC ]
| H
| 4 :
|
| FAULT IA10.4K lgp|FAULT \qp FLTDATE 01/01/03 |
} IB10.4K IC10.4K IN10.4K IQ10.4K TIME 00:05:05:324 }
| |

i i i 1 1

1.5.1 1234 1.5.2 Al1234567 1.5.3 Al1234567 1.5.4 .5.5 ACTIVE 1.5.6 BREAKER
INPUTS XXXX g OUTPUTS XXXXRKXXX <*CO—OUT XXXXXXXX hilg GROUP x kg KXXXXXXXXX
Figure 10-3. Report Status’'B h Menu Tree
TO/FROM 1 REPORT STATUS
3 METERING
<4—»2 CONTROL (¢ TO/FROM
4 REPORTS

]

A |
2.1 43 AUX .3 ACTIVE GROUP 2.4 OUTPUT
’-> SWITCHES CONTROL OVERRIDE 1-‘
A A
v v
2.3.1 CO-GROUP 2.4.1 A1234567
X OVERIDE XXXXXXXX
A |

2.1.1 43
OPEN xx CLOSED

143 2.1.3 243 2.1.4 343
xx CLOSED OPEN xx CLOSED OPEN xx CLOSED <-‘

P0037-29
03-28-06 A

4

3.1 IAxxxxu 3.2
r IBxxxxu ICxxxxu INxxxxu IQXxXxxXu T

Figure 10-4. Control and Metering Branches Menu Tree
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Figure 10-5. Reports Branch Menu Tree
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Figure 10-6. Protection Logic Branch Menu Tree
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Figure 10-7. General Settings Branch,Menu Tree

Automatic HMI Display Priorities

If no front panel-scrolling key has been pressed jfor approximately five minutes, the relay automatically
switches to and displays the highest priority RERORT/STATUS menu screen. In a typical application, the
user would return to the relay and prefer to seethedata that is of the most interest already on the screen.
The automatic screen display follows the priority fegic ‘described in Table 10-2. For example, if a trip has
occurred, the Target display screen is the high@stpriority and will be displayed automatically.

Table 10-2. Automatic Screen Display Priority Status

Priority Priority Logic Statg Screen Displayed Data
1 Recloser (79) active 1.1 Recloser Status
> Targets active 12x Scrolling display of Target Elements and Fault
Currents
3 Alarms active 1.3.x Scrolling display of Active Alarms
) . Scrolling display of User Screens programmed
4 Scrolling sexgens active 1.4.x with the SG-SCREEN command
5 Scrolling s€reens disabled 1.2 B(e)fﬁlélt Target screen showing TARGETS

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 thrgugh the scroll list. Pressing the RIGHT or LEFT scroll pushbutton will freeze the display.
Repeatedly pressing the RIGHT scroll pushbutton will advance you through the scroll list in ascending
order™Repeatedly pressing the LEFT scroll pushbutton will advance you through the scroll list in
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descending order. Pressing the UP scroll pushbutton will leave the automatic scroll list and place you in
the menu tree at Screen 1.4, STAT\SCREENS.

Once the user has taken manual control of the display by pressing any of the scrolling pushbutions,
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. Jiawillhbe
necessary to manually scroll to the target or alarm screen to see this data and reset it.

The HMI can be returned to automatic priority immediately without waiting for the timer to time%eat by
scrolling to screen 1.4, STAT\SCREENS and pressing the DOWN scroll pushbutton to return to the
automatic scroll list.

Editing the Automatic Scrolling List

To edit the automatic scrolling list using BESTCOMS, select General Operatiohyfrom"the Screens pull-
down menu. Then select the HMI tab. Refer to Figure 10-8. The screen numbers listed €xhibit the default
scrolling list. The list of numbers on the right represents the screen numbers andthe 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, theslist. They can also be
used to change a selected screens position in the list.

To add a screen to the list, select the screen on the HMI simulation byselicking 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"éemmand. Refer to Figures 10-2
through 10-7 when programming the Screen Scroll List.

BE1-851E Settings ( Basler.bst )
File Screens Copy Communication Reports Help h
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h v ) General Operation 3/28/2006 422 PM

Figure 10-8. General Operations Screen, HMI Display Tab

HMI OPERAZIONS
The following paragraphs describe how the HMI is used to set and control relay functions.

Entering Settings
Settings for protection functions can be edited at Menu Branch 5, PROTECTION LOGIC of the HMI LCD.

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. Scroll to the screen that displays the function to be edited.
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2. 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.

3. 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.

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 flasRyCHANGES
SAVED, and the Edit LED will go out. If you want to abort the edit session withoutyehanging any
settings, press the Reset pushbutton before you press the Edit pushbutton the’sécond time. The
screen will flash CHANGES LOST and the Edit LED will go out.

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 eight
asterisks appears with the cursor located under the leftmost character pasitioniyou can enter passwords
by performing the following procedure:

1. Press the UP or DOWN scrolling pushbuttons until the proper first character of the password
appears. Pressing the UP pushbutton scrolls through“thémalphabet and then the numbers in
ascending order. Pressing DOWN scrolls through hthe “Aumbers and then the alphabet in
descending order.

2. Press the RIGHT scrolling pushbutton to move the Cugsor 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
eight 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. [ffan ineerrect password has been entered, the screen will
flash ACCESS DENIED and the Edit LER, wilhgo out.

5. Once you gain access, it remains in affectifor five minutes. As long as you continue to press the
Edit key for a function for which yew havefgained access, the five-minute timer will be refreshed
and you will not be prompted for a password.

Performing Control Operations

Control operations can be executed atMenu Branch 2, CONTROL of the HMI LCD. These functions allow
you to control the state of virtualsswitehes, override logic, control the active setting group, and control the
state of output contacts. All of{these)functions work similarly to the process of entering settings in that you
press the Edit pushbutton for the,action to be executed.

Figure 10-9 shows Virtual Swit¢h 143 as an example of a virtual switch screen. See Section 4, Protection
and Control, for moreydetails.oh the x43 and 101 functions. Table 10-3 describes each of the locators
shown on Figure 40-9. The user programmable label for this switch has been set to RCL_DISABL. The
TRUE (closed)stateflabel has been set to DISABLD. The FALSE (open) state label has been set to
ENABLED. The loagical mode for this application would be set to Mode 2 (On/Off switch).

10-8 BE1-851E Human-Machine Interface 9289900790 Rev C



.

2.1.2 RCL_DISABL
ENABLED< DISABLD

4 4 t
D2849-16
06-22-99

Figure 10-9. Virtual Control Switch 143 Screen

Table 10-3. Call-out Descriptions for Figure 10-9

Locator Description

A This is the screen number. It eases navigation by indicatiig,the*current branch and level
in the menu tree structure.

B User selectable label (meaningful name) for specific vittual"switches. The ‘Switch 143’
identification label is set to ‘RCL_DISABL'.

c User selectable label for the closed (1) state foR\Virtual Switch 143. The ‘Switch 143’
closed label is set to ‘DISABLD’.

D An arrow icon indicates the current switeh,position (status). In Figure 10-9, the status is
open (0), which is labeled ‘ENABLD’.

E User selectable label for the open(O)state for Virtual Switch 143. The ‘Switch 143’ open
label is set to ‘ENABLED'.

To operate the switch, you would use thedollowing procedure:

1. Use the manual scrolling pushhuttons'to scroll to Screen 2.1.x (43 AUX SWITCHES). If the screen
has been placed in the automatig,scrall list and it is scrolling at the time, simply wait for it to
appear and press the RIGHT opkEFTscroll pushbutton to stop the scrolling on Screen 2.1.x.

2. Press the Edit pushbutton to gainaccess. If password security has been initiated for control
functions, you will be propipted‘tefenter the appropriate password. Once access is gained to the
control function, the Edit LED will light.

3. Press the UP or DOWNascrolling key to select the new state (as indicated by the arrow) for the
switch. The “P” seldction will pulse the state of the switch from its present state to the opposite
state for approximately 200 milliseconds. The allowable states are dependent upon the logic mode
setting for the switch:dfghe switch is set to Mode 1(On/Off/Pulse), the “P” (pulse) selection will give
an “INVALID PARAMETER?” error. If set to Mode 3 (Off/Momentary On), selecting one of the two
states will give ang“INVALID PARAMETER” error.

4. Press thelEdit pushbutton a second time and the switch will change to the selected position, the
screenwillflash CHANGES SAVED, and the Edit LED will go out. If you want to abort the editing
seSsion without changing any controls, press the Reset pushbutton before you press the Edit
pushbutton, the second time. The screen will flash CHANGES LOST and the Edit LED will go out.

Resetting FURCtions

The Reset pushbutton is context sensitive. Its function is dependent upon the screen that is presently
being displayed. For example, pressing the Reset key when 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
Alarm screen to reset an alarm. You are not prompted for a password when using the Reset key.

There are two BESTlogic variables associated with the HMI Reset pushbutton. Logic variable TRSTKEY
becomes TRUE when the Reset pushbutton is pressed while the Target screen is displayed. Logic
variable ARSTKEY becomes TRUE when the Reset pushbutton is pressed while the Alarm screen is
displayed. See Section 8, Application, Application Tips, for examples on the use of these variables.
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SECTION 11 ¢ ASCII COMMAND INTERFACE

INTRODUCTION

Relay and power system information can be retrieved from a remote location using the ASCIlI ¢ommand
interface. The ASCIlI 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, termifals,,serial printers,
modems, and intermediate communication/control interfaces such as RS-232 &erialsmultiplexors. BE1-
851E communication protocols support ASCIl and binary data transmissions. ASCliydatafis used to send
and receive human readable data and commands. Binary data is used for comptiter communication and
transmission of raw oscillographic fault data, if available.

Modbus™ and other common protocols are also available. An instruction manual(9289900791) for using
Modbus™ protocol with the BE1-851E is available as well as instruction‘manual’(9289900792) for using
DNP protocol. For information about other protocols, consult your BaslgmElectfic Representative.

SERIAL PORT

Communication connections consist of two standard RS-232,portsfone RS-485 port, and one IRIG port.
BE1-851E communication protocol is compatible with readily, available modem/terminal software. If
required, password protection provides security against unauth@rized operation. Detailed information
about making communication connections is provided in“Sectien 12, Installation.

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-drep, (polled mode) operation is possible if a polling
address is programmed for the port.

RS-232 Ports

Two female RS-232 (DB-9) connectorsyarefprovided. One port is located on the front panel and is
designated COM 0. Another port is lecated, on the rear panel and is designated COM 1. Both ports
support full-duplex operation. Polled ©peration is possible at the rear port using a simple RS-232 splitter if
a polling address is programmed for, COMA.

ASCII COMMAND INTERFACE

A computer terminal or PGyfunning terminal emulation software can be used at any of the three serial
ports to send commandsyto theyrelay. Simple ASCII command language is used to communicate with the
relay. When the relay reeeivesa command, it responds with the appropriate action. ASCIl commands can
be used in human maghinednteractions and in batch download type operations.

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.
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General command functions are organized into five major groups plus one group of miscellaneous
commands. These groups are listed below:

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 4s
used with metering commands.

REPORTS (R): These commands read and reset reporting functions such asytimegand date,
demand registers, and breaker duty statistics.

SETTINGS (S): This group contains all of the setting parameters that govern relay” function.

Subgroups include Setting Groups 0, 1, 2, and 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 Heélpy 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 ASCIlI Command Operations

When using ASCIlI commands, settings can be read and changed, on*a function-by-function basis. The
mnemonic format of the commands helps the user interact withithe relay. It isn't necessary to remember
all of the object names. Most commands don'’t require that yoU speeify a complete object name. If the first
two letters of a command are entered, the relay will respond with all applicable object names.

ASCIl Command Examples:

1. Obtain the breaker operations count by entering RBReport Breaker). The BE1-851E responds
with the operations counter value along with all other breaker report objects. If you know that the
object name for the breaker operatiops ceunter is OPCNTR, you can enter RB-OPCNTR and
read only the number of breaker operations.

Partial object names are also supported.gThigyallows multiple objects to be read or reset at the same
time.

2. Read all peak-since-reset demand current registers. Entering RD-Pl (Report Demand — Peak
Current (1)) will return demand, values and time stamps for Phase A, B, C, Neutral, and Negative
Sequence current. To readgonly, the Neutral demand value, the full object name (RD-PIN) is
entered. Entering RD-P|=0 fesets all five of the peak-since-reset current demand registers.

Command Text File Operations

In command text file operations, anfASCII text file operations, and ASCII text file of commands is created
and sent to the relay. For examplegthe S command is used to retrieve a complete list of settings from the
relay in ASCII command format, This list of commands is captured, saved to a file, edited with any ASCII
text editor, and therfuploaded’to the relay. Because the number of relay settings is so large, loading
settings with a textffile istthe preferred method of setting the BE1-851E.

Embedding Commenits inte ASCII Text Files

Adding comments 1Q,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 the following characters until the next carriage return or linefeed character.

Example of embedding comments in a settings file:
/IGroup@ is used during normal operation
S$0-50TP=7.50,0m;S0-50TN=2.5,0m,,,
fiGroupl is used during cold load pickup
S1-50TP=0,0m;S1-50TN=0,0m;S1-toTQ=0,0m
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Miscellaneous Command Descriptions

HELP Command

The HELP (H) command provides general information on command syntax and functionality wheft 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> isa
specific command, returns information about the use and format of the command along with aniexample
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 ac¢éss to‘€hange settings associated
with the password. Different passwords give the ability or access 9, perform different operations. The
relay will deny access if an invalid password is entered or if apetheryuser has already been granted
programming access through another serial port or at the front pangli@nly 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, thenwACCESS= 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 anyerror” message and a question mark (?) if the
command could not be executed.

The ACCESS (A) command and the EXIT (E) coMmandyare used to change relay settings, reset report
registers, and enable control commands through a’’'sefial port. These commands prevent changes from
being made concurrently from two areas.gForjexample, a user cannot make changes through COMO at
the same time a remote user is making changgs through COM2.

ACCESS Command

Purpose: Read/Set Access level in‘arder to change settings

Syntax: ACCESS[={passwerd}]

Example: ACCESS=851E

Comments: The ACCESS%eommand must be used before any changes to settings can be made.

Available ACCESS)privileges are summarized in the following paragraphs.

READ-ONLY. This isgthe 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 entrypof any’command with no restrictions.

PRIVILEGE S: SETTING ACCESS. Setting access is obtained by password S (PWS). Setting access
allows changés to any settings.

PRIVILEGE,C: £ONTROL ACCESS. Control access is obtained by password C (PWC). Control access
enables relay‘€ontrol operations.

PRIVILEGE R: REPORT ACCESS. Report access is obtained by password R (PWR). Report access
enables réport 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.

ACCESS Command Examples:

9289900790 Rev C BE1-851E ASCIlI Command Interface 11-3



1. Avalid password is entered.

Sent: ACCESS=0OPENUP

Received: ACCESS GRANTED : GLOBAL
2. Aninvalid password is entered.

Sent: ACCESS=POENUP

Received: ACCESS DENIED

INVALID PASSWORD
3. The current access privilege is read.

Sent: ACCESS
Received: ACCESS : GLOBAL
EXIT Command

If changes have been made, the new data will be saved or discarded after using thepaEXIT command.
Prior to saving or discarding any changes, you must confirm that you wish to exit the,pragramming mode.
There are three exit options: Y (YES), N (NO), or C (CONTINUE).

EXIT Command

Purpose: Exit the 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 savedato hanvalatile memory and initiated until the EXIT
command is invoked and confirmed. After the EXIF command’is entered, the relay prompts to confirm that
the new data should be saved. Three options, Y, N, @r C are available. Entering Y will save the data. If N
is entered, the relay will clear the changes andyesume operating with the old settings. Entering C will
abort the EXIT command and allow programming toteontinue.

EXIT Command Example:
Release programming privilegestand‘save settings changes.

Sent: EXIT<CR>

Received: SAVE CHANGES (Y/N/C)? Prompt to save YES, NO, or CONTINUE
Sent: Y<CR> Confirmation to SAVE CHANGES

Received: CHANGES SAVED Confirmation that CHANGES WERE SAVED

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 relayiStatus 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
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The S command returns the values of relay setting parameters in the same form that they ar
programmed. It can be used at the end of a programming session to make a record of the relay settin

If saved in a file, the report can be sent to another BE1-851E 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 tha @
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 ead
specific groups of settings.

Note: In the examples of this section, relay responses are printed in Courier New typeface®

SA Command

Purpose: Read all alarm settings for Major and Minor alarms. \
Syntax: SA
Example: SA 0

SA Command Example:
Read all alarm settings.

>SA
SA-BKR1= 0,0; SA-BKR2= 0,0; SA=BK ,0
A-DIP=0.00; SA-DIN=0.00; SA- .00
A-LGC=0
A-MAJ=25
A-MIN=26
A-RESET=0 K
SB Command
Purpose: Read all breaker settings.
Syntax: SB

Example: SB \

SB Command Example: @
Read all breaker settings.
>SB ¢
SB-DUTY=0,0.000e+ \
SB-LOGIC=/62 \

SG Command

Purpose: Read eral settings.

Syntax:
Example:

SG Co a%ple:
Obt report of all general settings.
>SG

SG-CLK=M, 24,0

SG-C@M0=9600,A0,P0,R1,X1; SG-COM1=9600,A0,P0,R1,X1
SG-COM2=9600,A0,P0,R1,X0,MF1,MPN,MR10,MS1, PWO
G-CTP=1; SG-CTN=1
-DIP=15; SG-DIN= 1; SG-DIQ= 1
SG-DSPP=F; SG-DSPN=F
SG-FREQ=60
SG-HOLDA=0; SG-HOLD1=0; SG-HOLD2=0; SG-HOLD3=0
SG-HOLD4=0; SG-HOLD5=0

SG-1D=BE1-851E,SUBSTATION_1
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SG-IN1= 4, 16; SG-IN2= 4, 16; SG-IN3= 4, 16; SG-IN4= 4, 16

SG-PHROT=1

SG-SCREEN1=4.5; SG-SCREEN2=1.5.6; SG-SCREEN3=4.3.1; SG-SCREEN4=1_1
SG-SCREEN5=3.1; SG-SCREEN6=3.2; SG-SCREEN7=4_4; SG-SCREEN8=4.4.3
SG-SCREEN9=4.4_.3_1; SG-SCREEN10=4.4_3.2;SG-SCREEN11=4_4_3_.3;SG-SCREEN12=4.4_.3_4
SG-SCREEN13=4.4.3.5;SG-SCREEN14=0; SG-SCREEN15=0; SG-SCREEN16=0
SG-SGCON= 5

SG-TARG=50TA/50TB/50TC/50TN/62/162/BF/150TA/150TB/150TC/150TN/51A/51B/51C/51N,0
SG-TRIGGER=BFT+V011,BFPU+V012,0

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,CL@SED

SN Command Example:
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:
Obtain a list of settings for settings group 2.

>82

S2-50TP=0.00, Om; S2-50TN=0.00,%,0m5; S2-50TQ=0.00, Om
S2-150TP=0.00, Om; S2-150TN=0.00, “Om; S2-150TQ=0.00, Om
S$2-51pP=0.00,0.0,V2; S2-51N=0.00,0.0Q,V25 S2-510Q0=0.00,0.0,V2
S2-62= Om, Om

S2-162= Om, Om

S2-791= Om; S2-792= 40m; S2-793= Om; S2-794= Om
S2-79R= 10s; S2-79F=1.0s3} S2-79M= 60s

S2-79SCB=0

SP-79Z0NE=0

SP-BF= Om

SP-CURVE= 0.2663, 0:.0839,” 1.0000, 1.2969, 0.5000
SP-GROUP1= 0, 0, 0, ,0,51P; SP-GROUP2= 0, O, O, O0,51P
SP-GROUP3= 0, O, ©0, /0,51P

Reading Logic Settings.

The SL command'is usedte, view the names of available logic schemes in memory. It also will return all of
the logic equati@ns far a specific logic scheme.

SL Command

Purpose: Obtain Setting Logic Information

Syntax: SL:[{name}]

Example; SL, SL: or SL:BASIC-OC

Comments: No password access is required to read settings.
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Entering SL by itself returns all of the logic equations associated with the active logic scheme. 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:
1. Read the available logic schemes in memory.
>SL
USER, FEEDER_1, FEEDER_ 2, FEEDER_3, FEEDER_4, BUS, BACKUP, NONE

2. Read all logic settings associated with the BACKUP logic scheme.

>SL:BACKUP

SL-50TP:1,0; SL-50TN:1,0; SL-50TQ:1,0
SL-150TP:1,0; SL-150TN:1,0; SL-150TQ:1,0
SL-51P:1,0; SL-51N:1,0; SL-51Q0:1,0
SL-62:0,0,0

SL-162:0,0,0

SL-79:0,0,0,0,0

SL-BF:1,Vv010,V015
SL-GROUP:2,/1IN2,0,0,0,0

SL-43:0

SL-143:0

SL-243:0

SL-343:2

SL-101:1

SL-VOA:ALMMAJ
SL-V01:101T+VO8+BFPU+V011*V015
SL-VvV02:101C

SL-V03:7/1IN2

SL-V04:V09*/V015

SL-VO5:BFT

SL-V06:0

SL-VO7:0

SL-VO8:51PT+51INT+51QT
SL-V09:50TPT+50TNT+50TQT
SL-V010:V011+150TPPU* IN3+450TNPU* IN3+150TQPU*IN3
SL-VO11:50TPT+50TNT+50TQT+H51PT+51INT+51QT
SL-V012:50TPPU+50TNPU+50FQPU+51PPU+51NPU+51QPU
SL-V013:0

SL-V014:0

SL-V015:343+/1N4

Configuring the Serial £ort Communication Protocol

The BE1-851E Enhaneed Overcurrent Protection System has three independent communications ports
for serial communications. A computer terminal or PC running a terminal emulation program such as
Windows® Terminal can be connected to any of the three ports so that commands may be sent to the
relay. Conimunigation” with the relay uses a simple ASCIl command language. When a command is
entered ghrough a%serial port, the relay responds with the appropriate action. The ASCII command
language, is’ designed for use in both human to machine interactions and in batch download type
operations:q@peération of the ASCI commands is described in detail in Section 11, ASCII Command
Interface.

The ASCII communication byte framing parameters are fixed at 8 data bits, no parity, and 1 stop bit. View
or change these settings using the SG-COM command. These parameters are also settable from the
human-machine interface (HMI) from Screen 6.1.x. There are several additional settings described in
Table 11-1 to further customize the ASCII communications. The additional parameters for page length,
reply acknowledgement, and software handshaking are only settable from the ASCIl command interface
using the SG-COM command.
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Table 11-1. Communication Settings

Parameter Description Range Default
300, 600, 1200,
Baud Baud Rate 2400, 4800, 9600, or 9600
19K
Address for Polled A0 (disabled)
A - A0
Operation Al to A65534
PO (no page mode)
P Page Length PO
P1 to P40
R R1
Acknowledgement R1 (enabled)
X Xon/Xoff (hardware X0 (disabled) X1 (COMO,1)
handshaking) setting X1 (enabled) X0(€EOM?2)

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-COMO0=9600 or SG-COM1=9600,A0,P24,R1,X1

Comments: Password access privilege G or S is required to changesettings.

# = port number. (0 = front, 1 = rear RS-232, 2 =earRS-485)

SG-COM Command Examples:
1. Program the front communication port for 1200 baud.
>SG-COMO0=1200
2. Read the communication settings for allports.
Sent: >SG-COM
Received: SG-COM0=9600,A0,PQO,R%, X1 ;
SG-COM1=9600 ,A0,POzR1, X1
SG-COM2=9600%A0,RP0,R1,X0,MF1,MPN,MR10,MS1,PWO

If the ‘A’ parameter is set at a nonzéro value, the relay will ignore all commands that are not preceded by
the proper address number. If‘@n address of O is programmed, the relay will respond with an error
message for any command precedetyby an address. With polling enabled, a command preceded by 0 is
treated as a global command.(All nétworked relays will execute the command, but no relay will respond to
the command. This avoids_communication bus conflicts. The front panel communication port (COMO) is
not configured for polling,fso angattempt to program a non-zero address will result in an error message.

COMMAND SUMMARY

Miscellaneous Commands
ACCESS,Command

Purpose: Read/Set Access level in order to change settings

Syntax: ACCESS[={password}]

Example: ACCESS=851E

Reference: Section 11, ASCII Command Interface, Miscellaneous Command Descriptions
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EXIT Command

Purpose: Exit programming mode

Syntax: EXIT - Note: Relay will prompt for verification

Example: EXIT O
Reference: Section 11, ASCIl Command Interface, Miscellaneous Command Descriptions O
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, ASCII Command Interface, Miscellaneous Comman@vs

Metering Commands

M Command 0@

Purpose: Read all metered values
Syntax: M

Example: M
Reference: Section 5, Metering

M-I Command @
Purpose: Read metered current () in primary units

Syntax: M-I[{phase}] where phase = A/B/C/N/Q
Example: M-I or M-1A or M-IN

Reference: Section 5, Metering \
Report Commands K
RA Command @
Purpose: Report/Reset Alarm infor

Syntax: RA[=0]

Example: RA
Reference: Section 6, Reporting Functions, Alarms Function

RA-MAJ Command
Purpose: Report/Reng or Alarm information

Syntax: RA-MAJ[=0] \
Example: RA-MA
Reference: Section eposting and Alarm Functions, Alarms Function

RA-MIN Command

Purpose: R et Minor Alarm information

Syntax: IN[=0]

Example: X

Reference: Seetion 6, Reporting and Alarm Functions, Alarms Function

RA-REL nd

Purpose: Report/Reset Relay Alarm information
Syntax: RA-REL[=0]
ample: RA-REL
rence: Section 6, Reporting and Alarm Functions, Alarms Function
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RB Command

Purpose: Read breaker status

Syntax: RB

Example: RB

Reference: Section 6, Reporting and Alarm Functions, 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 Alarm Functions, 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 Alarm Functions, Breaker Monitoring
RD Command

Purpose: Report all demand data

Syntax: RD

Example: RD

Reference: Section 6, Reporting and Alarm Functions, Demand, Functions

RD-PI Command

Purpose: Read/Reset peak demand current (1)

Syntax: RD-PI[{p}[=0]] where p=A/B/C/N/Q

Example: RD-PI or RD-PIA or RD-PIN or RDAPI=0

Reference: Section 6, Reporting and Alarm Functions, Demand Functions

RD-TI Command

Purpose: Report today's demand currept (1)

Syntax: RD-TI[{p}] where p=A/B/C/N/Q

Example: RD-TI or RD-TIA or RD-TIN

Reference: Section 6, ReportingPand‘Alarm Functions, Demand Functions

RD-YI Command

Purpose: Report yesterday'sydemand current (1)

Syntax: RD-YI[{p}] where p=A/B/C/N/Q

Example: RD-YI or RD-YIA or RD-YIN

Reference: Section 64'Reporting and Alarm Functions, Demand Functions

RF Command

Purpose: Read/Reset’'Fault Report Data
Syntax: RE[-n/NEW][=0]
Example: RF (displays a directory of all fault reports in memory)

RF-23 (view summary report for fault record 23)
RE-NEW (view summary report for newest fault record since RF=0 reset)
RF=TRIG (Manually Trigger a fault record)
RF=0 (reset NEW fault counter)
Reference: Section 6, Reporting and Alarm Functions, Fault Reporting
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RG Command

Purpose: Report General Information

Syntax: RG

Example: RG

Reference: Section 6, Reporting and Alarm Functions, Clock

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 @@mmand)
Reference: Section 6, Reporting and Alarm Functions, Clock

RG-STAT Command

Purpose: Report relay status

Syntax: RG-STAT

Example: RG-STAT

Reference: Section 6, Reporting and Alarm Functions, General Status,Reporting

RG-TARG Command

Purpose: Report/Reset Target status

Syntax: RG-TARG

Example: RG-TARG or RG-TARG=0

Reference: Section 6, Reporting and Alarm FunctionsiFatlt‘Reporting

RG-TIME Command

Purpose: Report/Set Time

Syntax: RG-TIME[=hr:mn:sc] or RG-TIME[=hrimn{f}sc]]

Example: RG-TIME=13:25:00 or RGAFIME=1:25P00 (Format(f) set by SG-CLK Command)
Reference: Section 6, Reporting and‘Alarm Functions, Clock

RG-VER Command

Purpose: Read Model #, Style #,"Rsogram Version, Serial #

Syntax: RG-VER

Example: RG-VER

Reference: Section 6, Reporting and Alarm Functions, Hardware and Software Version Reporting
RO Command

Purpose: Read Oscillographic COMTRADE .DAT/.CFG/.HDR Fault Report

Syntax: RO-nA/B[#].CFG/DAT/HDR where n=report number,A=ASCII/B=BINARY #=0SC 1/2
Example: RO-3A1.CEG or RO-3A1.DAT or RO-5B2.CFG or RO-5B2.DAT or RO-5A.HDR
Reference: Section 6, Reporting and Alarm Functions, Fault Reporting

RS Command

Purpose; Read/Reset Sequence of Events Record Data

Syntax: RS[-n/Fn/ALM/IO/LGC/NEW][=0] where n=# of events and Fn=fault record #
Example: RS (displays a directory of all event records in memaory)

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-10 (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)
Reference: Section 6, Reporting and Alarm Functions, Sequence of Events Recorder
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Setting Command

S Command

Purpose: Read all relay setting parameters

Syntax: S

Example: S

Reference: Section 11, ASCIl Command Interface, Settings (S) Command Descriptions

Alarm Setting Commands

SA Command

Purpose: Read all alarm settings for Major and Minor alarms

Syntax: SA

Example: SA

Reference: Section 6, Reporting and Alarm Functions, Alarms Function

SA-BKR Command

Purpose: Read/Set breaker alarm settings

Syntax: SA-BKR[n][={mode},{alarm limit}] where mode=0-3(disabled/%dutyfop/clr) and alarm
limit=0 means disabled

Example: SA-BKR or SA-BKR1=1,80 or SA-BKR2=2,250, or SA-BKR3=3)6C

Reference: Section 6, Reporting and Alarm Functions, Breaker Manitoring

SA-DI Command

Purpose: Read/Set demand alarm settings

Syntax: SA-Dl[p][={alarm level}] where p=P/N/Q, alarmylevel=Secondary Amps
Example: SA-DI or SA-DIP=8.0 or SA-DIN=2.4

Reference: Section 6, Reporting and Alarm Functions, Demand Functions

SA-LGC Command

Purpose: Read/Set logic alarm setting mask

Syntax: SA-LGC[={alarm num 1}[/{alarmyum2}]...[/{alarm num n}]]
Example: SA-LGC or SA-LGC=2/6/7/10/2d

Reference: Section 6, Reporting and Alarm#-unetions, Alarms Function

SA-MAJ Command

Purpose: Read/Set major alarmésettingsmask

Syntax: SA-MAJ[={alarm num 1}{Aalarm num 2}]...[/{alarm num n}]]
Example: SA-MAJ or SA-MAJ=1/8/5/12

Reference: Section 6, Repeorting'and Alarm Functions, Alarms Function

SA-MIN Command

Purpose: Read/Set minofialarm setting mask

Syntax: SAsMIN[={alarm num 1}[/{alarm num 2}]...[{alarm num n}]]
Example: SA-MIN or'SA-MIN=2/6/7/10/11

Reference: Section 6§’Reporting and Alarm Functions, Alarms Function

SA-RESET Command

Purpose: Read/Set Programmable Alarms Reset logic

Syntax: SA-RESET[={rst alm logic}]

Example: SA-RESET or SA-RESET=VO1

Reference: Section 6, Reporting and Alarm Functions, Alarms Function

11-12 BE1-851E ASCIlI Command Interface 9289900790 Rev C



Breaker Monitor Setting Commands

SB Command

Purpose: Read all breaker settings

Syntax: SB

Example: SB

Reference: Section 6, Reporting and Alarm Functions, Breaker Monitoring

SB-DUTY Command

Purpose: Read/Set Breaker Contact Duty where mode = 0/1/2 (disabled/l/1"2)
Syntax: SB-DUTY[={mode},{dmax},{BLKBKR logic}]

Example: SB-DUTY=1,60E3,IN5

Reference: Section 6, Reporting and Alarm Functions, Breaker Monitoring

SB-LOGIC Command

Purpose: Read/Set Breaker Contact Logic

Syntax: SB-LOGIC[={breaker close logic}]

Example: SB-LOGIC=IN1 (IN1=52a) or SB-LOGIC=/IN2 (IN2=52b)
Reference: Section 6, Reporting and Alarm Functions, Breaker Mohitoring

General Setting Commands

SG Command

Purpose: Read all general settings

Syntax: SG

Example: SG

Reference: Section 11, ASCII Command InterfacepSettings (S) Command Descriptions

SG-CLK Command

Purpose: Read/Program format of date and time display

Syntax: SG-CLK[={date format(M/B)}{time format(12/24)},{dst enable(0/1)}]
Example: SG-CLK=D,12,1 or SG-CLK=M,24,0

Reference: Section 6, Reporting aAd, Alamm Functions, Clock

SG-COM Command

Purpose: Read/Set serial communications protocol

Syntax: SG-COM[#[={baudlA{addr},P{pglen},R{reply ack},X{XON ena}]]

Example: SG-COMO0=9600 or SG-COM1=9600,A0,P24,R1,X1

Reference: Section 1%, AS€lI Command Interface, Settings (S) Command Descriptions, Configuring

the Sepial PortfCommunication Protocol

SG-DATADUMP Cemmand

Purpose: Report/Set fault record DATADUMP to COM1

Syntax: SG=RATADUMP[={mode}] where mode is 0/1 (disabled/enabled)
Examples SG:DATADUMP or SG-DATADUMP=1

Reference: Section 6, Reporting and Alarm Functions, Fault Reporting

SG-DI Command

Purpose: Read/Set demand current interval

Syntax: SG-Dl[p][={interval}] where p=P/N/Q, interval=0-60 (min)
Example: SG-DI or SG-DIP=15 or SG-DIN=1

Reference: Section 6, Reporting and Alarm Functions, Demand Functions
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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, Current Inputs

SG-HOLD Command

Purpose: Read/Program Output Hold operation

Syntax: SG-HOLD[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 relay ID and station ID used in reports

Syntax: SG-ID[={relaylD(up to 30 char)},{StationID(up to 30 char)}]

Example: SG-ID=448,SUBSTATION3 or SG-ID=BUS851E, POWERPOINTSSUBSTATION
Reference: Section 6, Reporting and Alarm Functions, Relay Identifier Information

SG-IN Command

Purpose: Read/Set Input recognition/debounce

Syntax: SG-IN[#[={r(ms)},{db(ms)}]] where ms=1-255msec

Example: SG-IN or SG-IN3 or SG-IN3=4,16

Reference: Section 3, Input and Output Functions, Contact Sensing:lhputs

SG-PHROT Command

Purpose: Read/Set Phase Rotation setting

Syntax: SG-PHROT[={phase rotation 1/2}] where{1=ABC, 2=ACB
Example: SG-PHROT or SG-PHROT=2

Reference: Section 3, Input and Output Fungtions/ Current Inputs

SG-SCREEN Command

Purpose: Read/Set default screen(s)

Syntax: SG-SCREEN[n][={default screen number}]

Example: SG-SCREEN or SG-SCREEN1=2.2.1 or SG-SCREEN2=2.2.2
Reference: Section 10, Human“Machine Interface, Front Panel Display

SG-SGCON Command

Purpose: Read/Set SGC output on time

Syntax: SG-SGCON[={time}] where time is in (m)sec, (s)ec or (c)ycles
Example: SG-SGCON 0RSG-SGCON=1S or SG-SGCON =500m
Reference: Section 4 Protection and Control, Setting Groups

SG-TARG Commahd

Purpose: Repoft/Enable Target List and Reset Target Logic

Syntax: SGETARG[={x/x/..x},{rst TARG logic}] where x=50,51,150 etc.
Example: SG-TARG or SG-TARG=51/50TA/50TB/50TC/50TN/50TQ/150
Reference: Section 6, Reporting and Alarm Functions, Fault Reporting

SG-TRIGGER Command

Purpose: Read/Set Trigger logic

Syntax: SG-TRIGGER[={TRIP trigger},{PU trigger},{LOGIC trigger}]
Example: SG-TRIGGER or SG-TRIGGER=VO1,VO12,IN4
Reférence: Section 6, Reporting and Alarm Functions, Fault Reporting
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Programmable Logic Setting Commands

SL Command

Purpose: Obtain Setting Logic Information

Syntax: SL:[{name}]

Example: SL, SL: or SL:FEEDER_1

Reference: Section 11, ASCII Command Interface, Settings (S) Command Descriptions

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, Virtual Switches

SL-43 Command

Purpose: Read/Set Logic for Virtual switch (x43)

Syntax: SL-{x}43[=mode] where x = blank/1/2/3, mode=0/1/2/3
Example: SL-43 or SL-143=0 or SL-243=1

Reference: Section 4, Protection and Control, Virtual Switches

SL-50T Command

Purpose: Read/Set Logic for x50 Function Modules wherewx =blank or 1
Syntax: SL-x50T[{p}[={mode},{BLK logic}]] wher€yp,= P/N/Q and mode = 0/1/2
Example: SL-50T or SL-50T=1,0 or SL-150TN=4,IN3

Reference: Section 4, Protection and Control, Overcugrent’Protection

SL-51 Command

Purpose: Read/Set Logic for x51 Function'Ma@dules

Syntax: SL-x51[{p}[={mode}{BLK jogic}]] where p=P/N/Q
Example: SL-51 or SL-51P=1,0 or‘SL-54N=1,IN3

Reference: Section 4, Protection and Control, Overcurrent Protection

SL-62 Command

Purpose: Read/Set Logic for 62 Function Modules

Syntax: SL-{f}62[={mode},{INI4ogic}{BLK logic}] where f= 0/1

Example: SL-62 or SL-62=1040,0 or SL-162=2,V0O9,VO8

Reference: Section 4, Protectien and Control, General Purpose Logic Timers (62/162)

SL-79 Command

Purpose: Read/Set fer 79 Function

Syntax: SL-79[={meade}{RI logic} {STATUS logic},{WAIT logic},{LOCKOUT logic}]
Example: SL-79 or SL-79=1,VO1+IN4,/IN1,IN2,IN3

Reference; Section 4, Protection and Control, Reclosing

SL-BF €ommand

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, Breaker Failure Protection

SL-GROUP Command

Rurpose: Read/Set Logic for Setting Group Module

Syntax: SL-GROUP[={mode},{D0logic},{D1logic},{D2logic},{D3logic},{AUTOIlogic}]
Example: SL-GROUP or SL-GROUP=1,IN3,IN4,0,0,0

Reference: Section 4, Protection and Control, Setting Groups

9289900790 Rev C BE1-851E ASCIlI Command Interface 11-15



SL-N Command

Purpose: Read/Set Name of the custom logic

Syntax: SL-N[={name}]

Example: SL-N=851ETEST

Reference: Section 7, BESTlogic Programmable Logic, Logic Schemes

SL-VO Command

Purpose: Read/Set Output Logic
Syntax: SL-VOI[x[={Boolean equation}]] where xis 1 - 15 or A
Example: SL-VO or SL-VO1=50TPT+50TNT+51PT+51NT+101T or SL-VO2=101C+79C#*02

Reference: Section 7, BESTlogic Programmable Logic, Working With ProgrammableyLogie

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, ASCII Command Interface, Settings,(S) Command Descriptions

S<g>-50T Command

Purpose: Read/Set x50T pickup level and time delay Where x = blank or 1
Syntax: S{g}-x50T{pH[={pu(A)}{td(m)}]] whefe g = 0-3, p = P/N/Q
Example: S0-50T or S1-50TP=25,0 or S1-250TN=3,20

Reference: Section 4, Protection and Contrel, Overcurrent Protection

S<g>-51 Command

Purpose: Read/Set 51 pickupJevel, time delay and curve where x = blank or 1
Syntax: S{g}-x51[{pH[={pu(A)}{td(m)¥fcrv}] where p=P/N/Q, g=0-3

Example: S0-51 or S0-51P=745,6.5,S1 or S1-51N=3,2.0,S1

Reference: Section 4, Protection ang Control, Overcurrent Protection

S<g>-62 Command

Purpose: Read/Set 624l ime"Delay

Syntax: S{g}-{f}62[={td 1},{td2}] where td suffix m=msec,s=sec,c=cy

Example: S0:62=500my200m or S0-62=0.5s,0.2s or S2-162=30c,12c

Reference: Section 4, Rrotection and Control, General Purpose Logic Timers (62/162)

S<g>-79 Command

Purpose: Read/Set 79 Time Delay

Syntax: S{g}-79[#][={td}] where suffix m=msec,s=sec,c=cy
Example: S0-791=100m or S0-792=0.5s or S0-793=60c
Reference: Section 4, Protection and Control, Reclosing
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S<g>-79SCB Command

Purpose: Read/Set 79 Sequence Controlled Block Output

Syntax: S{g}-79SCB[={step list}] where g=0,1,2,3

Example: S0-79SCB=2/4 O
Reference: Section 4, Protection and Control, Reclosing O
SP-79ZONE Command

Purpose: Read/Set 79 Zone Sequence Logic

Syntax: SP-79ZONE[={zone pickup logic}] ®
Example: SP-79ZONE or SP-79Z0ONE=50TPPU+50TNPU+150TPPU+150TNP

Reference: Section 4, Protection and Control, Reclosing %

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: n

Section 4, Protection and Control, Breaker Failure Pr i
SP-CURVE Command

Purpose:
Syntax:
Example:
Reference:

Section 4, Protection and Control, Over tection

Read/Set the user programmable 51 curve rar%
SP-CURVE[={A}{B},{C}.{N}.{R}]
SP-CURVE or SP-CURVE=1.0,0,0,2.5,

(o

SP-GROUP Command

Purpose:
Syntax:
Example:
Reference:

SP-GROUP, SP-GROUP , ,51P or SP-GROUP3=0,0,0,0,793
Section 4, Protection a I, Setting Groups

Read/Program auxiliary setting gr %operation
SP-G ROUP{g}:[{sw_time},{sw_% _time},{ret_level},{prot_ele}]

Global Commands \
GS-PW Command

Purpose:
Syntax:
Example:
Reference:

Read/Set Passwo ssword access port(s)
GS-PWI{t}[={password},{com ports(0/1/2)}]] where t=G/S/C/R

GS-PWG='@% S-PWS=XYZ,1/2

Section 9, Q

Q>®
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SECTION 12 ¢ INSTALLATION

GENERAL

BE1-851E Enhanced Overcurrent Protection Systems are delivered with this instruction mahual @nd
BESTCOMS software in a sturdy carton to prevent shipping damages. Upon receipt of the relay, check
the model and style number against the requisition and packaging list for agreement. Inspect for damage
and if there is evidence of such, immediately file a claim with the carrier and notify the Basler Electric
Regional Sales Office, your sales representative, or a sales representative at Basler Electric,4Highland,
lllinois.

If the relay is not installed immediately, store it in the original shipping package,in ‘asmoisture and dust
free environment.

CONTACT SENSING INPUT JUMPERS

ATTENTION

The BE1-851E relay comes shipped with the input jumpegs removed. Read the
following paragraphs closely before placing the relay ifservice.

Four contact sensing inputs provide external stimulus to initiateyBE1-851E actions. An external wetting
voltage is required for the contact sensing inputs. Thegnominal voltage level of the external dc source
must comply with the dc power supply input voltage ranges®isted in Section 1, General Information,
General Specifications. To enhance user flexibility, jthe BE1-851E uses wide range AC/DC power
supplies that cover several common control voltagest Thekeontact 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 5 Vdc for 24 Vdc
nominal sensing voltages, 26 Vdc for 48fVdc/nominal sensing voltages or 69 Vdc for 125 Vdc nominal
voltages. See Table 12-1 for the control veltage ranges.

Table 12-1. Centact Sensing Turn-On Voltage

Nominal Turn-On Voltage Range
Nominal Control
Voltage Jumper Installed Jumper Not Installed
(Low Position) (High Position)
24 Vde 5-8Vdc N/A
48/125 Vaeyer Vdc 26 - 38 Vac or Vdc 69 - 100 Vac or Vdc
125/250 Vac or Vdc 69 - 100 Vac or Vdc 138 - 200 Vac or Vdc

Each BE1-851E is delivered with the contact sensing jumpers removed for operation in the higher end of
the controlgvoltage fange. If the contact sensing inputs are to be operated at the lower end of the control
voltage rangegpthejumpers must be installed.

The following describes how to locate and remove/change the contact sensing input jumpers:

1. Remaoye the draw-out assembly by loosening the two thumbscrews and pulling the assembly out
of the case. Observe all electrostatic discharge (ESD) precautions when handing the draw-out
assemble.

2. Locate the two jumper blocks that are mounted on the Digital Circuit Board. The Digital Circuit
Board is the middle board in the assembly and the jumper terminal blocks are located on the
component side of the circuit board. Each terminal block has two sets of pins. With the jumper as
installed at the factory, one pin should be visible when viewed from the side of the unit. This
configuration allows the inputs to Operate at the higher end of the control voltage range. Figure
12-1 illustrates the location of the jumper terminal blocks as well as the position of a jumper
placed in the high voltage position.
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3. To select operation at the lower end of the control voltage range, install the jumper across the two
pins. Use care when removing and installing each jumper so that no components are damages.

4. When all jumpers are positioned for operation in the desired control voltage range, prepare to
place draw-out assembly back into the case.

5. Align the draw-out assembly with the case guides and slide the assembly into the case.
6. Tighten the screws.

P0007-41 ‘ C50 C52 C44 Ca5 l
S
P JM1 JM2 JM3 JM4
N~
b S
C69 P8 P7

AVAVEAVEAVAVAVE

Note: JM1 through JM4 can be in the HIGH or LOW positioh; Digital Board

Relays are shipped from the factory with the jumperimtheHIGH position. (Top View)

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

Figure 12-1/Contact Sensing Jumper Locations

REGISTRATION OF RELAY

End users are encouraged to pégisteritheir relays with Basler Electric. A label on each relay directs users
to complete registration on-line at http://www.basler.com/reqgister. Registering your relays(s) with Basler
Electric will give you Interpet,aceess to the latest BESTCOMS software and firmware updates for your
devices. In addition, registration also allows Basler Electric to contact you if a problem is found in the
design or manufacturing of.eur'products that might effect you. The registration process only takes a few
minutes. Please have the'serial numbers of your relay(s) available when registering.

MOUNTING

Case Cutouts and Dimensions

Because jthe relay is of solid-state design, it does not have to be mounted vertically. Any convenient
mounting ‘angle may be chosen. BE1-851E Overcurrent Protection Systems have the H1 case style.
Overall dimensions are shown in Figure 12-2. Cutout dimensions and adapter plates are shown in
Figures 12-3 and 12-4. Information on two-relay installations is shown in Figures 12-5 and 12-6. Adapter
bracket 9289924100 allows a single relay to be mounted in a 19-inch rack (see Figure 12-7). A second
adapter bracket (9289929100) performs the same function but includes a cutout for an ABB FT switch
(see Figure 12-8). All dimensions are given in inches and millimeters.
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.281 x .406 SLOT R.125
(4 PLACES) 7 y (TYP)
I O
D

Basler Electric part number

9289924100 1.750 3.000 3.468
(44.5) (76.2) (88.1)

D2881-01
10/29/04

U

- 9.186 (233.3)
~= 9.530 (242.1) -

Figure 12-7. Adapter Bracket for Mounting a Single Relay in a 19-inch Rack
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Figure 12-8. Adapter Bracketifor 19-inch Rack Mount with ABB FT Cutout Switch

Dovetailing Procedure

Basler H1 cases can be interlockéd by“means of a tenon and mortise on the left and right sides of each
case. The following paragraphs 'describe the procedure of dovetailing two cases. Figure 12-9 illustrates
the process.

Step 1:

Step 2:

Step 3:

Step 4:

Step 4a:

Step 5:

Remove the draw-0ut assembly from each case by rotating the two captive, front panel screws
counterclockwisenpand’ then sliding the assembly out of the case. Observe electrostatic
discharge (ESD) precautions when handling the draw-out assemblies.

Remove the'mounting bracket from the side of each case where the two cases will mate. Each
bracketfis held in place by four Phillips screws.

Thewearipapel must be removed from one of the cases in order for the two cases to be joined.
On thatypanel, remove the Phillips screw from each corner of the rear panel except for the
screw at the upper left-hand corner (when looking at the rear of the case). This screw is closest
t0 Terminal Strip A.

Turn the screw nearest to Terminal Strip A counterclockwise until the rear panel can be
removed from the case. If you have difficulty removing this screw, use the alternate method
described in Step 4a. Otherwise, proceed to Step 5.

Use a Torx® T15 driver to remove the two screws attaching Terminal Strip A to the rear panel.
Remove the terminal strip and set it aside. Remove the remaining Phillips screw from the rear
panel and set the rear panel aside.

Arrange the two cases so that the rear dovetailed edge of the case without a rear panel is
aligned with the front dovetailed edge of the case with the rear panel installed. Once the
dovetails are aligned, slide the cases together.
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Step 6:

Step 6a:

Step 6b:

Step 7:

Position the rear panel on the case from which it was removed. Make sure that the panel
orientation is correct. Perform Step 6a if Terminal Strip A was not removed during the
disassembly process. Perform Step 6b if Terminal Strip A was removed during disassembly.

Position the rear panel over the case and align the screw closest to Terminal Strip A with its
mating hole. Tighten the screw while maintaining proper alignment between the rear panel and
case. Finish attaching the panel to the case by installing the remaining three Phillips screws.
When installed, the rear panels prevent the two cases from sliding apart.

Align the rear panel with the case and install the four Phillips screws that hold the rear panel in
place. Position Terminal Strip A in its panel opening and replace the two Torx® T15 screws.
When installed, the rear panels prevent the two cases from sliding apart.

Mount the case assembly in the desired rack or panel opening and reinstall thegdraw-out
assembly in each case.

D2848-10
03-25-99

»
>

Figure 12-9. Dovetailing Procedure Diagram

RELAY CONNECTIONS

Connections to the relay are dependent omsthe \application and logic scheme selected by the user. As a
result, all of the relay's inputs and outputs may not be used for a given application. Before energizing a
relay, make sure the connections match the,options associated with the model and style number found on
the relay nameplate. Refer to Figur@ 1-1; Style Chart, in Section 1, General Information, for available
options. Be sure to use the correct input power for the specified power supply. Incorrect wiring may result
in damage to the relay.

Figure 12-10 shows the rear-panel eonnections for an H1 style case.

( N
com2 GND E .
RIS A5% - PWRT — L BE1-851E Basler Electric
! ENHANCED OVERCURRENT  Highland, llinois  USA ~ (618) 654-2341
[ I I i I I I 1A= IB- IC* IG* @
@@@@@@@@@ o~ DI D5 D5 Dy
: ) NN
A A2 A3 A4 A5 A6 A7 B 7N i N7
R NN INe S N
el s
Llap2]1B/D4lic/De|IG/D8|
B1 B2 B3 B4 BS B6 B7 IA/D2|1B/D4 |C/D'6 IG/D8]
@ OUIT1 OouT2 OUT3 OUT4 O'UIT7 ALARM
eEEEEEEE Sl
q C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 C12 C13 C14 C15 C16 _C17 C18 WARNING )

P0037-38
03-30-06

Figure 12-10. H1 Case, Rear View, Terminal Connections
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Typical DC and AC Connections
Typical external DC and AC connections for the BE1-851E are shown in Figures 12-11 and 12-12. O

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 | 4

bus lead is recommended for each relay.

NOTE
Depending upon the style number of the relay, the Alarm ou@act may be
t

normally-closed (N.C.) or normally-open (N.O.). Veri rm contact
configuration of your relay by referring to the style chart.

Y

>

D1/ D2
D3A D4
D5/ D6

H
ey
}—g

\
@)
¥

BREAKER

L 4
A B C D2569-04
LINE 03-09-00

Figure 12-11. Typical AC Connection Diagram
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Figure 12-12. Typical DC Connection Diagram
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SETTINGS

The settings for your application need to be entered and confirmed prior to placing the relay in service:

Register settings such as 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 and 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 opefatingyquantities 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 |nput and output contact connections

e |/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 infopmation about customizing preprogrammed
logic and creating user-defined logic, and Section 8, Application, for information about the application of

preprogrammed logic schemes.

COMMUNICATION CONNECTORS

RS-232 Connectors/Serial Ports

Front and rear RS-232 connectors are DB49 female DCE connectors. Connector pin numbers, functions,
names, and signal directions are shown in Table 12-2. Figures 12-13 through 12-15 provide RS-232

cable connection diagrams.

Table 12-2./RS-232 Pin-outs (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

NOTE

The RS-232 communication ports are not equipped with Request to Send (RTS)
and Clear to Send (CTS) control lines. This makes the BE1-851E incompatible
with systems that require hardware handshaking or systems that use self-
powered RS-232 to RS-485 converters connected to the RS-232 ports.

9289900790 Rev C
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TO BE1- 851E
FEMALE DB-9

RFL 9660 REAR PORT DCE
MATING CONNECTOR N.C.

TXD < ’

RXD

3
2

P0037-31
03-29-06

o
Olo|N|lo|la|bh|lw|N| -
(0]

@
=z
O

N.C. 0
Figure 12-13. RFL 9060 Protective Relay Switch to BE1-8©6

9-PIN PC-AT T ;
MALE DB-9 FE -9
DTE E
1 N.C.
RXD | 2 | 2| TxD
™D | 3] 3| RxD
4| 4| N.C.
SGND |5 | 5| SGND
6| N.C.
7| N
] @ 8 | N.C.
O 91 N.C.
&
P0037-32

&\ 03-29-06
25-P& TO BE1-851E
E

M FEMALE DB-9
T DCE

N.C.
TXD
RXD
N.C.
SGND

3
T 2

SGND| 7 |

N.C.
N.C.
N.C.

L 4 -

Ol N|O|O| Bl W] N|PF

N.C.

Figure 12-14. Personal Computer to BE1-851E (Straight Cable)
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RS-485 Connector

The RS-485 connector is a three-position terminal block ¢
communication cable. A twisted-pair cable is recommended.
and signal directions are shown in Table 12-3. A cable

TO 25 PIN MODEM
FEMALE DB-25, DCE

GND
TXD
RXD
+5V
SGND
DTR
CTS
RTS

TO BE1-851E
FEMALE DB-9 DCE
1] 1] N.C.
2 2| T™XD
3| 13| RXD
6 | 4| NC.
7 |5 | SGND
120 | 16 | +10V *
5 7| cTs
4| '8 | RT \
n S wdly
~—— BOFEETMAX. — = sz

Figure 12-15. Modem to BE1-851E (Null Mz@le)

P0037-34
03-29-06

R = OPTIONAL TERMINATING
RESISTOR (120 OHMS TYP.)

Figure 12-16. RS-485 DB-37 to BE1-851E

Table 12-3. RS-48 (COM2)
Terminal Function Direction
A Send/Rec (SDA/RDA) In/Out
B Send/ (SDB/RDB) In/Out
C Signal Gréund (GND) N/A
TO RS422/R848 TO BE1-851E
DB-37 FE 3 POSITION TB
Lo
5| aq BEL-851E
— COM 2
O -
z A3
\ 1 aa BE1-851E
= COM 2
| C|A5
4000'
% MAX. ~
~\\V
A3
BE1-851E
B | A4
COM 2
A5

O

ct signed to interface to a standard
ector pin numbers, functions, names,
lagram is provided in Figure 12-16.
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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 to —10 volts. Input burden is nonlinear and rated at approximately O

4kQ at 3.5Vdc and approximately 3kQ at 20Vdc.
IRIG connections are located on a terminal block shared with the RS-485 and input power terminalo

Terminal designations and functions are shown in Table 12-4.

Table 12-4. IRIG Pin-outs ¢
Terminal Function
Al (+) Signal
A2 (-) Reference

Terminal Assignments

N
O
Q>®

L 4

d RS-232 Connections

Figure 12-
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SECTION 13 ¢ TESTING AND MAINTENANCE

GENERAL

You may prefer to test your relay before installation. To verify functionality of the BE1-851E relay, perferm
the procedures provided in the following paragraphs. A relay terminals and connections d is
provided in Figure 13-1.

RN

CHAS.

L _

RS-485 G

IRIG
INPUT

OouT1

BE1-851E
ouT 2

OouT 3
“;~' L

NN

-
O
\‘
=
S
|
o
[ee]

7
A A

~_ ALARM
REAR
RS-232
PORT [:}
FRONT
RS-232
PORT

D

Figure 13-1. Terminals and Connections

P0037-35
03-30-06
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POWER-UP

Step 1:  Apply voltage to Power Terminals A6 and A7. Table 13-1 shows the appropriate voltage for
each style of relay.

Table 13-1. Relay Voltages

Style Number Voltage Input
XXXLXXX 48-125 Vac/dc
XXX2XXX 125-250 Vac/dc
XXX3XXX 24 Vdc

Step 2: Verify that the Power LED is illuminated, the display backlight is lit, and jeharacters are
displayed on the display. Upon power-up of the relay, a brief self-test is\performed. During
this five-second test, all of the front panel LEDs will flash and the display, will¥indicate each
step of the test followed by a screen showing the relay model numbegand seftware version.

COMMUNICATIONS

Either a VT-100 terminal or a computer with a serial port and suitable comfuni€ations software may be
used to communicate with any of the BE1-851E relay's three communicationsr ports. The relay default
communications settings are: a baud rate of 9600, 8 data bits, 1 stop'bit, parity - none and Xon/Xoff flow
control.

Step 1: Connect the terminal cable to the rear RS-232 port on,thewelay.

Step 2:  Transmit the command “ACCESS=851E” to thejyrelays The relay should respond with
“ACCESS GRANTED: GLOBAL". Transmit “EX|T” aftengetting access.

Step 3: Connect the terminal cable to the front RS-232yportien the relay.

Step 4: Transmit the command “ACCESS=851E"(ito/'the” relay. The relay should respond with
“ACCESS GRANTED: GLOBAL". Transmit “EXI” after getting access.

Step 5: Connect an RS-232/RS485 converter, bax to the RS-232 port on the terminal. Connect the
RS-485 output terminals of the convertenbox to the relay RS-485 terminals.

Step 6: Transmit the command “ACCESS=851E" to the relay. The relay should respond with
“ACCESS GRANTED: GLOBAL. Transmit “EXIT” after getting access.

STYLE AND SERIAL NUMBER VERIRICATION

Over any communications port, transmit, the*command "RG-VER." The BE1-851E will respond with the
model number, style number, program version and date, boot code version and date, as well as the relay
serial number. Verify that the paft, style, and serial numbers match the information on the relay front
label.

IRIG
Step 1: Connect,a suitable IRIG source to the relay IRIG Terminals A1 and A2.

Step 2. Uponfreceiing the IRIG signal, the relay clock will be set with the current time, month, and
dayfd Thigrmay®be verified at Screen 4.5 on the front panel display or by transmitting “RG-
TIME”@and “RG-DATE" to any of the relay communications ports.

CONTACT SENSING INPUT AND OUTPUT CONTACTS

Step 1:  Apply voltage to the relay contact sensing inputs IN1, IN2, IN3, and IN4. Table 13-2 shows
the appropriate voltage to apply.

13-2 BE1-851E Testing and Maintenance 9289900790 Rev C



Table 13-2. Appropriate Voltages

Style Number

Input Voltage

XXXIXXX 48 Vdc
XXX2XXX 125 Vdc
XXX3XXX 24 Vdc

Step 2:  Transmit the command “RG-STAT”. Examine response line “INPUT(1-4) STATUS:" to verify
that all inputs were detected.

Step 3:  Transmit the commands “ACCESS=851E", “CS-OUT=ENA", “CO-OUJI=ENA#, and “EXIT;Y”
to enable the output control override capability of the relay.

Step 4: Using Table 13-3 as a guide, transmit the commands listed and{vefifythat the appropriate
output contacts change state. When each command is transmitted, the/Corresponding output
will be pulsed briefly. An ohmmeter or continuity tester may_be tUsed to monitor the output

contact status.

Table 13-3. Output Commands

Output Terminals Commands
OUT1 (N.O.) Cl&cC2 CS:0UT1=P;CO-OUT1=P
OUT2 (N.O.) C3&C4 CS-OUT2=P;CO-0OUT2=P
OUT3 (N.O.) C5 & C6 CS-OUT3=P;CO-0OUT3=P
OUT4 (N.O.) C7&C8 CS-OUT4=P;CO-0OUT4=P
OUT5 (N.O.) C9 & C10 CS-OUT5=P;CO-OUT5=P
OuUT6 (N.O.) C13 & Cl4 CS-OUT6=P;CO-OUT6=P
OUT7 (N.O.) Ca5 &/C16 CS-OUT7=P;CO-OUT7=P
ALARM (N.C.) * C17& C18 CS-OUTA=P;CO-OUTA=P
ALARM (N.O.) * C17.&C18 CS-OUTA=P;CO-OUTA=P

* The style number determines if thel ALARM output is N.C. or N.O. See Section 1, General Information,
Model and Style Number Description.

Step 5: Disable the gontrol override ability if desired by transmitting the commands
“ACCESS=851E", “CS-OUT=DIS", “CO-OUT=DIS", and “EXIT;Y" to the relay.

PICKUP AND DROPOUT TESTING

Transmit the frequencyacommand, “SG-FREQ=50" or “SG-FREQ=60", depending on which frequency the
relay is to be testéd at. ,Transmit the commands “ACCESS=851E", CS-GROUP=0", and “CO-GROUP=0"
to select settings 'group'0. Save the settings by transmitting the command “EXIT;Y".

50T Pickupséand Dropouts

Step 19 Transmit the following scheme to the relay:
ACCESS=851E
SL-N=NONE
YES
SL-N=PU50
SL-50T=1,0
SL-VO1=50TPT+50TNT
EXIT;Y

Step 2:  Transmit the appropriate command from Table 13-4 to program the 50T pickup setting.
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Table 13-4. Pickup Settings

Commands
Style Number
Phase Neutral
XIXXXXX S0-50TP=0.1A,0m S0-50TN=0.1A,0m
X3XXXXX S0-50TP=0.5A,0m S0-50TN=0.1A,0m
XEXXXXX S0-50TP=0.5A,0m S0-50TN=0.5A,0m

Step 3:  Slowly ramp up the current applied at Phase A input until OUT1 closes. Verify thatpickup
occurred within the acceptable range listed in Table 13-5.
Table 13-5. Pickup Ranges
Style Phase Neutral
Number Low Limit | HighLimit | Low Limit |#Pigh Limit
XLIXXXXX 0.09 amps 0.11 amps 0.09 amps 0.11 amps
X3XXXXX 0.45 amps 0.55 amps 0.09amps 0.11 amps
X5XXXXX 0.45 amps 0.55 amps 0.45 amps 0.55 amps
Step 4:  After pickup occurs, ramp the current down slowly<until OUT1 opens. Dropout should occur
at 90% +2% of the pickup current magnitude.
Step 5:  Transmit the appropriate command in Table 1826 to%eprogram the pickup setting.
Table 13-6¢ Pickup Settings
Commands
Style Number
Rhase Neutral
XLXXXXX S0-50TP=1.0A,0m S0-50TN=1.0A,0m
X3XXXXX S0-50TP=5.0A,0m S0-50TN=1.0A,0m
X5XXXXX SO0-50TP=5.0A,0m S0-50TN=5.0A,0m
Step 6:  Slowly ramp up thé*¢urrent applied at the relay Phase A input until OUT1 closes. Verify that
pickup occurred within the acceptable range listed in Table 13-7.
Table 13-7. Pickup Ranges
Styjé Phase Neutral
Number Low Limit | HighLimit | Low Limit | High Limit
XLIXXXXX 0.98 amps 1.02 amps 0.98 amps 1.02 amps
XBXXXXX 4.9 amps 5.1 amps 0.98 amps 1.02 amps
X5XXXXX 4.9 amps 5.1 amps 4.9 amps 5.1 amps
Step 7: After pickup occurs, ramp the current down slowly until OUT1 opens. Dropout should occur
at 90% £2% of the pickup current magnitude.
Step 8: Transmit the appropriate command in Table 13-8 to reprogram the pickup setting.
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Table 13-8. Pickup Settings

Commands
Style Number
Phase Neutral
XIXXXXX S0-50TP=5.0A,0m S0-50TN=5.0A,0m
X3XXXXX S0-50TP=25.0A,0m S0-50TN=5.0A,0m
XEXXXXX S0-50TP=25.0A,0m S0-50TN=25.0A,0m

Step 9:

Table 13-9. Pickup Ranges

L 4

Slowly ramp up the current applied at the relay Phase A input until T%. Verify that
pickup occurred within the acceptable range listed in Table 13-9.

Style Phase
Number Low Limit | High Limit High Limit
XIXXXXX 4.9 amps 5.1 amps 5.1 amps
X3XXXXX 24.5 amps 25.5 amps 5.1 amps
XSXXXXX 24.5 amps 25.5 amps 25.5 amps

Step 10: After pickup occurs, ramp the current d
at 90% +2% of the pickup current magni

Step 11: Repeat Steps 2 through 10 for the P rrent input.

Step 12: Repeat Steps 2 through 10 f mcurrent input.
Step 13: Repeat Steps 2 through 1%‘\ Neutral current input.
51 Pickups and Dropouts
Step 1: Transmit the following o the relay:
ACCESS=851E C)
SL-N=NON§\
YES \
SL-N=P&
SL-5 0

until OUT1 opens. Dropout should occur

Ste@n the appropriate command in Table 13-10 to program the pickup setting.

Table 13-10. Pickup Settings

S Commands
Style Number
Phase Neutral
XIXXXXX S0-51P=0.1A,0m S0-51N=0.1A,0m
X3XXXXX S0-51P=0.5A,0m S0-51N=0.1A,0m
XEXXXXX S0-51P=0.5A,0m S0-51N=0.5A,0m
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Step 3:

Step 4:

Step 5:

Step 6:

Step 7:

Step 8:

Slowly ramp up the current applied at the relay Phase A input until OUT1 closes. Verify that
pickup occurred within the acceptable range listed in Table 13-11.

Table 13-11. Pickup Ranges

Phase Neutral

Style
Number

Low Limit High Limit Low Limit High Limit

XIXXXXX 0.09 amps 0.11 amps 0.09 amps 0.11 amps

X3XXXXX 0.45 amps 0.55 amps 0.09 amps 0.11 amps

X5XXXXX 0.45 amps 0.55 amps 0.45 amps 0.55 amps

After pickup occurs, ramp the current down slowly until OUT1 opens. Dropout should occur
at 95% +2% of the pickup current magnitude.

Transmit the appropriate command in Table 13-12 to reprogram the pickup/setting.

Table 13-12. Pickup Settings

Commands

Style Number

Phase Neutral

XIXXXXX

S0-51P=1.0A,0m

S0-51N=1.0A,0m

X3XXXXX

S0-51P=5.0A,0m

S0-51IN=1.0A,0m

XEXXXXX

S0-51P=5.0A,0m

S0-51N=5.0A,0m

Slowly ramp up the current applied at'the relay Phase A input until OUT1 closes. Verify that
pickup occurred within the acceptableyange listed in Table 13-13.

Table 23-128. Pickup Ranges

Phase Neutral

Style
Number

Lowaimit High Limit Low Limit High Limit

XIXXXXX 0.98,amps 1.02 amps 0.98 amps 1.02 amps

X3XXXXX 4. 9amps 5.1 amps 0.98 amps 1.02 amps

XBEXXXXX

4.9@mps 5.1 amps 4.9 amps 5.1 amps

After pi€kup ‘@ccuts, ramp the current down slowly until OUT1 opens. Dropout should occur
at 95% +2%nef the pickup current magnitude.

Transmit the appropriate command in Table 13-14 to reprogram the pickup setting.

Table 13-14. Pickup Settings

Commands

Style Number

Phase Neutral

XIXXXXX

S0-51P=3.2A,0m

S0-51IN=3.2A,0m

X3XXXXX

S0-51P=16.0A,0m

S0-51IN=3.2A,0m

XEXXXXX

S0-51P=16.0A,0m

S0-51N=16.0A,0m
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Step 9:

Slowly ramp up the current applied at the relay Phase A input until OUT1 closes. Verify that
pickup occurred within the acceptable range listed in Table 13-15.

Table 13-15. Pickup Ranges

Step 10:
at 95% +2% of the pickup current magnitude.

Step 11:
Step 12:

Step 13: Repeat Steps 2 through 10 for the Neutral curr

TIMINGS

50T Timings
Step 1:

Transmit the following scheme th@

ACCESS=851E

SL-N=NONE

YES \
SL-N=TIMES50
SL-50T=1,0
&.-vm:so;w@r
SG-DSP=F \
EX|T;Y\\

Step 2:  Transmitthe &

Repeat Steps 2 through 10 for the Phase B current input.

Repeat Steps 2 through 10 for the Phase C current i
inp

O

Style Phase Neutral O
Number Low Limit | HighLimit | Low Limit | High Limit
XIXXXXX 3.136 amps 3.264 amps 3.136 amps 3.264 amps ¢
X3XXXXX 15.68 amps 16.32 amps 3.136 amps 3.264
X5XXXXX 15.68 amps 16.32 amps 15.68 amps 1

After pickup occurs, ramp the current down slowly until OUTout should occur

Table 13-16. Pickup and Timer Settings

Commands
tyle Number
Phase Neutral
XIXXXXX S0-50TP=1.0A,0.0m S0-50TN=1.0A,0.0m
P X3XXXXX S0-50TP=5.0A,0.0m S0-50TN=1.0A,0.0m
XEXXXXX S0-50TP=5.0A,0.0m S0-50TN=5.0A,0.0m

ropriate command in Table 13-16 to program the pickup and timer settings.

Step 3:  Apply the appropriate current value to the Phase A input and measure the time between the
application of current and OUT1 closing. Verify that the timing is within the acceptance range

stated in Table 13-17.
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Table 13-17. Timing Ranges

Style Current/Frequency Timing Range
Number Phase Neutral Low Limit | High Limit
XIXXXXX 1.05A/50 Hz | 1.05A/50 Hz 0.0 sec 0.1 sec
XIXXXXX 1.05A/60 Hz | 1.05A/60 Hz 0.0 sec 0.083 sec
X3XXXXX 5.25A/50 Hz | 1.05A/50 Hz 0.0 sec 0.1 sec
X3XXXXX 5.25A/60 Hz | 1.05A/60 Hz 0.0 sec 0.083 sec
XEXXXXX 5.25A/50 Hz | 5.25A/50 Hz 0.0 sec 0.1 sec
XEXXXXX 5.25A/60 Hz | 5.25A/60 Hz 0.0 sec 0.083 see

Step 4: Apply the appropriate current value to the Phase A input and measure thejtime between the
application of current until OUT1 closes. Verify that the timing is withinithe acceptance range
stated in Table 13-18.
Table 13-18. Timing Ranges
Style Current/Frequency TimingsRange
Number Phase Neutral @owLimit | High Limit
XIXXXXX 1.5A/50 Hz 1.5A/50 Hz 0.0'sec 0.04 sec
XIXXXXX 1.5A/60 Hz 1.5A/60 Hz 0.0'sec 0.033 sec
X3XXXXX 7.5A/50 Hz 1.5A/50 Hz 0.0 sec 0.04 sec
X3XXXXX 7.5A/60 Hz 1.5A/60Hz 0.0 sec 0.033 sec
XEXXXXX 7.5A/50 Hz 7.5A/50 Hz 0.0 sec 0.04 sec
XSXXXXX 7.5A/60 Hz 7.5AI60"Hz 0.0 sec 0.033 sec
Step 5:  Apply the appropriate currenf'valueié the Phase A input and measure the time between the
application of current and OUT1 closing. Verify that the timing is within the acceptance range
stated in Table 13-19.
Table 13-19. Timing Ranges
Style Current/Frequency Timing Range
Number Phase Neutral Low Limit High Limit
X LXXXXK 5.0A/50 Hz 5.0A/50 Hz 0.0 sec 0.025 sec
XLXXKXX 5.0A/60 Hz 5.0A/60 Hz 0.0 sec 0.021 sec
X3X¥XXX 25.0A/50 Hz 5.0A/50 Hz 0.0 sec 0.025 sec
X3XXXXX 25.0A/60 Hz 5.0A/60 Hz 0.0 sec 0.021 sec
XSXXXXX 25.0A/50 Hz 25.0A/50 Hz 0.0 sec 0.025 sec
XEXXXXX 25.0A/60 Hz | 25.0A/60 Hz 0.0 sec 0.021 sec
Step 6: Transmit the appropriate command in Table 13-20 to program the pickup setting.
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Table 13-20. Pickup Settings

Commands
Style Number
Phase Neutral
XIXXXXX S0-50TP=1.0A,5s S0-50TN=1.0A,5s
X3XXXXX S0-50TP=5.0A,5s S0-50TN=1.0A,5s
XEXXXXX S0-50TP=5.0A,5s S0-50TN=5.0A,5s

Step 7:  Apply the appropriate current value to the Phase A input and measure thetime between the
application of current and OUT1 closing. Verify that the timing is withinithe ae€eptance range
stated in Table 13-21.

Table 13-21. Pickup Ranges

Style Current/Frequency TimingyRange
Number Phase Neutral Low Eimit High Limit
XIXXXXX 1.05A/50 Hz | 1.05A/50 Hz 4.85'sec 5.35 sec
XLXXXXX 1.05A/60 Hz | 1.05A/60 Hz 4.833fsec 5.333 sec
X3XXXXX 5.25A/50 Hz 1.05A/50(Hz 4.85 sec 5.35 sec
X3XXXXX 5.25A/60 Hz | 1.05A/60(Hz 4.833 sec 5.333 sec
X5XXXXX 5.25A/50 Hz | 5.25A¢50 Hz 4.85 sec 5.35 sec
X5XXXXX 5.25A/60 Hz | 5.25A/60 Hz 4.833 sec 5.333 sec

Step 8: Repeat Steps 2 through 7 forthefPhase B input.
Step 9: Repeat Steps 2 through 7 fagthe'Rhase C input.
Step 10: Repeat Steps 2 through #Z-for thevNeutral input.

51 Timings
Step 1: Transmit the following scheme to the relay:

ACCESS=851E
SL-N=N©NE
YES
SL-N=TIME51
SIF52=1,0
Sk&VOL=51TP+51TN
EXIT;Y

Step 2. 4 Transmit the appropriate command from Table 13-22 to program the pickup, time delay
setting, and curve type.

Table 13-22. Command Settings

Commands
Style Number
Phase Neutral
XIXXXXX S0-51P=0.1A,0.5,12 S0-51N=0.1A,0.5,12
X3XXXXX S0-51P=0.5A,0.5,12 S0-51N=0.1A,0.5,12
X5XXXXX S0-51P=0.5A,0.5,12 S0-51N=0.5A,0.5,12
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Step 3:  Apply the appropriate current value to the Phase A current input and measure the time
between the application of current and OUT1 closing. Verify that the timing is within the
acceptance range stated in Table 13-23.

Table 13-23. Timing Ranges

Style Number Current Low Limit High Limit
XIXXXXX 0.2 amps 0.445 sec 0.491 sec
XIXXXXX 1.0 amps 0.151 sec 0.166 sec
XIXXXXX 2.6 amps 0.118 sec 0.130rsec
XIXXXXX 4.0 amps 0.109 sec 0.1%29 sec
X3XXXXX OF X5XXXXX 1.0 amps 0.445 sec 0.491 sec
X3XXXXX OF X5XXXXX 5.0 amps 0.151 sec 0.166 sec
X3XXXXX OF X5XXXXX 13.0 amps 0.118 sec 0.130 sec
X3XXXXX OF X5XXXXX 20.0 amps 0.109 sec 0.119 sec

Step 4: Transmit the appropriate command from Table 13-24 to‘teprogram the pickup, time delay

setting, and curve type.
Table 13-24. Command Settings
Style Number A e Uk
Phase Neutral
XIXXXXX S0-51P=0.1A,5.042 S0-51N=0.1A,5.0,12
X3XXXXX S0-51P=0.5A,5.0,12 S0-51N=0.1A,5.0,12
X5XXXXX S0-51TR=0.5A,5.0,12 S0-51N=0.5A,5.0,12

Step 5:  Apply the appropriate current valug'to/the Phase A current input and measure the time
between the application of cdrrentand OUT1 closing. Verify that the timing is within the
acceptance range stated in Table 13-25.

Jable 13-25. Timing Ranges

Style Numbeg Current Low Limit High Limit
XIXXXXX 0.2 amps 4.205 sec 4.647 sec
XLXXXXX 1.0 amps 1.272 sec 1.405 sec
XLIXXXXX 2.6 amps 0.935 sec 1.033 sec
XLXXXKX 4.0 amps 0.846 sec 0.934 sec
X3XXXXXUOr X5XXXXX 1.0 amps 4.205 sec 4.647 sec
X3XXXXX O X5XXXXX 5.0 amps 1.272 sec 1.405 sec
X3XXXXX OF X5XXXXX 13.0 amps 0.935 sec 1.033 sec
X3XXXXX OF XSXXXXX 20.0 amps 0.846 sec 0.934 sec

Step 6: Transmit the appropriate command from Table 13-26 to reprogram the pickup, time delay
setting, and curve type.
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Table 13-26. Command Settings

Commands
Style Number
Phase Neutral
XIXXXXX S0-51P=0.1A,9.9,12 S0-51N=0.1A,9.9,12
X3XXXXX S0-51P=0.5A,9.9,12 S0-51N=0.1A,9.9,I12
X5XXXXX S0-51P=0.5A,9.9,12 S0-51N=0.5A,9.9,I12

Step 7:  Apply the appropriate current value to the Phase A current input and measure the time
between the application of current and OUT1 closing. Verify that the timingdsfwithin the

acceptance range stated in Table 13-27.

Table 13-27. Timing Ranges

Style Number Current Low Limit High Limit
XIXXXXX 0.2 amps 8.300msec 9.172 sec
XIXXXXX 1.0 amps 2.498 sec 2.755 sec
XIXXXXX 2.6 amps 1(824ysec 2.016 sec
XIXXXXX 4.0 amps 1°650 sec 1.822 sec

X3XXXXX OF X5XXXXX 1.0 amps 8.300 sec 9.172 sec
X3XXXXX OF X5XXXXX 5.0 amps 2.493 sec 2.755 sec
X3XXXXX O X5XXXXX 13.0 amps 1.824 sec 2.016 sec
X3XXXXX OF XSXXXXX 20.0 amps 1.650 sec 1.822 sec

MAINTENANCE

BE1-851E preventative maintenance consistsyof periodic replacement of the backup battery (optional).
See Backup Battery for Real Time Cloek,foribattery replacement guidelines. Testing should be performed
according to scheduled practices. If the telay fails to function properly, consult the Customer Service
Department of the Power Systems, ‘Group, Basler Electric, for a return authorization number prior to

shipping.

Backup Battery for Real Time €lock

The backup battery forithe real time clock is an optional feature available in BE1-numeric products. A
3.6V, 0.95Ah lithium battery, is “Used to maintain clock function during extended loss of power supply
voltage over 8 hours£In mobile substation and generator applications, the primary battery system that
supplies the relay power supply may be disconnected for weeks or even months between uses. Without
battery backup fogthéyreal'time clock, clock functions would cease after eight hours. A capacitor provides
eight hours of backup when no battery is installed.

The batteryy should be replaced after five years of operation. The recommended battery is a lithium 3.6V,
0.95Ah pattery (Basler part number: 9318700012 or Applied Power part number: BM551902).

To Replace Battery
Step 1. Remove the unit from the case.

Step 2: Disconnect the battery cable from the connector on the right side of the unit. See Figure 13-2
for battery location.

CAUTION

Be sure that all static body charges are neutralized before touching the PC
board.

9289900790 Rev C BE1-851E Testing and Maintenance 13-11



Step 3:  The battery is located on the left side of the case (see Figure 13-2). Using a 5/16" nut driver,
remove the nut holding the battery strap in place. Then remove the old battery being careful
not to hang the leads on the PC board components. Consult your local ordinance for proper
battery disposal.

Left Side View Right Side View

AN 4 P0007-24.CDR
~—_-- 09/07/01

WARNING! g
Do not short-circuit the battery, rev e ery connections, or attempt to
recharge the battery.

Figure 13-2, Backup Battery Location

Step 4. Insert the new battery by cafefullyfeeding the leads through the hole in the aluminum plate
and sliding them between the PCJboards. Plug the new battery into the connector as shown
in Figure 13-2.

Step 5: Place the new batteryyunder the battery strap and replace the nut. Put the unit back into the
case.

UPDATING FIRMWARE AND SOFTWARE

Future enhancements towelay 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 theflatest version of firmware, the latest version of BESTCOMS software should also be
obtained.

Updating Relay Firmware

If a firmware upgrade is desired, you may request a CD-ROM containing the latest firmware or download
the firmware from the Basler Electric website 24 hours a day, 7 days a week. Direct your web browser to
http://www.basler.com/BE1_Firm and complete the on line form to request a CD-ROM containing the
latest firmware or a password for downloading firmware from the Basler Electric web site.

Onhee 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.
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Updating BESTCOMS Software

Firmware enhancements often include the addition of relay settings or the modification of existi

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 (@
OM

Basler Electric, then that CD-ROM will contain firmware and the corresponding version of BE
software. BESTCOMS can also be downloaded from the Basler Electric web site (http://www.basler.cdm).
An online form can be completed to obtain a password for downloading BESTCOMS from t ler

Electric web site.
2
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SECTION 14 ¢ BESTCOMS SOFTWARE

DESCRIPTION

BESTCOMS is a Windows® based program that runs on an IBM compatible computer and pfovides 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 fof configuring one or
several relays. This software is provided free with every BE1-851E.

INTRODUCTION

A primary advantage of the 32-bit BESTCOMS is that an actual unit (operating BEL/MNumerical 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;, In/addition, BESTCOMS for
all of the BE1 Numerical Systems are identical except for differengestinherited in the Systems. This
means that once you become familiar with a BESTCOMS for one Basler Electric system, you are also
familiar with BESTCOMS for all of the Basler Electric systems.

Using the BESTCOMS GUI, you may prepare a settings file off-line{without being connected to the relay)
and then upload the settings file to the relay at your convenignge. TThese settings include protection and
control, operating and logic, breaker monitoring, metering, and¥faulyrecording. 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 techni¢ian®simply imports the file into the BESTCOMS
database and uploads the file to the relay where it isgStored in nonvolatile memory. (See the paragraphs
on File Management, later in this section for morefinformation 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 developinguhis 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 théy, can be reviewed or modified. The modified text file may then be
uploaded to the relay. After it is uploadedyto the relay, it can be brought into the GUI by downloading
settings. It cannot be brought directly"iito the GUI from the text file. The GUI logic builder uses basic
AND/OR gate logic combined with peiat and click variables to build the logic expressions. This reduces
the design time and increases depéndability.

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 Basler
Electric's BESTwave softwalte. FOPF more information on Basler Electric's Windows® based BESTwave
software, contact your lecal%sales representative or Basler Electric, Technical Support Services
Department in Highlandmillineis?

This section introduces, all of the screens in the BE1-851E Enhanced Overcurrent Protection System with
their field layouts and, typical entries. Common program activities such as applying settings, modifying
logic and settingfupfpassword security are discussed. These discussions are application oriented. We
explore how the,activity or task can be performed using an appropriate BE1-851E BESTCOMS screen.

BESTCQMS screehs are similar to most Windows® based GUI. You may immediately notice common
featureSisueh asthe pull-down menu, toolbar, icons, and help prompts when the mouse pointer is paused
over an icom, Some of these features are shown in Figure 14-1. Like most computer programs, there is
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 Comfionents

INSTALLATION

BESTCOMS for BE1-851E Software contains a setup’utility that installs the program on your PC. (This is
typical for all of the BE1 Numerical Systems.)3\When, it installs the program, an uninstall icon (in the
Control Panel, Add/Remove Programs feature), iStereated that you may use to uninstall (remove) the
program from your PC. The minimum systemfreqguirements are listed in the following paragraph.

Operating System Requirements

e 486DX2-100-MHz or higher precessox

¢ 20 megabytes (MB) of RAM

e Microsoft® Windows® 95, Windows" 98, Windows® Millennium Edition (ME), Windows NT®,
Windows® 2000, or Windows” XP.

e 7 MB of hard disk spage

e CD-ROM drive for installation

e One available serial port

Installing the Pragram¥n Y6ur PC Using Microsoft® Windows®
1. Insert the CDfin the'PC CD-ROM drive.
2. When theySetupand Documentation CD menu appears, click the install button for the
BESTCOMSIPC Program. The setup utility automatically installs BESTCOMS for BE1-851E on
your PC.

When BESTEOMS 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
Eleetricy The Basler Electric folder contains an icon for the BESTCOMS for BE1-851E program.

Cofinecting 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 BE1-851E 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 1s
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 als@ contain
the corresponding version of BESTCOMS software. BESTCOMS can also be downloaded from/the
Basler Electric web site (http://www.basler.com). An outline form can be completed to obtain a password
for downloading BESTCOMS from the Basler Electric web site.

STARTING BESTCOMS

Start BESTCOMS

Start BESTCOMS by clicking the Start button, Programs, Basler Electric, and'then,the BESTCOMS for
BE1-851E icon. At startup, a splash screen with the program title and version®"numper is displayed for a
brief time (Figure 14-2). After the splash screen clears, you can see the initiahscréen - the System Setup
Summary Screen. (This is the same process if you do or do not have a unigconnected to your PC.)

Basler

BESTCOMS for BE1-851E
Enhanced Overcurrent Protection System

Vesgsion - XX.YY.ZZ

Po037-39 Cepyright Basler Electric

Figure 44-2r BESTCOMS Splash Screen

System Setup Summary Screen

Pull-down the Screens menuiand select System Setup Summary or click on the System Setup
Summary icon that is shown atthe right margin of this paragraph. This screen has no folder
tabs and it is labeled System Setup Summary. This screen (Figure 14-3) gives you an overview
of the system setup.

Look in the lowergright-hand corner of the screen 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 cusrentistate®is indicated by the associated color. If the function is enabled, the color is green. If
the function isponlyddisabled by a setting (such as zero), the color is yellow. If the function is only disabled
by logicyithefcologis blue. If the function is disabled by both a setting and logic, the color is gray.

In addition teythe functional status, Auto Group Selection is displayed and the names are shown for the
Displayed Logic, Active Logic, and the Virtual Switches.
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Figure 14-3. System Setup Summany,Screen

CONFIGURE THE PC

If you have an actual BE1-851E relay, configure your PC tojmatch the BE1-851E configuration. To do
this, pull down the Communication menu in the pull-dowA®mentyand select Configure. Now, match the
communication configuration in the BE1-851E relay. You may'select Terminal (VT100 Emulation) and go
directly to that communication protocol. You must€lose 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,yotyare in doubt about an action taken in BESTCOMS.
ASCII commands are available in Section 11, ASGIl Capnmand Interface.

SETTING THE RELAY

To set the relay, we will discuss the contents @f each of the screens for BESTCOMS for BE1-851E. The
System Setup Summary Screen was diseussed 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 yourrelay; you will have to change the logic to clear the Major alarm or
disable the Logic = None Alarm,See“Section 6, Reporting and Alarms, Alarms Function. This section
describes BESTCOMS features®as they occur and not on a priority (perform this setting first) basis. For
information on how to select ar name the active logic, see the paragraphs on BESTlogic later in this sub-
section.

Select Logic SchemejforiDisplay

In Figure 14-3, below,the¥pull-down menu, there is a pull-down arrow for the Logic menu. To select a
preprogrammed schéme, gpull down this menu and click on the desired scheme. When you do, the logic
selected 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 Figure 14-24 and additional paragraphs
in this sub-section,of the instruction manual).

Settings, Display and Selection

Immediately below the Logic menu, there is a Settings window. If the active screen does not have a
possible Group 0, 1, 2, or 3 selection, then Global is shown in the Settings window. Settings available at
thisstime are general in nature and do not apply to any group. If a group selection is possible, then a pull-
down menu is shown and provides for Setting Group 0, 1, 2, or 3 selection. An example of this is the
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Overcurrent Screen. Pull down the Screens menu and select Overcurrent. If you wanted the specific
setting change that you were about to make to affect the Group 1 settings, select Group 1.

General Operation

Pull-down the Screens menu and select General Operation or click on the General Operation Jew
icon that is shown at the right margin of this paragraph. This screen has five folder tabs (like

paper file folder tabs). The first tab is labeled General Information. When the screen is first
displayed, the General Information is in the foreground (the default) and the other tabs are in

the background. You may select any of these tabs and bring that tab and information into the foreground.
If you are at another BESTCOMS screen such as Overcurrent and want to return to this screen; you may
use the Screens pull-down menu or click on the General Operation icon that is shown™at_the right margin
of this paragraph.

General Information

This tab (Figure 14-4) allows you to fill in the style number of the relay that is(available from the label on
the relay front panel. You can also enter the serial number and software application/program information.
Additionally, you may enter the name of the substation and the feeders so thagrelay reports have some
form of installation-specific identification.
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Figure 14-4. General Operation Screen, General Information Tab

Power Sysiem

This tabf(segPFigure 14-5) allows you to enter the frequency, phase rotation, nominal CT secondary
voltage “and’ curréent, and power line parameters. If the phase rotation entry is not correct, it will cause
problems indseveral areas including metering values and targets. Power line parameters are necessary
for line protection. In other words, you must make entries in these fields in order for the BE1-851E
protection elements to function. These symmetrical component sequence quantities are entered to
provide immediate reference information for settings of the protection elements in the BE1-851E relay.
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Global Security \

Each of three communication ports and the four function easy(Global, Settings, Reports, and Control)
has password security. See Figure 14-6. This allows t 0 customize password protection for all
ports. For example, you could allow technicians to he access to all three functional areas via the
front communication port. You could also restric @ ar port that is connected to a modem to read-only
access.

If you select Show Passwords and notice tha It passwords have not been changed, then you
may change all four passwords appear and c nged. If the global password has been changed, a
dialog box appears explaining that you must e global password to enable viewing and editing the
existing passwords. After entering the gl word, the passwords and enable boxes appear. You
may then make changes in all areas. (Clickihg a box for a specific communication port toggles the
functional area for that port either O otice that the front panel human-machine interface (HMI)
and communications port zero are (@ and considered as one.

\
@)
¥

L 4

=
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Figure 14-6. General Operation Screen, al Security Tab

Communication

This tab (see Figure 14-7) allows the user to set or ¢ communication port settings. Baud Rate has
the pull-down menu, Reply and Handshaking are either enabled or disabled, and Page Length can be

stepped up or down one page at a time using the up,ordewn arrow button. Address can be stepped up or
ﬁr&
.
ad

down to change the address except for Com ont. This address is always A0 and cannot be
changed. Automatic Output of ASCII Fau COML1 can be enabled by placing an “x” in the
checkbox. If the relay has Modbus™ onal panel appears on the General Operation,
Communication tab. This panel allow, er to select the Precision Format, Parity, Remote Delay
Time, and Stop Bits. For more informationyon these parameters, see the appropriate Modbus™
instruction manual.
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Figure 14-7. General Operation Screen, Communication Tab
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HMI Display

This tab (see Figure 14-8) 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 Information 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 14-8. General Operation Screen, HMI Display Tab

Setting Group Selection

Pull down the Screens menu and select Setting Group Selection or click on the Setting Group 1.2
Selection icon that is shown at the rightgMargingof this paragraph. This screen (Figure 14-9) %
does not have folder tabs and it isgabeled Setting Group Selection/Setting Group Automatic o=
Control Settings.

Setting group selection involves pfagramming 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. Auxiliafysetting groups allow adapting the coordination settings to optimize
them for a predictable situation. S@nsitivity 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 Eigure 14-9, there is a Monitor Setting window for Setting Groups 1, 2 and
3. This field in each ‘@roupy@llows you to select which element controls that specific group selection. The
Switch ThresholdSets the level for the monitored element and the Switch Time sets the time delay to
prevent the grodp chiange“from changing the instant that the monitored element exceeds the Switch
Threshold settingy 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 cantrolled 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 gutput variable SGC (Setting Group Changed). This output is asserted whenever the BE1-851E
switches, frem one setting group to another. The alarm bit is asserted for the SCCON time setting.

YoUycan®elick in the Setting Group Change (SGC) Alarm Timer (Sec) field and set the SGCON Time
setting.
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Figure 14-9. Setting Group

Overcurrent

Pull down the Screens menu and select Overcurrent
that is shown at the right margin of this paragraph.
or six folder tabs (G style, 51, 151, 50T, 150T, 25

the Overcurrent protection icon
screen has three folder tabs (H style)
) and the first tab is 51.

: HI:
time overcurrent elements. BE1-851E relays have three

up menu (Figure 14-10) allows you to select the relative
urrent input in secondary amperes. You can also choose

51 (Time Overcurrent)

This tab allows you to enter the setting
time overcurrent elements. The pull
pickup quantity. BE1-851E relays meas

File Sceens Copy Commupication
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Figure 14-10. Time Overcurrent Screen, 51 Tab
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If you want to change the characteristic curve constants, select the Curve Coefficients and a dialog box
opens for those entries. See Figure 14-11.

& Congtant 0.2663 Range 0 - OO O

B Constant 0.0333 Fange - 25 r's
C Caonstant 1.0000 Range0.0-1.0

M Consgtant 1.2964 Fange 0.5-25

R Constant 0.&000 Range0-30 0@
Done Q

of the logic is shown above
owing the status of the element
active, you may change the status
vailable choices. Set the 51N and

dadldl

J

the BESTlogic box. A dialog box (BESTlogic Function Element
logic and the logic scheme name. If you have a custom logic e
of the element logic by pulling down the menu and selecting

51Q properties in a likewise manner.

50T and 150T (Instantaneous Overcurrent)

BE1-851E relays have three instantaneous elemep 0T tab and three instantaneous elements
on the 150T tab. These two tabs are almost iden he 51 screens. See Figure 14-12 for the 50T tab;
the 150T screen is similar. The settable time de the primary difference. To change the time delay,
pull down the Time menu and select your pre unit of measure (milliseconds, seconds, minutes, or
cycles) and then change the time for the appropria ase, neutral or negative sequence element.

[ /N

CEX

R +| Settings Im
7 # 25 = =|

51 507 | 1507

Instan vercurrent With Settable Time Delay

Phase [50TP) Neutral [50TN] Meg. Seq. [50TQ)

[socpmes =] | OO0 | [ oo oo [
Time lm | a E | 0 E Iiﬂgl

Pic

Enabled Enabled Enabled
¢ BESThogic | BESTlogic | BESTlogic |
Enter the pickup level for the 50T Phase element. Owercurrent 343042008 2:31 P

Figure 14-12. Time Overcurrent Screen, 50T Tab
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Reclosing

Pull down the Screens menu and select Reclosing or click on the Reclosing icon that is shown
at the right margin of this paragraph. This screen has no folder tabs. It is labeled Reclosing.

The reclosing function provides up to four reclosing attempts that can be initiated by a
protective trip or by one of the contact sensing inputs. (See Figure 14-13.) To set the actualreclose
sequence, first pull down the Time Units menu and set the units for time measurement. Notice that when
the Reclose 1 Time setting is zero, the Sequence Controlled Block (SCB), Trip 1 is grayed out."Set the
Reclose 1 Time for the first reclose time and the SCB window is now available. Enter the reclose times for
the remaining reclose attempts. The total time for all reclose attempts is cumulative. For example, the
second reclose attempt is the sum of Reclose 1 Time and Reclose 2 Time. Reclose three total time would
be the sum of the reclose time for three, two, and one. If you want to block the instantaneeus or any other
protection element during reclose, check the SCB window or windows. If the 79€,0r*%62 status is TRUE,
and the SCB is enabled (checked) for the next reclose attempt, the 79 SCB outputibecomes TRUE and
the output logic can be used to block the instantaneous element.

Set the reset time using the same unit of measure that was used for the reclosing attempts. Reset time is
how long you want the relay to remain reset before the relay returns to the initialstate.

Set the maximum cycle time. Maximum cycle time limits the duration“ef a reclosing sequence as
determined from sequence initiation to automatic relay reset or lockout:
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Figure 14-13. Reclosing Screen

Logic settings fer thes79 reclosing function can be made by clicking on the BESTIlogic button and with
your custom legic'selected, select the mode and other input logic by using the Mode pull-down menu and
clickingfen the logic inputs to set the logic.

To set the zené sequence coordination, click on the Zone-Sequence Logic button. When the Reclosing
dialog box opens, click on the logic diagram and set the logic.

Breaker Failure

Pull down the Screens menu and select Breaker Failure or click on the Breaker Failure icon
thatis shown at the right margin of this paragraph. This screen has no folder tabs. It is labeled

Breaker Failure.

To set the time delay from when the breaker failure initiate is received and the trip output is asserted, first
pull down the Timer Setting Units menu (Figure 14-14) and set the units for time measurement. Then set
the Timer Setting Time.
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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.
BE1-851E Settings ( Basler.bst ) =13 O
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Logic Timers

Figure 14-14. Breaker Fall

Pull down the Screens menu and select Logic Timers ofcli the Logic Timers icon, which | Fr

is shown at the right margin of this paragraph. T, as no folder tabs. It is labeled Tal
Logic Timers.

Logic timers, 62 and 162, are general-purposedi ith six operating modes. Each operating mode has
a T1 and T2 setting (Flgure 14-15). The functlo e settings depends on the type of timer (mode)
Section 4, Protection and Control.
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~| Setlings ’m
5 #26  o|

Time Units |ms -
162
T1 Time
B
—o o—- —o
T2 Time
g
Dizabled Dizabled

. BESTlogic BESTlogic

Mote : The range of the B2/162 timers iz 0 to 999 seconds when the firmware version is less than
2.45.02 for verzion 2 hardware or iz legs then = 45,07 [x=3or4] for verzion 3 and 4 hardware,

Enter 162 timer 1 getting. Logic Timers 3/30/2008 | Z32PM

Figure 14-15. Logic Timers Screen
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Logic settings for the logic timers can be made by clicking on the BESTlogic button and with your custo
logic selected, use the Mode pull-down menu and select one of the six timer modes or disable the logi
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 five folder tabs
and the first tab is Clock Display Mode. S

Clock Display Mode

Use the Time and Date Format pull-down menus (Figure 14-16) to set the cu t%d date in the
preferred format.

BE1-851E Settings ( Basler.bst )
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Figure 14& rting and Alarms Screen, Clock Display Mode

Demands \K

Demand intervals cah be<{set independently for the phase, neutral and negative-sequence demand
calculations. Click in t se, neutral or negative sequence field and enter the time or adjust the time
by using the appr @7,- e (up or down) arrow buttons. See Figure 14-17. Use the pull-down menus to set
the unit of fo each threshold setting. The demand value is shown in each field as the data is
metered.
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Breaker Monitoring

Each time the breaker trips, the breaker duty monito S two sets of registers for each pole of the
breaker. Its function selects which of the two setsfof duty registers are reported and monitored, sets the
existing values, and programs the function logic.See Figure 14-18.
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Figure 14-18. Reporting and Alarms Screen, Breaker Monitoring Tab
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Use the Breaker Duty Monitoring pull-down menu to select the operating Mode. Click in the field for 100%
Duty Maximum and set the value. Logic settings for the Block Accumulation Logic can be made hy
clicking on the Logic button and 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 byselicking
on the Logic button and 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 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 Alagm Points 2 and 3.

Alarms

BE1-851E relays have 26 programmable alarm points. These points are for the monitéred power system,
associated equipment, and non-core circuits and functions in the relay. Each'f these alarm points can be
programmed to assert the Major, Minor, or Logic Alarms when an alarm peint iSjactivated. To program an
alarm point, find the point in the Alarm Priority list and then click on the apprepriate field under the Major,
Minor, or Logic Alarm. See Figure 14-19.
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Figure 14-19. Reporting and Alarms Screen, Alarms Tab

Logic settingssfor the Alarm Reset Logic can be made by clicking on the BESTlogic Logic button and then
clicking“en the Reset input. Other logic blocks shown under BESTIlogic on the Alarms tab are shown for
reference only.4Fhere is no interaction available.

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, Pickup, and Logic Trigger. To define these conditions, click on Fault
Recording, - Logic button and then click on Tripped, Pickup, and Logic in turn, and program the inputs
that define each condition. See Figure 14-20. You may clear the existing programming by clicking on the
Clear button or clicking on each individual variable.
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Figure 14-20. Reporting and Alarms Screen@ikault Recording Tab

Logic settings for the Target Reset Logic can be made by clickingten the Target Reset - Logic button and
then clicking on the Reset input. Other logic blocks on the Alarms tab are shown for reference only. There
is no interaction available.

Any protective function, except 62, 162, and 60FL that has a'trip,will set a target because these functions
have the targets enabled on the Fault Recording tab™Hyou(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 disablé all of the targets for a specific type of function,
click on the appropriate button on the left side of'the Enabled Targets pane (for example, “No 51's”, "No
50T's”, “No 150T's”, etc.).

Inputs and Outputs
Pull down the Screens menu and select Inputsiand Outputs or click on the Inputs and Outputs V

icon that is shown at the right margin ofithissparagraph. This screen has two folder tabs and the
first tab is Inputs 1 - 4.

Inputs 1 -4

There are four programmablefinputs*in the BE1-851E relay. To program how long the Input 1 contact
must be closed to be recognized as closed, first, pull down the Time Units menu (Figure 14-21) and set
the units for the appropriatettime®measurement. Then, click on the Input 1, Recognition Time, and enter
the new value or use, the apprapriate (up or down) arrow buttons to set the new value. To program how
long the Input 1 contaet,mustsbe open to be recognized as open, click on the Input 1, Debounce Time,
and enter the new'value oRuse the appropriate (up or down) arrow buttons to set the new value.

You can assighgagmeaningful name to each input. This makes sequential events reports easier to
analyze. To assignia, meaningful name to Input 1, click in the Name field and enter the new name. To
change the label for the Energized State, click on the Energized State field and enter the new name. To
change the label for the De-Energized State, click on the De-Energized State field and enter the new
name. The remaining three inputs have the same functions.
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File Screens Copy Communication Reports Help

0O = E % Logic ’m Settings IW
= ' W o 121 [ o L6 o o

Inputs 1-4 l COutputs 1-7 ,.-’-‘«]

=
3—'.

Input 1 Input 3
Marne Mame @
4+ | Recognition Time IMPUT_1 4+ | Recoanition Time INPUT_2
&= g El —oINT == F El
Debounce Energized State Debounce
Tirne TRUE Time
o— 16 El DeEnergized State || ©— 16 El
FALSE
Input 2 Input 4
Mamme

Fiecognition Time

+ Fecognition Time INPUT_2
O_
4 E —T
Erergized State

Debounce nergized State

_ Tirne: IT ILEE
o s Defnenied Si DeEpergzed Stale
Enter contact senze input 1 recognition time. 3/30/2006 237 PM
Figure 14-21. Inputs and Outpu puts 1 — 4 Tab

Outputs 1 -7, A
On this tab (see Figure 14-22), the only feature t

ay change is to select the programmable hold
osed for 200 milliseconds) for any output, click on
the hold attribute field for that output.
paragraphs on BESTlogic, Virtual Outputs

USER | Setltings Global
| 1
I {21 # 24 o
Out 2 Out 3 Out 4
[ VD2 LABEL [ W03 _LABEL [~ W04 _LAREL
old Attribute X Hold Attribute [ Hold Attribute [ Hold Attribute
Out 5 Out & Out 7 Out A
[ VD& LABEL [ VDR LABEL [ W07 _LABEL [ WOA_LABEL
Y % Hold Attribute [ Hold Attribute [ Hold Attribute [ Hold Attribute
Output 1 hold attribute. Inputs and Outputs 343042008 | 2:37 P

Figure 14-22. Inputs and Outputs Screen, Outputs 1 — 7, A Tab
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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 (Figure 14-23) has no folder
tabs and is labeled Virtual Switches.

BE1-851E Settings ( Basler.bst )

File Screens Copy Communication Reports Help
 — D ﬁ H % Luglc USER Setllngs Global
7]
Virtual Switches g
= Label 243 Label 101 "
SwfITCH_43 SwiTCH_243
o 1T
Co-43 43 True State CO-243 | 243 True State Lo-101 — 101C vl
Command |—o TRUE Command |—o TRUE Command
o 101
Dif/On/Pulse False State DIf/DndPulse False State Enabled
BES Tlogic fatE BESTIogic | | FASE BESTIog|
143 Label 343 Label
SwiTCH_143 SWITCH 343
CO-143 |143 True State CO-343 |243 True State
Command |—o TRUE Command |—o TRUE
n
Df/0n/Pulse False State Df/On/Pulze False St te‘
BESTlogic e BES Tlogic FA'-SE__ _n*
Enter a name for virtual switch 243, V|rt witches 3/30/2006 | 2:38PM

Figure 14-23. Virtual Switches Screen

You can assign a meaningful name or label tohgeachivirtual switch. This makes sequential events reports
easier to analyze. To assign a meaningful label towVirttal Switch 43, click in the Label field and enter the
new name. 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, clickfon the False State field and enter the new name. The
remaining three virtual switches (141, 241gand 344) function the same way.

The mode logic setting for Virtual Switchy43 can be changed by clicking on the BESTlogic button. With
your custom logic selected, select theWmode logic by using the Mode pull-down menu. The remaining
three virtual switches have the same functions.

The Virtual Breaker Control Switeh, 10 provides manual control of a circuit breaker or switch without
using physical switches and/ofihterpoesing relays. The mode logic setting for Virtual Switch 43 can be
changed by clicking on the BESTlogic button. With your custom logic selected, select the mode logic by
using the Mode pull-down imenu:

BESTIlogic

Pull down the Sereens mepu and select BESTlogic or click on the BESTlogic icon, which is
shown at the right margingof this paragraph. This screen has three folder tabs and the first tab
is Logic Select.

Logic Select

This tab (Figure 44-24) allows you to select one of the preprogrammed logic schemes and copy that
scheme fg the active logic. You may then keep the preprogrammed logic but you are not allowed to
changeyanything in the scheme. You must rename that logic to a custom name and then make changes
as you desire. Click on the logic to be copied to the active logic and a dialog box appears requiring that
youyokayathe replacement of all settings. Execute the OK and then type in the custom name.

Sy
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File Screens Copy Communication Reports Help

E_' = =]y Logic ,m Settings Global
S W vy A ke

Logic Select ] irtual Dutputs] Function Blocks ] O

User

USER ¢

Copy to Active Logic
FEEDER_1 |
FEEDER_? |
FEEDER_3 |
FEEDER_4 |
|
|
|

BUS
BACKLIP
MOWE

Enter a custom user logic name. 33042008 | 2:38 PM

Virtual Outputs

You can assign a meaningful name or label to each ut. This makes sequential events reports
easier to analyze. To assign a meaningful label to ¥irtual Output VOB, click in the Label field and enter
the new name. Refer to Figure 14-25. Remembe oes not have actual hardware output contacts.
Only VOA and VOL1 through VOS5 have hardware o ontacts. To change the label for the True State,
click on the True State field and enter the n 0 change the label for the False State, click on the
False State field and enter the new @ 0 change the logic associated with VOB6, click on the
BESTlogic button associated with VQO6. < on the logic input and program the logic variables that
define VO6. You may clear the existin mming by clicking on the Clear button or clicking on each
individual variable. The other 15 virtus ave the same function.

EEX

File Screens Copy ““Cammi W Reports  Help

0 & SHE" Logic [USER ~| Settings | Global

Output Label True State False State
| wOs_LABEL | TRUE | FALSE BESTlogic
ouTi | WO1_LABEL | TRUE | FALSE BES Tlogic
ouT2 | WOZ_LABEL | TRUE | FaLSE BES Tlogic
oUT3 | WO3_LABEL | TRUE | FaLSE BES Tlogic
v04 ouUT4 | WD4_LABEL | TRUE | FALSE BESTlogic
yOo5  0OUTS |  WOS_LABEL | TRUE | FALSE BES Tlagic
V06  OUT6 |  WOB_LABEL | TRUE | FALSE BES Tlagic
vO07  0OUT7 |  WO7_L&BEL | TRUE | FALSE BES Tlagic -
Enter a name far virtual autput A, BESTlogic 343072006 2:39 P

Figure 14-25. BESTlogic Screen, Virtual Outputs Tab
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Function Blocks

Not all of the logic functions have BESTIogic labeled on the button. If the logic function is labeled Logic
and not BESTlogic, 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-

associated BESTlogic or Logic button. The BESTIlogic Function Element dialog box opens with t

Logic. See Figure 14-26. To program a logic function, find the logic function in the list and click on TE)O

available programming. If the Mode pull-down menu is available, select the appropriate mode. Click o
the logic inputs and program the appropriate logic.

BE1-851E Settings ( Basler.bst )

File Sceens Copy Communicaton Reports Help

5= D= EH &' Logic [USER v| Settings | Global

[ L2 1 o T
B e i & 1w o

Logic Select] Wirtual Outputs  Function Blocks ]

Logic Function
Setting Group BESTlogic

51F BESTlogic:

51N BESTlogic
510

50T

50TH

5073

150TF

BESTlogic 3/30/2006 | 2:33PM

Figure 14-26. BESTIlogi reen, Function Blocks Tab

ROUP

| systems product and the differences between Group 0
would be convenient if there were a way to copy settings
change only the different settings. With BESTCOMS, there is

from Group 0 to another group and then
an easy way to do that. Pull dmCopy menu from the pull-down menu as shown in Figure 14-27.

COPYING SETTINGS FROM GRO

There are many settings in any BE&-n eri
and any other group settings may be %

There is only one choice, Copy up to Group. When you select this choice, a dialog box opens
allowing you to select the Copy to p. When you okay the copy routine, another dialog box opens to
inform you that the copy routing,is complete. Now change the different settings.

ON

Copy
Copy from Group 0 to Group...

Selection
i
L 4 & fionn i
" Group 2
£ Group 3 Cancel

Figure 14-27. Copy from Copy Pull-down Menu
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DOWNLOADING OSCILLOGRAPHY FILES
To download an oscillography file, pull down the Reports menu from the Pull-down menu as shown |

Files dialog box.

View/Download Relay Fault Files

Selectthe Fault Becord to & Wiew Fault Details
™ View Fault Sequence of Events

BE1-851E FAULT SUMMARY REPORT
# DATE TIME  EVENTTYPE  0SC |STYLE NUMBER : HSNIKO
§ _11:41:23 RF=TRIG I |ImARs VERSION

6 11:41:14 RF=TRIG FAULT DATE
FAULT TIME

0a

S5TATICN ID
RELAY ID
RELAY ADDRESS
FAULT NUMEBER
FAULT TRIGGER

£ B3
— _00a

-00a

o
Download| Refresh‘ Trigger| Exit ‘ g_ggh
o
o

_00A

File Farrnat -ooz

* Binary
" ASCI

Figure 14-28. Oscill@ownload from Reports Pull-down Menu

View Fault Details

To view the fault record details, s ent by clicking on the event number or anywhere on the event
line. The event grays-out while the infermation is being retrieved from the relay. View the fault details in

the associated window. \

View Fault Sequence

To view the fault recor ce of events, click on the radio button by the View Fault Sequence of
Events. View the faul e of events in the associated window.

Download an O ography File
To downloa 0 raphy file, click on the Download button in the View/Download Relay Fault Files
Us
o]

ormal Windows® techniques to select the computer folder that is to receive the

ay create a new folder at this time by clicking on the New Folder button. Select the

d load: Binary or ASCII. Okay the file save and the Fault Record Filenames dialog box

opens. Use efault 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. Okay the file names

and then exit the dialog box. You have now downloaded the oscillography file. You may view this
ciIIograﬁhy file using Basler Electric's BESTwave software.

fil

ERING

observe the system metering, pull down the Reports menu as shown in Figure 14-29 and select
Metering. When the Metering dialog box 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
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relay, pull down the Communication menu and select Configure. Choose the Communication port and
baud rate, as required. If you have communication with the relay, click on the Start Polling button.
Metering values are displayed in the various screen windows. 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-ha
corner of the Metering dialog box.

BE1-851E Metering X L 4

File Communication

Current

14 | 000A ¢ | 0onA g 0.00A,

E | 000A M| 0.00A
12 34
Inputs @& & @& @
A1 234567
Ouputs @ 2 QO G 0O Q@
Targets NOME
Alarme  (RaLGC MONE
Ra-Mal NOME

Ra-MM MOME I:l
R&-REL MNOME
Stap Polling

Wersion -1.01.00
Figure 14-29. Metering from Rm I-down Menu

FILE MANAGEMENT
In these paragraphs, file management descriN , opening, uploading, downloading and printing

settings files. @
Saving a Settings File

If you change any settings in the active tom logic scheme and try to exit BESTCOMS, the dialog box

shown in Figure 14-30 appears. | ose 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
r

of information that are grayed- tomatically entered based on the file name and relay identifier
information command (SG-ID) 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 pa cking on Save completes saving a settings file.

BE1-851E Settings Have Changed

Do you want to save the changes you made to Basler. bst?

Mo Cancel |

Figure 14-30. Settings Have Changed Dialog Box
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Opening a Settings File

To open a settings file into BESTCOMS, pull down the File 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 BE1-851E relay, you must first open the file through BESTCOMS or create
the file using BESTCOMS. Then pull down the Communication menu and select Uplead Settings to
Device. You are prompted to enter the password. If the password is correct, theyupléad 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 arefuploaded, 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®@©K. Now, during data transfer,
you will see two screens (Sending and Status) and the percent complete [eading bar. If a data transfer
error occurs, you can briefly see the error notification in the Status mindows, The file settings will not be
uploaded and the changes discarded. You may then scroll through theyStatus window until you find the
error notification. Click on the error notification and the data fileghattransferred in error is shown in the
Sending window.

Downloading a Settings File

To download a settings file from a BE1-851E relay, you must pull down the Communication menu and
select Download Settings from Device. If the settings in'yeur BESTCOMS have changed, a dialog box will
open asking if you want to save the current settings ¢ghanges?”You may choose Yes or No. After you have
taken the required action to save or not save the currengsettings, the downloading is executed.

Printing a Settings File

To print a settings file, pull down the Filé menu and select Print. A dialog box, Print BE1-851E Settings
File, opens with the settings file shown, antidypical Windows® choices to setup the page and the printer.
Execute these commands as necessary and then select Print.

You may also export the settings filegto atext file. Pull down the File menu and select Export to Text. A
dialog box, Export to Text File opensiwith theé settings file shown. Execute the OK command and then use
normal Windows® techniques to g€lectthe path. Execute the SAVE command and you now have a text
file of your BESTCOMS settings.

SETTINGS COMPARE

BESTCOMS has the ability, to ‘€ompare two different settings files. To use this feature, pull down the
Reports menu and sélect Settings Compare. The BESTCOMS Settings Compare Setup dialog box
appears (Figure 14-31). Select the location of the first file to compare under Left Settings Source and
select the locatiopfefythe®second file to compare under Right Settings Source. If you are comparing a
settings file locatedgonfyour PC hard drive or portable media, click the folder button and navigate to the
file. If youswant toaeompare settings downloaded from a unit, click the RS-232 button to set up the
communiéation port,and baud rate. Click the Compare button to compare the selected settings files.
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BESTCOMS Settings Compare Setup

Left Setting: Source Right Settingz Source
{» Settings open in BESTCOMS " Settings open in BESTCOMS

" Settings file on disk {* Settings file on disk
" Download setings from unit " Download settings from unit

Left Source J Download

|Settings open in BESTCOMS
Right Source g Download %
|E:\Dncuments and Settingzhbriandatyh My Documentz'B asler. bat \
Compare ‘ Cloge ‘ @
Figure 14-31. Settings Compare Setup Dialog Box 0

If there are any differences in the two files, a dialog box will appear and Qﬂjthat differences were
found. The BESTCOMS Settings Compare dialog box (Figure 14-32) is where you can view all
settings (Show All button) or view only the differences (Show Diffs butten):

m, BESTCOMS Settings Compare

|Settings open in BESTCOMS g and Settingshbriandotysky.. \Basler. bst

SN SR <
ELEATR ST 0 =
SLEOTH = 1.0 —
505070 = 1.0
5LI50TF =1.0
SL150TN = 1.0 150TN = 1.0
5L-1507Q = 1.0 SL15070 = 1.0
SLEIP=1.0 SLEIP=1.0
SLEIN =10 SLEIM =10
SLEIG =10 SL510 =10
5062 = 0,00 £2-000
5L-162 = 0,00 5L162 =0,0,0
507900000 L 4 5L-79=0,00.0,0
SLEF =000 SLEF=000
SLGROUF =1,0,0,00.40
v = |aL43=1 v

SL-GROUFP=1.0000/0
SLd3=1

Figure 14-32. Settings Compare Dialog Box

BESTPRINT

BESTPrint, which is included on the CD-ROM provided with the BE1-851E, 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 e any settings in the settings file (*.bst) at this time.

or each device are needed to print documentation for that particular device. New and
ofiles will be available from Basler Electric. One new set of profiles and their support files will
ptimum way to acquire additional printing of more devices or updated settings files.

ditional information, see the help files in the BESTPrint application.
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APPENDIX A « 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, sele€tion of integrated
reset or instantaneous reset characteristics is also provided.

CURVE SPECIFICATIONS
Timing Accuracy (All 51 Functions):

A, B, C N, K

Within £5% or +1%acyclesgwhichever is greater,
for Fundamental, and“RMS sensing, and -1 to
+3 cycles for Average sensing, for time dial
settings greatér than 0.1 and multiples of 2 to 40
times the pickup setting but not over 150 A for 5 A
CT units @f30 A¥er 1 A CT units.

Sixteen inverse time functions and one fixed time
functien‘and one programmable time function can
besselected. Characteristic curves for the inverse
and, definite time functions are defined by the
following equations and comply with IEEE
C37.112 - 1996.

A-D

Ty =
MN -

+B-D+K Equation A-1

R-D

TR=7—"7"— .
‘ M2 _1 ‘ Equation A-2

Ty =Time totripwhenM>1

Tr = Time to reset if relay is set for integrating
reset when M < 1. Otherwise, reset is 50
milliseconds or less

D = TIME DIAL setting (0.0 to 9.9)

M = Multiple of PICKUP setting (0 to 40)

= Constants for the particular curve
R = Constant defining the reset time.

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 t Reset t
Selection Curve Name
A B C N K R
S1 S, S1, Short Inverse 0.2663 | 0.03393 | 1.0000 1.2969 0.0280 | 0.5000
S2 S2, Short Inverse 0.0286 | 0.02080 | 1.0000 0.9844 0.0280 | 0.0940
L1 L, L1, Long Inverse 5.6143 | 2.18592 | 1.0000 1.0000 0.0280 | 15.750
L2 L2, Long Inverse 2.3955 | 0.00000 | 1.0000 0.3125 0.0280 |gm7.8001
D D, Definite Time 0.4797 | 0.21359 | 1.0000 1.5625 0.0280 4»0.8750
M M, Moderately Inverse 0.3022 | 0.12840 | 1.0000 0.5000 0.02801%,.1.7500
11 I, 11, Inverse Time 8.9341 | 0.17966 | 1.0000 2.0938 0.02807|» 9.0000
12 12, Inverse Time 0.2747 | 0.10426 | 1.0000 0.4375 0:0280 | 0.8868
Vi V, V1, Very Inverse 5.4678 | 0.10814 | 1.0000 2.0469 0.0280 | 5.5000
V2 V2, Very Inverse 4.4309 | 0.09910 | 1.0000 1.9531 0.0280 | 5.8231
El E, E1Extremely Inverse 7.7624 | 0.02758 | 1.0000 2:0938 0.0280 | 7.7500
E2 E2, Extremely Inverse 4.9883 | 0.01290 | 1.0000 240469 0.0280 | 4.7742
A A, Standard Inverse 0.01414 | 0.00000 | 1.0000 0.0200 0.0280 | 2.0000
B B, Very Inverse (1%) 1.4636 | 0.00000 | 1.0000 1.0469 0.0280 | 3.2500
C C, Extremely Inverse (%) 8.2506 | 0.00000 |°2.0000 2.0469 0.0280 | 8.0000
G G, Long Time Inverse (I*) | 12.1212 | 0.00000 4f.1.0000 1.0000 0.0280 | 29.0000
F Fixed Time * 0.0000 | 1.00000 M,.0.0000 0.0000 0.0280 | 1.0000
P Programmable 0 to 600 | g#0%e 25 Oto1l 0.5t02.5 | 0.0280 | 0Oto 30

* Curve F has a fixed delay of one second timegthe fime Dial setting.

t For integrated reset, append R to the curve®name: For example, curve S1 has instantaneous reset.
Curve S1R has integrated reset.

T The programmable curve allows for fouf 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 BE1-851E relay. Table A-2 cross-
references each curve to existing electromechanical relay characteristics. Equivalent time dial settings
were calculated at a value=ef, five"times pickup. A drawing number is provided in the caption of each

graph.

A-2

BE1-851E Time Overcurrent Characteristic Curves

9289900790 Rev C



Table A-2. Characteristic Curve Cross-Reference

Curve Curve Name Similar To
S1 S, S1, Short Inverse ABB CO-2
S2 S2, Short Inverse GE IAC-55
L1 L, L1, Long Inverse ABB CO-5
L2 L2, Long Inverse GE IAC-66
D D, Definite Time ABB CO-6
M M, Moderately Inverse ABB CO«/
11 l, 11, Inverse Time ABB CO-8
12 12, Inverse Time GE IAC-51
Vi V, V1, Very Inverse ABB C@-9
V2 V2, Very Inverse GETAC-53
El E, E1, Extremely Inverse ABB€O-11
E2 E2, Extremely Inverse GE IAC-77
A A, Standard Inverse BS, IEC Standard Inverse
B B, Very Inverse (I2t) BSy IEC Very Inverse (Izt)
C C, Extremely Inverse (I2t) BSYIEC Extremely Inverse (I2t)
G G, Long Time Inverse (I2t) BS, IEC Long Time Inverse (I2t)
F Fixed Time N/A
P Programmable N/A

Time Dial Setting Cross-Reference

Although the time characteristic curve shapesihave been optimized for each relay, time dial settings of
Basler Electric relays are not identicalyto the settings of electromechanical induction disk overcurrent
relays. Table A-3 helps you convert the/gime-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/151N ASCII
commands, or at human-maching intefface (HMI) Screens 5.x.4.1 (51P), 5.x.4.2 (51N), and 5.x.4.3 (51Q).
For more information, refer t@, Section 4, Protection and Control, Overcurrent Protection, 51 - Time
Overcurrent Protection.

Using Table A-3

Cross-reference tablefvalues were obtained by inspection of published electromechanical time current
characteristic curves.\Ihe time delay for a current of five times tap was entered into the time dial
calculator functiop”fop each time dial setting. The equivalent Basler Electric time dial setting was then
entered into the cross-reference table.

If your electromeehanical relay time dial setting is between the values provided in the table, it will be
necessary tofinterpolate (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 99. 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.
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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

coordination is tight, it is recommended that you retrofit your circuits with Basler Electric electronic relays
to ensure high timing accuracy.

Table A-3. Time Dial Setting Cross-Reference

Q
o
&

L 4

) Electromechanical Relay Time Dial Setting
Equivalent

Curve iy 05|10[20]30]40[50]60]70]80]90]100][110

Basler Electric Equivalent Time Dial Setting

S, S1 ABBCO-2 | 03|08 |17 (24|34 |42 )|50]|58|6.7]|77

L, L1 ABBCO-5 (0408|151 23|33 (42(50|60]|70]|78

D ABBCO-6 | 05| 112029 (37|45 |50]59]| 72|80

M ABBCO-7 (04|08 ]17 | 25|33 (4353|6170
I, 11 ABBCO-8 (03|07 |15|23|32 |40 (50|58 10.0
V, Vi ABBCO-9 (03|07 ]14)|21|30(39]|48 87 | 9.6
E, E1 ABBCO-11 | 03 | 0.7 | 15|24 (32| 42|50 8.5 110.3
12 GEIAC-51 |06 |10 |19 |27 |37 ]| 48|57 10.6 | N/A
V2 GEIAC-53 | 04|08 |16 (24|34 ] 43 9.6 | N/A
S2 GEIAC-55 | 02|10 |20 (31|40 81|89 (|98 |NA
L2 GEIAC-66 | 04|09 |18 |27 |39 85| 9.7 [10.9]| N/A
E2 GEIAC-77 | 05| 10|19 |27 | 35 74182 (99 | NA
0\< ,

OO
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Figure A-1. Time Characteristic Curve S, S1, Short Inverse (Similar to ABB CO-2)
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Figure A-3. Time Characteristic Curve L, L1, Long Inverse (Similar to ABB CO-5)
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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 |, I1, 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-10. Time Characteristic Curve V2, Very Inverse (Similar to GE IAC-53)
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Figure A-13. Time Characteristic Curve A, Standard Inverse

9289900790 Rev C BE1-851E Time Overcurrent Characteristic Curves A-17



TIME IN SECONDS

5 6 .7.891 2 3 4 5 6 7 8910 20 30 40 50 60

900
800
700
600
500
400
300
200
100
90
80
70
60
50
40 A
30
2 \\
\
. W\
S VLN
8 LN
° ITRRANNNY
; ARTANNY
AANANY
IEEEENERL\\\\VHIRERITO. e SNETEN
. IWAMAMNRANN
VAR RN\
. VO AR T
\ \\:QQ\\ \
. NAWANANRAN \\§:\\\ M
\ \\\\\\i\\Q\\ \\ E
N NN
| AVZA A NN D
9 N\ NCTEN NN ‘
s \ \ DEANANNNNNAN
. \ AN NA NN A
. J ¥ ANNANN A
. AT AVEIRNENLNNNNN\N
\ LN NN SOANANANN
4 \ N ANRANANR QNN
\ AN A NN A
3 N\ \\\:Q\ 9.0
ANEEERNEANINANNN =
. NN
\\\ \\ \\ \\\\ 4:0
\\ \ \ N 3.0
.1 N
0 AUERAN 20
.07 \\\
.06 1.0
05 \
.04 0.5
.08
.02
01
5 .8.7.8.91 2 3 4 5 6 7 8910 20 30 40 50 60
D1089—-07

MULTIPLES OF PICK—UP

Figure A-14. Time Characteristic Curve B, Very Inverse

A-18

BE1-851E Time Overcurrent Characteristic Curves

9289900790 Rev C



5 6.7.8.91 2 3 4 5 6 7 8910 20 30 40 50 60

200

100 ‘
90
80
70
60

50

\
40 \\\
\
50 \\
\
o N

—
—

| ERALN
v g AW
= AARANN
S VAN
O AN W R\
T4 YRR AN
92 \WA VAR
3 \ AN
=z \ A\
Lo LAWAL ALY
: PO
| WL
J \FA AN
:5 AR
6 \ R RANN T
5 \EANEAN WY
N\ AN\\Y {
. ANEAY N\
\ NIV M
, \ \\\\\\ o
VAWARNNY
\ VRN .
W
A
1 \\ \ \\ k\\\ L
09 N\ AURANLNN\N
NERNEEANA RN\ Y
g ANERNERNANNNNEE
4 AN NN\ 2
NN 48
05 AN 5.0
N 4.0
o SN 218
o3 T~ 1.0
. 0.5
.02
701,5 6 .7.891 2 3 4 5 6 7 8910 20 30 40 50 60
D1090-05 MULTIPLES OF PICK—=UP
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APPENDIX B ¢« COMMAND CROSS-REFERENCE

INTRODUCTION

This appendix lists all ASCIl commands, command syntax, brief command descriptions, fand @ny
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 (Table B-6)

General Setting (Table B-7)

Breaker Monitor and Setting (Table"B-8)
Programmable Logic Settingy(T able’B-9)

User Programmable Name Setting, (Table B-10)

Protection Setting (Table Bf11)
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

ASCII Command Function HMI Screen

ACCESS[={password}] Regd/Set access level in order to change N/A
settings.
EXIT Exitiprogramming mode. N/A
HELP {cmd} or H {cmd} Obtain help with command operation. N/A
Table B=2, Metering Commands

ASCII Command Function HMI Screen
M Read all metered values. N/A
M-1[{phase}] Read metered current in primary unit. 3.1-3.2

T.able B-3. Control Commands

ASCIl Commfand Function HMI Screen
CO-{control}[={mode}] Control operation. N/A
CS-control[={mode}] Control selection. N/A
CS/CO-x43 Control virtual switches. 211-214
CS/CO-101 Control breaker control switch. 221
CS/CO-GROUP Control group. 23.1
CS/CO-0UTn Control output n. 24.1

Table B-4. Report Commands

ASCII Command Function HMI Screen
RA[=0] Report/Reset alarm information. 13
RA-LGC[=0] Report/Reset logic alarm information. N/A
RA-MAJ[=0] Report/Reset major alarm information. N/A
RA-MIN[=0] Report/Reset minor alarm information. N/A
RA-REL[=0] Report/Reset relay alarm information. N/A
RB Read breaker status. 431-432
RB-DUTY[{phase}[={%duty}]] Read/Set breaker contact duty log. 4.3.2
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RG-DATE[={M/D/Y}] or RG-DATE[={D-M-Y}]

Read/Set date.

ASCII Command Function HMI Screen

RB-OPCNTR[={#operations}] Read/Set breaker operation counter. 43.1
RD Report all demand data. N/A

_ 4431 -
RD-PI[{p}=0]] Read/Reset peak demand current. 4435 0
RD-TI[{p}] Report today’s demand current. 44.1.1-

4415
RD-YI[{p}] Report yesterday’s demand current 4421 -
P porty Y : 4425 ¥

RF[-n/NEW][=0] Read/Reset fault report data.
RG Report general information.

RG-STAT

Report relay status.

RG-TARG[=0]

Report/Reset target status.

RG-TIME[=hr:mn:sc] or RG-TIME[=hr:mn<f>sc]

Report/Set time.

Read program version, mo

RG-VER . 4.6
style number, and serial n
RO-nA/B[#].CFG/DAT/HDR ﬁead Oscillographic C Fault N/A
eport.
RS[-n/Fn/ALM/IO/LGC/NEW][=0] Read/Reset Seq ents Record N/A
ASCIl Command HMI Screen
S N/A
ASCII Command Function HMI Screen
SA ead all major and minor alarm setting. N/A
SA-BKR[n][={mode} {alarm limit}] Read/Set breaker alarm settings. N/A
SA-Dl[p][={alarm level}] Read/Set demand alarm settings. N/A
SA-LGC[={alarm num 1}{Aalarm num 2}]; Read/Set logic alarm setting mask. N/A
[{alarm num n}]]
SA-MIN[={alarm num 1}{/{alarm n Read/Set minor alarm setting mask. N/A
[{alarm num n}]]
SA-MAJ[={alarm num 1}{Aalar Read/Set major alarm setting mask. N/A
[{alarm num n}]]
SA-RESET[={rst alm ll(?)gi:d/Set programmable alarms reset N/A
Table B-7. General Setting Commands
Function HMI Screen
SG Read all general settings. N/A
SG-CLK[={date foffhat(M/D)} {time format(12/24)}, .
{dst enable(0/1)}] Read/Program time and date format. N/A
baud},A{addr},P{pglen}, . L i
R {XON ena}]] Read/Set serial communication protocol. 6.1.1-6.1.3
G=CTI[t][={CT_ratio}] Read/Set Phase/Neutral CT ratio. 6.3.1
. Read/Set P (IA/IB/IC/var/watt), N and Q
Di[p][={interval}] demand interval. N/A
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ASCIl Command Function HMI Screen
SG-DSP[P/N][=A/FIR] Read analog signal dsp filter type. N/A
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[={relaylD(up to 30 char)},{StationID(up to 30 Read/Set relay ID and station ID used in N/A
char)}] reports.

SG-IN[#[={r(ms)},{db(ms)}]] Read/Set input recognition/debounce. N/A
SG-SCREEN[n][={default screen number}] Read/Set default screen(s). N/A
SG-SGCONJ={time}] Read/Set SGC output time. N/A
SG-TARG[={x/x/..x}.{rst TARG logic}] Report/Enable Target list and RESex N/A
Target logic.
SG-TRIGGER[={TRIP trigger},{PU trigger}, . .
{LOGIC trigger}] Read/Set trigger logic. N/A
Table B-8. Breaker Monitoring and Setting Commands

ASCII Command Function HMI Screen
SB Read all breakensettings. N/A
SB-DUTY[={mode},{dmax},{BLKBKR logic}] Read/Set breaker contact duty. N/A
SB-LOGIC[={breaker close logic}] Read/Set\breakercontact logic. N/A

Table B-9. Programmable kogic'Setting Commands

ASCII Command Function HMI Screen
SL:[{name}] Obtain setting logic information. N/A
SL-x50T[{p}[={mode},{BLK logic}]] Read/Set logic for 50 function modules. N/A
SL-x51[{p}[={mode},{BLK logic}]] Read/Set logic for 51 function modules. N/A
SL-{f}62[={mode},{INI logic},{BLK logic}] Read/Set logic for 62 function modules. N/A
SL-79[={mode},{RI logic},{STATUS logic}, .

{WAIT logic}{LOCKOUT logic}] Read/Set for 79 function. N/A

SL-BF[{p}{={mode}.{INI logic},{BLK logie}] Read/Set logic for breaker failure function N/A
modules.

SL-GROUP[={mode} {DOlogic},{D1legic},{D2logic}, . .

{D3logic} {AUTOlogic] Read/Set logic for setting group module. N/A

SL-N[={name}] Read, set, or copy the name of the N/A
custom logic.

SL-VO[x[={Boolean equation}]] Read/Set output logic. N/A

SL-{x}43[=mode] Read/Set logic for Virtual Switches. N/A

SL-101[=mode] Read/Set logic for Virtual Breaker Control N/A
Switch.

Table B-10. User Programmable Name Setting Command

ASCIl Command Function HMI Screen

SN[-{var}[={name},{TRUE label},{FALSE label}] Read/Set user programmable names. N/A
Table B-11. Protection Setting Commands
ASCII Command Function HMI Screen
S{a} Read all protection settings. N/A
_ Read/Set 50T pickup level and time 5x.1.1-
S{gh-*50T[{PHI={Pu(A{td(m)}] delay. S 16
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ASCII Command Function HMI Screen
_ Read/Set 51 pickup level, time delay, and 5.x.2.1 -
S{g}-x51[{p}[={pu(A)}.{td(m)}{crv}] curve. 5x.2.3
_ . 5x.3.1-
S{g}-{f}62[={td1},{td2}] Read/Set 62 time delay. 5.x.3.2 O
_ . 5x.4.1- 0
S{g}-79[#][={td}] Read/Set 79 time delay. 544

_ . Read/Set 79 Sequence Controlled Block
S{g}-79SCB[={step list}] output. 5.x.4.5 .
SP-BF[={time}m/s/c]] Regd/Set the breaker failure timer 1

setting.

_ Read/Set the user programmable 51
SP-GROUP{g}=[{sw_time},{sw_level},{ret_time}, Read/Program auxiliary setting grou N/A
{ret_level},{prot_ele}] operation.

SP-79ZONE[={zone pickup logic}] Read/Set Zone Sequence Pick ogi N/A
Table B-12. Global Command
ASCIl Command Func HMI Screen
GS-PW[{t}[={password},{com ports(0/1/2)}]] Read or change N/A

> N\
RS
R
. (Sb
$
O
&

L 4
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APPENDIX C ¢« TERMINAL COMMUNICATION

This appendix provides instructions for configuring Windows® HyperTerminal and windows® Termi
communicate with your BE1-851E relay. C
WINDOWS® HYPERTERMINAL

Step 1: Click Start: Highlight Programs, Accessories, Communication, HyperTerminal.

L 4
Step 2: Click HyperTerminal to open the folder.

Step 3: Select the file or icon labeled Hypertrm or Hypertrm.exe. Once the pro %arted, you will
be presented with a series of dialog boxes.

Step 4: Dialog Box: CONNECTION DESCRIPTION See Figure C-1. @
a. Type the desired file name, for example, BE1-851E.
b. Click “OK".

Step 5: Dialog Box: PHONE NUMBER Q

a. Click drop-down menu: CONNECT USING
Select Direct To COMx, where X is the port you i your computer.
b. Click “OK".

Step 6: Dialog Box: COMX Properties

a. Make the following selections using Figur as‘a guide:
Set the bits per second setting so tha atches 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 Xonlx\

b. Click “OK". This creates a a on with the file nhame entered in Step 4 and places it in the

HyperTerminal folder, ommunication sessions can then be started by clicking the
appropriate icon.
L 4

Connection Description

N

: Mew Connection

Enter a name and choose an icon for the connection:

XYE |

lcon:

Figure C-1. Connection Description Dialog Box
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COM1 Properties

Port Settings :
Bits per second: | EETIN ~ | ( ’

Data bits: |S v|

Parity: | None L |

Stop bits: | 1 “ |

Flow contral: | Hardwarz w | 0@

Bestore Defaults

[ ok ][ cancel |[ oy

Figure C-2. COM Properties Dialog

Step 7: Click File/Properties on the menu bar. Click the Settingsa
a. Make the following selections: \
Check the Terminal Keys radio button. K
Select VT-100 emulation.
Set the Backscroll Buffer to the maxi tti 500.
b. Click the ASCII Setup button. Make wing selections using Figure C-3 as a guide:
ASCII Sending
Place a check at Send line e

Place a check at Echo typed ers...

Select a Line delay ietti of to 200 milliseconds.

ASCII Receiving %
Disable Appen Iinﬁ .by leaving the box unchecked.
i

Disable Force in ing%. by leaving the box unchecked.

Place a chec ines...
c. Click “OK”.

d. Click “OK".

Step 8: Click File m ve.
NOTE

Settings changes do not become active until the settings are saved.
4
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ASCII Setup

ASCI Sending

Send line ends with line feeds O
Echo typed characters locally

Line delay: miliseconds. O

Character delay: D miliseconds.

ASCI Receiving

L 4
[] Append line feeds to incoming line ends %
[] Eorce incoming data to 7-bit ASCII @

Wrap lines that exceed teminal width

QK ] [ Cancel

Figure C-3. ASCII Setup Dialog Bo

Step 9: HyperTerminal is now ready to communicate with re able C-1 describes the required
connection for each RS-232 port.

Table C-1. RS-232 C tion Ports
Connection Type
Front Port in female DCE
PC to Front RS-232 port cable raight

Rear Port
PC to Rear RS-232 port cal

Straight

WINDOWS® TERMINAL @
Step 1: In Program Manager, opén the, Accessories program group and double click the Terminal icon to

start the program. ¢
Step 2: On the menu bar, s h{ings/Terminal Emulation.
a. Inthe dialoN k DEC VT-100 (ANSI).

b. Click “OKQ
Step 3: Select Setti inal Preferences.
a. x ure C-4 as a guide, make the following selections in the dialog box:
h

Che e Line Wrap and Local Echo boxes to enable these functions.
sable (uncheck) the CR ->CR/LF Qutbound function.
b. e Buffer Lines at 244.
c. Click “OK".

tep 4: Sélect Settings/Text Transfers.
a. Make the following selections using Figure C-5 as a guide:
Set Flow Control at Line at a Time.
Enable Delay Between Lines and set the delay at 1/19 or 2/10 seconds.
Disable Word Wrap...
b. Click “OK".
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Step 5: Select Settings/Communications.
a. Make the following changes using Figure C-6 as a guide:
Under Connector, select the appropriate communication port for your computer. O

Adjust the Baud Rate setting so that it matches the setting of the relay. The default baud
rate of the BE1-851E is 9,600. O

Set the Data Bits at 8.

Set the Stop bits at 1.

Disable Parity Check by selecting NONE. 2
Set Flow Control to Xon/Xoff.

b. Click “OK”. \%
Step 6: Click File/Save. Enter a desired file name such as 851E.trm. For future comm onvsessions,

click File and open this file. Terminal will automatically be setup properly to co%te with the

BE1-851E.
Step 7: Terminal is now ready to communicate with the relay.

Terminal Preferences H | Text Transfers |
[ 4

~Terminal Modes — R .5 CRAF

|7L [ Inbound

¥ Local Ech [+ Outbound ﬂl

v Sound — Line aby

— Cursor

—Columng ——— & Block " Underline

g0 132 v Blink

— — i — it for Prompt String: III

— Terminal Font Translations

Courer Ne' «
Courierl0
Fixedsys

v Show Scroll Bars Buffer Lines:

ord Wrap Outgoing Text at Column:

United Kingdom
Denmark/Norwa Figure C-5. Text Transfers Dialog Box

" IBM to ANSI
)

v Usze Function,Amow_and Ctrl Keys for Wind@ws

==

300 0D 1200
Cancel

2400 4800 (*I9R00; ¢ 19200
~Data Bits ————————— "§top Bits ————

5 Cg CF &g 1 15 2
— Parity Flow Control Connector
* Mone = Xon/Xoff None -
S " 0dd " Hardware [ZI!IMZ: -
" Even " None
" Mark
" Space [ Parity Check [ Camier Detect

Figure C-6. Communications Dialog Box
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