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Warranty

Software Limited
Warranty

Disclaimer

Doble warrants that: (i) for a period of one hundred twenty (120) days
from the date of shipment from Doble, the media on which the Software
is furnished will be free of defects in materials and workmanship under
normal use; and (ii) for a period of one year from the date of shipment
from Doble, the Software will perform in substantial conformance to its
published specifications. This limited warranty extends only to Customer
as the original licensee. Customer’s exclusive remedy and Doble’s entire
liability under this limited warranty will be, at Doble’s option, to repair
or replace the Software, or to refund a pro rata portion of the purchase
price. Doble makes no warranty or representation that its software
products will meet Customer’s requirements, that the operation of the
software products will be uninterrupted or error free, or that all defects in
the software products will be corrected.

This warranty does not apply if the software (a) has been altered, except
by Doble, (b) has not been installed, operated, repaired, or maintained in
accordance with instructions supplied by Doble, (c) has been subjected
to abnormal physical or electrical stress, misuse, negligence, or accident,
or (d) is used in ultrahazardous activities.

THE FOREGOING WARRANTIES AND REMEDIES ARE EXCLUSIVE
AND ARE IN LIEU OF ALL OTHER WARRANTIES, TERMS, OR
CONDITIONS, EXPRESS OR IMPLIED, WHETHER ALLEGED TO ARISE
BY LAW, BY REASON OF CUSTOM OR USAGE IN THE TRADE, OR BY
COURSE OF DEALING, INCLUDING WARRANTIES, TERMS, OR
CONDITIONS OF MERCHANTABILITY, FITNESS FOR A PARTICULAR
PURPOSE, SATISFACTORY QUALITY, CORRESPONDENCE WITH
DESCRIPTION, AND NONINFRINGEMENT, ALL OF WHICH ARE
EXPRESSLY DISCLAIMED.

IN NO EVENT WILL DOBLE BE LIABLE FOR ANY LOST REVENUE,
PROFIT, OR DATA, OR FOR SPECIAL, INDIRECT, CONSEQUENTIAL,
INCIDENTAL, OR PUNITIVE DAMAGES HOWEVER CAUSED AND
REGARDLESS OF THE THEORY OF LIABILITY ARISING OUT OF THE
USE OF OR INABILITY TO USE THE SOFTWARE EVEN IF DOBLE HAS
BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES. In no event
shall Doble’s liability to Customer, whether in contract, tort (including
negligence), or otherwise, exceed the price paid by Customer. The
foregoing limitations shall apply even if the above-stated warranty fails of
its essential purpose. SOME STATES DO NOT ALLOW LIMITATION OR
EXCLUSION OF LIABILITY OR CONSEQUENTIAL OR INCIDENTAL
DAMAGES.



Limitations of
Remedies

DOBLE’s entire liability and Purchaser’s exclusive remedy shall be:

1. The replacement of any disks not meeting DOBLE’S “limited
warranty” which are returned to DOBLE.

2. If DOBLE is unable to deliver replacement disks which are free from
defects in materials and workmanship, Purchaser may terminate this
agreement. By returning the software product and all copies thereof
in any form and affirming compliance with this requirement in
writing, DOBLE will refund the purchase price.

IN NO EVENT WILL DOBLE BE LIABLE TO PURCHASER FOR ANY
DAMAGES, INCLUDING ANY LOST PROFITS, LOST SAVINGS OR
OTHER INCIDENTAL OR CONSEQUENTIAL DAMAGES ARISING OUT
OF THE USE OR INABILITY TO USE SUCH SOFTWARE PRODUCT,
EVEN IF DOBLE OR AN AUTHORIZED DEALER HAS BEEN ADVISED
OF THE POSSIBILITY OF SUCH DAMAGES, OR FOR ANY CLAIM BY
ANY OTHER PARTY.

Some states do not allow the limitation or exclusion of liability for
incidental or consequential damages, so the above limitation or
exclusion may not apply.

For Equipment Maintenance, contact:

Customer Service Manager (Extension 321)
Doble Engineering Company

85 Walnut Street

Watertown, MA 02472-4037 (USA)

Telephone: 617-926-4900
FAX: 617-926-0528
Email: customerservice@doble.com
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Preface

This manual describes how to use Doble Engineering's ProTesT™
Software. The purpose of this guide is to assist engineers and technicians
in performing relay tests using ProTesT with Doble's F2000 and F6000
Families of Power System Simulators.

Structure of this Manual

This manual consists of six chapters and three appendices:

Chapter 1 "Introducing ProTesT”
Chapter 1 introduces you to ProTesT, including
features and benefits, and discusses architecture,
location tree, Test Plans and ProTesT Macros.

Chapter 2 "Getting Started”
Chapter 2 provides information needed to get
started with ProTesT: hardware and software
requirements, and instructions for installing,
configuring, and running the application.

Chapter 3 "ProTesT Menu Commands”
Chapter 3 describes how to use the ProTesT Menus
and Database.

Chapter 4 "Creating a Relay Test Plan”
Chapter 4 describes how to create a database of
Relay Test Plans and further describes ProTesT
Macros.

Chapter 5 "Running a Test”
Chapter 5 describes how to set up and run a test.

Chapter 6 "Sense Input”
Chapter 6 describes Sense Assignments and Sense
Input Filtering.
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Appendix A "ProTesT Error Messages”
Appendix A describes ProTesT Run Time Errors,
Macro Errors, Macro Execution Errors, and other
related error messages.

Appendix B “F6000 Control Panel”
Appendix B describes the features and functions of
the F6000 Control Panel.

Appendix C "ProTesT Macro Reference Guide”
Appendix C lists specifications for each test macro
included in the various ProTesT Plans.

Document Conventions

The following font conventions serve to distinguish various references in
the text:

e Button labels, menu selections, and items on pick lists (items in a
display that the user can click) are shown in bold type.

e The names of displays are shown in bold type.

e Section names on the Control Panel, labels on the instrument
front panel, and other labels are shown in italics.

The following definitions distinguish the software controls in ProTesT
from the hardware on the instrument:

¢ Control Panel refers to the F6000 Control Panel option of the
ProTesT Tools menu.

¢ Instrument Front Panel refers to the front panel of the F2000 or the
F6000 Instrument.
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Notes, Cautions, and Warnings

C€

COMPLIANCE

WARNING

AN

GROUND

®

NOTE

VOLTAGE-HIGH

4N

Note, Caution, and Warning icons denote information of special interest.
The icons appear in the column to the left of the text and are reproduced
below with explanations of their meanings. Failure to observe a Caution
or Warning could cause a dangerous condition.

The CE icon signifies that the equipment complies with CE requirements.

The WARNING icon signifies information that denotes a potentially
hazardous situation, which, if not avoided, may result in death or serious
injury.

Protective Earth Ground Symbol.

The Note icon signifies a cautionary statement, an operating tip or
maintenance suggestion. Instrument damage may occur if not followed.

The Voltage-High icon indicates a situation involving hazardous voltage
levels with risks of shock or injury.
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Safety

WARNING To eliminate the potential of dangerous electrical shock from the test
instrument, verify the safety ground before turning it on or using it.
& Always turn the source output off and disable the unit before connecting,
removing, or touching any output terminal or cable.

DO NOT defeat the AC power input source ground connection and
verify that the power connections have proper hot and neutral polarity.

VOLTAGE-HIGH Dangerous and potentially fatal voltages can be developed across the
output terminals of any Power System Simulator. USE EXTREME
A CAUTION when turning on or using the instrument. Always turn the
source output off and disable the unit before connecting, removing, or
touching any output terminal or cable. Never ground any instrument
output source connection.

The high intensity yellow LED flashes to indicate that dangerous and
potentially fatal voltages may be present. Flashing occurs when the
Battery Simulator is on, or when other sources are enabled or on.
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1. Introducing ProTesT

This chapter introduces ProTesT, explains the features and benefits of
ProTesT, and discusses architecture, location tree, test plans, and
ProTesT macros.

About ProTesT

ProTesT is an interactive software system for automated relay testing. It
can be used with Doble’s F2000 series or F6000 series of power system
simulators (Figure 1.1 on page 1-2).

ProTesT runs on Microsoft Windows 9X/ME, Windows NT 4.0, or
Windows 2000 operating systems.

ProTesT give the user control of relay testing including:

e Creating and editing test plans for any type of relay

e Using ProTesT macros to test relay functions

e Running tests automatically

e Logging date and time stamped results

e Plotting characteristics

¢ Generating test reports

e Using relay settings to define test parameters and expected values
* Replaying records

e Providing fault parameters studies

e Using either F6000 or F2000 to run the same Test Plan, subject to
source capabilities

e Storing test plans and results in an ODBC-compliant client-server
database
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ProTesT

F2000 Series F6000 Series
Power System @ Power System

Simulators Simulators

Figure 1.1 Automated Relay Testing with ProTesT

The ProTesT Starter Kit is required for each test instrument to run ProTesT
macros where the:

e [F2000 Instrument uses the F2910 ProTesT Starter Kit

e  F6000 Instrument uses the F6910 Simulator Control and
Automation Module

Refer to Table 1.1 for the items ProTesT requires to communicate with
the F2000 and F6000 Instruments:

Table 1.1 Communication Between ProTesT and the Test Instrument

F2000 Test Instruments: F6000 Test Instruments:

RS-232 interface, 9600 baud, RS-232 or an Ethernet interface:

25-pin connector, full duplex e RS-232, 57600 baud, 9-pin
connector

¢ Ethernet, 10 base 2,
BNC coaxial connector
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ProTesT Macros

ProTesT provides macros to test relay functions. These macros offer the

following features:

ProTesT Plans

Pickup and dropout

Time characteristics

Ohmic reach and plot

Differential relay testing

Frequency relay testing

Synchronizer relay testing
SSIMUL Macro for dynamic testing
TRANS Macro for transient testing

ProTesT macros are bundled in ProTesTPlans™ licensed for
company-wide use. Each ProTesTPlan includes macros to conduct tests
for a family of relays. Each of the seven plans corresponds to a type of
relay: A, F, I, P, T, V, and Z. The seven plans contain macros for these
types of tests:

A Plan
F Plan

| Plan

P Plan

T Plan

V

Z Plan

TRANS

Autosynchronizing Relay Test (ASYNC Macro)
Frequency (under/over frequency, time characteris-
tic)

Current (overcurrent, pickup and dropout,
instantaneous, time characteristic)

Power System Model (calculate test values to be
used in SSIMUL dynamic tests)

TRANS Macro for replaying COMTRADE wave-
form files (does not support the F2000 Series at this
time)

PlanVoltage (under/overvoltage, time characteris-
tic)

Distance (reach, maximum torque angle,
characteristic)

TRANS macro for replaying COMTRADE
waveform files for the F2000 Series

To use a macro in ProTesT, specify macro parameters in standard
engineering units of voltage and current amplitude, phase angle, and
frequency. For more information, see Table 1.2 on page 1-9.
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Benefits

ProTesT provides:

e Automated relay calibration tests

e Standardized test plans with repeatable results, a quality system
requirement

e Ability to test complete protection schemes under simulated
power system conditions

e Better test results with less time and fewer people

ProTesT Function Menus

ProTesT functions are accessed from the menu bar on the ProTesT main
menu. Access a menu or toolbar selection with a single-click or use
shortcut keys to access the most frequently used menu functions.

4+ ProTesT - [E:\Program Files\Doble\Protest 1.71 vD6\db\ProTesT_db] [ [5]x]

& PEEGEECY Edit Macro Setup Wiew Tool: Heports ‘Window Help ;Iilﬂ
: Mew Cirl+H
= = # | e K? ‘
— Open Chil+0 | | |Z|!| —I < | |
B Clase Locationl
Print Setup... Location [
Recent File i Eln "
Esit 0 Shart ProTesT Libra...

£ Contributars List

Figure 1.2 ProTesT Menu Bar with Database Drop-down Menu Displayed

The menu functions of ProTesT are:

Database Create a new database, open an existing database,
close the current database, Print Setup, or Exit.
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Edit

Macro

Setup

View

Tools

Cut, Copy, and Paste apply to one or more selected
records, using standard Windows conventions.

Insert and Append add a new record to the
selected list view of a location, relay, or Test Plan.

Delete removes one or more selected records.

Move Up and Move Down adjust the order of
records shown in the list view.

Find searches for and locates records that match
the search criteria.

Opens a selected test in a Test Plan. Closes an
open test Macro, or Saves it while it is still open.
Run executes the selected Macro either at the test
view or at the Test Plan list view. Autorun executes
a sequence of macros automatically. Refer to
Chapter 5 for details.

Opens a dialog to configure ProTesT.

Controls whether the toolbar and the status bar
appear in the main display.

F6000 Control Panel

The Control Panel is a virtual front panel for the
F6000 Instrument.

F6000 Configuration

Before running the F6000, it is necessary to set up
the desired source configuration. Up to 8 sources
can be configured, in various combinations of
voltage and current sources. Refer to "F6000
Configuration” on page 3-11 for details.

F6000 Flash Loader

Installs firmware.

F6000 Key Code

F6000 IP Set

Installs F6O00 options.

Changes the F6000 Instrument's IP address for
Ethernet communications.

[doh ™ 72A-1585 Rev. C 8/02
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Power System Model
Invokes optional power system model for SSIMUL
Macro. This selection is available only at the
SSIMUL Macro screen.

Vector Calculator
Calculates Doble source values for phase-to-phase

tests.

Graph
Plots Test Results from one or more characteristic
test Macros.

Export/Import

Not implemented.

Import SS1 files
Imports simulation tests from DOS SSIMUL.EXE
stored in .SS1 files. Multiple simulations from one
file are imported as individual SSIMUL Macros in
the currently selected Test Plan.

Convert ProTesT Database
Updates the SQL database from a previous release
of ProTesT, if necessary. This feature copies from
the old database to a newly created one.

Change Password
Opens dialog to change the password on the open
database.

Enter Password
If a database is opened with the incorrect password
or without a password, use Enter Password to open
the database for full access.

Reports Opens a display to select a Doble standard test
report.
Window Arrange windows to view more than one database

record; e.g., to compare or to copy and paste.

Help Access Help. Select About ProTesT to see the
software version, the product code number, and
the installed ProTesT Plans.

6 72A-1585 Rev.C 8/02 (A



ProTesT User Guide

ProTesT Architecture

Location Tree

Relay

Test Plan

NOTE

ProTesT organizes relay test data in a tree view hierarchy like folders in
Microsoft Windows Explorer. In ProTesT, the folders are location records
that can represent substations in a utility.

The Location tree organizes user-defined Relays and Test Plans. When a
new database is created, the Location tree is empty.

Click Edit| Append to create a new location. Then, type a descriptive
name and press Enter to confirm. Single-click a tree view record to
select, or double-click a record in the list to view the contents.

Relay identifies relays by name and number.

The Test Plan is a list of user-defined macros for a relay. Steady state
macros in a Test Plan test individual relay functions, such as reach,
instantaneous overcurrent, reverse current response, and timing.
Dynamic tests can be added using the SSIMUL Macro. Transient tests can
be added using the TRANS Macro.

Macros are added to the List View by selecting Edit| Insert to insert a
new test in front of the currently selected record, or Edit| Append to
append a new test at the end. Fill in a name, select the macro, and enter
optional comments. Other fields on the list show the time stamp of the
last Macro edit, and the last test date. The Eval column shows the last
Test status, if there are Test Results.

Doble recommends that standardized nomenclature be used for easier
access to relay records. Settings and test data for all relays in a
protection system can be stored in the ProTesT database and arranged
in the location tree.
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ProTesT Macros

ProTesT Macros are spreadsheet forms that specify Doble Instrument test
sources, action parameters, and expected results.

When the RUN button is clicked, a Macro performs precisely timed,
standard actions with one or more F2000/F6000 Instrument sources that
include:

e Setting initial Amplitude, Phase, Frequency, and Timer Sense
mode

e Doing Source Action; e.g., Linear Ramp, Pulsed Ramp, or Binary
Search with one or more Action sources

e Recording Operate Value or Operate Time
A ProTesT Macro applies action to a specific source parameter, such as
current amplitude or voltage amplitude. The Macro name in the
examples below indicates the source action:

e PRAMPYV for pulsed ramp voltage

e BSRHOI for binary search current

e LRAMPF for linear ramp frequency

e PHROTI/PHROTYV for linear ramp phase (or phase rotate)

e RCHLRI is a linear ramp reach test in the Z ProTesTPlans, which

performs the same action as LRAMPI in the | ProTesTPlans

Table 1.2 lists the available Test Macros by ProTesTPlans. See
Appendix C "ProTesT Macro Reference Guide” for a detailed
explanation of each macro.
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Table 1.2 Test Plans and Macros

Special Macros (included in all Plans)

EXTERN (Execute External Program)

NOTEBK (User Notes)

POWER (dc power to relay)

SSIMUL (Dynamic State Simulator)

A Plan: Autosynchronizing Relay Test

ASYNCH

Z Plan: Distance Relays

GONGOI RCHLRV ZPLLRI
GONGOV RCHPRI ZPLLRV
MAXTAI RCHPRV ZPLPRI
MAXTAV TIMEI ZPLPRV
RCHBOI TIMEV ZPXBOI
RCHBOV ZPLBOI ZPXBOV
RCHLRI /PLBOV

I Plan: Overcurrent and Differential Relays

BSRHOI LRAMPI PRAMPI
CREEPI PHROTI TIMEI
DRAMPI PHSFTI TIMEPH
GONGOI PLOTII TOCPLT
INDPUI

Aok ™ 72A-1585 Rev. C 8/02
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Table 1.2 Test Plans and Macros (Continued)

V Plan: Over/Undervoltage Relays

BSRHOV INDPUV PHSFTV
CLOSEA LRAMPF TFRPLT
CREEPV LRAMPV TIMEPH
DRAMPV PLOTVV TIMEV

GONGOF PRAMPV TOVPLT
GONGOV PHROTV TPHPLT

F Plan: Frequency Relays

CREEPF GONGOF TIMEF
FRDRMP LRAMPF TPHPLT
FRRMPT

P Plan: Power System Model

Exports Test States to SSIMUL

T Plan: Transient Waveform Testing

TRANS: Playback of COMTRADE Waveform Data
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2. Getting Started

This chapter provides information needed to get started with ProTesT:
hardware and software requirements, and instructions for installing,
configuring, and running the application.

Hardware and Software Requirements

ProTesT requires the following computer hardware and software:

e A personal computer with a Pentium-class processor

¢ Microsoft Windows 98/ME, Windows NT 4.0, or Windows 2000
e An 800 by 600 VGA, 256 color monitor

e A pointing device such as a Windows compatible mouse

e 100 MB or more of free disk space

* 64 MB or more of RAM (random access memory)

¢ (CD-ROM Drive

Installation Procedure
To install ProTesT:

WARNING For F6000 Instruments, install ProTesT version 1.7 or higher.

& 1. Insert the ProTesT CD into the CD-ROM drive.
2. From the Windows task bar, select Start | Run.

If E: is the CD-ROM drive letter type E:\Disk1\Setup.exe,
or use the Browse button to manually locate the Setup.exe file.

Press ENTER or click OK to launch the ProTesT Installation Wizard.

Follow the prompts to install both the Sybase SQL Anywhere Desktop
Runtime Engine and ProTesT.
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For the installation of the Sybase SQL Anywhere Desktop Runtime
Engine:

¢ Follow the dialog instructions.

NoTE Answering OK to all dialog instructions sets the default parameters and
' is recommended.
S e |f the Sybase SQL Anywhere Desktop Runtime Engine is already

installed on the machine, the Sybase SQL Anywhere Desktop
Runtime Engine Install Wizard can be cancelled.

e  When installing on Windows NT 4.0, the installation procedure
deletes any earlier version of Sybase SQL Anywhere Desktop
Runtime Engine before installing the new version, ensuring that
the new version installs correctly.

NoTE Installing ProTesT overwrites any earlier version of ProTesT stored in
' the same installation directory.
S e At the User Information window:

e Verify your name and company.

* Be sure to enter a Product Code in the serial number field. The
product code is affixed to the Software Registration Certificate
enclosed with the installation package. This code enables
operation of the ProTesT macros purchased by your company
as ProTesTPlans™. The product code may contain an alpha-
betic o; it never contains a numeric 0. Entering the wrong
character invalidates the code. If an incorrect code is entered,
ProTesT will run as a demo, and no macros can run. To cor-
rect the product code within ProTesT, select Tools | Change
Product Code from the menu bar. Then, enter the correct
code.

e The default directory displayed at installation is c:\Program
Files\Doble\ProTesT. To change the drive or directory, click the
Browse button and enter a path name. The directory is created if it
does not already exist.
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Log In

At startup, a login window appears with a default User Name. Refer to
Figure 2.1. Change the name and Click OK to continue. The default User

Name is from the last login. Click the drop down arrow to see a list of
previous logins.

goble

15CT ’_
DOBLE

Figure 2.1 Login Display
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Password

The ProTesT startup screen asks for a Password. The default shown is
DOBLE in clear text. All ProTesT databases have the default password
DOBLE, until a user changes the password for a selected database.

If a special Password has been assigned to a database, and that password
is not used at Login, the user is limited to read-only access; changes and
deletions are not allowed. However, the user can still run tests and save
Test Results, copy test plans for pasting in another database, and enter
comments on the User side of Notebooks.

Changing the Password
After opening a database, the password can be changed.
To change the password:
1. Select Tools | Change Password.
2. Enter the old password first to authorize the change.

3. Enter the new password twice for verification.

NoTE The password is not case sensitive.
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ProTesT Main Screen

After Login, the ProTesT main screen appears (Figure 2.2).

4+ ProTesT - [E:AProgram Files\Doble\Protest 1.71 v08%db\ProTesT_db]

#hy Databaze Edit Maco Setup Wiew Took Reports Window Help == x|
= 1 e = S RN R Y B A EE e P )
E-f-] ProTesT.db Locaum|

|=:| Short PraTesT Library.
B0 Contributors List

Location

ark =0

Caontributars List

For Help, press F1 e
Figure 2.2 ProTesT Main Window
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Setup

To open the Setup dialog box, click Setup in the ProTesT menu bar
(Figure 2.3).

Setup

X
Database Engine 32htdskB0. ex Browse |
Default D atabaze IE:"\F'ru:ugram Files\DiobledbM\FroTesT.db j Browsze |
I— — Ingtrument
SR A=A 50000 Drefault —FE Instrument————
Auta Bun Delay: |3 Secs ’7 £ (< Fé Cormm Fort |1 TI
Save rezultz in Auto Bun v Battery Off on Macro Abort [+ Benre il IE?EDEI jv
Automatically Save Resuts [ —F2 Instrument IF Address |1 0.1.31
[ Eart |1 - I Connect with:
Faste Test Results? & el
o e Eaud Bate IEIEEIEI vI ™ Ethernet
" No
Watlecel 82 Mizatle r Cortrol panel simulation: T
= Praompt | zer

[atabaze Free Space Setting [in ME] IE

Source Mame Scheme

[ v T I2)3

-

o]

Cancel

Figure 2.3 Setup Dialog Box
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The Setup dialog contains the following fields and sections:

Database Engine

Default Database

The Path for the Database Engine is the installation
path for the SQL Anywhere Desktop Runtime
Engine, normally:

c:\SQLANY50\WIN32\rtdsk50.exe
Verify that this path is correct.

The path for default database is usually the db
subdirectory under the ProTesT home directory,
for example:

c:\Program Files\Doble\ProTesT\db\ProTesT.db

NoTE If only the path to the database directory is specified, ProTesT opens a
' browse window at startup that allows the user to select a database, for
H example, c:\Program Files\Doble\ProTesT\db.

System Frequency

AutoRun Delay

Enter the default system frequency: 50 or 60 Hz.
This is used as the default for sources added to a
test macro.

The delay time between tests in a Test Plan when
AutoRun is selected. This delay allows the relay to
reset fully between macros permitting visual
inspection of the test results. The recommended
value is 3-5 seconds. Refer to ”Autorun”

on page 5-5.

Save Results in AutoRun

Check this box to save all test results when
AutoRun is used. This box should always be
selected.

Automatically Save Results

Paste Test Results

Check this box to automatically save all test results.
If this box is not checked, a message appears
prompting you to save your results.

When copying test plans or tests, select whether
test results are to be copied:

* Yes means always copy Test Results.

e No means do not copy Test Results.

e Prompt User every time for the choice
(recommended choice).

Aok ™ 72A-1585 Rev. C 8/02
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Instrument (Default) In the Instrument section, click the F2 or the F6
radio button to select the default instrument.

Battery Off on Macro Abort

Set this only if the battery is always to be turned off
when a test is aborted. For example, if a POWER
Macro has been run to turn on the battery source, it
may be desirable to leave the battery on if a test is
aborted.

Database Free Space Setting (in MB)

Type in the amount of space needed on the hard
drive for the ProTesT database. The default setting
is 5 MB. Unless disk space is very limited, this
setting should be a large number. If ProTesT finds
insufficient space, it prompts the user to repack the
database. Repacking is a time consuming
operation that cannot be interrupted.

Source Name Scheme

Select the source name scheme to be used for the
Power System Model. These source names are
used when source values are inserted in a SSIMUL
Macro after modeling a fault.

2.8 72A-1585 Rev.C 8/02 (A
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ProTesT User Guide

The Instrument section of the Setup display contains these settings for the

F2000:

Baud Rate

The default baud rate of 9600 is recommended
to match factory default of instruments. Refer to
Table 2.1, and to the F2000 User Guide or F2250

Family of Power System Simulators.

Comm Port

Doblecol32 Disable

The default is 1.

Check this box only if setup errors occur with

F2000 Instruments.

The F2000 Communications Port Settings are set by switches SW2 and
SW3 on the F2000 CPU board, which can be viewed after removing the
F2000 top cover. Use Table 2.1 to check your port settings on the F2000.

Table 2.1 SW 3 Switch Positions and Baud Rates

Baud Rate SW3 - SW3 - SW3 - SW3 -
Switch 1 Switch 2 Switch 3 Switch 4
300 On On Off On
1200 On Off Off On
2400 On On On Off
4800 Off On On Off
9600 Off Off On Off
19.2k On On Off Off

Aok ™ 72A-1585 Rev. C 8/02
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F6 Instrument

The Instrument section of the Setup display contains these settings for the
F6000:

Comm Port If communication is through the serial port, set the
Comm Port and the Baud Rate in the Setup display.
The default is 7.

Baud Rate The baud rate for serial port communications must
be 57,600.

IP Address If communication in through the Ethernet port, the
IP address in the IP Address must match the
instrument IP address. The IP address appears in
the Instrument Display on the front panel when
the instrument is turned on and the F6000
firmware boots up.

Connect with Radio buttons to select serial or Ethernet
communication.

Control panel simulation
If the computer is not connected to an instrument,
or if the instrument is switched off, operate the
Control Panel in simulator mode. Simulator mode
is useful for training and for configuring tests that
will be conducted at a later time. To choose this
mode, check the box for Control panel simulation.

NoTE If the computer is not connected to an instrument or if the instrument is
' switched off when the F6000 Control Panel is opened, an error message
H appears. Acknowledge the error message. Then specify Control panel

simulation in the Setup display, or switch the instrument on.

After all the settings in the Setup display are changed or confirmed, click
OK to accept the modifications and close the display, or Cancel to close
without change.
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Database Conversion

Change Alert

A new release of ProTesT may include changes to the database schema.
See "Convert ProTesT Database” on page 3-27.

When attempting to open a database created by an earlier version of
ProTesT, a change alert dialog box may appear (Figure 2.4). Click Yes to
proceed with conversion of the old database. During conversion,
ProTesT creates a new database and copies records from the old
database into the new one. Click No in the dialog box to cancel the
conversion.

PoTesT ___________________________H

The selected database is Version 0.00.29,
This release of the application requires Yersion 0.00.30
Da wou wish to conwvert o the new wersion?

Figure 2.4 Change Alert Dialog Box

ProTesT Ill Databases

ProTesT can copy and convert ProTesT Il data into a selected database.
A conversion program for ProTesT Il databases exists in the Protest
folder. In Windows Explorer, open the Protest folder and double-click on
Protest_III_Convert.exe (default directory c:\Program
Files\Doble\ProTesT). Refer to "Convert ProTesT Ill Database”

on page 3-28.
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3. ProTesT Menu Commands

Chapter 3 describes how to use the ProTesT menus and database.

Database Explorer

The ProTesT Database Explorer displays a tree view on the left and a list
view on the right (Figure 3.1).

4+ ProTesT - [E:\Program Files\Doble\Protest 1.71 v08\db\ProTesT.db]

oy Datahase Edit Macio Setup “iew Tools Beports ‘Window Help =1=1x|
I = A o e S P L4
- ProTesT.db Relsy |
E."__%Digéﬂjég#bram Fielay |d | Seri.. | Mig | Created | orig |
: EE BE1-24 BAS 0315,/1934 00:00.00.0 Lihinf
DE BE1-25 BAS 09/01/1334 00:00:00.0 TCL
EE BE1 27 BAS 11/03,/1993 00:00.00.0 RJL
DE BE1-27/53 BAS 06/13/1334 00:00:00.0 TCL
EEBE'I-32F| BAS 11421,/1930 00:00.00.0 DRE
DE BE1-46M BAS 06/18/1334 00:00:00.0 TCL
H-C Contributars List E@. BE1-47M BAS 05,09,/1930 00:00.00.0 Pas
DE BE1-50 BAS 05,/06/1333 00:00:00.0 rLO
EE BE1-BOBF BAS 11/430,1934 00:00.00.0 TCL
DE BE1-50/51 BAS 10/31/13397 00:00:00.0 RIS
EE BE1-B1/27C BAS 06/14,/1934 00:00.00.0 TCL
Tree View DE BE1-55 /320PRP-320 BAS 04,/25/1331 00:00:00.0 Elw
EE BEI 55N BAS 06/29,/1993 00:00.00.0 RJL
DE BE1-67 BAS 06/13/1334 00:00:00.0 TCL
EE DFPR BAS 12/01,/1934 00:00.00.0 wFhd
DE BE1-79M BAS 07,/26/1334 00:00:00.0 KMF
EE BE1-81 BASL 09/21,/1993 00:00.00.0 1B
DE BE1-87T BAS 02/24/1333 00:00:00.0 Ak
EE BE1-851 BASL 0142241998 00:00.00.0 AP
List View
Far Help, presz F1 l_ l—

Figure 3.1 ProTesT Database Explorer
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Click a folder in the tree view (Figure 3.2) to select it and see the contents

in the list view. Click the [+] box to expand lower level branches of the

folder, as in Windows Explorer.

4+ ProTesT - [E:\Program Filez\Doble\Protest 1.71 v084\db\ProTesT . db]

gﬁ, Databaze Edit Macra Setup “iew Tools Heports Window Help _|ﬁ||ﬂ
= = A o R s M P L4
Ee ProTezT.db Leeelier |
=8 ¥ S hiort ProTesT Librany. :
O ABBAWEST Lol
£ Baster. T ABEAWEST.
-Z1 Beckwith. ] Easler.l
-(Z1 General Elechic. I Beckwith,
-1 GEC. 3 General Elsctric.
3 Multii, £ GEL.
- SEL 3 Muliin,
B0 Contributors List CIsEL
Far Help, press F1 l_ l—

Figure 3.2 Expanded Tree View

Double-click a record in the list view to open it and view its contents.
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How to Select ProTesT Data

e To select a record from the list view, click the desired record.

* To select a set of consecutive records in the list view, hold down
the Shift key and click the first and last records in the list to be
selected. Alternately, hold down the Shift key and use the Down
Arrow or Up Arrow keys to select the desired records.

¢ To select non-consecutive records from the list view, hold down
the Ctrl key and click the desired records.

How to Edit List View Data

¢ To edit the record name, click a second time on the record name.
An edit box appears.

e To edit any field other than the record name, single-click to
select.

NoTE Some fields cannot be edited, for example, Macro Type.

To change the name of a record:

1. Select the name in either the tree view or the list view, and click a
second time (two single-clicks rather than a double-click).

An edit line opens.

2. Use the navigation keys — the Home, End, Left and Right arrows, not
the Up or Down arrows — to position the bar cursor.

3. Type in the desired changes.
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Menu Commands

Database Menu

New
NOTE

!
Open
Close
Printer Setup
Recent File
Exit

Commands on the ProTesT Database Explorer menu bar (Figure 3.2 on
page 3-2) are explained in the remainder of this chapter. A
context-sensitive menu is available by clicking the right mouse button.

From the Database Menu:
1. To create a new database, select New from the Database Menu.

2. In the new database dialog box at File name, enter a database name
and press Save.

A new, empty database is created and is ready to be populated with
data.

Database names cannot contain any spaces. Certain characters are also
not valid, such as .” and /.

1. To open an existing database, select Open from the Database Menu.

2. From the list of databases, select the appropriate database and press
Enter.

To close an open database, select Close from the Database Menu.

1. To change your Windows printer setup, select Print Setup from the
Database Menu.

2. Select the appropriate print parameters to use in ProTesT and press
Enter.

Used for access to recently opened database files.

To exit ProTesT, select Exit from the Database Menu.

3-4
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Edit Menu

From the Edit Menu, choose:

Cut

Copy

Paste

Insert

To cut information:

1. Select one or more records in the list view by
highlighting with the mouse.

2. Select Cut from the Edit Menu or use the Toolbar icon,
which temporarily stores the data in the clipboard and
removes the data from its location.

A second cut or copy operation overwrites the previous
contents of the clipboard.

To copy information:

1. Select one or more records list view by highlighting with
the mouse.

2. Select Copy from the Edit Menu or use the Toolbar icon,
which temporarily stores the data in a clipboard and
leaves the original data intact at its location.

A second cut or copy operation overwrites the previous
contents of the buffer.

To paste information:
1. Position the cursor at the paste location.
2. Select Paste from the Edit Menu or use the Toolbar icon.

Multiple paste operations are possible for multiple
copies.
To add a new record to the list view above a selected
location relay, or Test Plan:

1. Select Insert from the Edit Menu, or use the Toolbar icon.
2. Type the new record name into the box, and press Enter.

3. Fill in any remaining data fields.

Aok ™ 72A-1585 Rev. C 8/02
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Append  To add a new record at the end of the list view of a location,
relay, or Test Plan:

1. Select Append from the Edit Menu, or use the Toolbar
icon.

2. Type the new record name into the box, and press Enter.

3. Fill in any remaining data fields.

Delete To delete one or more selected records from the list view of
a selected location, relay, or Test Plan:
e Select Delete from the Edit Menu, or use the Delete key.

NoTE Edit commands can be applied only to a single item in the tree view.

Find 1. To find a record in the open database, select Find from the Edit Menu,
or use the Toolbar icon. The Find display appears (Figure 3.3).

2. In the Find whatfield, enter part of the name to be located.
3. Select the database table to be searched (e.g., Relay or Test macro).

4. Select the field to be searched (e.g., Label or Macro type). All
matching records are listed.

5. Select Go To to open one of the records.
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+ Find

Find what: ||:|:| Find

Ir table I Fielay j GoTo
[

Cancel

il

I calurmnz)] ILaI:uel

[ tatch whole word orly

Label | Serial_Mumber | b anufacturer
o | WEST
BT COH 1271473 WEST
BT COM-5 WEST
BT Cog 1956207 WEST
0T cov-g WEST
BT Mo ABB
O] MM ABB
1] | I

Figure 3.3 Find Display

Move Down  Select a record from the list view, and select Move Down from the Edit
Menu or click the Move Down icon on the Toolbar. The record is moved
one position downward.

Move Up  Select a record from the list view, and select Move Up from the Edit
Menu or click the Move Up icon on the Toolbar. The record is moved
one position upward.
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Macro Menu
From the Macro Menu:

Open  To open a Macro, select the macro in the list view, then select Open
from the Macro Menu. Alternately, select the macro and press Enter, or
double-click the macro in the list view. ProTesT displays the Test tab
view.

NoTE The Navigation window stays open when a Macro is opened.

Close  To close an open Test, select Close from the Macro Menu, or click the
Go Back icon on the toolbar. ProTesT closes the Test tab view.

Save  To save changes to a Test with the Test view open, select Save from the
Macro Menu. Alternately, click the Save icon on the Toolbar. ProTesT
saves the Test, and the Test view remains open.

Run  To run a Test, select Run from the Macro Menu, click the Run icon on the
toolbar, or press the F12 key. If more than one test is selected on the list
view, the Run function performs an AutoRun sequence on just the
selected tests. Refer to Chapter 5 “Running a Test”.

AutoRun  To start an AutoRun sequence:
1. Select a test on the Test Plan, or open a Test view.
2. Select AutoRun from the Macro Menu or press Al+F12.

AutoRun begins with the currently selected Macro and proceeds
non-stop through all following Macros until it encounters a Notebook
or until the end of the Test Plan. Refer to Chapter 5 "Running a Test”.
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Setup Menu
For details on the Setup display and the configuration process, see
Chapter 2 "Getting Started”.
View Menu
From the View Menu, toggle the toolbar and the status bar on and off.
Tools Menu

The Tools Menu (Figure 3.4) provides access to several utilities.

Fa000 Configuration. .,
F&000 Flash Loader. ..
Fao00 Key Code. ..
F&OO00 IP Set...

Power System Model, .,
Weckor Calculatar, .,
Graph r

Export, ..

Impork, ..

Impatt 551 files, ..

Convert ProTesT Database, .,

Zhange Password. ..
Emter Password,,.,
Zhange Product Code, ..

Figure 3.4 Tools Menu
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F6000 Control
Panel

The F6000 Control Panel (Figure 3.5) contains all of the functions and
controls needed to conduct manual tests with the F6000 Instrument. To
open the F6000 Control Panel, click Tools | F6000 Control Panel in the
ProTesT menu bar. See Appendix B "F6000 Control Panel” for more

information on Control Panel settings.

<4+ ProTesT - [Untitled]

Tl File Edit Setup Wiew Tools ‘Window Help

| |2 | v [oa e o] e N2

- Sourc:
Sic Ampliude  Phaze Frequency Range  On Enable THA FEOY
VA [eg Jo [eooo0  =f |75 < ml m
[6a [240 [ooo0 =[5 <+ m m B n
Y g3 [rzo™ Jeooo = [ = m m W
o [0 [eooon =] [5 = m m & &
1T s |20 Jeooon = 75 = B ml
|5 EC = =
BE[m  [mow =[5 5 = om Fag|mo.a.e| & e
Mo Jo [eooon = 75 = m ml
— Ramp/Set source i Lagic 1/0 and Timer.
va e 1 W E?fnge Rate or Delta step: upt ® @ @ & & © & @ LDg\c&T\mer
Phase [4 - ] {Selfings...
VEW 12 ¥ | & ampliude e Gl
T Mod -~ |
VC IV 13 v ' Set " I_ 5 I— T\mingﬂﬁtat:x* s
L] el
W W Ses | Feal | | C Reme h | = | (™ R
- 3 I— 7 I ®  Stopped Feset
| Su”.f:sﬁ aborl & | & | O mSec. & Sec. O Cycles

Figure 3.5 F6000 Control Panel
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F6000  The F6000 sources can be configured to suit test requirements.

Configuration 1. Click Tools| F6000 Configuration in the ProTesT menu bar to open

the F6000 Configuration display (Figure 3.6).

FG&00D Configuration E

Mumber of I 4 - I

SOLINCe:

Mumber of I 4 - I

Coresertible /| Sources
’7 SOUMCe:

" Current Sources

Coresertible /| Sources Current Sources

fve =l ve =] fvc =] 1 = he =z =

gﬂ i [ e | |

Pre-get Configurations

|4 Woltages and 4 Currents j
Threshold
’7 LI =t [ S R { Show Source Summary >>
Ok | Cancel Apply |

Figure 3.6 Configuration Display
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2. Click Show Source Summary to show the VA rating and the range
settings for each configured source (Figure 3.7).

FG&00D Configuration E2
Convertible '/l Sources Current Sources——————— | |
Murnber of I vl Number of I vI i 1504a 75,150,300
ZOUNCE: ‘ ZOUNCE: ! WH 18048 ¥R,150,300
WL TE WA 75,150
Coresertible /| Sources Current Sources oft i
uli} 0ff
WM TE WA 75,150
11 150 WA 75,1530
12 150 WA 75,1530
/i I IVBj I\’r':j I” j ||2 j Il3 j 13 TR 7515
uli} 0ff
uli} 0ff
IN TE WA 75,15

5 ) I g N e

boo 666

Pre-get Configurations

|4 Woltages and 4 Currents j
Threzhald
’7 Lol L Hide Source Summary << |
Ok | Cancel Apply |

Figure 3.7 Configuration Display with Source Summary
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To configure the sources manually:
1. Select User defined in the Pre-set Configurations pick list.

2. Select the number of convertible sources and the number of current
sources in the two pick lists at the top of the display.

NoTE If the F6150 Instrument does not have the F6810 convertible source
' option installed, the sources on the left side of the Configuration display
H can be used only as voltage sources.

The two pick lists correspond to the two types of sources available:

Convertible V/I Sources
If Option 6810 is installed, the sources on the left
side of the display can be used as voltage sources
or as low range current sources. Use the Convert-
ible V/I Sources pick list in the F6000 Configura-
tion dialog to specify the number of convertible
sources (Figure 3.7).

Current Sources
The sources in the right half of the display are con-
figurable only as current sources. Use the Current
Sources pick list in the F6000 Configuration dialog
to specify the number of current sources
(Figure 3.7).

The F6000 Configuration dialog box has a graphic display which
represents the voltage and current source output terminals on the
F6000 Front Panel. When a preset configuration is selected, the
source names and layout are displayed in this graphic. For user
defined configurations, the required number of convertible V/I
sources and current sources can be selected. Moreover, the source
names can be chosen from the available options for each source
shown in the graphic.

Once the number of convertible and current sources is specified,
assign a name to each one. Name the sources by choosing from
active pick lists in the middle of the display.

e Voltage sources are typically designated VA, VB, and VC.

e Current sources are typically designated I1, 12, and I3.

e VN is a general label for a fourth voltage source.

* INis a general label for a fourth current source.
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NoTE Current sources are selected on the basis of 150 VA output. To create a
' 300 VA source, select 2 current sources. To create a 450 VA source,
H select 3 current sources. Then assign each source the same source
name.

To use a pre-set configuration, select one of the options from the Pre-set
Configurations pick list at the bottom of the display:

e User Defined

e 3 \oltages and 3 Currents

e 3 Voltages and 3 Transient Currents

* 4 Voltages and 4 Currents

e 6 Currents (right bank)

e 1 Voltage and 2 Low Range Currents

e 1 Voltage 150 VA and 1 Current 450 VA

* 4 Voltages and 4 Transient Currents

e 6 Voltages

* 6 Low Range Currents

* 6 Low Range Transients

¢ 6 Transient Currents

1 Voltage and 2 Low Range Transients

3. To finish configuring the sources, click one of the three buttons at the
bottom of the display (Figure 3.7 on page 3-12):

¢ Click OK to configure the sources on the F6000 Instrument and
close the F6000 Configuration dialog.

e Click Cancel to ignore changes to the source configuration and
close the F6000 Configuration dialog.

e Click Apply to configure the sources on the F6000 Instrument
without closing the F6000 Configuration dialog.
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F6000 Flash  The F6000 Flash Loader updates F6000 instrument firmware. Refer to the
Loader  F6000 User Guide for details on operation.

F6000 Key Code  The F6000 Key Code updates F6000 Instrument options by downloading
a software key. Key codes can be obtained from Doble to update options
in the F6000.

Power System  The Power System Model is enabled when the ProTesTPlan is installed
Model  and an SSIMUL Macro is displayed.

It contains three tabbed views:

e Primary Ohms
e Secondary Ohms
* Results

When using the Power System Model, the primary impedance values are
entered for the near end source, line, and far end source. Impedance can
be entered in rectangular, polar, or per unit terms. Current and Potential
Transformer ratios are entered to compute secondary values for fault
calculations.

The Power System Model calculates amplitude and phase angle
quantities to simulate power system events in an SSIMUL Macro.
This form of test is called a dynamic test. It can be used to test entire
protection schemes.

The Power System Model represents a two-machine equivalent with
lumped impedance parameters for line and source values. Faults are
simulated on the model with varied fault locations, resistance, and load
flows. Test Plans are created to model power system events such that the
complete relay system is tested for each case modeled. Relay reach and
direction (faults behind and in front) for the various zones and
combinations of zones are tested for each case, and classified as op or
no-op, depending on whether zone protection was enabled. For a Zone 1
relay with + 5% accuracy, an operation should always occur at 95% of
setting (op case). For a fault at 106% of setting, there should be no
operation (no-op case). These two cases confirm the accuracy of the
relay.
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Primary Ohms

Other dynamic relay tests that can be performed are operating time tests
at different system impedance ratios — the ratio of the source impedance
behind the relay to the set impedance of the relay.

Other application tests include:

e Switch onto fault
e Blown fuse, memory, adaptive characteristics
* Programmable logic tests

With dynamic relay testing, these events can be very quickly modeled
and played back using the SSIMUL Macro.

To work with the Power System Model, obtain the source impedance and
the line impedance for both ends of the line. The impedance is entered
only in primary quantities. Secondary impedance quantities are
calculated automatically by the program from the PT and CT ratios.

Impedances are entered as positive, negative, and zero sequence
components. If the negative sequence impedance is not available, set it
to the positive sequence impedance. If the source impedance is not
available, use these rules:

e Set the positive sequence impedance, negative sequence, and
zero sequence equal to each other.

e For a strong source, set the source impedance to line impedance
ratio (ZS/ZL) between one and five. For example, for a ZS/ZL ratio
of two, set the source impedance equal to two times the line
impedance.

e For a weak source, set the source impedance to line impedance
ratio (ZS/ZL) between five and ten. For example, for a ZS/ZL ratio
of six, set the source impedance equal to six times the line
impedance.
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To access Primary Ohms or the Power System Model:

1. Atthe SSIMUL Test tab, click the Power System Model icon in the
toolbar. Alternately, select Power System Model from the Tools
Menu.

The Power System Model defaults to the Primary Ohms tab
(Figure 3.8).

i Power Syztem Model M= E3

Primary Ohms | Secondany Elhmsl Hesultsl

System data Mear end zource Line Far end zource
Impedence Rez React Rez React Rez React
Paositive Sequence | 1.nnn| 0.000 | 1.000 | 0.000 | 1.000 | 0.000
Megative Sequence | 1_nnn| 0.000 | 1.000 | 0.000 | 1.000 | 0.000
Zern Sequence | | 0.000 | 1.000 | 0.000 | 1.000 | 0.000

Coordinate Spstem
Defaults | CT Ratio|  400.0 Miys | 100.0

* Fectangular

Save Defaultﬂ PT Hatiu:ul 2000.0 K I 2300 :: E':dalil .
er Lnit
Baze Ohmsz I 5230

Figure 3.8 Primary Ohms

2. Enter the Base MVA and the voltage level of the line (in kilovolts).

The base MVA and voltage is required only when using Per Unit
impedance quantities. The Base Ohms is recalculated only when
switching from one coordinate system to another system.

3. Choose the correct coordinate system for the primary impedance to
be entered by clicking on the appropriate coordinate system button.

The Power System Model converts the impedances to the desired
coordinate system. Changing the coordinate system of the Primary
Ohms does not change the coordinate system of the Secondary
Ohms.
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4. Enter the near end source impedance, the line impedance, and the far
end source impedance.

Use the Tab key to advance the cursor or click with the left mouse
button.

e For polar coordinates, enter the magnitude and angle in primary
Ohms.

e For rectangular coordinates, enter the resistance and reactance in
primary Ohms.

e For Per Unit coordinates enter the resistance and reactance in per
unit quantities.
5. Enter the CT and PT ratios.

Enter the ratio as a primary quantity to one secondary quantity. For
example, a 2000/5 CT has a ratio of 400. The CT and PT ratios are
used to calculate the secondary impedance and fault voltages and
currents seen by the relay.

NoTE If only secondary data is available, use CT Ratio = PT Ratio = 1.

3-18 72A-1585 Rev.C 8/02 (A



ProTesT User Guide

Secondary Ohms  To access Secondary Ohms from the Power System Model:

1. Select the Secondary Ohms tab to see calculated secondary
quantities (Figure 3-13).

Nothing can be entered in the Secondary Ohms tab (Figure 3.9);
these are calculated quantities only.

i Power Syztem Model !E[E
Primary Ohms ~ Secondary Ohms | Hesultsl
System data Mear end zource Line Far end zource
Impedence Rez React Rez React Rez React
Positive Sequence 0200 0000 0200( 0000 0200 0000
Megative Sequence 0200 0.000 0.200| 0.000 0.200 | 0.000
Zern Sequence 0200 0000 0200( 0000 0200 0000
Meutral Circuit 0000 | 0000 0000|0000 0000 | 0000

Coordinate Spstem

(¥ I 1000 an

KVI 2300 = Polar
Base Dhmsl 5200 ) Een it

Figure 3.9 Secondary Ohms

2. To choose the coordinate system for the secondary impedance, click
the appropriate coordinate system button.

The Power System Model converts the impedances to the desired
coordinate system. Changing the coordinate system of the Secondary
Ohms does not change the coordinate system of the Primary Ohms.
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Results To specify the type of fault and fault location, select the Results tab
(Figure 3.10).
i Power System Model !EIE
Frimany Ohms I Secondary Ohms  Results |
Fault type: = Grd res. 1.000 Source Yol [ Radial Maodel
o Arc res. 0000 | Mear '
Location % I 100 | Make States Ittt I 1.00 HeanEnd Sourze
—I Load angle 0o
Far I 1.00 £ Far End Saurce
V¥ Show Sequence Companents
—Mear End —Far End
Mag  Angle tMag  Angle Mag  Angle Mag  Angle
Wi 034 3sono M 0.98 0.0 wa | n08s| 3soo W 0.95 0.0
WE 100 2400 2| ooz| 1g800 we | 1.00] 2400 M2| oo4| 1800
WC 100 1zano MO ooz| 1800 yo | 100 1200 MO o4 1800
& | 0294 oo 1| ongs 0.0 & | 0588 oo | 0196 0.0
g | oooo oo 12| ongs 0.0 & | 0000 oo 12| 0196 0.0
Ic | oooo oo 19| ongs 0.0 Ic | o000 oo 10| o19s 0.0

Figure 3.10 Results Tab: Calculated Fault Quantities
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The Results tab contains the following fields:

e Fault type: Provides the following options:

e Load Flow

¢ Phase-to-Ground = Ph-G (A-G fault)

¢ Phase-to-Phase = Ph-Ph (B-C fault)

® Three Phase = 3 Ph (A-B-C fault)

¢ Phase-to-Phase-to-Ground = Ph-Ph-G (B-C-G fault)
e Location %: Allows moving the fault on the line.

The percentage is the distance from the near end to the fault. For
example, entering 60 in this field places the fault 60 percent of
the line length from the near end or 40 percent from the far end.
The Power System Model also allows percentages to be entered
up to 999% to test different zones of protection. To create a fault
at more than 100% of the line, set the far end source equal to 0
for realistic values.

e Gnd res.: Allows entering the total ground fault resistance in
secondary Ohms.

e Arc res.: Allows entering the fault arcing resistance for
phase-to-phase faults in secondary Ohms.

e Load Angle: Allows entering the load angle in degrees.

This is the angle between the voltages at terminals of the
machines of the near source and the far source. Positive angle
provides load flow from the near source to the far source (that is,
into the line), and negative angle provides load flow from the far
source to the near source (that is, into the bus).

e Source Voltage: Allows entering the terminal voltage for the near
and far end sources.

e Radial Model: Creates a radial model from the data entered in the
Primary Ohms control folder.

The check box has a toggle action. Clicking on the box enters a
check mark and creates the Radial Model; clicking again
unchecks the box and restores a double-ended model.

Choosing Radial Model requires a decision about whether the
line is to be radial from the near end or the far end. Select the
correct radial model by clicking the correct selection box.

¢ Show Sequence Components: Shows the sequence components
for the fault values shown. Uncheck the box to remove the
sequence components.
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Make States for The Make States button creates a three-state fault: Pre-fault, Fault and

SSIMUL Macro Post-fault. The states are automatically appended to the open SSIMUL
Macro. Only the fault data from the near end is inserted in the fault state.
The load flow voltage and current data is inserted into the pre-fault state.
The load flow voltage is inserted into the post-fault state.

More than one fault can be added to a SSIMUL Macro, creating a
dynamic test that tests several fault conditions in one macro.

Once states have been added to SSIMUL from the Power System Model,
they can be edited at the SSIMUL test screen.

NoTE The Power System Model uses the source name scheme selected in
' Setup; the default scheme is VA, VB, VC, 11, 12, and 13. If the source
H names are not present in the SSIMUL test, a prompt asks whether to add

new sources if required.

Vector Calculator ~ To access the Doble Vector Calculator, choose Reports > Vector
Calculator...

The Vector Calculator consists of a Vector Table and Keypad

(Figure 3.11). Vectors are displayed graphically in the Vector View area.
A user-entered vector formula is displayed in the Formula Box, with a
result shown in the Answer Box.
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¥ector Calculator
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100

File Edit Help
POLAR
Wector | Source Mame M agnitude Angle Graph Formula
41 0.0a 00w
Ve 0.0a 00w
W3 0.0a 00w
L) 0.0a 00w
W5 0.0a 00w
VB 0.0a 00w
W 0.0a 00w
W3 0.0a 00w
Y3 0.0a 00w
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Figure 3.11 Vector Calculator

To enter vector values to the Vector Calculator:

1. Select Polar on the function keypad to enter magnitude and angle or
select Rect to enter real and imaginary values.

2. Enter values directly into cells of the Vector Table using the keyboard

or the numeric keypad of the calculator.

3. Press the Enter key to complete the entry or use the mouse to select

another cell.

4. Click on the Graph check box to see the vector displayed in the
Normal View area.

See Help for more details.
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Export/Import  This function is not implemented. It is intended to export to and import
from a foreign database.

Graph  To see characteristic Test Results plotted on a graph, select Tools | Graph.
A Test Result must be selected before any graph can be viewed.

To Plot a Single Result on a graph:
1. Select Tools | Graph | Display Graph.

This opens the graph window (Figure 3.12). If a macro Test tab is
open and a result is displayed, the values will appear on the graph.

[® Graph - ZPLBOY:/SampleLo...11/12/99 14:02:10.0 : Op : YK HIE E

X (Ohms)
T

+ Single Result Frint
" Multiple Results Closa

Figure 3.12 Display Single Result

3.94 72A-1585 Rev.C 8/02 (RS



ProTesT User Guide
]

2. Move the graph window out of the way by dragging it with the
mouse, or minimize it.

The graph window stays open and displays currently selected results.

3. Click More >> to see additional controls (Figure 3.13).

|9 Graph - ZPLBOY:/Samplelocationf/SampleRelay/SampleTestPlanfCHARAC. . 11/12/99 14:02:10.0 : Op : YK M= E3
Lines between data points:

[ Eited curve
5338 750
Display:
W Gridlines
[~ “alues
\ [~ Tolerance
)
l Zoarm
i}

X (Ohms)

& Single Result Erint
" Multiple Results Close

Figure 3.13 Display Single Result with More Selected

4. When finished, close the graph window.
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To Overlay Multiple Results:

1. Open a characteristic test and from the Menu bar, select
Tools | Graph | Add Results to Graph List.

2. To add results to the graph list, check the Test Results and press OK.

Open other tests and repeat as needed. Up to ten results can be
overlaid.

From the Menu bar, select Tools | Graph | Display Graph.

4. Click the Multiple Results radio button in the lower left-hand corner
of the graph window.

A graph list appears on the right side of the full graph window.
The graph window can be moved, minimized or closed.

NoTE To clear overlaid results, select Tools | Graph | Add Results to Graph List,
' then click Empty Graph List or Remove All.

Import SS1 files  Imports data from DOS SSIMUL.EXE stored in .SS1 files. A Test Plan must
be selected before using Import SS1 Files. Multiple simulations can be
imported from a single .SS1 file. Each simulation is converted as a single
SSIMUL Macro in the currently selected Test Plan.
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Convert ProTesT ~ To open an old ProTesT database in a new release of ProTesT, it may be
Database  necessary to convert the old database. Use Convert Database to copy the
old database to a database that is compatible with the new ProTesT

release (Figure 3.14).

ComvertDatabase |

Select the old database to be converted and a name far the new cornveerted
databaze. The names can not be the same.

Old D atabaze

Mew Converted Databaze

Starting conversion

e

Corpvert

Cancel

Brovese

Browse

Figure 3.14 Convert Database

To convert a database:

1. Select Convert ProTesT Database in the Tools Menu.

2. Enter the path to the old ProTesT database, or use the Browse

window.

3. Enter the name of the new converted ProTesT database.

If the path is not the same as that for the old database, enter the new
path or locate it using the Browse window.

NoTE Confirm that the previous ProTesT database is located on the local
' hard drive.
S 4. Click Convert.

When the conversion is complete, the new database can be opened.

Aok ™ 72A-1585 Rev. C 8/02
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Convert  In Windows Explorer, open the Protest folder and double-click on
ProTesT Ill  Protest_lll_Convert.exe to open the Select Databases display
Database  (Figure 3.15). Use the display to convert a ProTesT Ill database and
create new records in the selected ProTesT database file.

X, Select Databases |

ProTesT Databaze Conversion

To beqgin corverting a PraTesT Il databaze to a ProTesT database,
pleaze zelect the location. dbf file, which you want ko cansert.

FraTe:T Il Database File:
IE:‘-.F'r-:ugram Files4Dobletdblocation. dbf Browse. .

ProTesT Databasze File:
IE:‘-.F'r-:ugram Filez\DoblehdbsProT e=T.dH Browsze. .

Location Manme: INEW Reqion

Canvert Dione | Wiew Log | Help |

Figure 3.15 Convert ProTesT Il Database

NoTE The target database must be a non-existing database name.
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To convert a database:

1. In Windows Explorer, go to the C:\Program Files\Doble\ProTesT
folder.

Find and double-click the file called ProTesT_llI_Convert.exe.
3. This starts the conversion program.

4. In the Protest Database box, browse till you find the path of the
database that you wish to convert, for example:
C:\ProTesT3\db\location.dbf

NOTE Be sure to select the location.dbf file.

| 5. In the ProTesT Database box, enter a new database name.

Do not use spaces or ./ - in the DB name
Click Convert to begin the Database conversion.

Change/Enter  Click Change Password in the Tools Menu to change an existing
Password  password.
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Doble Reports

Click Reports in the top menu bar to open the Reports dialog
(Figure 3.16). Use the Reports dialog box to select and print standard test

reports.

Popons

— Mame

Standard

Cloze

IEurrent Ligt j Efrirt

:Current List
E ti : _
Nﬁ:g;agr}l Frint Presigw
Teszt Activity -
Test Plan Activity
Tezt Results

Figure 3.16 Reports Dialog

The scope of a report is limited to what is selected in the tree view of the
Doble Explorer. For example, if a relay is selected in the tree view, the
report includes only test plans and test results for that relay.

The following standard reports are available in the Reports dialog box:

Current List
Exception
NoteBook

Test Activity

Test Plan Activity

Shows the contents of the current list view, where
the last test date and test result are shown.

This is a Test Activity report, but only for those tests
whose last result was Fail.

Lists contents of all NOTEBK Macros within the
scope of the report.

Lists all the tests and test plans within the scope of
the report, including the date the relay was last
tested and the evaluation summary (Pass or Fail).

Lists all test plans within the scope of the report,
and the latest date of any test result.
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Test Results Shows detailed results for all tests within the scope
of the report. Use the Test Results Date Parameters
dialog to specify the results to include
(Figure 3.17). The default is to report only the last
test result. If Query By Date is selected, enter a
date range. All the test results within that range are
reported. Note, however, that NOTEBK Macros
have no results and are not included.

To generate a report:

1. Click Report in the ProTesT menu bar.

2. Select a standard report from the pick list.

3. Select Print Preview to see the report on screen.

If the Test Results report is selected, the Test Results Date Parameters
dialog box appears (Figure 3.17). Use the dialog box to select results
within a specified date range.

im. Test Resultz Date Parameters H=] E3

From D ate:

@ Lazt Results
01 Alan/1380 [E.g.[dd.-"l‘ﬂl’ﬂl’l'l."l_'.-'_','_'r'_'.-']]

Al Besults
ToDate:

T By Dat
12/5ep/2000 (e..dd/mmmuuy]] Uuery By Date

0k, Cancel

Figure 3.17 Test Results Date Parameters

4. Enter the date, month, and year in the From Date and To Date fields.

5. Click the Query By Date radio button.
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6. Click OK.
The Doble Reports display appears with a preview of the selected test
results (Figure 3.18).

Go to Go to Print
first page next page Report Refresh

Save File
(Export)

Printer
Setup

Goto
last page

Goto
previous page

§i Doble Reports

x| 4] ot D ]|=]| S|E]5

[ [00x =] Totstss 100z 59 of 59

ProTesT Test Results 09/12/2000 1 of &

Location: Hing's Test
SIN Miz
Rely:  Testgroup | Ser. #123 T5T
Test Plan: Single point tests
Macro Type: TIMEY Test Name: Hew
Time Stamp: 0772472000 4:24:26PT] -
Expecied Eval + % - % Actual Percent Error
.00 Ho Op 1.00 1.00
Macro Type: RCHFRY Test Name: jhon
Time Stamp: 0772472000 4:25:44PT]
Expecied Eval + % - % Actual Percent Error
130 Ho Op 4.00 4.00
Macro Type: PREAMEPY Test Mame: ramp 1
Time Stamp: 0702472000 4:26:03FT]
Fxnerted Fual + 05 - My Artual Percent Frear b
| H
Figure 3.18 Report Document: On-Screen Preview
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NoOTE

For the best view of the report, select full screen and Page Width
magnification.

When previewing a document on the screen, the scroll bar and
Page Down/Page Up buttons access only the current page.

Click the Page Forward button in the toolbar at the top of the preview
display to turn the page.

e A black Page button indicates more pages exist.
e A gray Page button indicates no more pages exist.

Use the Last Page button to go to the last page. Similar control buttons go
to the previous page and first page of the report.

To select a printer, single-click the Printer Setup icon in the reports
toolbar.

To save the report as a file:
1. Click the Save File icon located on the toolbar.

The Export display appears (Figure 3.19).

Export |
Formnat: Ok
Il:haracter-separated values j Cancel

Rich Test Format
T ab-separated bext

T ab-zeparated values

Teut

Ww/ord For WWindows document

Figure 3.19 Export Drop Down List

2. Select the appropriate file format for the report from the Format
pick list.

To edit the report in Word, for example, select Word for Windows
document.

3. Select the location for the saved report from the Destination pick list.
4. Click OK.

The report is saved in the format and location specified.
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Window Menu

Cascade

Tile

Arrange Icons

Help Menu

Index
Using Help

About ProTesT

NOTE

Arranges ProTesT windows for viewing, comparing, copying, and pasting
Test Plan and test data.

Arranges all open windows in an overlapping format with the title bars
displayed, such as Navigation window and Macro tab.

Arranges all open windows in a tile format with the title bars displayed.

This function is not implemented.

Click Help in the top menu bar to open ProTesT help.

Opens the table of contents to online help. Help includes much of the
information in this User Guide.

Provides basic information about how to navigate and use a Windows
Help System.

Provides the following information about ProTesT:

e Version number
¢ Product Code or serial number, which determines what
ProTesTPlan Macros are available

When looking at a Test, press the F1 key, and Help opens to the test
macro, showing how the macro action works.
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Toolbar Summary

Toolbar icons are shortcuts to menu bar functions. Place the cursor on an
icon to see a tool tip description. Standard Windows icons are used for
Open, Save, Cut, Copy, and Paste. When a Macro is in view, the

Go Back icon closes the Macro and restores the tree and list view.

Table 3.1 explains each icon.

Table 3.1 Toolbar Command Description

Icon Command Description
lilr, Open Opens a database.
I Save Saves modified records to the open
H database.
Cut Cuts information from a Test Plan or a
c% record. Places the information on the
clipboard for pasting into another
database.
£ Copy Copies information from a Test Plan, or a
record for pasting in the open database or
to another database.
E Paste Pastes information to the open database.
| Move Up Moves the selected record in a list view
‘1\ upwards.
+ Move Down Moves the selected record in a list view
downwards.
ﬂ Find Searches for a record by name and type.
Power System | Quick access to the Power System Model
{j Model when an SSIMUL Macro is open.
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Table 3.1 Toolbar Command Description (Continued)

Vector Calculates phase-to-phase values.
E Calculator
% Run Runs the currently selected Test.
Go Back Closes the view of a test macro and return
t.. to the navigation view of the database.
Exit Exits from ProTesT.
'
k“‘ Help Opens Help for ProTesT.
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4. Creating a Relay Test Plan

This chapter describes how to create a database of relay test plans and
introduces ProTesT macros.

Organizing Databases

Creating Test Plans

Since ProTesT starts by opening a database, the first step is to create your
own database. Create ProTesT Location folders to identify relays and test
plans for specific substations. A Location folder can be used for every
substation in a geographic or business unit region or as a library to
contain sample relay test plans for common relays found in each
substation.

To create a Test Plan for a specific substation using the ProTesT library:

1. Copy an appropriate Test Plan from the library.

2. Paste the plan into a Location folder.

3. Adjust the test parameters to the specific relay settings required.

Keep the following three key issues in mind when creating test plans:
e Create standard test plans.

Since a standard test sequence runs the same every time under
ProTesT, results can be compared exactly.

e Use standard names.

A standard format for Relay IDs and serial numbers is also
important, as well as for substation folders and test names. This
makes it possible to do a meaningful database search using
Edit | Find.

e Create a standard test setup.

Creating a standard configuration of test equipment makes it
possible to have a standard test procedure, using a common set of
voltages and currents, with common wye or delta connections to
the relay or test panel. This simplifies technician training and run
time operation.
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Adding Relays
To add relays to a Test Plan:
1. From the menu bar, select Edit| Append to add a new Location and
open it.

For a large substation, it may be convenient to add sub-folders to
represent terminals. A Location folder can contain either all
sub-folders or all Relay records, but not both.

2. Add Relay records, using a meaningful Relay ID, since this can be
used later as a search key.

Serial number, manufacturer abbreviation, and function description
are optional.

For the first time ProTesT user, it may be helpful to start by adding only a
few relays, especially when adding more complex numerical relays
which are more difficult to test manually, or older relays in critical
applications requiring coordination tests.

Adding Test Plans

Each Relay record can have more than one Test Plan. Often, only one
Test Plan per relay is needed, however it may be useful to have different
test procedures for acceptance or commissioning vs. routine calibration.

Consider the following when determining how many test plans to create:
e Test equipment to be used
e The number of voltage and current sources available
* VA power the sources have

Even testing a numeric relay can require high power, if high overcurrent
multiples are being used. Therefore, creating separate test plans for
different Doble test set configurations may be helpful.
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Finding Test Plans

The Doble ProTesT library, provided with the software, contains sample
test plans for a large number of relays. Many of these are ready to run,
but most require tuning for the specific application. Other resources
include instructions from the relay manufacturer and existing company
procedures for manual testing.

Since ProTesT macros let the user select voltage and current sources and
their values, it is easy to transcribe manual test procedures into an
automated macro. Most macros do simple source operations like an
A-to-B step test or a linear ramp. If a test can be done manually, a
ProTesT macro can be created to obtain the same result. Once the macro
is coded, it runs faster and is exactly repeatable.

NoOTE Remember, if a test result from an automated test is a “Fail”, manual
' testing can help determine the cause.

Verifying and Improving Test Plans

After a Test Plan is created, it must be verified to prove that it works as
expected. Later, the Test Plan can be improved to make it run in less time
or to avoid excessive current load on the relay. Also, macros can be
added to obtain more complete time, distance, or differential
characteristics, since little extra time is needed using ProTesT.

Managing Test Data

The easiest way to manage data with ProTesT is to treat substation test
plans in a database like books in a lending library. An office computer
may act as a library, where one or more databases contain test plans and
accumulated test results for all substations.

When it is time to test relays, a copy of the database or the substation test
plans is borrowed to go to the field. For example, data can be copied
from a desktop office computer to a technician’s laptop. The laptop is
then used to run the tests and add new test results in the same way that a
handwritten journal is updated. The borrowed data, augmented with new
test results, is returned to the office library.
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Copy ProTesT Data

Paste and Transfer

Update and Return

To copy data from one ProTesT database to another:
1. Select one or more records in the open database.

* Asingle Location folder or Relay can be selected in the tree view
e Multiple records can be selected in the list view

2. Click the Copy icon on the toolbar, or select Edit | Copy, or press
Ctrl+C.

To create a database to receive the copy:
1. Select Database | New.

Alternatively, open an existing target database. The target should
reside on a hard drive or other high capacity drive.

A dialog box asks whether ProTesT data in the copy clipboard should
be saved.

2. Click Yes to open the new database.

3. Toinsert the copied data, click the Paste icon on the toolbar, or select
Edit | Paste, or press Ctrl+V.

The data is then copied to the target database.

4. Use Windows Explorer to transfer the target file to the laptop, via
networking, Internet, or high capacity media.

For a large database, file compression may be desirable for the
transfer.

Use the copied data to test relays. Reverse the above procedure ("Paste
and Transfer”) to update the master copy in the office. For a large
database, it may be necessary to have a database administrator manage
the updates.
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ProTesT Macros

A ProTesT macro controls Doble voltage and current sources. Each
macro type follows a particular algorithm for changing one or more
source values, called Action values. The user identifies the sources to

use, their amplitude, phase, and frequency, and which values are Action
values.

Macro Tables

Each macro consists of tables that define Doble sources, values, and

Action parameters. The tables are shown on several tabs beginning with
the Test tab (Figure 4.1).

44+ ProTesT - [Test: D.0. TERM. 4&5.TIMEY]

ﬁDatabase Edit Macro Setup Yiew Tools ‘Window Help

o3 ] (e8] + [ o |32 eo] . ]

/Short ProTesT Library. AABBAWEST AAR/74/D.0. TERM. 485

ID 0. TERM. 445 j Relay ID: AR Serial No:
TIMEY Last Edit; tfg: ABB

| Actionl Prefau\tl Fleportl Notebookl

Sc | High | Low | Ampl | Phs | Freg | Besuls

ICurrent Test Conditions j Save Results I Delete Results I
= Expected Time | +% | -% | Actual | %Ewor | Resul | Time Units
2 1o 10
miec ¥
oY 9 g ACTION
BT 1]

Sense Connections: |4'5

Jumpers: I

Figure 4.1 Test Tab
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Test Tab To enter data to the Test tab:

1. Select source names in the Src column from the drop-down list or by
typing the two-character name.

Default frequency (Freq), inserted automatically from Setup, can be
changed if necessary.

2. Enter amplitude and phase values in the Amp/ and Phs columns.
At least one source parameter must be labeled “Action”.

Most macros use only one parameter as Action. For example, one
current amplitude or voltage amplitude may be used, but not both,
although more than one source can have the same Action parameter.

3. Enter the expected test result and pass/fail tolerance values under
Results.

When a test is opened, the Results field shows Current Conditions.
These are the expected result and tolerances and they can be
changed. The Results drop-down list shows prior test results,
including expected results, % errors, and pass/fail indications.
Although these results can be seen in the table entry, they cannot be
changed.

4. To set new expected or tolerance values, select Current Conditions.

Pass/Fail If no expected value or tolerance is entered, the test result is recorded
simply as “Op” (operate) or “No Op” (no operation). If an expected value
is entered, the error is calculated and reported, but the test result is “Op”.
Otherwise, pass/fail is determined by applying the tolerances. A
one-sided tolerance is indicated by entering only one tolerance value.

The second tab, the Action tab, is shown in Figure 4.2.
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4+ ProTesT - [Test 51P PICKUP.BSRHOI]

Coneci oot ]

. r~
o 2
Ma =]

- +/- Delta Current

Delta Ti
[Soem CEERE

Figure 4.2 Action Tab
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Action Tab

The Sense section on the Action tab defines the relay operate signal to
the Doble instrument and the Action table supplies parameters for the
macro.

1. For Sense, select contacts or voltage as the operate signal and the
transition from the drop-down menus.

As an example, contacts would be open to close (O—) for pickup,
while dropout would be C—©.

2. From the drop-down menu, identify by source name the sense input
terminals that are to receive the operate signal.

The default, “MA” (Master), identifies either the F2000 instrument
with the green Master LED lit or Input 1 on the F6000.

Refer to Chapter 6 “"Sense Input” for details on Sense Delay and Sense
Duration.

3. Select zero crossing from the drop-down menu.

Zero crossing is normally System; that is, Action changes occur when
the Doble reference frequency (50 or 60 Hz internal crystal or line
synch) has a positive zero crossing.

Source means that changes occur at the positive zero crossing of each
source. Therefore, if a phase offset exists between Action sources
with Source zero crossing, they change value in phase delay order
rather than at the same time, which is not usually desirable.

4. Fill in the Action table for each macro.

Refer to the specific descriptions provided in Appendix C "ProTesT
Macro Reference Guide”.

4-8
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The Prefault tab is shown in Figure 4.3.

44 ProTesT - [Test 51P PICKUP.BSRHOI] [_[& =]
hgatabase Edit Macro Setup Miew Tool: Window Help =181 x]

B EERREE RS RN

AShart ProTesT Library. /SEL. ASEL-251/autarun/Distribution Rly/5TP PICKUP
|51 P RICKUP j Relay ID:  SEL-251/autarun Serial Mo:

BSRHOl  OVERCURR. ELE. PICKUP Ll Mfg: SEL
51P)

Test I Action Fleportl Notebookl

S | Ampl [ Phs [ Fre

WA iz00 00

WiC 1200 (BO.O

IF oo oo

BT 0

PrefauItDurati0n| 0 Cycles

For Help, press F1 ,_
Figure 4.3 Prefault Tab
Prefault Tab Many macros have a Prefault tab. This allows an initial state of normal

voltage and current to be applied to a relay before the Action begins. The
sources previously entered to the Test tab are displayed in this tab.

To enter data to the Prefault tab:
1. Modify the amplitude and phase, if necessary.
2. Enter the prefault duration.

The duration should be long enough for the relay to initialize before
the fault condition is applied by the Action.

G 72A-1585 Rev. C 8/02 4.9



Creating a Relay Test Plan

The next tab, the Notebook tab, is displayed in Figure 4.4.

&4 ProTesT - [Test: D.0. TERM. 485 TIMEY]

!":_";Database Edit Macro Setup  Wiew Tools  Window  Help

| W] 3 [Be| @) [ o | eI e o 2]

/Short PraTesT Library /ABBAWEST AR/ 74/0.0. TERM. 445
ID'D' TEEM. 445 j Relay ID: AR Serial Mo:
TIMEY Last Edit: Mig: ABB
Test I Actionl Prefaultl Fieport  Motebook |
[0.0. TERM. 485 =14
Originator User
P ;I Mew Used ;I
-] -]
Figure 4.4 Notebook Tab
Notebook Tab This is a two-column area for free-format text. The columns are labeled
Originator for notes to guide the tester, and User for comments from the
tester. For example, Originator notes can indicate when to change test
leads while User comments can record the results of visual inspection. A
page selection box allows the user to scroll through all the Notebook
pages in the Test Plan without losing position in the Test Plan.
NoTE If notes are present for a macro, a Notebook icon appears on the status
' bar below the Test tab.
o
Report Tab The Report tab presents a print format report of test parameters and notes.

A test result can optionally be selected for inclusion in the report.

4-10
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Selecting a Macro

ProTesT macros perform steady state, dynamic state, or transient tests.

Steady State Test

Most ProTesT macros perform steady state calibration tests, such as those
recommended by the relay manufacturer. These automate common
manual tests that verify relay settings.

Amplitude and In a simple test, amplitude and phase for current and voltage are set close

Phase to fault values, and the current (Action) may be changed until the relay
operates, which stops the test. The Action value, whether amplitude or
phase, is stepped by increments and held for the specified number of
cycles, just as a tester would do manually from a control panel.

A user-configured ProTesT macro automatically downloads the preset
values to the instrument, which executes the Action precisely every time
the macro is run. This is both accurate and repeatable. If more than one
source is being stepped, all step together, synchronized to a common
clock. Typically, the internal instrument crystal is the reference frequency
(50 or 60 Hz), but sometimes it is useful to designate line frequency
reference (FL), from the wall socket.

Frequency Entering source frequency as a number implies using the instrument
crystal reference in Variable Frequency mode. Any frequency within
the capability of the Doble instrument can be entered, such as 59.77 or
1000 Hz, but if different sources are assigned different frequencies, the
frequencies must be harmonics of a common base. ProTesT calculates a
common base from the numeric values entered and reports an error if no
common base exists. Alternatively, base frequency and harmonics can be
explicitly entered as: FX (crystal base) and FX*2 (second harmonic), or
FL (line frequency) and FL*2.

A frequency Action ramp shifts frequency in a continuous, Hz/sec,
manner, rather than in large steps. It is also possible to identify one
source to be at instrument base frequency (FX), while another source
frequency is Action. In F2000, the FX frequency must be assigned to
source 1 (the top source) of the Master instrument, if the other sources
have Action frequency.

Macro Name The macro name is a mnemonic that identifies the Action algorithm and
the source parameter used. For example, LRAMPI is a linear ramp of
current amplitude; LRAMPV is a ramp of voltage amplitude; and
LRAMPF is a ramp of frequency. PHROTV and PHROTI rotate (ramp)
phase.
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Dynamic State Test

The SSIMUL macro performs a dynamic test. Amplitude and phase of
voltage and current sources are changed simultaneously in a sequence of
sine wave values that approximate a fault condition. Unlike a steady state
macro, which stops as soon as the relay operates, the SSIMUL state
playback continues to the end. When it is over, ProTesT checks timer
values to determine whether relay operation occurred.

The advantage of dynamic testing is that it presents a realistic fault to a
relay, and the test can do more than verify set points of individual relay
elements. A fault can be applied to a single relay or to a larger protection
scheme. The source values used are derived from fault studies for the
relaying point, and these can be used to test reclosing actions, blocking
schemes, and the effect of evolving faults.

Transient Test

Like SSIMUL, the TRANS macro plays a realistic fault through Doble
sources, but unlike SSIMUL, TRANS plays point-by-point transient
waveforms.

The TRANS macro allows the user to import waveform data from industry
standard COMTRADE files, select channels and a time frame of interest,
and save these for playback with ProTesT. For F2000 instruments, digital
source names are any valid source name with an L1 or L2 suffix, such as
VAL1, VBL2, or 12L2. For F6150 instruments, digital source names are
any valid source name with an L1 suffix, such as VAL1, VBL1, or I2L1. As
with SSIMUL, timers can be set up to record relay response. TRANS is
particularly useful for testing the effect of dc offset, harmonic content,
and |/r delay in a fault.
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Constructing A Test Plan

Opening a ProTesT Test Plan displays a list of macros on a Test tab, along
with two other tabs: Connection Table and Notebook. The Connection
Table tab is displayed in Figure 4.5.

Test
S High | Loy | Arnpl | FPhsz | Freq | Dezcription

Wa = |BHS BH1O 70 1] G0.00

B BH11 BH12 70 120 G0.00

W AHS AH10 70 120 G0.00

I BH1 BHE 1 1] G0.00

|2 BH3 BHE 1 120 G0.00

I3 BH5 BHE 1 120 G0.00

BT AG1 A2 125 BATTERY

sense Connections: I.ﬁ.FEﬁ.GE

dumpers: Inu:une reguired

Figure 4.5 Connection Table tab
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Connection Table

Notebook

To fill in the Connection Table for identifying the Doble sources and
default values to be used in individual tests:

e Enter source names, normal amplitude and phase, and the initial
relay terminals to which the source leads are to be connected.
Source names and values entered in the Connection Table are
automatically filled in whenever a new test is added to the Test
Plan. Values in the new test can then be modified as needed, and
sources added or removed.

The discipline of creating a Connection Table can lead to designing a
better test procedure by focusing attention on the use of source
connections in a way that minimizes the number of lead changes during
the Test Plan. The number of sources available, and the order in which
tests are executed, can often be configured to simplify wiring changes
during the Test Plan.

Changing leads can be the source of operator error, particularly if tests
are re-run or run out of order. Lead changes take time away from running
tests. Where possible, it is best to set up all source connections and sense
leads one time at the beginning. Manual setups take more time and are
more error prone; running ProTesT is the easy part.

The Test Plan and each test macro have a Notebook tab (similar to
Figure 4.4 on page 4-10), to record setup instructions, relay settings, and
run time observations. Notebook text can be copied and pasted from one
Windows application to another using standard Copy/Paste commands.

A NOTEBK macro is a pure Notebook that is often inserted into a Test
Plan to advise the operator to change leads or relay settings before the
next test can be run. A good Test Plan usually begins with a NOTEBK

macro to explain the test procedure that follows.
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POWER Macro and BT Source

NOTE

For a solid state or numerical relay, the Doble battery simulator (source
BT) can be controlled by ProTesT to supply dc logic power to the relay.
In that case, a POWER macro should be added at the start of the Test
Plan. When it is run, BT is turned on to power the relay, and BT remains
on continuously while the Test Plan is open. Without the POWER macro,
BT would turn on and off with other sources as each test is run. Another
POWER macro can be run later in the test sequence if it is necessary to
turn off BT for the following test.

Alternatively, it is possible to turn the BT source on manually with a
switch on the F2000, or with the Control Panel on the F6000. ProTesT
recognizes that BT is on, but will not touch the source. Thus, if BT is
turned on manually, BT must be turned off manually.

If a test is manually aborted, all sources are turned off for safety. To
keep BT on after an abort, open ProTesT Setup on the menu bar, and
verify that “Battery Off on Macro Abort” is not checked.

Selecting a Test Macro

CREEP

For further details on the following macros, refer to the detailed
descriptions found in Appendix C "ProTesT Macro Reference Guide”.

The CREEP macro can reproduce the manual minimum pickup test. The
computer keyboard or mouse is used to step the current up or down.
CREEP also allows the user to indicate pickup from the keyboard, which
is useful if relay response is only a visual indicator such as a target drop.
Although this is a manual test, source setup is automatic and the result is
recorded in the ProTesT database.

CREEP action can be applied to current (CREEPI), voltage (CREEPV), and
frequency (CREEPF).
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GO/NOGO

Expected Value

Time Test

Linear Ramp

GO/NOGO is a simple A-to-B test. For pickup, GONGOI sets current
amplitude to an initial value (A) and after the offset duration, the test
value (B) is applied and held for a maximum on time. As soon as the
relay operates, the test ends and sources turn off, as is true for all steady
state macros.

Steady state macros have expected values to determine Pass/Fail.
Although this is optional, a good test record normally requires it. For
GONGOI, as the name implies, the result is either Operate (Op) or No
Operation (No Op).

GO/NOGO action can be applied to current (GONGOI), voltage
(GONGOV), and frequency (GONGOF). Go/NoGo for phase is a phase
shift, done with PHSFTI and PHSFTV.

A time test, like TIMEI, is an A-to-B test that adds a timer to record
operating time. In this case, expected value is an operate time, whether
the Action parameter is current (TIMEI), voltage (TIMEV), phase
(TIMEPH), or frequency (TIMEF). TOCPLT (Time Overcurrent Plot) runs a
sequence of time tests at specified multiples of tap, which can be
displayed as a time curve. There are similar time plot tests for voltage,
phase, and frequency.

Linear ramp of current or voltage amplitude is one of the most common
test methods. For example, LRAMPI can be used to test minimum pickup
of a definite time relay, such as a winding on an HU or STD differential
relay. However, LRAMPI is not the best option for a variable time relay,
such as with inductive disk overcurrent. The INDPUI macro is better
suited for this situation. However, linear ramp is simple, and everything
important about all other macros can be learned from using the linear
ramp.

4-16
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Linear Ramp LRAMPI begins at an offset (A) and ramps toward a limit (E), as shown in

Algorithm Figure 4.6 on page 4-17. The amplitude proceeds in a series of steps,
incrementing by a fixed delta value (C), and waiting a delta time (D) to
allow the relay to pick up at that value. As soon as pickup is sensed, the
macro stops and the amplitude is recorded. If no pickup occurs after the
limit is reached, the macro ends with a No Op.

Figure 4.6 shows the ramp starting at a low value and ramping to a
higher limit, however LRAMPI can start at a high offset and ramp down
toward a lower limit as in a dropout test or in the related macro
LRAMPY, for an undervoltage test. The offset or offset duration can be 0.

&) Offset
B Offzet Duration

[A)

(B)

(C) +- AWalue
(D) A Time

(E) Limit %alue

L]
=

B Sense Tirme

Figure 4.6 Linear Ramp Staircase Algorithm
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LRAMPI Rules

LRAMPI rules are listed below. Refer to Figure 4.7.

1. The largest current, whether limit (E) or offset (A), determines the
range of the Doble current source.

This limit must be higher than the expected operate value, but low
enough to select the lowest current range that can make the relay
operate. This ensures that the maximum source power is applied.
Otherwise, the source compliance voltage may not be able to drive
the load, causing a “Source Error” that shuts down the test. This is

especially true for high burden electromechanical relays.

Min.PIJ.Restr.1a

LRAMP

Test

HL Differential

Relap ID: HU [F2253).

—Senze

Delay
Dwuration

Source

I Contacts j I 0-:C

1]

1]
I ~

Cycles
maecs

[

Zero Crozzing ISystem 'I

Figure 4.7 LRAMPI Action Parameters

Serial Mo
1041801 1413030 bfg: ABE

Conditiong | Ampl | [ritg
L& | Offset Current 1.3 Amps

| B | Offzet Duration 2 Cycles
[C | +/- Delta Current 001 Amps

| O Delta Time 20 Cycles
E | Current Limit 1.9 Amps
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2.

In a pickup test, make the Offset Current close to the expected value.

This makes the test run faster and avoids applying high current to the
relay longer than necessary.

The delta current (C) should be a meaningful value, perhaps 10% of
the tolerance.

If the expected = 1.5, and the pass/fail tolerance is 10% or 0.15 amp,
a delta current of 0.01 or 0.02 is good. Although the source allows
milliamp resolution, it may not be useful.

If the delta current is too large, the result may easily exceed the
pass/fail tolerance, even if the relay is working fine.

The delta time (D) must be long enough for the relay to notice.

Numeric relays respond very quickly to input changes, but
electromechanical relays take longer. If the delta time is too short, the
ramp races ahead of the relay’s ability to respond, and the recorded
pickup amplitude is too large (or too small).

A good approach when first designing a test is to make the delta time
long enough for the tester to see the relay start to respond at each step
(if a response can be seen), similar to running a manual test. Then
shorten the delta time until relay response becomes erratic. A good
starting delta time is often 10 cycles.

Near the pickup point, relays have an inverse operating time.

Since the relays may or may not respond, the delta time should be
much longer than the nominal relay operate time.
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Inductive Pickup

To test inductive disk overcurrent relays, INDPUI is a better choice than
LRAMPI. INDPUI begins by applying a multiple of tap to make the relay
operate right away. Then, a linear ramp begins just above the tap value
and steps downward until the relay drops out. A second ramp turns back
upward looking for pickup. This algorithm is similar to a common form
of manual test. The dropout and pickup values are recorded, and the
average taken as the result. The rules for linear ramp (See page 4-18)
apply here also. Refer to Appendix C "ProTesT Macro Reference Guide”
for further details.

INDPUI Rules 1. To make the relay operate initially, make the initial amplitude as
small as possible.

This minimizes the impact when the induction disk swings around to
make contact. At a high multiple, the impact is large and there is a lot
of contact bounce. The macro may interpret the bounce as
pickup-dropout-pickup before the downward ramp has barely
moved.

2. On long time constant relays, a high multiple may be necessary for
initial pickup.

To compensate for contact bounce, use Sense Duration as a filter.
Refer to Chapter 5, Sense Input for details on Sense Duration and
Sense Delay.

3. The primary cause of sense instability in INDPUI is contact bounce,
for which Sense Duration is the best filter.

It may also be useful, however, to apply Sense Delay. Whenever
source amplitude is set or changed, Sense Delay causes the Doble
sense input to shut off momentarily. This is useful when high initial
current is applied because it sets a minimum time initial current and a
minimum time the initial ramp step is held, thus allowing the
induction disk to stabilize.

Pulsed Ramp and Double Ramp

Variations on linear ramp are pulsed ramp (PRAMPI, PRAMPV) and
double ramp (DRAMPI, DRAMPV). There is also a frequency double
ramp (FRDRMP).

Pulsed Ramp Pulsed ramp is the same as linear ramp, except that between each ramp
step, the amplitude returns to the offset. This is useful when testing at
high current to allow the relay to cool off between pulses.
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Double Ramp Double ramp consists of a ramp to pickup followed by a ramp to
dropout. The offset can, however, be held as long as desired before the
ramp begins.

Binary Search

Binary search combines a high-low pulsed search with a linear or pulse
ramp at the end. It is a fast and accurate test method that cannot be
duplicated by manual testing. In most cases, if linear ramp or pulsed
ramp work, binary search works also with the following added
advantages:

e Using pulses, current load on the relay is minimized.

e Regardless of offset and limit, binary search quickly finds the
pickup if it is in the search range.

e If the desired result is No Op, binary search takes only 2 pulses to
determine No Op: one pulse at the midrange, and one at the
limit.

If the relay does not operate at the limit, the test is over.

e There is audible feedback that the test is working.

Beeps indicate that test pulses are causing a pickup. Lack of
audible feedback may indicate that the test setup is incorrect.

NoTE For binary search to work, the relay must reset between test pulses that
' cause it to operate. For example, breaker fail detection might have to be
: disabled.
c e (4] Offaet
D (B) Offset Duration

[(CILimit WValue
(D1 Pulze Duration
(E 1 'Wait

L4702
() (F1Ramp +- A Value
(G1Ramp ATime
&, A Time =0 far
Pulzed Ramp

B SEFIS'-E TIITIE
Mate: Pulss (D) ends on Sense

Figure 4.8 Binary Search Algorithm
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Binary Search Like pulsed ramp and linear ramp, binary search uses an offset (A) and a

Algorithm limit (C). Although Figure 4.8 shows the macro searching between a low
offset and a high limit, it can start from a high offset and search toward a
low limit. For BSRHOI, the offset can be normal load current with the
limit higher than the expected pickup.

The search starts halfway between offset and limit. Each test pulse is
halfway between the last No Op value and the last operate value (or the
limit). When test values differ by less than 3 “clicks” (ramp delta value),
the macro switches to a linear or pulse ramp for the actual operate value.
Note that if (G) ramp delta time = 0, a pulsed ramp is used, with pulse
and wait the same as for the search. For details, refer to the description of
BSRHOI in Appendix C "ProTesT Macro Reference Guide”.

EOP-1.PLI=+3 AR j Relay |F): DPU-20008. Sernial Mo:
BSRHOI  Defirite Time Pickup Lazt Edit:  12/23/99 09:46:07.0 bifg: ABE

Test I F'refaultl Hepu:urtl Nu:utel:u:u:ukl
 Sense Conditiohs | Ampl | I itz
A | Offzet Current ] Amps
Contacts = || 0->C - —

I oriacts JI J | B | Olffzet Duration G0 Cycles
DE"E'E_ U Cycles [IEY Current Limit 30 Amps
Duration ) m3ecs |0 Fulze Duration 10 Cycles
Souree |4 - | E ["fait a0 Cycles

LB |+ Delta Current 0.1 Amps
G |Celta Time 10 Cucles

Zero Crossing ISystem "I

Figure 4.9 BSRHOI Action Parameters
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Binary Search Rules

Use the rules for linear ramp listed in page 4-18. In addition, the
following rules apply:

1.

The offset can affect the result, since the first test pulse is determined
by the difference between offset and limit.

Depending on the algorithm of the relay, the linear or pulse ramp
should be used.

The wait time must be long enough for the relay to reset or cool
down.

Related relay elements not being tested may have to be disabled, if
the test pulse can cause them to operate and to report incorrect
results.

If a search finds a pickup point, but the linear ramp at the end fails
resulting in No Op, increase the ramp delta value.

This happens because the ramp takes no more than 15 steps. If the
ramp delta value is too small, however, 15 steps may be undetectable
to the relay.

The electromechanical distance relays are also subject to transient
overreach when pulsed current is applied, whereas a ramp returns
the steady state response. Therefore, Action parameters may require
more tuning to produce desirable results.

To smooth out unwanted response to test pulses, Sense Delay may be
required. For more information, refer to Chapter 6, Sense Input.

When creating a new test, start with generous values for pulse
duration and wait.

If the test works, try reducing these values until the test no longer
returns consistent results. This optimizes the test to run faster.
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5. Running a Test

Test Setup

This chapter describes how to set up and run a test.

When a test opens, the Test tab (Figure 5.1) is displayed.

|50P-1.PU=x3. 4B

BSRHOI

Definite Time Pickup

j Relay 1D:  DPUJ-2000R. Serial Mo
Last Edit:  12/23/93 03:46:07.0 tfg: ABB

Test |.&clion| F'refaultl Hepnrtl anebnokl

Src High | Low | Ampl | Fhe | Freqg | Besults ICurrent Test Conditiors j Save Results Delete Results
x’: hd 312 gi ggg _01'20.0 ggggg 18E:<Dected| |1+‘Z |1-°/=| Aetual | % Enor | Resul
W 33 34 0.00 2400 60.000
il a4 47 ACTION 0.0 B0.000
12 h2 47 ACTION <1800 BO.000
13 a0 47 Q000 -2400 60000
ET 1 2 i}

Senze Connections: |21 22

Jumnpers: I

Figure 5.1 Sample Test Tab

Connecting to the Relay

Source Names

Source Connections

The Test tab documents everything needed to connect Doble sources to
the relay.

The Test tab identifies the voltage and current sources required to run the
test. The tester must configure the Doble instrument sources to match
these names. This is because only the tester knows where the source
leads are connected, such as which voltage source is “VA” to the relay.
By manually naming the Doble sources, the tester determines which
source terminals to connect to the relay voltage and current inputs.

The Test tab documents the relay terminals where Doble sources are
connected. “High” is used for red polarity and “Low” is used for black
ground.

G 72A-1585 Rev. C 8/02 51




Running a Test

BT Source

Sense Connections

Jumpers

Notebook Tab

If the Doble Battery Simulator is used, only an allowable dc voltage can
be selected; Phase and Frequency do not apply. If BT is used in more
than one test, insert a POWER Macro to turn BT on and leave it on
throughout the test sequence. Otherwise, BT turns on and off with each
test, forcing the relay to re-initialize. Note, however, that after POWER
runs, its amplitude overrides the BT amplitude in tests that follow.

Sense Connections, a free-format text window that holds up to
25 characters, is used to document where the sense leads connect at the
relay.

Like Sense Connections, Jumpers is a 25 character free-format text field
that can be used to note any relay jumpers that must be inserted.

Further instructions can be documented on the Notebook tab. If notes
exist on the Notebook tab, this icon EF appears on the right side of the
ProTesT status bar.

How to Connect Sense Leads

F2000

F6000

If the test setup has more than one F2000, it is likely that in a sequence of
tests the Action source will move from one F2000 to another, such as
from one phase source to another. The Action tab identifies the sensing
source, which must be an Action and must be on the Master F2000. The
default, “MA”, identifies the Master F2000, whose sense terminals are
armed to respond to relay pickup. If a sense source like “I1” is assigned,
ProTesT ensures that the F2000 containing “I1” is the Master, and its
sense terminals are armed.

If only one output relay contact is used, to eliminate the need to switch
sense leads when the Master changes, connect all F2000 sense terminals
in parallel, with only one set of sense leads connected to the relay. When
the test is run, ProTesT arms only one sense input and the others remain
idle.

The Action tab sense source “MA” identifies Input 1 on the front panel;
otherwise, the input corresponding to the designated sense source is
used.

72A-1585 Rev.C 8/02  (AMNIy

..:



ProTesT User Guide
L

Run a Test
When setup is complete, the test can be run. To run the test:

e Click the Run button [|S&] on the toolbar, press F12, or select
Macro | Run from the menu bar.

A test can be run from the test view or from the list view.

Steady state macros execute the following sequence of steps described
below:

e Connect to Doble instrument

e Verify Test parameters

¢ Indicate a Test is in progress

e Check Sense

e Action algorithm proceeds

Connect to the Doble Instrument

ProTesT attempts to communicate to the Doble instrument using the
connection properties defined in Setup. If there is a problem, a read
failure or communication error is reported. This occurs, for example, if
there is not an instrument connected or the wrong COMM port is

specified.

Verify Test Parameters

ProTesT verifies that all specified test sources are present and that no
duplicate source names exist. Also, ProTesT verifies that source
capabilities can supply the required test values. Any error stops the test.

Test in Progress

A Test in Progress window appears, and initial values for amplitude,
phase, and frequency are set. If a Prefault is specified, those values are
set. Sources turn on and the Offset Duration begins.

Test In Progress
Warning! Sources are active,

Stop
Prezz any key to abart.

Figure 5.2 Test in Progress Window
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Sense Check

At the end of the Offset Duration, ProTesT determines whether sense
input, indicating relay operation, has already occurred. If so, the test
terminates with a Sense Check error. This can happen in a dropout test,
for example, if the Offset Duration is not long enough, or the initial
conditions are not severe enough for the relay to pick up. Another cause
is incorrect sense settings on the Action tab, such as a setting of O~ C
instead of C—> O. Sense must be clear for the Action to start.

Action

The macro action algorithm proceeds until relay operation is detected.
The test value is recorded and time stamped.

Abort

Tests can be aborted manually or automatically.

Manual Abort

To abort a test manually, click Stop on the Test in Progress window, or
press the spacebar or Enter key. On the F2000, pressing any red key on
the front panel aborts the test also.

Automatic Abort

A Sense Check error automatically aborts a test.
A Source Error also aborts a test, except in the following cases.

* In a Binary Search, the search range can include a value that the
source is unable to drive into the relay load, while the actual
operate point of the relay is much lower value that does not cause
a source error. The macro ignores source errors during the search
phase, but aborts with a source error if the error persists during
the final ramp.

e In multipoint tests, such as time or distance plots, source errors on
individual points are merely recorded as “Source” and the test
continues with the next point. For example, in TOCPLT, if a high
tap multiple causes a source error, other test points may work
with no problem.
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Autorun

Autorun Delay

Multi-run

Tests in a Test Plan can be run in a non-stop sequence using Autorun.

1.
2.

Select any test on the list view or open a test window.
Select Macro | Autorun or press Alt+F12.

After the selected test opens, runs, and posts the results to the screen,
the next test automatically opens and runs. The sequence continues

until either a NOTEBK Macro is encountered, or until the end of the

Test Plan. When a NOTEBK Macro is opened, it may advise changing
source leads or relay parameters.

A ProTesT dialog asks the user whether to continue the Autorun or to
cancel.

If a test is manually aborted or if an error occurs, such as a Sense Check,
Autorun is terminated.

In Setup, there is a field called Autorun Delay. This adds a delay time
(seconds) between tests in Autorun to allow the user to view the results of
the preceding test or to allow the relay to reset. If a test fails, there may be
no point in continuing the Autorun. An Autorun delay of 3 to 5 seconds
is recommended.

A block of selected tests in a Test Plan can be run nonstop.

1.

Select a test.

e To select sequential tests, hold the Shift key and use the Down
Arrow key or hold the Ctrl key and click the mouse.

¢ To select non-contiguous tests, use Ctrl and click the mouse.

2. Click the Run icon or press F12.

The selected tests will be run in order, just like with Autorun. If a
NOTEBK Macro is included, the sequence pauses, allowing the user
to continue or cancel further tests.
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New Test Results

New test results are displayed on the Test tab of all steady state macros.
SSIMUL and TRANS have separate Results tabs that display automatically
when the macro is run. If an expected value and tolerance have been
entered, Pass/Fail evaluation is reported.

Table 5.1 Test Result Messages

Summary Meaning

Pass/Fail Result lies within + tolerance range of expected value.
No Op Relay did not operate. This may be the desired result.

Op Relay operated, but no tolerance or no expected value

was specified.

Source Source error occurred for one point of multipoint test.
Check source connections, use lower current range,
or use thicker test leads.

Prior Test Results

When a test is opened, the Test tab shows Current Test Conditions in the
Results area. This allows values to be edited.

To see prior results:

1. Click the drop-down Results window and a result list appears in
timestamp order with the most recent results first.

2. Select a result, and its values replace the current conditions.

Expected value and tolerance are saved with the actual test value, to
show how pass/fail was determined. Although, these values cannot
be edited and the record is sealed, the result values can be copied.

3. Select Current Test Conditions to change values.

NoTE If expected value and tolerance were not defined when a test was
' run, ‘they do not appear in the test result, even though Current Test
H Conditions may now show expected value and tolerance.

There is no reason to compare the test results if the test conditions are
changed. If it is necessary to change test conditions, create a new
test plan.
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6. Sense Input

This chapter describes Sense Assignment and Sense Input Filtering.

Sense Assignment

On the Action tab of a macro, the Sense section identifies the Action
source whose timer/sense input records relay pickup. The default
assignment is MA. This maps to the F2000 Master Instrument or Input 1
for the F6000. The Master F2000 provides reference signals for source
output, and is identified by the green LED on the Instrument front panel.
The Action source must be on the Master F2000.

Use the Sense source name to identify where to connect the sense leads.
ProTesT automatically makes that F2000 the Master and arms the sense
input. With F6000, ProTesT arms the sense input associated with the
source name.

Successive Tests in a Test Plan can specify a different sense source. With
F2000, the sense source must be an Action source. If all sense terminals
are connected in parallel, sense leads do not have to be changed
between tests. This saves time, since switching the Master manually or
changing sense lead connections at the instrument during the Test Plan
are not necessary.

Sense Input Filtering

The Doble F2000/F6000 Instruments can filter the sense input signal,
when acting under ProTesT control. In a time test, however, no filtering is
possible, since first strike stops the timer hardware. Not doing so would
skew the time value.

There are two kinds of sense input filtering:

e Sense Delay
¢ Sense Duration

These are two independent filters executed by the Instrument firmware.
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Sense Delay

Every time the Action Source changes state, the firmware ignores sense
input for N cycles — a user defined number. At every step in the Action,
when source amplitude, phase, or frequency changes, the sense input
signal is ignored until the user specified Sense Delay interval has expired.

Use Sense Delay for filtering relay transient response to a step change
(as in LRAMP) or to an amplitude pulse (as in PRAMP or Binary Search)
to suppress transient overreach in a distance relay.

NoTE Relay transient response may lead the search pulses to converge to an
' incorrect value. Then during the subsequent ramp, the relay may fail to
H operate (the ramp takes a maximum of 15 steps, which are typically

small). Use Sense Delay to prevent faulty search convergence.

Sense Duration

Whenever a sense signal is detected, a Sense Duration timer is set by the
Doble instrument. If the sense signal drops out before the timer has
expired, the momentary pickup is ignored. If sense occurs again, the
timer is started afresh. Not until the sense signal has persisted for the
entire Sense Duration interval is it accepted as a sense.

Use Sense Duration to filter relay sense contact chatter such as the
unstable bouncing of an induction disk. Sense Duration is also useful if
relay output is unstable near the operation point.

NoTE Sense Duration is useful for the INDPUI (Inductive Pickup Current) and
' INDPUYV (Inductive Pickup Voltage) Macros, when testing an induction
H disk relay. Sense output is typically very unstable when the initial

amplitude is applied to make the relay operate. A large Sense Duration
may be needed to get meaningful results.
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Should I Use Sense Delay or Sense Duration?

When developing a test, set Sense Delay and Sense Duration equal to
zero at the outset. Adjusting the result of a test macro is not typically
good practice; however, to obtain repeatable, stable results that are
acceptable, adding Sense Delay or Sense Duration may be appropriate.
This is especially true for electromechanical relays, where the purpose of
a test is to detect physical deterioration of components. A standardized
test that is repeated over a period of years should obtain the same result,
within an allowable limit, before adjustment or repair are needed.

Rules for Sense Delay and Sense Duration

Sense filtering is applied to each and every ramp step or pulse duration of
a test macro. At the end of every step the filters are reset, and begin anew
on the next step of the macro.

1. If either Sense Delay or Sense Duration is used, make the initial
settings large to determine whether it has any effect on the result.
Taking away 50% of the duration of a ramp step or pulse duration for
sense filtering is not unusual. Once the effect has been determined,
reduce the amount until results become unstable in repeated tests.

2. Do not use too much filtering or no sense result will be detected.
ProTesT issues a warning in this case. F2000 Instruments require a
window of at least two cycles to reliably detect a sense event. To be
safe, leave at least two or three cycles of ramp step or pulse duration
free from sense filtering.

3. Both Sense Delay and Sense Duration can be used together.
Therefore, the combined length of Sense Delay and Sense Duration
must be less than the pulse or step duration of the macro. Otherwise,
no sense will be detected.
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Appendix A. ProTesT Error Messages

Appendix A defines the error messages that can occur during ProTesT
operations. Some ProtTesT software errors (e.g., Invalid Password) are
considered self-explanatory and do not appear here. Obscure errors and
those that relate to running a test are documented here.

For F2000 Instruments, refer to the F2000 Troubleshooting Guide in the
F2000 Instruction Manual, for F2000 Instrument error codes displayed on
the front panel, or to the F2250 User’s Guide Error Message section. For
F6000 Instruments, refer to the Troubleshooting Guide in Chapter 6 of
the F6000 User Guide.

ProTesT Run Time Errors

When a macro is run or on exit from a macro screen, Test and Action
values are verified for consistency and accuracy. Messages are preceded
by the word Error.

Missing Data Required data field is missing. Selection
moves to highlight field in error.

Source xx Appears Source name xx appears more than once

More Than Once on the Test screen. Change or delete the

source name.

Invalid Action Source xx,  Attempt to label a source Action that is

Must be (Current/Voltage)  incompatible with the macro; e.g.,
designating current amplitude Action in
LRAMPYV Macro. Only voltage amplitude
can be Action.

Incompatible Action Attempt to specify Action for a parameter
not compatible with the macro; e.g.,
making phase Action in LRAMPI or

LRAMPV.

Action Not Defined No Action source parameter has been
specified.

Preset Not Defined PLOTII,PLOTVV: One amplitude must be

labeled Preset, another Action.
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Phase must be Action ZPX/ZPL Macros: Action amplitude must

have accompanying phase Action.
Sense Source is not Action tab sense assignment specifies a
an Action source name that is not an Action.

Macro Execution Errors

When a macro is run, ProTesT sends a Request Configuration message to
the test instrument and starts a timer. If there is no reply before the timer
runs out, an error message appears.

From the test instrument configuration, ProTesT verifies that the source
names required by the macro are available and are uniquely defined.
Then a burst of commands representing the entire test sequence is
downloaded to the test instrument.

The following errors may occur:

Communication Error, No reply came to the initial Request

Comn Configuration message; the com port is
identified. Make sure the right com port is
selected in ProTesT Setup, check RS-232C
cable connection, and make sure that
Setup baud rate and parity match
Instrument setting. Be sure cable is a
straight through connection, with no null
modem crossover. Refer to possible F2000
Error Codes listed in the following section
to clarify the cause.

Missing Source: xx The macro uses a source name that does
not appear in the test instrument.

Multiple Sources with Source names must be uniquely identified,

Same Name: xx so that ProTesT knows which VA, for

example, to address. When instruments are
powered up, they default to the same
source names; e.g., VA and I1. Be sure
unused sources are given different source
names.
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Test aborted by user This message appears a test is aborted by
pressing a key on the computer keyboard,
or by pressing a red rocker switch on the
front panel of the F2000.

F2000 Setup Error Source sending error is identified and the

Source: xx (nnnn) code number identifies the DobleCol
command that caused the error. If
contacting Doble, please report the code.

Action Source is not Unless a source name is selected on the

the Master: xx Action tab as Sense, ProTesT assumes that
the active Timer Sense is the Master
Instrument. At least one Action source
must be on the Master. To avoid this error,
enter a source Sense name on the Action
tab, or manually switch the Master at the
F2000 front panel.

Sense Check Detected After Action Offset, ProTesT verifies that
the relay has not already operated before
macro continues; pickup at offset
invalidates the test result. Sense check
aborts the test. Change the test parameters
or relay connections as needed.

Source Error xx A test instrument source error has
occurred. Verify by turning the sources on
manually. Adjust source amplitudes to
meet the relay burden.

No Relay Operation INDPU Macro: At initial amplitude, the
relay is supposed to trip, before the macro
continues with ramp to drop out and pick
up again. An error is reported if a relay
does not operate at initial current. This is
different from Noop.

ProTesT Option Missing An F2000 Instrument does not have the
F2910 ProTesT option installed. Call
Doble Engineering.

Source Amplitude When using IP or F2000, maximum
too high: IP amplitude is 26 amps times the number of
IP sources, up to 65 amps.
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F2000 Front Panel Diagnostic Codes

When the F2000 Instrument firmware detects a serious problem, all
instruments halt and display a diagnostic code on the front panel. In most
cases, one instrument has detected a problem and halts; the keep-alive
signal on the synch bus drops out and remaining Instruments in the
network halt in sympathy, displaying SY nEt Err in Source 1 phase and
amplitude displays.

Find the instrument that does not display SY nEt Err—the SY code reveals
the cause of the crash. The At code that appears below it is a memory
address that is not particularly helpful for diagnosis.

The following error codes are grouped by number, class, and function.

Internal F2000 Errors

If any of these occur, call Doble. Be prepared to report the instrument
configuration and ROM revision numbers.

0001  WATCHDOG TIMEOUT ERROR

10XX VRTX ERROR
(VRTXR is the firmware executive in F2000 ROM.)

2004 TIMER NOT RUNNING.

3000 RAM TEST ERROR IN 16K LOW RAM SPACE

3001 RAM TEST ERROR IN 64K CONTIGUOUS RAM SPACE
3002 RAM TEST ERROR IN SOURCE 2 WAVEFORM RAM
3003 RAM TEST ERROR IN SOURCE T WAVEFORM RAM

Al 72A-1585 Rev.C 8/02 (A



ProTesT User Guide

Computer Communication Errors

The following errors occur most often because baud rate and parity are
set incorrectly on the Setup menu. The PROTEST.INI file contains baud
rate and parity settings for ProTesT; the default, if not explicitly set, is

BAUD = 9600 (F2000)

Use the DIP switches on the CPU board to change F2000 baud rate
(Table A.1). (Refer to the F2000 DobleCol Manual, p. 1-2.) Baud rate
and parity affect only the instrument connected to the computer,
however, Doble recommends setting all instruments to the same baud

rate and parity.

Table A.1 SW 3 Switch Positions and Baud Rates

Baud Rate SW3 - SW3 - SW3 - SW3 -
Switch 1 Switch 2 Switch 3 Switch 4
300 On On Off On
1200 On Off Off On
2400 On On On Off
4800 Off On On Off
9600 Off Off On Off
19.2k On On Off Off

The factory setting is BAUD = 9600.

[
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The following errors are related to communications via the RS-
232 serial port:

4001 RS-232 TRANSMITTER NOT READY

4002 RS-232 RECEIVER NOT READY

4003 RS-232 RECEIVE BUFFER OVERFLOW

4004 RS-232 TRANSMIT BUFFER OVERFLOW

4010 RS-232 OVERRUN ERROR

4020 RS-232 PARITY ERROR

4030 RS-232 OVERRUN ERROR AND PARITY ERROR
4040 RS-232 FRAMING ERROR

4050 RS-232 FRAMING ERROR AND OVERRUN ERROR
4060 RS-232 FRAMING ERROR AND PARITY ERROR

4070 RS-232 FRAMING ERROR, OVERRUN ERROR,
AND PARITY ERROR

The following errors are related to communications with the satellite
interface board.

4101  STG RS-232 TRANSMITTER NOT READY

4102 STG RS-232 RECEIVER NOT READY

4103 STG RS-232 RECEIVE BUFFER OVERFLOW

4104 STG RS-232 TRANSMIT BUFFER OVERFLOW

4110  STG RS-232 OVERRUN ERROR

4120 STG RS-232 PARITY ERROR

4130 STG RS-232 OVERRUN ERROR AND PARITY ERROR
4140 STG RS-232 FRAMING ERROR

4150 STG RS-232 FRAMING ERROR AND OVERRUN ERROR
4160 STG RS-232 FRAMING ERROR AND PARITY ERROR

4170 STG RS-232 FRAMING ERROR, OVERRUN ERROR,
AND PARITY ERROR

D001 RS-232 OUTPUT STATE INACTIVE
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Waveform Control Diagnostics

Contact Doble. The last two codes apply to synchronized end-to-end
testing via satellite time signal.

5001
5002

5003
5004
500A

500B

FREQUENCY RAMP ERROR

REFERENCE ZERO INTERRUPT ERROR
(NO RAMPS OR DELAYS ACTIVE)

INVALID LOCAL ZERO INTERRUPT FOR SOURCE 1
INVALID LOCAL ZERO INTERRUPT FOR SOURCE 2

SATELLITE INTERRUPT ERROR
(NO RAMPS OR DELAYS ACTIVE)

NO SATELLITE BOARD DETECTED

IEEE 488 Bus Communication Errors

Make sure all IEEE 488 cable connectors are firmly attached. Contact
Doble if a problem persists.

6000
6001
6002
6003
6004
6005
6006
6007

F2000 Network Errors

Verify that IEEE 488 and synch bus cables are properly connected. If the
problem persists, contact Doble.

7000 488 SYNC BUS ERROR

TIMEOUT OF REQUEST TO TALK TIMER

488 ERROR DETECTED

TIMEOUT OF TALK TIMER

TIMEOUT OF LISTEN TIMER

F2000 NOT READY TO TALK OVER 488 NETWORK
TOO MANY DEVICES ON 488 NETWORK

ERROR CHANGING NETWORK ADDRESS

BAD NETWORK ADDRESS

Displayed as 'nEt' by the F2000)

[
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GPS Satellite Errors

7002  CLKGEN GATE ARRAY NOT READY FOR CONFIGURATION
7004  IRIG GATE ARRAY NOT READY FOR CONFIGURATION
7005  GPS TIME SEQUENCE ERROR

700B  NO STG BOARD DETECTED

8001 MORE THAN ONE MASTER

8002  MISSING MASTER

8003 INCOMPLETE NETWORK CONFIGURATION TABLE

8004 INHIBIT REFERENCE ERROR
(F2000 IS NOT SYNC BUS MASTER)

8005 PHASE LOCK LOOP FAILURE

FFFF  BUS TIMEOUT ERROR
(Displayed as 'bUs' by the F2000)

The following occur only when an F2000 Instrument is slaved to a
different Doble instrument.

8006 ERROR DETECTING F3S CLOCK SOURCE
8007 ERROR DETECTING F3S

8008 ERROR DETECTING FDF CLOCK SOURCE
8009 ERROR DETECTING FDF

800A ERROR DETECTING F2

The following are satellite interface errors.

8010  SATELLITE INTERFACE II IRIG ERROR

8040  SATELLITE INTERFACE II T PPS TOO HIGH ERROR
8080  SATELLITE INTERFACE Il T PPS ERROR

9000 ERROR DETECTING F2350 AMPLIFIER
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Transient Waveform Board Errors

9001 POWER LOST ON TWG BOARD

9002 SOURCE 1 DRAMC GATE ARRAY
NOT READY FOR CONFIGURATION

9003 SOURCE 2 DRAMC GATE ARRAY
NOT READY FOR CONFIGURATION

9004 SOURCE 1T WAVEC GATE ARRAY
NOT READY FOR CONFIGURATION

9005 SOURCE 2 WAVEC GATE ARRAY
NOT READY FOR CONFIGURATION

9006 ERROR CONFIGURING SOURCE T DRAMC GATE ARRAY
9007 ERROR CONFIGURING SOURCE 2 DRAMC GATE ARRAY
9008 ERROR CONFIGURING SOURCE 1 WAVEC GATE ARRAY
9009 ERROR CONFIGURING SOURCE 2 WAVEC GATE ARRAY
900A BOTH WAVEFORM AND TWG BOARD DETECTED

900B RAM TEST ERROR IN SOURCE 1 TWG DATA RAM

900C RAM TEST ERROR IN SOURCE 2 TWG DATA RAM

900D RAM TEST ERROR IN SOURCE 1 TWG CONTROL BITS RAM
900E RAM TEST ERROR IN SOURCE 2 TWG CONTROL BITS RAM
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DobleCol Command and Execution Errors

If these errors occur under ProTesT control, contact Doble.

A000
A001

A002
A003
A004
A005
A007
A008
BOOO
BOOA
BOOE
BOOF
BO10
BO11

B100
C000
C001

C002
C003
C005
C006
Ccoo7
C008
Co10
D001
EOO1

E002

EOO03

E004

EOO5

LOGICAL SWITCH TRANSLATION ERROR
INVALID SWITCH NUMBER

INVALID MESSAGE HEADER
MESSAGE LENGTH IS TOO LONG
MESSAGE ABORT CODES DO NOT MATCH
INVALID MESSAGE HEADER

INVALID SWITCH OPERATION

INVALID SWITCH GROUP

ERROR CHANGING SOURCE TYPE
SOURCE DESIGNATION ERROR

INVALID STATE

ERROR SETTING AMPLIFIER STATE
UNDEFINED COMMAND INTERPRET SEMAPHORE
INVALID TIMER START CONDITION
ERROR SETTING EVENT CONDITION
UNDEFINED COMMAND ERROR
COMMAND OUT OF RANGE ERROR
MESSAGE TYPE ERROR

NULL DATA ERROR

EXTENDED TYPE OUT OF RANGE ERROR
BAD DATA ERROR

NULL ADDRESSER ERROR

NULL ADDRESSEE ERROR

ERROR RUNNING PHASE RAMP TEST
RSK-232 OUTPUT STATE INACTIVE
INVALID DISPLAY NUMBER

INVALID LED NUMBER

INVALID SEVEN SEGMENT DISPLAY GROUP NUMBER

SOURCE NUMBER GREATER THAN THE NUMBER
OF SOURCES

HARMONIC = 0 OR GREATER THAN 10
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E0O06  TAP GREATER THAN MAXIMUM
E0O07 PHASE GREATER THAN 360.0 DEGREES
E0O08 SOURCE STATUS ERROR

E0O09 SOURCE TYPE ERROR

EOOA RAMP TYPE ERROR

EOOB FREQUENCY RAMP RATE ERROR
EOOC WAVEFORM CRYSTAL SPEED ERROR
EOOD FREQUENCY ERROR

EOOE  EVENT SETTING ERROR

EOOF  SYSTEM ERROR

EOT0 TABLE LOOKUP ERROR

[
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F6000 System Errors

Use Table A.2 to diagnose and correct system errors that occur during
operation of the F6000 Instrument.

Table A.2 F6000 System Errors

Name Explanation

Current monitor Input line current is too large. The total of all amplifier outputs

(Power supply high amps) exceeds system specifications. Reduce the source amplitude or
the load.

Hardware detects that the instrument is drawing too much current
from the wall.

Voltage monitor Either the AC input line voltage is too high, or power is being fed
(Power supply high volts) back into the F6000 through the amplifier outputs.

Open ground detector Hardware problem that needs to be addressed before it is safe to
(Power supply) use the F6000.

When the F6000 clears the error, it should occur again if the
hardware problem has not been fixed.

Logic Output Hardware detects an overcurrent condition on a logic output. The
(Logic 1/O) F6000 software shuts down all amplifiers.

The F6000 hardware latches all logic outputs open.
+12 Volt fail monitor Hardware disables amplifiers to prevent damage to relays on the
(DC power supply) amplifier assemblies if output from the DC power supply falls

below +5 volts.

High voltage heart beat Five-second software timeout on lack of communication while
hazardous voltages may be present on the front panel terminals.
The F6000 software shuts down the amplifiers.

Can occur if a communication cable is removed.

The PC gets a communication timeout and displays it to the user.
The system error is only displayed when communication is re-
established.
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Table A.2 F6000 System Errors (Continued)

Fan flow monitor error

Fans blocked or inoperative.

Lost pulse per second

Software shuts down the amplifiers because it detects lost external
synchronization. This only occurs in an external synchronization
mode.

Waveform Under-run

System error in waveform generation and I/O.

Unknown Command

Unknown command.

Source Disabled

One or more sources were disabled by hardware.

Over Temperature or fuse
error (I AMP#0) SLOT 5

Current amplifier in slot 5 is overheated or has a blown fuse.
Software shuts down the amplifiers if the temperature is too high.

Over Temperature or fuse
error (I AMP#1) SLOT 6

Current amplifier in slot 6 is overheated or has a blown fuse.
Software shuts down the amplifiers if the temperature is too high.

Over Temperature or fuse
error (I AMP#2) SLOT 7

Current amplifier in slot 7 is overheated or has a blown fuse.
Software shuts down the amplifiers if the temperature is too high.

Over Temperature or fuse
error (V AMP#0) SLOT 8

Voltage amplifier in slot 8 is overheated or has a blown fuse.
Software shuts down the amplifiers if the temperature is too high.

Over Temperature or fuse
error (V AMP#1) SLOT 9

Voltage amplifier in slot 9 is overheated or has a blown fuse.
Software shuts down the amplifiers if the temperature is too high.

Over Temperature or fuse
error (V AMP#2) SLOT 10

Voltage amplifier in slot 10 is overheated or has a blown fuse.
Software shuts down the amplifiers if the temperature is too high.

Missing analog I/O board

Hardware is missing or not communicating with CPU properly.

Missing digital /O board

Hardware is missing or not communicating with CPU properly.

Control Panel Mode

Option F6909 is required.

Macro Mode

Option F6910 is required.

No convertible sources

Option F6810 is required.

NoTE Some system errors cannot be cleared. For example, if the instrument
' has no analog 1/O board, then the error condition remains until the
H board is supplied.
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Appendix B. F6000 Control Panel

Appendix B describes the settings and controls in the F6000 Control
Panel. The F6000 Control Panel is a virtual front panel used for manual
control of F6000 sources. To open the Control Panel, click Tools | F6000
Control Panel in the ProTesT menu bar (Figure B.1).

<44 ProTesT - [Untitled]
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Figure B.1 F6000 Control Panel

NoTE For computers with screen resolution of 640x480 pixels, disable the
' toolbar and the status bar from the View menu to display all of the
4 F6000 controls on one screen.
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The Control Panel contains eight sections. The functions in these sections
control the instrument’s source outputs, logic inputs, logic outputs, and
timers. A listing of these sections and controls follows:

e Source table

e Ramp/Set sources

* Phasor diagram

e Logic and timer settings button

e Timers

e Logic output and logic input indicators

e Battery simulator

¢ System Output

e Abort

Source Table

The source table in the upper left-hand portion of the Control Panel
contains seven columns (Figure B.2). The column headings are:

¢ Source

e Amplitude

* Phase

* Frequency

* Range
¢ On
e Enable
S Amplitude Phase  Frequency  Hange On Enable
YA les o |e0oo0 =75 = M m
EIRET = =
"Eles 1z [eoomn H[s = m m
o o = =
N5 a0 |eooo0 Hrs = Wl =
|5 Jzro (|eooo0 Hfrs = B M
1315 150 [|eooo0 =75 = W m
o o |60.000 A7 = M M

Figure B.2 Source Table

5. 72A-1585 Rev.C 8/02 (A



ProTesT User Guide
L

NoOTE If a source error occurs, the alarm is visible in the source table. The
' name of the source affected changes to ER and blinks. The Amplitude
H and Phase fields for that source also blink, and an audible alarm sounds

from the speakers of the control PC.
The first five columns contain the settings for each source:

Source The source column in Figure B.2 contains eight
entries for eight sources. The default naming
scheme for the voltage sources is VA, VB, VC, and
VN; the default naming scheme for the current
sources is 11, 12, 13, and IN.

Amplitude Amplitude indicates the voltage or current value of
a source. The range sets the maximum value for
the amplitude. If the amplitude entered exceeds the
maximum range value, an error message appears.
To correct the error, reduce the amplitude or
increase the range.

Phase The phase indicates the phase angle in degrees.
Enter a phase angle from —359.9° to 0° to +359.9°.

Frequency The default system frequency is 50/60 Hz. Use the
Setup display (Figure 3.3 on page 3-7) to change
the default frequency. Use the spinner arrows in
the Frequency column to select the AC harmonic
or to select a DC ‘+" or a DC ‘-’ range.

Range The range setting determines the maximum value
for the amplitude of a particular source. For
maximum compliance voltage, use the lowest
current range that can produce the desired test
current.
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WARNING

AN

NOTE

The last two columns

in the source table contain On and Enable

buttons for each source.

On

Enable

Click the On button to activate a source. The
button turns red, and the System Output button
blinks red. Click the On button again to turn

a source off, the button turns gray. The System
Output button stops blinking when all the sources
have been turned off.

Click the Enable button to place selected sources
in standby status. The Enable button for each
source to be activated turns green. When System
Output is selected, all of the enabled sources turn
on. The System Output button turns red, and the
On buttons for the individual sources stay gray.
Clicking System Output again turns the enabled
sources off.

The default color for System Output, On, and Enable buttons is gray.

Table B.1 summarizes
indicators.

the panel indications associated with all three

The high intensity yellow LED flashes when the battery simulator or any
output source is enabled or on to indicate the potential for dangerous or

fatal voltages.

Table B.1 Indications for Activated Sources

Method of Source Activation
Click On Click Enable, then
click System Output
On Button Color Red Gray
Enable Button Color | Gray Green
System Output Color | Blinking Red Steady Red
Abort Button Color Red Red

To turn off all active sources during a test, click Abort. Clicking Abort in
the Control Panel does not turn off the battery simulator.

B-4

72A-1585 Rev.C 8/02 (SRR



ProTesT User Guide
L

Ramp/Set Sources

The Ramp/Set sources section (Figure B.3) contains five fields for varying
the values in the source table:

* Mode setting: Ramp or Set (default mode)

e Rate or Delta step pick list (or user entered value field)

e Variable to change: Phase, Amplitude (default variable), and
Frequency

e Check boxes to designate sources to change
e Up and down control arrows
e Store and Recall buttons

— Ramp/Set sources:
Famp/Set - & |Rate or Delta ztep: — Change
— I'-I j " Phaze
va Vil i Amplitude
VB v 12 v :inde— .
il N * Set
Y W OIN W " Ramp Stare | Frecal

Figure B.3 Ramp/Set Sources Section

NoTE Use the source table and the Ramp/Set section to control the amplitude,
' phase angle, and frequency of each source during tests.

Sources to Change

The Ramp/Set section has eight check boxes, one for each source. To
change the selected variable (amplitude, phase angle, or frequency) for a
given source, click the checkbox for that source.

NoTE To avoid altering the values for a source during a test, make sure the
' checkbox for that source is not selected.
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Variable to Change

Under Change, select a variable to increase or decrease:

e Click the radio button for Phase to vary the phase angle of the
selected sources by clicking either the up or down control arrow.

e Click the radio button for Amplitude to vary the voltage or the
current of the selected sources by clicking either the up or down
control arrow.

e Click the radio button for Frequency to vary the frequency of the
selected sources by clicking either the up or down control arrow.

NoTE The frequency of the first source in the source table varies
' independently of the other seven sources. The frequencies of sources
H 2 through 7 vary together, and are harmonically related to each other.

If VA is the only source checked in the Ramp/Set sources section, the
frequency for VA is the only variable that changes when the up or down
arrow is pressed. When VB is the only source checked, however, the
frequencies for VB, VC, VN, I1, 12, I3 and IN all change at the same time.

Control Arrows

The up and down arrows to the right of Ramp/Set on the Control Panel
permit the change of selected source variables. The up arrow increments
and the down arrow decrements the selected source variables. The type
of change depends on the mode selected (see “"Mode and Ramp/Delta
Step” on page B-7).

All eight sources in Figure B.3 on page B-5 are checked. When the up
arrow is pressed, the sources increase at the rate on step up by the
amount specified in the Rate or Delta Step field. Amplitude settings
cannot increase beyond the limit set in the Range column of the source
table. The setting stops at the last valid value and remains there.
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Mode and Ramp/Delta Step

NOTE

Store and Recall

The settings in the source table can be varied continuously when in
Ramp mode or in discrete steps when in Set mode.

Ramp Mode Select a value from the pick list or enter the
Rate = value/second manually. The selected
source variables increment or decrement at this
rate when the up or down arrows are respectively
clicked.

Set Mode Select a value from the pick list or enter the Delta
step manually. The selected source variables
increment or decrement by this amount when the
up or down arrows are respectively clicked.

For both the Ramp and Set modes, the values in the Rate or Delta step
pick list are 0.1, 1, 10, and 100.

In Ramp mode, the Rate = value/second.

AutoSensE is a Ramp mode feature (see ”Inputs Tab” on page B-12).
The timers are a Set mode feature (see "Timers Tab” on page B-15 and
”Timers” on page B-23).

To save the values displayed in the source table, click Store at any time.
The source table values can then be altered manually or using step/ramp
tests. To reinstate the stored values, click Recall.
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Phasor Diagram

Range Settings

The phasor diagram in the upper right-hand portion of the Control Panel
is based on polar coordinates. Each phasor represents the amplitude and
phase angle of a source. The distance from the origin to the endpoint of
the phasor represents the amplitude of a source. The angle formed by the
phasor and the positive half of the horizontal axis represents the phase
angle of a source. The phasor in Figure B.4 shows current source 13 with
an amplitude of 10 A and a phase angle of 45°.

The phasor diagram gives a visual representation of the amplitude and
phase values in the source table. The source table and phasor diagram
interact with each other. Source table values are continuously updated as
phasors are dragged to new locations in the diagram using the mouse.
The change is not sent to the F6000 Instrument until the phasor is
dropped.

ThA 78.0%
kultiple
el Hatate | Phazars L

Figure B.4 Phasor Diagram

The upper left-hand corner of the phasor diagram contains the highest
current setting from the Range column of the source table. The upper
right-hand corner of the phasor diagram contains the highest voltage
setting from the Range column of the source table.

These settings determine the scale of the phasor diagram. For example,
if the amplitude for current source 11 is 15 A and the range setting for that
source is 15 A, the 11 phasor reaches to the perimeter of the circle in the
phasor diagram. Similarly, if the potential for voltage source VA is 50 V
and the range setting for that source is 75 V, the length of the VA phasor
is two-thirds the radius of the circle in the phasor diagram.

B-8
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Fault Rotate

Click Fault Rotate to rotate a fault from phase to phase without rewiring
the instrument front panel or relay under test.

Fault Rotate works only if the following conditions are met:

e The source configuration must be 3 Voltages and 3 Currents,
or 3 Voltages and 1 Current.

e All voltage sources must be on the same range.

e All current sources must be on the same range.

The Fault Rotate button in the phasor diagram is grayed out if one or
more of these conditions is not met.

Use a simple A-to-ground fault to try the Fault Rotate procedure. To
simulate the fault, the voltage VA drops and the current I1 goes up. For
this example, VA =40 V and 11 = 10 A (Table B.2).

When the fault is rotated, the fault in A goes to B, the settings in phase B
go to C, and the settings in C go to A:

A —B
B —C
C —>A

When the fault is rotated, VB = 40 V and 12 = 10 A. Rotated again,
VC =40V and I3 =10 A (Table B.2). Both the source table and the
phasor diagram reflect these changes.

Table B.2 Rotation of a Phase-to-Ground Fault
Source | Initial Setup: Fault in Phase A | Fault Rotated to Phase B | Fault Rotated to Phase C
VA 40V 0° 69 V 120° 69 V 240°
VB 69 V 240° 40 V 0° 69 V 120°
VC 69 V 120° 69 V 240° 40V 0°
11 10 A 330° 0A 90° 0A 210°
12 0A 210° 10 A 330° 0A 90°
13 0A 90° 0A 210° 10A 330°
Aok 72A-1585 Rev. C 8/02 B-9
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Multiple Phasors

When Multiple Phasors is checked, all the phasors for a set of voltage or
current sources can be moved by dragging and dropping any one of
them. Each phasor maintains its position relative to the other two. When
dragging the phasors, the source table is continuously updated, but the
new amplitude and phase angle values are not sent to the F6000
Instrument until the phasor selected is dropped. Figure B.5, Figure B.6,
and Figure B.7 show a configuration with three voltage sources and no
current sources. The three figures illustrate how the phase angles for VA,
VB, and VC change when the phasor for VA is shifted ~45° with Multiple

Phasors checked.

S Amplitude Phase  Frequency  FRange  OnEnable 0.0 a0
Ve fes o [eoon Hm = =
EIREN NS =
"Eles iz feooon H[m = ml m
o Jo Jewomm Hfs A 1 |
o5 |45 |eooon Hfos = | |
E Jzzo Jeooom Hrs o ] _|
B EN = | = o
ID ID IED'DDD ﬁl?'E ﬁ [ FagItFiDtatel v
Figure B.5 Phasors for Three Voltage Sources Separated 120°
B-10
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Figure B.6 Dotted Lines Show New Position of Phasors Before Release

See Figures 4.5 and 4.6 on page 4-11 of Rev. A.
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Figure B.7 Phasors for Three Voltage Sources Shifted ~45°
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Logic and Timer Settings

Click Logic & Timer settings... to bring up the Settings display
(Figure B.8). The Settings display has four tabs:

* Inputs
¢ Outputs
e Timers
¢ Notes

Inputs Tab

The Inputs tab (Figure B.8) contains settings for eight logic inputs, one
for each input terminal on the instrument front panel. The Inputs tab also
contains controls for the AutoSensE and Threshold options.

Settings of logic and timer conditions.

Inputs |Elut|:|ut3| Timersl Motes I

[nput Tvpe Senze Condition — AutoSensE ——
'y

Foteriial Jad [ IR0

2 |Potential =] [Of-0n

3 |Potential =] [Of0n

& |Potentisl x] |Off>0n

a I Paotential j I Off->0n

B: |Potential x] [Off0n

i: I Patential j I Off-0n

N R Y
SIS I GO S )

8 |Potential x| [Off->0n

Threshaold
= 1.5l * 15Val o

k. Cancel | Sy Help

Figure B.8 Inputs Tab
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For each input, choose the Type of input and the Sense Condition:

Type Select Potential or Contact from the pick list.
Sense Condition Select the transition that must occur for the input
to be true.

Each input type, Potential or Contact, has two selectable sense
conditions. Table B.3 summarizes these selections for a relay with
normally open contacts. For normally closed output contacts, use inverse
logic (i.e., instead of Off to On, use On to Off).

Table B.3 Sense Conditions for Each Type of Input

Type of Input Sense Conditions Description
Off -On Relay responds
Potential On —0Off Relay drops out
Open —Close Relay responds
Contact Close —Open Relay drops out

The AutoSensE column lies to the right of the pick lists. Each logic
input has an AutoSensE radio button. Selecting AutoSensE for an

input freezes the ramping variable or variables when the required input
condition is sensed.

NoTE The default setting for the AutoSensE feature is ON. To disable the
' AutoSensE radio buttons, click the Off check box at the bottom of the
H AutoSensE column.

Locate the Threshold section beneath the Type and Sense Condition
columns. The Threshold section applies to inputs that have potential
present at their terminals.

The threshold setting of 15 V is provided to reduce sensitivity to circuit
noise. Use the 1.5 V setting when the circuit does not have noise present,
or greater sensitivity to circuit noise is required.
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Outputs Tab

The Outputs tab (Figure B.9) sets the default contact status for each of the
eight logic outputs on the instrument front panel. Normally open is the
default contact status for all eight logic outputs in the Outputs tab. Click
the desired radio button for each output.

Settings of logic and timer conditions.

Inputs  Dutputs l Timersl Mokes ]

Default contact statuz

Cantact M ormally Mormally

OpEn clozed
1: q -
2 0 -
& q -
4; o -
5 v -
B 0 .
7 a -
8 q -

k. Cancel Help
Figure B.9 Outputs Tab
NoTE The logic outputs change state with the status of their mapped output

sources. See ”Input and Output Indicators” on page B-25.
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The Timers tab (Figure B.10) contains functions that define the start and
stop conditions for a particular timer. To set Timer 1, select the first radio
button under Set timer. The start and stop conditions for each timer are
set individually.

Settings of logic and timer conditions.

[nputs I Outputs  Timers | M ates I

Set timer: Start condition Stop condition — Set timer conditionz:
147 | | Skart oh source:
~ s, =]
. | | Start condition:
3O | [0 to On =]
41 | | Stop on source:
50 | RE [
Stap canditian:
L
> | | |Off ta O =]
7
o : : Set | Rezet
Ok Cancel Bty

Figure B.10 Timers Tab
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Define Triggers If a start condition or a stop condition requires an input signal from the
relay under test or from any other source, specify the input via the
Triggers display (Figure B.11). To open the Triggers display, click Define
triggers... in the Timers tab.

Triggers E3 |

Trigaer M ame Trigaer Logic

1 Set... Trigger 1

2 Set... Trigger 2

3 Set... Trigger 3

4: Set . Trigger 4

5 Set... Trigger &

E: Set... Trigger &

I Set... Trigger ¢

f: Set... Trigger 8

: Cancel |

Figure B.11 Triggers Display
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Click Set... for Trigger 1 in the Triggers display to open Set Trigger

Logic (Figure B.12). Use the Set Trigger Logic display to select the inputs
needed to make the trigger true. For instance, click 1 under Choose input
to put InT in the Logic field.

Set Trigger Logic E3 |

Chooze input:

1 M azk operatar; —— — Group operator ——
2 (F.&ndf‘[lr lrﬁhf-'-.nd  0r
J Logic:

4

—1 |

B [Nelete |Eat | e o |
7

a

[~ Mot Input Cancel |

Figure B.12 Set Trigger Logic

Multiple inputs can be configured as a trigger logic setting by using
Boolean operators with the inputs. The Boolean operators used are
And (¥), Or (+), and Not (~). To put more than one input in the Logic
field, select And or Or under Mask Operator to connect them logically.

e Connecting the logic inputs with the And operator requires that
all the inputs be true to assert the trigger.

e Connecting the logic inputs with the Or operator requires that
any of the inputs be true to assert the trigger.

Click the Not Input check box to place a tilde (~) before a logic input. In
this case, the trigger is asserted when the logic input is not true.
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In the Set Trigger Logic display, select the And operator (*) or the

Or operator (+) under Mask Operator to set the logical relationship for
two or more inputs. These three examples illustrate the logic for three
distinct triggers:

In1*In2 The trigger is asserted when both Input 1 and
Input 2 are true.

InT+In2 The trigger is asserted when either Input 1 or
Input 2 is true.

In1*~In2 The trigger is asserted when Input 1 is true and
Input 2 is not true.

Click Group inputs to place parentheses around a series of inputs in the
Logic field. Then select a group operator to set the logical relationship
between the group and another input. For example:

(In1*In2*In3*In4*In5*In6*In7)+In8
The trigger is asserted when Inputs 1 through 7 are
true, or when Input 8 is true.

(InT+In2+In3+In4+In5+In6+In7)*In8
The trigger is asserted when one of the first seven
inputs is true, and Input 8 is true.

Three restrictions govern the formation of logical expressions that use a
group operator:

e The mask operator for all of the inputs inside the parentheses
must be the same.

e The group operator outside the parentheses must be the opposite
of the mask operator inside the parentheses.
e Only one input can follow the group operator outside the
parentheses.
Click Delete last to delete the last input entered in the Logic field. To

clear all the inputs from the Logic field, click Delete last until all the
inputs are deleted.
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Set Timer Click OK to close the Set Trigger Logic display. The text in the Logic field
Conditions of the Set Trigger Logic display appears in the Trigger Logic field of the
Triggers display (Figure B.13).
Triggers |
Trigger Marne Trigger Logic
1o 1e5ee ) [ Trigger 1 I

...................

2 Set... Trigger 2

3+ Set... Trigger 3

4 Set Trigger 4

h Set... Trigger &

E: Setf... Trigger B

7 Set... Trigger 7

8 Set... Trigger 8

Q. Cancel

Figure B.13 Trigger Logic Set for Trigger 1
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Click OK to close the Triggers display and return to the Timers tab
(Figure B.10 on page B-15). The trigger named Trigger 1 appears in both
the Start on source and the Stop on source pick lists.

Start on source The Start on source pick list contains the voltage
and current sources from the source table, plus the
defined triggers. Click the source or trigger in the
list required by the test protocol.

Start condition The Start condlition pick list contains three events
or transitions: Off to On, On to Off, and On
Change. The On Change option permits time tests
that are initiated when there is a step change in the
selected source variables. Click the start condition
required by the test protocol. When the source or
trigger selected in Start on source meets the
specified start condition, the timer starts.

Stop on source The Stop on source pick list contains the voltage
and current sources from the source table, plus the
defined triggers. Select the source or trigger from
the list required by the test protocol.

Stop condition The Stop condition pick list contains two events or
transitions — Off to On, and On to Off. Click the
stop condition required by the test protocol. When
the source or trigger selected in Stop on source
meets the specified stop condition, the timer stops.

NoTE The timer start and stop conditions apply only to the voltage and
' current sources. If a trigger is selected in Start on source, the Start
H condition pick list is grayed out. Similarly, if a trigger is selected in Stop

on source, the Stop condition pick list is grayed out.
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Set and Reset

After selecting the desired entries from all four pick lists in the Timers tab,
click Set. The start condition defined in the first two pick lists appears in
the Start condition field in Figure B.14. The stop condition defined in
the third and fourth pick lists appears in the Stop condition field in
Figure B.14.

Settingz of logic and timer conditions.

[FipLits I Outputz  Timers | Motes I

Set timer:
10+
20
3
44~
™
Bl
7l
g

Start conditian Stop canditian — Set timer caonditions:
Starl :
W OFf ta On B OF ta On art on gource
=
Start conditian:
| Off to On

|ve

Stap candition:

| Off to On

Feszet

| Stop on source:

Defing tigoers. . |

k. | Cancel Apply Help

Figure B.14 Start and Stop Conditions Set in the Timers Tab

To redefine the start and stop conditions for a timer, click the radio
button for that timer. Then click Reset in the Set timer conditions section.
The Start condition and Stop condition fields for that timer go blank, and
new conditions from the pick lists can be selected.
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Notes Tab

Use the Notes tab (Figure B.15) to document any part of a test setup

or test procedure by typing in text. For example, the Notes tab can be
used to record timer conditions in the Timers tab, triggers defined in the
Triggers display, or the reasons for key settings. When in simulator mode,
the settings for a test can be entered, saved, and sent to a technician in
the field. The field technician can then use the information in the Notes
tab to set up and conduct the test.

Settings of logic and timer conditions.

Inputsl Dutputsl Timers Motes |

Motes [thiz text iz zaved in the By file]:

Famp current zources 11 and 12 far the firgt pickup test,
Usge Timer 1 for the second pickup test

OF.

Cancel

A Help

Figure B.15 Notes Tab

B-22

72A-1585 Rev.C 8/02 (SRR



ProTesT User Guide

Timers

The Timers section contains readouts for eight timers (Figure B.16).
Using logic inputs and logic outputs, time tests are possible for up to
eight separate events. The timers allow configuration of the logic inputs
and outputs for specific relays or for an entire protection scheme. For
example, use the timers to measure pickup and dropout times for relay
under tests. Use any timer with any source, any input or output, and any
trigger.

— Timers

Timing Statuz—
9 Reset
I E: I # Running
7
a

¥ Stopped

1:
&
&
4
r-l

mSec. % Sec. ( Cpcles o002 | Hesst

Figure B.16 Timers Section

During a simple test of an overcurrent relay, the timer starts when the
source turns on and stops when the relay responds. The timer therefore
measures the response time of the relay.

NoTE Active timers have white fields. The initial reading for an active timer is

' 0.00 seconds. If the settings for a timer have not been defined in the

H Timers tab, the readout for that timer is gray. All of the timers are
inactive when Ramp mode is selected.
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Timing Status

The Timers section contains three Timing Status lights that function for
any and all timers:

Reset Active timers are reset to 0.00.
Running Time test is in progress.
Stopped Relay has responded. Timer shows elapsed time in

milliseconds, seconds, or cycles.

When System Output is clicked, the enabled sources turn on and the
enabled timers start. If the timer Stop button is then clicked, these
sources are switched off and the System Output button returns to its
previous status.

Timer Controls

Click Stop to stop timers that have not stopped due to a pre-defined stop
condition. Click Reset to return all the active timers to 0.00.

If Stop is clicked while the timer is running, NO-OP appears in the field
for that timer. NO-OP means No Operation. It appears in the timer
readout after an unsuccessful or an interrupted test. For example, when a
timer is started and then stopped manually during a test, NO-OP appears
in the timer field because the relay being tested did not respond.

Measurement Units

Set the measurement units for the timers with the radio buttons located
along the bottom of the Timers section. The options are milliseconds,
seconds, and cycles. The default selection is Seconds (Sec.).

To measure the elapsed time in milliseconds, click the radio button for
mSec. To measure the number of cycles that elapse during a test, click
the Cycles radio button. For example, if the default system frequency of
60 Hz is set, the timer shows 90 cycles for a time test that

lasts 1.5 seconds.
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Input and Output Indicators

The Control Panel contains a status indicator for each logic output and
each logic input. The status indicators are numbered 1 through 8 from
left to right (Figure B.17).

Status Indicators

‘ Output Number or Input Number

N

1 2 3 4 5 6 7 8

A
Output & @

L L L L e @
| nput; L L L L L L a @

Figure B.17 Output and Input Status Indicators

Each power source maps to one logic output and one logic input.

The mapping of sources to inputs and outputs depends on the source
configuration in effect. The mapping rule assigns the inputs and outputs
to voltage and current sources in ascending order first from left to right,
then from top to bottom. Figure B.18, Figure B.19 on page B-26, and
Figure B.20 on page B-26 illustrate how the rule works for three common
source configurations.

Sources V1 V2 V3 11 12 13
Indicators 1 2 3 4 5 6
Sources VN IN
Indicators 7 8

Figure B.18 Input and Output Indicators for Four Voltage Sources
and Four Current Sources
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Sources V1 V2 V3 1 12 13
Indicators 1 2 3 4 5 6

Figure B.19 Input and Output Indicators for Three Voltage Sources
and Three Current Sources

Sources I 12 13
Indicators 1 2 3
Sources 14 15 16
Indicators 4 5 6

Figure B.20 Input and Output Indicators for Six Current Sources

NoTE If a ProTesT macro specifies source MA, the macro uses Input 1 and
l Output 1.
S A logic output gives the F6000 the ability to send out its own signal. It is

a logical relay that opens or closes its contacts when its associated source
goes on. The output is in its normal state when the source is off. A
normally open output contact closes when the source is turned on and its
corresponding status indicator illuminates.

A logic input is a signal that originates with the relay under test and is
sent to the instrument. Any trigger necessary to run a test can be
programmed as a logic input. See "Define Triggers” on page B-16 for
examples of how to use logic inputs in actual tests.
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Battery Simulator

Locate the Battery section (Figure B.21) in the lower left-hand corner of

the Control Panel. If the test protocol requires a DC voltage supply, use

the pick list under Battery to set the voltage of the source. The options on
the list are: 48 V, 125V, and 250 V DC.

e =

Figure B.21 Battery Section

|' Batteqp———

Click the button to the left of the pick list to toggle the battery simulator
on and off. The battery simulator has the following operating
characteristics:

*  When using the F6000 Control Panel, the battery simulator
provides continuous output while the user conducts tests or
changes logic and timer configurations.

e When using ProTesT test plans, the battery simulator provides
continuous output when either the F6000 Control Panel or the
F6000 Configuration display is selected, or when a third party
application external to ProTesT is run.

e The battery simulator switches off if ProTesT is shut down or if
communication with the F6000 Instrument is lost.

WARNING Care should be taken when using the battery simulator as it is capable

/_\ of up to 250 V DC at 60 Watts.
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Saving the F6000 Control Panel Configuration

To save a setup on the Control Panel, click File | Save in the ProTesT
menu bar. To save a setup under a new name, click File | Save As.
ProTesT saves the new information on the Control Panel in an .f6x file.
The default settings for the Control panel are saved in a file named
default.f6x. The Control Panel uses the settings in this file when it first
opens.

Summary

The Control Panel provides full control over each voltage and current
source, and maximum flexibility in preparing for and conducting tests of
protective relays:

® Pre-programmed and user-defined ramp values eliminate manual
errors in testing. The AutoSensE feature simplifies testing and
eliminates errors.

e The phasor diagram shows source table settings in real time and
allows the dragging and dropping of phasors to reset source table
values.

¢ The Fault Rotate feature makes efficient testing of three-phase
relays possible.

* The eight individual timers enable measurements of eight
different timed events.
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Appendix C. ProTesT Macro Reference Guide

ASYNCH - Testing of Autosynchronizing Relay - A ProTesTPLAN

Description

Operation

The autosynchronizer relay is designed to control the closing of a circuit
breaker connecting two electrical systems. A typical application is the
connection of an incoming line or generator to a station bus.

The relay can be applied to directly close the circuit breaker or to
supervise the operator-initiated manual closing. Closing is allowed only
when the two sources are almost synchronous and in phase.

The typical autosynchronizer relay has controls for setting the frequency
and maximum voltage difference at which operation is allowed. Relays
also have a setting for circuit breaker closing time, and other settings.

Two voltage sources, both fixed at 120 V, are used to test the relay.

One source, used to represent the bus side voltage, is fixed at 60/50 Hz.
The other source is used to represent generator voltage at the system
frequency, plus or minus the slip frequency. The example shown in
Figure C.1 illustrates 60.02 Hz for a 0.02 Hz slip frequency.

INITIAL CONDITIONS IF RELAY OPERATES HERE, TIMER
VA = 60Hz 0 Deg. READS TIME BEFORE SYNCHRONISM
VB = 60Hz -240 Deg. |

AN

READ ZERQ HERE

TEST INITIATION Timer set to slip time and
VB set to test frequency  started in downcount mode

Figure C.1 Slip Frequency Example
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Use

The relay is configured to respond with a close signal in advance of
synchronism that is dependant on the circuit breaker advance time
setting on the relay. The output from the relay is applied to the test
instrument to record the close command issued by the relay.

The main goal of testing is to compare the circuit breaker allowed
Closing Angle to the Actual circuit breaker Closing Angle. The difference
between these is the Close Angle Error (CAE), which is reported by the
macro in degrees. This result must fall within the range of the allowed
tolerance. This angle is actually derived, however, from a comparison of
the difference in mSecs, or cycles, between the expected value and the
test result value.

The Expected Time in Figure C.2 is the Advance Time plus the Output
Operating Time. In Figure C.3, the Advance Time is the circuit breaker
closing time. The Output Operate Time is the Relay Operate Time which
is sometimes published by relay manufacturers and should be considered
when calculating the Expected Time.

/Test Laboratory/Synch Relay/Plan 1/Mew

j Felay ID:  Synch Relay Serial Mo: 1
Last Edit: 10/17/2001 12:14:54.0 b Add

| Action I Report I Motebook I

Sre | High | Low | Ampl [ Phs [ Fre BESUHSIEunentTestEonditions j Save Results | DeleteHesgItsl

120 0 P Expected Timel + Tal | -Toll Tal Units | Actual | Errorl CA Error | Result | Time Units
120 ACTIOM | ACTION
200 5 5 mSec vI s
Im ec 'l

Sense Connections: |5' 3

Figure C.2 Asynch Test Tab Screen

C-2
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/Test Laboratory/Synch Relay/Plan 1/Mew

Mew j Felay ID:  Synch Relay Serial Mo: 1
ASYNCH Last Edit: 10/17/2001 12:14:54.0 b Add
Test Heportl Notebookl
Sense Conditions | Armnpl [ Units
A | Offzet Frequency B0 Hz
Contacts *||0-C A F
I oriasts ‘JI J |.B | Offset Duration 120 Cycles
Dela_lg. 0 Cycles L] Test Frequency B0.0Z2 Hz
Duratian (g mSecs 1D | Slip Frequency 002 |Hz
Source  [pqa = LE |Initial Phase Offset 0 [eg
|_E | Sunchronization Atternpts 2
. lﬁ G |&dvance Time 180 mSec
2 Ee System | H | Output Operate Time 20 mSec
| |Max On Time 1o Sec

Figure C.3 Asynch Action Tab Screen

The test sequence is:

1. Voltages VA and VB are applied to the relay for the offset time and at
the offset frequency of 60 Hz.

2. The voltage VB frequency shifts to the test frequency of 60.02 Hz.
3. The instrument starts a timer and waits for the relay sense signal.

4. The timer is stopped when the sense signal occurs and ProTesT
receives the timing information.

Figure C.4 Timer Starts and Stops
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NOTE

5. ProTesT calculates the breaker advance time using the timing value
measured by the instrument, according to:

Breaker advance time =
[(1/Slip frequency) * initial offset/360 ° | - instrument measured
time.

For a slip frequency setting of 0.02 and an initial offset of 0° (360°),
the time required for two voltages in synchronism is:

(1/Slip frequency * Initial offset/360°).

The time calculated is 50 seconds. This calculated time is compared
with the set time of the relay. The instrument measured time is
subtracted from the synchronization time.

6. The CAE is calculated as follows:
Error in Close Angle = [Tm — (Ts + Ti)] x (F1 - F2) x 360/1000]
where:

¢ Tm = Measured Circuit Breaker advance time in milliseconds.
e Ts = Selected circuit breaker advance time (Action tab item G).
e Ti = Output relay operation time (Action tab item H).

e F1 =Source 1 Frequency Hz (= 60 Hz). Use FX in Frequency.

e F2 = Source 2 Frequency Hz (= 60.02). Use Action for Phase and
Frequency.

e 360 converts Hz to degrees/second.
e 1000 converts milliseconds to seconds.

For instance, if 190 milliseconds had been measured, then:

Error in Close Angle = [(Tm — (Ts + Ti)] x (F1 —F2) x 360/1000] =
[190 — (180+20)] x (60 —60.02) x 0.36 = —10 x (-0.02) x 0.36 =
0.07 degrees

The error in Advance time for 1° close angle error can be calculated as:
Time for 1° closing angle = 1/(Slip frequency * 360) = 1/(0.02*360) =
0.1389 seconds or 138.9 milliseconds.

From the allowable closing angle error, the tolerance on the circuit
breaker advance time can be calculated.

C-4
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The ASYNCH Test Tab screen is shown in Table C.1.

Table C.1 ASYNCH Test Tab Results Fields

Field

Explanation

Expected Time

= Advance Time + Output Operating Time
(Action Tab ltems G & H).

+ Tol/-Tol

Plus/minus tolerance used for Pass/Fail
calculation.

Tol Units

Units for use with Tolerances: %, Sec, mSec,
or Cycles.

Actual

Recorded test result.

Error

Calculated difference between the actual and
expected results shown in the selected units.

CA Error

The difference between Actual and Expected
Time expressed in degrees.

Result

Pass/fail determination.

Time Units

For Expected Time units: Sec, mSec, or Cycles.

The ASYNCH Test Tab screen is shown in Figure C.2 on page C-2.
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Action Tab
The ASYNCH Action Tab Conditions Fields are explained in Table C.2.

Table C.2 ASYNCH Action Tab Conditions Fields

Field Explanation

Offset Frequency Frequency that the Action source will be set to
for the Offset Duration.

NOTE: This is a mandatory field. This value must
be the same as your System Frequency, i.e.,
50Hz or 60Hz. See ProTesT | Setup Menu.

Offset Duration Time for which the Offset Frequency is applied
to the Action source.

Test Frequency Test frequency required for the test. This value is
intended to calculate the Slip Frequency.

Slip Frequency Calculated value:
Slip Freq. = Non-Action Source Freq. - Test Freq.

Initial Phase Offset | Initial setting of the phase angle.

Synchronization Enter the number of attempts the relay is
Attempt permitted to attempt a Circuit Breaker Close
Signal.

This field was left as a user entry field to account
for future relay developments that may provide
this functionality.

Advance Time Circuit Breaker Closing Time.
Output Operate Output relay operation time after the relay
Time measuring circuit makes a decision to close the

circuit breaker.
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Table C.2 ASYNCH Action Tab Conditions Fields (Continued)

Field Explanation

Max On Time Maximum time for the test to run. This is a
calculated field and depends upon the settings in
Slip Frequency, Initial Phase Offset and
Synchronization attempts.

This is provided to end the test after the time for
a successful relay operation has lapsed.

Source Identifies the Action source associated with the
timer/sense input. For the F2000, this source
must be in the Master Instrument.

The default of MA indicates to look for a
timer/sense input at the Master Instrument.

Zero Crossing Two options, System or Source System (default)
cause changes to the sources to occur on the
positive zero crossing of the reference sine
wave. All sources change at the same time.

e For the F6150, Source setting does not apply.

e For the F225x, Source settings cause each
source in the system to change on the first
positive zero crossing of its sine wave.

e For the F2000, Source settings cause each
source in the system to change on the first
positive or negative zero crossing of its sine
wave.

All sources change at their respective zero

crossing. For example, if VA is at 0°, VB is 120°,

and VC is at 240°, the system changes all
sources at the same time. For Source, VA
changes at time TO, VB changes at time TO+1/3

of a cycle, and VC changes at time T0+2/3 of a

cycle
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BSRHOI - Binary Search, Current - | ProTesTPLAN

Description

Operation

Use

This macro is a fast, high-low pulsed search used to bracket a relay
operate point, followed by either a linear ramp or pulsed ramp for a high
resolution result. RCHBOI and BSRHOI are identical (see page C-171). If
you have both Z and | ProTesTPLANS, use the name you prefer.

A search begins by testing midway between the Action Offset and Limit
Current. If the relay does not operate, the limit current is applied. If the
relay still does not operate, the test is over (recorded as No Op, No
Operation). Successive pulses are calculated based on the results of the
last pulse; i.e., the next pulse is halfway between the last operate value
and the last No Op value. When the difference between pulse
amplitudes is less than three times the ramp delta current, the search
stops and either a Linear Ramp or a Pulsed Ramp begins.

The ramp backs off twice the delta current, then ramps for a maximum of
15 steps. If the test is properly tuned, three or four steps should be
sufficient.

One or more current sources can be ramped simultaneously, using the
same Action conditions. One or more voltage presets can be applied.

This macro ramps current sources. Use Binary Search wherever Linear
Ramp or Pulsed Ramp can be used; however, there are cases where it
cannot be used successfully, such as long reset times in induction disk
relays. When properly used, binary search is faster for determining the
Ohmic reach of current-operated distance relays or measuring the
pickup/dropout of overcurrent relays.
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Notes
e Binary Search requires more tuning than a Linear Ramp or Pulsed
Ramp. The relay may respond differently to search pulses vs.
linear ramp steps. Sensing may be heard during the search, but
the ramp concludes with No Op - relay operation not detected.
Use sense delay to filter the relay transient response on the pulses,
so that the search converges to the correct value.
e If memory action is important to the relay, allow adequate wait
time for reset and a long enough pulse time to operate.
e Some relays require the use of pulsed ramp for testing. If so, select
the Pulsed Ramp option by setting Ramp Delta Time = 0.
e Search can be done either from low offset to high limit, or high
offset to low limit. When searching from a high offset, Ramp Delta
Current must be negative.
e Use Offset Current = 0, and non-zero Offset Duration Action
Delay if the polarizing voltage must be applied before the Action.
e Use sense delay to ensure that the search converges to a value
that can be detected with the ramp. A large delay may be
required, for example, 25 to 50% of the pulse duration. This filters
the transient response to the leading edge of the pulse. If contact
instability is also present, use sense delay as well.
Test Tab
On the BSRHOI Test Tab screen (Figure C.5 on page C-12):
1. Select valid source names in the Src column.
2. Use the High and Low fields to enter values for the source
connections between the instrument and the relay.
3. Enter the source current amplitude ACTION and enter phase and
frequency values.
4. Enter test relay connections in the Sense Connections field when the
test relay is connected as a sense input or to a timer.
5. Enter the jumper connections in the Jumpers field.
NoTE If battery simulator voltage is needed, enter BT as a source and select
' amplitude, or run the POWER macro.
o
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Results The macro initially displays the results for the
Current Test conditions. To display prior results,
click the pull-down arrow and select a prior test.
The BSRHOI Test Tab Results fields are explained
in Table C.3.

Save Results Click Save Results after running a test and select
the new results to save. When exiting the macro,
save any macro changes and results if they have
not already been saved.

Delete Results Click Delete Results to display a window
containing saved test results. Select one or more
test results using the mouse. Ctrl+click works as a
toggle action to select or unselect items. Click OK
to complete deletion.

Table C.3 BSRHOI Test Tab Results Fields

Field Explanation
Expected | Expected operate value, in Amps.
+ %/ =% Plus/minus tolerance percentage, used

for Pass/Fail calculation.

Actual Recorded test result.
% Error Error.
Result Pass/Fail indication.
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The BSRHOI Test Tab screen is shown in Figure C.5.

/Converted Locations/Demonstration Test 50 Hz/Dema test of SEL 321/5SEL-321 DEMO TEST*/Class Dema/BSHROI
IBSHHDI j Relay ID:  SEL-321 DEMO TEST® Serial No: SM 94034007
BSEHOI Last Edit:  1999-05-14 11:31:40.000 Mfg: SEL

Test |Act\0n| Prefaultl Heportl Notebookl

S | High | Low | Ampl [ Phs | Fre Results ICunEnI Test Conditions j Save Aesults I Delets Results
EA .iEDIEIDDN 033 0 ggggg Expected | +%& | -% ] Actual | % Emor | Result
- - 73 4

Sense Connections: I

Jumpers: I

Figure C.5 BSRHOI Test Tab Screen

Action Tab
The BSRHOI Action Tab Conditions fields are explained in Table C.4.

Table C.4 BSRHOI Action Tab Conditions Fields

Field Explanation

Offset Current The initial amplitude of the Action source.
Offset Duration How long to maintain the offset.

Current Limit The amplitude that stops the search, if the relay

does not operate. The limit also determines the
source range for a positive Delta Current.

Pulse Duration The maximum length of each search pulse; pulse
terminates as soon as a sense is detected.

Wait How long to wait between pulses; wait is at
offset current.

Delta Current Step size of ramp. Use a minus sign for a
downward ramp.

Delta Time Duration of each ramp step. A non-zero value
selects a linear ramp; setting Delta Time = 0
selects a pulsed ramp, using the same pulse
duration and wait as the search.
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The BSRHOI Action Test Tab screen is shown in Figure C.6.

/Converted Locations/Demanstration Test 50 Hz/Dema test of SEL 321 /5EL-327 DEMO TEST*/Class Dema/BSHROI
IBSHHDI j Relay ID:  SEL-321 DEMO TEST* Serial Mo: SN 94034007
BSAHOI Last Edit.  1993-05-12 09:33:06.370 Mfig: SEL

Test § | Prefaultl Flepnrtl Nntehnnkl

Sen Conditons | Ampl | Urits
== = |LA] Offset Current 1] Amnps

ACVolts -JIC 8 — | |B | Dlffzet Duration 0 Cycles
DE'Q‘r‘_ 0 Cycles 7] [lE] Current Limit 0 Amps

Duration [ mSecs 7] [0V | Pulse Duration 0 Cocles

Source  [yg ﬂ | LE |'ait 1] Cycles

|LE |+ Delka Cument 1] Ampz

G| Delta Time 0 Cycles

Zero Crossing ISystem ~

Figure C.6 BSRHOI Action Tab Screen

Sense The BSRHOI Sense fields are explained in Table C.5.

Table C.5 BSRHOI Sense Fields

Field Explanation

Pull-down List Select sense transition: Contacts O—>C, etc.,
Voltage On—>Off, etc.

Source Name a source to identify which Instrument or
input receives the relay sense signal. The source
must be an Action. The default is MA for the
Master Instrument.

Run Click RUN on the toolbar or press F12 to run the test. The sources
initialize as follows:

* Non-Action sources turn on at Preset values.

e Action values turn on at Prefault values, move to offset values and
then to Action values.

After a small number of search pulses, the ramp begins. The test stops as
soon as the ramp detects relay operation, normally after three or four
steps, and the amplitude is recorded. If the relay does not operate after 15
ramp steps are taken, a No Op is recorded. No Op may be desired, if the
relay is not supposed to operate.
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Operation Graph

Prefault Tab

The BSRHOI Operation graph is shown in Figure C.7.

A

(A+C)2

Prefault Amplitude

L Current

.................

Offset

Offset Duration
Limit value
Pulse Duration
Wait

A,
B
C
D
E
F1 Ramp +- AValue

(A
(B)
(C)
(o)
(B
(F)
(

A

Sy Ramp i Time
4 Time =0 for
Pulsed Ramp

.

Prefault
Dwration

B Sense —Time

MNote: Pulse (D) ends on Sense

Figure C.7 BSRHOI Operation Graph

The Prefault tab is used for steady state macros to assert initial conditions
before the values on the Test tab and Action offset are applied. This
allows an initial state of normal, balanced voltages and currents to be
applied for a duration before the macro action begins using faulted
voltage and increasing current. The BSRHOI Prefault Tab fields are
explained in Table C.6.

Operation

When the test is run, the Prefault is applied as
indicated in Figure C.7. This allows an intelligent
relay to see normal conditions before responding
to the fault condition that is generated by running
the macro. If the Prefault duration is 0, no Prefault
occurs.

C-14
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Table C.6 BSRHOI Prefault Tab Fields

Field Explanation

Source Name Source names are set on the Test tab and cannot
be modified.

Amplitude Enter the desired amplitude.

Phase Enter a phase in the range of -360.0° to 360.0°.

Frequency The Frequency value is set on the Test tab.

Prefault Duration Enter a duration for the Prefault condition.
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BSRHOV- Binary Search, Voltage - V ProTesTPLAN

Description

A fast, high-low pulsed search to bracket a relay operate point, followed
by either a linear ramp or pulsed ramp for a high resolution result.
RCHBOV and BSRHOV are identical. If you have both the V and Z
ProTesTPLANS, use the name you prefer.

The search begins by testing midway between the Action Offset and
Limit Voltage. If the relay does not operate, limit voltage is applied. If the
relay still does not operate, the test is over (recorded as No Op, No
Operation). Successive pulses are calculated based on the results of the
last pulse; i.e., the next pulse is halfway between the last operate value
and the last No Op value. When the difference between pulse
amplitudes is less than three times the ramp delta voltage, the search
stops and either a Linear Ramp or a Pulsed Ramp begins.

The ramp backs off twice the delta voltage, then ramps for a maximum of
15 steps. If the test is properly tuned, three or four steps should be
sufficient.

Operation

One or more voltage sources are ramped simultaneously, using the same
Action conditions. One or more voltage presets can be applied.

Use

This macro ramps voltage sources. Use Binary Search wherever Linear
Ramp or Pulsed Ramp can be used; however, there are cases where it
cannot be used successfully. When used properly, Binary Search has
faster performance for determining Ohmic reach of voltage-operated
distance relays or pickup/dropout of overvoltage or undervoltage relays.
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Notes
e Binary Search requires more tuning than Linear Ramp or Pulsed
Ramp. The relay may respond differently to search pulses vs.
linear ramp steps. Sensing may be heard during the search, but
the ramp concludes with No Op - relay operation not detected.
Use sense delay to filter relay transient response on the pulses, so
that the search converges to the correct value.
e If memory action is important to the relay, allow adequate wait
time for reset and a long enough pulse time to operate.
e Some relays require the use of pulsed ramp for testing. If so, select
the Pulsed Ramp option by setting Ramp Delta Time = 0.
e The search can be done either from low offset to high limit, or
high offset to low limit. When searching from a high offset, Ramp
Delta Voltage must be negative.
Test Tab
On the BSRHOV Test Tab Screen (Figure C.8 on page C-18):
1. Select valid source names in the Src column.
2. Use the High and Low fields to enter values for the source
connections between the instrument and the relay.
3. Enter the source voltage amplitude ACTION and enter phase and
frequency values.
4. Enter test relay connections in the Sense Connections field when the
test relay is connected as a sense input or to a timer.
5. Enter the jumper connections in the Jumpers field.
NoTE If battery simulator voltage is needed, enter BT as a source and select
' amplitude, or run the POWER macro.
S Results The macro initially displays the results for the

Current Test conditions. To display prior results,
click the pull-down arrow and select a prior test.
The BSRHOV Test Tab Results fields are explained
in Table C.7 on page C-18.

Save Results Click Save Results after running a test and select
the new results to save. When exiting the macro,
save any macro changes and results if they have
not already been saved.
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Delete Results

Click Delete Results to display a window
containing saved test results. Select one or more
test results using the mouse. Ctrl+click works as a
toggle action to select or unselect items. Click OK
to complete deletion.

The BSRHOV Results fields are explained in Table C.7.

Table C.7 BSRHOYV Test Tab Results Fields

Field

Explanation

Expected V

Expected operate value, in Amps.

+ 0/0/— %

Plus/minus tolerance percentage, used
for Pass/Fail calculation.

Actual

Recorded test result.

% Error

Error.

Result

Pass/Fail indication.

The BSRHOV Test Tab Screen is shown in Figure C.8.

]

Figure C.8 BSRHOV Test Tab Screen
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Action Tab
The BSRHOV Action Tab Conditions fields are explained in Table C.8.

Table C.8 BSRHOV Action Tab Conditions Fields

Field Explanation

Offset Voltage The initial amplitude of the Action source.
Action offset turns on at the same time as the
Preset sources.

Offset Duration How long to maintain the offset. If no offset is
wanted, enter O Volts and 0 Cycles.

Voltage Limit The amplitude at which the ramp stops if the
relay does not operate. The maximum offset and
limit determines the source range.

Pulse Duration The maximum length of each search pulse; pulse
terminates as soon as a sense is detected.

Wait How long to wait between pulses; wait is at
offset voltage.

Delta Voltage Step size of ramp. Use a minus sign for a
downward ramp.

Delta Time How long each Linear Ramp step is held; set
Delta Time = 0O for Pulsed Ramp, using the same
pulse duration and wait as the search.
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Sense

Run

The BSRHOV Action Tab screen is shown in Figure C.9.

/Converted Locations/Demonstration Test 50 Hz/Demo test of SEL 321/5EL-321 DEMO TEST*/Class Dema/BSHROW
IBSHHDV j Relay ID:  SEL-321 DEMO TEST* Serial No: SN 94034007
BSRHOY Last Edit:  1999-05-10 15:03:31.460 Mfg: SEL

Test

Frefault I Fepart I Moteboak, I

Sense Conditions [ &mpl [ Units
= | = LA | Offset Yoltage iz} Wolts

IEontacts ‘JID °t — LB | Offset Duration 0 Cycles
Dk Cycles 7| [C]akage Limit 10 vl

Duratian g mSecs | LD | Pulse Duration 5 Cycles

Source [y ﬂ LE [t 10 Cycles
|LE |+ Delta Voltage 01 oltz

G| Dela Time 5 Cycles

Zera Crozzing ISystem 'l

Figure C.9 BSRHOV Action Tab Screen

The BSRHOV Sense fields are explained in Table C.9.

Table C.9 BSRHOV Sense Fields

Field Explanation

Pull-down List Select sense transition: Contacts O—>C, etc.,
Voltage On—>Off, etc.

Source Name a source to identify which Instrument, or
input, receives the relay sense signal. The source
must be an Action. The default is MA for the
Master Instrument.

Click RUN on the toolbar or press F12 to run the test. The sources
initialize as follows:

o Non-Action sources turn on at Preset values.

e Action values turn on at Prefault values, move to offset values and
then to Action values.

After a small number of search pulses, the ramp begins. The test stops as
soon as the ramp detects relay operation, normally after three or four
steps, and the amplitude is recorded. If the relay does not operate after 15
ramp steps are taken, a No Op is recorded. No Op may be desired, if the
relay is not supposed to operate.

C-20
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Hints e Use Offset Voltage = 0, and non-zero Offset Duration Action
Delay if polarizing current must be applied before the Action.

e Use sense delay to ensure that the search converges to a value
that can be detected with the ramp. A large amount may be
required, for example, 25 to 50% of the pulse duration. This filters

transient respo

nse to the leading edge of the pulse. If contact

instability is also present, use sense duration as well.

Operation Graph
The BSRHOV Operati

on graph is shown in Figure C.10.

(A+T)2

Prefault Amplitude

A) Offset

B) Offset Duration

C Limit value

D) Pulse Duration

E) wWait

F1 Ramp +- Avalue

{
(
{
{
{
(
(G) Rampi Time

A ' 4 Time =0 for
Pulsed Ramp
Prefault B Sense  Time
Duration

Mote: Pulse (O) ends on Sense

Figure C.10 BSRHOV Operation Graph

Prefault Tab

The Prefault tab is used for steady state macros to assert initial conditions
before the values on the Test tab and Action offset are applied. This
allows an initial state of normal, balanced voltages and currents to be

applied for a duration

before the macro action begins using faulted

voltage and increasing current. The BSRHOV Prefault Tab fields are
explained in Table C.10 on page C-22.

Operation

When the test is run, the Prefault is applied as
indicated. This allows an intelligent relay to see
normal conditions before responding to the fault
condition generated by running the macro. If the
Prefault duration is 0, no Prefault occurs.
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Table C.10 BSRHOV Prefault Tab Fields

Field Explanation

Source Name Source names are set on the Test tab and cannot
be modified.

Amplitude Enter the desired amplitude.

Phase Enter a phase in the range of -360.0° to 360.0°.

Frequency The Frequency value is set on the Test tab.

Prefault Duration Enter a duration for the Prefault condition.
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CLOSEA - Close Angle, Voltage or Current - V ProTesTPLAN

Description

The phase angle of one or more sources rotates in one direction from an
initial line angle offset, looking for lead dropout. Phase then returns to
the offset and rotates in the other direction, looking for lag dropout. Lead
and Lag are recorded. CLOSEA is a dropout test, very much the same as
MAXTAV, Maximum Torque Angle test, but allows the user to specify a
closing angle at which dropout is expected. CLOSEA can also be used as
a pickup test.

Operation

The phase of all sources is ramped at the specified rate. Mark AC source
phases ACTION, or A—120 or AH 20 for phase offset, and enter values
for amplitude and frequency.

Use

This macro tests phase and power swing relays.

NoTE Both voltage and current phase action can be used.

Test Tab
On the CLOSEA Test Tab screen (Figure C.11 on page C-25):
1. Select valid source names in the Src column.
2. Use the High and Low fields to enter values for the source
connections between the instrument and the relay.
3. Specify phase as ACTION, A-20, A+120, for example, and enter
phase and frequency values.
4. Enter test relay connections in the Sense Connections field when the
test relay is connected as a sense input or to a timer.
5. Enter the jumper connections in the Jumpers field.
NoTE If battery simulator voltage is needed, enter BT as a source and select
' amplitude, or run the POWER macro.
o

G 72A-1585 Rev. C 8/02 C.23



CLOSEA - Close Angle, Voltage or Current - V ProTesTPLAN

Results The macro initially displays the results for the
Current Test conditions. To display prior results,
click the pull-down arrow and select a prior test.
The CLOSEA Test Tab Results fields are explained
in Table C.11.

Save Results Click Save Results after running a test and select
the new results to save. When exiting the macro,
save any macro changes and results if they have
not already been saved.

Delete Results Click Delete Results to display a window
containing saved test results. Select one or more
test results using the mouse. Ctrl+click works as a
toggle action to select or unselect items. Click OK
to complete deletion.

Table C.11 CLOSEA Test Tab Results Fields

Field Explanation

Close Angle Specified angle where relay is expected
to drop out.

Tolerance +/- Angle tolerance for dropout.

Lead Dropout Angle Recorded operate angle of relay

in lead direction.

Lag Dropout Angle Recorded operate angle of relay
in lag direction.

Lead Error Recorded difference between lead
dropout angle value and the actual
recorded value.

Lag Error Recorded difference between lag
dropout angle value and the actual
recorded value.

Result Pass/Fail.
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The CLOSEA Test Tab screen is shown in Figure C.11.

/Converted Locations/D'emonstration Test 50 Hz/Demo test of SEL 321/5EL-321 DEMO TEST*/Class Demo/CLOSEA
CLOSEA, - Relay ID:  SEL-321 DEMO TEST® Serial Mo: SN 34034007
CLOSEA Last Edit:  1993-05-10 15:00:37.950 Mg SEL

Test I Action I Report I MNatebaok |

Sre_ | High | Low | Ampl [ Phs [ Fre Fiesults [ rent Test Conditions j Save Results Delete Results
W LI 32 ACTIOM B0.000 o
vE 70 Ad20 50000 i R
yC 70 A0 BO.O00 S —
Talerance +/- 25
il g 1] 60.000
Lead Dropout Angle:
12 o o 50.000 Lag Dropot &ngle
— e
13 1] 1] 60.000 Lead Enror
Lag Eror
Fiesult

Senze Connections: |

Jumpers: I

Figure C.11 CLOSEA Test Tab Screen

Action Tab
The CLOSEA Action Tab Conditions fields are explained in Table C.12.

Table C.12 CLOSEA Action Conditions Tab Fields

Field Explanation
Line Angle The initial phase for Action sources.
Line Angle Duration How long to maintain the initial phase

angle. Be sure it is long enough for the
relay to pick up.

Delta Angle The increment of phase rotation, in
degrees.
Delta Time How long to hold each phase step during

rotation — measured in cycles.

Angle Limit How far to go before stopping ramp if the
relay does not operate — must be positive.
The same limit is used in each direction.
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The CLOSEA Action tab is shown in Figure C.12.

/Converted Locations/Demonstration Test 50 Hz/Demao test of SEL 321/5EL-321 DEMO TEST*/Class Demo/CLOSEA
IELDSEA j Relay ID:  SEL-321 DEMO TEST* Serial No: SN 94034007
CLOSEA Last Edit:  1999-05-10 15:00:37.950 Mfg: SEL

Test |F|ep0rt| Notebookl

Sense Contions [ &mpl [ Units
Al Line Angle 80 Ceg
Contacts ||0-C <z .

I ortacts -JI — LB | Duration of Line Angle 5 Cycles
De'i‘r‘_ 0 Cycles ¥ [IE| Defta Angle 2 Ceg
Duration [ mSecs v [IDY Delta Time 3 Cycles
Source  [jqa ﬂ E | Delta Angle Limit 50 Deg

Zera Crozzing ISource 'l

Figure C.12 CLOSEA Action Tab Screen

Sense The CLOSEA Sense fields are explained in Table C.13.

Table C.13 CLOSEA Sense Fields

Field Explanation

Pull-down List Select sense transition: Contacts O—>C, etc.,
Voltage On—>Off, etc.

Source Name a source to identify which Instrument or
input receives the relay sense signal. The source
must be an Action. The default is MA for the
Master Instrument.

Run Click RUN on the toolbar or press F12 to run the test. The sources
initialize and turn on as follows:

* Non-Action sources turn on at Preset values.

e Action sources turn on at Offset values and move to Action
values.

The test stops as soon as the relay operates and the phase is recorded.
Phase returns to offset, waits, and begins ramping in the other direction.
If the relay does not operate, a No Op is recorded.

Hints Note that Angle Limit is the maximum displacement from the line angle
that is allowed before a No Op is recorded.
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Operation Graph
The CLOSEA Operation graph is shown in Figure C.13.

b Phase Angle

Al Line Angle
B} Line Angle Duration

Lead Dropout E g
(CY A Angle
(D)
(E)

A+Er-----meee -

E) A Angle Limit

AEF----cmmmm - - - L.
Lag Dropout

Figure C.13 CLOSEA Operation Graph
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CREEPF - Manual Frequency Ramp - F ProTesTPLAN

Description
CREEPF allows the user to step the frequency up or down.

Operation
Test sources are initialized at the offset frequency. The next step requires
the user to increment or decrement the frequency. Click the up or down
spinner control on the Test in Progress Window, or use the Up arrow or
Down arrow. Frequency changes by the delta frequency are specified on
the Action tab. The macro ends when a sense signal occurs or when the
user clicks Record or presses Enter to record visually detected operation.

Use
This macro manually tests frequency relays.

Notes

* Frequency values can be entered for the range 25 to 2000 Hz for
the F6000, F225x, and up to 600 Hz for F2100, F2200, F2500,
F2350, F27000; however, the test can run only if there is a
harmonic that can cover the specified range.

e The minimum frequency step is 0.001 Hz at the base frequency
for the F225x and the F6000, or 0.01 Hz otherwise. The
minimum step is multiplied by the harmonic; e.g., 0.002 or
0.02 Hz at second harmonic.
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Test Tab
On the CREEPF Test Tab screen (Figure C.14 on page C-30):
1. Select valid source names in the Src column.
2. Use the High and Low fields to enter values for the source
connections between the instrument and the relay.
3. Mark source frequency ACTION and enter amplitude and phase
values.
4. Enter test relay connections in the Sense Connections field when the
test relay is connected as a sense input or to a timer.
5. Enter the jumper connections in the Jumpers field.
NoTE If battery simulator voltage is needed, enter BT as a source and select
' amplitude, or run the POWER macro.
S Results The macro initially displays the results for the

Current Test conditions. To display prior results,
click the pull-down arrow and select a prior test.
The CREEPF Test Tab Results fields are explained
in Table C.14.

Save Results Click Save Results after running a test and select
the new results to save. When exiting the macro,
save any macro changes and results if they have
not already been saved.

Delete Results Click Delete Results to display a window
containing saved test results. Select one or more
test results using the mouse. Ctrl+click works as a
toggle action to select or unselect items. Click OK
to complete deletion.

Table C.14 CREEPF Test Tab Results Fields

Field Explanation

Expected F Expected operate value, in Hz.

+ Hz/- Hz Plus/minus tolerance in Hz, used for Pass/Fail
calculation.

Actual Recorded test result.

Error Error in Hz.

Result Pass/Fail indication.
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The CREEPF Test Tab screen is shown in Figure C.14.

/Converted Locations/Demonstration Test 50 Hz/Demo test of SEL 321/5EL-321 DEMO TEST*/Class Demo/CREEPF

IZZF:EEF'F vl Relay ID:  SEL-321 DEMO TEST® Serial Mo SM 34034007
CREEFF Last Edit:  1333-05-10 14:53:55.980 Mfg: SEL

Test |Act\on| Heportl Notebookl

Sic | High | Low | Al [ Phs | Fe Results IEurrent Test Conditions ﬂ Save Results I Delete Results
Ve = &7 00 AT e oted F |+ iz | Az | Actual | Eror | Pesut

B E7 200 ACTION freas 005 005

T E7 12000 ACTION

11 1.0 0o ACTION

12 1.0 20,0 ACTION

13 1.0 1200 ACTION

BT

Sense Connections: I

Jumpers: I

Figure C.14 CREEPF Test Tab Screen

Action Tab
The CREEPF Action Tab Conditions fields are explained in Table C.15.

Table C.15 CREEPF Action Tab Conditions Fields

Field Explanation

Offset Frequency The initial frequency for all Action sources,
typically line frequency.

Offset Duration How long to maintain the offset. Be sure it is
long enough for the relay to initialize. In
CREEPF, it is not important, because the Action
does not begin until the user presses an Action

key.
Frequency Limit The frequency at which the ramp stops if Sense
is not detected.
Delta Frequency The +/- increment to be applied.
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The CREEPF Action Tab screen is shown in Figure C.15.

/Converted Locations/Demanstration Test 50 Hz/Demo test of SEL 321/5EL-321 DEMO TEST/Clazs Demo/CREEPF
[CREEPF =l Relay ID:  SEL-321 DEMO TEST* Serial No: SN 94094007
CREEFF Last Edit:  1999-05-14 11:44:28.000 Mfa: SEL

Test  Action IHepnltI Nntehnnkl

Sen: Conditions [ Ampl [ Urits
A | Oifset Frequency 575 Hz

Contacts || 0->C d o |

I ontacts _JI > Z [ Offset Duration 10 Cycles

Delay. 1] Cycles 7] |LE| Frequency Limit 55 Hz

Duration [ mSecs 7] D | D'elta Frequency 005 Hz

Source m ﬂ

Zera Crassing Source 7 l

Figure C.15 CREEPF Action Tab Screen

Sense The CREEPF Sense fields are explained in Table C.16.

Table C.16 CREEPF Sense Fields

Field Explanation

Pull-down List Select sense transition: Contacts O—>C, etc.,
Voltage On—>Off, etc.

Source Name a source to identify which Instrument or
input receives the relay sense signal. The source
must be an Action. The default is MA for the
Master Instrument.

Run Click RUN on the toolbar or press F12 to run the test. The sources
initialize and turn on as follows:

e Non-Action sources turn on at Preset values.
e Action sources turn on at Offset values and move to Action
values.

Raise and lower the action value by changing the delta frequency. The
test stops as soon as the relay operates, or when Record is pressed and
the result is recorded.
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Operation Graph
The CREEPF Operation graph is shown in Figure C.16.

b Frequency
C ______________________________________
(&) Offset
! (B) Offset Duration
i () Limit Yalue
I | (D) +- AValue
D !
A | i
B Sense
or Record

Figure C.16 CREEPF Operation Graph
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CREEPI - Manual Current Ramp - | ProTesTPLAN

Description

Operation

Use

Notes

Test Tab

CREEPI allows the user to step amplitude up or down.

Test sources are initialized and the Action Offset is applied. The next step
requires the user to increment or decrement the current. Click the up or
down spinner control on the Test in Progress Window, or use Up Arrow
or Down Arrow. Source output changes by the delta current are specified
on the Action tab. The macro ends when a sense signal occurs or when
the user clicks Record or presses Enter to record visually detected
operation.

This macro records visually detected relay operation. For example, use a
DC Action source to test an auxiliary relay or a relay target when no
contact or voltage sense signal can be provided.

e Because each keyboard action to change amplitude requires
ProTesT to send a command to the Instrument, entering inputs too
fast can cause problems.

e If using the F2410 rectified DI source, once a test current has
been applied, increments of current exhibit capacitive delay
before changing to the new amplitude.

On the CREEPI Test tab (Figure C.17 on page C-35):
1. Select valid source names in the Src column.

2. Use the High and Low fields to enter values for the source
connections between the instrument and the relay.

3. Enter the source current amplitude ACTION and enter phase and
frequency values.

4. Enter test relay connections in the Sense Connections field when the
test relay is connected as a sense input or to a timer.

5. Enter the jumper connections in the Jumpers field.
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NoTE If battery simulator voltage is needed, enter BT as a source and select
' amplitude, or run the POWER macro.
S Results The macro initially displays the results for the

Current Test conditions. To display prior results,
click the pull-down arrow and select a prior test.
The CREEPI Test Tab Results fields are explained in
Table C.17.

Save Results Click Save Results after running a test and select
the new results to save. When exiting the macro,
save any macro changes and results if they have
not already been saved.

Delete Results Click Delete Results to display a window
containing saved test results. Select one or more
test results using the mouse. Ctrl+click works as a
toggle action to select or unselect items. Click OK
to complete deletion.

Table C.17 CREEPI Test Tab Results Fields

Field Explanation

Expected | Expected operate value, in Amps.

+ Y%/— % Plus/minus tolerance percentage, used for
Pass/Fail calculation.

Actual Recorded test result.

% Error Error.

Result Pass/Fail indication.
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The CREEPI Test Tab screen is shown in Figure C.17.

fConverted Locations/D emanstration Test 50 Hz/Dema test of SEL 321/5EL-321 DEMO TEST/Class Demo/CREEP

RERAE] = Relap ID:  SEL-321 DEMO TEST* Serisl No: SM 94094007
CREE Last Edit:  1999-05-10 15:07:02.970 Mig: SEL
Test |Action| Plefau\tl Fleportl Nntebookl
Sic | High | Loww | Ampl | Phs | Fre: Results IEIunent Test Conditions j Save Fesults I Delete Results
n = ACTION C

Ewpected | | +% | -%| Actual | %Enor | Result
1.2 5 5

Senze Connections: I

Jumpers: I

Action Tab

Figure C.17 CREEPI Test Tab Screen

The CREEPI Action Tab Conditions fields are explained in Table C.18.

Table C.18 CREEPI Action Tab Conditions Fields

Field

Explanation

Offset Current

The initial current for all Action sources,
typically the normal load current.

Offset Duration

How long to maintain the offset. Be sure it

is long enough for the relay to initialize. In
CREEPI, it is not important, because the Action
does not begin until the user presses an Action
key.

Current Limit

The maximum or minimum test current.
The larger of Offset or Limit determines the
range selected.

Delta Current

The +/- increment to be applied.
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The CREEPI Action Tab screen is shown in Figure C.18

/Converted Locations/Demonsztration Test 50 Hz/Demo test of SEL 321/5EL-321 DEMO TEST*/Class Demo/CREER
ICHEEF’I j RelayID:  SEL-321 DEMO TEST* Serial Mo SN 94034007
Last Edit:  1395-05-1015:07.02.970 Mig: SEL

CREEFI

Test i Prefaulll Heportl Notebookl

Sense Condtions | Ampl | Units
A | Offzet Cumrent 1 Ampz
Contacts | »||0->C h a1
I ontacts _JI Z ([ Oiffzet Duration i Cycles
Delay 0 Cycles  —| |[E| Curent Limit 3 Amps
Duration [n mSecs 7| D|Delta Current 0.02  Amps
Source |4 j

Zera Crassing ISystem 'l

Figure C.18 CREEPI Action Tab Screen

Sense The CREEPI Sense fields are explained in Table C.19.

Table C.19 CREEPI Sense Fields

Field Explanation

Pull-down List Select sense transition: Contacts O—>C, etc.,
Voltage On—>Off, etc.

Source Name a source to identify which Instrument or
input receives the relay sense signal. The source
must be an Action. The default is MA for the
Master Instrument.

Run Click RUN on the toolbar or press F12 to run the test. The sources
initialize as follows:
¢ Non-Action sources turn on at Preset values.
e Action values turn on at Prefault values, move to offset values and
then to Action values.

Raise and lower the action value by changing the delta frequency. The
test stops as soon as the relay operates, or when Record is pressed and
the result is recorded.
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Operation Graph
The CREEPI Operation graph is shown in Figure C.19.

& Current
o T e e
: (A) Offset
(B} Offset Duration
(C) Limit value
(O) +- Avalue
Prefault Amplitude
A
Frefault B Sense o
Duratian or Record

Figure C.19 CREEPI Operation Graph

Prefault Tab

The Prefault tab is used for steady state macros to assert initial conditions
before the values on the Test tab and Action offset are applied. This
allows an initial state of normal, balanced voltages and currents to be
applied for a duration before the macro action begins with faulted
voltage and increasing current. The CREEPI Prefault tab fields are
explained in Table C.20.

Operation When the test is run, the Prefault is applied as
indicated. This allows an intelligent relay to see
normal conditions before responding to the fault
condition generated by running the macro. If the
Prefault duration is 0, no Prefault occurs.

Table C.20 CREEPI Prefault Tab Fields

Field Explanation

Source Name Source names are set on the Test tab and cannot
be modified.

Amplitude Enter the desired amplitude.

Phase Enter a phase in the range of —-360.0° to 360.0°.

Frequency The Frequency value is set on the Test tab.

Prefault Duration Enter a duration for the Prefault condition.
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CREEPV - Manual Voltage Ramp - V ProTesTPLAN

Description

CREEPV allows the user to control the up or down movement of the
Action voltage.

Operation

Test sources are initialized and the Action Offset is applied. The next step
requires the user to increment or decrement the frequency. Click the up
or down spinner control on the Test in Progress Window, or use Up
Arrow or Down Arrow. Frequency changes by the delta frequency
specified on the Action tab. The macro ends when a sense signal occurs
or when the user clicks Record or presses Enter to record visually
detected operation.

Use

This macro records visually detected relay operation. For example, use
DC Action to test an auxiliary relay or a relay target, when no contact or
voltage sense signal can be provided.

Notes

e Since each keyboard action to change amplitude requires
ProTesT to send a command to the Instrument, entering inputs too
fast can cause problems.

e If using the F2410 rectified DV source, once a test voltage has
been applied, increments of voltage exhibit capacitive delay
before changing to the new amplitude.
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Test Tab
On the CREEPV Test Tab screen (Figure C.20 on page C-40):

1. Select valid source names in the Src column.

2. Use the High and Low fields to enter values for the source
connections between the instrument and the relay.

3. Enter the source voltage amplitude ACTION and enter phase and
frequency values.

4. Enter test relay connections in the Sense Connections field when the
test relay is connected as a sense input or to a timer.

5. Enter the jumper connections in the Jumpers field.

Results The macro initially displays the results for the
Current Test conditions. To display prior results,
click the pull-down arrow and select a prior test.
The CREEPV Test Tab Results fields are explained
in Table C.21.

Save Results Click Save Results after running a test and select
the new results to save. When exiting the macro,
save any macro changes and results if they have
not already been saved.

Delete Results Click Delete Results to display a window
containing saved test results. Select one or more
test results using the mouse. Ctrl+click works as a
toggle action to select or unselect items. Click OK
to complete deletion.

Table C.21 CREEPV Test Tab Results Fields

Field Explanation

Expected V Expected operate value, in Volts.

+ Y%/— % Plus/minus tolerance percentage, used for
Pass/Fail calculation.

Actual Recorded test result.

% Error Error.

Result Pass/Fail indication.
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The CREEPV Test Tab screen is shown in Figure C.20.

/Converted Locations/Demonstration Test 50 Hz/Demo test of SEL 321/5SEL-321 DEMO TEST*/Clazs Demo/CREEFY

Relay ID:  SEL-321 DEMO TEST® Serial Ma: SN 54094007
CREERY Last Edit.  1993-05-1015:08:40.690 Mig: SEL
Test IActiDnI F‘refaultl Heportl Nntabookl
Sie | Hich [ Low | Ampl [ Phs [ Fre Results IEurrentTest Conditions j Save Results I Delete Results
Waw ACTION (180 60.000 P >
VE ACTION O 0,000 mEkgected W |5+/° |5 % | Actual | %Enor | Result

Senze Connections: I

Jumnpers: |

Figure C.20 CREEPV Test Tab Screen

Action Tab
The CREEPV Action Tab Conditions fields are explained in Table C.22.

Table C.22 CREEPV Action Tab Conditions Fields

Field Explanation

Offset Voltage The initial voltage for all Action sources,
typically the normal load voltage.

Offset Duration How long to maintain the offset. Be sure it is
long enough for the relay to initialize. In
CREEPYV, it is not important, because the Action
does not begin until the user presses an Action

key.

Voltage Limit The minimum or maximum test voltage. The
larger of Offset or Limit determines the range
selected.

Delta Voltage The +/- increment to be applied with each press

of an Action key.
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The CREEPV Action Tab screen is shown in Figure C.21.

/Converted Locations/Demonstration Test 50 Hz/Demo test of SEL 321/5EL-321 DEMO TEST*/Clazs Demo/CREERY
|CFIEEPV j Relay ID:  SEL-321 DEMO TEST* Serial Ma: SN 94034007
CREEPY Last Edit:  1393-05-10 15:08:40.630 Mig: SEL

Test ACUU"TI F‘refaultl Haportl Nolebookl

Sense Condiions | Ampl [ Units
A Offset Voltage 50 Wil

Contacts = || 0->C ~ =

I ontacts -JI — | LB | Ciffset Duration 10 Cycles

Delay |0 Cycles 7| [lE]olage Limi 100 Woks

Duration [ mSecs 7| D Celta Volkage 1 olts

Source  [pa ﬂ

Zero Crossing I Swpstem 'l

Figure C.21 CREEPV Action Tab Screen

Sense The CLOSEA Sense fields are explained in Table C.23.

Table C.23 CLOSEA Sense Fields

Field Explanation

Pull-down List Select sense transition: Contacts O—>C, etc.,
Voltage On—>Off, etc.

Source Name a source to identify which Instrument or
input receives the relay sense signal. The source
must be an Action. The default is MA for the
Master Instrument.

Run Click RUN on the toolbar or press F12 to run the test. The sources

initialize as follows:

e Non-Action sources turn on at Preset values.

e Action values turn on at Prefault values, move to offset values and

then to Action values.

Raise and lower the action value by the delta frequency. The test stops as
soon as the relay operates, or when Record is pressed and the result is
recorded.

G 72A-1585 Rev. C 8/02 C.41



CREEPV - Manual Voltage Ramp - V ProTesTPLAN

Operation Graph
The CREEPV Operation graph is shown in Figure C.22.
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Figure C.22 CREEPV Operation Graph

Prefault Tab

The Prefault tab is used for steady state macros to assert initial conditions
before the values on the Test tab and Action offset are applied. This
allows an initial state of normal, balanced voltages and currents to be
applied for a duration before the macro action begins using faulted
voltage and increasing current. The CREEPV Prefault Tab fields are
explained in Table C.24.

Operation When the test is run, the Prefault is applied as
indicated. This allows an intelligent relay to see
normal conditions before responding to the fault
condition generated by running the macro. If the
Prefault duration is 0, no Prefault occurs.

Table C.24 CREEPV Prefault Tab Fields

Field Explanation

Source Name Source names are set from the Test tab and
cannot be modified.

Amplitude Enter the desired amplitude.

Phase Enter a phase in the range of —-360.0° to 360.0°.
Frequency The Frequency value is set on the Test tab.
Prefault Duration Enter a duration for the Prefault condition.
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DRAMPI - Double Ramp Current - | ProTesTPLAN

Description

Operation

Use

Notes

The amplitude of one or more current sources is ramped from an offset
value toward a limit current. The ramp stops when the relay operates, or
when the limit is reached. Current is held steady for the specified number
of cycles, then ramps toward a second limit. The second ramp stops
when the relay drops out, or when the second limit is reached. Expected
values and pass/fail tolerances can be assigned for both pickup and
dropout current. The macro can ramp from a high offset toward a low
limit, and then ramp back toward a high limit; or, it can ramp from a low
offset toward a high limit, and back.

An offset current is applied, and at the end of the offset duration, a sense
check is performed to ensure that the relay has not already operated. The
first current ramp stops when the relay operates or when the limit has
been reached. The amplitude is then held for the wait time, which can be
zero, and another sense check is performed to ensure that the relay has
not already dropped out. Then the second ramp proceeds.

This macro tests minimum pickup of current operated relays.

e Ramp 1 Limit and Ramp 2 Limit are independent of the Offset
Current; i.e., the limit current can be higher or lower than the
offset current.

e Normal operation assumes that relay pickup and dropout occurs
in the range between Ramp 1 Limit and Ramp 2 Limit. If the relay
operates between Offset and Ramp 2 Limit during Ramp 1,
however, the ramp will reverse direction and never reach the
second limit. A No Op will be recorded.
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Test Tab

On the DRAMPI Test Tab screen (Figure C.23):

1. Select valid source names in the Src column.

2. Use the High and Low fields to enter values for the source

connections between the instrument and the relay.

3. Enter the source current amplitude ACTION and enter phase and

frequency values.

4. Enter test relay connections in the Sense Connections field when the

test relay is connected as a sense input or to a timer.

5. Enter the jumper connections in the Jumpers field.

Results The macro initially displays the results for the
Current Test conditions. To display prior results,
click the pull-down arrow and select a prior test.
The DRAMPI Test Tab Results fields are explained
in Table C.25.

Save Results Click Save Results after running a test and select
the new results to save. When exiting the macro,
save any macro changes and results if they have
not already been saved.

Delete Results Click Delete Results to display a window
containing saved test results. Select one or more
test results using the mouse. Ctrl+click works as a
toggle action to select or unselect items. Click OK
to complete deletion.
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Field

Explanation

Expected | 1

Expected operate Current for Ramp 1.

Expected | 2

Expected operate Current for Ramp 2.

+ O/o/— %

Plus/minus tolerance percentage, used for
Pass/Fail calculation.

Actual

Recorded test result.

% Error

Error.

Result

Pass/Fail indication.

The DRAMPI Test Tab screen is shown in Figure C.23.

/Converted Locations/Demonstrate Macros/E=ercize Macros B0 Hz/1AC generic/Overcument Macro/Pickup/Dropout

IPickup.-"Dropout j Relay ID: 1AL generic Serial Ma:

DRAME! Lazt Edit: tfa; GE

T | Action I Report | Motehook |

Sic | High | Low | Ampl [ Phs | Fre Results ICunentTest Conditions j Save Results Delete Results

1 LIE B ACTION 0.0 E0.00 Ewpected | [+% -2 Actual [ ZEnor | Result
1 10 10
1 1010

Sense Connections: I

Jumpers: I
Figure C.23 DRAMPI Test Tab Screen
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Action Tab
The DRAMPI Action Tab Conditions fields are explained in Table C.26.

Table C.26 DRAMPI Action Tab Conditions Fields

Field Explanation
Offset Current Initial current for all Action sources.
Offset Duration How long to maintain the offset.

Can be 0 cycles.

Delta Current #1 Step size of first ramp. Use a minus sign
for a downward ramp.

Delta Time #1 How long each ramp step is held waiting
for a sense, given in cycles.

Ramp 1 Limit Current at which the ramp stops if the
relay does not operate. Source range
is determined by maximum of Offset,
Ramp 1 limit, and Ramp 2 limit.

Wait How long to wait before beginning
Ramp 2. A sense check is performed
before Ramp 2 begins.

Delta Current #2 Signed step size of second ramp.
Delta Time #2 Step length of second ramp.
Ramp 2 Limit Current at which the ramp stops if the

relay does not operate.
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The DRAMPI Action Tab screen is shown in Figure C.24.

AConverted Locations/Demonstrate M acros/Erercize Macros B0 Hz/1AC generic/Overcurent Macro/Pickup/Dropout

IF‘ickupx’Drnpnul j Felay I[_)' 14C generic Serial Mo:
DRAMEI Last Edit: Mfg: GE

Test

Report I Motebook I

Sense Conditions [ &l [ Units
A | Offset Curent 095  |Amps
Contacts = ||0-+C = Fo
I ontacts -JI ’ — LB | Qffset Duration E0 Cycles
DEla.‘u'. 0 Cycles =] IC | Delta Current #1 0,005 |Amps
Duration [ mSecs 7] IB0) Delta Time #1 300 |Cycles
Source  [|q ﬂ I'E |Ramp 1 Limit 1.2 |Amps
|LE |ait 60 Cycles
. LG | Delta Current #2 0005 |Amps
ZeoCiossing [sysen 7] D] D=k Time #2 100 Cyeles
11| Fiamnp 2 Limit 0.8 Amps

Figure C.24 DRAMPI Action Tab Screen

Sense The DRAMPI Sense fields are explained in Table C.27.

Table C.27 DRAMPI Sense Fields

Field Explanation

Pull-down List Select sense transition: Contacts O—>C, etc.,
Voltage On—>Off, etc.

Source Name a source to identify which Instrument or
input receives the relay sense signal. The source
must be an Action. The default is MA for the
Master Instrument.

Run Click RUN on the toolbar or press F12 to run the test. The sources
initialize and turn on as follows:

o Non-Action sources turn on at Preset values.

* Action sources turn on at Offset values and move to Action
values.

When the relay operates, the pickup current is recorded. After the Wait
time, Ramp 2 begins and the dropout current is recorded. If the relay
does not operate on either ramp, a No Op is recorded.
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Operation Graph

The DRAMPI Operation graph is shown in Figure C.25.

A current

E b oo oo . (A) Offset

(B) Offset Duration
(C) +/~ A Current #1
(D)4 Time #1

{E) Ramp 1 Limit
(F) Wait

(G) +/- A Current #2
(H)4 Time #2

{(I) Ramp 2 Limit

Time

Sense

Figure C.25

DRAMPI Operation Graph
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DRAMPYV - Double Ramp Voltage - V ProTesTPLAN

Description

Operation

Use

Notes

The amplitude of one or more voltage sources is ramped from an offset
value toward a limit voltage. The ramp stops when the relay operates, or
when the limit is reached. Voltage is held steady for the specified number
of cycles, then ramps toward a second limit. The second ramp stops
when the relay drops out, or when the second limit is reached. Expected
values and pass/fail tolerances can be given for both pickup and dropout
voltage. The macro can ramp from a high offset toward a low limit, and
then ramp back toward a high limit; or, it can ramp from a low offset
toward a high limit, and back.

An offset voltage is applied, and at the end of the offset duration, a sense
check is performed to ensure that the relay has not already operated. The
first voltage ramp stops when the relay operates or the limit has been
reached. The amplitude is then held for the wait time, which can be zero,
and another sense check is performed, to ensure that the relay has not
already dropped out. Then the second ramp proceeds.

This macro tests minimum pickup of voltage operated relays.

e Ramp 1 Limit and Ramp 2 Limit are independent of the Offset
Voltage; i.e., the limit voltage can be higher or lower than the
offset voltage.

e Normal operation assumes that relay pickup and dropout occurs
in the range between Ramp 1 Limit and Ramp 2 Limit. If the relay
operates between Offset and Ramp 2 Limit during Ramp 1,
however, the ramp will reverse direction and never reach the
second limit. A No Op will be recorded.

[

Yo
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Test Tab

NOTE

On the DRAMPYV Test Tab screen (Figure C.26):
1. Select valid source names in the Src column.

2. Use the High and Low fields to enter values for the source
connections between the instrument and the relay.

3. Enter the source voltage amplitude ACTION and enter phase and
frequency values.

4. Enter test relay connections in the Sense Connections field when the
test relay is connected as a sense input or to a timer.

5. Enter the jumper connections in the Jumpers field.

Results The macro initially displays the results for the
Current Test conditions. To display prior results,
click the pull-down arrow and select a prior test.
The DRAMPYV Test Tab Results fields are explained
in Table C.28.

Save Results Click Save Results after running a test and select
the new results to save. When exiting the macro,
save any macro changes and results if they have
not already been saved.

Delete Results Click Delete Results to display a window
containing saved test results. Select one or more
test results using the mouse. Ctrl+click works as a
toggle action to select or unselect items. Click OK
to complete deletion.

If battery simulator voltage is needed, enter BT as a source and select
amplitude, or run the POWER macro.
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Table C.28 DRAMPYV Test Tab Results Fields

Field Explanation

Expected V 1 Expected operate voltage for Ramp 1.
Expected V 2 Expected operate voltage for Ramp 2.
+% [ =% Plus/minus tolerance percentage used for

Pass/Fail calculation.

Actual Recorded test result.
% Error Percent error.
Result Pass/Fail indication.

The DRAMPV Test Tab screen is shown in Figure C.26

/Converted Locations/D emonstration Test 50 Hz/Dema test of SEL 321/5EL-321 DEMO TEST"/Class Demo/DRAMPY

IDHAMF’V’ j Relay [D:  SEL-321 DEMO TEST* Serial No: SN 34034007
DRAMPY

Last Edit  1933-05-1015:11:34. 310 Mfg: SEL

ctionl Heportl Notebnokl

Sre | Hich | Low | Ampl [ Phs [ Fre HESUIISICunentTestCond\tions j Save Results Delete Results
WA LI ACTION 0.0 60.000

Expected % [+% [ %] Actual | %Enor | Resut

0 ] 5

Sense Connections: |

Jumnpers: |

Figure C.26 DRAMPYV Test Tab Screen
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Action Tab
The DRAMPV Action Tab Conditions fields are explained in Table C.29.

Table C.29 DRAMPYV Action Tab Conditions Fields

Field Explanation

Offset Voltage Initial voltage for all Action sources.

Offset Duration How long to maintain the offset. Can be 0
cycles.

Delta Voltage #1 Step size of first ramp. Use a minus sign for a

downward ramp.

Delta Time #1 How long each ramp step is held, waiting for a
sense, given in cycles.

Ramp 1 Limit Voltage at which the ramp stops if the relay does
not operate. Source range is determined by
maximum of Offset, Ramp 1 limit, and Ramp 2

limit.
Wait How long to wait before beginning Ramp 2. A
sense check is performed before Ramp 2 begins.
Delta Voltage #2 Signed step size of second ramp.
Delta Time #2 Step length of second ramp.
Ramp 2 Limit Voltage at which the ramp stops if the relay does

not operate.

The DRAMPV Action Tab screen is shown in Figure C.27

/Conwerted Locations/Demonstration Test 50 Hz/Demo test of SEL 321/5EL-321 DEMO TEST*/Class Demo/DRAMPY

DRAMPY j Relay|D: SEL-321 DEMO TEST* Serial Mo: SM 34094007
DRAMEY Last Edit:  1993-051015:11:34.310 Mfg: SEL
Test . |Heport| Notebookl
Sense Conditions [ &mpl [ Units
A | Offset Yoltage 50 Yalts
Contacts = || 0-+C = =
I oniacts ‘JI z — | B | Clifset Duration EQ Cycles
Delay |0 Cycles = e Dela vakage #1 01 |Volts
Duration [£g mSecs 7| LD | Delta Time #1 5 Cycles
Source [y j |'E | Famp T Lirnit 180 Vol
W 300 Cycles
X |G| Deltatokage #2 01 Walts
Zera Crassing ISystem l [ Deha Time 12 5 Cycles
1| Famp 2 Limit 1] Walte

Figure C.27 DRAMPV Action Tab Screen

C.5 72A-1585 Rev.C 8/02 (A



ProTesT User Guide
L

Sense The DRAMPYV Sense fields are explained in Table C.30.

Table C.30 DRAMPYV Sense Fields

Field Explanation

Pull-down List Select sense transition: Contacts O—>C, etc.,
Voltage On—>Off, etc.

Source Name a source to identify which Instrument or
input receives the relay sense signal. The source
must be an Action. The default is MA for the
Master Instrument.

Run Click RUN on the toolbar or press F12 to run the test. The sources
initialize and turn on as follows:

* Non-Action sources turn on at Preset values.

e Action sources turn on at Offset values and move to Action
values.

Voltage action begins with Ramp 1. When the relay operates the pickup
voltage is recorded. After the Wait time, Ramp 2 begins and the dropout
voltage is recorded. If the relay does not operate, a No Op is recorded.

Operation Graph
The DRAMPYV Operation graph is shown in Figure C.28.

-

ghvotage . (A) Offset

(B) Offset Duration
(C) +/- A Voltage #1
(D)4 Time #1

{E) Ramp 1 Limit
{(F) Wait

(G) +/- A Voltage #2
(HY4 Time #2

(I Ramp 2 Limit

Time

Sense

Figure C.28 DRAMPYV Operation Graph
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EXTERN - Run External Program - All ProTesTPLANS

Description

EXTERN allows for the use of an external program.

Operation

When EXTERN is run, ProTesT executes the specified command line,
similar to Start | Run from the Windows task bar. When a macro is run, it
launches a user-specified program in the specified drive and path.
Command line arguments can be specified. If the external program
accepts input from an ASCII file, notebook text can be exported to a file
from the Notebook page of the EXTERN Macro, Originator side. Text will
be exported to the file named as Input Filename. If the program produces
text file output, identified as Output Filename, the text file can be viewed
using the Open button on the user side of Notebook.

Use

This macro executes a program to alter settings or to retrieve event data
from a microprocessor relay.

Setting changes can be passed via a script recorded in the Notebook and
written to a file read by the program called to communicate with the
relay.

Notes

e EXTERN runs automatically with AUTORUN.

* The program executed can be a Windows program or a
DOS program.
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Test Tab
On the EXTERN Test Tab screen (Figure C.29):

Browse Use this button to open a window to locate a
program and optional input or output files.

Open Use this button to examine the contents of the
input file or the output file after the macro has run.

The EXTERN Test Tab Fields are explained in Table C.31.

Table C.31 EXTERN Test Tab Fields

Field Explanation

Working Directory Startup path for external program.

If program is in the file path, and if
changing to the startup directory is not
required, this can be left blank. Default
Path is the current database path.

Program Name Command line name to execute
program; does not require .EXE,
.BAT, or .COM extension.

Arguments Optional command line arguments.
Could also be included with the program
name.

File to External Program File path of optional ASCII input file to
the program. Text data will be written to
that file from the Originator side of the
Notebook.

File from External Program | File path of optional output file from the
program. If program writes text output to
a file, it will be imported into the User
side of the Notebook.

Append Data from Select the check box if output is to be
External Program appended, rather than overwriting
previous contents of the output file.
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The EXTERN Test Tab screen is shown in Figure C.29

{Converted Locations/D emaonstration Test 50 Hz/Demo test of SEL 321./Relay Settings/nitial Setup/Get & Save P51
IGE[ % Save P51 ﬂ Relay ID:  Relap Settings Serial Mo

Last Edit: Mfg: =zel
EXTERM

Motebook

Working Dlirectory OO Browse

Frogram Mame ppluz Browse

Argurnents HshowPS1.asp

File to E xternal Frogram Browsze Open
File: from External Prograrm 221 P51 o tet Browse Open

[~ Append data from Extemal Program

Figure C.29 EXTERN Test Tab Screen

Notebook Tab

Select the Notebook tab and enter text on the Originator side to create a
file that can be read by the external program. When EXTERN is Run, the
ASCII text is written to the program’s Input Filename indicated.
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FRDRMP - Frequency Double Ramp - F ProTesTPLAN

Description

Operation

Use

Notes

The frequency of one or more sources is ramped from an offset value
toward a limit frequency. The ramp stops when the relay picks up, or
when the limit is reached. The frequency is held steady for a specified
number of cycles, then ramps toward a second limit. The second ramp
stops when the relay drops out, or when the second limit is reached.
Expected values and pass/fail tolerances, in Hertz, can be given for both
relay pickup and dropout.

The frequency of all sources is ramped from offset toward the Ramp 1
limit at the specified Hertz/second rate. Relay pickup stops Ramp 1;
otherwise the ramp goes to the first limit. After a wait, Ramp 2 begins.

Sources can be at different harmonics; e.g. one current can be at 60 Hz
(or 50 Hz), and another at 120 Hz (or 100 Hz), to test harmonic restraint
on a differential relay.

This macro tests frequency and differential relays.

e F2100, F2200, F2500, F2350 and F2700 instruments cannot ramp
frequency at a rate slower than 0.02 Hz/sec. Even though
frequency can be specified to 0.01 Hz, a ramp rate of 0.01 Hz/sec
cannot be used. Ramp rates above 10 Hz/sec can be specified
only to 0.10 Hz/sec.

e F225x and F6000 family instruments can ramp at a rate down to
0.001 Hz/sec.

¢ One source can have an Action frequency, while all others are at
base frequency, as long as the Action is Source 1 of the Master
F2000 (Source 1 is the top source on the F2000.) Any source on
the F6000 can be Action. Enter ACTION for one source
frequency, and indicate the frequency reference for the others:
FX (crystal) or FL (line). When the test is run, ProTesT will verify
that the Action source is indeed Source 1 of the Master.
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e The F6000 does not have FL or FE setting. Map this to the
FX setting.

e Source 1 of the Master can, instead, be set to FX base frequency,
and all other sources can have ACTION frequency. Any source on
the F6000 can be FX.

e F2000 base frequency has a range of 25 to 99.99 Hz. Harmonics
allow frequencies up to 600 Hz. Macro frequencies can be
specified up to 600 Hz as long as ProTesT can find a harmonic to
cover the required range. F2250 Power System Simulators have a
frequency range from 10 to 1999 Hz.

Test Tab

On the FRDRMP Test Tab screen (Figure C.30):

1. Select valid source names in the Src column.

2. Use the High and Low fields to enter values for the source

connections between the instrument and the relay.

3. Enter the source frequency ACTION and enter amplitude and phase

values.

4. Enter test relay connections in the Sense Connections field when the

test relay is connected as a sense input or to a timer.

5. Enter the jumper connections in the Jumpers field.

Results The macro initially displays the results for the
Current Test conditions. To display prior results,
click the pull-down arrow and select a prior test.
The FRDRMP Test Tab Results fields are explained
in Table C.32.

Save Results Click Save Results after running a test and select
the new results to save. When exiting the macro,
save any macro changes and results if they have
not already been saved.

Delete Results Click Delete Results to display a window
containing saved test results. Select one or more
test results using the mouse. Ctrl+click works as a
toggle action to select or unselect items. Click OK
to complete deletion.
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NoTE If battery simulator voltage is needed, enter BT as a source and select
' amplitude, or run the POWER macro.
@

Table C.32 FRDRMP Test Tab Results Fields

Field Explanation

Expected F Expected operate frequency for RAMP.

+ Hz/~ Hz Plus/minus tolerance in Hz used for Pass/Fail
calculation.

Actual Recorded test result.

Error Hz Error in Hertz.

Result Pass/Fail indication.

The FRDRMP Test Tab screen is shown in Figure C.30.

AConverted Locations/D emanstration Test 50 Hz/Substation Relays./BE1-81 Underfreq. /60 Hz Test/PU/DO
IF'U.-"DD j Relay ID:  BE1-81 Underfreq. Serial Na:
FRORMP Last Edit: fg: BAS

|Act\on| Fleportl Notebookl

Sre | High | Low | Ampl [ Phs [ Fre FhasultsIEIL,lrnantTesl[ﬁont:litions j Save Results Deletz Results
Wi 100.00 0.0 ACTION

Expected F [ +Hz [ -Hz [ Actusl | EnorHz | Result
k] 00z 002
59 002 002

BT 48

Sense Connections: I

Jumpers: I

Figure C.30 FRDRMP Test Tab Screen
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Action Tab
The FRDRMP Action Tab Conditions fields are explained in Table C.33.

Table C.33 FRDRMP Action Tab Conditions Fields

Field Explanation
Offset Frequency Initial frequency for all Action sources.
Offset Duration How long to maintain the offset. Note that offset

duration is measured in Offset Frequency cycles.

Ramp 1 Rate Rate of frequency change for Ramp 1. Rate is
+/— Hz/second; i.e., frequency varies continually
with every reference cycle.

Ramp 1 Limit Frequency at which the Ramp 1 stops; ramp also
stops when a sense occurs.

Wait How many cycles to wait before beginning
Ramp 2. Note that Wait is measured in cycles of
the frequency in effect at the time.

Ramp 2 Rate Rate of frequency change for Ramp 2. Rate is
+/— Hz/second; i.e., frequency varies continually
with every reference cycle. Ramp 2 must be
opposite in sign to Ramp 1.

Ramp 2 Limit Frequency at which the second ramp stops;
ramp also stops when a sense occurs. Ramp 2
Limit can be either lower or higher than Ramp 1
Limit or the Offset Frequency.

The FRDRMP Action Tab screen is shown in Figure C.31.

/Converted Locations/Demanstration Test 50 Hz/Substation Relays./BE1-81 Underfreq./B0 Hz Test/PU/DO
IF'U.-"DD ﬂ Relay ID:  BE1-81 Underfreq. Serial Ma:
FRORMP Last Edit: fg: BAS

Test | Fieport I Notebook |

Sense Conditions [ Ampl [ Units
A Offzet Frequency 903 Hz
IEontacts _‘JID->C = E Offzet Duration et} Cypcles
ek | Cycles ]| Bl Fame 1 Rate 002 |Hz/Sed
Duration o mSecs v (LD Fiarnp 1 Limit 585  |Hz
Source  [ya = \LE '/t B0 Cycles
IIF| Fiamp 2 Rate 0.02 |Hz/Sed
G Famp 2 Limit B0 Hz

Zera Crazsing Swstem - l

Figure C.31 FRDRMP Action Tab Screen

D Y
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Sense

Run

Hints

Operation Graph

The FRDRMP Sense fields are explained in Table C.34.

Table C.34 FRDRMP Sense Fields

Field Explanation

Pull-down List Select sense transition: Contacts O—>C, etc.,
Voltage On—>Off, etc.

Source Name a source to identify which Instrument or
input receives the relay sense signal. The source
must be an Action. The default is MA for the
Master Instrument.

Click RUN on the toolbar or press F12 to run the test. The sources
initialize and turn on as follows:

* Non-Action sources turn on at Preset values.
e Action sources turn on at Offset values and move to Action
values.

Ramp 1 begins; when the relay operates, and the pickup frequency is
recorded. After the Wait time, Ramp 2 begins and the dropout frequency
is recorded. If the relay does not operate, a No Op is recorded.

Use Sense Delay or Sense Duration to ensure solid relay pickup. If a relay
is unstable at the pickup point, the down ramp reports a Sense Check; i.e,
the relay has already appeared to dropout before Ramp 2 begins.

The FRDRMP Operation graph is shown in Figure C.32.

AFrequency . (A) Offset

(B) Offset Duration
(C) +/-A Frequency #1
(D)4 Time #1
{E) Ramp 1 Limit
(F) Wait
(G) +/-A Frequency #2
(H)4 Time #2
(I Ramp 2 Limit

L ! -~ )
B Sense Sense Time

Figure C.32 FRDRMP Operation Graph
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FRRMPT - Frequency Ramp, Timer Start - F ProTesTPLAN

Description

Operation

Use

Notes

The frequency of one or more sources is ramped from an offset value
toward a limit frequency. The timer starts when a trigger frequency is
reached, to measure relay operate time. Time is displayed in user
selected units (mSec/Sec/Cycles).

The frequency of all sources is ramped at the specified Hertz/second rate,
and the timer starts at the specified trigger frequency.

Set Max On Time = 0, and set the Timer Start Frequency to any value
between offset and limit. The relay is expected to operate before the
Frequency Limit is reached, which terminates the test.

Sources can be at different harmonics; e.g. one current can be at 60 Hz
(or 50 Hz), and another at 120 Hz (or 100 Hz), to test harmonic restraint
on a differential relay.

This macro tests frequency and differential relays.

e An optional Maximum On Time can be specified, which holds
the sources at the frequency limit for a specified number of
seconds. If Max On Time > 0, relay operation must occur while
the sources are at the Frequency Limit, otherwise, no sense will
be recorded. Recommended Value = 0.

¢ One source can have an Action frequency, while all others are at
base frequency, as long as the Action is Source 1 of the Master
F2000. Source 1 is the top source on the F2000. Any source on
the F6000 can be Action. Enter ACTION for one source
frequency, and indicate the frequency reference for the others:
FX (crystal) or FL (line). When the Test is run, ProTesT will verify
that the Action source is indeed Source 1 of the Master.

e The F6000 does not have FL or FE setting. Map this to the
FX setting.
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Test Tab
On the

Source 1 of the Master can, instead, be set to FX or FL base
frequency, and all other sources can have ACTION frequency.
Any source on the F6000 can be FX.

F2250 Power System Simulators can ramp frequency down to
0.001 Hz/sec; however, F2100, F2200, F2500, and F2350
instruments cannot ramp slower than 0.02 Hz/sec.

Pulse mode sense (e.g., O—>C—>0O) cannot be used.

F2000 base frequency has a range of 25 to 99.99 Hz. Harmonics
allow frequencies up to 1999 Hz in F225x, 600 Hz otherwise.
Macro frequencies can be specified up to 600 Hz as long as
ProTesT can find a harmonic to cover the required range.

FRRMPT Test Tab screen (Figure C.33 on page C-66):

1. Select valid source names in the Src column.

2. Use the High and Low fields to enter values for the source
connections between the instrument and the relay.

w

Enter the source frequency ACTION and enter amplitude and phase

values.

4. Enter test relay connections in the Sense Connections field when the
test relay is connected as a sense input or to a timer.

5. Enter the jumper connections in the Jumpers field.

Results

The macro initially displays the results for the
Current Test conditions. To display prior results,
click the pull-down arrow and select a prior test.
The FRRMPT Test Tab Results fields are explained
in Table C.35 on page C-66.

Save Results Click Save Results after running a test and select

Delete

the new results to save. When exiting the macro,
save any macro changes and results if they have
not already been saved.

Results Click Delete Results to display a window
containing saved test results. Select one or more
test results using the mouse. Ctrl+click works as a
toggle action to select or unselect items. Click OK
to complete deletion.
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Table C.35 FRRMPT Test Table Results Fields

Field Explanation
Expected Time Expected operate time.
+ %/- % Plus/minus tolerance percentage, used for

Pass/Fail calculation.

Actual Recorded test result.

Error Error.

Result Pass/Fail indication.

Time Units mSec, and Sec, and Cycles. (Units of expected

actual times).

The FRRMPT Test Tab screen is shown in Figure C.33.

#Converted Locations/Demonstiation Test 50 Hz/Substation Relays. /BE1-81 Underfreq. /B0 Hz Test/Time.C=-0.20Hz.

Relay ID:  BE1-81 Underfreq Serial Mo
FREMET Last Edit  1993-05-12 13:33:43.930 Mig: BAS
Test |Acli0n| Hapurll Nulabuukl
Sic_| High | Low | Ampl [ Phs [ Fre Results ICurrent Test Conditions j Save Results I Delete Results
va LI 12000 00 ALTION Expected Time | +% | -% | Actual | Erar | H% Time Units
121.63 1o 1o Im

Sense Connections: |

Jumpers: I

Figure C.33 FRRMPT Test Tab Screen
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Action Tab
The FRRMPT Action Tab Conditions fields are explained in Table C.36.

Table C.36 FRRMPT Action Tab Conditions Fields

Offset Frequency Initial frequency for all Action sources.

Offset Duration How long to maintain the offset. Note that
offset duration is measured in Offset
Frequency cycles.

Ramp Rate Rate of change of frequency. Rate is in
Hz/second; i.e., frequency varies continually
with every reference cycle.

Frequency Limit The ramp stops when this frequency is
reached.

Timer Start Frequency | When ramping frequency reaches this trigger
value, the timer starts.

NOTE: Use the actual operating relay
frequency to start this timer.

Max On Time Set to O unless relay operation is expected to
occur after Frequency Limit has been
reached.

The FRRMPT Action Tab screen is shown in Figure C.34.

AConverted Locations/Demonstration Test 50 Hz/Substation Relays. /BE1-81 Underfreq. /60 Hz Test/Time.C=-0.20Hz.
ITime.E:-D 20H=. j FelayID: EE1-81 Underfreq Serial No:
FRRMPT Last Edit:  1993-05-12 13:33:43.930 Mig: BAS

Test Fleportl Notebookl

Sense Conditions [ &mpl [ Units
= | = L& | Qlifset Frequency B0 Hz
Contacts -JID +C — ||B | Offset Duration a0 Cycles
Delay_ 0 Cycles =] IE]| +/- Ramp Rate 0.2 Hz/Sed
Duration o mSecs v LD Frequency Limit 485 Hz
Source  [yp, = |'E | Timer Start F 5302 [Hz
F | tax On Time 1 Sec

Zero Crossing Swpstem ~ I

Figure C.34 FRRMPT Action Tab Screen

G 72A-1585 Rev. C 8/02 C67



FRRMPT - Frequency Ramp, Timer Start - F ProTesTPLAN
- ________________________________________________________________________________________|

Sense The FRRMPT Sense fields are explained in Table C.37.

Table C.37 FRRMPT Sense Fields

Field Explanation

Pull-down List Select sense transition: Contacts O—>C, etc.,
Voltage On—>Off, etc.

Source Name a source to identify which Instrument or
input receives the relay sense signal. The source
must be an Action. The default is MA for the
Master Instrument.

Run Click RUN on the toolbar or press F12 to run the test. The sources
initialize and turn on as follows:

o Non-Action sources turn on at Preset values.

e Action sources turn on at Offset values and move to Action
values.

Frequency action then begins. The test stops as soon as the relay operates
and the phase is recorded. If the relay does not operate, a No Op is
recorded.

Operation Graph
The FRRMPT Operation graph is shown in Figure C.35.

b Frequency

(&) Offset Frequency

(B) Offset Duration

(C) +- Ramp Rate Hz/5ec

(D Frequency Limit

(E) Timer start Frequency

(F1 Max. On Time at Limit
(Best for F=0)

= Time

B SehSE

Figure C.35 FRRMPT Operation Graph
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GONGOF - Go/No Go Frequency Test - F ProTesTPLAN,
V ProTesTPLAN

Description

One or more test sources are set to initial values, and a frequency step
change is applied. If the relay operates, when the Expected Value is set to
Op, the result is Pass. If the relay does not operate before Maximum On
Time expires, the result is Fail.

Operation

GONGOF does an A to B frequency step change. It is also possible for
one source to be an Action frequency, while all others are at base
frequency, as long as the Action is Source 1 of the Master F2000 or the
F6000. Enter ACTION for one source frequency, and indicate the
frequency reference for the others: FX (crystal) or FL (line). When the Test
is run, ProTesT will verify that the Action source is indeed Source 1 of the
Master or F6000.

Use

This macro tests frequency and differential relays.

Notes

e Time intervals for offset and Maximum On Time are measured in
cycles at the base frequency in effect at that time; i.e., the two
durations may be cycles at different frequencies.

e One source can have an Action frequency, while all others are at
base frequency, as long as the Action is Source 1 of the Master
F2000 or F6000. Any source on the F6000 can be Action. Enter
ACTION for one source frequency, and indicate the frequency
reference for the others: FX or FL. When the Test is run, ProTesT
will verify that the Action source is indeed Source 1 of the Master.

e The F6000 does not have FL or FE setting. Map this to the
FX setting.
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e Source 1 of the Master can, instead, be set to crystal (FX) base
frequency, and all other sources can have ACTION frequency.
Any source on the F6000 can be FX.

e F2000 base frequency has a range of 25 to 99.99 Hz. Harmonics
allow frequencies up to 600 Hz. Macro frequencies can be
specified up to 600 Hz as long as ProTesT can find a harmonic to
cover the required range. F2250 Power System Simulators have a
frequency range from 10 to 1999 Hz.

Test Tab

On the GONGOF Test Tab screen (Figure C.36):

1. Select valid source names in the Src column.

2. Use the High and Low fields to enter values for the source

connections between the instrument and the relay.

3. Enter the source frequency ACTION and enter amplitude and phase

values.

4. Enter test relay connections in the Sense Connections field when the

test relay is connected as a sense input or to a timer.

5. Enter the jumper connections in the Jumpers field.

Results The macro initially displays the results for the
Current Test conditions. To display prior results,
click the pull-down arrow and select a prior test.
The GONGOF Test Tab Results fields are
explained in Table C.38.

Save Results Click Save Results after running a test and select
the new results to save. When exiting the macro,
save any macro changes and results if they have
not already been saved.

Delete Results Click Delete Results to display a window
containing saved test results. Select one or more
test results using the mouse. Ctrl+click works as a
toggle action to select or unselect items. Click OK
to complete deletion.
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NoTE If battery simulator voltage is needed, enter BT as a source and select
I amplitude, or run the POWER macro.
@

Table C.38 GONGOF Test Tab Results Fields

Field Explanation

Expected Value Select Op (for operate) or No Op as desired
result.

Result Pass/Fail.

The GONGOF Test Tab screen is shown in Figure C.36.

/Converted Locations/D emonsiration Test 50 Hz/Demo test of SEL 321/5EL-321 DEMO TEST*/Class Demo/GONGOF

EER =] FelayID:  SEL-321 DEMO TEST~ Serial Ma: SM 84034007
e LastEdit 19930510 1512.47.410 Mig: SEL

Test | Action I Report I Matebook |

High | Low | Arnpl | Phs | Fre Results IEunentTest Conditions ﬂ Save Results Delete Results
e 100.00 0.0 ALTION Expected “alue
L ]

Senze Connections: I

Jumpers: I

Figure C.36 GONGOF Test Tab Screen
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Action Tab
The GONGOF Action Tab Conditions fields are explained in Table C.39.

Table C.39 GONGOF Action Tab Conditions fields

Field Explanation

Offset Frequency The initial frequency for all Action sources,
typically the normal value.

Offset Duration How long to maintain the offset, in Offset
Frequency cycles. Be sure it is long enough for
the relay to initialize.

Test Frequency The test frequency to apply.

Max On Time How long to maintain the test frequency, in Test
Frequency cycles. Be sure it is long enough for
the relay to sense and respond.

The GONGOF Action Tab screen is shown in Figure C.37.

/Converted Locations/Demonstration Test 50 Hz/Dema test of SEL 321/5EL-221 DEMO TEST*/Clags Demo/GONGOF
GONGOF j Relay ID:  SEL-321 DEMO TEST* Serial Mo: SN 94034007
GONGOF Last Edit: 19330510 15:12:47.410 Mig: SEL

Test | Heportl Notebnokl

Sense Condiions | &mpl [ Units
A | Offzet Frequency 625 |Hz
Contacts = || 0-C = .

I oriacts -JI — | B | Offzet Duration 5 Cycles
DE|5}'. 1 Cyclez 7] LT Test Frequency E2.02 Hz
Duration [ mSecs Y| D |Ma= On Time 500 Cpcles
Souce  [ya =

Zera Crassing ISySIem 'l

Figure C.37 GONGOF Action Tab Screen
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Sense The GONGOF Sense fields are explained in Table C.40.

Table C.40 GONGOF Sense Fields

Field

Explanation

Pull-down List

Select sense transition: Contacts O—>C, etc.,
Voltage On—>Off, etc.

Source Name a source to identify which Instrument or
input receives the relay sense signal. The source
must be an Action. The default is MA for the
Master Instrument.

Run Click RUN on the toolbar or press F12 to run the test. The sources

initialize and turn on as follows:

* Non-Action sources turn on at Preset values.

e Action sources turn on at Offset values and move to Action

values.

Frequency action then begins. The test stops as soon as the relay operates
or maximum on time is reached and the result is recorded as Pass or Fail.

Operation Graph

The GONGOF Operation Graph is shown in Figure C.38.

+ Frequency

(A
(B)
(C) Testwvalue
(o)

B

Sense D

>

Offzet
Offset duration

W ax. on time

Time

Figure C.38 GONGOF Operation Graph
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GONGOI - Go/No-Go Current Test - | ProTesTPLAN, Z ProTesTPLAN

Description
One or more test sources are set to initial values, and a current step
change is applied. If the relay operates, when the Expected Value is set to
Op, the result is Pass. If the relay does not operate before Maximum On
Time expires, the result is Fail.

Operation
GONGOI does an A to B current step change.

Use
This macro performs setpoint testing of overcurrent relays. Use DC
Action source to test a relay target, when contact or voltage sense signal
can be provided.

Notes

e To use DC Action, set Action current frequency to DC; to use the
F2410 rectified DC source, use the source name DI. Phase should
be left blank.

e  With DC Action on the F2410, use an offset of 0 volts, and a
non-zero test current (or vice versa), to ensure a sharp DC current
transition, because of capacitive delay.

e With DC Action on the F2410, Pulse Duration should be at least
1.5 seconds (90 cycles at 60 Hz) to allow the F2410 to energize
to the test current, when going from O to test voltage. When going
from an elevated offset voltage to 0, Offset Duration should be
greater than 1.5 seconds (90 cycles at 60 Hz). F225x and F6000
DC sources respond immediately.
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Test Tab

On the GONGOI Test Tab screen (Figure C.39 on page C-76):

1. Select valid source names in the Src column.

2. Use the High and Low fields to enter values for the source

connections between the instrument and the relay.

3. Enter the source current amplitude ACTION and enter phase and

frequency values, except in the case of DC tests.

4. Enter test relay connections in the Sense Connections field when the

test relay is connected as a sense input or to a timer.

5. Enter the jumper connections in the Jumpers field.

Results The macro initially displays the results for the
Current Test conditions. To display prior results,
click the pull-down arrow and select a prior test.
The GONGOI Test Tab Results fields are explained
in Table C.41.

Save Results Click Save Results after running a test and select
the new results to save. When exiting the macro,
save any macro changes and results if they have
not already been saved.

Delete Results Click Delete Results to display a window
containing saved test results. Select one or more
test results using the mouse. Ctrl+click works as a
toggle action to select or unselect items. Click OK
to complete deletion.

NoTE If battery simulator voltage is needed, enter BT as a source and select
' amplitude, or run the POWER macro.
o
Table C.41 GONGOI Test Tab Results Fields
Field Explanation
Expected Value Select Op or No Op as desired result.
Result Pass/Fail.

G 72A-1585 Rev. C 8/02 C.75



GONGOI - Go/No-Go Current Test - | ProTesTPLAN, Z ProTesTPLAN

The GONGOI Test Tab screen is shown in Figure C.39.

JConverted Locations/D emonstration Test 50 Hz/Demo test of SEL 321/5EL-321 DEMO TEST/Class Dema/GONGOI
GONGO! ﬂ Relay|D:  SEL-321 DEMD TEST" Serial Mo SN 34034007
Last Edit:  1933-05-10 15:14:53.340 Mig: SEL
Actinnl Prefau\tl Fleportl Notebookl
Src | High | Low | Ampl [ _Phe [ Fre Fesuits ICurreanesl Conditiors j Save Results Delete Results

va x| 5000 300 FL U
1 ACTION |-220.0  |FL
12 ACTION 200 FL
Sense Connections: |

Jurnpers: I

Figure C.39 GONGOI Test Tab Screen

Action Tab
The GONGOI Action Tab Conditions fields are explained in Table C.42.

Table C.42 GONGOI Action Tab Conditions Fields

Field Explanation
Offset Current The initial current for all Action sources,
typically the normal load current.
Offset Duration How long to maintain the offset. Be sure it is
long enough for the relay to initialize.
Test Current The test current to apply.
Max On Time How long to maintain the test current. Be sure it
is long enough for the relay to sense and
respond.
C-76 72A-1585 Rev.C 8/02 (AN

..:



ProTesT User Guide
L

The GONGOI Action Tab screen is shown in Figure C.40.

/Converted Locations/D emonstration Test 50 Hz/Demo test of SEL 321/5EL-221 DEMO TEST*/Class Demo/GOMGOI
GONGEO! j Relay ID:  SEL-321 DEMO TEST* Serial Mo: SM 94094007
GONGOI Last Edit:  1993-05-14 11:55:50.000 Mfa: SEL

Test  Action | Prefault | Feport | Mateboak I

Sen Condtions | Amol | Units
A | Offzet Cument 1] Ampz

Contacts = ||0-+C = =

I orniacts -JI — | B | Offzet Duration 0 Cycles

ety | Cycles =~ L& Test Current 12 |Amps

Duratian [y mSecs 7] D Max On Time 30 Cycles

Source ﬂ

Zero Crassing I Swpstem 'l

Figure C.40 GONGOI Action Tab Screen

Sense The GONGOI Sense fields are explained in Table C.43.

Table C.43 GONGOI Sense Fields

Field Explanation

Pull-down List Select sense transition: Contacts O—>C, etc.,
Voltage On—>Off, etc.

Source Name a source to identify which Instrument or
input receives the relay sense signal. The source
must be an Action. The default is MA for the
Master Instrument.

Run Click RUN on the toolbar or press F12 to run the test. The sources
initialize as follows:

* Non-Action sources turn on at Preset values.
e Action sources turn on at Prefault values, move to offset values
and then to Action values.

Current action begins. The test stops as soon as the relay operates or the
maximum on time is reached, and the result is recorded as either Pass or
Fail.
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Operation Graph
The GONGOI Operation graph is shown in Figure C.41.

& Current
(A) Offset
Test Value {777 (B) Offset Duration
i i (C) Max. Duration
| Time
Prefault Amplitude
Prefault B Sence C  Time
Duration

Figure C.41 GONGOI Operation Graph

Prefault Tab

The Prefault tab is used for steady state macros to assert initial conditions
before the values on the Test tab and Action offset are applied. This
allows an initial state of normal, balanced voltages and currents to be
applied for a duration before the macro action begins with faulted
voltage and increasing current.

Operation When the test is run, the Prefault is applied as
indicated. This allows an intelligent relay to see
normal conditions before responding to the fault
condition generated by running the macro. If the
Prefault duration is 0, no Prefault occurs.

The GONGOI Prefault Tab fields are explained in Table C.44.

Table C.44 GONGOI Prefault Tab Fields

Field Explanation

Source Name Source names are set on the Test tab and cannot
be modified.

Amplitude Enter the desired amplitude.

Phase Enter a phase in the range of -360.0° to 360.0°.

Frequency The Frequency value is set on the Test tab.

Prefault Duration Enter a duration for the Prefault condition.
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GONGOV - Go/No-Go Voltage Test - V ProTesTPLAN,
Z ProTesTPLAN

Description
One or more test sources are set to initial values, and a voltage step
change is applied. If the relay operates, when the Expected Value is set to
Op, the result is Pass. If the relay does not operate before Maximum On
Time expires, the result is Fail.

Operation
GONGOV does an A to B voltage step change.

Use
This macro performs setpoint testing on under/overvoltage relays. Use
DC Action source to test an auxiliary relay or a relay target when contact
or voltage sense signal can be provided.

Notes

e To use DC Action, set Action current voltage to DC; to use the

F2410 rectified DC source, use the source name DV. Phase
should be left blank.

e With DC Action on F2410, use an offset of 0 volts, and a
non-zero test voltage (or vice versa), to ensure a sharp DC voltage
transition.

e With DC Action on F2410, Pulse Duration should be at least 1.5
seconds (90 cycles at 60 Hz) to allow the F2410 to energize to the
test voltage, when going from O to test voltage. When going from
offset voltage to 0, Offset Duration should be greater than 1.5
seconds (90 cycles at 60 Hz).
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Test Tab

On the GONGOV Test Tab screen (Figure C.42):

1. Select valid source names in the Src column.

2. Use the High and Low fields to enter values for the source

connections between the instrument and the relay.

3. Enter the source voltage amplitude ACTION and enter phase and

frequency values.

4. Enter test relay connections in the Sense Connections field when the

test relay is connected as a sense input or to a timer.

5. Enter the jumper connections in the Jumpers field.

Results The macro initially displays the results for the
Current Test conditions. To display prior results,
click the pull-down arrow and select a prior test.
The GONGOV Test Tab Results fields are
explained in Table C.45.

Save Results Click Save Results after running a test and select
the new results to save. When exiting the macro,
save any macro changes and results if they have
not already been saved.

Delete Results Click Delete Results to display a window
containing saved test results. Select one or more
test results using the mouse. Ctrl+click works as a
toggle action to select or unselect items. Click OK
to complete deletion.

NoTE If battery simulator voltage is needed, enter BT as a source and select
' amplitude, or run the POWER macro.
o
Table C.45 GONGOV Test Tab Result Fields
Field Explanation
Expected Value Select Op or No Op as desired result.
Result Pass/Fail.
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The GONGOV Test Tab Screen is shown in Figure C.42.

/Converted Locations/Demonstration Test 50 Hz/Demo test of SEL 321/5EL-321 DEMO TEST=/Class Demo/GONGOY

[GonGoy
GOMGOY

j RelayID:  SEL-321 DEMO TEST® Senial No: SM 34034007

Last Edit:  1999-05-10 15:17:31.430 fg: SEL

Test |Action| F‘refaultl Fleportl Notebookl

Sre | Hich | Low | Amnpl [ Phs [ Fre Fesults ICurrenl Test Conditions j Save Results Delete Results
VA = ACTION (0 E0.000 el vl
VE 120 50,000 Expected Yalue
WC -240 60.000 I —
i} -80 £0.000

0

E0.000
E0.000

Sense Connections: I

Jumpers: I

Action Tab

Figure C.42 GONGOV Test Tab Screen

The GONGOV Action Tab Conditions fields are explained in Table C.46.

Table C.46 GONGOV Action Tab Conditions Fields

Field

Explanation

Offset Voltage

The initial voltage for all Action sources,
typically the normal voltage.

Offset Duration

How long to maintain the offset. Be sure it is
long enough for the relay to initialize.

Test Voltage

The test voltage to apply.

Max On Time

How long to maintain the test voltage. Be sure it
is long enough for the relay to sense and
respond.
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The GONGOV Action Tab Screen is shown in Figure C.43.

/Converted Locations/Demonstration Test 50 Hz/Demo test of SEL 321/5EL-321 DEMO TEST/Clazs Demo/GONGOY

IGDNGDV j RelsyID:  SEL-321 DEMO TEST* Serial Mo: SN 94034007
FINIEDY Last Edit:  1999-05-1015:17:31.430 Mfa: SEL
Test A "l Prefaultl Heport' Notebookl
Sen Condlions | Ampl | Urits
A Offzet Voltage 1200 |Valte
Contacts || 0-C ~ M
I Oniacts -JI — ||B | Offszet Duration 1] Cycles
Delay 0 Cycles | |[C| TestYolkage 1] Wolks
Duratian [ mSecs 7] D |Ma= On Time a0 Cyoles
Source  [jga ﬂ

Zem Ciossing ISource 'l

Figure C.43 GONGOV Action Tab Screen

Sense The GONGOV Sense fields are explained in Table C.47.

Table C.47 GONGOV Sense Fields

Field Explanation

Pull-down List Select sense transition: Contacts O—>C, etc.,
Voltage On—>Off, etc.

Source Name a source to identify which Instrument or
input receives the relay sense signal. The source
must be an Action. The default is MA for the
Master Instrument.

Run Click RUN on the toolbar or press F12 to run the test. The sources
initialize as follows:
o Non-Action sources turn on at Preset values.
e Action values turn on at Prefault values, move to offset values and
then to Action values.

Voltage action begins. The test stops as soon as the relay operates and the
result is recorded as Pass or Fail.
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Operation Graph
The GONGOV Operation Graph is shown in Figure C.44.

A Voltage
(A) Offset
: : i [C) Max. Duration
i Time
Frefault Amplitude
Prefault E Sense C  Time
Duration

Figure C.44 GONGOYV Operation Graph

Prefault Tab

The Prefault tab is used for steady state macros to assert initial conditions
before the values on the Test tab and Action offset are applied. This
allows an initial state of normal, balanced voltages and currents to be
applied for a duration before the macro action begins with faulted
voltage and increasing current.

Operation When the test is run, the Prefault is applied as
indicated. This allows an intelligent relay to see
normal conditions before responding to the fault
condition generated by running the macro. If the
Prefault duration is 0, no Prefault occurs.

The GONGOV Prefault Tab Fields are explained in Table C.48.

Table C.48 GONGOV Prefault Tab Fields

Field Explanation

Source Name Source names are set on the Test tab and cannot
be modified.

Amplitude Enter the desired amplitude.

Phase Enter a phase in the range of -360.0° to 360.0°.

Frequency The Frequency value is set on the Test tab.

Prefault Duration Enter a duration for the Prefault condition.
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INDPUI - Inductive Pickup, Current - | ProTesTPLAN

Description

Current is applied to make the relay operate. Current ramps downward
until the relay drops out. Current then ramps back up until the relay picks
up. Dropout and pickup values are recorded and the average calculated.
Expected value and tolerances are applied to the average.

Operation

Current is applied at an initial amplitude to force the relay to operate. As
soon as the relay operates, current is immediately lowered to the ramp
starting current. The linear ramp moves down, until the relay drops out.
The macro then ramps back up, until the relay picks up again. Two
separate ramp rates are specified, so that the ramp to dropout can move
quickly, followed by a slower ramp back to pickup.

Use

This macro tests minimum pickup and dropout for current relays.

Notes

e The initial amplitude should be high enough to guarantee relay
operation. If the amplitude is too high, however, it may cause a
high degree of contact bounce as the relay operates. Because the
downward ramp begins as soon as the relay operates, the ramp
may see unstable sense input and misinterpret the result. To filter
contact bounce, use a large amount of sense duration to hold the
initial pickup longer. Sense delay may also be helpful.

Test Tab
On the INDPUI Test Tab screen (Figure C.45 on page C-87):

1. Select valid source names in the Src column.

2. Use the High and Low fields to enter values for the source
connections between the instrument and the relay.

3. Enter the source current amplitude ACTION and enter phase and
frequency values.

4. Enter test relay connections in the Sense Connections field when the
test relay is connected as a sense input or to a timer.

5. Enter the jumper connections in the Jumpers field.
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Results The macro initially displays the results for the
Current Test conditions. To display prior results,
click the pull-down arrow and select a prior test.
The INDPUI Test Tab Results fields are explained
in Table C.49.

Save Results Click Save Results after running a test and select
the new results to save. When exiting the macro,
save any macro changes and results if they have
not already been saved.

Delete Results Click Delete Results to display a window
containing saved test results. Select one or more
test results using the mouse. Ctrl+click works as a
toggle action to select or unselect items. Click OK
to complete deletion.

NoTE If battery simulator voltage is needed, enter BT as a source and select
' amplitude, or run the POWER macro.
- Table C.49 INDPUI Test Tab Results Fields
Field Explanation
Expected | Expected minimum pickup amplitude.
+ %/ % Plus/Minus tolerance.
Amplitude 1 Dropout amplitude.
Amplitude 2 Pickup amplitude.
Actual Average of Amplitude 1 and Amplitude 2; i.e.,
the minimum pickup.
% Error Error.
Result Pass/Fail indication.
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The INDPUI Test Tab screen is shown in Figure C.45.

JCorwerted Locations/Demonstration Test 50 Hz/Dema test of SEL 321/5EL-321 DEMOD TEST#/Class Demo/INDPUI

ACTION (0.0

BT

[pRUI = Relay D:  SEL-321 DEMO TEST* Seriel No: SN 94094007
INDELI Last Edit:  1993-05-14 11:5%:52.000 Mfa: SEL
Test IActiDnl Heporll Nntebnokl
Sic | High | Law | Ampl [ Pt [ Fre Fiesuts IEurrenl Test Conditions j Save Results I Delete Results I

£0.000

Evpected | | +% [ -% Amplitude 1 [ Amplitude 2 [ Actual [ %Enor [ Resul
1 10 [1d

Senge Connections: I

Jumpers: I

Figure C.45 INDPUI Test Tab Screen

Action Tab

The INDPUI Action Tab Conditions fields are explained in Table C.50.

Table C.50 INDPUI Action Tab Conditions Fields

Field

Explanation

Tap Value

Tap setting used to calculate initial current,
usually set on the relay.

Initial Current

Multiple of tap asserted to pick up the relay at
the beginning of the test.

Max Time of Initial
Current

Maximum time to apply the initial current
to guarantee the relay will operate.

Ramp Start Current

Start for the ramp, expressed as % of tap; e.g.
110%.

Delta Current #1

Unsigned step size for Ramp 1, looking for
dropout.

Delta Time #1

Delta time for each step of Ramp 1.

Delta Current #2

Unsigned step size for Ramp 2, looking for
pickup.

Delta Time #2

Delta time for each step of Ramp 2.
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Sense

Run

Hints

The INDPUI Action Tab screen is shown in Figure C.46.

JConverted Locations/Demanstration Test 60 Hz/Demo test of SEL 321/5EL-321 DEMO TEST*/Class Dema/INDPUI

IINDPUI d Relay ID:  SEL-321 DEMO TEST™ Serial Mo: SM 94034007
INDRUI Last Edit  1393-05-10 15:19:35.340 fg: SEL
Test A | Heportl Notabookl
Sense Conditions [ &mpl [ Units
A | Tap ' alue 1 Amps
Contacts | ¥|[0->C = =
I oriacts ‘JI — '8 | Initial Cumrent 14 HTap
Delay. 0 Cycles 7| |LC| tax time of Iritial Current. B0 Sec
Duration [ mSecs | [LD| Rarnp Stark Cumrent 110 #Tap
Source  [}q j ILE | Delta Curent #1 0.005 |&mps
I'E | Delta Time H#1 300 |Cycles
. |lG| Delta Current #2 0.009 | Amps
ZeoCiositg [sycem 7] Bl Delta Time #2 100 Cocles

Figure C.46 INDPUI Action Tab Screen

The INDPUI Sense fields are explained in Table C.51.

Table C.51 INDPUI Sense Fields

Field Explanation

Pull-down List Select sense transition: Contacts O—>C, etc.,
Voltage On—>Off, etc.

Source Name a source to identify which Instrument or
input receives the relay sense signal. The source
must be an Action. The default is MA for the
Master Instrument.

Click RUN on the toolbar or press F12 to run the test. The sources
initialize and turn on as follows:

o Non-Action sources turn on at Preset values.

® Action sources turn on at Offset values and move to Action
values.

Current action then begins. The test looks for the initial relay pickup, a
dropout and a pickup. If the relay does not operate initially, an error is
noted. Similarly, errors are noted if the relay does not drop out, or if the
relay fails to pick up.

Use enough sense duration to ensure stability of the sense result. If the
Test reports equal dropout and pickup values that are the same as the
Ramp Start Current, it is likely that Sense Duration is too short. As a
result, contact bounce at the initial amplitude is being misinterpreted as
pickup, dropout, and pickup, before the ramp has taken a step. Make
Sense Duration longer.
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Operation Graph

The INDPUI Operation graph is shown in Figure C.47.
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Figure C.47 INDPUI Operation Graph

Aok ™ 72A-1585 Rev. C 8/02

C-89



INDPUV - Inductive Pickup, Voltage - V ProTesTPLAN

INDPUYV - Inductive Pickup, Voltage - V ProTesTPLAN

Description

Operation

Use

Notes

Test Tab

Voltage is applied to make the relay operate. Voltage ramps downward
until the relay drops out. Voltage then ramps back up until the relay picks
up. Dropout and pickup values are recorded, and the average calculated.
Expected values and tolerances are applied to the average.

Voltage is applied at an initial amplitude to force the relay to operate. As
soon as the relay operates, voltage is immediately lowered to the ramp
starting voltage. The linear ramp moves down, until the relay drops out.
The macro then ramps back up, until the relay picks up again. Two
separate ramp rates are specified, so that the ramp to dropout can move
quickly, followed by a slower ramp back to pickup.

This macro tests minimum pickup and dropout for overvoltage relays.

e The initial amplitude should be high enough to guarantee relay
operation. If the amplitude is too high, however, it may cause a
high degree of contact bounce as the relay operates. Because the
downward ramp begins as soon as the relay operates, the ramp
may see unstable sense input and misinterpret the result. Use a
large amount of sense duration to hold the initial pickup longer.
Sense delay may also be helpful.

On INDPUV Test Tab screen (Figure C.48):
1. Select valid source names in the Src column.

2. Use the High and Low fields to enter values for the source
connections between the instrument and the relay.

3. Enter the source voltage amplitude ACTION and enter phase and
frequency values.

4. Enter test relay connections in the Sense Connections field when the
test relay is connected as a sense input or to a timer.

5. Enter the jumper connections in the Jumpers field.
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Results The macro initially displays the results for the
Current Test conditions. To display prior results,
click the pull-down arrow and select a prior test.
The INDPUV Test Tab Results fields are explained
in Table C.52.

Save Results Click Save Results after running a test and select
the new results to save. When exiting the macro,
save any macro changes and results if they have
not already been saved.

Delete Results Click Delete Results to display a window
containing saved test results. Select one or more
test results using the mouse. Ctrl+click works as a
toggle action to select or unselect items. Click OK
to complete deletion.

NoTE If battery simulator voltage is needed, enter BT as a source and select
' amplitude, or run the POWER macro.
- Table C.52 INDPUY Test Tab Results Fields
Field Explanation
Expected V Expected minimum pickup amplitude.
+ %/ % Plus/Minus tolerance.
Amplitude 1 Dropout amplitude.
Amplitude 2 Pickup amplitude.
Actual Average of Amplitude 1 and Amplitude 2; i.e.,
the minimum pickup.
% Error Error.
Result Pass/Fail indication.
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The INDPUV Test Tab screen is shown in Figure C.48.

/Convered Locations/D'emonstration Test 50 Hz/Demo test of SEL 321/5EL-321 DEMO TEST*/Class DemadINDPLY
T Fielay ID:  SEL-321 DEMO TEST* Serial No: SM 94094007

LBRLS Last Edit:  1933-05-1015:23:23.500 Mfg: SEL
Test I Aetion | Feport | Motebook |
Sic | High | Low [ ampl | Phs | Freqg | Results ICurrenl Test Conditiong x| _SaveResils I Delete Results I
vE x| ACTION 0.0 FL

I Erpected ¥ [+ %] -%] Amplitude 1 [ Amplitude 2 [ Actusl | %Enor | Result |
5 5

Sense Connections: I

Jumpers: I

Figure C.48 INDPUYV Test Tab Screen

Action Tab
The INDPUV Action Tab Conditions fields are explained in Table C.53.

Table C.53 INDPUYV Action Tab Conditions Fields

Field Explanation

Tap Value Tap setting used to calculate initial voltage,
usually set on the relay.

Initial Voltage Multiple of tap asserted to pick up the relay at
the beginning of the test.

Max Time of Initial | Maximum time to apply the initial voltage, to
Voltage guarantee the relay will operate.

Ramp Start Voltage | Start for the ramp, expressed as % of tap; e.g.,

110%.

Delta Voltage #1 Unsigned step size for Ramp 1, looking for
dropout.

Delta Time #1 Delta time for each step of Ramp 1.

Delta Voltage #2 Unsigned step size for Ramp 2, looking for
pickup.

Delta Time #2 Delta time for each step of Ramp 2.
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Sense

Run

The INDPUV Action Tab screen is shown in Figure C.49.

JConverted Locations/D emonstation Test 50 Hz/Demo test of SEL 321 /5EL-321 DEMO TEST*/Class Demo/ANDPUY
INDFUY j FelayID:  SEL-321 DEMO TEST® Serial No: SN 34034007
INDRUY Last Edit:  1999-05-1015:22:23.500 Mfg: SEL

Test I Heportl Notabookl

Sense Conditions: [ ampl [ Units
A | TapVYalue 55 ol
Cortacts > |0-:C 57 =
I ontacts -JI — |LB ] Initial Yoltkage 15 HTap
DE|6.V. 15 Cycles T |[E M time of Initial ‘Yoltage. 1 Sec
Duration (50 mSecs 7] 0| Fiamp Start oltage 110 (% Tap
Source [y j |LE | Delta oltage #1 01 ol
|LE | D elta Time H1 30 Cycles
. |G| Delta Voltage #2 01 Yalks
Zero Drossing m Bl O s Time #2 30 Cycles

Figure C.49 INDPUYV Action Tab Screen

The INDPUV Sense fields are explained in Table C.54.

Table C.54 INDPUY Sense Fields

Field Explanation

Pull-down List Select sense transition: Contacts O—>C, etc.,
Voltage On—>Off, etc.

Source Name a source to identify which Instrument or
input receives the relay sense signal. The source
must be an Action. The default is MA for the
Master Instrument.

Click RUN on the toolbar or press F12 to run the test. The sources
initialize and turn on as follows:

o Non-Action sources turn on at Preset values.

* Action sources turn on at Offset values and move to Action
values.

Voltage action then begins. The test looks for the initial relay pickup, a

dropout and a pickup. If the relay does not operate initially, an error is

noted. Similarly, errors are noted if the relay does not drop out, or if the
relay fails to pick up.
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Hints Use enough sense duration to ensure stability of the sense result. If the
test reports equal dropout and pickup values that are the same as the
Ramp Start Voltage, it is likely that Sense Duration is too short. As a
result, contact bounce at the initial amplitude is being misinterpreted as
pickup, dropout, and pickup, before the ramp has taken a step. Make

Sense Duration longer.

Operation Graph

The INDPUYV Operation Graph is shown in Figure C.50.

& Voltage
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DT F1-E G S {DIRamp Start Yoltage
_ITlil_,TF (E)a Voltage #1
A F , 5 {Fia Time #1

(A Tap value
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{C Max On Time of (B}

(& Voltage #2
(HA Time #2

Dropout

] ™ Time
Pickup

Figure C.50 INDPUYV Operation Graph
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LRAMPF - Linear Ramp, Frequency - F ProTesTPLAN, V ProTesTPLAN

Description

Operation

Use

Notes

The frequency of one or more AC sources is ramped from an offset value
until the relay operates, or until a limit frequency is reached (recorded as
No Op, for No Operation).

The frequency of all ACTION sources is ramped at the specified
Hertz/second rate. Sources can be at different harmonics; e.g. one
current can be at 60 Hz (or 50 Hz), and another at 120 Hz (or 100 Hz), to
test harmonic restraint on a differential relay.

This macro tests the operating frequency of different relays.

scF225x and F6000 instruments can ramp at a rate down to 0.001
Hz/sec; however, F2100, F2200, F2500, F2350 and F2700
instruments cannot ramp frequency slower than 0.02 Hz/sec.
Ramp rates ab64ove 10 Hz/sec lose one decimal digit of
resolution.

One source can have an Action frequency, while all others are at
base frequency, as long as the Action is Source 1 of the Master
F2000. Any source on the F6000 can be Action. Enter ACTION
for one source frequency, and indicate the frequency reference
for the others: FX (crystal) or FL (line). When the Test is run,
ProTesT will verify that the Action source is indeed Source 1 of
the Master F2000.

The F6000 does not have FL or FE setting. Map this to the

FX setting.

Source 1 of the Master F2000 can, instead, be set to FX base
frequency, and all other sources can have ACTION frequency.
Any source on the F6000 can be FX.

F2000 base frequency has a range of 25 to 99.99 Hz. Harmonics
allow frequencies up to 2000 Hz in F225x and 1000 Hz for the
F6000. Macro frequencies can be specified up to 1999 Hz as long
as ProTesT can find a harmonic to cover the required range.
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Test Tab

NOTE

On the LRAMPF Test Tab screen (Figure C.51):
1. Select valid source names in the Src column.

2. Use the High and Low fields to enter values for the source
connections between the instrument and the relay.

3. Enter the source frequency ACTION and enter amplitude and phase
values.

4. Enter test relay connections in the Sense Connections field when the
test relay is connected as a sense input or to a timer.

5. Enter the jumper connections in the Jumpers field.

Results The macro initially displays the results for the
Current Test conditions. To display prior results,
click the pull-down arrow and select a prior test.
The LRAMPF Test Tab Results Fields are explained
in Table C.55.

Save Results Click Save Results after running a test and select
the new results to save. When exiting the macro,
save any macro changes and results if they have
not already been saved.

Delete Results Click Delete Results to display a window
containing saved test results. Select one or more
test results using the mouse. Ctrl+click works as a
toggle action to select or unselect items. Click OK
to complete deletion.

If battery simulator voltage is needed, enter BT as a source and select
amplitude, or run the POWER macro.
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Table C.55 LRAMPF Test Tab Results Fields

Field Explanation
Expected F Expected operate value, in Hertz.
+ Hz/~-Hz Plus/minus tolerance in 0.001 Hz for F225x and

F6000 instruments, 0.01 Hz otherwise; used for
Pass/Fail calculation.

Actual Recorded test result.
Error Error in Hertz.
Result Pass/Fail indication.

The LRAMPF Test Tab screen is shown in Figure C.51.

fConverted Locations/Demonstrate Macros/Exercize Macros B0 Hz/F2250 Frequency/Show Freq. Macros/B azic
IBasic d Felay ID:  F2250 Frequency Serial Mo:

Last Edit: fg: www
LRAMPF

Test |Acti0n| Fieport | Moteboak |

Sre | High | Low | Ampl [ Phs [ Fre F‘ESUHSIEIumentTest[lont:litions j Save Results | Delete Results

l\:A g?sgg gg ';SHDN Expected F_| +Hz | -Hz | Actual | Enor | Result
- - 59.88 0.0z 002

Sense Connections: I

Jumpers: I

Figure C.51 LRAMPF Test Tab Screen
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Action Tab
The LRAMPF Action Tab Conditions fields are explained in Table C.56.

Table C.56 LRAMPF Action Tab Conditions Fields

Field Explanation
Offset Frequency Initial frequency for all Action sources.
Offset Duration How long to maintain the offset. Note that offset

duration is measured in Offset Frequency cycles.

Ramp Rate Rate of change of frequency. Rate is in
Hz/second.
Frequency Limit Frequency at which the ramp stops if the relay

does not operate.

The LRAMPF Action Tab screen is shown in Figure C.52.

/Converted Locations/Demonstrate Macros/E zercise Macros 60 Hz/F2250 Frequency/Show Freq. Macros/Basic
B asic j Relay ID:  F2250 Frequency Serial Ma:
LRAMPE Last Edi:  1593-05-12 14:02:07.550 Mig: wax

Test Heportl Notebookl

Sense Conditions [ &mpl [ Units
A | Offset Freguency [=a] Hz

Contacts > {|0-+C = =

I onacs ‘JI = | LB | Offset Duration 300 | Cucles

Dzl | Cycles 7| 2|+~ Fiamp Fiate 002 |Ha/5ec)

Duration [ mSecs T o

Source  [yip = E | Frequency Limit 538 |H=

Zero Crozsing ISystem ‘l

Figure C.52 LRAMPF Action Tab Screen

Sense The LRAMPF Sense fields are explained in Table C.57.

Table C.57 LRAMPF Sense Fields

Field Explanation

Pull-down List Select sense transition: Contacts O—>C, etc.,
Voltage On—>Off, etc.

Source Name a source to identify which Instrument or
input receives the relay sense signal. The source
must be an Action. The default is MA for the
Master Instrument.
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Run Click RUN on the toolbar or press F12 to run the test. The sources
initialize and turn on as follows:

¢ Non-Action sources turn on at Preset values.

e Action sources turn on at Offset values and move to Action
values.

The test stops as soon as the relay operates and the amplitude is
recorded. If the relay does not operate, a No Op is recorded. This is
desirable if the relay should not operate.

Operation Graph
The LRAMPF Operation graph is shown in Figure C.53.

A Frequency
E ______________________________________________

(A) Offset

(B) Offset Duration
(C) +/- Ramp Rate
(D)

(E) Limit Value

: |
B Sense Time

Figure C.53 LRAMPF Operation Graph
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LRAMPI - Linear Ramp, Current - | ProTesTPLAN

Description

Operation

Use

Notes

One or more current sources are ramped from an offset amplitude until
the relay operates, or until a limit amplitude is reached (recorded as
No Op, for No Operation).

Use this macro to test reach at a specific angle for a distance relay —
hence the macros named Reach Linear Ramp Current, RCHLRI. RCHLRI
and LRAMPI are identical. If you have both V and Z ProTesTPLANS, use
the name you prefer.

One or more current sources are ramped simultaneously, using the same
Action conditions. One or more voltage presets can be applied. Sources
can have different phase angles, representing phase offset. Sources can
be at different harmonics; e.g. one current can be at 60 Hz (or 50 Hz),
and another at 120 Hz (or 100 Hz), to test harmonic restraint on a
differential relay.

This macro tests Ohmic reach of current-operated directional distance
relays at specific phase angles; Pickup/dropout of overcurrent relays;
Minimum pickup and harmonic restraint for differential relays with
harmonic inrush restraint.

e To minimize test time and heating, use an offset as close to the
expected operating point as possible.

* Most relays that can be tested with RCHLRI or LRAMPI can be
tested faster using RCHBOI or BSRHOI, the binary search macro.
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Test Tab

On the LRAMPI Test Tab screen (Figure C.54 on page C-102):

1. Select valid source names in the Src column.

2. Use the High and Low fields to enter values for the source

connections between the instrument and the relay.

3. Enter the source current amplitude ACTION and enter phase and

frequency values.

4. Enter test relay connections in the Sense Connections field when the

test relay is connected as a sense input or to a timer.

5. Enter the jumper connections in the Jumpers field.

Results The macro initially displays the results for the
Current Test conditions. To display prior results,
click the pull-down arrow and select a prior test.
The LRAMPI Test Tab Results fields are explained
in Table C.58 on page C-102.

Save Results Click Save Results after running a test and select
the new results to save. When exiting the macro,
save any macro changes and results if they have
not already been saved.

Delete Results Click Delete Results to display a window
containing saved test results. Select one or more
test results using the mouse. Ctrl+click works as a
toggle action to select or unselect items. Click OK
to complete deletion.

NoTE If battery simulator voltage is needed, enter BT as a source and select
' amplitude, or run the POWER macro.
o

G 72A-1585 Rev. C 8/02 101



LRAMPI - Linear Ramp, Current - | ProTesTPLAN

Table C.58 LRAMPI Test Tab Results Fields

Field Explanation

Expected | Expected operate value, in Amps.

+ %/— % Plus/minus tolerance percentage, used for
Pass/Fail calculations.

Actual Recorded test result.

% Error Error.

Result Pass/Fail indication.

The LRAMPI Test Tab screen is shown in Figure C.54.

Converted Locations/Demaonstrate kacros/E xercize Macros 60 Hz/1AC generic/Overcurrent Macro/Pickup
Fickup j Felay ID: 1AL generic Serial No:

LEAMPI Last Edit: Mfg: GE

Aclinnl Plelaultl F\epnrtl anehnnkl

Sic | High | Low | Arnpl [ Phe [ Fre FhBSL‘"SICumentTestEom:Iitions j Save Results | Delete Results

" ;I ACTION 100 E0.00 Evpected | | +% | -%| Actual | %Eror | Result
1 1010

ET 125

Sense Connections: |

Jumpers: |

Figure C.54 LRAMPI Test Tab Screen
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Action Tab
The LRAMPI Action Tab Conditions fields are explained n Table C.59.

Table C.59 LRAMPI Action Tab Conditions Fields

Field Explanation
Offset Current The initial amplitude of the Action source.
Offset Duration How long to maintain the offset. If no offset is

wanted, enter O cycles.

Delta Current Step size of ramp. Use a minus sign for a
downward ramp.

Delta Time How long each ramp step is held while waiting
for a sense.
Current Limit The amplitude at which the ramp stops if the

relay does not operate.

The LRAMPI Action Tab screen is shown in Figure C.55.

/Converted Locations/Demonstrate Macios/E xercise Macios 60 HzAAL generic/0vercurrent Macra/Pickup
IF‘ickup j Relay ID: 1AL generic Serial Mo
LRAMPI Last Edit: fg: GE

Test | F'refaultl Heportl Notebookl

Sense Conditions [ &l [ Units
A | Offzet Current 095  Amps
Contacts *]|0-C & .

I ontacts -JI — | B | Offset Duration 30 Cycles
Dela}l. 0 Cycles 7] |C|+/- Delta Cument 0.005  Armps
Diuration o miecs 7] \D| Delta Time 300 | Cecles
Source  [}q ﬂ E | Current Lirit 1.2 Amps

Zero Crossing ISyslem < I

Figure C.55 LRAMPI Action Tab Screen
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Sense The LRAMPI Sense fields are explained in Table C.60.

Table C.60 LRAMPI Sense Fields

Field Explanation

Pull-down List Select sense transition: Contacts O—>C, etc.,
Voltage On—>Off, etc.

Source Name a source to identify which Instrument or
input receives the relay sense signal. The source
must be an Action. The default is MA for the
Master Instrument.

Run Click RUN on the toolbar or press F12 to run the test. The sources
initialize as follows:

o Non-Action sources turn on at Preset values.

e Action values turn on at Prefault values, move to offset values and
then to Action values.

The test stops as soon as the relay operates and the amplitude is
recorded. If the relay does not operate, a No Op is recorded. This is
desirable if the relay should not operate.

Hints e Use Offset Current = 0, and non-zero Offset Duration if polarizing
voltage must be applied before the Action.

e Test results depend on the ramp rate — too fast causes overshoot,
too slow stresses the relay and takes more time. Start with a slow
rate, using values that give a stable, acceptable result. Then
reduce the delta time until the result is no longer stable. Find the
fastest ramp that is acceptable.

e For example, set Delta Current to a range of 10 to 20 percent of
the tolerance amplitude. If the Expected Value is T Amp with a
tolerance of +10%, the tolerance amplitude is 1.0 X 10%, which
equals 0.1, resulting in a Delta amplitude of 0.01 to 0.02 Amp
(10% to 20% of .01).

e Set Delta Time to be two to five times the nominal relay operating
time for best accuracy. Use one to two times for lowest heat and
shortest test time.
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Operation Graph
The LRAMPI Operation graph is shown in Figure C.56.

A Current
) e
: (&) Offset
(B} Offset Duration
: (C) +- Awalue
: (07 ATime
Prefault Amplitude (E) Limit Value
A :
Prefault B Sense Time
Duration

Figure C.56 LRAMPI Operation Graph

Prefault Tab

The Prefault tab is used for steady state macros to assert initial conditions
before the values on the Test tab and Action offset are applied. This
allows an initial state of normal, balanced voltages and currents to be
applied for a duration before the macro action begins with faulted
voltage and increasing current. The LRAMPI Prefault Tab fields are
explained in Table C.61.

Operation When the test is run, the Prefault is applied as
indicated. This allows an intelligent relay to see
normal conditions before responding to the fault
condition generated by running the macro. If the
Prefault duration is 0, no Prefault occurs.

Table C.61 LRAMPYV Prefault Tab Fields

Field Explanation

Source Name Source names are set on the Test tab and cannot
be modified.

Amplitude Enter the desired amplitude.

Phase Enter a phase in the range of -360.0° to 360.0°.

Frequency The Frequency value is set on the Test tab.

Prefault Duration Enter a duration for the Prefault condition.
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LRAMPV - Linear Ramp, Voltage - V ProTesTPLAN

Description

Operation

Use

Notes

One or more voltage sources are ramped from an offset amplitude until
the relay operates, or until a limit amplitude is reached (recorded as
No Op, for No Operation).

Use this macro to test reach at a specific angle for a distance relay —
hence the macros named Reach Linear Ramp Voltage, RCHLRV.
RCHLRV and LRAMPYV are identical. If you have both | and Z
ProTesTPLANS use the name you prefer.

One or more voltage sources are ramped simultaneously, using the same
Action conditions. One or more voltage presets can be applied. Sources
can have different phase angles, representing phasor offset. Sources can
be at different harmonics; e.g. one voltage can be at 60 Hz (or 50 Hz),
and another at 120 Hz (or 100 Hz).

This macro tests Ohmic reach of voltage-operated directional distance
relays at specific phase angles; Pickup/dropout of overvoltage or
undervoltage relays.

e To minimize test time and heating, use an offset as close to the
expected operating point as possible.

*  Most relays that can be tested with RCHLRV or LRAMPV can be
tested faster using RCHBOV or BSRHOV, the binary search
macro.

e For maximum source VA, use a source in the high end of a
voltage range.

C-106

72A-1585 Rev.C 8/02 (A



ProTesT User Guide

Test Tab

On the LRAMPV Test Tab screen (Figure C.57 on page C-108):

1. Select valid source names in the Src column.

2. Use the High and Low fields to enter values for the source

connections between the instrument and the relay.

3. Enter the source voltage amplitude ACTION and enter phase and

frequency values.

4. Enter test relay connections in the Sense Connections field when the

test relay is connected as a sense input or to a timer.

5. Enter the jumper connections in the Jumpers field.

Results The macro initially displays the results for the
Current Test conditions. To display prior results,
click the pull-down arrow and select a prior test.
The LRAMPYV Test Tab Results fields are explained
in Table C.62 on page C-108.

Save Results Click Save Results after running a test and select
the new results to save. When exiting the macro,
save any macro changes and results if they have
not already been saved.

Delete Results Click Delete Results to display a window
containing saved test results. Select one or more
test results using the mouse. Ctrl+click works as a
toggle action to select or unselect items. Click OK
to complete deletion.

NoTE If battery simulator voltage is needed, enter BT as a source and select
' amplitude, or run the POWER macro.
[
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Table C.62 LRAMPY Test Tab Results Fields

Field

Explanation

Expected V

Expected operate value, in volts.

+ 0/0/— %

Plus/minus tolerance percentage, used for
Pass/Fail calculation.

Actual

Recorded test result.

% Error

Error.

Result

Pass/Fail indication.

The LRAMPYV Test Tab screen is shown in Figure C.57.

/Converted Locations/Demonstrate M acros/Exercise Macios 60 Hz/F2250 Frequency/Show Freq. Macros/0.K. do DC taa

ET 125

ID'K' do DC too j Relay ID:  F2250 Frequency Serial No:
LRAMPY Last Edit: Il fig: e
Test | Action I Prefault | Feport I Notebookl
S | High | Low | Ampl | Phs | Freq | Resuls IEunentTest Conditions >| _ Save Results I Delete Results
' ACTION g = =
i 0so0 00 0.0 - Expected ' |1+D/e |1'D/o| Actual | %Eror | Result ‘

Senze Connections: |

Jumpers: I

Figure C.57 LRAMPYV Test Tab Screen
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Action Tab
The LRAMPV Action Tab Conditions fields are explained in Table C.63.

Table C.63 LRAMPYV Action Tab Conditions Fields

Field Explanation
Offset Voltage The initial amplitude of the Action source.
Offset Duration How long to maintain the offset. If no offset is

wanted, enter 0 Cycles.

Delta Voltage Step size of ramp. Use a minus sign for a
downward ramp.

Delta Time How long each ramp step is held waiting for a
sense.

Voltage Limit The amplitude at which the ramp stops if the

relay does not operate. The range is determined
by the Offset Voltage or the voltage limit, which
ever is larger.

Note: Best accuracy is obtained if you use a
source in the high end of its range.

The LRAMPYV Action Tab screen is shown in Figure C.58.

#Converted Locations/Demanstrate Macros/E xercise Macros B0 Hz/F2250 Frequency/Shaw Freq. Macros/0.K. do DC toa
0.K. da DC too j RelayID:  F2250 Frequency Sernial Nao:
LRAMEY Last Edit: fg: wws

Test | F‘refaultl Fleportl Nolebookl

Sense Condiions | &mpl [ Urits
= = L& | Ciffset Voltage 0 Vaolts

IContacts -JID s — | LB | Ciifset Duration 0 Cycles
DEla.‘v'_ 0 Cycles | | L€ |+ Delta Voltage 01 Yotz

Duration [ mSecs 7] D | Cela Time 10 Cycles
Source  [pya ﬂ E |'/cltage Limit 20 Wolks

Zero Crossing I Swpstem 'l

Figure C.58 LRAMPV Action Tab Screen
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Sense The LRAMPYV Sense fields are explained in Table C.64.

Table C.64 LRAMPY Sense Fields

Field Explanation

Pull-down List Select sense transition: Contacts O—>C, etc.,
Voltage On—>Off, etc.

Source Name a source to identify which Instrument or
input receives the relay sense signal. The source
must be an Action. The default is MA for the
Master Instrument.

Run Click RUN on the toolbar or press F12 to run the test. The sources
initialize as follows:

o Non-Action sources turn on at Preset values.

e Action values turn on at Prefault values, move to offset values and
then to Action values.

The test stops as soon as the relay operates and the amplitude is
recorded. If the relay does not operate, a No Op is recorded. This is
desirable if the relay should not operate.

Hints e Use Offset Voltage, and non-zero Offset Duration if polarizing
current must be applied before the Action.

e Test results depend on the ramp rate — too fast causes overshoot,
too slow stresses the relay and takes more time. Start with a slow
rate, using values that give a stable, acceptable result. Then
reduce the delta time until the result is no longer stable. Find the
fastest ramp that is acceptable.

e For example, set Delta Voltage to a range of 10 to 20 percent of
the tolerance amplitude.

¢ Set delta time to be two to five times nominal relay operating time
for best accuracy. Use one to two times for lowest heat and
shortest test time.

e Test results depend on the ramp rate — too fast causes overshoot,
too slow stresses the relay and takes more time. Start with a slow
rate, using values that give a stable, acceptable result. Then
reduce the Delta time until the result is no longer stable. Find the
fastest ramp that is acceptable.
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Operation Graph
The LRAMPYV Operation graph is shown in Figure C.59.

A Voltage
E _________ ittt ettt ittt
(&) Offset
' (B} Offset Duration
(C)+- Avalue
(D) ATime
Prefault Amplitude [E] Limit value
A i
Prefault B Sense Ti-rrne
Duration

Figure C.59 LRAMPYV Operation Graph

Prefault Tab

The Prefault tab is used for steady state macros to assert initial conditions
before the values on the Test tab and Action offset are applied. This
allows an initial state of normal, balanced voltages and currents to be
applied for a duration before the macro action begins with faulted
voltage and increasing current. The LRAMPV Prefault Tab fields are
explained in Table C.65.

Operation When the test is run, the Prefault is applied as
indicated. This allows an intelligent relay to see
normal conditions before responding to the fault
condition generated by running the macro. If the
Prefault duration is 0, no Prefault occurs.

Table C.65 LRAMPYV Prefault Tab Fields

Field Explanation

Source Name Source names are set on the Test tab and cannot
be modified.

Amplitude Enter the desired amplitude.

Phase Enter a phase in the range of -360.0° to 360.0°.

Frequency The Frequency value is set on the Test tab.

Prefault Duration Enter a duration for the Prefault condition.
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MAXTAI - Maximum Torque Angle, Current - Z ProTesTPLAN

Description
The phase of one or more AC currents is rotated from offset in one
direction, looking for lead dropout. Phase then returns to the offset and
rotates in the other direction, looking for lag dropout. The simple average
determines the maximum torque angle.
It is also possible to use MAXTAI for pickup tests.

Operation
The phase of all ACTION sources is rotated at the specified rate. Mark AC
source phases ACTION, or A-120 or A+120 for phase offset, and enter
values for amplitude and frequency.

Use
This macro tests phase and distance relays.

Test Tab

On the MAXTAI Test Tab screen (Figure C.60 on page C-115):
1. Select valid source names in the Src column.

2. Use the High and Low fields to enter values for the source
connections between the instrument and the relay.

3. Enter source phases ACTION or A-120, A+120, etc. and enter
amplitude and frequency values.

4. Enter test relay connections in the Sense Connections field when the
test relay is connected as a sense input or to a timer.

5. Enter the jumper connections in the Jumpers field.
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Results The macro initially displays the results for the
Current Test conditions. To display prior results,
click the pull-down arrow and select a prior test.
The MAXTAI Test Tab Results fields are explained
in Table C.66.

Save Results Click Save Results after running a test and select
the new results to save. When exiting the macro,
save any macro changes and results if they have
not already been saved.

Delete Results Click Delete Results to display a window
containing saved test results. Select one or more
test results using the mouse. Ctrl+click works as a
toggle action to select or unselect items. Click OK
to complete deletion.

NoTE If battery simulator voltage is needed, enter BT as a source and select
' amplitude, or run the POWER macro.

Table C.66 MAXTAI Test Tab Results Fields

Field Explanation

Expected Angle Line angle copied from Action tab; i.e.,
Maximum Torque Angle setting.

Tolerance +/- +/— degrees tolerance.
Lead Dropout Recorded operate angle of relay in lead
Angle direction.

Lag Dropout Angle | Recorded operate angle of relay in lag direction.

Max Torque Angle | Average of recorded Lead and Lag dropout
angles; should be close to Line Angle. Error is
measured with respect to the Line Angle.

Error Error in degrees.

Result Pass/Fail.
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The MAXTAI Test Tab screen is shown in Figure C.60.

/Converted Locations/Demonstration Test B0 Hz/Demonstration test of SEL 321 Distance/SEL-321 DEMO TEST*/Show in a Class/M1P.21 AB MTA

[MIPZ1 A8 MTA = Felay ID;  SEL-321 DEMO TEST* Serial No: SN 94094007
MANTA Last Edit.  1999-0512 12:14:12.060 Mig: SEL
|Actinn | Report | Mateboak I
Sz | High | Low | Arnpl | Phs | Fre Results [0y yrent Test Conditions j Save Results Delete Results
VA x| 2000 300 (0 5
vE 000 |B00 &0 T
Vo 700 1200 60 Espected Angle E
n 3502 |ACTION 60 Lolerence +/-
12 3507 A180 6D Lead Dropout Angle:
L Lembiopeelisnez
I3 oooo 00 60000 Lag Dropout Angle
BT 1385 Max Torgue Angle
Error
Result
Senge Connections: I
Jumpers: I

Figure C.60 MAXTAI Test Tab Screen

Action Tab
The MAXTAI Action Tab Conditions fields are explained in Table C.67.

Table C.67 MAXTAI Action Tab Conditions Fields

Field Explanation

Line Angle Initial phase for all Action sources, set to
presumed angle of maximum torque.

Line Angle How long to maintain the initial phase. Be sure it

Duration is long enough for the relay to pick up.

Delta Angle Increment of phase rotation, in degrees. Can be

positive or negative, which determines whether
lead or lag direction is done first.

Delta Time How long to hold each phase step, during
rotation. Measured in cycles.

Angle Limit How many degrees to go from Line Angle before
stopping ramp if the relay does not operate. The
same limit is used in each direction.
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Sense

Run

Hints

The MAXTAI Action tab is shown in Figure C.61.

/Converted Locations/Demonstiation Test B0 Hz/Demonstration test of SEL 321 Distance/SEL-321 DEMO TEST=/Show in a Class/M1P.21 AB MTA
|M1F'Z1 A5 MTA j Relay ID:  SEL-321 DEMO TEST* Serial Mo: SN 94034007
MAKTAI Last Edit  1993-05-12 12:14:12.050 Mia: SEL

Test | Heportl Notebookl

Sen Conditions [ mpt [ it
A | Line Angle 54 Deg
Contacts = ||C->0 = =
I ontacts -JI — |[B| Duration of Line Angle [511] Cyclez
Delay_ d Cycles =] B D elta Angle 1 Deg
Duration [¢ mSess 7] 0| D'elta Time 1 Cycles
Source [ ﬂ E | Delta Angle Linit 100 Deg

Zero Crossing Sypstemn | ¥ l

Figure C.61 MAXTAI Action Tab

The MAXTAI Sense fields are explained in Table C.68.

Table C.68 MAXTAI Sense Fields

Field Explanation

Pull-down List Select sense transition: Contacts O—>C, etc.,
Voltage On—>Off, etc.

Source Name a source to identify which Instrument or
input receives the relay sense signal. The source
must be an Action. The default is MA for the
Master Instrument.

Click RUN on the toolbar or press F12 to run the test. The sources
initialize and turn on as follows:

* Non-Action sources turn on at Preset values.

* Action sources turn on at Offset values and move to Action
values.

Phase action then begins. The test stops as soon as the relay operates and
the phase is recorded. Phase returns to offset, waits, and begins ramping
in the other direction. If the relay does not operate, a No Op is recorded.

MAXTAI can be used as a pickup test. Set the Line Angle equal to MTA
+/- 180 degrees. Phase will ramp into the operate zone of the relay from
each direction, lead and lag. The average of the two pickup points will
be MTA +/— 180 degrees.
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Operation Graph
The MAXTAI Operation graph is shown in Figure C.62.

b Phase Angle

Al Line Angle
B} Line Angle Duration

Lead Dropout E g
(CY A Angle
(D)
(E)

A+Er-----meee -

E) A Angle Limit

AEF----cmmmm - - - L.
Lag Dropout

Figure C.62 MAXTAI Operation Graph
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MAXTAYV - Maximum Torque Angle, Voltage - Z ProTesTPLAN

Description
The phase of one or more AC voltages is rotated from offset in one
direction, looking for lead dropout. Phase then returns to the offset and
rotates in the other direction, looking for lag dropout. The simple average
determines the maximum torque angle.
It is also possible to use MAXTAV for pickup tests.

Operation
The phase of all ACTION sources is ramped at the specified rate. Mark
AC source phases ACTION, or A—120 or A+120 for phase offset, and
enter values for amplitude and frequency.

Use
This macro tests phase and distance relays.

Test Tab

On the MAXTAV Test Tab screen (Figure C.63 on page C-120):
1. Select valid source names in the Src column.

2. Use the High and Low fields to enter values for the source
connections between the instrument and the relay.

3. Enter source phases ACTION, or A—120 or A+120, etc. and enter
amplitude and frequency values.

4. Enter test relay connections in the Sense Connections field when the
test relay is connected as a sense input or to a timer.

5. Enter the jumper connections in the Jumpers field.

C-118 72A-1585 Rev.C 8/02 (SRR



ProTesT User Guide

Results

Save Results

Delete Results

The macro initially displays the results for the
Current Test conditions. To display prior results,
click the pull-down arrow and select a prior test.
The MAXTAV Test Tab Results fields are explained
in Table C.69.

Click Save Results after running a test and select
the new results to save. When exiting the macro,
save any macro changes and results if they have
not already been saved.

Click Delete Results to display a window
containing saved test results. Select one or more
test results using the mouse. Ctrl+click works as a
toggle action to select or unselect items. Click OK
to complete deletion.

NoTE If battery simulator voltage is needed, enter BT as a source and select

' amplitude, or run the POWER macro.

Table C.69 MAXTAYV Test Tab Results Fields

Field

Explanation

Expected Angle

Line angle, copied from Action tab; i.e.,
Maximum Torque Angle setting.

Tolerance +/-

+/— degrees tolerance.

Lead Dropout
Angle

Recorded operate angle of relay in lead
direction; i.e., when swinging in
counter-clockwise direction.

Lag Dropout Angle

Recorded operate angle of relay in lag direction;
i.e., when swinging in clockwise direction.

Max Torque Angle

Average of recorded Lead and Lag dropout
angles; should be close to Line Angle. Error is
measured with respect to the Line Angle.

Error

Error in degrees.

Result

Pass/Fail.
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The MAXTAV Test Tab screen is shown in Figure C.63.

++ ProTesT - [Test: MTA {Ph-Ph{V.MAXTAV]

ﬁQatabase Edit Macro Setup View Tools Window Help
S E R RES A

JREGION{SUBSTATION/TERMINAL/r0.01.16:1.60.03a/K0-41 3+ 3% MTA {Ph-Phiv
b TA JET-Eh Felay D:  r0.01.16:1.60.03a
LastEdit  1999-11-22 09:02:09.180

MAXTAY Al voltages with same angles
Test |Al:1i0n | Reportl Notebookl

Src High I Lo I Ampl I Phs I Freq | Results {current Test Conditions j
Wa v |7 a0 ACTION 60000 ]
VB 8 0 A120  60.000 Detrees

: Expected_Angle 45
W 9 70 A-240 60.000
I 13 12 B 0 §0.000 Tolarance +/- °
: Lead Dropout Angle
12 15 14 [ 180 60.000
Lag Dropout Angle
13 17 16 0.000 oo 60.000

kax Torgue Angle
Errar
Fesult

Sense Connections: |1'4

Jumpers: |12—1 4-16 for KD-41/Farw.

Figure C.63 MAXTAV Test Tab Screen

Action Tab
The MAXTAV Action Tab Conditions fields are explained in Table C.70.

Table C.70 MAXTAV Action Tab Conditions Fields

Field Explanation

Line Angle Initial phase for all Action sources, set to
presumed angle of maximum torque.

Line Angle How long to maintain the initial phase. Be sure
Duration it is long enough for the relay to pick up.
Delta Angle The degree increment of phase rotation. Can be

positive or negative, which determines whether
lead or lag direction is done first.

Delta Time How long to hold each phase step, during
rotation. Measured in cycles.

Angle Limit How many degrees to go from Line Angle,
before stopping ramp, if the relay does not
operate. The same limit is used in each
direction.
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The MAXTAV Action Screen is shown in Figure C.64.

/Converted Locations/D emonstration Test 50 Hz/Dema test of SEL 321/5EL-321 DEMO TEST#/Class Demo/MAKTAY

IMAXTAV j Relay ID' SEL-321 DEMO TEST* Serial Mo: SM 94034007
MAKT Ay Last Edit:  1993-05-10 15:29:43.040 Mfg: SEL
Test ih | Heportl Notebook'
Sense Conditions [ ampl [ Urits
A | Line Angle -80 Deg
Contacts *]|0-:C = =
ontacts ‘JI — LB | Duration of Line Angle: 5 Cycles
Dela}l. 0 Cycles 7] [[C| Delta Angle 2 Deg
Duration [ miecs Y] | | Delta Time 5 Cycles
Souwrce  [pg ﬂ E | Delta Angle Limit 1490 Dieg

Zero Croszing ISystem - I

Figure C.64 MAXTAV Action Screen

Sense The MAXTAV Sense fields are explained in Table C.71.

Table C.71 MAXTAYV Sense Fields

Field Explanation

Pull-down List Select sense transition: Contacts O—>C, etc.,
Voltage On—>Off, etc.

Source Name a source to identify which Instrument or
input receives the relay sense signal. The source
must be an Action. The default is MA for the
Master Instrument.

Run Click RUN on the toolbar or press F12 to run the test. The sources
initialize and turn on as follows:

* Non-Action sources turn on at Preset values.

e Action sources turn on at Offset values and move to Action
values.

Phase action then begins. The test stops as soon as the relay operates and
the phase is recorded. Phase returns to offset, waits, and begins ramping
in the other direction. If the relay does not operate, a No Op is recorded.

Hints MAXTAV can be used as a pickup test. Set the Line Angle equal to MTA
+/- 180 degrees. Phase will ramp into the operate zone of the relay from
each direction, lead, and lag. The average of the two pickup points
should be MTA +/- 180 degrees.
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Operation Graph

The MAXTAV Operation graph is shown in Figure C.65.
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Figure C.65 MAXTAV Operation Graph
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NOTEBK - User Instructions and Test Notes - All ProTesTPLANS

Description

Operation

Use

Notes

The NOTEBK macro opens the Test Plan Notebook to the page for the
present test macro. The Notebook provides a two column notepad for
Originator test instructions and User comments. Use the Tab key to move
from one column to the other. The Originator side is password protected,
while the user side is not.

The Notebook is free format, with standard Windows text editing
controls, such as:

Home Moves the cursor to the start of a line.

End Moves the cursor to the end of a line.

Ctrl+Right Arrow Moves the cursor one word to the right

Ctrl+Left Arrow Moves the cursor one word to the left.

Ins key Toggles between Insert mode and Typeover mode

(Insert is the default).

Any ASCII character can be entered. The number of lines per page is
limited to 512.

NOTEBK enters or obtains instructions on changing test setup at different
points in the Test Plan. It can also be used to record visual inspection
notes and a checklist or questionnaire for the User to fill out.

e Use NOTEBK to pause an Autorun sequence of macro execution;
e.g., the Notebook may give instructions on changes to be made
in the test setup before proceeding.

e From any NOTEBK it is possible to access all pages in the Test
Plan Notebook. There is one page for each macro, and a first page
for the Test Plan. Use the spinner arrows or the pull-down list to
turn to view other pages in the Notebook. Changing the
Notebook view does not change the macro selection.
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Instructions and Test Notes

Use Notebook to document relay identification and settings, and to
provide online instructions for manual calibration and inspection.

Page one of the six pages of calibration instructions for the NOTEBK Test
Tab screen is shown in Figure C.66.

I\NFDHMATIDN. j Relay Ip: SEL-321 DEMO TEST* Serial Mo: SN 94034007
NOTERK Last Edit: Mfg: SEL
Motebook |

)=

Originatar

Uzer
INFORMATION . 01/20/95 | ITo communicate with the relay. ;I
1.Thiz Program is wiitten to be used connect the RS-232 cable [plus
with 3F2000 TEST UNITS MULL MODEM) ta the relay serial
25TEADY STATE TESTING. port 3

Your PC must have two comports:

to run F2000 and bo talk to

SEL-321. The testing iz fully

automated by the use of EXTERM
racro, prefiminary prepared relay
settings, PCPLUS communication
prograrn.

Diuring this testing the settings

WILL BE NOT CHANGED. The outputs
of the different units will be

braught to the relay output

contacts OUTT one after one for

testing autoratically by AUTORUN.
3INALL TESTS COMMECT TERMINALS LI

Figure C.66 NOTEBK Test Tab Screen
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PHROTI - Phase Rotate, Current - | ProTesTPLAN

The phase of one or more AC currents is rotated from an offset value until
the relay operates, or until a limit phase is reached (recorded as No Op,
for No Operation).

The phase of all Action sources is ramped at the specified rate. Mark AC
source phases ACTION, or A-120 or A+120 for phase offset, and enter
values for amplitude and frequency.

This macro tests phase and power swing relays.

On the PHROTI Test Tab screen (Figure C.67 on page C-127):

Description

Operation

Use

Test Tab
1.
2.
3.
4.
5.

Select valid source names in the Src column.

Use the High and Low fields to enter values for the source
connections between the instrument and the relay.

Mark source phases ACTION, or A-120 or A+120, etc. and enter
amplitude and frequency values.

Enter test relay connections in the Sense Connections field when the
test relay is connected as a sense input or to a timer.

Enter the jumper connections in the Jumpers field.PL
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Results The macro initially displays the results for the
Current Test conditions. To display prior results,
click the pull-down arrow and select a prior test.
The PHROTI Test Tab Results fields are explained
in Table C.72.

Save Results Click Save Results after running a test and select
the new results to save. When exiting the macro,
save any macro changes and results if they have
not already been saved.

Delete Results Click Delete Results to display a window
containing saved test results. Select one or more
test results using the mouse. Ctrl+click works as a
toggle action to select or unselect items. Click OK
to complete deletion.

NoTE If battery simulator voltage is needed, enter BT as a source and select
' amplitude, or run the POWER macro.

Table C.72 PHROTI Test Tab Results Fields

Field Explanation

Expected Angle Expected operate value, in degrees.

+ Deg /- Deg Plus/minus tolerance in Degrees, used for
Pass/Fail calculation.

Actual Recorded test result.

Error Error in Degrees.

Result Pass/Fail indication.
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The PHROTI Test Tab screen is shown in Figure C.67.

/Converted Locations/Demonstration Test 50 Hz/Demo test of SEL 321/5EL-321 DEMO TEST/Class Demo/PHROTI

|PHROTI
PHROTI

j Relay ID:  SEL-321 DEMO TEST® Senial No: SW 94034007
Last Edit:  1933-05-14 12:05:16.000 Mfa: SEL

Test |Action| Heportl Notebookl

Sic | High | Low | Amnpl [ Phs [ Fre HBSUItSICurrEntTestCDnditions j §aveHesu\ts| Delete Results

WA
11

BT

12000 0.0 £0.000
2000 |ACTION 60,000 3E?:::Dgected Angle|2+ Deg |21-Dec| [ Actual [ Evor [ Result ‘

128 E0.000

Senze Connections: |

Jumpers: I

Action Tab

Figure C.67 PHROTI Test Tab Screen

The PHROTI Action Tab Conditions fields are explained in Table C.73.

Table C.73 PHROTI Action Tab Conditions Fields

Field

Explanation

Offset Phase

Initial phase for all Action sources.

Offset Duration

How long to maintain the offset.

+/— Delta Phase

Increment of phase change, in degrees.

Delta Time

How long to hold each phase step, to determine
rate of phase rotation. Measured in cycles.

Phase Limit

Phase at which the ramp stops if the relay does
not operate.
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The PHROTI Action Tab screen is shown in Figure C.68.

/Converted Locations/D emonstration Test 50 Hz/Demo test of SEL 321/5EL-321 DEMO TEST#/Class Demo/PHROTI
|F’HF|DTI ﬂ Relay ID:  SEL-321 DEMO TEST* Serial Mo: SN 94034007
BHROTI Last Edit:  1993-05-10 15:31:45.850 Mia: SEL

Test ACUO“' Heportl Notebook'

Sense Conditions [ &mpl [ Units
A |Offset Phase 320 Deg

Contacts | =]|0-C > Mo

I ontacts -JI — |'B | Ciffset Duration a0 Cucles

Delay — ]0 Cycles 7] e+ DelaPhase |1 Deg

Duration [ mSecs ] |.D | el Time a0 Cycles

Source  [}q ﬂ E |Phase Limnit -20 Deg

Zero Crossing ISyslem 'l

Figure C.68 PHROTI Action Tab Screen

Sense The PHROTI Sense fields are explained in Table C.74.

Table C.74 PHROTI Sense Fields

Field Explanation

Pull-down List Select sense transition: Contacts O—>C, etc.,
Voltage On—>Off, etc.

Source Name a source to identify which Instrument or
input receives the relay sense signal. The source
must be an Action. The default is MA for the
Master Instrument.

Run Click RUN on the toolbar or press F12 to run the test. The sources
initialize and turn on as follows:
o Non-Action sources turn on at Preset values.

e Action sources turn on at Offset values and move to Action
values.

Phase action then begins. The test stops as soon as the relay operates and
the phase is recorded. If the relay does not operate, a No Op is recorded.
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Operation Graph
The PHROTI Operation graph is shown in Figure C.69.

FPhase Angle
E ______________________________________
(&) Offset
! (B) Offset Duration
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Figure C.69 PHROTI Operation Graph
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PHROTYV - Phase Rotate, Voltage - V ProTesTPLAN

Description
The phase of one or more voltages is rotated from an offset value until the
relay operates, or until a limit phase is reached (recorded as No Op, for
No Operation).
Operation
The phase of all Action sources is ramped at the specified rate. Mark
voltage phases ACTION, or A-120 or A+120 for phase offset, and enter
values for amplitude and frequency.
Use
This macro tests phase and power swing relays.
Test Tab
On the PHROTYV Test Tab screen (Figure C.70 on page C-132):
1. Select valid source names in the Src column.
2. Use the High and Low fields to enter values for the source
connections between the instrument and the relay.
3. Mark source phases ACTION, or A-120 or A+120, etc. and enter
amplitude and frequency values.
4. Enter test relay connections in the Sense Connections field when the
test relay is connected as a sense input or to a timer.
5. Enter the jumper connections in the Jumpers field.
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Results The macro initially displays the results for the
Current Test conditions. To display prior results,
click the pull-down arrow and select a prior test.
The PHROTV Test Tab Results fields are explained
in Table C.75.

Save Results Click Save Results after running a test and select
the new results to save. When exiting the macro,
save any macro changes and results if they have
not already been saved.

Delete Results Click Delete Results to display a window
containing saved test results. Select one or more
test results using the mouse. Ctrl+click works as a
toggle action to select or unselect items. Click OK
to complete deletion.

NoTE If battery simulator voltage is needed, enter BT as a source and select
' amplitude, or run the POWER macro.

Table C.75 PHROTYV Test Tab Results Fields

Field Explanation

Expected Angle Expected operate value, in degrees.

+ Deg/- Deg Plus/minus tolerance in Degrees, used for
Pass/Fail calculation.

Actual Recorded test result.

Error Error in Degrees.

Result Pass/Fail indication.
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The PHROTV Test Tab screen is shown in Figure C.70.

/Converted Locations/Demonstration Test B0 Hz/Demo test of SEL 321/5EL-221 DEMO TEST*/Class Demo/PHROTY

VB

123

[FHROTY = RelayID: SEL-321 DEMD TEST* Serial No: 5N 34034007
PHROTY Last Edit:  1993-05-14 12:08:43.000 Mfg: SEL
Test | Actinnl Repoit I Notehook I
Sic | High | Low | Ampl [ Fhs [ Fe Feaults |Eunenl Test Conditions j Save Results I Delete Results
WA, 120 1] El

0.000
ACTION |B0.000 gxgected Angle|0+ Deq |D-Deu [ Actual [ Ermor [ Resul

Sense Connections I

Jumpers, I

Action Tab

Figure C.70 PHROTYV Test Tab Screen

PHROTV Action Tab Conditions fields are explained in Table C.76.

Table C.76 PHROTYV Action Tab Conditions Fields

Field

Explanation

Offset Phase

Initial phase for all Action sources.

Offset Duration

How long to maintain the offset.

+/— Delta Phase

Increment of phase change, in degrees.

Delta Time

How long to hold each phase step to determine
rate of phase rotation. Measured in cycles.

Phase Limit

Phase at which the ramp stops if the relay does
not operate.

C-132
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The PHROTV Action Tab screen is shown in Figure C.71.

|PHROTY
FHROTY

Test

Sen

ICDntacts _‘J I 0-C

Delay 0 Cycles 7|
Duration [ mSecs
Source  [pa ﬂ o

Zero Crossing I Swpstemn 'l

Relay ID:  SEL-321 DEMD TEST®

/Converted Locations/Demonstration Test 50 Hz/Demo test of SEL 321/5EL-321 DEMO TEST*/Class Demo/PHROTY

Senal Mo: SK 94034007

Last Edit  1993-05-10 1%:33:02.250 Mig: SEL
Conditions [ &mpl  Urits
LA] Offset Phase -35 Deq
| LB | Offset Duration 10 Cycles
|C|+/ Deka Phase 0.1 Dieg
| O | Delta Time 10 Cycles
E | Phase Limit 30 Dieg

Figure C.71 PHROTYV Action Tab Screen

Sense The PHROTYV Sense fields are explained in Table C.77.

Table C.77 PHROTYV Sense Fields

Field

Explanation

Pull-down List

Select sense transition: Contacts O—>C, etc.,

Voltage On—>Off, etc.

Source Name a source to identify which Instrument or
input receives the relay sense signal. The source
must be an Action. The default is MA for the
Master Instrument.

Run Click RUN on the toolbar or press F12 to run the test. The sources

initialize and turn on as follows:

* Non-Action sources turn on at Preset values.
e Action sources turn on at Offset values and move to Action
values.

Phase action then begins. The test stops as soon as the relay operates and
the phase is recorded. If the relay does not operate, a No Op is recorded.

Aok ™ 72A-1585 Rev. C 8/02
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Operation Graph
The PHROTYV Operation graph is shown in Figure C.72.

FPhase Angle
E ______________________________________
(&) Offset
! (B) Offset Duration
i (CY +- AValue
C ! (0 A Time
c o ! (E) Lirnit “alue
D |
A, 1 D :
B Sense Time

Figure C.72 PHROTYV Operation Graph
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PHSFTI - PHASE SHIFT, CURRENT - I ProTesTPLAN

Description
One or more test currents are set to initial values, and a phase step
change is applied. The expected value is Op or No Op and the result is
either Pass or Fail.

Operation
PHSFTI does an A to B phase step change. Phase offset between current
sources can be maintained for a phase shift.

Use
This macro tests directional and power swing relays.

Test Tab

On the PHSFTI Test Tab screen (Figure C.73 on page C-136):
1. Select valid source names in the Src column.

2. Use the High and Low fields to enter values for the source
connections between the instrument and the relay.

3. Mark source phases ACTION, or A-120 or A+120, etc. and enter
amplitude and frequency values.

4. Enter test relay connections in the Sense Connections field when the
test relay is connected as a sense input or to a timer.

5. Enter the jumper connections in the Jumpers field.

Results The macro initially displays the results for the
Current Test conditions. To display prior results,
click the pull-down arrow and select a prior test.
The PHSFTI Test Tab Results fields are explained in
Table C.78 on page C-136.

Save Results Click Save Results after running a test and select
the new results to save. When exiting the macro,
save any macro changes and results if they have
not already been saved.
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Delete Results Click Delete Results to display a window
containing saved test results. Select one or more
test results using the mouse. Ctrl+click works as a
toggle action to select or unselect items. Click OK
to complete deletion.

NoTE If battery simulator voltage is needed, enter BT as a source and select
l amplitude, or run the POWER macro.
o

Table C.78 PHSFTI Test Tab Results Fields

Field Explanation

Result Pass/Fail.

The PHSFTI Test Tab screen is shown in Figure C.73.

/Converted Locations/Demonstration Test 50 Hz/Demo test of SEL 321/5EL-321 DEMO TEST*/Clazs Demo/PHSFTI

[PHaFTI =l Relay|D:  SEL-321 DEMO TEST* Serial Mo: SM 94094007
T LastEdit 1999-05-1015:35:27.920 Mig: SEL

Test |Acti0n| Feeport | Motebook |

Sic | High | Low [ Ampl [ Phs | Fre Resits ICurrent Test Conditions j Save Results Delete Results
WA ;I 32000 0.0 50.000
WE 70.000 12000 |60.000 -
YT 70 -240.0 | 60.000
il 10 ACTION  60.000
12 1] 0.0 B0.000
13 1] 0.0 50.000

Sense Connections: I

Jurnpers: I

Figure C.73 PHSFTI Test Tab Screen
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Action Tab
The PHSFTI Action Tab Conditions fields are explained in Table C.79.

Table C.79 PHSFTI Action Tab Conditions Fields

Field Explanation

Offset Phase The initial phase for all Action sources, typically
the normal balanced values.

Offset Duration How long to maintain the offset. Be sure it is
long enough for the relay to initialize.

Test Phase The test phase to apply.

Max On Time How long to maintain the test phase. Be sure it is
long enough for the relay to sense and respond.

The PHSFTI Action Tab screen is shown in Figure C.74.

/Converted Locations/Demonstration Test 50 Hz/Demo test of SEL 321/5EL-321 DEMO TEST#/Clazs Demo/PHSFTI
IPHSFTI j Relay ID:  SEL-321 DEMO TEST* Serial Mo: SM 94034007
Last Edit: 1999-05-10 15:35:27.920 Mig: SEL

PHSFTI

Test | |Heport| Notebook'

Sense Conditions [ Ampl [ Units
A | Offzet Phasze 1] Deq
Contacts | ¥]|0-C & o
I Ontacts _JI Z |[B| Offzet Duration 1] Cycles
Delay 0 Cycles | |[C| Test Phase -80 Deg
Duration [ mSecs 7] D Max On Time 5 Cycles
Source | ﬂ

Zera Crassing ISystem 'l

Figure C.74 PHSFTI Action Tab Screen
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Sense The PHSFTI Sense fields are explained in Table C.80.

Table C.80 PHSFTI Sense Fields

Field

Explanation

Pull-down List

Select sense transition: Contacts O—>C, etc.,
Voltage On—>Off, etc.

Source Name a source to identify which Instrument or
input receives the relay sense signal. The source
must be an Action. The default is MA for the
Master Instrument.

Run Click RUN on the toolbar or press F12 to run the test. The sources

initialize and turn on as follows:

o Non-Action sources turn on at Preset values.

e Action sources turn on at Offset values and move to Action
values.

The test stops as soon as the relay operates. The expected result is Op;
this can be changed to No Op.

Operation Graph

The PHSFTI Operation graph is shown in Figure C.75.

* Phase Angle

(&) Offzet

(B) Offset duration
(C) Testwalue

(O} Max. on time

B

» Time
Sense D

Figure C.75 PHSFTI Operation Graph
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PHSFTV - Phase Shift, Voltage - V ProTesTPLAN

One or more test voltages are set to initial values, and a phase step
change is applied. The expected value is Op or No Op and the result is
either Pass or Fail.

PHSFTV does an A to B phase step change. Phase offset between voltage
sources can be maintained for a phase shift.

This macro tests directional and power swing relays.

On the PHSFTV Test Tab screen (Figure C.76 on page C-140):

Description

Operation

Use

Test Tab
1.
2.
3.
4.
5.

Select valid source names in the Src column.

Use the High and Low fields to enter values for the source
connections between the instrument and the relay.

Mark source phases ACTION, or A-120 or A+120, etc. and enter
amplitude and frequency values.

Enter test relay connections in the Sense Connections field when the
test relay is connected as a sense input or to a timer.

Enter the jumper connections in the Jumpers field.
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Results

Save Results

Delete Results

The macro initially displays the results for the
Current Test conditions. To display prior results,
click the pull-down arrow and select a prior test.
The PHSFTV Test Tab Results fields are explained
in Table C.81.

Click Save Results after running a test and select
the new results to save. When exiting the macro,
save any macro changes and results if they have
not already been saved.

Click Delete Results to display a window
containing saved test results. Select one or more
test results using the mouse. Ctrl+click works as a
toggle action to select or unselect items. Click OK
to complete deletion.

NoTE If battery simulator voltage is needed, enter BT as a source and select
' amplitude, or run the POWER macro.
o
NoTE Expected and Actual entries are future enhancements.
! Table C.81 PHSFTV Test Tab Results Fields
Field Explanation
Result Pass/Fail.

The PHSFTV Test Tab screen is shown in Figure C.76.

/Converted Locations/Demonstration Test 50 Hz/Demo test of SEL 321/5EL-321 DEMO TEST"/Class Demo/FHSFTY

IF‘HSFTV j Relay ID:  5SEL-321 DEMO TEST* Serial Na: SN 94034007
PHSFTY Last Edit:  1993-05-10 15:38:02.040 Mig: SEL
| Action I Report I Motehook I
Sre | High | Low | Ampl [ Phe [ Fre Resits ICurrent Test Conditions j Save Results Delete Results

32 ACTION 60000
70 Ad20 60000
70 A240 60000

2 a0 E0.000
1] 0 E0.000
] 0 E0.000

Sense Connections: |

Jumpers: |

Figure C.76 PHSFTV Test Tab Screen
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Action Tab
The PHSFTV Action Tab Conditions fields are explained in Table C.82.

Table C.82 PHSFTV Action Tab Conditions Fields

Offset Phase The initial phase for all Action sources, typically
the normal, balanced values.

Offset Duration How long to maintain the offset. Be sure it is
long enough for the relay to initialize.

Test Phase The test phase to apply.

Max On Time How long to maintain the test phase. Be sure it is

long enough for the relay to sense and respond.

The PHSFTV Action Tab screen is shown in Figure C.77.

/Converted Locations/D emonztration Test 50 Hz/Demo test of SEL 321/5EL-321 DEMO TEST*/Class Demo/PHSFTY
PHSFTY j Relay ID:  SEL-321 DEMO TEST* Serial Mo: SN 94094007
PHSFTY Last Edit:  1993-05-10 15:38:02.040 Mfg: SEL

Test | Feport I Motebook. I

Sen

Conditions [ ampl [ Units
A Offzet Phase 40 Deg
Contacts = ||0-C 2 .
ontacts -JI — | LB | Offs=t Duration 5 Cycles
DE|G}'_ 0 Cpcles | = (BB T et Phase a Dea
Duration [ mSecs 7| D tax On Time 5 Cycles
Source  [pa |+

Zem Crossing ISystem 'l

Figure C.77 PHSFTV Action Tab Screen
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Sense The PHSFTV Sense fields are explained in Table C.83.

Table C.83 PHSFTYV Sense Fields

Field

Explanation

Pull-down List

Select sense transition: Contacts O—>C, etc.,
Voltage On—>Off, etc.

Source Name a source to identify which Instrument or
input receives the relay sense signal. The source
must be an Action. The default is MA for the
Master Instrument.

Run Click RUN on the toolbar or press F12 to run the test. The sources

initialize and turn on as follows:

o Non-Action sources turn on at Preset values.

e Action sources turn on at Offset values and move to Action
values.

Phase action then begins. The test stops as soon as the relay operates.
The expected result is Op; this can be changed to No Op.

Operation Graph

The PHSFTV Operation graph is shown in Figure C.78.

* Phase Angle

(&) Offzet

(B) Offzset duration
(C) Testwalue

(O} Max. on time

B

» Time
Sense D

Figure C.78 PHSFTV Operation Graph
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PLOTII - |1 vs. | Differential Current Plot - | ProTesTPLAN

Description

Operation

Use

A Preset current is connected to one winding of the relay and an Action
current is connected to another relay winding. The initial value of the
Action current is set to be in balance with the Preset, and a Binary Search
of current is done to find a pickup amplitude. The procedure is repeated
for up to 12 values of Preset current. A plot formula is selected according
to the type of relay being tested. Depending on the test connections, the
plot can display Action vs. Preset current, (Action — Preset) vs. Preset,
(Action + Preset) vs. Preset, or relay specific plots of multiples of tap or
slope. Two PLOTII macros can be used to plot the upper and lower
boundaries between operate and non-operate values of current.

The Test tab identifies one current as PRESET and one as ACTION.
Values of Preset current are entered on the Test tab. Use the Action tab to
define Action Conditions for the Binary Search. Action offset is given as a
% of Preset, so that each test begins with a different Action offset, one
that is balanced with the Preset current. (The Offset % can be greater or
smaller than 100%, or equal to 100%, depending on the tap
connections.) The Action Limit and sign of the delta current determine
whether the search goes up or down.

On the Test tab enter up to 12 Preset amplitudes. The PRESET current is
turned on with the ACTION, at values where the sources should be in
balance. If other sources are specified, such as voltages, they would also
be turned on, although additional sources are not normally required for
this test. When an Action point completes, both PRESET and ACTION
sources turn off. If a source error occurs, the test result is recorded as
SOURCE, and the test continues with the next point. Similarly, a
no-operate condition is recorded as No Op. (Source errors are ignored
during the search phase of Binary Search, but are detected during the
subsequent ramp.)

This macro is used to test Slope of current differential relays.
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Notes
e If tap values apply to the relay, enter the values on the Test screen
for Preset Tap and Action Tap; the default is 1.0. Tap value is used
only for plotting. Test quantities are specified and recorded as
current amplitude. The formula can be changed without
re-running the test.
Test Tab

On the PLOTII Test Tab Results screen (Figure C.79):

1. Select valid source names in the Src column.

2. Use the High and Low fields to enter values for the source

connections between the instrument and the relay.

3. Enter the source current amplitude as PRESET and ACTION and enter

phase and frequency values.

4. Enter test relay connections in the Sense Connections field when the

test relay is connected as a sense input or to a timer.

5. Enter the jumper connections in the Jumpers field.

Results The macro initially displays the results for the
Current Test conditions. To display prior results,
click the pull-down arrow and select a prior test.
The PLOTII Test Tab Results fields are explained in
Table C.84.

Save Results Click Save Results after running a test and select
the new results to save. When exiting the macro,
save any macro changes and results if they have
not already been saved.

Delete Results Click Delete Results to display a window
containing saved test results. Select one or more
test results using the mouse. Ctrl+click works as a
toggle action to select or unselect items. Click OK
to complete deletion.

NoTE If battery simulator voltage is needed, enter BT as a source and select
' amplitude, or run the POWER macro.
o
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Table C.84 PLOTII Test Tab Results Fields

Field Explanation

Preset | Enter up to 12 values of Preset amplitude in the
table. These define the Preset current and the
Action offset that will be applied. Zero values

are not run.

Expected | Enter up to 12 values to define the expected
pickup current, in amps.

+ %/ % Enter +% and —% tolerances to determine
pass/fail.

Actual The recorded amplitude is displayed in this
column, in Amps.

Error Test point error.

Result Pass/Fail result based on current and not
formula.

The PLOTII Test Tab screen is shown in Figure C.79.

/Converted Locations/D emonstrate Macros/Exercise Macroz B0 Hz/STD15C34 Rev B/Differential test/Flot 1/
I Plat I/] j FelayID:  STD15C3A Rev B Serial Mo: from Doble
BLOTI Last Edit: Mig: GE

TBStl Action | Report | MNotebook |

Sic [ High [ Low [ Ampl [ Phe [ Freq | Resulls [oz13981451:42.0: 0p: =] _ SaveResults | Delete Results
:_11 ﬁgysug.r gg gg gg Freset | | Expected | | +% | -% | Actual | Euor | Resul

: 2 2300 (0.0

4 3000 (0.0

5 3400 (0.0

10 5400 0.0

15 7400 0.0

BT 125 20 9400 0.0

25 11.500 (0.0
Senze Connections: |
Jumpers: I

Figure C.79 PLOTII Test Tab Screen
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Action Tab
The PLOTII Action Tab Conditions fields are explained in Table C.85.

Table C.85 PLOTII Action Tab Conditions Fields

Field Explanation

Action Offset Offset as a percent of Preset for balanced initial
condition; value may be greater or less than
100%. Action Tap/Preset Tap * 1000.

Offset Duration How long to apply the offset, in cycles.

Action Limit Limit current in amps for test; maximum of
Offset and Limit determines source range.
Note: Action Offset changes for each test point
as a function of Preset.

Pulse Duration Maximum length of each binary search test
pulse; pulse terminates as soon as sense is
detected.

Wait How long to wait between search pulses; wait is

at offset current.

Delta Current Step size of final ramp, after search converges.
Use minus sign for downward ramp.

Delta Time How long each linear ramp step is held, looking
for pickup. Set Delta Time to O for a pulsed
ramp, with return to offset; pulse duration and
wait time are the same as for the search.

Reset Time Time to wait between test values, with ACTION
and PRESET currents off.
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The PLOTII Action Tab screen is shown in Figure C.80.

/Converted Locations/Demonstrate Macros/Exercise Macmos 60 Hz/5TD15C34 Rev B/Differential test/Plot /1
IPIU[ 1 j Relay ID:  STD15C3A Rev B Serial Na: fram Doble
FLOTII Last Edit: Mfg GE

Test Feport | Notebook |

~Sense Conditons | Ampl [ Units
A | Action Offzet 10 % Presd
Contacts =||0-+C = =
I oriacts -JI — ||B | Offz=t Duration 10 Cycles
De|a.'r'_ 0 Cycles =] [BEN] 2cticn Lirit 26 Amps
Duration [ mSecs 7] |[D7| Pruls= Curation 10 Cycles
Source [y = |LE |"ait 30 Cycles
|LE | +- Drelta Current 01 Amps
Zero Crossing ISystem A % g:lst:lTTui-:; ;U ?;EIES

— Fomula

Select "EDD Action

Preset Tap lﬁ
Action Tap |5—
Figure C.80 PLOTII Action Tab Screen
Sense The PLOTII Sense fields are explained in Table C.86.

Table C.86 PLOTII Sense Fields

Field Explanation

Pull-down List Select sense transition: Contacts O—>C, etc.,
Voltage On—>Off, etc.

Source Name a source to identify which Instrument or
input receives the relay sense signal. The source
must be an Action. The default is MA for the
Master Instrument.

Formula Select Click this button to display the Formula pop-up
window. Select a formula and click Apply. Enter
Preset Tap and Action Tap values.

Run Click RUN on the toolbar or press F12 to run the test. The sources
initialize and turn on as follows:

o Non-Action sources turn on at Preset values.

e Action sources turn on at Offset values and move to Action
values.

After a number of search pulses a linear or pulsed ramp begins. Each test
point stops when the ramp detects relay operation, normally after three
or four steps. If the relay does not operate after the first two search pulses,
or after 15 ramp steps, a No Op is recorded.
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Operation Graph
The PLOTII Operation graph is shown in Figure C.81.

 Current
Hen A} Offset

B) Oftset Duration
) Limit Yalue

07 Pulse Duration
E

F

Sl } Wait

) Ramp + A%alue
) Ramp & Time
M Tirme =0 for
Fulsed Ramp

(
(
(
(
(
(
(

B Senge 1ime

Maote: Pulse (D) ends on Sense

Figure C.81 PLOTII Operation Graph
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PLOTVV -V vs. V Differential Voltage Plot - V ProTesTPLAN

Description

Operation

Use

A Preset voltage is set to a value, and an Action voltage is searched for a
pickup. The initial value of the Action Voltage is set to be in balance with
the Preset, and moves up or down with Binary Search to find a pickup
amplitude. The procedure is repeated for up to 12 values of Preset
voltage. A plot formula is selected according to the type of relay being
tested. Depending on the test connections, the plot can display Action vs.
Preset current, (Action — Preset) vs. Preset, (Action + Preset) vs. Preset, or
relay specific plots of multiples of tap or slope. Two PLOTVV macros can
be used to plot the upper and lower boundaries between operate (Op)
and non-operate (No Op) values of voltage.

The Test tab identifies one voltage as PRESET and one as ACTION.
Values of Preset voltage are entered on the Test tab. Use the Action tab to
define Action Conditions for the Binary Search. Action offset is given as a
% of Preset, so that each test begins with a different Action offset, one
that is balanced with the Preset voltage. (The Offset% can be greater or
smaller than 100%, depending on the tap connections.) The Action Limit
and sign of the delta voltage determine whether the search goes up or
down.

On the Test tab enter up to 12 Preset amplitudes. The PRESET voltage is
turned on with the ACTION, at values where the sources should be in
balance. If other sources are specified, such as currents, they would also
be turned on, although additional sources are not normally required for
this test. When an Action point completes, both PRESET and ACTION
sources turn off. If a source error occurs, the test result is recorded as
SOURCE, and the test continues with the next point. Similarly, a
no-operate condition is recorded as No Op. (Source errors are ignored
during the search phase of Binary Search, but are detected during the
subsequent ramp.)

This macro tests the slope of voltage differential relays.
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Notes

e If tap values apply to the relay, enter values on the Test screen for
Preset Tap and Action Tap; the default is 1.0. Tap value is used
only for plotting. Test quantities are specified and recorded as
current amplitude. The formula can be changed without running
the test.

Test Tab
On the PLOTVV Test Tab screen (Figure C.82):
1. Select valid source names in the Src column.

2. Use the High and Low fields to enter values for the source
connections between the instrument and the relay.

3. Enter the source current amplitude ACTION and enter phase and
frequency values.

4. Enter test relay connections in the Sense Connections field when the
test relay is connected as a sense input or to a timer.

5. Enter the jumper connections in the Jumpers field.

Results The macro initially displays the results for the
Current Test conditions. To display prior results,
click the pull-down arrow and select a prior test.
The PLOTVV Test Tab Results fields are explained
in Table C.87.

Save Results Click Save Results after running a test and select
the new results to save. When exiting the macro,
save any macro changes and results if they have
not already been saved.

Delete Results Click Delete Results to display a window
containing saved test results. Select one or more
test results using the mouse. Ctrl+click works as a
toggle action to select or unselect items. Click OK
to complete deletion.

NoTE If battery simulator voltage is needed, enter BT as a source and select
' amplitude, or run the POWER macro.
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Table C.87 PLOTVYV Test Tab Results Fields

Field Explanation

Preset V Enter up to 12 values of Preset amplitude in the
table. These define the Preset voltage and the
Action offset that will be applied. Zero values

are not run.

Expected V Enter up to 12 values to define the expected
pickup voltage, in volts.

+ %/ % Enter + % and — % tolerances to determine
Pass/Fail.

Actual The recorded amplitude is displayed in this
column, in volts.

Error Test point error.

Result Pass/Fail result based on current and not
formula.

The PLOTVYV Test Tab screen is shown in Figure C.82.

/Converted Locations/Demonstration Test 50 Hz/Demo test of SEL 321/5EL-321 DEMO TEST*/Class Demo/PLOTYY
IF'LDTW j RelayID:  SEL-321 DEMO TEST* Serial Ma: SM 94094007
PLOTHY Last Edit:  1993-05-10 15:39:58.040 Mig: SEL

Test |Action| Flapoltl Notebookl

Sc | High | Low | Ampl [ Phs [ Fre HesunsIEurrentTestEondlt\ons j Save Results I Delete Results

VA =] ACTION |0 £0.000 ——

Ve =FESET(D #0000 15'0[9391 W | Espected ¥ | +% |- %[ Actusl | Eror | Fesult
a0

a0

il

Senze Connections: I

Jumpers: I

Figure C.82 PLOTVYV Test Tab Screen
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Action Tab
The PLOTVV Action Tab Conditions fields are explained in Table C.88.

Table C.88 PLOTVYV Action Tab Conditions Fields

Field Explanation

Action Offset Offset voltage as percent of Preset for balanced
initial condition; value may be greater or less
than 100%

Offset Duration How long to apply the offset, in cycles.

Action Limit Limit voltage in voltage for test; maximum of
Offset and Limit determines source range.
Note: Offset changes for each test point, as a
function of Preset.

Pulse Duration Maximum length of each binary search test
pulse, pulse terminates as soon as sense is
detected.

Wait How long to wait between search pulses, wait is

at offset current.

Delta Voltage Step size of final ramp, after search converges.

Delta Time How long each linear ramp step is held, looking
for pickup. Set Delta Time to O for a pulsed
ramp, with return to offset; pulse duration and
wait time are the same as for the search.

Reset Time Time to wait between test values, with ACTION
and PRESET currents off.
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The PLOTVV Action Tab screen is shown in Figure C.83.

#Caonverted Locatiors/Demonstration Test 50 Ha/Demo test of SEL 321/5EL-321 DEMO TEST#/Clags Demo/PLOTYY
PLOTW j Relay ID:  SEL-321 DEMO TEST® Serial No: SN 34034007
PLOTVY Lagt Edit:  1995-05-10 15:33:58.040 Mfg: SEL

Test ’K&.\Bﬁll Repnrtl anehnnkl

poense Conditions | Ampl [ Units
A Action Offset 100 % Presq
IE tacts | ¥ ID»E B = .
ontacts _ — |[B1) Ciffset Duration 10 Cycles
Delay {0 Cycles = L&} Action Limit 0 Yol
Duration [ mSecs 7] DY Pulse Duration 10 Crcles
Source g j |E |'wal 10 Cycles
LB +/- Delta Voltage 06 |Wols
|G| Delta Time 10 Cycles
Zero Crossing — [System | ¥ | Feset Time 2 Sec
Fomula———————
Select
Freset Tap
Action Tap

Figure C.83 PLOTVYV Action Tab Screen

Sense The PLOTVYV Sense fields are explained in Table C.89.

Table C.89 PLOTVYV Sense Fields

Field Explanation

Pull-down List Select sense transition: Contacts O—>C, etc.,
Voltage On—>Off, etc.

Source Name a source to identify which Instrument or
input receives the relay sense signal. The source
must be an Action. The default is MA for the
Master Instrument.

Formula Select Click this button to display the Formula pop-up
window. Select a formula and click Apply. Enter
Preset Tap and Action Tap values.

Run Click RUN on the toolbar or press F12 to run the test. The sources
initialize and turn on as follows:

o Non-Action sources turn on at Preset values.

e Action sources turn on at Offset values and move to Action
values.

After a number of search pulses a linear or pulsed ramp begins. Each test
point stops when the ramp detects relay operation, normally after three
or four steps. If the relay does not operate after the first two search pulses,
or after 15 ramp steps, a No Op is recorded.
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Operation Graph
The PLOTVV Operation graph is shown in Figure C.84.
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Mate: Pulse (D) ends on Sense

Figure C.84 PLOTVYV Operation Graph
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POWER - Battery Simulator Power - All ProTesTPLANS

Description

Supply non-stop DC power to the relay being tested, using the F225x and
F6000 family internal battery simulator or external F2410 slave Battery
Simulator. The selected DC voltage remains applied during all macros
used in the Test Plan.

Operation

The battery simulator is turned on by selecting a non-zero amplitude and
running the Power macro. The battery simulator remains on until the
Power macro is run again with a zero amplitude on the Test Plan.

Test Tab
On the POWER Test Tab screen (Figure C.85 on page C-156):

1. Enter a BT non-zero amplitude and run the macro to turn on DC
power.
Enter a zero amplitude and run the macro to turn the BT source off.

2. Use the High and Low fields to enter values for the source
connections between the instrument and the relay.

3. Enter test relay connections in the Sense Connections field when the
test relay is connected as a sense input or to a timer.

4. Enter the jumper connections in the Jumpers field.
The POWER Test Tab Results fields are explained in Table C.90.

Table C.90 POWER Test Tab Results Fields

Field Explanation

Source Name of the source is always BT. Results do not
apply to POWER.

Amplitude Select DC voltage from a pull-down list that
appears when the Ampl field is selected. A value
of 0 will turn off the BT source.

On/Off Specify the state of the DC power supply, either
on or off.
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The POWER Test Tab screen is shown in Figure C.85.

{Converted Locations/D emonstration Test 50 Hz/D'emo test of SEL 321/5EL-321 DEMO TEST*/Class Demo/POWER
IPDWEH j Relay ID:  SEL-321 DEMO TEST® Serial Mo 5M 34034007
POWER Last Edit:  1999-05-10 15:41:32.290

Mfg: SEL
| Motebook I

Sre | High | Low | Ampl |
BT 125 |

Senze Connhections: I

Jumpers: I

Figure C.85 POWER Test Tab Screen

Run Click RUN on the toolbar or press F12 to run the test. The sources
initialize and turn on as follows:
o Non-Action sources turn on at Preset values.
e Action sources turn on at Offset values and move to Action
values.
C-156
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PRAMPI - Pulsed Linear Ramp, Current - | ProTesTPLAN

Description

One or more current sources are ramped, simultaneously, returning to an
offset amplitude between pulses. If the limit amplitude is reached with no
relay operation, it is recorded as No Op, for No Operation.

For example, use this macro to test reach at a specific angle for a distance
relay — hence the Reach Pulse Ramp Curve, RCHPRI macro name. Pulsed
ramp reduces heat load on the relay. RCHPRI and PRAMPI are identical.
If you have both Z and | ProtestPLANS, use the name you prefer.

Operation

One or more current sources are ramped, simultaneously, in a series of
pulses using the same Action conditions. One or more voltage presets
can be applied. Sources can have different phase angles, representing
phase offset. Sources can be at different harmonics; e.g. one current can
be at 60 Hz (or 50 Hz), and another at 120 Hz (or 100 Hz), to test
harmonic restraint on a differential relay.

Use

This macro tests Ohmic reach of current-operated directional distance
relays at specific phase angles; Pickup/dropout of overcurrent relays;
Minimum pickup and harmonic restraint for differential relays with
harmonic inrush restraint.

Use Pulsed Ramp instead of Linear Ramp to minimize heat load on relay,
or when the relay requires return to offset between test values.

Notes

* Most relays that can be tested with RCHPRI or PRAMPI can be
tested faster using RCHBOI or BSRHOI, the binary search macro.
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Test Tab

On the PRAMPI Test Tab screen (Figure C.86):

1. Select valid source names in the Src column.

2. Use the High and Low fields to enter values for the source

connections between the instrument and the relay.

3. Enter the source current amplitude ACTION and enter phase and

frequency values.

4. Enter test relay connections in the Sense Connections field when the

test relay is connected as a sense input or to a timer.

5. Enter the jumper connections in the Jumpers field.

Results The macro initially displays the results for the
Current Test conditions. To display prior results,
click the pull-down arrow and select a prior test.
The PRAMPI Test Tab Results fields are explained
in Table C.91.

Save Results Click Save Results after running a test and select
the new results to save. When exiting the macro,
save any macro changes and results if they have
not already been saved.

Delete Results Click Delete Results to display a window
containing saved test results. Select one or more
test results using the mouse. Ctrl+click works as a
toggle action to select or unselect items. Click OK
to complete deletion.

NoTE If battery simulator voltage is needed, enter BT as a source and select
' amplitude, or run the POWER macro.
o

Table C.91 PRAMPI Test Tab Results Fields

Field Explanation

Expected | Expected operate value, in Amps.

+ Y%/— % Plus/minus tolerance percentage, used for
Pass/Fail calculation.

Actual Recorded test result.

% Error Error.

Result Pass/Fail indication.
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The PRAMPI Test Tab screen is shown in Figure C.86.

/Converted Locations/Demanstrate Macros/Exercize Macios 80 Hz/STD15C34 Rev B/Differential test/ Thiu Rest 25%

[ Thiu Riest 25
PRAMPI

j Relay ID:  STD15C3A Rev B Serial Ma: from Doble

Last Edit; tfa: GE

Src | High | Low | Ampl [ Prs [ Fre F\esu‘tsICurrentTestCDnditions j Save Results | Delete Results

RS
12

BT

ACTION 10.0 E0.00 Expected | | +% | -%| Actual | %FEnar | Pesut
0.0 E0.00 0 0 ]

Senze Connections: I

Jumpers: |

Action Tab

Figure C.86 PRAMPI Test Tab Screen

The PRAMPI Action Tab Conditions fields are explained in Table C.92.

Table C.92 PRAMPI Action Tab Conditions Fields

Field

Explanation

Offset Current

The initial amplitude of the Action source.

Offset Duration

How long to maintain the offset. For no offset,
enter 0 amps and 0 cycles.

Initial Current

Starting value for the pulsed ramp.

Pulse Duration

How long each pulse is held waiting for a sense.

Wait

How long to wait at offset between pulses.

Delta Current

Step size of pulsed ramp. Use a minus sign for a
downward ramp.

Current Limit

The amplitude at which the ramp stops if the
relay does not operate. The maximum of the
source limit determines the source range.
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The PRAMPI Action Tab screen is shown in Figure C.87.

/Converted Locations/D emonstrate tacios/Exercise Macroz 60 Hz/STD15C34 Rev B/Difterential test/Thru Rest 25%
IThru Frest 253 j RelayID:  STD15C3A Rev B Serial Mo: from Doble
Last Edit: Mfg: GE

PRAMPI
refaultl Heportl Notebookl

Test

Senze Conditions [ enpl T Uinits
= | = L& | Offset Current 0 Arnps
IContacts -JID °C — | LB | Offz=t Duration Bl Cyclez
Delay 0 Cycles |7 ] L€ Initial Current 3 Amps
Duration [ mSecs ¥ LD | Pulse Duration 10 Cycles
Souwce [y ﬂ |LE |/ ait 30 Cycles
\0E | +/- Dglta Current 01 Amps
G | Current Limit 10 Amps

Zero Crossing ISystem 'l

Figure C.87 PRAMPI Action Tab Screen

Sense The PRAMPI Sense fields are explained in Table C.93.

Table C.93 PRAMPI Sense Fields

Field Explanation

Pull-down List Select sense transition: Contacts O—>C, etc.,
Voltage On—>Off, etc.

Source Name a source to identify which Instrument or
input receives the relay sense signal. The source
must be an Action. The default is MA for the
Master Instrument.

Run Click RUN on the toolbar or press F12 to run the test. The sources
initialize as follows:

e Non-Action sources turn on at Preset values.
e Action values turn on at Prefault values, move to offset values and
then to Action values.

The test stops as soon as the ramp operates and the amplitude is
recorded. If the relay does not operate, a No Op is recorded. No Op may
be desired, if the relay is not supposed to operate.
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Hints

Operation Graph

Use Offset Current = 0, and non-zero Offset Duration Action
Delay if polarizing voltage must be applied before the Action.

Test results depend on the ramp rate — too fast causes overshoot,
too slow stresses the relay and takes more time. Start with a slow
rate, using values that give a stable, acceptable result. Then
reduce the delta time until the result is no longer stable. Find the
fastest ramp that is acceptable.

The Wait time should be long enough to allow the relay to reset
or recover from the previous pulse. Make Wait as short as
possible to make the test run faster.

Highest VA output is obtained when a source is used in the high
end of its range. Do not select a Current Limit too far beyond
expected relay action.

The PRAMPI Operation graph is shown in Figure C.88.

Prefault Yalue

A Current
e (&)
(B) Offset Duration
(C) Initial Current
Copeeeee- ERREEEEEE (O} Pulse Duration
(E) Wait

(Fy+/- avalue
(G) Limit Yalue

A --------- [
Prefault B Sense " Time
Duration

Maote: Fulse (O} ends on Sense

Figure C.88 PRAMPI Operation Graph
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Prefault Tab

The Prefault tab is used for steady state macros to assert initial conditions
before the values on the Test tab and Action offset are applied. This
allows an initial state of normal, balanced voltages and currents to be
applied for a duration before the macro action begins with faulted
voltage and increasing current. The PRAMPI Prefault Tab fields are
explained in Table C.94.

Operation

When the test is run, the Prefault is applied as
indicated. This allows an intelligent relay to see
normal conditions before responding to the fault
condition generated by running the macro. If the
Prefault duration is 0, no Prefault occurs.

Table C.94 PRAMPI Prefault Tab Fields

Field

Explanation

Source Name

Source names are set on the Test tab and cannot
be modified.

Amplitude Enter the desired amplitude.
Phase Enter a phase in the range of -360.0° to 360.0°.
Frequency The Frequency value is set on the Test tab.

Prefault Duration

Enter a duration for the Prefault condition.
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PRAMPYV - Pulsed Linear Ramp, Voltage - V ProTesTPLAN

Description

One or more voltage sources are ramped, simultaneously, in a series of
pulses, returning to an offset amplitude between pulses. If the limit
amplitude is reached with no relay operation, it is recorded as No Op, for
No Operation.

Use this macro to test reach at a specific angle for a distance relay —
hence the Reach Pulse Ramp Voltage, RCHPRV macro name. Pulsed
ramp minimizes voltage load on a relay. RCHPRV and PRAMPV are
identical. If you have both Z and V ProTesTPLANS, use the name you
prefer.

Operation

One or more voltage sources are ramped, simultaneously, in a series of
pulses using the same Action conditions. One or more voltage presets
can be applied. Sources can have different phase angles, representing
phase offset. Sources can be at different harmonics; e.g. one voltage can
be at 60 Hz (or 50 Hz), and another at 120 Hz (or 100 Hz).

Use

This macro tests Ohmic reach of voltage-operated directional distance
relays at specific phase angles; Pickup/dropout of overvoltage or
undervoltage relays.

Use when relay requires a return to offset between test values.

Notes

*  Most relays that can be tested with RCHPRV or LRAMPV can be
tested faster using RCHBOV or BSRHOV, the binary search
macro.
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Test Tab
On the PRAMPV Test Tab Results screen (Figure C.89):
1. Select valid source names in the Src column.
2. Use the High and Low fields to enter values for the source
connections between the instrument and the relay.
3. Enter the source voltage amplitude ACTION and enter phase and
frequency values.
4. Enter test relay connections in the Sense Connections field when the
test relay is connected as a sense input or to a timer.
5. Enter the jumper connections in the Jumpers field.
NoTE If battery simulator voltage is needed, enter BT as a source and select
' amplitude, or run the POWER macro.
S Results The macro initially displays the results for the

Current Test conditions. To display prior results,
click the pull-down arrow and select a prior test.
The PRAMPV Test Tab Results fields are explained
in Table C.95.

Save Results Click Save Results after running a test and select
the new results to save. When exiting the macro,
save any macro changes and results if they have
not already been saved.

Delete Results Click Delete Results to display a window
containing saved test results. Select one or more
test results using the mouse. Ctrl+click works as a
toggle action to select or unselect items. Click OK
to complete deletion.

Table C.95 PRAMPYV Test Tab Results Fields

Field Explanation

Expected V Expected operate value, in Volts.

+ Y%/— % Plus/minus tolerance percentage, used for
Pass/Fail calculation.

Actual Recorded test result.

% Error Error.

Result Pass/Fail indication
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The PRAMPYV Test Tab screen is shown in Figure C.89.

/Converted Locations/Demonstration Test 50 Hz/Demo test of SEL 321/5EL-321 DEMO TEST*/Clasz Demo/PRAMPY

|PRaAMPY
PRAMPY

j Relay ID:  SEL-321 DEMO TEST® Serial Mo: SM 94094007

Last Edit  1333-05-10 15:43:34.060 Mfag: SEL

TESll Actionl F‘refau\tl Heportl Nolebonkl

0
1]

Sic | High | Low | Arnpl [ Phe [ Fre Results ICurrentTest Conditions j Save Results | Delete Results
Wh = ACTION 0 E0.000 =T =
Ve 0 1z £0.000 32Ekgected W |5+/, |5/=| Actual | % Eror | Resul ‘
WL 70 -240 £0.000
i 3 -80 E0.000

0
1]

50.000
50.000

Sense Connections: I

Jumpers: I

Action Tab

Figure C.89 PRAMPV Test Tab Screen

The PRAMPV Action Tab Conditions fields are explained in Table C.96.

Table C.96 PRAMPYV Action Tab Conditions Fields

Field

Explanation

Offset Voltage

The initial amplitude of the Action source.

Offset Duration

How long to maintain the offset. If no offset is
wanted, enter O volts and O cycles.

Initial Voltage

Starting value for the pulsed ramp.

Pulse Duration

How long each pulse is held waiting for a sense.

Wait

How long to wait at offset between pulses.

Delta Voltage

Step size of pulsed ramp. Use a minus sign for a
downward ramp.

Voltage Limit

The amplitude at which the ramp stops if the
relay does not operate. The maximum of Offset
and limit determines the source range.
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The PRAMPV Action Tab screen is shown in Figure C.90.

/Converted Locations/Demonstration Test 50 Hz/Dema test of SEL 321/5EL-321 DEMO TEST"/Class Demo/PRAMPY
IPHAMPV j Relay|D:  SEL-321 DEMO TEST* Serial Mo: SM 94034007
PRAMPY Last Edit:  1933-05-10 15:43:34.060 Mfig: SEL

Test AC“Unl Prefaultl Hepoltl Nolebookl

Sense Conditions [ ampl [ Units
A | Offzet Volage B0 Wolks
Conlacts _'JID->E = ? Offset Duration =11 Cycles
DEIa-"'_ 0 Cycles 7] E Initial Voltage 57 Wilt:
Duration 10 migcs 7| LD | Pulse Duration 700 Cycles
Souwrce [y ﬂ |LE | ait 30 Cycles
|LE | +/- Dielta Voltage -1 Walks
G |"/okage Limit 45 Wolks

Zero Crozszing ISystam 'l

Figure C.90 PRAMPYV Action Tab Screen

Sense The PRAMPV Sense fields are explained in Table C.97.

Table C.97 PRAMPYV Sense Fields

Field Explanation

Pull-down List Select sense transition: Contacts O—>C, etc.,
Voltage On—>Off, etc.

Source Name a source to identify which Instrument or
input receives the relay sense signal. The source
must be an Action. The default is MA for the
Master Instrument.

Run Click RUN on the toolbar or press F12 to run the test. The sources
initialize as follows:

o Non-Action sources turn on at Preset values.
e Action values turn on at Prefault values, move to offset values and
then to Action values.

The test stops as soon as the relay operates and the amplitude is
recorded. If the relay does not operate a No Op is recorded. No Op may
be desired, if the relay is not supposed to operate.
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Prefault Tab

ProTesT User Guide
L

e Use Offset Voltage, and non-zero Offset Duration Action Delay if
polarizing voltage must be applied before the Action.

e Test results depend on the ramp rate — too fast causes overshoot,
too slow stresses the relay and takes more time. Start with a slow

rate, using values that give a stable, acceptable result. Then

reduce the delta time until the result is no longer stable. Find the
fastest ramp that is acceptable.

e The Wait time should be long enough to allow the relay to reset
or recover from the previous pulse. Make Wait as short as
possible to make the test run faster.

The PRAMPV Operation graph is shown in Figure C.91.

G

C

Prefault value

A

4 voltage

(4] Offset

(B} Offset Duration
(T} Initial Voltage
(D) Pulse Duration
S
(k)
(G

Wiiait
+- A Valuc
1 Limit Value

.

Prefault B Sense —Time
Duratian

Mote: Pulse (0 ends on Sense

Figure C.91 PRAMPV Operation Graph

The Prefault tab is used for steady state macros to assert initial conditions
before the values on the Test tab and Action offset are applied. This
allows an initial state of normal, balanced voltages and currents to be

applied for a duration before the macro action begins with faulted

voltage and increasing current.

Operation

When the test is run, the Prefault is applied as
indicated. This allows an intelligent relay to see
normal conditions before responding to the fault
condition generated by running the macro. If the

Prefault duration is 0, no Prefault occurs.
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The PRAMPYV Prefault Tab fields are explained in Table C.98.

Table C.98 PRAMPYV Prefault Tab Fields

Field Explanation

Source Name Source names are set on the Test tab and cannot
be modified.

Amplitude Enter the desired amplitude.

Phase Enter a phase in the range of -360.0° to 360.0°.

Frequency The Frequency value is set on the Test tab.

Prefault Duration Enter a duration for the Prefault condition.
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RCHBOI - Reach Binary Search, Current - Z ProTesTPLAN

Description

Operation

Use

A fast, high-low pulsed search to bracket relay operate point, followed by
either a linear ramp or pulsed ramp for high resolution result. RCHBOI
and BSRHOI are identical. If you have both Z and | ProTesTPLANS, use
the name you prefer.

The search begins by testing midway between the Action Offset and
Limit Current. If the relay does not operate, limit current is applied. If the
relay still does not operate, the test is over (recorded as No Op, No
Operation). Successive pulses are calculated based on the results of the
last pulse; i.e., the next pulse is halfway between the last operate value
and the last No Op value. When the difference between pulse
amplitudes is less than three times the ramp delta current, the search
stops and either a Linear Ramp or a Pulsed Ramp begins.

The ramp backs off twice the delta current, then ramps for a maximum of
15 steps. If the test is properly tuned, three or four steps should be
sufficient.

One or more current sources can be ramped simultaneously, using the
same Action conditions. One or more voltage presets can be applied.

Use RCHBOI wherever Linear Ramp or Pulsed Ramp can be used;
however, there are cases where it cannot be used successfully such as
long reset times in induction disk relays. When properly used, binary
search is faster for determining Ohmic reach of current-operated distance
relays or measuring pickup/dropout of overcurrent relays.

G 72A-1585 Rev. C 8/02 C.169



RCHBOI - Reach Binary Search, Current - Z ProTesTPLAN
L]

Notes

e Binary Search requires more tuning than Linear Ramp or Pulsed
Ramp. The relay may respond differently to search pulses vs.
linear ramp steps. You may hear sensing during the search, but
the ramp concludes with No Op, relay operation not detected.
Use sense delay to filter relay transient response on the pulses, so
that search converges to the correct value.

e If memory action is important to the relay, allow adequate wait
time for reset and a long enough pulse time to operate.

e Some relays require the use of pulsed ramp for testing. If so, select
the Pulsed Ramp option by setting ramp Delta Time = 0.

e Search can be done either from low offset to high limit, or high
offset to low limit. When searching from a high offset, Ramp
Delta Voltage must be negative.

e Use Offset Current = 0, and non-zero Offset Duration Action
Delay if polarizing voltage must be applied before the Action.

e Use sense delay to ensure that the search converges to a value
that can be detected with the ramp. A large amount may be
required; e.g., 25 to 50% of the pulse duration. This filters
transient response to the leading edge of the pulse. If contact
instability is also present, use sense delay as well.

Test Tab
On the RCHBOI Test Tab screen (Figure C.92 on page C-172):
1. Select valid source names in the Src column.
2. Use the High and Low fields to enter values for the source
connections between the instrument and the relay.
3. Enter the source current amplitude ACTION and enter phase and
frequency values.
4. Enter test relay connections in the Sense Connections field when the
test relay is connected as a sense input or to a timer.
5. Enter the jumper connections in the Jumpers field.
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Results

Save Results

Delete Results

The macro initially displays the results for the Cur-
rent Test conditions. To display prior results, click
the pull-down arrow and select a prior test. The
RCHBOI Test Tab Results fields are explained in
Table C.99.

Click Save Results after running a test and select
the new results to save. When exiting the macro,
save any macro changes and results if they have
not already been saved.

Click Delete Results to display a window contain-
ing saved test results. Select one or more test results
using the mouse. Ctrl+click works as a toggle
action to select or unselect items. Click OK to com-
plete deletion.

NoTE If battery simulator voltage is needed, enter BT as a source and select

' amplitude, or run the POWER macro.

Table C.99 RCHBOI Test Tab Results Fields

Field

Explanation

Expected |

Expected operate value, in Amps.

+ 0/0/— %

Plus/minus tolerance percentage, used for
Pass/Fail calculation.

Actual

Recorded test result.

% Error

Error.

Result

Pass/Fail indication.
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Action Tab

The RCHBOI Test Tab screen is shown in Figure C.92.

/Converted Locations/Demaonstration Test 50 Hz/Demo test of SEL 321/5EL-321 DEMO TEST/Class Demo/RCHEDI

[RCHEI

j Felay ID:  SEL-321 DEMO TEST® Serial No: BN 94034007
Last Edit:  1933-05-10 15:45:06.890 hfg: SEL

Actionl F'refaultl Heportl Notebnokl

Sic | High | Low

| Ampl | Phs | Fres HBSUI[SIEurrentTestEDnditions j Save Results I Delete Results

[NE|
I

9000 00 0.000 v =
ACTION 300 £0.000 ?gxgectad | |4+/w |4/w| Actual | % Enor | Result ‘

Senze Connections: |

Jumpers: I

Figure C.92 RCHBOI Test Tab Screen

The RCHBOI Action Tab Conditions fields are explained in Table C.100.

Table C.100 RCHBOI Action Tab Conditions Fields

Field

Explanation

Offset Current

The initial amplitude of the Action source.

Offset Duration

How long to maintain the offset.

Current Limit

The amplitude that stops the search, if the relay
does not operate. The maximum of Offset
Current and limit determines the source range.

Pulse Duration

Maximum length of each search pulse; pulse
terminates as soon as a sense is detected.

Wait

How long to wait between pulses; wait is at
offset current.

Delta Current

Step size of ramp. Use a minus sign for a
downward ramp.

Delta Time

Duration of each ramp step. A non-zero value
selects a linear ramp; setting Delta Time = 0
selects a pulsed ramp, using the same pulse
duration and wait as the search.
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The RCHBOI Action Tab screen is shown in Figure C.93.

/Converted Locations/Demaonstration Test 50 Hz/Demo test of SEL 321/5EL-321 DEMO TEST*/Class Demo/RCHEDI
|HEHBDI j Relay ID:  SEL-321 DEMO TEST* Senial Mo: SN 34034007
RCHEOI Last Edt:  1999-05-10 15:45:06.830 Mia: SEL

Test nl F'refaultl Heportl Notebookl

Sen Conditions [ ampl [ Units
A | Offzet Curent 7 Amps

IEnntacts _‘JID->E = E Offset Duration B0 Cycles
Delay |0 Cycles | IS} Cunent Lirit ] Amps

Duration [ miecs | |0 | Fulse Duration 30 Cycles

Source 1 ﬂ |LE |'+/ait 30 Cycles
LB +/- Dielka Currert 0.0 Amps

G |Delta Time B0 Cycles

Zero Crossing ISpstem ‘l

Figure C.93 RCHBOI Action Tab Screen

Operation Graph
The RCHBOI Operation graph is shown in Figure C.94.

‘kC‘.urrent
C (&) Offset
(B) Offset Duration
(Y Limit value
(D} Pulse Duration
(A+C)2 () vt
(F) Ramp +- AMalue
Prefault Amplitude (G) Rampa Time
4 Time =0 for
A Pulsed Ramp
F’refaultE B Sense .;Time
Duration
Mote: Fulse (D) ENds on Sense
Figure C.94 RCHBOI Operation Graph
Sense The RCHBOI Sense fields are explained in Table C.101.
Table C.101 RCHBOI Sense Fields

Field Explanation

Pull-down List Select sense transition: Contacts O—>C, etc.,
Voltage On—>Off, etc.

Source Name a source to identify which Instrument or
input receives the relay sense signal. The source
must be an Action. The default is MA for the
Master Instrument.
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Run

Prefault Tab

Click RUN on the toolbar or press F12 to run the test. The sources
initialize as follows:

e Non-Action sources turn on at Preset values.

e Action values turn on at Prefault values, move to offset values and
then to Action values.

After a small number of search pulses, the ramp begins. The test stops as
soon as the ramp detects relay operation, normally after three or four
steps, and the amplitude is recorded. If the relay does not operate after 15
ramp steps are taken, a No Op is recorded. No Op may be desired, if the
relay is not supposed to operate.

The Prefault tab is used for steady state macros to assert initial conditions
before the values on the Test tab and Action offset are applied. This
allows an initial state of normal, balanced voltages and currents to be
applied for a duration before the macro action begins with faulted
voltage and increasing current.

The RCHBOI Prefault Tab fields are explained in Table C.102.

Operation When the test is run, the Prefault is applied as
indicated. This allows an intelligent relay to see
normal conditions before responding to the fault
condition generated by running the macro. If the
Prefault duration is 0, no Prefault occurs.

Table C.102 RCHBOI Prefault Tab Fields

Field Explanation

Source Name Source names are set on the Test tab and cannot
be modified.

Amplitude Enter the desired amplitude.

Phase Enter a phase in the range of -360.0° to 360.0°.

Frequency The Frequency value is set on the Test tab.

Prefault Duration Enter a duration for the Prefault condition.
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RCHBOV - Reach Binary Search, Voltage - Z ProTesTPLAN

Description

Operation

Use

A fast, high-low pulsed search to bracket relay operate point, followed by
linear ramp or pulsed ramp for high resolution result. RCHBOV and
BSRHOV are identical. If you have both the V and Z ProTesTPLANS, use
the name you prefer.

The search begins by testing midway between the Action Offset and
Limit Voltage. If the relay does not operate, limit voltage is applied. If the
relay still does not operate, the test is over (recorded as No Op, No
Operation). Successive pulses are calculated based on the results of the
last pulse; i.e., the next pulse is halfway between the last operate value
and the last No Op value. When the difference between pulse
amplitudes is less than three times the ramp delta voltage, the search
stops and either a Linear Ramp or a Pulsed Ramp begins.

The ramp backs off twice the delta voltage, then ramps for a maximum of
15 steps. If the test is properly tuned, three or four steps should be
sufficient.

This macro is used to ramp one or more current sources simultaneously,
using the same Action conditions. One or more voltage presets can be
applied.

RCHBOV can be used wherever Linear Ramp or Pulsed Ramp would be
used; however, there are cases where it cannot be used successfully.
When used properly, Binary Search has faster performance for
determining Ohmic reach of voltage-operated distance relays or
pickup/dropout of overvoltage or undervoltage relays.
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Notes

e Binary Search requires more tuning than Linear Ramp or Pulsed
Ramp. The relay may respond differently to search pulses vs.
linear ramp steps. You may hear sensing during the search, but
the ramp concludes with No Op, relay operation not detected.
Use sense delay to filter relay transient response on the pulses, so
that search converges to the correct value.

e If memory action is important to the relay, allow adequate wait
time for reset and a long enough pulse time to operate.

e Some relays require the use of pulsed ramp for testing. If so, select
the Pulsed Ramp option by setting ramp Delta Time = 0.

e Search can be done either from low offset to high limit, or high
offset to low limit. When searching from a high offset, Ramp
Delta Voltage must be negative.

Test Tab
On the RCHBOV Test Tab screen (Figure C.95 on page C-178):
1. Select valid source names in the Src column.

2. Use the High and Low fields to enter values for the source
connections between the instrument and the relay.

w

Enter the source voltage amplitude ACTION and enter phase and
frequency values.

4. Enter test relay connections in the Sense Connections field when the
test relay is connected as a sense input or to a timer.

o

Enter the jumper connections in the Jumpers field.
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Results The macro initially displays the results for the
Current Test conditions. To display prior results,
click the pull-down arrow and select a prior test.
The RCHBOV Test Tab Results fields are explained
in Table C.103.

Save Results Click Save Results after running a test and select
the new results to save. When exiting the macro,
save any macro changes and results if they have
not already been saved.

Delete Results Click Delete Results to display a window
containing saved test results. Select one or more
test results using the mouse. Ctrl+click works as a
toggle action to select or unselect items. Click OK
to complete deletion.

NoTE If battery simulator voltage is needed, enter BT as a source and select
' amplitude, or run the POWER macro.

Table C.103 RCHBOV Test Tab Results Fields

Field Explanation

Expected V Expected operate value, in Volts.

+ Y%/— % Plus/minus tolerance percentage, used for
Pass/Fail calculation.

Actual Recorded test result.

% Error Error.

Result Pass/Fail indication.
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The RCHBOV Test Tab screen is shown in Figure C.95.

/Converted Locations/D emonstration Test B0 Hz/Demo test of SEL 221 /5EL-321 DEMO TEST*/Clags Demo/RCHBOY
IFICHBDV j Relap1D:  SEL-321 DEMO TEST® Serial Mo: SN 94094007
RCHEOY Last Edit:  1393-05-12 12:48:00.560

hfg: SEL
Test |Actinn| F‘refaultl Heportl Nolebookl

Sic | High | Low | Arnpl | Fhs | Fre: Fesults IEunentTest Conditions j Save Results I Delete Resultz
WA w ACTION 0 £0.000 =T =
VE 0 190 £0.000 }?Exﬁtad W |5+/w I5/w| Actual | % Eror | Fi%
WL 70 £0.000
i} 3 0,000
12 0 £0.000

Senze Connections: I

Jumpers: I

Figure C.95 RCHBOYV Test Tab Screen
Action Tab

The RCHBOV Action Tab Conditions fields are explained in
Table C.104.
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Table C.104 RCHBOV Action Tab Conditions Fields

Field Explanation

Offset Voltage The initial amplitude of the Action source.
Action offset turns on at the same time as the
Preset sources.

Offset Duration How long to maintain the offset.

Voltage Limit The amplitude at which the ramp stops if the
relay does not operate. The maximum of Offset
and limit determines the source range.

Pulse Duration Maximum length of each search pulse; pulse
terminates as soon as a sense is detected.

Wait How long to wait between pulses; wait is at
offset voltage.

Delta Voltage Step size of ramp. Use a minus sign for a
downward ramp.

Delta Time How long each Linear Ramp step is held; set
Delta Time = 0O for Pulsed Ramp, using the same
pulse duration and wait as the search.

The RCHBOV Action Tab screen is shown in Figure C.96.

/Converted Locations/Demanstration Test 50 Hz/Demo test of SEL 321/5EL-321 DEMO TEST"/Class Demo/RCHEOY
RCHEOY j Relay ID:  SEL-321 DEMO TEST* Serial Ma: 5N 94094007
RCHEOY Last Edi:  1593-05-12 12:48:00.560 Mia: SEL

Test  Action | F‘refaultl Heportl Notebookl

Gense Conditions [ ampl [ Units
A | Offset Volkage i) alts
IEontacts ‘vJ I oot = E Offset Duration 1] Cycles
Defzy Cycles |~ (18] olage Limit 1 Volts
Duration [ mSecs | |0 | Pulze Duration 20 Cycles
Source  [p4a = | E [/t 10 Cycles
|LE |+ Delta Voltage 0.2 Vol
G |Delta Time 4 Cycles

Zero Crozsing ISystem ‘l

Figure C.96 RCHBOV Action Tab Screen
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Sense The RCHBOV Sense fields are explained in Table C.105.

Table C.105 RCHBOYV Sense Fields

Field Explanation

Pull-down List Select sense transition: Contacts O—>C, etc.,
Voltage On—>Off, etc.

Source Name a source to identify which Instrument or
input receives the relay sense signal. The source
must be an Action. The default is MA for the
Master Instrument.

Run Click RUN on the toolbar or press F12 to run the test. The sources
initialize as follows:

o Non-Action sources turn on at Preset values.

e Action values turn on at Prefault values, move to offset values and
then to Action values.

After a small number of search pulses, the ramp begins. The test stops as
soon as the ramp detects relay operation, normally after three or four
steps, and the amplitude is recorded. If the relay does not operate after 15
ramp steps are taken, a No Op is recorded. No Op may be desired, if the
relay is not supposed to operate.

Hints e Use Offset Voltage = 0, and non-zero Offset Duration Action
Delay if polarizing current must be applied before the Action.

e Use sense delay to ensure that the search converges to a value
that can be detected with the ramp. A large amount may be
required; e.g., 25 to 50% of the pulse duration. This filters
transient response to the leading edge of the pulse. If contact
instability is also present, use sense duration as well.
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Operation Graph
The RCHBOV Operation graph is shown in Figure C.97.

A Voltage
[&) Offset
(B) Offset Duration
{C) Limit Walue
(D) Pulse Duration

[A+C)2 (E) Wait
(F1 Ramp +- Avalue
(G) Rampa Time

A Time = 0 for

Pulsed Ramp

Prefault Amplitude

A . :

B

Prefault B Sense  Time
Duration

Mote: Pulse (D) ends on Sense

Figure C.97 RCHBOYV Operation Graph
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Prefault Tab

The Prefault tab is used for steady state macros to assert initial conditions
before the values on the Test tab and Action offset are applied. This
allows an initial state of normal, balanced voltages and currents to be
applied for a duration before the macro action begins with faulted
voltage and increasing current. The RCHBOV Prefault Tab fields are
explained in Table C.106.

Operation When the test is run, the Prefault is applied as
indicated. This allows an intelligent relay to see
normal conditions before responding to the fault
condition generated by running the macro. If the
Prefault duration is 0, no Prefault occurs.

Table C.106 RCHBOV Prefault Tab Fields

Field Explanation

Source Name Source names are set on the Test tab and cannot
be modified.

Amplitude Enter the desired amplitude.

Phase Enter a phase in the range of -360.0° to 360.0°.

Frequency The Frequency value is set on the Test tab.

Prefault Duration Enter a duration for the Prefault condition.
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RCHLRI - Reach Linear Ramp, Current - Z ProTesTPLAN

Description

One or more current sources are ramped from an offset amplitude until
the relay operates, or until a limit amplitude is reached (recorded as No
Op, for No Operation).

Use this Macro to test reach at a specific angle for a distance relay —
hence the Macro name RCHLRI. RCHLRI and LRAMPI are identical. If
you have both V and Z ProTesTPLANS, use the name you prefer.

Operation

One or more current sources are ramped simultaneously, using the same
Action conditions. One or more voltage presets can be applied. Sources
can have different phase angles, representing phase offset. Sources can
be at different harmonics; e.g. one current can be at 60 Hz (or 50 Hz),
and another at 120 Hz (or 100 Hz), to test harmonic restraint on a
differential relay.

Use

This macro tests Ohmic reach of current-operated directional distance
relays at specific phase angles; Pickup/dropout of overcurrent relays;
Minimum pickup and harmonic restraint for differential relays with
harmonic inrush restraint.

Notes

e To minimize test time and heating, use an offset as close to the
expected operating point as possible.

* Most relays that can be tested with RCHLRI or LRAMPI can be
tested faster using RCHBOI or BSRHOI, binary search macros.
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Test Tab

NOTE

On the RCHLRI Test Tab screen (Figure C.98):

1. Select valid source names in the Src column.

2. Use the High and Low fields to enter values for the source
connections between the instrument and the relay.

3. Enter the source current amplitude ACTION and enter phase and

frequency values.

4. Enter test relay connections in the Sense Connections field when the
test relay is connected as a sense input or to a timer.

5. Enter the jumper connections in the Jumpers field.

Results

Save Results

Delete Results

The macro initially displays the results for the
Current Test conditions. To display prior results,
click the pull-down arrow and select a prior test.
The RCHLRI Test Tab Results fields are explained
in Table C.107.

Click Save Results after running a test and select
the new results to save. When exiting the macro,
save any macro changes and results if they have
not already been saved.

Click Delete Results to display a window
containing saved test results. Select one or more
test results using the mouse. Ctrl+click works as a
toggle action to select or unselect items. Click OK
to complete deletion.

If battery simulator voltage is needed, enter BT as a source and select
amplitude, or run the POWER macro.
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Table C.107 RCHLRI Test Tab Results Fields

Field

Explanation

Expected |

Expected operate value, in Amps.

+ 0/0/— %

Plus/minus tolerance percentage, used for
Pass/Fail calculation.

Actual

Recorded test result.

% Error

Error.

Result

Pass/Fail indication.

The RCHLRI Test Tab screen is shown in Figure C.98.

/Corwerted Locations/ D emaonstration Test 50 Hz/Demo test of SEL 321/5EL-321 DEMO TEST*/Class Demo/RCHLRI

|RCHLRI
REHLAI

j Relay ID:  SEL-321 DEMO TEST® Serial Mo: SN 94034007
Last Edit:  1933-05-10 14:35:48.000 Mfg: SEL

Acliunl Prefau\ll Hepulll NUIEbUUkI

Src | High | Low | Ampl [ Phs [ Fre F\BSU“SICunentTestCondit\ons j Save Results | Delete Results
W 12 0o £0.000 > T = =
K ACTION 0.0 50000 Expected | | +% | -3% | Actual | %Enar | Fesult
E0.0 3 3
BT 1]

Senze Connections: I

Jumpers: I

Figure C.98 RCHLRI Test Tab Screen
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Action Tab
The RCHLRI Action Tab Conditions fields are explained in Table C.108.

Table C.108 RCHLRI Action Tab Conditions Fields

Field Explanation

Offset Current The initial amplitude of the Action source.
Offset Duration How long to maintain the offset.

Delta Current Step size of ramp. Use a minus sign for a

downward ramp.

Delta Time How long each ramp step is held waiting for a
sense.
Current Limit The amplitude at which the ramp stops if the

relay does not operate.

The RCHLRI Action Tab screen is shown in Figure C.99.

/Converted Locations/Demonstration Test 50 Hz/Demo test of SEL 321/5EL-321 DEMO TEST=/Class Dema/RCHLRI
IHCHLFII j RelayD:  SEL-321 DEMO TEST* Senial Mo: SH 94034007
FCHLE Last Edit:  1999-05-1014:38:48.000 Mfg: SEL

Test Prefault I Repart I Motebaaok I

Sense Condiions | émpl [ Units
A | Offzet Current 3 Amps
Contacts @ ||0-:C i =
ontacts -JI — B | Offzet Duration [=11] Cycles
DE|3P_ 0 Cycles =] [[E ] +- Delta Cumrent 0o Amps
Duratian [y mSecs 7| BB O it Time 20 Cycles
Source [ ﬂ E | Current Limit 43  |Amps

Zem Crossing Spstem 'l

Figure C.99 RCHLRI Action Tab Screen
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Sense The RCHLRI Sense fields are explained in Table C.109.

Table C.109 RCHLRI Sense Fields

Field Explanation

Pull-down List Select sense transition: Contacts O—>C, etc.,
Voltage On—>Off, etc.

Source Name a source to identify which Instrument, or
input, receives the relay sense signal. The source
must be an Action. The default is MA for the
Master Instrument.

Run Click RUN on the toolbar or press F12 to run the test. The sources
initialize as follows:

* Non-Action sources turn on at Preset values.

e Action values turn on at Prefault values, move to offset values and
then to Action values.

After a small number of search pulses, the ramp begins. The test stops as
soon as the relay operates and the amplitude is recorded. If the relay does
not operate a No Op is recorded. No Op may be desired, if the relay is
not supposed to operate.

G 72A-1585 Rev. C 8/02 C.187



RCHLRI - Reach Linear Ramp, Current - Z ProTesTPLAN
- _______________________________________________________________________________________|

Hints e Use Offset Current = 0, and non-zero Offset Duration if polarizing
voltage must be applied before the Action.

e Test results depend on the ramp rate — too fast causes overshoot,
too slow stresses the relay and takes more time. Start with a slow
rate, using values that give a stable, acceptable result. Then
reduce the delta time until the result is no longer stable. Find the
fastest ramp that is acceptable.

e For example, set Delta Current equal to 10 to 20 percent of the
tolerance amplitude. If the Expected Value is 1 amp with
tolerance of +10%, the tolerance amplitude equals 1.0 X 10%, or
0.1; 10% to 20% of that sets delta amplitude equal to .01 to 0.02
Amp.

e Set delta time to be two to five times nominal relay operating time
for best accuracy. Use one to two times for lowest heat and
shortest test time.

Operation Graph
The RCHLRI Operation graph is shown in Figure C.100.

A Current
EF--—- e
(&) Offset
(B) Cffset Duration
(C) +- Avalue
{B) A Time
Prefault Amplitude (E) Limit Value
A
Prefault B Selnse >
Duration or Recaord
Figure C.100 RCHLRI Operation Graph
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Prefault Tab

The Prefault tab is used for steady state macros to assert initial conditions
before the values on the Test tab and Action offset are applied. This
allows an initial state of normal, balanced voltages and currents to be
applied for a duration before the macro action begins with faulted
voltage and increasing current. The RCHLRI Prefault Tab fields are
explained in Table C.110.

Operation When the test is run, the Prefault is applied as
indicated. This allows an intelligent relay to see
normal conditions before responding to the fault
condition generated by running the macro. If the
Prefault duration is 0, no Prefault occurs.

Table C.110 RCHLRI Prefault Tab Fields

Field Explanation

Source Name Source names are set on the Test tab and cannot
be modified.

Amplitude Enter the desired amplitude.

Phase Enter a phase in the range of —360.0° to 360.0°.

Frequency The Frequency value is set on the Test tab.

Prefault Duration Enter a duration for the Prefault condition.
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RCHLRYV - Reach Linear Ramp, Voltage - Z ProTesTPLAN

Description

Operation

Use

Notes

One or more voltage sources are ramped from an offset amplitude until
the relay operates, or until a limit amplitude is reached (recorded as
No Op, for No Operation).

Use this macro to test reach at a specific angle for a distance relay —
hence the Macro name RCHLRV. RCHLRV and LRAMPYV are identical. If
you have both | and Z ProTesTPLANS use the name you prefer.

One or more voltage sources are ramped simultaneously, using the same
Action conditions. One or more current presets can be applied. Sources
can have different phase angles, representing phase offset. Sources can
be at different harmonics; e.g. one voltage can be at 60 Hz (or 50 Hz),
and another at 120 Hz (or 100 Hz).

This macro tests Ohmic reach of voltage-operated directional distance
relays at specific phase angles; Pickup/dropout of overvoltage or
undervoltage relays.

e To minimize test time and heating, use an offset as close to the
expected operating point as possible.

* Most relays that can be tested with RCHLRV or LRAMPV can be
tested faster using RCHBOV or BSRHOV, the binary search
macro.

e For maximum source VA, use a source in the high end of a
voltage range.
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Test Tab

On the RCHLRV Test Tab screen (Figure C.101 on page C-192):

1. Select valid source names in the Src column.

2. Use the High and Low fields to enter values for the source

connections between the instrument and the relay.

3. Enter the source voltage amplitude ACTION and enter phase and

frequency values.

4. Enter test relay connections in the Sense Connections field when the

test relay is connected as a sense input or to a timer.

5. Enter the jumper connections in the Jumpers field.

Results The macro initially displays the results for the
Current Test conditions. To display prior results,
click the pull-down arrow and select a prior test.
The RCHLRV Test Tab Results fields are explained
in Table C.111 on page C-192.

Save Results Click Save Results after running a test and select
the new results to save. When exiting the macro,
save any macro changes and results if they have
not already been saved.

Delete Results Click Delete Results to display a window
containing saved test results. Select one or more
test results using the mouse. Ctrl+click works as a
toggle action to select or unselect items. Click OK
to complete deletion.

NoTE If battery simulator voltage is needed, enter BT as a source and select
' amplitude, or run the POWER macro.
o
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Table C.111 RCHLRYV Test Tab Results Fields

Field Explanation

Expected V Expected operate value, in Volts.

+ %/— % Plus/minus tolerance percentage, used for
Pass/Fail calculation.

Actual Recorded test result.

% Error Error.

Result Pass/Fail indication.

The RCHLRV Test Tab screen is shown in Figure C.101.

/Converted Locations/D emonstration Test 50 Hz/Dema test of SEL 321/5EL-321 DEMO TEST*/Class Demo/RCHLRY
[RCALRY = Relay D SEL-321 DEMO TEST* Serial No: SN 84034007
RCHLRY Last Edit:  1993-05-10 14:33:42.130 Mfg: SEL

Test |Action| Prafau\tl Heportl Notebookl

Sic | High | Low | &mpl | Phe | Freg | Results

ICurrentTest Conditions j Save Results | Delete Results
&: ?ETIDN ,U-Izn ggggg }%&Ed ) |5+Z |5"/°| Actual | %Emor | Fesul
WL 70 -240 60.000
i ] -a0 50.000
12 1] 0 60.000
13 1] i £0.000

Senze Connections: I

Jumpers: I

Figure C.101 RCHLRYV Test Tab Screen
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Action Tab
The RCHLRV Action Tab Conditions fields are explained in Table C.112.

Table C.112 RCHLRYV Action Tab Conditions Fields

Field Explanation
Offset Voltage The initial amplitude of the Action source.
Offset Duration How long to maintain the offset. If no offset is

wanted, enter O volts and O cycles.

Delta Voltage Step size of ramp. Use a minus sign for a
downward ramp.

Delta Time How long each ramp step is held waiting for a
sense.

Voltage Limit The amplitude at which the ramp stops if the

relay does not operate. The maximum of Offset
and limit determines the source range.

Note: Best accuracy is obtained if you use a
source in the high end of its range.

The RCHLRV Action Tab screen is shown in Figure C.102.

/Converted Locations/Demonstiation Test 50 Hz/Demo test of SEL 321/5EL-321 DEMO TEST*/Clazs Demo/RCHLRY
|F|CHLF|V j RelayID:  SEL-321 DEMO TEST* Serial Mo: 5N 94094007
RCHLRY LastEdit:  1999-05-1014:39:42.130 Mig: SEL

Test | Action | F‘refau\tl Heportl Notebookl

Ser Conditions [ &mpl [ Units
A Offzet Voltage 35 Walts
Contacts ™ {|0-C ~ =
ontacts -JI — | LB | Diffzet Duration 0 Cucles
DEla}'. 0 Cycles  *] |C |+ Dela'Voltage 01 Walts
Duration [g miecs 7] [0 D elta Time 5 Cyecles
Source  [pn ﬂ E |'/oltage Limit 10 Wolks
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Figure C.102 RCHLRV Action Tab Screen
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Sense The RCHLRYV Sense fields are explained in Table C.113.

Table C.113 RCHLRYV Sense Fields

Field Explanation

Pull-down List Select sense transition: Contacts O—>C, etc.,
Voltage On—>Off, etc.

Source Name a source to identify which Instrument, or
input, receives the relay sense signal. The source
must be an Action. The default is MA for the
Master Instrument.

Run Click RUN on the toolbar or press F12 to run the test. The sources
initialize as follows:

o Non-Action sources turn on at Preset values.

e Action values turn on at Prefault values, move to offset values and
then to Action values.

The test stops as soon as the relay operates and the amplitude is
recorded. If the relay does not operate a No Op is recorded. No Op may
be desired, if the relay is not supposed to operate.

Hints e Use Offset Voltage, and non-zero Offset Duration, if polarizing
current must be applied before the Action.

e Test results depend on the ramp rate — too fast causes overshoot,
too slow stresses the relay and takes more time. Start with a slow
rate, using values that give a stable, acceptable result. Then
reduce the delta time until the result is no longer stable. Find the
fastest ramp that is acceptable.

For example, set Delta Voltage to from 10 to 20 percent of the
tolerance amplitude.

¢ Set delta time to be two to five times nominal relay operating time
for best accuracy. Use one to two times for lowest heat and
shortest test time.
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Operation Graph
The RCHLRV Operation graph is shown in Figure C.103.

A Woltage
B e
(&) Offset
(B) Offset Duration
[C) +i- Avalue
(D) ATime
Prefault Amplitude (E) Limit value
A
Prefault B Sense .
Duration or Record

Figure C.103 RCHLRYV Operation Graph

Prefault Tab

The Prefault tab is used for steady state macros to assert initial conditions
before the values on the Test tab and Action offset are applied. This
allows an initial state of normal, balanced voltages and currents to be
applied for a duration before the macro action begins with faulted
voltage and increasing current. The RCHLRV Prefault Tab fields are
explained in Table C.114.

Operation When the test is run, the Prefault is applied as
indicated. This allows an intelligent relay to see
normal conditions before responding to the fault
condition generated by running the macro. If the
Prefault duration is 0, no Prefault occurs.

Table C.114 RCHLRYV Prefault Tab Fields

Field Explanation

Source Name Source names are set on the Test tab and cannot
be modified.

Amplitude Enter the desired amplitude.

Phase Enter a phase in the range of -360.0° to 360.0°.

Frequency The Frequency value is set on the Test tab.

Prefault Duration Enter a duration for the Prefault condition.
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RCHPRI - Reach Pulsed Linear Ramp, Current - Z ProTesTPLAN

Description

Operation

Use

Notes

One or more current sources are ramped in a series of pulses, returning
to an offset amplitude between pulses. If the limit amplitude is reached
with no relay operation, it is recorded as No Op, for No Operation.

Use this macro to test reach at a specific angle for a distance relay —
hence the RCHPRI Macro name. Pulsed ramp reduces heat load on an
overcurrent relay. RCHPRI and PRAMPI are identical. If you have both Z
and | ProtestPLANS, use the name you prefer.

One or more current sources are ramped simultaneously, using the same
Action conditions. One or more voltage presets can be applied. Sources
can have different phase angles, representing phase offset. Sources can
be at different harmonics; e.g. one current can be at 60 Hz (or 50 Hz),
and another at 120 Hz (or 100 Hz), to test harmonic restraint on a
differential relay.

This macro tests Ohmic reach of current-operated directional distance
relays at specific phase angles; Pickup/dropout of overcurrent relays;
Minimum pickup and harmonic restraint for differential relays with
harmonic inrush restraint.

Use Pulsed Ramp instead of Linear Ramp to minimize heat load on relay,
or when the relay requires return to offset between test values.

* Most relays that can be tested with RCHPRI or PRAMPI can be
tested faster using RCHBOI or BSRHOI, the binary search macro.
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Test Tab

On the RCHPRI Test Tab screen (Figure C.104 on page C-198):

1. Select valid source names in the Src column.

2. Use the High and Low fields to enter values for the source

connections between the instrument and the relay.

3. Enter the source current amplitude ACTION and enter phase and

frequency values.

4. Enter test relay connections in the Sense Connections field when the

test relay is connected as a sense input or to a timer.

5. Enter the jumper connections in the Jumpers field.

Results The macro initially displays the results for the
Current Test conditions. To display prior results,
click the pull-down arrow and select a prior test.
The RCHPRI Test Tab Results fields are explained
in Table C.115.

Save Results Click Save Results after running a test and select
the new results to save. When exiting the macro,
save any macro changes and results if they have
not already been saved.

Delete Results Click Delete Results to display a window
containing saved test results. Select one or more
test results using the mouse. Ctrl+click works as a
toggle action to select or unselect items. Click OK
to complete deletion.

NoTE If battery simulator voltage is needed, enter BT as a source and select
' amplitude, or run the POWER macro.
o

Table C.115 RCHPRI Test Tab Results Fields

Field

Explanation

Expected |

Expected operate value, in Amps.

+ 0/0/— %

Plus/minus tolerance percentage, used for
Pass/Fail calculation.

Actual

Recorded test result.

% Error

Error.

Result

Pass/Fail indication.

Aok ™ 72A-1585 Rev. C 8/02
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Action Tab

The RCHPRI Test Tab screen is shown in Figure C.104.

/Converted Locations/D'emonstration Test 50 Hz/Demo test of SEL 321/5EL-321 DEMO TEST=/Class Demo/RCHPRI

[REHPRI
RCHPF

j Relay ID:  SEL-321 DEMO TEST* Serial Mo: SN 34094007
Last Edit:  1933-05-10 14:40:16.000 Mfg: SEL

| Act\onl F‘refaultl F!eportl Notebookl

Sie | High | Low

| Ampl [ Phs [ Fre F’EWItSIEIL,lmantTest Conditions j Save Results I Delete Results

ET

30,000 00 60.000 P s S
70000 4200 60000 3Ekgected | |5+/° |5/°| Actual | %Enar | Fesul ‘
70.000 1200  |E0.000 :

ACTIOW |-75.0  |B0.000

Senze Connections: I

Jumnpers: |

Figure C.104 RCHPRI Test Tab Screen

The RCHPRI Action Tab Conditions fields are explained in Table C.116.

Table C.116 RCHPRI Action Tab Conditions Fields

Field

Explanation

Offset Current

The initial amplitude of the Action source.

Offset Duration

How long to maintain the offset.

Initial Current

Starting value for the pulsed ramp.

Pulse Duration

How long each pulse is held waiting for a sense.

Wait

How long to wait at offset between pulses.

Delta Current

Step size of pulsed ramp. Use a minus sign for a
downward ramp.

Current Limit

The amplitude at which the ramp stops if the
relay does not operate. The maximum Offset and
limit determines the source range.

C-198
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The RCHPRI Action Tab screen is shown in Figure C.105.

/Converted Locations/Demonstration Test 50 Hz/Demo test of SEL 321/5EL-221 DEMO TEST#/Class Demo/RCHFRI
IHEHF’HI j Relay ID:  SEL-321 DEMO TEST* Serial No: SM 94034007
Last Edit:  1933-05-14 12:22:34.000 Mfg: SEL

RCHFRI
Test  Action | Prafaultl Fleportl Notebookl

Sense Conditions [ &mpl [ Urits
= | = LAy | Offset Current ] Amps
ICUntacls ‘JID € — LB | Offset Duration 20 Cycles
De"a-"'_ 0 Cycles 7] |LE | Iritial Cument A7 Amps
Duration [ miecs T |0 | Pulse Duration 5] Cycles
Source ﬂ |[E | ait 20 Cycles
|LE | +/- Delta Currert 005  Amps
G| Current Limit 45 Amps

Zera Ciogsing Systemn ¥ l

Figure C.105 RCHPRI Action Tab Screen

Sense The RCHPRI Sense fields are explained in Table C.117.

Table C.117 RCHPRI Sense Fields

Field Explanation

Pull-down List Select sense transition: Contacts O—>C, etc.,
Voltage On—>Off, etc.

Source Name a source to identify which Instrument, or
input, receives the relay sense signal. The source
must be an Action. The default is MA for the
Master Instrument.

Run Click RUN on the toolbar or press F12 to run the test. The sources

initialize as follows:

e Non-Action sources turn on at Preset values.

e Action values turn on at Prefault values, move to offset values and

then to Action values.

The test stops as soon as the relay operates and the amplitude is
recorded. If the relay does not operate a No Op is recorded. No Op may
be desired, if the relay is not supposed to operate.
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Hints e Use Offset Current = 0, and non-zero Offset Duration if polarizing
voltage must be applied before the Action.

e Test results depend on the ramp rate — too fast causes overshoot,
too slow stresses the relay and takes more time. Start with a slow
rate, using values that give a stable, acceptable result. Then
reduce the delta time until the result is no longer stable. Find the
fastest ramp that is acceptable.

e The Wait time should be long enough to allow the relay to reset
or recover from the previous pulse. Make Wait as short as
possible to make the test run faster.

e Highest VA output is obtained when a source is used in the high
end of its range. Do not select a Current Limit too far beyond
expected relay action.

Operation Graph
The RCHPRI Operation graph is shown in Figure C.106.

A Current
G X - Y N 0 1 i1
; (B) Offset Duration
(CY Initial Current
Coprmmmmmemdeeee s (0 Pulze Duration
i (E) Wait
Prefault Value ' (F) +- 4Value
(G} Limit Value
A _________ '
Prefault B Sense " Time
Duration
Mote: Pulse (D) ends an Sense

Figure C.106 RCHPRI Operation Graph
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Prefault Tab

The Prefault tab is used for steady state macros to assert initial conditions
before the values on the Test tab and Action offset are applied. This
allows an initial state of normal, balanced voltages and currents to be
applied for a duration before the macro action begins with faulted
voltage and increasing current. The RCHPRI Prefault Tab fields are
explained in Table C.118.

Operation When the test is run, the Prefault is applied as
indicated. This allows an intelligent relay to see
normal conditions before responding to the fault
condition generated by running the macro. If the
Prefault duration is 0, no Prefault occurs.

Table C.118 RCHPRI Prefault Tab Fields

Field Explanation

Source Name Source names are set on the Test tab and cannot
be modified.

Amplitude Enter the desired amplitude.

Phase Enter a phase in the range of —360.0° to 360.0°.

Frequency Frequency cannot be entered when using the
F2000 family of instruments. Frequency is set at
the Test tab.

Prefault Duration Enter a duration for the Prefault condition.
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RCHPRYV - Reach Linear Ramp, Voltage - Z ProTesTPLAN

Description

Operation

Use

Notes

One or more voltage sources are ramped from an offset amplitude until
the relay operates, or until a limit amplitude is reached (recorded as
No Op, for No Operation).

Use this macro to test reach at a specific angle for a distance relay —
hence the macro name RCHLRV. RCHLRV and LRAMPV are identical. If
you have both | and Z ProTesTPLANS use the name you prefer.

One or more voltage sources are ramped simultaneously, using the same
Action conditions. One or more current presets can be applied. Sources
can have different phase angles, representing phase offset. Sources can
be at different harmonics; e.g. one voltage can be at 60 Hz (or 50 Hz),
and another at 120 Hz (or 100 Hz).

This macro tests Ohmic reach of voltage-operated directional distance
relays at specific phase angles; Pickup/dropout of overvoltage or
undervoltage relays.

e To minimize test time and heating, use an offset as close to the
expected operating point as possible.

* Most relays that can be tested with RCHLRV or LRAMPV can be
tested faster using RCHBOV or BSRHOV, binary search macros.

e For maximum source VA, use a source in the high end of a
voltage range.

C-202

72A-1585 Rev.C 8/02 (A



ProTesT User Guide

Test Tab

On the RCHPRYV Test Tab screen (Figure C.107):

1. Select valid source names in the Src column.

2. Use the High and Low fields to enter values for the source

connections between the instrument and the relay.

3. Enter the source voltage amplitude ACTION and enter phase and

frequency values.

4. Enter test relay connections in the Sense Connections field when the

test relay is connected as a sense input or to a timer.

5. Enter the jumper connections in the Jumpers field.

Results The macro initially displays the results for the
Current Test conditions. To display prior results,
click the pull-down arrow and select a prior test.
The RCHPRYV Test Tab Results fields are explained
in Table C.119 on page C-204.

Save Results Click Save Results after running a test and select
the new results to save. When exiting the macro,
save any macro changes and results if they have
not already been saved.

Delete Results Click Delete Results to display a window
containing saved test results. Select one or more
test results using the mouse. Ctrl+click works as a
toggle action to select or unselect items. Click OK
to complete deletion.

NoTE If battery simulator voltage is needed, enter BT as a source and select
' amplitude, or run the POWER macro.
@
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Table C.119 RCHPRY Test Tab Results Fields

Field Explanation
Expected V Expected operate value, in Volts.
+ %/— %

Plus/minus tolerance percentage, used for
Pass/Fail calculation.

Actual Recorded test result.
% Error Error.
Result Pass/Fail indication.

The RCHPRYV Test Tab screen is shown in Figure C.107.

/Converted Locations/Demanstration Test 50 Hz/Dema test of SEL 321/SEL-321 DEMO TEST*/Class Demo/RCHPRY

RCHERY =l RelayD:  SEL-321 DEMO TEST* Serial Mo SN 94094007
e LastEdit 199505-10 14.41.08,000 Mig: SEL

Action | Prefault | Repart I MHaotebook I

Sre | High | Low | Ampl [ Phs | Fre Results ICunenl Test Conditions j Save Results I Delete Results
\E, ACTION 0 £0.000 —— -
\VE 70000 4200 | 0.000 }?Ex&ted W |5+/° |5/°| Actual | % Eror | H%
WC 70.000 |-240.0  BO.000
11 ] -80.0  E0.000
12 1] 0 50.000
13 1] 1] B0.000
BT 125

Senge Connections: I

Jumpers: I

Figure C.107 RCHPRYV Test Tab Screen
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Action Tab
The RCHPRV Action Tab Conditions fields are explained in Table C.120.

Table C.120 RCHPRYV Action Tab Conditions Fields

Field Explanation

Offset Voltage The initial amplitude of the Action source.

Offset Duration How long to maintain the offset. If no offset is
wanted, enter O volts and cycles.

Initial Voltage Starting value for the pulsed ramp.

Pulse Duration How long each pulse is held waiting for a sense.

Wait How long to wait at offset between pulses.

Delta Voltage Step size of pulsed ramp. Use a minus sign for a

downward ramp.

Voltage Limit The amplitude at which the ramp stops if the
relay does not operate. The Offset and limit
determines the source range.

The best accuracy is obtained if you use a source
in the high end of its range.

The RCHPRV Action Tab screen is shown in Figure C.108.

/Converted Locations/Demonstration Test B0 Hz/Dema test of SEL 321/5EL-321 DEMO TEST*/Class Demo/RCHPRY
IHCHPHV j Relay ID:  SEL-321 DEMO TEST* Senial Mo: SN 94034007
Last Edit:  1999-05-10 14:41:08.000 Mfg: SEL

RCHPRY

Test | F‘refaultl Fleportl Nolebookl

Genze Conditions [ asmpl [ Units
= | = LA | Offzet Yoltage 35 Yaltz
IContacts ‘JID ’t — | LB | Offzet Duration 0 Cycles
ey | Cycles 7] [ ritial Voltage M Vele
Duration [g miecs 7| |0 | Pulse Duration 5 Cycles
Souce  [pa ﬂ |[E |'#/ait 10 Cycles
LB +/- Delta Voltage L1 Volts
G |"/oltage Limit 1 Walts

Zera Crogsing ISystem =~

Figure C.108 RCHPRYV Action Tab Screen
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Sense The RCHPRYV Sense fields are explained in Table C.121.

Table C.121 RCHPRYV Sense Fields

Field Explanation

Pull-down List Select sense transition: Contacts O—>C, etc.,
Voltage On—>Off, etc.

Source Name a source to identify which Instrument, or
input, receives the relay sense signal. The source
must be an Action. The default is MA for the
Master Instrument.

Run Click RUN on the toolbar or press F12 to run the test. The sources
initialize as follows:

o Non-Action sources turn on at Preset values.

e Action values turn on at Prefault values, move to offset values and
then to Action values.

The test stops as soon as the relay operates and the amplitude is
recorded. If the relay does not operate a No Op is recorded. No Op may
be desired, if the relay is not supposed to operate.

Hints e Use Offset Voltage, and non-zero Offset Duration, if polarizing
current must be applied before the Action.

e Test results depend on the ramp rate — too fast causes overshoot,
too slow stresses the relay and takes more time. Start with a slow
rate, using values that give a stable, acceptable result. Then
reduce the delta time until the result is no longer stable. Find the
fastest ramp that is acceptable.

For example, set Delta Voltage to from 10 to 20 percent of the
tolerance amplitude.

¢ Set delta time to be two to five times nominal relay operating time
for best accuracy. Use one to two times for lowest heat and
shortest test time.
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Operation Graph
The RCHLRV Operation graph is shown in Figure C.109.

A Woltage
B e
(&) Offset
(B) Offset Duration
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Prefault Amplitude (E) Limit value
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Figure C.109 RCHLRYV Operation Graph

Prefault Tab

The Prefault tab is used for steady state macros to assert initial conditions
before the values on the Test tab and Action offset are applied. This
allows an initial state of normal, balanced voltages and currents to be
applied for a duration before the macro action begins with faulted
voltage and increasing current. The RCHPRYV Prefault Tab fields are
explained in Table C.122.

Operation When the test is run, the Prefault is applied as
indicated. This allows an intelligent relay to see
normal conditions before responding to the fault
condition generated by running the macro. If the
Prefault duration is 0, no Prefault occurs.

Table C.122 RCHPRYV Prefault Tab Fields

Field Explanation

Source Name Source names are set on the Test tab and cannot
be modified.

Amplitude Enter the desired amplitude.

Phase Enter a phase in the range of -360.0° to 360.0°.

Frequency The Frequency value is set on the Test tab.

Prefault Duration Enter a duration for the Prefault condition.
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SSIMUL - Dynamic State Simulation - All ProTesTPLANS

Description

Operation

Use

Notes

The SSIMUL macro uses stepped sine wave quantities to simulate an
evolving fault, represented by up to 25 states. Up to 12 sources can be
used, and independent timer sense events can be recorded, one per
F2000 instrument and one per source on the F6000.

Enter source names, connections, and frequency in the source table. In
each state define amplitude and phase for each source, and the state
duration in cycles. Synchronized amplitude and phase transitions occur
on each state change. The Test View screen shows three states for the
sources named in the Source table. Normally, three states represent
Prefault, Fault, and Post Fault conditions. As more states are added, the
view scrolls to the right, one state at a time. To add a state, add a name in
the state name row after the last state.

This macro investigates suspected relay misoperations, or evaluates
protection schemes. Use F2250 and F6000 logic output to test reclosers
and breaker fail relays.

e |f different frequencies are to be injected, use an alternate
frequency. Set the frequency of one source (which must be
Source 1 of the master F2000 or any source of the F6000) to a
base frequency different from the frequency reference for all other
sources. For example, setting the frequency of Source 1 to FX or
FL, and all the other sources to numerical values: 60.00, 60.00
120.00.... FX designates the crystal base frequency and FL
designates the line frequency. The frequency for any source must
be a harmonic of the base frequency. In this example, the base
frequency for Source 1 is FX or FL, and for all other sources it is
60Hz.

e The F6000 does not support FL.

e Use Satellite Synchronization for end-to-end fault simulation
testing. Select FS to indicate satellite frequency reference, and
click on Duration under the Source table. Select Go At or Preset
Until to set the start time when the test is run.
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e Use the optional ProTesT Power System Model to calculate fault
quantities for different fault scenarios. The Power System Model
automatically creates Prefault, Fault, and Post Fault states in
SSIMUL for each fault calculation.

e |t is possible to approximate point-on-wave inception of a fault.
Rather than setting Prefault source phases to 0°, —=120°, and 120°,
offset all phases by an arbitrary amount; e.g., 90°, -30°, 210°. The
fault state occurs on a reference zero crossing, at which all
sources are offset by 90°. The fault, therefore, occurs at a different
point on the waveform.

e Use the Fault Rotate button on the SSIMUL tab to perform a fault
rotation.

e Click the Phasor Display checkbox to change the SSIMUL tab to a
phasor configuration tab. This tab allows you to visually configure
a phasor test.

e BT cannot be used as a source in the SSIMUL Source Table.

Test View
Sources The SSIMUL Test View screen is shown in Figure C.110.
SSIMLUL |Logic Dutl Fiesultl Hepoltl Notebookl
—Test
¥ Fhasar iy oult Rotate | [ Statelof7
Pre-Fault Cloze Forw ABC Reclosing-1 05274
Src Ampl | Phs Ampl | Phs Ampl | Phs
va | £7 0 10 0 £7 0
VB || 67 120 10 120 67 120 oA
v ] 67 240 10 -240 67 240
n 0 0 10 -0 0 0
iz [ 0 120 10 -200 0 0
iz [ 0 240 10 -320 0 0 |
1] | ]
Ve
B V. B V.
o (=]
Figure C.110 SSIMUL Test View Screen
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Select Phasor Display check box to view the states defined. The SSIMUL
Phasor Test View display is shown in Figure C.111.

S5IMUL |Logic Out | Result| Report | Moteback |

~Test
W Fhssarbipis _Fout Rotae | [ Sweio?
Pre-Fault Clogze Foma 8B C Reclozing-1 0574
Sic Ampl | Phs Ampl | Phs Ampl | Phs
va | 67 0 10 0 B7 0
VB | &7 120 10 120 &7 120 -
Ve[ £7 240 10 240 87 240
o 0 0 10 80 0 0
R 0 120 10 200 0 0
ERm N 0 240 10 320 0 0 |
| | o
vC
3 V. B V.
o =]
Figure C.111 SSIMUL Phasor Test View Display
States Displayed three at a time. If less than three are

defined, blank states are shown. As more states are
added, the State display scrolls horizontally. Use
the horizontal scroll bar to move back and forth.
To remove unwanted states, highlight the state
name and press the Delete key.

Enter the Maximum Duration for the state, in
cycles. Each state is applied for the number of
cycles entered, then all sources change amplitude
and phase synchronously to the next state’s values.
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Satellite Synchronization

Max Duration

Go At Time

Preset Until

For end-to-end, satellite synchronized testing,
specify the frequency of all sources as FS or FS*2
(up to FS*20) for harmonics. The Max Duration
pull-down box contains options for the first state to
start a satellite synchronized test. Select Go At or
Preset Until instead of Duration for State 1. Define
Go At or Preset Until with a starting time that has
been agreed with the test crew at the other end of
the line. SSIMUL will display UTC satellite time on
the screen, and the time will be continually
updated. Satellite status is also displayed to show
how many satellites are detected. Satellite
synchronized operation requires the satellite
interface and a GPS receiver and antenna.

Duration time setting for first state — the default is
Duration; i.e., fixed number of cycles before
stepping to second state. The pull-down box
contains options for satellite-synchronized
end-to-end tests Go At Time, and Preset Until.

When test is run, a satellite time window appears
with a default Go At time, the UTC time at which
test will start. The sources turn on at 0 amplitude,
but source values for first state do not appear until
the Go At time.

Run test to set up the Instrument, and sources turn
on right away at the values of the first state.
Transition to the next state does not occur until the
selected UTC time.
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Logic Out

Click this tab and enter a source name to identify the F225x and F6000
logic output to be used. Source selection is only from sources in the
Source column above. Each state has separate columns for logic output 1
(L1) and logic output 2 (L2 - not valid for F6000). To set logic output,
click in the state column in the row for the logic source. Click once for
low (green led state), twice for high (red led state). Clicking a third time
changes to reset.

Result Tab

Click the Result tab to arm timers to start in a specified state and to stop
on a sense event.

Run The macro initially displays the results for the
Current Test conditions. To display prior results,
click the pull-down arrow and select a prior test.
The SSIMUL Results fields are explained in
Table C.123 on page C-214.

Save Click Save after running a test and select the new
results to save. When exiting the macro, save any
macro changes and results if they have not already
been saved.

Delete Click Delete to display a window containing saved
test results. Select one or more test results using the
mouse. Ctrl+click works as a toggle action to select
or unselect items. Click OK to complete deletion.
The macro first displays Current Test conditions.
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Table C.123 SSIMUL Result Fields

Field Explanation

Timer Name Click the pull-down list and select a source
name to identify a timer. The list shows only
those sources already defined for the macro.

Timer Start Select the timer start state. This must be done
first. The timer starts at the beginning of that
state. The pull-down list shows only those states
already defined for the macro. This field is used
to start timers for edge transitions (O-C-O,
On-Off-On) and to enable pulse modes (O-C-O,
C-O-C, Off-On-Off, On-Off-On).

Stop Events Select the stop event for the timer; e.g.,

ON A OFF for voltage, O 4 C for contacts. The
timer stops when the event occurs, which may
be several states later. If no event occurs before
the macro completes, no timer value is
displayed, and Result is No Op.

Units Select time units Msec, Sec, or Cycles.

Expected Enter the expected time result in the units
indicated.

Tolerance Units Select + or - tolerance units in Msec, %, or
Cycles.

+, — Enter +/— tolerance, in percent.

The SSIMUL Result Tab screen is shown in Figure C.112.

SSIMUL | Logic Out Result | Report| Noteback |

Run IEurrent Test Conditions j Save Delete
Timer Mame | Timer Stark St B Units et TDILT;iatr;ce .
11 Close Forw.Al 0-3C mSec 45000 % 0.000 0.000

Figure C.112 SSIMUL Result Tab Screen
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TFRPLT - Time vs. Frequency Shift Characteristic Plot -
F ProTesT-PLAN

Description

One or more test sources are set to initial values, and a frequency shift is
applied. Up to 12 different frequency shifts are tested and relay operate
time is measured. Expected time and +/- tolerances are optionally
specified to determine pass/fail for each test point. A characteristic plot
can be displayed and printed.

Operation

A series of frequency shift time tests is performed, stepping frequency
from an offset value to a test value, for up to 12 separate tests. All sources
turn off between tests, and Offset is applied at the start of each test. A
reset time is specified to allow relays with induction disks or other similar
devices to reset between tests. If expected operate times and tolerances
are entered, pass/fail results are automatically recorded. Select
Tools/Graph/Display Graph from the menu bar to display the time
characteristic. The plot form can be changed without rerunning the test.

Use

This macro tests frequency relays.
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Notes

e Be sure to allow enough reset time to allow the relay to recover
fully between tests.

e One source can have an Action frequency, while all others are at
base frequency, as long as the Action is Source 1 of the Master
F2000 or Source 1 of the F6000. Any source on the F6000 can be
Action. Enter ACTION for one source frequency, and indicate the
frequency reference for the others: FX (crystal) or FL (line). When
the test is run, ProTesT will verify that the Action source is indeed
the correct source.

e The F6000 does not have FL or FE setting. Map this to the FX
setting.

e Source 1 of the Master F2000 or F6000 can, instead, be set to FX
base frequency, and all other sources can have ACTION
frequency. Any source on the F6000 can be FX.

e F2000 base frequency has a range of 25 to 99.99 Hz. Harmonics
allow frequencies up to 2000 Hz in F225x and 1000 Hz for the
F6000. Macro frequencies can be specified up to 1999 Hz as long
as ProTesT can find a harmonic to cover the required range.

Test Tab
On the TFRPLT Test Tab screen (Figure C.113 on page C-218):

1. Select valid source names in the Src column.

2. Use the High and Low fields to enter values for the source
connections between the instrument and the relay.

w

Enter the source frequency amplitude ACTION and enter amplitude
and phase values.

4. Enter test relay connections in the Sense Connections field when the
test relay is connected as a sense input or to a timer.

o

Enter the jumper connections in the Jumpers field.
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Results

Save Results

Delete Results

The macro initially displays the results for the
Current Test conditions. To display prior results,
click the pull-down arrow and select a prior test.
The TFRPLT Test Tab Results Fields are explained in
Table C.124.

Click Save Results after running a test and select
the new results to save. When exiting the macro,
save any macro changes and results if they have
not already been saved.

Click Delete Results to display a window
containing saved test results. Select one or more
test results using the mouse. Ctrl+click works as a
toggle action to select or unselect items. Click OK
to complete deletion.

NoTE If battery simulator voltage is needed, enter BT as a source and select

' amplitude, or run the POWER macro.

Table C.124 TFRPLT Test Tab Results Fields

Field

Explanation

Test F

Specify test frequencies, up to 12 tests.

Expected Time

Expected operate time for the relay for the given
frequency shift. Refer to the characteristic curves
published for the relay.

+ 0/0/— %

Percent tolerance which defines the range of
acceptable time results.

Actual

Records the actual operate time, in the selected
units (mSec/Sec/Cycles).

% Error

Percent error, absolute value.

Result

Pass/Fail flag.

Time Units

Select from pull-down list: mSec, Sec, or Cycles.
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The TFRPLT Test Tab screen is shown in Figure C.113.

/Carverted Locations/Demonstration Test 50 Hz/Dema test of SEL 321/5EL-321 DEMO TEST*/Class Demo/TFRPLT
[TFRRLT = RelayID:  SEL-321 DEMD TEST* Serial No: SN 34094007
TERELT Last Edit:  1993-05-10 14:41:48.000 Mg SEL

Test |Aclion| Feport | Motebook |

Sc | Hiah | Low | Ampl [
120

Phs | Frea HeSUItSIEurlEanESlEDndiliDns j Save Results | Qeletaﬁesullsl
WA, A

CTION

TestF | Expected Time [ +% | -%| Actual | %Enor | Result | Time Units
70.0z
70.01 [mses =]
7a

£3.93
£3.92

0

Sense Connections: I

Jumpers: I

Figure C.113 TFRPLT Test Tab Screen

Action Tab
The TFRPLT Action Tab Conditions fields are explained in Table C.125.

Table C.125 TFRPLT Action Tab Conditions Fields

Field Explanation

Offset Frequency Normal frequency; i.e., 50 or 60 Hz.

Offset Time How long to maintain the offset, in cycles.

Maximum On Maximum number of seconds to sustain

Time frequency shift before recording No Op (no
operation).

Reset Time How long to wait for the relay to reset between
test points.

Time Dial Documentation use only, indicates time action
of relay.

Set Point Documentation use only, indicates frequency
trip point of relay.
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The TFRPLT Action Tab screen is shown in Figure C.114.

fConverted Locations/Demaonstration Test 50 Hz/Demo test of SEL 321/5EL-321 DEMO TEST*/Class Demo/TFRPLT

TFRPLT ﬂ Relay ID:  SEL-321 DEMD TEST® Senal Mo SN 94034007
TFRFLT Last Edit:  1999-05-10 14:41:48.000 Mg SEL
Test A ﬂI Heportl Nolebookl
Sen Conditions [ &mpl [ Units
A Offset Frequency 01 Hz
Contact:| *|[0->C 4 =
ontacts 'JI = |[B | Ofset Time 1] Cycles
Delay. 0 Cocles | [[E M ax On Time 10 Sec
Duration [g mSecs ¥ IO | Reset Time 1 Sec
Source  [p4a j |LE_| Time Diial [=01]
F | Set Paint 1

Zero Crozsing System 'I

Figure C.114 TFRPLT Action Tab Screen

Sense The TFRPLT Sense fields are explained in Table C.126.

Table C.126 TFRPLT Sense Fields

Field Explanation

Pull-down List Select sense transition: Contacts O—>C, etc.,
Voltage On—>Off, etc.

Source Name a source to identify which Instrument, or
input, receives the relay sense signal. The source
must be an Action. The default is MA for the
Master Instrument.

Run Click RUN on the toolbar or press F12 to run the test. The sources
initialize and turn on as follows:

o Non-Action sources turn on at Preset values.

* Action sources turn on at Offset values and move to Action
values.

Phase action then begins. The test stops as soon as the relay operates and
the phase is recorded. Phase returns to offset, waits for the reset duration
before the next test point. If the relay does not operate, a No Op is
recorded.
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Operation Graph
The TFRPLT Operation graph is shown in Figure C.115.

A Frequency

(A) Offset

(B) Offset Duration
(C) Test Value

(D) Max On Time

p Time

Figure C.115 TFRPLT Operation Graph
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TIMEF - Operating Time, Frequency - F ProTesTPLAN

Description

Operation

Use

Notes

One or more test sources are set to initial values, a frequency step change
is applied, and operate time is recorded. An expected operate time can
be entered, with +/— tolerances, to determine PASS/FAIL.

TIMEF does an A to B frequency step change, with timer stop mode
enabled.

This macro performs setpoint testing of frequency and power swing

One source can have an Action frequency, while all others are at
base frequency, as long as the Action is Source 1 of the Master
F2000 or Source 1 of the F6000. Any source on the F6000 can be
Action. Enter ACTION for one source frequency, and indicate the
frequency reference for the others: FX (crystal) or FL (line). When
the Test is run, ProTesT will verify that the Action source is indeed
Source 1 of the Master F2000 or F6000.

The F6000 does not have FL or FE setting. Map this to the FX
setting.

Source 1 of the Master F2000 or F6000 can, instead, be set to FX
base frequency, and all other sources can have ACTION
frequency. Any source on the F6000 can be FX.

F2000 base frequency has a range of 25 to 99.99 Hz. Harmonics
allow frequencies up to 2000 Hz in F225x and 1000 Hz for the
F6000. Macro frequencies can be specified up to 1999 Hz as long
as ProTesT can find a harmonic to cover the required range.
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Test Tab

NOTE

On the TIMEF Test Tab screen (Figure C.116):

1. Select valid source names in the Src column.

2. Use the High and Low fields to enter values for the source
connections between the instrument and the relay.

3. Enter the source frequency amplitude ACTION and enter amplitude

and phase.

4. Enter test relay connections in the Sense Connections field when the
test relay is connected as a sense input or to a timer.

5. Enter the jumper connections in the Jumpers field.

Results

Save Results

Delete Results

The macro initially displays the results for the
Current Test conditions. To display prior results,
click the pull-down arrow and select a prior test.
The TIMEF Test Tab Results fields are explained in
Table C.127.

Click Save Results after running a test and select
the new results to save. When exiting the macro,
save any macro changes and results if they have
not already been saved.

Click Delete Results to display a window
containing saved test results. Select one or more
test results using the mouse. Ctrl+click works as a
toggle action to select or unselect items. Click OK
to complete deletion.

If battery simulator voltage is needed, enter BT as a source and select
amplitude, or run the POWER macro.

C-222

72A-1585 Rev.C 8/02  (AMNIy

..:



ProTesT User Guide

Table C.127 TIMEF Test Tab Results Fields

Field

Explanation

Expected Time

Expected operate time, in the selected units
(mSec/Sec/Cycles)

+ O/o/— %

Plus/minus tolerance percentage, used for
Pass/Fail calculation.

Actual

Recorded test result.

% Error

Error.

Result

Pass/Fail indication.

Time Units

From the pull-down list, select mSec, Sec,
or Cycles.

The TIMEF Test Tab screen is shown in Figure C.116.

AConverted Locations/Demanstration Test 50 Hz/5ubstation Relays. /BE1-81 Underfreq. /60 Hz Test/Time.B0/58.8Hz.

ITime.EDJSS.BHz. j Relay ID:  BE1-81 Underfreq. Serial Mo

Last Edit: tdfig: B&S
TIMEF

| Action | FRepart | Matebook |
Sre | High | Low | Amnpl [ Phe | Fre F‘ESU“SIEIumantTzestEIont:Iitions j Save Results I QeleteFlesu\tsI
W 12000 0.0 ACTION - ;
x| .= P Time Uitz

\VE 2000 2000 ACTION 4I?B:ncsggc:ted Tirne |1+D/e I1U/°| Actual | %Enar | Fesul ‘
ki 70.00  |-240.00 ACTIOM - ImSec 'l
BT

Sense Connections: I

Jumpers: I

Figure C.116 TIMEF Test Tab Screen
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Action Tab
The TIMEF Action Tab Conditions fields are explained in Table C.128.

Table C.128 TIMEF Action Tab Conditions Fields

Field Explanation

Offset Frequency The initial frequency for all Action sources; e.g.,
normal base frequency.

Offset Duration How long to maintain the offset. Be sure it is
long enough for the relay to initialize.

Test Frequency The test frequency to apply.

Max On Time How many seconds to maintain the test
frequency. Be sure it is long enough for the relay
to respond.

The TIMEF Action Tab screen is shown in Figure C.117.

ACanverted Locations/Demonstration Test 50 Hz/Substation Relays./BE1-81 Underfreq. /80 Hz Test/Time 60./58.8H=.
Time.B0/52.8Hz. j Relay ID:  BE1-81 Underfreq. Sernial No:
Last Edit: Mfg: BAS

TIMEF
Test AC“Dﬂl Heport' Notebookl

Sense Condtions | Ampl | Units
& | Offset Frequency B0 Hz
Contacts »|[0-C = =
I ortacts -JI = |[B| O1ffst Duration a0 Cycles
Delay |0 Cycles  ~] (2 Tt Frequency 538 | Hz
Duration o mSecs ] D Hax On Time 1 Sec
Source  [ip j

Zero Crogsing ISystem 'l

Figure C.117 TIMEF Action Tab Screen
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Sense The TIMEF Sense fields are explained in Table C.129.

Table C.129 TIMEF Sense Fields

Field Explanation

Pull-down List Select sense transition: Contacts O—>C, etc.,
Voltage On—>Off, etc.

Source Name a source to identify which Instrument, or
input, receives the relay sense signal. The source
must be an Action. The default is MA for the
Master Instrument.

Run Click RUN on the toolbar or press F12 to run the test. The sources
initialize and turn on as follows:

* Non-Action sources turn on at Preset values.

e Action sources turn on at Offset values and move to Action
values.

The frequency is stepped to the test value and the timer is started. The
test stops as soon as the relay operates and the time is recorded. If the
relay does not operate, a No Op is recorded.

Operation Graph
The TIMEF Operation graph is shown in Figure C.118.

+ Frequency

l::: _______ T 1
i i (&) Offset
i i (B) Offset duration
| | (C) Testwalue

" i i (O} Max. on time

» Time
B Sense D

Figure C.118 TIMEF Operation Graph
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Description
One or more test sources are set to initial values, a current step change is
applied, and operate time is recorded. An expected operate time can be
entered, with +/— tolerances, to determine PASS/FAIL.
Operation
TIMEI does an A to B current step change, with timer stop mode enabled.
Use
This macro performs setpoint testing of overcurrent relays.
Notes
e Time test with DC Action current can only be done with F225x
and F6000 sources. F2410 slave DC source DI cannot do this.
e If using the slave F2410 DC source, and Source 1 of the Master
F2000 (top source) is ACTION, while Source 2 is set to DV or DI,
be sure to use Source zero crossing. This is true even if DV or DI
is not used. If System zero crossing is used, the Timer will not
start.
Test Tab

On the TIMEI Test Tab screen (Figure C.119 on page C-228):
1. Select valid source names in the Src column.

2. Use the High and Low fields to enter values for the source
connections between the instrument and the relay.

3. Enter the source current amplitude ACTION and enter phase and
frequency values.

4. Enter test relay connections in the Sense Connections field when the
test relay is connected as a sense input or to a timer.

5. Enter the jumper connections in the Jumpers field.
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NoTE If battery simulator voltage is needed, enter BT as a source and select
' amplitude, or run the POWER macro.
S Results The macro initially displays the results for the

Save Results

Delete Results

Current Test conditions. To display prior results,
click the pull-down arrow and select a prior test.
The TIMEI Test Tab Results fields are explained in
Table C.130.

Click Save Results after running a test and select
the new results to save. When exiting the macro,
save any macro changes and results if they have
not already been saved.

Click Delete Results to display a window
containing saved test results. Select one or more
test results using the mouse. Ctrl+click works as a
toggle action to select or unselect items. Click OK
to complete deletion.

Table C.130 TIMEI Test Tab Results Fields

Field

Explanation

Expected Time

Expected operate time, in the units selected.

+ 0/0/— %

Plus/minus tolerance percentage, used for
Pass/Fail calculation.

Actual

Recorded test result.

% Error

Error.

Result

Pass/Fail indication. Op or No Op is given if no
tolerances entered.

Time Units

From the drop-down list, select mSec, Sec,

or Cycles.
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The TIMEI Test Tab screen is shown in Figure C.119.

/Converted Locations/Demonstration Test 50 Hz/Substation Relays ACDG11 [Australia).  TOC. 50 Hz/Time. ToC
Time. 100 RelayID:  CDG11 [Australia). Senal No: #RP1ES17.
TIMEI Laszt Edit: tfg EEC

Test |Action| Prafaultl Heportl Nntebookl

Src | High | Low | Ampl [ Phs | Fre Results ICuneanest Conditions j Save Results | Delete Results I
Y ;I LU bc Expected Time | + % | -% | Actual | %Enor | Resul | Time Urits
il ACTION (0.0 50.00 254 5 5
ImSec -

ET

Senze Connections: |

Jumpers: I

Figure C.119 TIMEI Test Tab Screen

Action Tab
The TIMEI Action Tab fields are explained in Table C.131.

Table C.131 TIMEI Action Tab Fields

Field Explanation

Offset Current The initial current for all Action sources; e.g.,
normal load current.

Offset Duration How long to maintain the offset. Be sure it is
long enough for the relay to initialize.

Test Current The test current to apply.
Max On Time How many seconds to maintain the test current.
Be sure it is long enough for the relay to
respond.
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The TIMEI Action Tab screen is shown in Figure C.120.

Converted Locations/Demonstration Test 50 Hz/Substation Relays. /COGTT [Australia)./TOC. 50 Hz/Time.

Tac

Toc

Time.
TIMEI

Test

Sen

IContacts _'J I 0-C

Delay 1] Cycles

Duration [ mSecs

Source [

[~

L=

Zero Crossing ISystem ~

| Prafaulll Hepurtl NUlebUDkI

j Relay ID:  CDG11 [Australia) Serial Mo: BRP16917.
Last Edit: Ifg: EEC
Conditions [ &mpl [ Units
LA | Offset Current Amps
|[BT| Dfset Duration 1} Cucles
[T Test Current 75 Amps
D Max On Time 1 Sec

Figure C.120 TIMEI Action Tab Screen

The TIMEI Sense fields are explained in Table C.132.

Table C.132 TIMEI Sense Fields

Explanation

Select sense transition: Contacts O—>C, etc.,
Voltage On—>Off, etc.

Name a source to identify which Instrument, or
input, receives the relay sense signal. The source
must be an Action. The default is MA for the
Master Instrument.

Sense
Field
Pull-down List
Source

Run

initialize as follows
[ ]

Click RUN on the toolbar or press F12 to run the test. The sources

Non-Action sources turn on at Preset values.
Action values turn on at Prefault values, move to offset values and

then to Action values.

The current is stepped to the test value and the timer is started. The test
stops as soon as the relay operates and the time is recorded. If the relay
does not operate, a No Op is recorded.
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Operation Graph
The TIMEI Operation graph is shown in Figure C.121.

i Current
c I
i (A) Offset
i (B) Offset Duration
Prefault i (C) Test Value
Amplitude i (D) Max On Time
Prefault B Sense D . Time
Duration

Figure C.121 TIMEI Operation Graph

Prefault Tab

The Prefault tab is used for steady state macros to assert initial conditions
before the values on the Test tab and Action offset are applied. This
allows an initial state of normal, balanced voltages and currents to be
applied for a duration before the macro action begins with faulted
voltage and increasing current. The TIMEI Prefault Tab fields are
explained in Table C.133.

Operation When the test is run, the Prefault is applied as
indicated. This allows an intelligent relay to see
normal conditions before responding to the fault
condition generated by running the macro. If the
Prefault duration is 0, no Prefault occurs.

Table C.133 TIMEI Prefault Tab Fields

Field Explanation

Source Name Source names are set on the Test tab and cannot
be modified.

Amplitude Enter the desired amplitude.

Phase Enter a phase in the range of -360.0° to 360.0°.

Frequency The Frequency value is set on the Test tab.

Prefault Duration Enter a duration for the Prefault condition.
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TIMEPH - Operating Time, Phase - V ProTesTPLAN

Description

One or more sources, voltage or current, are set to initial values, and
have a phase shift applied. Relay operate time is recorded. An expected
operate time can be entered with +/- tolerances, to determine Pass/Fail.

Operation

TIMEPH does a step change in phase for sources with ACTION indicated
in the phase field. Both current and voltage phases can be changed
together. If the expression A+nnn or A-nnn is given for phase, where nnn
is a phase offset, the offset is preserved when the phase shift occurs.

Use

This macro tests directional and power swing relays.

Test Tab
On the TIMEPH Test Tab screen (Figure C.122 on page C-233):

1. Select valid source names in the Src column.

2. Use the High and Low fields to enter values for the source
connections between the instrument and the relay.

3. Enter the source phase ACTION and enter amplitude and frequency
values.

4. Enter test relay connections in the Sense Connections field when the
test relay is connected as a sense input or to a timer.

5. Enter the jumper connections in the Jumpers field.

NoTE If battery simulator voltage is needed, enter BT as a source and select
' amplitude, or run the POWER macro.
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Results The macro initially displays the results for the
Current Test conditions. To display prior results,
click the pull-down arrow and select a prior test.
The TIMEPH Test Tab Results fields are explained
in Table C.134.

Save Results Click Save Results after running a test and select
the new results to save. When exiting the macro,
save any macro changes and results if they have
not already been saved.

Delete Results Click Delete Results to display a window
containing saved test results. Select one or more
test results using the mouse. Ctrl+click works as a
toggle action to select or unselect items. Click OK
to complete deletion.

Table C.134 TIMEPH Test Tab Results Fields

Field Explanation
Expected Time Expected operate time, in the units selected.
+ Y%/— % Plus/minus tolerance percentage, used for

Pass/Fail calculation.

Actual Recorded test result.

% Error Error.

Result Pass/Fail indication.

Time Units From the pull-down list, select mSec, Sec,
or Cycles.
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The TIMEPH Test Tab screen is shown in Figure C.122.

fConverted Locations/Demonstration Test 50 Hz/Demo test of SEL 321/5EL-321 DEMO TEST*/Class Demo/TIMEFPH
|TIMEPH j RelayID:  SEL-321 DEMO TEST* Serial Mo: SN 94034007
TIMERH Last Edit:  1993-05-1014:42:16.000 Mig: SEL

| Actlonl Heportl MNotebook |

Src | High | Low | Ampl | Phs | Fre Resuits ICuneanesl Conditions j Save Aesults I Delete Results I
\iE, 000 |00 | e00on —— = ———
E 0000 14200 e0.0m %M |5+/e |5/° [ actual [ %Enor [ H% Time Urits
WC 70.000 |-240.0  BO.000 ImSeC 'l
il 10,000 |ACTIOM BO.000
12 0000 oo £0.000
13 0000 0.0 60.000

Senze Connections: I

Jumnpers: |

Figure C.122 TIMEPH Test Tab Screen

Action Tab
The TIMEPH Action Tab Conditions fields are explained in Table C.135.

Table C.135 TIMEPH Action Tab Conditions Fields

Field Explanation

Offset Phase The initial phase for the source marked
ACTION.

Offset Duration How long to maintain the offset. Be sure it is
long enough for the relay to initialize.

Test Phase The test phase to apply.

Max on Time How many seconds to apply the test phase

before deciding the relay will not operate.
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The TIMEPH Action Tab screen is shown in Figure C.123.

/Converted Locations/Demonstiation Test 50 Hz/Demo test of SEL 321/5EL-321 DEMO TEST*/Clazs Demo/TIMEFPH

TIMEEH j Fielayll.‘.,l: SEL-321 DEMO TEST* Serial Mo 5N 34034007
TIMERH Last Edit:  1999-05-1014:42:16.000 Mig: SEL
Test (4 | Heportl Notebookl
Sense Condilions | émpl | Units
A | Offzet Phase o Deg
Contacts *||0-C hd =
oniacts ‘JI — |[B7| Offset Duration 0 Cucles
ey Cycles 7] lE] Test Phase B0 Deg
Duration [7 miecs Y| DM ax On Time ] Sec
Source  [pqa ﬂ

Zero Crossing ISystem 'l

Figure C.123 TIMEPH Action Tab Screen

Sense The TIMEPH Sense fields are explained in Table C.136.

Table C.136 TIMEPH Sense Fields

Field Explanation

Pull-down List Select sense transition: Contacts O—>C, etc.,
Voltage On—>Off, etc.

Source Name a source to identify which Instrument, or
input, receives the relay sense signal. The source
must be an Action. The default is MA for the
Master Instrument.

Run Click RUN on the toolbar or press F12 to run the test. The sources
initialize and turn on as follows:

o Non-Action sources turn on at Preset values.

* Action sources turn on at Offset values and move to Action
values.

The phase is shifted to the test value and the timer is started. Phase offset
is preserved if multiple Action phases are defined. The test stops as soon
as the relay operates and the time is recorded. If the relay does not
operate, a No Op is recorded.
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The TIMEPH Operation graph is shown in Figure C.124.

* Phase Angle

(&) Offzet

(B) Offset duration
(C) Testvalue

(O} Max. on time

B

Sense D

» Time

Figure C.124 TIMEPH Operation Graph
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TIMEV - Operating Time, Voltage - V ProTesTPLAN - Z ProTesTPLAN

Description

Operation

Use

Notes

Test Tab

One or more test sources are set to initial values, a voltage step change is
applied, and operate time is recorded. An expected operate time can be
entered, with +/— tolerances, to determine PASS/FAIL.

TIMEV does an A to B voltage step change, with timer stop mode
enabled.

This macro performs setpoint testing of under/overvoltage relays. Use
DC Action to time an auxiliary relay or relay target, when a contact or
voltage sense signal can be provided. If using F2410 DV source, ensure
that Zero crossing equals SOURCE.

e If using aslave F2410 DV source, the time test is accurate only for
transitions from either O volts offset to non-zero test voltage, or
from non-zero offset to 0 voltage. The transition occurs either by
turning the source ON at the test voltage, or by turning the source
OFF, to go to zero voltage. On the transition from 0 volts, timer
start is delayed until a signal from the F2410 indicates that 1.5 V
is applied at the output contacts.

On the TIMEV Test Tab screen (Figure C.125 on page C-238):
1. Select valid source names in the Src column.

2. Use the High and Low fields to enter values for the source
connections between the instrument and the relay.

3. Enter the source voltage amplitude ACTION and enter phase and
frequency values.

4. Enter test relay connections in the Sense Connections field when the
test relay is connected as a sense input or to a timer.

5. Enter the jumper connections in the Jumpers field.

C-236
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Results

Save Results

Delete Results

The macro initially displays the results for the
Current Test conditions. To display prior results,
click the pull-down arrow and select a prior test.
The TIMEV Test Tab Results fields are explained in
Table C.137.

Click Save Results after running a test and select
the new results to save. When exiting the macro,
save any macro changes and results if they have
not already been saved.

Click Delete Results to display a window
containing saved test results. Select one or more
test results using the mouse. Ctrl+click works as a
toggle action to select or unselect items. Click OK
to complete deletion.

NoTE If battery simulator voltage is needed, enter BT as a source and select

' amplitude, or run the POWER macro.

Table C.137 TIMEV Test Tab Results Fields

Field

Explanation

Expected Time

Expected operate time, in the units selected.

+ 0/0/— %

Plus/minus tolerance percentage, used for
Pass/Fail calculation.

Actual

Recorded test result.

% Error

Error.

Result

Pass/Fail indication.

Time Units

Select mSec, sec or cycles from the pull-down
list.

Aok ™ 72A-1585 Rev. C 8/02
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The TIMEV Test Tab screen is shown in Figure C.125.

/Converted Locations/Demonstration Test 50 Hz/Demo test of SEL 321/5EL-321 DEMO TEST*/Class Demo/Z1 MEMORY.F ABC
Z1.MEMORY.F.4BC j RelsyID:  SEL-321 DEMO TEST* Serial Mo: SN 94094007
TIMEY Last Edit: fg: SEL

ctlon' Prefaultl Heport' Notebookl

SIC_} High | Low | Ampl | Phs [ Fre Resuilts ICunenl Test Conditions j Save Results | Delete Results I
VA ACTION 0.0 50.000 = —— = -

B ACTION 1200 50.000 %M |2g/= |2-5/=| Actual | %FEwor | Fi% Time Uritz

YT ACTION -240.0  50.000 - ImSeC 'l

il 10,000 | -50.0 50.000

12 10,000 -200.0  50.000

13 10,000 -320.0  50.000

BT

Sense Connections: I

Jumpers: I

Figure C.125 TIMEYV Test Tab Screen

Action Tab
The TIMEV Action Tab Conditions fields are explained in Table C.138.

Table C.138 TIMEV Action Tab Conditions Fields

Field Explanation

Offset Voltage The initial voltage for all Action sources; e.g., the
normal voltage.

Offset Duration How long to maintain the offset. Be sure it is
long enough for the relay to initialize.

Test Voltage The test voltage to apply.

Max On Time How many seconds to maintain the test voltage.
Be sure it is long enough for the relay to
respond.
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The TIMEV Action Tab screen is shown in Figure C.126.

/Converted Locations/Demonstration Test 50 Hz/Demo test of SEL 321/5EL-321 DEMO TEST*/Class Demo/Z1.MEMORY.F.ABC
71 MEMORY F.ABC j Relay ID:  SEL-321 DEMO TEST* Serial Mo: SN 94034007
Last Edit: Mfg: SEL

TIMEV

Test {2 nl Prefault' Heportl Notebookl

Sen Conditions | Ampl | Urits
A Offzet Wolkage E? YWalts
Contacts @ || 0-C ~ =
I Ontacts -JI — ||B | Ciffset Duration 10 Cycles
Dala_u. 0 Cycles | |[E Test Yoltage 1] Yotz
Duration o mSecs ¥ D tax On Time 1 Sec
Source [y |-

Zero Crossing ISystem =

Figure C.126 TIMEV Action Tab Screen

Sense The TIMEV Sense fields are explained in Table C.139.

Table C.139 TIMEV Sense Fields

Field Explanation

Pull-down List Select sense transition: Contacts O—>C, etc.,
Voltage On—>Off, etc.

Source Name a source to identify which Instrument, or
input, receives the relay sense signal. The source
must be an Action. The default is MA for the
Master Instrument.

Run Click RUN on the toolbar or press F12 to run the test. The sources
initialize as follows:
¢ Non-Action sources turn on at Preset values.
e Action values turn on at Prefault values, move to offset values and
then to Action values.

The voltage is stepped to the test value and the timer is started. The test
stops as soon as the relay operates and the time is recorded. If the relay
does not operate, a No Op is recorded.
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Operation Graph
The TIMEV Operation graph is shown in Figure C.127.

4 Voltage
“r ¢ (A) Offset
i (B) Offset Duration
i (C) Test Value
Prefault (D) Max On Time
Amplitude
A [ —
: : : - - Time
Prefault B Sense D
Duration

Figure C.127 TIMEV Operation Graph

Prefault Tab

The Prefault tab is used for steady state macros to assert initial conditions
before the values on the Test tab and Action offset are applied. This
allows an initial state of normal, balanced voltages and currents to be
applied for a duration before the macro action begins with faulted
voltage and increasing current. The TIMEV Prefault Tab fields are
explained in Table C.140.

Operation When the test is run, the Prefault is applied as
indicated. This allows an intelligent relay to see
normal conditions before responding to the fault
condition generated by running the macro. If the
Prefault duration is 0, no Prefault occurs.

Table C.140 TIMEV Prefault Tab Fields

Field Explanation

Source Name Source names are set on the Test tab and cannot
be modified.

Amplitude Enter the desired amplitude.

Phase Enter a phase in the range of -360.0° to 360.0°.

Frequency The Frequency value is set on the Test tab.

Prefault Duration Enter a duration for the Prefault condition.
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TOCPLT - Time Overcurrent Characteristic Plot - | ProTesTPLAN

Description

Operation

Use

Notes

Test currents are applied at up to 12 different amplitudes and relay
operate time is measured. Expected values and +/- tolerances are
optionally specified to determine pass/fail for each test point. A
characteristic plot can be displayed and printed.

A series of time tests is performed, stepping current amplitude from an
offset to a test current, for up to 12 separate amplitudes. A reset time is
specified to allow relays with induction disks or other similar devices to
reset between tests. If expected operate times and tolerances are entered,
pass/fail results are automatically recorded. Select Tools/Graph/Display
Graph from the menu bar to display the time characteristic. The plot form
can be changed without rerunning the test.

This macro tests the induction disk, overcurrent relays, and directional
overcurrent elements in a distance relay. Run multiple TOCPLT tests at
different tap settings and plot a family of characteristic curves.

e Be sure to allow enough reset time to allow the relay to recover
fully between tests.

e If polarizing voltage is needed, use Offset Current and Offset Time
on the Action tab (Figure C.129 on page C-244).
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Test Tab

NOTE

On the TOCPLT Test Tab screen (Figure C.128):
1. Select valid source names in the Src column.

2. Use the High and Low fields to enter values for the source
connections between the instrument and the relay.

3. Enter the source current amplitude ACTION and enter phase and
frequency values.

4. Enter test relay connections in the Sense Connections field when the
test relay is connected as a sense input or to a timer.

5. Enter the jumper connections in the Jumpers field.

Results The macro initially displays the results for the
Current Test conditions. To display prior results,
click the pull-down arrow and select a prior test.
The TOCPLT Test Tab Results fields are explained
in Table C.141.

Save Results Click Save Results after running a test and select
the new results to save. When exiting the macro,
save any macro changes and results if they have
not already been saved.

Delete Results Click Delete Results to display a window
containing saved test results. Select one or more
test results using the mouse. Ctrl+click works as a
toggle action to select or unselect items. Click OK
to complete deletion.

If battery simulator voltage is needed, enter BT as a source and select
amplitude, or run the POWER macro.
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Table C.141 TOCPLT Test Tab Results Fields

Field Explanation

Test | (or X) Test Current, in Amps or multiples; depends on
the Test Unit selection.

Expected Time Expected operate time, in the time units
selected.

+ %/— % Plus/minus tolerance percentage, used for
Pass/Fail calculation.

Actual Recorded test result.

% Error Error.

Result Pass/Fail indication.

Time Units From the drop-down list, select mSec, Sec,
or Cycles.

Test Units From the drop-down list, select amplitude

(Ampl) or XTap.

The TOCPLT Test Tab screen is shown in Figure C.128.

/Converted Locations/Demonstration Test 50 Hz/Demao test of SEL 221/5EL-321 DEMO TEST*/Class Demo/Ph. Dist. Timers.

P Diat Timers. = Fielay|D:  SEL-321 DEMO TEST* Serial No: SN 94094007
Last Edit: tdfig: SEL

TOCPLT

Actionl F‘lefau\tl Settingsl Workshaatl Haportl Notebookl

Sre | High | Low | Aropl [ _Phs [ Fre Resultz ICurrentTest Conditions j Save Results I Delete Results |
v x| 4000 |-300  (50.000 - o s 5 TimeUils
VB 4000 900 £0.000 1T598” |D Expected Time |U+/° |U/a| Actual | %Ewor | Resuk
WC E7.00 -240.0 |50.000 17 1000 5 5 I mSec | ¥ I
il ACTION |-54.0 50.000 2 1000 5 5 .

B ACTION 126050000 |55 e = e Uestlllfls
BT ad 360 5 5 IAmpI 'I
peie} a0 L
5 20 25 25
Senge Conhections: I
Jumpers: I

Figure C.128 TOCPLT Test Tab Screen
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Action Tab
The TOCPLT Action Tab Conditions fields are shown in Table C.142.

Table C.142 TOCPLT Action Tab Conditions Fields

Field Explanation

Offset Current Enter offset amplitude.

Offset Time Enter offset duration, in cycles.

Max On Time Maximum number of seconds to apply current

before recording No Op (no operation).

Reset Time Number of seconds to wait between tests to
allow the relay to reset.

Time Dial Documentation use only, indicates time action
of relay.
Tap Value Tap setting of relay, used to compute current

amplitude when using multiples of tap. If the
Test Unit is XTAP, the Test Current on the Test tab
is shown in multiples (X); otherwise as

Current (1).

The TOCPLT Action Tab screen is shown in Figure C.129.

/Converted Locations/Demonstration Test 50 Hz/Dema test of SEL 321/5EL-321 DEMO TEST*/Class Dema/Ph. Dist. Timers.
PhDist Timears. = Relay D SEL-321 DEMO TEST* Serial No: SN 94094007
Last Edit Mig: SEL

TOCPLT

Test lefaultl Settingsl Worksheetl Heporll Moteboak,

Sense Condtions | Ampl | Units
A | Offzet Current a Amps
ICDntacts _'JID->C = ? Offzet Time 1] Cyles
DE'Q‘:'. 0 Cycles =] E Max On Time 5 Sec
Duration [ mSecs 7] [0 Fieset Time 1 Sec
Source  [| - |[E"| Time Diial
F | Tap Walue

Zer Crossing ISystem 'l

Figure C.129 TOCPLT Action Tab Screen
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Sense

Run

NOTE

Operation Graph

The TOCPLT Sense fields are explained in Table C.143.

Table C.143 TOCPLT Sense Fields

Field Explanation

Pull-down List Select sense transition: Contacts O—>C, etc.,
Voltage On—>Off, etc.

Source Name a source to identify which Instrument, or
input, receives the relay sense signal. The source
must be an Action. The default is MA for the
Master Instrument.

Click RUN on the toolbar or press F12 to run the test. The sources
initialize as follows:

* Non-Action sources turn on at Preset values.

e Action values turn on at Prefault values, move to offset values and
then to Action values.

The test stops as soon as the relay operates and the time is recorded. The
Action current turns off before starting the next test and during the reset
time. If the relay does not operate a No Op is recorded. No Op may be
desired, if the relay is not supposed to operate.

The test current is evaluated before running each test point. If needed,
the range is increased or decreased to maximize the available power
before conducting the test point.

The TOCPLT Operation graph is shown in Figure C.130.

A Current
(4] Offset
TeSt value ______;_______ : _____; (B]] Offget Duratlon
i i i C) Max. Duration
Time
Prefault Amplitude
Profault B Serse  C Time
Duration

Figure C.130 TOCPLT Operation Graph
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Prefault Tab

The Prefault tab is used for steady state macros to assert initial conditions
before the values on the Test tab and Action offset are applied. This
allows an initial state of normal, balanced voltages and currents to be
applied for a duration before the macro action begins with faulted
voltage and increasing current. The TOCPLT Prefault Tab fields are
explained in Table C.144.

Operation When the test is run, the Prefault is applied as
indicated. This allows an intelligent relay to see
normal conditions before responding to the fault
condition generated by running the macro. If the
Prefault duration is 0, no Prefault occurs.

Table C.144 TOCPLT Prefault Tab Fields

Field Explanation

Source Name Source names are set on the Test tab and cannot
be modified.

Amplitude Enter the desired amplitude.

Phase Enter a phase in the range of -360.0° to 360.0°.

Frequency The Frequency value is set on the Test tab.

Prefault Duration Enter a duration for the Prefault condition.

NoTE The Prefault quantities are applied before each test, up to 12 points.
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TOVPLT - Time vs. Voltage Characteristic Plot - V ProTesTPLAN

Description

Test voltages are applied at up to 12 different amplitudes and relay
operate time is measured. Expected values and +/- tolerances are
optionally specified to determine pass/fail for each test point. A
characteristic plot can be displayed and printed.

Operation

A series of time tests is performed, stepping voltage amplitude from an
offset to a test voltage, for up to 12 separate amplitudes. A reset time is
specified to allow relays with induction disks or other similar devices to
reset between tests. If expected operate times and tolerances are entered,
pass/fail results are automatically recorded. Select Tools/Graph/Display
Graph from the menu bar to display the time characteristic. The plot form
can be changed without rerunning the test.

Use

This macro tests over/undervoltage relays. Run multiple TOVPLT tests at
different tap settings and plot a family of characteristic curves.

Notes

e Be sure to allow enough reset time to allow the relay to recover
fully between tests.
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Test Tab

NOTE

On the TOVPLT Test Tab screen (Figure C.131):

1. Select valid source names in the Src column.

2. Use the High and Low fields to enter values for the source
connections between the instrument and the relay.

3. Enter the source voltage amplitude ACTION and enter phase and

frequency values.

4. Enter test relay connections in the Sense Connections field when the
test relay is connected as a sense input or to a timer.

5. Enter the jumper connections in the Jumpers field.

Results

Save Results

Delete Results

The macro initially displays the results for the
Current Test conditions. To display prior results,
click the pull-down arrow and select a prior test.
The TOVPLT Test Tab Results fields are explained
in Table C.145.

Click Save Results after running a test and select
the new results to save. When exiting the macro,
save any macro changes and results if they have
not already been saved.

Click Delete Results to display a window
containing saved test results. Select one or more
test results using the mouse. Ctrl+click works as a
toggle action to select or unselect items. Click OK
to complete deletion.

If battery simulator voltage is needed, enter BT as a source and select
amplitude, or run the POWER macro.
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Table C.145 TOVPLT Test Tab Results Fields

Field Explanation

Test V (or X) Test Voltage, in volts or multiples; depends on
Test Unit selection.

Expected Time Expected operate time, in the Time units
selected.

+ %/— % Plus/minus tolerance percentage, used for

Pass/Fail calculation.

Actual Recorded test result.

% Error Error.

Result Pass/Fail indication.

Time Units From the drop-down list, select mSec, Sec,
or Cycles.

Test Units From the drop-down list, select amplitude

(Ampl) or XTap.

The TOVPLT Test Tab screen is shown in Figure C.131.

ACarwerted Locations/Demonstration Test 50 Hz/Demo test of SEL 321/5EL-321 DEMO TEST*/Class Demo/TOVPLT

ITDVPLT j Relay ID:  SEL-321 DEMO TEST® Serial Mo SN 94034007
TOVPRLT Last Edit:  1935-05-10 14:44:27.000 Mg: SEL
IActionl Plefau\tl Hepoltl Notebookl
Sic | High | Low | Arnpl [ _Phs [ Fre Reults IEIunentTasl Conditions j Save Results | Delete Results I
Ve ALTION 100 50.000 TestV | Ewpected Tme | +% | -%| Actud | %Enor | Result | Time Units
120
100 miec | ¥
80 Test Linits
70
B5 Ampl ¥
B0
Sense Conneclions I
Jumpers: I

Figure C.131 TOVPLT Test Tab Screen
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Action Tab
The TOVPLT Action Tab Conditions fields are explained in Table C.146.

Table C.146 TOVPLT Action Tab Conditions Fields

Field Explanation

Offset Voltage Enter offset amplitude.

Offset Duration Enter offset duration, in cycles.

Maximum On Maximum number of seconds to apply voltage
Time before recording No Op (no operation).

Reset Time Number of seconds to wait between test pulses

to allow the relay to reset.

Time Dial Documentation use only, indicates time action
of relay.
Tap Value Tap setting of relay, used to compute current

amplitude when using multiples of tap. If the
Test Unit selection is XTAP, test voltage on test
tab is shown as multiples (X); otherwise as
Voltage (V).

The TOVPLT Action Tab screen is shown in Figure C.132.

/Converted Locations/Demonstration Test 50 Hz/Dema test of SEL 321/5EL-321 DEMO TEST*/Class Demo/TOWPLT

TOVRLT = RelayID: ~ SEL32] DEMD TEST* Serial No: SN 84034007
TOVELT Last Edit:  1933-05-1014:44:27.000 Mfg: SEL
Test A I Prefaulll Hepnlll Nulehnnkl
Sen Conditions | &mpl | Units
A | Offset Volkage a Wolks
Cortacts *||0+C =2 =
I Onacts -JI — | B | Offeet Time 1] Cpcles
Delay. 0 Cycles 7| |LC | aw On Time 5 Sec
Duration [;) mSecs 7] L0 Feset Time 1 Ses
Source [y = |[E | Tirne Dial 1]
F|Tapalue 55

Zero Crossing ISystem 'l

Figure C.132 TOVPLT Action Tab Screen
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Sense

Run

NOTE

Operation Graph

The TOVPLT Sense fields are explained in Table C.147.

Table C.147 TOVPLT Sense Fields

Field Explanation

Pull-down List Select sense transition: Contacts O—>C, etc.,
Voltage On—>Off, etc.

Source Name a source to identify which Instrument or
input receives the relay sense signal. The source
must be an Action. The default is MA for the
Master Instrument.

Click RUN on the toolbar or press F12 to run the test. The sources
initialize as follows:

* Non-Action sources turn on at Preset values.

e Action values turn on at Prefault values, move to offset values and
then to Action values.

The test stops as soon as the relay operates and the time is recorded.

The test voltage is evaluated before running each test point. If needed,
the range is increased or decreased to maximize the available power
before conducting the test point.

The TOVPLT Operation graph is shown in Figure C.133.

4 Voltage
(A) Offset
Test Value L i (B) Offset Duration
: ; i (ChMax. Duration
‘ Time
Prefault Amplitude
A
Profault B Sense C  Time
Duration

Figure C.133 TOVPLT Operation Graph
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Prefault Tab

The Prefault tab is used for steady state macros to assert initial conditions
before the values on the Test tab and Action offset are applied. This
allows an initial state of normal, balanced voltages and currents to be
applied for a duration before the macro action begins with faulted
voltage and increasing current. The TOVPLT Prefault Tab fields are
explained in Table C.148.

Operation When the test is run, the Prefault is applied as
indicated. This allows an intelligent relay to see
normal conditions before responding to the fault
condition generated by running the macro. If the
Prefault duration is 0, no Prefault occurs.

Table C.148 TOVPLT Prefault Tab Fields

Field Explanation

Source Name Source names are set on the Test tab and cannot
be modified.

Amplitude Enter the desired amplitude.

Phase Enter a phase in the range of -360.0° to 360.0°.

Frequency The Frequency value is set on the Test tab.

Prefault Duration Enter a duration for the Prefault condition.

NoTE The Prefault quantities are applied before each test, up to 12 tests.
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TPHPLT - Time vs. Phase Shift Characteristic Plot - V ProTesTPLAN

Description

One or more test sources are set to initial values, and a phase shift is
applied. Up to 12 different phase shifts are tested and relay operate time
is measured. Expected time and +/- tolerances are optionally specified to
determine pass/fail for each test point. A characteristic plot can be
displayed and printed.

Operation

A series of phase shift time tests is performed, stepping phase from an
offset value to a test value, for up to 12 separate tests. A reset time is
specified to allow the relay to reset between tests. If expected operate
times and tolerances are entered, pass/fail results are automatically
recorded. Select Tools/Graph/Display Graph from the menu bar to
display the time characteristic. The plot form can be changed without
rerunning the test.

Use

This macro tests directional and power swing relays.

Notes

e Be sure to provide enough reset time to allow the relay to recover
fully between tests.
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Test Tab

NOTE

On the TPHPLT Test Tab screen (Figure C.134):

1. Select valid source names in the Src column.

2. Use the High and Low fields to enter values for the source
connections between the instrument and the relay.

3. Enter the source phase ACTION and enter amplitude and frequency

values.

4. Enter test relay connections in the Sense Connections field when the
test relay is connected as a sense input or to a timer.

5. Enter the jumper connections in the Jumpers field.

If battery simulator voltage is needed, enter BT as a source and select
amplitude, or run the POWER macro.

Results

Save Results

Delete Results

The macro initially displays the results for the
Current Test conditions. To display prior results,
click the pull-down arrow and select a prior test.
The TPHPLT Test Tab Results fields are explained in
Table C.149.

Click Save Results after running a test and select
the new results to save. When exiting the macro,
save any macro changes and results if they have
not already been saved.

Click Delete Results to display a window
containing saved test results. Select one or more
test results using the mouse. Ctrl+click works as a
toggle action to select or unselect items. Click OK
to complete deletion.
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Table C.149 TPHPLT Test Tab Results Fields

Field Explanation
Test Phase Specify test phase angles for each test, up to
12 tests.
Expected Time Expected operate time for the relay for the given

phase shift. Refer to the characteristic curves
published for the relay.

+ Y%/— % Percent tolerance defining the range of
acceptable time results.

Actual Records the actual operate time, in the selected
units (mSec/Sec/Cycles).

% Error Percent error.

Result Pass/Fail flag.

Time Units From the drop-down list, select mSec, Sec,
or Cycles.

The TPHPLT Test Tab screen is shown in Figure C.134.

ACorwerted Locations/Demonstration Test 50 Hz/Demo test of SEL 321/5EL-321 DEMO TEST#*/Class Demo/TPHPLT

[TrHFLT =l FielayID: SEL-321 DEMO TEST® Serial Mo: SN 94094007
TRHFLT

Last Edit:  1999-05-1014:44:02.000 Mig: SEL

| Action I Report | Motebook. I

Src | High | Low | Ampl [ Phe | Freq | Fesuls IEunenl Test Conditions j Save Results I Delete Results I
WA 115.00 00 E0.000 = - p
I E Tirne Units
B 1E00 | ACTION 50.000 TestPh | Expected Time | +% [ -% | Actual | %Enor | Result
-30 ] 0 1o Iﬁ
0 5 10|10 ke
30 B8 0 10
Senge Canhections: I
Jumpers: I

Figure C.134 TPHPLT Test Tab Screen
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Action Tab
The TPHPLT Action Tab Conditions fields are explained in Table C.150.

Table C.150 TPHPLT Action Tab Conditions Fields

Field Explanation

Offset Phase Enter an offset phase (typically zero for the
reference phase).

Offset Duration Enter an offset duration in cycles.

Max On Time Maximum number of seconds to sustain phase

shift before recording No Op (no operation).

Reset Time Number of seconds to wait between test pulses,
to allow the relay to reset.

Time Dial Documentation use only, indicates time action
of relay.
MTA Value Documentation use only. Where relevant,

indicates maximum torque angle of relay.

The TPHPLT Action Tab screen is shown in Figure C.135.

AConverted Locations/Demonstration Test 50 Hz/Demo test of SEL 321/5EL-321 DEMD TEST*/Class Demo/TFHPLT
ITF‘HF‘LT j Relay |D:  SEL-321 DEMO TEST* Serial No: SM 34034007
TRHPLT Last Edit  1999-05-14 13:24:53.000 Mfa: SEL

Test  Action | F\epoltl Nolebookl

Sen Condifions | &mpl | Unis
A | Offset Phase a Deg
Cortacts ¥ || 0->C i 1
ortacts 7| I (BN ffzet Time: i} Cycles
Delay 0 Cyoles  *| ||| tax On Time g8 Sec
Duration i mSecs v |[D| Feset Time 10 Sec
Source  [yg ﬂ |LE | Tirne Dial 0
FMT&Value ID I

Zero Crozsing IS_l,lstem 'l

Figure C.135 TPHPLT Action Tab Screen
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Sense The TPHPLT Sense fields are explained in Table C.151.

Table C.151 TPHPLT Sense Fields

Field

Explanation

Pull-down List

Select sense transition: Contacts O—>C, etc.,
Voltage On—>Off, etc.

Source Name a source to identify which Instrument or
input receives the relay sense signal. The source
must be an Action. The default is MA for the
Master Instrument.

Run Click RUN on the toolbar or press F12 to run the test. The sources

initialize and turn on as follows:

* Non-Action sources turn on at Preset values.

e Action sources turn on at Offset values and move to Action

values.

Phase action then begins. The test stops as soon as the relay operates and
the time is recorded. Sources turn off and wait before the next test point.

Operation Graph

The TPHPLT Operation graph is shown in Figure C.136.

b Phase Angle
(A) Offset
Test Value |- P (B) Offset Duration
; i (C) Max. Duration
' Time
A
B Sense C  Time

Figure C.136 TPHPLT Operation Graph
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TRANS - Transient Waveform Playback - T ProTesTPLAN

Description

Operation

Use

Import COMTRADE waveform files, select traces for playback, and save
them in the ProTesT database. TRANS allows the user to view and edit
transient data files, then play back waveforms through the F6000.
Waveform data are imported from data files stored in IEEE COMTRADE
format. Such data may represent data channels from DFR recordings or
EMTP simulations.

Create a TRANS Macro in a Test Plan, then open the test and select a
Comtrade.cfg file to import. All channels are displayed on a common
time scale. Select one or more channels for playback. All other channels
can be deleted from the TRANS macro test data; otherwise, deselected
channels are merely hidden from view. Use the mouse to select a time
frame by drawing a zoom box over selected channels. Run a test and the
selected waveform segments are downloaded to the instrument for
playback. Timers can be set up on a Results tab similar to timer setup

on the SSIMUL macro (page C-209).

This macro evaluates protection schemes, or troubleshoots suspected
misoperation. Use to reproduce the effect of DC offset and L/R decay
during a fault.

Import Comtrade File

When a TRANS macro is created, the View tab is initially empty. To
import a Comtrade file, select Macro | Import from the menu bar. A file
browse window is opened. Browse to the drive and folder containing the
desired Comtrade files and select the .cfg file. All traces are presented on
the View tab. Use the vertical scroll bar to view all the traces.

C-258
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View Tab

TRANS opens at the View tab (Figure C.137). The figure shows the signal
view of waveforms imported already into ProTesT.

Drag and Drop —
mSec/Cycles

Wiew |Analog| Digitall Flesultl F!eportl Maotebook
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HOBE ZHOBE 230KV YaN |

234?.88-|_
KA |
-2347.86-

HOBE ZHOBE 230KV VBN |

234?.85-|
(8%

27,95 : : :
HOBE 2HOBE 230KV VTN

2347 86+
A
-2347.86- - -
HOBE 2[HOBE 230kM 1A
234786 T T
A AR R T PP T P PP PSS PPV WP
-2347 86- - - -
HOBE 2[HOBE 230KV B ]
234786 T T T
A PEETERTIL LT PSP TP ST TR T PR DT PR PR PR PR
-2347 86- . . .
HOBE 2[HOBE 230KV IC ]
Irnzl I|1 ‘Id!ﬁ 2 ?'9'7 4 eﬁ'ﬂ 7 F.H|ai 9 ?R|‘I 1 F!?|? 3 1ﬂ7|2 5 1‘IF||FI A 1R|‘I R

Delete Trace

Figure C.137 Test View of TRANS Macro - the View Tab

Control Buttons

mSec/Cycles Changes the scale shown at the bottom of the tab
between cycles and milliseconds.

Delete trace This is available for each trace. Click Delete trace
to remove the trace from the view. A prompt asks
whether to delete it, or to hide it from view. If
deleted, the data is removed from the database.

Drag and Drop Click Drag and Drop, hold down the left mouse
button, and drag to another trace. Release the
button and, if allowed, the trace being dragged will
be copied onto the target, which will now show
both traces.
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Zoom To enlarge a trace area of one or more consecutive
traces, click the area, drag a zoom box around the
area, and release. The traces included in the zoom
box are enlarged, covering the time frame included
in the box. An Unzoom button appears on the top
right (Figure C.138). Click Unzoom to restore the
trace images to normal size.

Zoom/Unzoom
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Figure C.138 Zoom Option
Data Readout Left click anywhere on a graph to place a green start-of-time marker on
all traces; right click to place a red time end-of-time marker. A data area
to the right of the horizontal scroll bar displays three numbers for each
trace: the green value is the waveform amplitude at the green marker, the
red value is the amplitude at the red marker, and the yellow value is the
difference between them.
NoTE The three value-readouts may not all be visible until the traces are
l zoomed.
o
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Viewing Properties Right click anywhere on the View tab to display a pop-up menu, as long
as the start/end time markers are not being shown (Figure C.139).

2747 86- Froperties
W Fecording Info

K
-2347.86-
2347.86 :
Ky !
2347.86- !

Figure C.139 View Tab Pop-up Menu

Properties (Figure C.140) allow you to customize the waveform display.

Recording Info displays the date and time of the recording, the sample
rate, and the number of samples.

Signal Yiewing Properties

v Use value lines Advanced

[ Draw signals on black background

0l

Help
¥ Use phase encoded signal colors

[ Display time in cycles
¥ Enable horiztonal zoom
¥ Enable vertical zoom oK ‘

v Use cursor bars
Cancel

d

[ Automatically overlay signals with the same name.

Figure C.140 Signal Viewing Properties

NoTE Help is not yet implemented.
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Click Advanced to display a second window (Figure C.141) to set
additional properties for the waveform display.

Signal Yiewing Properties |
—Apperance
¥ Signal frame ticks [~ TR Style [~ Show Title Bar

¥ alue Lines ¥ Phaze Encoded Colors ™ Tiny Signal Frames

¥ Show Signal Mame ¥ Show Signal Mame Source
[ Black Background [~ Display Time in Cycles

Line Frequency IEIII Hertz 30 “width |1 Pizels

— Contral
V¥ Hariztonal Zoom [ Signal Drag Drop Rearder
V¥ ertical Zoom [~ Signal Drag Drop Overlay
W | Cursor Bars [~ Restricted Overlay Drop
[ Deletable Signals [~ Refresh Button
¥ Time Cycles Button
—Scale
™ Include zera in amplitude scales bax. Time Ticks n
[T Center zero within zigna b aw. Ampitude ]
¥ 2l signals with same name on same scale Found Out Didit 0
[~ 2l signals with same name in same frame .nun ML Lo
Time Bound Out 1]

ak. Help | Cancel

Figure C.141 Signal Viewing Properties - Advanced
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Analog Tab
The Analog tab (Figure C.142) lists information about each analog trace.
View {Anaio ] Digial |
[Nl Charinel Name | Max [ Urits [ PT/CT [ Sec [ Units[SRC[=
1_|HOBE 2 [HOBE 2 | 198.415 KV 1:1 198,415/ KV
2 |HOBE 2 [HOB | 192.415 |k 1:1 138415/ KV -
3 |HOBE 2 [HOBE 2 | 194 366 |KV 1:1 194, 366| KW
4 |HOBE 2 [HOEE 2 ] 3 1:1 &
5 |HOBE 2 [HOBE 2 | 1:1
g |HOBE 2 [HOBE 2 ] 11 R
r File.lnfmmation I 100 % Range Filter Parameters
Station  [NDIANT 0N PG125 DAU-101 I 'I
Channels! 56 Total [ 16 Analog | 40 Digital ,f —
Samples | 3796 Sample [ZFaz.000 Frequency s
Figure C.142 Analog Tab
SRC In this column, enter the Doble source that will
play that channel trace. All other information is
taken from the Comtrade header file.
% Range Set to 100%. Using a smaller % Range will force
TRANS to use a higher range for all sources during
playback. Assign a smaller % Range only if
playback at 100% Range causes a source to go into
thermal overload.
NoTE The Filter Parameters apply only to F2000, and F2000 transient support
' is not yet implemented.
o
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Digital Tab

The Digital tab (Figure C.143) lists information about each digital trace.

Wiew I.ﬂ.nalng Drigital

Channel Name
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13

20

2e

[ 21

L.O.R

L.0O.F.

1M B B3R

LOR. 25B
LOR. 2MB

L.OH
L.O.R

15 El_l_[_-l M E;
_CAP BANK_ PRIM

Station

— File Infarmatian

INDIANTO'WM PG125 DAL-101

Channel:l 56 Total | 16 Analog | 40 Digital
Samples A796 Sample

2532.000

Figure C.143 Digital Tab

Add a Doble source name to the SRC column to identify which logic
outputs play the trace. Click Inv to invert the output.
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ZPLBOI - Z Characteristic Plot - Binary Search Current -
Z ProTesTPLAN

Description

A fast, high-low pulsed search to bracket the relay operate point,
followed by linear ramp or pulsed ramp for a high resolution result.
Impedance value is calculated. Repeated up to 100 times at different
impedance angles for fast measurement of impedance characteristic.

The search algorithm begins by testing midway between the Action
Offset Current and Current Limit. If the relay does not operate, limit
current is applied. If the relay still does not operate, the test is over
(recorded as No Op, No Operation). Successive pulses are calculated
based on the results of the last pulse; i.e., the next pulse is halfway
between the last operate value and the last No Op value. When the
difference between pulse amplitudes is less than three times the ramp
delta current specified, the search stops and either a Linear Ramp or a
Pulsed Ramp begins.

Operation

ZPLBOI does a sequence of Reach Binary Search tests at different
impedance phase angles. The user specifies up to four impedance angle
arcs, defined by From Angle, To Angle, and Delta. Reach tests are
performed at each angle in the arc, including the end points. Multiple
arcs make it possible to do a coarse sweep (e.g., every 10x) over a wide
range, then test at, perhaps, every 1x near the angle of maximum torque.
A third, very coarse, arc could verify no operation in the blind zone of a
directional distance relay. Select Tools/Graph/Display Graph from the
menu bar to display the time characteristic. The plot form can be
changed without rerunning the test.

Use

This macro tests the high resolution steady state characteristic curve for
distance relay.
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Notes
e Will record up to 100 points for a good curve.
e If fewer points are needed, use ZPXBOI, which allows Pass/Fail
evaluation.
Test Tab
On the ZPLBOI Test Tab screen (Figure C.144):
1. Select valid source names in the Src column.
2. Use the High and Low fields to enter values for the source
connections between the instrument and the relay.
3. Mark the Action amplitude(s) and phase(s) ACTION or enter the
amplitude value.
4. Enter the frequency.
Specify phase as ACTION, A-20, A+120, for example, if phase offset
is required among multiple Action sources.
6. Enter test relay connections in the Sense Connections field when the
test relay is connected as a sense input or to a timer.
7. Enter the jumper connections in the Jumpers field.
Results The macro initially displays the results for the
Current Test conditions. To display prior results,
click the pull-down arrow and select a prior test.
Save Results Click Save Results after running a test and select
the new results to save. When exiting the macro,
save any macro changes and results if they have
not already been saved.
Delete Results Click Delete Results to display a window
containing saved test results. Select one or more
test results using the mouse. Ctrl+click works as a
toggle action to select or unselect items. Click OK
to complete deletion.
NoTE If battery simulator voltage is needed, enter BT as a source and select
' amplitude, or run the POWER macro.
o
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Arc Table

| PH2:3 CIR =l
ZPLED)

| .ﬁctionl F'refaultl Heportl Notebookl

Relay ID:
Last Edit:

/Converted Locations/D emanstration Test 50 Hz/Demo test of SEL 321/5EL-321 DEMO TEST*/Class Demo/PH2-3 CIR
SEL-321 DEMO TEST®
1999-05-10 14:45:57.000

Serial Mao: SM 34094007
Mig: SEL

Sic | High | low | Ampl [ Phs [ Fren

WA 60.00 00 £0.000
B 1080 740 £0.000
H1 ACTION ACTION | B0.000

Sense Connections: I

Jumpers: I
From#nale | Todnde | Deka [ Units
L& |0 45 15 Deg
B |55 an 5 Deq
| C {100 160 an Deg
D220 360 B0 Deg

Results

IEurrent Test Conditions

ﬂ Save Results |

Z Anale [ Actual [ valts [ Result [=

Delete Results |

-

Figure C.144 ZPLBOI Test Tab Screen

For each arc A, B, C, D define up to four impedance Arcs. Specify From
Angle, To Angle and Delta for each Arc to cover the angles of interest at a
given angular resolution. Select results from the Results pull-down arrow

to display prior results.

The arc angles entered are impedance angles. Action source angle is
assumed to be lagging, and is calculated by ProTesT based on the Voltage
Fault Angle entered on the Action tab.

The ZPLBOI Arcs are defined in Table C.152.

Table C.152 ZPLBOI Arc Definitions

Arc Definition

From Angle Starting Impedance Angle of the arc in degrees.
To Angle End Impedance Angle of the arc in degrees.
Delta Increment of phase angle in degrees.

Aok ™ 72A-1585 Rev. C 8/02
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Results Table

A scrollable table shows the results of running the macro. ZPLBOI
records the impedance angle (Z Angle), calculated impedance, and
operate current for up to 100 test points. Impedance is calculated based
on the selected Fault Equation (i.e., impedance equation) selected.

There are no expected values, and no Pass/Fail indication. Test result will

show only as Run.

Action Tab
The ZPLBOI Action Tab Conditions fields are explained in Table C.153.
Table C.153 ZPLBOI Action Tab Conditions Fields

Field Explanation

Offset Current The initial amplitude of the Action source.

Offset Duration How long to maintain the offset.

Current Limit The amplitude at which the ramp stops if the
relay does not operate. The maximum of Offset
and limit determines the source range.

Pulse Duration Maximum length of each search pulse; pulse
terminates as soon as a sense is detected.

Wait How long to wait between pulses; wait is at
offset current.

Delta Current Step size of ramp. Use a minus sign for a
downward ramp.

Delta Time How long each Linear Ramp step is held; setto 0
for Pulsed Ramp, using the same pulse duration
and wait as the search.
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The ZPLBOI Action Tab screen is shown in Figure C.145.

/Corverted Locations/Demonstration Test 50 Hz/Demo test of SEL 321/5EL-321 DEMO TEST=/Class Demo/ZPLEOIZ
IZPLBDI2 j Relay ID:  SEL-321 DEMO TEST® Serial Mo: 5M 94034007
Last Edit:  1993-05-14 12:41:10.690 Mfg: SEL

ZPLEOI
Test  Action | Prefaultl Heportl Notehookl

Senze Fault Conditions | Amnpl [ Units
IEontacts 'JID'>E - Equation  |%/2I - L& | Offset Currept 01 Amps
18 — Voltage IBD_ |[B"| Offzet Duration 20 Cycles

Delay. 0 Cycles =] [IE] Cumrent Limit 40 Amps
Duration [ mSecs Y| Angle IU 10| Pulse Duration 100 | Cycles
Source ﬂ K Factor I L E | ait 15 Cycles
ILE |+ Delta Cumrent 01 Amps

G| Delta Time 15 Cycles

Zero Crozsing ISystem 'l

Figure C.145 ZPLBOI Action Tab Screen

Sense The ZPLBOI Sense fields are explained in Table C.154.

Table C.154 ZPLBOI Sense Fields

Field Explanation

Pull-down List Select sense transition: Contacts O—>C, etc.,
Voltage On—>Off, etc.

Source Name a source to identify which Instrument, or
input, receives the relay sense signal. The source
must be an Action. The default is MA for the
Master Instrument.

Run Click RUN on the toolbar or press F12 to run the test. The sources
initialize as follows:
¢ Non-Action sources turn on at Preset values.
e Action values turn on at Prefault values, move to offset values and
then to Action values.

The test stops as soon as the relay operates and the time is recorded. The
current Action sources briefly turn off before starting the next test point.
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Operation Graph

The ZPLBOI Operation graph is shown in Figure C.146.
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F
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(G Ramp Time

A Time = 0for
Pulsed Ramp
Z - -
Prefault B Sense  Time
Dration

Mate: Pulse (O ends on Sense

Fault

Figure C.146 ZPLBOI Operation Graph

The ZPLBOI Fault fields are explained in Table C.155.

Table C.155 ZPLBOI Fault Fields

Field

Explanation

Equation

Use the pull-down list to select a steady state
fault equation for impedance. Use V/I for single
phase fault, V/2I for phase to phase, and V/I\ for
a three phase fault with a delta fault voltage. A
formula involving a scalar K (K*V/l) is provided
to calculate zero compensated values.

Voltage

Amplitude of fault voltage. On a phase to
ground fault, this is the voltage amplitude on the
Test tab; however, on a phase to phase fault, this
is the vector difference of the two Doble
voltages, which are phase to ground quantities.

Angle

Angle of fault voltage entered above. On phase
to phase fault, this is angle of the vector
difference of the two Doble phase to ground
voltages.

K Factor

Scalar value of K for use in an Equation
involving K; otherwise it is ignored.
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Prefault Tab

The Prefault tab is used for steady state macros to assert initial conditions
before the values on the Test tab and Action offset are applied. This
allows an initial state of normal, balanced voltages and currents to be
applied for a duration before the macro action begins with faulted
voltage and increasing current. The ZPLBOI Prefault Tab fields are
explained in Table C.156.

Operation When the test is run, the Prefault is applied as
indicated. This allows an intelligent relay to see
normal conditions before responding to the fault
condition generated by running the macro. If the
Prefault duration is 0, no Prefault occurs.

Table C.156 ZPLBOI Prefault Tab Fields

Field Explanation

Source Name Source names are set on the Test tab and cannot
be modified.

Amplitude Enter the desired amplitude.

Phase Enter a phase in the range of —360.0° to 360.0°.

Frequency The Frequency value is set on the Test tab.

Prefault Duration Enter a duration for the Prefault condition.
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ZPLBOV - Z Characteristic Plot - Binary Search Voltage -

Z ProTesTPLAN

Description

Operation

Use

A fast, high-low pulsed search to bracket the relay operate point,
followed by linear ramp or pulsed ramp for a high resolution result.
Repeated up to 100 times at different impedance angles for fast
measurement of impedance characteristic.

The Search algorithm begins by testing midway between the Action
Offset Voltage and Voltage Limit. If the relay does not operate, limit
voltage is applied. If the relay still does not operate, the test is over
(recorded as No Op, No Operation). Successive pulses are calculated
based on the results of the last pulse; i.e., the next pulse is halfway
between the last operate value and the last No Op value. When the
difference between pulse amplitudes is less than three times the ramp
delta voltage specified, the search stops and either a Linear Ramp or a
Pulsed Ramp begins.

The ramp backs twice the delta voltage further, then ramps for a
maximum of 15 steps. If the test is properly tuned, three or four steps
should be sufficient.

ZPLBOV does a sequence of Reach Binary Search tests at different
impedance phase angles. The user specifies up to four impedance angle
arcs, defined by From Angle, To Angle, and Delta. Reach tests are
performed at each angle in the arc, including the end points. Multiple
arcs make it possible to do a coarse sweep (e.g., every 10x) over a wide
range, then test at, perhaps, every 1x near the angle of maximum torque.
A third, very coarse, arc could verify no operation in the blind zone of a
directional distance relay. Select Tools/Graph/Display Graph from the
menu bar to display the time characteristic. The plot form can be
changed without rerunning the test.

This macro tests the high resolution steady state characteristic curve for
distance relay.
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Notes
e Will record up to 100 points for a good curve.
e |f fewer points are needed, use ZPXBOV, which allows Pass/Fail
evaluation.
Test Tab

On the ZPLBOV Test Tab screen (Figure C.147 on page C-274):

1. Select valid source names in the Src column.

2. Use the High and Low fields to enter values for the source

connections between the instrument and the relay.

3. Mark the Action amplitude(s) and phase(s) ACTION or enter the

amplitude value.

4. Enter the frequency.

5. Specify phase as ACTION, A-120, A+120, for example, if phase offset

is required among multiple Action sources.

6. Enter test relay connections in the Sense Connections field when the

test relay is connected as a sense input or to a timer.

7. Enter the jumper connections in the Jumpers field.

Results The macro initially displays the results for the
Current Test conditions. To display prior results,
click the pull-down arrow and select a prior test.

Save Results
Click Save Results after running a test and select
the new results to save. When exiting the macro,
save any macro changes and results if they have
not already been saved.

Delete Results
Click Delete Results to display a window
containing saved test results. Select one or more
test results using the mouse. Ctrl+click works as a
toggle action to select or unselect items. Click OK
to complete deletion.

NoTE If battery simulator voltage is needed, enter BT as a source and select

' amplitude, or run the POWER macro.
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/Converted Locations/Demaonstration Test B0Hz/Demo test of SEL 321/5EL-321 DEMO TEST#/Class Demo/CHARACT.OHM
Relaw ID:  SEL-321 DEMO TEST® Senal No: SM 34094007
Last Edit:  1999-05-10 14:45:57.000 Mfg: SEL

CHARACT.OHM i
ZPLBOY

.t’-\ctionl F'refaultl Heportl Notebookl

Sre | High | Low | Ampl | _Phs [ Freg | Results ICurrentTest Conditions j Save Results |
WA, ACTION |ACTION | BO.000 "
H1 15000 o0 eoooo | |2anse ( Actual [Ivoks | Rest | Delete Fesults |

Sense Connections: I

Jumpers: I
T From Anale [ Toén
L& [0 360 10 Deg
I |50 a0 3 Deg
| C Deg
D Deg
_ Arc Table Results Table ~ —

Figure C.147 ZPLBOV Test Tab Screen

Arc Table Define up to four impedance Arcs. Specify From Angle, To Angle and
Delta for each Arc, to cover the angles of interest at a given angular
resolution.

The arc angles entered are impedance angles. Action source angle is
assumed to be leading, and is calculated by ProTesT, based on the
Current Fault Angle entered on the Action tab.

The ZPLBOV Arcs are defined in Table C.157.

Table C.157 ZPLBOV Arc Definitions

Arc Definition
From Angle Starting Impedance Angle of the arc in degrees.
To Angle End Impedance Angle of the arc in degrees.
Delta Increment of phase angle in degrees.
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Results Table A scrollable table shows the results of running the macro. ZPLBOV
records the impedance angle (Z angle), calculated impedance, and
operate voltage for up to 100 test points. Impedance is calculated based
on the selected Fault Equation (i.e., impedance equation) selected.

There are no expected values, and no Pass/Fail indication. Test result will
show only as Run.

Action Tab
The ZPLBOV Action Tab Conditions fields are explained in Table C.158.

Table C.158 ZPLBOV Action Tab Conditions Fields

Field Explanation

Offset Voltage The initial amplitude of the Action source.
Offset Duration How long to maintain the offset.

Voltage Limit The amplitude at which the ramp stops if the

relay does not operate. The maximum Offset and
limit determines the source range.

Pulse Duration Maximum length of each search pulse; pulse
terminates as soon as a sense is detected.

Wait How long to wait between pulses; wait is at
offset voltage.

Delta Voltage Step size of ramp. Use a minus sign for a
downward ramp.

Delta Time How long each Linear Ramp step is held; setto 0
for Pulsed Ramp, using the same pulse duration
and wait as the search.

G 72A-1585 Rev. C 8/02 C.275



ZPLBOV - Z Characteristic Plot - Binary Search Voltage - Z ProTesTPLAN
- ]

The ZPLBOV Action Tab screen is shown in Figure C.148.

/Converted Locations/D emonstration Test 50 Hz/Demo test of SEL 321/5EL-321 DEMO TEST*/Class Demo/ZPLEOY
IZPLBDV ﬂ RelayID:  SEL-321 DEMO TEST* Serial Mo: SM 3403400
ZPLEDY Last Edit:  1395-05-14 13:47:54.000 Mfg: SEL

Test  Action |Prefau\t| Feeport | Notebaok |

Fenze Fault Conditiohs [ Ampl [ Units
ICDntacts _‘JIU->C =] || Equation  [vA =1 |l Offset Vollage 0 Walts
B T | LB | Ciffset Duration 1] Cyclez
ey | Cpcles = I B altage Limit B0 Vals
Duration [o migcs 7| Angle ID [0 Prulze: Duration 20 Cycles
Source  [ys, = K. Factar |_ e 10 Cucles
|_E|+/- Delta Yoliage 05 WYalts
G |Dela Time 10 Cyclez

Zero Crogsing ISystem 'l

Figure C.148 ZPLBOV Action Tab Screen

Sense The ZPLBOV Sense fields are explained in Table C.159.

Table C.159 ZPLBOYV Sense Fields

Field Explanation

Pull-down List Select sense transition: Contacts O—>C, etc.,
Voltage On—>Off, etc.

Source Name a source to identify which Instrument, or
input, receives the relay sense signal. The source
must be an Action. The default is MA for the
Master Instrument.

Run Click RUN on the toolbar or press F12 to run the test. The sources
initialize as follows:
¢ Non-Action sources turn on at Preset values.
e Action values turn on at Prefault values, move to offset values and
then to Action values.

The test stops as soon as the relay operates and the time is recorded. The
voltage Action sources briefly turn off before starting the next test point.
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Operation Graph

The ZPLBOV Operation graph is shown in Figure C.149.
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FPrefault value
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Prefault
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B Sense  Time

Mote: Fulse (00 ends on Sense

Fault

Figure C.149 ZPLBOV Operation Graph

The ZPLBOV Fault fields are explained in Table C.160.

Table C.160 ZPLBOYV Fault Fields

Field

Explanation

Equation

Use the pull-down list to select steady state fault
equation for impedance. Use V/I for single phase
fault, +3 V/2I for phase to phase, and V/I+3 for a
three phase fault with a delta fault voltage. A
formula involving a scalar K (K*V/l) is provided
to calculate zero compensated values.

Current

Amplitude of fault current. On a phase to ground
fault, this is the current amplitude on the Test
tab; however, on a phase to phase fault, this is
the vector difference of the two Doble currents,
which are phase to ground quantities. Must not
be zero.

Angle

Angle of fault voltage entered above. On phase
to phase fault, this is angle of the vector
difference of the two Doble phase to ground
currents.

K Factor

Scalar value of K for use in an Equation
involving K; otherwise it is ignored.
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Prefault Tab

The Prefault tab is used for steady state macros to assert initial conditions
before the values on the Test tab and Action offset are applied. This
allows an initial state of normal, balanced voltages and currents to be
applied for a duration before the macro action begins with faulted
voltage and increasing current.

Operation When the test is run, the Prefault is applied as
indicated. This allows an intelligent relay to see
normal conditions before responding to the fault
condition generated by running the macro. If the
Prefault duration is 0, no Prefault occurs.

The ZPLBOV Prefault Tab fields are explained in Table C.161.

Table C.161 ZPLBOYV Prefault Tab Fields

Field Explanation

Source Name Source names are set on the Test tab and cannot
be modified.

Amplitude Enter the desired amplitude.

Phase Enter a phase in the range of -360.0° to 360.0°.

Frequency The Frequency value is set on the Test tab.

Prefault Duration Enter a duration for the Prefault condition.
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ZPLLRI - Z Characteristic Plot - Linear Ramp Current -
Z ProTesTPLAN

Description

One or more current sources are ramped from an offset amplitude until
the relay operates, or until a limit amplitude is reached (recorded as
No Op, for No Operation). This can be repeated up to 100 times at
different impedance angles.

Operation

ZPLLRI does a sequence of Linear Ramp Reach tests at different
impedance angles. The user specifies up to four impedance angle arcs,
defined by From Angle, To Angle, and Delta. Reach tests are performed
at each angle in the arc, including the end points. Multiple arcs make it
possible to do a coarse sweep (e.g., every 10x) over a wide range, then
test at, perhaps, every 1x near the angle of maximum torque. A third,
very coarse, arc could verify no operation in the blind zone of a
directional distance relay. Select Tools/Graph/Display Graph from the
menu bar to display the time characteristic. The plot form can be
changed without rerunning the test.

Use

This macro tests the high resolution steady state characteristic curve for
distance relay.

Notes

e To minimize test time and heating, use an offset as close to the
expected operating points as possible or use ZPLBOI instead.

e Will record up to 100 points for a good curve.

e If fewer points are needed, use ZPXBOI, which allows Pass/Fail
evaluation.
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Test Tab
On the ZPLLRI Test Tab screen (Figure C.150):
1. Select valid source names in the Src column.
2. Use the High and Low fields to enter values for the source
connections between the instrument and the relay.
3. Mark the Action amplitude(s) and phase(s) ACTION or enter the
amplitude value.
4. Enter the frequency.
Specify phase as ACTION, A-120, A+120, for example, if phase offset
is required among multiple Action sources.
6. Enter test relay connections in the Sense Connections field when the
test relay is connected as a sense input or to a timer.
7. Enter the jJumper connections in the Jumpers field.
Results The macro initially displays the results for the
Current Test conditions. To display prior results,
click the pull-down arrow and select a prior test.
Save Results Click Save Results after running a test and select
the new results to save. When exiting the macro,
save any macro changes and results if they have
not already been saved.
Delete Results Click Delete Results to display a window
containing saved test results. Select one or more
test results using the mouse. Ctrl+click works as a
toggle action to select or unselect items. Click OK
to complete deletion.
NoTE If battery simulator voltage is needed, enter BT as a source and select
' amplitude, or run the POWER macro.
o
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/Canverted Locations/Demonstration Test B0 Hz/Dema test of SEL 321/5EL-321 DEMO TEST#/Class Dema/ZPLLRI
IZPLLHI j Relay ID:  SEL-321 DEMO TEST* Serial Mo: SM 94094007
Last Edit:  1933-05-10 14:45:33.000 Mfg: SEL

ZPLLRI

| Actionl Prefaultl Hepoltl Notehookl

Sre | High | Low | Ampl | Phs | Freg F‘ESL""SICunentTestConditions j Save Results |

Wi 10,000 |00 EO.000 -
11 ACTION ACTION |Gonop | |2l [ ctual | Amps | Resut [+ Delete Results |
Senze Connections: I
Jumpers: I
Eram Anale | ToAnale I Dielta I Lnits
0 100 Deg
B
C|
0
-
Arc Table Result Table
Figure C.150 ZPLLRI Test Tab Screen
Arc Table Define up to four impedance Arcs. Specify From Angle, To Angle and
Delta for each Arc, to cover the angles of interest at a given angular
resolution.

The arc angles entered are impedance angles. Action source angle is
assumed to be lagging, and is calculated by ProTesT, based on the
Voltage Fault Angle entered on the Action tab.

The ZPLLRI Arcs are defined in Table C.162.

Table C.162 ZPLLRI Arc Definitions

Arc Definition

From Angle Starting Impedance Angle of the arc in degrees.
To Angle End Impedance Angle of the arc in degrees.
Delta Increment of phase angle in degrees.

G 72A-1585 Rev. C 8/02 C.281



ZPLLRI - Z Characteristic Plot - Linear Ramp Current - Z ProTesTPLAN
L]

Results Table A scrollable table shows the results running of the macro. ZPLLRI records

the impedance angle, calculated impedance, and operate current for up
to 100 test points. Impedance is calculated based on the selected Fault
Equation (i.e., impedance equation) selected.

There are no expected values, and no Pass/Fail indication. Test result will
show only as Run.

Action Tab
The ZPLLRI Action Tab Conditions fields are explained in Table C.163.

Table C.163 ZPLLRI Action Tab Conditions Fields

Field

Explanation

Offset Current

The initial amplitude of the Action source.

Offset Duration

How long to maintain the offset.

Delta Current

Step size of ramp. Use a minus sign for a
downward ramp.

Delta Time

How long each Linear Ramp step is held. Use
minus for a downward ramp.

Current Limit

The amplitude at which the ramp stops if the
relay does not operate. The maximum of the
Offset and the limit determines the source range.

The ZPLLRI Action Tab screen is shown in Figure C.151.

[New = RelayID: CDG11 fbushialial Seril Nor HRP16317.
SPLLRI Last Edit:  1999-06-02 10:1%:00.860 Mg EEC
Test | F'refaultl Heportl Notebookl

Senze Faut Conditions | Ampl [ Units

IEontacts 'JID'>E = Equation IWI vl L | Offset Eunent 025  Amps

! — Valtage ; (0BT Oiffzt Counation 1] Cycles

Delay. U Cycles x| I L2 ] +/- Delta Cumrent 0 Arps

Duration [g mSecs Y] Angle ID LD | Delta Time a Cycles

Source  [pa ﬂ K. Factor I E | Current Lirit 0 Amps

Zero Crossing ISystem 'l

Figure C.151 ZPLLRI Action Tab Screen
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Sense The ZPLLRI Sense fields are explained in Table C.164.

Table C.164 ZPLLRI Sense Fields

Field Explanation

Pull-down List Select sense transition: Contacts O—>C, etc.,
Voltage On—>Off, etc.

Source Name a source to identify which Instrument, or
input, receives the relay sense signal. The source
must be an Action. The default is MA for the
Master Instrument.

Run Click RUN on the toolbar or press F12 to run the test. The sources
initialize as follows:

* Non-Action sources turn on at Preset values.

e Action values turn on at Prefault values, move to offset values and
then to Action values.

The test stops as soon as the relay operates and the time is recorded. The
current Action sources briefly turn off before starting the next test point.

Operation Graph
The ZPLLRI Operation graph is shown in Figure C.152.

A Current
(A) Offset
(B) Offset Duration
(C) +~ A value
(D) ATime
Prefault Yalue (E) Limit Value
FL
R Sense o
or Record

Figure C.152 ZPLLRI Operation Graph
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Fault

The ZPLLRI Fault fields are explained in Table C.165.

Table C.165 ZPLLRI Fault Fields

Field

Explanation

Equation

Use the pull-down list to select steady state fault
equation for impedance. Use V/I for single phase
fault, /21 for phase to phase, and V/I\8 for a
three phase fault with a delta fault voltage. A
formula involving a scalar K (K*V/1) is provided
to calculate zero compensated values.

Voltage

Amplitude of fault voltage. On a phase to
ground fault, this is the voltage amplitude on the
Test tab; however, on a phase to phase fault, this
is the vector difference of the two Doble
voltages, which are phase to ground quantities.

Angle

Angle of fault voltage entered above. On phase
to phase fault, this is angle of the vector
difference of the two Doble phase to ground
voltages.

K Factor

Scalar value of K for use in an Equation
involving K; otherwise it is ignored.
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Prefault Tab

The Prefault tab is used for steady state macros to assert initial conditions
before the values on the Test tab and Action offset are applied. This
allows an initial state of normal, balanced voltages and currents to be
applied for a duration before the macro action begins with faulted
voltage and increasing current.

Operation When the test is run, the Prefault is applied as
indicated. This allows an intelligent relay to see
normal conditions before responding to the fault
condition generated by running the macro. If the
Prefault duration is 0, no Prefault occurs.

The ZPLLRI Prefault Tab fields are explained in Table C.166.

Table C.166 ZPLLRI Prefault Tab Fields

Field Explanation

Source Name Source names are set on the Test tab and cannot
be modified.

Amplitude Enter the desired amplitude.

Phase Enter a phase in the range of -360.0° to 360.0°.

Frequency The Frequency value is set on the Test tab.

Prefault Duration Enter a duration for the Prefault condition.
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ZPLLRYV - Z Characteristic Plot - Linear Ramp Voltage -
Z ProTesTPLAN

Description

One or more voltage sources are ramped from an offset amplitude until
the relay operates, or until a limit amplitude is reached (recorded as
No Op, for No Operation). Repeated up to 100 times at different
impedance angles.

Operation

ZPLLRV does a sequence of Linear Ramp Reach tests at different
impedance angles. The user specifies up to four impedance angle arcs,
defined by From Angle, To Angle, and Delta. Reach tests are performed
at each angle in the arc, including the end points. Multiple arcs make it
possible to do a coarse sweep (e.g., every 10x) over a wide range, then
test at, perhaps, every 1x near the angle of maximum torque. A third,
very coarse, arc could verify no operation in the blind zone of a
directional distance relay. Select Tools/Graph/Display Graph from the
menu bar to display the time characteristic. The plot form can be
changed without rerunning the test.

Use

This macro tests the high resolution steady state characteristic curve for
distance relay.

Notes

e Will record up to 100 points for a good curve.

e If fewer points are needed, use ZPXBOV, which allows Pass/Fail
evaluation.

Test Tab
On the ZPLLRV Test Tab screen (Figure C.153):
1. Select valid source names in the Src column.

2. Use the High and Low fields to enter values for the source
connections between the instrument and the relay.

3. Mark the Action amplitude(s) and phase(s) ACTION or enter the
amplitude value.

4. Enter the frequency.
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5. Specify phase as ACTION, A-120, A+120, for example, if phase offset
is required among multiple Action sources.

6. Enter test relay connections in the Sense Connections field when the
test relay is connected as a sense input or to a timer.

7. Enter the jJumper connections in the Jumpers field.

Results

Save Results

Delete Results

The macro initially displays the results for the
Current Test conditions. To display prior results,
click the pull-down arrow and select a prior test.

Click Save Results after running a test and select
the new results to save. When exiting the macro,
save any macro changes and results if they have
not already been saved.

Click Delete Results to display a window
containing saved test results. Select one or more
test results using the mouse. Ctrl+click works as a
toggle action to select or unselect items. Click OK
to complete deletion.

NoTE If battery simulator voltage is needed, enter BT as a source and select

' amplitude, or run the POWER macro.

|zPLLRY
ZFLLRY

Last Edit:  1999-05-1014:45:57.000

ctionl F'refaultl Heportl Notebookl

AConverted Locations/Demonstration Test B0 Hz/Demo test of SEL 321/5EL-321 DEMO TEST*/Class Demo/ZPLLRY
j Relay ID:  SEL-321 DEMO TEST*

Serial Mo: SM 94034007
Mig: SEL

Sc | Hich | low | Amol | Phs | Fre

WA
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ACTION (ACTION BO.O00
5000 0.0 £0.000

Sense Conhections: I

Jumpers: I

Froménde | Tosnde | Delta I Units
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55

sFEE

100 20 Ceg
E5 10 Deg

FResults I Current Test Conditions

j Save Rezults |
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Delete Fesultz |

— Arc Table

Results Table —

Figure C.153 ZPLLRV Test Tab Screen
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Arc Table Define up to four impedance Arcs. Specify From Angle, To Angle and
Delta for each Arc, to cover the angles of interest at a given angular
resolution.

The arc angles entered are impedance angles. Action source angle is
assumed to be leading, and is calculated by ProTesT, based on the
Current Fault Angle entered on the Action tab.

The ZPLLRV Arc are defined in Table C.167.

Table C.167 ZPLLRV Arc Definitions

Arc Definition
From Angle Starting Impedance Angle of the arc in degrees.
To Angle End Impedance Angle of the arc in degrees.
Delta Increment of phase angle in degrees.

Results Table A scrollable table shows the results of running the macro. ZPLLRV

records the impedance angle, calculated impedance, and operate
voltage for up to 100 test points. Impedance is calculated based on the
selected Fault Equation (i.e., impedance equation) selected.

There are no expected values, and no Pass/Fail indication. Test result will
show only as Run.

Action Tab
The ZPLLRV Action Tab Conditions fields are explained in Table C.168.

Table C.168 ZPLLRV Action Tab Conditions Fields

Field Explanation

Offset Voltage The initial amplitude of the Action source.
Offset Duration How long to maintain the offset.

Delta Voltage Step size of ramp. Use a minus sign for a

downward ramp.

Delta Time How long each Linear Ramp step is held. Use
minus for a downward ramp.

Voltage Limit The amplitude at which the ramp stops if the
relay does not operate. The maximum of the
Offset and limit determines the source range.
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The ZPLLRV Action Tab screen is shown in Figure C.154.

/Corverted Locations/Demonstration Test 50 Hz/Demo test of SEL 321/5EL-321 DEMO TEST*/Class Demo/ZPLLRY

[ZPLLRY =] RielayID:  SEL-321 DEMO TEST" Serial No: 5N 54034007
ZPLLRY Last Edit:  1999-05-10 14:45:57.000 Mig: SEL
Test I F'refaultl Hepoltl Notebookl
Sense Fault Conditions [ 2mpl | Units
IEontacts ﬂID'N: j Equation IWI vl L | Offest Voltage 70 Yol
Cunent ,T LB ] Off=et Duration ] Cycles
Delay. 0 Cycles 7| - [LE] +/- Delta taltage 05 Yols
Duration [p mSecs 7| Angle a LD | Delta Tirme 5 Cycles
source wy |+ K. Factor 3y EN|altage Limit 1 Volts

Zera Crozsing I System | ¥ I

Figure C.154 ZPLLRV Action Tab Screen

Sense The ZPLLRV Sense fields are explained in Table C.169.

Table C.169 ZPLLRYV Sense Fields

Field Explanation

Pull-down List Select sense transition: Contacts O—>C, etc.,
Voltage On—>Off, etc.

Source Name a source to identify which Instrument, or
input, receives the relay sense signal. The source
must be an Action. The default is MA for the
Master Instrument.

Run Click RUN on the toolbar or press F12 to run the test. The sources
initialize as follows:
e Non-Action sources turn on at Preset values.

e Action values turn on at Prefault values, move to offset values and
then to Action values.

The test stops as soon as the relay operates and the time is recorded. The
voltage Action sources briefly turn off before starting the next test point.
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Operation Graph

The ZPLLRV Operation graph is shown in Figure C.155.

Prefault Value

L Voltage

{A) Offset

(B} Offset Duration
(Ch+- A Value
(0) ATime

{EY Limit Yalue

Y

B Sense
or Record

Fault

Figure C.155 ZPLLRV Operation Graph

The ZPLLRV Fault fields are explained in Table C.170.

Table C.170 ZPLLRYV Fault Fields

Field

Explanation

Equation

Use the pull-down list to select steady state fault
equation for impedance. Use V/I for single phase
fault, \8 V/2I for phase to phase, and V/I\3 for a
three phase fault with a delta fault voltage. A
formula involving a scalar K (K*V/1) is provided
to calculate zero compensated values.

Current

Amplitude of fault current. On a phase to ground
fault, this is the current amplitude on the Test
tab; however, on a phase to phase fault, this is
the vector difference of the two Doble currents,
which are phase to ground quantities.

Angle

Angle of fault current entered above. On phase
to phase fault, this is angle of the vector
difference of the two Doble phase to ground
currents.

K Factor

Scalar value of K for use in an Equation
involving K; otherwise it is ignored.
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Prefault Tab

The Prefault tab is used for steady state macros to assert initial conditions
before the values on the Test tab and Action offset are applied. This
allows an initial state of normal, balanced voltages and currents to be
applied for a duration before the macro action begins with faulted
voltage and increasing current.

The ZPLLRV Prefault Tab fields are explained in Table C.171.

Operations When the test is run, the Prefault is applied as
indicated. This allows an intelligent relay to see
normal conditions before responding to the fault
condition generated by running the macro. If the
Prefault duration is 0, no Prefault occurs.

Table C.171 ZPLLRYV Prefault Tab fields

Field Explanation

Source Name Source names are set on the Test tab and cannot
be modified.

Amplitude Enter the desired amplitude.

Phase Enter a phase in the range of -360.0° to 360.0°.

Frequency The Frequency value is set on the Test tab.

Prefault Duration Enter a duration for the Prefault condition.
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ZPLPRI - Z Characteristic Plot - Pulsed Linear Ramp Current -
Z ProTesTPLAN

Description

One or more current sources are ramped in a series of pulses, returning
to an offset amplitude between pulses. If the limit amplitude is reached
with no relay operation, it is recorded as No Op, for No Operation.
Repeated up to 100 times at different impedance angles.

Operation

ZPLPRI does a sequence of Pulsed Linear Ramp Reach tests at different
impedance angles. The user specifies up to four impedance angle arcs,
defined by From Angle, To Angle, and Delta. Reach tests are performed
at each angle in the arc, including the end points. Multiple arcs make it
possible to do a coarse sweep (e.g., every 10x) over a wide range, then
test at, perhaps, every 1x near the angle of maximum torque. A third,
very coarse arc could verify no operation in the blind zone of a
directional distance relay. Select Tools/Graph/Display Graph from the
menu bar to display the time characteristic. The plot form can be
changed without rerunning the test.

Use

This macro tests the high resolution steady state characteristic curve for
distance relay. Use Pulsed Ramp instead of Linear Ramp to minimize
heat load on relay, or when the relay requires return to offset between
test values.

Notes

e Will record up to 100 points for a good curve.

e |If fewer points are needed, use ZPXBOI, which allows Pass/Fail
evaluation.
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Test Tab
On the ZPLPRI Test Tab screen (Figure C.156 on page C-294):
1. Select valid source names in the Src column.
2. Use the High and Low fields to enter values for the source
connections between the instrument and the relay.
3. Mark the Action amplitude(s) and phase(s) ACTION or enter the
amplitude value.
4. Enter the frequency.
5. Specify phase as ACTION, A-120, A+120, for example, if phase offset
is required among multiple Action sources.
6. Enter test relay connections in the Sense Connections field when the
test relay is connected as a sense input or to a timer.
7. Enter the jJumper connections in the Jumpers field.
Results The macro initially displays the results for the
Current Test conditions. To display prior results,
click the pull-down arrow and select a prior test.
Save Results Click Save Results after running a test and select
the new results to save. When exiting the macro,
save any macro changes and results if they have
not already been saved.
Delete Results Click Delete Results to display a window
containing saved test results. Select one or more
test results using the mouse. Ctrl+click works as a
toggle action to select or unselect items. Click OK
to complete deletion.
NoTE If battery simulator voltage is needed, enter BT as a source and select
' amplitude, or run the POWER macro.
o
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The ZPLPRI Test Tab screen is shown in Figure C.156.

fCanverted Locations/Demaonstration Test 50 Hz/Dema test of SEL 321/5EL-321 DEMO TEST*/Class Dema/ZPLPRI
IZPLF‘HI j Felay ID:  SEL-321 DEMO TEST® Serial Mo: SM 94034007
Last Edit:  1999-05-10 14:46:30.000 Mfg: SEL

ZFLPRI

Actionl Prefaultl Heportl Notebookl

Sic | High | Low | Ampl [ Phs [ Freq F‘EsunsICurrentTestConcIitions j §aveHesuIts|

v 30000 00 60000
VE 0000 1200 eooon ||-2Ande | Ao [ ames | Rt =] 5 peis |
Ve 70000 1200 60000
i ACTION ACTION 50.000

Sense Connections: I

Jumpers:l
Erom &h i
(&0 150 5 Deg
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| C|160 220 a0 Deg
D331 360 1 Deg
=
Figure C.156 ZPLPRI Test Tab Screen
Arc Table Define up to four impedance Arcs. Specify From Angle, To Angle and
Delta for each Arc, to cover the angles of interest at a given angular
resolution.

The arc angles entered are impedance angles. Action source angle is
assumed to be lagging, and is calculated by ProTesT, based on the
Voltage Fault Angle entered on the Action tab.

The ZPLPRI Arcs are defined in Table C.172.

Table C.172 ZPLPRI Arc Definitions

Arc Definition
From Angle Starting Impedance Angle of the arc in degrees.
To Angle End Impedance Angle of the arc in degrees.
Delta Increment of phase angle in degrees.
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Results Table A scrollable table shows the results of running the macro. ZPLPRI records
the impedance angle, calculated impedance, and operate current for up
to 100 test points. Impedance is calculated based on the selected Fault
Equation (i.e., impedance equation) selected.

There are no expected values, and no Pass/Fail indication. Test result will

show only as Run.

Action Tab

The ZPLPRI Action Tab Conditions fields are explained in Table C.173.

Table C.173 ZPLPRI Action Tab Conditions Fields

Field

Explanation

Offset Current

The initial amplitude of the Action source.

Offset Duration

How long to maintain the offset.

Initial Current

Amplitude of first pulse.

Pulse Duration

Maximum length of each pulse; pulse terminates
as soon as a sense is detected.

Wait

How long to wait between pulses; wait is at
offset current.

Delta Current

Step size of ramp. Use a minus sign for a
downward ramp.

Current Limit

The amplitude at which the ramp stops if the
relay does not operate. The maximum of the
Offset and limit determines the source range.
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The ZPLPRI Action Tab screen is shown in Figure C.157.

fConvented Locations/Demanstration Test 50 Hz/Demo test of SEL 321/5EL-321 DEMO TEST+/Class Demo/ZPLPRI
IZPLPHl j Relay ID:  SEL-321 DEMO TEST® Serial Mo: SN 94034007
ZPLPRI Last Edit:  1939-05-10 14:46:30.000 Mg: SEL

Test |F'refault| Heportl Notebookl

Sense Fault Conditions [ &smpl [ Units
IContacts 'JID'>C = el m (] it st Current ] Arnps
= — Valtage (LB Cffset Duration 10 Cycles
Delay 0 Cycles | s 30 BN Iritial Current 10 Anps
Duration [ miecs Y| Angle 1] I[D7| Pulse Duration =] Cycles
Souce [ ﬂ KFactor [ LLE |/t 20 Cycles
BB +#- Dredea Current 2 Amps
G| Current Limit 11 Amps

Zero Crossing ISystem 'I

Figure C.157 ZPLPRI Action Tab Screen

Sense The ZPLPRI Sense fields are explained in Table C.174.

Table C.174 ZPLPRI Sense Fields

Field Explanation

Pull-down List Select sense transition: Contacts O—>C, etc.,
Voltage On—>Off, etc.

Source Name a source to identify which Instrument, or
input, receives the relay sense signal. The source
must be an Action. The default is MA for the
Master Instrument.

Run Click RUN on the toolbar or press F12 to run the test. The sources
initialize as follows:
¢ Non-Action sources turn on at Preset values.
e Action values turn on at Prefault values, move to offset values and
then to Action values.

The test stops as soon as the relay operates and the time is recorded. The
current Action sources briefly turn off before starting the next test point.
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Operation Graph

The ZPLPRI Operation graph is shown in Figure C.158.

G

C

Prefault Value

)

4

k. Current

(&) Offset

(B) Offset Duration
(C) Initial Current
(D) Pulze Duratian
(E) wait

(F1+- Avalue
(G} Limit Value

o

FPrefault
Duration

B Sense FTime

Maote: Pulze (D) ends an Sense

Fault

Figure C.158 ZPLPRI Operation Graph

The ZPLPRI Fault fields are explained in Table C.175.

Table C.175 ZPLPRI Fault Fields

Field

Explanation

Equation

Use the pull-down list to select steady state fault
equation for impedance. Use V/I for single phase
fault, V/2I for phase to phase, and V/I+3 for a
three phase fault with a delta fault voltage. A
formula involving a scalar K (K*V/l) is provided
to calculate zero compensated values.

Voltage

Amplitude of fault voltage. On a phase to
ground fault, this is the voltage amplitude on the
Test tab; however, on a phase to phase fault, this
is the vector difference of the two Doble
voltages, which are phase to ground quantities.

Angle

Angle of fault voltage entered above. On phase
to phase fault, this is angle of the vector
difference of the two Doble phase to ground
voltages.

K Factor

Scalar value of K for use in an Equation
involving K; otherwise it is ignored.
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Prefault Tab

The Prefault tab is used for steady state macros to assert initial conditions
before the values on the Test tab and Action offset are applied. This
allows an initial state of normal, balanced voltages and currents to be
applied for a duration before the macro action begins with faulted
voltage and increasing current. The ZPLPRI Prefault Tab fields are
explained in Table C.176.

Operation When the test is run, the Prefault is applied as
indicated. This allows an intelligent relay to see
normal conditions before responding to the fault
condition generated by running the macro. If the
Prefault duration is 0, no Prefault occurs.

Table C.176 ZPLPRI Prefault Tab Fields

Field Explanation

Source Name Source names are set on the Test tab and cannot
be modified.

Amplitude Enter the desired amplitude.

Phase Enter a phase in the range of -360.0° to 360.0°.

Frequency The Frequency value is set on the Test tab.

Prefault Duration Enter a duration for the Prefault condition.
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ZPLPRYV - Z Characteristic Plot - Pulsed Linear Ramp Voltage -
Z ProTesTPLAN

Description

One or more voltage sources are ramped in a series of pulses, returning
to an offset amplitude between pulses. If the limit amplitude is reached
with no relay operation, it is recorded as No Op, for No Operation.
Repeated up to 100 times at different impedance angles.

Operation

ZPLPRI does a sequence of Pulsed Linear Ramp Reach tests at different
impedance angles. The user specifies up to four impedance angle arcs,
defined by From Angle, To Angle, and Delta. Reach tests are performed
at each angle in the arc, including the end points. Multiple arcs make it
possible to do a coarse sweep (e.g., every 10x) over a wide range, then
test at, perhaps, every 1x near the angle of maximum torque. A third,
very coarse, arc could verify no operation in the blind zone of a
directional distance relay. Select Tools/Graph/Display Graph from the
menu bar to display the time characteristic. The plot form can be
changed without rerunning the test.

Use

This macro tests the high resolution steady state characteristic curve for
distance relay. Use when relay requires return to offset between test
values.

Notes

e Will record up to 100 points for a good curve.

e |f fewer points are needed, use ZPXBOV, which allows Pass/Fail
evaluation.
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Test Tab

NOTE

On the ZPLPRV Test Tab screen (Figure C.159):

1. Select valid source names in the Src column.

2. Use the High and Low fields to enter values for the source

connections between the instrument and the relay.

3. Mark the Action amplitude(s) and phase(s) ACTION or enter the

amplitude value.

4. Enter the frequency.

Specify phase as ACTION, A-120, A+120, for example, if phase offset
is required among multiple Action sources.

6. Enter test relay connections in the Sense Connections field when the

test relay is connected as a sense input or to a timer.

7. Enter the jJumper connections in the Jumpers field.

Results The macro initially displays the results for the
Current Test conditions. To display prior results,
click the pull-down arrow and select a prior test.

Save Results Click Save Results after running a test and select
the new results to save. When exiting the macro,
save any macro changes and results if they have
not already been saved.

Delete Results Click Delete Results to display a window

containing saved test results. Select one or more
test results using the mouse. Ctrl+click works as a
toggle action to select or unselect items. Click OK
to complete deletion.

If battery simulator voltage is needed, enter BT as a source and select
amplitude, or run the POWER macro.
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AConverted Locations/D emonstration Test 50 Hz/Demo test of SEL 321/5EL-321 DEMO TEST*/Class Demo/ZPLPRY
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Figure C.159 ZPLPRV Test Tab Screen

Arc Table Define up to four impedance Arcs. Specify From Angle, To Angle and
Delta for each Arc, to cover the angles of interest at a given angular
resolution.

The arc angles entered are impedance angles. Action source angle is
assumed to be leading, and is calculated by ProTesT, based on the
Current Fault Angle entered on the Action tab.

The ZPLPRV Arcs are defined in Table C.177.

Table C.177 ZPLPRYV Arcs Definition

Arc Definition

From Angle Starting Impedance Angle of the arc in degrees.
To Angle End Impedance Angle of the arc in degrees.
Delta Increment of phase angle in degrees.
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Results Table
records the impedance

A scrollable table shows the results of running the macro. ZPLPRV

angle, calculated impedance, and operate

voltage for up to 100 test points. Impedance is calculated based on the

selected Fault Equation

(i.e., impedance equation) selected.

There are no expected values, and no Pass/Fail indication. Test result will

show only as Run.

Action Tab

The ZPLPRV Action Tab Conditions fields are explained Table C.178.

Table C.178 ZPLPRYV Action Tab Conditions Fields

Field

Explanation

Offset Voltage

The initial amplitude of the Action source.

Offset Duration

How long to maintain the offset.

Initial Voltage

Starting value for the pulsed ramp.

Pulse Duration

How long each pulse is held, waiting for a sense.

Wait

How long to wait at offset between pulses.

Delta Voltage

Step size of pulsed ramp. Use a minus sign for a
downward ramp.

Voltage Limit

The amplitude at which the ramp stops if the
relay does not operate. The maximum of the
Offset and limit determines the source range.

The ZPLPRV Action Tab screen is shown in Figure C.160.

fConverted Locations/Demonstration Test 50 Hz/Demo test of SEL 321/5EL-321 DEMO TEST*/Class Demo/ZFLPRY
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source s =] K Factor LE |"w/ait 10 Cycles
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Figure C.160 ZPLPRV Action Tab Screen
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Sense The ZPLPRYV Sense fields are explained in Table C.179.

Table C.179 ZPLPRYV Sense Fields

Field Explanation

Pull-down List Select sense transition: Contacts O—>C, etc.,
Voltage On—>Off, etc.

Source Name a source to identify which Instrument, or
input, receives the relay sense signal. The source
must be an Action. The default is MA for the
Master Instrument.

Run Click RUN on the toolbar or press F12 to run the test. The sources
initialize as follows:

* Non-Action sources turn on at Preset values.

e Action values turn on at Prefault values, move to offset values and
then to Action values.

The test stops as soon as the relay operates and the time is recorded. The
voltage Action sources briefly turn off before starting the next test point.

Operation Graph
The ZPLPRV Operation graph is shown in Figure C.161.

A voltage
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Figure C.161 ZPLPRV Operation Graph
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Fault

The ZPLPRV Fault fields are explained in Table C.180.

Table C.180 ZPLPRYV Fault Fields

Field

Explanation

Equation

Use the pull-down list to select steady state fault
equation for impedance. Use V/I for single phase
fault, \8V/2I for phase to phase, and V/I\ for a
three phase fault with a delta fault voltage. A
formula involving a scalar K (K*V/1) is provided
to calculate zero compensated values.

Voltage

Amplitude of fault voltage. On a phase to
ground fault, this is the voltage amplitude on the
Test tab; however, on a phase to phase fault, this
is the vector difference of the two Doble
voltages, which are phase to ground quantities.

Angle

Angle of fault voltage entered above. On phase
to phase fault, this is angle of the vector
difference of the two Doble phase to ground
voltages.

K Factor

Scalar value of K for use in an Equation
involving K; otherwise it is ignored.
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Prefault Tab

The Prefault tab is used for steady state macros to assert initial conditions
before the values on the Test tab and Action offset are applied. This
allows an initial state of normal, balanced voltages and currents to be
applied for a duration before the macro action begins with faulted
voltage and increasing current. The ZPLPRV Prefault Tab fields are
explained in Table C.181.

Operation When the test is run, the Prefault is applied as
indicated. This allows an intelligent relay to see
normal conditions before responding to the fault
condition generated by running the macro. If the
Prefault duration is 0, no Prefault occurs.

Table C.181 ZPLPRYV Prefault Tab Fields

Field Explanation

Source Name Source names are set on the Test tab and cannot
be modified.

Amplitude Enter the desired amplitude.

Phase Enter a phase in the range of —360.0° to 360.0°.

Frequency The Frequency value is set on the Test tab.

Prefault Duration Enter a duration for the Prefault condition.
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ZPXBOI - Z Characteristic with Expected Value Binary Search Current -

Z ProTesTPLAN

Description

Operation

Use

A fast, high-low pulsed search to bracket the relay operate point,
followed by linear ramp or pulsed ramp for a high resolution result.
Repeated up to 12 times at specified impedance angles to determine an
impedance characteristic and Pass/Fail in one test. (Same as ZPLBOI,
except that expected values and pass/fail tolerances are offered.)

The Search algorithm begins by testing midway between the Offset
Current and Current Limit. If the relay does not operate, limit current is
applied. If the relay still does not operate, the test is over (recorded as
No Op, No Operation). Successive pulses are calculated based on the
results of the last pulse; i.e., the next pulse is halfway between the last
operate value and the last No Op value. When the difference between
pulse amplitudes is less than three times the ramp delta current, the
search stops and either a Linear Ramp or a Pulsed Ramp begins.

The ramp backs off twice the delta current further, then ramps for a
maximum of 15 steps. If the test is properly tuned, three or four steps
should be sufficient.

ZPXBOI does up to 12 Reach Binary Search tests at specified impedance
angles. Enter selected Z Angles for the test, plus an optional expected
impedance and +/- tolerance percentages for each test point. Test results
determine both Pass/Fail and the characteristic curve. Test angles can
also be entered to verify no operation in the blind zone of a directional
distance relay. Select Tools/Graph/Display Graph from the menu bar to
display the time characteristic. The plot form can be changed without
rerunning the test.

This macro combines the reach test with the impedance curve. Use three
or four points for fast relay test, at MTA and on either side.
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Test Tab

On the ZPXBOI Test Tab screen (Figure C.162 on page C-308):

1. Select valid source names in the Src column.

2. Use the High and Low fields to enter values for the source

connections between the instrument and the relay.

3. Mark the Action amplitude(s) and phase(s) ACTION or enter the

amplitude value.

4. Enter the frequency.

5. Specify phase as ACTION, A-120, A+120, for example, if phase offset

is required among multiple Action sources.

6. Enter test relay connections in the Sense Connections field when the

test relay is connected as a sense input or to a timer.

7. Enter the jJumper connections in the Jumpers field.

Results The macro initially displays the results for the
Current Test conditions. To display prior results,
click the pull-down arrow and select a prior test.
The ZPXBOI Test Tab Result fields are explained in
Table C.182 on page C-308.

Save Results Click Save Results after running a test and select
the new results to save. When exiting the macro,
save any macro changes and results if they have
not already been saved.

Delete Results Click Delete Results to display a window
containing saved test results. Select one or more
test results using the mouse. Ctrl+click works as a
toggle action to select or unselect items. Click OK
to complete deletion.

NoTE If battery simulator voltage is needed, enter BT as a source and select
' amplitude, or run the POWER macro.
o
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The ZPXBOI Test Tab screen is shown in Figure C.162.

ZF=B0I

Test IActionI F’relaulll Heportl Notebookl

AConverted Locations/D emonstration Test 50 Hz/Demo test of SEL 321 /SEL-321 DEMO TEST*/Class Demo/M1P.21 AB char
i Relay ID:
Last Edit:

Sic | High | Low [

Ampl | Phs | Fre

2000 300 50,000
2000 300 |50.000
E7.00 1200 |50.000
ACTION (ACTION |50.000
ACTION (A-180 50000
oo oo 50.000

Sense Connections: I

Jumpers: I

SEL-321 DEMO TEST* Serial Mo: SM 94054007
Mfg: SEL
Results [Cunent Test Canditions j SaveResuts | Delete Results

Zange |Expected Ohms| +% | -% | Actual Ohme | Amps | % Eror | Result

50
1]
o
a0

5.2

@
o
=
olm;m|mm ; ;oo |, o,
oM ;M M mmm o | om

Figure C.162 ZPXBOI Test Tab Screen

The ZPXBOI Test Tab Result fields are explained in Table C.182. The user
can enter up to 12 test angles in the table, and expected impedance.

Table C.182 ZPXBOI Test Tab Result Fields

Field

Explanation

Z Angle

Impedance angle for a test point. Action source
angle is calculated by ProTesT, based on the
Fault Angle entered on Action tab. Source angle
is assumed to be lagging. Only non-blank entries
are used as test points.

Expected Ohms

Expected steady state impedance at Z angle.

+ 0/0/— %

Plus/minus tolerance percentage, used for
Pass/Fail calculation.

Actual Ohms

Calculated impedance test result.

Amps

Actual current at pickup.

% Error

Error in expected impedance.

Result

Pass/Fail indication.
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Action Tab
The ZPXBOI Action Tab Conditions fields are explained in Table C.183.

Table C.183 ZPXBOI Action Tab Conditions Fields

Field Explanation

Offset Current The initial amplitude of the Action source.
Offset Duration How long to maintain the offset.

Current Limit The amplitude at which the ramp stops if the

relay does not operate. The maximum Offset and
limit determines the source range.

Pulse Duration Maximum length of each search pulse; pulse
terminates as soon as a sense is detected.

Wait How long to wait between pulses; wait is at
offset current.

Delta Current Step size of ramp. Use a minus sign for a
downward ramp.

Delta Time How long each Linear Ramp step is held; setto 0
for Pulsed Ramp, using the same pulse duration
and wait as the search.

The ZPXBOI Action Tab screen is shown in Figure C.163.
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Figure C.163 ZPXBOI Action Tab Screen

ARNMY  72A-1585 Rev. C 8/02 C-309
< >



ZPLPRYV - Z Characteristic Plot - Pulsed Linear Ramp Voltage - Z ProTesTPLAN
- ]

Sense The ZPXBOI Sense fields are explained in Table C.184.

Table C.184 ZPXBOI Sense Fields

Field

Explanation

Pull-down List

Select sense transition: Contacts O—>C, etc.,

Voltage On—>Off, etc.

Source Name a source to identify which Instrument, or
input, receives the relay sense signal. The source
must be an Action. The default is MA for the
Master Instrument.

Run Click RUN on the toolbar or press F12 to run the test. The sources

initialize as follows:

o Non-Action sources turn on at Preset values.

e Action values turn on at Prefault values, move to offset values and
then to Action values.

The test stops as soon as the relay operates and the time is recorded. The
current Action sources briefly turn off before starting the next test point.

Operation Graph

The ZPXBOI Operation graph is shown in Figure C.164.
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Figure C.164 ZPXBOI Operation Graph
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Fault
The ZPXBOI Fault fields are explained in Table C.185.

Table C.185 ZPXBOI Fault Fields

Field Explanation

Equation Use the pull-down list to select steady state fault
equation for impedance. Use V/I for single phase
fault, V/2I for phase to phase, and V/I\8 for a
three phase fault with a delta fault voltage. A
formula involving a scalar K (K*V/1) is provided
to calculate zero compensated values.

Voltage Amplitude of fault voltage. On a phase to
ground fault, this is the voltage amplitude on the
Test tab; however, on a phase to phase fault, this
is the vector difference of the two Doble
voltages, which are phase to ground quantities.

Angle Angle of fault voltage entered above. On phase
to phase fault, this is the angle of the vector
difference of the two Doble phase to ground
voltages.

K Factor Scalar value of K for use in an Equation
involving K; otherwise it is ignored.
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Prefault Tab

The Prefault tab is used for steady state macros to assert initial conditions
before the values on the Test tab and Action offset are applied. This
allows an initial state of normal, balanced voltages and currents to be
applied for a duration before the macro action begins with faulted
voltage and increasing current.

The ZPXBOI Prefault Tab fields are explained in Table C.186.

Operation When the test is run, the Prefault is applied as
indicated. This allows an intelligent relay to see
normal conditions before responding to the fault
condition generated by running the macro. If the
Prefault duration is 0, no Prefault occurs.

Table C.186 ZPXBOI Prefault Tab Fields

Field Explanation

Source Name Source names are set on the Test tab and cannot
be modified.

Amplitude Enter the desired amplitude.

Phase Enter a phase in the range of -360.0° to 360.0°.

Frequency The Frequency value is set on the Test tab.

Prefault Duration Enter a duration for the Prefault condition.
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ZPXBOV - Z Characteristic with Expected Value Binary Search Voltage -
Z ProTesTPLAN

Description

A fast, high-low pulsed search to bracket the relay operate point,
followed by linear ramp or pulsed ramp for a high resolution result.
Repeated up to 12 times at specified impedance angles to determine an
impedance characteristic and Pass/Fail in one test. (Same as ZPLBOV,
except that expected values and pass/fail tolerances are offered.)

The Search algorithm begins by testing midway between the Offset
Voltage and Voltage Limit. If the relay does not operate, voltage limit is
applied. If the relay still does not operate, the test is over (recorded as
No Op, No Operation). Successive pulses are calculated based on the
results of the last pulse; i.e., the next pulse is halfway between the last
operate value and the last No Op value. When the difference between
pulse amplitudes is less than three times the ramp delta voltage, the
search stops and either a Linear Ramp or a Pulsed Ramp begins.

The ramp backs off twice the delta voltage further, then ramps for a
maximum of 15 steps. If the test is properly tuned, three or four steps
should be sufficient.

Operation

ZPXBOV does up to 12 Reach Binary Search tests at specified impedance
angles. Enter selected Z Angles for the test, plus an optional expected
impedance and +/- tolerance percentages for each test point. Test results
determine both Pass/Fail and the characteristic curve. Test angles can
also be entered to verify no operation in the blind zone of a directional
distance relay. Select Tools/Graph/Display Graph from the menu bar to
display the time characteristic. The plot form can be changed without
rerunning the test.

Use

This macro combines the reach test with the impedance curve. Use three
or four points for fast relay test, at MTA and on either side.
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Notes
e Search can be from either low offset to high voltage limit, or from
elevated offset to low limit.
Test Tab

On the ZPXBOV Test Tab screen (Figure C.165):

1. Select valid source names in the Src column.

2. Use the High and Low fields to enter values for the source

connections between the instrument and the relay.

3. Mark the Action amplitude(s) and phase(s) ACTION or enter the

amplitude value.

4. Enter the frequency.

Specify phase as ACTION, A-120, A+120, for example, if phase offset
is required among multiple Action sources.

6. Enter test relay connections in the Sense Connections field when the

test relay is connected as a sense input or to a timer.

7. Enter the jumper connections in the Jumpers field.

Results The macro initially displays the results for the
Current Test conditions. To display prior results,
click the pull-down arrow and select a prior test.
The ZPXBOV Test Tab Result Fields are explained
in Table C.187.

Save Results Click Save Results after running a test and select
the new results to save. When exiting the macro,
save any macro changes and results if they have
not already been saved.

Delete Results Click Delete Results to display a window
containing saved test results. Select one or more
test results using the mouse. Ctrl+click works as a
toggle action to select or unselect items. Click OK
to complete deletion.

NoTE If battery simulator voltage is needed, enter BT as a source and select
' amplitude, or run the POWER macro.
[
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/Converted Locations/Demanstration Test 50 Hz/Demo test of SEL 321/5EL-321 DEMO TEST*/Class Demo/ZF<BOY
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Figure C.165 ZPXBOV Test Tab Screen

Test Tab

The ZPXBOV Test Tab Result fields are explained in Table C.187. Enter
up to 12 test angles in the table, and expected impedance.

Table C.187 ZPXBOV Test Tab Result Fields

Field Explanation

Z Angle Impedance angle for a test point. Action source
angle is calculated by ProTesT, based on the
Fault Angle entered on Action tab. Source angle
is assumed to be leading. Only non-blank entries
are used as test points.

Expected Ohms Expected steady state impedance at Z angle;
optional.
+ Y%/— % Plus/minus tolerance percentage, used for

Pass/Fail calculation.

Actual Ohms Calculated impedance test result.
Volts Actual voltage at pickup.

% Error Error in expected impedance.
Result Pass/Fail indication.
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Action Tab

The ZPXBOV Action Tab Conditions fields are explained in Table C.188.

Table C.188 ZPXBOV Action Tab Conditions Fields

Field

Explanation

Offset Voltage

The initial amplitude of the Action source.

Offset Duration

How long to maintain the offset.

Voltage Limit

The amplitude at which the ramp stops if the
relay does not operate. The maximum Offset and
limit determines the source range.

Pulse Duration

Maximum length of each search pulse; pulse
terminates as soon as a sense is detected.

Wait

How long to wait between pulses; wait is at
offset voltage.

Delta Voltage

Step size of ramp. Use a minus sign for a
downward ramp.

Delta Time

How long each Linear Ramp step is held; setto 0
for Pulsed Ramp, using the same pulse duration
and wait as the search.

The ZPXBOV Action Tab screen is shown in Figure C.166.

/Converted Locations/Demanstration Test 50 Hz/Demao test of SEL 321/5EL-321 DEMO TEST*/Clazs Dema/ZF=B0Y

ZFABOY
ZPHBOY

Test

j Relay ID:  SEL-321 DEMO TEST" Serial Mo: SM 34034007

Last Edit:  1893-05-10 14:47:42.000 Mig: SEL

| F‘ralau\tl Report | Motehook I

Zero Crozsing System 'l

Gense Falt Conditions [ Ampl [ Units
Contacts 'JID'>C ~ Equation  |v/1 - | & | Offset Voltage 50 “olts
18 — Cunent IB_ (BT Oiffet Duration ED Cycles
Delay |0 Cycles 7] (122 /oktage Limit 10 vl
Duration [g miecs 7| Angle a [0 Pulse Duration [=11] Cycles
Source [y =] K Factor |LE it E0 Cycles
|CE] +/- Delta Volkage 0.2 |[Yals
G | Delta Time B0 Cycles

Figure C.166 ZPXBOV Action Tab Screen
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Sense The ZPXBOV Sense fields are explained in Table C.189.

Table C.189 ZPXBOV Sense Fields

Field Explanation

Pull-down List Select sense transition: Contacts O—>C, etc.,
Voltage On—>Off, etc.

Source Name a source to identify which Instrument, or
input, receives the relay sense signal. The source
must be an Action. The default is MA for the
Master Instrument.

Run Click RUN on the toolbar or press F12 to run the test. The sources
initialize as follows:

* Non-Action sources turn on at Preset values.

e Action values turn on at Prefault values, move to offset values and
then to Action values.

The test stops as soon as the relay operates and the time is recorded. The
voltage Action sources briefly turn off before starting the next test point.

Operation Graph
The ZPXBOV Operation graph is shown in Figure C.167.

A woltage
C [&) Offset
(B} Offset Duration
(T} Limit Walue
[A+C)2 {0 Pulse Duration
(E)wWait

(F1 Ramp +~ Avalue
(G)Rampi Time
L Time =0 for
Pulsed Ramp

Prefault Amplitude

A

Prefault B Sense  Time
Duration

Mote: Pulse (D) ends on Sense

Figure C.167 ZPXBOV Operation Graph
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Fault

The ZPXBOV Fault fields are explained in Table C.190.

Table C.190 ZPXBOV Fault Fields

Field

Explanation

Equation

Use the pull-down list to select steady state fault
equation for impedance. Use V/I for single phase
fault, \8V/2I for phase to phase, and V/I\ for a
three phase fault with a delta fault voltage. A
formula involving a scalar K (K*V/1) is provided
to calculate zero compensated values.

Current

Amplitude of fault current. On a phase to ground
fault, this is the amplitude on the Test tab;
however, on a phase to phase fault, this is the
vector difference of the two Doble currents,
which are phase to ground quantities.

Angle

Angle of fault voltage entered above. On phase
to phase fault, this is the angle of the vector
difference of the two Doble phase to ground
voltages.

K Factor

Scalar value of K for use in an Equation
involving K; otherwise it is ignored.

C-318
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Prefault Tab

The Prefault tab is used for steady state macros to assert initial conditions
before the values on the Test tab and Action offset are applied. This
allows an initial state of normal, balanced voltages and currents to be
applied for a duration before the macro action begins with faulted
voltage and increasing current.

Operation When the test is run, the Prefault is applied as
indicated. This allows an intelligent relay to see
normal conditions before responding to the fault
condition generated by running the macro. If the
Prefault duration is 0, no Prefault occurs.

The ZPXBOV Prefault Tab fields are explained in Table C.191.

Table C.191 ZPXBOV Prefault Tab Fields

Field Explanation

Source Name Source names are set on the Test tab and cannot
be modified.

Amplitude Enter the desired amplitude.

Phase Enter a phase in the range of -360.0° to 360.0°.

Frequency The Frequency value is set on the Test tab.

Prefault Duration Enter a duration for the Prefault condition.
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