ERL
TESLA 3000

Disturbance Recorder

N

User Manual

Version 2.6 Rev 1






Preface

Information in this document is subject to change without notice.
© 2013 ERLPhase Power Technologies Ltd. All rights reserved.

Reproduction in any manner whatsoever without the written permission of
ERLPhase Power Technologies Ltd. is strictly forbidden.

This manual is part of a complete set of product documentation that includes
detailed drawings and operation. Users should evaluate the information in the
context of the complete set of product documentation and their particular
applications. ERLPhase assumes no liability for any incidental, indirect or
consequential damages arising from the use of this documentation.

While all information presented is believed to be reliable and in accordance
with accepted engineering practices, ERLPhase makes no warranties as to the
completeness of the information.

All trademarks used in association with B-PRO, F-PRO, iTMU, L-PRO,
ProLogic, S-PRO, T-PRO, TESLA, TESLA Control Panel, Relay Control
Panel, RecordGraph and RecordBase are trademarks of ERLPhase Power
Technologies Ltd.

Windows® is a registered trademark of the Microsoft Corporation.
HyperTerminal® is a registered trademark of Hilgraeve.
Modbus® is a registered trademark of Modicon.

Contact Information

ERLPhase Power Technologies Ltd
Website: www.erlphase.com
Email: info@erlphase.com

Technical Support
Email: support@erlphase.com
Tel: 1-204-477-0591
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Using This Guide

This User Manual describes the installation and operation of the TESLA dis-
turbance recorder and the accompanying TESLA Control Panel user interface
software. It is intended to support the first time user and clarify the details of

the equipment.

The manual uses a number of conventions to denote special information:

Example

Describes

Start>Settings>Control Panel

Choose the Control Panel submenu in the Set-
tings submenu on the Start menu.

Right-click Click the right mouse button.
Recordings Menu items and tabs are shown in italics.
service User input or keystrokes are shown in bold.

Text boxes similar to this one

Relate important notes and information.

Indicates more screens.
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Version Compatibility

TESLA 3000 Version Compatibility

TESLA 3000 Firmware Setting Version | TESLA 3000/4000 Control Panel
v2.6 204 4000 v1.3 and greater
v2.5a 204 4000 v1.3 and greater
v2.5 204 4000 v1.2a and greater
v2.4 203 4000 v1.1 and greater
v2.3d 203 v2.3 and greater
v2.3c 203 v2.3 and greater
v2.3b Beta 203 v2.3b Beta

v2.3a 203 v2.3 or greater

v2.3 203 v2.3 or greater

v2.2a 202 v2.2 or greater

v2.2 202 v2.2 or greater

v2.1 Beta 202 v2.1

v2.0a 201 v2.0a or greater
v1.0e 201 v1.0a or greater

v2.0 201 v2.0

v1.0d 201 v1.0a or greater

v1.0c 201 v1.0a or greater
v1.0b 201 v1.0a or greater
v1.0a 201 v1.0a or greater

v1.0 201 v1.0a or greater

Please contact ERLPhase Customer Service for complete Revision History.
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1 Overview

TESLA System Description

The TESLA Disturbance Recorder is a multi-time frame recording system
used to monitor electrical power systems. It can record up to 36 analog chan-
nels and 64 digital (status) channels and store up to 1000 recordings. Up to
four recorders can be operated as a cooperative group to achieve greater num-
bers of channels.

The TESLA can record data simultaneously in three time domains: high speed
transient fault (seconds), low speed dynamic swing (minutes), and continuous
trend (10 second to 1 hour intervals). A wide variety of triggers are available
to initiate recording.

An optional PMU software module enables the TESLA to transmit Synchro-
phasors to a PDC as per IEEE C37.118 standards.

The TESLA system consists of a recorder, analog input isolation modules and
the TESLA Control Panel user interface software.There are various analog in-
put isolation modules available to interface to signal sources. Modules are
available to connect to standard signals found in a typical electric power sub-
station including secondary ac voltage and current and low level dc voltage and
current signals. These modules can generally be installed up to 1120 meters
from the recorder unit, allowing them to be located near the source of the sig-
nals being monitored.

TESLA Control Panel user interface software provides tools to configure the

recorder, retrieve and manage records and display real time measured values.

Control Panel also includes RecordGraph, a graphical record display and anal-
ysis software tool.

An optional central station program - RecordBase - is available to automatical-
ly collect and store records from multiple recorders. RecordBase provides fast
network-based access to collected records through distributed RecordBase
View desktop clients.

D01721R02.61
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1 Overview
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Figure 1.1: TESLA System Overview

TESLA 3000 Features

Installation

Data Acquisition

Optional PMU
Module

¢ 19" rack-mount format
* Small 3U footprint

* Analog input isolation modules for ac and dc input signals are DIN-rail
mounted to minimize rack usage and can be located up to 300 meters from
the main unit for flexible installation

* Analog input modules interface with standard signals: 1 A/5A nominal ac cur-
rents, 69V (120/Root3) nominal ac voltages, dc current or voltage

» Up to 36 analog input channels, 16 bit resolution each channel
» Up to 64 external (digital) input channels

* Simultaneous operation in transient fault, dynamic swing and long term trend
time frames

* User-selectable sample rates for transient fault recording: 32, 64, 96, 128,256
and 384 samples per cycle

* 60 samples/second (1 sample/cycle) dynamic swing recordings
* Continuous trend logging at sample intervals from 10 seconds to one hour

* Continuous disturbance recording at rates from 6 samples/second to 60 sam-
ples/second

* Calculated channels: summations, watts, vars, power factor, positive, nega-
tive and zero sequence components, impedance, THD, frequency and har-
monics

* Transmits 12 user-selectable phasors as individual phase quantities or three-
phase positive, negative or zero sequence phasors or summated phasors

* Transmits up to 12 analog quantities of Watts, VARS and VA

1-2
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1 Overview

Triggers

Records

Cooperative Group

Logging

Fault Location

User Interface

Analysis Tools

* Transmits up to 64 digital (Status) values

* Rates and level triggering on all input and calculated channels with individual
controls for delay, logging, record initiation and alarm contact activation

* Configurable logic can be applied to digital inputs and internal trigger states
* User-assigned trigger priorities help identify critical events and records

* Centralized cross-triggering of dynamic swing recordings through Record-
Base Central Station

* Transient fault records from 0.2 to 15.0 seconds with automatic record exten-
sion up to 30.0 seconds under multiple trigger conditions

* Dynamic swing record from 10 seconds to 15 minutes with automatic record
extension up to 30 minutes under multiple trigger conditions

» Combined transient and swing records can capture a fault and the resultant
system dynamic response

* Record compression to reduce record size, maximize storage capacity and
minimize transmission time

* Up to 4 recorders can be operated as a cooperative group

» Automatic cross triggering over a LAN with IRIG-B synchronized time
stamps

» Automatic record retrieval with consolidation into a single group record

* 250 day entry event log (circular)

* 90 day analog measurement trend log (circular or alarm when full)
* 90 day long-term event log (circular or alarm when full)

* Voltage sag and swell logging

* Automatic fault location on up to 10 lines.

» Fault location data available in the event log, in recordings and through
SCADA

* Intuitive power system element model simplifies complex configurations
* Integrated record and configuration management tools

* Offline mode allows records to be viewed and configurations created without
connecting to the recorder

* Record display shows record summaries with trigger event lists so that a pre-
liminary evaluation can be made before the record is transferred

* Real-time metering display shows all input and calculated quantities in user-
customizable layouts

* Recorder configuration and relevant event information is embedded in each
record

* Record graphics provide a flexible multi-page interactive display and meas-
urement of all channels including calculated ones

* COMTRADE record export facility

D01721R02.61
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1 Overview

Output Contacts

Communication

Time Coordination

Reliability

Front Panel

» Up to 6 user-configurable output contacts can be activated by triggers
* Cross-trigger contact can activate other devices

* Failure / Service Required contact

* Integrated 10/100 BaseT
* Optional internal modem

* Standard TCP/IP communication protocol used to communicate with Control
Panel and RecordBase software

* SCADA (Supervisory Control and Data Acquisition Systems) protocols.
DNP3 and Modbus. DNP3 over Ethernet is supported

* IRIG-B time code input - modulated or unmoduled. Supports IEEE 1344 ex-
tensions

* Ims event timetagging of events and records

* Time synchronization indicator on front panel and in each record

* Self-monitoring supervisory software with hardware self-checking circuit
and failure contact ensures reliable operation

* FLASH memory for record storage with separate FLASH memory for pro-
gram storage

» Compliance with IEC standards for temperature range, transient withstand
and RF immunity

=) o

o)

TESLA /i,
Disturbance Recorder
Model 3000

® ® &

O Recorder Functional

O IRIG-B Functional

QO Recorder Triggered
ﬁ O Records Stored

QO TestMode

QO Alarm

1. Status LEDs

2. Port 1: EIA 232 Serial Connection for PC @ @

Figure 1.2: Front Panel
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1 Overview

Rear Connections

o i 5 T o
{ D
Output
External Inputs (1-32) Contacts (1-4)
Output
External Inputs (33-64) Contacts (5-8)

Analog Inputs (1-36)

i ® O

©ONO O AW

IRIG B External Clock, modulated or unmodulated

Port 2: EIA 232 Serial Connection for PC or an external modem

Port 3: EIA 232 SCADA Communication (DNP 3 and Modbus)

Internal Modem (option)

10/100 Base T Ethernet Network

Analog Input Channels (18 or 36). Non-isolated

Power Supply (40-300Vdc). Handles 48,125 or 250 Vdc or 120 Vac nominal

10. Chassis Ground
11. External (digital) Input Channels (32 or 64)
12. Output Contacts (4 or 8)

Figure 1.3: Rear Connections
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2 Connection and Power Up

For drawings, see “TESLA 3000 Drawings” in Appendix I.

Mounting

The recorder is designed to be mounted in a standard 19-inch equipment rack.
It is 3 rack units (5.25 inches) high and 11.5 inches deep. An additional 3 inch-
es of depth is required for rear connections and cables.

Case Grounding

WARNING!

To ensure safety and proper operation you must connect the record-
er’s grounding terminal to the station ground. Do not rely on the rack
mounting screws to provide case grounding.

Ground the recorder even when testing.

Power Supply

ERLPhase recorders come with a wide range power supply (40-300 Vdc) that
can be used with 48, 125 or 250 Vdc nominal systems or with standard 120 Vac
power.

To protect against possible short circuit in the supply use an in-line fuse or cir-
cuit breaker with a 5 A rating. Make the chassis ground connection to ensure
proper operation and safety.

The recorder does not have a power switch; the unit will start as soon as voltage
is applied to the power supply input.

D01721R02.61 TESLA 3000 User Manual 21



2 Connection and Power Up

Signal Connections

Analog Input
Channels and Input
Modules

Input Module Types

The recorder’s 18 or 36 analog inputs are generic, low level (5.5 V pp) non-
isolated signal inputs. They take their input from external interface modules
that provide scaling, isolation and surge protection.

The external input modules accept conventional substation voltage and current
signals and convert them into low level voltages that are fed into the recorder’s
analog inputs. The modules are mounted on DIN rails to make wiring easier
and minimize rack space requirements.

Modules can be located up to 1220 meters (4000 feet) from the recorder. The
wire used for the connection between the modules and the recorder can range
in size from 16 to 20 AWG.It is highly recommended that twisted-shielded
wire be used for cables that are run outside of the panel in which the TESLA
is located, noting that the shield should be grounded only at the recorder.
Belden 9388, or its equivalent, is an example of an acceptable cable that can be
used.

Any of the recorder’s analog input channels can be connected to any of the
available input modules. The software configuration identifies the type of input
module associated with each channel.

Input module channels can be connected to only one recorder input.
Source and load impedance matching are used to minimize noise
susceptibility; connecting to two channels will produce incorrect read-
ings.

All input modules must be grounded via the ground stud on the mod-
ule.

Re-calibration is required whenever an input module is replaced or
moved to a different channel (see “Analog Input Calibration” on
page 7-11)

For further information on the input modules, see “Input Modules”
in Appendix F.

AC Voltage Input Module

This 3 channel ac voltage input module (Model 401006) provides isolation and
scaling for standard voltage signals. The nominal signal level is 69 V RMS
(120/Root 3). The module has a dynamic range that can measure 2X nominal
voltages.

AC Current Input Module

This 4 channel ac current input module provides isolation and scaling for stan-
dard current signals. The module’s channels are connected in series with the
current signal source. All models have a dynamic range that can pass 20x nom-

2-2
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2 Connection and Power Up

External Input
Channels

Alarm Contacts

inal currents. The module can withstand 20x nominal for 1 second and has a
maximum thermal rating of 400A for 1 second.

Model 401014 has a nominal signal level of 5 A RMS
Model 401020 has a nominal signal level of 1 A RMS

Split Core CT

The Split Core CT is designed to clamp around the secondary circuit wires of
a primary current transformer. It is intended for situations where an outage is
not possible to connect an in-line CT. The outputs from the CT are impedance
matched to connect directly to the TESLA’s analog input connectors. All mod-
els have a dynamic range that can pass 20x nominal currents continuously.
Model 401013 has a nominal signal level of 5 A RMS

Model 401017 has a nominal signal level of 1 A RMS

Clamp-on CT

The Clamp-on CT (Model 401012) is a clothespin style device designed to
clamp around the secondary circuit wires of a primary current transformers. It
is intended for quick, temporary connection to existing circuits. The outputs
from the CT are impedance matched to connect directly to the TESLA’s analog
input connectors. The Clamp-on CT has a nominal signal level of 5A RMS and
can pass 20x nominal currents continuously.

DC Module

The DC input module (Model 401016) provides dc-coupled isolation and scal-
ing for four independent dc or ac voltage or current channels. DC module chan-
nels have a dc to 2 kHz bandwidth, but the bandwidth may be further limited
by the recorder’s input filters, depending on the sample rate. Externally mount-
ed resistors set the input type and full scale range.

AC Low Voltage Input Module

This 4 channel isolated ac voltage input module (Model 401022) provides iso-
lation and scaling for low level voltage. The nominal input voltage is 4 Vrms
with a 7 Vrms full scale capability. Maximum input level is 12 Vrms continu-
ous or 15 Vrms for 10 seconds.

The recorder’s external inputs are dry inputs intended for use with signals from
a 48-250 Vdc station battery. The external inputs are isolated and protected
against transient surges. They activate at approximately 32 Vdc.

The alarm contacts on the rear of the unit are dry contacts. They are isolated
and protected against transient surges. The contacts are designated as follows:

For 18/32 channel units:
1 Recorder fail. Closed on failure
2 User-configurable
3 User-configurable
4 Cross-trigger, Channel Group 1
Additional, for 36/64 channel units:

D01721R02.61
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2 Connection and Power Up

IRIG-B Time Signal

Communication
Ports

Startup Sequence

Front Panel LEDs

5 User-configurable
6 User-configurable
7 User-configurable
8 User-configurable

The Cross-trigger contact is used to initiate recording on another recorder
when this unit triggers. When activated, the cross-trigger contacts close for
0.10 seconds, regardless of the duration of the triggering condition. This en-
sures that the cross-trigger function does not become blocked by a continuous
trigger condition.

The user-configurable alarm contacts can be defined for use as part of the re-
corder’s trigger configuration.

The BNC connector on the rear of the unit accepts either modulated or unmod-
uled IRIG-B time signals, with or without the 1344 extensions.

See "Communicating with the Recorder" on page 4-1.

On Power Up Front panel Test Mode LED turns on to indicate the
presence of power

~40 seconds after Power Up Test Mode LED starts to blink at 2-3 second intervals

~90 seconds after Power Up Test Mode LED stays on. The Records Stored LED
turns on if records are present

~100 seconds after Power Up Recorder Functional LED turns on
The Test Mode LED remains on
At this point, you can log into the recorder

~105 seconds after Power Up Test Mode LED turns off
Recorder Functional LED remains on

Front Panel LED Indications
Recorder Normally active green LED that is turned on approximately 100 sec-
Functional onds after power up, indicating the unit is functional. If an internal

fault is detected, the LED is turned off. The LED state corresponds
directly with the Failure Contact

IRIG-B Green LED that is active when a valid external time synchronizing
Functional signal is detected on the IRIG-B port

Recorder Green LED that is active while the recorder is in the process of cre-
Triggered ating a record

Records Stored Green LED that turns on when there are records stored in the

recorder’s memory. The LED will flash to indicate the Storage Alarm

limit has been reached if so configured

2-4
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2 Connection and Power Up

Front Panel LED

Indications

Test Mode Normally inactive red LED that turns on immediately on power up
and blinks during start-up until the self-test has been completed
(approximately 105 seconds)

Alarm Normally inactive red LED that indicates a failure has been detected

by the software. The presence of the Alarm LED means much of the
system is functioning and can be accessed for diagnosis

D01721R02.61
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3 TESLA Control Panel Installation

Installation of TESLA Control Panel software may require changes to
your Windows system configuration for proper operation. Please re-
view the instructions in this chapter to ensure proper setup.

The TESLA 3000 CD-ROM contains the following:
» TESLA Control Panel: interface software
» Firmware update with installation instructions
» User Manual in PDF format

» Mechanical drawings in electronic format

PC System Requirements

The minimum hardware requirements are:

* 1 GHz processor
+ 2GB RAM
* 20 GB available hard disk space

» Serial communication port

A serial port, modem or Ethernet LAN connection is required if communica-
tion with a TESLA recorder is desired.

Ope rating The following software must be installed and functional prior to installing the
System applications:
* Microsoft Windows XP Professional Service Pack 3 or

* Microsoft Windows 7 Professional Service Pack 1 32-bit or 64-bit

D01721R02.61 TESLA 3000 User Manual 3-1



3 TESLA Control Panel Installation

Installing TESLA Control Panel

Overview

You must be logged on to the target computer as a user with local administrator
privileges to install TESLA Control Panel. Once installed, you may be logged
in as a Limited User, as administrator privileges are not generally required for
operation of the program. The exception to this is the ability to communicate
with TESLA recorders through Modem-LAN Gateway (see "Modem-LAN
Gateway" on page 4-8)

Instructions for installing TESLA Control Panel and configuring Windows for
its use are covered in the following sections. Separate instructions for each ver-
sion of Windows Operating System are provided for the above steps. Use the
one that is appropriate for your computer.

The procedure has the following parts:

1 Install TESLA Control Panel.

2 Install the Null Modem driver.

3 Create Windows Dial-Up Network definitions for modem and direct serial
connections.

Once these steps are complete, go to the First Time Start-Up section
for details on launching TESLA Control Panel (see “First Time Start-
Up” on page 3-11)

Anti-virus/Anti-spyware Software

If an anti-virus/anti-spyware software on your local system identifies any of
the ERLPhase applications as a “potential threat”, it will be necessary to con-
figure your anti-virus/anti-software to classify it as “safe” for its proper oper-
ation. Please consult the appropriate anti-virus/anti-spyware software
documentation to determine the relevant procedure.

3-2
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3 TESLA Control Panel Installation

Installation on Windows XP or Windows 7

Step 1: Install
TESLA Control
Panel Software from
CD-ROM

Step 2: Installing
Null Modem Driver
Software

1
2

Insert the TESLA CD-ROM in your drive.

The CD-ROM should start automatically. If it doesn’t, go to Windows Ex-
plorer and run the “CD.exe” file at the root of the CD-ROM directory.

To install TESLA Control Panel software on your computer, select the TES-
LA Disturbance Recorder icon, then the Install TESLA Control Panel. The
installation program starts automatically, but may take a few minutes to be-
gin.

During installation a prompt appears asking whether your TESLA recorders
are 50 Hz or 60 Hz units. For proper operation it is important to select the
correct one. If you need to change this in the future, re-install TESLA Con-
trol Panel.

When the installation is complete, a TESLA Control Panel icon is placed on
your desktop. Use the icon to launch Control Panel.

If you prefer, you can start Control Panel through Windows Start menu
(Start>Programs>NxtPhase/TESLA Control Panel).

A virtual software modem called a “Null Modem” must be set up for direct se-
rial cable communication between this computer and a TESLA recorder. A
Null Modem driver is provided with the TESLA installation CD-ROM.

This section provides step by step instructions on how to install the Null Mo-
dem driver.

1
2
3
4

Start Windows Control Panel by going to Start>Control Panel.
Double-click the Phone and Modem Options icon.
Select the Modems tab. Select Add to open the Add Hardware Wizard.

Select Don't detect my modem; [ will select it from a list, then select the Next
button
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3 TESLA Control Panel Installation

Step 1 - Start>Settings>Control Panel.
Step 2 - Double-click Modems icon.

E B =
dware  add Administraties Date and T Cusplay  Folder] Optiors

Remov...
Pl and Masdem Optinns A e @ ]
e
Modem

| Dintesg ks | Modems | Avanced|

L The lolloweng modems sre nataled

Add Hardw

Install Newe Modem
Do you vt Wincows 10 detect your modem?

\winciowws vall i iy 1o detect your madem, Safor
canlirmang you thoukd

V. IF the modem & sttached o your
comguber. make mee i it humed on.

2 Oust sny programs that may be using
the modem.

Click Hewt when you are nesdy o continue.

7 Do deteci my modem | el select § bom 8 bt

(e [ Hews | [ Coa |

Step 4 - Select Don't detect my modem;
1 will select it from a list.
Select Next.

Figure 3.1: Null Modem Driver Installation

5 Select the Have Disk button, select Browse. To find the file go to c.\Pro-
gram Files\NxtPhase\TESLA Control Panel\Null Mdm.Inf. Select OK.
This is the default location for TESLA Control Panel. If you selected a dif-
ferent location to install TESLA Control Panel, you will find the Null Mo-

dem driver (Null_Mdm.Inf) in that directory.

Ingest the manufactused's inslalation dak. and then
= ke suse that the comect dive is selected below.

Copy manudscturer’s fles hom
AN

Locate File

Lockir: | 7 HatPhase v oFicE

idsts

CaRecordBase View
MyRecert | [CITESLA Control Panel
Documents

Dreskiop
My Documents

My Computer

File name: Hull_mck il -

MyNes | Fins ol e

Figure 3.2: Browse for Null_Mdm.Inf
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3 TESLA Control Panel Installation

Step 3: Dial-up
Network
Connections (DUN)

6 Select the Generic Null Modem driver and select Next. If you are given more
than one option, select the one that has the most recent date associated with
it.

7 Select the serial port you wish to use. You are setting up a serial port to be
used for a direct cable connection to a TESLA. Typically COM1 or COM2
are available on a PC for this purpose. Select Next.

Phane andMaren Ontions I ﬂ(ﬂ !

Diging Rules | Modems | Advanced

h! p  Thefolowing modems are instabed

Disling Rudes | Modems | Advanced

“ The following modems ae instalad
L =2 b

Add Hardware Wizard

Install New Modem

Select the port(z) pou want 1o matall the modem on.

“You have selected the folowng modes
[Genenc Mul Modem -v21 - 20030325
Oin which ports do you wank o instal it?
Al ports

& Selected poits E

COM1
COM2

_cBack | |__Cancel

Figure 3.3: Select Serial Port

In Windows XP, you may get a message stating that the Null Modem “has
not passed Windows Logo testing” and asking “Do you want to continue
the installation?” Select Continue Anyway to continue.

8 Select Finish and close the Phone and Modem Options and Control Panel
dialog boxes.

Windows’ Dial-Up Networks (DUN) are used to communicate with a recorder
through your computer’s modem or serial port.

This section takes you through the steps required to create two Dial-Up config-
urations:

* APT_SERIAL for communication with a recorder via a serial cable (using
the Null Modem installed in the previous section).

* APT MODEM for communication with a recorder via your computer’s
modem.

APT_SERIAL Dial-Up Network
To set up APT SERIAL Dial-Up Networking:

1 Double-click the My Computer icon on your desktop, double-click the Con-
trol Panel icon, then double-click the Network Connections icon.

2 Double-click the New Connection Wizard icon to bring up the New Con-
nection Wizard dialog box, click Next.
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3 TESLA Control Panel Installation

3 Select Connect to the network at my workplace and click Next.
4 Select Dial-up Connection and click Next.
5 Enter the name APT_SERIAL exactly, click Next.

New Connection Wizard
Metwork Connection Type
wihat do pou want to do?

(C) Connect to the Internet
Connect to the Interet so you can browse the "Web and read email.

Connect to a business netwark [using dial-up or YPM] 20 you can woark from home,
a field office, or another location.

() Set up an advanced connection

Connect directly to another computer wsing vour senial, parallel, or infrared port, o
zet up thiz computer 2o that other computers can connect ta it

[ < Back H MHest > l[ Cancel

Figure 3.4: Windows XP Network Connection Type

6 When prompted for a phone number, enter 1 and click Next.

7 For Connection Availability select Anyone’s use and click Next.

New Connection Wizard

Completing the New Connection
. Wizard

You have successfully completed the steps needed to
create the following connection;

APT_SERIAL
* Share with all uzers of this computer

The connection will be saved in the Network
Connections folder.

[Jidd a shortcut to this connechion to my desklop

To create the connection and close this wizard, click Finish,

[ < Back “ Finizh ][ Cancel

Figure 3.5: Windows XP Connection Availability

8 When the Completing the Network Connection Wizard dialog box appears,
click Finish.
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3 TESLA Control Panel Installation

New Connection Wizard

Completing the New Connection
Wizard

You have successfully completed the steps needed ta
create the following connection:

APT_SERIAL
* Share with all uzers of this computer

The connection will be saved in the Network
Connections folder.

[Jidd a shortout to this connection to my deskiop

To create the connection and close this wizard, click Finish.

[ < Back ” Finizh ][ Cancel ]

Figure 3.6: Windows XP Completing the New Connection Wizard

9 A Connect APT SERIAL dialog box appears; select Cancel to close the
box.

Connect APT_SERIAL

Uszer name:; | |

Pazsword: | |

[] Save this uzer name and pazsword far the follawing wsers:

Dial 11 v/

’ Dial ] ’ Cancel ] u.gperties 1 [ Help ]

Figure 3.7: Windows XP Connect APT_SERIAL

10 In Network Connections>APT SERIAL, right-click to bring up the Prop-
erties dialog box.
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3 TESLA Control Panel Installation

Modem Configuration

M awimurn speed [bps]:

Modem protocal

Hardware features

Enable hardware flow control
[] Enable mader errar cantral

[[] Enable madem canmpression

[[] Show terminal window

[[] Enable modem speaker

= APT_SERIAL Properties

General | Options | Security | Metworking | Advanced

Connect uging:
@ Modem - Generic Mull Modem [COMZ)

Phone number

Fhone number:

[ Uge digling rules

Shiow icon in notification area when connected

1 Alternates

ok |

Cancel

Figure 3.8: Windows XP Select Modem

11 With Generic Null Modem highlighted, select Configure to view the Ge-
neric Modem Configuration dialog box and set the maximum speed to
38,400. Select OK.

This sets up the baud rate for the null modem. The baud rate can be set at
rates up to 115,200; 38,400 is the default baud rate of the recorder’s front
panel. If you wish to change baud rates in the future, both the baud rate
specified here and that set on the recorder must be changed (see “Commu-

nication Port Settings” on page 7-3).
12 Select the Options tab of Figure 3.8..
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3 TESLA Control Panel Installation

B~ APT_SERIAL Properties

General| Options |Security Metworking | Advanced

Dialing options
Dizplay progress while connecting
[ Prompt for name and password, certificate, etc,

Redialing options

Fedial attemptz: 3 e

.

1 rnirute v

Time between redial attempts:
ldle time before hanging up:

[ Redial if line is dropped

I Ok ] [ Cancel

Figure 3.9: Windows XP Options

13 Select the Security tab, check the Run Script box; in the Run Script list se-

lect the file tesla.scp.

B~ APT_SERIAL Properties

General Dptionsl Securty |Networking Advanced

Security options
() Tvpical recommended settings)

Walidate my identity as follows:

|Allow unzecured paszword w

() ddvanced [custom settings]

Interactive lagon and scripting
[ Shovws terminal windows

[l Bunseript: | :AwINDOWS S pstem32ivashteslasep v |

[ Edit... ] [ Browse. . ]

I ar. H Cancel ]

Figure 3.10: Windows XP Security
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3 TESLA Control Panel Installation

14 Select the Networking tab. Select Internet Protocol (TCP/IP) and press the
Properties button. Configure the settings as shown in Figure 3.11.

Internet Protocol (TCP/IP) Properties

General

“Y'ou can get IP zetiings aszigned automatically if your network
supports thiz capability. Otherwize, you need to ask your network,
administrator for the appropriate IP zettings.

®i
(0 Use the following IP address:

(%) Obtain DNS server address automatically
(D) Use the following DNS server addresses:

[ 0K H Cancel ]

Figure 3.11: Windows XP Internet Protocol Settings

15 Press the Advanced button and configure the settings as shown in Figure
3.12.

Advanced TCP/IP Settings

Gereral | DNS | WINS

Thiz checkbox only applies when you are connected to a local
network, and a dial-up network. gimultaneously. When checked, data
that cannot be sent on the local network iz fonwarded to the dial-up
nietwork.

PP lirk:
Uze IP header compression

[ [uf:8 H Cancel ]

Figure 3.12: Windows XP Advanced TCP/IP Settings

16 Click OK to apply the setting to APT_SERIAL properties and close the
APT_SERIAL dialog box.
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3 TESLA Control Panel Installation

First Time Start-Up
Starting TESLA To start TESLA Control Panel, double-click the TESLA Control Panel icon
Control Panel placed on your desktop by the installation process or select Start>Program

Files>NxtPhase>TESLA Control Panel.

Data Location TESLA Control Panel uses a data location on your computer to store records
and settings from your recorders. By default it is C:\Program Files\Nxt-
Phase\Data, although you may change this later by using the File\Data Loca-
tion command from the Main Menu.

When you change the data location, previously configured IEDs will
not be affected. Only newly created IEDs will use the new data loca-
tion. To edit the data location of existing IEDs use the Main Menu Edit
button.

il TESLA Contral Panel - [Main Menu] [

Data Location, [

Select ED

TESLA, Demo Uit =l Connect

Exit

‘ Ext
T MainMenu

Current IED; TESLA Dema Link Disconnected

Figure 3.13: Data Location
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4 Communicating with the Recorder

Communication Ports

The TESLA recorder has multiple communication ports for local and remote
access to its user interface and SCADA services. For port pin-out and cabling
information see “Communication Port Details” on page 4-13.

Port Location Description
Port 1 Front RS-232 Data Communication Equipment (DCE) female DB9.
Used for user interface access via a direct serial connection.
Default Setting: 38,400 baud, 8 data bits, no parity, 1 stop bit.
Port 2 Rear RS-232 DCE female DB9.
Used for:
« User interface access via a direct serial connection.
* User interface access via an external modem.
The optional ERLPhase Modem Adapter converts this port to a
Data Terminal Equipment (DTE) to simplify connection to an
external modem.
Default Setting: 38,400 baud, 8 data bits, no parity, 1 stop bit.
N.B. Port 2 is disabled if the recorder is equipped with an inter-
nal modem.
Port 3 Rear RS-232 DCE female DB9.
Used for SCADA communication.
Default Setting: 19,200 baud, 8 data bits, no parity, 1 stop bit.
Internal Rear RJ-11 receptacle.
Modem Used for user interface access via the optional internal modem.
Port
Network Rear RJ-45 receptacle for 10/100 Base-T Ethernet
Port Default IP address: 192.168.1.100
Used for:
* User interface access.
* DNP SCADA access.
» Cooperative mode operations.

External converters may be used to convert communication ports and increase
the options available for connection to devices and networks. (See Appendix
G for optional devices available)
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4 Communicating with the Recorder

Ethernet LAN Link

PC with TCP/IP

TCP/IP 10/100BaseT Ethernet
Network
Network Port

o8
= |

1 Connect recorder’s Ethernet port to the Ethernet LAN hub using an appro-
priate 10/100BaseT cable.

2 Modify the IP address, if necessary.
* The default IP address 1s 192.168.1.100.

» To modify or view the IP address, use the recorder’s Maintenance menu,
for details see 14 Maintenance Menu and Error Handling on page 1.

Figure 4.1: Ethernet LAN Link

Recorder Setup

* The IP address must not conflict with other devices on your network
and must be accessible from the computer(s) on which run TESLA
Control Panel and RecordBase Central Station. If you are unsure what
IP address to use, consult your network administrator.

3 Modify the Default Gateway and Network Mask, if necessary.

* The Default Gateway may need be changed if the recorder and the cen-
tral control station (Control Panel or RecordBase) are on different but
connected networks. The default setting is No Default Gateway.

» The Network Mask may need to be changed if the recorder and the cen-
tral control station are on different subnets. The default setting is
255.255.255.0.

* To modify the Default Gateway and/or Network mask, use the recorder's
Maintenance Menu, command 1 - Modify IP Address.

* Ifunsure of the use of these settings, consult your network administra-
tor.

TESLA Control Panel Setup

1 Ensure that the computer running TESLA Control Panel has access to the
Ethernet network to which the recorder has been connected.

Start TESLA Control Panel.

3 Choose the target recorder from the Select IED list in TESLA Control
Panel’s Main Menu.
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4 Communicating with the Recorder

* Ifthere is not already an entry for this recorder, create one using the Add
New button

Main Menu Edit button

Select IED List

“ll TESLA Control Panel - [Main Menu|

TESLA Contral F

File Wiew Help
'
B
TESLA Contral Panel cnct D
i Riecords
- Trends e
- Events LLE
b Metering et
- Utlties
“ Corfiguration Delete:
n - Addd Newr
—|Ed|t IED dialogue box|
edieo. x|
 [ED Definttion

— |ED Mame:

Comments: I for Demaonstration

Location:
|ED Zerial Mumber: | TESLA-2000-990301-11 Get Information From IED

Model | TESLA 2000 - 38 Charnels j

I Acdress:

— Communication
Main M

i+ Direct Setial Link

‘ " Modem Link Phone Mumber: I

‘ " Metwork Link ‘

‘ £ Connect Thraugh IED: I j

-~ Folder placemernt

Recordings Folder: I Chprogram flesinstphaseidatat TESLA Demo UnitF Browwse ...

Configs Folder: I Chprogram filesinxtphaseidatalTESLA Demo Unity] Browze ...

Cancel |

Figure 4.2: Edit IED

* The method of communication with the recorder is specified as part of
its IED definition. Use the Edit button to view or change this informa-
tion. Ensure the Network Link option is selected and the recorder’s IP
address is entered.

* For details on IED definitions see “Working with TESLA Control Pan-
el” on page 5-1.

4 Initiate the connection by selecting the Connect button.
* A dialog box will appear to show connection progress.
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4 Communicating with the Recorder

* The connection state and the current IED you are connected to is shown
on the Windows status bar

7y TESLA Control Pane - [Main Menul

Connecting

Attempting to connect to IED, pleaze wait

Opening Port ;I
Port Open

Dialing

Device Connected

Al Devices Connected

“etifying User
I Autherticating

1

5
El
N

Figure 4.3: Connect Button Dialog Box

Direct Serial Link

Your PC must be appropriately configured for serial communication
(see “TESLA Control Panel Installation” on page 3-1).

Port 2 - direct/modem |

Port 1 Serial Extension Cable

Port 1 or rear Port 2
to DB-9 female (laptop)

Laptop PC
Figure 4.4: Direct Serial Link

1 Create a direct serial connection between the computer’s serial port and the
recorder’s Port 1 or Port 2.

» Use a standard straight through male-to-female serial cable (provided
with the recorder). For port pin-out and cabling information see “Com-
munication Port Details” on page 4-13.

* Port 2 may not be used if the recorder has an internal modem installed
unless the modem is disabled via the Maintenance Menu, for details see
14 Maintenance Menu and Error Handling on page 1.

2 Ensure the recorder port and your PC’s port have the same baud rate
and communication parameters.

» The recorder’s Port 1 and Port 2 serial ports are fixed at 8 data bits, no
parity and 1 stop bit and have a default baud rate of 38,400.

4-4 TESLA 3000 User Manual D01721R02.61



4 Communicating with the Recorder

* The baud rate and communication parameters of your computer’s serial
port is set through the APT_SERIAL Dial-Up Network (see “Setting
Windows Serial Port Parameters” on page 4-12).

3 Choose the target recorder from the Select IED list in TESLA Control
Panel’s Main Menu.

* Ifthere is not already an entry for this recorder, create one using the Add
New button.

* The method of communication with the recorder is specified as part of
its IED definition. Use the Edit button to view or change this informa-
tion. Ensure the Direct Serial Link option is selected.

* For details on I[ED definitions see “Working with TESLA Control Pan-
el” on page 5-1.

4 Initiate the connection by selecting the Connect button.
* A dialog box will appear to show connection progress.

* The connection state and the current IED you are connected to is shown
on the Windows status bar at the bottom of the screen.

Status Bar shows TESLA Control Panel
software is connected to the recorder
and the name of the Current IED.

‘ Exit
| Mair Menu 1

TESLA Control Panel, Current [ED: TESLA Dema Urit | Connected

Figure 4.5: Status Bar

If the connection fails, check the following:

* The APT SERIAL dial-up network has been created and has the correct
settings (see “TESLA Control Panel Installation” on page 3-1).

* The communication parameters are the same on both ends (see Step 2
above).

» The correct serial port has been selected on your computer.

Some newer laptop computers do not have serial ports. A USB serial
converter adapter can provide a surrogate serial port for a direct
connection to the TESLA recorder. The Edgeport USB Serial
Adapter, model # Edgeport/1, from B&B Electronics (www.bb-
elec.com) is an example of such a device.

Modem Link

External Modem

Your PC must be appropriately configured for modem communica-
tion (see “TESLA Control Panel Installation” on page 3-1).
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4 Communicating with the Recorder

Modem Cable — et
(as supplied with modem) =8 —

Analog Sl - [ —
= Telephone
Modem Adapter .|‘ Line Analog 7
Port 2 - Direct/Modem Telephone —
Line [ A

Desktop Computer

Modem Adapter part # 101629
Can be ordered separately
DB-9-Male-Male

Figure 4.6: Modem Link - External

Recorder Setup

1 Connect a PC-compatible external serial modem to Port 2 on the rear of the
recorder.

* The cable between the recorder and the modem requires a crossover and
a gender change as both devices are configured as RS-232 DCE ports.

* You can use the ERLPhase Modem Port Adapter (part # 101629) to
make the recorder’s Port 2 appear as a DTE (like a PC serial port). A
standard modem cable can then be used to connect to the recorder.

* For port pin-out and cabling information see “Communication Port De-
tails” on page 4-13.
o Ifthe unit has an internal modem, Port 2 will be disabled and an external
modem will not work.
2 Connect the modem to an analog telephone line or switch and turn it on.
A standard telephone cable with an RJ-11 connector is used.
3 Configure the recorder’s Port 2 to work with the modem.

* Port 2 settings are accessed through the recorder’s standard user inter-
face.

a Establish a network or a direct serial connection between your com-
puter and Port 1 on the recorder, run TESLA Control Panel soft-
ware and initiate a connection to the unit.

b When connected, select Utilities in the Main Menu list, and go to the
Communication tab to access the Port 2’s settings.
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4 Communicating with the Recorder

From Main Menu select Ultilities,
then the Communication tab.

4’y TESLA Control Panel - [Main Menu]

=10] x|
Fle Wiew Help
TESLA Conirol Panel Select IED
Records
{ Trends [TESLA Demo it | [oiszomest ]
Events
- Metering Edi’
" Congueton Do |
i
4!, TESLA Control Panel - [Utilities] [ oy [=[ 3]
Fie Help
| Set Baud rate. |
!
IEnabIe modem.l
‘ TIFERT Serial (Port 1) Baud Rate: 33400 =
~Di
CRorSelect————————— o l—_lgﬁm =
" Direct Serisl (Port 21
L & Exdernal Wodem (Por 2% Modem Initilization String:
£ [nterml Madem [t
1 ~ECADA
T Mo l—_l Farity
n Serial (Port 3). Bl Rate: | 9500 | oda
& Motbus ASCH £ Even
Slave Address: [1 c
© Modhus RTU = hone
" DNP3 Level 2 Datalink Timeout: [1000 ms  (0to disable)
Ethernet (Netwaorl Port)
£ DNPE Level 2- TGP Master P Address: | 192 155 ) 1
i -
DNP3 Level 2 - LDP Pt [20000
AT AT T Uit Menfcation ), Communication /_Recording A Time i Analog Input Galibration __otty i Passiiords
Restore [ED Seftings Save Closz
Main Maru uities [
TESLA Contral Panel |Current IED: DV 38 channel [Conmected v

Figure 4.7: Communications Setup Utility

¢ Set the Baud Rate. This will be the rate at which the recorder will
communicate with the external modem. It does not control the rate
at which the modems communicate with each other. Unlike a direct
serial link, there is no need for this baud rate to match that of the
remote computer. A rate faster than the modem’s top speed is rec-
ommended to take full advantage of the modem’s compression ca-
pabilities.

d Select External Modem

e The Modem Initialization String lets you set any special command
codes required by your modem. The factory default for this field is

“M1” for external modems. These default values are all that are re-
quired for most modems.

f Save your changes, close the Ultilities tab and disconnect.

TESLA Control Panel Setup

1 Configure your computer to work with its modem. Refer to your computer
and modem documentation.

2 Ensure that an APT _MODEM dial-up network has been created on your
computer (see “TESLA Control Panel Installation” on page 3-1).

3 Choose the target recorder from the Select IED list in TESLA Control
Panel’s Main Menu.

* Ifthere is not already an entry for this recorder, create one using the Add
New button.
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4 Communicating with the Recorder

Internal Modem

* The method of communication with the recorder is part of each IED’s
definition. Use the Edit button to view or change this information. En-
sure the Modem Link option is selected and the telephone number of
the recorder’s modem is entered.

* For details on IED definitions see “Working with TESLA Control Pan-
el” on page 5-1.

4 Initiate the connection by selecting the Connect button
* A dialog box will appear to show connection progress.

* The connection state and the current IED you are connected to is shown
on the Windows status bar.

Analog Analog
Modem Port - RJ-11 Telephone Telephone

Line Telephone Line
SE ©[0] System

|

Desktop Computer

Figure 4.8: Modem Link - Internal

An optional internal modem is available for the TESLA recorder. Setup for the
internal modem is the same as for an external modem (see previous section)
with the following notes:

» The modem is internal to the recorder, so there is no external modem to
connect to Port 2.

* Connect the telephone switch cable to the recorder’s internal modem
through the Modem Port.

* Internal modem configuration is done in the same way as for an external
modem. Modem Initialization String which is “M1” for internal modems
(see Figure 4.7: Communications Setup Utility on page 7).

+ If the internal modem was installed at the factory, it will already be appro-
priately configured.

When an internal modem is installed, Port 2 is disabled

Modem LAN Gateway

Recorders on a LAN can be remotely accessed through a modem on a designed
master recorder. The master acts as a gateway to the LAN, providing a route
for IP communication between Control Panel or RecordBase and other TESLA
3000 recorders to the network. Although commonly used as a part of a coop-
erative group configuration, a gateway modem can also be used simply as a
means to communicate with networked recorders.
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4 Communicating with the Recorder

1 Connect the recorders to the LAN and set their IP addressed. See "Setting
Up a Recorder Network" on page 4-8.

2 Configure one of the recorders (now designated the master recorder) with
an internal or external modem (see Modem Link - External or Modem Link
- Internal).

3 Setup TESLA Control Panel to communicate with the master recorder via
the PC’s modem and create and configure an appropriate /ED Definition for
it (see Modem Link - External, TESLA Control Panel Setup).

4 Create an (or modify existing) IED Definition for each recorder to be ac-
cessed through the gateway (not including the master recorder). Under
Communication, select Connect Through IED and pick the master IED cre-
ated in the previous setup.

5 To initiate communication with any of the recorders, choose the target re-
corder from the Select IED list in TESLA Control Panel’s Main Menu and
use the Connect button.

Note: To connectto recorders through a modem gateway, you must
be logged into Windows with local administrator privileges on the
computer running Control Panel or RecordBase. Administrator privi-

leges are required to handle updates to the network routing table.

Accessing SCADA Services

Serial Port
Connection

Ethernet Connection

Protocol Settings

The recorder supports DNP3 (Level 2) and Modbus SCADA protocols as stan-
dard features. This section describes how to connect and configure the servic-
es. Protocol details, including point lists, are provided in the appendices.

Both DNP3 and Modbus protocols are available on the recorder’s serial Port 3,
an RS-232 DCE port with a female DB9 connector. The port is wired to sup-

port a connection to a PC serial port (or equivalent) using a standard straight-
through male to female serial cable. An external RS-232 to RS-485 converter
can be used to connect to an RS-485 network. For port pin-out and cabling in-
formation see “Communication Port Details” on page 4-13.

The DNP protocol can also be available over Ethernet using TCP or UDP. A
standard 10/100BaseT Ethernet cable is required.

The Ethernet port can support DNP SCADA and user interface access via TES-
LA Control Panel at the same time.

For details on setting the recorder’s IP address, for details see 14 Maintenance
Menu and Error Handling on page 1.

Configuration of the SCADA protocol and communication parameters is done
through the recorder user interface. Use TESLA Control Panel to connect to
the recorder, then go to the SCADA section of the Utilities>Communication
tab. Setting descriptions follow.
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4}, TESLA Control Panel - [Main Menu] =] ]
File Wiew Help
st From Main Menu select Utilities,
~reeds | then the Communication tab.
Metering Edit
innrahinm Delete: I
ESLA Control Panel - [Utilities] =[]
Help
 Communici =
Service Part
( Direct Seial (Part 1) Baud Rate: [38400 -
Directivod
PotSelect———  paidpats I—MDD =
5 Direct Serial (Port 2)
e (Port 2) Modem Initislization String
[Port 3 - SCADAJ —
L
~SCADA
| Mode l—_[ Parity
Serial (Port 3) Baud Rate: |15 = [ & o
b © Modbus A5CI £ Even
Slave Address: |1
= " Modbus RTU & flone
TESLA
" DINFA Level 2 Datalink Timeout: [ 1000 ms  (0'to disable)
Mester IP Address: [ 192 . 188 . 1 1
" DNP3 Level 2 - UDP Pt | 20000 m
AT TP _uit identbeation } Gommunication /{_Recording J, Time fy_ Analo Input Gallbralion Moty i Passuvords
Restors IED Settings Save Cloze
Main Menu | Tiends | Events | Meteing Uilies Corfia har
TESLA Control Panel |Current IED: TESLA Demo Unit  |[Connected 4

Figure 4.9: SCADA Protocol Settings

SCADA Protocol Settings

Mode Select one of the available SCADA modes.

Baud Rate Port 3 serial baud rate. Default is 19,200.

Parity Port 3 serial parity.
Note: When parity is set to “None” and a Modbus protocol is selected,
the number of stop bits automatically is set to 2, as per the Modbus
standard.

Stop Bits (Automatic setting). Always set to 1 stop bit except as noted in Parity
setting above

Data Bits (Automatic setting) The number of data bits is controlled by the

selected protocol mode.

Modbus ASCII: 7 data bits
Modbus RTU: 8 data bits
DNP 3: 8 data bits

Slave Address

Identifies the unit to the SCADA master.

Datalink Timeout

(DNP) Specifies the time in which the recorder expects a response
from the SCADA master to primary frame messages. If a response is
not received in this time, the recorder will re-transmit the message.
The timeout is usually set to 0 milliseconds per DNP3 Technical Bulle-
tin 9804-002. This document is available from the DNP3 User's Group
(www.dnp.org)

For UDP and TCP modes, the timeout is not settable and is automati-
cally set to O milliseconds.
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4 Communicating with the Recorder

Diagnostics

SCADA Protocol Settings

Master IP Address (DNP TCP or UDP) Defines the IP address of the master SCADA
device that will be polling the TESLA. This prevents unauthorized mas-
ter devices from communicating with the TESLA.

Note: This setting does not control IP address of the TESLA's Ethernet
card. That is done through the recorder's Maintenance Menu.

Make sure the Master IP Address is different from the TESLA IP
Address.

Port DNP TCP or UDP) Defines the TCP or UDP port on which the DNP
service may be accessed. Usually set to 20000.

Protocol monitor utilities are available to assist in resolving SCADA commu-
nication difficulties such as incompatible baud rate or addressing. The utilities
can be accessed through the Maintenance user interface, for details see 14
Maintenance Menu and Error Handling on page 1.
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4 Communicating with the Recorder

Setting Windows Serial Port Parameters

Direct Serial Link

Windows XP/7

To achieve a direct serial link between a serial port on the recorder and one on
your PC, both ports need to be running with the same communication param-
eters.

This section describes how to change the baud rate of your computer’s serial
port.

The recorder’s Port 1 and Port 2 communication parameters are:
* 8 bit data, no parity and 1 stop bit (non-configurable).
» Hardware or software flow control (automatically handles either).

* The default baud rate of Port 1 and Port 2 is 38,400. The baud rate for these
ports is configured through the recorder’s user interface via TESLA Con-
trol Panel software (see “” on page 4-4).

The computer’s serial port communication parameters are set through the
APT_SERIAL Dial-Up Network, which was created as part of the installation
of Control Panel software.

Access the Network and Dial Up Connections function through Windows Con-
trol Panel.

1 Bring up the APT_SERIAL properties control by right-clicking on the
APT SERIAL icon and selecting Properties

2 Select Modem - Generic Null Modem from the Connect using modem list
and select the Configure button.

3 Set the desired baud rate in the Maximum Speed field.

4 Select OK to save changes

NB. Other communication parameters such as the number of data bits cannot
be set here. The recorder’s communication parameters are standard (8, N, 1),
so changes to these parameters on your computer’s port are unlikely to be

needed. If you do need to view or modify them, use the Phone and Modem Op-
tions function found in Windows Control Panel, and go to the Modems tab.
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4 Communicating with the Recorder

Communication Port Details

All recorder serial ports (Ports 1, 2 and 3) are configured as EIA RS-232 DCE
devices with female DB9 connectors. This allows them to be connected direct-

ly to a PC serial port with a standard straight-through male-to-female serial ca-
ble.

A modem adapter (part #101629) is available to convert a port into a DTE de-
vice, equivalent to the serial port on a PC. The adapter allows you connect an
external modem to the recorder’s Port 2 using a standard modem cable.

The TESLA 3000 Power System Monitoring Recorder has been factory con-
figured to communicate with peripheral software tools and devices using com-
munications Port 2000. The TESLA 3000 Power System Monitoring Recorder
(V2.6 or better) has provisions available to reconfigure this communication
port to use the ERLPhase registered IANA Port 7631. This operation may be
enabled through the TESLA 3000 Maintenance Menu (“Maintenance Menu
and Error Handling” on page 14-1).

TESLA Recorder Serial Ports

Port Location Function

1 Front Panel Serial port for direct connection to a computer. Default baud rate
set at 38,400 baud.

2 Rear Panel Serial port for connection to an external modem or for direct con-
nection to a computer (configurable). Default baud rate set at
38,400 baud.

This port is unused when the recorder is equipped with the
optional internal modem unless the modem is disabled via the
Maintenance Menu.

3 Rear Panel Connection to SCADA (DNP3 or Modbus) interface. Default baud
rate set at 19,200 baud.

Signal Name PDg:it;Eg Pin # on the IED Port
DCD « 1
RxD <« 2
TxD - 3
DTR - 4
Common 5
DSR « 6
RTS - 7
CTS « 8

D01721R02.61
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4 Communicating with the Recorder

Signal Name

Direction
PC<->IED

Pin # on the IED Port

No connection

Notes:

» IED is DCE, PC is DTE.

* Pins 1 and 6 are tied together internal to the IED.

Male DB-9 Cable End for IED Female DB-9 Cable End for
Port Computer Port
Pin # on Cable Pin # on Cable

1 1

2 2

3 3

4 4

5 5

6 6

7 7

8 8

9 9
Signal Name Direction Pin # on the Modem

Modem <-> |[ED Adapter

DCD - 1
RxD - 2
TxD « 3
DTR <« 4
Common 5
DSR N 6
RTS « 7
CTS - 8
No connection 9

Notes:

* IED (with modem adapter) is DTE, modem is DCE.
* Pins 1 and 6 are tied together internal to the IED.
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5 Working with TESLA Control Panel

Recorder Workspace

TESLA Control Panel supports multiple recorders. Each recorder has its own
workspace within Control Panel that stores its communications parameters, re-
cords and configuration files. Workspaces for both TESLA 2000 and TESLA
3000 recorders can be maintained.

A separate workspace should be created for each recorder on your
system to store its configuration files and records.

When first installed, TESLA Control Panel includes a workspace for a recorder
called TESLA 3000 Demo Unit. It contains sample records and configuration
files and is configured for network connection with an evaluation unit.

Selecting A To work with a particular recorder, select it from the Select IED box on the
\I}Viﬁ'ﬁrsdea::e Main Menu tab. If you are already connected to an IED you will not be able to
P select a different IED until you disconnect.
Main Menu Select IED -
TESLA Demo Unit
e TESLA 3000 Control Pansl - [Main Menu]
File fiew Help Connect - connect
Jto a recorder.
TESLA 3000 Contral Parel Selact ED 1 I
Records -
E:r:\isuuus Recording J Dogred 1 E?gr;n(;r:i)r:‘lge recorder
i — T
Utiites JIEE | Delete - delete
Eonfiguration —I recorder from list.
i
Add New - add new
recorder to list
| i
T MainMeny
TESLA 3000 Contral Panel Current TED: TESLA Dermo Linit Connected
! !
|Current IED| Connection Status -
Connected or
Not Connected
Figure 5.1: Selecting a Recorder Workspace
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5 Working with TESLA Control Panel

The Current IED

Selecting a recorder sets TESLA Control Panel’s focus to that recorder’s work-
space, known as the Current IED. The records and configuration files belong
to the selected recorder.

If you initiate a connection using TESLA Control Panel, it connects to the cur-
rent IED using the communication parameters specified for this IED.

The name of the Current IED is always displayed in the Status Bar at
the bottom of the TESLA Control Panel window (see Figure 5.1).

TESLA Control Panel assumes that the recorder it is communicating with is
the one identified as the Current IED. Forcing a connection with a different re-
corder (i.e. moving the serial cable without telling Control Panel to discon-
nect), can cause the records and configuration files of that recorder to be mixed
with those of the Current IED.
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5 Working with TESLA Control Panel

Adding/Editing a Recorder Workspace Definition

Recorder workspaces are added, modified or deleted from the TESLA Control
Panel Main Menu using controls in the Select IED dialog box (see Figure 5.1)
The Edit button displays the selected recorder’s definition screen. The Add
New button is used to create a new recorder definition. The /ED definition is
shown in Figure 5.2 and the settings are described in the following table.

“Edit 1ED . x|
IED Definition
IED Name: |
Comments: |
Location: I

IED Serial Number: |

Mociek: I TESLA -

Configuration: I TESLA 3000/4000 - 36 Channels ﬂ

Communication
* Direct SerialLink  Serial Link: | COM1: ERLPhase Nul Modem ~|
Baud Rate: |115200 |
" Modem Link Moden: J J
Phone Number: 1
" Network Link & FirstlP Address |
" Second IP Address |
-
¢ Connect Through IED: [ |
Add New Modem/Serial Link | Get Information From TESLA ]
Folder placement

Recordings Folder: | C\Documents and Settings\ERLPHASEWy Docume Browse ... I

Configs Folder: | C\Documents and Settings\ERLPHASEWYy Docume Browse .. |

[ save ED definion | cance |

Figure 5.2: Recorder Workspace Definition

IED Workspace Settings

IED Definition
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5 Working with TESLA Control Panel

IED Name The IED Name is the name you assign to this recorder’s workspace. It
appears in the IED selection and the Current IED display at the bottom
of the TESLA Control Panel window.

We recommend that you use the same name for this workspace as the
Unit Name given to the recorder (“Unit Identification” on page 7-2).
Comments User-defined, for your reference only.
Location User-defined, for your reference only.

IED Serial Number

Enter the IED Serial Number to match the serial number of the actual
recorder.

Model TESLA 2000 or 3000, 18 or 36 channel, or TESLA 3000 - Cooperative
IED
IP Address IP address of the recorder. The recorder’s default factory IP address is

192.168.1.100. It is changed through the recorder’s Maintenance
Menu, “Maintenance Menu” on page 14-1.

Get Information
from IED

Connects to the recorder and retrieves its configured name, location
and serial number. The corresponding fields in the IED Definitions
are overwritten.

Communication

Direct Serial Link

Connect to this recorder through a serial cable.

Modem Link

Connect to this recorder via a telephone link.

Phone Number

Recorder’s telephone number. Can contain numbers plus standard
modem dial characters (e.g. comma represents a pause).

Network Link

Connect to this recorder via a TCP/IP network.

Connect Through
IED

Connect to this recorder through another recorder that is providing a
modem-Lan gateway. An IED Definition for the selected recorder must
already exist. For details on setting up a modem-Lan Gateway
“Modem LAN Gateway” on page 4-8)

Folder Placement

The Default Folder directory applied to new IED definitions can be
modified with the File>Data Locations command from the Main Menu.

Recordings Folder

The directory where the IED’s retrieved records are stored.

Configs Folder

The directory where the IED’s configuration files are saved.

You can share configuration files and records with other TESLA Con-
trol Panel users by using common folders
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5 Working with TESLA Control Panel

Online and Offline Operation

TESLA Control Panel can be used with or without a connection to the selected
recorder. Both offline and online modes work within the selected Current IED

workspace.
Offline (Not In Offline mode, you can manage and display a recorder’s local (previously up-
Connected) loaded) records and create and edit configuration files without being connected
to the unit.
Online (Connected) In Online mode you are connected to the recorder and have access to both local

and remote data and functions:
* Records (both local and on the recorder)
» Event log
* Metering (realtime readings of input and calculated channels)

* Channel and trigger configurations (the one presently active in the recorder
and any saved ones you may have created)

* Setup utilities and record configuration screens
* Record graphics display
* Trend logs

Connection Status The Status Bar at the bottom right side of the TESLA Control Panel window
shows if you are presently online or offline.
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5 Working with TESLA Control Panel

Navigating in TESLA Control Panel

Working Area

Control Tabs

Status Bar

TESLA Control Panel uses a split screen format. The left pane is used for nav-
igation or selection. The right pane is the working area for each of the pro-
gram’s main sections. To bring up the Control Tabs, shown below, you must
select the appropriate item on the Navigation Tree by double-clicking.

|Working Area|

Navigation Tree | Select Item |

‘s TESLA 3000 Control Panel - [Mein ienu]
Fild Wiew Help

TESLA 2000 Contral Panel Select [ED
Fiec

ties
Canfiguration

|~ ReSiz el
| Bt

Main Menu Records Trends Continuaus . Events Metering

Utiles |

Corfig Mg |

TESLA 3000 Control Panel Current IED: TESLA Demo Linit Connected

!

Control Tabs

Status Bar

Figure 5.3: TESLA Control Panel Display Sections Navigation Tree

The left pane provides a means of moving between TESLA Control Panel
functions or selecting items within a function (e.g. channels from a record).
TESLA Control Panel functions—Records, Trend, Events, Metering, Utilities
and Configuration are activated by a double-click.

You can optimize the screen space between the tree and the working area to
create a larger working area. Some screens have a Hide Tree button to maxi-
mize the working area.

The Working Area on the right pane of the display represents the main working
area of each section of the TESLA Control Panel.

The Control Tabs are a row of selection tabs near the bottom of the screen.
Each time you start a function, a corresponding tab is created.

Select the control tabs to navigate from one screen to another or the Main Menu
item. Use the Close button to close the screen.

The Status Bar at the bottom of the TESLA Control Panel displays the name of
the selected recorder workspace and the status of the connections.
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6 Metering Display

Standard Metering
Screens

User-Defined
Metering Screens

Primary/Secondary

Display Zoom

Freeze

The recorder has a full set of real-time metering displays that provide present
readings from the analog and digital input channels, and the calculated chan-
nels.

The Metering display is accessed through the Metering item in the Main Menu
tab’s function list.

W&III‘ITESI.A Control Panel - [Metering]
File Help

Elemert!:%IMag: | 0.007 kY Elementt:Mablac: | 0043 kY
Element1:¥2han: | 0.017 kY Elementl:vVasng: | 0000 °
Element!:0hag: | 0041 kY Element!:Vhiao: | 0057 kY
Elemert!: IMag: L4 (5533205 ohms  Element1:Yhane | 20612 °
Element!:ZAng Z4: | 0.000 ° Elementt:Velag: | 0.032 kY
Elemert]:Watta:'A A | 0.000 MA  Elemertt:Velng: | 5711 °
Element1:Vars VA A | 0000 Myar  Elementtlabag: | 1817 A
Element!-VANA & | 0000 MVA - Elementtladng | 29908 °

Element1:PF:&ph: | 0.8609 Element1:lbhac: | 1036 &
Elementt:\Sum Yzero:hag | 0124 kY Elementt:ladng: | -28.042 °
Elementi:\/Sum: Yzero:Ang: | 10,526 ° Elementl:ichiag: | 0633 A

Elementi:icAng: | 22403 °
Element:Inhlag: | 0330 A
ElementT:InAng: | 85137 °

‘ ‘ | [\ﬂ.nalogs )\ Digitals )\1-Amlngs/\ 2-fnalogs /

‘Mehar\ng. Show A3 |Primary | Zoomlevel%) [100 =+ Freeze Cloze
I ain Menu ‘ Canlig Edit ‘ Fiecords | Trends | Events Metering Lltiitiess
TESLA Control Panel. Cument [ED: TESLA VB4 Connected

Figure 6.1: Metering Display

The Metering display provides tabs at the bottom to select among multiple dis-
play screens. The first two tabs, Analogs and Digitals are the default tabs and
present the readings from the analog inputs and external inputs.

You can define an additional ten user-defined metering screens. Setup of these
additional screens is part of the recorder’s configuration (see “Meter Groups”
on page 8-42).

Metered values can be shown as either system primary or secondary quantities.

The magnification of metering screens can be adjusted using the Zoom Level
(%) control. This allows the display to be enlarged for easy viewing while com-
missioning or testing.

The Freeze button provides a way to temporarily stop the update of the display.
It can be used to ensure a synchronized set of readings for documentation pur-
poses. The metering display can be exported to another program using Win-
dows built-in Alt PrintScreen key and standard paste functions.
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6 Metering Display

Phase angle readings displayed in meter groups are based on the
configured Phase Angle Reference Channel (see “Phase Angle Ref-
erence Channel” on page 8-11).
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7 Recorder Setup Utilities

The TESLA recorder has global setup parameters that establish its identity and
define its operation. Setup parameters define:

* Unit identification

» Communication port parameters

* Record length and mode settings

» Time display and settings

* Analog input calibration

* Central Station trigger and record notification
» Passwords

i}, TESLA 3000 Control Panel - [Utilities] =10l x|

File Help

— Unit Identification
— Idertification

Model: 3000
Setial Mumber:  TES LA-3000-999999-99
Unit IC: | by TESLA 3000-53

IED Firmware Version:  w1.0D
Required Settings Yersion: 201
Communication Yersion: 201

System Frequency: g0 Hz

— Station

Station Mame: | Morth Station

Station Mumber: | 148

Location: I Plains Region|

I{I 4 [ [T, unit Identification £ Communicaion_}_Recording i Time A, Analog Input Calibraion A, Matity A, Fasswonis

Cancel | Save | Close |

ManMenu  Utiiies |

Figure 7.1: Recorder Setup Utilities

The setup parameters are accessed through the Utilities tab on TES-
LA Control Panel. You must be communicating with the IED for the
Utilities tab to be available.

For details on connecting to the recorder using TESLA Control Panel
software see “Communicating with the Recorder” on page 4-1.
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7 Recorder Setup Utilities

Unit Identification

The Unit Identification tab identifies a particular recorder and its records. Dou-
ble-click Utilities to bring up the tabs; select Unit Identification.

Unit ldertification
Identification
Mol

Serfal umber:

[ED Firmwvare Version:
Required Seftings Yersian:
Communication Yersion:

System Frequency:

Station

Station Number:

3000
TESLA-3000-999993-99

Unit IO | by TESLA 3000-53

v1.0D
20
0
60 Hz

Station Mame: | Morth Station

148

Locatior: | Plains Reg\0n|

Figure 7.2: Recorder Setup Utilities - Unit Identification

Unit Identification Settings

Identification

Serial Number

Read-only field, displays the serial number of the TESLA unit currently
connected.

Unit ID

User-entered field that identifies the unit. It is part of the name given to
records produced by the unit to identify their origin.

By convention, this name should be the same as the "IED Name"
assigned to the recorder and recorder’s workspace. The name must
not contain the following: “,” “/” “\” “:” or any other character not valid for
a Windows file name.

IED Firmware Ver-
sion

Read-only field that displays the firmware version of the currently con-
nected TESLA unit.

Required Settings
Version

Describes the version of the settings file required by the connected
recorder. Control Panel is capable of creating older versions of settings
files for use with recorders whose firmware has not been updated (see
“Managing Configuration Files” on page 8-1).

Communication
Version

Read-only field that displays the version of the communications proto-
col used by the currently connected TESLA unit.

System Frequency

Read-only field that displays the assumed power system frequency of
the recorder, This is a factory setting.

Station

Station Name

User-defined, for your reference only.

Station Number

User-defined, for your reference only.

Location

User-defined, for your reference only.
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7 Recorder Setup Utilities

Communication Port Settings

The Communication settings control the modes and baud rates of the record-

er’s three serial communication ports and defines the SCADA communication
mode.

i TESLA Control Panel - [Utilities]

=1k
File  Help
-
-~ Communication
Service Port
’7 Direct Serial (Port 17 ‘
-~ Directhacem

- Port Select

(% Direct Serial (Port 2)
€ External Modem (Port 2)
£ ntermel Madem

Baud Rate: |9500 -

Modesm Initializstion String

ML
~SCADA
Mo Bty
. |g600
Setisl (Port 31 Baud Rate: I j o
* Modkus ASCH  Even

Slave Address: (1
 Modkus RTU * Nare

D3 Level 2 Datalink Timeout: [ 1000 ms  [Oto disable)
Ethernet (Metweork Port):

™ DNPS Level 2 - TGP Mazter P Address:
" DNP3 Level 2 - LIDP

192 188 0 1 . 1

port: | 20000 B
v
icati A Fecording )\Time )\ Bnalog Input Calibration )\ Iy )\ Passwurds/

SEVE | Close: |
Utilities Config Mar

[Connected v

Figure 7.3: Recorder Setup Utilities - Communication Ports

21 0

Restare [ED Settings |

I ain Menu |

)\r

Records | Trends | Events | tdetering

TESLA Control Pane! |Current IED: TESLA Demo Lini

Communication Settings

Service Port

The Service Port is Port 1 on the front of the recorder. It can be used for direct serial connec-
tion with TESLA Control Panel or a terminal program (to access the Maintenance Menu).

Baud Rate Sets the baud rate of the recorder’s serial port. The default baud rate is
38,400 baud.

Note: The baud rate must match that of the serial port of the computer
connected to this port. For details about changing the baud rate see

“Setting Windows Serial Port Parameters” on page 4-12.

For best results, use the maximum baud rate that your communication
link and equipment can sustain.
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7 Recorder Setup Utilities

Direct/Modem Port

The Direct/Modem Port refers to either the recorder’s rear panel Port 2 or its (optional) Internal
Modem port, depending on the Port Select setting.

Port Select Direct Serial: Port 2 is enabled for a direct serial connection with
TESLA Control Panel or a terminal program (to access the Mainte-
nance Menu).

External Modem: Port 2 can be used to connect to an external modem
through a serial link.

Internal Modem: Enables a modem connection through the recorder’s
rear panel RJ-11 Internal Modem Port. Requires that the recorder has
the internal modem option installed. Port 2 is automatically disabled
when the internal modem is installed and enabled. The internal modem
can be disabled through the Maintenance Menu.

Baud Rate Sets the baud rate of the recorder’s port 2. The default baud rate is
38,400 baud.

For a direct serial connection on Port 2, the baud rate must match that
of the serial port of the computer connected to this port. For details
about changing the baud rate see “Setting Windows Serial Port
Parameters” on page 4-12.

When configured for an internal or external modem, the baud rate
specifies the rate at which the recorder communicates with the
modem. The actual communication rate between modems is less than
or equal to this setting, depending on what the modems can negotiate
over the phone line.

For best results, use the maximum baud rate that your communication
link and equipment can sustain.

Modem Initializa- When using an internal or external modem, a modem initialization
tion String string can be entered containing modem control codes. The factory
default for this field is "M1". Refer to the modem manual for details.

SCADA

The SCADA protocols can be accessed via either the serial Port 3 SCADA Port or the Net-
work Port. Modbus ASCII, Modbus RTU or DNP3 Level 2 is selected, Port 3 is used. If DNP3
Level 2 - TCP or DNP3 Level 2 - UDP are selected, SCADA can be accessed via ethernet.
The factory configuration for SCADA is 19,200 baud, no parity, Modbus ASCII mode, Slave
Address 1.

The number of data bits is determined by the protocol and mode: Modbus ASCII used 7 bits,
Modbus Binary and DNP3 Level 2 use 8 bits. The number of stop bits is always 1 except when
a Modbus protocol is selected. In that case, the number of stop bits is 2, as per the Modbus
standard

Mode Serial (Port 3)
Modbus ASCII: Modbus SCADA protocol, ASCII mode
Modbus RTU: Modbus SCADA protocol, RTU mode
DNP Level 3: DNP 3 SCADA protocol, Level 2, serial
Ethernet (Network Port)
DNP Level 3: DNP 3 SCADA protocol, Level 2, TCP
DNP Level 3: DNP 3 SCADA protocol, Level 2, UDP

Baud Rate and Must be set the same as the master device on the SCADA network.
Parity The number of data bits is determined by the protocol and mode; Mod-
bus ASCII uses 7 bits, Modbus Binary and DNP3 Level 2 use 8 bits.

Slave Address The slave address must be set to an unused address value on the
SCADA network and is used by the master to communicate with the
TESLA. The slave address range is automatically adjusted to the valid
range for the protocol selected.
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7 Recorder Setup Utilities

Datalink Timeout

Used only for DNP3 Level 2. This sets the timeout for the DataLink
layer of the DNP protocol. Although configurable, the timeout should
be disabled (set to 0 milliseconds) as per the DNP Users Group “Tech-
nical Bulletin 9804-002 DNP Confirmation and Retry Guidelines”. The
DataLink Timeout is automatically disabled when using either DNP3
Level 2 - TCP or UDP.

Master IP Address

For either DNP3 Level 2 - TCP or UDP, the Master IP Address must be
set to the IP address of the master device that will be polling the
TESLA. This prevents unauthorized master devices from communicat-
ing with the TESLA. Note: This setting does not control the IP address
of the recorder’s Ethernet port. That is done through the recorder’s
Maintenance Menu. Make sure the Master IP address is different
from the recorder’s IP address

Port

For either DNP3 Level 2 - TCP or UDP, the Port is the TCP or UDP
port that the DNP service may be accessed at and is usually set to
20000.

For details regarding the data and functions available on the TESLA recorder’s
SCADA port see “Modbus Functions” in Appendix D and “DNP3 Reference”

in Appendix E.
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7 Recorder Setup Utilities

Recording Control Settings

Edge Mode

The Recording Settings control the parameters of the High Speed Recording,
Low Speed Recording and Trend Logging.

For High Speed and Low Speed Recording the TESLA recorder can create up
to three records simultaneously. The TESLA employs sophisticated trigger
combination algorithms used to combine data from multiple events into a sin-
gle record and also to reduce the amount of redundant data in the records. In
addition, the TESLA will combine data captured using multiple time-frames
into a single record.

In the TESLA there are two modes of capturing data; Edge Recording and Du-
ration Recording. Both modes are available for High Speed Recording, only
Edge Recording is available for Low Speed Recording.

FL TESLA 3000 Control Panel - [Utisties]

Flo ok

High Speed Recordngs
Triggeer Mode: W g Curaten
Sampis fate.  5TE0 semgies | second

Prdrigger Teew: |02 [

el RecoraLengen: [1 0215 secnas

TR Und identfication J_Commurncatio

| Save o Baze Wemary Gaece gove gose

mambeen | Hecoss | Trends |

TESL& 3000 Corkral Panel Cusrent ED: TESLA Demo Unk Cennected

Figure 7.4: Recorder Setup Utilities - Edge Recording

In Edge Recording, the rising edge of the trigger is used to create a record that
has a set amount of pre-trigger data and a set amount of post-trigger. This is
known as a normal length record. If another trigger is processed while the re-
cord is being created, the record may be extended to the full normal length of
data associated with the new trigger. Multiple extensions can occur up to the
Maximum Record Length limit. Records with combined High Speed and Low
Speed data can only be extended during the High Speed data capture portion
of the record.

Edge Recording mode tends to create smaller records that contain useful fault
data around the start of the trigger, but may not capture data for the entire du-
ration of the trigger.

To enable record auto-extension for multiple triggers, the Maximum
record Length must be larger than the Normal Record Length

At least small amount of pre-trigger time is recommended to ensure
the triggering event is included in the records.
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Duration Mode

"fly TESLA 3000 Control Panel - [Utilities]

File  Help
A

High Speed Recordings Low Speed Recordings

Trigger Mode: (" Edge 4+ Dipafion

Sample Rater 5760 samples / second Sample Rste: 60 samples J second

Pre-rigger Time: |02 01-1 seconds Pretrigger Time:| 20 (1- B0 seconds
Post-rigger Time: |1 0- 15 seconds Mormal Record Length: | 50 10 - 900 seconds
Maxximum Record Length: | 12 1.2 - 30 seconds Wsximum Record Length: | 120 6001 - 1800 seconids

Trend Recordings

Sample Rate: 10 seconds / sample
Cortinuous Disturbance Recording (COR)

Recards/zecondichanne!

Sample Rate: (RMS samples/second/channel)

Storage
Storage Alarms
Accumulation Mode Status 2larm Limits Enabled  Corfact
Highlow Speed: [Recycle | whenful ACTIVE a0 % ful I3
Trends: |Recycle  w| whenful  ACTIVE a0 days accumulated |
COR, NOT Not applicabie for CDR data.
v
[T TP _Unit Identification A_Commurication A Recording £ Time A Analog Input Calibration b Motify A P s [
Save To Bage Memary... | ‘ Cloge

ManMens | Recods | Teends | Confiwous | Everls | Meleing Utiiles | ConfiaMar |

TESLA 3000 Control Panel Current TED: TESLA Demo Linit Connected

Figure 7.5: Recorder Setup Utilities - Duration Recording

In Duration Recording, the duration of the trigger determines the record length.
The record stores the configured amount of pre-trigger data, continues to re-
cord while the trigger is active and then records a configured amount of post-
trigger data. If a trigger remains active, the TESLA stops recording once the
Maximum Record Length limit is reached. If a subsequent trigger occurs while
a record is being created, it will be combined with the first trigger using a log-
ical OR operation as long as it is not near to the maximum record length limit.
If the trigger is processed near the end of the record, a new overlapping record
will be created instead of combining the triggers. Records with combined High
Speed and Low Speed data can only be combined during the High Speed data
capture portion of the record.

Duration Recording mode captures all the data during the fault trigger, but
tends to create larger records that may contain unimportant data.

Recording Settings

High Speed Recording

Trigger Mode Select Edge or Duration mode. See above for descriptions.

Sample Rate Displays the configured high speed sample rate. The sample rate is
set in the configuration file downloaded to the recorder. (See “Sam-

ple Rate” on page 8-5)

Pre-trigger Time The length of data that is recorded prior to the trigger time. At least
0.1 seconds of pre-trigger time is recommended to ensure the trig-

gering event is included in the records

Normal Record Length  Normal Record Length (Edge Mode) is the total length of the record,
including pre-trigger data, without any record extension
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7 Recorder Setup Utilities

Recording Settings

Post-Trigger Time

Post Trigger Time (Duration Mode) is the length of data that is cap-
tured after the falling edge of trigger event

Maximum Record
Length

Edge Mode: The maximum length of the record including pre-trig-
ger, post-trigger and extensions. To enable record auto-extension
for multiple triggers, the Maximum record Length must be larger
than the Normal Record

Duration Mode: The maximum length of the record including pre-
trigger, trigger and post-trigger.

Low Speed Recording

Sample Rate

Samples at 50 or 60 samples/second (1 sample/cycle) producing
record lengths of a few minutes to capture slower system dynamic
swings. The sample rate for low speed recording is based on the
recorder’s system frequency which is a factory setting.

Pre-trigger Time

The length of data prior to the trigger time that is included in the
recording.

Normal Record Length

The total duration of each recording under single trigger conditions.
Includes the pre-trigger time.

Max. Extended
Record Length

The maximum length of the record including pre-trigger, post-trigger
and extensions. To enable record auto-extension for multiple trig-
gers, the Maximum Record Length must be larger than the Normal
Record.

Trend Recordings

Sample Rate Read-only display of the trending interval in seconds. The trend log-
ging rate is configured in the recorder’s setting file (see “Trend Log-
ging” on page 8-43).

Continuous

Disturbance
Recording (CDR)

Sample Rate

Read-only display of the recording rate in RMS samples/second/
channel. The rate is configured in the recorders setting file, for
details see “Continuous Disturbance Recording” on page 10-1

Storage

High/Low Speed
Accumulation Mode

Selects whether to overwrite the oldest transient or swing records
when the storage space is full or the 1000 record limit has been
reached or to stop storing new records. The Storage Alarm can be
used in conjunction with the Stop setting to provide notification in
advance of the full condition.

High/Low Speed
Storage Alarm Limits

When enabled, you can enter a limit giving the percentage of
recording space that causes an alarm. Enter a number between 60
and 90. The storage alarm condition is indicated by flashing the
front panel "Record Storage" LED and activating a selected alarm
contact. Note: the alarm contact assigned to this is displayed as a
read-only value. It's set as part of the recorder’s configuration (see
“Storage Alarms” on page 8-7).

Trend Accumulation
Mode

Selects whether to overwrite the oldest trend data when the 90 day
storage limit has been reached or to stop trend. The Storage Alarm
can be used in conjunction with the Stop setting to provide notifica-
tion in advance of the full condition.
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7 Recorder Setup Utilities

Recording Settings

Trend Storage Alarm When enabled, you can enter a limit giving the number of days of

Limits accumulated trend information that causes an alarm condition.
Enter a number of days between 10 and 90. The storage alarm con-
dition is indicated by flashing the front panel "Record Storage" LED
and activating a selected alarm contact. Note: the alarm contact
assigned to this is displayed as a read-only value. It's set as part of
the recorder’s configuration (see “Storage Alarms” on page 8-7).

CDR Accumulation This is a read-only indicator set to Recycle when Continuous Distu-
bance Recording is enabled.

Time Display and Settings

Displayed Time

The Time Control tab displays the recorder’s current time and provides con-
trols to describe the IRIG-B time signal input. In the absence of an IRIG-B in-
put there is a facility to set the time manually.

Time:
|EC Time iz displayed as
i

i ue 2003 Jan 28 10:14:02
" Local Time with DST no sync.

Incoming IRIG Time Signal Propertiss

(+ Lze IEEE 1344 If Present
(" Do net uze IEEE 1344
IRIG Source is:
(¢ LTC
" Local Time
" Local Time with DST

Manually Set IED Time (enabled when RIS is not present)
Manualy Set [ED Time

Recorder Time Zone Setting

’D—;l hrs ‘Wizt of Greenwich -ve numbered "hrs"
= East of Greenwich +ve numbered "hrs"

‘ | | |\ Lt ific i )\ =] i )\ R dingy )\Tlmeﬁ Bhaloy Input Calibration )\Notfy )\ Passuuords/
Figure 7.6: Recorder Setup Utilities - Time Control

When the time is changed manually or by the application of IRIG-B, any ex-
isting trend and continuous disturbance recording data will be compromised.
You should erase this data after performing the time change.

Time is maintained in UTC format on the recorder (i.e.: without a time zone
offset or daylight savings time applied). If the clock feeding the IRIG-B time
signal to the recorder is sending local time, the recorder converts it to UTC in-
ternally.

The time displayed in the Time Control screen above is determined by the ad-
jacent time display settings. The recorder will automatically convert from its
internal UTC time as required. The Recorder Time Zone Setting determines
the offset between Local time and UTC. DST will automatically add 1 hour to
the offset if appropriate.
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7 Recorder Setup Utilities

Event and Record

Event timestamps in the recorder’s Event Log are also controlled by the above

Timestamps time display settings. They will be displayed as UTC or local times as config-
ured here.
Record timestamps shown in Control Panel’s Records tab are handled a bit dif-
ferently. Record times are converted from UTC using the Windows Time and
Date settings of the PC running Control Panel. This enables records from mul-
tiple time zones to be normalized to a common time zone and format.
Time Settings
IED Time is
displayed as
uTC Sets the time display and the Event Log timestamps to Universal Coor-
dinated Time (UTC). Note that UTC time is not affected by the
Recorder Time Zone setting or Daylight Savings Time.
Local Time Sets the time display and the Event Log timestamps to Local Time.
Local time is converted to UTC using the Recorder Time Zone setting.
Local Time with Same as Local Time, except Daylight Savings Time (DST) is factored
DST into the time conversion. Daylight Savings Time is assumed to be in
effect from 2 AM on the first Sunday in April until 2 AM on the last Sun-
day in October.
Present Time When connected to a recorder, the recorder’s present time is shown
Display and continually updated. The specified time settings (e.g. Local Time)
are applied to the displayed time.
Sync/No Sync Indicates that the recorder is synchronized to an IRIG-B time signal
Display input.
. These settings determine how the recorder responds to IEEE 1344
Incoming IRIG . oo . . )
Signal Properties information in the IRIG-B time signal and manually define the format of
9 P the incoming time if IEEE 1344 data is not available.
Use IEEE 1344 If If Use IEEE 1344 if Present is checked and the source clock generates
Present IEEE 1344 data, the recorder:
« uses the time zone offset from the IEEE 1344 data embedded in
the IRIG-B time signal
* reads the |IEEE 1344 data to determine the mode of the incoming
IRIG signal (UTC, Local, Local with DST)
Otherwise, the recorder uses the manually entered time zone offset
and clock source mode settings.
Do not use IEEE If Do Not Use IEEE 1344 is selected, the recorder will ignore any IEEE
1344 1344 data in the IRIG-B signal and use the manually entered time zone
offset and clock source mode settings.
IRIG Source Specifies the mode of the incoming clock signal. Ignored if IEEE 1344
data is present in the IRIG-B time signal and the Use IEEE 1344 If
Present setting is enabled.
Manually Set IED Allows the recorder’s clock to be manually set if an IRIG-B signal is not
" y present. If an IRIG-B signal is present, but does not contain IEEE 1344
Time
data, the year can be set manually.
Provides the offset from local time to UTC in hours. For example, Cen-
Recorder Time tral Time has a +6 hour offset from UTC.
Zone Setting This setting is ignored if IEEE 1344 data is present in the IRIG-B time
signal and the Use IEEE 1344 If Present setting is enabled.
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Changing time manually or IRIG-B re-synchronizing to the recorder
compromises the trend and continuous disturbance recording data.

You should download all trend and continuous disturbance records
before you change the time in the Ultilities, Time tab.

Analog Input Calibration

When To Calibrate

AC Channel
Calibration Process

The Calibration Utility provides a means of calibrating the recorder’s analog
input channels. It is accessed through the TESLA Control Panel’s Utilities tab
as Analog Input Calibration.

4, TESLA Control Panel - [Utilities]
File Help
Analog Input Calibration
Select Channel(s) to Calbrate
Chan Hame Offset Gain _
ch1 Elsment! Va Applisd Signal
ch2 Element!
ch3 Element! Vo
[=1F) Element Ja
Chs Element! I
ChB Element Ic
chy Elementi In
chs Unddefined
chg Undefined
Ch10 Unilefined
ch11 Undefined
Ch12 Unilefine
Ch13 Undefined
Chd Unilefined
Ch1s Unddefined
(=181 Undefined
Ch17 Unddefined
Ch1g Undefined .
rhia Vinelafinart
<] of
0 n_p_G J_Recording J, Tite ), Analog Input Calibration /4 Moty f Passwors: /-
| Close
Manbenu | ConfigEdit | Recods | Tiends | Everts Melering Uiitiss |
TESLA Contral Panel, Current [ED: TESLA VB4 Connected

Figure 7.7: Analog Input Calibration

The recorder’s analog input channels should be re-calibrated when-
ever an analog isolation module is changed.

If the type of isolation module is changed, for example from a voltage to a cur-
rent the readings will be significantly wrong until calibration has been per-
formed.

Only the channels associated with the altered module need be re-calibrated.

To calibrate a channel (Main Menu> Utilities>Analog Input Calibration):

1 Select the channel or channels from the list. More than one channel of volt-
age or current can be chosen using the Control/Shift + left-click.
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7 Recorder Setup Utilities

DC Channel
Calibration Process

Out of Range

It is possible to calibrate multiple channels simultaneously by using
the mouse to select a set of channels from the list. Multiple channels
can be selected using standard Windows selection methods.

All channels in the selected set must have the same type of input

module.

2 Enter the voltage or current magnitude that is applied to the isolation module
associated with the channel Applied Signal field. The signal magnitude lev-
el should be measured with a precision calibrated instrument.

3 Press the Calibrate Offset and Gain button. If a channel has not yet been
configured, only Calibrate Offset will be displayed.

4 Under the Offset and Gain columns the line of the channel being calibrated
OK or No will be displayed (see “Analog Input Calibration” on page 7-11).

5 Repeat for all other channels being used.
6 Use the Save button to load the new calibration to the recorder.

The dc calibration procedure is a two-step procedure. When one or more com-
patible dc channels are selected, two calibration areas appear on the screen.

Y ou may calibrate the points in either order as is convenient. DC calibration is
not complete until both points have been calibrated, and the associated offset

and gain values accepted.

An error message is displayed if the applied signal as seen by the recorder dif-
fers from the value entered in the Applied Signal field by more than 10%. This
helps to prevent erroneous calibration.

If you change the type of isolation module associated with a channel,
you must specify the new module type in the input channel's config-
uration before calibrating.
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Notify

Automatic Record
Transfer

Cross-Trigger
Notification

The TESLA recorder can call a ERLPhase RecordBase Central Station via mo-
dem or LAN to notify it of selected events.

Notification is used for two purposes:

1 To initiate cross-triggering of dynamic swing records on other recorders

2 To initiate record transfer to RecordBase when a new record is created

The Notify tab of the Ultilities screen contains settings to control the dial-out
process and the initiation of record transfers.

You can control which records are automatically transferred to the RecordBase
Central Station by specifying the required record priority. The setting ranges

from O (all records) to 3 (highest priority only) and provides an option to dis-
able automatic record transfers completely.

Record priority is determined by the highest priority trigger included in the re-
cord. Trigger priority is set as part of each channel’s configuration.

A Notification call to RecordBase to trigger swing recordings on other record-
ers can be initiated by any of the recorder’s triggers. Cross-trigger notification
is selected as part of each channel’s configuration.

"l TESLA Control Panel - [Utilities]
File Help

Matify Communications Strategry
Connect Lsing Retry Aftempts

Mazimum Attempts: [ 3
@ Lan
IP Address: 182 . 168 . 100 . 101 Delay Between Attempts: | B0 seconds

" Do Mot Connect

" Maodem

Motify on crestion of new ’—4|
Recording if Priority is st least D (any Recording) A

Determine Recording
Priority

3 (Mex Priority)
Do Mt Notify

| ‘ | LUrit ldertification Communication Recording A Time Analog Input Calibration Motify /. Paszwaords

Restore [ED Seftinos Save Close
Main Menu Utilities

TESLA Control Pansl Current IED: RE DB Test Connected

Figure 7.8: Notify Communication Strategy
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Notify Settings

Connect Using The TESLA recorder can be set to notify a RecordBase Central
Station via modem or LAN, or to not notify at all. These 3 options
are mutually exclusive. Note that the availability of these controls
is dependent on the hardware options and configuration of the
recorder.

Modem If Modem is selected, enter the telephone number of the Record-
Base call-in modem. All standard modem dialing characters are
supported (e.g. a comma is used to specify a pause in the dialing
sequence).

LAN If LAN is selected, enter the IP address of the computer running
RecordBase Central Station.

Do Not Connect If Do Not Connect is selected, the TESLA recorder will not notify
RecordBase Central Station of new records or cross triggers.
This is a global setting and can be used to temporarily disable
notification.

Retry Attempts These rules are applied when the TESLA recorder fails to estab-
lish communication with RecordBase Central Station (i.e. if the
phone line is busy, or if the network is down).

Maximum Attempts When the TESLA recorder fails to establish contact with Record-
Base central station, this is the maximum number of attempts it
will make before giving up.

Delay Between Attempts | Specifies the delay, in seconds, that the TESLA will wait before
making another notification attempt.

Notify on creation of Controls which records, if any, are automatically transferred to

new Recording if Priority | the RecordBase Central Station. When a record is created with a

is at least priority equal to or greater than the specified value, the recorder
sends a New Record Created notification message to
RecordBase.

The setting can range from 0 (all records) to 3 (highest priority
only). Selecting Do Not Notify disables automatic record
transfers completely.

Record priority is determined by the highest priority trigger
included in the record. Trigger priority is set as part of each
channel’s configuration.
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Password Protection

Setting Passwords

Access to various TESLA functions can be protected through the use of pass-
words.

Wiew Level

f* o Pazsword Reguired

" Pazzword

Change Level

f*" Mo Password Recuired

™ Password |

Setvice Level

" Mo Password Recuired

* Pazzword |passwgrd

Figure 7.9: Passwords
There are three user access levels: VIEW, CHANGE and SERVICE.

Passwords can be viewed and set through the Passwords tab of TESLA Con-
trol Panel’s Utilities screen.
You have the option of explicitly disabling the password protection for each

access level. Leaving the VIEW access level password disabled, for example,
will allow free use of the TESLA for read-only operation.

The Password tab can only be accessed when connected via direct
serial link through the recorder’s service port (Port 1). This provides
protection from unauthorized remote access while ensuring that on-
site staff can freely use the recorder.
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Function Required Access Level
Records Display Record List from IED VIEW
Delete Record from IED CHANGE
Create Fault or Swing Record VIEW
Rename Local Record None
Display Local Record List None
Delete Local Record None
Trends Delete Trends (local) None
Delete Trends on IED CHANGE
Download Trends VIEW
Display Trends None
Event Log VIEW
Events Display Event Log VIEW
Erase Event Log CHANGE
Metering Metering Display VIEW
Utilities Display Unit Identification VIEW
Set Unit Identification CHANGE
Display Communication Settings VIEW
Set Communication Settings CHANGE
Display Recording Settings VIEW
Set Recording Settings CHANGE
Display Time & Settings VIEW
Set Time & Settings CHANGE
Display Calibration VIEW
Save Calibration Changes SERVICE
Configuration Display Configurations (Online) VIEW
Display Configurations (Offline) None
Load Configuration to IED CHANGE
Save Local Configuration None
Delete Local Configuration None
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8 Configuring the Recorder

Where the Setup Utilities of the previous chapter specify the recorder’s global
characteristics, it is the recorder’s Configuration File that defines its individual
channels and recording triggers.

The configuration file identifies and adjusts the recorder’s input channels, de-
rived (calculated) channels, record triggers, metering displays and trend logs.
It also specifies how the recorder handles record storage and excessive trigger
conditions. Configuration files are created and managed by TESLA Control
Panel and loaded into the recorder’s non-volatile memory through the commu-
nications link.

Managing Configuration Files

TESLA Control Panel’s Configuration Manager creates and manages config-
uration files and handles transfer to and from the recorder. To open the Con-
figuration Manager screen, double-click the Configuration line in the left pane
of the Main Menu screen.

The configurations shown in the Configuration Manager screen are specific to

the selected Current IED. To work with configurations from another recorder,
you must first select that unit as the Current [ED (from the Main Menu).

“i}; TESLA Contral Panel - [Config Mar] M=
Fil=  Help
MHame | Settings Date | Comment Eriit
=1 Configurations for TESLA Derno Uit
Present Settings 2007 Mar 20 05:45:38 Testing to see if this fie
=l Saved Settings | ——
20010502 21,0316 2001 Mar 20 05:45:38 Testing to see i this fis| L IESEMLSIEE
2001-05-03_22.24.29 2007 Mar 20 054538 Testing to see if this fie
ConfigDemo 2000Jan 10131215 Testing by Jim 'wood Copy
ConfigD emo 1999 0ct 14 17:35:45 Dierma configuration file Delet
ConfigDemo? 2001 Jan 31 16:47:38 Testing by Jim Wood =ElE
Renarme
Imppart
Save Az
Copy from
other [ED
e
< | b _ Gowe |
tain benu | Recards | Trends ‘ Events tetering | Utilities Canfig Mar

TESLA Control Panel, Current IED: TESLA C|Connected

Figure 8.1: Configuration Manager

If a communication link to the Current IED is available, you can work directly
with the recorder’s configuration by either double-click on the Present Settings
item in the list or by selecting Present Settings and using the Edit button. This
will read the configuration from recorder and displays it in the Configuration
Editor.
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8 Configuring the Recorder

Editing a Recorder’s

Present
Configuration

Saved Configuration

Files

Present Settings

"lis TESLA Control Panel - [Config Mar]
File Help
Mame | Settings Date I Comment I Exiit
(=1 Configurations for Dev TESLA
Pi ngs 2001 Apr1916:14:20 asdf Get from IED
= b i iejl =P
2000-08-18_21.59.49 2000 Aug 18 15:25:16 Hone ]

Figure 8.2: Present Configuration

When you close the Configuration Editor, you are given the option of loading
the configuration back into the recorder. This gives you a quick way to make
changes on the fly.

You can also transfer the recorder’s present configuration to a saved file in
Control Panel using the Get from IED button. When transferred, the configu-
ration appears in the Saved Settings list.

Saved Settings

@ TESLA Control Panel - [Config Mar]
File Help

ame I Settings Date Caomment Ediit |
H- Configurations for Dewv TESLA
"""" Frezent Settingz 2001 Apr1916:14:30 azdf Bkt D
S Saved Settings

2000 Aug 18 15:25:16 MNone Load ta IED

Copy
Delete

Rename

Import

Save A3

Copy from
other [EC

New Configuration |—>&ew
Cloze

M ain Menu Canfig kMar |

TESLA Control Panel, |Cunent [ED: Dev TEE|Connected s

Figure 8.3: Saved Configurations

Saved configuration files are shown under the Saved Settings heading in the
list. Control Panel can store many saved configuration files, limited only by
hard disk and Windows operating system constraints.

Saved configuration files can be created, displayed and modified, copied, re-
named, deleted or loaded into the recorder. Click the desired configuration
from the Saved Settings list, then select the appropriate action button on the
right of the screen. Double-clicking on a configuration is equivalent to clicking
the Edit button.
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Loading a Saved
Configuration

Creating a New
Configuration

Using Another
Recorder’s
Configuration as a
Starting Point

It is recommended that you maintain a copy of each recorder’s cur-
rent configuration as a Saved Setting for a backup. It can be loaded
into a replacement recorder if the unit ever needs to be serviced.

Note: A configuration file must be compatible with the firmware on the
recorder in order to be loaded. Compatibility is defined by the Set-
tings Version, a number which identifies the version of configuration
file a given version of firmware requires.

Control Panel will either prevent incompatible configuration files from
being loaded or will offer to make the configuration compatible before
it loads it.

To load a configuration file from the Saved Settings list into the Current IED,
you must be communicating with the recorder. Initiate the load by selecting the
desired configuration file and clicking the Load to IED button. The recorder
will immediately load and run the new configuration. Complex configurations
can take a few minutes to transfer and load, depending in part on communica-
tions rate. The recorder will acknowledge the new settings back to Control
Panel.

Note: The recorder will automatically go through a reset when loaded
with a configuration that changes its sample rate. This will add ap-
proximately two minutes to the load time.

Use the New button to create a new configuration file. New configuration files
are compatible with the latest Setting Version by default. The Setting Version
can be changed if desired to create new configuration files for older recorders.

The fixed information in the Device Configuration screen is derived from the
IED Definition (“Adding/Editing a Recorder Workspace Definition” on
page 5-3).

You can use the Copy from Other IED button to create a configuration for the
current recorder based on an existing one from another recorder. The configu-
ration can be chosen from a list of the saved settings of the other IEDs defined
in Control Panel.
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Configuration Editor

The Configuration Editor provides the means to create, display and modify
configurations for the recorder. To start the editor from the Configuration
Manager screen, either double-click on a configuration file or select it and click
on the Edit button.

The sample screens shown are from the TESLA 3000 Demo configuration.

{i; TESLA 3000 Control Panel - [Config Edit] o[]S
File Edt Config Wiew Help
Chiannel Tree
= EE— TESLA Device Configuration
! |dentificatiorn
| Channel Group 1
¥ Meter Graups Unt I TESLA 3000 82
Trend Seffigs Fl=  2005-08-01_17.59.02
Seftings Wersion (201w
Last Modified 05 Jul 06 17:44:33
Serial Number  TESLA-3000-939399-99
Configuration TESLA 3000 - 36 Channele
Commerts: (ma:. 80 characters)
System Freguency 60 Hz
Sample Rate | o Samples | Cycle
4] | b
Shaw Elsment Tree Hidle: Tree ‘ | Cloze
I
Main Menu Conlig Edit
TESLA 3000 Contral Panel Current IED: TESLA 300082 Mot Connected

Figure 8.4: TESLA Configuration Editor

Navigation Tree

The right-side pane of the Configuration Editor window provides a navigation
tree to access the various sections of the configuration. Selecting an item in the
tree shifts the large right pane view to the appropriate topic.Double-clicking on
a tree branch in the left pane that has a small “+” to its left or selecting on the
“+” itself expands or collapses the tree.

Right-Click Menu

A right-click in the editor provides you with options appropriate to your pres-
ent context. For example, you can create a new element by selecting the appro-
priate channel group, right-clicking and selecting Add Element. Alternatively,
the same function is in the Config menu.

Closing

The Close button is available to you when you are finished viewing or making
changes to the Settings. If you made changes, the text on the Close button
changes to Save/Close as a reminder that Control Panel gives you an opportu-
nity to save your changes to a file (or send them to the IED) before closing the
Configuration Editor. To close without saving changes, use the Save/Close
button and then select Exit Without Saving and Discard on the subsequent
screens.
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Identification

Device The Device Configuration screen is displayed when you select the Identifica-

Configuration tion item in the Navigation Tree (“TESLA Configuration Editor” on page 8-4).
It provides information about the selected IED and the particular configuration
file being edited. Most of the information is drawn from the IED Definition and
identifies the target recorder (“Adding/Editing a Recorder Workspace Defini-
tion” on page 5-3).
The Device Configuration screen has three configuration variables that are de-
tailed below.

Settings Version Recorders with older firmware may require older versions of configuration
files. Compatibility between a configuration file and firmware versions is de-
fined by the Settings Version.

The Settings Version required by a TESLA recorder is shown on the Unit Iden-
tification screen of the Utilities menu (“Unit Identification” on page 7-2). You
must be connected to the recorder to view this information. Settings Version
requirements are also listed in the compatibility table at the front of this User
Manual and are identified in each version’s Release Notes. TESLA 2000 re-
corders use Setting Versions 1 through 7. TESLA 3000 Setting Versions start
at 201 to distinguish them from those used by TESLA 2000.

The version of a configuration file is controlled through the Settings Version
field in the main identification screen (see: “TESLA Configuration Editor” on
page 8-4). Changing the setting automatically converts the configuration file to
the selected Settings Version. If the conversion results in the loss of settings
from the file (i.e. the target version does not support functions which were en-
abled in the original), a list of the affected settings is displayed and you have
the choice of cancelling the conversion or continuing. If the conversion results
in the addition of new functionality, the settings for the new functions will be
in a default or disabled state. If you choose to close the configuration file with-
out saving, the conversion is also abandoned.

A new configuration file is set to the latest Setting Version by default. To cre-
ate a new configuration file for a recorder with older firmware, change the Set-
ting Version appropriately after creating the new configuration.

TESLA Control Panel 3000 can work with configuration files of any Setting
Version, including those for TESLA 2000 recorders, creating, editing, storing
and transferring them to and from a recorder as needed.

Note: TESLA Control Panel should be updated as needed whenever
you update the firmware on your recorders. This will ensure it can
generate configuration files with the latest Settings Version.

Since Control Panel can work with back versions of configuration
files and can communicate with recorders with older firmware, the
newest version of Control Panel can always be safely installed.

Sample Rate The Sample Rate setting controls the rate at which the TESLA 3000 reads its
analog and digital input channels. The setting determines the number of sam-
ples per second stored in high speed fault records and used to display calculat-
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8 Configuring the Recorder

ed high speed channels. The sample rate does not affect the data rate
of’downstream’ calculations that generate data for low speed swing record-
ings, low speed calculated channels, the metering display update rate or the
trending rate.

The Sample Rate will also determine the number of channels the recorder can
record. For sample rates up to 128 samples/cycle (7680 samples/second on a

60Hz system frequency), the recorder supports all its channels - 36 analog and
64 digital. For sample rates above 128 samples/cycle, the number of channels
is reduced proportionally. Channel reductions always take place starting from
the highest numbered channels. The numbers of available calculated channels
(e.g. watts) is not affected by the sample rate.

The Sample Rate also determines the frequency response of the front-end anti-
aliasing filters and therefore the bandwith of the analog channels. See the fol-
lowing tables.

Table 8.1: Sample Rates (60Hz System Frequency)

Samples/ | Samples/ | Analog External Highest Approx.Record
Second Cycle Channels Channels Harmonic* Size** (kbytes)
1,920 32 36 64 8 50
3,840 64 36 64 16 100
5,760 96 36 64 25 150
7,680 128 36 64 33 200
15,360 256 18 32 66 200
23,040 384 9 32 100 200
Table 8.2: Sample Rates (50Hz System Frequency)
Samples/ | Samples/ | Analog External Highest Approx.Record
Second Cycle Channels Channels Harmonic* Size** (kbytes)
1,600 32 36 64 8 50
3,200 64 36 64 16 100
4,800 96 36 64 25 150
6,400 128 36 64 33 200
12,800 256 18 32 66 200
19,200 384 9 32 100 200

*Limited by the anti-aliasing filters

**For a 1 second fault record assuming typical compression

Note: 18 channel models are limited to a maximum of 18 analog channels and 32 external chan-

nels

Comments In the Comments section you can enter a description of the configuration for
reference purposes. This description is also displayed in the configuration
management screen to identify saved configuration files.
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8 Configuring the Recorder

Chatter Limits

Storage Alarms

The Limits screen, accessed by expanding the Identification branch in the Nav-
igation tree, lets you define how the recorder behaves when dealing with nu-
merous, repetitive triggers.

The chatter limit settings specify the time window (Chatter Detection Window)
in which the chatter detector works. The detector limits the number of triggers
that can occur - on the same channel and of the same trigger type -within the
window. Four External Input triggers and two analog or calculated channel
triggers are allowed in the window. If this number is exceeded, the trigger is
automatically disabled until the trigger rate falls to less than that number for
the specified number of seconds (Recovery Time). This prevents the recorder
from being overloaded by nuisance triggers and automatically re-enables the
trigger when conditions return to normal.

Note: Although an External Input triggers may be disabled by a chatter limit
function, the recording will contain the original External Input data.

The Storage Alarms screen, accessed by expanding the Identification branch in
the Navigation tree, lets you select the output contact to be closed when the
memory for triggered records or long term trend logs is nearly full. The accu-
mulation mode (recycle of stop-when-full) and the level at which to alarm are
set in the Recording tab of the Utilities screen (“Recording Control Settings”
on page 7-6.

The record and trend storage alarm condition can also be accessed via the
SCADA protocols.

D01721R02.61
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8 Configuring the Recorder

Channels and Triggers

Channel Grouping
and Naming

The Channels and Triggers branch of the Navigation tree is where you define
the recorder’s input channels, calculated channels and triggers. It is significant
tool with a variety of views and displays to help manage complex recorder’s
configurations.

With the large number of input and calculated channels available, it is worth-
while to apply consistent channel organization and naming conventions in your
configuration. This section describes how the record handles channel names.
An effective way to organize the many channels available on the recorder is to
group them by the power system element they are monitoring. With the Con-
figuration Editor, you can identify each monitored element and use its name to
group and identify the analog, digital and calculated channels associated with
it.
For example, if you have a transmission line named #1, you can define an ele-
ment and name it “Line #1.” The channels associated with that element might
then be:

Line #1:Va

Line #1:Vb

Line #1:Vc

Line #1:1a

Line #1:1Ib

Line #1:Ic

External (digital) inputs can also be reasonably associated with the Line #1:

Line #1:EI:BRKRI1 a
Line #1EL:21N_Trip

Calculated channels fit the model as well:

Line #1:W/V (watts and vars)
Line #1:Iseq (current channel sequence components)

Channel Types and Naming

Channel names consist of three parts: the Element Name, the Channel Type
and an optional Descripton field. These fields are combined to produce the full
channel name in the format:

Element:Type:Description
e.g Line #1.EL.LBRKR1 a

This is the name that will appear beside a channel when it is displayed in a
graph or a log. For example the recorder’s Event Log might contain this entry
for a change in state of a external input:

2005 Jan 12 20:44:33.672 Line #1.E1.LBRKK1 a open.

Details on the channel name components are given in the following table.
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8 Configuring the Recorder

Element Name
(10 chars)

Channel Type

Description
(optional)
(12 chars)

Free-form text describing the power system element associated with
this channel (e.g. Line #1). Channels that are logically related can be
grouped through the use of the same element name.

Standardized channel type descriptors are automatically generated
when you select the channel type.

Examples

Va Phase A voltage

Ic Phase C current

In Neutral current

Vac Generic AC voltage

DC DC voltage or current

El External inputs

Vseq Sequence component set (pos, neg, zero)

VaSum Summation of Phase A voltages

WV Watts/vars set

PF Power factor

Z1 Impedance

Logic Logic function

FLoc Fault locator

Frequency Frequency (one per channel group)

Often the combination of the Element Name and the Channel Type is
sufficient to fully identify a channel (e.g. Line #1:Va). In other cases, the
Description is required to clarify the channel name. (e.g. You might
name an external input channel as “Line #1:El:BRKR1_a).
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8 Configuring the Recorder

Element and
Channel Tree Views

The Config Editor can display recorder channels in two distinct views - Ele-
ment View and Channel View. The title at the top of the tree pane indicates the
present viewing mode. The button at the bottom of the tree pane lets you switch
to the other viewing mode.

Element Tree

The Element Tree View organizes channels by the element names you create.
In the following figure, Element "Line #1" has been expanded to show some
of the channels associated with it, such as Va.

Present viewing mode -
Element Tree.

+TESLA 3000 Control Panel - [Config Edit] . = el ﬂ

e Edt| Config View Help

1

Element Tres Angle Reference Channel [
Identification fiot thig: Channe Growg I gl g j
=l Channel Graup 1 Frequency Channel Configured [ Second Frequency Channel Configured [~
ElLine #1 i
Analog Inputs | | Hement [ '"I“l"? _ \ﬂ __ S Derived _

Extenal Inputs Analogs| Digitals ] I Watts Vars|Logics|Fault Locators| PF Detector:
Summations Line #1 3 2 @ 2 1 1 1 1 1
Sequence Functions Line #2 3 1 0 0 0 i 0 0 0
Impedance Functions Temmp, 1 a 0 0 0 i 0 i i
‘wiatteVars Funclions Unassigned: | 26 &1 a7 10 17 17 28 g 17

Logic Functians
Fault Locators
PF Functions
ElLine #2
Analog Inputs
Estemal Inputs
= Temp.
Analog Inputs
~Frequency 1
[#] Meter Groups
“Trend

Switch between Channe
Tree and Element Tree.

4] | i
| Show Channel Treel Hide Tree | Shoyy:Primaty Units Close

I
Main Menu Config Edit |

TESLA 3000 Cantrol Panel [Current IED: TESLA 3000 Dema Disconnected v

Figure 8.5: Element Tree View

Channel View

The Channel Tree View displays the same configuration organized by channel
type. You can use this view to gain an overview of channel usage. Although
you can chose to work in either view, the Element View is recommended for
most operations as it provides an automatic way of grouping related channels.
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Element Overview

Phase Angle
Reference Channel

[}, TESLA 3000 Control Panel - [Config Edit] I
ke Edit Config Miew Help
Element Tres £ngle Reference Channel [
for this Channg! Group I EEilEna j
Frequency Channel Configured  [7 Second Freguency Channel Configured [
[ Line #2 I Herrera | I|||)l‘||§ _ ‘ _ : : : Derived : _
Temp. Analogs |Digitals ] ) Logics |Fault Locators|PF Detectors
“ Frequency 1 Ling #1 G 2 &l 2 1 1 1 1 1
Meter Groups Ling #2 3 1 0 1t} 0 0 1} 0 0
“Trend Temp 1 0 0 0 0 0 0 0 0
Unassigned: | 26 61 27 10 17 17 2 g 17
4| |

| Shigw Channel Treel Hide Tree: | Sty Primary Urts |

Close

Hain Menu Config Edit |

E5LA 3000 Cantrol Panel [Current IED: TESLA 3000 Dema [biscannected

Figure 8.6: Element Overview Screen

An overview of the configured elements is available by selecting an element or
the channel group heading in the Navigation tree. The last row of the display
shows the channels and functions that are unassigned and available.

erence.

The Element Overview screen, displayed by selecting Channel
Group 1 in the Navigation tree, is where you select the analog input
channel to be used as the reference channel for angle measure-
ments. All channels use the same reference to provide relative angle
calculations. Typically, a phase A voltage channel is used as the ref-
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8 Configuring the Recorder

Channel Overview

Individual Channel

An overview of the configured channels is available by selecting the associated
channel type heading from the Navigation tree. For example, selecting Analog
Inputs displays a table of all defined analog channels.

TESLA 3000 Control Panel - [Config Edit] -0l x|
Fle Edit Config Wiew Help
Element Tree -
# | dentification | |Element Lire #1 Line #1 Lire: #1 Line #1 Line #1 Lire: #1 Line #2
=] Charnel Group 1 T [Teme Va Via e Ia o c Ia
S Line #1 Desc |
Bl Analog Inputs Charnel 1 2 3 4 5 B 7
Va Mocule 401003 69%ac 401003 69%ac (401003 68%ac 401002 SAac 401002 SAac 401002 S4ac 401002 54
b Linit v K v N A A A
Ve Scale 2 ki 2RV 2K 400 A0 400 278, 400 Az8, 400 AFA
la Angle Offzst 0 0 0 0 ] 0 o
Ib [Rate of Change Interval 10 10 1.0 10 10 10 10
e Harmanic Number 3 3 3 3 3 3 3
HIExteml Inputs Nominal Vailie £ &9 £
EI:BRKRT_a High Limit 75 75 I8 5 & 8 10
ELZIN_Tiip JEEDIRE R 0 o 0 o o g o
[+ Summations Enable = =4 = [l [ e [
[ Sequence Functions - FaLitt = =4 o [l = |l [
¥ Impedancs Functions Swing v [ [ i [ i [
) waltsAvars Functions I ci 5 i i i i "
B Logic Functions oty 5 5 = = o = =
B Fault Locatars s = =] = = = = -
Bl PF Functions Rall K1 | »
|| Show Channel Tree | Hide: Tres | Show Primary Unfts | Close
1
Main Meru ConfigEd |
TESLA 3000 Control Panel Current IED: TESLA 3000 Denna |Discnr\nected

Figure 8.7: Channel Overview Screen

Channel settings can be edited in the Channel Overview display, pro-
viding an alternate way to enter channel settings that helps maintain
consistency between channels.

The column width can be adjusted on the overview tables to optimize the lay-
out for the particular configuration.

Detailed channel configuration is displayed on an individual channel basis.

Screens The settings for each channel can be displayed in individual screens by select-
ing the specific channel in the Navigation. Each channel type has its own con-
figuration screen with parameters appropriate for its type.

"} TESLA 3000 Control Panel - [Config Edit] =10l x|
Ele Edt Corfig View Help
Elzment .Tree. TESLA Analog Input
S 'cd:;‘:::‘ag';gw ; 2| Element Type Description Channel Wodule Type
= Line #1 Line #11 [va =l 1 ] [401003 Bavas Common Neutral - |

AI’Q?;DQ Inputs Units 2KV Angle Offset  Rate of Change Interval Single Harmonic Mumber  Nominal Lewel
Wb kv View/Set Scale o 10 |Cyclecs) 3 - 69 v
Ve
:; Limit|  |petay] Enable | Faurt [Swing| Log | Hotify 'rcrri;::r Priority| :.:?::..1
le High Magnituce 5 ¥ 0 [l @@ ca O 3 2

External Inputs Lowy Magritude 10 % 0 sec [V ~ [ v O 3 2
EIBRKR1_a Megstive Rate of Change|0 v |0 sec [ O O [l O 1 -
El2IN_Trip Posttive Rate of Change |0 % |0 sec [ 0 O il O 1

Pt [Singte Rarmenic 1 % |1 sec [ 0O O [l O 1

Sequence Functions  — | [Tetal Harmanic Distortian |1 % |1 sen [ O O m O 1

Impedance Functions S s % O O = =3 ] 1

WatheMars Functions el 10 |% I ~ O " 0 A

Logic Functions

Fault Locators

FF Functions [~ |

!‘ Show Channel TrEEI Hice Tree | Showy Primary Urits | Close
Main Menu CofigEcit |
TESLA 3000 Control Panel |Current IED: TESLA 3000 Demo Disconnected 4
Figure 8.8: Individual Channel Configuration Screen
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Adding an Element

Deleting an Element

To create a new element you must be in the Element Tree view (“Element and
Channel Tree Views” on page 8-10):

1 Select the Channel Group heading or an existing element in the Element

Tree.

2 Right-click and select Add Element or Insert Element from the shortcut

menu. Add Element creates the new element at the end of the present Ele-
ment list. Insert Element creates the new element above your current selec-
tion.

Type the element name and Enter. The typed text replaces the New Element
text.

Step 1 - Select desired Step 2 - Right-click and Step 3 - Name element
channel group in tree. select Add Element. and select Enter.

%!y TESLA Control Panel - [Config Edit] - (o) x|
He Edt donfig view Help

Element Trbe I_ I_ -
E |dentifig ation Elemert Elemert 1 Elemert 1 Element 1
H [Type |va W Vo
* Storgge Alams Inesr |
B Charndl Group 1 EErameree e 2 B
[=IElemEnt 1 Isolated Newtral 401006 B9''ac Isolated Meutral 401006 69 ac [sok—
T Inzert Elgment

Add Element

: B Sequence Funclions
| B Impedance Functions

Mew Analog lnput ..
Mew External lnput

B Faull Locators

| PF Functions Iew Surmmation ...
* Frequency
B Channel Group 2 Mew Sequence ...
[ Meter Groups
- Trend Mew Impedance
I e W att s ars

MHew Frequency
Mew Logic Funchion
Mew Fault Locator

T o =
’ Show Channel Tree Hide Tree NBW PF DBtBCtD[ ‘Shuwm"ee Fide Tree. S Pyt Close.
VainMenu | Recodng: | Loggrg |__ Evenilot | Metoing | Uikes cortgbat |
Main Menu uiies M ew Meter Group Teots S a5t G ED Do TEos Comeses
TESLA Control Panel e Trend semo Linit |Connected A

Figure 8.9: Add an Element

To remove an element from the tree, select it and press the <Del> key or right-
click and select Delete Element from the shortcut menu.

Adding a Channel Channels can be created in either the Element Tree view or the Channel Tree

View (“Element and Channel Tree Views” on page 8-10).

To create a new channel in the Element Tree view

1 Select the desired element in the tree.

2 Right-click and select the desired channel type. If appropriate, choose the
type that matches the input you are monitoring (e.g. Va). For an ac signal
that has no specific phase designation you can select New AC Voltage or
New AC Current. If you chose New la, Ib, Ic or New Va, Vb, Vc, three en-
tries are created and the configuration screen for the first is displayed. The
new channel(s) will be inserted automatically in the list.

To create a new channel in the Channel Tree view

1 Select the desired element in the tree.
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Deleting a Channel

(O, T NS I\

recorder. Select Save to Recorder.

Step 1 - Select Analog
Input.

Step 2 - Right-click and
select New Analog Input.

“ontrol Panel - [Config Edit]

Config View Help

IStep 3 - Choose type. I

=10l x|

stermal Inputs

Elemert free I‘ I— —
= Identfiication Elemert Element 1 Element 1 Element]
Lints Type wa Wi ve
Stgrage Alams Desc
E Charprel Group 1 Channel 7 5 S
fEp S e e e e il 41008 P8V ok
= EEREmE et v

2KV

Summations Ingert Element G
Sequence Functions T ha
B Impedance Functions Add Elernen 3
watts Mars Functions: - . . 69
Logis Funstions 758
Faut Locators Mew Wa, Vh, Vi R
2 PF Functons Mew External [nput Mew s i I
Frequency : [
¥ Channel Grup 2 MHew Summation ... Mew Wb 1=
¥ Meter Groups =
Trend Mew Sequence ... Hew o
Mew Impedance IWW
Mew |a, Ib, lc
MHew Watte v ars e 1
Mew |a 552 =
Mew Frequency L _,,J
Mew Logic Funch Mew |b
’ Show Channel Tree | Hide Tree ew Logic Funchion Mew | Close
— MewFault Locator New |
Main Menu Utilties e in
———————" Mew PF Detector
TESLA Cantral Panel v
Hew Meter Group Mew AC Yoltage
Hewend Mew AC Current
Mew DC |

Welete Elemiemnt

Figure 8.10: Adding Analog Input Channels from the Element Tree

Expand the branches in the tree to show the channels for each group.
Select the channel number and an input screen appears on the right side.
Type in the information required to configure the channel.

When you close the screen, you are asked to save the configuration to the

To remove an channel from the tree, select it and press the <Del> key or right-
click and select the appropriate Delete entry from the shortcut menu.
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Analog Input Channels

Description
Input

Calculation

Triggers

Recording

Number of Channels

Basic recording channels for the recorder’s analog input signals.
The recorder’s physical analog input channels.

The RMS amplitude of the fundamental is calculated using a DFT function.
The resultant phasors are used for rate and level triggers, metering, low speed
recording, trending and sag/swell detection. The single harmonic and THD de-
tectors are calculated directly from the input samples.

High & low magnitude

Negative and positive rate of change
Single harmonic magnitude

THD magnitude

Sag and swell

To prevent multiple triggers on threshold conditions, an hysteresis of 2% of
setting is applied to magnitude triggers.

High Speed: records the samples generated from the A / D converters at the se-
lected sample rate.

Low Speed: records the calculated phasors at a rate of one phasor per cycle.

Up to 36 Analog Input Channels can be defined, one for each physical input
(limited to 18 on an 18 channel model).

The numbers of channels are reduced at high sample rates (see: Table 8.1 on
page 6 and Table 8.2 on page 6)

Types Specific: Va, Vb, Vc, Ia, Ib, Ic, In (use where appropriate)
Generic: Vac, lac, DC
Note: the DC type indicates that a DC Input Isolation Module is used on this
channel. This module can in fact be used with either ac or dc signals.

Notes The Analog Input Channel also produces THD and Single Harmonic readings
that are available to the metering display, SCADA and the long term trending
function.
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Settings

Elemeni:

Elementl

Units 2 KV

Type

TESLA Analog Input
Description Channel Macule Type

|Va

=l I =]/ [4m1003 69vac comman e 7 |

Angle Offzet  Rate of Change Interval Single Harmonic Mumber  Mominal Level

kY VigwiSet Seale | |0 [10 leveesy |3 | B3y

Limit Delay Enable | Fault | Swing | Log | Motify Tc,ri;;:r Priority :;::Tﬂ
High Magnitude 7w W |1 s @ v r r C C B
Ly Magrituce I ] sec |V ™ N [+ [ B 1 -
Megative Rate of Change |10 | ] zec |V ¥ I ¥ [ [ 1
Positive Rate of Change |10 v 0 sec |V r ™ ¥ I— I— 1
Single Harmonic 1 % 1 sec [T I [ [+ [ [ 1
Taotal Harmonic Distortion |1 % 1 zec ([T I - W [ [ 1
Sag 83 |% [ [ " v " [ 1
Svell 10 |% r r [ ¥ [ " 1

Figure 8.11: Analog Input Channel Configuration Screen

Analog Input Channel Settings

Element

Identifies the group to which this channel belongs. The Element forms
the first part of the channel name. The Element is selected when the
channel is created and is fixed once assigned when you are working
in the Element Tree view.

Type

Identifies the type of signal being applied to this input channel. The
Type forms a part of the channel name (Element: Type:Description).
Selecting the appropriate Type can simplify channel naming by elimi-
nating the need for the optional Description field (e.g. Line #1:Va
uniquely defines the channel). Initially set when the channel was cre-
ated, the Type can be changed to refer to a different phase as
needed.

Description

Optional field (12 characters). Provides an additional description of
the channel that forms part of the channel name. Use if Element
Name and channel Type do not sufficiently identify the channel.
(“Channel Grouping and Naming” on page 8-8).

Channel

Identifies the physical input used by this channel. This number is iden-
tified on the rear of the TESLA chassis. The list shows only inputs not
assigned to other channels.

To get an overview of channel assignments, switch to the Channel
Tree view and look at the Analog Channel list.

Module Type

Indicates the type of external input isolation module used with this
channel. The list is limited to those modules appropriate for the
selected channel type. The module defines input scaling information
to the system.

View/Set Scale

Sets the primary to secondary scale factor. See details below.

8-16

TESLA 3000 User Manual D01721R02.61




8 Configuring the Recorder

Analog Input Channel Settings

Angle Offset

Specifies a phase angle offset to be applied to the channel. The offset
is included in:
* Meter readings
« Trigger calculations
* Low speed recordings (phasors)
* Trend channels
« Output to calculated channels (watts, vars, Impedance, Summa-
tions, Sequence components, etc.) that use this channel as their
input.
High speed recordings of this channel will not have the phase angle
applied as they are basic representations of the individual sampled
points.
When the Angle Offset is used on a channel that has been designated
as the reference channel, it affects the angle measurement of all other
channels. (See: “Phase Angle Reference Channel” on page 8-11).

Trigger Settings

Rate of Change
Interval

Specifies the period of time over which both positive and negative rate
of change is measured. 0.5 to 8.0 cycles.

Single Harmonic
Number

Selects the harmonic of fundamental frequency that will be used by
the Single Harmonic trigger. 2 to the highest harmonic allowed, which
is defined in Table 8.1 and Table 8.2 on page 6.

Nominal Level

Provides a nominal level for the sag and swell detectors. Available on
voltage channels only. See sag and swell detector details below.

Limit Specifies the trigger levels for the magnitude, single harmonic, THD,
sag and swell triggers. Specifies the magnitude portion of the rate for
rate of change triggers.

Delay Specifies how long the trigger condition must be present before a trig-
ger is declared.

Magnitude and Rate of Change triggers: 0 to 1,200 seconds in half-
cycle increments.

Single harmonic and THD triggers: 1 to 10,000 seconds in 1 second
increments.

Trigger Actions

Enable Enables or disables the associated trigger. A trigger can be disabled
without altering the rest of its settings.

Fault Initiates a fault (high speed) recording when triggered.

Swing Initiates a swing (low speed) recording when triggered.

If both Fault and Swing are enabled, the recorder will attempt to cre-
ate a combined record.

Log Logs a message in the Event Log when triggered.

Notify Contacts the RecordBase Central Station when triggered. Can be
used to initiate wide area swing recordings and/or automated record
transfer (“Notify” on page 7-13)

Cross Trigger Activates the cross-trigger contact (#4) to trigger another device.

Priority Specifies the priority to be assigned to records created by this trigger.

The priority is used to determine Central Station notification.
1 - 3 (3 is the highest priority). (“Notify” on page 7-13).
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Scaling Input
Channels

DC Scaling

Analog Input Channel Settings

Alarm Contact Specifies a rear panel contact to be closed when triggered. Contacts
are closed momentarily for one second. Contact assignment is not
exclusive, allowing multiple triggers to activate the same contact.
Available contacts: 2, 3, 5, 6, 7 or 8 on a 36 channel model and 2 or 3
on an 18 channel model. Contacts 1 and 4 are reserved for Recorder
Functional and Cross-Trigger respectively. Contacts assigned for stor-
age alarms (“Storage Alarms” on page 8-7) will not be available for
use here.

AC Scaling

When you select the View/Set Scale button on the Analog Input form for an ac
channel, Control Panel displays the Scaling dialog box (Figure 6.12). The scal-
ing factor represents the turns ratio of the primary transducer (CT or PT). The
nominal secondary value is used as the default calibration level for the channel.

If you are using an ac module to measure the ac quantity, Control Panel sets
the Full Scale quantity appropriately; if you are using the DC input module en-
ter the Full Scale value associated with the values of the scaling resistors Rsh,
Rin and Rfb as listed in “Input Modules” in Appendix F.

TESLA AC Analog Scaling

Module Name: 4001002 SAac

Full Scale (Secondary) 100 &

Units

Exjuivalent Primary Value: m & - Mamingl Secondary Yalue: BB

Cancel

Figure 8.12: AC Scaling

When you select the View/Set Scale button on the Analog Input form for a DC
channel, Control Panel displays the DC Scaling dialog box. You must set the
Full Scale value, which can be determined from the scaling resistors attached
to the module. For DC channels, TESLA uses two-point scaling, whereby the
conversion process performs a linear transformation between two points. The
secondary values are the default calibration points for the channel.

The terms Primary and Secondary are used in the case where a measurement
transducer is applied and the output of the transducer is routed to the input of
the dc module. In this case, Secondary refers to the output of the transducer;

Primary refers to the scale and units of the signal measured by the transducer.

The “Scaling Resistors attached to the module” are the Rsh, Rin and Rfb values
referred to in “DC Input Module” in Appendix F. Enter the associated Full
Scale value from the table as the Full Scale (Secondary) value. If you are mea-
suring a DC voltage or current directly, enter the same values as Primary and
Secondary for each of Points 1 and 2. The specific values for Point 1 and 2, pro-
vided they are reasonably separated, are not significant, except that they are
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Sag and Swell
Detectors

used as default values for the calibration activity. For instance, if you are di-
rectly measuring a 48 Vdc input, you may wish to enter 0 V for Point 1 and 48
V for Point 2.

If you are monitoring an ac signal through a dc module, you must define the
signal as an ac signal (see above).

TESLA DC Analog Scaling E1

Module Mame: 401016 DC

—Full Scale (Secondary)
Units

:lE ma =

The full =cale value for the DC
Module is determined by scaling
resiztars attached to the module.

—Secondary to Primary Scaling
TESLA will perform & linear transformsation based on the following points.
These points will also be used as default calibration points .

Units

Poirt 1: |4 A, Equivalert Primary “alue I-BD o -
Pairt 2: |2U m, Equirvalent Primaty Walue IBD T

Ok I Cancel |

Figure 8.13: DC Scaling

Sag and Swell detectors are available on voltage channels. There are three re-
lated fields in the Configuration screen controlling Sag and Swell detectors.
The definition of a Sag or Swell depends on a Nominal Level of voltage. The
Sag and Swell thresholds are expressed as a percentage of the Nominal Level.
The Sag threshold is configurable between 50% and 90% of Nominal. The
minimum Sag level is fixed at 10% of Nominal. The Swell threshold is config-
urable between 110% and 150% of Nominal. The maximum Swell level is
fixed at 180% of Nominal.

The duration of a Sag or Swell is fixed at any value between 0.5 cycle and 1
minute.
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External Input Channels

Description
Input

Calculation

Triggers

Recording

Number of Channels

Types

Settings

Recording channels for the recorder’s external (digital) input signals.
The recorder’s physical external input channels.

The binary state of each external input is read at the selected high speed sample
rate. A filter is applied to the samples to prevent triggering on spurious state
changes, requiring that a state change be present continuously for a minimum
of approximately 700 microseconds to be considered valid for triggering pur-
poses.

Active state

Inactive state

Records the state of all external input channels at the selected high speed sam-
ple rate. The input filter is not applied to the recorded data; all state changes
are included in the records.

Up to 64 External Input Channels can be defined, one for each physical input
(limited to 32 on an 18 channel model).

The numbers of channels are reduced at high sample rates (Table 8.1 on page 6
and Table 8.2 on page 6)

EI

TESLA External Input Configuration

Elemert  |Elementi -
De=cription

Channel: 9

Definte Delay |0 M

. - Cross - | Alarm

Label | Enable Fault Swing Log Hotify [ Priority| Contact
ACTIVE State | Active |7 [V = = W W 2 G
IMACTIVE State|Inactive | v [V W v W W 1 3

Figure 8.14: External Input Channel Configuration Screen

External Input Channel Settings

Element Identifies the group to which this channel belongs. The Element forms
the first part of the channel name. The Element is selected when the
channel is created and is fixed once assigned when you are working
in the Element Tree view.
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External Input Channel Settings

Description

Optional field (12 characters). Provides an additional description of
the channel that forms part of the channel name. Should always be
used with External Input channels to uniquely name the channel.
(“Channel Grouping and Naming” on page 8-8).

Channel

Identifies the physical External Input used by this channel. This
number is identified on the rear of the TESLA chassis. The list only
shows inputs which have not been assigned to other channels.

To get an overview of channel assignments, switch to the Channel
Tree view and look at the External Channel list.

Trigger Settings

Definite Delay

Specifies how long the trigger condition must be present before a trig-
ger is declared. Settable from 0 to 5,000 ms in eighth cycle incre-
ments.

The delay setting is in addition to the pickup delay imposed by the
input "glitch" filtering, which is approximately 700 microseconds.

Label

Text to designate the active and inactive states. Default is "on" and
"off". Maximum 8 characters.

Trigger Actions

Enable

Enables or disables the associated trigger. A trigger can be disabled
without altering the rest of its settings.

Fault

Initiates a fault (high speed) recording when triggered.

Swing

Initiates a swing (low speed) recording when triggered.
If both Fault and Swing are enabled, the recorder will attempt to cre-
ate a combined record.

Log

Logs a message in the Event Log when triggered.

Notify

Contacts the RecordBase Central Station when triggered. Can be
used to initiate wide area swing recordings and/or automated record
transfer (“Notify” on page 7-13).

Cross Trigger

Activates the cross-trigger contact (#4) to trigger another device.

Priority

Specifies the priority to be assigned to records created by this trigger.
The priority is used to determine Central Station notification.
1 - 3 (3 is the highest priority). (“Notify” on page 7-13).

Alarm Contact

Specifies a rear panel contact to be closed when triggered. Contacts
are closed momentarily for one second. Contact assignment is not
exclusive, allowing multiple triggers to activate the same contact.
Available contacts: 2, 3, 5, 6, 7 or 8 on a 36 channel model and 2 or 3
on an 18 channel model. Contacts 1 and 4 are reserved for Recorder
Functional and Cross-Trigger respectively. Contacts assigned for stor-
age alarms (“Storage Alarms” on page 8-7) will not be available for
use here.
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Summation Channel

Description

Input

Calculation

Triggers

Recording

Number of Channels

Summation Channels combine up to three analog inputs to create a summed
channel. Each input can be scaled and rotated before it is summed. Previously
combined summation channels can be used as an input to a new summation
channel.

Note: Summation Channels are handled as phasor sums for trigger-
ing, metering, low speed recording and trending. Both the Scale Fac-
tor and Angle Offset settings are applied for these uses.

For high speed recording, Summation Channels are displayed as
the sum of the individual data samples with only the Scale Factor set-
ting applied. High speed Summation channels are not recorded if a
non-zero Angle Offset has been specified.

Analog Input Channels or other Summation Channels can be used as inputs to
a Summation Channel. The summation can have two or three inputs. If a Sum-
mation Channel is used as an input, it must have a lower Summation Index.

Each input is converted to a phasor using a DFT function and is scaled and ro-
tated using the Scale Factor and Angle Offset settings.The resulting phasors are
added to form the summation.

The high speed recording of a Summation Channel is created by adding the in-
dividual data points from the input channels. The Scale Factor is applied to
each channel before the addition.

High & low magnitude
Negative and positive rate of change

To prevent multiple triggers on threshold conditions, an hysteresis of 2% of
setting is applied to magnitude triggers.

High Speed: generates a channel that is the sum of the individual data samples
with the Scale Factor applied. A high speed channel is not generated if a non-
zero Angle Offset has been specified on any of the summation’s input channels.

Low Speed: generates a channel that is phasor sum of the input channels at a
rate of one phasor per cycle.

30 Summation Channels are available.

Types Specific: Va, Vb, V¢, Ia, Ib, Ic, In (use where appropriate)
Generic: Vac, lac

Notes The primary to secondary scale factor used by the Summation Channel is the
same as that of its first input channel.
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Settings

TESLA Summation Function Configuration

Elemert Type

Description Summation Inde:

Element1 wasum  w| [tstval 2 1 =

Lnits: %
Scale: 1YY
Drefire Imputs:

Element: Type: Description

Rate of Change Interval 110 = | Cycle(s)

Scale Factor  Angle Offset

Ingout 1 |Element1 Matst_Wal 1

jx|1 L|U

InpLt 2 | Epement1: victst v 1

j}{1 L0

Input 3 |Element1 Sotst_ Wil 1

= x| e

Limit‘ I]elay‘ ‘ Enable | Fault ‘ Swing ‘ Log ‘ Hotify Tcrri;;:r Priority :;:;': ﬂ
High Magnitude 0 Y 0 sec |V ¥ I i~ [v [v 2 3
Lowy Maonitude 1] Y 1] sec |V W [ v i i 1 -
Megstive Rate of Change|0 ki 1] - v [V [ v [V [V 3 3
Positive Rate of Change [0 Y 0 sec |V [¥ [ [v [+ [+ 1

Figure 8.15: Summation Channel Configuration Screen

Summation Channel Settings

Element

Identifies the group to which this channel belongs. The Element forms
the first part of the channel name. The Element is selected when the
channel is created and is fixed once assigned when you are working
in the Element Tree view.

Type

Identifies the type of signal being applied to this input channel. The
Type forms a part of the channel name (Element:Type:Description).
Selecting the appropriate Type can simplify channel naming by elimi-
nating the need for the optional Description field (e.g. Line #1:laSum
uniquely defines the channel). Initially set when the channel was cre-
ated, the Type can be changed to refer to a different phase as
needed.

Description

Optional field (12 characters). Provides an additional description of
the channel that forms part of the channel name. Use if Element
Name and channel Type do not sufficiently identify the channel.
(“Channel Grouping and Naming” on page 8-8).

Summation Index

Identifies the summation channel. Unlike the analog and external
input channels, this is not associated with a hardware input, but sim-
ply identifies which of the internal virtual summation channels will be
used.

You can select any available channel; the only restriction is that
nested summations require the input summation to have a lower
Summation Index. If the only option is “undefined”, you have already
used all available channels.

Input 1, Input 2,
Input 3

Identifies the channels to be used in the summation. The available list
includes all previously defined analog channels and any summation
channel with a lower summation index number. The list grows auto-
matically as you define new channels.

Scale Factor

Specifies a multiplier for each of the inputs. The scale factor is applied
in the secondary domain.

Angle Offset

Specifies a phase angle shift to be applied to each of the inputs.

Note that when an offset is specified, a high speed summation record-
ing - which uses sample by sample addition rather than phasor addi-
tion - is not generated. All other functions, including low speed
recording, are available and will reflect the offset.
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Summation Channel Settings

Trigger Settings

Rate of Change
Interval

Specifies the period of time over which both positive and negative rate
of change is measured. 0.5 to 8.0 cycles.

Limit Specifies the trigger levels for the magnitude triggers and the magni-
tude portion of the rate for the rate of change triggers. The period por-
tion of the rate is specified by the Rate of Change Interval.

Delay Specifies how long the trigger condition must be present before a trig-
ger is declared. 0 to 1,200 seconds in half-cycle increments.

Trigger Actions

Enable Enables or disables the associated trigger. A trigger can be disabled
without altering the rest of its settings.

Fault Initiates a fault (high speed) recording when triggered.

Swing Initiates a swing (low speed) recording when triggered.

If both Fault and Swing are enabled, the recorder will attempt to cre-
ate a combined record.

Log Logs a message in the Event Log when triggered.

Notify Contacts the RecordBase Central Station when triggered. Can be
used to initiate wide area swing recordings and/or automated record
transfer (“Notify” on page 7-13)

Cross Trigger Activates the cross-trigger contact (#4) to trigger another device.

Priority Specifies the priority to be assigned to records created by this trigger.

The priority is used to determine Central Station notification.
1 - 3 (3 is the highest priority). (“Notify” on page 7-13).

Alarm Contact

Specifies a rear panel contact to be closed when triggered. Contacts
are closed momentarily for one second. Contact assignment is not
exclusive, allowing multiple triggers to activate the same contact.
Available contacts: 2, 3, 5, 6, 7 or 8 on a 36 channel model and 2 or 3
on an 18 channel model. Contacts 1 and 4 are reserved for Recorder
Functional and Cross-Trigger respectively. Contacts assigned for stor-
age alarms (“Storage Alarms” on page 8-7) will not be available for
use here.
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Sequence Component Channels

Description

Input

Calculation

Triggers

Recording

Number of Channels

Types

Notes

Settings

Sequence Component Channels calculates positive, negative, and zero se-
quence components in one step. The positive sequence component may also be
used as an input to a watts/vars or impedance function.

Analog Input Channels or Summation Channels can be used as inputs to a Se-
quence Component Channel.

The sequence component algorithm is applied to produce positive, negative
and zero sequence components.

Positive sequence high and low magnitude

Positive sequence negative and positive rate of change
Negative sequence high magnitude

Zero sequence high magnitude

To prevent multiple triggers on threshold conditions, an hysteresis of 2% of
setting is applied to magnitude triggers.

High Speed: Positive, negative and zero sequence values at a rate of eight val-
ues per cycle (regardless of the system sample rate).

Low Speed: Positive, negative and zero sequence values at a rate of one value
per cycle.

12 Sequence Component Channels are available.
Vseq, ISeq

The primary to secondary scale factor used by the Sequence Component Chan-
nel is the same as that of the selected Phase A channel.

TEELA Sequence Function Configurstion

Eletmert Type Description Seguence Incdex Lnits:
Element2 Vaeg v | [tst_Ws2 2 7 -| ¥
Select Inputs: Elzment: Type: Description Scale:
Phase & [Eementz vaitst_va2_1 RARETT
Phass B [Element2:vintst _2_1 =l
P |EI prRyE—— Rate of Change Interval
ASE ement2: Yo C: r
e 10 | Cyclels)
L . - Cross - .| Alarm
Limit Delay Enable Fault Swing Log Hotify THEEE Priority Contact
Pos Seq High Magnitude |0 Y 0 sec |V [ I v [¥ [¥ 2 3
Pios Seq Low Magnitude |0 ' a sec |V i - W [V [V 1 5
Pos Seq Pos ROC 1] Y 1] sec |V = - [v [V [V 1 G
Pos Seq Meg ROC 0 V 0 zec |7 v N W v ¥ 1 7
Meg Seq High Magnitude |0 W 0 zec |V [ [~ v [V [ 3 3
Zero Seq High Magnituds [0 Y i sec |V [ N v v N 1 3

Figure 8.16: Sequence Channel Configuration Screen
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Sequence Component Channel Settings

Element

Identifies the group to which this channel belongs. The Element forms
the first part of the channel name. The Element is selected when the
channel is created and is fixed once assigned when you are working
in the Element Tree view.

Type

Identifies the type of signal being applied to this input channel. The
Type forms a part of the channel name (Element:Type:Description).
Selecting the appropriate Type can simplify channel naming by elimi-
nating the need for the optional Description field (e.g. Line #1:VSeq
uniquely defines the channel). Initially set when the channel was cre-
ated, the Type can be changed to refer to a different phase as
needed.

Description

Optional field (12 characters). Provides an additional description of
the channel that forms part of the channel name. Use if Element
Name and channel Type do not sufficiently identify the channel.
(“Channel Grouping and Naming” on page 8-8).

Sequence Index

Identifies the Sequence Component channel. Unlike the analog and
external input channels, this is not associated with a hardware input,
but simply identifies which of the internal virtual summation channels
will be used.

You can select any available channel without restriction. If the only
option is “undefined”, you have already used all available channels.

Phase A, Phase B,
Phase C

Identifies the channels used to create the sequence set. The list is
limited to channels of the correct type (voltage or current) and
includes analog input or summation channels which have already
been defined. The list grows automatically as you define new chan-
nels.

Trigger Settings

Rate of Change
Interval

Specifies the period of time over which both positive and negative rate
of change is measured. 0.5 to 8.0 cycles.

Limit Specifies the trigger levels for the magnitude triggers and the magni-
tude portion of the rate for the rate of change triggers. The period por-
tion of the rate is specified by the Rate of Change Interval.

Delay Specifies how long the trigger condition must be present before a trig-
ger is declared. 0 to 1,200 seconds in half-cycle increments.

Trigger Actions

Enable Enables or disables the associated trigger. A trigger can be disabled
without altering the rest of its settings.

Fault Initiates a fault (high speed) recording when triggered.

Swing Initiates a swing (low speed) recording when triggered.

If both Fault and Swing are enabled, the recorder will attempt to cre-
ate a combined record.

Log Logs a message in the Event Log when triggered.

Notify Contacts the RecordBase Central Station when triggered. Can be
used to initiate wide area swing recordings and/or automated record
transfer (“Notify” on page 7-13).

Cross Trigger Activates the cross-trigger contact (#4) to trigger another device.

8-26

TESLA 3000 User Manual

D01721R02.61



8 Configuring the Recorder

Sequence Component Channel Settings

Priority

Specifies the priority to be assigned to records created by this trigger.
The priority is used to determine Central Station notification.
1 - 3 (3 is the highest priority). (“Notify” on page 7-13).

Alarm Contact

Specifies a rear panel contact to be closed when triggered. Contacts
are closed momentarily for one second. Contact assignment is not
exclusive, allowing multiple triggers to activate the same contact.
Available contacts: 2, 3, 5, 6, 7 or 8 on a 36 channel model and 2 or 3
on an 18 channel model. Contacts 1 and 4 are reserved for Recorder
Functional and Cross-Trigger respectively. Contacts assigned for stor-
age alarms (“Storage Alarms” on page 8-7) will not be available for
use here.
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Impedance Channels

Description

Input

Calculation

Triggers
Recording

Number of Channels

Impedance Channels calculate impedance from voltage and current inputs. The
channel can produce either single phase or three phase values. Triggering is
based on the rate of impedance within a defined impedance circle centered
around the origin.

Analog Input Channels, Summation Channels or Sequence Component chan-
nel can be used as inputs to an Impedance Channel. Using Sequence Compo-
nent as an input results in a three-phase impedance.

The impedance calculation continuously recalculates the apparent impedance
from the selected voltage and current signals, then subtracts an earlier calculat-
ed value (determined by the “Rate of Change Interval” setting). The impedance
trigger operates if the difference is between the “Minimum Change” and
“Maximum Change” settings, and the calculated impedance is within “Circle
Radius” of the origin.

Rate of impedance within a defined impedance circle.
Low Speed: Impedance magnitude at a rate of one value per cycle.

18 Impedance Channels are available.

Types Z1 (impedance)
Notes The impedance magnitude and angle readings are also available to the meter-
ing display, SCADA and the long term trending function.
Settings
TEZLA Impedance Function Configuration
Element Type Description Impedance Inde:x
Element1 T |ttt 1 -
“attage Input [Elementt:aitst_val 1 =]
Currert Input |Element 1 :la:tst_lal_1 =]
Rate of Change Interval (1.0 - | Cyclers)
Circle Radius |1 zec. ohms
Minimum Change |7 sec. ohms
Mszimum Change | 100 zec. ohms
Definite Delay |J.01687 =0
Detector Actions: Scale: 1 Pri ohmsfSec ohms
Enable | Fault | Swing Log Hotify fr'ig;:r Priority g;f'_;';“ "
c ~ = [~ c ~ 1 3
Figure 8.17: Impedance Channel Configuration Screen
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Impedance Channel Settings

Element Identifies the group to which this channel belongs. The Element forms
the first part of the channel name. The Element is selected when the
channel is created and is fixed once assigned when you are working
in the Element Tree view.

Description Optional field (12 characters). Provides an additional description of

the channel that forms part of the channel name. Use if Element
Name and channel Type do not sufficiently identify the channel.
(“Channel Grouping and Naming” on page 8-8).

Impedance Index

Identifies the Impedance channel. Unlike the analog and external
input channels, this is not associated with a hardware input, but sim-
ply identifies which of the internal virtual impedance channels will be
used.

You can select any available channel without restriction. If the only
option is “undefined”, you have already used all available channels.

Voltage Input, Cur-
rent Input

Identifies the channels to be used to create the impedance. If you
select analog or summation channels as inputs, the impedance chan-
nel calculates single-phase impedance; if you select sequence chan-
nels, it calculates three-phase impedance.The list is limited to
channels of the correct type (voltage or current) and includes analog
input or summation channels which have already been defined. The
list grows automatically as you define new channels.

Trigger Settings

Rate of Change
Interval

Specifies the period of time over which both positive and negative rate
of change is measured. 0.5 to 8.0 cycles.

Circle Radius

Specifies the radius of the impedance circle in secondary ohms.

Minimum Change

Specifies the minimum impedance change to be detected.

Maximum Change

Specifies the maximum impedance change to be detected.

Definite Delay

Requires the element to be energized before an active state is deter-
mined. Settable from 0 to 1,200 seconds in half-cycle increments.

Trigger Actions

Enable Enables or disables the associated trigger. A trigger can be disabled
without altering the rest of its settings.

Fault Initiates a fault (high speed) recording when triggered.

Swing Initiates a swing (low speed) recording when triggered.
If both Fault and Swing are enabled, the recorder will attempt to cre-
ate a combined record.

Log Logs a message in the Event Log when triggered.

Notify Contacts the RecordBase Central Station when triggered. Can be
used to initiate wide area swing recordings and/or automated record
transfer (“Notify” on page 7-13)

Cross Trigger Activates the cross-trigger contact (#4) to trigger another device.

Priority Specifies the priority to be assigned to records created by this trigger.
The priority is used to determine Central Station notification.
1 - 3 (3 is the highest priority). (“Notify” on page 7-13).
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Impedance Channel Settings

Alarm Contact Specifies a rear panel contact to be closed when triggered. Contacts
are closed momentarily for one second. Contact assignment is not
exclusive, allowing multiple triggers to activate the same contact.
Available contacts: 2, 3, 5, 6, 7 or 8 on a 36 channel model and 2 or 3
on an 18 channel model. Contacts 1 and 4 are reserved for Recorder
Functional and Cross-Trigger respectively. Contacts assigned for stor-
age alarms (“Storage Alarms” on page 8-7) will not be available for
use here.
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Watts and Vars Channels

Description

Input

Calculation

Triggers

Recording

Number of Channels
Types

Notes

The Watts/Vars Channels calculate apparent power (volt-amps), real power
(watts) and reactive power (vars) from voltage input and current inputs. The
channel can produce either single phase or three phase values.

Analog Input Channels, Summation Channels or Sequence Component chan-
nel can be used as inputs to a Watts/Vars Channel. Using a Sequence Compo-
nent as an input results in three-phase Watts and VARs.

Voltage and current are multiplied to calculate apparent power, real power and
reactive power.

Watts: high and low level (2)

Watts: positive and negative rate of change (2)
Vars: high and low level

Vars: positive and negative rate of change

Dual triggers for Watts allows fault and swing recordings to be triggered by
different settings (e.g. Rate of Change Interval), if desired.

To prevent multiple triggers on threshold conditions, an hysteresis of 2% of
setting is applied to magnitude triggers.

High Speed: Watt and VAR values at a rate of eight values per cycle (regard-
less of the system sample rate).

Low Speed: Watt and VAR values at a rate of one value per cycle.
18 Watts/Vars Channels are available.
W/V

The primary to secondary scale factor used by the Watts/Vars Channel is based
on those of its voltage and current input channels.

Watts, VARs, and Volt-Amp magnitudes are also available to the metering dis-
play, SCADA and the long term trending function.
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Settings

TEZLA Watt=/vars Function Configurstion
Elemert Description Wiattzars Index Scale

Element2 tet W2 1 10 +| 1e-006 MVA/VA

Rate of Change Intervals (Cycles)

Wokage Input [Element2:vaitst_va2_1 Al vemms  wma  we
Curtent Input [Element2actst_Ja2_1 =l [0 =llro o ]

Limit‘ [Ielay‘ ‘ Enable | Fault ‘ Swing ‘ Log ‘ Notify Tcrri;;:r Priority g;:;';“ .
stts High Lewvel Detector 1 i] Wy ] zec |V ™ I v v W 2 3
Wiatts Lowy Level Detector 1 [0 ] = [ m r r = m 1 =
\Watts Posfiive ROC Detector 1 |00 [ [0 |sec | v C ¥ ¥ W 3 3
\wiatts MNegative ROC Detector 110w [0 |sec | C C C C C 1
Watts High Level Detector 2 i] W 0 sec |V [~ [ [ [ [ 1
Wigtts Lowy Lewel Detector 2 (00 ] = ([ m r C m m 1 -
Wats Posfiive ROCDetector 2 [0 w0 |0 |sec |[@ I r W ¥ W 2 3
atts hegative ROC Detector 2|0 w0 zec |V [ [ v [ [ 1 5
“ars High Level 0 VAR |0 e | r r m m C 7 ~
Wars Low Level ] WAR 0 e | |— |_ m C O i
Wars Positive ROC ] WAR 0 e | r r |_ i C 1 =
“ars hegative ROC 0 WAR |0 z=c [ [v [ [ [v [+ 1 7

Figure 8.18: Watts/Vars Channel Configuration Screen
Watts/Vars Channel Settings

Element Identifies the group to which this channel belongs. The Element forms

the first part of the channel name. The Element is selected when the
channel is created and is fixed once assigned when you are working
in the Element Tree view.

Description Optional field (12 characters). Provides an additional description of
the channel that forms part of the channel name. Use if Element
Name and channel Type do not sufficiently identify the channel.
(“Channel Grouping and Naming” on page 8-8).

Watts/Vars Index Identifies the watts/vars channel. Unlike the analog and external input
channels, this is not associated with a hardware input, but simply
identifies which of the internal virtual watts/vars channels will be used.
You can select any available channel without restriction. If the only
option is “undefined”, you have already used all available channels.

Voltage Input Identifies the voltage channels to be used to create the watts and
vars. These can be either analog input channels, summations or posi-
tive sequences. If you select analog or summation channels as inputs,
single phase watts and vars will be calculated; if you select sequence
channels, three-phase watts and vars will be calculated.

Current Input Identifies the current channels to be used to create the watts and
vars. These can be either analog input channels, summations or posi-
tive sequences. If you select analog or summation channels as inputs,
single phase watts and vars will be calculated; if you select sequence
channels, three-phase watts and vars will be calculated.

Trigger Settings

Watts 1, Watts 2, Period of time over which both positive and negative rate of change
Watts 3 for each Watts Detector is measured. 0.5 to 8.0 cycles.
Vars Period of time over which both positive and negative rate of change

for Var Detector is measured. 0.5 to 8.0 cycles.

Limit Specifies the trigger levels for the magnitude triggers and the magni-
tude portion of the rate for the rate of change triggers. The period por-
tion of the rate is specified by the Rate of Change Interval.
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Watts/Vars Channel Settings

Delay Specifies how long the trigger condition must be present before a trig-
ger is declared. 0 to 1,200 seconds in half-cycle increments.

Trigger Actions

Enable Enables or disables the associated trigger. A trigger can be disabled
without altering the rest of its settings.

Fault Initiates a fault (high speed) recording when triggered.

Swing Initiates a swing (low speed) recording when triggered.
If both Fault and Swing are enabled, the recorder will attempt to cre-
ate a combined record.

Log Logs a message in the Event Log when triggered.

Notify Contacts the RecordBase Central Station when triggered. Can be
used to initiate wide area swing recordings and/or automated record
transfer (“Notify” on page 7-13).

Cross Trigger Activates the cross-trigger contact (#4) to trigger another device.

Priority Specifies the priority to be assigned to records created by this trigger.
The priority is used to determine Central Station notification.
1 - 3 (3 is the highest priority). (“Notify” on page 7-13).

Alarm Contact Specifies a rear panel contact to be closed when triggered. Contacts
are closed momentarily for one second. Contact assignment is not
exclusive, allowing multiple triggers to activate the same contact.
Available contacts: 2, 3, 5, 6, 7 or 8 on a 36 channel model and 2 or 3
on an 18 channel model. Contacts 1 and 4 are reserved for Recorder
Functional and Cross-Trigger respectively. Contacts assigned for stor-
age alarms (“Storage Alarms” on page 8-7) will not be available for
use here.
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Frequency Channels

Description

Input

Calculation

Triggers

Recording

Number of Channels

The Frequency Channels measure the frequency on their assigned input chan-
nel.

Any Analog Input Channel. A voltage channel is recommended for best re-
sults.

Frequency is measured over a multi-second time window to improve resolu-
tion and accuracy. The frequency measurement operates in a band that is ap-
proximately +/-15% of the nominal frequency.

High & low magnitude
Negative and positive rate of change

To prevent multiple triggers on threshold conditions, the frequency magnitude
triggers have a fixed 0.02 Hz hysteresis.

Low Speed: Frequency measurements at a rate of one value per cycle.

2 Frequency Channels are available.

Types Freq
Notes Frequency channels are not associated with particular Elements. Their names
are fixed as Frequency 1 and Frequency 2.
Settings
s TESLA Control Panel - [Config Edit] N =100 x|
Fil= Edit Config Wiew Hslp
Element Tree
= deiication TESLA Frequency Measurement Coniiguretion
T Fﬁ:ﬂf'wm Fresiusnoy defived 1rom [Line #1.va. 4 Ph voltoge =l
:é:ifam;ﬁs Rate of Change Intarval |1.0 1| cycles
* Summations
:F:;:j;:f;:::;‘s:; Limit‘ Delay Enable | Fault | Swing | Log | Hotify fr'i;;:r Priarity] é‘t':"‘:‘“
= ttsVars Functions Fich Magniude R 2 N == A 5 O ~ O O =l
3 Logic Funcions Low Maorifude R 50 N 50 2 AN A A Y =
Pl Loatics Wegalive Rete of Change [0 |Hz [0 |ssc |[@ O O O [l O 1
IR Caien Fositive Rats of Change |0 Hz |0 sec |7 O = O (] O 1
Channel Group 2
# Meter Groups
Trend
| Show Channel Tres Hide Tree ‘ Close
Main Menu | Utities | Records Config Edit_ |
TESLA Control Panel Current IED: TESLA Dermo Unit Connected
Figure 8.19: Frequency Channel Configuration Screen
Frequency Channel Settings
Frequency derived Identifies the analog input channel on which to measure frequency. A
from voltage channel is recommended for best results.
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8 Configuring the Recorder

Frequency Channel Settings

Trigger Settings

Rate of Change
Interval

Specifies the period of time over which both positive and negative rate
of change is measured. 0.5 to 8.0 cycles.

Limit Specifies the trigger levels for the magnitude triggers and the magni-
tude portion of the rate for the rate of change triggers. The period por-
tion of the rate is specified by the Rate of Change Interval.

The high magnitude limit is 7/6 x nominal frequency, low magnitude
limit is 5/6 x nominal frequency.

Delay Specifies how long the trigger condition must be present before a trig-
ger is declared. 0 to 1,200 seconds in half-cycle increments.

Trigger Actions

Enable Enables or disables the associated trigger. A trigger can be disabled
without altering the rest of its settings.

Fault Initiates a fault (high speed) recording when triggered.

Swing Initiates a swing (low speed) recording when triggered.

If both Fault and Swing are enabled, the recorder will attempt to cre-
ate a combined record.

Log Logs a message in the Event Log when triggered.

Notify Contacts the RecordBase Central Station when triggered. Can be
used to initiate wide area swing recordings and/or automated record
transfer (“Notify” on page 7-13.)

Cross Trigger Activates the cross-trigger contact (#4) to trigger another device.

Priority Specifies the priority to be assigned to records created by this trigger.

The priority is used to determine Central Station notification.
1 - 3 (3 is the highest priority). (“Notify” on page 7-13).

Alarm Contact

Specifies a rear panel contact to be closed when triggered. Contacts
are closed momentarily for one second. Contact assignment is not
exclusive, allowing multiple triggers to activate the same contact.
Available contacts: 2, 3, 5, 6, 7 or 8 on a 36 channel model and 2 or 3
on an 18 channel model. Contacts 1 and 4 are reserved for Recorder
Functional and Cross-Trigger respectively. Contacts assigned for stor-
age alarms (“Storage Alarms” on page 8-7) will not be available for
use here.
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Logic Functions

Description

Input

Calculation

Triggers

Recording

Number of Channels

Logic Functions are boolean logic statements that can be applied to External
Input Channels and trigger detectors from other channels. You can choose up
to 5 inputs, each of which may be inverted, and specify a chain of logic oper-
ations to be performed on each.

Up to 5 inputs. Each can be an External Input Channel or the output of a trigger
detector from any channel, including other Logic Functions with lower Index-
es.

Boolean logic is applied to each input in succession.

Active state
Inactive state

Logic Functions are not recorded.

30 Logic Functions are available.

Types Logic
Notes The output of the Logic functions is available to the metering display, SCADA
and the long term trending function.
Settings
“, TESLA 3000 Control Panel - [Config Edit] —|o x|
File Edt Config %iew Help
Elementilice TESLA Logic Function Coniguration
= Identification
| Charne Group 1 Element Type Deserigtion Logic Function Incex
=l Line #1 Line #1 Logic: [eRemiveeyes |1 E
¥l Analog Inputs
Extemal Inputs OINY
Summations inpit 1:[Line #1£LBRKR1_a = A Delay Modle:
B Sequence Funclions NI assart | 1867
Impedance Functions Input 2:|<unasswgned> j—:l- A == "
st hars Functions — Deassert [1667 | ms
ogic Functions Input 3Z|<unass\gned> j+ A
¥ | Soa - NOINY
‘;UFWD;;;: Infut 4 I<unass\gned> j+ i
Bl Line #2 MY .l—
i Inut 5| unassigneds =l | Bt e
Bl dnalon Inputs
—Actions:
- Frequency 1
E:IME::LE‘;ups Label ‘ Enable | Fauk ‘ swing | Log ‘ Notify Tcr'i;::r Priority| :‘:I“"'Tn
Trend ACTIVE Stale [OPEN [ I [ I I I [1
NACTIVE Stels | CLOSED | [ (i 0 =2 [ [ [1 -
| Show Channel Tres | Hide Tree | Sty Brimery Units | SaveiClose |
Ll
Main Menu Recaids ConfigEdit | Canlig o |
TESLA 3000 Control Panel ‘Currer\t IED: TESLA 3000 Demo ‘CEHHEEtEd 4
Figure 8.20: Logic Function Configuration
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8 Configuring the Recorder

Logic Function Settings

Element Identifies the group to which this channel belongs. The Element forms
the first part of the channel name. The Element is selected when the
channel is created and is fixed once assigned when you are working
in the Element Tree view.

Description Optional field (12 characters). Provides an additional description of

the channel that forms part of the channel name. Use if Element
Name and channel Type do not sufficiently identify the channel.
(“Channel Grouping and Naming” on page 8-8).

Logic Function
Index

Identifies the logic funtion.You can select any available function; the
only restriction is that nested logic functions require the input logic to
have a lower Logic Function Index. If the only option is “undefined”,
you have already used all available channels.

Inputs 1-5

Selects the source of the input state for each stage of the boolean cal-
culation. External Input Channels, trigger detectors from other chan-
nels and previously-defined Logic Functions are available.

Inversion Blocks

Allows the input state to be inverted. Click to activate and move
mouse to select option before releasing.

Logic Gates NOT, AND, NAND, OR, NOR, Exclusive OR, and Exclusive NOR.
Click to activate, scroll window to display, click icon to select

Delay Module Assert: delays the output for the specified time.
Deassert: locks in the output state for the specified time.
0 to 1,200 seconds in half-cycle increments.

Trigger Action

Enable Enables or disables the associated trigger. A trigger can be disabled
without altering the rest of its settings.

Fault Initiates a fault (high speed) recording when triggered.

Swing Initiates a swing (low speed) recording when triggered.
If both Fault and Swing are enabled, the recorder will attempt to cre-
ate a combined record.

Log Logs a message in the Event Log when triggered.

Notify Contacts the RecordBase Central Station when triggered. Can be
used to initiate wide area swing recordings and/or automated record
transfer (“Notify” on page 7-13.)

Cross Trigger Activates the cross-trigger contact (#4) to trigger another device.

Priority Specifies the priority to be assigned to records created by this trigger.

The priority is used to determine Central Station notification.
1 - 3 (3 is the highest priority). (“Notify” on page 7-13).

Alarm Contact

Specifies a rear panel contact to be closed when triggered. Contacts
are closed momentarily for one second. Contact assignment is not
exclusive, allowing multiple triggers to activate the same contact.
Available contacts: 2, 3, 5, 6, 7 or 8 on a 36 channel model and 2 or 3
on an 18 channel model. Contacts 1 and 4 are reserved for Recorder
Functional and Cross-Trigger respectively. Contacts assigned for stor-
age alarms (“Storage Alarms” on page 8-7) will not be available for
use here.
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Fault Locator Functions

Description

Input

Calculation

Triggers

Recording

Number of Channels
Types

Notes

Fault Locator Functions produce distance-to-fault informations based on the
impedance measured on the specified voltage and current channels. The infor-
mation is logged and available through SCADA.

Initiating Event: any External Input Channel or trigger detector from any other
channel or function.

Voltage Channels: must be Analog Input Channels monitoring voltage.

Current Channels: can be Analog Input Channels or Summation Channels
monitoring current.

The correct phases must be selected to achieve the desired results.

In most cases, the Initiating Event input should be delayed by 1.5 cy-
cles to obtain accurate fault location information. The delay can be
set in the source detector or a Logic Function can be used as an in-
termediary to insert the delay.

When a user-configurable event occurs, the fault locator assesses the distance
to fault using the user-supplied line parameters. If one or more of the imped-
ances is consistent with a fault on the line, fault identification (e.g. B-G) and
location information is generated in the form of an event message.

N/A

Fault Locator Functions are not recorded.
10 Fault Locator Functions are available.
FLoc

When a Fault Locator Function is triggered, it writes a message into the Event
Log identifying the time, the Element, the faulted type (e.g. A-B, B-G...) and

the distance to fault.

The output of the Fault Locator Function is available through SCADA. It can-
not be metered or trended.
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8 Configuring the Recorder

Settings
TE=LA Fault Lacatar Configuration
Element Type Drescription Fault Locatar Inde:x
Elementl :FLoc: | 1 j

Initiating Event |Element1 Sekctat Wb 1 [Swwell]

Phase & Yolts |Element1:vatst_val_1

Phase B Wolts |Element:vitst_vhi_1

Phase C Yolts |Element:voitst_vel 1

Fhaze & Amps |:unassigned:~

Phaze B Amps |:unassigned:~

Phasze C Amps |dunassigned:~

LA L L] Led L L L

Pos Seqguence Impedance |':' +j |':' Pri. ohims

Zero Segquence Impedance |':' +j |':' Pri. ohms=

Line Length o ki -

Figure 8.21: Fault Locator Function Configuration

Fault Locator Function Settings

Element Identifies the group to which this channel belongs. The Element forms
the first part of the channel name. The Element is selected when the
channel is created and is fixed once assigned when you are working
in the Element Tree view.

Description Optional field (12 characters). Provides an additional description of
the channel that forms part of the channel name. Use if Element
Name and channel Type do not sufficiently identify the channel. (Ref:
“Channel Grouping and Naming” on page 8-8).

Fault Locator Index Identifies the Fault Location function. You can select any available
function. If the only option is “undefined”, you have already used all
available channels.

Initiating Event Any External Input Channel or trigger detector from any other channel
or function. Note that the initiating Event typically requires a 1.5 cycle
delay to obtain accurate fault location information.
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8 Configuring the Recorder

Power Factor Functions

Description

Input

Calculation

Triggers

Recording

Number of Channels

Power Factor Functions monitor the real and reactive power values calculated
by a Watts/Vars Channel and trigger depending on total power level. Inductive
power factor is defined as a situation where the calculated reactive power is
positive. Capacitive power factor is defined as a situation where the reactive
power is negative.

A previously-defined Watts/Vars Channel.

The Power Factor Detector monitors the watts, vars, and volt-amps values
computed by its input channel and operates when the power factor is less than
auser-specified threshold. Separate detectors allow separate thresholds for lag-
ging (inductive) and leading (capacitive) power factors. To reduce the inci-
dence of nuisance operations, you may specify a minimum volt-amps setting.

Inductive power factor — Low magnitude
Capacitive power factor— Low magnitude

To prevent multiple triggers on threshold conditions, the power factor triggers
have a fixed hysteresis of 0.05.

Power Factor Functions are not recorded.

18 Power Factor Functions are available.

Types PF
Notes Power factor readings are available to the metering display, SCADA and the
long term trending function.
Settings
i, TESLA Control Panel - [Config Edit]
File Config “iew Help
Element Tree TESLA P Factar Detector Configurati
\dentiication owver Factor ectar Lonfigurstion
B Charnel Gioup 1 Detector operates when meazured power factor becomes less
B Line 200 than setting, provided total power exceeds "Dizable" threshald
finalog Inputs Elemert Description PF Detector Incdex
External Inputs Line 200 :PF: I |3 j
El'wattsfvars Funclions
L WisttsMars function to mon'rtoriLine 200 j
EI PF Functions
IPF Disable detector if ¥4 less than IU WA
[# Charnel Group 2 T iR
[ Meter Groups Limit Delay‘ Enable| Fault ‘Swing Log |Hotify T Priority Contact]
nebetive 0 1 fseclT [ 0 [0 0 [ 1 |-
Capacitive|o 1 el 0 0 IC 0 | 1 -
| Showy Channel Tree I Hide Tree | Shovwe Primary Units | Close |
I
b ain ke Config Edit |
Dare. |Current IED: € |Mot Connected 4
Figure 8.22: Power Factor Function Configuration
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8 Configuring the Recorder

Power Factor Function Settings

Element Identifies the group to which this channel belongs. The Element forms
the first part of the channel name. The Element is selected when the
channel is created and is fixed once assigned when you are working
in the Element Tree view.

Description Optional field (12 characters). Provides an additional description of

the channel that forms part of the channel name. Use if Element
Name and channel Type do not sufficiently identify the channel.
(“Channel Grouping and Naming” on page 8-8).

PF Detector Index

Identifies the Power Factor funtion.You can select any available fun-
tion. If the only option is “undefined”, you have already used all availa-
ble channels.

Watts/Vars function
to monitor

Specifies which Watts/Vars channel to use as input. Must be previ-
ously defined.

Trigger Settings

Disable detector if

Allows the trigger to be supervised by a minimum VA level. Can be set

VA less than in primary or secondary units.

Limit Power factor trigger level. 0 to 1 in 0.001 increments.

Delay Requires the element to be energized before an active state is deter-
mined. Settable from 1 to 10,000 seconds in 1 second increments.

Trigger Action

Enable Enables or disables the associated trigger. A trigger can be disabled
without altering the rest of its settings.

Fault Initiates a fault (high speed) recording when triggered.

Swing Initiates a swing (low speed) recording when triggered.
If both Fault and Swing are enabled, the recorder will attempt to cre-
ate a combined record.

Log Logs a message in the Event Log when triggered.

Notify Contacts the RecordBase Central Station when triggered. Can be
used to initiate wide area swing recordings and/or automated record
transfer (“Notify” on page 7-13).

Cross Trigger Activates the cross-trigger contact (#4) to trigger another device.

Priority Specifies the priority to be assigned to records created by this trigger.

The priority is used to determine Central Station notification.
1 - 3 (3 is the highest priority). (“Notify” on page 7-13).

Alarm Contact

Specifies a rear panel contact to be closed when triggered. Contacts
are closed momentarily for one second. Contact assignment is not
exclusive, allowing multiple triggers to activate the same contact.
Available contacts: 2, 3, 5, 6, 7 or 8 on a 36 channel model and 2 or 3
on an 18 channel model. Contacts 1 and 4 are reserved for Recorder
Functional and Cross-Trigger respectively. Contacts assigned for stor-
age alarms (“Storage Alarms” on page 8-7) will not be available for
use here.
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Meter Groups

il TESLA Control Panel - [Config Edit]
File  Config Yiew Help
Elemert Tree
Select a metered quantity
Hdentific ation from the tres below and drag TESLA Meter Group Defintion
I Channel Group 1 itto the appropriste place in
[=] Elermert] the Meter Group Definition Mame:  1-Analogs
E?T'DD Inputs == Channel Group 1
W :
b == Elemert] Riow 1 |Elementd:v1hiag Element?:ahtag
Ve = Analog inpuds Raw 2 |Elementl /2ag Elemerti:Vadng
E'Ia --- Wa Row 3 |Elementd:vVOhag Element?: "ty
b B-w vb Row & |Element!: TMag 74 Element! -hdng
Ic Fom v Row & |Element!: Zang: 24 Element:chiag
I =l Row B | Element! watts: VA A Element!:VeAng
B Gunmalions m b Row 7 |Element!:Vars:vVa, & Element:latdagy
Sequence Functions m o Raw & |Flemert!/AWA & Element1:lasng
\mpedance Funstions = In Row 8 |Elemertt :PF:&ph Elemert :lahbdag
nglsNars Furcions F-®  Summations Row 10| Element! :\'sumhfag: vV zera Element? :lb&ng
Logic Funct - m Sequence Functions | [Row 11 |Element! - Veumang Vzero Element :Ichis
g Funchons bl w Impedancs Functions [Roy 12| aunassigneds f -
;:“guhifi‘:t:f [ m attsiars Function: [Raw 13 | <unassigneds Element!-Inhag
- Freauenc [~ = Logic Functions Fow 14 | <urassigned= ElemertTindng
Melerqﬁruuys [3]- = PF Functions Riow 15 | zunassigned= =unassigneds
P T Frequency Row 16 | <unassigned- 2unassigned:
Raw 17 | <unassigned= =Unasigneds
Raw 18 i
2 nalags . - “unassigneds cunassigneds
“Trend
| Showy Channel Tree | Hicle Tree | ShowErmErolis: | Cloze
1
Main Menu Config Edit | Records | Trends I Events I Metering | Utilties |
TESLA Contiol Panel, \Current [ED: TESLA WG4 |Connected 7

Figure 8.23: Meter Group Configuration Screen

A Meter Group is a collection of measured and calculated values that are pre-

sented as a group by the Control Panel’s Metering function. Metering Groups

are referred to by a user-specified name, and the name of the Metering Group

appears on the tab in the Metering display.

There are two default metering groups and ten user-defined groups for a total

of twelve metering groups.

The Metering display has fixed displays for analog and external input chan-

nels. You may add additional displays containing any set of channels, orga-

nized as you wish.

1 To create a meter group, right-click on the Meter Groups entry in the Con-
figuration menu.

2 Select Add Meter Group. A New Meter Group line appears, and the New
Meter Group text is selected.

3 Type the Meter Group name, then Enter. The text you type replaces the New
Meter Group text.

4 In the meter group screen, you can place any defined channel in any cell.
The resultant meter group display will show the desired channels in the
specified place on the screen.

Phase angle readings displayed in meter groups are based on the
configured Phase Angle Reference Channel “Phase Angle Refer-
ence Channel” on page 8-11.
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Trend Logging

i}, TESLA Control Panel - [Config Edit]
File  Config  Visw Help
Elemert Tree
[Fr—— izl:c:hz tqr::n;lt:"ﬂw TESLA Trend Defintion
=] Channel Group 1 Sean Interval: Alarm Contact:
1 Element] and cdrag it to the IE‘D— —
EAnang Inputs appropriste place in
s the Trend Defintion
Wa
b -
?'VC Rowe 1 |Elemert]: sumhac: vzer [Damped Element?:vahtag Dampecd
la Rowe 2 |Elemert!: ' sumingzer [Damped Element :\adng Diamped
b Rowe 3 |Element! it 4 & |Damped  |Element!:vaTHD Camped
le Row 4 |Elemert!:Vars v & Damped Element1:\aHar Camped
“ln Row S |Elemert]: A4 & Damped Element:Yhhag Campedd
[ Gummations * Row B |Elementt: V1 Mag Damped Element?:hAng Camped
[# Sequence Functions L] Rows 7 |Element 1 2Mag Damped _|Element1:hTHD: Datmped
[# Impedance Functions " e Row 8 |Elemert1-vOMag Damped  |Elementt“vhbHar Damped
'/ attsAars Functions = In Row 8 |Element!-ZMag 74, Damped  |Element!“VeMag Damped
¥ Lagic Functions = Summations Row 10 |Element!-ZAng 74, Damped  |Elementt~Vedng Damped
[# Fault Lacators [t~ Sequence Functions  [Row 11 | <unassigneds Elemert! - veTHD Damped
¥ PF Functions [ ® Impedance Functions [Row 12 | <unassigneds Element!-cHar Damped
*Frequency [+l ® Wattsivars Functions [Row 13 | <unassigneds Element :lahtag Dampec
[=] Meter Groups 4T+ Freguency Rowd 14 | <unassignecds Element?:lasng Diampedd
?-‘\-Ana\ogs Rove 15 | <unassignecds Element?:laTHD Dampecd
i 1-Digtals o 16 | unassignerd= Element!:taHar Ciamperd
- Zinalogs 1| | 1] [Ree 17 | <unassigned= Element 1 lohtag Damped | =
Trend
Show Channel Tree | Hide Tree | St mEr e | Close
1
Main Menu Config Edit I Reconds | Trends I Ewents Metering | Utiltizs I
TESLA Control Panel |Current [ED: TESLAVES |Connected Y

Figure 8.24: Trend Log Configuration

The TESLA recorder can log periodic measurements over an extended period
of time. Up to 60 values can be logged at intervals ranging from 10 seconds to
one hour.

All recorder channels and calculated values are available for trending. Event
messages can also be stored in the trend log, allowing them to be saved from
the normal circular overwrite of the Event Log.

The trend log accumulates data for up to 90 days. When it is full, it can either
be set to automatically overwrite the oldest data or to stop logging. A 'near full’
alarm function is available. The accumulation settings are defined in the re-
corder’s Utilities menu (see “Recording Control Settings” on page 7-6).

To configure trend logging select either New Trend from the Config menu or
New Trend from the right-click context menu in either the Channel Tree or El-
ement Tree.

The Scan Interval determines the frequency of data logging. It can be set from
10 seconds to 3,600 seconds (one hour).

Choose channels to be trended by clicking on one of the (larger) spaces in the
trend grid. Clicking on the arrow that appears, lists all the available channels
in the list box that appears adjacent to the space you originally clicked. Alter-
natively, use the selection tree that appears to the immediate left of the trend
grid. Use the tree’s expansion buttons to locate the desired channel, then drag
and drop your selection on the grid.
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8 Configuring the Recorder

You can control how the data is accumulated between logged values for each
trended value. The Process Options are as follows:

Trend Accumulation Modes:

Damped (default) Logs a value representative of the measurements during the inter-
val.

Undamped Logs the last value measured during the interval.

Avg Logs the average measured value over the interval.

Min Logs the minimum measured value over the interval.

Max Logs the maximum measured value over the interval.

You can record the same channel with more than one Process Option, but you
can not record the same channel with the same Process Option more than once.

When you have defined a trending process, a long-term event log is started au-
tomatically.

If you wish to have the long-term event log without trending any data, define
a trend without any channels in it. A daily limit of 1000 events can be stored in
the trend log.
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Printing

Printing a
Configuration

Printing a SCADA
Address List

Y& TESLA Contiol Panel - [Config Edit] HE

Hexlpagel FErrsae| NiEEeEey| NEuti Zuumgut| Close

Configuration Listing for TESLA, Unit 1, fle "c\Pragram FlleswaptcstalTESLA Unit 1\ConfigsiConmgDemo tis”

Identification
IED Hame Seftinas File  Seftings Date Settings Wersion

TESLA Unit 1 ConfigDemo  93Fek1110:0710 1

Device Serial Mumber Number of Barks  System Freguency

TESLA-2000-991110-05 2 &0

Comments

Dieme configuration fle

Recording Limits

Estemal Inputs Chatter Window  E| Chtter Recovery Time  Detector Chatter Window  Diet Chatter Recovery Time
0.025 0.025 0 01

Channel Group 1

Elements

Element  fnalogs  Digitals  Summations  Sequence  Impedence  Wattsiars  Logics  Fault Locstors
B2R 3 4 2 2 1 2 o o

B2R:Va

Elzmert Tvee Desc  Channel Module
B2R e 1 ACIEIV 2

Uit Scale  Scale Factor engle Offsst Rate of Changs Interval  Harmonic Numbsr
W T BIWPri=G3VEec O 0 2
Limit Delay Enakle Faut  Swing Log Moty Cross Trigger  Priorty  Alarm Contact

Hich Macnitude a0 ] 1 ] [ o o 1 -

Lo Magnitude 10 0 ] 0 i i i il 1 -

Meoative Rate of Chanae 04 2 a o a a a a 1 T

Positive Rate of Change o4 a0 a Q a a a a 1 -

Sinale Harmanic 10 1 i} il i] o o ] 1 -

Total Harmonic Distortion 20 1 o 0 1] 1] 1] o 1 - ~
4] | r
Page 1 [Curent IED: TESLA Unit 1 [Connected

Figure 8.25: Print a Configuration

Generate a Configuration print at any time by selecting Print Settings from the
File menu. The printed output follows the same general layout as the Element
Tree. Where applicable, the settings are given in secondary units. The excep-
tion is the Fault Location parameters which are given in primary units.

You can preview the printed output by selecting Print Preview from the File

menu.

Print Config function is also available under the Config menu.

MODBUS

The MODBUS address equivalents shows all of the functions defined in the
TESLA recorder (see “Modbus Functions” in Appendix D). Selecting the Print
MODBUS settings item from the File menu generates a listing that is configu-
rable—listing the full function names in Element-Function-Description format
along with the equivalent MODBUS addresses.

You can preview the printed output by selecting Print MODBUS Preview from
the File menu.

Print MODBUS function is also available under the Config menu.

DNP

The DNP point list shows all of the functions defined in the TESLA recorder,
(see “DNP3 Reference” in Appendix E) Selecting the Print DNP settings item
from the File menu generates a listing that is configurable—listing the full
function names in Element-Function-Description format along with the equiv-
alent DNP points.

You can preview the printed output by selecting Print DNP Preview from the
File menu.

Print DNP function is also available under the Config menu.
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9 Record and Log Management

Records

Record Lists

Record Filter

Record Summary

The Record management services are available from the Records tab, accessi-
ble from the Main Menu.

44 TESLA Control Panel - [Records] =[O x|

Fie Trigger Yiew Help

Record Fiter [¥ Get Remote Summaries Record Summary
Latest 25 Records | [ Get Remote Everts Record Name: DV 36 channel-2003-01-27-05:06:01.830.Hr
— sutopol ™ Record Type: Fault and Swing
Record version: 10 Record Priorty: 1
=~ OnlED Uit 1D DV 36 channel

==ADY 36 channel 2003 01°27.09:06:01. roon Trigger Time (Local): Mon Jan 27 2003 08:06:01 830
E= DY 36 channel-2003-01-27-09:05:42. Grop e

& DV 36 channel-2003-01-27-09:04:02.

Eovadmimins | s | || [00 SN RS = B 1E
ES DV 36 channel-2003-01-27-03:03:28, et el Dol 02: 2003-01-27 09:05:42 473 — Element 1:FF Ind Level
{5 DV 36 channel-2003-01-27-09:01:36. EEIEET 03: 2003-01-27 09:06:01 890 — Element 1:FF Ind Level
ES DV 36 channel-2003-01-27-09:01:26. | M0 04: 2003-01-27 09:06:02 440 — Element 1:PF Ind Level

: 05. 2003-01-27 09:06:10 798 — Element 1:FF Ind Level
Es DV 36 channel-2003-01-27 Sos 06: 2003-01-27 09:06:12 .207 — Element 1:PF Ind Level
ES DV 36 channel-2003-01-27-08:59:32 07. 2003-01-27 09:06 .20 857 — Element 1:FF Ind Level
% DV 36 channel-2003-01-27-08:59:17. 08 2003-01-27 09:06.22 090 — Element 1:FF Ind Level

DV 36 channel-2003-01-27-08:59:12. _|

[£2 DV 36 channel-2003-01-27-08:57:20.
[z DV 36 channel-2003-01-27-08:57:09. Delete
& DV 36 channel-2003-01-27-08:56:58.
& DV 36 channel-2003-01-27-08:54:52.

Refresh
j r -
Trigger Fault | Trigger Swing ‘ Trigger Both ‘ Repmihigsa(E U0 100% Close ‘
W 2in Meru Recods | Trends | Events | Metering Utiitiess Corfig Edit
TESLA Control Panel Current [ED: TESLA Demo Unit Connected

Figure 9.1: Record Listing

The left side of the Records tab shows lists of records for the current IED or-
ganized by date. Expanding a date entry shows On IED and Local headings.
Records presently on the recorder are shown under the On IED heading. Re-
cords that have been previously transferred to TESLA Control Panel are shown
under the Local heading. Records on the I[ED that have not been transferred to
Control Panel are shown in bold-face. If working offline, only local records are
shown.

The list of records displayed is controlled by the Record Filter control. The fil-
ter applies to both On IED and Local record lists. The time taken to access the
directory can be controlled by selecting an appropriate number of records in
the Record Filter.

Note that if additional recordings are created through the Trigger Fault, Trig-
ger Swing or Trigger Both buttons, these new records do not displace the ear-
liest fetch/displayed file records in the tree.

Record timestamps are received from the recorder are in UTC and
are converted to local time using the Time Zone and Daylight Saving
settings of the computer running TESLA Control Panel

The right side of the Records tab shows summary information on the selected
record. The summary includes the list of events which occurred during the
time-span of the record from the recorder’s event log.
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9 Record and Log Management

Get Remote
Summaries/Get
Remote Events

Autopoll/Autoprint

Graph

Get from IED

Get from IED and
Delete

Save As

Export

Delete

Rename

For cooperative group records, the event list cannot be displayed until the re-
cords have been transferred to TESLA Control Panel and combined.

When both Get Remote Summaries and Get Remote Events options are
checked, Control Panel accesses and displays the corresponding recording in-
formation in the Record Summary and Events sections of the right-hand pane.
You may eliminate the delay involved in accessing this information by dis-
abling the corresponding check-boxes.

When Autopoll is checked, Control Panel will periodically (default 60 seconds)
poll the connected TESLA recorder for new record files and automatically
transfer them to the local computer. Newest records will be transferred first,
and only one new record will be transferred at each poll. Checking Autoprint
will cause each transferred (via Autopoll) record file to be automatically print-
ed on the default Windows printer using RecordGraph’s default template.

Note that the Autopoll and Autoprint states are not persistent; if Control Panel
is disconnected from the recorder, both Autopoll and Autoprint become un-
checked.

Records can be viewed with RecordGraph, ERLPhase’s interactive graphing
software. To launch RecordGraph, select one or more local records and select
the Graph button.

Selecting a recorder file under On IED and then selecting the Get from IED
button causes a record file on the IED to be transferred from the recorder to
your local computer. More than one file can be transferred at the time using
Windows file selection function (Control/Shift + lefi-click). This action will
not delete the record on the IED.

The Get From IED and Delete button erases the records on the recorder after
they have been transferred to Control Panel and verified.

When connected to a cooperative group, Get From IED automatically transfers
the corresponding record from each group member and combines them into a
single group record (“Record Export Utility” on page 12-1).

Selecting a local record and selecting the Save As button copies a record to a
specified file. The .tlr file suffix should be retained.

Selecting a local record and selecting the Export button launches the Export
Utility. Records can be exported in common formats such as COMTRADE for
use in other software or playback, for details see 12 Record Export Utility on

page 1.

The Delete button can be used to delete records on the IED or locally. More
than one file can be deleted at a time using Windows file selection functions
(Ctrl/Shift + left-click).

Select Rename to allow a local record file to be renamed. Records on the re-
corder cannot be renamed.
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9 Record and Log Management

Refresh

Trigger Fault/Swing/
Both g

Recordings on IED

File>Select Remote

Selecting Refresh updates the Recordings screen. It checks the local directory
and the remote IED (if connected) for new and stored files, updates Control
Panel’s records database and refreshes the screen.

The recorder can be manually triggered to generate different types of records.
Trigger Fault creates a high speed transient recording. Trigger Swing creates
a low speed swing recording. Trigger Both creates a combined record.

Note the Swing records may take up to 15 minutes to generate depending on
the recorder’s settings.

Shows the number of records stored on the recorder and percentage of record-
ing space used.

This function is available through the On IED menu. If you are online with
your TESLA, this function selects all of the recording files displayed in the re-
cord list that have not yet been transferred to your local Recordings directory.
You may then perform whatever command is appropriate for the selection set,
such as a Get from IED or a Get and Delete from IED Command.
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9 Record and Log Management

Trend Log

Range of Dates

Trended Channel

Trend Summary

Events

The trend manager services are available from the Trend item, accessible from
the Main Menu.

TESLA Control Panel - [Trends] =] 3]

Edit  Wiew Help

Range of Dates for - Trend Sumimary

Trends and Events: Local Files: O byles
Fram | 2M1/2003 j Remate Files: 2204 bytes
Tranzfer. 2204 bytes
To. | 2H42003 j Trend Status: ACTIVE Trend Days: 22

~Event:

- 2003-02—11 11:25:01.000 — Trending-Lc |
2003-02-11 11:38°13.000 — Manual trig
- Frequency2{Lindamped] 2003-02-11 11:56:39.000 — Manual trig
B Element 1 2003-02-11 11:59:36.000 —— Manusl trig
2003-02-11 13:53°45 000 — Manual trig

Trended Channels:

2003-02-11 13:54:20 000 —— Manual trig
2003-02-11 13:55:37.000 —— Manusl trig
2003-02-13 12:25:38.000 —— Manusl trig
2003-02-13 12:26:26 000 — Manual trig
2003-02-13 12:27:12.000 —— Manual trig
2003-02-13 12:28:22.000 —— Manusl trig

| _>ILI

et Today's N
I Get | GetDelete | Graph | Delete ||7 Everis u Trends Prirtt Everits: Close |
tain tenu Records Trends I

TESLA Contral Panel [Current IED: DY 36 channel |Connected 4

Figure 9.2: Trend Listing

Set the time range using the two date control boxes, From and To. The initial
setting is for the previous three days. When you change these settings, the re-
mainder of the display updates to show data pertinent to your chosen period. If
you are connected to a TESLA, both local and remote data are combined in the
tree; otherwise, the display shows only data resident on your local computer.

The tree on the left side of the screen shows the channel names of the trended
data available for the period you have selected. You may select any number of
channels from the tree for further operations.

Select more than one channel by using the Ctrl and Shift keys in conjunction
with mouse clicks and arrow keys.

The Trend Summary section of the screen shows statistical information about
the files you have selected. Local Files indicates the amount of space used by
the selected trend files on your local computer. Remote Files indicates the
amount of space used by the selected trend files on the IED. Transfer refers to
files that are on the IED, but not on your local computer, and represents the to-
tal amount of bytes in stored trend files that would be transferred before further
processing takes place.

The Events section of the display shows all the events recorded during the pe-
riod of interest set with the range of dates
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9 Record and Log Management

Get, Get/Delete

Graph

Delete

Get Events

Today’s Trends

Print Events

When you click Get all of the trends not previously transferred are transferred
to your computer. If you select Get/Delete, all files successfully transferred
from the IED will also be deleted from the IED.

The trend data selected in the Trended Channels list is viewed with Record-
Graph, ERLPhase’s interactive graphing software, for details see 11 Graphing
Records on page 1. Any selected trend data not already in your computer is
transferred prior to graphing.

The trend data selected in the Trend Channel list is removed from your com-
puter. If you are currently connected, you have the option of removing the data
on the [ED files as well.

Each time you change the Range of Dates, the list of events on the right side of
the screen is updated. If you are not interested in this action, remove the check
mark from the checkbox.

If the Range of Dates includes data that is currently being recorded, some of
the data may not be in a form suitable for transfer to Control Panel. If this
checkbox is selected, Control Panel will send a request to the IED to convert
the most recent data so that it can be transferred. The time that this takes may
be significant, and if you do not have a need for this data, the feature may be
disabled by removing the check mark from the check box.

The list of events in the Events portion of your screen is printed.
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9 Record and Log Management

Event Log

Circular Storage

Event Messages

The event log services are available from the Events tab, accessible from the
Main Menu.

4= TESLA Control Panel - [Events]
Fie Edi Yew Help

Lins [ Tine [ Event -~

" MainMeru_ Events

TESLA Control Panel 0,08 Current IED; TESLA3000 IP94 Getting Events

1 2012Junlé 23:57:55.000 Trending Long-Term Event Log alarm activated
2 2012Junl3 10:10:57.000 Connected to RecordBase on attempt 1

<) 2012Junl13 10:10: 48 000 Received RecordBase swing trigger for 10:09:42
4 2012Jun13 10:09:42 000 Swing cross-trigger via RecordBase

5 2012May31 14:24:27 000 Connected to RecordBase on attempt 1

] 2012May31 14:24 16 000 Received RecordBase swing trigger for 14:23:28
7 2012May31 14:23:28.000 Swing cross-trigger via RecordBase

8 2012MaylS 23:01:04.000 Connected to RecordBase on attempt 1

El 2012Mavls 23:00:58.070 TestIP94:Va:Wal High Hag

10 2012May09 13:57:17 000 Connected to RecordBase on attempt 1

11 2012May09 13:57 11 045 TestIP94:Va:¥al High Mag

12 2012May09 10:26 05 000 Connected to RecordBase on attempt 1

i ] 2012May09 10:25 68 512 TestIP94:Va:¥al High Mag

14 2012May08 16:25:58.000 Connected to RecordBase on attempt 1

15 2012May08 16:25:04.173 TestIP94:Va:Val High Mag

16 2012May08 16:24:52 000 Connected to RecordBase on attempt 1

37 2012May0s 16:24 45 248 TestIP94:Va:Val High Mag

18 2012May08 13:07:22 000 Connected to RecordBase on attempt 1

19 2012May08 13:07 14 BRE TestIP94:Va:¥al High Mag

20 2012May07 11:49:43 000 Connected to RecordBase on attempt 1

21 2012May07 11:49:35.524 TestIP94:Va:Val High Mag

2z 2012May0S 12:12:37.000 Connected to RecordBase on attempt 1

23 2012May0S 12:12:30 766 TestIP94:Va:Val High Mag

24 2012May0d 13:40:57 000 Connected to RecordBase on attempt 1

25 2012May04 13:40:50 516 TestIP94:Va:¥al High Mag

26 2012May03 15:16:00.000 Connected to RecordBase on attempt 1

27 2012May03 15:16:653 499 TestIP94:Va:¥al High Mag

28 2012May01 15:02:25.000 Connected to RecordBase on attempt 1

29 2012May0l 15:02:17.757 TestIP94:Va:Wal High Hag

30 2012Apr26 13:51:30. 000 Connected to RecordBase on attempt 1

31 2012Apr26 13:51:23 391 TestIP94:Va:Val High Mag ~

Ease | Refesh | Pint Clos=

Figure 9.3: Event Log Display

The recorder maintains a log of time-stamped events. Event messages can be
produced by any of the recorder’s detectors if configured to do so.

Event messages can also be viewed in the Record Summary and
Trend Summary displays

The Event Log stores up to 250 events with automatic overwrite of the oldest
event. For greater event storage, or to prevent automatic overwrite, the record-
er’s trending function can also be used to store event messages.

The text of an event message is derived from the configuration of the detector
that generates it.

The general format for event message is:

Date Time ElementName.Type.Description Detector State

where:

* ElementName is the user-assigned name of the element associated with this

channel

ChannelType describes the member of the element or the type of channel
which the detector is monitoring

Description is user-assigned text available to further identify the detector
Detector is the type of detector

State indicates whether the detector is picking up or dropping out. In the
case of external inputs this text is user-assigned to accommodate different
external devices.
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9 Record and Log Management

Printing Event Log

Controls

Example of an event message from an External Input detector
2005 Jan 12 20:44:33.672 Line #1.E1.BRKRI-a open

Example of an event message from a high analog level detector:
2005 Jan 12 20:44:33.650 Line #1.Va.High Mag active

You may print or copy to clipboard all the events that are in the Event Log.
Right-click or choose from the menu bar to print event logs while connected to
the IED.

The event display is a static snapshot of the contents of the event log.

You can use the buttons at the bottom or a right-click to access these functions.
In addition, print commands are available under the File menu, a copy com-
mand is available under the Edit menu, and a refresh command is available un-
der the View menu.

Copy Copies the event list to clipboard for pasting to other programs,

Refresh Updates Event List by getting a new list from remote IED and updates
the Event List screen.

Erase Removes all events from remote IED.

Print (bottom button only) Prints all the events (up to 250 events) to a local

printer.
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10 Continuous Disturbance Recording

Configuration

Continuous Disturbance Recording (CDR) implemented in the TESLA 3000
recording system allows you to gather power system disturbance data to review
and analyze transmission and generation protection systems. The TESLA 3000
recording system incorporated CDR for NERC standards requirements, in-
cluding user-selectable recording channels and user-selectable recording sam-
ple rate.

NERC Standards:

1 Standard PRC-018-1 — Disturbance Monitoring Equipment Installation and
Data Reporting

2 Standard PRC-002-1 — Define Regional Disturbance Monitoring and Re-
porting Requirements

The CDR feature incorporated in the TESLA 3000 Recording System meets
and exceeds the requirements of NERC Standards as represented in the follow-
ing table.

The continuous disturbance recording data retention period depends on the
number of selected channels and on the selected sample rate. Estimated con-
tinuous disturbance recording data retention periods (in days) for various com-
binations of channel numbers and the sampling rates are shown in for details
see Figure 10.2: Configuring Continuous Disturbance Recording on page 2.

The general configuration screen is reached from the Configuration branch in
the main screen; the main Continuous Recording screen is reached from the
Continuous Recording branch, see for details see Figure 10.1: Main Screen
showing the Continuous Recording Branch on page 1.

T, TESLA 3000 Control Panel - [Main Menu] =[]
File Wiew Help
—=elect [ED
Records
Trends ) 3000 Internet Diemo =] comest |
- Caontinuous Recording
- Events Edit
-~ Metenng
o Ubilbies Delete
Configuration A Mew
| Exit |
Main Menu I
TESLA 3000 Control Pane! |Current IED: T3000 Internet Deme Mot Connected 2

Figure 10.1: Main Screen showing the Continuous Recording Branch

Selecting Configuration from the main menu of the TESLA Control Panel
shows a configuration view. If the Continuous Disturbance Recording is not
configured, right-click and select New CDR to display the continuous distur-
bance recording channel configuration view.
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10 Continuous Disturbance Recording

CDR Sampling
Rates

Number of
Continuous
Disturbance
Recording Channels

Data Storage and
Retention Period

#{l; TESLA 3000 Control Panel - [Config Edit] ] = [=] b
File Edit Config Yew Help
Element Tree
"dentiioation r—Continuous Disturbance Recording (CDR)
= Charinel Group 1 EEmEE Hofe I Records /second f channel
) COR 32 B - = [RMS zamples / second fchannel)
Analog Inputs
requency 1 Estimated Retention Period [days) 11
i Frequency 2
Meter Groups
Trend G _A||Phasor:|Selected Channels -
“CDR Ol [ CDR Z2%aal
El-® Analog Inputs 2 CDR 32:Whivh2
et waval | [ COR 3ZYoved
Wavad 4 COR 32Waal
Waal 5 CDR 32Whivh2
Warald E COR 2ol
Waalld 7 COR 32Waal
Waall g CDR 32Whivh2
Wavald g COR 2ol
Yaval2 10 COR 32Waal
| Showe Channel Tree | Hide Tree | Stimwy: Primars: Units ﬂl
1
bd ain ke Config Edit I
TESLA 3000 Control Panel |Currert TED: WERCLLE [Connected 5

Figure 10.2: Configuring Continuous Disturbance Recording

Select channels from the tree view by dragging the channel name and dropping
it on the selected channels grid view on the right hand side or by selecting a
channel from the list in the grid view - a maximum of 36 channels can be se-
lected.

Select the continuous disturbance recording rate from the Sample Rate list box.
Depending on the system frequency, the list box is filled with available sample
rates. Selecting channels based on the current Sample Rate, displays available
data retention period in the read-only Estimated retention period (days) display
box.

The following table shows the available sampling rates at the corresponding
system frequency.

System Continuous disturbance recording sample rates (RMS records/
Frequency second/channel)

60 Hz 6 10 12 15 20 30 60
50 Hz 5 - 10 - - 25 50

The number of continuous disturbance recording channels is user-configurable
and limited only by the number of analog inputs available at any given time ac-
cording to the analog input sampling rate as shown above. Only analog input

data and frequency channels are stored; use RecordGraph software for derived
channels, such as watts, vars, etc.

A 4-gigabyte flash drive is required for continuous disturbance recording to
work. If TESLA 3000 firmware with continuous disturbance recording support
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10 Continuous Disturbance Recording

Continuous
Disturbance
Recording Status

Continuous
Recording Screen

is installed on a unit without the designated continuous disturbance recording
partition, continuous disturbance recording will be disabled.

Continuous disturbance recording data retention period depends on the number
of selected channels and on the selected sample rate. Estimated continuous dis-
turbance recording data retention periods (in days) for various combinations of
channel number and sampling rate are displayed in TESLA Control Panel’s
Configuration screen, for details see Figure 10.2: Configuring Continuous Dis-
turbance Recording.

After all storage space designated for the continuous recording data is con-
sumed, the oldest data is automatically deleted and released storage space is re-
used to store newly accumulated data. There is no indication about recycling
of the continuous disturbance recording data storage space provided.

The status of continuous disturbance recording and the time interval for each
unit that has continuous recording data accumulated is displayed in TESLA
Control Panel’s Continuous Recording and Utlities>Recording screens. The
following Status types are possible:

* NOT SUPPORTED: TESLA does not have enough storage to support CDR
* NOT CONNECTED: not connected to TESLA

» ACTIVE: CDR active, normal operation

» DISABLED: CDR is not configured

* ALARM: CDR storage corruption

In the case of the Alarm status of continuous recording, an appropriate message
is logged to the Event Log.

Selecting the Continuous Recording branch in the left-hand side tree brings up
the Continuous Recording Screen below:

Ti}, TESLA 3000 Control Panel - [Continuous Disturbance Recording] i -1o] x|

Elle  Wew Help

—Record Summary ~Dala Summary

Record Mame: | 2008-01-31-15.24 LOO1 e Status: [&CTIVE

Record Type: Cortinuous Disturbance Record
Record Yersion: |10 Record Priority: ID

Records from NERCT16
= 2008-01-31 Start Date Length

B Local
2008-01-31-15.24 ‘rear: | 2008 ST Minutes: | 1 1.30
e 01-31-15.24.L007 Gran | inutes:

Marith:

1|
Save ds | Day: |31 1-31
Export :
LI Winute: |25 059

Retention Period From: | 2008/01/29/ 516 Too I 200801 7311 601

~Record Retrieval Reouest

Delete |
Rename | Get Erase

| Cloze
Wain Mer ConfigEeit Contiuaus .

TESLA 3000 Control Pane| [Current IED: MERCILE [Cannected 4

Figure 10.3: Continuous Disturbance Recording Screen
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10 Continuous Disturbance Recording

Get Entering appropriate parameters in the Record Retrieval Request sec-
tion and selecting the Get button retrieves and saves a CDR record to
the local disk.

Erase Selecting the Erase button erases all CDR data on the TESLA recorder.
A confirmation dialog is displayed before this action is carried out.

Record Retrieval Enter year, month, day, hour and minute information in the start date
Request Section, and a Length for the requested record. These fields are pre-
filled with a time that is computed from the To time minus the initial
Length value.

Graph Launch RecordGraph with the selected record or records.

Save as Brings up a dialog to save the selected record with a new name and/or
location.

Export Brings up the Export utility to export the selected record in a different
format.

Delete Deletes the selected records from the local file system.

Rename Allows the user to rename the record keeping the original file extension.
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10 Continuous Disturbance Recording

Safe Shutdown Since data is being continuously written to the storage device, it is important
Mode to follow a safe shutdown procedure. This will ensure data integrity.
A new command Safe Shutdown Mode is added to the maintenance menu and
to the TESLA Control Panel Utilities screen.
"}; TESLA 3000 Control Panel - [Utilities] O 1ol x|
File Help
High Speed Recordings Low Speed Recordings
Trigger Mode: (+ Edget  © Duration
Sample Rate: 5760 samples [ second Sample Rate: 60 samples £ second
Pre-trigger Time: |02 0-1 seconds Prerigger Time:| Y 0 - 120 seconds
Mormal Record Length: |10 0.2 - 15 seconds Mormal Record Length: | 120 110 - 900 seconds
Madmum Record Lenath: | 10 S S AT Maximum Record Length: | 120 120 - 1300 seconds
Trend Recordings
’V Sample Rate: 300 =zeconds [ zample
Continuous Disturbance Recording (CDR)
Recordsisecondichannel
’7 Sample Rete: 60 [RMS samplessecondichanne!)
Storangs
Storage Alarms
Accumulstion Mode Status Alarm Limits: Enabled Contact
High/Low: Speed: Im when ful - ACTIVE lﬁn—%run r 5
Trends: |,qecyc|E vl wher ful - ACTIVE a0 days accumulated | -1
CDR: W ACTIVE hot applicabls for COR data
1T I 1 = h ing /\ Tims }\__ Analog Input Galibration _}, Moty _}, Passuors
Save To Base Memory... | Safe Shutdown... | cancel | SEVE | Close |
tain btenu Lltilities I
TESLA 3000 Control Panel Current IED: NERC116 Connected v
Figure 10.4: Utilities
The command Safe Shutdown Mode is available only at the service access lev-
el for TESLA Control Panel or via Port 1 login for maintenance utilities. When
the command Safe Shutdown Mode is used, all TESLA 3000 application tasks
are stopped ensuring all accumulated data are written out to the flash drive, all
open files are closed and the file system status is updated. The front panel Test
Mode and Alarm LEDs start blinking indicating that it is safe to turn off the
unit. The unit stays in the safe shutdown mode for 15 minutes and then is re-
booted automatically. The Event Log will maintain a record of all received
Safe Shutdown commands.
Handling All accumulated continuous disturbance recording data is discarded every time
822292;31:'0“ new settings with modified continuous recording configuration are loaded on
9 TESLA 3000. Continuous recording configuration includes sample rate, ana-
log input configuration, continuous recording channel selection and order.
if changes to existing settings are made and user attempts to load them into the
TESLA, the following dialog will appear:
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10 Continuous Disturbance Recording

Warning on CDR data x|

& Existing Continuous Disturbance Recording (CDR) data may be ERASED
\y if any of the Following changes are made to the configuration:
1. COR sample rate
2. iCDR. channels
3. Analog Input channel configuration

Do vou wish bo continue
Cancel |

Figure 10.5: Utilities Screen showing Safe Shutdown button
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11 Graphing Records

Getting Started

RecordGraph is a tool used to display and analyze records from ERLPhase re-
lays and recorders. Use it to graphically view the data recorded during fault,
swing and trend modes. RecordGraph is integrated with TESLA Control Panel.

Launch
RecordGraph from
TESLA Control
Panel

Method 1: Records

proceed.

1 Open TESLA Control Panel by double-clicking on the TESLA icon on your
desktop. If the application is not installed, install the application and then

2 Double-click on the Records item in the tree list or select Records and use

the Enter key.

3 Using the Records tab, select a local record from the tree list.

Click the Graph button.

Double-click Records
or use Enter key.

{5 TESLA Cantrol Panel - [Main Menu]

~=1olx|

o Events
i Metering
- Utilties

Fle Vew Help
Select IED
’V [rEsLa pemo Unt

j Connect
Edit

+ befzrion| |10 the Records tab, select

File Trigoer

o "
. Click on Graph button to launch
a local record from the tree list,| RecordGraph.

TETT

Record Fiter [ et Remete Summaries
Latest 25 Records. T ¥ |zet Remote Everts

I |sutopan T~ Actoprint

~Reghrd Sunmary ————————————————————
card Hame: DV 36 channel-2003-02-04-11
Record Type: Fault and Swing

Fecords from DY 36 channel
20030213
20030211
B 20030204
B OnlED
¥ 0V 36 channel-Z0013-02-04-16:32:35 9591
{55 DV 36 channel-2003-02-04-18:32:34 217
{2 DV 36 channel-2003-02-04-18:32:30.600
{2 DV 36 channel-2003-02-04-18:31:18.352
{2 DV 36 channel-2003-02-04-18:29:17 653
{52 DV 36 channel-2003-02-04-18:29:15.367
-E2 DY 36 channel-2003-02-04-16:29:11.317
. -E2 DY 36 channel-2003-02-04-16:26:05.584
— -E2 DY 36 channel-2003-02-04-18:27:33.750
TESLA Contre -2 DV 36 channel-2003-02-04-18:27:27.459
{5 DV 36 channel-2003-02-04-18:26:31 817
[ DV 36 channel-2003-02-04-18:26:07 975
{5 DV 36 channel-2003-02-04-18:26:07.175
{5 DV 36 channel-2003-02-04-18:23:03. 867
{2 DV 36 channel-2003-02-04-18:22:52 667

Record Yersion: 10 Record Priority: 1
Uit i DV 36 channel
. f
crag Trigger Time (Local: Tue Feb 04 2003 18:32:35 ¢
0. 2003-02-04 18:32:30 600 —
Getirom [ED 01: 2003-02-04 18:32:34 217 —
T 02: 2003-02-04 18:32:35 353 —
from EED

Seve A5
Exporl

Delete

=1

Eename

Refresh

’ Trigger Eaunl Trigger §wm| Trigger Both |REW""”gs anED:

1010
1002 Close

Main Menu Fecords | Trends |

TESLA Cartral Panel

|Current IED: DY 36 channel \Connected Y

Figure 11.1: Launching RecordGraph from TESLA Control Panel

When the Graph button is clicked from the TESLA Control Panel, Record-
Graph is launched with the selected record.
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11 Graphing Records

Method 2: Auto Print

If the Auto Print option is checked (enabled) in the Records list view, then Re-
cordGraph will be automatically launched and prints the channels directly on

to the Default printer. The layout and channel information is predefined in the

<Default> or User-defined template.

Method 3: Trends
1 Double-click Trends from the Main Menu.

2 Select the record from the list. To select multiple records, press Ctrl key and
click on the desired records.

3 Select the Graph button at bottom of screen.

Double-click Logging

(Trgnds/Events) from Select a record.
Main Menu.

|Click the Graph button.|

IRecordGraph Window I—
Figure 11.2: Launch from Logging (Trends/Events)
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11 Graphing Records

Launch 1 Open Windows Explorer.
RecordGraph from
Windows Explorer

[\

Select a record. (It should have valid extensions, *.lpr, *.Ipl, *.tpr, *.tpt,
* tlr, *.bpr, *.bpl, *.fpr.)

3 Right-click the selected record.
Choose, the RecordBaseView>Launch Graph option.

Select a record (should have
valid extensions: *.lpr, *.Ipl,
*.tpr, *.tpt, *.tlr, *.bpr,*.fpr).

\Program Files', APT"data', TESLA Demao Unit'Records ;Iglil

Fle Edt ‘View Favortes Toos Help
sk + 5 - (3] | @ssarh ‘%Fnldars A E 0 x| E
Address [ C:1Program Fies|APTidata|TESLA Dema UnitiRecords | @ao
Folders x| | Mame | Sizel Type
= " . p———
7 o s Bl i [0
1 Access 97 Runtime Fecordenne | It — File
. Add Record 4
-] Accessories Sican For Yiruses. ..
; Export
-] Adobe Open With. ..
=1 apT ) Add to Zip
{1 B-PRO Settings ) Add to recorddemoZ.zip
=0 data 5)2ip and E-Mail recorddemd ™ —
-] TESLA Dema Uit —— | Right-clicking on the record
T Send To h
{1 configs -~~~ Ibrings up the context menu
| Records an with the RecordBase View
-] F-PRO Offliner Settings — Copy item
-] Helpbocs - :
Create Shortcut
#-] L-PRO Settings
Delete
7] Product Update
Rename

5] RecordBase Server
£ RecordBase Yiew Properties
20 | RecordGraph

0] TESLA Control Panel
- T-PRO Offliner Settings
2] caers

-] Canon

+l-{_] Comman Files

i1 ComPlus Applications ||« | |

[
[E
e
[E
[
[

& E-E-E

3 |

Figure 11.3: Launching RecordGraph from Windows Explorer
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11 Graphing Records

RecordGraph
Components

* Main menu items
» Tool bar buttons

* A drop-down box lists the templates associated with the current record’s
IED

* A left-hand side pane (LHS) or tree view lists the names of records to be
displayed or analysed

* A right-hand side pane (RHS) displays the graphs in various views. Initially
a single blank screen appears.

* A right-click context menu on both the LHS and RHS pane.
* RecordGraph version is displayed in the Help>About RecordGraph.

Main Menu

Template List

||l|||| |||||'|I IIIE||I fl'u,- i

Scale: Sacancany

T
LHS pane RHS Pane shows graphic display

(Tree View)
lists records

Figure 11.4: Components of RecordGraph Window

11-4
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11 Graphing Records

Menus

BiRecordGraph
Ifile View Graph

I\I/Ieasure

Scale
'

H
y Add... '
Delete H
Save Template Rename Tab E
Save Template As... Titles... :
Template Manager... Copy to Clipboard |1
Print... Save as Metafile... |1
Print Direct Show Channel List |
Print All Line :
Print Preview... Toolbar '
Export... H H
Delete : :
Show Record Summary. E E
Import... : '
Exit H
\

Figure 11.5: Menus

Change Scale (Y-Axis)

Options

Help

Set Graphs Per Page »
Add Analog Graph

Add Digital Graph
Delete Graph

Move >

Copy Trace

Paste Trace

Delete All Traces

Copy Trace Data to
Clipboard

Change Trace Color...

Active Trace Information.

\

=m0

Markers
CrossHairs

Primary
Secondary

Time Alignment

Absolute Time
Fundamental RMS

True RMS

Harmonics

Symmetrical Components

Ty —

User Manual
About RecordGraph..
Show Hotkeys...

Calculate Derived Channels Now...

Show Grid

Show Legends

Lock Markers

Show X Axis Ticks

Show Trigger Markers

Extend Print Range

Set Phase Colors...

Set Precision
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11 Graphing Records

RecordGraph Menu ltems

File Menus

File>Save Template

Scale OptionsHelp

=lolx|

Pirt
Print Drect evab
Pint Al
Print review.
Export
Dtz lovab
o Record ey
Ingart, .
Ext
TRIRER Vac/ab

A, TREBXK I

A, TRABK

A, TREEX b

A, TREEX

A\, MiscIn TRIBCDX Ir

A, Miscn TRIZABX In

A, MiscInTRIZABY In

A\, TRABEY Vacah

A, TR4BYIn

A, TR4BY e

A\, TR4AB-Y.Ib.

A, TR4BYla
Urit4Ya Uit 8Va

A\, Unit 4b Unit 4b.

A Urit4Ve it aVe

—D P R E T R Y e e N etk

4|

vecordemo - 1939-06-25 1.26:31 434 - Digtl inELG6L2 ExtInput Trippect
Unit 4 Va4 va 20K -
Boswel
19981125 18:24:31 484028
i€ Shon
150K
100K
S0k
0o
50K
100K
150K
200K -
Seconcts Q0 omm 00 00W 010 0420 0440 0180 01w
Kl — 1]
N\ Timetine |
0afie Scale: Frimary 7

Save the curment graphicsllsyout informetion ik

Figure 11.6: Save Template

Use this option to save the current graphical layout information to a file (see
“Templates” on page 11-56 for further explanations on templates and their role
in graphical analysis).

When this option is chosen and if there are no templates in the template list,
then a Save As Template dialog box is displayed. Otherwise, the current layout

information is saved in a file as shown in the template list box.

File>Save Te

Fle Vew Graph Messure Scale_Options

mplate As...

Help

=1o] |

FERENETs 51 = 5 2| Jlel Elhls] X] alelle] 8] i o] &) 1] slal 2[([@

=5 recordemol tr

igh Spesd Channek:
Anaog

7\ TRACDXVaciiab

A, TRACDXIa
A, TRACDY.VacVab
A, TRACDIn
A, TRACDYc
A, TRACDY 1o
A, TRACDIa
7, TRIABKVacya
A, TRUABKIn
A, TRIABKIe
A, TRIABXIb
A, TR4EKa
A, MiscInTR1ECDX Ir
A, MiscInTRIZABX In
A MicInTRIZABY In
A, TRIABY Vacya
A, TRUABYIn
A, TRIABY e
2, TRIABY b
A, TRAABYIa

Uit 4vallrit 4 Va
A, Unit 496t & Vb

4

yyyyy oot t - 1899.05-25 15:24:31 434 - Dighal ImELBU2 ExtInput Trppect

Unit 4.vaLUnt 4 va 200

Boswel
1899/un125 18:24:31 484028
¢ Shop

150K

100K

Mame Untitled_LPRO

[~ Saveas default template:

Cancel

%]

150K

200K

el

JET] —

00 0o  oGw  oGw  0fm 020

0140

0t om0

5]

Figure 11.7: Save Template As

Scale: Primary 4

Save the current graphical layout information in a different file. A dialog box
is displayed to choose the template file name. The check box, save as default
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11 Graphing Records

template, if checked, saves the current template as a user-defined default tem-
plate (see “Templates” on page 11-56).

File>Template Manager

= =10l x|
o T e e
u@lé <Default> - | B 2 dlal Bz x| alalsle] @) ] af o 4N @] 2| @E
"""" demol.te ordemot fir - 1993-06-25 18:24:31 484 -- Digital in:El: 85U2 Ext Input Tripped
ot R
Unit 4 Valnit 4 Va ZDDK] =
[ i
Ay TRACDXIn wseu 125 15:2¢ M -
/\/ TRACD K le. Ic ~Set:
A, TRACDKIb
A\ TR4CDRIa [ CProgram FilesiAPTRecordGraphiTemplate] Browse.
A TRACDrVacvab
Tompiae
B Py 5[
Aoty [Eawe]
oo C7 5t
Rrro st
arRoar_aron oupleat]
orrosiEsh
arRoi o
orrocss
BPRO_S0BF Delete
arRo-s0Br_o701
orRocsns
orro-atis.oror
BrRo-ith =g S|
R AT
 Regiseras defaut
nit " High Speed
U Ve AV
I . " Low Speed
A, UritdlaUnit4 la _impot. | P
A Urit4lb Urit4 Ib € Trend
A Uni m Uni m |
A MiscInTRIS
Ay Mise
e e E
MiscVacBus e -
N M\anatBusMth— Secte 0020 0040 00BD  00G0 0100 0120 0140 0160 0180
A, Urit 4¥ac Urit 4V = -
A, Ansloglrpus
« - | ﬂJ Ayimeiine_ |

Figure 11.8: Template Manager

Rename, duplicate, save as, import or delete template files. A dialog box is dis-
played to manage the template files (see “Templates” on page 11-56).

File>Print

Fle_View Gvavh Weasure Scde pinsop

CE N — I FTT ) RE EF EE E TN BT

=5 recordemol .t
High Speed Channels
Ando
A, TRACDRVacyab
A, TRACDK I
A, TRACDK e
A, TRACDK .
A\, TRACDH la.
A\, TRACDAY Vac¥ab
A\, TRACDY In.
A\, TRACDY e,
A\, TRACDY Ib.
Ay, TR4CDY Ja.
7, TRABX Vacl/ab
A, TR4BKIn
A, TRABc
A, TRABKb
A, TR4ABKa
A, MiscInTRISCDX Ir
A, Mise In TR17AB In
A, MiscIn TRIZABY In
A\, TRAABY VacWab

MiscIn. Tms:nv
A, MiscVac.Bus 46 Vbe
A, MiscVacBus 4F Vb

vecorciemo t  1999.06-25 162431 434 - Digtal INEFBEL2 ExtInput Tripped
Unit 4:va Uit 4 Va 0

Boswel
19991Ln2S 18:24:31 484028
ic shop

Hame:

Statur Ready
Tope:  Merow Document Cenne 420 PS5
Whee  Wroreg

Comment Herox uaing Pogticript ™ Pricttafis
Fred inge [
(] L T |

 Page: - .
B Rl

A Misc Ve, Bus 4 Ybe
A i an B ) v
Uit 43

’\/A St
Kl B

el

Figure 11.9: Print

‘Seconds 0.020 0.040 0.080 0.080 0.100 0120 0.140 0160 0.180
Ji] — =
" Timeins |
[scaleiprimary

Print the active (visible) view. Use this option to select the type of the printer
and other configurations associated with it through the standard print dialog

box options.
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11 Graphing Records

File>Print Direct

AR ecordGraph
Fle Vew Graph Messure

Scale Options _Help.

oh Speed Channels
Anelo Unit 4 va Unit 4 Va

A, TRACDX Vacviab Boswel

A, TRACDXIn fs5arkn2s 1524

A, TRICDX . 1€ Shon

A TRACDXIb

A, TRACDKIa

A TRICD Y acsh

A, TRACD In

A TRACDVIc.

A, TRACDY1b

A, TRACDY 15

A, TRABX Ve ah

A, TRAEX In

A, TR4BK e

A, TRABK b

A, TR4BX la

A MiscIn TRIBCDX Ir

A, MiscIn TRI7ABX In

A MiscIn TRI7ABY In

A, TRABYVacab

A, TRAEY In

A, TR4BY .

A, TRASBY b

A, TRABY o

A, UnitdVallritaVa

0.0k

150 n A
RecordGraph

1454028

Printing
Untitled
on the
WAPT_WPG1 erox Document Centre
on 192.168.100.201
Fage 3

FEEE e — e T R R e R S N e
28 )=

rrrrr oot fr - 1995-06.25 15:26:31 454 — Digal InEL96L2 Ext Inpud Tripped

A UnitdJbUnitd I
Unitd le

M

m

200K

onds 00 omo oo o

Al —

0100

01

013 o0 o1E0

>

W
W
A
W
) Mis
W
A
v

v
Andoglnpuds
J - || Ay rmerne |

Figure 11.10: Print Direct

Send the active view directly to the default printer. When this option is chosen,
the standard print dialog box is not displayed. The active view is sent directly
to the default printer for printing, but you can cancel the printing if the print

status dialog box is

File>Print All

iR RecordGraph

Help

displayed.

rncke

Aralog

A\, TRICDRVacab

) TRACDRIn

A TRICDRIc.

A TRICD X

A TRICDRIa

A TRICD Vacvab

A TRACDIn

) TRICD e

A TRACDC b

) TRICD 12

) TRABRVac e

A TRABRIN

A, TRaBK e

) TRaBK b

A, TR#BK A

A MiscInTRIECDX Ir
Misc InTRIZABX In

) MiscInTRIZABY In

) TR4AEY.Vac Ve

A, TR4EYIn

A TR4BYc

A TRaBYb

A TREBYa

= TR4CD-K,

A Uit d1b.Urit4 Ib

ST

rc

= TRACD-K.Vae Vet

= TRACD-V Vac Vel

.
Untitled
SAAPT_w/PGT'erox Document  Centre:

2
on192.168.100.201

Ee— L e P R P e e S S P e P N Kl

recordemo 1 - 1999-06.25 18.24:31 484 - Digtal nEL 86U2 Ext npt Tripped

I»

|«

*n 0100 0120 0140 o0fen 0160 0200 02 0240

B

<

ol
R 2] e [ | Ksmen | Agowy | B ]

Figure 11.11: Print All

Seale: Primary. )

Send all the pages of all the views to the default printer. Select this option to
print multiple views (visible and invisible) to the default printer.
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11 Graphing Records

File>Print Preview

Page 1

Figure 11.12: Print Preview

Display the print preview window of the active view page.

File>Export

Graph Measwre Scale Options _Help

H|=|E[S)| [<vefaut> = ml B 2] [J & Blrl=] | 2lelzie] = #le] 2] B N ] ]
EE=] 1= 'E:;mk B demo - 1993-06-25 162431 454 — Digital MELGEL2 ExtInp.t Trinped

Analog 20 ; ; xasmoy o
Ay TRACD Vs Vab i i o a1tk
A, TRACDKIn i i

B g
A Tadeo e e ? AU st

A, TRACDVIn
% ;zigg: 12 Select export file bype 1‘

7, TRACDY 1o
A, TRASBX VcVab
A, TR4B In

, TAUBX I | COMTRADE |
A, TRAB b

f, TRABBR Ia.
A, MiscInTRIECDX Ir ||| =unt4.vbunt <

A1 7208V

MiscIn TRI748 In
Py Mise.In TR1748 In
7, TRABEY.Vacab

A, TRABEY.In
Cancel |
= Unit 4.veLni & Ve : v
50K | ;
200K =l
Seconds -0.040 ,nnzné 0.000 &,nzn oo 00D 0oE0  0dp0 04 X -00102s
onoans
il »] somes
1l Ayoveray |
1 -

Figure 11.13: Export

Export the selected record to a user-defined format, for details see 12 Record
Export Utility on page 1.
File>Delete

Delete the currently selected record from the tree view. This option does not
clear the view associated with the record.
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11 Graphing Records

File>Show Record Summary

B dew grwh teae fede gptor feb e
BiEES| [ %) 7)o bl i) 2 slalele &) cdo] 2 of SN sle] 19
W| o

pestancivwTa - 20000671 Z208 30 £17 — Leiskar'Vee +ea Lew Mag
Craness

[Record Summary and Event List x|

Record Summary and Evert List

Record Narme: figure262hishspe edandswing ti
Tringer Time: 2002-Aug-31 22:08:20 417
Start Time: 2002-Aug-31 220800 417

Stop Tine: 2002-8ug-31 22:0900 417 Record Type: fauk and swing
Urit I DRAYTON 230 Station Name: DRAYTON
Serial Number: TESLA-2000-330318-10 Froduct TESLA

Trigger Event: 2002-Aug-31 22:08:20 417 - Letellier-Vseq +seq Low Mag.

Event List [Eoonts 17 s
01 2002-4ug-31 22:0820 417 - Letellier:Vseq +seq Low Mag

02 2002-4ug-31 22:08:20 417 - PrairieVseq +seq Low Mag
03 2002-4ug-31 22:08:20 450 - Letellisr:Ve:k L-G Low Mag

04 2002-4ug-31 22:08:20 450 - Letellisr:Varky L-G Low Mag

05 2002-4ug-31 22:08:20 747 - Letellier EOOS RZFAPT ON

06 2002-4ug-31 22:08:20 753 - Letellisr:EXDC REDUICTION ON

07 2002-40-31 22:08:20 &17 - XFMR #12lac:Polarizing High Mag

N 200271 22070 3 | elier Vi |- i s =

Prit_ | copy Close

D90
A.00
. .
il o | LS| Skt R s TR |

Figure 11.14: Show Record Summary

Display the record summary and the event list of the active record in a dialog
box.

File>Import

=10l x|
e er— PR DR e D N e

= recordemo 1t
High Speed Channels
Low Speed Chamnels

2
Lok j: | 53 L'PRD Settings =« &k E-

B

Filepame: | Open |
Files of type: | COMTRADE Files [*clg) =l Caneel

Figure 11.15: Import

Choose this option to import a COMTRADE file and display a standard open
file dialog box to select *.cfg COMTRADE files.

File>Exit

Exit the RecordGraph application. Save your graphical layout information be-
fore selecting this option.
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11 Graphing Records

View Menus

View>Add
Create a new view and add it to the existing layout (see “Views” on page 11-
32).

View>Delete

= 7 o] dlel Bl x| slalele] Bt o] Al +] Ble] <[] F

§|
[ RenameTab, sample TPR:
s votoge #1158 o 4
Copy to Clipboard B COYOTE SUB
e ——. B 2000NoVHS 130647 000000
w Show Che
o Tonbar o
/\/ ICZ-HY 5715
A 1831y 5603
/\/ 1B3-LYV 5603
] ICaLy 5603 25
AL Wy send ‘ ‘
le\‘ HHH‘ L
\
[l |H““”MM“‘MH‘
B =l
Se ok -025 000 025 050 075 100 1.25 150 175 200
al i3
N Timeline

Delete an active view from the layout

Figure 11.16: Delete

Delete an active view from the layout. When you select this option, a dialog
box appears to confirm the deletion of the view. If accepted, the current view

is deleted from the layout.

View>Rename Tab

-lofx|
TEle [ Yew Grooh Measre "
“ = El = o] Jls| Bl x| alelsle] @) gls] o] o] N wla| <@

Sample TPR

voltage 41158 1o

Tis.
CopytoClpboard B covore suB
Save asvetaFie.. P 2000ovi1513:06:47.000000
eI by Beiah, ND s
v show Chanmel List
line
© Taskar o
A, IC2HY 5715
A, 183LY 5603
A, 1B3LY 5603
Ay IC3LY 5603 s
A, 184LY 5604
e ‘ ‘ ‘ ‘ ‘ ‘ ‘
il Ml il

Renames this tab

P a—
e

Rename an ctive tsb - replaces the name on the view tab

Figure 11.17: Rename Tab

Replaces the name on the active view tab with one of your choice. A dialog box
appears to enter the name.
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11 Graphing Records

View>Titles

-lolx|
are. gede ptns_tiep
- s =1 = = S 15722 ol 8 S e Y - S e
oo TPR

| AT :

x|
© Simple @ Special

‘ R20364-2000-11-08 042667 313 0pr: - ‘

& maimum of & items can be selected from the options list
Selected ltem(s) I ‘

Record name ‘
Trigger event

sssss

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

Figure 11.18: Titles

Select graph and view titles options to compile titles and various options (see
“View and Graph Titles” on page 11-62).

View>Copy to Clipboard

Copy an active view to the clipboard for import to another program such as MS
Word or Excel, for details see 12 Record Export Utility on page 1.

View>Save As Metafile
Save an active view page as a Windows metafile, for details see 12 Record Ex-
port Utility on page 1.
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11 Graphing Records

View>Show Channel List

=18l
TFie |viow Graph Measre Scsle Optons e
| > o 7l 5| o] dlal Bln=] x| lalele] 3] o] o o] 4 e ]| @

Py Sample TR

AL

Y Thles
& Copyto Clipboard
2

Wi

Figure 11.19: Show Channel List

Hide or show the channel list displayed in the tree view.

View>Line
ST
Ele | vew Gach tessre ol Optons _Hep
’gﬁim ~ = N e e 2 e S e S N Y e e =
=3
i
-
1a-
T )
| 10(p.u) | | |
L . 10 2 s
Time Window (£) « > Width(s) 19979 v
orests 150125 ostin s) 667
Fxr
Set | Clear a line on the graph [cole: Secondary

Figure 11.20: Line

Place a reference line on the graph (for Impedance and Differential views on-
ly). Use Line in conjunction with the CrossHair measurement for quick read-
outs. When you choose this option free form zooming is disabled. Clear the

line to enable free form zooming.

View > Tool Bar

Show or hide tool bar from the main window.
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11 Graphing Records

Graph Menus

Graph>Set Graphs Per Page

i

e Options  Help

; = —
L b = el 2lel Bl =l X alaiE] 3 el 2] 2] 2N we] 2l E
Ciri+Ins 3 sample TPR : -
= 3 A =
| 0
Copy Trace: il 5 10
Paste Trace. GrlHy
o - |
P
pbonrd colto
HEHR -1.00
’\/ ALY 5603
A, IB3LY 5603
Ay IC3LV 5603
A, ALY 5604 .00
/\/ IB4-LYV 5604 100
/\/ IC4-LV 5604
100
100
100
1.00 -
Se o -025 000 025 050 075 1.00 125 150 175 2.00
4l i3]
4 Timeline

Figure 11.21: Set Graphs Per Page

Set up the number of graphs per view; up to eight graphs are allowed using the
Set Graphs Per Page option. Timeline, Overlay and Trend Views allow a max-
imum of 36 graphs. Use Add Analog Graph or the Insert key to add one graph

at a time.

Graph>Add Analog Graph

ifiRecordcraph =13
. = & = 2] dla] BE=] x| 2lekeke| 3| ] 2] 2] £\ 5] <) [E
s TR~
00 B
0
0a
o
050
0s0
e T
040
A, 1431V 5603
A, 1B3LY 5603 00
A, IC3LY 5603 020
Ay 144y 5604
A, IB4LY 5604 010
00
010
o
03
o4
050
080
o
080
om
410 -
ol ofs ok 0% ol ok ok o ok ok i
Ll |
1\ Timeline
Add an anlog graph to the existing view Scale: Secondary 4

Figure 11.22: Add Analog Graph

Add an analog graph to the existing view or use the /nsert key.
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11 Graphing Records

Graph>Add Digital Graph

Clipboard CtrkD

=lolx|

A+

— Eventinputd
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L Dev. 87 Frestiaint

L Dev. 87in Tiip Zone
— Dev.51Tip
o
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oark & 13651831 101103347781 for - -

= ot Cas Ry
Second: 020 0.00 020 0.40 060 080 1.00 120
< Il
- || Dvvmene |
4 dotelgrah o the actve vew Bedisendry

Figure 11.23: Add Digital Graph

Add a digital graph to the existing view. This graph shows the digital status in-
formation in the form of thick or thin stacked traces. You can plot up to 32 trac-
es in a single graph.

Graph>Delete Graph

Change Tracs Coler.
Acive Trace Ironmation

Copy Trace Datata Clatoard CiltD:

=loix]

cHlsc
cHiy.
e
v

AR

— EventInput

T Dev. 87 Tip

T Dev. 87 Restiaint
L Dev. 87 in Tip Zone
— Dev.51Tip

Ambient laim
— Top 01 Alsm
Summation

K1} |

wl

Seconds
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EE
000 010 020 030 040 080 0f0 070 0@ 080 100
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’3 &) 5] o] Jlel Bl=] x| slefE]E] bl 4] o] £\ ule) <[

Lol

=l

ol

N imeine |

Delet 3 graph from the existing view

Scale: Secondary A

Figure 11.24: Delete Graph

Delete an active graph (click any graph to make it active) from the existing
view or use the Delete key.
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11 Graphing Records

Graph>Move

P [=[]
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Figure 11.25: Move

Rearrange the relative position of the graphs in the active view page. First se-
lect the graph and use either the Move>Up or Move>Down option to change
the position of the graph.

Graph>Copy Trace
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Figure 11.26: Copy Trace

Copy an active trace from the selected graph. Use this option in conjunction
with the paste trace option. You need at least one channel on a graph to use the
copy operation.
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11 Graphing Records

Graph>Paste Trace
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Figure 11.27: Paste Trace

Add or replace an existing trace in the selected graph. In Timeline View an an-
alog graph supports one trace per graph. In an Overlay View you can select up
to 32 traces per graph. If you use the paste operation in Timeline View, and if
the graph has a trace, it is replaced with the one just copied or adds the trace if
there is no trace. In Overlay View it adds the trace to the existing graph.

Graph>Delete Trace
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Figure 11.28: Delete Trace

Select a graph and the trace to be deleted and use Delete Trace to delete from
the active graph. In the case of Overlay View a graph can have multiple traces.
You can select a trace by clicking on the channel name and use delete trace op-
tion to delete the selected trace.
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Graph>Delete All Traces
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Figure 11.29: Delete All Traces

Deletes all the traces from the active graph. In an Overlay view this action re-
moves all the traces.

Graph>Copy Trace Data to Clipboard

Copy trace data from the active graph to the clipboard (see “Exporting Channel
Data” on page 11-73).

Graph>Change Trace Color

oo alol%
51‘-5 [oee 3 = = ] dlal Sv=] x| slalels] B e 4] o] ] wle] 2] E

T beank 013651 91 101 105947 701 tpe
S Hgh et Charrats
- Analog
A

oAk 3B 31 - 57T B e

e
PTINY

x|
u"

Hugfo | Bealo
5[ gren[iF
ool | f [0
o | Cwen | &k 1o Gt Gy |
I 1T TG .".|{ AR
e LA .l-,l_:[ |.I Il || L
am
Saconcs sim Ew oRe TEe o0 eiE oTm o e o

e
Figure 11.30: Change Trace Color

Change the trace color of the selected trace. In the Overlay View this option
only changes the color of the active trace.
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Measure Menus

Graph>Active Trace Information
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Figure 11.31: Active Trace Information

Measure>Markers

Hel

[Scales Secondary

Display the trace information of the active graph.
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Figure 11.32: Markers

Set or clear markers X and O on all graphs in the active view. If the markers
are out of range, double-click the time axis to bring them back into the view.
When markers are placed, depending on the type of measurements option,

readouts appear on the right hand side as shown corresponding to the positions

of X and O marker. In case of multiple traces, the readout refers to the currently

active (selected) trace.
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11 Graphing Records

Measure>CrossHair
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Figure 11.33: CrossHair

Set or clear crosshair cursor measurement by dragging the mouse (left-click
and move) anywhere on the graph to display the readout. The difference be-
tween the marker and crosshair readout is that the marker values correspond to
the data values, whereas the crosshair measurement corresponds to the x and y
coordinates. When this option is selected, you can measure coordinates of any
graph in the active view.
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Figure 11.34: Primary

Set scale to primary values (depending on the scale factors CT/PT ratios) on all
the graphs in the currently active view. The current choice (primary or second-
ary) is displayed on the status bar.
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Measure>Secondary
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Figure 11.35: Secondary

Set scale to secondary values (depending on the scale factor of CT/PT ratios)
on all the graphs in the currently active view. The current choice (primary or
secondary) is displayed on the status bar.

Measure>Time Alignment

Offset X axis (trigger time alignment) for the currently active trace on the
graph (see “Readouts and Measurements™ on page 11-64).

Measure>Absolute Time

Display absolute time (actual recorded time) measurements for the active trace
of the graph (see “Readouts and Measurements” on page 11-64).

Measure>Fundamental RMS

Display fundamental RMS measurement for the active trace of the graph (see
“Readouts and Measurements” on page 11-64).

Measure>True RMS

Display true RMS measurement for the active trace of the graph (see “Read-
outs and Measurements” on page 11-64).

Measure>Harmonics

Display harmonics measurement — up to 5th order and THD expressed in per-
cent with reference to the fundamental (the highest order harmonic included in
THD depends on the sample rate). See table 7.1 and 7.2 on page 7-6) for the
active trace of the graph (see “Readouts and Measurements” on page 11-64).

Measure>Symmetrical Components

Display symmetrical components measurement for the active graph. You must
select a, b and ¢ phase quantities in Overlay View to enable this option (see
“Readouts and Measurements” on page 11-64).
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11 Graphing Records

Scale Menus Scale>Zoom X Axis +
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Figure 11.36: Zoom X Axis +

Al i3]

Select this option to decrease the x axis range by 25% of the current zoom
range.

Scale>Zoom X Axis -
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Figure 11.37: Zoom X Axis -

Select this option to decrease the x axis range by 25% of the current zoom
range.
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Scale>Zoom Y Axis +

=lojx]

Bl 2] alel ==l x| alalslel o) o] af o] | e <4

oark 8 112651931 101105847781 fpr - -

| EEEe @ee | a0 L
47,781 441
), ey

=& bank 8 119851
- High Speed Chariel
Analeg

A, [PTIVI
A, PV
A PTIYS
A, CT1AHE
A, CTLIBHS
+A, CTLICHS
A, CT218HS
A, CT218HS
A, CT2ICHS
A CT318LS
A, CT318LS
A, CT3ICLS
A CT418LS
A, CT418LS
A, CT4ICLS
A CIS14TS o
A, CI518T5
A, CTSACTS
7 laOpersiing
rain

Extemal
Summation

Seconds 0480 0200 0z 020 0280 020

J] - ]
7\ Timeline

ZoomIn¥ as Seale: Secondary Y

Figure 11.38: Zoom Y Axis +

Select this option to decrease the y axis range by 25% of the current zoom
range.

Scale>Zoom Y Axis -
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Figure 11.39: Zoom Y Axis -

Select this option to increase the y axis range by 25% of the current zoom
range.
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Scale>Undo Zoom
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Figure 11.40: Undo Zoom
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Display the previous zoom level.
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Figure 11.41: Reset Zoom

Reset the graphs to the initial zoom level.
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Scale>Change Scale (Y Axis)
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Figure 11.42: Change Scale (Y Axis)

Change Y axis to a desired minimum and maximum value using the dialog box
to set the new values. If the manual scale option is checked, the y axis is not
rescaled to new data values; the trace is displayed within the selected range.
You can set the desired scaling, save the options in the template and recall the
template for other recordings (see “Templates” on page 11-56).
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11 Graphing Records

Options Menus

Options>Calculate Derived Channels Now

Use this option to calculate the derived channels and append to the record as
virtual channels. For TESLA records the data is written back to the original re-
cord so that the next time the record is viewed all the derived channel informa-
tion is readily available (see “Calculated Channels” on page 11-71).

Options>Show Grid
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Figure 11.43: Show Grid

Turn grid on or off on all graphs.
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Figure 11.44: Show X Axis Ticks

Show X axis ticks on all graphs.
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Options>Show Legends
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Figure 11.45: Show Legends

Show or hide legends on all the graphs.

Options>Show Trigger Marker

ifRecordcroph o]
T optons

= Bl s (] e R R S R R Y e e e A e T e e e
—— _

e S ; =
Ao Shou Legends . o ; P

recordemot t 19390625 18:24:31 454 - Digtal I ELBBU2 Ext Input Tripped

A TRACDVaeVat

A\, TRACDKIn
A, TRACDX e
A, TR4CDKIb.
A, TRACDXIa
A, TRACDY Vet

Lock Markers [3
Extend Print Range.

Set Phase Colars,

150K

A, TRACY In Set Precision »
A, TRACDY e 100K
A TRACD b

A TRACDYIa

A TRAER VacVab
A, TR4ERIn 0k
A, TRAEX e
A, TRAEX b,
A, TR4EX la
A MiscIn TH1CDX In Uit 4. Unit 4 Vi o
A MiscIn TRI7ABX In
A, MiscIn TR178Y In
A, TRABYVacab
A, TRAABYIn 50K
A R4Vl
A, TRAEY b,
A, TR4EYa
A, Unit4Valint 4Va EUTS
A, Unit4Yb Uit 4 Vb
A, Unit 4o it 4o
Ay Unitd1alnitd la
A, Unit1bUnité Io EELY
A, Unit£1cUnit 1s

A, MiseIn TR1BCDY
<A\, Misc Vi Bus 46 Vbe
Ay MiseaeBus 4F Voo 200K
v Miscaabus 4 Vo Seconds ofis ad of offo ok odo odis 010 ors

) MiscacBus &) Vo
A, Unit 43/ac.Unit 4V H O — . ]

= Uit 4.ve Ut 4 Ve

Lol

A, Andlog Inpus overta
External ] [Be=S]

ShowHide trigger marker based on the active graph and active curve.

Scalet Priary. 4

Figure 11.46: Show Trigger Marker

Show or hide trigger marker on the active graph and active curve.

D01721R02.61

TESLA 3000 User Manual

11-27
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Options>Lock Markers
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Figure 11.47: Lock Markers

Lock or unlock X and O markers.

Options>Extend Print
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Figure 11.48: Extend Print Range

Print all the channels of the view for the entire data range in the current zoom

level.
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11 Graphing Records

Options>Set Phase Colors
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Figure 11.49: Set Phase Colors

Use this option to select user-defined colors for A, B and C phase voltages and
currents. When the colors are selected, the channels are automatically identi-
fied based on the color. The default values for A, B and C phase quantities are
red, blue and green respectively.

Options>Set Precision
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Figure 11.50: Set Precision

Set the precision (number of decimal places) for the readouts. In Symmetrical
Component and Harmonic Views, the phase angle readout precision is always
zero (no decimal places are used).
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11 Graphing Records

Help Menus

Tool Bar Buttons

Show Record Summa

Sraph
ph Measure Scale Options Help

ry

Help>User Manual
Select to display an electronic version of the user manual.

Help>About RecordGraph
Display program information, version number and copyright.

Help>Show Hot Keys
Lists the available hot keys or short cuts.

<Default>

Save Template

Titles

? Markers

E ' ?et Graphs Per Page

. , ! Add Digital Graph

E E E ? Zoom X Axis +

, ! ! ! ! %oom Y Axis +

E E E E E E Reset Zoom

! ! ! ' ' ' ' Move Graph Down

. , , | i i , ' Change Scale (Y-Axis)

: oo Y Line

E E E E E E E E E ? Paste Trace

1 1 N N 1 1 1 : } Trace Information

E E E E E E E E E E E ' 1ncrease Left Margin
2| 3] B e M 5 2 5 R L

i E)ecrease Left Margin
Show/Hide Tree View (Channel List)
éhow/Hide Legends

! Copy Trace

CrossHair

"I'ime Alignment

¥
Move Graph Up

- mm

' Zoom Y Axis -
Zoom X Axis -

H E)elete Graph

) Add Analog Graph

' Show/Hide Trigger Marker

H Recorder Data and Impedance Options

Add a View

Figure 11.51: Tool Bar Buttons

In the Tree View, you can expand a loaded record to identify the recorded and
calculated channels (if configured). A right-click menu is available to manip-
ulate the tree items. Most of the tool bar buttons work in a similar way to that
of the menu items explained in the previous sections.

Tool Bar Buttons

Save Template Save template file on the disk.

Show Record Summary Displays record summary (events, trigger time,
etc.)

Export Brings up export module.
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11 Graphing Records

Print Prints record.

Add a View Adds a graph view that displays the fault infor-
mation.

Titles Places a title above graph for all views (see Fig-
ure 11.88: View Title Options).

Impedance Creates an R-X plot before, during and after
fault.

Markers Displays vertical lines "x" and "o" to find the
coordinate values on the graph.

Show/Hide Trigger Marker Displays/hides zero trigger marker.

Set Graphs Per Page

Sets number of graphs per page.

Add Analog Graph

Add an analog graph.

Add Digital Graph

Add a digital graph.

Delete

Delete a graph.

Zoom X Axis +

Enlarges the trace range on X axis.

Zoom X Axis -

Reduces the trace range on X axis.

Zoom Y Axis +

Enlarges the trace range on Y axis.

Zoom Y Axis -

Reduces the trace range on Y axis.

Reset Zoom

Resets zoom control.

Move Graph Up

Vertically moves graph upwards.

Move Graph Down

Vertically moves graph downwards.

Time Alignment

Offset X axis time value.

Change Scale (Y Axis)

Scale Y axis minimum and maximum range.

CrossHair Displays X and Y coordinate values.

Line Available only for impedance view, draws a ref-
erence line.

Copy Trace Copies a trace to another location.

Paste Trace

Pastes a trace.

Show/Hide Legends

Displays/hides legends the traces.

Trace Information

Displays/hides channel information: Date, Sta-
tion Name, RecordName, Channel Name.

Show/Hide Tree View
Channel List

Expands and minimizes RHS of the screen.

Decrease Left Margin

Decreases left margin.

Decrease Right Margin

Decreases right margin.
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11 Graphing Records

Views

Add a View

Delete a View

The view screen graphically displays information from the record. A view is
associated with a tab at the bottom of the screen which can be renamed using
the Rename tab. You can create a maximum of 30 view tabs.

Add new view to layout.

1 Select the View>Add... from the top menu bar or the Add... button from the
tool bar.

2 Select the desired view from the shortcut menu.

3 Click OK.

Select View>Add... or
click the Add button
to create a view type.

Select desired view
and select OK.

s |

2lalmie] 5] 31] 2 ) +1] wlw) A5

£4.30_00 01 4,800 ke

o Wew Graph Meswre Stake (eterd  Hel
L e — e | P e B
R RI7H-00

0430 00.00.54

100 d¥

I el B

-= x
Timeline hd

Impedance

click 0K to create a new view

" Cancel

- || A P T

Fcabe: Sacondary
View Tabs

Figure 11.52: Add a View

The Add View... option lists Impedance View only if the selected
record is from an L-PRO, TESLA or COMTRADE record.

Clears active view from layout.

1 Select the View>Delete from top menu bar. A shortcut menu asks you to
confirm the deletion.

2 Click OK to confirm. Click Cancel to stop deletion.
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11 Graphing Records

Rename a View Use this option to rename the active tab which is displayed at the bottom of the
view.
1 Select the View>Rename Tab from top menu bar or right-click on the graph
to bring up the context menu and select Rename Tab.
2 A dialog box appears with the old name. Modify and click OK to rename
the view.

Rename Active Yiew T |

Rename az | 8y

QK I Cancel |

Figure 11.53: Rename Dialog Box

Show Channel List Displays or hides the channel list on the left-hand side of the screen to allow
more space for the graphs.

Toolbar Displays or hides the toolbar on the left-hand side of the screen to allow more
space for the graphs.
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11 Graphing Records

Graphs

Adding Graphs

Adding Channels

Channel Tool-tip

The graph is an area or space in a view where each channel of analog or digital
information is shown. The information is shown as X-Y data with X = time and
Y = magnitude.

1

Select Graph>Set Graphs Per Page or right-click on the graph to bring up
the context menu and select Set Graphs Per Page to add selected number
of graphs to the Timeline View.

Select Graph>Add Analog Graph or right-click on the graph to bring up the
context menu and select Add Analog Graph to add an analog graph to the
Timeline View.

Select Graph>Add Digital Graph or right-click on the graph to bring up the
context menu and select Add Digital Graph to add an digital graph to the
Timeline View.

Click the desired channel to be displayed on the graph.
OR

Drag a channel and drop it onto the desired graph.
Depending on the view type following action takes place:

* Ina Timeline View the existing channel is replaced and only one chan-
nel is allowed per graph.

* In an Overlay View up to 32 traces can be placed per graph.

* Ina Trend View the existing channel is replaced and only one channel
is allowed per graph.

* External or digital channel should be placed on a digital graph to stack
the traces. A maximum of 32 traces can be specified per graph.

When the cursor is moved over the channel name, following information is dis-
played in the tool-tip window.

Device — name of the device (example, TESLA)

Record — name of the record

Channel — name of the channel

Max — channel maximum value along with the unit

Min — channel minimum value along with the unit

X — Offset-whether the x-axis has offset (time alignment)
Samples — number of samples

Sample rate —samples /second

IRIG-B status indicator
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11 Graphing Records

Zoom Using the
Mouse
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Figure 11.54: Tool-Tip
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1 Left-click on any graph and drag to form a small box around the graph area.

2 When you release the mouse, the trace assumes new zoom position deter-
mined by the area of the zoom coordinates.
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Figure 11.55: Select a Section of the Graph to Zoom
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11 Graphing Records

Zoom Using the Tool
Buttons

Zoomonly XorY
Axis

Undo Zoom on

aloix
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Figure 11.56: Portion of Zoomed Graph
Follow the procedure 1 and 2 for further zooming.

You can also use Zoom X axis +, Zoom X axis -, Zoom Y axis + and Zoom Y
axis - on the tool bar buttons to quick zoom in and zoom out (25%).

Repeat step 1 to zoom further.

To zoom only the X axis, select Ctr/ key and use the mouse to draw a box on
the graph.

To zoom only the Y axis, select shift key down and use mouse to draw a box
on the graph.

Right-click on the graph to the context menu.

1
Graphs 2 Select the UndoZoom option.
3 Graphs are redrawn to the previous zoom level.
4 Select Reset Zoom option to reset the graphs to the initial zoom level. This
can be chosen at any stage.
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11 Graphing Records

Pan Graph

Keyboard Functions

Zoom the graph (if not zoomed) to a required zoom level.

You should hold the “Thumb track” and move it along the scroll bar. To have
fine control click on the right arrow scroll bar button or press Shift and click on
the right arrow scroll button.

=)
Ble ew Grah Memore Sode Opbord el
BiE(se] o o = ol [aE Sl ) alaleiel #) vis) 2l o) + siel L
=3 mm;**

s otage &

s Votage B e e e

- e

- Summaten,

Thumb Track - move right/left to pan graph
Figure 11.57: Thumb Track

The keyboard is also available for zooming, setting markers and positioning

graphs. To display the keyboard hot key menu right-click on the graph and
bring up the context menu, select Show Hotkeys option.

D —
| ey | Function

1 Uy Arronne Select Graph Up
2 Diowvn Arrosy Select Graph Down
3 Right Arrowe hdorve Marker W' Right
4 Left Arrow howe Marker W' Lett
5 CHl+Right Srrowe hove Marker 'O Right
B CHi+Lett Arrowe howe harker 'O Left
7 Cti+Left Mouse Drag Zoam ¥ - axiz only
g Shift+Left Mouse Drag Zoom Y - axis only)
g + Foominy - [25%)
10 - Foomouts - (25%)
1 Ctl+ + Foomin'y' - (25%)
12 Cth - Foomout™' - (25%)
13 Cti+lp Srrowe Mowe sctive araph up
14 CH+Diovm Arrow Move active araph down
16 Shift+Right &rronee Pan right by 10%
17 Shift+Leftirrow Pan left by 10%

Figure 11.58: Hot Keys
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11 Graphing Records

Right-click Context
Menu

Figure 11.59: Right-Click Context Menu
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11 Graphing Records

Timeline View

Channel Information X
Record Information
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Figure 11.60: Timeline View

» Timeline View is designed to “stack” channels and has single time line axis
common for all the graphs.

» Each analog graph in this view can hold only one trace.
+ Each digital graph in this view can hold 32 traces (8 traces are preferred).

* Selecting a channel from the LHS tree view while the same graph is active
replaces the existing channel with the currently selected one.

* A maximum of 32 graphs (analog and digital) can be added per view.
* You can mix and match channels from different records and/or IEDs.

* Time line view displays read-out (if markers are on) on the RHS and chan-
nel information on its LHS.

* Read-out corresponds to the currently selected channel type and the scale
(primary/secondary) which is displayed on the status bar.
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11 Graphing Records

Overlay View

Channel Information

Record Information
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Figure 11.61: Overlay View

* Overlay View is designed to “overlay” channels and has single time line
common axis for all the graphs.

» Each analog graph in a overlay view can hold 32 traces (3 traces are pre-
ferred).

 Each digital graph in this view can hold 32 traces (8 traces are preferred).

* Selecting a channel from the LHS tree view while the same graph is active
overlays the channel on the selected graph.

* A maximum of 32 graphs can be added per view.

* You can mix and match channels from different records and/or IEDs. Time
line view displays read-out (if markers are on) on the RHS and channel in-
formation on its LHS.

» Read-out corresponds to the currently selected channel type and the scale
(primary/secondary) which is displayed on the status bar.
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11 Graphing Records

Symcom View

Record Title
Channel Names
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Figure 11.62: Symcom View

Symcom View is designed to analyse symmetrical components of voltage
or current channels.

You must load 3 voltage or current channels to view the components and
associated phasor plots from the same record.

The view displays: analog channels, positive, negative, zero sequence
phasors and corresponding table which contains numerical values of these
components and phase angle.

All the components are calculated in RMS values.

Channel instantaneous values are displayed on the RHS of the analog
graph.

Markers are permanently set on the graph one-cycle apart.

* Grab the marker and move (on the time line axis) to display new set of com-

ponents and phasor values.
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11 Graphing Records

Harmonic View

Record Title
Channel Names
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Figure 11.63: Harmonic View

» Harmonic View is designed to analyse harmonics associated with analog
channels. In order to view harmonics, markers should be enabled by select-
ing Measure>Markers.

* A maximum of 3 traces can be analysed per view.

» The view displays: analog channels, a bar graph of harmonics and a table
which contains RMS values of the harmonics with phase angle.

* The maximum number of 25 harmonics (order) displayed is based on the
sample rate. See Table 7.1 and 7.2 on page 7-6.

» Channel instantaneous values are displayed on the RHS of the analog
graph.
* Markers are permanently set on the graph one-cycle apart.

» Grab the marker and move (on the time line axis) to display a new set of
harmonics.

All harmonic phase angles are referenced with respect to A-phase
voltage in a configured channel in TESLA recorder. For COMTRADE
records the first A-phase voltage is considered as the reference
phase.
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11 Graphing Records

Impedance View

Impedance View is an R-X plot. The R-X quantities are calculated over the en-
tire data range from the recorded analog voltage and current channels. R-X plot
is useful in analyzing the performance of L-PRO relays and swing disturbances
from the TESLA recorders. Since the information to be displayed involves
time as a third dimension, this view provides meticulous cursor and zoom con-
trol over the data points being viewed. Optionally it supports superposition of
the relay characteristics (Zone 1, Zone 2, Line, Blinders, etc.) from L-PRO re-
cords or files generated from any L-PRO Offliner settings program.

The following table summarizes the types of channels from which impedance
(R and X values) is derived along with the supported product. RecordGraph
displays these channels on the left hand side in the tree view. Depending on the
product, the following basic quantities are used the respective impedance chan-
nels.

In an impedance calculation, a threshold limit is used based on the fundamental
RMS value of the current to include or exclude the R and X values for plotting.
This limit depends on the CT module used for the relay or recorder application.
For 1A CT module, 0.02 A is the limit whereas for a 5A CT module, 0.1 A is
used as the limit. When the data is copied to the clipboard, the discarded values
of R and X values are not exported.

SI. No. Channel Types Quantities Supported Products
1 High Speed (HS) | Voltage and Current L-PRO, TESLA,
COMTRADE

2 High Speed (HS) | Positive Sequence Voltage TESLA
and Current

3 Low Speed (LS) Voltage and Current TESLA

4 Low Speed (LS) Watts, Vars and Voltage L-PRO, TESLA
(Phase and Sequence)

5 Low Speed (LS) Positive Sequence Voltage L-PRO, TESLA
and Current

6 Low Speed (LS) Impedance (Phase and L-PRO, TESLA
Sequence)

To add an Impedance view select View>Add. or the Add a View tool bar but-
ton. From the dialog box select Impedance View.
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Figure 11.64: View>Add> Impedance

The Add View... dialog box lists the Impedance View only if the se-
lected record is from L-PRO or TESLA or COMTRADE records de-

pending on the record type.

When the Impedance View option is selected, the Impedance screen is dis-
played. The components and controls associated with this screen are described

below.

[

(2) Basic channel names
and derived impedance type
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Figure 11.65: Opening Impedance Screen
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Components and Controls

(1) A text component displays the title at the top of the Impedance View shown
in Figure 11.65: Opening Impedance Screen. The title is compiled from items
in the Title Options dialog box. Default title is the file name and trigger event.
(2) The basic channel names are displayed below the title.

(3) The graph zoom is controlled using the sliding control on the right side of
the window. The R-X plot aspect ratio is maintained under all zooming tools.
The graph zoom control offers a 10x zoom factor between minimum and max-
imum amplitude of the data (R and X coordinates).

(4)The Time Window control provides a means to select the range of data for
better presentation of R-X values. For example, if the voltage and current chan-
nels are recorded from 0.0 to 0.2 seconds with 1000 data points, using this con-
trol, you can choose to view only 0.1 second data (500 points).

(5) Time window width and position control can be used for the precise data
analysis.

(6) Control the X and O markers.

Create Impedance View with an TESLA Record

1 Launch RecordGraph with an TESLA high speed (fault) record and expand
the channels in the tree view.

Create an Impedance View using View>Add... or use the tool bar option.

3 Select line voltages A, B and C, and corresponding line currents A, B and
C from the tree view. Impedance (R and X) corresponding to Zab, Zbc and
Zca phase-phase are calculated internally and displayed.

Actual channel names
(as selected from the Phases of the basic
tree view) voltage and currents

=loix

I o] 1) ] sle) LS

v n.\
Graph Zoom |
)

Resolved impedance
name

| Time Windowh

5 s

S ey

Figure 11.66: Create Impedance View with a TESLA Record
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Each channel name is divided into three parts:

* the basic quantity (voltage or current) used in the calculation of the imped-
ance.

 the name of the actual channel selected.

* the resolved impedance name with the configuration (phase-phase or
phase-ground).

The Time Window control shows the minimum and maximum time of the data
viewed. In the above example, the full range data is viewed.

Use the graph zoom control to zoom the x and y axis.

[ =lolx|

Bl Sew Gah Meaoe ek Qrters fet
T I e I o 0 o 0 3 O e S Y G T

o Lo by

’ 4 A The thumb track is moved l
(7 g/ from top to the position
*_~" |indicated and the traces
- | are zoomed in.

S Sy

Figure 11.67: Example of Graph Zoom Control

When you move the mouse near the edge of the Time Window control, the cur-
sor shape changes from normal arrow to two headed arrow as shown in the di-
agram. Now you can resize the thumb track to a desired level of data range. In
the example, the data starts at position -0.200 and ends at (-0.200 + 1.383),
where 1.383 is the width (total data range). Therefore, only small portion of the
data can be viewed.
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Figure 11.68: Example of Using Time Window Control

If you move the thumb track (not resize) to the extreme end, then the traces are
rendered in the new data range.

A 3
Time Window control is
moved to include
different range of the data
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Figure 11.69: Time Window Control Moved to New Location

In the above case, the data is included from range 0.007 to 0.007 + 1.176,
where 1.176 is the data width. The 1.176 width remains same. If you resize the
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thumb track, then the width can be controlled; or you can double-click near the
number 1.176 to get a dialog box to enter the data range precisely.

B 0 ey T e e S
L= T e - .. B 5 e 3 5 5 e 8 N B BN [ L SN
i e
A F g
B Lk,
& | 4
: W
A dialog box pops-up to enter b
the width or data range
indicated by the size of the i
thumb track. The scale \
indicates the step by which Value 1,178
the data is incremented. i o [ som %
: | o e Concel_|

Figure 11.70: Indicate Data Range

A dialog box appears to enter the width or data range, which is indicated by the
size of the thumb track. The scale indicates the step by which the data is incre-
mental. For example, when the spin control arrow is clicked (after closing the
dialog box), if an up arrow is clicked, the data is incremental from present po-
sition to present position + 5%. On the other hand, if the down arrow is clicked,
the data is decremented by 5%.

Example to Superimpose the L-PRO Relay Characteristics

=l
T | - e 3 e 5 . S N

spsadandrming ;”

Click this button to
apply L-PRO relay
characteristics through
the impedance options
dialog box
.. :,.,.:;..-. y o T
& { /,

-

7 LR sotirgs e r

Sealn Secoreley

Figure 11.71: Superimpose the L-PRO Relay Characteristics

When you select the Relay data & impedance options button, a dialog box ap-
pears. The parameter required, such as kO factor, the line sequence impedance
values, the system voltage data and the other required information is initialized
through this dialog box initialization. All these values are read from the set-
tings file opened through the impedance option dialog box.
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Relay data and impedance options

L-PRO settings file

Radio button to select relay characteristics from the current
record. If an L-PRO record is selected, this button is enabled.

Current record

If a TESLA or COMTRADE record is selected, this button is
enabled.

File Displays the settings file (full path name) from which the relay
data is extracted to plot the impedance characteristics.
Browse Gives an option to select the settings file from any other location.

The file type filter reads or selects only *.Ips file type, if L-PRO
setting file is selected.

Impedance Options

Impedance configuration option includes a number of other
options, such as, Phase-Phase, Phase-Neutral, radio button.
Depending on this option and the type of channel, different
impedance options (check buttons) are enabled.

Configuration

Zpos (positive sequence impedance 3 phase basis).

Zan, Zbn or Zcn.

Zab, Zbc, or Zca.

Other Impedance

Z-Line Displays the line angle (can be checked or unchecked).

Z-Load Displays the coordinate of the load impedance (can be checked
or unchecked).

Blinders Available only if the Phase-Phase option is chosen.

Directional Displays the directional characteristics.

Zones to display

Phase-Ground or Phase-Phase.

Zone 1to 4 Zone1-Zone4 displays the respective zones impedance charac-
teristics (can be checked or unchecked).

Apply Redraws the display with the currently selected options.

Launch Launches the setting file through the Offliner settings program.
Note that the L-PRO Offliner setting program should be installed
for this to work successfully.

Close Closes the dialog box.

In the Relay data and impedance options dialog box check the Zone 1 to Zone
4 boxes and select the Apply button. All the four zone characteristics are super-
imposed on the calculated phase impedances (note that the characteristics are
zoomed using free-form zoom to get a better resolution).
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Figure 11.72: Example Superimposing the Zone Characteristics

In the above example phase-phase impedances Zab, Zbc and Zca are selected,
mark, but only Zca is in the zoom range.

indicated by a check

All the four zones mho characteristics are superimposed. You can see that the
Zca impedance has entered the Zone 2 and Zone 3. You can use a combination
of zoom and time window control to analyze the precise time at which the im-

pedance enters the zones.
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Figure 11.73: Example Showing the Line and Blinder Impedances

Check the Z-Line and Blinder boxes; then select the Apply button to superim-

pose the line and blinder impedances.
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Select this button to
enable CrossHair
measurement feature
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Figure 11.74: Example lllustrating the Use of the CrossHair Measurement

Select the CrossHair button. When you drag the mouse (left button down and
move) on any point on the trace, the R, X and the Z corresponding values are
displayed.

Y ou can move the cursor anywhere on the graph to get the measurement. When
this feature is enabled, free form zooming is disabled; but you can use the
graph zoom control to get a closer look at the trace.

Select this button to
set an arbitrary line
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Figure 11.75: Example of the Line Feature

Set a reference line to measure the data using the Line feature. This line is a
reference line and not associated with the data values.

When the line option is enabled, the free form box zooming is disabled. Dis-
able the CrossHair measurement to resize and move the reference line; then en-
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Figure 11.76: Example of the Legends Feature

able the CrossHair option to measure the values. Select the line option again to

remove the line from the graph.

Use the legend feature to distinguish relay characteristics from the calculated
impedances. You can move the legend box and resize to the desired level. You

can hide the legend box by re-selecting the legend option again.
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Figure 11.77: Legends Features Moved and Enlarged
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Figure 11.78: Example lllustrating the Use of Data Markers

Select the marker option to set the markers. Select the desired channel name
for the required measurement. For example, the channel associated with Zca is
chosen (click this channel name for the selection). Move the marker by sliding
it to the desired location. When you change the data range (using Time Win-
dow control), the cursors may disappear from the traces indicating that the
markers are always associated with the data.
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Figure 11.79: Example of TESLA Swing Record Choosing Positive Sequence Voltage
and Current

Select a TESLA swing record and expand the channels. Click the positive se-
quence voltage and current; RecordGraph automatically calculates and dis-
plays the positive sequence impedance.
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Figure 11.80: Example of TESLA Swing Record Choosing Watt, Var and Positive Se-
quence Voltage Channels

Select an TESLA swing record and expand the channels as shown. Click the
watt, var and positive sequence voltage; RecordGraph automatically evaluates
and displays the positive sequence impedance.
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Figure 11.81: Example of TESLA Swing Record Choosing Impedance Channel

Select an TESLA swing record and expand the channels as shown. Click the
impedance channel; RecordGraph automatically displays the positive se-
quence impedance trajectory.

As you select the desired channels, the impedance (R-X characteristics) are su-
perimposed on the existing relay characteristics. To select new set of voltage
and current channels use the Delete trace(s) option from the right-click context
menu and select new channels. If desired, you can modify or re-apply the im-
pedance options.

Drag the thumb track on the scroll bar to zoom in or zoom out the axis range.
In the Time Window control + click the arrow buttons or drag the thumb track
to scroll the window of visible data in the time domain.
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Trend View

To place the X and O markers use the tool bar or the right-click context menu
or the View>Markers option, dragging a marker to the right or left moves cor-
responding marker. If the Time Window control does not show the data, then
the markers are shown as small triangles on the left or right sides. If you click
the triangle, corresponding data cursor is displayed and the time range is auto-
matically adjusted.

You can save all the impedance display options to a template file (File> Save
template

Help
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Figure 11.82: Trend View

» Trend View is designed to display “trend” data.

* It has a special x-axis, common to all the graphs to display the data in the
“date” format. When zoomed, the scale automatically changes depending
on the date range. (For example: years/months or months/days or days/
hours or hours/minutes or minutes/seconds).

» Each analog graph in a trend view can display one trace.
* A maximum of 32 graphs can be added per view.
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Templates

Templates associated with a record.
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Figure 11.83: Template List

Template contains user-defined layout information including:
* Views — graphs and their location along with the traces (channels)
» Markers position (X, O and trigger marker, T)
» Views and graphs title options
» X axis scaling (zooming information)
* Y axis scaling (zooming information)
» X axis shift (time alignment) of each channel
» Measurement (readout) options
+ Left Margin
Template stores the easy-to-manage layout information in a file based on prod-
uct type (B-PRO, F-PRO, L-PRO, T-PRO, TESLA, COMTRADE).

When the template information is stored, it can be applied to any recording
(normally from same IED or product) for which the template is valid. For ex-
ample, if a template has 3 views with 3 graphs per view, and has 1, 2 and 3 an-
alog channels displayed with various options, this information can be applied
to any record with that common framework. The concept is to re-use the com-
mon layout information and update the data information with the new recorded
channels thus reducing the graph re-creation processing time.

These flexible and user-defined templates can be shared among different users.
Normally (under default installation options), templates are stored on the local
hard disk in a sub-folder where the RecordGraph application resides, for exam-
ple, c:\Program Files\NxtPhase\RecordGraph\template
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Default Templates

The template graphical layout file contains information about fixed views,
graphs, traces, marker positions, read-out, scaling and zoom range. You can
analyze a system disturbance recorded at different times and at different loca-
tions using the template.

When a template is opened, the predefined layout information is automatically
applied based on the new record (or set of records). You can save time by view-
ing the data recorded without manually loading the traces again. Templates are
the first step in generating a visual report.

You automatically form a template when you create views and graphs. To re-
apply the template to a different recording from the same or different recorder,
you must save this layout information in a file. You can extend or alter tem-
plates by manipulating views, graphs and traces.

Templates are not saved automatically, but must be saved using the File>Save
Template option. Template files can be shared and customized. The list of tem-
plates is dynamically created and displayed in the tool bar. When a record is
added to RecordGraph, an automatic scan search is done to list the templates
corresponding to the record loaded. This list may have both single or multi-re-
cord templates, if the record loaded is a part of multi-recorder template. If no
match is found, a <Default> template is loaded. You can define any number of
templates based on a single recorder or multiple recorders.

Hard coded, static default templates are created whenever you open the Re-
cordGraph application. These are not stored in the file, but are dynamically
created and displayed as <Default> in the list box.

You can override this <Default> template by saving any other template as a de-
fault template.

The user-defined default template path is stored in the registry key based on the
product and the type of recording (applicable for all products).

For example:
» TESLA/HS - high speed
* TESLA/LS - low speed
* TESLA/Trend - slow recordings
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Managing Template
Files

Create New
Template File

Whenever a new record file is loaded into the RecordGraph, it automatically
loads the relevant template file names in a list box attached to the main tool bar.
The template files are filled or updated based on certain rules:

» Templates are stored based on product type.

* If a user-defined default template is available, it is loaded as the first item
in the list box, otherwise, a static <Default> template is listed as the first
item.

» Template files are matched based on IED (serial number) in the case of
TESLA recorders and are common in case of relay products (B-PRO, F-
PRO, L-PRO, T-PRO.

If template files for a TESLA recorder are created and stored (for example,
with serial number TESLA-2000-981103-07), these template files can not be
applied to another recorder with different serial number such as TESLA-2000-
981103-08. On the other hand, if template files are created for relay products
such as L-PRO, this template can be applied to any relay IED B-PRO, F-PRO,
L-PRO or T-PRO). Hence, templates are IED-based (serial number-based) in
case of recorders and product-based in case of relays.

Double-click (or use the Enter key) on the currently active record in the Re-
cordGraph tree list (displayed in bold) to apply the template or pick any desired
template from the template list box.

Templates can be renamed, duplicated or deleted using template manager from
within the RecordGraph.

There is no limitation on the number of template files used (as long as the hard
disk space is available).

1 Modify the existing template layout information and save the modified tem-
plate into a new file.

2 Create new views and graphs by deleting the views from the existing layout
and saving new ones into a new the template file.

If the template file is created from multiple records, all the records should be
pre-loaded into RecordGraph to successfully apply the layout information.

Layout information is applied one at a time. If the template involves more than
one record, apply template (double-click on each record) to fill respective
channels. The name of the recorder IED in the template file are displayed in the
tool-tip list box window when the mouse cursor is moved over it. The tool-tip
also displays the product name and the user-defined default template file name,
if one exists.
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11 Graphing Records

Templates Menus

Save Template

Displays a dialog box only if <Default> template is currently displayed in the
template list box. Since <Default> template name is reserved for hard coded
templates, you must save the template information with a new name. If any
other template file name is displayed, other than <Default>, the layout infor-
mation is updated without the dialog box being displayed.

Save Template As...

Displays a dialog box to save the template. The option Save as default tem-
plate, if checked, saves the template as user-defined default template. Refer
previous section for more explanation on the user defined default template.

Template Manager...

Template Manager x|

Settemplate lacation

| CAPrograrm Fi\eslAF'T\HecnrdGraph\Template| Browse..

Termplate files

AIB Freq testtemplate +| Rename
Basic v & |

BPRO CT Sat

BPRO_27

BFRO_27_38701 Duplicate
BPRO_46-50

BPRO_46-51

BPRO_50

BPRO_G05F Delete
BPRO_S0BF_8701

BPRO_S0LE

BPRO_G0LS_8701

BPRO_S0N = %

Import and register a template file
Register as default

" High Speed

Impart.  Low Speed

 Trend

Figure 11.84: Template Manager

Brings up the template manager dialog box which lists all the templates cur-
rently available.

Rename
Renames the currently selected template.

Duplicate
Copies the contents of the selected template into another file.

Delete
Deletes currently selected template.

Save As...

Saves the selected template file from the template files list to the desired loca-
tion.
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11 Graphing Records

Import...

Imports a file from any location to the current template location and registers
the template as a high, low speed or trend default template (if one of the option
is chosen).

Browse...

Sets the new template location. This folder stores all the template files avail-
able for the analysis based on the recorder (refer Templates section under
Graphing Records for detailed explanations).

Close

Saves the current information of the template manager, refresh the template list
box and exit the session.

Template - Tool Tip

Template Tool Tip
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osiive Sea 2000May/31 16:31:25.366867 LK m ﬂ [\ /\ (\ {\ & 1ETHA
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201
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250K, o 15303
& 25827
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[EX]

Seconds 020  0f@ Ao J'D 050 0.000 oo #0087
o 04

i} - ] a0

Display stored template list 5cale: Primary v

Figure 11.85: Template Tool Tip Information Displays:

* IED name
 User-defined default template associated with that IED
* Serial number of the IED which is used as the unique feature to match the

templates.
Template - Single 1 Open arecord from the desired IED (B-PRO, F-PRO, L-PRO, T-PRO or
IED TESLA).

Create or modify the existing layout information.

3 Use Save Template as... option to save the new layout information with a
desired template name.
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11 Graphing Records

Template - Multiple
IED

A single IED Template is saved/matched based on its serial number.
Any record from the IED with the same serial number can use or
share the template (layout) information. A single IED template is
saved/matched based on the product (not on the serial number) and
hence once the template file is created for one of the IED, it can be
shared by all the IEDs irrespective of whether they have the same or
different serial number or from different recordings.

¥} TESLA Control Panel - [Recards] E =g
Fle Trgger View Help

Record Fiter ¥ Get Remote Summaries

Record Summary
Latest 25 Recards ¥ Get Remote Everts |

’VRecnm Name: Multiple records selected

I utoal T rr—, 5 =lolx|
m Fil: Yiew Graph Measure Scale Options Help
E"guﬂégagﬂ;rledm'@ E@lé <Defaut> 3 i e = e e 1 2 2 [ S M N N - 1 SN e |
ol E’i
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RecordGraph 7

Figure 11.86: Multiple IEDs

1 Open records from two or more desired IEDs (different TESLAs or different

relays).

2 Create or modify the existing layout information (create graphs by selecting

channels from different IEDs).

3 Use Save Template as... option to save the new layout information with a

desired template name.

When all IED records are pre-loaded into the RecordGraph, multiple
IED templates are saved/matched based on serial number. If the
record is loaded one at a time, then double-clicking on each record
reapplys the template filling the respective channels.
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11 Graphing Records

View and Graph Titles

When a new record is loaded, the information corresponding to the options se-
lected is compiled and the updated information is displayed in the View Title.

View Title

GraphTitle

View Title

=]

T

1A
LT
ARAEY]

8 rmne 0 g b st
Ogtora

T e |

Wset] | OB PO Q| e | Divee | [Jae | s | Bias. | gre |Mgm...|gw...infp:rﬁf?:‘i‘“ W@ e
Figure 11.87: View and Graph Titles

View Title is the title on the top of each record view. When a new record is
loaded, the information corresponding to the options selected is compiled and
the updated information is displayed in the View Title. You can choose any of
four options by clicking the arrows to move the items in the list. The option is
saved into the template. This option is not available for the Symcom or Har-
monic Views.

The option choices are:

Record Name
Station Name
Location

Trigger Time
UnitID or Recorder
Product Type
Serial Number
Trigger Event
System Frequency
Priority
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11 Graphing Records

Graph Title

Title options. _ X

Wiew title | Graph tite |

i Simple

& maximurn of 5 itemnz can be selected from the options list—

Optiohs Selected Itemz]
Record name Record name
Station narme Trigger event
Location

Trigger time j

UnitlDr or relay

Product type

Serial number j
Trigger event

System frequency

Priority

Apply | Clase

Figure 11.88: View Title Options

Graph Title is the information that appears on the left margin of each graph.
Graph Title is a combination of various options. When a new record is loaded,
the information corresponding to the options selected is compiled and the up-
dated information is displayed in the Graph Title dialog box. You can choose
any four options by clicking the arrows to move the items in the list. The option
is saved into the template. This option is not available for the Overlay View.

The option choices are:
* Channel name
» Trigger time
* Station name
* Record name
* Location
* UnitID or recorder
» Sample rate

* Equipment ID

Title options.. %]

View title  Graph fitle |

A mazimurn of 4 items can be selected from the options
list.

Options Selected Iterm(s]
Channel name Channelname
Trigger time Station narme
Station name Trigger time

Record name J Location

Location

UnitlD or relay

Sample 1ate ¢
Equipment 10

Apply | Claze |

Figure 11.89: Graph Title Options
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11 Graphing Records

Readouts and Measurements

The Measure menu consists of the following:

Markers
Primary/Secondary
Time Alignment

* Absolute Time

* Fundamental RMS
* True RMS

* Harmonics

» Symmetrical Components

Time Alignment

=10 =
thlquiw Seme ot

= teceademat i 54 - gl FUELOGUT Ex1 P Triped

||.-||||||||‘ -.
Iy '||||||| |||
i,| | | |.| Rt %~ €1

I| IllI ||;|' ||J| 'UI i Illl

—— Absolute Time

Fundamental RMS

True RMS

Harmonics

Pranabogt | rCigh Chanrely
f Trigger
Markers

Figure 11.90: Readouts and Measurements

Markers Selecting Measure>Markers or using the tool bar button places the “X” and
“O” markers on the graph, as well as, automatically placing markers on all new
graphs. If the markers are out of view range, double-click on the timeline graph
to bring back the markers to the desired location. Marker positions are saved
into the template. Readout corresponding to the option chosen is displayed on
the right side of the graph. Selecting trigger marker, T, displays the trigger time
of the record.

Primary Selecting Measure>Primary multiplies the channel data by the primary scal-
ing factor and redraws the y-axis for all graphs.

Secondary Selecting Measure>Secondary multiplies the channel data by the secondary

scaling factor and redraws the y-axis of all graphs.
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11 Graphing Records

Time Alignment

Use this option to offset or align the trigger time of channels (normally from
different locations) or shift the x-axis time. This feature offsets the x-axis time

data by a precise value as desired.

1 A trace (channel) must first exist on the graph. Click the graph that you want

to show time alignment.

2 Select the Measure>Time Alignment menu option or the Time Alignment

button on the tool bar.

3 Use the “spin” control (up and down arrows) to increase or decrease the off-

set.

4 Double-click the value to bring up a dialog box to enter the new offset value
and offset scale. Offset scale is the percent by which the increment is re-

quired.

5 Clear this option, by a second click on the Time Alignment button on the tool
bar or by selecting the Graph>Time Alignment menu option a second time.

Spin control to quickly
vary the offset value

Offset Value [o.000]
Offset Scale 5.000 %

12 o 5] gl B ] alalele] B SAI o) 1 ai) <4

wcergoe T T T T g —

AL TE ST IT oase a R

-'|Time alignment toolbar button

1=K}

o | T T e '\;l..-!

Edit box to change the offset value.
Note: Double-click here to change
the offset value and the offset
scale (increment)

Figure 11.91: Time Alignment
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11 Graphing Records

Absolute Time

This option displays the absolute time—the actual time of the recorded chan-
nels.

1 A trace (channel) must first exist on the graph. Click the graph that you want
to show absolute time measurement.

2 Select the Measure>Markers menu option or the Markers button on the tool
bar to place the markers on the graph. Markers are automatically placed if
not selected.

3 Select Measure>Absolute Time menu option.

4 Readout corresponding to the markers is displayed on the right-hand side of
the graph including:

* Year, Month, Day of the recording (yyyy/mm/dd)

» Absolute Time corresponding to marker X

* Absolute Time corresponding to markers O

» Difference in the Absolute Time between marker X and marker O

[ aloi=
| x| alzlwle] 5] 2l o)+ niw) <l

;:|——Absolute Time

" Anaogiru%
n - | s | D | At G| o e M Times |

Figure 11.92: Absolute Time
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Fundamental RMS This option displays the RMS measurement of the fundamental (60 or 50 Hz)
between the two markers (X and O) of the selected channel.

1 A trace (channel) must first exist on the graph. Click the graph that you want
to show absolute time measurement.

2 Select the Measure>Markers menu option or the Markers button on the tool
bar to place the markers on the graph. Markers are automatically placed if
not selected.

3 Select Measure>Fundamental RMS menu option.

4 Readout corresponding to the markers is displayed on the right-hand side of
the graph including:

* RMS (fundamental frequency) Title
* Minimum RMS

* Maximum RMS

* Average RMS

[T al0
b

'“: f :|~— Fundamental RMS

- g Y el T

Figure 11.93: Fundamental RMS
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11 Graphing Records

True RMS This option displays true RMS measurement values of all the harmonics (up to
25 order—including the fundamental), depending on the sample rate of the re-
corded channel.

1 A trace (channel) must first exist on the graph. Click the graph that you want
to show absolute time measurement.

2 Select the Measure>Markers menu option or the Markers button on the tool
bar to place the markers on the graph. Markers are automatically placed if
not selected.

3 Select Measure>True RMS menu option.
Readout corresponding to the markers is displayed on the right-hand side of the
graph including:

* True RMS Title

* Minimum True RMS

* Maximum True RMS

* Average True RMS

»l0 =
Be Yew Gah Sesue S doters tep
BElEl8) [ 318 m Sl(6TE Sl x) slslmiel B) tia) 2 ) 31 Sl 23

— True RMS

Al R e T T TR

el Sy

Figure 11.94: True RMS
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Harmonics This option displays the harmonic contents (magnitude) of the desired channel
along with the Total Harmonic Distortion (THD) in percentage.

1 A trace (channel) must first exist on the graph. Click the graph that you want
to show absolute time measurement.

2 Select the Measure>Markers menu option or the Markers button on the tool
bar to place the markers on the graph. Markers are automatically placed if
not selected.

3 Select Measure>Harmonics menu option.

4 Readout corresponding to the markers is displayed on the right-hand side of
the graph including:

» Harmonics Title
* 2nd Harmonic
* 3rd Harmonic
* 4th Harmonic
* 5th Harmonic

THD% of fundamental (the number of harmonics included in THD)
depends on the sample rate. See Table 7.1 and 7.2 on page 7-6.

D=
3 5 = I[GTE Szl x| alelwlel s ol 2 of +1] nia <joE

Bl dew Grich Meras ok Qvees Hep

— Harmonics
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Figure 11.95: Harmonics
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11 Graphing Records

Symmetrical This measurement option displays the magnitudes of the positive, negative and
Components zero sequence components of 3-phase voltage or current channel.

1 Create an Overlay View— you must have a 3-phase voltage or current chan-
nel.

Place three phase voltage or current channels on the graph.
3 Select the Measure>Symmetrical Components menu option.

4 Readout corresponding to the markers is displayed on the right-hand side of
the graph including:

* SymCom Title

* Positive sequence component magnitude
* Negative sequence magnitude

* Zero sequence magnitude

alnlx
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Figure 11.96: Symmetrical Components
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Calculated Channels

Calculated channels are virtual channels derived from the original recorded
channels. They are calculated based on the configuration information. In the
TESLA recorder, all the calculated channels are added to the original record
only once, but are available any time to view with the RecordGraph applica-
tion. Calculated channels differ widely depending on the product. They are
classified under high and low speed categories.

High Speed Calculated channels
» Summation
* Positive sequence
* Negative sequence
» Zero sequence
» Watts (single and three phase)

Low Speed Calculated channels
» Summation
* Positive sequence
» Watts (single or three phase)
* Vars (single or three phase)
» Impedance
» External

Type and number of channels available for the view depends on the configura-
tion information.

Choose Options>Calculate Derived Channels Now to add the calculated chan-
nels. If this option is disabled, then the calculated channels are already avail-
able.

ﬂmRecordGraph
File Wiew Graph Measure Scale  Options b

" Meqgative Sequence
* Pozitive Sequence

* Sumration

W gty

Zern Seguence

B
Calculated Channels

""" W atts

Figure 11.97: Calculated Channels
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Exporting Views
Export active visible views to windows standard clipboard or to an enhanced
metafile. Following options are available:
* Copy To ClipBoard
» Save As MetaFile

if} RecordGraph E -8
Filc [ view Graph Measwe Scale Options Help
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Figure 11.98: Export Views

Copy to Clipboard Copies view to the clipboard in order to copy into another document, for ex-
ample Microsoft Word.

1 To copy to clipboard select View>Copy to Clipboard or right-click on the
graph to bring up the context menu and select Copy to Clipboard.

2 Open any other software package, which supports the “pasting” facility
from the clipboard (for example Excel or Microsoft Word) and paste the
view.

Save View as Saves the view to a Metafile format *.emf.

Metafile 1 To save to as a Metafile select View>Save to Metafile... or right-click on the

graph to bring up the context menu and select Save to Metafile.
2 A dialog box appears prompting you to save the file in a selected folder.

Savein | 3 temp -] & @k E-

| IRecordGraph Testing

Fiensme: [Line #1 el Save |
Save aslype: |Enhanced bietarFile (“eri] - Cancel

4

Figure 11.99: Save to Metafile
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Exporting Channel Data
Any channel data can be exported to the clipboard from the active view. If a
graph has multiple channels, all the channel data is exported to the clipboard.

This option copies the trace data to the clipboard and using Edit>Paste to paste
into other applications like Microsoft Word or Excel.

|Copy Trace Data to Clipboard|
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Figure 11.100: Copy Trace to Clipboard

Pasting exported data using Microsoft Excel

1 Open Microsoft Excel.
2 Choose Edit>Paste Special.

ymat Tools Data Window Help Acrobat
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Figure 11.101: Paste Special Using Excel
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Pasting exported data using Microsoft Excel
Choose CSV (comma separated variable) format and click OK.

Figure 11.102: Choose CSV

Pasting exported data using Microsoft Excel
Domain: normally time data, it can be date YYYY/mm/dd in case of trend data.

Figure 11.103: Paste to Excel
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Record Summary

1 Click the record name to enable this feature.

2 Choose File>Show Record Summary... to display the record summary.
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Figure 11.104: Show Record Summary

Digital Channel Status Indicator

Highlight digital channel which change state (with different icons), and list
only configured channels in the tree view. A mimic screen shot of the icons is
shown below. The <default> template automatically displays the digital chan-
nels which changes the state.
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Figure 11.105: Digital Channel Status Indicator
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IRIG-B Input Status Display

IRIG-B input status (synchronized, unsynchronized or not available) is dis-
played in the tool tip window when you place the mouse on the channel name
or use Active Trace Information.

e opti

Ere— ) R B e Y S e RN S e

ons_Help

E1° High Spesd Channels

1
2
3
4
5
6
7

— A Spare 8

— AlnpT 50L5-1 High
— &lnp1 50L52 High
T AlnpT 50BF-1 Trip
T Alnp 50BF2 Tiip
— Alnp1 50 Trip

— dlnp1 51 Al
— lnp1 51 Tip

— Alnp2 50L5-1 High
— Alnp2 50152 High
— Alnp2 0BF-1 Trip
— lnp2 50BF-2 Tip

— Alnp3 50L5-1 High
— Alnp3 50L52 High
— Alnp3 50BF-1 Trip
— lnp3 50BF-2 Trip
— Alrp3 S0 Thp

— Alnp3 51 Al
— Alnp3 51 Trip

— Alnpd BOLS-1 High
— lnpd 50L5-2 High
— lnpé SOBF1 Trp
— dlnpd 50BF-2 Trip
— Alnpd 50 Trip

— dlnpd 51 Alsn

RELAYID-2002-04-19_15.54.02.4]

RELAVID-2002.04-13_15.54.02.025 EPR . 2002.04-19 10:54:02 025 — Al 1 S0BF-1 Trio

| IRIG-B status indicatorl

= Ainp2 SBF-2 T

BPRO-G701-000000.02
RELAYID-2002.0419_15 54.02. 025 BPR
Alnp2 S0BF:2 Tip
0000s

204

Samples
Sample isle 400 /5
IAIGE Input  : Unsynchiorized

= a1 SOBF-1 Trip

= ainp1 S0BF-2 Trip

Scae: Secondary

Figure 11.106: IRIG-B Input Status Indicator

Derived Digital Swing Channels for TESLA Swing Recordings

TESLA recordings do not record External Input channels for the swing re-
cords. A facility to view these channels in the RecordGraph is provided. Re-
cordGraph automatically displays these channels (if configured) under low
speed channel group. Events with the same element are grouped together to

form a channel. This facility is backward compatible.

Derived Channels for L-PRO, F-PRO High Speed Recordings

For L-PRO and F-PRO high-speed records, Main and Aux individual phase
summation channels are added to the existing derived summation channels.
This facility is backward compatible.
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11 Graphing Records

COMTRADE Import

COMTRADE (Common Format for Transient Data Exchange) is an industry
standard record format used to share data between tools and to replay faults
through a test set. The import utility supports viewing of both ASCII and bina-
ry COMTRADE formats (1991, 1999 and 2000). When the COMTRADE file
is imported into the RecordGraph, all its functionality can be seamlessly used
to analyze the record.

1 RecordGraph application must be running to access this facility. If not,
launch RecordGraph via TESLA Control Panel, RecordBase View or Win-
dows Explorer.

Choose File>Import.
3 Browse to select desired file.

Double-click on the COMTRADE record to apply <Default> template or
select it from the templates list box.

Import file

e dptorn Help
b o1 & | 9|[31e ml=] x) alsbele] =)

| 3431 a4 — b

i
gt COMTRAGE Hhe

W] A8 R @ | yhee | B | Qe | B | Blar | e | Bl | @ I::m--lﬂ.-‘u:rﬁ% W@ e
Figure 11.107: Import COMTRADE File
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11 Graphing Records

Choose COMTRADE File
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Figure 11.108: Select COMTRADE File
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Figure 11.109: Apply <Default> Template
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11 Graphing Records

Print Options
The following options are available:
* Print... — pops-up a print option dialog box to select paper size, orientation
and other options.
* PrintDirect — sends active view directly to the default printer.
* PrintAll — sends all the views directly to the default printer.
¢ Print Preview...— displays standard preview window.
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12 Record Export Utility

The record export utility lets you convert records into different formats for use
with other software tools.

COMTRADE

Common Format for Transient Data Exchange (COMTRADE) is an industry
standard record format used to share data between tools and to replay faults
through a test set. The export utility supports both ASCII and binary COM-
TRADE formats and creates output that complies with the latest (1999) or old-
er version (1991) of the standard.

PTI

Power Technologies Incorporated (PTI) produces widely used power system
modelling tools. TESLA records can be exported in a PTI-compliant format for
import into PTI tools. The export utility supports ASCII format and creates
output that complies with PTI version 1 or version 2 formats.

Excel (CSV)

TESLA records can be exported in basic comma separated values (also known
as comma-delimited) ASCII format suitable for importing into standard tools
such as Microsoft Excel.
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12 Record Export Utility

Launch the Export To launch the export utility:

Utility 1 Double-click Records from the Main Menu.
2 Select a local record from the record list.
3 Select the Export button to launch the Export window.
4 Select the desired export output format and select OK.

Step 3: Click on the

Step 2: Select a record| Export button to Step 4: Choose export
lFfrom the list. launch export window. type and OK.

Revnd Surmany
i M 1999-12-01 {15 55 37 36t
Foscord Type: Fault
Foscord Versionr )
Focord ey, 1
P U
] Trigger Time (Localr ‘Wed Dec 0) 1999 15:55:37 036
i Events
0. 1993-17-01 1554 37 A3k -= ElementZ In | =]
01; 1998.13-00 15537 836 -= Element?:lc |
Smjas
Select export file type
p v ]
B 199912.0014:30: 30,929 B
o 1999-12-01-14:20:42.719
i 1z emor s 2ot ICDMTHADE J
Local
| S S ]
| l\wml Trigger Gwing |  Trigger Btn
Maner | Uoier Facauds | CodgEae | Tremdr
0K I Cancel |
TESLA Contral Paned | Rurresk i 1€

Step 1: Double-click
Records from the
Main Menu

Figure 12.1: Select Export File Type
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COMTRADE Format

COMTRADE Export Settings
E=port to...
|c::'\F'r0gram Files\apthdata'Nina-s-Recorder\Recards\2001-01-24 Browse. ..
Station M ame Identification
Header Text Wersion
Location=cormer, Wame=5tation, Murmnber=1, Unitld=Mode1 J 1991 -
Format
= fasci e

Low Speed [E0/zec)

=

Exported Channels

Element] Yatzt_al_1.tagnitud
E lement]. a1l 1.FPhaze
Element]. b b1 b aghitu
Element] Vbotst_Wb1_1.Phaze
Element] Ve bt Vel 1. Magnitud
Element].Vo.tst_ Vel _1.Phasze
Element].la.tst_lal_1.Magnitude
Element] latst_lal_1.Phase
Urused Rec Chan bMagnitude
Unuzed Fec Chan. Phase

[T Offzet negative start tirmes to b

]

Element] % a.tzt_Wal_1.Magnitude
Element] *atzt_Wal_1.FPhaze
‘ Elernent] Wbkt _Wb1_1. .k agnitude

B
<

-

[

egin at zera

Cancel

Figure 12.2: COMTRADE Settings

The COMTRADE format (IEEE C37.111) defines a common format for stor-

ing digital data records

of transient and dynamic swing events. It consists of

up to four output files with the same base name and different file extensions:
configuration files (.cfg), header files (.hdr), data files (.dat) and optional in-

formation files (.inf). T
ration, header and data

he COMTRADE Export Utility produces the configu-
files.

With reference to Figure 12.2: COMTRADE Settings,

Name

COMTRADE Export Settings

Function

Export to...

The base filename and directory of the output files are set using
the Export to. option.

By default the base filename is the same as the record you are
exporting.

You can edit this or use the Browse button to set a new direc-
tory and/or base filename.

Station Name and
Identification

The Station Name and Identification fields are set by default
using information from this recorder. They are written as the
first line in the.cfg output file.

Header Text

The Header Text field contains the text written into the COM-
TRADE header (.hdr) file. By default, the field contains the
Location, Name, Number and the Unit ID of the unit that pro-
duced the record.

This text can be modified, deleted or extended as desired.
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COMTRADE Export Settings

Name Function

Version The Version field lets you select the revision of COMTRADE
standard to produce. COMTRADE has been an evolving stand-
ard and a number of changes have been made over the years.
1991 and 1999 COMTRADE versions are supported.

Format The Format field specifies that the data in the COMTRADE file

(ASCII or BINARY format).

ASCII data has the advantage of being usable by simple text
editor and spreadsheet programs, but results in a significantly
larger record relative to binary format.

BINARY format is therefore recommended if the software pack-
age you will be using the data in supports binary format COM-
TRADE.

Selecting Channels
(Exported Channels)

You must select the channels from the record that you want to

include in the output file.

For convenience, the digital data recorded is classified into:

« High Speed : Analog and external digital input channels sam-
pled at the high speed transient data rate.

« High Speed (480/sec): Analog and internal logic channels pro-
duced 8 times per cycle.

» Low Speed (60/sec): Analog input channels sampled at the
low speed swing data rate.

Select the desired channel from the list with a left-click.

Multiple channels can be selected using standard Windows

selection actions (click + Ctrl or Shift keys).

Place selected channels in the Exported Channels list box.

>>

Place all channels into the Exported Channels list box.

<

Delete a channel from the Exported Channel list box.

<<

Delete all channels from the Exported Channel list box.

Offset negative start times
to begin at zero

When checked, this option shifts the negative time to start from
zero.
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PTI Format

PTI Export Settings
Export to..
|data\Nina-s-Hecnlder\ﬂecnrds\ZDm -01-24-16.14.45. 0001 asc Erowse. .
Station Mame Identification
Header Text Wersion
Location=comer, Name=Station, Mumber=1, Unitld=Node1 J Version 2 ¥
Format

=l asc -

|an Speed (B0/sec] j Expoited Channels

il |Elementl.atst_Val_1.Magnitude
Element!.Wa.tst_Yal_1.Phase
< Element.Wb.tet b1 _1.Magnitude

t Wal 1.Phase
t b1 1. Magnituc
Element] Vb.tst_¥b1_1.Phase

Elementl Vc.tst:Vc1:1:Magmitud
Element] Ve tst_¥el1_1.Phase ﬂ
Element? latst_lal_1.Magniude

Element? latst_lal_1.Phase &
Unuzed Rec Chan.Magnitude

Unused Rec Chan. Phase ﬂ

[T Offset negative start times to begin at zern

ok |

Cancel

Figure 12.3: PTI Settings

The PTI file format is used to import records into the Power Technologies In-
corporated system modelling software.

Output File PTI export produces a single output file with an .asc extension.

Name

PTI Settings

Title

Export to...

The base filename and directory of the output files are set using
the Export to.. option.

By default the base filename is the same as the record you are
exporting.

You can edit this or use the Browse button to set a new directory
and/or base filename.

Station Name and Identifi-
cation

The Station Name field is set by default using the unit’s Station
Name setting. It is written as the third line in the output file.

If desired, you can edit this text.

The Identification field is not written to the PTI output file.

Header Text

The Header Text field contains the text that is written as a single
line in the fourth line in the output file.

By default, the field contains the Location, Name, Number and
Unit ID of the recorder that produced the record.

This text can be modified, deleted or extended as desired.

Version

The Version field lets you select between PTI version 1 and ver-
sion 2. Please refer to PTI documentation for details on the dif-
ferences of these versions.

Format Only ASCII format output files are available.

Format

ASCII is the only format option for PTI.
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12 Record Export Utility

Name

PTI Settings

Title

Channel Selection

Use Channel Selection to select channels to export.

You must select the channels from the record that you want to

include in the output file.

For convenience, the digital data recorded is classified into:

+ High Speed : Analog and external digital input channels sam-
pled at the high speed transient data rate.

* High Speed (480/sec): Analog and internal logic channels pro-
duced 8 times per cycle.

* Low Speed (60/sec): Analog input channels sampled at the
low speed swing data rate.

Select the desired channel from the list with a left-click.

Multiple channels can be selected using standard Windows

selection actions (click + Ctrl or Shift keys).

Place selected channels in the Exported Channels list box.

>>

Place all channels into the Exported Channels list box.

<

Delete a channel from the Exported Channel list box.

<<

Delete all channels from the Exported Channel list box.

Offset negative start times
to begin at zero

When checked, this option shifts the negative time to start from
zero.
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12 Record Export Utility

Excel (CSV) Format

CSY Exzport Settings
Export to..
|data\Nina-s-Hecnlder\ﬂecnrds\ZDm -01-24-16.14.45. 0001 csw Erowse. .
Station Mame Identification
Header Text Wersion
Location=comer, Name=Station, Mumber=1, Unitld=Node1 J Simple -
Format

=l asc -

|an Speed (B0/sec] j Expoited Channels

il |Elementl.atst_Val_1.Magnitude
Element!.Wa.tst_Yal_1.Phase

t %al 1.Phase
b1 1. Magritu

Element] Vb.tst_Vb1_1 Phase
Element? Ve tst_Vel_1.Magnitud

Element] Ve tst_¥el1_1.Phase ﬂ
Element? latst_lal_1.Magniude

Element? latst_lal_1.Phase &
Unuzed Rec Chan.Magnitude

Unused Rec Chan. Phase ﬂ

[T Offset negative start times to begin at zern

ok |

< Element.Wb.tet b1 _1.Magnitude

Cancel |

Figure 12.4: Excel (CSV) Settings

The Excel CSV (Comma Separated Value) format is used to import records
into a Microsoft Excel spreadsheet. This format is also known as comma de-
limited ASCII and can generally be used by most programs that import data ar-

rays.

Excel CSV export produces a single output file with a .csv extension, which is
recognized by Excel. Excel is automatically launched when you double-click

on file.

Name

CSV Export Settings

Function

Export to...

The base filename and directory of the output files are set using
the Export to... option.

By default the base filename is the same as the record you are
exporting.

You can edit this or use the Browse button to set a new direc-
tory and/or base filename.

Station Name and Unit ID

The Station Name and Identification fields are not written to the
Excel CSV format output file.

Header Text

There is no header text written to the Excel CSV format output
file.

Version

There are no version options for the Excel CSV output.

Format

ASCII is the only format options for the Excel CSV output.
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12 Record Export Utility

Name

CSV Export Settings

Function

Channel Selection

You must select the channels from the record that you want to

include in the output file.

For convenience, the digital data recorded is classified into:

* High Speed : Analog and external digital input channels sam-
pled at the high speed transient data rate.

* High Speed (480/sec): Analog and internal logic channels pro-
duced 8 times per cycle.

» Low Speed (60/sec): Analog input channels sampled at the
low speed swing data rate.

Select the desired channel from the list with a left-click. Multiple

channels can be selected using standard Windows selection

actions (click + Ctrl or Shift keys).

Place selected channels in the Exported Channels list box.

>>

Place all channels into the Exported Channels list box.

<

Delete a channel from the Exported Channel list box.

<<

Delete all channels from the Exported Channel list box.

Offset negative start times
to begin at zero

When checked, this option shifts the negative time to start from
zero.
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13 Cooperative Recorder Group

A cooperative recorder group consists of up to four TESLA 3000 recorders
working together to form a larger virtual recorder. The recorders are connected
through an Ethernet LAN and are accessed as a single "Cooperative Group "
from Control Panel.

With a cooperative recorder group you can:

* Automatically trigger synchronous recordings on all group members when-
ever any member recorder is triggered.

* Transfer the resulting records from all group members to Control Panel and
combine them into a single record.

Recorder group members also function as individual recorders. They are con-
figured as stand-alone units and retain their normal recording capabilities.

Instructions for setting up recorders to operate in a cooperative recording group
are provided later in this chapter.

How A Cooperative Recorder Group Works

Local Network

Remote Access

Master Recorder

Cooperative Grou
IED P P

A cooperative recorder group is comprised of two to four TESLA 3000 record-
ers, typically located in a substation control house. The recorders communi-
cate with each other through an Ethernet LAN which allows cross-triggering
between recorders along with the normal record transfer, user interface and
SCADA functions. The cooperative recorder group can have its own network
or can be connected to a larger network in the substation.

There are two ways to remotely access a cooperative recorder group:
1 Over a wide area network, if a network link to the substation is available.
2 Via a modem connected to one of the group recorders.

One member of the cooperative recorder group is designated as the Master Re-
corder. The Master Recorder is the primary interface between the cooperative
recorder group and TESLA Control Panel. In addition to its normal recording
role, the Master Recorder:

* Maintains the list of group recordings.
* Provides IP address information about the other group members.

* Acts as the communication gateway for remote access when a modem link
is used.

Within Control Panel a special Cooperative Group IED is created to work with
the cooperative recording group. When the Cooperative Group IED is set as the
Current IED, Control Panel functions are applied to the group of recorders
rather than an individual one. Records from the cooperative recorder group are
transferred, combined and viewed in this way.
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13 Cooperative Recorder Group

Triggering and
Recording

Record Collection
and Consolidation

RecordBase Central
Station

In a cooperative recorder group a trigger detected by any recorder results in
time-synchronized recordings on all group members. These records are re-
trieved and combined into a single record by TESLA Control Panel.

Cross-triggering between group members takes place over the LAN. The trig-
ger message includes the timestamp of the initiating trigger to allow each re-
corder to capture data from the same time period. Sample clock coordination
among the group recorders, derived from the IRIG-B clock signal, ensures that
the data points from all the recorders are synchronous.

All cooperative group recorders must be synchronized from a com-
mon external IRIG-B time source.

The trigger message also specifies the type of recording to be created. If the
initiating trigger was configured to produce a transient recording, a swing re-
cording, or both, the receiving units will create the same type of record or re-
cords.

If multiple recorders detect a trigger during the same disturbance, each will
send a trigger message to the others. A trigger buffer is used by each recorder
to sequence overlapping triggers and produce a single record whose trigger
time is that of the first detected event.

Records are retrieved from cooperative group members and combined into a
single group record by TESLA Control Panel. When you initiate a record trans-
fer from the group's Master recorder, Control Panel automatically transfers the
corresponding records from the other group members and combines them into
a single record. Within Control Panel, the resultant record is stored under
group's Cooperative Group IED record list.

It is possible in some circumstances for a record from a group member to be
omitted from the combined record. This could be caused by a settings mis-
match, network communication problem or loss of the IRIG B time signal. If
the record was captured by the recorder it can still be retrieved and viewed as
a single record from the individual recorder using standard (i.e. non-coopera-
tive mode) methods.

For further details on cooperative group records, see “Working With Records
From a Cooperative Recording Group” on page 13-10.

RecordBase Central Station v2.0 and above can work with a TESLA 3000 co-
operative recording group. RecordBase can:

* Automatically collect records from group members and combine them into
a single record.

* Issue swing record cross-trigger commands to the group.

* Communicate with individual group members via WAN or a modem on
the Master recorder.
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13 Cooperative Recorder Group

Setting Up a Cooperative Recording Group
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Figure 13.1: Cooperative Recording Group with Remote Access via Modem
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13 Cooperative Recorder Group

There are three main steps to setting up a cooperative recording group:
1 Set up the network in the substation.

2 Configure the individual recorders.

3 Configure the Cooperative Recording Group.

These steps are covered in detail in the following sections.

Step 1: Set up the You will need to create IED definitions for each of the group recorders, and a

Network special one for the cooperative group itself. Example IED definitions are
shown in Figure 13.1 on page 13-3; general instructions on how to create IED
definitions are available in “Adding/Editing a Recorder Workspace Defini-
tion” on page 5-3

1 Connect the LAN port on each recorder to the Ethernet switch.

An industrial-quality 100Base-T Ethernet Switch is recommended for best
performance, although a standard IEEE 802.3 10Base-T Ethernet hub can
be used. Cable should be Type CAT 5 with maximum segment lengths of
100 meters as per the standard. Where a group consists of only two record-
ers, a cross-over Ethernet network cable can be used instead of an Ethernet
switch.

When connected to a larger network consideration should be given to over-
all network load. Although the recorders are designed to tolerate consider-
able delay in the delivery of inter-recorder trigger messages (up to 4
seconds for transient recording triggers and 25 minutes for swing triggers),
connection to a network segment with heavy traffic may result in missed
triggers. Conversely, the network load resulting from the transfer of possi-
bly large records may impact other devices on the network.

2 Assign IP addresses.

Each recorder must be assigned a unique IP address. The IP address is
viewed and modified through the recorder’s Maintenance Menu, for details
see 14 Maintenance Menu and Error Handling on page 1. The factory de-
fault IP address is 192.168.1.100.

All recorders in the group must be assigned IP addresses that belong to the
same local network. The permissible address range of a local network de-
pends on the value of the first term of the IP address as shown in the follow-

ing table.
IP address range IP addresses on the
(first term) same local network
1-126 === XXX XXX XXX
128-191 —=- == XXX XXX
192-223 —mmmmm e XXX
0, 127, 224, 255 Reserved
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13 Cooperative Recorder Group

If network access to the recorder from a different network or subnet is in-
tended, it may be necessary to change the recorder's default gateway and/or
its network mask. By default the recorder has no default gateway and a net-
work mask 0f 255.255.255.0. These settings can be changed through the re-
corder's Maintenance Menu.

A note on PPP addresses: TESLA uses 3 pairs of IP addresses for its serial
PPP (point to point protocol) communication; one for the front serial port,
one for the rear serial / modem port, and one for communication with Re-
cordBase Central Station. These IP addresses can be viewed and changed
through the recorder's Maintenance Menu.

To assist in verifying and troubleshooting network connections, an IP
"Ping" function is available through the recorder's Maintenance Menu. In
addition, a communications status indicator is available in Control Panel
(see the Check button on the Cooperative Mode Setup screen, Figure 13.2
on page 13-8).

3 Configure the Master Recorder’s modem and connect to the telephone
switch

This step is only required if remote access to the recorders will take place
through modem rather than a wide area network.

The set-up of both internal and external modems is described in “Commu-
nicating with the Recorder” on page 4-1.

To make use of a modem link connection to multiple recorders, the Con-
trol Panel user must be logged into Windows with local administrator
privileges. This is required to permit temporary access to the computer's
network routing table.

Step 2: Set Up the 1 Create an IED Definition in TESLA 3000 Control Panel for the Master
Individual Recorder
Recorders

The Master Recorder is a recorder in the group designated as the primary
interface between the recorder group and Control Panel. In addition to its
role as a recorder, the Master Recorder maintains the list of group records
and provides the IP addresses of the other group members to Control Panel.

If remote access to the recorder group will be through a modem, the Master
Recorder must be the recorder with the modem.

The following table provides a setting guide for the Master Recorder’s IED

definition.
IED Definitions for the Master Recorder
IED Name + Should identify both the recorder and its cooperative group.
+ Should have the same name as the recorder’s Unit ID. (The Unit ID
is configured in the recorder through the Utilities menu. See “Unit
Identification” on page 7-2).
Comment Should indicate that the IED is the Master Recorder for the group.
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Location

Should be the name and/or location of the Substation.

IED Serial Number

Can be left blank if the unit’s serial number is not known. The serial
number can also be automatically obtained from the recorder later
using the Get Information from IED button (see below).

Model Select TESLA 3000 — 36 Channels or TESLA 3000 — 18 Channels as
appropriate to the hardware model.
IP Address Must be the same IP address configured in the recorder in Step 1.

Communication

Must reflect the method of remote access to the cooperative recording

group.

* Select Modem Link if a modem is used. Specify the appropriate tele-
phone number.

« Select Network Link if the group will be accessed through a network.

Get Information
from IED

(optional): If a communications link is available to the recorder, this

button can be used to retrieve the recorder’s name, location and serial
number information. Any information in the corresponding fields of the
IED Definition will be overwritten and saved if you exit with OK. These
values are configured on the recorder as part of its Unit Identification.

2 Create IED Definitions for each of the other group recorders

Once an IED definition for the Master Recorder has been created, you can
create [ED definitions for the remaining group members. The group can
have up to four recorders.

The following table provides a setting guide for the IED definitions of

group members..

IED Definitions for the Other Group Recorders

IED Name « Should identify both the recorder and its cooperative group.
+ Should have the same name as the recorder’s Unit ID. (The Unit ID
is configured on the recorder through the Utilities menu. See “Unit
Identification” on page 7-2).
Comment Should indicate that the IED is a group member.
Location Should be the name and/or location of the Substation.

IED Serial Number

Can be left blank if the unit’s serial number is not known. The serial
number can also be automatically obtained from the recorder later
using the Get Information from IED button (see below).

Model Select TESLA 3000 — 36 Channels or TESLA 3000 — 18 Channels as
appropriate to the hardware model.
IP Address Must be the same IP address configured on the recorder in Step 1.

The IP address is required regardless of the Communications mode.

Communication

Indicates how to communicate with the |IED as an individual recorder.

» Use Network Link if the recorder can be directly reached over the
network.

» Use Connect Through IED and select the Master Recorder from the
pick list to allow a telephone connection to the recorder (through the
Master Recorder).

» Use Direct Serial Link if you are working in the substation and intend
to connect directly to the recorder through a serial cable.

Get Information
from IED

(optional): If a communications link is available to the recorder, this

button can be used to retrieve the recorder’s name, location and serial
number information. Any information in the corresponding fields of the
IED Definition will be overwritten and saved if you exit with OK. These
values are configured on the recorder as part of its Unit Identification.
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13 Cooperative Recorder Group

Step 3: Configure
the Cooperative
Recording Group

3 Configure the individual recorders

Each recorder must be configured as a stand-alone unit with its channels
and triggers defined. Chapter 7: Recorder Setup Utilities and Chapter 8:
Configuring the Recorder cover this in detail.

Important

Certain settings must be the same on all recorders for cooperative
mode to function correctly. See “Required Cooperative Mode Set-
tings” on page 13-11 for the list.

1 Create a Cooperative Group IED Definition in TESLA 3000 Control

Panel

Within Control Panel, a special Cooperative Group IED is created to work
with the cooperative recording group. When the Cooperative Group IED is
selected, Control Panel functions are applied to the group of recorders rath-
er than an individual one. Records from the cooperative recorder group are
transferred, combined and viewed in this way

The following table provides a setting guide for the Cooperative Group IED
definition..

IED Definitions for the Cooperative Group IED

IED Name Should identify this as the Cooperative Group IED.

Comment Should indicate that this IED represents the whole group.

Location Should be the name and/or location of the Substation.

IED Serial Number | blank

Model Must be TESLA 3000 — Cooperative.

IP Address Blank

Communication Must be Connect Through IED with the Master Recorder specified.

Select the cooperative recording group members

A setup screen associated with the Cooperative Group IED lets you specify
which recorders are part of the cooperative group and provides group con-
trol and status information. To access the Cooperative Mode Setup screen:

a Connect to the Cooperative Group IED by selecting the it from the
IED list on the Main Menu tab and pressing Connect.
b Select the Utilities screens by double-clicking on Utilities in the
Main Menu tree.

¢ You are now in the Utilities — Cooperative Mode Setup screen as
shown in Figure 13.2.
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13 Cooperative Recorder Group

Cooperative Mode Setup

v Enable Cooperative Mode

Status

v |

J | connected

¥ Member 2 |D0|sey Rec?

j | nat cornested

¥ Member & |D0|sey Reca

IV Member & IEETERS

j | nat cornested

nit connected

'\ Cooperative Mode Setup

Save Close

Figure 13.2: Cooperative Mode Setup Screen

d Check the Enable Cooperative Mode box. Note: To exit Coopera-

tive Mode, this box must be unchecked, and the chosen recorders (in
part e) must also be unselected. User must choose Save to complete
disabling Cooperative Mode.

e Select the recorders you want to be part of the cooperative group us-

ing the pick lists. The Master recorder is automatically assigned as
Member 1.

Note: If an expected recorder does not appear in the Member pick
list, check the recorder’s IED Definition for errors.

This list also determines the order in which records are combined.
The member number shown here is pre-pended onto each analog
and digital channel in the combined record to identify which record-
er it came from.

3 Enable cooperative recording group operation
a Click Save. TESLA Control Panel will connect to each member re-

corder to provide member [P addresses and enable cross-triggering.

Progress information is displayed as each member recorder is updat-
ed. When the update is finished the status of each Member recorder
should say Connected.

b Click Close. The cooperative recording group configuration is now

complete and cross-triggering, record collection and combining of
member records are enabled.
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13 Cooperative Recorder Group

The Check button beside the member recorder names in Figure
13.2 initiates a status check of the communications between the
member recorders. It can be used at any time.

Working with Control Panel in the Substation

In the substation you can connect to the recorders through the
LAN if a spare port is available on the Ethernet switch. Alternative
ly, a direct serial connection with each recorder can be used. (You
may need to alter the Communication mode settings in a record-
er's IED Definition).

D01721R02.61 TESLA 3000 User Manual 13-9



13 Cooperative Recorder Group

Working With Records From a Cooperative Recording Group

Records from a cooperative recording group are managed in TESLA 3000
Control Panel in the same manner as records from individual recorders (see
Chapter 9: Record and Log Management).

To access a group's records, select its Cooperative Group IED (Select IED on
the Main Menu tab) and use the Connect button to establish a link with the
group's Master recorder. Once connected, double-click Records in the menu
tree to open the Records screen. If you only want to access previously down-
loaded records, the connection to the Master Recorder is not necessary.

=0l x|
Fie Trigoer Yiew Help
Record Fitter [ et Remote Summariss: Record Summary
Letest 25 Records 7| = Record Name: 2006-03-15-07.49.10.000F 1 tir
I autepnl Record Type: Fault
Record Wersior: 10 Record Priotty: o
Records from Dersey Rec Group unit 1D
= 20060315 Trigger Time (Local). Wed Mar 15 2006 07:49:10 .000
g Graph
B On[ED Everts
F= 2006-03-15-07:51:36.000
B 2005 0315074510000 01:2006-03-15 07:49:10 .000 — 1: Manual trigger =|
Bl Loeal
{5 2005-03-15-07 43, 10.000F 1
Save As
Export
Deiete
Bename
Refresh 4 JJ
‘ Trigger Eauh‘ Trigger gwlngJ Trigger Both J Close
Main Mer Records

TESLA 3000 Control Panel Current: IED: Dorsey Rec Group Connected

Figure 13.3: Records display

Records shown as being on the recorder (On [ED branch) are on the Master Re-
corder. When you initiate record transfer, Control Panel automatically re-
trieves records with the same timestamp from all group members and combines
them into a single group record. The record also combines event data from all
recorders in the group, chronologically sorted. Records listed under the Local/
branch have already been transferred and combined.

To eliminate naming ambiguity and identify the data associated with each re-
corder, channel names and event entries in the combined record are prefixed
with "1: ", "2: ", "3: ", and "4: ". These prefixes correspond to the member
number defined in the Cooperative Mode Setup screen.

Calculated channels are automatically generated when the records are trans-
ferred to Control Panel. This differs from individual recorder records where
calculated channels are generated when the record is first displayed by Record-
Graph.

The displayed record summary information is derived from the Master Record-
er. The preview of events cannot be shown until the combined record has been
generated, so the event list is only displayed for records that have already been
transferred.

Record deletion for a Cooperative Group IED is handled the same way as re-
cord transfer. Deleting a record from the On IED branch of a Cooperative
Group IED automatically deletes the associated record from each group mem-
ber. If the group record is not deleted, the individual records can be retrieved
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13 Cooperative Recorder Group

and viewed from a group member using standard (i.e. non-cooperative mode)

methods

Required Cooperative Mode Settings

Cooperative mode operation requires key settings to be consistent on all re-
corders in the group. This section identifies those settings and provides guide-
lines for selecting appropriate values.

Time Control Settings

(Utilities->Time setup screen

Setting

Effect on Cooperative
Operation

Guideline

Incoming IRIG Time Sig-
nal Properties

May cause a UTC time mis-
match between recorders that
results in trigger messages
being rejected

Setting should be the same on
all group members

Recorder Time Zone Set-
ting

May cause a UTC time mis-
match between recorders that
results in trigger messages
being rejected

Setting should be the same on
all group members

(Utilities->Recording

Recording Control Settings

Trigger Mode

In Duration mode, triggers
from other recorders result in
a record of Maximum Record
Length as their duration is not
evident to the receiving
recorder

Setting should be Edge on all
group members

Pre-Trigger Mode

Records with a pretrigger time
different from that of the Mas-
ter Recorder’s record will be
left out of the combined group
record

Setting must be the same on
all group members. At least
0.1 seconds of pre-trigger is
recommended

Normal Record Length

Records of different duration
can be combined into a group
record. The group record can
be displayed, but not exported
in COMTRADE format

Settings should be the same if
COMTRADE export of the
combined record is desired

Maximum Record Length

Controls the capability of each
recorder to automatically
extend a recording to include
subsequent triggers

A minimum of 0.1 second of
auto-extension (Maximum
Record Length > Normal
Record Length) is recom-
mended to avoid multiple
overlapping records in the
case of near-coincident trig-
gers.
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13 Cooperative Recorder Group

TESLA Device Configuration
(Identification screen in the Configuration editor)

Effect on Cooperative Oper- | Guideline

Setting ation

Sample Rate Records with a sample rate Setting must be the same on
different from that of the Mas- all group members

ter Recorder’s record will be
left out of the combined record
group
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14 Maintenance Menu and Error Handling

Maintenance Menu

TESLA has a set of utilities that provide diagnostic, recovery and TCP/IP ser-
vices. These utilities are available through the Maintenance Menu accessed
with a VT-100 terminal connection to the recorder’s serial ports, modem or
Ethernet LAN. For security purposes any utilities that can modify the TESLA
are disabled when connecting remotely. To access these utilities you must con-
nect to the recorder using Port 1 on the unit’s front panel.

Any terminal program that fully supports VT-100 emulation and provides z-
modem file transfer services can be used. HyperTerminal, which is included in
Windows XP and is also available separately as HyperTerminal PE, is used
here as an example.

1 Determine how you want to connect to the recorder.

* A direct serial link connects your computer’s serial port to the recorder’s
front panel Port 1. Port 1 is set up so that a standard, straight-through,
male-to-female serial cable can be used.

* If both the recorder and your computer have modems, you can access
the Maintenance Menu through the telephone system.

* Ifboth the recorder and your computer are on the same LAN or WAN,
you can access the Maintenance Menu through your network.

2 Configure your terminal program as described in the table below.

¢ For a direct serial link, the baud rate must be same as that of the record-
er’s serial port. The default baud rate for Port 1 is 38,400. The baud rate
can be viewed and changed in the Utilities>Communication tab of
TESLA Control Panel.

* For a modem link, the baud rate and other communication parameters
only determine how your computer talks to your modem. Usually, the
fastest possible baud rate is chosen to maximize your modem's com-
pression capabilities.

* For a network link, only the Emulation and Font settings from the table
are relevant.

Terminal Program Setup

Baud rate For a direct serial link, the baud rate must match that of the recorder
serial port. Port 1 default baud rate is 38,400.

For a modem link, the baud rate refers only to the link between your
computer and its own modem.

Data bits 8
Parity None
Stop bits 1
D01721R02.61 TESLA 3000 User Manual 14-1
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Terminal Program Setup

Flow control Hardware or Software.
Hardware flow control is recommended. The recorder automatically
supports both on all its serial ports.

Function, arrow

and control keys Terminal keys

Emulation VT100

Font A font that supports line drawing (e.g. Terminal or MS Line Draw).
If the menu appears outlined in odd characters, the font you have
selected is not supporting line drawing characters.

3 Select the device on your PC you will communicate through. In HyperTer-
minal, this is done in the Connect Using field of its Properties control.

* For a direct serial link, select an available serial port
» For a modem link, select the appropriate modem

*» For a network link, select “TCP/IP (Winsock)” (available with Hyper-
Terminal v1.2 or greater)

4 Initiate the connection. The TESLA will respond with a login prompt

* In HyperTerminal, use the Call button or menu command to initiate the
connection.

5 At the login prompt, log in as “maintenance”
* Lower case

* No password is required. If you are asked for one, there is a mistake in
the login name. Press Enter to get another Login prompt and try again.

& TCP_HT3 - HyperTerminal

D= &3

Figure 14.1: Maintenance Menu
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Maintenance Menu

Commands

1 Modify IP Address, subnet Modify the LAN IP address, default subnet mask and default

mask and default gateway gateway.

2 View system diagnostic Displays the TESLA's internal status log.

3 Retrieve system diagnos- Automatically packages up the internal status log plus set-

tics ting and setup information and downloads it in compressed
form to your computer. This file can then be sent to ERL-
Phase customer support to help diagnose a problem.

4 Restore ALL default set- Restores ALL factory defaults including settings, calibration

tings and setup parameters.

5 Restore only default Restores the default settings that define channels, sample

recorder configuration set- rates and triggers.
tings

6 Restore only default system | Restores the default values for the setup parameters includ-

setup ing communication settings, record controls and time con-
trols.

7 Force hardware reset Manually initiates a hardware reset. Note that the communi-
cation link is immediately lost and cannot be re-established
until the unit completes its start-up.

8 Network utilities Enter network utilities sub-menu.

9 Monitor SCADA Shows real time display of Modbus or DNP 3 data.

10 Enable/Disable internal Enables or disables the optional internal modem. Allows an

modem internal modem to be disabled so that an external modem
can be used.

11 Save recent trend data Saves any accumulated Trend Data that hasn’t yet been
saved to disk. This should be executed prior to [7] Force
Hardware Reset if trend logging is enabled.

12 Storage memory utilities Enter storage memory utilities sub-menu.

13 Enter safe shutdown Suspends TESLA application and stops FLASH Drive opera-

mode tions. This should be executed prior to cycling power to the
unit to prevent accidental FLASH Drive corruption.

14 Modify point-to-point IP Modify point-to-point addresses used for TCP/IP communi-

addresses cation over serial or modem connection.

15 Monitor PMU Displays outgoing PMU data frames in real time.

16 Calibrate DSP clock Performs DSP clock calibration.

17 Exit Logs off as Maintenance user.
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Error Handling

Failure Contact

Failure Handling

Network Utilities Menu Commands

1 View protocol statistics

View IP, TCP and UDP statistics.

2 View active socket states

View current states of active sockets.

3 View routing tables

View routing tables.

4 View MAC address

View MAC address.

5 Flush gateway entries

Flush the routing tables of all gateway entries.

6 Ping

Check network connection to given point.

7 Enable or disable port 2000

Toggle port 2000/port 7631 configuration.

8 Exit network utilities

Exit network utilities menu and return to maintenance
menu commands.

Storage Memory Utilities

1 Repair record storage

Attempts to repair a corrupted FLASH or Hard Drive parti-
tion used to store transient and swing records, trend data,
event log, etc.

2 Repair CDR data storage

Attempts to repair a corrupted FLASH or Hard Drive parti-
tion used to store Continuous Recording Data.

3 Activate storage memory

Activates newly installed pre-formatted FLASH or Hard
Drive to be used on the unit. Any pre-existing data are
deleted.

Exit storage memory utilities

Exit storage memory utilities and return to maintenance
menu commands.

The recorder has hardware and software self-check capabilities that work to
keep it operational and provide an indication if a failure occurs.

Output Contact #1 on the rear panel is a normally open contact that closes to
indicate a problem with the device. The contact is controlled by a hardware
watchdog circuit, ensuring a failure is reported even if the unit’s processors are
not functional. The state of the Failure Contract is mirrored by the front panel

Recorder Functional LED.

Supervisory software continually checks all system processes. If a failure is de-
tected an attempt is made to correct the problem through a software restart. A
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14 Maintenance Menu and Error Handling

State Indicators

software restart takes place quickly and does not activate any external indica-
tors.

If the failure persists, the unit will initiate a hardware reset to attempt to clear
the problem. A hardware reset takes approximately a minute and half to com-
plete. If the problem is not cleared after four consecutive reset attempts, the
unit enters the Persistent Error state. In this state, the recorder activates its fail-
ure indicators and stops initiating resets to avoid interfering with any diagnos-
tic investigation.

If the Supervisory software subsequently determines that the problem has been
cleared, it automatically returns the unit to its normal operating state, clearing
the failure indicators.

Normal

Operation First Detected Error

Problem Cleared

Persistent
Error Mode

Problem Cleared Software

Restart

Problem Cleared

Hardware
Reset

Problem Persists After

Repeated Reset Attempts Problem Still Present

Figure 14.2: Error Handling

Recorder State Indicators

Normal Recorder Functional LED ON
Failure Contact OPEN

Software Reset Recorder Functional LED ON
Failure Contact OPEN

Hardware Reset Recorder Functional LED ON
Test Mode LED ON
Failure Contact OPEN

Persistent Error Recorder Functional LED OFF
Alarm LED ON
Failure Contact CLOSED
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Diagnostic Tools The recorder has an internal log file to aid in problem diagnosis. The log can
be viewed from the Maintenance Menu (see below). As well, a full diagnostic
information package can be generated and uploaded to your PC, where it can
be e-mailed to ERLPhase customer support for analysis.

The Maintenance menu also has tools to help diagnose SCADA problems and
network communication problems.
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15 PMU - Optional Software Module

Overview

Phasor
Measurement Unit
(PMU) Description

This chapter describes the installation and operation of the TESLA 3000 PMU
module. It supports the first time user and clarifies details of the equipment.

PMU functionality is an optional software product feature on the TESLA Dis-
turbance Recorder Model 3000. The PMU module can be installed as a field
upgrade. The PMU functionality complies with the IEEE C37.118 - 2005 stan-
dard Synchrophasors for Power Systems. You can transmit up to 12 user se-
lectable phasors as individual phase quantities or three-phase positive,
negative or zero sequence phasors or summated phasors, via Ethernet, serial
port or modem at rates up to 60 frames each second. You can also transmit to
the PDC 12 Analog quantities of Watts, VARS, and VA and all 64 digital (sta-
tus) quantities available from a 36/64 channel TESLA recorder. The PMU
functionality does not affect the existing TESLA 3000 features; it is designed
to work simultaneously with the existing features such as triggering, recording,
and trending.

Synchrophasors - phasor measurements with angles referenced to a global time
standard have been used in limited scope by electric power utilities in North
America for well over a decade as a means of measuring and predicting dy-
namic stability of the power grid. Recently, a growing concern about the sta-
bility of the power system has increased interest in the use of synchrophasors
on a broader scale. The formulation of a new standard to define the calculation
and transmission of synchrophasors (IEEE C37.118 - 2005) and the launch of
a major synchrophasor project on the eastern north American power grid
(North American Synchro Phasor Initiative (NASPI) - formerly EIPP) have so-
lidified the requirement for devices which can provide synchrophasor mea-
surements in real time.

To transmit the PMU data reliably, you must connect to the IRIG-B signal from
a Global Positioning System (GPS) clock or receiver to the TESLA Distur-
bance Recorder Model 3000 as described in the TESLA User Manual. The
GPS signal must comply with the specification as mentioned in the IEEE
C37.118 standard.
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15 PMU - Optional Software Module

TESLA 3000 PMU Features

Phasor Estimation

Phasor Reporting

Number of
Synchrophasors

Number of
Frequency Channels

Analog Data

Digital Status data

PMU Reporting Rate

PMU Reporting
Times

Assuming IRIG-B signal from a reliable GPS receiver as per C37.118 standard

Annex E section E1, the PMU functional module estimates the phasor using
the DFT algorithm. The phasor magnitude and phase angle, once estimated, is
compensated for the frequency variation over a wide range (+ / -60% of the
nominal system frequency).

Phasor data is transmitted in polar form (magnitude and phase angle) using

Ethernet (TCP/IP or UDP), modem or serial communication. The phase angle
is referenced to the absolute time of the GPS (IRIG-B signal) as per C37.118.
The time stamp is based on the UTC time.

For a 36 channel TESLA recorder, up to 12 phasors (combination of any of 36
discrete phasors (any analog channel input) and/or any of 12 sequence phasor
channels and/or summation channels).

For 18 channel TESLA recorder, 12 phasors (combination of any of 18 discrete
phasors (any analog channel) and/or any of 12 sequence phasor channels and/
or summation channels).

Phasors selection is user configurable via TESLA 3000 Control Panel soft-
ware.

One frequency channel (user configurable using TESLA 3000 Control Panel
software) per recorder. Rate of change of frequency information (DFREQ)
reported will be based on the frequency channel as configured by the user.
The frequency estimation is accurate over +/- 60% of nominal system fre-
quency.

There are 12 PMU Analog channels per TESLA 36 analog channel recorder
that can be streamed to a remote PDC (PMU Data Concentrator). The quanti-
ties are MWatts, MVars and MVA.

There are 64 digital (contact) channels or statuses pre TESLA 3000 recorder
that can be streamed to a remote PDC (PMU Data Concentrator.

System Frequency 60 HZ 50 HZ

Reporting rate -frames | 10 12 15 20 30 60 5 10 25 50
per second

For a reporting rate N frames per second, the reporting times are evenly spaced
through each second with frame number 0 (numbered 0 through N-1 coincident
with UTC second rollover (usually the 1 second PPS provided by GPS). These
reporting times (time-tags) are to be used for determining the instantaneous
values of the synchrophasor. This is illustrated below in Figure 1, where the
reporting times are a 0, T, 27}, 37, 47, etc (as per IEEE C37.118 standard).
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PMU Response Time

PMU Accuracy
Signal Frequency
Variation

Signal Magnitude

Phase Angle

Total Harmonic
Distortion (<0.2%)

Out-Of-Band
Frequency Deviation

o] Ts 2T, 3T 4Ty 5Tq

g [N
—pi e | e €2 — |y ! '

VAVAVRIR/RURVAY

Figure 1—A sinusoid with a period of T observed at instants that are multiples of
Ty apart. Ty is not an integer multiple of T.

The response time is the interval of time between the instant the step change is
applied and the time-tag of the first phasor measurement for which the TVE
(total vector error) enters and stays in the specified accuracy zone correspond-
ing to the compliance level (1%) - (as per IEEE C37.118 standard).

Total Vector Error: (TVE) < 1% (as per C37.118 standard).

As per IEEE C37.118 standard - Level 1, for details see Table 15.1: PMU Stan-
dard - Level 1 on page 15-4.

As per IEEE C37.118 standard - Level 1, for details see Table 15.1: PMU Stan-
dard - Level 1 on page 15-4.

As per IEEE C37.118 standard - Level 1, for details see Table 15.1: PMU Stan-
dard - Level 1 on page 15-4.

(<0.2%): As per IEEE C37.118 standard - Level 1, for details see Table 15.1:
PMU Standard - Level 1 on page 15-4.

As per IEEE C37.118 standard - Level 1, for details see Table 15.1: PMU Stan-
dard - Level 1 on page 15-4.
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PMU Module
Requirements

Firmware Release
vX. XX

Firmware Versions

Calibration

Influence Quality Reference Range of influence quan-
Conditions tity change with respect to
reference and maximum
allowable TVE in percent
(%) for each compliance
Level
Level 1
Range TVE
(%)
Signal Frequency Fhominal +0.5Hz 1.0
Signal magnitude 100% rated 10.0% to 120% 1.0
rated
Phase angle 0 radians T radians 1.0
Harmonic distortion <0.2% of 10.0%%, any 1.0
(THD) harmonic up to
50th
Out-of - Band interfering signal, at <0.2% of 10.0% of input 1.0
frequency fi where input signal signal magni-
|fi.fol>Fs/2, magnitude tude
Fs = phasor reporting rate
Fo = F nominal

Table 15.1: PMU Standard - Level 1

PMU module functionality is an optional feature available with the TESLA
Disturbance Recorder Model 3000. In order to have PMU module on an exist-
ing TESLA the following firmware revisions are necessary.

The firmware is available through the accompanying CD titled TESLA 3000
Disturbance Fault Recorder vX.XX and the corresponding TESLA 3000 Dis-
turbance Fault Recorder User Manual. The instructions to update to the latest
version of the firmware are found in the TESLA 3000 Firmware Update In-
structions document.

To install the PMU module The TESLA 3000 Disturbance Fault Recorder unit
must have a firmware version 2.1 or later.

Please refer to the website for the latest versions of the TESLA 3000 Distur-
bance Fault Recorder firmware and the TESLA 3000 PMU Module firmware.

TESLA Disturbance Recorder Model 3000 voltage and/or current input mod-
ules are optional and a variety of input modules for voltage and current inputs
are available, therefore, you must calibrate the input modules. The PMU cali-
bration requires both the magnitude and phase angle calibration at nominal sig-
nal level. This is very important in order to meet the TVE < 1% as per C37.118.
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Test Set
Requirements

Magnitude
Calibration

Angle Calibration

You must have an accurate calibration test set to achieve high accuracy. Any
calibration test set which generates GPS controlled signal with the accuracy as
specified in the standard C37.118 is a good candidate. ERL.Phase recommends
Doble test set F6150 with the associated GPS equipment.

This process is similar to that as described in the TESLA User Manual. Mag-
nitude calibration is required whenever the input module and /or the TESLA
recorder sample rate are changed.

Y ou must carry out the magnitude calibration as explained in the previous sec-
tion before the phase angle calibration.

Phase angle calibration is achieved by comparing the known applied phase an-
gle from the test set and the phase angle reported in the TESLA PMU module
metering screen see “Metering Display” on page 6-1. For example, if the test
set is applying a sinusoidal signal at nominal voltage of 69 Vrms at 0 degree
phase angle at nominal system frequency, its cosine referenced signal will be
69 Vrms at -90 degrees. The PMU should report 69 Vrms at -90 degrees. If the
PMU reports -89.5 degrees, there is a difference of -0.5 degrees with respect to
the applied signal (assuming that the test set phase angle is accurate with in tol-
erable limits as per C37.118). This phase angle offset can be introduced in the
analog channel configuration as shown “Setting up angle calibration offset
through analog channel configuration” on page 15-5.

TESLA Anclog Input Configaration
st Tz

8 il
EEEE R R
pineimeleimh
o i i m |
sk anCT

Gtz |

FESLA 2000 Certra Parel 011 Carvwee 20: £ 1EMA S0 134 Cormted

Figure 15.2: Setting up angle calibration offset through analog channel configuration

Once this phase angle offset is incorporated in the configuration, reload the
configuration back to the TESLA recorder. Apply the known signal at any
phase angle, and PMU should report the phase angle with the accuracy to meet
the TVE < 1% as per C37.118 standard. Phase angle calibration is required for
all analog channels used in the PMU phasor configuration. Phase angle cali-
bration is required when ever the input module and / or the TESLA recorder
sample rate are changed.
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Communication with the PMU

PMU data can be transmitted via serial port, modem or Ethernet. Serial com-
munications will be available on the TESLA’s rear panel Port 2. When in use
for synchrophasor transmission, Port 2 is not be available for any other TESLA
function. However, it is possible to use an internal modem to provide normal
user interface access when Port 2 is in use for synchrophasor transmission. It
is possible to transmit synchrophasors via one modem and have another mo-
dem provide normal user interface access. In such a situation, one modem is
internal and the other is external and connected to Port 2. Either modem is us-
able for either role. TCP and UDP options are available for Ethernet commu-
nication. PMU communication is initiated by the receiver.

PMU communication setup is done through TESLA 3000 Control Panel soft-
ware. For the PMU, you must set the rate at which the data needs to be trans-

ferred, and the communication mode such as TCP/IP, UDP, modem or serial

communication. You must also setup the Phasor Data Concentrator (PDC) in-
formation to transfer the data. First connect to the TESLA 3000 DFR and check
whether it has PMU capabilities.

Identifying the PMU Module Support

Open TESLA 3000 Control panel software. Connect to the TESLA 3000 DFR
unit. Double-click on the Utilities item in the tree view. Select the Unit Identi-
fication tab - the PMU information is displayed as shown below.

If the unit has PMU capability, the PMU version information will be displayed.

e —E

| 1 D | T Y T T LT T T |

Zaceeron e

Figure 15.3: PMU Module feature identification on the TESLA unit using Unit Identifi-
cation screen

If the unit does not have the PMU capability, it displays PMU Not Installed.

15-6
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Figure 15.4: Example of Unit Identification display when PMU Module feature is not in-
stalled

Setting up PMU Communication Mode

Connect to a TESLA unit that has PMU features. Click on the Communication
tab.

7514 4000 Cau Panel - Abtines]

5.0 400 St P 01 Mk 0 £ S N 115 Pl o )

Figure 15.5: PMU communication setup screen

Use this view to set up the TESLA and PMU communication.

* Service Port (Port 1) settings do not change with the PMU functionality
as Port 1 is not available for PMU reporting. Setting of this parameter is
similar to the existing TESLA unit.

* Port 2 is a new group available for Direct Serial or External Modem com-
munication. Port 2 can be selected for PMU reporting. Port 2 Baud rates

D01721R02.61 TESLA 3000 User Manual 15-7
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available are 1200, 2400, 9600, 19200, 38400, and 57600. The initial value
is set based on the information available from the TESLA unit current set-
ting information.

* Internal Modem group is a new group available for modem communication
using a TESLA unit in which the internal modem is installed. If the internal
modem is not available, then this group will be disabled.

* If the internal modem is available, then the Baud rate and the modem ini-
tialization string can be set for this group. The Baud rates available are,
1200, 2400, 9600, 19200, 38400, and 57600. The initial value will be set
based on the information available from the TESLA unit current setting in-
formation.

* PMU group is a new group available to set the PMU identification and com-
munication.

ID control of the PMU group allows setting PMU identification number (16
bit integer).

Mode control of the PMU group allows selecting communication mode for
the real time transfer of the PMU data. The following commination options
are available for the selection via the Mode control:

* Do Not Transmit: With this choice, no PMU data is reported to the DC.
Useful for maintenance purposes.

Internal Modem: PMU data reporting is done using Internal Modem. Baud
rate and the modem configuration are obtained from the Internal Modem
group settings.

* Port 2: PMU data reporting is done using Port 2 parameter setting informa-
tion. The settings information is obtained from the Port 2 group settings

Network (TCP): This choice transmits the PMU data using network com-
munication link (as set by the user in the IED settings) and using TCP pro-
tocol. The port number of the DC is required to set this communication
choice.

Network (UDP): This choice transmits the PMU data using network com-
munication link (as set by the user in the IED settings) and using UDP pro-
tocol. IP address and the port number of the DC are required to set this
communication choice.

L]

The initial values of the above controls are based on the data received from the
unit on connect.

The Notify screen is affected based on the Internal Modem or Port 2 choice,
which will be explained later in the Notify view user interface descriptions.

15-8 TESLA 3000 User Manual D01721R02.61



15 PMU - Optional Software Module

D01721R02.61

o
Direct Serial (Port 1) Baud Rate: 38400 j o |21
a2 T ey —
" Direct Serial Baud Rate: (38400 j m‘;:ﬂc‘:s:r;'z% 192 . 168 . 100 . 126
@ ExtemMoem Fotofoc [z
Modem ntaization Sting - fwn

[r——
B Fete 5|

Modem biaizetion St [T

SCADA

Mode ] [
ud Rele 18200 ¥
ol (ot 31 Bemi) =6 o
 bodkus ASCI € Even
Siave Address: [ 1
 Modkus RTU  hone
© DNP3Level2
Datelrk Timeout ms (010 cisable)
Ethermet (Network Port):

 DNP3Leveiz.Tcp | Mester P Address:
c evel2-
DHP3 Level 2 - UDP port [0

T I T\ Urk Mortiesion

iation ey J o ot Coliion 57
| Sotesnuiown..._ | ave Togaseerory

Figure 15.6: Setting up PDC communication information

PDC options under PMU are:

* [P Address of DC: This option is enabled only if the Mode is either Network
(TCP) or Network (UDP) otherwise it is disabled. This choice allows you

to configure the IP address of the DC (required for the Network (UDP) on-
ly).

* Port of DC: This option is enabled only if the Mode is either Network (TCP)
or Network (UDP) otherwise it is disabled. This choice allows you to con-
figure the port number of the DC to connect via the network link.
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15 PMU - Optional Software Module

If the TESLA unit does not support the PMU functionality, then the following
screen will be presented with all PMU controls disabled.

ik, TESLA 2000 Contral Pansl - [Litilities]

Figure 15.7: Disabled PMU communication controls when PMU feature is not installed

PMU Configuration

Configuring PMU
1;:r_<|)m a New Setting
ile

Configuration settings specific to PMU takes place in a single PMU configu-
ration view. PMU settings utilize the existing TESLA configuration. For ex-
ample, a positive sequence synchrophasor is selected from the list of
configured Sequence Component calculated channels rather than re-specified
based on individual input channels. Default names for the PMU channels are
those of the underlying selected TESLA channel in the element: type: descrip-
tion format, truncated if necessary to meet the 16 character limit defined in the
C37.118 standard. you can enter a user specified name to over-ride the default.
For offline use, the Edit IED option in the main menu provides means to con-
figure PMU configuration settings from TESLA Control Panel.

Downloading a setting file that contains PMU settings to a recorder that does
not have the PMU option installed will be prevented and a warning/explanation
message displayed.

Before setting up PMU configuration, you must set up the desired analog and/
or summation and/or sequence channels as explained in the Configuring the
Recorder section of the TESLA User Manual. Once the channels are defined,
the procedure as explained in “PMU Configuration” on page 15-10 can be fol-
lowed to define PMU phasors.

15-10
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Configuring PMU
Phasors with
Existing Settings

To configure PMU phasors offline, the following check must be performed in
the Main Menu’s Select IED view. Open TESLA Control Panel software and
click on the Edit option to open the following screen.

i iz ]

.

.........

Figure 15.8: Enabling PMU Module configuration support through Edit IED dialogue

To allow PMU configuration you must check the PMU Module in the Edit IED
dialog box enabling the TESLA Control Panel configurator. If the PMU Mod-
ule option is unchecked, the configurator will not allow PMU configuration.
After you check the PMU Module, select Save IED definition to accept the
changes, then select the Configuration option to open the configuration view.
Select an existing configuration file by double-clicking on the file and the fol-
lowing screen appears.

TESLA Device Configuration

Untib €S TESLA 3000 117
Model TESLA

Wiz | ConigMyr |
TesL 4000 Control enel 011 Curment EDs C& TESLA 000 117 [Cotting Seltings Ie

Figure 15.9: Setting version conversion view

If the Setting Version is older than setting version 202 the PMU feature will
not be available. Therefore the current setting file must be converted to setting
version 202. This is done by selecting the Setting Version to 202. You must do
this to add the PMU configuration to the existing setting file. when the setting
file is converted to the latest setting version, right-click on the Channel Group
1 to display the choice to add a PMU as shown below.

D01721R02.61
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Figure 15.10: Invoking PMU configuration through right-click menu

Select the PMU choice and the following screen appears allowing you to select

the Phasors.

Sample Rate |60 v | frames /second

PMU Definition

Heatler Frame Text: |Line 1 5 TESLA

h

[ [ vminrns ]

== Phasor Options Selected Channel Full Scale Unit ‘ Active ‘ Name to Report.
=l-m PMUTEST
- Va PMU Phasors
= Vb Rowr 1 |PMU TEST:¥a 276 Ky ¥ Ling 1 A volts
* Ve Row 2 [Pl TEST\h 276 K F Line 1 B volts
* FRow 3 |PMU TEST Ve 276 k. [ Ling 1 C votts
= b Row 4 [PhAU TEST:le 40000 A ¥ Line 1 & amps
* I Row S | PMU TEST D 40000 0 F Line 1 B amps
% WISTN Seq Rowr B | Pl TESTIC 40000 A ~ Ling 1 C amps
¥ VZETN Seq Row 7 |FMU TEST-WO:5TN Sery 276 kY F PML TESTVO:3TH
¥ YSTN Sey Rowr & |PMU TEST-W1:STN Sag 276 kY ~ Fositive Votage
% H:STH Seq Row 9 |PhiU TEST:WZSTH Seq 276 kY ¥ FMU TEST:W2,3TH
¥ ZSTH Seq o 10| PAAU TESTH STH Sery 40000 n [ PMUTESTH:STM
% IDSTH Seq Rowr 1 P TEST1Z STH Seg 40000 0 [ PMU TESTIZ:5TH
=-m Analoy Options Rove 13 PAL TESTIIO:STH Segy 40000 A ~ PHU TEST:I0:STN
- PMUTEST
[ Wiatts:LINE 1 hwib PMU Analogs
Warg:LINE 1 WA [Rowr 1 [PI TEST:watts:LINE 1 MAMY 33120 W F Line 1 Wit
WALINET MAMY  [Rowr 2 | AU TEST-Wars:LINE 1 Wity 33120 MV AR F Line 1 Mvars
Watts LINE 2 MAMY  [Rowe 3 | Pl TEST-WA-LINE 1 MARAY 33120 i A [ Line 1 My,
WarsLINE ZMAIY  [Row 4 |«unassigreds I <Uns Egnetts
A LINE 2 MM Rowr & | sunassigneds I =unassigneds
=~ m  Dighal Options Rowr & | sunassignec: I =unassigneds
= See grid for Digitals Row 7 | sunaszigned= r =unassigned=
Row & | <unassignac= In <Unassignad>
Row 9 | sunassigneds r =unas signed=
oy 10/ PMU TESTatts:LINE 2 MMMV 33120 s [ Line 2 Wiatts
o 11 P TEST:Vars:LINE 2 MY 33120 WV AR F Line 2 Wvars
o 12 PML TESTV A:LINE 2 ATV 33120 WA F Line 2 WivA
PMU Digitals
ML TESTELS2-1 ~ BRI 1
PMU TEST:EL52-2 | BIRKR 2
PMU TESTELS2-8 ~ BIRKR 4
PIAL TESTEL52-6 [ BRKR 5

Close

=3

v

Figure 15.11: PMU configuration screen with preconfigured analog, sequence and

summation channels

In the above PMU Definition Screen, Analog Inputs (voltage & currents),
Summations and Sequence Functions channels are available for PMU Phasors
reporting. You can select up to 12 phasors by dragging and dropping the chan-
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15 PMU - Optional Software Module

nels on the Selected Channels list or by selecting the phasors from the Combo
Box as shown below. In addition 12 PMU Analogs, which are the Watt, Var
and VA quantities to be also, streamed with the PMU phasors at the same time
to the Phasor Data Concentrator (PDC). You can also stream with the PMU
phasors and the PMU analogs, the 64 PMU Digitals (breaker contacts) to the
PDC from a single TESLA 36/64.

PMU Definition

Sample Rate |50 - | frames / second

Header Frame Text, | Line 105 TESLA

+® Phasor Options
+-m Analog Options
+-m Digtal Options

TSN

Selected Channel Full Scale | unit | Active | Hame to Report |~
PMU Phasors
Fow 1 [PMUTEST:Va 276 [ [ Line 1 4 wots
Row 2 |PMU TEST: Vi 76 [ F Line 1 B vatts
Row 3 |PMU TEST-ve 276 [ 2 Line 1 € vots
Row 4 |PMU TEST:Ia 40000 & 72 Line 1 & amps
Row 5 |PMU TEST:Ib 40000 & ~ Line 1 B amps
Row § |PMU TEST:Ic 40000 & 2 Line 1 € amps
Row 7 |PHU TEST:-VI:STN Seq 276 [ 2 PMU TESTVOISTN
Row 8 |PU TEST:V1:5TN Seq 76 [ ~ Fositive Vottage
Row 9 |PMU TEST-WZETN Seq 276 [ =2 MU TESTV2STN
Row 10| P TEST:NSTH Seq 40000 & 2 PMU TESTIT:STH
Row 11| PMU TEST-IZETH Sy 40000 & ~ P TESTI25TH
Row 12| PMU TEST-IDSTH Sery 40000 & [~ MU TESTID.STH
PMU Analogs
Row 1 [PMU TEST-Vats:LINE 1 WAL 33120 v [ Line 1 Myvatts
FRow 2 |PMU TEST: Vars LINE 1 MY 33120 MvaR | Line 1 Mvars
Fow 3 |PMU TEST: ¥ A:LINE 1 My 3320 b 72 Line 1 WA
Rowe 4 | sunassigneds r <unassigneds
Fow 5 | <unassignecs r <Unassigneds
Row B |=unassignsc- r <Lrassignet=
Rowe 7 | sunassigneds r <unassigneds
FRow 8 | <unassignec- r <uUnassigneti-
Row 9 |=unassignsd- r <Lrassignet=
Raw 10| PMU TEST-Vats:LINE 2 WA 33120 ey [ Line 2 Mivatts
Rowe 11| P TEST:Vars:LINE 2 MY 3320 MvaR Line 2 Mvars
o 1 4 PRU TEST: v A:LINE 2 MyiMy 33120 hvA ¥ Line 2 WA
PMU Digitals
MU TEST:EL52-1 [ BRKR 1
PMU TEST:EL52-2 V BRKR 2
PMU TEST:ELS2-4 [ ERKR 4
MU TEST:ELS2-8 [ BRKR &
PMU TEST:EL52-9 V BRKR 9
PMU TEST:EL52-10 [ ERKR 10
MU TEST:EL52-12 ¥ BRKR 12 3
Close

Figure 15.12: Phasor selection for PMU reporting

The following features can be observed with the PMU Definition configuration
screen: A PMU item appears on the left hand side tree view.

On the right hand side the PMU Definition Configuration screen displays the
following configuration items:

» Sample Rate - sample rate for the PMU to report. The default setting is set
to 10 frames per second. Different samples rates can be chosen: 10, 12, 15,
30 or 60 frames per second for the 60 Hz power system. For the 50 Hz
power system the sample rates are 10, 25, 50 frames per second. Selection
is by drop down selection.

» Header Frame Text - You can enter comments up to 80 characters using
this option by default the value is blank.

The lower part of the PMU Definition screen is made up of two sections. To
the left is the selection tree. To the right are the placement columns where the
quantities are dragged to from the left selection tree or selection can be done
by the drop down columns in each of the right hand columns.

The right hand PMU Definition screen is made up of three sections, Selected
Channels: PMU Phasors, PMU Analogs, PMU Digitals.

D01721R02.61
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15 PMU - Optional Software Module

PMU Phasors Section (Selection Channel Column)

* PMU Phasor section allows 12 PMU Phasors to be selected from the Phasor
Options left hand tree by selecting from the tree, drag and drop into one of
the 12 rows under PMU Phasor column. User can also use the row drop
down selection tool. A PMU Phasor can be; an analog voltage or current
phasor, a summated voltage or current phasor or a voltage/current se-
quence component (Pos., Neg., or a Zero sequence) phasor.

* PMU Analog allows 12 PMU Analogs to be selected from the Analog Op-
tions left hand tree by selecting from the tree, drag and drop into one of the
12 rows under PMU Analog column. User can also use the row drop down
selection tool. A PMU Analog can be MWatts, MVars and/or MVA val-
ues.

* PMU Digital allows up to 64 Digital (contacts) inputs per TESLA recorder.
When you configure a digital channel it will be automatically placed in the
PMU Digital section of the PMU Definition.

Full Scale Column (PMU Phasor section)

* This column's values are automatically calculated and inserted. These val-
ues are derived by the full scale of the input device (voltage or current
modules, split core CTs) times the PT or CT ratio.

- Voltage module's full scale is 138 volts
- Current module's full scale is 1 amp module/split core = 20 amps. 5 amp
module/split core = 100 amps.
Example: voltage Full scale = PT ratio = 2000:1, full scale of voltage module
is 138 - CT ratio = 2000:1 (1.0 amp module), therefore the full scale in the
PMU Definition screen:

Full Scale = PTratio x PT module full scale
Fs =2000 x 138 =276,000

Full Scale = CTratio x CT module full scale
Fs =2000 x 20 = 40,000

Full Scale Column (PMU Analog section)

* This column's value have a default value which is calculated by multiplying
the full scale values of the voltage and current from the PMU Phasors' sec-
tion.

- Full Scale watts = Full scale volts = 276,000, Full scale amps = 40,000.
Therefore the full scale watts; Fs volts x Fs amps = 276,000 x 40,000 =
33,120,000,000 Watts or 33,120 MW. This number is large but the user
can edit this column to put a more practical scale (use nominal values).

Unit Column (PMU Phasors and Analog sections)

* This column will automatically place the primary unit scale of the voltage
and current phasors in the PMU Phasors Section

* In the PMU Analog section column will automatically place the primary
unit scale of the Watts (MW), Vars (MVAR) and VoltAmps (MVA)
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Active Column (PMU Phasors, Analog and Digitals)

* This column shows check boxes, where you can enable or disable the PMU
streaming of these PMU quantities to the Data Concentrator. A check will
enable this PMU channel.

Name to Report (PMU Phasors, Analog and Digitals)

* This column allow the user to re-name the streaming PMU channel that
will be reported to the remote Data Concentrator

PMU Metering

PMU metering does not require any special configuration settings. Once the
PMU phasors are defined as explained in the previous section, the PMU me-
tering automatically displays the metering screen through a separate PMU tab.
Phasor magnitude and respective phase angles are displayed in primary or sec-
ondary units. All the user interface and update features available for the normal
metering are also available for the PMU metering. In addition to the phasor
channels configured in the PMU configuration, a frequency channel will also
be displayed, if one is already configured. A typical PMU metering screen is
as shown below.

PMU TEST:VaMag:[137.995 KV PMU TEST:VaAng.| 0.000 *
PMU TEST:VbMag:[137 987 kKW PMU TEST:VbAng: -118.98
PMU TEST:VeMag: 137 086 KV PMU TEST:VcAng: 120008

PMU TEST:laMag:| 8004 46 A PMU TEST laAng:| 29.655 °
PMU TEST:IbMag: 801065 A PMU TEST:IbAng: -90.414 *
PMU TEST:IcMag: 800196 A PMU TEST:lcAng: (148,615 °

PMU TEST Vseq:STN SeqMag:| 0.009 KV PMU TESTVseq:STN Seq:éng 0 0000 *
PMU TEST Vseq:STN SeqiMag:[137 98akV  PMU TEST:Vseq.STN Seq:Ang.+ 0005 °
PMU TEST:Vseq:STN SeqMag-| 0.006 kV PMU TEST:Vseq:STN SeqAng- 0.000 *
PMLU TEST:Iseq:STH Seq:Mag:+|3005 69 A PMU TEST:Iseq:STN Seq:Ang:+:| 28.518 *©
PMU TEST:1seq:STN SeqMag:-:| 5.095 A P TEST:Iseq:STN Seq:Ang-:| 0.000
PMU TEST:Iseq:5TM Seq:Mag:0| 1.793 A FMU TEST.Iseq:5TN SeqAng:0: 0.000 *
Frequency 1:[ 60.000 Hz PMU TEST:WI/V:LINE 1 MWIMV[2881 22 MW
PhU TESTWACLINE 1 MWV -1637.6 MVAR PMU TEST:WIAV.LINE 1 MWIMWV (3314.11 MVA
PMU TEST:WALINE 2 MWV 2881.22MW  PMU TEST:WALLINE 2 MWIMV | -1637.6 MVAR
PMU TESTWALLINE 2 MWV 3314 .11 MVA

TR Aol W G P, Pt [

[pese Dowdafrrmy 2] sesiec) [0 5] Messe | geed |

Harbiens | Conbaliar | Lier | LonkaHy |

2,
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it e Cuvard WD 5 TE50A 3003 117 Crrveted

gure 15.13: Typical PMU metering screen

Note that the PMU metering is a default metering view, and is considered the
10th user defined metering group. This means, if the setting file already has 10
user defined Metering groups, the PMU metering replaces the last (10th) me-
tering group. Hence the total number of user defined Metering groups available
will be 9 instead of 10.
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Maintenance and Error Handling

Any Phasor Data Concentrator (PDC) program which can communicate with
the PMU is a good starting point for the trouble shooting. Use the TVA’s (Ten-
nessee Valley Authority) free PMU Connection Tester program (PDC) devel-
oped to support the Eastern Interconnect Phasor Project (EIPP) to check the
basic communications with the PMU.

Download the TV A tester program and the installation procedure from the fol-
lowing web site:

http://phasors.pnl.gov
Downloads can be found under Resources/Tool’s.

for details see 14 Maintenance Menu and Error Handling on page 1 describes
a set of utilities that provide diagnostic, recovery and TCP/IP services.

DlagnOSInFtthe PMU The following procedure helps in diagnosing the PMU functionality.

Functiona Select the device on your PC you communicate through. In HyperTerminal,

this is done in the Connect Using field of its Properties control.
* For a direct serial link select an available serial port
» For a modem link select the appropriate modem
* For a network link select TCP/IP (Winsock) (available with Hyper-
Terminal v1.2 or greater)
When you initiate the connection, the TESLA responds with a login prompt.
* In HyperTerminal use the Call button or menu command to initiate the
connection.
At the login prompt, log in as maintenance
» Lower case
* No password is required. If you are asked for one, there is a mistake in
the login name. Select Enter to get another login prompt and try again

When you get the display of maintenance menu choice, choose /5 for PMU di-
agnostics as shown below.

“ TUP_2 - Mypes Termin ol = =10lx|
e Cdt Umw Col Lrafer e

0] ul ’H Dlﬂl E-.Il

4 : =Restore ALL default settings, including calibration

5 : =Restore only default recorder configuralion settings (channel definitions)
6 : =Restore only default system setup (ports, time settings

! : =Force hardware resel

8 : MNetwork utilities

9 Monitor SCADA

10: =Enable/Disable Internal Modem (if one exists)
11 Save Recent Trend Data
12: Repair storage memory
13: =Initialize storage memory
14: =Modify Point-To-Point IP Addresses
15 Monitor PMU
16 Exit

= port 1 access only
Please enter a command:
11-161 # 15

PMU Diagnostics
Monitoring incoming and outgoing data...

Press Ctrl-c to stop monitor

Press <Enter> to continue > :I

oremctod 0108 53 VT100 TERAP

Figure 15.14: Terminal User Interface depicting options under Maintenance
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When you select enter, data frame stream is displayed as shown below in hexa-
decimal format.

1= k]

, 2 - Hyper Terminal
Gle [t Yeow Col [asfer peio

D] 5|3 ol &

e Data Frame el
aa 1 00 22 00 Jc 45 be
00 906 00 00 00 00 00 O
64 3c d<

=0

S
@2T
=n
2N
1]
(=1
o>
o4
2T
(=12
=20

=T
(=]
[~1-~]
o
(=1

eremctod 01417 VT100 TERP i il

Figure 15.15: Display of PMU Data Stream in hexadecimal format

If the data transmission is disabled from a PDC program (example, TVA Con-
nection Tester Program), following response is displayed.

Bl Edt Yew Cal Damiee  Help

D] &3] ol o

: =Force hardware resel
Hetwork utilities

: Monitor SCADA
: =Enable/Disable Internal Modem (if one exisis)
Save Recent Trend Data
Repair slorage memory
: »Initialize storage memory
: =Modify Point-To-Point IP Addresses
runllur PMU

wit

= port 1 access only

- oUsLNED

ease enler a command:
1-161 W 15

PHU Diagnostics

T PERREREOE

Monitoring incoming and oulgoing data...
Press Cirl-c to stop monitor

Press <Enter> to continue --->

Data transmission disabled, waiting for a PDC command :ﬂ

Cornscted 0111 30 WTie Terfn [ il G i [Capnan oy
Figure 15.16: Response of terminal user interface when PDC requests to disable data
transmission

With data transmission disabled, the PDC program can request for the config-
uration frame, which will be displayed as shown:

D01721R02.61
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[etcr 2 typerterminal algl x|

B Edit Yew Cal Dramfer  delp

Dl o3| ol o

71 : =Force hardware resel

& Hetwork utilities

9 : Monitor SCADA

10: =Enable/Disable Internal Modem (if one exisis)
11: Save Recent Trend Data

12: Repair storage memory

13: =Initialize storage memory

14: =Modify Point-To-Point IP Addresses

15 Monitor

1
P
[

Exit
= port 1 access only

- NSNS

ease enler a command:
1-161 W 15

PHU Diagnostics
Monitoring incoming and oulgoing data...
Press Cirl-c to stop monitor

Press <Enter> to continue --->

Data transmission disabled, waiting for a PDC command J

Cornected 011130 vTi00 TEP/IP

Figure 15.17: Diagnostic response to Configuration frame request from the PDC

The C37.118 standard protocol itself has number of diagnostics and/or health
check messages, which can be read and analyzed. The description of these di-
agnostic fields is found in C37.118 standard
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Appendix ASpecifications

TESLA 3000 Disturbance Recorder

Item Quantity/Specs Note
General:

Weight 12.4 Ibs

Dimension 3U high (5.25"), 19" wide, 12" deep Rack mount

Nominal Frequency

50 or 60 Hz

Power Supply

40-300 Vdc, suitable for 48 Vdc, 125 Vdc, 250 Vdc
nominal systems. Also accepts 30-200 Vac

Burden is less than 15W

Available Recording
Channels

Available Analog and External input channels

Sample Rate Analog External
32/ cycle 36 64
64 / cycle 36 64
96 / cycle 36 64
128 / cycle 36 64
256 / cycle 18 32
384 / cycle 9 32

18 channel model is limited to a maximum
of 18 Analog and 32 External input chan-
nels.

Alarm Contacts

8 or 4, depending on model

Sample Rate

Samples per cycle and per second (60 / 50 Hz)
32 samples / cycle (1,920 / 1,600 Hz)

64 samples / cycle (3,840 / 3,200 Hz)

96 samples / cycle (5,760 / 4,800 Hz)

128 samples / cycle (7,680 / 6,400 Hz)

256 samples / cycle (15,360 / 12,800 Hz)

384 samples / cycle (23,040 / 19,200 Hz)

Measurement Accuracy

Amplitude Measurement Accuracy:

+ 0.01% of full scale

+ 0.5% of reading (above 1% of full scale)
Phase Measurement Accuracy: + 0.5 degrees at
system frequency
Frequency Measurement Accuracy: + 0.001 Hz at
system frequency

Frequency Response

The following are the highest harmonics of the fun-
damental frequency (60 Hz / 50 Hz) that can be
passed at the available sample rates:

Sample Rate Harmonic

1,920/ 1,600 Hz 8th (480/400HZ)
3,840 /3,200 Hz 16th (960/800HZ)
5,760/ 4,800 Hz 25th (1500/1250HZ)
7,680 /6,400 Hz 33rd (1980/1650HZ)
15,360/ 12,800 Hz 66th (3960/3300HZ)
23,040/ 19,200 Hz 100th (6000/5000HZ)

Noise

Signal to Noise ratio: 70 dB at full scale
Common mode rejection: 70 dB at full scale
Crosstalk: -07 dB

Sample Skew

All channels sampled simultaneously
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Appendix A Specifications

TESLA 3000 Disturbance Recorder

Item

Quantity/Specs

Note

Recording and Logging:

Transient Fault

Maximum 15 second nominal, 30 second extended

At any selected system sample rate

Dynamic Swing

Maximum 15 minute nominal, 30 minute extended

Event Logging

250 Events in the regular log, 1000 events in long
term log

Long term event logging is part of the
trending function

Record Storage

Up to 1000 records

1 Gigabyte FLASH drive standard. 2 Giga-
byte FLASH drive available

Trending

Available trend channels

Any of the recorder’s existing configured analog
channels (input or calculated) can be trended.

Evaluated phasor magnitude and angle
quantities will be recorded as separate
channels.

Accumulation mode

Minimum, maximum, average, damped or
undamped.

Sample Interval

User selectable sample interval from 10 seconds to
1 hour in 1 second increments.

All channels produce trend data simultane-
ously at the selected rate.

Maximum number of
channels

Up to 60 channels can be trended simultaneously.

A channel with multiple accumulation
modes is treated as multiple channels (e.g.
the trending of minimum, maximum and
average readings of a selected input would
require 3 trend channels).

Trend storage

The recorder can store 90 days of data from each
trend channel, regardless of the sample rate or the
number of configured trend channels.

This is a non-configurable parameter.

Channels and Triggers:

Analog Inputs

High and low threshold, positive and negative rate of
change, harmonic level, THD level, sags, swells

All triggers have independent controls for
delay, logging, transient or swing record
initiation, alarm contact activation and
cross triggering.

Summations

High/low threshold, +/- rate of change

2 or 3 input channels

Positive Sequence

High/low threshold, +/- rate of change

Negative Sequence

High level

Zero Sequence

High level

Watts/VARs High/low threshold, +/- rate of change
Frequency High/low threshold, +/- rate of change
Impedance Positive sequence circle

External Inputs (digital)

Rising edge, falling edge or both
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TESLA 3000 Disturbance Recorder

Item

Quantity/Specs

Note

Logic

Rising edge, falling edge or both

Fault Locator

Triggered by internal or external events

Sags and Swells

Sag and swell detection can be enabled on any ana-

log input channel configured as a voltage.

Interface & Communication:

Front Panel Indicators

6 LEDs

Recorder Functional, IRIG-B Functional,
Recorder Triggered, Records Stored, Test
Mode, Alarm

Serial User Interface

Port 1 and 2 RS-232 ports to 58K baud

Port 2 can support an external modem

Internal Modem 33.6 Kbps, V.32 bis Optional
Network 10/100BaseT Ethernet port standard
SCADA Interface DNP3 (RS-232 or Ethernet) or Modbus (RS-232) Rear port

Configurable Alarms

6 contacts

Normally open

Cross-trigger

1 contacts (#4)

Normally open

Self Checking/Recorder 1 contact (#1) Normally closed
Inoperative

Time Sync IRIG-B, BNC connector Modulated or unmodulated
Ratings:

Analog Input Channels

ac Voltage Module:
Nominal Input: Vn=69 V RMS (120/ Root 3)
Full Scale / Continuous: 138V RMS
Burden: < 0.15 VA @ 69 V RMS

ac Current Modules
Nominal Input: In =5 A or 1A RMS
Continuous: 3x In
Full Scale: 20x In for 1 second
Thermal: 400A RMS for 1 second
Burden: <025VA@5A

External Inputs (digital)

Will turn on: >=38 Vdc
Will not turn on: <=25 Vdc
Maximum input: <300 Vdc
Burden: >10 kilo-ohm

Externally wetted

Alarm Contacts

Make: 8 A Vdc

Carry: 8 AVdc

Break: 0.15 A at 125 Vdc
0.10 A at 250 Vdc

Cross trigger contact (#4) - Pick-up <10
ms, latch 100 ms

User-definable contacts - Pick-up <1.0 s,
latch 1.0 s

Environmental:
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Appendix A Specifications

TESLA 3000 Disturbance Recorder

Item Quantity/Specs Note

Ambient Temperature IEC 60068-2-1/IEC 60068-2-2 -10°C - 55°C

Range

Humidity IEC 60068-2-30 Up to 95% without condensation
Insulation Test (Hi-Pot) IEC 60255-5 Power supply, analog inputs (through

external isolation modules), external
inputs, output contacts -1.5 kV, 50/60 Hz, 1

second.
Electrostatic Discharge IEC 61000-4-2 Level 4, IEEE C37.90.3, IEC 60255-
22-2 Level 4
Voltage Dips, Interrup- IEC 6100-4-11, IEC 60255-11 200ms Interrupt

tions, Variations

Conducted RF Immunity IEC 61000-4-6 Level 3, IEC 60255-22-6 Level 3

Radiated RF Susceptibility =~ EC 61000-4-2 Level 3, IEC 60255-22-3 Level 3

Electrical Fast Transient/ IEC 61000-4-4 Level 3, IEC 60255-22-4 Class llI

Burst

Oscillatory Transient ANSI/IEEE C37.90.1-1989, IEC 61000-4-12 Level 3,
IEC 60255-22-1 Level 3

Oscillatory Vibration IEC 60068-2-6, IEC 60255-21-1 Class 1

Seismic IEC 60068-3-3, IEC 60255-21-3 Class 1

Shock and Bump IEC 60255-21-2 Class 1
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Appendix B TESLA Hardware

Main Processor
Board

External Input
Egards #1 and

Analog Input Board

Comm Board

Power Supply

Storage Disk

Front Panel Board

Description

The TESLA is a modular high-quality power system recording system. It is
available in 18 and 36 channel models.

The Main Processor Board consists of a DSP, a 586 processor, serial ports, an
Ethernet port, an IRIG B processor, a watchdog and a power supply that sup-
plies the other boards. All other boards are connected to the MPB as I/O. The
MPB has a socket for an optional internal modem.

The 18 channel TESLA has 32 external inputs and 4 contact outputs, provided
by External Input Board #1. Inputs are optically isolated and accepts up to 300
Vdc.

The 36 channel TESLA has a second bank of 32 external inputs and 4 contact
outputs provided by External Input Board #2 for a total of 64 external inputs.
Rear panel connection to the board is provided by removable screw terminal

strips. Terminal strips are keyed to ensure that the correct terminal strip is in-
stalled into the correct bank.

The TESLA’s analog input channels to the recorder are provided by the Ana-
log Input Board. The 18 channel TESLA has only half of the board populated.
Rear panel connection to the board is provided by removable screw terminal
strips which are keyed, to ensure that the correct terminal strip is installed into
the correct bank.

The Comm Board provides the TESLA with two RS-232 ports, IRIG-B time
synchronization input, network or telephone connection. The RS-232 ports are
female DB-9S connectors, IRIG-B is a male BNC, the telephone jack is an RJ-
11 and the modem jack is an RJ-45.

The Power Supply conditions and converts the input power for use by the in-
ternal electronics. The wide input voltage provides the TESLA with the ability
to operate from 40 to 300 Vdc or 120 Vac.

Data storage for the TESLA recorder is a 1 GB solid state FLASH IDE drive.
Other options are available.

The Front Panel Board provides visual indication of the status of the TESLA
recorder and a front-panel RS-232 port.
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Appendix C Glossary

AC Analog Input

An ac current or voltage that is obtained from a current transformer or a voltage trans-
former connected to an element on the power system.

AC Analog Summation

Configuration of TESLA allows two AC analog quantities to be summed. For example,
currents from two parallel lines can be summed to produce a set of combined currents.

AC Input Module

This device takes in the voltage or current quantities (4 currents or 3 voltages, dependent
on model), modifies these input quantities into low level signals that are suitable for input
into the TESLA recorder back panel. The conversion ratio is stated on the module. Out-
puts from these modules can be connected to any of the Analog Input terminals on
TESLA

COMTRADE

Common Format for Transient Data Exchange. |IEEE standard C37.111-1991, IEEE
Standard Common Format for Transient Data Exchange (COMTRADE) for Power Sys-
tems, which describes a common format for exchange of recorded power systems data
between different manufacturers’ recorders.

Cooperative Recording
Group

A set of TESLA 3000 recorders that work together to form a larger virtual recorder.

DC Input Module

An external input module that can be scaled to accept a wide range of voltage or current
signals. The model provides galvanic isolation and accepts DC signals or AC signals up
to 2 kHz.

DCE

Data Communications Equipment, an RS-232 term for modems and similar equipment.
DCEs generally have a female DB connector.

DST

Daylight Savings Time. A seasonal adjustment of time applied in many jurisdictions to
compensate for varying day lengths. Most often, an hour is added to the system time to
begin on the second Sunday in March and end the first Sunday in November.

DTE

Data Terminal Equipment, an RS-232 term for a terminal or computer. DTEs generally
have a male DB connector.

DUN

Dial-Up Networking, a facility in Windows providing dial-up access to Internet and other
networks. DUN is provided with the Windows distribution.

EIA RS-232C

Electronics Industries Association recommended standard 232, revision C, Interface
between Data Terminal Equipment and Data Communication Equipment Employing
Serial Binary Data Interchange. Defines the most popular electrical connection for serial
binary data interchange, available on almost all computer systems.

Element

A component in the power system that conveys bulk power within the power system.
Control Panel provides for a naming convention that groups real and calculated channels
with a given element name. Has three voltages and three currents associated with it. For
example, a transmission line, or a transformer.

External Input

A contact status brought into TESLA from the outside world. This contact must be exter-
nally wetted with a voltage from 30 to 150 Vdc. Correct polarity must be observed.

IED | Intelligent Electronic Device, referring to a power system substation device which com-
munications on a substation network, such as Modbus.
IEEE 1344 | |IEEE 1344 is an enhancement to the basic IRIG-B time code that embeds information

such as the year, the UTC/local offset (under certain conditions only) and daylight sav-
ings time into the time stream. |IEEE standard 1344-95, IEEE Standard for Synchro-
phasors for Power Systems, outlines the implementation and use of accurate time
standards for power systems relaying and recording. Annex F describes an IRIG-B
extension (using previously unused control bits in the signal) which provides extensive
information beyond that of standard IRIG-B.

D01721R02.61

TESLA 3000 User Manual

Appendix C-1
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IRIG-B

Inter-Range Instrumentation Group time code format type B, see Range Commanders
Council Telecommunications and Timing Group, IRIG standard 200-95, IRIG Serial Time
Code Formats. Describes an implementation for distribution of precise timing informa-
tion, especially to power systems relays and recorders. IRIG-B is typically provided by a
satellite clock (e.g. GPS or GOES).

Master Recorder

A member of a Cooperative Recording Group selected to be the primary interface
between the recorder group and TESLA Control Panel or RecordBase Central Station.

Modbus | Modbus is a network using a master/slave protocol often used in power system substa-
tions. Its function was developed and is defined by Modicon, Inc., North Andover, MA,
USA. Refer to Modbus Protocol Reference Guide, Modicon document PI-MBUS-300.
PTl | Power Technologies Incorporated
Trigger | A situation that can initiate a recording.
UTC | Universally Coordinated Time. Approximately equivalent to Greenwich Mean Time

(GMT). A universal time maintained by time standards bodies worldwide. All local times
are expressed as an offset from UTC.
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Appendix D Modbus Functions

The TESLA recorder operates as a slave device on the Modbus network, with
an address of 1 to 247 (decimal), 0x01 to 0xF7. The Point List can be printed
through TESLA Control Panel to display the point names as they are config-
ured. Please refer to “Printing a SCADA Address List” on page 8-45.

For further information on Modbus, please refer to your Modbus master device
manual, or obtain Modicon’s Modbus Protocol Reference Guide, document PI-
MBUS-300.

Read Coil Status (Function Code 01, 0X References)

Channel Address Value

Hold Readings 00001 0: Readings not held 1:Readings held
Reserved 00257 Reserved

Contact 2 00513 0: Contact open (inactive) 1: Contact closed (active)
Contact 3 00514 0: Contact open (inactive) 1: Contact closed (active)
Contact 4 00515 0: Contact open (inactive) 1: Contact closed (active)
Contact 5 00516 0: Contact open (inactive) 1: Contact closed (active)
Contact 6 00517 0: Contact open (inactive) 1: Contact closed (active)
Contact 7 00518 0: Contact open (inactive) 1: Contact closed (active)
Contact 8 00519 0: Contact open (inactive) 1: Contact closed (active)
Logic Detector 1 00769 0: Off (inactive) 1: On (active)

Logic Detector 2 00770 0: Off (inactive) 1: On (active)

Logic Detector 3 00771 0: Off (inactive) 1: On (active)

Logic Detector 4 00772 0: Off (inactive) 1: On (active)

Logic Detector 5 00773 0: Off (inactive) 1: On (active)

Logic Detector 6 00774 0: Off (inactive) 1: On (active)

Logic Detector 7 00775 0: Off (inactive) 1: On (active)

Logic Detector 8 00776 0: Off (inactive) 1: On (active)

Logic Detector 9 00777 0: Off (inactive) 1: On (active)

Logic Detector 10 00778 0: Off (inactive) 1: On (active)

Logic Detector 11 00779 0: Off (inactive) 1: On (active)

Logic Detector 12 00780 0: Off (inactive) 1: On (active)

Logic Detector 13 00781 0: Off (inactive) 1: On (active)

Logic Detector 14 00782 0: Off (inactive) 1: On (active)

Logic Detector 15 00783 0: Off (inactive) 1: On (active)

Logic Detector 16 00784 0: Off (inactive) 1: On (active)

Logic Detector 17 00785 0: Off (inactive) 1: On (active)

Logic Detector 18 00786 0: Off (inactive) 1: On (active)

Logic Detector 19 00787 0: Off (inactive) 1: On (active)
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Logic Detector 20 00788 0: Off (inactive) 1: On (active)
Logic Detector 21 00789 0: Off (inactive) 1: On (active)
Logic Detector 22 00790 0: Off (inactive) 1: On (active)
Logic Detector 23 00791 0: Off (inactive) 1: On (active)
Logic Detector 24 00792 0: Off (inactive) 1: On (active)
Logic Detector 25 00793 0: Off (inactive) 1: On (active)
Logic Detector 26 00794 0: Off (inactive) 1: On (active)
Logic Detector 27 00795 0: Off (inactive) 1: On (active)
Logic Detector 28 00796 0: Off (inactive) 1: On (active)
Logic Detector 29 00797 0: Off (inactive) 1: On (active)
Logic Detector 30 00798 0: Off (inactive) 1: On (active)
High/low speed recording 01025 0: Off (inactive) 1: On (active)
active

High/low speed recording 01026 0: Off (inactive) 1: On (active)
space nearly full alarm

Trend Recording Active 01281 0: Off (inactive) 1: On (active)
Trend Recording Accumula- 01282 0: Off (inactive) 1: On (active)
tion Alarm

Read Input Status (Function Code 02, 1X References)

Channel Address Value

External I/P 1 10001 0: Off (inactive) 1: On (active)
External I/P 2 10002 0: Off (inactive) 1: On (active)
External I/P 3 10003 0: Off (inactive) 1: On (active)
External I/P 4 10004 0: Off (inactive) 1: On (active)
External I/IP 5 10005 0: Off (inactive) 1: On (active)
External I/P 6 10006 0: Off (inactive) 1: On (active)
External I/IP 7 10007 0: Off (inactive) 1: On (active)
External I/P 8 10008 0: Off (inactive) 1: On (active)
External I/P 9 10009 0: Off (inactive) 1: On (active)
External I/P 10 10010 0: Off (inactive) 1: On (active)
External I/P 11 10011 0: Off (inactive) 1: On (active)
External I/P 12 10012 0: Off (inactive) 1: On (active)
External I/P 13 10013 0: Off (inactive) 1: On (active)
External I/P 14 10014 0: Off (inactive) 1: On (active)
External I/P 15 10015 0: Off (inactive) 1: On (active)
External I/P 16 10016 0: Off (inactive) 1: On (active)
External I/IP 17 10017 0: Off (inactive) 1: On (active)
External I/P 18 10018 0: Off (inactive) 1: On (active)
External I/P 19 10019 0: Off (inactive) 1: On (active)
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External I/P 20 10020 0: Off (inactive) 1: On (active)
External I/P 21 10021 0: Off (inactive) 1: On (active)
External I/P 22 10022 0: Off (inactive) 1: On (active)
External I/P 23 10023 0: Off (inactive) 1: On (active)
External I/P 24 10024 0: Off (inactive) 1: On (active)
External I/P 25 10025 0: Off (inactive) 1: On (active)
External I/P 26 10026 0: Off (inactive) 1: On (active)
External I/P 27 10027 0: Off (inactive) 1: On (active)
External I/P 28 10028 0: Off (inactive) 1: On (active)
External I/P 29 10029 0: Off (inactive) 1: On (active)
External I/P 30 10030 0: Off (inactive) 1: On (active)
External I/P 31 10031 0: Off (inactive) 1: On (active)
External I/P 32 10032 0: Off (inactive) 1: On (active)
External /P33 10033 0: Off (inactive) 1: On (active)
External I/P 34 10034 0: Off (inactive) 1: On (active)
External I/P 35 10035 0: Off (inactive) 1: On (active)
External I/P 36 10036 0: Off (inactive) 1: On (active)
External I/P 37 10037 0: Off (inactive) 1: On (active)
External I/P 38 10038 0: Off (inactive) 1: On (active)
External I/P 39 10039 0: Off (inactive) 1: On (active)
External I/P 40 10040 0: Off (inactive) 1: On (active)
External I/P 41 10041 0: Off (inactive) 1: On (active)
External I/P 42 10042 0: Off (inactive) 1: On (active)
External I/P 43 10043 0: Off (inactive) 1: On (active)
External I/P 44 10044 0: Off (inactive) 1: On (active)
External I/P 45 10045 0: Off (inactive) 1: On (active)
External I/P 46 10046 0: Off (inactive) 1: On (active)
External I/P 47 10047 0: Off (inactive) 1: On (active)
External I/P 48 10048 0: Off (inactive) 1: On (active)
External I/P 49 10049 0: Off (inactive) 1: On (active)
External I/P 50 10050 0: Off (inactive) 1: On (active)
External I/P 51 10051 0: Off (inactive) 1: On (active)
External I/P 52 10052 0: Off (inactive) 1: On (active)
External I/P 53 10053 0: Off (inactive) 1: On (active)
External I/P 54 10054 0: Off (inactive) 1: On (active)
External I/P 55 10055 0: Off (inactive) 1: On (active)
External I/P 56 10056 0: Off (inactive) 1: On (active)
External I/P 57 10057 0: Off (inactive) 1: On (active)
External I/P 58 10058 0: Off (inactive) 1: On (active)
External I/P 59 10059 0: Off (inactive) 1: On (active)
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External I/P 60 10060 0: Off (inactive) 1: On (active)

External I/P 61 10061 0: Off (inactive) 1: On (active)

External I/P 62 10062 0: Off (inactive) 1: On (active)

External I/P 63 10063 0: Off (inactive) 1: On (active)

External I/P 64 10064 0: Off (inactive) 1: On (active)

External I/P1 Change latch 10257 0: Off (no change) 1: On (change)
External I/P 2 Change latch 10258 0: Off (no change) 1: On (change)
External I/P 3 Change latch 10259 0: Off (no change) 1: On (change)
External I/P 4 Change latch 10260 0: Off (no change) 1: On (change)
External I/P 5 Change latch 10261 0: Off (no change) 1: On (change)
External I/P 6 Change latch 10262 0: Off (no change) 1: On (change)
External I/P 7 Change latch 10263 0: Off (no change) 1: On (change)
External I/P 8 Change latch 10264 0: Off (no change) 1: On (change)
External I/P 9 Change latch 10265 0: Off (no change) 1: On (change)
External I/P 10 Change latch 10266 0: Off (no change) 1: On (change)
External I/P 11Change latch 10267 0: Off (no change) 1: On (change)
External I/P 12 Change latch 10268 0: Off (no change) 1: On (change)
External I/P 13 Change latch 10269 0: Off (no change) 1: On (change)
External I/P 14 Change latch 10270 0: Off (no change) 1: On (change)
External I/P 15 Change latch 10271 0: Off (no change) 1: On (change)
External I/P 16 Change latch 10272 0: Off (no change) 1: On (change)
External I/P 17 Change latch 10273 0: Off (no change) 1: On (change)
External I/P 18 Change latch 10274 0: Off (no change) 1: On (change)
External I/P 19 Change latch 10275 0: Off (no change) 1: On (change)
External I/P 20 Change latch 10276 0: Off (no change) 1: On (change)
External I/P 21 Change latch 10277 0: Off (no change) 1: On (change)
External I/P 22 Change latch 10278 0: Off (no change) 1: On (change)
External I/P 23 Change latch 10279 0: Off (no change) 1: On (change)
External I/P 24 Change latch 10280 0: Off (no change) 1: On (change)
External I/P 25 Change latch 10281 0: Off (no change) 1: On (change)
External I/P 26 Change latch 10282 0: Off (no change) 1: On (change)
External I/P 27 Change latch 10283 0: Off (no change) 1: On (change)
External I/P 28 Change latch 10284 0: Off (no change) 1: On (change)
External I/P 29 Change latch 10285 0: Off (no change) 1: On (change)
External I/P 30 Change latch 10286 0: Off (no change) 1: On (change)
External I/P 31 Change latch 10287 0: Off (no change) 1: On (change)
External I/P 32 Change latch 10288 0: Off (no change) 1: On (change)
External I/P 33 Change latch 10289 0: Off (no change) 1: On (change)
External I/P 34 Change latch 10290 0: Off (no change) 1: On (change)
External I/P 35 Change latch 10291 0: Off (no change) 1: On (change)
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External I/P 36 Change latch 10292

o

: Off (no change) : On (change)

External I/P 37 Change latch 10293

o

: Off (no change) : On (change)

External I/P 38 Change latch 10294

o

: Off (no change) : On (change)

External I/P 39 Change latch 10295

o

: Off (no change) : On (change)

External I/P 40 Change latch 10296

o

: Off (no change) : On (change)

e

External I/P 41 Change latch 10297 Off (no change) : On (change)

o

External I/P 42 Change latch 10298 : Off (no change) : On (change)

External I/P 43 Change latch 10299

o

: Off (no change) : On (change)

External I/P 44 Change latch 10300

o

: Off (no change) : On (change)

External I/P 45 Change latch 10301

o

: Off (no change) : On (change)

External I/P 46 Change latch 10302

o

: Off (no change) : On (change)

External I/P 47 Change latch 10303

e

: Off (no change) : On (change)

External I/P 48 Change latch 10304

o

: Off (no change) : On (change)

External I/P 49 Change latch 10305

o

: Off (no change) : On (change)

e

External I/P 50 Change latch 10306 Off (no change) : On (change)

o

External I/P 51 Change latch 10307 : Off (no change) : On (change)

o

External I/P 52 Change latch 10308 : Off (no change) : On (change)

External I/P 53 Change latch 10309

e

: Off (no change) : On (change)

External I/P 54 Change latch 10310

o

: Off (no change) : On (change)

External I/P 55 Change latch 10311

o

: Off (no change) : On (change)

External I/P 56 Change latch 10312

o

: Off (no change) : On (change)

External I/P 57 Change latch 10313

o

: Off (no change) : On (change)

External I/P 58 Change latch 10314

o

: Off (no change) : On (change)

External I/P 59 Change latch 10315

e

Off (no change) : On (change)

o

External I/P 60 Change latch 10316 : Off (no change) : On (change)

o

External I/P 61 Change latch 10317 : Off (no change) : On (change)

External I/P 62 Change latch 10318

o

: Off (no change) : On (change)

External I/P 63 Change latch 10319

o

: Off (no change) : On (change)

External I/P 64 Change latch 10320

o

: Off (no change) : On (change)

Read Holding Register (Function Code 03, 4X References

Channel Address Value Scaled up by

Tesla Clock Time (UTC). Read all in same query to ensure consistent time reading data

Milliseconds Now 40001 0-999 1
Seconds Now 40002 0-59 1
Minutes Now 40003 0-59 1
Hours Now 40004 0-23 1
Day of Year Now 40005 1-365 (up to 366 if leap year) 1
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Years since 1900

40006

90-137

Sync’'d to IRIG-B

40007

0: No, 1: Yes

Time of Acquisition (UTC). Read all in same query to ensure consistent time reading data

Milliseconds Acquisition 40008 0-999

Seconds Acquisition 40009 0-59

Minutes Acquisition 40010 0-59

Hours Acquisition 40011 0-23

Day of Year Acquisition 40012 1-365 (up to 366 if leap year)

Years since 1900 40013 90-137

Acquisition Time Sync'd 40014 0: No

to IRIG-B 1: Yes

Offset of UTC to IED 40015 2’s complement half hours, North America is

Local Time

negative

Analog Magnitude and Angle Metering Channels

Channel Address Value Scaled up by
Al1 Magnitude 40257 0 to 3276.7 units 10
Al1 Angle 40258 -180° to 180° 10
Al2 Magnitude 40259 0 to 3276.7 units 10
Al2 Angle 40260 -180° to 180° 10
Al3 Magnitude 40261 0 to 3276.7 units 10
AI3 Angle 40262 -180° to 180° 10
Al4 Magnitude 40263 0 to 3276.7 units 10
Al4 Angle 40264 -180° to 180° 10
Al5 Magnitude 40265 0 to 3276.7 units 10
Al5 Angle 40266 -180° to 180° 10
Al6 Magnitude 40267 0 to 3276.7 units 10
Al6 Angle 40268 -180° to 180° 10
Al7 Magnitude 40269 0 to 3276.7 units 10
Al7 Angle 40270 -180° to 180° 10
Al8 Magnitude 40271 0 to 3276.7 units 10
AlI8 Angle 40272 -180° to 180° 10
Al9 Magnitude 40273 0 to 3276.7 units 10
AI9 Angle 40274 -180° to 180° 10
AI10 Magnitude 40275 0 to 3276.7 units 10
Al10 Angle 40276 -180° to 180° 10
Al11 Magnitude 40277 0 to 3276.7 units 10
Al11 Angle 40278 -180° to 180° 10
Al12 Magnitude 40279 0 to 3276.7 units 10
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Al12 Angle 40280 -180° to 180° 10
Al13 Magnitude 40281 0 to 3276.7 units 10
Al13 Angle 40282 -180° to 180° 10
Al14 Magnitude 40283 0 to 3276.7 units 10
Al14 Angle 40284 -180° to 180° 10
Al15 Magnitude 40285 0 to 3276.7 units 10
Al15 Angle 40286 -180° to 180° 10
Al16 Magnitude 40287 0 to 3276.7 units 10
Al16 Angle 40288 -180° to 180° 10
Al17 Magnitude 40289 0 to 3276.7 units 10
Al17 Angle 40290 -180° to 180° 10
Al18 Magnitude 40291 0 to 3276.7 units 10
Al18 Angle 40292 -180° to 180° 10
Al19 Magnitude 40293 0 to 3276.7 units 10
Al19 Angle 40294 -180° to 180° 10
Al20 Magnitude 40295 0 to 3276.7 units 10
Al20 Angle 40296 -180° to 180° 10
Al21 Magnitude 40297 0 to 3276.7 units 10
Al21 Angle 40298 -180° to 180° 10
Al22 Magnitude 40299 0 to 3276.7 units 10
Al22 Angle 40300 -180° to 180° 10
Al23 Magnitude 40301 0 to 3276.7 units 10
Al23Angle 40302 -180° to 180° 10
Al24 Magnitude 40303 0 to 3276.7 units 10
Al24 Angle 40304 -180° to 180° 10
Al25 Magnitude 40305 0 to 3276.7 units 10
Al25 Angle 40306 -180° to 180° 10
Al26 Magnitude 40307 0 to 3276.7 units 10
Al26 Angle 40308 -180° to 180° 10
Al27 Magnitude 40309 0 to 3276.7 units 10
Al27 Angle 40310 -180° to 180° 10
Al28 Magnitude 40311 0 to 3276.7 units 10
Al28 Angle 40312 -180° to 180° 10
Al29 Magnitude 40313 0 to 3276.7 units 10
Al29 Angle 40314 -180° to 180° 10
AI30 Magnitude 40315 0 to 3276.7 units 10
AI30 Angle 40316 -180° to 180° 10
AlI31 Magnitude 40317 0 to 3276.7 units 10
Al31 Angle 40318 -180° to 180° 10
Al32 Magnitude 40319 0 to 3276.7 units 10
D01721R02.61 TESLA 3000 User Manual Appendix D-7



Appendix D Modbus Functions

AlI32 Angle 40320 -180° to 180° 10
AlI33 Magnitude 40321 0 to 3276.7 units 10
AI33 Angle 40322 -180° to 180° 10
Al34 Magnitude 40323 0 to 3276.7 units 10
Al34 Angle 40324 -180° to 180° 10
AI35 Magnitude 40325 0 to 3276.7 units 10
AI35 Angle 40326 -180° to 180° 10
AlI36 Magnitude 40327 0 to 3276.7 units 10
AlI36 Angle 40328 -180° to 180° 10
Total Harmonic Distortion, Single Harmonic Level, DC Metering Channels
* not supported yet
Al1 THD 40513 0to 327.67% 100
Al1 SHL 40514 0to 327.67% 100
Al1 DC* 40515 -3276.8 to 3276.7 units 10
A2 THD 40516 0to 327.67% 100
Al2 SHL 40517 0to 327.67% 100
Al2 DC* 40518 -3276.8 to 3276.7 units 10
AI3 THD 40519 0to 327.67% 100
AI3 SHL 40520 0to 327.67% 100
AI3 DC* 40521 -3276.8 to 3276.7 units 10
Al4 THD 40522 0to 327.67% 100
Al4 SHL 40523 0to 327.67% 100
Al4 DC* 40524 -3276.8 to 3276.7 units 10
AlI5 THD 40525 0to 327.67% 100
Al5 SHL 40526 0 to 327.67% 100
Al5 DC* 40527 -3276.8 to 3276.7 units 10
Al6 THD 40528 0to 327.67% 100
Al6 SHL 40529 0 to 327.67% 100
Al6 DC* 40530 -3276.8 to 3276.7 units 10
Al7 THD 40531 0to 327.67% 100
A7 SHL 40532 0 to 327.67% 100
Al7 DC* 40533 -3276.8 to 3276.7 units 10
AI8 THD 40534 0to 327.67% 100
Al8 SHL 40535 0 to 327.67% 100
AI8 DC* 40536 -3276.8 to 3276.7 units 10
AI9 THD 40537 0to 327.67% 100
Al9 SHL 40538 0 to 327.67% 100
Al9 DC* 40539 -3276.8 to 3276.7 units 10
Al10 THD 40540 0to 327.67% 100
AI10 SHL 40541 0 to 327.67% 100
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Al10 DC* 40542 -3276.8 to 3276.7 units 10
Al11 THD 40543 0to 327.67% 100
Al11 SHL 40544 0to 327.67% 100
Al11 DC* 40545 -3276.8 to 3276.7 units 10
Al12 THD 40546 0to 327.67% 100
Al12 SHL 40547 0 to 327.67% 100
Al12 DC* 40548 -3276.8 to 3276.7 units 10
Al13 THD 40549 0to 327.67% 100
Al13 SHL 40550 0 to 327.67% 100
AI13 DC* 40551 -3276.8 to 3276.7 units 10
Al14 THD 40552 0to 327.67% 100
Al14 SHL 40553 0to 327.67% 100
Al14 DC* 40554 -3276.8 to 3276.7 units 10
Al15 THD 40555 0to 327.67% 100
Al15 SHL 40556 0 to 327.67% 100
Al15 DC* 40557 -3276.8 to 3276.7 units 10
Al16 THD 40558 0to 327.67% 100
Al16 SHL 40559 0 to 327.67% 100
Al16 DC* 40560 -3276.8 to 3276.7 units 10
Al17 THD 40561 0to 327.67% 100
Al17 SHL 40562 0 to 327.67% 100
Al17 DC* 40563 -3276.8 to 3276.7 units 10
Al18 THD 40564 0to 327.67% 100
Al18 SHL 40565 0 to 327.67% 100
Al18 DC* 40566 -3276.8 to 3276.7 units 10
Al19 THD 40567 0to 327.67% 100
Al19 SHL 40568 0 to 327.67% 100
Al19 DC* 40569 -3276.8 to 3276.7 units 10
Al20 THD 40570 0to 327.67% 100
Al20 SHL 40571 0 to 327.67% 100
Al20 DC* 40572 -3276.8 to 3276.7 units 10
Al21 THD 40573 0to 327.67% 100
Al21 SHL 40574 0 to 327.67% 100
Al21 DC* 40575 -3276.8 to 3276.7 units 10
Al22 THD 40576 0to 327.67% 100
Al22 SHL 40577 0 to 327.67% 100
Al22 DC* 40578 -3276.8 to 3276.7 units 10
Al23 THD 40579 0to0 327.67% 100
Al23 SHL 40580 0 to 327.67% 100
Al23 DC* 40581 -3276.8 to 3276.7 units 10
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Al24 THD 40582 0 to 327.67% 100
Al24 SHL 40583 0 to 327.67% 100
Al24 DC* 40584 -3276.8 to 3276.7 units 10
Al25 THD 40585 0 to 327.67% 100
Al25 SHL 40586 0 to 327.67% 100
AI25 DC* 40587 -3276.8 to 3276.7 units 10
AI26 THD 40588 0 to 327.67% 100
Al26 SHL 40589 0 to 327.67% 100
AlI26 DC* 40590 -3276.8 to 3276.7 units 10
AI27 THD 40591 0 to 327.67% 100
Al27 SHL 40592 0 to 327.67% 100
AI27 DC* 40593 -3276.8 to 3276.7 units 10
Al28 THD 40594 0 to 327.67% 100
Al28 SHL 40595 0 to 327.67% 100
AI28 DC* 40596 -3276.8 to 3276.7 units 10
Al29 THD 40597 0 to 327.67% 100
Al29 SHL 40598 0 to 327.67% 100
AI29 DC* 40599 -3276.8 to 3276.7 units 10
AlI30 THD 40600 0 to 327.67% 100
AI30 SHL 40601 0 to 327.67% 100
AI30 DC* 40602 -3276.8 to 3276.7 units 10
Al31 THD 40603 0 to 327.67% 100
Al31 SHL 40604 0 to 327.67% 100
AI31 DC* 40605 -3276.8 to 3276.7 units 10
Al32 THD 40606 0 to 327.67% 100
Al32 SHL 40607 0 to 327.67% 100
Al32 DC* 40608 -3276.8 to 3276.7 units 10
AI33 THD 40609 0to 327.67% 100
AI33 SHL 40610 0 to 327.67% 100
AlI33 DC* 40611 -3276.8 to 3276.7 units 10
Al34 THD 40612 0to 327.67% 100
Al34 SHL 40613 0 to 327.67% 100
Al34 DC* 40614 -3276.8 to 3276.7 units 10
AlI35 THD 40615 0to 327.67% 100
AI35 SHL 40616 0 to 327.67% 100
Al35 DC* 40617 -3276.8 to 3276.7 units 10
Al36 THD 40618 0t0 327.67% 100
Al36 SHL 40619 0to 327.67% 100
Al36 DC* 40620 -3276.8 to 3276.7 units 10
Summation Metering Channels
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SUM1 Magnitude 40769 0 to 3276.7 units 10
SUM1 Angle 40770 -180° to 180° 10
SUM2 Magnitude 40771 0 to 3276.7 units 10
SUM2 Angle 40772 -180° to 180° 10
SUM3 Magnitude 40773 0 to 3276.7 units 10
SUM3 Angle 40774 -180° to 180° 10
SUM4 Magnitude 40775 0 to 3276.7 units 10
SUM4 Angle 40776 -180° to 180° 10
SUMS5 Magnitude 40777 0 to 3276.7 units 10
SUMS5 Angle 40778 -180° to 180° 10
SUM6 Magnitude 40779 0 to 3276.7 units 10
SUM6 Angle 40780 -180° to 180° 10
SUM7 Magnitude 40781 0 to 3276.7 units 10
SUM?7 Angle 40782 -180° to 180° 10
SUM8 Magnitude 40783 0 to 3276.7 units 10
SUMS8 Angle 40784 -180° to 180° 10
SUM9 Magnitude 40785 0 to 3276.7 units 10
SUM9 Angle 40786 -180° to 180° 10
SUM10 Magnitude 40787 0 to 3276.7 units 10
SUM10 Angle 40788 -180° to 180° 10
SUM11 Magnitude 40789 0 to 3276.7 units 10
SUM11 Angle 40790 -180° to 180° 10
SUM12 Magnitude 40791 0 to 3276.7 units 10
SUM12 Angle 40792 -180° to 180° 10
SUM13 Magnitude 40793 0 to 3276.7 units 10
SUM13 Angle 40794 -180° to 180° 10
SUM14 Magnitude 40795 0 to 3276.7 units 10
SUM14 Angle 40796 -180° to 180° 10
SUM15 Magnitude 40797 0 to 3276.7 units 10
SUM15 Angle 40798 -180° to 180° 10
SUM16 Magnitude 40799 0 to 3276.7 units 10
SUM16 Angle 40800 -180° to 180° 10
SUM17 Magnitude 40801 0 to 3276.7 units 10
SUM17 Angle 40802 -180° to 180° 10
SUM18 Magnitude 40803 0 to 3276.7 units 10
SUM18 Angle 40804 -180° to 180° 10
SUM19 Magnitude 40805 0 to 3276.7 units 10
SUM19 Angle 40806 -180° to 180° 10
SUM20 Magnitude 40807 0 to 3276.7 units 10
SUM20 Angle 40808 -180° to 180° 10
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SUM21 Magnitude 40809 0 to 3276.7 units 10
SUM21 Angle 40810 -180° to 180° 10
SUM22 Magnitude 40811 0 to 3276.7 units 10
SUM22 Angle 40812 -180° to 180° 10
SUM23 Magnitude 40813 0 to 3276.7 units 10
SUM23 Angle 40814 -180° to 180° 10
SUM24 Magnitude 40815 0 to 3276.7 units 10
SUM24 Angle 40816 -180° to 180° 10
SUM25 Magnitude 40817 0 to 3276.7 units 10
SUM25 Angle 40818 -180° to 180° 10
SUM26 Magnitude 40819 0 to 3276.7 units 10
SUM26 Angle 40820 -180° to 180° 10
SUM27 Magnitude 40821 0 to 3276.7 units 10
SUM27 Angle 40822 -180° to 180° 10
SUM28 Magnitude 40823 0 to 3276.7 units 10
SUM28 Angle 40824 -180° to 180° 10
SUM29 Magnitude 40825 0 to 3276.7 units 10
SUM29 Angle 40826 -180° to 180° 10
SUM30 Magnitude 4827 0 to 3276.7 units 10
SUMS30 Angle 40828 -180° to 180° 10
Sequence Metering Channels

SEQ1 Positive 41025 0 to 3276.7 units 10
SEQ1 Negative 41026 0 to 3276.7 units 10
SEQ1 Zero 41027 0 to 3276.7 units 10
SEQ2 Positive 41028 0 to 3276.7 units 10
SEQ2 Negative 41029 0 to 3276.7 units 10
SEQ2 Zero 41030 0 to 3276.7 units 10
SEQ3 Positive 41031 0 to 3276.7 units 10
SEQ3 Negative 41032 0 to 3276.7 units 10
SEQ3 Zero 41033 0 to 3276.7 units 10
SEQ4 Positive 41034 0 to 3276.7 units 10
SEQ4 Negative 41035 0 to 3276.7 units 10
SEQ4 Zero 41036 0 to 3276.7 units 10
SEQ5 Positive 41037 0 to 3276.7 units 10
SEQ5 Negative 41038 0 to 3276.7 units 10
SEQ5 Zero 41039 0 to 3276.7 units 10
SEQ6 Positive 41040 0 to 3276.7 units 10
SEQ6 Negative 41041 0 to 3276.7 units 10
SEQ6 Zero 41042 0 to 3276.7 units 10
SEQ7 Positive 41043 0 to 3276.7 units 10
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SEQ7 Negative 41044 0 to 3276.7 units 10
SEQ7 Zero 41045 0 to 3276.7 units 10
SEQ8 Positive 41046 0 to 3276.7 units 10
SEQ8 Negative 41047 0 to 3276.7 units 10
SEQ8 Zero 41048 0 to 3276.7 units 10
SEQ9 Positive 41049 0 to 3276.7 units 10
SEQ9 Negative 41050 0 to 3276.7 units 10
SEQ9 Zero 41051 0 to 3276.7 units 10
SEQ10 Positive 41052 0 to 3276.7 units 10
SEQ10 Negative 41053 0 to 3276.7 units 10
SEQ10 Zero 41054 0 to 3276.7 units 10
SEQ11 Positive 41055 0 to 3276.7 units 10
SEQ11 Negative 41056 0 to 3276.7 units 10
SEQ11 Zero 41057 0 to 3276.7 units 10
SEQ12 Positive 41058 0 to 3276.7 units 10
SEQ12 Negative 41059 0 to 3276.7 units 10
SEQ12 Zero 41060 0 to 3276.7 units 10
Watts/Vars Metering Channels

WV1P 41281 -3276.8 to 3276.7 W 10
WVv1Q 41282 -3276.8 to 3276.7 Var 10
WV1S 41283 0to 3276.7 VA 10
Wv2 P 41284 -3276.8 to 3276.7 W 10
Wv2Q 41285 -3276.8 to 3276.7 Var 10
Wv2 s 41286 0to 3276.7 VA 10
WV3 P 41287 -3276.8 to 3276.7 W 10
Wwv3Q 41288 -3276.8 to 3276.7 Var 10
WV3 s 41289 0to 3276.7 VA 10
Wv4 P 41290 -3276.8 to 3276.7 W 10
Wv4 Q 41291 -3276.8 to 3276.7 Var 10
Wv4 s 41292 0to 3276.7 VA 10
WV5 P 41293 -3276.8 to 3276.7 W 10
WV5 Q 41294 -3276.8 to 3276.7 Var 10
WV5 S 41295 0to 3276.7 VA 10
WV6 P 41296 -3276.8 to 3276.7 W 10
WV6 Q 41297 -3276.8 to 3276.7 Var 10
WV6 S 41298 0to 3276.7 VA 10
WV7 P 41299 -3276.8 to 3276.7 W 10
WV7 Q 41300 -3276.8 to 3276.7 Var 10
WV7 S 41301 0to 3276.7 VA 10
Wvs8 P 41302 -3276.8 to 3276.7 W 10
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Wv8 Q 41303 -3276.8 to 3276.7 Var 10
WVv8 S 41304 0to 3276.7 VA 10
WV9 P 41305 -3276.8 to 3276.7 W 10
WV Q 41306 -3276.8 to 3276.7 Var 10
WV9 S 41307 0to 3276.7 VA 10
WV10 P 41308 -3276.8 to 3276.7 W 10
Wv10 Q 41309 -3276.8 to 3276.7 Var 10
WV10S 41310 0to 3276.7 VA 10
WV11 P 41311 -3276.8 to 3276.7 W 10
Wv11 Q 41312 -3276.8 to 3276.7 Var 10
WV11S 41313 0to 3276.7 VA 10
WV12 P 41314 -3276.8 to 3276.7 W 10
Wwvi2Q 41315 -3276.8 to 3276.7 Var 10
WvV12s 41316 0to 3276.7 VA 10
WV13 P 41317 -3276.8 to 3276.7 W 10
Wwv13 Q 41318 -3276.8 to 3276.7 Var 10
WV13s 41319 0to 3276.7 VA 10
WV14 P 41320 -3276.8 to 3276.7 W 10
Wv14 Q 41321 -3276.8 to 3276.7 Var 10
WV14S 41322 0to 3276.7 VA 10
WV15 P 41323 -3276.8 to 3276.7 W 10
Wv15Q 41324 -3276.8 to 3276.7 Var 10
WV15S 41325 0to 3276.7 VA 10
WV16 P 41326 -3276.8 to 3276.7 W 10
WV16 Q 41327 -3276.8 to 3276.7 Var 10
WV16S 41328 0to 3276.7 VA 10
WV17 P 41329 -3276.8 to 3276.7 W 10
WV17 Q 41330 -3276.8 to 3276.7 Var 10
WV17S 41331 0to 3276.7 VA 10
WVv18 P 41332 -3276.8 to 3276.7 W 10
Wwv18 Q 41333 -3276.8 to 3276.7 Var 10
WV18S 41334 0to 3276.7 VA 10
Frequency Metering Channels

Channel Group 1 Frequency 41537 5/6 f_nominal to 7/6 nominal fre- 100

quency
Channel Group 2 Frequency 41538 5/6 f_nominal to 7/6 nominal fre- 100
quency

Impedance Metering Channels

Impedance 1Magnitude 41793 0 to 3276.7 ohm 10
Impedance 1 Angle 41794 -180° to 180° 10
Impedance2 Magnitude 41795 0 to 3276.7 ohm 10
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Impedance 2 Angle 41796 -180° to 180° 10
Impedance 3 Magnitude 41797 0to 3276.7 ohm 10
Impedance 3 Angle 41798 -180° to 180° 10
Impedance 4 Magnitude 41799 0 to 3276.7 ohm 10
Impedance 4 Angle 41800 -180° to 180° 10
Impedance 5 Magnitude 41801 0 to 3276.7 ohm 10
Impedance 5 Angle 41802 -180° to 180° 10
Impedance 6 Magnitude 41803 0 to 3276.7 ohm 10
Impedance 6 Angle 41804 -180° to 180° 10
Impedance 7 Magnitude 41805 0 to 3276.7 ohm 10
Impedance 7 Angle 41806 -180° to 180° 10
Impedance 8 Magnitude 41807 0 to 3276.7 ohm 10
Impedance 8 Angle 41808 -180° to 180° 10
Impedance 9 Magnitude 41809 0 to 3276.7 ohm 10
Impedance 9 Angle 41810 -180° to 180° 10
Impedance 10 Magnitude 41811 0 to 3276.7 ohm 10
Impedance 10 Angle 41812 -180° to 180° 10
Impedance 11 Magnitude 41813 0 to 3276.7 ohm 10
Impedance 11 Angle 41814 -180° to 180° 10
Impedance 12 Magnitude 41815 0 to 3276.7 ohm 10
Impedance 12 Angle 41816 -180° to 180° 10
Impedance 13 Magnitude 41817 0 to 3276.7 ohm 10
Impedance 13 Angle 41818 -180° to 180° 10
Impedance 14 Magnitude 41819 0 to 3276.7 ohm 10
Impedance 14 Angle 41820 -180° to 180° 10
Impedance 15 Magnitude 41821 0 to 3276.7 ohm 10
Impedance 15 Angle 41822 -180° to 180° 10
Impedance 16 Magnitude 41823 0 to 3276.7 ohm 10
Impedance 16 Angle 41824 -180° to 180° 10
Impedance 17 Magnitude 41825 0 to 3276.7 ohm 10
Impedance 17 Angle 41826 -180° to 180° 10
Impedance 18 Magnitude 41827 0 to 3276.7 ohm 10
Impedance 18 Angle 41828 -180° to 180° 10
Event Information (See Accessing 42052 — 42144

TESLA Event Information below)

Length (in 16 bit registers) of the cur- 42052

rent event message

Event Identification 42053

Event Message 42054-42137

Fault Locator ID 42138

Fault Type 42139
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Fault Distance 42140 10
Fault Time 42141 - 42144

Power Factor Function 1 Level 42305 0.0to 1.0 100
Power Factor Function 2 Level 42306 0.0to 1.0 100
Power Factor Function 3 Level 42307 0.0to 1.0 100
Power Factor Function 4 Level 42308 0.0to 1.0 100
Power Factor Function 5 Level 42309 0.0to 1.0 100
Power Factor Function 6 Level 42310 0.0to 1.0 100
Power Factor Function 7 Level 42311 0.0to 1.0 100
Power Factor Function 8 Level 42312 0.0to 1.0 100
Power Factor Function 9 Level 42313 0.0to 1.0 100
Power Factor Function 10 Level 42314 0.0to 1.0 100
Power Factor Function 11 Level 42315 0.0to 1.0 100
Power Factor Function 12 Level 42316 0.0to 1.0 100
Power Factor Function 13 Level 42317 0.0to 1.0 100
Power Factor Function 14 Level 42318 0.0to 1.0 100
Power Factor Function 15 Level 42319 0.0to 1.0 100
Power Factor Function 16 Level 42320 0.0to 1.0 100
Power Factor Function 17 Level 42321 0.0to 1.0 100
Power Factor Function 18 Level 42322 0.0to 1.0 100
High/low speed recording space used 42561 0.0 to 100.0 10
Trend Recording Days Accumulated 42817 0to 90 1

Read Input Register (Function Code 04)

No input registers supported. Response from |ED indicates “ILLEGAL FUNCTION.”

Force Single Coil (Function Code 05)

Only the “hold readings” coil can be forced. When active, this coil locks all coil, input and holding register readings simul-
taneously at their present values. When inactive, coil, input and holding register values will read their most recently avail-

able state.
Channel Type Address Value
Hold Readings Read/Write 01 0000: Readings update normally (inactive)

FF00: Hold readings (active)
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Preset Single Register (Function Code 06)

Channel Address Value Scaled Up By

Event Information (See Accessing TESLA Event Infor- 42099 - 42051
mation, below)

Refresh event list 42049 No data required N/A
Acknowledge the current event and get the next event 42050 No data required N/A
Get the next event (without acknowledge) 42051 No data required N/A

Diagnostic Subfunctions (Function Code 08)

Return Query Data (Subfunction 00) This provides an echo of the submitted message.

Restart Comm. Option (Subfunction 01) This restarts the Modbus communications process.

Force Listen Only Mode (Subfunction 04) No response is returned. IED enters “Listen Only” mode.
This mode can only be exited by the “Restart Comm.
Option” command.

Report Slave ID (Function Code 17/0x11)

A fixed response is returned by the IED, including system model, version and issue numbers.

Channel Type Bytes Value

Model Number Read Only Oand 1 0x07D00 = 2000 decimal
Version Number Read Only 2and 3 Version number

Issue Number Read Only 4 and 5 Issue number

» The TESLA IED model number is 3000.
* Version and issue will each be positive integers, say X and Y.

e The TESLA is defined as “Model 3000, Version X Issue Y”

Accessing TESLA Event Information

All TESLA detector event messages displayed in the Event Log are available via Modbus. This includes fault location information.
The following controls are available.

Refresh Event List

(Function Code 6, address 42049): Fetches the latest events from the TESLA's event log and
makes them available for Modbus access. The most recent event becomes the current event
available for reading.

Acknowledge Current Event
and Get Next Event

(Function Code 6, address 42050): Clears the current event from the read registers and
places the next event into them. An acknowledged event is no longer available for reading.

Get Next Event

(Function Code 6, address 42051): Places the next event in the read registers without
acknowledging the current event. The current event will reappear in the list when Refresh
Event List is used.
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Size of Current Event
Message

(Function Code 3, address 42052): Indicates the number of 16 bit registers used to contain
the current event. Event data is stored with two characters per register. A reading of zero indi-
cates that there are no unacknowledged events available in the current set. (NB. The Refresh
Event List function can be used to check for new events that have occurred since the last
Refresh Event List.)

Fault Location Event Preset
When Set to 0x464C

(Function Code 3, address 42053): Identifies fault location events. These events are identified
by “FL” (0x464C) in this register. Non-fault location events contain “ ” in this location.

Read Event Message

(Function Code 3, addresses 42054 - 42137): Contains the current event message. Two
ASCII characters are packed into each 16 bit register. All unused registers in the set are set to
0.

Fault Location — Fault Locator
ID

(Function Code 3, address 42138): If the current event is a fault location event, this register
contains the ID of the fault locator. The numbers from 1 to 5 are used for 18-channel record-
ers; the numbers from 1 to 10 are used for 36-channel recorders.

Fault Information — Type

(Function Code 3, address 42139): If the current event is a fault location event, this register
contains the type of the fault.

The following type bitmap:

0x0001 - Phase A

0x0002 - Phase B

0x0004 - Phase C

0x0008 - Ground

Any number of the flags may be set for a given fault. If recorder could not determine the fault
type, then the register will not have any flags set and will read 0x0000.

Fault Information — Fault
Distance

(Function Code 3, address 42140): If the current event is a fault location event, this register
contains the distance to the fault. It is scaled up by a factor of 10. The units are the same as
the units set in the relay configuration.

Fault Information —Time of
Fault

(Function Code 3, addresses 42141 and 42144): If the current event is a fault location event,

these registers contain the time of the fault in seconds since 1970. Each of these 16-bit regis-
ters contains an 8-bit portion of a 32-bit time value. Register 42141 contains the upper 16 bits,
register 42144 contains the lower 16 bits.

Register | Value Meaning
High Byte Low Byte
42052 0x00 0x1B Event text size = 27 (0x1B hex)
42053 0x46 0x4C ‘F,L’ - Fault locator event
42054 0x32 0x30 2,0
42055 0x30 0x30 ‘0,0
42056 0x53 0x65 ESINCY
42057 0x70 0x32 ‘P, 2
42058 0x31 0x20 1,
42059 0x32 0x30 2,0
42060 O0x3A 0x31 o
42061 0x36 O0x3A 6,
42062 0x31 0x36 1,6’
42063 O0x2E 0x39 Y
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Register | Value Meaning

42064 0x36 0x36 ‘6, '6
42065 0x20 0x3A ,
42066 0x20 0x4C L
42067 0x69 Ox6E P,
42068 0x65 0x20 ‘e,
42069 0x31 0x36 1,6’
42070 O0x3A 0x46 L
42071 0x4C Ox6F ‘L, ‘o
42072 0x63 0x20 ‘c,
42073 0x42 0x47 ‘B, ‘G’
42074 0x20 0x33 B
42075 0x39 O0x2E ‘9,
42076 0x37 0x20 v
42077 0x6D 0x69 m’, 7
42078 0x6C 0x65 T, e
42079 0x73 0x00 ‘s’
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Device Profile

The SCADA port supports DNP3. All metering values available through the
terminal user interface are available by DNP3 protocol. Included are the device
profile, implementation table and the point list for the DNP3 protocol.

Vendor Name: ERLPhase Power Technologies

Device Name: Recorder Model #

Highest DNP Level Supported:
For Requests: 2
For Responses: 2

Device Function:
_ Master
x Slave

Maximum Data Link Frame Size (octets):
Transmitted: 292
Received: 292

Maximum Application Fragme Size (octets):
Transmitted: 2048
Received: 2048

Maximum Data Link Re-tries:
_ None
x Fixed at 3
_ Configurable, range _ to

Maximum Application Layer Re-tries:
x None
_ Configurable, range __to

Requires Data Link Layer Confirmation:
_ Never
_ Always
_ Sometimes
x Configurable, either always or never

Requires Application Layer Confirmation:
_ Never
_ Always (not recommended)
x When reporting Event Data (Slave)

x When sending multi-fragment responses
(Slave)

_ Sometimes

_ Configurable
Timeouts (in seconds) while waiting for:
Data Link Confirm _ None x Fixed at 2
Complete Application Fragment x None _ Fixed at2
Application Confirm __None x Fixed at 5
Complete Application Response x None _ Fixed at2
Others
Select to execute delay __None x Fixed at 10
Sends/Executes Control Operations:
WRITE Binary Outputs x Never __Always
SELECT/OPERATE __Never x Always
DIRECT OPERATE _ Never x Always
DIRECT OPERATE No ACK __Never x Always
Count > 1 x Never __Always
Pulse On __ Never x Always
Pulse Off x Never __Always
Latch On __Never x Always
Latch Off __ Never x Always
Queue x Never __Always
Clear Queue x Never __Always

Maximum number of control objects per request: 16

Notes:

Control Trip/Close - Code Combination supported:
Latch On/NUL
Latch Off/NUL
Pulse On/NUL (Pulse duration fixed at 1 s)

Report Binary Input Change Events when no spe-
cific variation requested:

_ Never
__Only time-tagged
x Only non-time-tagged

_ Configurable to send both, one or the other

Reports time-tagged Binary Input Change
Events when no specific variation requested

__ Never

x Binary Input Change with Time

_ Binary Input Change with Relative Time
_ Configurable

Sends Unsolicited Response:
x Never

_ Configurable

_Only certain objects

_ Sometimes

Sends Static Data in Unsolicited Responses:
x Never

_ When Device Restarts

_ When Status Flags Change

No other options are permitted.
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Implementation

Table

_ ENABLE/DISABLE UNSOLICITED Function

codes supported

Default Counter Object/Variation:
x No Counter Reported

_ Configurable

_ Default Object

_ Default Variation

_ Point-by-point list attached

Counters Roll Over at:

x No Counters Reported

_ Configurable

_ 16 Bits

_ 32 Bits

_ Other Value

_ Point-by-point list attached

Object Request Response
Grj Var Description Function Qualifier Codes Function Qualifier Codes
P P Codes Codes

1 0 Binary Input -All Variations 1(read) 0x00, 0x01, 0x06, 0x07,0x08, 0x17,0x28

1 1 Binary Input (default) 1(read) 0x00, 0x01, 0x06, 0x07,0x08, 0x17,0x28 129 (response) 0x00

1 2 Binary Input with status 1(read) 0x00, 0x01, 0x06, 0x07,0x08, 0x17,0x28 129 (response) 0x00

2 0 Binary Input Change - All Varia- 1(read) 0x06, 0x07,0x08
tions

2 1 Binary Input Change without Time 1(read) 0x06, 0x07,0x08 129 (response) 0x17

2 2 Binary Input Change with Time 1(read) 0x06, 0x07,0x08 129 (response) 0x17
(default)

2 3 Binary Input Change with Relative 1(read) 0x06, 0x07,0x08 129 (response) 0x17
Time

10 0 Binary Output - All Variations 1(read) 0x00, 0x01, 0x06, 0x07,0x08, 0x17,0x28

10 2 Binary Output Status (default) 1(read) 0x00, 0x01, 0x06, 0x07,0x08, 0x17,0x28 129 (response) 0x00

30 0 Analog Input - All Variations 1(read) 0x00, 0x01, 0x06, 0x07,0x08, 0x17,0x28 129 (response) 0x01

30 1 32-bit Analog Input 1(read) 0x00, 0x01, 0x06, 0x07,0x08, 0x17,0x28

30 2 16-bit Analog Input 1(read) 0x00, 0x01, 0x06, 0x07,0x08, 0x17,0x28 129 (response) 0x01

30 3 32-bit Analog Input without flag 1(read) 0x00, 0x01, 0x06, 0x07,0x08, 0x17,0x28 129 (response) 0x01

30 4 16-bit Analog Input without flag 1(read) 0x00, 0x01, 0x06, 0x07,0x08, 0x17,0x28 129 (response) 0x01
(default)

32 0 Analog Input Change Event - All 1(read) 0x06, 0x07,0x08 129 (response) 0x28
Variations

32 1 Analog Input Change Event - 32-bit 1(read) 0x06, 0x07,0x08 129 (response) 0x28
without Time

32 2 Analog Input Change Event - 16-bit 1(read) 0x06, 0x07,0x08 129 (response) 0x28
without Time

32 3 Analog Input Change Event - 32-bit 1(read) 0x06, 0x07,0x08 129 (response) 0x28
with Time

32 4 Analog Input Change Event - 16-bit 1(read) 0x06, 0x07,0x08 129 (response) 0x28
with Time (default)

51 1 Time and data CTO 129 (response) 0x07, quantity=1

52 1 Time Delay Coarse 129 (response) 0x07, quantity=1

60 1 Class 0 Data 1(read) 0x06

60 2 Class 1 Data 1(read) 0x06, 0x07,0x08
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Object Request Response
Grp Var Description (F::‘)Z‘;tsion Qualifier Codes Z‘;:?sio" Qualifier Codes
60 3 Class 2 Data 1(read) 0x06, 0x07,0x08
80 1 Internal Indications 2 (write) 0x00, index=7
110 0 Octet String 1 (read) 0x06 129 (response) 0x07
11 0 Octet String Change Event 1 (read) 0x06 129 (response) 0x07
No Object 14(warm start)
Point List The Point List can be printed through TESLA Control Panel to display the
point names as they are configured. “Printing a SCADA Address List” on
page 8-45.
Binary Inputs (Obj 1, 2)
Static Points Change Event Points
Object group 1 2
Object variation 1 - Binary Input (default) 1 - Binary Input Change without Time
2 - Binary Input with Status 2 - Binary Input Change with Time
3 - Binary Input Change with Relative
Time
Class 0 1
Change Event Buffer Size 200
Name Point Index Change Event Class
External Input 1 0 1
External Input 2 1 1
External Input 3 2 1
External Input 4 3 1
External Input 5 4 1
External Input 6 5 1
External Input 7 6 1
External Input 8 7 1
External Input 9 8 1
External Input 10 9 1
External Input 11 10 1
External Input 12 1 1
External Input 13 12 1
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Name Point Index Change Event Class
External Input 14 13 1
External Input 15 14 1
External Input 16 15 1
External Input 17 16 1
External Input 18 17 1
External Input 19 18 1
External Input 20 19 1
External Input 21 20 1
External Input 22 21 1
External Input 23 22 1
External Input 24 23 1
External Input 25 24 1
External Input 26 25 1
External Input 27 26 1
External Input 28 27 1
External Input 29 28 1
External Input 30 29 1
External Input 31 30 1
External Input 32 31 1
External Input 33 32 1
External Input 34 33 1
External Input 35 34 1
External Input 36 35 1
External Input 37 36 1
External Input 38 37 1
External Input 39 38 1
External Input 40 39 1
External Input 41 40 1
External Input 42 41 1
External Input 43 42 1
External Input 44 43 1
External Input 45 44 1
External Input 46 45 1
External Input 47 46 1
External Input 48 47 1
External Input 49 48 1
External Input 50 49 1
External Input 51 50 1
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Name Point Index Change Event Class
External Input 52 51 1
External Input 53 52 1
External Input 54 53 1
External Input 55 54 1
External Input 56 55 1
External Input 57 56 1
External Input 58 57 1
External Input 59 58 1
External Input 60 59 1
External Input 61 60 1
External Input 62 61 1
External Input 63 62 1
External Input 64 63 1
Fault Information Available for Fault Locator 1 64 1
Fault Information Available for Fault Locator 2 65 1
Fault Information Available for Fault Locator 3 66 1
Fault Information Available for Fault Locator 4 67 1
Fault Information Available for Fault Locator 5 68 1
Fault Information Available for Fault Locator 6 69 1
Fault Information Available for Fault Locator 7 70 1
Fault Information Available for Fault Locator 8 71 1
Fault Information Available for Fault Locator 9 72 1
Fault Information Available for Fault Locator 10 73 1
Binary Outputs (Obj 10)

Static Points Change Event Points
Object Group 10 Not Applicable
Object Variation 2 — Binary Output Status (default) Not Applicable
Class 0 Not Applicable
Note: Binary outputs are scanned with 500 ms resolution.
No change event buffer.
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Name Point Index Change Event Class
Logic 1 0 N/A
Logic 2 1 N/A
Logic 3 2 N/A
Logic 4 3 N/A
Logic 5 4 N/A
Logic 6 5 N/A
Logic 7 6 N/A
Logic 8 7 N/A
Logic 9 8 N/A
Logic 10 9 N/A
Logic 11 10 N/A
Logic 12 11 N/A
Logic 13 12 N/A
Logic1 4 13 N/A
Logic 15 14 N/A
Logic 16 15 N/A
Logic 17 16 N/A
Logic 18 17 N/A
Logic 19 18 N/A
Logic 20 19 N/A
Logic 21 20 N/A
Logic 22 21 N/A
Logic 23 22 N/A
Logic 24 23 N/A
Logic 25 24 N/A
Logic 26 25 N/A
Logic 27 26 N/A
Logic 28 27 N/A
Logic 29 28 N/A
Logic 30 29 N/A
Output Contact 2 30 N/A
Output Contact 3 31 N/A
Output Contact 4 32 N/A
Output Contact 5 33 N/A
Output Contact 6 34 N/A
Output Contact 7 35 N/A
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Name Point Index Change Event Class
Output Contact 8 36 N/A
High/low speed recording active 37 N/A
High/low speed recording space nearly full alarm 38 N/A
Trend Recording Active 39 N/A
Trend Recording Accumulation Alarm 40 N/A
Retrieve Next Fault Information Event for Fault Locator 1 41 N/A
Retrieve Next Fault Information Event for Fault Locator 2 42 N/A
Retrieve Next Fault Information Event for Fault Locator 3 43 N/A
Retrieve Next Fault Information Event for Fault Locator 4 44 N/A
Retrieve Next Fault Information Event for Fault Locator 5 45 N/A
Retrieve Next Fault Information Event for Fault Locator 6 46 N/A
Retrieve Next Fault Information Event for Fault Locator 7 47 N/A
Retrieve Next Fault Information Event for Fault Locator 8 48 N/A
Retrieve Next Fault Information Event for Fault Locator 9 49 N/A
Retrieve Next Fault Information Event for Fault Locator 10 50 N/A

Analog Inputs (Obj 30, 32)

Static Points

Change Event Points

Object group 30

32

Object variation 1 - 32-bit Analog Input

1 - Analog Input Change - 32-bit without Time

2 - 16-bit Analog Input

2 - Analog Input Change - 16-bit without Time (default)

3 - 32-bit Analog Input without flag

3 - Analog Input Change - 32-bit with Time

4 - 16-bit Analog Input without flag (default)

4 - Analog Input Change - 16-bit with Time

Class 0

2

Change Event Buffer Size

200

Name Point Index Units Scale Charégl;:sEsvent
Analog Input 1 Magnitude 0 10 2
Analog Input 1 Angle 1 degrees 10 2
Analog Input 1 THD 2 % 100 2
Analog Input 1 SHL 3 % 100 2
Analog Input 1 DC 4 10 2
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Name Point Index Units Scale Char&gI):sEsvent
Analog Input 2 Magnitude 5 10 2
Analog Input 2 Angle 6 degrees 10 2
Analog Input 2 THD 7 % 100 2
Analog Input 2 SHL 8 % 100 2
Analog Input 2 DC 9 10 2
Analog Input 3 Magnitude 10 10 2
Analog Input 3 Angle 1 degrees 10 2
Analog Input 3 THD 12 % 100 2
Analog Input 3 SHL 13 % 100 2
Analog Input 3 DC 14 10 2
Analog Input 4 Magnitude 15 10 2
Analog Input 4 Angle 16 degrees 10 2
Analog Input 4 THD 17 % 100 2
Analog Input 4 SHL 18 % 100 2
Analog Input 4 DC 19 10 2
Analog Input 5 Magnitude 20 10 2
Analog Input 5 Angle 21 degrees 10 2
Analog Input 5 THD 22 % 100 2
Analog Input 5 SHL 23 % 100 2
Analog Input 5 DC 24 10 2
Analog Input 6 Magnitude 25 10 2
Analog Input 6 Angle 26 degrees 10 2
Analog Input 6 THD 27 % 100 2
Analog Input 6 SHL 28 % 100 2
Analog Input 6 DC 29 10 2
Analog Input 7 Magnitude 30 10 2
Analog Input 7 Angle 31 degrees 10 2
Analog Input 7 THD 32 % 100 2
Analog Input 7 SHL 33 % 100 2
Analog Input 7 DC 34 10 2
Analog Input 8 Magnitude 35 10 2
Analog Input 8 Angle 36 degrees 10 2
Analog Input 8 THD 37 % 100 2
Analog Input 8 SHL 38 % 100 2
Analog Input 8 DC 39 10 2
Analog Input 9 Magnitude 40 10 2
Analog Input 9 Angle 41 degrees 10 2
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Name Point Index Units Scale Char&gl;:sEsvent
Analog Input 9 THD 42 % 100 2
Analog Input 9 SHL 43 % 100 2
Analog Input 9 DC 44 10 2
Analog Input 10 Magnitude 45 10 2
Analog Input 10 Angle 46 degrees 10 2
Analog Input 10 THD 47 % 100 2
Analog Input 10 SHL 48 % 100 2
Analog Input 10 DC 49 10 2
Analog Input 11 Magnitude 50 10 2
Analog Input 11 Angle 51 degrees 10 2
Analog Input 11 THD 52 % 100 2
Analog Input 11 SHL 53 % 100 2
Analog Input 11 DC 54 10 2
Analog Input 12 Magnitude 55 10 2
Analog Input 12 Angle 56 degrees 10 2
Analog Input 12 THD 57 % 100 2
Analog Input 12 SHL 58 % 100 2
Analog Input 12 DC 59 10 2
Analog Input 13 Magnitude 60 10 2
Analog Input 13 Angle 61 degrees 10 2
Analog Input 13 THD 62 % 100 2
Analog Input 13 SHL 63 % 100 2
Analog Input 13 DC 64 10 2
Analog Input 14 Magnitude 65 10 2
Analog Input 14 Angle 66 degrees 10 2
Analog Input 14 THD 67 % 100 2
Analog Input 14 SHL 68 % 100 2
Analog Input 14 DC 69 10 2
Analog Input 15 Magnitude 70 10 2
Analog Input 15 Angle 71 degrees 10 2
Analog Input 15 THD 72 % 100 2
Analog Input 15 SHL 73 % 100 2
Analog Input 15 DC 74 10 2
Analog Input 16 Magnitude 75 10 2
Analog Input 16 Angle 76 degrees 10 2
Analog Input 16 THD 77 % 100 2
Analog Input 16 SHL 78 % 100 2

D01721R02.61 TESLA 3000 User Manual Appendix E-9



Appendix E DNP3 Reference

Name Point Index Units Scale Cha'é?:sEsvem
Analog Input 16 DC 79 10 2
Analog Input 17 Magnitude 80 10 2
Analog Input 17 Angle 81 degrees 10 2
Analog Input 17 THD 82 % 100 2
Analog Input 17 SHL 83 % 100 2
Analog Input 17 DC 84 10 2
Analog Input 18 Magnitude 85 10 2
Analog Input 18 Angle 86 degrees 10 2
Analog Input 18 THD 87 % 100 2
Analog Input 18 SHL 88 % 100 2
Analog Input 18 DC 89 10 2
Analog Input 19 Magnitude 90 10 2
Analog Input 19 Angle 91 degrees 10 2
Analog Input 19 THD 92 % 100 2
Analog Input 19 SHL 93 % 100 2
Analog Input 19 DC 94 10 2
Analog Input 20 Magnitude 95 10 2
Analog Input 20 Angle 96 degrees 10 2
Analog Input 20 THD 97 % 100 2
Analog Input 20 SHL 98 % 100 2
Analog Input 20 DC 99 10 2
Analog Input 21 Magnitude 100 10 2
Analog Input 21 Angle 101 degrees 10 2
Analog Input 21 THD 102 % 100 2
Analog Input 21 SHL 103 % 100 2
Analog Input 21 DC 104 10 2
Analog Input 22 Magnitude 105 10 2
Analog Input 22 Angle 106 degrees 10 2
Analog Input 22 THD 107 % 100 2
Analog Input 22 SHL 108 % 100 2
Analog Input 22 DC 109 10 2
Analog Input 23 Magnitude 110 10 2
Analog Input 23 Angle 1M1 degrees 10 2
Analog Input 23 THD 112 % 100 2
Analog Input 23 SHL 113 % 100 2
Analog Input 23 DC 114 10 2
Analog Input 24 Magnitude 115 10 2
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Name Point Index Units Scale Char&gI):sEsvent
Analog Input 24 Angle 116 degrees 10 2
Analog Input 24 THD 17 % 100 2
Analog Input 24 SHL 118 % 100 2
Analog Input 24 DC 119 10 2
Analog Input 25 Magnitude 120 10 2
Analog Input 25 Angle 121 degrees 10 2
Analog Input 25 THD 122 % 100 2
Analog Input 25 SHL 123 % 100 2
Analog Input 25 DC 124 10 2
Analog Input 26 Magnitude 125 10 2
Analog Input 26 Angle 126 degrees 10 2
Analog Input 26 THD 127 % 100 2
Analog Input 26 SHL 128 % 100 2
Analog Input 26 DC 129 10 2
Analog Input 27 Magnitude 130 10 2
Analog Input 27 Angle 131 degrees 10 2
Analog Input 27 THD 132 % 100 2
Analog Input 27 SHL 133 % 100 2
Analog Input 27 DC 134 10 2
Analog Input 28 Magnitude 135 10 2
Analog Input 28 Angle 136 degrees 10 2
Analog Input 28 THD 137 % 100 2
Analog Input 28 SHL 138 % 100 2
Analog Input 28 DC 139 10 2
Analog Input 29 Magnitude 140 10 2
Analog Input 29 Angle 141 degrees 10 2
Analog Input 29 THD 142 % 100 2
Analog Input 29 SHL 143 % 100 2
Analog Input 29 DC 144 10 2
Analog Input 30 Magnitude 145 10 2
Analog Input 30 Angle 146 degrees 10 2
Analog Input 30 THD 147 % 100 2
Analog Input 30 SHL 148 % 100 2
Analog Input 30 DC 149 10 2
Analog Input 31 Magnitude 150 10 2
Analog Input 31 Angle 151 degrees 10 2
Analog Input 31 THD 152 % 100 2
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Name Point Index Units Scale Char::glg:sEsvent
Analog Input 31 SHL 153 % 100 2
Analog Input 31 DC 154 10 2
Analog Input 32 Magnitude 155 10 2
Analog Input 32 Angle 156 degrees 10 2
Analog Input 32 THD 157 % 100 2
Analog Input 32 SHL 158 % 100 2
Analog Input 32 DC 159 10 2
Analog Input 33 Magnitude 160 10 2
Analog Input 33 Angle 161 degrees 10 2
Analog Input 33 THD 162 % 100 2
Analog Input 33 SHL 163 % 100 2
Analog Input 33 DC 164 10 2
Analog Input 34 Magnitude 165 10 2
Analog Input 34 Angle 166 degrees 10 2
Analog Input 34 THD 167 % 100 2
Analog Input 34 SHL 168 % 100 2
Analog Input 34 DC 169 10 2
Analog Input 35 Magnitude 170 10 2
Analog Input 35 Angle 171 degrees 10 2
Analog Input 35 THD 172 % 100 2
Analog Input 35 SHL 173 % 100 2
Analog Input 35 DC 174 10 2
Analog Input 36 Magnitude 175 10 2
Analog Input 36 Angle 176 degrees 10 2
Analog Input 36 THD 177 % 100 2
Analog Input 36 SHL 178 % 100 2
Analog Input 36 DC 179 10 2
Summation 1 Magnitude 180 10 2
Summation 1 Angle 181 degrees 10 2
Summation 2 Magnitude 182 10 2
Summation 2 Angle 183 degrees 10 2
Summation 3 Magnitude 184 10 2
Summation 3 Angle 185 degrees 10 2
Summation 4 Magnitude 186 10 2
Summation 4 Angle 187 degrees 10 2
Summation 5 Magnitude 188 10 2
Summation 5 Angle 189 degrees 10 2
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Name Point Index Units Scale Char&gI):sEsvent
Summation 6 Magnitude 190 10 2
Summation 6 Angle 191 degrees 10 2
Summation 7 Magnitude 192 10 2
Summation 7 Angle 193 degrees 10 2
Summation 8 Magnitude 194 10 2
Summation 8 Angle 195 degrees 10 2
Summation 9 Magnitude 196 10 2
Summation 9 Angle 197 degrees 10 2
Summation 10 Magnitude 198 10 2
Summation 10 Angle 199 degrees 10 2
Summation 11 Magnitude 200 10 2
Summation 11 Angle 201 degrees 10 2
Summation 12 Magnitude 202 10 2
Summation 12 Angle 203 degrees 10 2
Summation 13 Magnitude 204 10 2
Summation 13 Angle 205 degrees 10 2
Summation 14 Magnitude 206 10 2
Summation 14 Angle 207 degrees 10 2
Summation 15 Magnitude 208 10 2
Summation 15 Angle 209 degrees 10 2
Summation 16 Magnitude 210 10 2
Summation 16 Angle 211 degrees 10 2
Summation 17 Magnitude 212 10 2
Summation 17 Angle 213 degrees 10 2
Summation 18 Magnitude 214 10 2
Summation 18 Angle 215 degrees 10 2
Summation 19 Magnitude 216 10 2
Summation 19 Angle 217 degrees 10 2
Summation 20 Magnitude 218 10 2
Summation 20 Angle 219 degrees 10 2
Summation 21 Magnitude 220 10 2
Summation 21 Angle 221 degrees 10 2
Summation 22 Magnitude 222 10 2
Summation 22 Angle 223 degrees 10 2
Summation 23 Magnitude 224 10 2
Summation 23 Angle 225 degrees 10 2
Summation 24 Magnitude 226 10 2
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Name Point Index Units Scale Cha'é?:sEsvem
Summation 24 Angle 227 degrees 10 2
Summation 25 Magnitude 228 10 2
Summation 25 Angle 229 degrees 10 2
Summation 26 Magnitude 230 10 2
Summation 26 Angle 231 degrees 10 2
Summation 27 Magnitude 232 10 2
Summation 27 Angle 233 degrees 10 2
Summation 28 Magnitude 234 10 2
Summation 28 Angle 235 degrees 10 2
Summation 29 Magnitude 236 10 2
Summation 29 Angle 237 degrees 10 2
Summation 30 Magnitude 238 10 2
Summation 30 Angle 239 degrees 10 2
Sequence Function 1 Positive 240 10 2
Sequence Function 1 Negative 241 10 2
Sequence Function 1 Zero 242 10 2
Sequence Function 2 Positive 243 10 2
Sequence Function 2 Negative 244 10 2
Sequence Function 2 Zero 245 10 2
Sequence Function 3 Positive 246 10 2
Sequence Function 3 Negative 247 10 2
Sequence Function 3 Zero 248 10 2
Sequence Function 4 Positive 249 10 2
Sequence Function 4 Negative 250 10 2
Sequence Function 4 Zero 251 10 2
Sequence Function 5 Positive 252 10 2
Sequence Function 5 Negative 253 10 2
Sequence Function 5 Zero 254 10 2
Sequence Function 6 Positive 255 10 2
Sequence Function 6 Negative 256 10 2
Sequence Function 6 Zero 257 10 2
Sequence Function 7 Positive 258 10 2
Sequence Function 7 Negative 259 10 2
Sequence Function 7 Zero 260 10 2
Sequence Function 8 Positive 261 10 2
Sequence Function 8 Negative 262 10 2
Sequence Function 8 Zero 263 10 2
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Name Point Index Units Scale Charé?aesEsvent
Sequence Function 9 Positive 264 10 2
Sequence Function 9 Negative 265 10 2
Sequence Function 9 Zero 266 10 2
Sequence Function 10 Positive 267 10 2
Sequence Function 10 Negative 268 10 2
Sequence Function 10 Zero 269 10 2
Sequence Function 11 Positive 270 10 2
Sequence Function 11 Negative 271 10 2
Sequence Function 11 Zero 272 10 2
Sequence Function 12 Positive 273 10 2
Sequence Function 12 Negative 274 10 2
Sequence Function 12 Zero 275 10 2
Watts/Vars Function 1 P 276 MW 10 2
Watts/Vars Function 1 Q 277 MVAR 10 2
Watts/Vars Function 1 S 278 MVA 10 2
Watts/Vars Function 2 P 279 MW 10 2
Watts/Vars Function 2 Q 280 MVAR 10 2
Watts/Vars Function 2 S 281 MVA 10 2
Watts/Vars Function 3 P 282 MW 10 2
Watts/Vars Function 3 Q 283 MVAR 10 2
Watts/Vars Function 3 S 284 MVA 10 2
Watts/Vars Function 4 P 285 MW 10 2
Watts/Vars Function 4 Q 286 MVAR 10 2
Watts/Vars Function 4 S 287 MVA 10 2
Watts/Vars Function 5 P 288 MwW 10 2
Watts/Vars Function 5 Q 289 MVAR 10 2
Watts/Vars Function 5 S 290 MVA 10 2
Watts/Vars Function 6 P 291 MwW 10 2
Watts/Vars Function 6 Q 292 MVAR 10 2
Watts/Vars Function 6 S 293 MVA 10 2
Watts/Vars Function 7 P 294 MW 10 2
Watts/Vars Function 7 Q 295 MVAR 10 2
Watts/Vars Function 7 S 296 MVA 10 2
Watts/Vars Function 8 P 297 MW 10 2
Watts/Vars Function 8 Q 298 MVAR 10 2
Watts/Vars Function 8 S 299 MVA 10 2
Watts/Vars Function 9 P 300 MW 10 2
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Name Point Index Units Scale Chalz:gljaesEsvent
Watts/Vars Function 9 Q 301 MVAR 10 2
Watts/Vars Function 9 S 302 MVA 10 2
Watts/Vars Function 10 P 303 MW 10 2
Watts/Vars Function 10 Q 304 MVAR 10 2
Watts/Vars Function 10 S 305 MVA 10 2
Watts/Vars Function 11 P 306 MW 10 2
Watts/Vars Function 11 Q 307 MVAR 10 2
Watts/Vars Function 11 S 308 MVA 10 2
Watts/Vars Function 12 P 309 MW 10 2
Watts/Vars Function 12 Q 310 MVAR 10 2
Watts/Vars Function 12 S 31 MVA 10 2
Watts/Vars Function 13 P 312 MW 10 2
Watts/Vars Function 13 Q 313 MVAR 10 2
Watts/Vars Function 13 S 314 MVA 10 2
Watts/Vars Function 14 P 315 MW 10 2
Watts/Vars Function 14 Q 316 MVAR 10 2
Watts/Vars Function 14 S 317 MVA 10 2
Watts/Vars Function 15 P 318 MW 10 2
Watts/Vars Function 15 Q 319 MVAR 10 2
Watts/Vars Function 15 S 320 MVA 10 2
Watts/Vars Function 16 P 321 MW 10 2
Watts/Vars Function 16 Q 322 MVAR 10 2
Watts/Vars Function 16 S 323 MVA 10 2
Watts/Vars Function 17 P 324 MW 10 2
Watts/Vars Function 17 Q 325 MVAR 10 2
Watts/Vars Function 17 S 326 MVA 10 2
Watts/Vars Function 18 P 327 MW 10 2
Watts/Vars Function 18 Q 328 MVAR 10 2
Watts/Vars Function 18 S 329 MVA 10 2
Group 1 Frequency 330 Hz 100 2
Group 2 Frequency 331 Hz 100 2
Impedance Function 1 Mag 332 ohms 10 2
Impedance Function 1 Angle 333 degrees 10 2
Impedance Function 2 Mag 334 ohms 10 2
Impedance Function 2 Angle 335 degrees 10 2
Impedance Function 3 Mag 336 ohms 10 2
Impedance Function 3 Angle 337 degrees 10 2
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Name Point Index Units Scale Char(l:gI:sEsvent
Impedance Function 4 Mag 338 ohms 10 2
Impedance Function 4 Angle 339 degrees 10 2
Impedance Function 5 Mag 340 ohms 10 2
Impedance Function 5 Angle 341 degrees 10 2
Impedance Function 6 Mag 342 ohms 10 2
Impedance Function 6 Angle 343 degrees 10 2
Impedance Function 7 Mag 344 ohms 10 2
Impedance Function 7 Angle 345 degrees 10 2
Impedance Function 8 Mag 346 ohms 10 2
Impedance Function 8 Angle 347 degrees 10 2
Impedance Function 9 Mag 348 ohms 10 2
Impedance Function 9 Angle 349 degrees 10 2
Impedance Function 10 Mag 350 ohms 10 2
Impedance Function 10 Angle 351 degrees 10 2
Impedance Function 11 Mag 352 ohms 10 2
Impedance Function 11 Angle 353 degrees 10 2
Impedance Function 12 Mag 354 ohms 10 2
Impedance Function 12 Angle 355 degrees 10 2
Impedance Function 13 Mag 356 ohms 10 2
Impedance Function 13 Angle 357 degrees 10 2
Impedance Function 14 Mag 358 ohms 10 2
Impedance Function 14 Angle 359 degrees 10 2
Impedance Function 15 Mag 360 ohms 10 2
Impedance Function 15 Angle 361 degrees 10 2
Impedance Function 16 Mag 362 ohms 10 2
Impedance Function 16 Angle 363 degrees 10 2
Impedance Function 17 Mag 364 ohms 10 2
Impedance Function 17 Angle 365 degrees 10 2
Impedance Function 18 Mag 366 ohms 10 2
Impedance Function 18 Angle 367 degrees 10 2
Power Factor Function 1 Level 368 100 2
Power Factor Function 2 Level 369 100 2
Power Factor Function 3 Level 370 100 2
Power Factor Function 4 Level 371 100 2
Power Factor Function 5 Level 372 100 2
Power Factor Function 6 Level 373 100 2
Power Factor Function 7 Level 374 100 2
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Name Point Index Units Scale Char(I:QI;:SESvent
Power Factor Function 8 Level 375 100 2
Power Factor Function 9 Level 376 100 2
Power Factor Function 10 Level 377 100 2
Power Factor Function 11 Level 378 100 2
Power Factor Function 12 Level 379 100 2
Power Factor Function 13 Level 380 100 2
Power Factor Function 14 Level 381 100 2
Power Factor Function 15 Level 382 100 2
Power Factor Function 16 Level 383 100 2
Power Factor Function 17 Level 384 100 2
Power Factor Function 18 Level 385 100 2
High/low speed recording space used 386 per 10 2
Trend Recording Days Accumulated 387 days 1 2

Fault Locator 1
Fault Information - DNP Time - High 16 bits 388 N/A 1 2
Fault Information - DNP Time - Middle 16 bits 389 N/A 1 2
Fault Information - DNP Time - Low 16 bits 390 N/A 1 2
Fault Information - Fault Distance 391 User-specified 10 2
Fault Information - Type (see below for defi- 392 N/A 1 2
nition)

Fault Locator 2
Fault Information - DNP Time - High 16 bits 393 N/A 1 2
Fault Information - DNP Time - Middle 16 bits 394 N/A 1 2
Fault Information - DNP Time - Low 16 bits 395 N/A 1 2
Fault Information - Fault Distance 396 User-specified 10 2
Fault Information - Type (see below for defi- 397 N/A 1 2
nition)

Fault Locator 3
Fault Information - DNP Time - High 16 bits 398 N/A 1 2
Fault Information - DNP Time - Middle 16 bits 399 N/A 1 2
Fault Information - DNP Time - Low 16 bits 400 N/A 1 2
Fault Information - Fault Distance 401 User-specified 10 2
Fault Information - Type (see below for defi- 402 N/A 1 2
nition)

Fault Locator 4
Fault Information - DNP Time - High 16 bits 403 N/A 1 2
Fault Information - DNP Time - Middle 16 bits 404 N/A 1 2
Fault Information - DNP Time - Low 16 bits 405 N/A 1 2
Fault Information - Fault Distance 406 User-specified 10 2
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Name Point Index Units Scale Cha%?:slivent
Fault Information - Type (see below for defi- 407 N/A 1 2
nition)

Fault Locator 5
Fault Information - DNP Time - High 16 bits 408 N/A 1 2
Fault Information - DNP Time - Middle 16 bits 409 N/A 1 2
Fault Information - DNP Time - Low 16 bits 410 N/A 1 2
Fault Information - Fault Distance 411 User-specified 10 2
Fault Information - Type (see below for defi- 412 N/A 1 2
nition)

Fault Locator 6
Fault Information - DNP Time - High 16 bits 413 N/A 1 2
Fault Information - DNP Time - Middle 16 bits 414 N/A 1 2
Fault Information - DNP Time - Low 16 bits 415 N/A 1 2
Fault Information - Fault Distance 416 User-specified 10 2
Fault Information - Type (see below for defi- 417 N/A 1 2
nition)

Fault Locator 7
Fault Information - DNP Time - High 16 bits 418 N/A 1 2
Fault Information - DNP Time - Middle 16 bits 419 N/A 1 2
Fault Information - DNP Time - Low 16 bits 420 N/A 1 2
Fault Information - Fault Distance 421 User-specified 10 2
Fault Information - Type (see below for defi- 422 N/A 1 2
nition)

Fault Locator 8
Fault Information - DNP Time - High 16 bits 423 N/A 1 2
Fault Information - DNP Time - Middle 16 bits 424 N/A 1 2
Fault Information - DNP Time - Low 16 bits 425 N/A 1 2
Fault Information - Fault Distance 426 User-specified 10 2
Fault Information - Type (see below for defi- 427 N/A 1 2
nition)

Fault Locator 9
Fault Information - DNP Time - High 16 bits 428 N/A 1 2
Fault Information - DNP Time - Middle 16 bits 429 N/A 1 2
Fault Information - DNP Time - Low 16 bits 430 N/A 1 2
Fault Information - Fault Distance 431 User-specified 10 2
Fault Information - Type (see below for defi- 432 N/A 1 2
nition)

Fault Locator 10
Fault Information - DNP Time - High 16 bits 433 N/A 1 2
Fault Information - DNP Time - Middle 16 bits 434 N/A 1 2
Fault Information - DNP Time - Low 16 bits 435 N/A 1 2
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. . Change Event
Name Point Index Units Scale Class
Fault Information - Fault Distance 436 User-specified 10 2
Fault Information - Type (see below for defi- 437 N/A 1 2
nition)
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Object 110, 111 - Octet String for Event Log access

Object 110 and Object 111 are Octet String objects used to provide access to
the Event Log text of the TESLA. These objects are described in Technical
Bulletin 9701-004.zip 71 available from the DNP user group web page
(www.dnp.org). Object 110 always contains the most recent event in the TES-
LA. Object 111 is the corresponding change event object. As stated in the DNP
technical bulletin, the variation of the response object represents the length of
the string. The string represents the ASCII values of the event text. The first 2
characters in the string can be used to quickly identify fault location events.
Fault locator events begin with the characters “FL” (0x46, 0x44 hex). The fol-
lowing example shows a fault distance event returned through either of the oc-
tet string objects.

DNP Example: Event Message

“2000Sep21 20:16:16.966 : Line 16:FLoc BG 39.7 miles”

DNP Octet string object contents:

0x46 0x4C 0x32 0x30 0x30 0x30
0x53 0x65 0x70 0x32 0x31 0x20
0x32 0x30 0x3A 0x31 0x36 O0x3A
0x31 0x36 O0x2E 0x39 0x36 0x36
0x20 0x3A 0x20 0x4C 0x69 Ox6E
0x65 0x20 0x31 0x36 O0x3A 0x46
0x4C Ox6F 0x63 0x20 0x42 0x47
0x20 0x33 0x39 Ox2E 0x37 0x20
0x6D 0x69 0x6C 0x65 0x73
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Appendix F Input Modules

F.1 AC Voltage Input Module

The AC Voltage Input Module (Model 401006) provides 4 channels of isola-
tion and scaling for standard secondary voltage. Inputs are ac coupled through
transformers. The nominal signal level is 69 V RMS (120/Root 3) with a full-
scale 2x over-range capability that can be sustaining continuously.

Output from the module is scaled to connect directly to the TESLA’s analog
input terminals. Due to impedance matching requirements, module channels
cannot be connected to more than one TESLA input channel.

Modules can be located up to 1220 meters (4000 feet) from the recorder. The
wire used for the connection between the modules and the recorder can range
in size from 16 to 20 AWG.It is highly recommended that twisted-shielded
wire be used for cables that are run outside of the panel in which the TESLA
is located, noting that the shield should be grounded only at the recorder.
Belden 9388, or its equivalent, is an example of an acceptable cable that can be
used.
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F.2 AC Current Input Module

The AC Current Input Module provides 4 channels of isolation and scaling for
standard secondary current signals. Inputs are ac coupled through transform-

ers. The module is available in 1A nominal (Model 401020) and 5A nominal
(Model 401014) versions and has a dynamic range of 20x nominal. The mod-
ule can withstand 20 A continuously and 100 A for 1 second.

Output from the module is scaled to connect directly to the TESLA’s analog
input terminals. Due to impedance matching requirements, module channels
cannot be connected to more than one TESLA input channel.

Modules can be located up to 1220 meters/4000 feet from the recorder. Shield-
ed wire (e.g. Belden 9728 or 9730) is recommended for connection to the re-
corder’s inputs. The ground cable should be attached only at the recorder end.
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F.3 Split Core CT

The Split Core CT is designed to clamp around the secondary circuit wires
from the primary current transformers. It is intended for situations where an
outage is not possible to connect an in-line CT.

The Split Core CT has the same characteristics as the standard AC Current In-
put Module. It is available in 1A nominal (Model 401017) and 5A nominal
(Model 401013) versions with a dynamic range that can pass 20x nominal cur-
rents continuously. The outputs from the CT are scaled and impedance
matched to connect directly to the TESLA’s analog input connectors. Due to
impedance matching requirements, the CT cannot be connected to more than
one TESLA input channel. The Split Core CT can be located up to 1220 me-
ters/4000 feet from the TESLA.

)

I/

-
I 2.1"/5.334 cm

0.4"/1.016 cm ID

>

8'/2.438 m
Twisted

Figure F-3 Split Core CT

of main CT

Optional Split

From Polarity
] e=>[—>
9\

Core CT

)

2.47"/6.274 cm

O
|

9"/
2.286 cm

Current Flow from main
CT to measuring device

To Polarity of Measuring
Device (Relay) in Panel

Leads to the Input of the TESLA Recorder

- White lead to dot (polarity mark) of
TESLA Recorder Analog input

- Black lead to non-polarity mark of
TESLA Recorder Analog input

Figure F-4 Split Core CT Connection
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F.4 Clamp-On CT

The Clamp-on CT (Model 401012) is a clothes-pin style device designed to
clamp around the secondary circuit wires from the primary current transform-
ers. It is intended for quick, temporary connection to existing circuits.

The Clamp-on CT has the same characteristics as the standard AC Current In-
put Module. It is scaled for a 5A nominal current with a dynamic range that can
pass 20x nominal currents continuously. The outputs from the CT are scaled
and impedance matched to connect directly to the TESLA’s analog input con-
nectors. Due to impedance matching requirements, the CT cannot be connect-
ed to more than one TESLA input channel.

Modules can be located up to 1220 meters/4000 feet from the recorder.

.945"/2.4 cm

wd | g/ud /g8’

Figure F-5 Clamp-on CT

F.5 AC Low Voltage Input Module

The Low Voltage Input Module (Model 401022) provides 4 channels of isola-
tion and scaling for low level ac voltages. Inputs are ac coupled through trans-
formers. Scaling is set so that a 4 Vrms input represents a nominal signal level
with a 2x over-voltage full scale range. The inputs can withstand 12 Vrms con-
tinuously and 15 Vrms for 10 seconds.

Output from the module is scaled to connect directly to the TESLA’s analog
input terminals. Due to impedance matching requirements, module channels
cannot be connected to more than one TESLA input channel.

Modules can be located up to 1220 meters/4000 feet from the recorder. Shield-
ed wire (e.g. Belden 9728 or 9730) is recommended for connection to the re-
corder’s inputs. The ground cable should be attached only at the recorder end.

Appendix F-6

TESLA 3000 User Manual D01721R02.61



Appendix F Input Modules

[=) T [$) T ) T =
2
g s
4 2
o i g
L =
f 5
Z
=
- o}
< di
S
| |E g
— = <
) = 2
3 < S
N n -
o £
I (e}
— ~
N
=
z
2
Bl
< NHE
3
H
~E
~
ool ~ oo}
eg B
|
"
|
E ]
£ | |
o I
~ | |
=8
& |
3 8 N
3
Model: 401016
SIN:
TESLA Input Module
DC 4 Channel Isolated Input Module 11
- Max: Low Range: 350Vdc / 250Vac continuous © —
/ A\MaX: High Range: 1000Vdc / 700Vac continuous £
&
E g
£ 3
g
o ]
= g
= g
& ]
3 H
< g
- B =
[=) T 3] T @ T <

Figure F-6 AC Low Voltage Input Module

D01721R02.61 TESLA 3000 User Manual Appendix F-7



Appendix F Input Modules

F.6 DC Input Module

Input and

Ran
Con

?e
iguration

The DC Input Module (Model 401016) provides DC-coupled isolation and
scaling for four independent dc or ac voltage or current channels. Dc module
channels have a dc to 2 kHz bandwidth, but the bandwidth may be limited by
the recorder’s input filters, depending on the sample rate. Externally mounted
resistors set the input type and full scale range.

Output from the module is scaled to connect directly to the TESLA’s analog
input terminals. Due to impedance matching requirements, module channels
cannot be connected to more than one TESLA input channel.

Modules can be located up to 1220 meters/4000 feet from the recorder. Shield-
ed wire (e.g. Belden 9728 or 9730) is recommended for connection to the re-
corder’s inputs. The ground cable should be attached only at the recorder end.

Resistors mounted on each channels input connector set the channel's input
range. Up to three resistors are used, depending on the type and level of the sig-
nal to be applied.

The input signal is applied to low or high range terminals, as appropriate for
the selected input range.

The following tables give resistor values and wiring examples for different ap-
plications. For applications that are not in these tables, contact ERLPhase.

All resistors must be rated for 4 watt or more, unless otherwise specified. Un-
less otherwise noted, the Ry resistor must be rated to handle the full input volt-
age, which may require a physically larger resistor be used. This is generally
true of any application that has an input in excess of 50 V peak.

The resistor values specified are precision values as per the E48 standard series
of resistance values in a decade. See the section L.3 Input and Range Config-
uration for the full table of standard values. It is possible to use other available
values, although range and resolution may be compromised. Always select Ryy
of equal or greater value to that shown, and select Rgg of equal or lesser value
to that shown.

The Vishay CCF-2 series resistors in +1% precision, or equivalent, are recom-
mended for this application. These metal film flameproof resistors are rated for
industrial power applications at up to 2 watts dissipation and up to 350 volt
drop. Values 0f 4.99 Q to 1 MQ are available in this series - for higher values,
use two resistors of appropriate value in series.
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DC Voltage Input

Full Scal Shunt Input Feedback Input
u(V d(::? € Resistance Resistance Resistance Impedance
Rsh (Q) RN (©) Reg (Q) (Q £10%)
Low Range +0.41 3320 open 10 kQ
0.1V to 200V dc FS
+0.2 0Q 422 kQ 10 kQ
coocoococoooo £0.5 00 100 kQ 10 kQ
0y ) +1 00 40.2 kQ 10 kQ
Hﬂ HB FHE +2 00 13.3 kQ 10 kQ
5 1.40 kQ 00 11 kQ
(] +10 13.3kQ 0Q 22 kQ
p—” Rn R
Inpu IN FB8 +20 38.3 kQ 0Q 47 kQ
+25 51.1 kQ 0Q 60 kQ
+ 50 121 kQ 0Q 120 kQ
+ 100 287 kQ 172 W 0Q 240 kQ
+ 150 511 kQ1W 0Q 350 kQ
+ 200 825kQ 1 W 0Q 450 kQ
High Range + 350 0Q 10.0 kQ 1.5 MQ
350 Vto 880 Vdc FS
° ¢ £ 500 0Q 348k 15MQ
coocoocoooose +880 1 MQ 2w 0Q 2MQ
@ @
HHEAHH AT
AN/ I MNC/
¢ +
Input Rin - Rrs
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AC Voltage Input
Full Scal Shunt Input Feedback Input
;IV rr::)e Resistance Resistance Resistance Impedance
RsH () RN (@) Reg (Q) (Q +10%)
AVto150V F
0-1Vto150Vrms FS 0.2 00 237 kQ 10kQ
cocoocoooo o 05 00 64.9 kQ 10kQ
® O 1 0Q 23.7kQ 10kQ
HB HB FHHY 2 00 6.19 kO 10kQ
5 6.19 kQ 0Q 16k Q
(] 10 23.7 kQ 0Q 33kQ
i~ Rn R
Input IN- 7FB 20 59.0 kQ 00 66 k Q
50 178 kQ 12 W 0Q 160 k Q
100 464 kQ 1 W 0Q 320k Q
150 909 kQ 2 W 0Q 490k Q
(for 69 V)
High Range 200 0Q 15.4 kQ 1.5MQ
200V \' F
00 V'to 600V rms FS 250 00 9.53 kO 15MQ
(for 120 V)
SISISISISISISISll,
500 121 kQ 0Q 1.6 MQ
O D | (for 240 vy
HHEHHEE B
Ane/ | MANe/ 600 750 kQ 1 W 0Q 19MQ
¢ V]
Input RN Rrs
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DC Current Input
(External Shunt Optional)
Shunt Input Feedback Full Scale
Full Scale R . R
(mA dc) Resistance Resistance Resistance | Voltage Drop
Rsh (Q) Ry (©) Reg (©) (V)
1 mA to 500 mA dc FS 1 100 & 3320 open 0.1
2 100 Q 0Q 422 kQ 0.2
SISISISISISISISISIS)
5 100 Q 0Q 100 kQ 0.5
® @
HH i aE RlE RE A0 10 100 Q 00 40.2 kQ 1.0
' NC </
1Y 20 100 Q 00 13.3 kQ 2.0
® 25 100 Q 00 8.25 kQ 25
input RsH R Res (for 4-20 mA)
OR 50 100 0Q 100 kQ 0.5
SISISISISISISISISIS 100 10 3320 Open 0.1
@ ®
200 10 0Q 422 kQ 0.2
[T P I
NC NC 500 1Q12W 00 100 kQ 05
External
Rar RN Rrs
Current -
External shunt with value of Rgyy may be used as shown instead of Rgy on the termi-
nal block.
AC Current Input
(with External Shunt)
Fu\lll Scale Shunt Input Feedback Input
o(ut;r:tsg § Resistance Resistance Resistance Impedance
+10°
shunt Rsh (Q) RN (Q) Reg (©) (Q£10%)
0.1Vto1VrmsFS 0.1 0Q 1.00 MQ 10 kQ
0.2 00 237 kQ 10 kQ
SECC000099 0.5 0 64.9 k 10 k
. Q 9 kQ Q
0y W
HTH HHEHEFH AT 1.0 0Q 23.7 kQ 10 kQ
' NC/ - NC“/
External
@] Shunt RN Res
» ]
Current
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Standard Series
of Values in a

The following tables show the standard values of resistance available in a de-
cade. The lower numbered series are more common and easier to obtain, while

Decade the higher numbered series provide more resolution. In general, it is best to use
the lowest numbered series which provides acceptable resolution, since this
will be the easiest and least expensive to obtain.

Most often, distributors stock £2% and £5% resistors in the E24 series, 1% re-
sistors in the E96 series, and +£0.1%, £0.2% and +0.5% in the E192 series.
The values are not linear, but are instead approximately equal percentages
apart from each other. Each value is related to the next by a ratio of approxi-
mately the Nth root of 10, where “N” is the series number (3 to 192).
E24, E12, E6 and E3 Series of Resistor Values
(generally used for +2% and +5% resistors)

E24 E12 E6 E3

10 10 10 10

11

12 12

13

15 15 15

16

18 18

20

22 22 22 22

24

27 27

30

33 33 33

36

39 39

43

47 47 47 47

51

56 56

62

68 68 68

75

82 82

91
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E192, E96 and E48 Series of Resistor Values
‘EQG generally used for +1% resistors, E192 generally used for +0.1%, +0.2% and +0.5% resistors)

E192 E96 E48 E192 E96 E48 E192 E96 E48 E192 E96 E48
100 100 100 178 178 178 316 316 316 562 562 562
101 180 320 569

102 102 182 182 324 324 576 576

104 184 328 583

105 105 105 187 187 187 332 332 332 590 590 590
106 189 336 597

107 107 191 191 340 340 604 604

109 193 344 612

110 110 110 196 196 196 348 348 348 619 619 619
111 198 352 626

113 113 200 200 357 357 634 634

114 203 361 642

115 115 115 205 205 205 365 365 365 649 649 649
117 208 370 657

118 118 210 210 374 374 665 665

120 213 379 675

121 121 121 215 215 215 383 383 383 681 681 681
123 218 388 690

124 124 221 221 392 392 698 698

126 223 397 706

127 127 127 226 226 226 402 402 402 715 715 715
129 229 407 723

130 130 232 232 412 412 732 732

132 234 417 741

133 133 133 237 237 237 422 422 422 750 750 750
135 240 427 759

137 137 243 243 432 432 768 768

138 246 437 777

140 140 140 249 249 249 442 442 442 787 787 787
142 252 4438 796

143 143 255 255 453 453 806 806

145 258 459 816

147 147 147 261 261 261 464 464 464 825 825 825
149 264 470 835

150 150 267 267 475 475 845 845

152 271 481 856

154 154 154 274 274 274 487 487 487 866 866 866
156 277 493 876

158 158 280 280 499 499 887 887

160 284 505 898

162 162 162 287 287 287 511 511 511 909 909 909
164 291 517 920

165 165 294 294 523 523 931 931

167 298 530 942

169 169 169 301 301 301 536 536 536 953 953 953
172 305 542 965

174 174 309 309 549 549 976 976

176 312 556 988
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Appendix G Recommended Spare Parts

List

TESLA Model 3000 Recommended Spare Parts List

Part Number

Part Description

Quantity

106406

TESLA Model 3000 System Unit - 36 Analog Channels,
64 Digital Channels

*

107052

TESLA Model 3000 System Unit - 18 Analog Channels,
32 Digital Channels

101754

CT Isolation Module, four (4) current inputs rated 5 Amp
each

101955

CT Isolation Modules, four (4) current inputs rated 1 Amp
each

101756

PT Isolation Modules, three (3) voltage inputs rated 69
Volts RMS (120/Root3)

102079

LEA (Low Energy Analog) PT Module, three (3) voltage
inputs rated 4 Volts RMS

106243

DC Module, four (4) isolated inputs

101783

Split-core current transducer rated 5 Amp

101784

Split-core current transducer rated 1 Amp

101850

Digital Input Shorting Bar, 8 inputs

106791

Users Manual in Binder

106724

One (1) GigaByte Flash Drive

107054

Two (2) GigaByte Flash Drive

107055

Sixty (60) GigaByte Hard Disk

106230

USB (Personal Computer) to DBOM Serial (TESLA) Cable

101787

DBYF Serial (Personal Computer) to DBOM (TESLA)
Cable

101629

Modem adapter for use with 101787 Serial Cable

102404

RS232 to RS485 Converter, Optically Isolated, DIN Rail
Mounting

102406

Power Supply for 102404, 120VAC to 12VDC, DIN Rail
Mounting

107051

RS232 Serial to Parallel Port Converter

Note: * = One of each component used
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Appendix H TESLA Handling and

Unpacking

Long Term

Storage

Final
Disposition

Disposition

To unpack a TESLA System Unit
* open the bottom of the box
* place the box on the floor or a secure table

* lift the box off of the unit leaving the TESLA and packing material standing
intact

» remove the packing material from the TESLA

+ dispose of the packing materials and box in a manner consistent with local
waste disposal procedures and regulations. We recommend recycling the
box.

For long term storage:
+ store the TESLA system unit in original packing container

* protect any of the components not in original from dust accumulation and
moisture

* store all components indoors and protect from moisture accumulation

Regulations governing disposal of electronics are rapidly being adopted and
are constantly changing. We recommend that local electronics disposal regu-
lations be reviewed prior to disposal of a TESLA system when it has reached
the end of it’s useful life. The TESLA system unit contains a battery that
should be disposed of separately and may contain other electronic components
that are potentially subject to specific disposal instructions. Use a local elec-
tronics recycler who is familiar with local regulations.
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Appendix | TESLA 3000 Drawings

This appendix contains mechanical and connection drawings for the TESLA
3000.

TESLA 3000 Mechanical Overview (2)
TESLA 3000 Rear Panel View

TESLA 3000 AC Input Module Connection
TESLA 3000 DC Input Module Connection

Electronic versions of the drawings in both PDF and DWG formats are avail-
able on the TESLA 3000 CD in the Manuals directory. The PDF documents
are scaled for 11" x 17" printing for improved readability.
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