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Safety Instructions

Safety Note: This user manual is the basic commissioning and on-site operation guide for
the XCF-2100E software a component of the XC-2100E fault location system.
All operators who use the XC-2100Esystem should read the entire contents of
this manual, and the corresponding XC-100E hardware manual, in advance.
The manufacturer of this product is not responsible for any loss caused by the
operator's failure to comply with the operating procedures of this manual or
for violation of the safe working procedures of the operator.

Meaning of the Important instructions concerning personal safety, operating procedures,
manual symbols  technical safety, etc., are marked with the following symbols:

Symbol Meaning
Indicates a potential hazard that could result in fatal
or serious injury

Indicates a potential hazard which, if not avoided,
may result in minor personal injury or property
damage.

Indicates that it contains important information and
useful guidance for using this product. Failure to
heed this information will result in the equipment
not functioning properly.

Indicates that this is a useful guideline based on field
practice.

g 0P P
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11

General

The XC-2100E Travelling Wave Analysis System software is designated XCF-2100E. The
system uses the XC-100E data acquisition unit (in the software, this is designated as TDU,
short for transient data unit) to locate faults in power transmission lines. It is installed on a
Master PC in a Microsoft Windows® environment. XCF-2100E collects transient data
retrieved from the various TDU units installed in the substations, and automatically
calculates the distance to the fault. It also allows the analysis of the recordings, saving the
list of records and recorded waveforms. The system also makes use of Microsoft Excel®.
Microsoft Windows® and Microsoft Excel® are registered trademarks of the Microsoft
corporation and in subsequent sections they will be referred to as Windows and Excel
respectively.

A second software, called XCF-2100E WEB Information System (referred to as XCF-WEB),
allows remote PCs to monitor the Master PC information, save data and print results.

This manual, which includes an overview of the theory behind travelling wave fault
location, should be used in conjunction with the operator manual of the XC-100E, to give a
full overview of the operation of the XC-2100E system.

XCF-2100E Functions

h’he functions of XCF-2100E are listed in the table below. None of these will affect the
normal operation of the TDU, which is always ready to record the waveform,
independently of XCF-2100E operations.

‘Function Description

Password management

Parameter management

Consistency control

System management Fault simulation

Import/export parameters

Connection

TDU management

Communication with TDU

Automatic upload of fault records from TDU

Communication TDU remote parameter configuration

TDU remote reset

System monitoring

TDU alarms

Real time network diagram

Graphic
Link real-time data to graphics

Graphic display of network topology and devices
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Function Description

Real time alarm
Alarm

Search and retrieve the alarm data history

Retrieval of fault records from the database

Waveform quick view

Data management Non-volatile data storage

Import/export data

Database back-up, delete and store

Waveform analysis

Data analysis Fault type analysis

Fault statistical analysis

Wide area location

Automatic double-end faults location
Fault location

Computer-aided single-end fault location

Fault location in hybrid lines and T-junction lines

Display and modify tower locations

Maps Display fault location on Google Maps

Display fault location on an off-line map

Print fault location and analysis reports

Printing
Print statistics
Verify the latest fault location result
Query and analyse travelling wave data
Query location results
Manage transient wave recordings
Web edition

TDU operation status verification

Waveform analysis

Download recordings

Display real-time diagrams

Edit system information using XML files

External system interfaces  Edit system information using the database

Edit system information through the web

Data access and data operation are password protected. There are two levels of passwords:
one for reading the data, the other for configurations, data modifications, and deletions.
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1.2 XCF-2100E Operation

1.2.1 System management

>

>

Password management
e To ensure system security, there are two levels of authorisation for operators.
e Password privileges are divided into: system manager and dispatcher.

e Only the system manager level permits the operator to add, modify, and delete, as
well as to authorise other users. The dispatcher level only allows data viewing.

Parameter management
Network parameters include:

e Regional parameters. The system supports the surveillance of several regions.
Each substation belongs only to one region.

e Substation parameters: name, voltage level.

e Line parameters: name, length, wave speed, T-branches - whether monitored or
not.

e Tower parameters: number, name, tower span, longitude and latitude
coordinates. These parameters are used to display faults between two towers.
Parameters can be modified manually or imported using Excel files.

System parameters include:

e Users;

e Server parameters;

e Database parameters.
Communication parameters include:
e Channel name;

e Communication port;

e Protocol type.

Consistency control

The system compares the input parameters and the configuration files acquired from
the TDU, for the consistency verification of substation and line names. If there is a
lack of consistency, the operator will be alerted to check the XCF-2100E data and
system parameters.

Fault simulation

The simulation of a fault can be performed locally or remotely. XCF-2100E responds
to a simulation command in the same way as to a real fault, and generates all reports,
allowing the verification of the system operation correctness.
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1.2.2

123

» Import/export parameters

e Export and save the system and network parameters.
e Import network parameters.
» Connection
e System events;
e Communication events;
e QOperation events.
»  XC-100E maintenance management

e The equipment maintenance feature allows installation, upgrade, change and
repair of the devices to be manually logged into the database

Substation Equipment Name Time Type Content

| Wolford | wrd1 \Tanuary 102019 16:30:10 Change Change-SD-Card

Communication

» Communication with TDU

e TCP/IP communication, with the protocol IEC60870-5-104.

e TCP/IP option with IEC61850-8-1 communications of Goose messages

e RS232 serial communication, with the protocol IEC60870-5-103, DNP 3.0.
e MODEM communication, with the protocol IEC60870-5-103, DNP 3.0.
Debugging communication protocol

Manual retrieve transient wave records from TDU

Remote configuration and reset of TDU

YV V VYV V

Communication surveillance
e Transmission error detections, fault channel detection.
» TDU alarm transmissions

e Equipment fault alarm, loss of GPS signal, trigger records.

Graphics
»  Graphic interpretations
e Single-line power network diagram.
e Google Map display of fault location.
> Link real-time data to graphics

Real-time data of substations and TDU installations are displayed on linked graphics.
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»  Graphic displays

e Two cursors for zooming.

e Visualisation of the time scale.

e Visualisation of the triggering level.

e Visualisation of saturation limits, for gain selection verification.
» Network operation diagram

The software displays the single-line power network diagram. By clicking, the
operator can verify the name of a substation or a line. The linked equipment can be
examined by selecting the name.

» System operation diagram

The software can also display the diagram of the location system, which shows the
state of TDUs, and communication lines.

1.2.4 Alarms
» Real-time alarms

Pop-up windows for: available records, watchdog faults, TDU faults, GPS signal loss
and communication channel faults.

> Retrieve and search the alarm history

1.2.5 Data management
» Data requests

It is possible to recover records, communication channel settings, users, using the
following criteria: regions, substations, lines, date and time.

»  Quick view of waveforms
Quickly view waveforms after data selection.
» Non-volatile data storage
> Data import/export
e Export data to a flash drive in a standard format, for off-line analysis.

e Export or import the travelling wave records to a flash drive, in COMTRADE-99
format.

e Export orimport COMTRADE files to the system database.
> Back-up, delete and restore of the database

e Provides a comprehensive back-up, delete and restore options for the user to
manage the size of the database.
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1.3 Waveform analysis

To assist with the analysis, the following functions are available:

> Display and analyse double-end or single-end waveforms.

» Zoomin and out.
» High-pass or low-pass filtering of the waveform.
» Measuring the time delay from one cursor to another.
>  Measuring waveform amplitudes.
1.4 Automatic event categorisation
1.4.1 Previously used fault characterisation

The categorisation for trigger events was revised in the XC-2100E system during 2021, the
definitions in this section are valid for the following versions and earlier:

e  XC-100E firmware: V.2.0.3.
e  XCF-2100E software: V1.9.6

In these and earlier versions, events are put in to the following three categories:

1.4.1.1 .Fault

For current inputs, if the fundamental current magnitude exceeds the “setting” (default is
120% In), the event is categorised as “Fault”. For voltage inputs, if the fundamental voltage
magnitude is less than the “setting” (default 70%Vn), the event is categorised as “Fault”.

1.4.1.2 Circuit breaker (CB) operation

If CB operation is detected within 200ms of the instant at which the trigger occurs and the
event is not a fault, it is categorised as a ‘CB operation’.

1.4.1.3 Other disturbance
If an event cannot be designated as a fault or a CB operation, it is categorised as an ‘Other
disturbance’.
1.4.2 Currently used fault characterisation
The revised categorisation is available in the following versions onwards
e  XC-100E firmware: V.2.0.4.
e  XCF-2100E software: V.1.9.7

The characterisation has been extended to the 11 types shown below:

1.4.2.1 Manual Trigger
An event is categorised as such if it is caused by a manual trigger.
1.4.2.2 Circuit breaker (CB) operation

As before, if CB operation is detected within 200ms of the instant at which the trigger occurs
and the event is not a fault, it is categorised as a ‘CB operation’.
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1.4.2.3 Induced strike

Lightning strikes on the ground in the vicinity of an overhead line may induce impulse current
signals onto the three phase conductors. The impulse period and the bandwidth are the same
as the lightning current and all three phase currents have the same waveshape. Due to the
weakness of the signal, the induced strike very seldom creates a fault. The diagram below
shows a three-phase current waveform from an induced strike on the ground.

1.4.2.4 Back Strike

Strikes on the earth wire or the tower also create similar waveforms on all three phases. The
overvoltage created on the line may cause insulation breakdown, therefore it is referred to
as back strike. Due to the inductance of the line and the tower, the pulse width is narrower
than the waveform induced from a lightning strike the ground. The diagram shows three-
phase voltage and current waveforms resulting from a back strike:

Voltage (kV)
Yo
S

§.a

Time (ps)

1.4.2.5 Direct Strike

A direct strike refers to a situation where the lightning bypasses the earth wire and strikes
directly onto one of the phases, but without causing a breakdown. The initial polarity of the
phase current is opposite to the other two phases and the three phase currents are no
longer identical as shown below:

R L e, -
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|
1
|
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1.4.2.6 Surge Arrestor Discharge

A lightning strike on the line can cause the surge arrestor to discharge, which prevents a fault
form occurring. Discharge through a surge arrestor creates a cut-off at around 10ys, resulting
in more high frequency components. The effective bandwidth is around 100kHz and the
three phases will have different waveshapes.

u/kvV
250
125

0

-125

-250

Time (us) '

1.4.2.7 Back Strike Fault

A back strike is caused by the lightning striking the earth wire or the tower. The strike creates
an overvoltage on the line which discharges through weak insulation along the line, or through
the towers. The three phase waveforms are similar initially, but are different when the fault
occurs. The diagram shows the voltage and current waveforms for a back strike fault, showing
the initial strike, where all three phases are affected and the subsequent insulation breakdown
the A phase deviates significantly from the other two. The waveforms are limited by the
bandwidth of the recorder, causing higher voltage to appear truncated.

Voltage (MV)

-1.5 T T T T 1
0 10 20 30 40 50 60

Time (us)

1.4.2.8 Direct Strike Fault

The lightning bypasses the earth wire and hits the line directly. The overvoltage creates an
insulation breakdown. The sudden change in voltage creates the travelling wave signals. The
travelling wave signal is strong, with the steep wave front.

The high frequency harmonics are significant. The waveshape of the three phase signals are
not the same. Similar to the back strike, the location of the strike and the location of the
fault (insulation breakdown) may not be the same.
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The diagram shows voltage and current waveforms for a direct strike on the line causing an
insulation breakdown:

43. Gkm
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0.0 4

-0.6

-1.84

Voltage (MV)

-2.44

-3.04

-3.6

Time (ps)

1.4.2.9 High Impedance Fault

High impedance faults can be caused by bush fires or by tree contact. Bush fires, in the
vicinity of the line, may cause phase-to-phase or phase-to-earth flash-over, creating an
erratic change in fault current. For phase-to-earth flashovers, the fault impedance is high
resulting in weak travelling wave surges. The initial fault impedance of a tree fault is likely to
be greater than 1kQ, resulting in low fault current. The fault current gradually gets bigger as
the tree branch is carbonised. The travelling wave signal produced is again weak. Typical high
impedance waveforms are as follows:

u//’i\‘\k/// \‘\\-//\\\/ \i, e

1.4.2.10 Fault

A fault is defined as an event which satisfies the overcurrent or the undervoltage fault
conditions, as described previously, but does not meet the criteria to be characterised as a
lightning strike event or a high-impedance fault event.

1.4.2.11 Disturbance

Any event which causes the device to trigger but does not fit in to any of the other defined

Equipment operation statistical analysis
Provides two statistical results for a line:
. Number of 2-ended results against the line distance

° Number of triggers (Single end records) against dates
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1.6 Automatic double-end fault location
The calculation of the fault distance is based on the time of arrival of the travelling wave
surge at both ends of the line. The calculated result is the distance of the fault to the
substation in kilometer, together with the tower number if the tower locations are
provided.
1.6.1 Wide-area fault location

The wide-area fault location feature allows a fault to be located using the arrival times of
the travelling wave surges at different substations in the network.

If a number of TDU units have recorded the fault, the software can locate it even if one or
both TDU units installed on the faulty line failed to react.
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1.6.2

1.6.3

164

1.6.5

Calculation of the double-end fault location from manual input

The fault location can be calculated according to the manually entered arrival time of the
surges at the line ends.

& Calculate X

Station | SPRINGFIELD ~ | Line WTN-SPD-STN «» Remote Station = WINTERTON ~ | Line Length(km): |81.336

Velocity(m/ps) 294

Local Time Remote Time
Input Time Input Time
Date: December 5,2020 ~ Date: December 53,2020 ~
Time: 01 ~[07 ~:09 « Time: 01 ~[0T ~:09 ~
ps: 425836.9 ps: 4257809

Computer-aided single-end fault location

The waveform recorded at one line end allows the user to perform manual analysis to
identify the reflected wave. The software provides assistance to calculate the distance to
fault once the reflected wave is identified.

Fault location in hybrid lines

The system can provide fault location to hybrid lines with a mixture of overhead and
underground sections.

Indicating the faulty phase

The user can identify the faulty phase by reading the current values, and can check if the
readings are greater than the threshold. In the following figure, it can be observed that
there is a fault in Phase B.

# Single End Waveform Analysis--PORTON %

Color Set(Y) Una(2)

Unityss Location

XCF-2100E Software User Manual | V2.1 | 19




1.7 Google Maps / Off-line maps overview

The user can select either on-line or off-line maps depending on the availability of the
internet. In either case the following functions apply:

1.7.1 Tower placement and modifications

Google Maps offers an HMI system to import tower locations; which can also be done
using Excel files. A similar process can be carried out with a suitable off-line map.

1.7.2 Locating the fault on Google Maps or an off-line map

Using a suitable map, the location of the towers between which the fault occurred can be
clearly observed.

1.8 Printing
1.8.1 Printing of fault location and analysis reports
e  Fault location result.
e Single-end or double-end waveform.
e  Substation names, line name.
e Date, time.
e Name of the TDUs.
e  The characteristics and length of the line.
1.8.2 Printing Sequence of events

Printing sequence of events and faults including record name, fault location and alarms.

1.9 External system interfaces
o Allows the transfer of data to SCADA via the DNP3 protocol. (See Appendix 4).
o Allows the editing of system parameters through database files.
1.10 System limitations
e  Maximum number allowed for substations: > 256.
e  Maximum number allowed for lines: >1,000.
e  Maximum number allowed for records: >1,000,000.
1.11 Local TDU interfaces
The TDU is provided with a USB connector which allows the following local features.
e  Export: configuration, records summary, records data.

e  Update: Configuration, Firmware.
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1.12 XCF-WEB performance

The Master Unit records and data can be accessed by other PCs. The access is operated by
any INTERNET browser; Note: Java must be installed as explained in the following notes.

After entering, the following features are available.

e  Real time diagram.

e  Downloading of the travelling wave records; waveform analysis.
e  Fault locations.

e  System monitoring: status of the TDUs.

e  System alarms.

e  User management.

2. System Setup
2.1 Connecting the system
Connections can be made to the TDU master unit in the following ways:

e  TCP/IP is the fastest and best performing connection method. It should be used
wherever possible.

e  Point-to-point connection is also a fast method.

e Telephone (dial-up) line should only be used when no other means are available. This
method is much slower than the others, and is prone to a loss of communication.

2.2 System Configuration; TCP/IP network

The single-machine configuration is shown in the figure below. XCF-2100E and XCF-2100E
WEB software are installed in the Master computer only. Other users, who require access to
the system data, do not need to install any software (except Java, unless it is not already
installed - see section 2.6).

The Master station operator can set up the system to view travelling wave records and fault
location results, analyse fault waveforms and execute the computer-aided fault location.
Other clients can view the fault data, fault waveforms and fault location results by using a
browser.

XCF-2100E Software User Manual | V2.1 | 21



The Master station can also communicate to SCADA (or equivalent) via the DNP3 protocol
(see Appendix 4).

Master station

XCF-2100
WEB Client
Communications
Network
Travelling wave data
acquisition unit
XC-100E XC-100E
i = — s = _J SR _“73"31,.,]
One machine configuration Additional unit
2.3 Point-to-point serial communication

The TDU and the Master Unit are connected by a dedicated point-to-point data transmission
channel, which may be fibre optic or microwave. The Master station has the XCF-2100E
software installed. It also has the XCF-2100E WEB, to allow access for other Clients.

— .

Master station
XCF-2100E

Point-to-point configuration

Nport Serial
device server

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

Travelling Wave Fault Locator XC-100E Additional XC-100E

2.4 Dial-up Communication

The XC-100E (TDU) supports the dialling communication mode using its built-in MODEM
interface, or through one of the two RS232 ports for communication using an external
MODEM.

Using dial-up communications, the XCF-2100E Master Unit can only access one TDU at a
time. Automatic fault location will take longer, because the XCF-2100E has to communicate
individually with each TDU in the system. It then pools the data to facilitate the analysis in
order to provide the result.
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2.5

2.6

Master Station
XCF-2100E

Modem

Dial-up network

Dial-up configuration

F'* .ﬁ.nﬂ; | BEREEERE

Travelling Wave Fault Locator XC-100E
with internal modem

XC-100E using external modem

Hardware and Software Requirements

With all the configurations mentioned previously, the requirements concerning where to

install TAS-2100E are as follows Minimum hardware requirements:
= CPU: dual core 2.0GHz, or higher;
= DRAM memory: at least 2 GB;
= Hard Disc: 500 GB;
= Monitor: 1024x768 pixels or 1600x900 pixels;
= A mouse.
e  Software:

= QOperating system: Microsoft Windows XP / 2008 / VISTA / Windows 7 / Windows 8,
Professional Edition /Windows 10

= Database:
- MySql 5;
—  Microsoft SQL Server 2008;
-  Oracle 12c.

Installation

The XCF-2100E software guides the operator through the installation process. Prior to the
setup, all other software should be closed down, to avoid possible conflicts that may occur
during the operation.

The software installation disc directory is shown in the figure below.

Name Date modified Type Size
-19.1 18/09/2018 09:25 Application 228,469 KB|
| XCF2100E- WEB -1.9.1 18/09/2018 09:25 Application 118,018 KB|

XCF-2100E Software User Manual | V2.1 | 23



The detailed setup steps are as follows:

Click “TAS-2100E” and the
software starts installing. Before
continuing, it is necessary to
choose the language.

Click ‘Next’ and enter the window
of the installation software, as
shown. The default installation
directory is under the system disc.
If necessary, click the ‘Browse’
button to choose the installation
directory. After the Preparing to
install window

Once extracted the installation
window automatically open

Click "Next"

and enter the window of the
installation software. The
default destination folder is
shown. If required, click the
"Browse" button to choose a
different installation directory.

Click "Next":

If it is not already available on
the PC, the Java installation
programme will automatically
run.

XCF-2100E - InstallShield Wizard

Select the language for the installation from the choices below.

e |

[Engish (United States)
Chinese [Simplified
English [United States
French (Standard)

Russian

XCF-2100E - InstallShield Wizard

Preparing to Install...

KCF-ZI00E Setup is preparing the InstalShisld Wizard, which
will guide you thiough the progiam setup process. Please wait

Extracting: <CF-2100E.msi

Cancel

TAS-2100€ - InstallShield Wizard X

Welcome 1o the InstallShield Wizard fos
TAS-2100E Travelling Wave Analysis System
V197

The InstalShield Wizard willinstall TAS-2100E Traveling
Wave Analysis System V1.7 on your computer. To
e, chck Next

Back Next > Cancel

TAS-2100E - InstaliShield Wizard

x
Choose Destination Location
Select folder where selup vl intall fies.
Setup wil instal TAS-2100E Traveling Wave Analysia System 11.9.7 in the following
folder.

Tonstal to this folder, cick Nest. To install to a differert folder. cick Biowse and select:
ancther folder.

Destination Folder
C:\Program Files [+85\TAS2100E\ Browse.
<Back Cancel
Java Setup - Welcome X
S, .
= ORACLE
Java

Welcome to Java?

Java provides safe and secure access to the world of amazing Java content
From business solutions to helpful uliliies and entertainment Java makes
yourintemet experience come 1o life

Note: Mo personal information is gathered es part of our install process.
Click here for more information on whatwe do callect.
Click Install to acceptthe license agreement and install Java now.

I™ Change desination folder Cancel
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Vi

Vi

viii

ix

After Java is installed or if it was
already available, the installation
window will automatically be
displayed.

After clicking "Install",
the installation will begin, as shown
in the figure below.

If the window shown on the right
appears select “Repair Microsoft
Visual C++2010 x86 Redistributable
to its original state”

When the Repair is completed,
click “Finish”

XCF-2100E - InstallShield Wizard x

Ready to Install the Program
The wizard s ready to begin installaion.

Click Install to begin the installation

1f you want to review or change any of your instalation settings. click Bak. Click Cancel to et

the wizar
Installhield
<Back Cancel
XCF-2100 - InstallShield Wizard X

Setup Status

The InstallShield ‘wieard is installing XCF-2100E Traveling ‘Wave Analysis System V/1.3.6

Generating script operations for action:

InstallShicld
9, Microsoft Visual C++ 2010 x86 Redistributable Maintenance — X
Microsoft Visual C++ 2010 x86 Redistributable Maintenance
You can repair your installation or remove it from this computer. w

Please, select one of the folowing options:
(® Repair Micrasoft Visual C++ 2010 x86 Redistributable to its original state.

(O Remove Microsoft Visual C++ 2010 x86 Redistributable from this computer.

[[] Yes, send information about my setup experiences to Microsaft Corporation.,

For more information, read the Data Collection Policy.

%, Microsoft Visual C++ 2010 x86 Redistributable Maintenance - X

Repair Is Complete

Vicrosoft Visual C++ 2010 x86 Redistributable has been

Micrgsoft i
Visual Studio™ ==

You gan check for more recent versions of this package on
the ficrosot isual St website
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X Alternatively, instead of step viii
and ix, the programme displays the
following window.

Welcome to Microsoft Visual C++ 2010 xB6 Redistributable Setup
Please, accept the license terms to continue. [+"a ]

MICROSOFT SOFTWARE LICENSE TERMS ;

MICROSOFT VISUAL C++ 2010 RUNTIME LIBRARIES
'WITH SERVICE PACK 1

These license terms are an agreement between Microsoft
Corporation (or based on where you live, one of its affiliates)
and you. Please read them. They apply to the software

7] Thave read and accept the license terms. ]

Yes, send information about my setup experiences to Microsoft Corporation.

For more information, read the Data Collection Policy.

nstal | [ concal |

Xi Click “Next” and the completed
installation window is as shown.

Installation Is Complete

Nt .
Visual Studio s Viss C 2010 186 Radstrindable os een
instaled.

You can check for more recent versions of this package on
the Microsoft Visual Studio website.

Xil After C||Cking ”Finish” in the B CAWINDOWS\SYSTEM32\net exe - a X
previous step or in step ix, the
MySQL service starts.

xiii ~ The installation is now complete,
after clicking “Finish” the TAS-
2100E software is installed on your
PC.

InstallShield Wizard Complete

The InstallShield Wizard has successfully installed <CF-2100E
Travelling ‘Wave Analysis Spstem ¥1.5 6. Click Finish to exit
the wizard.

< Back Cancel

Note 1: XCF-2100E uses the software named ‘My SQL’ as a database.

Note 2: As the WEB server software uses the same database as XCF-2100E, it must be
installed in the same directory.

After installation, the software is normally installed in the default directory:
C:\Programme Files (x86)\XCF2100E,

The MySQL software is installed in:
C:\Programme Files (x86)\XCF2100E\MySQL Server 5.5.
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Now, it is necessary to repeat the installation procedure for the XCF-2100E WEB
software.

The first steps are the same as explained before. The directory selection window is as
shown below. It must be in the same directory as XCF-2100E!

XCF-2100E - InstallShield Wizard X

Choose Destination Location
Select folder where setup will install files.

Setup will install XCF-2100E-WEB in the following folder.

Ta install ta this folder, click Next. To install to a different folder, click Browse and select
another folder

Destination Folder
C:\Program Files (x88)\<CF2100E-WEB\ Browse...

<Back Cancel

After selecting Next, the installation proceeds as usual. Once done two icons will be
visible on the display as below.

ﬁEHUI‘

ne el
XCF-2100E Sl =L

Traveling... Wﬁg

(‘\

2.7 Master PC IP Address

The Master PC must have a static IP address, so that it can be called by the Client browser
(and, in case of Internet connection, it can connect to XCF-2100E). The procedure to set up
the address is as follows.

e Right click on the Internet connection icon, at the bottom right of the screen: this
provides the following selection.

Troubleshoot problems

Open Metwork & Internet settings

NP e Select ‘Open Network and Sharing Centre’: the following window is displayed

Q Note: this is WINDOWS 10; other versions have similar selections).
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e Network and Sharing Centre

4 == » Control Panel » All Control Panel ltems > Network and Sharing Centre

Control Panel Home
View your active networks

Change adapter settings
Change advanced sharing NETGEAR16 2
settings Public network

Media streaming options

Change your networking settings

ﬁu Set up a new connection or network

Access type:
Connections:

View your basic network information and set up connections

Set up a broadband, dial-up or VPN connection, or set up a router or access point.

\; Troubleshoot problems

Diagnose and repair network problems or get troubleshooting information.

Left clicking on Ethernet opens the following window:

General
Connection
IPv4 Connectivity: Internet
IPviE Connectivity: Mo network access
Media State: Enabled
Duration: 00; 14:00
Speed: 1.0 Gbps

Activity
Sent — g‘ — Received
Bytes: 2,874,709,645 .. 13,422,558,429
GPraperties QDisabIE Diagnose
Close

Click “Properties” to open the following window:

Networking | Sharing

Connect using:
&Y Intel(R) 82577LC Gigabit Network Connection

Configure...
This connection uses the following tems:
[w] o8 for Microsoft Networks A

v gﬁle and Printer Sharing for Microsoft Networks

Wl (=l QoS Packet Scheduler

[J -+ Microsoft Network Adapter Muttiplexor Protocol

[V .+ Microsoft LLDP Protocol Driver

W] s Link-Layer Topology Discovery Mapper 1/0 Driver

[V s Link-Layer Topology Discovery Responder v
< >

Install... Uninstall | Properties
Description

Allows your computer to access resources on & Microsoft
network.

OK Cancel

Select ‘Internet Protocol version 4’, and then click ‘Properties’.
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e The following window appears:

'] E;l‘ emet ;‘rope ft;es

Networking Shanng
Connect using.
& Intel(R) 82577LC Gigabkt Network Connection

This connection uses the following tems:
[ @ BaoS Packet Scheder

[ 4. Microsoft Network Adapter Mutiplexor Protocol
@ 4. Mcrosoft LLDP Protocol Driver

W 4. Link-Layer Topology Discovery Mapper /O Dever
W 4. Link-Layer Topology Discovery Responder

W -4 Intemet Protocol Version 6 (TCP/IPvE)

[CAIBY irtemet Protocol Version 4 (TCP/IPv4)

oK Cancel

e Clicking Properties brings up the following:

W internet Protocol version 4 (TCP/IPv4 Properties

General  Alternate Configuration

You can get IP settings assigned automateally if your network supports
this capabiity. Otherwise, you need to ask your network administrator
for the appropriate [P settngs,

(@) Obtain an IP address automaticaly
(O Use the following IP address:

192 . 168.. 16 1

(@) Obtain DS server address automaticaly
() Use the following DNS server addresses:

Validate settings upon ext

oK Cancel
e Now, select ‘Use the following IP address’, and input the address to be assigned to your
PC.
a rotocol version 4 {TCP/IPv4 Prope:
General

You can get IP settings assigned automatically if your network supports
this capabiity, Otherwise

. , you need to ask your network administrator
for the appropriate 1P settings,

(O Qbtain an 1P address automaticaly
(@) Uge the following [P address:

P address: 192.168. 1 .101

Subnet mask: 5. 295.255. 0

Defauit gateway: 192.168. 16 . 1
Obtan ONS server address automaticaly

(®) Use the following ONS server addresses:

Preferred DNS server:

Alternate DNS server:

[ vaidate settngs upon ext Adyanced...




e To conclude, select OK, and then Close: the IP address is programmed, and can be
accessed from external Clients.

Note: If your company has an INTRANET service, it is likely that contact with the Master PC
will be inhibited by Firewall software. In this case, the Firewall must be configured so that
the Master PC address, can be accessed by external Clients; otherwise, the system will not
work.

2.8 Software Upgrade

An upgrade to the software can be completed by double-clicking the XCF-2100E-XX’ and
‘XCF-2100E-WEB-XX’ files and follow the procedure prompts.

2.9 Uninstall

The uninstall operation will delete the complete XCF-2100E software including all existing
settings and results. Before uninstalling it, a database back-up should be made and files and
diagrams should be exported. The operation is explained in the following sections. The back-
up file is saved in the C: root, so it is not erased during uninstall. After the new install, the old
data can be recovered.

To uninstall the programmes, click on the Windows symbol and scroll down to XCF-2100E,
which reveals a drop-down menu allowing the software to be opened or uninstalled. Clicking
on “Uninstall” will lead the user through the uninstall process.

Repeat the process for XCF-2100E-WEB

B xCF-2100¢ A s

O g Uninstall
Thursday

O

m XCF-2100E Travelling Wave Analysis... fl

B XCF2100E-WEB v

2.10 XCF-WEB Client PC

Refer to Section 14.
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3. Software Introduction: XCF-2100E

This section provides an overview of the XCF-2100E software, including the start-up and
menus. XCF-2100E Start up and Exit

3.1 Start-up

After installation, the following icon will can be added to the desktop, which can be used to
launch the software.

CF-2100E
Travelins.

Once it is launched, the Welcome window is opened.

5 XCF-2100€ Traveling Wave Ansfyis System -

< EHUI
XCF 2100E Travelllng Wave Analy5|s System

Three buttons appear at the top-right; Login, About and Exit.

Clicking on About will give information about the version number installed. This information
is also available on the main Window.

“#l About x
( N XCF-2100E Traveling Wave Analysis System
=t Version 1.9.6 Build:20210106

All rights reserved:  Copyright 2020-2026
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To access the software, click on Login (top right) and the following window will appear:

Legin *

!elcome to Iogm

When using the software for the first time, enter ‘admin’ as both the user name and the
password (this is case sensitive). This takes the user to the main window Section 3.2. This
window will allow the user list to be created providing user names and passwords for all
appropriate personnel.

On the main window go to the Parameter Manager icon:

Parameter
Management

This opens the Parameter Management window where “System Parameter(S)” is selected
from the ribbon, followed by “User”:

54! Parameter Management

MNetwork Parameter(E) Svstem Parameter(5) Equipment(D
Sk Add * Update | 88 User

TDU 3¢ Line Info ¢! Email Addition

Clicking “Add” will cause the “User Addition” window to appear:

£l User Addition x
Login Name JESmith
User Name John F Smith
Password SErgehbv(Gl6789

Confirmed password S&rgehbvG16789

Privilege System Manager ~

System Manager
qDispatcher
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3.2

e  The Login Name is the name used to log in to the system, it is case sensitive and
should only contain letters and numbers, there must be no special symbols or spaces.
The system will reject the same name being entered twice.

e  The User Name is the full name of the user

e  The password can be set individually by each user, as this gives access to the system it
should have an appropriate level of security.

e  Privilege gives the user to different levels of access, either System Manager or
Dispatcher, selected from a drop-down menu. The System manager is allowed to
change settings in the system, the despatcher can only access data. Once this is
selected clicking OK will add the user to the system. The user name ‘admin’ will always
remain but should have its password changed as described later.

The new user appears in the list.
Parareter Management
MNetwork Parametern(E) System Parameter(3) Equipment{D) Backup(l) Language(L)
& Add §¢ Update & Delete | Refresh | | Tower Information Import | £ Google Map | i Exit
TDU 3 Line Information 3¢ User 3§

No. Login Name User Name Password Privilege
1 ISmith [John Smith |AFrgen% 1 2hXthW |System Manager

Note: this table is only accessible to system managers so it is not possible for Dispatchers to
access the password details.

On the top of the Main menu is a Logoff command which returns the software to the
Welcome window and allows the user to log in as themselves.

Main window

As already described, there are two access levels: administrator and dispatcher.

The difference between the two is that the administrator can access the ‘Parameter

Management’, ‘Update XCF Firmware’ and ‘Drawing’ modules, the dispatcher cannot. The
administrator window is shown below:

a

CE-2100E Travalllng Wave Analysis Sy stem




The dispatcher window is as below:

XCF-21

Dispatchers can watch the network and analyse faults, but cannot modify the XC-100E
settings or update the XCF firmware and has no access to user details, although they can
change their own passwords.

e Logoff returns the user to the Welcome page; from where, logging in will require the
user name and password

e Exit will close down the programme after a pop-up for confirmation.

System Hint *

@ Do you want to exit?

[ oKk | Caneel |

Clicking an icon on the main page will open a new window. When creating a new network,
the system manager’s first selection is Parameter management.

Parameter Management

The purpose is to create the network with all the necessary information. Programming steps
are as follows:

e Set the power system voltage level.

e Create the network: region, substation, line, tower.

e Configure the XC-100E (TDU) equipment used in the substations.
e Send the configuration parameters to XCF-100E.

e Configure the circuit breakers.

The window includes: title, menu bar, toolbar, table and status bar.




£ Parameter Managerment
WNetwork Parameter(E) Svystem Parameter(3) Equipment(D)}) Backup(l} Language(L)

..................... | Tower Information Import | 47 Google Map | iz Exit

No. Eegion
1 BARKEY
]
WOLFOED 1 THORFE
3 WOLFOED

The toolbar includes the commands that are used during the setting operation.

4.1 Network parameter

This can also be accessed by clicking ‘Alt + e’, providing the following pop-up menu.

Network Pz.tmeter{EH Swystem Parameter(S) Ec

Voltage Level
L% Line Information
DU

¢ TDUFRemote Parameter Configuration
<> Breaker
s  DIRule
[ TDU Disabled?
4.1.1 Voltage level

The selection VeizgeLevel 3)lows the user to check if the substation voltages are available in
the default list; if not, they can be added. The window lists the standard voltages.

B Parameter Management
Network Parameter(E) System Parameter(S) Equipment(D) Backup(l) Language(L)

8 Add J¢ Update %~ Delete | [2] Refresh | | Tower Information Import | £ Google Map | [ Exit

TDU 3 Line Information 3¢ Veltage Level 3§

No. Voltage Level
1 1000kV
2 1506V
3 SO0V
4 400KV
5 380KV
6 330KV
7 273KV
8 220KV
9 1326V
10 110kV
11 63KV
12 10kV
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Clicking the ‘Add’ button opens the following pop-up window which allows new voltage level
to be added.

B Voltage Level Addition x>

Voltage Level(kV) |240

0K Cancel

4.1.2 Line information

. + Line Information .
The selection of the Network Parameters menu allows the creation of

a region: including substations and lines, whether connected or unconnected.

The Network selection window is divided into two parts: the regional summary is to the left
and to the right, a table shows the data within the region.

4! Parameter Management

Network Parameter(E) System Parameter(S) Equipment(D) Backup(I) Language(L)

H* Add P Update % Delete | [#] Refresh | | Tower Information Import | £ Google Map | [ Exit

TDU 3 | Line Information 3 | Voltage Level

MNo. Eegion

' BARKEY
% THORFE 1 BARKBY
B
WOLFORD 5 THORPE
3 WOLFORD

4.1.2.1 Region selection
e Region addition

Open the following window by clicking the ‘Add’ button on the tool bar, or right click on
the right area.

4 Region Addition X

Region | Medway

OK Cancel

Keying in the region’s name and clicking ‘OK’, adds it to the system. Clicking Cancel exits
the option without adding the region.

e Region update

To change the name of the region, click the right mouse button on the region: giving the
following choices.

i Add

ﬁ Update
&= Delete
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e Region deletion

With the selection ‘Delete’ the following window opens.

oK *

L Do you really want to delete [THORPE]?
&%= Warning: the region under the substation,lines tower and fault data and other information will be deleted!

Yes Mo

4.1.2.2 Substation selection

If a substation is selected, the window is as follows;

TDU 3¢ Line Information 3 Voltage Level 3¢

d Reﬁgion Substation Region Information
BARKEY
¥ HORNBY No. Substation Voltage Level Latitude Longitude
=K BWORTH| )
S HILFORD 1 HILFORD 100KV 0.0 oo
% HUNSDON 2 HUNSDON 100KV 0.0 |o_o
b KINGSTON
3 L00EV
5 MEDWAY 3 KINGSTON 100K 0.0 |0_o

Click the ‘Add’ button of the toolbar, or click the right mouse button in the substation list:
The following window opens. As an example, Mexico City 1 has been created.

4! Substation Information Update x
MName MEDWAY TOWN 1
Region MEDWAY w
Voltage Level | 400KV w
Latitude 52 =5 134214840563804 | " [N~
Longitude 3 v "1 20.673344764013 | " |[E >
0K Reset Cancel

The ‘Voltage Level’ for the substation is just for information and usually corresponds to the
highest voltage in the substation. The substation would normally have lines with different
voltage levels.

The parameters of longitude and latitude are needed for the location on the Google Map.
With the button _ |, the coordinate format can be chosen:
= Latitude, in degrees, minutes, seconds and decimals, up to 90 °, North, South;

=  Longitude, in degrees, minutes, seconds and decimals, up to 180°, East, West;
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=  Degrees and decimals. For latitude, the North has a positive sign, and the South has

a negative sign. For longitude, the east has a positive sign, and the West has a negative
sign.

Latitude 0.0 B

Longitude 00

When ‘OK’ is selected, a new substation is added to the network. Now the window is as
follows:

S Add * Update = Delete | @ Refresh | ! Tower Information Import | £ Google Map | @E}u’t
TDU §¢ Line Information 3  Voltage Level 3

% Region

¥ BARKBY
¥ HORNBY Na. Substation Vaoltage Level Latitude
? KIEWORTH

53 NN !

% MEDWAY TOWN 1

Substation Region Information

-

Longitude
MEDWAY TOWN 1 |4-{|0k\a’ |S2.09283?45 367939 |3 038073984623337

=

The window repeats the region information, and adds the substation information. The
operations: Add, Update, Delete are available.

4.1.3 Line selection

In this window, line information is programmed, including: length and transient wave
velocity. It is also possible to programme whether the line has a ‘T’ branch, or if it has
overhead sections and cable sections. Continuing with our example, we have added a
substation named Porton. Now, the window is as follows:

& Add §¢ Update %= Delete | [#] Refresh

TDU §¢ Line Information 3  Voltage Level 3

| Tower Information Import | 4 Google Map | [ﬂﬂ' Exit

3 Rigmn Substation Region Information
BAFKEY
" HORNBY No. Substation Voltage Level Latitude Longitude
{ KIBWORTH :
B3 m 1 PORTON 400KV 32.87633840387209 3.07383640087231
PORTON 2 MEDWAY TOWN 1 400KV 32.09283743367939 3.039075984623337
T MEDWAY TOWN 1
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Two 400 kV lines are required to connect Porton to Medway Town 1, these will be
designated ME - PO 1 and ME - PO 2.

e Line addition

After selecting the substation, open the line addition window by clicking the ‘Add’
button on the tool bar, or right clicking the mouse on the line: the following window is

shown:

4! Line Addition X
Name ME-PO2

Start Substation MEDWAY TOWN 1 v
End Substation PORTON v
Wave Velocity(m/ps) |294.0

Length(km) 110

Voltage Level A0V et
Local Menitoring | Yes ~

Remote Monitoring | Yes v

Flexual Modulus(%) (0.0

Validated? Yes v

‘With T-branch? No ~

Mixed Line? No ~
OK Cancel

e Name of line: This must be written correctly

e Names of the local (start) and remote (end) substations. When these are entered, a
pop-up menu appears, choose the one of the previously entered names.

End Substation Pleasze Select L

Please Select
PETFIELD
POETON

e  Wave velocity: This is the travelling wave speed, in m/us. The default value is 294 m/us:
which can be used, or replaced with the measured value.

e Length of the line, in km.

Note: For better accuracy, the line length should be taken from the CT at the first
substation to the CT at the destination substation.

'
ﬁ'
-

] v

e  Voltage level. This can be selected from the pop-up menu (from which the voltage can
be selected).

Please Select P
1000V I
T30EV
00KV
400k .
380KV

330KV

273KV -

m

The line voltage is a parameter used by the XCF-2100E software to calculate the peak
current during the fault: see Appendix 1.
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Local and remote monitoring: ‘Yes’ means that the other end of the line is also
monitored by a XC-100E.

Flexual modulus. The line sags between towers and so the actual line length is longer
than the sum of the tower distances. This modulus takes care of the difference. Since
the system works on time differences, this difference is not problematic. If desired, one
can measure the actual line length by closing the circuit breaker at one end. If ‘L’ is the
nominal line length, and ‘x’ is the Flexual modulus, the time ‘T (L)', measured in
microseconds (us), will be:

T(L) = (L * (14x))/291

From this formula, we can calculate ‘x’. The software will continue to compute,
considering the nominal length ‘L’, and the speed of 294 m/ ps. additional parameters
are confirmed:

e Validated?: Yes or no
e  With T branch?: Yes, if there is a branched line.
e Mixed line? Yes, if the line is mixed, overhead and cable.

When ‘OK’ is clicked, a new row is added to the network. Now the substation table
looks as follows (line split in to two for clarity):

Line Bus Substation Information

No. Name Start Substation End Substation Wave Velocity({m/ps) Length{km) Voltage Level
1 ME-PO1 MEDWAY TOWN 1 PORTON 204.00 110.000 400KV
2 ME -PO2 MEDWAY TOWN 1 PORTON 294.00 110.000 400KV

Local Monitoring  Remote Monitoring  Flexual Modulus(%) Validated? —With T-branch?  Mixed Line?
Yes Yes 0 Yes No No
Yes Yes 0 Yes No No

The table summarises all parameters. In addition to the current measurement, the
device can also measure the bus voltage. For this, the corresponding bus must be
created. To the left, select the ‘bus’ tab, and then click ‘add’: the following window
opens.

i Adding a Bus >

Name BUS1

Start Substation | MEDWAY TOWN 1 w

Voltage Level M0V P
Ok Cancel
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Enter the bus name and the voltage level. After clicking ‘OK’, the bus is added to the
table.

TDU §¢ Line Information 3  Voltage Level 3

2 Rigmn Line Bus Substation Information
BARKEY
[ HORNBY Mo Name Start Substation
T KIBWORTH
= MEDWAY 1 BUS 1 MEDWAY TOWN 1
B2
| BUS1
@ ME-PO1
@ ME-PO2
\s % PETFIELD

Note: If there is more than one bus in a substation, with different voltages, it is possible
to create two buses at two different levels.

4.1.3.1 Line with T Branch

If the line has a T Branch, select ‘With T-branch’ as ‘Yes’ when creating the line. This can be
done retrospectively by right-clicking the line and selecting adding a T-branch

4 Line Information Update X

Name ME-POL
Start Substation MEDWAY TOWN 1 ~
End Substation PORTON ~

Wave Velocity(m/ps) | 294.00

Length(lkm) 110.000

Voltage Level 400KV )
Local Monitoring | Yes v
Remote Monitoring | Yes -

Flerual Modutus(%) |0.00

Validated? Yes ~
< ith T-branch? Yes ~
Mixe: Ty, o ~
OK Reset Cancel
£l T-branch Addition XK
T-branch Name Chetwind
Branch Substation Please Select ~

Wave Velocity(m/pus) | 204.0
T-branch Length(lkm) 10

Local Monitoring Tes ~
Validated? Yes ~
Mixed Line? No ~

T-branch Location(km) 103

OK Cancel
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The parameters are explained in the following diagram.

Length of lineS/S A—-5/S B

S/SA

S/SB

A

Length of line

Length of line f
5/5 A to T point eneth ot e from

5/S C to the T point
¥

S/SB

.:Q“'_ The line goes from A to B. At point T, there is a T branch which goes to substation C. Note:
Substation C is already programmed.
e Name: The name of the T branch.
e Branch Substation: Substation C, at the end of the T branch.
e Wave Velocity: 294 km/s.
e T branch length: Distance from Substation C to the T point

e Local Monitoring: Substation C.

e Validated?: Yes or No (validation is based on a confirmed measurement of the
parameters

e Mixed Line?: Yes or No.

e T-branch Location: The distance from the substation A to the T point. The software
checks that this distance is not greater than the length of the line. In case of error, it
displays the following message:

Parameter Management >

T contact position cannot be greater than T line length!

In our example, we have added a branch to Chetwind. The branch is located 7 km
before Porton, and is 10 km long.
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In the window on the left, the software automatically adds the line information.

= MEDWAY
T CHETWIND
= [ MEDWAY TOWN 1
| BUS1
5@
CHETWIND
@ ME-PO2
% PETFIELD
Y PORTON

e The line is connected to three substations.
e The substation at the end of the T branch is shown in yellow.

In the window on the right, we find the following information:

T-branch Tower Line Information

No. T-branch Name Parent Line Branch Substation Wave Velocity(m/ps)
1 CHETWIND ME-PO1 CHETWIND 20400

T-branch Length{k.. Local Monitoring Validated? Mixed Line? T-branch Location{km)
10 Yes Tes Mo 103

This is a summary of the T-branched line. There are also two other tabs giving the Tower and
Line information; which will be covered later.

Note: The position of the connection point may be set by selecting a tower. If towers are not
yet programmed, the position of the connection point can be changed afterwards.

4.1.3.2 Mixed Line

If the line is mixed, the programming window is as follows:

4! Line Information Update X

Name ME-PO2

Start Substation MEDWAY TOWN 1 ~
End Substation PORTON ~
Wave Velocity(m/ps)

Lengthim) 110.000

Voltage Level 200V -

Local Monitoring. Yes ~
Remate Monitoring | Yes v
Flexual Modulus(%) |0.00

Validated? Yes w

With T-branch?
< e T e >
P —— —

OK Reset Cancel
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By selecting ‘Yes’ on the mixed line, the speed is removed as it will be calculated by the

software. The pop-up window is as follows.

[E&! Section Lines Addition
Parent Line ME-PO2
Name Section 1
Length{km) 35
Wave Velocity(m/us) 172.0
Cable

Type

OK Cancel

e Parent Line: This is the line to be defined.
e Name: the name of the line section, not the line name.
e Length: the length of the section.

Length of

Length of section1  section 2 Length of section 1
> < >

) | T |

e Wave Velocity: it is 294 m/us for overhead lines and nearly 172 m/us for power

cables.

e Type: Select overhead line or cable.
Click ‘OK’: after the confirmation, the pop-up window is still there. All sections of the line can
be programmed. At the end, the window displays all the parameters.

2 Reﬁgmn . Section Tower Line Information
BARKEY
: HORNBY No. Name Parent Line Length(km) Wave Velocity(m/us)  Type
3 ig“?ig}{ 1 |Secl:ion 1 ME-PO2 3.500 172.00 Cable
T CHETWIND 2 |Sec1:{on & ME-PO2 105.000 20400 Overhead Lines
& (2 MEDWAY TOWN 1 3 |Secl:ion 3 ME-PO2 1.500 172.00 Cable
| BUS1
@ ME-PO1
o
% PETFIELD
 PORTON

In our example, we have split the line ME-PO 2 into three sections. The first one, in Medway
Town, is called Section 1; it is a cable 3.5 km long. The next section is the overhead line, 105
km long and the last section, in Porton, is a cable 1.5 km long. For more information, refer to

Appendix 2.

XCF-2100E Software User Manual | V2.1 | 44



4.1.3.3 Line Modification

To change the parameters of the line, click the right mouse button on the line name which
will give the following choices.

Add

Delete

Update

Property

Adding a Bus
Adding a T-branch
Adding a Section
Refresh

Show invalid lines

g g e Tt wy

e Add: This opens a window to add parameters.

¢ Delete: This opens the following window opens.

OK *

Do you really want to delete [ME - PO 2]7

Mo

e After confirmation, the line section is deleted.

e Update: With this selection, the software opens the same window as for ‘Add’,
allowing changes to the parameters and the ability to save them.

e Property: With this selection, the software opens the same window as ‘Add’, to
allow the parameters to be viewed.

° Add T-branch: If the line has a T-branch, the software opens a window to
allow it to be added.

) Add a Section: If the line is mixed, it allows a section to be added.

o  Refresh: This command updates the displayed lines.

e Show invalid lines: This allows disabled lines to be viewed.
4.1.3.4 Tower Addition

Programming the tower locations allows the software to identify which tower is closest to
the fault. Select the line where towers are to be added and select the Tower tab on the right.

£+ Add J¢ Update & Delete | [3) Refresh | | Tower Information Import | £ Google Map | & Exit
TDUJ Line Information J¢  Voltage Level 3¢
Sy
Region T-branch Section Tower Line Information
BARKBY
" HORNBY No. Tower

) Tower Hight(m) Span(m) Distance to Substation(m) Section Latitude Longitude
KIBWORTH

= [* MEDWAY
T CHETWIND
E-[* MEDWAY TOWN 1

Il BUS1

- @ N

@ ME-PO2

3 PETFIELD
T PORTON

e Add: Click ‘Add’ and the following window opens.
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3! Tower Addition

Tower

Tower Hight{m)

Span(m)

Line ME-PO1
Latitude 0
Longitude 0

OK

Cancel

Enter the parameters. Span is the distance (in meters) from the previous tower. For the first
tower, the span is the distance from the substation (or, better, from the CT in the

substation).

The latitude and longitude settings have been explained in the substation settings.

This is the window after adding some fully configured towers.

iy

TDU$ Line Information 3 Voltage Level 3¢

Update %~ Delete ‘ @ Refresh‘ | Tower Information Import

4 Google Map ‘ [ﬂ@ Exit

- Re!ginﬂ T-branch Section Tower Line Information

BARKBY

7 HORNBY No Tower Tower Hight(m) Span(m) Distance ta Substation(m) Section Latitude Longitude

? KIBWORTH

= [ MEDWAY 1 Tower 1 130.00 14000.00 4000.00 N 52.30756384738394 3.601837593484593
¥ CHETWIND 2 Tower2 130.00 12000.00 6000.00 N 32.30756333667777 3.63647583748082

=Y TAY 7

& MEDWAVTOWN | Tower3 130.00 12000.00 5000.00 N 52.30903746378763 3.64362789278636

| BUS1
® I
@ ME-PO2

- PETFIELD

f PORTON

In the ‘Distance to Substation’ column, the software calculates and displays the distance of
the tower from the substation. It gives an alert if the total length is more than the

programmed line length.

The ‘Section’ displays information about the sections of a mixed line. In the case above, ‘N’
indicates that there are no additional sections in the line. Below is an example of a line with

towers in section 2.

Section| Tower | Line Information

No. Tower Tower Hight(m) Span(m) Distance to Substation(m) Section Latitude Longitude
1 TOWER 1001 |30 5,000 5,000 SEC2 59.383333333333333  |1.0538333399
2 TOWER 1002 |30 2,000 7,000 SEC2 59.385833333333334  |1.0425385839

Select a tower with a left click: it is displayed in blue. Then, right click on it, the software

opens the following pop-up window:

Add

Insert
Update
Delete
Google Map

@ g v | g
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e Insert: This allows a tower to be inserted and is useful if a mistake is made during
programming, a new tower can be inserted between two existing towers. The span
before and after the newly inserted tower needs to be adjusted so that the overall line
length remains the same.

e Update: The line configuration is updated, with all the towers.
e Delete: The selected tower is removed. Again, the spans may need to be modified.
e Google map: Refer to the dedicated Section 9.

4.1.3.5 Tower Information Import

This is accessed from the Tower Information Import button on the ribbon. This selection
allows the import of data from an Excel file. The window is the following.

8! Tower Information Import X
EXCEL file must be selected- Tower Records:

No Tower TowerHight(m) Span(m)  Distance to Substation(m) Latitude  Longitude  Line Tbranch  File Import Status
Directory

FileList | Please Select 5
Sheets Please Select v

Specify columns and rows to be imported
Tower Columan.1
Tower Hight(m) Columnn3
Span(m) Columnnd
Distance to Substation(m) Column n.5
Latitude Column n§

Longitude Columan.]

AR EA R REA R AR

Starting Row Rownl

Tower and tower maintenance setting
Region Please Select
Substation Please Select

Line Please Select

<| <] <] %

Tobranch | Please Select

Excel Review File Review Import Import Selected Rows Close.

The tower parameters, which are the column headings, are as follows:
e Number: This is a consecutive number generated by the software.
e Tower name: This is the tower identification, e.g., T106. This field is mandatory.
e Tower height: in meters. This is optional.

e Span: The span is the distance (in meters) from the previous tower. For the first
tower, the span is the distance from the substation. This is mandatory.

e Distance: This is the length of the line, computed from the sum of tower spans from
one end of the line to the other end.

e Latitude and longitude: These can be omitted, but if available, they are input using
either decimal, or degree-minute-second format. The latitude and longitude allow the
towers to be positioned on the Google Map.

On the left of the screen, are the following selections:
e Directory: Selected by clicking the icon
e File List: Allows the selection of the file to import.
e Sheets: Selected from the ‘File’ tab.

e Specify the individual columns to be imported for each tower parameter. The
columns in the Excel file may not be arranged in the same sequence as required by the
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software. The column selection allows the selection of the correct column for each
parameter. For example, if the Span (m) of the original spreadsheet is in Column 5,
select Column 5 for the Span (m).

e The last selection, ‘Starting Row’, allows the selection of a row from the file where
the first meaningful data are available.

e Finally, a selection of Region, Substation, Line and T-branch is made.
As an illustration, go to Directory, and select: XCF2100E / param / excel

Then, go to the File list selection, and select the file ‘Tower case.xsIx’. Lastly, in Sheets,
select MAM_MAT L1.

EXCEL file must be selected

Directoty | AS2100E‘param'excel

File List tower case.xlsx v

Sheets MAM MATLI iv

Now, on the bottom line, click Excel Review | EXCELREVIEW | 4oty how the Excel
data are organised, as follows:
» 'cv-e‘vlnlcvmnmn Import ’ X

EXCEL file must be selected Tower Reconds

TowerNumber FirstColumn Secend Column Third Column Fowrth Cohumn  Five Column SxColomn  SevenColumn Eight Columa
Dusctory  AS2100E param escel

1 275V MA.. A
Felit  tewercaseddss v |2 | te.. [
Shosts MAM_ MATLL vl [l Tower Style Tower Heigh [SpanTmD  Distanceto
i [t DIF 2 33 53
Specify colamns md rows 1o be impocted i
Tows [ e— p— 6 I SE-823 s 4% 531
Tower Haght(m) Colmnnl v { ! !
8 3 SE-SH4 3 a2 043
Span/m) Columant v 1 T T T
Distance to Substation(s) | Colwmns v | |10 [e £ i 53 7]
Lettude Columns v | M | |
1 Is SESZ2 G 284 1547
Longitude Colman? v [
3
Starnng Row Rown 1 v " le SESH n b1z 1%
f
Tewer and tower mamtenance setmng 15
1
1% P n 345 104
Region Please Select 8 m : -
Substahon  Plesse Select v " l' mn o as )
Line Please Select v ||
» s n 36 273 280
Tdeanch  Please Select v [
2
2 ‘m ZB11 43 36 3038
M4 lll re 0 L08 3508 v
P >
[ EvcelReview | File Review Close

As can be seen, the data in the Excel file are not the same as those expected by the
software. For example, the tower name is in Column 1 on the Excel spreadsheet, the
height is in Column 3; the span is in Column 4; the distance to the Substation is in
Column 5. The first meaningful data starts from Row 4. The correct columns and the
starting row selection can now be inputted as follows:

Tower Columnn.1 v
Tower Hight{m) Columnn3 v
Span(m) Columnn 4 v
Distance to Substation(m) | Columnnj v
Latitude Column n.6 v
Longitude Columnn.7 v

Starting Row
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Click File Review, the tower information is now tidied up.

File Review Import
Tower Records
No Tower Tower Hightim) Span(m) Distance to Substation{m)
1 1 24 33 33
2 2 48 476 331
3 3 33 412 043
4 4 48 320 1263
3 3 43 284 1547
6 6 21 212 1759
7 7 27 343 2104
) 8 i1 425 2520
2 el 36 273 2802
10 10 45 236 3038
11 11 30 468 3506
12 12 30 369 38735
13 13 48 471 4346
14 14 48 300 4646
13 15 43 402 5138
16 16 33 263 3401
17 17 24 323 3724
13 13 30 425 6149
19 19 i1 311 6460
20 20 33 518 6978
21 21 33 413 7393
2 22 48 333 7928
23 23 34 308 3326

Impo1t Selected Rows Close

The software now activates the "Import " button. On the left, select the region,

substation and line of the towers.

Region
Substation
Line

T-branch

MEDWAY
MAMTON

MAM MATLI

Please Select

Click Import: the software imports the data and advises that the import is complete.
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The table is now as follows:

| B3 Tower Information Import %
ENCEL file suast be selected Tower Records
No Tower Tower Hightlm) Spaniz) Dastance to Substation(m) Latbude Longtude Lime T-branch Fie Inport Status
Directory | ASIINE param’encel
1 1 24 93 35 MAM MA ® A
Fie Last tower caia slin v 2 o] 48 476 581 AN MA &® |
Sheets MAM_MATLI = 3 3 33 412 a3 MLAM MA @®
4 n i 30 1263 ALAM MA_ @ |
Specaly columni and row (o ba anpeosted [ 1
3 3 i3 I 147 MLAM WA L
Towee Columan] v ] 6 1] 212 1739 MAM_MA ® |
? 145 2104 MANS MA ®
Tower Highi{m) Column o 3 v - 1 | L 1
N N 5 425 2529 INAM_MA. @ |
Spunia) Sl s 36 s 2602 PLAM MA )
Distance to Substationm)  Columnnt v 1] 11 43 136 33 | ALAM MA L J |
Lemtads Colmans v | " i 43 3508 MAM_MA ®
1 12 0 369 3478 AAM_MA @® |
L onatude Columm n -
13 13 i 4Tl 4348 ALAM MA @®
Sarting Row Fownd > ||ne 1 18 300 %15 AN _MA, ® |
Tower and 1ower mantenance sethng 13 13 15 492 5138 MANM_ MA ®
1% 16 i 283 401 MAM_MA ® |
on MEDWAY ¥ 17 2 33 §724 ALAM_MA @
Substanen | MAMTON vl || 18 3 425 6149 ALAM MA_ @ |
Lime MAM MATLI w % % 3l 3l 6450 ALAM WA @
] 20 33 11 0978 MAM_MA
Theanch | Please Select v | | ® |
1 s ™3 MAM MA @
bl 22 4 335 e ALAM A @ |
13 23 34 98 8326 BLANL MA ®
u 24 £ 3l 8637 ALAM MA ® |
I TTTYXYT i
Excel Review File Review Close

If there are already programmed towers, they will be erased: before replacing data, the
software gives an alarm.

If there are already programmed towers, they will be erased: before replacing data, the
software gives an alarm.

Parameter Management *

The existing towers will be over-written!
Continue? Y/N

o ¥es [ N0 |

With "Yes", the Excel data is imported into the table. If required, a part of the file can be
imported. In this instance, select the lines to be imported; then, click "Import selected
rows" and data are imported. If a row is not selected, the software displays the
following warning.

Parameter Management X

\Q\ Please select the rows!

At the end, click ‘Close’ to exit the import section.

4.1.4 Importing the XC-100E

For simplicity and generality, the term TDU is used to represent the XC-100E. The TDu
selection in the Network Parameter menu, allows the TDU window to be accessed, where a
XC-100E can be added, edited and deleted.
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The window that opens is as follows: it lists all the programmed devices of all regions.

Network P: E) SystemP S) Equip D) Backup(l) Help(H)
£ Add § Update R Delete | (@) Refresh | {] t | £ Google Map | [ Exit
TDUX  Line Information 3

No. Substation Equipment Name Protocol Type Equipment Type Channel Parameter Channel Disabled?
1 THORPE THP1 XC100ETEL XCI1ME TYPE=2,PHONENUMBER=200443556719677 |No
2 HILFORD HFD1 XCI00ETEL XCI00E TYPE=2;PHONENUMBER=00044556716341 |No
3 PETWORTH PWTI1 XC100E XCI100E TYPE=1;IP=127.0.0.1;PORT=2550 Yes
4 ELSDON EDNI1 XC100ETEL XCI100E TYPE=2;PHONENUMBER=%0044556776346 |No
5 FALMOUTH FMT1 XC100ETEL XC100E TYPE=2;PHONENUMBER=900443556756766 |No
6 KINGSTON KGNI1 XC100E XCI100E TYPE=1;IP=127.0.0.1;PORT=2555 Yes
7 MEDWAY MDY1 XC100E XC100E TYPE=1:IP=127.0.0.1:PORT=2556 Yes
8 MEDWAY MDY2 XC100E XC100E TYPE=1:IP=127.0.0.1:PORT=2568 Yes
9 MEDWAY MDY3 XCI100E XCI00E TYPE=];IP=127.0.0.1;PORT=2597 Yes
10 [WOLFORD WFD1 XC100E XC100E TYPE=1:1P=127.0.0.1:PORT=2526 Yes
11 [BARKBY BKY1 XCI100E XCI0E TYPE=1;IP=127.0.0.1;PORT=2656 Yes
12 [MILLSTONE MSN1 XC100E XC100E TYPE=1:IP=127.0.0.1:PORT=2529 Yes
13 [WINTERTON WTN1 XCI100E XCIME TYPE=1;IP=127.0.0.1:PORT=2444 Yes
14 |SUMMERSBY |SMB1 XC100E XC100E TYPE=1,1P=127.0.0.1,PORT=2369 Yes
15 [SPRINGFIELD |SGDI1 XC100E XCI0E TYPE=1:IP=127.0.0.1:PORT=2295 Yes
16 [MAMTON MMN1 XC100ETEL XCI100E TYPE=2,PHONENUMBER=90044536775802 |No
17 [PORTON PTN1 XC100ETEL XC100E TYPE=2.PHONENUMBER=90044556745921 |No
18 [PORTON PTN2 XC100E XC100E TYPE=1;IP=127.0.0.1;PORT=2333 No
4.14.1 Add a device

In the TDU selection, click the ‘Add’ icon, the following window opens.

£51 TDU Addition %
Substation MEDWAY TOWN 1 ~|  EquipmentType |TDULOCE v
Name METI Protocol Type | IDUL00E -
TDU Disabled? | No -
Channel Parameter TYPE=L.IP=172.16.200.182;PORT=2404 |
Line Paramter
Numiber 3 -
Ne Line
1 |ME-PO1 | Edt
B [ME-PO2 | Ed
3 [BUS1 I Edit

oK Cancel

e Substation: Choose from the list.
e Equipment type: Choose from the list.
e Name: Name of the unit to be added.

e Protocol type. Clicking on this opens the following drop-down menu. It includes
previous iterations of XC-100E and an earlier device.

X
Equipment Type  XCI00E v
Protocol Type XC100
DPS
. If the communication mode is TCP / IP, select XC100E or XC100;

. For a switched telephone line, select XC100ETEL;
. For point-to-point, select XC100E or XC100;

. The selection Trans-DNP (Distributed Network Protocol) is only supported by
the XC100E unit. The function of the DNP protocol is to transfer the events and
location information to other systems, such as SCADA.
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. The selection Trans-103 is only supported by the XC100E; the connection can
be TCP/IP or point-to-point. The selection applies for the IEC 60870 — 5 - 103
protocol, for connection to the SCADA system.

e Channel parameter. Here is the choice between the three types of communication.

to the next window.

& Channel Parameter X

() Com (@) TCP Telephone

Address of TDU | 172 16 _ 200 182

Port 2404

OK Cancel

e The default is TCP: you must specify the IP address of XC-100E, XC100, or the
receiver of the DNP protocol information, and the port number.

W00 Note: If the address is 16, write 16, NOT 016.

. @
- - Note: As the TCP communication is used for the local XC setting, it is necessary to input
the TDU address even if TCP is not the communication mode.

Note: If the connection is based on the TCP/IP communication mode, the XC-2100 IP
address and port number must match with the setting of XCF software. For instance, if
the Master Unit address is:192.168.0.150, then all XC’s will have the address:
192.168.0.xxx,

Where: Where xxx is any number except 150; also, XC numbers must be all different!

e The other selection is ‘Com’ and when selected, the below window opens. We can
input the communication parameters.

&l Channel Parameter X

@® Com O TCP Telephone

Port COM1 ~

BaudRate | 300 ~

Stop Bits 1 ~

Records Bits | 8 ~

Parity None ~
OK Cancel

e The last selection is Telephone: it is accessible only if the protocol has been selected
as type XCTEL. The telephone number can be programmed here.

~\ ] l' Note: Sometimes there is a switched line. The telephone number is made of two parts: the
- e telephone number plus the number of the internal line. In this instance, it is important to

Q leave some time for the switchboard to make the connection. This is achieved by adding
commas at the end of the number, before the internal line number. Each comma
corresponds to a pause of 6 s.
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Next, the internal line number can be repeated, which improves the ease of communication.
It is programmed as follows:

NNNNNNNNNN,,,,, XXXXX

Where: NNNNNNNN is the telephone number; commas are the pause before dialling the
internal number; X is the single-digit internal line, repeated several times.

| E§ Channel Parameter X

Com TCP (@ Helephone

Telephone Number

0K Cancel

° Channel disabled; The term ‘channel’ refers to the communication line. This
selection allows communication with the XC-100E to be disabled whilst leaving it connected.
The normal selection is ‘No’.

. Line parameter.

First, select the number of substation lines, which are monitored by the same XC-100E: up to
eight lines can be monitored with one equipment. The number includes the bus, if
programmed. In our example, the selection is three. Then, click ‘Edit “: the window will ask
for the line to be selected.

3! Line X

Line Please Select -

The window displays only the lines programmed for the selected substation. Once a line has
been chosen it is no longer available for the next selection. Click OK for each selection made.

Note: the wiring of the XC-100E, must follow the same sequence of lines as are programmed.
For instance, having programmed two lines and a bus on the XCF-2100E, after ‘OK’, the
window is as follows.

3! TDU Addition X
Substation MEDWAY TOWN 1 ~ Equipment Type TDUIMWE ~
Name MET1 Protocol Type TDUIMWE ~
TDU Disabled”?  No ~

Channel Parameter TYPE=1:[P=172.16 200 182:PORT=2404

Line Parameter

Number 3 ~

No. Line

1 ME-PO1 | Edit
2 |ME-PO2 | Edi
3 [BUS 1 [ Eam

Cance
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Clicking ‘OK’, gives a confirmation message.

| Parameter Management x L

Operation Add TDU successful!

The software takes some time for the database upgrade; during this time, the following
message is displayed.

E3! Parameter Management X

== Processing TDU ...
N

The operation is repeated for all the substations equipped with the TDU. At the end, with
three units, the window will look like this:

6 | ELSDON | ELS1 'TDU100E 'TDUI0OE [TYPE=1:1P=172.16.200.186.PORT=2404 No
2 | HILFORD | HIL1 [TDU100ETEL ITDUIOGE |TYPE=2:PHONENUMBER=90033557464723,,..,..33333...INo
14 | SPRINGFIELD | sGDI [TDU100E 'TDUI00E |TYPE=1:1P=172.16200.182:PORT=2404 No
19 | SUMMERSBY | SBYI 'TDU100ETEL 'TDUIOOE |TYPE=2;PHONENUMBER=90033557471861,,,,,,555  [No
16 | WINTERTON W [TDU100E [TDUI0OE |TYPE=1:1P=172.16200.184:PORT=2404 No

The three communication modes have very different transmission times and operating
modes. For ETHERNET, the transmission time is almost negligible, such that there is a real
time alarm after a fault. Also point-to-point can be fast, depending on the network. For the
telephone connection, however, the operation is very much slowed down and depends on
the reporting cycle chosen. If hourly calls are selected, there will be up to an hour’s delay
with respect to the fault; however, the telephone bill will increase with the regularity of the
reporting. If calls are made only when alerted to a problem, the bill will be minimised, but
the fault information will be delayed.

There are two types of results which can be requested:

e Summary: This allows the software to calculate the distance of the fault, and to
record it. The summary has few data, and is also fast with the telephone
communication.

e Records: These take much more time. Here is the formula to calculate the recording
time of transmissions for the point-to point and for the telephone selections.
T=R*F*N*P*B/S

(Data time in secs.)
(Recording time seconds)
(

Sampling frequency, in Hz)

T=
R =
F=
N = (Number of channels, including those not used)
P=
B = (Number of bits per word = 12)

S=

(Number of phases per line = 3)
(

Speed of serial transmission, baud)
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Example:
Recording Time = 1ms;

Sampling frequency = 1 MHz;

Number of channels: 4;
3 phases;
12 bits;

Transmission rate: 1200 baud.

The time is: 600s, or 10 minutes.

4.1.4.2 Update the parameters of a TDU

To change the XC-100E settings, click the right mouse on the record that needs to be

changed: it provides the following choices.

| & oAdd

| ¥ Update
&= Delete
Ly Search

As an alternative, double clicking the selected substation of the TDU table allows the

following window to be opened:

B3 TOU Addition

Substation MEDWAY TOWN 1
Name MET1

TDU Disabled? No

Line Parameter

No. Line
1 ME-PO1
2 IME-PO2
3 [BUS 1

Previous Next

Channel Parameter TYPE=1;IP=172.16.200.182; PORT=2404

Number 3 v

X
Equipment Type TDUI0E v
Protocol Type TDUINME v
Edit
Edit
Edit
coc

It is the same as the one which opens with ‘Add’, apart from the additional selections

‘Previous’ and ‘Next’, on the bottom left.

Previous Next

‘Previous’, saves the current setting, and displays the former one.

‘Next’, saves the current setting, and displays the next one.

After modification, click OK.
4,1.4.3 Deletea TDU

Choose the record to be removed and delete it by clicking the ‘Delete’ button on the tool
bar, or right click the mouse, and select ‘Delete’.
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4.1.4.4 Search

This selection can be made by right-clicking the mouse on a selected substation, and allows a
substation and its characteristics to be found amongst all programmed substations. The
following window opens.

Find Substation: ~

“* Region

O [ BARKBY
- TENBY

£ [ HORNBY
 DIDCOT

=-[* KIBWORTH
- HILFORD
» HUNSDON
% KINGSTON

B/ MEDWAY
- CHETWIND
“» MEDWAY TOWN 1
% PETFIELD
~% PORTON

OK Cancel

Enter the first letter of the substation name: the window displays the substations with the
same initial letter.

Line Selection X

2 MEDWAY TOWN 1
3 PETFIELD
 PORTON

OK Cancel

With this operation, the substation can be found rapidly; once selected, the data can be
seen.

4.1.4.5 Remote parameter configuration

With the selection of «¢ TDURemoteParameter Configuration  from the Network Parameter menu, the
XC-100E can be configured locally or remotely, via the TCP/IP connection. This is done during
the commissioning of the XC-2100E system.

Note: Remote configuration is available only for the Ethernet connection.
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In this example, regions Hornby and Barkby only have a telephone communication.

¥ Region
=-[7* BARKBY
* TENBY
=-[* HORNBY
% DIDCOT
= [* KIBWORTH
* HILFORD
* HUNSDON
* KINGSTON
2 MEDWAY
* CHETWIND
B MEDWAY TOWN 1
* PETFIELD
* PORTON

If there is a telephone connection and the parameters are to be changed, follow the
following procedure:

e Select the substation;

e Read the IP address of the device using the local display;

e Select the unit in the software, and modify the connection from telephone to TCP-IP;
e Connect a PC to the XC-100E: to change the parameters.

N ¥, e To finish, the telephone connection must be re-selected.

[}
R

Note: If the XC-100E has already been programmed, simply select ‘Receive’ and all
parameters will be acquired from the equipment

4.1.4.6 Programming window

The programme window appears with the selection of TDU Remote Parameter Configuration
from the Network Parameter menu.

mEr R e ereEo o E

Rocuce Sond | [impet | [Saw | | Gem

The window has two tabs: Device and Communication. For both options, the controls on the
bottom line are the followings.

Eeceive Send Import Save Close

e Receive: Gets the parameters of the selected XC-100E.
e Send: Sends parameters to the selected XC-100E.

e Import: With this command, the programme opens the standard dialogue window.
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&3l Open *
Look in: tduparams v 8 =
~ =] TDU-A
& : g =] TDU-AUR-T
Recentltems [&] TDUB
1| TDU-FOY-T
=] TDU-PEY-T
Desktop
Documents
This PC
@ File name: Open
Network  Files of type: | (v * IND) it Caneel

The saved settings can be searched and loaded. The setting files have the extension “.ini’.
These are displayed after confirmation.

Parameter Management X

e
[0' Parameter saved successful!
i

e Save: With this command, the programme saves the file in the directory
XC2100E\param\XCparams. The file name is the same as the equipment. The software
gives confirmation of registration.

e Close: the operation is stopped
4.1.4.7 Programming the device

Coming back to the settings window, parameters to be set are as follows:

Device Communication
StationName:  MEDWAY 1 Device Name: EDL‘MEI Device Id:
Max Channels: 9 v Sample Rate: IMHz v
RecordLength:  |4ms v Trigger Delay- | 200ms v
PowerFrequency: | 50Hz v Number of records stored: | 1000 v

e Station name: Select, on the left, the XC to be programmed: the name of the
substation and of the device are shown above in the table.

e Device name: It shows the name of XC-100E already assigned.

e Device ID: Not accessible, leave it blank. It is filled by the XC device, after the
connection.

e Max. Channels: This is the total number of analogue XC-100E inputs: it is 3 * (total
number of analogue modules); it is 3 for each monitored line.

e Sample rate: The maximum programmable frequency depends on the number of
inputs; see the following table.

INPUTS 3 6 |9 12 | 15 | 18 | >18
MAX 6 | 4 3 2,4 | 2 1.5
FREQ, MHz
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vis
~ ‘. Note: Selecting a high frequency means creating bigger fault record files. Unless there is a

P specific reason, 1MHz should be selected.

This is particularly advisable in case of telephone or point-to-point communications.

e Record length: 1ms is enough for a line 300 km long. Selecting a longer duration
means creating bigger fault record files. This is particularly advisable in the case of
telephone or point-to-point communications.

e Trigger delay: During this time the equipment ignores all triggers. With the default
value of 200ms, CB opening transients are ignored following the fault, but it is ready to
trigger on the CB close transients, that serve to calibrate the line length.

e Power frequency: 50 or 60Hz.
e Number of records stored: Select 5000, which ensures that there are a lot of records

available before they are overwritten.

The following parameters can be programmed in the window. First, select the line; then,
enter the desired field.

Channel Enable  Line Name il DR Volt. Grade Measureme: nt  AlBoard Secondary CT  Primary CT Ratio Gain Threshold  Setting Invert

1 format[1000-1] 100% (8% No

) format[1000:1] 100% 8% No

3 format1000:1] 100% 8% No

4 format[1000:1] 100% 8% No

5 format[1000:1] 100% 8% No

5 format[1000:1] 100% 8% i
format[1000-1] 100% 8%

8 format[1000-1] 100% (8%

o format1000:1] 100% 8% No

e Channel. One analogue channel can only be assigned to one phase of a line.
e Enable. Allows a selected input to be monitored.

e Line name. Repeat the same name for the three phases. For the selection, click with
the mouse: the drop-down menu gives the choice of names. Select lines in the same
sequence as they were selected when programming the TDU. The corresponding line
voltage is displayed.

Line Name

ME-PU1 v

BUS 1

ME-PUI1

ME-PU2

e DI1 and DI2. In these fields it is possible to select the logic signals, connected to the
DI module(s), which give the CB position for the different lines.

e The unit has two slots available. As there are some different types of modules
available, also the input numbering changes accordingly.
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e The following table summarises the input names.

MODULE | No. OF FIRST MODULE SECOND MODULE INPUTS
TYPE INPUTS PER | INPUTS IDENTIFICATION

MODULE IDENTIFICATION
STANDARD, | 5 D1, D2, D3, D4, D6, D7, D8, D9, D10
OPTION 1 D5
OPTION2 |8 D1, D2, D3, D4, D9, D10, D11, D12, D13, D14,
OPTION 3 D5, D6, D7, D8 D15, D16

For the input selection, left click on DI1 or DI2: the drop-down menu opens, providing up
to 16 inputs available.

D11

-

D1
D2
D3
D4
D3
D6
D7 W

The two fields, DI1 and DI2, allow selecting two logic signals for the same line. The user
can decide to configure 1 DI field only or both. If the line needs only to configure 1 input,
the other input should be left blank: the software will display the CB status according to
that Dl input only.

If two DI signals have been associated to one line, the software will display the CB status
according to the two Dl inputs, after having set their logic combination. Please refer to
Section4.1.4.7.

The software monitors the change in position of the CB, during £ 100ms with respect to
the fault recording: if the position has changed, the fault is reported as CB operation.

As DI1 or DI2 input for one phase are selected, all phases of the same line are
programmed with the same input. All inputs have to be programmed, otherwise the
software will not complete the Programming.

This Programming must match with the one performed in the Circuit Breaker
Programming.

e Volt. grade. This displays the voltage of the selected line.
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e Measurement. This parameter defines the type of measurement to be performed on
that input. In case of a line, available selections are as follows.

Measurement
W
la
b
Ic
DC+
DC-
] la, Ib, Ic: phase currents;
] DC+: DC voltage.

In case of a bus or of an external CT, available selections are;.

= Ua, Ub, Uc: phase voltages.

. Ua-l, Ub-l, Uc-I: currents through the ground connection of the voltage
phases, in case of external CT.

e Module. The type of module used on a phase can be selected. For lines, there are
two modules: AD for the direct connection to the substation CT secondary current; Al
for the connection via the split-core CT. If the selection is measuring a bus voltage, the
AV module is automatically selected.

e Measurement CT. For the Al module, the programme automatically selects Split-
core CT; for AD and AV modules, no selection.

e CTratio. Sets the ratio of the substation current transformer. With this setting, the
software calculates the gain of the module. The parameter must have the form 2000:5.
If the measurement is voltage, this option cannot be selected.

e Gain. Here we can set the gain factor of the input, which multiplies the gain
calculated on the basis of the other parameters. This factor can be set between 50% and
150%, depending on the first recordings: reduce the gain if XC triggers too much;
increase it if it triggers too seldom. The default value is 100%.

e Threshold. It is the percentage of the maximum transient signal peak on which the
recording is started (see Appendix 1). If the peak exceeds this value, XC-100E will trigger
and record the event. The adjustment range is from 4% to 20% of the peak. The default
value is 8%.

e Setting. Setting refers to the magnitude of the fundamental frequency component of
the input signal, and serves to determine whether an event is a fault or not. The setting
can refer to current (Al or AD modules) or voltage (AV module).
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For the current, the setting is the current threshold value in percentage of the nominal
current. If the current magnitude exceeds this threshold, the event is classified as a
fault. The current setting’s default value is 140%; the range is 120% to 240%.

For the voltage, the setting is the voltage reduction in percentage of the nominal voltage.
If the voltage magnitude drops below the setting, the event is classified as a fault. The
voltage setting’s default value is 20%; the range is 10% to 80%.

s
B

different, such as 110 V, set the gain at 90%.

Note: the rated voltage (phase-phase) of the AV module is 100V. If the voltage is

The software measures the current or the voltage during 20ms after the fault,
independently from the duration of the recording.

e Inverse. If the polarity of the connection is reversed, this setting allows the error to

be fixed, without changing the connection.

This is the window after Programming:

Device | Commuication
StationName: | MEDWAY 1 Device Name:  |ME1 Device Id
Max Channels: 9 v Sample Rate: IMHz e
RecordLength: | 4ms v TriggerDelay:  |200ms v
Power Frequency: | 50Hz v Number of records stored: | 1000 v
Channel Enable Line Name DIl DR Volt. Grade Measurement Al Board Secondary CT Primary CT Ratio Gan Threshold Setting Invert
1 ME-PU1 D1 D3 400KV Ia Al Clip-on CT 20005 00% 8% 140% No
2 vl ME-PU1 D1 ID3 4006V b Al Clip-on CT 12000:5 100% 8% 140% INo
3 [v| ME.PU1 D1 ID3 400V Ic Al Clip-on CT 2000-5 100% 8% 140% No
4 v ME-PU2 D2 D4 4006V Ta Al Clip-on CT 12000:5 100% 8% 140% No
5 [v| ME.PU2 D2 ID4 400V b Al Clip-on CT 2000-5 100% 8% 140% INo
5 v ME-PU2 D2 D4 400k ke Al Clig-on CT 2000:5 100% (8% 140% No
[v| BUS1 400KV Ua AV None format[1000:1] 100% 8% N No
3 ¥ [BUS1 100KV Ub AV None format{1000:1] 100% (8% N No
9 v BUS1 4006V Ue AV None format[1000:1] 100% 8% N No
Device Communication
Device [P
Modify network communication parameters?: [ ]
LIPAddress: | 172 16 200 _ 12 NetMask | 255 255 (255 . 0 Port 2404
Gateway:
2.1P Address: Net Mask: Pot:
Gateway:
Modify com communication parameters?: [ ]
COMM 1
BaudRate  9600bps Protecol | 103
COMM 2
BaudRate  9600bps
Use Medem Modem Command Enable Auto Calling Phone Number
Time Sync.
() Extemnal GBS
@ Intemal GBS TimeZone | UTC+00:00 v
Receive Send Import Save Close
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The window allows programming of all communication parameters. To change the
parameters, select the check box ‘Modify network communication parameters?’: clicking
Save, parameters will be modified.

The first selection refers to the Ethernet connection. XC-100E has two Ethernet ports at the

back; the first is designated as FE1, which is also physically connected to the Ethernet port
situated on the front panel of the device.

Note: As these connectors are physically joined together; there must only be one
connection.

° The address is made up of three parts: IP Address, Subnet Mask, Default Gateway,
Port number. The software that controls that the port number is in the range 1024 to 65535;
otherwise, it gives an alarm.

Device Communication

Device IP

Modify network communication parameters?: ||
1L 1P Address 172 _ 16 200 182 Net Mask: 255 (255 255 . 0 Port: 2404

Gateway:

The network manager must plan the address to give to all TDUs, in order to avoid having the
same address on two different devices. The default port number is 2404.

The IP address of the FE1 port must match the address programmed in the TDU selection! If
it is necessary to change the address, change it in the TDU selection, and repeat it here.

Note: The PC must have an address in the same segment of the TDU which is to be
programmed: the first three digits must be same. The TDU comes from the factory with the
address 192.168. 0.XXX: the user can change it, as desired. For the initial connection, the
address of the computer must be 192.168.0.XXX, where XXX cannot be the same as the one
programmed in the device.

Most communication errors are address errors. It must be considered that, when a device is
selected, the type of communication and address of the TDU is programmed: in case of
communication problems, always check the settings.

e Second IP address, gateway FE2: the second port can be given a different address
with respect to FE1.

- '. Note: Bot the rear Ethernet ports on the TDU support the IEC61870-5-103 standard for
*NL  communication with the XCF-2100E.

e If the communication is Ethernet, the Programming is complete. If not, check the
‘Modify com.” box: the corresponding setting windows are enabled, which allows
COMM1 and COMM?2 serial ports to be configured.

Modify com communication parameters?:

e COMMI1 protocol: choosing 103 (representing IEC61870-5-103) or DNP (for DNP3)
from the drop-down menu selects the point-to-point communication. 103 provides

:‘ 2 '0. another communications channel to XCF-2100E. DNP3 is for communications to SCADA.
'Q‘ o The selection DNP gives the following window.
COMM 1
BaudRate  9600bps ~ Protocol  DNP e LPDU Source LPDU Destination
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e This allows the Link Protocol Data Unit (LPDU) to be entered, both for the source and
for the destination.

O ! , e COMM2 provides a Modem connection to XCF-2100E, using IEC70870-5-103. The
-Q- selection can be programmed as follows:

. Check the ‘Use Modem’ box.
. MODEM Command: it must be programmed; the default is ATSO = 1.

COMM 2

BaudRate  |2600bps

Use Modem Modem Command Enable Auto Calling Phone Number

ss . Enable auto calling: with this selection, the XCF-2100E master station
- - software calls the XC-100E at a fixed time interval for which the phone number
needs to be added.

Note: this will affect the telephone bill.

. Time synchronisation. Five modules are available; the selection should
match the type of module which has been installed in the XC-100E. There are three
selections:

. External GPS. Select this choice when the module is 1 PPS input, 5V, or 1 PPS
input, optical fibre.

Time Sync.

© Extemal GPS ] RIGB

) Intemal GPS

— IRIG-B. Check the box when the module is IRIG-B DC, or IRIG-B, optical fibre.
With this selection, the software provides the prompt of the year seen by IRIG-B

Time Sync.

(®) External GPS IRIG-B Year 20135

() Tntemnal GPS

— Internal GPS
lmme Sync.

() Esternal GBS

© [Intemal GPS TimeZone UTC-00:00 v

This selection allows the time zone to be set for the location where the XC-100E
will be installed. The software tracks time changes due to daylight-saving time.

4.1.5 Circuit Breaker

. <> B aki .
The selection @ in the Network Parameters menu, allows the user to

programme the information of the breakers at both ends of the line, and to specify the
corresponding digital input.

initiated by the trigger; the TDU monitors the CB position only 100ms before and after

'Y o Note: This feature does allow measurement of the CB operation times. The recording is
; operation. If a CB operation does not cause a trigger, it is not recorded.
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4.1.5.1 Adding a circuit breaker

The software opens the following window, showing all the circuit breakers in all networks.

£ Parameter Management
Netwotk Parameter(E) System Parameter(S) Equipment(D)) Backup(l) Language(L)

&+ Add § Update & Delete | [#] Refresh | ). Tower Information Import | £ Google Map | I Exit

TDU 3 Line Information 3¢ Breaker 3¢

No. Line Breaker Name State Device DIl D2
1 ME-PO1 BE. MED2 Close MED1 1 2
2 ME-PO1 BE_PO1 Open PO1 4 3
3 ME-PO1 BE.PO2 Open PO1 2 1
4 ME -PO2 BE MED1 Close MED2 1 2

In the breaker selection, under network parameters, click the ‘Add’ icon: The following pop-
up window opens.

3 Breaker Addition X

Breaker Name BE MED1

Line ME-PO1

State Close ~
Device MET1 ~
DIl 1 ~

DR

OK Cancel

Add the name of the circuit breaker in the appropriate section. Then choose the line it is

associated with by clicking on the button with three dots - :the following pop-up window
appears; it represents the network.

Line Selection X

Find Substation: | ~
¥ Region
© [ BARKBY
= TENBY
© [ HORNBY
 DIDCOT
© [ KIBWORTH
* HILFORD
 HUNSDON
¥ KINGSTON
= MEDWAY
2 [ CHETWIND
B @ ME-POIL

CHETWIND
& [* MEDWAY TOWN 1
=@ ME-PO1
CHETWIND
@ ME-PO2
~ PETFIELD
£/ PORTON
=@ ME-PO1 v

OK Cancel

In the ‘Find Substation’ area, select the substation name on the scroll-down window and use
the mouse to choose the line.
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4.1.6

]
@"
-

] v

The remaining boxes are populated as follows:

e  State: Allows the CB position to be inputted, when the signal is HIGH.

Close Y]

Cpen

Unknown

The pop-up window gives three choices: Open, Closed or Unknown, where the latter
means that any level is alright.

e  Device. Choose the equipment that is connected to the CB position logic signal.

e  DI1, DI2. XC can monitor two inputs per CB. For instance, the CB Closed and the CB
Open signals. This selection must be the same programmed in the TDU parameters! The
software can be programmed on the logic combination of the two inputs: see next
Section.

Note: clicking on the window columns allows the arrangement of the table in ascending
or descending order of: number, line name, breaker name, DI state, device name, DI pin
number. This facilitates the search.

4.1.5.2 Breaker update

Choose the breaker record to be changed and change the record by clicking the ‘Update’
button on the tool bar, or by right clicking the mouse. The right click menu is the following.

& Add
7 Update
&= Delete
‘. Search

4.1.5.3 Breaker deletion
This is the same operation as with the other selections.
DI Rule

The selection ¥ DR i the Network Parameters menu, allows the combination logic of
the two DI1, DI2 logic inputs to be programmed. This allows the TDU to monitor if the
recording has originated from a CB operation. The DI rule is used when there are two digital
inputs for one line, and it is necessary to use their logical combination to confirm the CB
status.

After the selection, the programme displays the following window:

B4 DIRule X
No DIt R State
1 N.OLOW N.OLOW Open
2 NOLOW N.C.HIGH Unknown
5 N.C/HIGH NO.LOW Unknown
4 NOLOW Unknown Open
5 [Unknown N.O/LOW Open
5 N.C/HIGH N.CHIGH (Close
U N.C/HIGH Unknown (Close
H Unknown N.C/HIGH (Close
o Unknown Unknown Unknown
OK Cancel

Note: In the table, Open and Close refer to dry (no voltage) logic inputs, NOT to the CB
position. When inputs are wet (with voltage), Open corresponds to low voltage, Close
corresponds to high voltage.
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The previous table displays all nine possible combinations of DI1 and DI2, and of the
resulting State. In the inputs, Unknown means that the input is not considered. The State can
be programmed for each combination, as follows.

! DIRule X
No. DIl DR State
1 N.OLOW N.O/LOW Open
1 Unknown ~
3 N.C/HIGH N.O/LOW .
(Open
4 N.O/LOW [Unknown Close
3 Unknown N.OLOW Open
6 N.C/HIGH N.C/HIGH Close
N.C/HIGH [Unknown Close
2 Unknown IN.C./HIGH Close
2 Unknown [Unknown Unknown
OK Cancel

As shown in the above window, for the second rule, when DI1 is ‘N.O./LOW’ and DI2 is
‘NC/HIGH’, the CB State can be set to ‘Unknown’. After modification, click ‘OK’ to confirm it.
The XCF software will decide the CB state by the DI rule. For example, if DI1 is ‘N.O./LOW’,
DI2 is  N.O./LOW °, the software will decide that the CB is ‘Open’ according to DI rule No.1; if
DI1is ‘N.C./HIGH’, DI2 is * N.C./HIGH /, the software will decide that the CB is ‘Closed’
according to DI rule No. 6.

The rule works where there is only one input. For example, if only DI1 is connected to the
digital input, DI2 is set as ‘Unknown’ in the DI rule and the CB state only depends on DI1.

Once the selection has been made, click OK: which gives the following message:

N.C/HIGH [Orknown [Cloze

4.1.7 TDU disabled?

] " ol
The selection # TDU Disabled? is available in Network Parameters. It allows the device to
be disabled or enabled. The selection is useful when one device has a problem, but it is still

necessary to monitor the other units in the region.
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After selection, the following window is opened.

31 TOU Disabled? ”
[] /?® Region
= [0 WOLFORD
& [ MEDWAY
© [0 MEDWAY TOWN 1
O @ METL
] @ MET2
© [/ HILFORD
0@ =L
© [ MILLSTONE
O @ MILL
& O™ BARKBY
0@ BKY1
= [ THORPE
@ TrRP1

0@ 1RP2
o [ KINGSTONE

0O @ kN1
= [ ELSDON
O @ELs1
O@rs:
=[] PETWORTH
O @FrET1

Enable Disable Cancel

In the window, a green dot means the corresponding unit is enabled, while the red mark
means that it is disabled.

In the list, select the device requiring a change of state (the software supports a multiple
selection). If the selected device should be available, click the ‘Enable’ button and conversely
to disable click the ‘Disable’ button.

After the command, the following message is displayed.

4! Parameter Management x

== Processing TDU ...
N\

When this disappears, the operation is completed, and the window is closed.

4.2 System Parameters

This is selected from the ribbon or with ‘Alt + s’ and provides this pop-up window:

System Parameter(S) Equipment(D)
8. User

Email Addition

SMS sending configuration
TDU Remote Reset

Fault Simulation

Dial-up

Communication Restart
Image Config

Google Online Map Config
E-mail Setting

Periodic deletion strategy

SH®“POK -

L]

il

Comtrade export

The following sections explain the options:
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4.2.1

4.2.2

User

This selection allows users to be added or deleted from the list of people who can access the

programme, and to set their privileges.
The icon is # Use* . This gives a list of existing users.

3! Parameter Management
Network P; er(E) System P er(S) Equip (D) Backup(I) Language(L)

£ Add 9 Update %= Delete | @ Refresh | ' Tower Information Import | 4 Google Map | [ﬂE Exit

TDU 3 Line Information 3 User 3

No. Login Name User Name Password Privilege
1 Dlones David Jones dgJ45df |Di5patcher
2 J8mith John Smith AFrzeu’s12hXthW |System Manager

Click Add: the following window is displayed.

i3l User Addition X
Login Name
User Name
Password
Confirmed password
Privilege System Manager ~
OK Cancel

e The ‘Login Name’ is the name used to login the software. It can be any name.

e  The ‘User Name’ is the actual name of the operator using the software.

e  Password. Relating to a particular the user.

e  Confirmed password: repeat the password.

e  Privilege: with the slide-down window, ‘System Manager’ or ‘Dispatcher’ can be

selected.

After the confirmation, the new user is added to the table, which can then be updated or

deleted as required.

Email addition

When a fault occurs, the equipment can send an email to the address programmed here. The

programming is performed in two steps:

e First, programme the E-mail setting, as explained in Section 4.5. With this operation, the

data of the calling PC is provided,;

e Next, with this selection, programme all the addresses to which the information should

be sent.
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Clicking the icon | = Fmail Additien provides the list of existing mail address.

Network Parameter(E) System Parameter(S) Equipment(D) Backup(l) Language(l) Help(H)
Update % Delete | @ Eefresh | . Tower Information Impott
TDU 3 | Line Information 3 | User 3 | Email 3§

> Google Map | [

No. User Name Email Send Contents

Clicking the ‘Add’ icon, opens the following window.

53! Email Addition

X
User Name:
Address E-mail:
Send Contents: [[] Location Result []Event
0K Cancel

After entering the name and address, the type of message that will be sent automatically can
be chosen: e.g., the fault location result or all events. Clicking ‘OK’, confirms the selection.
On the main page, the programmed address appears.

B Parameter Management — O *
Network Parameter(E) System Parameter(S) Equipment(D) Backup(l) Language(L)

B Add ¢ Update %= Delete | Fij Reft'esh| | Tower Information Import
TDU 3 Line Information 3¢ Email 3§

47 Google Map | [H]E-Exit

Mo. User Wame Email

Send Contents
1 John Smith

\jnhn.smiﬂl@cnmpan};.cnm |I_ncatinn Result; Event

Selecting the address, allows it to be Updated or Deleted. An example of the received
information is as follows:

Event:
1. Time:2021-0604 13:32:02 1.7us, Substation: I'A Line: I'L1 TDU: A Trigger

2. Time:2021-06704 13:32:02 341.0us. Substation: I'B Line: I-L4 TDU: I'B Trigger

3. Time:2021-0604 13:32:02 Ous. Line: I'T2 Breaker:I'A'B2 Open

Fault Location:

1. Time:2021-0604 13:32:02 1.7us, Line: TL3, Distance To: TA O.SOlka, Distance To: TB  99.49%9km

4.2.3 SMS sending configuration

This feature is used to send SMS messages of 2-ended fault location results to the user’s
mobile phone. The configuration requires the name of the user, the mobile phone number
and the line (or lines) of which the fault location result is to be sent. In the example below,

the network under monitoring consisting of 5 lines are selected. The result of any 2-ended
fault location on those lines will be sent to the recipient.
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4.2.4

4.2.5

| 8MS sending enable configuration

| [/ Forward ranging results
| SMS recipient configuration
Aad Update Delete
No Name Phone Number Line
1 |Jokn Another 13412345678 |00SB1GU:01GU020H;01GU05TI 34 kV;020H0SFP 34 kV:03TIMLM;

TDU remote reset

3] SMS recipient configuration X

Name John Another

Phone Number | 13412343678

B2
= [ CEDENAR INTERCONEXION CAUCA-NARINO
[ «* 00SBOIGU
[ «* 01GU020H
[ & 01GUOSTI 34 &V
A «* 020HOSFP 34 kV
A o 03TI4LM

With this selection, an XC-100E unit which does not respond correctly, can be reset; this
operation is available when the master unit is connected to the network. The icon is

The window is as follows:

i liliﬁ-il TDU Eemote Eeset

E3l TDU Remote Reset X%

® Region
% BARKBY
% HORNBY
* KIBWORTH
= [* MEDWAY
5 [* MEDWAY TOWN 1
@ MET2

Remote Reset

Select the TDU to be reset, and click ‘Remote Reset’: the software asks for a confirmation.

TDU Remote Reset *

Remote Reset[ MET2]?

Mo

Answer ‘Yes’ to perform the operation

Fault simulation

This selection allows the simulation of a fault trigger in the TDU, in single end or double end
modes. The operation serves to check the software performance: transmission of fault

record, fault location, alarms etc.
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The function is available only when the master unit is connected to the network. The icon is
as follows @ FaultSimulation . 56 clicked, the following window is opened.

£l Fault Simulation

Trigger Time: (11 ~|: 56 ~|:|50 ~

(@ Single End  (0) Double Ends
Line ME-PO1

Length [110.000 (kem)

Substation MEDWAYTOWN1

Fault Location 34 (lem)

[] Immediate trigger

MET1(tdu100e) > 11:56:50 000000us

OK

Close

x

With the selection ‘Single End’, the programme displays the above window. Choose:

e  Trigger time: the software will wait until the programmed time, and then send the
simulation command. Checking ‘Immediate’ trigger results in the trigger being sent as

soon as OK is clicked.

e Line: Click the icon

to select the line which the simulated fault will be applied to.

Line Selection

Find Substation: |

? Region
=¥ BARKBY
% TENBY
=-[* HORNBY
% DIDCOT
= KIBWORTH
% HILFORD
* HUNSDON
% KINGSTON
=-[* MEDWAY
% CHETWIND
2 [* MEDWAY TOWN 1
@ ME-PO1
@ ME-PO2
% PETFIELD
= [F* PORTON
@ ME-PO1
@ ME-PO2

0K Cancel

e Length: the software displays the line length which has been set during configuration.

e  Substation: select the substation from which the simulated fault distance is to be

applied.

e  Fault location: Enter the distance from the substation to the simulated fault.

e (lick ‘OK’, the followin

g window opens:

| E4! Fault Simulation
N
N

'-} Sending data, please wait...
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At the end, the fault is recorded on the selected XC-100E. When the fault data is
received, the trigger times will match those displayed before the start of the test.

e  With the selection ‘Double Ends’ the programme displays the following window.

& Fault Simulation
Trgger Time: |12 ~ | |08 « |: |34 « []Immediate tngger

oo End () Double Ead MET1(tdul00¢) > 12:08:54 000000us
QO single (/S e PO1(tdul00e) -> 12:08:54 000000us

Line ME-PO1

Length |110.000 (kem)

Local Substation DWAY TOWN 1
Eemaote Substation | PORTON

Fault Location |43 (kom)

0K Close

In this case the line is selected as above; then, the software displays the two substations
at the ends of the line. The fault location distance is from the Local Substation. The
right-hand pane shows the expected time of the triggers at either end.

4.2.6 Dial-up
This instigates the download of fault information when a TDU on the system is connected by
a telephone line. The selection is active only if TDUs are connected. The icon is «~ Diakup
The following window is opened.

+* Dial-up
Modem Config []

Operating Data  Configuration Data  TDU Remote Reset Fault Simulation Automatic Dialing Group Dialing
June 17,2021 ~|[00 <[00 v - [Fume 172021 |12 ][0t ~| [JSummary (JFulData

| Region
= [ MEDWAY
* CHETWIND
= [ MEDWAY TOWN 1
@ ME-PO1
@ ME-PO2
* PETFIELD
5 [ PORTON
@ ME-PO1
@ ME-PO2

Telephone Pull data Ring off

Listed substations and TDUs are those which have been selected on the Telephone
communication.

At the top, there is the selection ‘MIODEM Config’ which allows the selection of the type of
MODEM being used by the PC, from the drop-down menu. From the ribbon, select Operating
Data to configure the dial-up mode.

I Operating Data | Configuration Datal TDUIMWE Remote Reset | Fault Si.mu].aﬁonl Automatic Dialing | Group Dia]ing|
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4.2.7

Operating data

This allows the selection of data for download, by defining the recording time and data type.
The following can be selected:

Operating Data Configuration Data | TDUL00E Remote Reset | Fault Simulation | Automatic Dialing | Group Dialing

October 92014 v |00 w||00 | - October2014 v |0l v (49 [] Summary [ | Full Data

e Time Selection: It is used to select the time range of the TDU records: to the left the first
record, to the right the last one. When the window is opened, the software displays the
current date on both sides. Clicking the selection window, the following is displayed.

June 2021 3
Sun Mon Tue Wed Thu Fn Sat
30 31 1 2 3 4 3

6 7 8 9 10 1 12
13 14 13 16 17 18 12
20 9 0 23 M [N 6
27 28 20 30 1 2 3

4 3 & 7 8 g 10

[T June 23,2021

The circle highlights the current day. Any other day can be selected if necessary, a single
left arrow < selects the previous month; two left arrows << select the previous year.
Select the desired day and time for the beginning and the end of the period which
includes the recording required for download: the transmission will take some time.

e  Summary: The download of the summary of recordings can be selected to have the list
of faults. The summary includes: fault distance, if the same fault has been recorded at
both ends of the line, fault time, fault phase, but it does not include the waveform. The
fault distance will be computed only after the summary of TDU recordings at both ends
of the line has been downloaded.

e  Full data: This is used to obtain both the summary and the associated waveforms. Note:
this operation will take several minutes, whilst the summary alone, takes just a few
seconds.

After the selection of the substation, select the TDU from which to download the data:
the corresponding telephone number is shown.

Telephone 00474827097 Pull data

Then, click ‘Pull data’: the selected phone number will be called; the call is confirmed in
the bottom portion of the window. TDU will send the data to the software; for the data
analysis, see the Section 7 ‘Travelling Wave Records’.

At any moment, or at the end of data transfer, click ‘Ring off’ to close the
communication.

4.2.7.1 Dial up Configuration data

The operations are explained in Section 4.1.4.5; the only difference is that here, the
composition of the phone number is provided.

4.2.7.2 Dial up Remote reset

The operations are explained in Section 4.2.4; the only difference is that here the
composition of the phone number is provided.
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4.2.7.3 Dial up Fault simulation

The operations are explained in Section 4.2.5; the only difference is that here, the
composition of the phone number is provided.

4.2.7.4 Automatic dialling

The following window is displayed:

¢ Dial-up
Modem Config [| v

Operating Data | Configuration Data | TDU Remote Reset | Fault Simulation Automatic Dialing | Group Dialing
Interval [10Minute| v
O Substation TDU State
a TENBY TBY1 Stop
O | pIDCOT | DDTI [stop
O HILFORD HFD1 Stop
a | HUNSDON | HND1 [stop
O | MILLSTONE | MLNT [stop
0 | SPRINGFIELD | spD1 [stop
Send Stop

This selection allows the downloading TDU data to be carried out automatically. This allows
the user to be alerted about events with a short delay; the limitation is the cost of the calls.

The window lists all TDUs which are connected by telephone. The required TDU can be
selected by checking the box. The interval between calls can be set from 10 minutes to 24
hours.

10Minute

100 Jimute

300itute
1Hour
3Hour
6Hour
12Hour
24Hour

After these selections, click ‘Send’: the automatic call instruction is sent to all selected TDUs.
4.2.7.5 Group dialling

The following window is displayed:

:~ Dial-up

& Modem Config |~

Operating Datz  Configuration Data  TDU Remote Reset Fault Simulation Automatic Dialing Group Dizling

June 17,2021 ~ |00 »||00 | - |June 172021 v|[12 v |04 & [ Summary [| Full Data

[ °* Region
- OcF
=[] £ MEDWAY
a O 3 MEDWAY TOWN 1
] @ ME-PO1
=[] #* PORTON
@ ME-PO1

Dial-up Ring off

The purpose of this selection is to consecutively call more than one TDU, to see if there is a
fault record: The received data summaries will include fault locations where appropriate.
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4.2.7.6 Communications restart

. [@ Communication Restart L
The selection allows the software to restart communication

system between the master station software and the equipment. The following confirmation
window is opened:

Parameter Management *

@ Do you want to restart Communication?
L * 4

Next, the software displays the time it takes to complete the operation.

3! Parameter Management *

N}

[ Restarting ...

4.3 Image configuration

This selection B Image Cenfiz  5)ows a company logo to be displayed on the software front
page, instead of KEHUI.

The following window is opened.

E&! Image Config x
[Flease select the image{1600%203)

OK Restore Default Cancel

Select the directory and the file with the required logo, and then click OK. The logo can have
a .jpg or .bmp extension; the dimension should be 1600*203 pixels. Click OK, then exit and
re-start the XC-2100E software: the new logo is displayed.

@HUI Shandong Kehui Power Automation Co.Ltd.

Clicking ‘Restore default’, will restore the original KEHUI logo to the welcome page.

XCF-2100E Software User Manual | V2.1 | 76



4.4 Google Online map configuration

. & G Online Map Confi .
The selection oogle FMEP OIS Qllows the colour of the healthy and the faulty line

to be chosen for the Google map. The following window is opened.

&3! Google Online Map Config *

Normal Line Color:
Faulty Line Color:

Cable Line Color:

OK Cancel

Alternative colours can be selected from the colour table accessed by the three dots
adjacent to each line.

4.5 Email setting

® | .
The selection =— iy allows for Programming of the Sender data. The

following sender information should be inputted.

3] E-mail Setting x

E-mail Server | epint 163.com

Sender  iohn smith@163.com
User |ighn smith

Password | 123456

0K Cancel

e  E-mail Server: Sender E-mail server;
e Sender: Sender E-mail address;

e User: Sender E-mail user name;

e  Password: Sender E-mail password.

After configuration, the XCF software will send the information to the E-mail address
configured in the ‘Email addition” menu, as explained in Section 4.2.2. The ‘Email addition’
configuration is as follows.

Network Parameter(E) Svstem Parameter(3) Equipment(D) Backup(l) Language(l) Help(H)
: i § Update % Delete | F| Refmsh| Tower Information Impert | 47 Google Map | il

TDU 3 | Line Information 3 | User 3¢ | Email 3§

MNo. User Name Email Send Contents
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4.6

4.7

Comtrade Export

The Comtrade files in primary and secondary quantities will be exported into a user-defined
directory if configured. The set-up of this directory is done through the ‘Comtrade Export’
facility as shown.

Comtrade export bd

Export directory

Commit Cancel

Equipment maintenance

This feature is used to manually record a maintenance operation to a TDU. The selection is
accessed as follows:

Equipment(D)| Backup(l) Help(]
.+ [Equipment Maintenance

—_—

It is also accessed with Alt + d.

This selection allows the user to add, modify and delete all information about any
maintenance, repair, replacement etc., performed on any TDU throughout the selected
region.

The window is divided into two parts: the equipment tree on the left, and the list of
information on the right.

Line Information J§ Breaker 3§ User$ Email) TDUJ Equipment Maintenance J

% Region

5. TDU | Preview £ Prnt
5 -
& BARKBY
% HORNBY No. Substation Equipment Name Time Type Content
T KIBWORTH
T MEDWAY

Open the maintenance window by clicking the ‘Add’ button on the tool bar, which gives the
following window. Select the substation, equipment name and time related to the required
maintenance session.

B Records X
Substation Please Select ~
Equipment Name  Please Select ~
Time June 172021 w

13 ~|:|29 ~ |13 «

Type Install v

Content

0K Cancel
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4.8

4.8.1

There are four possible maintenance types which can be selected. It is also possible to enter
comments in the Contents box.

Install ]

Change
Upgrade

Eepair

Click OK, and the maintenance information is saved for future reference.

Database back-up, delete and restore

The XCF-2100E provides a database back-up facility (to aid in the event of PC crash or hard
disc failure), which contains the setting parameters, fault and alarm records. This back-up
can also be used when engineering support is required such that the database can be
provided to assist in the analysis of fault incidents.

This function is also accessed with Alt + i. Here is the window that is opened:

Backup(l) | Help(H)

R’ Export

R Import

% Database Backup
Ei. Database Restore

The software provides the import and export operation on two types of data: current data,
and the entire database. The difference between the two is as follows.

. When data are imported (or exported), they are added to (or saved from) the lines and
networks that are currently used by the software. In particular:

e New lines are added to the existing ones;
e New data of the existing lines are added;
e Data already available in existing files are ignored.

e  When the database is restored, all current information is cleared. Data can be
retrieved as they were at the time of the last back-up.

In conclusion, the normal operation is data import or export. Database restore is used when
data are damaged, or during the first installation. The following is an explanation of the
operation:

Data Export

This command allows the current data to be saved to files in Excel format, allowing them to
be sent to other users. This performance is particularly important when the TDUs are
connected by phone, as it allows all interested people to get data without being obliged to
connect to the TDU.
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The window is as follows:

£l Export X
Directory
Data Graph
Select All
Select Type
|configuration Data
|operating Data
[]Record Time Start Time |une 172021 End Time | June 17,2021
A
-
Export Quit

Select the back-up directory, clicking the button
selection window; the default is C:

The software opens the standard

This selection is the one to be used when results are to be sent to someone.

e Inthe Graph tab, shown below, the window shows the diagrams that are available.

Directory |C/

Data| CGreph

[] Select All

Select Name
O GridLine275kV_US.sve
O Lyon.sve
J

Toulouse.svg

Select the diagrams to save.
Based on the selections, the software stores the selected data in different files; they are:

e Configuration data.XLS, for all settings. Data saved with this selection are: Voltage level,
Region, Substation, line, XC, Channel, XC line, Equipment, Equipment State, Breaker, T-
branch, Tower number, Email, Section, DIRule.

e  Operating Data.XLS, for test results. Data saved with this selection are: Fault Analysis,
Fault Data, Measure span, Fault data result, WAN measure, Wave data queue, Wave
data queue history, SOE, Event.

e File Name.SVG, for the network graph. This file can be opened by the XCF software.
4.8.2 Data Import

This command allows the retrieval of data that has been saved, or has been received. The
window is as follows:

B9 Impon x

Direztocy

Ds2 Graph
File List Typo st e solectod

Please Select
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e Select the directory to look for the file, clicking the button ... : the software opens the
standard selection window. The software displays the files with extensions ‘*.xIs’ or “* xlsx’
that exist in the selected directory. They are designated; ‘Configuration data.xls’, and
‘Operating data.xls’.

) Import LY
m&m.\'
Chtasback
Data Graph
[File List Twpe must be selected
[Configuration Data s
[Operating Data s Please Sellect -

e Choose the type of data to import. There are two choices:

Please Select -

Please Select
Configuration Diata
Cperating Data

The selection refers to the type of data to be imported, see the characteristics in the section
before. After the selection, the software highlights the files with the selected name.

e Click ‘Import ‘: the software loads data from the Excel file. Before proceeding, the software
checks the consistency of the data format and imports, if the values already exist, the
software ignores the new data and continues.

The result of the operation is displayed below: if all went well, the message displayed is
‘import was successful’; otherwise, the message says that it was wrong.

[Voltage Lewvel] import was successfil
[Region] import was successfil
[Substation] import was successful
[Litie] import was successful

[TDU] import was suecessfil

[Channel | import was successful
[TDU-Line] import was successful
[Equipment] import was successful
[Equipment State] import was successful

The last messages are ‘Configuration data input is completed’ or ‘Operation data input is
completed’.

e Forthe graph import, as above, select the directory: the software displays all files with the
extension .svg. Select the desired one, and click ‘Import’.
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4.8.3 Database back-up

This command backs up the database. The window is as follows:

B9 Dstabase Backup X

Directory | C/XCF2100EDBINN0G2Zhack

Database Backup Cancel

The software, by default, displays the C: directory, and the file name, which is XCF2100E
followed by the date: the directory can be accepted or changed.

Click ‘Database back-up’: if data is saved on the root of the C drive, this file will not be
deleted if the XCF software is uninstalled.

After saving, the window is as follows.

) Database Backup <
Darectory |C/XCF2100EDB20141116 back

Database Backup***

*Stant
Database Backup®*****OK!

OK!

Database Backup Cancel

4.8.4 Database restore

This command allows the retrieval the database that has been saved. The window is as
follows:

B3 Database Restore X
Daectory C:/XCF2100EDB20210622back

Database Restore Cancel

Choose the C: directory, clicking the icon : the standard selection window is opened.

&3 Open X
Lookin: | i, Local Disk (C:) v 2rEE
R . XCF2100eback
o~ . Users
RecentItems | . Program Files . Windows
. Program Files (x86) | xtest
- | ProgramData || XCF2100EDB20210622.back
: . SUPERDelete __| XCF2100EDB20120629.back
Desktop
[ : File name: Open
Documents  Files of type: (*.back;* BACK) v Cancel
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After this selection, the software will display the names of ‘bak’ files that exist in the selected
directory. Choose the required one, and click ‘Database Restore’. Note: the name of the .bak
file includes the date when it was saved. The following window is shown;

[}
R

B3l Database Restore X
Directory C:\XCF2100EDB20141116.back

Database Restore******Start
Database Restore******QK!

Additional back-up, delete and restore facility

In addition to the existing back-up facility which backs up the entire database, additional
database back-up, delete and restore facilities are now added to manage the size of the
database.

In the Database Back-up window, apart from the existing full back-up for the whole database
(i.e., ‘Full Database Back-up’), two additional features are added: ‘Time Period Back-up’ and
‘Time Period Delete’.

Eh:'l.-.

P Time Period Backup Time Period Delete

Directory |C:

Time Period Back-up allows the user to enter a time period (i.e., the ‘start time’ and the ‘end
time’) within which the data will be backed up. The user can also select to back up the
‘Operating data’ or the ‘Configuration data’.

The ‘Operation Data’ refers to the event and fault records within the user defined time
period. The configuration data refers to the setting parameters at the instance of the back-
up process.

£l Database Backup *
Full Database Backup Time Period Backup Time Period Delete

Directory: C:

Start Time | September 12020 -~ End Time |December 1,.2020 w

Configuration Data Operating Data Cancel
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The back-up files will have the following name tags added at the end of the file names as

follows:

Full Database Back-up : XCF2100EDBxxxxxxxx_full.back where xxxxxxxx is the back-up date.

Time Period Back-up (Operating data): XCF2100EDBssssssss_eeeeeeee.back where ssssssss is

the start date and eeeeeeee is the end date.

Time Period Back-up (configuration data): XCF2100EDBxxxxxx_config.back where xxxxxxxx is

the back-up date.

An example of the Configuration Data back-up is as follows:

4! Database Backup
Full Database Backup Time Period Backup Time Period Delete
Directory: C:

Start Time | August 1,2020 ~ End Time December 1,2020 ~

backt_channels table....

back t_devicelinerelation table....
backt_deivcemanages table....
back t_workstate table....
backt_tlines table...
backt_breakers table....

backt tower table....
backt_email table...

back t_linesection table....

back t_diniler table....

back t_graphfile table

back t_graphfilecontent table....
Database Backup**#+*+0QK!

Configuration Data

Operating Data

*

Cancel

An example of the Operating Data back-up from August 1 2020 to Dec 1 2020 is as follows:

4! Database Backup
Full Database Backup Time PenodBackup = Time Period Delete
Directory: C:

Start Time | August 1.2020 w End Time | December 1,2020 ~

Database Backup*****+*QK!

Configuration Data

The back-up files are as follows:

| '] XCF2100EDB20201201 full.back
| '] XCF2100EDB20201201_config.back
[ ] XCF2100EDB20200801_20201201.back

*

Cancel
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Time Period Delete allows the user to select the time period within which the data in the
database will be deleted. A window will appear asking for confirmation.
B Database Backup X

Full Database Backup Time Period Backup Time Period Delete

Start Time | October 12019 ~ | EndTime December31201% -

Parameter Management X
wow Do you really want to delete ?
Yes No
o

The ‘database restore’ window now consists of ‘Full Database Restore’, ‘Configuration Data
Restore’, ‘Time period Restore’. They correspond to the different back-up process.

4! Database Restore >

{ Full Database Restore! Configuration Data Restore  Time Period Restore

Directory

Full Database Restore can only restore the full back-up files XCF2100EDBxxxxxxx_full.back.
To be backward compatible, it can also restore the existing XCF2100EDBxxxxxxx.back files.

Configuration Data Restore can only restore XCF2100Exxxxxxxx_config.back files.

Time period Restore can only restore the back-up files with a time period e.g.,
XCF2100EDBssssss_eeeeee.back. The data is inserted in the existing database rather than
replacing the database.

Typically, the user will back-up the fault data for a selected period, for example, from 1
March 2020 to 31 March 2020. The user will then perform a ‘time period delete’ for the
same time period to reduce the size of the database. When it is necessary to retrieve the
back-up data, the user will then perform a ‘time period restore’ by assessing the back-up file
with dates from 20200301 to 20200331.

The restore process is shown on the screen entry window until the process is 100%
complete, as shown in the screenshot below.

3! Database Restore X

Full Database Restore Configuration Data Restore Time Period Restore
Directory C:XCF2100EDB20200301_20200331.back

10ta anes JIJ0, VUL BIPUIL OIE U020 LOMIPIEUOI 1auuyy. /270
Total lines 5338,Current import line 5324 Completion ratio99.74%
Total lines 5338,Current import line 5325 .Completion ratio99.76%
Total lines 5338.Current import line 5326 .Completion ratio99.78%
Total lines 5338, Current import line 5327 .Completion ratio99.79%
Total lines 5338,Current import line 5328 .Completion ratio%9.81%
Total lines 5338, Current import line 5329 Completion ratio99.83%
Total lines 5338.Current import line 5330 .Completion ratio99.85%
Total lines 5338,Current import line 5331 ,Completion ratio99.87%
Total lines 5338,Current import line 5332 Completion ratio99.89%
Total lines 5338.Current import line 5333 .Completion ratio99.91%
Total lines 5338,Current import line 5334 Completion ratio99.93%
Total lines 5338,Current import line 5335 .Completion ratio99.94%
Total lines 5338, Cutrent import line 5336 .Completion ratio99.96%
Total lines 5338.Current import line 5337 .Completion ratio99.98%
Total lines 5338,Current import line 5338 ,Completion ratio100.00%
Database Restore******QK! v

Cance
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4.8.5 Automatic back-up and delete facility

There is also a ‘Periodic deletion strategy’ which allows the user to automatically back-up
and delete old data, whilst retaining a period of the latest data, as shown.

System Parameter(8) Equipment(D)

1 E@:J TDU Remote Reset

@ Fault Simulation

¢~ Dialup

@) Communication Restart

[[] Image Config

4 Google Online Map Config
¥ E-mail Setting

|L Penodic deletion strategy

54l Periodic deletion strategy *

Auto-delete

Data retention time(Day) 180 [180--200]
Auto-Backup No ~

Baclkup File Path (=)

0K Cancel

This automatic feature is disabled by default, with the ‘Auto-delete’ and the ‘Auto-backup’
set to ‘no’. This feature should only be used if the user understands clearly how it works and
is comfortable with the process.

Changing the above settings does not initiate the automatic process immediately. The
automatic process is started only after the XCF-2100E software is re-initialised. This avoids
the possibility of accidental change of settings causing unintentional deletion of the records.

To perform automatic back-up and restore, select Auto-backup and Auto-delete to ‘Yes’ as in
the screen shot below and click ‘OK’. The settings are confirmed but will only be executed
after the XCF-2100E is re-initialised.

I Periodic deletion strategy X
Auto-delete Wes R
Data retention time(Day) 180 [180~-200]
Auto-Backup Yes ~
Backup File Path o=}
OK Cancel
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The automatic process starts by backing up the records of the ‘oldest’ month in the
database, with the year and month clearly labelled in the back-up filename (e.g., XCF2020-
02.back). It then deletes the records from that month. It subsequently proceeds to back-up
and delete the ‘next oldest” month’s record.

This process will carry on until the last 180 days is reached, as shown in the following
diagram:

Database |

2020-02-01 2020-03-01  2020-04-01 20200501 2020-06-01 2020-07-01 2020-08-01 2020-09-01 2020-1001 2020-11-01
2020-01-0% 20201201

Backup XCF2020-
Step1 01 back

Delete
Step1
202003-01 20200501 20200501 20200601 20200701 20200801 20200901 2020-10-01 2020:-11-01

2020-02-01 2020-12-n
Backup XCF2020-

Step2 02.back

Delete 1 ;, ‘

Step 2

2020-08-01 202005-01 2020-06-01 202007-00 202008-01 2020-05-01 2020-10-01 2020-11-01
20200301 2020-12-01

Backup XCF2020- XCF2020- XCF 2020

stepn 03.back 04.back 05back

Delete

Stepn

202007-01 2020-08-01 2020-09-01 2020-10-01 2020-11-01
2020 06-01 20201201

+—180 days—m >

Warning: If this process is performed on an existing large database which has never been
backed up before, this process can take a long time. However, the process is done in the
background and will not affect the software’s real-time operation. The back-up process can
be checked by looking at the back-up files generated. The number of files will gradually
increase, with the year and month getting closer and closer to the 180 days’ mark.

The typical back-up files produced are as shown below (this is an example only):

| ] xcf2018-01.back 2020/12/3 17:48  BACK
| ] xcf2018-02.back 2020/12/3 17:54  BACK
| | xcf 2018-03.back 2020/12/3 17:54  BACK
| | xcf 2018-04.back 2020/12/3 23:57  BACK
| | xef 2018-05.back 2020/12/4 0:13 BACK
| | xef 2018-06.back 2020/12/4 0:13 BACK
| ] xcf 2018-07.back 2020/12/4 0:18 BACK
| | xcf 2018-08.back 2020/12/4 0:19 BACK

The back-up and delete actions for different combinations of auto-backup and auto-delete
settings are as follows.
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As can be seen, if auto-delete is set to ‘no’, no action will be taken as a periodic back-up will
produce multiple duplicate back-up data which will eventually fill up the PC’s disc space. The
‘auto-delete=Yes’ and ‘auto-back-up=No’ combination is used when reloading an existing
database which already has a back-up. Disabling the auto-back-up in this case will prevent
duplicate back-ups in the PC which are not necessary.

Configuration Auto-delete NO NO YES YES
Auto-backup YES NO NO YES
Actions after Auto-delete NO NO YES YES
system re-start Auto-backup NO NO NO YES
4.9 Language setting

The language selection window is as follows. The language selected will only be applied after
the software has re-started.

Bl Language Setting >
(") French
() Ttalian
OK Cancel
4.10 Google Maps / Off-line maps selection

The purpose of selection S ¥ is to add or to change the position of the

towers in the region. For more information about Google Maps and off-line maps, refer to
the corresponding Section 9.
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51

Graph drawing

The icon giving access to the drawing section, which allows the user to create the network
diagram. The diagram will display, in real time, everything happening in the network. Before
selecting, it is worth preparing a basic paper drawing of the desired schematic as a template.
To access the feature, the drawing icon is used:

Basic terminology
e  Graph: is the single-line network schematic.

e  Sub-graph: When a section of a graph can be used by other graphs, it is defined and
then saved as a sub-graph, so as to increase the flexibility and the speed of drawing.

e  Meta: In an electric power system, there are many common devices, such as:
substations, breakers, lines and so on. These devices are represented as an icon in the
diagram, but some of them are not just a drawing, as, during operation, the software
displays their status; so, they are called device meta, while the others are called
embedded basic meta and legend meta. The use of the Meta has the following benefits:

=  Consistency of the graphs;

=  Convenient alterations. If a Meta needs to be modified, it is sufficient to change the
Meta icon.

e Base colour of the graph: Before a graph is generated, its base colour can be chosen.
The default base colour is black.

e  Graph background: In a graph, objects which are just a drawing and don’t need to be
changed, are called the background. For example: the title of the graph, geographic
names, names of devices, numbers of devices, names of lines, names of users etc.

e  Foreground of graph: In a graph, objects, which not only represent their presence but
also note pertinent information and states, are called the foreground. Examples of
foreground objects include; substations, circuit breakers, lines, working conditions,
channels etc.

e  Border and fill colour of the Meta: The Meta is a name for closed figures, such as:
rectangles, circles, ellipses, sectors and polygons, are classified as either hollow figures
or solid figures. The hollow closed figures have only borders, and their colour is the
colour of the borders. For solid figures, the colour of the part within the borders is the
fill colour. As can be seen, the colours of the solid figures consist of the border colour
and the fill colour
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Drawing programme window

The window is below:

1 s

Doaeasas

e

At the top is the title bar; below this are the menu and toolbars.

At the left of the window are three toolboxes: embedded basic meta, device meta, legend
meta.

In the middle of the window is the drawing region.

At the rightmost of the window is the attribute window. Below the attribute window is the
navigation window (now they are closed).

In the toolbar there are all necessary standard tools for drawing. Tools are separated into six
groups; for each group there is an arrow that opens a drop-down menu which the choice of
tools can be made.

The ‘File’ selection includes:

53 Drawing

File(F) Edit(E) Layout(L) V:
[¥ New. CubN

= Open. Ctl+O

] Save Ctrl+3

5] Saveas.. Ctri+Ale+S
=h  Prnt.. CuHP

[& Close CirH+Q

Cliy Closeall

W, Ext Al+HQ

The ‘Edit’ selection includes:

Edit(E) Layout(L) View(V) Display(W
<7 Undo Select(rectangle 1) Ctd+Z

W Redo CirHY
of Cut Cer+X
iZ Copy Ctr+C
[E Paste CirHV
¥ Delete Delete
Wi Selectall CirHA
o

o

o

Deselect all Cul+D
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The ‘Layout’ selection includes:

Layout(L) View(V) Dis

= Align »
@ Set to the same >
LT Order »
<" Rotate b

The ‘View’ selection includes:
View(V) Dizplay(W
o DMeta Panel

The ‘Display’ selection includes:

Display(W)

Frame >

Zoom 1:1 1
Zoom + +
Toom -

Zoom »
Hide grid

Default background color
Show equip tip

Set Canvas Scroll Mode ¥

Y= ][a]

o

JEIE

Canvas ¥

Here is the toolbar containing the operational commands, it is cut in half for clarity;

He Dk o9 28 x [B]5:

EEmuwE % [Eadaamd O

Finally, after drawing some meta, clicking the right button on the meta gives the following

window.

<2 Undo Select(ractangle 0)
W Redo

Copy
Paste
Cut
Delete

X & B (i

Center 3
Order 3
Fotate 3

These commands are explained in the follow sections.
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53

File

% -
e New:l | resets the existing graph.

e Open: [= the software opens the following window:

¥ Frame file

=-[~® Power network diagram
@ GridLine275kV_fr.svg
@ GridLine275kV_US.svg
@ London.svg
@ Rodney.svg
@ NORTHCAL svg

The file that was saved can be opened with the ‘Save’ command. Selection ‘Gridline
220kV_fr’ refers to a particular network.

More than one graph can be opened,  Frame x| NORTHCAL swe ()] Reanevsie &|  with movement
permitted between the graphs.

.
e Save (] : if a new graph is being saved, the software opens this window:
Save *

Frame name:

The file name can be entered and the file saved as a ‘Power system diagram’, with the
extension .svg. Note: the file name must not include any spaces.

If the scheme had already been saved, with this command, the software automatically
registers it with the same name.

e  Save as. This command also opens the Save window.
Save x>

Frame name:

Note: the file name must not include spaces.

e  Print =), With this command, the software will open the standard selection window.

(&) Print X
Printer
Name: RICOH Aficie MP C300 ~ Properties...
Status:  Ready
Type: PCLE V4 Driver for Universal Print
Where: N Setting
Comment: Na Setting [Pt tofie
Print range: Copies
@A Numberof copies: |1+
Pages 1 1
s 1Y 22 58l
Cance
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53.1

5.3.2

o (Close E%' If the graph has not been saved, the software displays the following warning:

Confirmation... ®

Mo Cancel

e With ‘Yes’, the software saves the drawing and then exits;
e With ‘No’, the drawing is not saved before closing;

e  With ‘Cancel’, the programme cancels the command.

e (Closeall |:'J‘—é’: all graphs are closed.

e  Exit: If there are changes that have not been saved, the software displays the following
message.

Confirmation... X

Some files have not been saved yet.

Exit anyway and lose the modifications 7

e  With Cancel “: the last operation is canceled.

e Redo : repeat the last operation.

Ay

e  Copy, cut, paste, delete of BE X : they are the standard drawings selections.

e Select all & : the software selects all the drawing.

a
e Deselect all “* : unselects all the selected meta.
Layout

In the diagram all meta can be selected with the ‘select all’ command, or they can be
selected individually using the mouse. The position of the selected components can be
changed with the mouse pointer. The commands are as follows.

e  Align. As selected, the following window is opened.

[£  Align left Shift+Left
S| Align right Shift+Right
] Align top Shift+Up
Il Align bottom Shift+Down
Ceanter Shift+C

Center along the x-axis

Wt E @ |

Center along the y-axis

nl
=
=
@

The first four commands are also available on the toolbar: S
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Considering the following diagram:

‘= o

The following commands are available:

‘Align left’:

¥ E ) 10 1

‘Align Right’:

=0
i o (] L]

‘Centre’:

e Set to the same... On the control bar, the software opens the following window.

And so on.

f?" Width
:‘@ Height
fﬁ Size

On the toolbar, the same commands are available: h?_‘ ‘? %
e  Width: all components have the same width;

e Height: all components have the same height;
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e Size: all components have the same width and height.

e  Order. With this selection, the software opens the following window:

£ Alin b o x [G]& s
e lSettuthesame | I ——
LT Order N ' | totop Ctrl+Shift+Up
e Rotate rnf toup CerH+Up
< !f to down CtrHDown
4 | tobottom Ctr+Shift+Down

With these commands, the order of the elements can be set.
e Rotate. With this selection, the software opens the following window.
q}"h .Rutate I E 20 degres
7 Y&k -00 degree

L 4 ™1

The drawing or the selected text can be rotated

533 View

The selection |£ will close or open the left part of the window, with meta: it helps in the
case of a big diagram.

5.34 Display

Display opens the following selection window.

Display(W) | Help(H)

] Frame 4
1E Zoom1:

#,  Zoom+ +

=, Zoom- -

L, Zoom 3
FH | Hide grid
&3 Default background color

Show equip tip
Set Canvas Scroll Mode 4

Canvas »

e  Frame. Clicking the right button, displays the list of open drawings.

Frame Ctrl+NumPad-0
[®] NORTHCALsvg* Ctrl+NumPad-3
London.svg Ctrl+NumPad-4

[ e

e  Zoom. On the toolbar, these commands are available: ”‘; on the control bar,

the software displays the following selections.

@ .Zoom‘l:‘l 1
'C."; .Zoorn+ +

'».';\ Zoom -

O, Zoom »

Zoom ranges from 5% to 1000%.
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5.4

Hide or display the grid D.

Default background colour. This selection returns the background colour default black, if
it was changed.

Show equipment tip. Once selected, when adding a meta, such as a TDU, breaker or
line, the software displays the meta settings summary, as follows.

vpe: Equipement
9b0356eb-a3c3-4bla-adce-flf2eTe TadT
ame: 3 FRAN

Set canvas scroll mode. Two selections are available.
Set Canwas Scroll Mode [ General =croll mode

Canvas [ Auto scroll mede

When the size of the meta is larger than the screen, selecting Auto scroll mode,
automatically locates the meta.

Canvas. With this selection, the following window opens.

TF Resize *

Width : 1300  px
Height : | 700 px
OK Caneel

The size of the canvas, in width and height, can be changed to add other meta.

Graph Manager

The purpose of this selection © situated on the right-hand end of the ribbon, is to save a
drawing in the general Database, so that it can be seen also by other users, such as those
using XCF-WEB. This operation is important when using an XCF software revisions before 1.6:
as later versions allow new diagrams are automatically added to both local and Database

files.

With this selection the following window is opened.

&R Graph Management X
[ Sefect allflocal) | Modify Delete [ Select alliserver) | Modify Delete
Selection Graph name Selection Graph ame

[m] Elsdon

[} |GridLine275kV

O (GridLine400kV

] [Hilford

] Medway |:>

O |Thorpe

=

< > < >
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In the window, the left part shows the local graphs list which cannot be seen by other users;
the right part shows the graphs that were saved in the database, and are visible to other
users. At the top of each part, there are two buttons: "Modify" and "Delete".

e Files copy; left to right.

Via this icon the user can copy the selected files to the Database (moved from the left to
the right). The user can select one or more files, or check all files. Clicking OK, the
following window is displayed.

R The execution progress of a task *
|
OMedway(Power System diagram)D-—-Server already exists, and was re-uploa
1 OTherpe(Power System diagram)D-—-Server already exists, and was re-upload +
CElsdon(Power System diagram) J---Server already exists, and was re-upload d
CHilford(Power System diagram)0—Server already exists, and was re-upload
DGridLine2 75KV (Power System diagram)C---Server already exists, and was re
DGridLine400kV (Power System diagram)J-——Server already exists, and was re]
—Execution completed!—

Close

Now the window looks like the following.

e Files copy, right to left.

By clicking this icon the user can copy the selected files to the local directory (from right
to left). The user can select one or more files, or check all files.

Note: Only the downloaded files can be viewed by the local user.
e  Modify

The user can modify the local or Database graph file name. Select the file, and click
‘Modify’ to enter the edition window, as shown in the figure below.
| |

@ Local file modification >

FileName: Elsdon|

oK Cancel
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e Delete

The user can delete the local or Database graph file. Select the file, and click ‘Delete’ to
enter the confirmation window, as shown in the figure below:

1 1
Prompt information >

5.5 Basic Meta

The Meta are the drawing elements used to construct the system diagram.

5.5.1 Embedded basic meta
The first toolbox to the left, has the following meta.
Embedded basic Heta
T
N
] =3
Polygon Polyline Text
Image

These allow explanations to be added to complete the drawings; unlike the device meta,
they are not dynamically linked to what is happening in the network. There are two ways to
operate with these meta.

e To select the meta: Rectangle, Circle, Ellipse, Text, Image, click the left mouse button,
keep it clicked, and drag the icon to the drawing area. By releasing the key, the meta is
placed.

e  For meta: Polygon, Polyline, click on the icon (do not drag them) and move to the
drawing area: use the cross to draw.

Then, as with other drawing elements, the following can be performed:

e Dragthe meta in the drawing, with the four arrows icon <€E‘> ;

e Increase or reduce the drawing, with the double arrows, horizontal “ or vertical i ;
e Increase or reduce, with double diagonal arrows < or %,

e Selecting the meta and clicking the ‘Delete’ key on the keyboard, removes it.

e The right-hand side gives access to the attributes of the basic drawing or meta that has
been selected.
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5.5.2

5.5.3

Drawing and meta-attributes

The attributes can be opened and closed by clicking on the small icon at the top-right of
the window. If this is done without selecting any meta, the following selection appears.

Frame Attribute

Attribute name Attribute value
Frame name NORTHCAL svg
Backeolor 0
Grideslor [ ssssscs

Frame width 1500 P
Frame Height 1500 P

The attributes are in the frame, if a component is selected, the attributes of that component.
The frame provides the following choices:

e  Frame Name: This is the name of the drawing. To change it, the drawing must be saved,
the file name is the name of the frame.

e  Back colour. Clicking the coloured square in the attribute column opens the colour
pallet; the default is black.

b %

§¥aichss! HSB RGB SVG colors

OO O O
ol

Preview

Sample Test Sample Test

D .
O
Cancel Reset

The software allows the colour to be selected as pre-designed swatches, HSB (hue,
saturation, brightness), RGB (Red, green, blue; each set from 0 -255) or SVG (scalable vector
graphics).

e  Grid Colour: This works in the same way as the background colour, the default is grey.
o  Width and height of the frame: Measured, in pixels.
Meta: rectangle, circle, ellipse etc.

To add a shape to the frame, drag the icon to the drawing area:

It can be placed by selecting the centre and moving it to the required position. By selecting
the edges, it can be enlarged, reduced or the shape can be changed. This is the same for the
other shapes.
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With the rectangle meta, attributes are as follows.

MewAwsboe |
Attribute name Attribute value
Fitt Paint 1]
Stroke Paint ] |
Dash array Mane -

Geom Horizontal position

Geom. Vertical position 0=
Geom Width 60
Geom Height 60

Where:
None: the line is continuous.

— 5:the dash and space length are the same.
— 510: the spaces are twice the length of the dashes.
— 510 5: the line has a pattern of one long then two small dashes.

Horizontal and vertical positions: allows the shape to be positioned based on the
coordinates of the top left corner.

Fill paint: This is the fill colour.
Stroke paint: This is the line colour.

Dash array: This allows the line to be changed to a dotted line.

Width and height: measured in pixels.

The circle meta has the same attributes but is defined as the horizontal and vertical
coordinates of its centre and the radius.

Meta Attribute

Attribute name Attribute vahie
Fill Paint L]
Strolke Paint [
Dash array MNone

Geom.Center point absciss

70

Geom.Center point ordinate

93

Geom Radius

-

30

The ellipse meta, is defined by the coordinates of the ellipse centre, plus its X and Y

axes.

MemAtwbwe|
Attribute name Attribute value
Fill Paint ]
Stroke Paint Il |
Dash array None -

\Geom.Center point absciss

nIE

\Geom. Center point ordinate

1885

\Geom. X axis radius

355

Geom. Y-axis radivs

paf=
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e  For the polygon meta, click on the icon (do not drag it), the cursor appears as a cross on
the frame. Position the cross on the first part of the polygon and click, move to the
second point and click, continue until all the corners are in place and click with the right
mouse button: the software automatically draws the last side. The polygon. Can be
adjusted using the arrows as with the other shapes.

5.5.4 Polyline meta

Click on the icon (not drag) and go over the drawing area: the cross is the starting point.
Clicking the left button of the mouse positions the cross as the first point. Then move to the
second point and draw a line. If the ‘CTRL’ key is clicked the line is straight; otherwise, any
shape is possible. When the button is released, the first line is drawn. To finish, click the left
and then the right mouse button.

For horizontal line, the result is as follows.

3
E -

Using the arrows “ to the right or left, extend or reduce the line. Use the arrows I , the
line thickness can be changed. If any other point is clicked the line in the drawing can be
dragged.

If the line is diagonal, the following picture is obtained.

The slope can be extended, reduced, moved or changed. With this metadata, the attributes
are as follows:

Meta Attribute

Attribute name Attribute value

Fill Paint (][]
Stroke Paint I:l D

Dach array MNaone -
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555

5.5.6

Text meta

For this selection, the icon must be clicked, then dragged onto the drawing area into the
desired position. When the mouse button is released, the following window opens.

Text *

Hello

Enter a text :

OK Cancel

Enter the text, and confirm with ‘OK’: the text is displayed in the drawing.

Using the arrows, enlarge or reduce the text - it can be positioned as desired.

With this meta, attributes are as follows.

Meta Attribute |

Attribute name Attribute value
TextText Hello

TextFont family . - .
TextFont size .1 9 .
TextFont weight .Normal A .
TextFont style :Normal - :
Deco Font stretch :Normal ]
Dece Decoration :None ~ .
Fill Paint [l |
Stroke Paint l:‘ I:‘
Dash array None ~
|Geom Horizental position 165~
(Geom Vertical position 126/~

The image can be can enlarged or reduced, the direction changed, or the colour amended.
Image Meta

For this selection, click on the icon and drag it onto the drawing area, in the desired position.
When the mouse button is released, the following window opens:

& Open X
Lockin: | Scanned Docoments v 2erEE

o [s] Image ) |
"‘._'j &] Tmage (3
Recent Items | 5] 1222 (8)
5] Image (5)

(5] Image (6)

B (S0

Desktop | (8] Image

@ File name: Open

Files of type: | (* svg;* png* jpe;* gif) - Cancel
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The desired image file, can be searched, it can have extensions: svg, png, jpg, gif. The image
is placed in the drawing by confirming with ‘OK’.

KEHU]'\
Fall

Using the arrows, the image can be enlarged or reduced; or it can be moved by dragging it as
desired.

With this meta, the attributes are as follows.

Meta Attribute

Attribute name Attribute value

Geom Horizontal .. 33015
”Geum.vmal po... 3055

Geom Width 60~

Geom Height 601~

DisplayOpacity 100 %

With the last selection the image can be darkened.
5.6 Device meta

These meta are used for the network diagram. They are found below the embedded meta on
the left-hand side. The menu is as follows;

Device Meta
| B —
ng;?fmm DU Line
o o &
Cross Breaker Lméi?ﬁ:ﬂ ]E)‘.an"ﬁ;;ﬁlo:
=
Channel

These meta are used to create the network diagram. During the operation, they change
colour to highlight where the fault occurred, or if the connection is correct.

The drawing is performed as follows:
e  For all meta except the line, click on the meta and drag it on to the drawing frame.

e  For the ling, click on the icon in the menu and move the mouse onto the starting point
(normally a busbar or a line).

Note: It is important that the line starts from the correct place, this is confirmed by a red
square which appears when the mouse is over the start point.
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Click on the starting point and then move the mouse to the end-point, where the red square
will appear. Double clicking will draw the line.

Right-clicking will produce the following editing menu.

Undo Select(polyline 44)
Redo

€ <&

Copy
Paste
Cut
Delete

® X BB (i

Center ¥
Order 3
Rotate ¥

Equipment meta editing
The meta-assignment is explained in the following sections.

5.7 Legend meta

The selection allows the user to add some icons on the drawing, for clarity. The window is as
follows;

Legend Meta

Equipment Condition
Bus Legend Legend Legend
CLh:;;;l Brealer Open  Brealer Close
Power plant

The purpose of these meta is to draw the diagram legend scheme, as in the following
example.

Legend

———— Line

I Substation

B ou

Breaker Open
Breaker Close
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5.7.1

Substation definition

The substation is defined by the grey Bus meta, which is dragged on to the drawing page
from the Device Meta selection:

Double-click the busbars: The following window is opened:

fo! Equipment meta editing

Graphical

Substation

Select Substation:

% Region

o[ BARKEY
- HORNBY

-F KIBWORTH
.-F MEDWAY

-

Select the substation bus by double clicking the substation, or look for it under ‘Select
substation’. Click ‘Save’ and the following message appears.

Drawing

'jo} Configure Substation Success!

Click ‘OK’ and exit - the busbar is displayed in yellow. The following attributes on the right of

the screen.

Meta Attribute

Attribute name

Attribute value

Resource type Bus

Meta Name CHETWIND

Fill Paint | 1”4
Stroke Paint . f

Continue with all substations.
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5.7.2

5.7.3

TDU configuration

After placing the substations, place the grey TDU icon by their side. Then, double-click the
icon. The software opens the window with a list of substations. Note: the name of the TDU
must be the same name of the substation.

As for busbars, when the name is assignment, the icon becomes yellow. On the right the
attributes of the equipment are listed.

Meta Attribute

Attribute name Attribute value
Resource type |Equipmmt
Meta Name | CHETWIND

Line configuration

Click the ‘Line” meta, and draw a line as explained. Then double click on it: the window on
the left opens the list of lines.

I} Equipment meta editing
Graphical Line

Select Substation:

- KIBWORTH
B+ MEDWAY
£ [? CHETWIND
@ ME-POL
F MEDWAY TOWN 1
@ PETFELD
=-[* PORTON
@ ME-POL
@ ME-PO2

Select the line: It can be double clicked it, or found under ‘Select substation’. Click ‘Save’: the
following message appears.

Drawing *

:' Configure Line Successful!

When the choice is made, in ‘Selected line’, the window shows the chosen name.

If the line has a T-branch, it is referred to as follows.

In this instance, select the following.

Is T-line Branch: {28 +

Finally, click ‘Save’, the name of the line is assigned to the meta; the colour of the line
becomes red.

XCF-2100E Software User Manual | V2.1 | 106



5.7.4

5.7.5

On the right, the attributes of the line are listed.

Meta Attribute

Attribute name Attribute value
Besource type Line

Fill Paint v
Stroke Paint . f
Dash array MNone v
Mieta Name TEST12

Stroke width 1 v

CB configuration

Drag the Circuit Breaker Meta on the desired line: it is blue. Then, double-click it to open the
CB Meta configuration window.

€ Equipment meta editing
Graphical Line

Select Substation:

Select the breaker from the list and click Save: the operation is confirmed. The CB attributes
are listed on the right.

Meta Attribute

Attribute name Attribute value
Resource type Ereaker

Mieta Name SF1

Fill Paint n .
Stroke Paint . f

Channel configuration

This meta allows to monitor the TDU network. The Channel tells us whether there is a
connection problem.

Drag the Channel Meta, which is grey, and then double-click on it, to open the channel Meta
configuration window.

‘ Graphical Measuring device

||| serial mumber  Substation name Devicename  Condition types Discrete type
v | Channel |G
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5.7.6

On the right, choose:

° The name of the substation;

. The name of the equipment (which must already be assigned);

. The condition type (Default: input);

. The type of set (Default: PING).

Finally, click ‘Save’: the CB name is assigned to the meta. In the diagram, the icon is green.
If the system recognises a communication problem, the icon will turn to red.

Dynamic connection condition

This selection monitors the connection of XC-100E network, and adds to the former one a
living icon. Drag the ‘Dynamic condition’ meta on the drawing page: it is grey. Double-click it:
The following window opens.

Measuring device

Serial number Substation name Device name Condition types Discrete type

_ MEDWAY vl ‘MDY1 v | Working conditions v

S
On the right, choose:
e  The name of the substation;
e  The name of TDU (which must already be assigned);
e The type of condition (working condition);
e  The type of discrete indication, that selected from a drop-down menu:
= Connection Status: connected or not;
= GPS Syn.: GPS synchronised or non;
= Equipment state: OK, default.

More than one condition can be selected, with the command ‘Add’.

Serial number Substation name Device name Condition types Discrete type

1 MEDWAY v | MDY1 v | Working conditions v | Equipment state

2 MEDWAY v | MDY1 v | Working conditions v | Connect state
MEDWAY v | MDY1 v | Working conditions v GPS syn

Finally, click ‘Save’: the name of the line is assigned to the meta. In the diagram displays the
following icon, which rotates when everything is normal.

If the system recognises a problem on a TDU, the icon will turn to red.
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6. Real-time Diagram

This module has the following icon.

Real Time

Diagram
The real-time diagram module is the primary operation interface of the travelling wave
system, and is used to view information such as: operation diagram, single-line diagram and
real-time condition of equipment. Moreover, this interface allows the user to search the
fault information and access the waveform analysis window.

The software monitors the TDU units continuously. Every second it checks if they have
messages. If they do, the message will be received by the software: the summary first, then
the recordings. The summary is sufficient for the software to display the diagram of the fault
line and to locate the fault.

6.1 Main window

The main window shows the network schematic diagram, and the list of events related to the
line. The following is an example of what is displayed.
L] 9
File(F) Operation(0) Real time Alarm(M) Display(D) View(V)
CEBRCOIEET BX|BF o
GrdLine275KV_fr % | NORTHCALX | CridLine275kV_US x 8.

Legend

Substation

All| TriggerEvent | SOE Event | Channel Event | TDU Event | Management Event | System Event
Time Event Type Device Name Source Event Content
‘ A

October 15,2014 150215 9¢1ms Channel Event sty DU PINGLost ‘

All the buttons in the toolbar are in one-to-one correspondence with the menu items. When
the user moves the mouse to a particular button, the tip is displayed.

@®

E@R|MacOE® kG| X|®8F 4
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6.2 Menu

e  The File menu allows files to be opened or the window to be exited

E% Real Time Diagram
File(F) Operation{O)
[= Open Cul+O
B Exit Ctl+X

e  Open, opens the graph database.

B3 Open

Lookin: | graph T =]
o 2 Eisdon
] 2 GridLine275kV
Recent Items | GridLined00kV
& Hiford
2 Medway
B |5 oo
Desktop
=|
Documents
This PC
@ File name: Open
Network  Files of type: [svg I Cancel

Files have the extension .svg.

6.2.1 The operation menu

The operation menu gives the following options:

Operation(Q) Feal time Alarm(Iv)

[E] Cancel Afl Flicker Ctr+D
*_ Zoom Out Cul+H
=, ZoomlIn Ctl+Z
@ Zooml:1

Graph size Shift+5
5 Highly Fitted Shift+H
[l Width Fitted Shift-+W

o FitAll Shift+A

e  Cancel All Flicker, will cancel the feature whereby, after a fault, the alarm icon flashes in
the current active graph.

e  When there is a fault on a line, it appears as follows: that the lightning symbol flashes.
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6.2.2

6.2.3

On selecting the line with the right button, the following menu appears.

Cancel flicker
@ Cancel all flicker
e  Cancel flicker, stops the flickering on the selected line.
e  Cancel all flicker, stops all flickering.

Drag, allows the size of the displayed graph to be changed. When it is larger than the
display area, the mouse pointer changes into a hand allowing it to be dragged.

Zoom Out, allows the current graph to be made smaller.
Zoom In, magnifies the current graph.

Zoom1:1, returns the graph to its original size.

Graph size: use the original size of the graph for displaying.

Highly Fitted: use the height of the display area of the current graph for graph zooming
and displaying.
Width Fitted: use the width of the display area of the current graph for graph zooming
and displaying.

Fit All: use the display area of the current graph to the actual area of the graph for graph
zooming and displaying.

Real-time alarm menu

This menu facilitates the management of alarms

Eeal time Alarm{h) Display
¥ Alarm Clear Shift+C

Alarm Clear, clears the currently displayed alarm information. The corresponding alarm
information is cleared automatically after the user clicks “Yes”.

Display menu (these commands are also on the toolbar)

The display menu allows the user to configure the operation of the display

Display(D) View(V)
EL Display Attribute Alt+3
AlarmIevel Set AW+l |
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Display Attribute causes the following window to open.

B9 Display Settings X

dE Color Settings  Other Settings

Refresh Cycle: |2 ~ | Seconds

0K Cancel Apply

Display mode: allows the period of screen updating to be selected.

Colour Settings opens the colour menu.

B9 Display Settings x

Display Mode Other Settings
Conditions Normal: Conditions Abnorma.l:-
Not Configered: Ereaker Open:-
Breaker Close: - Br?z.kerUnlmnwn:-
Line Normal: - Line Abnorma.l:-
Line Not Monitored: -
OK Cancel Apply

This choice allows for colours to be chosen to represent network under normal
conditions and when a fault occurs.

Other Settings, opens the following window.

B9 Display Settings X

Display Mode Color Setting;

Show tips™: | yeg w
Default open file: | Gridl ineT5kV_frsve
Default push file: | GridLine2T5kV_fr svg

Show Breaker”: |y.o o

OK Cancel Apply

“Show tips?” provides the option of reading the settings of a line when “Yes” is selected.

With ‘No’ the settings are not displayed.
The “Default open file” is selectable by the user.
The “Default push file” selects the graph that opens during a fault.

Show breaker selects whether circuit breakers are shown “Yes” or hidden “No”.
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e Alarm setting, allows different colours to be selected for different types of alarms.

Clicking the ' = 'icon opens the colour palette.
B Alarm setting X
System Event:
0K Cancel

e  Trigger Event, when an event is recognised as a fault. It does not appear after a lightning
or circuit breaker event.

e  Breaker (SOE) Event, indicates the operation of a circuit breaker.
e Channel Event shows a loss of communication.

e  TDU Event, indicates a faulty TDU, including: loss of the GPS signal or loss of
synchronisation.

e  System Event, indicates an event not covered by the other categories.

. Audible warnings are selected «% ordeselected @ using the icons on toolbar

e Viewmenu
View(V)
4 Toolbar
] Status Bar
Graph Catalog Alt+H
= Window Separation Alt+W

e  Toolbar, displays or hides the toolbar.

e  Status Bar, displays or hides the working log.

e Graph catalogue, displays or hides the local graph catalogue. The graph catalogue is
displayed in a tree form and is located on the left side of the window. When the name is
double-clicked, the corresponding image will be displayed in the graph panel. The user

may click the refresh button 2 at the upper right corner of the graph catalogue panel
to refresh the local graph information.

Catalog @ X
Graph Type

=-/-* Graph Catalog
B _3 Power Network Diagram

@ GridLine400kV

e  Window separation allows two window views, one for the diagram and the other for the
real-time alarms.
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6.2.4 Breaker menu

Right-clicking on a circuit breaker opens the menu and allows the breaker state to be
selected as open or closed. This allows the selection of the correct position of the circuit
breaker to correspond to the logic signal from the TDU.

Ereaker state{Open)
o Breaker state(Close)

6.3 Diagram operations

When a graph is opened, the substation completes a graph-refresh based on the device
information.

When a fault occurs, the corresponding line flickers, and the fault location is marked with the
lightning icon until the flicker is cancelled manually (by right-clicking the fault line to select
the menu ‘Cancel Flicker’ or ‘Cancel All Flicker’). It will automatically reset according to the
pre-set automatic flicker time.

Left click on a substation or a line: the software opens a window with the fault record
information, as follows:

B9 Fault Infomation-- MEDWAY X
i)l Searchi [ Single End Waveform = Double End Waveform
Select A Time Period No Time Line Line Length(km) Distance To Local(km)
May 12019 | - | June 212021 1 Tanuary 15,2021 14:30:29 614843 6ps 03TI4LM 51870 [0.000 &
163 MEDWAY 2 Tanuary 15,2021 14:50:29 614845 6ps 0IGUO3TI 34 kV 69349
¥ @ o 3 Tanuary 15,2021 14:49:45 108238 2s 03TI4LM 51.870 31315
& @ 05TIOLM 4 Tanuary 15,2021 14:49:45 108238 2us 01GUO3TI 34 kV 69349
5 January 15,2021 14:47:21 086912 0ps (03TIO4LM 51.870 10.000
6 January 15,2021 14:47:21 086912 0ps 01GU03TI 34 £V 69349 v
GUAPI(01GUO3TI400kV) PORTON (03TIOALM)
No Time Line Line Length(km) Distance To Local(lm)
1 January 15,2021 09-31:02 236946.1ps 01GUO3TI 34 KV 169340 @
2 January 15,2021 09:22:55 318116.1ps 01GUO3TI 34 £V 169.349
3 PJanuary 15,2021 09:22:54 929549 9us 01GUO3TI 34 £V 169.349 (0.000
4 Tanuary 142021 20:03:42 056766 4ps 01GUO3TI 34 kV 169.349 l0.000
< > ||s anuary 142021 11:53:05 303269 4u 0IGUO3TI 34 kV 169.349 &

Select a fault on the board, and then click the selections below:

B Single End Waveform [ Double End Waveform

This accesses the record analysis window discussed in Section 7.3.
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6.4

Real-time alarms

Al Trigger Event | SOE Event| Channel Event | TDU Event | Management Event | System Event

Time I Event Type | Device Name | Source ] Event Content

Augpst 52021 152039 650167.2us Trigger Event TDU-MEDL DU SubstationMED | Line:Linel TDU.TDU-MED 1 Trigger
Augpst 5,021 15:20:58 449977 2s |Trigger Event TDU- MED1 DU ion: MED L Line:Linel TDU:TDU-MED 1 Trigger
Augpst 5,2021 15:20:34 49269.5ps [TriggerEvent TDU-MED1 TDU Substation: MED 1 Line:Linel TDU:TDU-MED 1 Trigger
Augpst 5,201 10:47:03 65ms TDU Event [TDU-MED1 TDU |Unit Online

‘August 52021 10:47:03 65ms TDU Event TDU-MED1 TDU Connect state Recovery

Augpst 5,2021 10:47:02 335ms [TDU Event ITDU-MED1 TDU Connect state Lost(ping is normal)

The lower part of the window lists the event information acquired by the TDU network. We
recognise the different types of alarms depending upon the selected colours. The last alarm
information is at the top of the list. The following selections are available.

‘ All | TriggerEve:ntl S0E Eventl Channel Event | TDU Event | hdanagement Eveml System Event|

Select the ‘All’ tab to read all types of alarms. On other tabs, only the alarm of the selected
type can be viewed. For each fault, the information in the table is as follows.

Time

Event Type

The contents of the warning are:

GPS Signal Recovered/Lost
Connection Status Recovered/Lost
Equipment status Normal/Abnormal
(Name of XC) Online/Lost

PING Lost/Recovered

XC Processor Online/Offline

Sequence Of Events

Device Name Source Event Content

When the state of a circuit breaker changes, it produces a SOE alarm, which is displayed as
follows.

All| Trigger Event| SOE Event | Channel Event | TDU Event | Management Event | System Event|

Time

Device Name

[Augpst 52021 16:4937 27ms [rou-a

Event Content

lLine'PO-.\lE -1 Breaker Brk-POR-PO-ME-1 Open

The figure corresponding to the circuit breaker changes, as shown below.

TypeBreaker

Hame Brk-B-Line3
Charrent State Open
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7.1

System Monitoring

The module is accessed via the following icon:

System
Monitoring

It is mainly for viewing in real-time the condition of the TDUs of all substations. The summary
information includes channels, equipment and GPS, and the corresponding detailed
information includes equipment state, response state, connection state, GPS pulse, GPS time
and so on.

The module can list all substations, which the user can select to observe the real-time
condition information.

Note: This function is not available with the dial-up communication unless there is already a
connection to the TDU.

Main window

The main window is as follows.

s

(F

) Search(Q) View(V)

1] Print Preview (3 Print | Export | Search .| Search Conditions [ Exit

Search No.  Station Equipment Name Type Name Status
FlE) 1 |MEDWAY TOWN1 MET2 Device Connect state @
=7 [ BARKEY 2 |MEDWAY TOWN 1 MET1 Device Connect state
2 @ TENBY 3 |pORTON PO1 Device Connect state ™
& (2 HORNBY 4 |MEDWAY TOWN 1 MET1 Device Equipment state
& B % K@ﬁ];?;?; 5 |MEDWAY TOWN 1 MET2 Device Equipment state =
" [ @ EILFORD 6 |PORTON Fo1 Device Equipment state @
- 7] @ EUNSDON 7 |MEDWAY TOWN 1 MET2 s GPS syn »
b E % ?ﬂ?ﬁi}n\’ 3 |MEDWAY TOWN1 MET1 aps. GPS syn
= @ CHETWIND 9 |PORTON POl s GPS syn =
@ MEDWAY TOWN 1 10 |MEDWAY TOWN 1 MET2 Channel PING @
- & @ PETFELD 11 |PORTON o1 Channel PG @
" @ PORTON

Ready‘Record Cuunl:ll‘@ OK (@ Esit

Unknown

When a TDU is added, the software automatically adds the four lines that verify its proper
operation. The information is available when the master unit is connected to the network.
The window is as follows. The red dot indicates a problem; the green dot is for OK.

No. Station
1 |aru
2 |arU
3 |aru
4 |aru

Equipment Name
TDU-AUR-T

VI‘DU,;\UR,T
TDU-AUR-T
TDU-AUR-T

Type
Device
Device
s
Channel

Name

Connect state

[Equipment state

16?8 syn
PING

Status

L AL A AL

The information in response to the survey is as follows.

e  PING, indicates that the communication between the master station software and the
TDU is working. If the master station cannot call the TDU, the alarm appears.

e  Equipment state shows whether the TDU is working properly.

e  Connect state, indicates that there are connection problems between the master
station software and the TDU.

e  GPSsyn, indicates that the GPS is not synchronised.
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The left side of the window displays the substation tree; on the right, the equipment status
in the selected substation can be read. The toolbar is on the top, below is the status bar.

The table includes the following information.
e Substation

e  Equipment Name, monitors information for each device, hence the substations and
equipment are repeated.

e  Type, covers the GPS system, the equipment and the communication channel.
o Name;.

= ‘GPS Syn’ for GPS communication.

=  ‘Equipment state’ for the equipment.

= ‘PING’ for the channel
e Status uses green and red lights to indicate correct or incorrect operation.

Note: This information is only available with Ethernet and serial connections. It is not
possible with a telephone connection unless the equipment is connected.

Each column in the table can be organised alphabetically ascending or descending: by
clicking at the top.

The control bar selections are as follows.
e File.

E System Meonitoring
File(F) Search(Q) View(V)
|d] Print Preview Al+R

i@ Prnt Al+P |

& Export AMFE |

[i# Ext AleC
e Search.

B System Monitoring

File(F) | Search(Q) View(V)

@ Prin Search Alt+S
@1 Display TDU Time AR+T -

L

o View.

W System Monitoring
File(F) Search(Q) View(V)
@Pn'ntl‘review ) /- Hide Search Conditions

The toolbar has the same commands as the control bar;

W System Monitering - a X
File(F) Search{Q) View(V)
|d) Print Preview /o Print | 4 Export | Search . Search Conditions

2 Display TDU Time [ Monitoring Setting [} Exit
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7.2 Print preview and print

When ‘Print Preview’ is selected, the software selects the data to be displayed, which can be
previewed in the window.

T System Monitoring

File(F) Help(H)
& Print | Export | Zoon|[i30% 7 |l Page U1 [l < Retum
System Monitoring
Page 111 Titne:Tune 21,2021 15:18:57,Operator.arbain

Ha Station Eoipmuent Hare T Type T Name T Value

1 MEDWAY TOWH | MET2 Device Comnect state Exit

2 MEDWAY TOWN | METL Device Comnect state Unknowm

3 PORTON FO1 Dvice Connect state Exit

4 MEDWAY TOWN | METL Device Frpuiprent state Unknowm

5 MEDWAY TOWN | MET2 Dvice Equipraent state Exit

6 FORTON FO1 Device Erpuipent state Exit

7 MEDWAY TOWN | MET2 GPS GPS sym Exit

8 MEDWAY TOWH 1 METL oF3 GPS syn Unknown

9 PORTON FOI GPS GPS sym Exit

10 MEDWAY TOWN | MET2 Chanel PING Exit

1 FORTON FO1 Chanel FING Exit

Data is organised as in the database. If there is no data in the list, a message alerts the
operator.

7.3 Export to Excel

The software provides the ability to export the table to an Excel file. By clicking the ‘Export’
button, the software opens the standard dialogue window.

« ~ 4 B> ThisPC > Desktop > v o O Search Desktop
Organize » New folder = - o
> | Desktop ~  Name Date modified Type Size ~
(& Documents Software File folder
& Downloads Libraries File folder
D Music Administrator File folder
= Pictures winsepd 34 File folder
B videos
i Windows7_05 (C:)
s Local Disk (D:)
Recovery (F:) e e
File name: |Tab\es V|
Save as type: | Excel Workbook ~

Select the directory, choose a file name and click ‘Save’. The saved Excel file has the same
structure of the database.

7.4 Search for the substation

If the name of the substation is introduced into the ‘Search for the substation’ window, the
substation (or region) is shown in blue.

) 2 L

- - Note: The software is case sensitive.
One or more substations can be selected on the left; clicking the search button, on the right,
the software displays the information of the selected substations.
The toolbar changes according to the actions. During the search, the signal ‘Searching’ is
displayed on the status bar. At the end of the search, it displays the number of records that
match the search criteria.

7.5 Tree Network

The ‘Tree Network’ button allows the hiding or viewing of the tree structure on the left.
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8. Travelling Wave Records

Travelling Wave
Records

This module allows accessing the following information;

e List of recorded events, classified as Fault, CB operation or Lightning.

e Automatic fault location result, based upon the Wide Location Area technique.
e Dual end fault location technique is included.

e Compressed view of the fault waveforms.

The above information is automatically added to the module when a TDU is connected via
Ethernet or point-to-point. When the network is connected for the first time, the software
automatically downloads all recordings saved in the TDU.

The software continuously monitors the network and verifies if there are messages. New
records are automatically downloaded by the TDU, starting with the summary which allows
the software to compute the distance to fault. The recording follows in a time which
depends upon the recording frequency and duration.

For the telephone communication, data are added when records are discharged. For fault
location, data are valid when all the TDUs in the region have reported.

In addition to the analysis, it is possible to decide if a recording is relevant and whether it is a
real fault. Where appropriate it is added to the Fault Location module and the Confirmed
faults module.

It is also possible to export, import or print the travelling wave data and to manually
measure the distance.

8.1 Fault information window

The fault information window is shown here below.

Time From June 142021 v To[Tume 202021 @ seach | ¢ Dt ¥ [ Fauk Bt X Delete &) MarmsalCabeutator | ) Preview 4 Pot | 1 lmpost (3 Esport [ ExpotList AsXLS | ., Seasch Conditions [ Data Fite J Ext

Seach No Subsmion  Line Device Name Time Type D, Resulsdo) Aspltade  Faukt Phuse Natuse €8 Openaton Desynctucnize?  Located Fautt?
1 June21,2021 16:43:00 325045....
| PORTON | LINE1 | TDU-A June21,2021 16:43:00 269961....| 68.120 65354 |BC Fault
MEDWAY | LINE1 TDU-B June21,2021 16:43:00 269887....| 39.200 | 6004a | BC Fault
MEDWAY | LINE1 TDUB June?1,2021 16:43:00 269961....| 34580 62024 |BC Fault
PORTON | LINE2 TDU-A June21,2021 16:43:00 269961.....| 34.880 4u4A Other Disturbance

% LocalEnd 52 Remote End

PORTON - line2 - TDU-A - June 21,2021 16:43:00 325045.2s

The window displays the travelling wave records, the automatic fault location results and the
recorded waveforms.
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The window includes five parts. To the left side is a tree for line selection; the central area
includes fault data browsing area and waveform display area.

The tree selection area includes the region, substation and the lines connected to the
substation. It can be expanded or reduced to the region level.

In the main page the travelling wave records are viewed, providing the automatic fault
location results and fault waveforms. The waveform display allows the relevant data of the

fault to be examined. It is divided into two pages, local TDU waveform and remote TDU
waveform.

This module also allows printing and the export of data in Excel format.

In this example a region has been selected.

] ¥ Station Selection
= ] ¥ BARKBY
& @ TENBY
= 7] [** HORNBY
@ DIDCOoT
= ] ¥ KIEWORTH
] @ HILFORD
] @ HUNSDON
] @ KINGSTON
M - MEDWAY

The first line of the window is the command bar.
File(F) Operation(0) View(V) Help(H)

Select File to access the following sliding window.
File(F) | Operation(0) View(V,

p_J] Preview Alt+R
éa Prnt Alt+P
[& EsportAsXLS Al+X |
% Import AT ¢
Export AlE
|0 Esit AltQ

Select Operation to access the following sliding window.

Cperation(0) | View (V) Help(H)

Search Alt+§
i Travelling Wave Records Retrieve Alt+G
;7 Daalup Alt+D
J=  Show Invalid Line A+l |

The Operation Search and Dial-up are also available in the toolbar; these will be explained
later.
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Selecting View, accesses the following drop-down menu.

View(V) | Help(H)
{ ), Hide Search Conditions

The network tree can be closed or opened on the left. The operation is also available from
the toolbar | #= Search Conditions

Select Help & About to view the software revision number. The toolbar is as follows (split in
two for convenience:

F@ Travelling Wave Records

Fila{F) Sond0Y Viewt Wy
File(F) Operation{0) View(V)

Time From May 31,2009 ~ | To| July 62021 ~ Search ‘ ;" Dialup ;* Ring off [T FaultEdit 3§ Delete &’ Manual Calculator

‘ | Preview < Print ‘& Import | [ Export [ 3 Export List As XLS ‘ - Search Conditions [] Data Filter [} Exit

8.2 Fault Records View

One or smore lines can be selected from the tree on the left, the records’ beginning and end
time can be selected in the toolbar. If results are only required from one line, select it in the
tree, or use ‘Substation search’. Using the <Search> button will produce the fault record list,
displayed in the main area. Here is an example;

Wo.  Substasion Line Divice Name Towe Tape D Reertiiom) Ampltude  Fault Phase Natre B Operasion Denyncheoeize™

1 Junel] 2021 16 43:00 328045, G000

: | PORTON | LINE1 | TDU-A | Jume21 2021 16:43:04 269961 1y 65.120 | 65384 [B.C | Famit

3 | MEDWAY LINE1 TDU-B June21 2001 16:43:00 260837 4u  30.200 Go4A  [BC Fault

4+ | MEDWAY | LINE1 TDU-B Jume21 2021 16:43-00 269961 Ty 34.850 62024 (BC Fault

3 | PORTON | LINE2 TDU-4 June?1 2021 16:43:00 195378 4u 34.850 |414a | Other Disturbance

¢ | PORTON | LINE1 TDU-A June21 2021 03:26:41 26906190 66.660 d5A A CE Operation Opening time: Jun.
7 | PORTON | LINE2 TDT-A Jume21 2001 16 43:00 269961 0p. 63160 153A A CE Operation Opening time: Jun.

Record results include the following information.
e  Record number;

e  Substation;

° Line;

e Device name;

e  Fault time;

e  Type D result; that is, distance to fault, when it can be computed with the double
recording system;

e Amplitude; that is, the RMS mains frequency current value at the time of trigger
e  Fault phase(s);

e  Nature of fault: Refer to the section on event categorisation (Section 1.4).

e  For Breaker operation, the time it occurred, which is not the time of fault;

e De-synchronised? If yes, this means that the TDU was not GPS synchronised at the
moment of fault. In this instance, type D (double end) fault location is impossible, but
type A (one end) fault location can be performed on both ends of the line so accurate
fault location is possible.
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N Y Note: To add notes right-click on a recording to access this window, then select Fault Edit.

-, P

- -

& ® |
] Fault Edit !
| Delete

Wawve Analysis
Fault Location Confirmation
Google Map

¢ 0% X @

The automatic fault location can be corrected and relevant notes entered as shown

below;
@ Fault Edit + O X
No. 4
Substation MEDWAY
Line Line 2
Device Name TDU-A
Time October 13, 2021 16:10:34 269961.2us

Type D. Result (km) | 60.8

Event due to lightning

Note

OK Cancel

The operation is also accessed from the appropriate command of the toolbar.

[ Fault Edit

e Wave analysis. This selection accesses the following window:

& Single End Waveform Analysis--PORTON X

Color Set(Y) Unat(Z)

Fault Distanced6.158km Relative v %FS Filter
Velosity (m/us )
2y 1 2 x | L
Phase
2a EN
[ 1 POR-MED km A
1
v
Phases Span 02k
Lines Span 15
Reset Zero
Double .
Not
Ends o
Preview Measure
Fault
165 <0 o 21 e 592 677 Unitys v Location v
< >

The operation on this window is explained in the following Section.
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8.3

8.4

e  Fault location confirmation.

The fault confirmation asks for confirmation that the fault is real.

Travelling Wave Records X

10\ Confirmed fault?

Cancel

The action is confirmed:

Travelling Wave Records X

lev Added Successfully!

Cancel

e  Google map. This opens the map to show the fault location (provided the substation
and tower coordinates have been programmed). This is covered in Section 10.

Fast Display Waveform

The fast-display waveform is under the records list. After clicking a record, the corresponding
fault waveform is displayed. If a record only has the local travelling wave data, it advises that
no waveform record is available. If a record has both the local and the remote travelling
wave data, the fast-display area will have two pages, one for the local travelling waveform
and one for the remote travelling waveform.

Following the above selection, in Ware, line 2, date Oct. 18", time 16:10:34, the following
record of a fault can be displayed.

¥ Localfnd 1 Ramote Endl Homtorcsring
Wars - lineZ - TDU-A - October 13,2014 16:10:34 269961 2pa

This is the waveform at one end; clicking Remote End displays the matching recording from
the other end.

Local End | 23 Remote End
Double clicking on the selected line, will access the same window as the wave analysis.
Commands Explanation

The toolbar is as follows (cut in two for clarity):

Time:From June 42014 v | To|June 262015 v Search ‘ ¢(* Dialup ¢~ Ring off [ FaultEdit J§ Delete

- Bearch Conditions @ About ﬂ@ Exit

@ Manual Calculator | @ Preview . Prnt | h Import | ] Export @ Expost List As XLS
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8.4.1 Dial-up and ring off

We have already seen these commands in Section 4.2.6.
5~ Dialup o~ Ring off

The difference here is that a recording in the list, from which to collect the complete data, is
already selected. As Dial-up is selected and the software starts the communication.

I Dial-up * i

Begin to get the favlt record.
November 17,2014 17:03:49 Unit: TDU-A, Dialing...

Ring off Close

When the termination message arrives, click Ring off. After calling, you can Ring off at any
time.

8.4.2 Manual calculator

% Manual Calculat . .
The manual calculator @ Manuzl Calcnlator helps to compute the distance to the fault, given the

times at the two substations. When selected, the following window is displayed.
“& Calculate x
Station MEDWAYTOWN1 ~ | Line ME-PO1 » | Remote Station |[PORTON ~ | Line Length{lm): |110.000

Velocity(m/ps) |204

Local Time Remote Time
Input Time Input Time
Date: | June 21,2021 ~ Date: | June 21,2021 ~
Time: |01 ~ [{02 ~ 104 Time: |01 ~ 02 ~ 104

ps: 1550 ps: 135.0

Times can be entered at the two ends of the line. As the values are entered, the software
computes and displays the fault distance from one end. In this case, with equal times, the
result is 55km, which is half the line length.

8.4.3 Preview
Prior to printing, this selection B Preview

records. The toolbar is as follows;
File(F) Help(H)
& Print Zoom[30% | v [ Page 1S [J <7 Retum

is available also under File to display the list of

» Return - B . gllows the preview to be exited.
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8.4.4 Import file

The selection “® ™P°" js available under File. Fault information obtained from other places
can be directly imported into the software for analysis.

The information comes from an Excel file for the summary, and from a COMTRADE (Common
format for Transient Data Exchange for power systems) file for the recording. COMTRADE is
a file format for storing oscillography and status data related to transient power system
disturbances. It is defined in IEEE standard C37.111-1999. This is the selection window;

1& Fault Data Import X
File Selection

Data Type (@) Comtrade Data () Terminal Fault Data TDUIME () Terminal Fault Data-TDU100

(C:\TDU-2100 TWFL\Medway - TDU-A - 2021_06_13-16_10_34_2699612.cfg Select
Substation Line
MEDWAY linel

BUS1

line2
Wave Device
TDU-A

import Cancel

Select the directory and the file to be imported: the standard communication window is
opened. Once selected, click Import: the operation is confirmed.

8.4.5 Export
This selection "EEpett js gvailable under File. The purpose is to save and send a recording(s)

to another user. Fault waveforms can be exported in the standard COMTRADE format. The
following window is opened.

I& Export x
Data Type (@ Comtrade Data () Terminal Fault Data

File Type @ ASCI () Binary

Export Folder Select

Export Cancel

The standard foresees a number of files of different types, designated by the following file
extensions: *.CFG, *.INF, and *.DAT.

The *.DAT file contains the digitised sample data in an ASCII text format or binary format.
The *.CFG file contains configuration data about what is in the *.DAT file, including
information such as signal names, start time of the samples, number of samples, min/max
values, and more. The .INF file adds other information.

The following are example of the different file types, starting with the .cfg file.

I List — (e:\ Medway - TDU-A - 2021_06_13-16_"
File Edit Format View Help

MEDWAY, 35,1999
12,124,860

1000,2048
13/10/2014,16:16:34.269961.2
13/16/2014,16:18:34.269961.2
ASCII
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The .dat file.

& List — (c:\XCF2100E\ MEDWAY RECORDS\PORTON - T]
File Edit Options Help
1,8,2065,1998,2841,2047,2017,2643,2641,2045,2623,
2,0,2055,2032,2065,2061,2018,2039,2036,2058,2038,
0,2058,2031,2053,2654,2631,2050,2026,2061,2016,

,2056,2008,2041,2051,2028,2052,2032,2058,2018,
L2068 ,2006,2035 ,2045,2015,2038,2640,2064,2018,
,2083,2028,2055,2645,2635,2634,2031,2057,2022,
,2072,2621,2050,2049,2028,,2045,2003,2641,2616,
,2063,1998,2040,2054,2020,2048,2031,2062,2021,
,2060,1994,2032,2644,2613,2636,2029,2054,2023,
0,2069,2002,2024,2043,2008,2035,2029, 2056, 2024 ,
0,2093,2013,2020,2645,2620,2631,2036,2053,2023,
12,0,2068,2021,2072,2060,2036,2055,2054,2053,2023,
13,0,2058,2010,2040,2048,2033,2055,2038, 20582022, 0,
14,6,2054,2002,2028,2048,2621,2640,2631,2066,2622,
15,0,20714,2016,2043 2046 ,2010,2031,2033 ,2061,2021,
16,0,2076,2026,2064,2056,2024,2049 ,2036,2065,2053,0, 0,
17,0,2069,2002,2044,2054,2035,2052,2628,2052,2024,0,0,
18,0,2058,1997,2033,2046,2015,2052,2026,2064,2622,0, 0,
19,0,2071,2012,2027,2046,2015,2642,2632,2659,2027,0, 0,

9,8,
0,0,
9,0,
9,0,

ssvceNoNF®

o,
o
o
L]
0,
L

0
1

20,0,2074,2014,2052,2060,2026,2022,2027,2060,2026,
21,0,2064,1999,2052,2050,2623, 2048, 2003, 2045, 2032,
22,0,2063,1999,2031,2043,2022,2046,2029,2060,2025,
23,0,2866,1996,2030,2640,2014,2637,2639,2059,2023,,
24,0,2066,2015,2049,2051,2007 2038 ,2634,2053,2622,
25,0,2086,2000,2036,2053,2032,2054,2034,2060,2024,
26,0,2064,2011,2049,2057, 2038, 2046, 2044 ,2053,2021,0,
27,0,2070,2004,2044,2649,2621,2043,2040,2056, 2021,
28,0,2065,2014,2051,2645,2009,2644,2030,2047,2027,,
29,0,2060,2024,2060,2055,2023,2056,2033,2054,2624, 0,
30,0,2068,2023,2062,2062,2024,2051,2036,2075,2025,0,
31.6.2068.2016.2047 .2046 2019 .2046 .2630.2056 .2028.0.0.

And the .inf file.

& List — (c:\XCF2100E\ MEDWAY RECORDS\PORTON - TD
File Edit Options Help

[connInfo]

staName = CHAFFARD

deviceName = TDU-A

lineNames = linei;BUS1;1line2

deviceld = 35

faTime = 2814-18-13 16:108:34

us = 269961.2
chnNun = 12

cyds = 2048
frequence = 1000
collectLength = 2
chnLinefArr = 0;0;0;1;151;2;2;
meim'r'-1239101 5
chnse = 1;1;1;1;1; 31;8;0;
chnlnvert = B'O'B'B'G'ﬁ:ﬂ;ﬂ; ;0;0;0
collectRange = 4895

ctpt1 = 3000;200;3000

ctpt2 = 1;
vollLev = ;4005400

zengyi = 100;100;100;70;70;70;100;100;100;100;100;100

[1ine1]
fald = e11d7310-4e50-4FF9-B453-e88bbFBLOd91
lineName = line1

timeType = us
location = 62.3
reasonld = 1
remark =
measureType = B
amplitude = 6538

CFG and DATA files are mandatory for the re-import of data. Although the values of the

digitised samples in the *.DAT file are viewable without the *.CFG file, the value of the data

is greatly diminished as it would be very difficult to fully reconstruct the meaning of the data
W00 without the *.CFG file.

I
)

Note: The *.DAT file can be ASCII text format or binary format, allowing the corresponding
selection button to be found.
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8.4.6 Export as .XLS

The selection [ Epet AsXLE is qyailable also under File. The results table can be exported as
an Excel file. The software opens the standard page, after selecting the file location and
name, a confirmation that the file has saved is received:

Travelling Wave Records =
Export Successfull De you want to open the file?

Al & J Records
A B C D E F G H J K
1 Records
2 Print TimeJuly 7,2021 11:10:47
3| N Substation Line Device Name Time Type D. Amplitude Fault  Nature CB  Desynchro
41 PORTON line2 TDU-A July 18,2021 06:55:11 24437 965 T157TA A Fault
5|2 PORTON line1 TDU-A July 18,2021 06:55:11 2443 466 9807A A Fault
6 3 MEDWAY line2 TDUB July 18,2021 06:52:07 5808! 611A Disturbanc
7|4 PORTON line2 TDU-A July 18.2021 06:49:08 1682 T38A Disturbanc
8 |5 MEDWAY line2 TDU-B July 18,2021 06:48:56 5001 B01A Disturbanc
9|6 PORTON lina2 TDU-A July 18,2021 06:48:31 7012797 695 T59A Disturbanc
107 MEDWAY line2 TDUB July 18,2021 06:48:31 700912 305 80BA Disturbanc
118 PORTON line2 TDU-A July 18.2021 06:47:14 6408: T45A Disturbanc
1219 PORTON line1 TDU-A July 18,2021 06:46:03 0217: 217A Disturbanc
13 10 MEDWAY line1 TDU-B July 18,2021 06:46:03 0202: 2182A CB Operat Close Tim¢
14 11 MEDWAY line2 TDUB July 18,2021 06:46:03 0202 1469A CB Operat Close Tim¢
15 12 MEDWAY line1 TDU-B July 18.2021 06:45:57 880571.404 374A CB Operat Open Time
16 13 MEDWAY line2 TDU-B July 18,2021 06:45:57 8805/69.904 3501A CB Operat Open Time
17 |14 PORTON line1 TDU-A July 18,2021 06:45:57 880431 596 945TA B.C Fault
18 15 PORTON line2 TDU-A July 18,2021 06:45:57 8804730096 T284A B.C Fault
19 16 MEDWAY line2 TDU-B July 16,2021 08:45:24 32851 178A Disturbanc
20 17 MEDWAY line2 TDU-B July 16,2021 02:46:49 9936: 644A Disturbanc
2118 MEDWAY lina2 TDU-B July 15,2021 23:32:04 1815 431A Disturbanc
22 19 PORTON line2 TDU-A July 15,2021 23:32:04 1752: 1563A AB.C Direct strik
2320 PORTON line2 TDU-A July 15,2021 22:00:26 3976 1122A Other Distr
2421 PORTON line2 TDU-A July 15,2021 07:38:50 3133 180A Other Distt
25 22 PORTON line2 TDU-A July 15,2021 06:50:34 4499 1092A Other Disti
26 |23 MEDWAY line2 TDUB July 15,2021 03:37:36 1283 187A Other Distt
27 24 PORTON line2 TDU-A July 14,2021 18:34:20 8640! 1115A Other Distr
28 25 MEDWAY line2 TDU-B July 14,2021 07:09:19 1762 1408A A Fault
29 26 PORTON line2 TDU-A July 13,2021 23:32:03 3439 450A Other Disti
30 27 MEDWAY line2 TDUB July 13,2021 23:32:03 34363 891 1708A AB.C Fault
8.4.7 Travelling wave records retrieve

With the above selection we have completed the commands on the toolbar. There are two

more under Operation; the first one is « — Lravelling Wave Records Retieve Alt+G

The selection enables the retrieving of data which were not downloaded automatically,
because of communication problems.

= []F» MEDWAY TOWN 1
0@y

= [ PoRTON
0@

Obiam || Stop  Canesl

The selection refers to Ethernet connection problems so regions which have telephone links
are not considered.

Click Obtain: the operation continues until data are retrieved.

8.4.8 Show invalid line
Select Operation, and then /= ShowInvalid Line AL . 3|l recorded lines are displayed,
even if they have been disabled. The opposite operation, |l/= HdehvaidLine AL js now
accessible.
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8.5 Google Map/Off-line map usage

With the Google map selection, the location of the substations, lines, towers and fault

location can be displayed on the Google map. The PC has to be able to access the internet to
realise this function.

For utilities which do not allow internet access, an off-line map feature is also provided. A
user-defined map area is pre-installed in the software, and all the above map operations
(such as fault location on the map) can be realised.

Both the on-line Google map and the off-line map features are explained in Section 10.

9. Fault Location
To access click on the following icon;

Fault
Location

The purpose of the module is to collect all events which have been located in the Travelling
wave records module, and to inform about the tower where the fault has occurred.

The information is automatically added to the module when the TDU is connected via
Ethernet or point-to-point, after the Travelling wave records module has located the fault
(using the Wide location area algorithm).

Note: This refers to events, and not of faults; therefore, whenever an event has been
located, regardless of the type of fault (lightning or a CB operation), it is automatically added
to the module. In case of telephone communication, the user can select the events which are
to be copied into this module; the procedure is explained as follows. The Fault location
window is shown below.

s bs

LI}
A}

File(F) Operation(C) View(V)

Time-From May 252021  To June 252021 v | ) Search ) Search Conditions @} Locating Fault | [d) Preview % Print [ Esport List As XLS | [ Exit

Search:

No. Time

[ [ HUNSDON
& [ KINGSTON
8 [ P MEDWAY
& 2P so0kv
= [ CHETWIND
@ ME-FO1
[EDWAY TOWN |
D ME-PO1
@ ME-PO2
* PETFIELD
& [ [ PORTON
E@ME-PO1L

<

Local Station Distance To Local(km)  Remote Station Distance To Remote(km) Fault Lin Fault Phase
P
- Line Selection. 1 October 13,2021 16:10:34 269887 0s 7 "
= } B/ Y ™ . . N N 1 J
o B so0 2 Octaber 13,2021 15:37:06 35258.1us | MEDWAY e |porTON fos fine2
2 TENBY ] October 13,2021 153706 55258.1us | MEDWAY 31620 PORTON 68.350 line2
& [ HORNBY n October 13,2021 03:26:41 1952142us | PORTON 34840 |MEDWAY |ss.160 finel A
= 400y 5 103:26:41 528671.2us PORTON 33049 MEDWAY 166.951 nel
(& ¢ DIDCOT - = 1 =
5 & 3 KIBWORTH 6 October 13,2021 02:23:50 238809.1us PORTON 16915 IMDWAY 86,085 lnel B
8 [ 2 v
] (* HILFORD

Fault Location Information
=¥ Fault Location Information
 Fault Location Informarion
[i2 Distance To MEDWAY:40.704km
[ Distance To PORTON :62.296km
S [ Fault Line
*. Hnel TowerLocation:

=[» Substation Queue

) Substation: PORTON Time:October 13,2021 16:10:34 269961 2ys

M@ ME-PO2 ) Substation: MEDWAY Time:October 13,2021 16:10:34 269837.0us

This window includes five parts: The left side provides a tree for line selection and the central

area includes fault data table and fault information, with the menu and tool bar above.

The tree selection area includes the region, voltage level grade, substation and the lines
connected to the substation.

XCF-2100E Software User Manual | V2.1 | 128



9.1

9.2

The results table

The results table provides the following data.
e  Fault time;

e  Local station;

e  Distance to the Local station;

e  Remote station;

° Distance to the remote station;

e  Faultline;

e  Fault phase.

No. Time Local Station Distance To Local(km)  Remote Station Distance To Remote(lm) Fault Line Fault Phase
1 October 13,2021 16:10:34 269887 0ps
2 October 13,2021 15:37:06 55238.1us MEDWAY 31.623 PORTON 68.377 line
Ii .Ocmber 13,2021 15:37:06 55258.1us MEDWAY 31620 PORTON 68.380 line2
4 October 13,2021 03:26:41 195214 2us PORTON 34.840 MEDWAY 68.160 linel A
5 October 13,2021 03:26:41 528671 2ps PORTON 33.049 MEDWAY 66.951 line2
5 October 13,2021 02:23:50 238809 1ps PORTON 16915 MEDWAY 836.085 linel B

The XCF software, based upon the data recorded in the Travelling wave records module, has
performed the fault location, and organised the table matching the two substations at the

end of the line which have recorded the same fault.

As for the other module, the date of recorded faults can be selected, so that the table

displays only the events of interest.

Fault location information

After selecting a recording, the fault location information is displayed as follows (it can also be
viewed in graphical form), it provides information about the faulty tower.

Fault Location Information
2 % Fault Location Information
¥ Favlt Location Information
__s2 Distance To MEDWAY:40.704km
" B2 Distance To PORTON :62.296km

=-[* Fault Line

LN Tinel

“

Tower Location:

;| % Substation Queue
Ol Substation: PORTON Time:October 13,2021 16:10:34 269961 .2ps
O Substation: MEDWAY Time:October 13,2021 16:10:34 269887.0ps
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9.3

Locating the fault

The locating fault icon @ LocatingFault 1\ ¢ the |ocated faults to be imported when they have

been downloaded by the telephone line.

Clicking the icon displays the following window:

E4 Locating Fault >

TimeFrom May 23.2021 + To June 23,2021 « | B search @ Locating Fauit

Search:
B[ 7* Selection
= [ [ BARKBY

B 4 B 00xv L

T TENBY 184
% HORNBY 185
=] 400KV

3 DIDCOT
3 KIBWORTH
=] 2 400KV

- HILFORD

% HUNSDON

¥ KINGSTON
> T
=] 2 400KV
* CHETWIND
 MEDWAY TOWN 1
% PETFIELD
% PORTON

No. Substation Time Located

182 MEDWAY June 20,2021 02:48:40 613209.3us Yes

MEDWAY

June 20, 2021 02:48:43 764523.Tus Yes

MEDWAY June 20,2021 02:48:46 768529.4us No
June 20, 2021 02:48:49 836495.0us Yes

June 20,2021 02:48:59 739573.5us Yes

o

MEDWAY

186 MEDWAY

m

o

HEEE

Fault Location Information

s
The table lists the following columns:
e  Fault number;
e  Substation;

e Time when the fault occurred;

Located — yes or no;
The import operation is performed as follows;

e  First, open the Travelling Wave records module, and note the required date and time of
the records;

e Next, in the Locating fault window above, select the time frame when the faults
occurred;

o Now select the relevant event. As the substation is clicked, the window magnifies also
the line of the substation at the other end of the same fault. In the following example,
the selected events occurred on October 13, at 15:37:06;

E& Locating Fault ¢

TimeFrom May 23,2021 ~ To June 232021 v | Search 4 Locating Fault

Search;

Cl ™
]

% Selection
~% BARKBY

 TENBY
% HORNBY
=] = 4006V

3 DIDCOT
3 KIBWORTH

BB [P 400KV

No. Substation
MEDWAY
PORTON

184 MEDWAY

Time

June 20, 2021 02:30:44 746352.2us

June 20, 2021 02:30:44 758493.2us
June 20,2021 02:48:46 T68529.4us

Local Time

June 20, 2021 02:30:44 752396.4us
June 20, 2021 02:30:44 758503.4us
June 20,2021 02:48:46 T68529.4us

Located

185 MEDWAY

June 20, 2021 02:48:49 836495.0us

June 20, 2021 02:48:49 836495.0us

186 MEDWAY

June 20, 2021 02:48:59 739573.5us

June 20, 2021 02:48:59 739573.5us

Fault Location Information

IReady
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o Click the & LocatngFault again: the following confirmation window is displayed.

Fault Line: line2,
Distance to: MEDWAY 31.623km,Distance to: PORTON 68.377km,

Tower Location:
Whether to overwrite the same disturbance

e  Select Yes to observe the following;

Time:From October 1,2014

v To October 31,2014

~ || ) Search @ Locating Fault

No. Substation Time Local Time Located
15 MEDWAY October 13,2021 16:10:39 409503.1us October 212021 12:1625 Ne A
16 PORTON October 13,2021 16:10:34 269961 2us October 21,2021 12:20:56 Yes

17 MEDWAY
PORTON
MEDWAY

October 13,2021 16:10:34 269887 0us
October 13,2021
October 13,2021

(October 21,2021 12:16:27 Yes
October 21,2021 12:21:01

October 21,2021 12:1629

October 21,2021 12:16:30 No

20 MEDWAY October 13,2021 14:30:36 460833 5us
21 PORTON October 13,2021 14:30:36 460768 6us October 21,2021 1221:03 No

2 PORTON October 13,2021 10:30:28 304232.5us October 21,2021 1221:05 No v
Fault Location Information

= Favlt Location Information
= ' Favlt Location Information
- Distance To MEDWAY:31.623km
", Distance To PORTON:68.377km

& |* Fault Line

Ime2 Tower Location:

=/ Substation Queue

S Substation PORTON Time:October 13,2014 15:37:06 55384.4us

&) Substation: MEDWAY Time October 13,2014 15:37:06 53258.1us

Ready

On the two selected lines, the location column to the right states ‘yes’, meaning the fault is
located; below, the ‘Fault location information’ states the characteristics of the fault.

No. Time Local Station Distance To Local(km) Remote Station Distance To Remote(km) Fault Line Fault Phase Tower
1 October 13,2014 16:10:34 269887.0us | MEDWAY 40.704 PORTON 62.296 linel B.C

2 October 13,2014 15:37:06 55258.1ys  MEDWAY PORTON

3 October 13,2014 03:26:41 5286712us PORTON 33.049 MEDWAY 66.951 line2

4 [muma 13,2014 03:26:41 1952142 [ PORTON 34840 } MEDWAY '}s&lw linel i_-\

5 October 13,2014 02:23:50 238809.1ys | PORTON 16915 MEDWAY 86.085 linel B

9.4

Closing the “Locating Fault” window, and returning to Fault location, adds the selected event

to the list.

Further operations

Right click on an event to generate these four options.

IEXLO

Google Map

Fault Location Confirmation
Wave Analysis
Fault Location Display

»  Fault location confirmation: XCF opens the confirmation window. Click OK: the fault is

confirmed.

»  Wave analysis: XCF opens the two wave records: See next Section.
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9.5

> Fault location display: Double click on the desired event: XCF opens the fault area
window, as shown in the figure below.

4 Fault Location Display *

Legend

s Unknown

When this window is opened, the fault position display flickers.

=  Description of the graph:

E The substation is equipped with the travelling wave device.
B TheCBisclosed.
B TheCBisopen.

Line1

This is the line.

' Fault location.

- Fault Location

The fault point is displayed by the flashing icon, and the TDU and line are usually
displayed in yellow. The flashing interval is 500ms, and can be modified.

Travelling Wave Analysis

Travelling wave analysis consists of single end analysis and double end analysis. The single
end analysis is used to determine the fault location by manually analysing the waveform
recorded at one substation. The double ends analysis provides the automatic fault location
result, which can be further verified by analysing the local and remote substation
waveforms.

The travelling wave analysis is launched by double-clicking a fault record. A single end
waveform analysis window appears. Within this window, there is a ‘Double Ends’ button. If
there is a corresponding record which is able to form a double end result, clicking this button
will launch a double ends analysis, showing both the ‘local’ and the ‘remote’ waveforms.
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Single end waveform analysis

The window of single end waveform analysis is as shown below.

Ik Single End Waveform Analysis--FORTON *

Color SeaY) UniniZ)

Vielpeoity { mips ) 20408

2y s 2 x ps-:
Phase

el

F 1 POR-MED 100%m B

Phases Span

Lines Span

Reset Zero

Doubls

Note
Ends

Freview Measume

Faudt

Ratum
Unate: s . Location

The waveform area displays all the disturbance waveforms that have been recorded by the
TDU.

This window consists of four parts: The left side is the waveform display panel. The panel has
4 cursors: two vertical ones and two horizontal ones. The vertical ones consist of a solid
cursor and a dotted cursor, used to measure the time difference between the two. The
horizonal ones consist of a coarse dotted cursor and a fine dotted cursor, used to show the
full magnitude range of the waveforms.

The right side is the control panel, used for changing the visual display of the waveforms
(e.g., band-pass filter to remove noise, zoom etc.) to assist of the analysis.

The single end analysis is performed by manually moving the dotted cursor to the reflected
wave. The software measures the time difference between the incident wave and the
reflected wave, and calculate the distance to the fault. This result is shown in the top of the
screen.

There are other controls as follows: On the top left there are colour and unit selection
settings.

Color Set(Y) Unit(Z)

e  Colour set: provides the following colour selection:

Color Set(Y)
Black

o White
Gray

Define
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The first three selections provide alternative background colour. The fourth selection
‘Define’ produces the following menu, which allows other colours (such as Phase A, B and C)

to be selected.

15 Color Set

Curve Color

Background

Foreground:

rracer: |
rrace . |

Title:

Confirm Retumn

e  Unit: this allows the selection of the fault distance in microseconds or kilometers

Unit(Z)|
us
o Kilometer

The section on the right, provides access to the following selections.

Filter
Velocity (m/ps ) 20155
ey 1 2+ 42
Phase
oE CEl CH
1linel 100.000km G
2BUS1

3line2 100.000km

Phases Span 0215
Lines Span 15
Eeset Zero
Double
Ends Note
Preview Measure
ault Eeturn

Location

e  Filter. The waveform can be filtered by a user-defined band-pass filter, which removes
the low frequency and high frequency components. The filter is defined by moving the

two cursors.

e  Velocity. This modifies the figure used for the velocity of the travelling wave and is used
to calibrate the system, such that the measured line length matches the actual line

length. The unit of measurement is m/us.
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e Zoom. Using the controls marked with magnifying glasses, the sizes of the Y and the X
axes can be increased or reduced.

e  Phase. The phase to be displayed can be selected using the coloured tick-boxes.

e List of records. The monitored lines and other plant, are listed with adjacent tick-boxes.
These allow the user to choose the waveforms to be displayed.

e Phases span. The three phase waveforms are displayed on the same horizontal axis by
default. It is possible to separate them using this function, providing a clearer indication.

e Lines span. If the device monitors more than one line, their waveforms can be further
separated to aid clarity.

e Reset: This returns the distance measuring cursor to its initial position.

e  Zero: This returns the two cursors to their initial positions. The dotted cursor is
superimposed on to the continuous line and the fault distance displays zero. The dotted
lines can be moved by dragging them with the mouse.

e Double ends: This control switches the display to the double-ended waveform analysis
\ b window.

LN »
Q Note: It is possible to edit and record the analysis process and add remarks. The Notes
window is as follows:

Single Wave Fault Report
Keae|

Anabyisi OF Process
Anaitus Of Result

Mt

Savw Retum,

e  Preview: Preview the printing result of the waveform analysis report.

KK EHLJ|J Sindls Wave Faut Report
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9.5.2

e  Measure: Allows the measurement quantity to be selected (current or voltage).

e  Tower: Selects the tower position analysis window.

& Tower
Line
Fesult Between Pl and F2
ToLocal Station: | 12.367 fm Confirm Fauit
line2
Index Tower Name Height(m) Space(m) SumSpace(m)
1 Pl 50.0 716540 716549 i
2 P2 50.0 9260.32 16433.51
3 B3 50.0 621147 2266728
4 P4 500 1099735 133664.63
:] 1] 50.0 14040.02 47704 65
6 1] 30.0 814643 33851.08
7 P7 50.0 9427.65 65278.73
8 P2 50.0 691394 1219267
9 P9 50.0 8518.34 2071101
10 P10 150.0 1132841 192035.42 e

e  Return: Closes the current window.

Double end waveform analysis

The double end waveform window for the travelling wave analysis is as shown in the figure
below.

Fault Location
Color Set(Y) Unit(Z)
15.410km

MEDWAY ] ] = = fi T PORTON
Fault Time:October 13,2014 02:23:50 238809.1us Fault Time:October 13.2014 02:25:50 239046 Sus
Fault Location:to MEDWAY 15.410km Fault Location:to PORTON 84.5%0km

\
\
\
o
; Wk‘

|
I )
(sl A
i\l‘l" \d‘.’\v""l\v

IIJ ”
|

4 1 44 4 4 4 -64 44 4 14 1 4 4
< > < >
Phase Phase 7
. ?y 1= Velocity(m/s) W15 ey 15 1 Measure
v A v A
Reset [ R S . | Reset
& 2x 3= 2x 4= 5
Zero L Preview 28 Zewo

Phases s Phases = _
| 2 2 v
Single End Span 02 o Rotom S 0213 o Single End

The double end waveform analysis window displays the waveform of local and remote
substation and the automatic location result. The panel above displays the names of local
and remote substations, fault distance and tower location results.

The fault waveform at the local and remote substation is displayed in the middle area, on the
left side is the waveform of the local substation and the right side is the remote substation.
The lower part is the control panel explained earlier.

As the fault distance is known, it is useful to view the corresponding waveform on the single
end diagram.
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9.5.3

Line length calibration

The length of the line is typically calculated by adding the geographical line span between
the tower locations on the map, but this does not represent the true line length, as the line
sag and the elevation are not taken into account. Without line length calibration, the two-
ended result will produce an error as shown below.

Consider the formula for the fault location:
D=(L-((T1)B—(T1)A) *v)/2

Where (T1)B and (T1)A are the times of arrival of the first impulse at the two substations, B
and A. If:

(T1)B—(T1)A=0,D=L/2

In this instance, the error is zero. But if:
(T1)B—(T1)A * v = L1, where L1 is the actual line length, then:
D=(L-L1)/2

As a consequence, the result could be a negative figure; the error is maximised. The best way
to avoid this error is to correct the wave speed, so that L1 =L, and D = 0. The corrected
speed is:

V1=L11/((T1)B = (T1)A)max

Where ((T1)B — (T1)A)max is the maximum time difference between the impulses, which
occurs when the fault has occurred in the substation. This process of establishing the correct
wave speed is called line length calibration.

Line length calibration can be performed when there is an opportunity of a line outage, with
the circuit breakers (CBs) at both line ends are open. By closing the CB onto an unloaded line
(i.e., remote end open-circuited), both the wave generated by the CB closing and the wave
reflected from the remote end can be captured. The wave speed can then be adjusted
manually to calibrate the lien. Alternatively, a successful auto-reclose after a fault with the
remote end still open-circuited will provide the same opportunity for line calibration. Both
scenarios are represented in the following diagram.

STARTING
< meeeam
—o @ oo —
v ----------------------- >
REFLECTED
IMPULSE
Let us consider the following case.
Substation Line DeviceN.. Time Type D.Result(km) Amplitude  FaultPhase Nature
MEDWAY ne2 TDU-B October 13,2021 16:10:39 409503.1 s 1672A CB Operation
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The following image shows the CB close after a fault.

Single End Waveform Analysis ~ MEDWAY
Color Set(Y) Unit@

Velocity (m/us ) i
2y 1 8
Phase
.
] Lfinel 103.000km s

2fine2 100.000km
5BUS2

Phases Span

Lines Span

eset Zewo
uble =
Note
nds

rview

it
ation

R
Do

Er
Pre
Faul
Loc:

When the dotted cursor is located, the message at the top of the window states the distance
of the reflected line.

The image can be zoomed for a more accurate cursor location. It is positioned at the point
when the waveform starts its transient.

Based on the default wave speed of 291 m/us, the measured length is 103.305 km. This
value appears at the top right of the window. If the actual line length is 103 km. Then, the
wave speed can be corrected:

V1 =291 * 103/103.3 = 290.15 m/ps.

Instead of doing this calculation, it is simpler to adjust the velocity until the line length
reaches 103 km. The new wave speed (in this case 290.15m/us) can then be applied for
future fault locations by entering it in to the Line setting table.

Velocity { m/ps ) [20.1512

Line | Bus = Substation Information

No. Name Statt Substation  End Substation =~ Wave Velocity(m/us)
1 fine1 MEDWAY | PORTON 290.00
2 line2 MEDWAY PORTON 290.00
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9.6 Mixed lines

Where mixed lines are involved, the velocity of the transient wave changes as it passes from
the cable to the overhead line. As a result, the normal computation formulae cannot be used,
as they are based upon a constant velocity.

The XCF-2100E software handles mixed lines by converting them into an equivalent model
line, where the wave velocity is constant, and equal to 300 m/us. The conversion is performed
as follows.

Consider a sector of the line where the wave travels from one end to the other in time t:

t _ Iset

Vset

Where |, V,, are the sector length and the sector wave velocity respectively.

If |b is the equivalent sector length and the wave velocity is V, : the length is calculated as:

__ _set

| = XV
b b
V

set

Adding all equivalent line lengths together gives the equivalent line length:

i=n
V
L, = Z_b x1,
TV
This allows the fault distance to be calculated.

Following a fault, the equivalent fault distance (|bF ) from a substation, can be calculated using
the standard formulae for a constant velocity. The actual distance can be calculated with the

following algorithm.

= Subtract the equivalent length of the first sector, |, from |- . If the result is negative,
then the fault is located in the first sector; otherwise;

= Subtract the equivalent length of the first two sectors, (|bl + |b2) , from |- . If the result

is negative, then the fault is located in the second sector;
otherwise, continue in this way until the faulty section is located.

Within this section the fault can be located as follows:

The ‘residual’ cable length, which is the difference between |- and the total equivalent length
of the non-faulted sectors:

i=m

V

— b
| =l — > 2 xl,
1 V.

Where m is the number of the non-faulty sector.
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The actual distance to fault can now be calculated. Firstly, compute the distance to fault in the
faulty sector.

— _r
IsF =XV
Vo
Where V¢ is the actual wave velocity in the faulted section

The distance to fault is:

m
IF = ISF +lei
i=1

Where lsiis the length of the sectors before the fault point

Another problem to be considered is that on the mixed line, the joints provide an impedance
mismatch, causing the wave to be partly reflected.

Consider the following figure.
ia p
Zy Zp

—>»> Joint —

i, is the current before the joint, and iz the current after it; they are related by the following
formula.

2Z
ip = — ig = piy
Zy+Zg

Where Z, is the characteristic impedance of section A, and Zy is the characteristic
impedance of section B.

The following coefficient is the joint reflection parameter;
27,
P 7t Zs

When section A is an overhead line, and section B is a cable, p = 1,82, the current i is bigger
than iy :if iy is 1000A, then ig is 1820 A.

If the line goes from a cable to an overhead line, the current ig is smaller than iy and the
coefficient p = 0,198. Considering the following example:

st F s
| I N S
| Arine  cable ¥ Airiine  Cable Alr-iine |

It is clear that the original current peak, 1000 A, is greatly attenuated as it reaches the
substations S1 and S2. It is therefore, apparent that the attenuation of the current increases
with the number of joints.

In practice, there are generally fewer than three sectors and more than five is almost
unknown, hence the fault can usually be readily detected.
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10.

10.1

On-line Google Map/Off-line Map

On-line Google Map

The Google Map function allows the location of the substations, lines, towers and fault
location to be shown on an on-line Google Map. The longitude and latitude information
allow these items to be positioned accurately on the map. The PC needs to access the
Internet for this function to be available.

The Google map is launched by selecting the ‘Google Map’ icon of the task bar from
‘Parameter management’ as shown. Only the substations, lines and towers information will
be shown as the fault location is not available in the ‘Parameter Management’ module.

Eﬁ‘ Parameter Management

Network Parameter(E) System Parameter($) Equipment(D) Backup(l) Language(L)

§¢ Update %= Delete | P Reﬁeshl | Tower Information Import | 47 Google Map |, Offline Map | [ Exit

i

The Google Map is also launched in the ‘Travelling wave records’ and the ‘Fault location’
module, by right-clicking on a selected fault record. A pull-down menu appears and the
‘Google Map’ can be selected.

Time Type D. Result(lm)
Januar ¥ Delete
Januan & Wave Analysis 20533
Tanuar; ) FaultLocation Confirmation
Januar £ Google Map S1.870
Tatar) |, Offline Map 0.000
%7 Google Online Map - X
Please select thefine
o * Substation&Line
= 1-C88
@ CAS-RED
{O)CDSs CASTRIES|
T1RsSS
T 1-Uss
7 cDsss
=-FPss
(@ CDS_PSS_VFEAST
@ PSS_VFSS_VFEAST
= [ 588
Garrand @ S85_VFWEST
7 VESs
Tower Information
No. Name Latitude Longitude
15 [cDsC11 [15.9810267983 -60.9979947573 ~
14 [CDSCI [15.9824436415 60.9977348265
s 15 [cDSC13 [15.9837330536 -60.9975205408
D;W"tf; ) 16 [CDSC14  [15.9853280345 60.9972527985
Belmont 17 [CDSC15  [13.9836009751 -60.998208237
18 [cDsC16  [15.9867967709 -60.9998363574
Lemeiere. @ |18 |epscrr [sesossissss [61.0006555776
U |20 lepscis [15.9me3450m1 -61.0007402998
15993
13 E 5
Canari + 139967060346 -61.0010794507
ot 24 lepscn (139970231252 610014343197 v
- < >
), i o
Google '& / 'ﬂap saele O e Lty e Save | [ Close

On the left, the window shows the map and the lines. On the right, the window shows
network topology of the substations and the lines. Selecting a particular line allows the
tower information to be displayed.
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10.2

The icons on the map are explained below.

No. | lcon Note

The first and last substations

1 |

2 |

Tower position

A static icon shows the position of the

s |

position of the fault.

selected tower. A flashing icon shows the

The satellite map can also be shown if the <Satellite> button at the bottom of map, is clicked.

The map can be zoomed and towers moved using the mouse. Click the <Save> button to

save the tower setting.

An example of the map with fault locations is shown in the following figure. Related
information such as the faulty line, time of fault, fault distance, longitude and latitude of the

fault location are shown on the right-hand pane.

27 Google Online Map

Bisee
LaClery
Garrand
Castries

Ciceron

Qn J
Murlgul@
Public Beach Soucis.

Derniere
Riviere
Belmont

Roseau

Sarot

Lemeiere

Grand Bois Forest 9

Anse la
Verdure
Canaries: 1~ Millet
Verdune

Bouton

Mamin Palmiste

Mon Repos

St. Lucia Quilesse

Petit p“ono Malgretoute S0 Forest Reserve

Jalousle Edmund

Forest Reserve

Map  Satellite

Duaard B Z L3 Rlanchard

Google

Off-line Map

Keyboard shortcuts  Map data 82021 | Terms of Use

Substation's Name : CDSSS
Fault Line : CDS_PSS_VFEAST

December 312018 21:47:03
382999 3s

Fault Time
Distance To Local : 21.27%m
Tower Location: CDS-VFE 91 ~ CDS-VFE 92
-60.88767120333877

Longitude :

Latitude : 13.888903817253487

=0

For utilities which do not allow internet access on their local area network, an off-line map
feature is provided. The off-line map feature allows a map of a pre-determined area to be
downloaded and stored in the XCF-2100E database. Afterwards, all the on-line Google map

features are available with the off-line map.

XCF-2100E Software User Manual | V2.1 | 142



The off-line map feature is launched in a similar way as for the on-line Google map feature as
shown below. Instead of selecting Google Map, the user should select Offline Map.

£3! Parameter Management
Netwotk Parameter(E) System Parameter(S) Equipment(D) Backup(l) Language(L)

& Add ¢ Update & Delete | @ Reﬁmshl !\ Tower Information Import | £ Google Map

| {2 Exit

Time Type D. Result{km)

j

F 152001 14 = Fault Edit
anuary
- Delete

January 15,2021 14 Wave Analysis
w Fault Location Confirmation
January 15,2021 14 . Google Map

January 15,2021 14 s Offine Map

0% X

&

An example of the offline map showing a fault location is as shown below;

verriere rort;

0ld Victoria 4 AN
Road | =L
N Substation's Name : PSS
¢
¢
o FaultLine:  CDS_PSS_VFEAST
= 1
- December 312018 21:47:03
< FaultTame: S0
/
, )
Sy Distance ToLocal: 0.434km
\
2
ghisdov o Tower Location: CDS-VFE 91 ~ CDS-VEE 92
Derniere Riviere A 1
Jacmel i 3 Longitude:  -60.88767120333877
A o
‘L ‘ £ ~ Latitude 13.888903817253487
Borsainde -
\ Richefond <, 13
1 . Grande Rijere 2 >
Va \)
B Y A~
4 {
=
= j {
a < 1 [<
Ansella - A & lﬂ%\ e
Raye Y S Mdun ,
$ [ T Dennery
e
5 7 . f
[\ Millet™” / \
\ \ ;E £ o
L, 7 =)\
\ " Forest Reserve ZoAS
02 Z Jadl
BN A Line : CDS_PSS_VFEAST
© \ &7 Substation PSS
N\ Time : December 31,2018 21:47:03
1 : i 382928.4 ps
| r,-’ Beasti Distance :0.434 km
N/ T
J A

The off-line map feature is provided from XCF-2100E V1.9.7 onwards. After the user has
defined an area on the map where the network locations are required, the offline map needs
to be downloaded by Kehui’s support team and loaded into XCF-2100E.
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11. Alarm Information

This module allows the user to view the alarm information produced by all devices.

Alarm

The alarm information comes from the TDUs, and a part is also from the communication
modaule. For the alarm view, choose the equipment, set the search date range and the alarm

type. The alarm type includes; system, channel, working condition, operation and other
alarm.

The main window is shown in the figure below.

(V)

Print | Export Start Time| June 14,2021 | End Time| hune 212021

1w | Seasch . Search Conditions [§ Ext
Seaschl No. Swtien Equpment Name Alarm Type Time Alsm Content
3} Equipment Selection 1 |poRTON [pot Traveling Wave Evspment | DU Event |Fume 21,2021 09:57:57 ms 593 Logt
= & ¥ BARKBY 2 |[PORTON PO1 Traveling Wave Empment TDU Event 109:57.37 Ims. GPS Recovered
& TENBY 3 MEDWAYTOWN!  MET2 Traveling Wave Evipment TDU Evem (Pume 21,2011 09:57:56 $96ms 595 Recovarsd
=@ j}{\omv.' 1 AEDWAYTOWND  AET F " IDU Evemt ume 21,2801 09:57:36 996 GBS Lon
i ’;m?:%?rf( s MEDWAYTOWN1 MET2 DU Evemr e 182021 111106 3ms G5 Lont
2 HILFORD & MEDWAYTOWNI PET TOU Evemt (e 182021 11:11:06 $73ms GPS Racovered
& HUNSDON 7 [PORTON PO1 TDU Event hume 13,2021 11:11:06 $71ms. GPS Lost
Zl‘;-“?i!:m 8 [PORTON o1 | TOU Evem [ume 182001 111106 871 GBS Racovered
P BB carrwoo s PORTON 701 Trigper Event [ume 182021 103428 61 1ms Substetion Perton Line PTN-MEDPO1 Trizzered
& B MEDWAY TOWN1 10 PORTON 2ol Trigger Event ‘Substation Borton Line PTN-MED:POI Triggered
= MET2 11 MEDWAYTOWN!  NET | Trigges Event Substation Medway Town Line MED-PTN 1'MET? Trigzered
B @®METi 12 MEDWAYTOWN! AET | SOE Event Line: MED-PTN | Circuit Breaker MED-PTN Closed
; : ;EJE?\D 13 [PORTON ot | SOE Evest Line: MED-PTN 1Circuit Breaker MED-PTN Closed.
T e ror 14 [PORTON 701 . Channel Event - PING Recoversd
15 MEDWAYTOWND  MET2 Travetmg Wave Evapment Channel Event [ume 182021 09:4318 28ms FING Lost

This window comprises three parts; the left side is the tree for line selection, the table on the
right lists all the alarms of the selected region or substation in the selected time period, and
the top contains the function keys.

The table lists: substation, device name, alarm source, alarm type, time and alarm content.
There are two alarm sources: the TDU itself, and the communication module.

The alarm from the communication module is the system alarm. Because the communication
module does not belong to any substation, in case of such event, the substation column

would report an asterisk.

11.1 List of alarms

One or more devices can be chosen from the condition tree on the left, the time window can
be set in the toolbar.
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11.2 Alarm type

A specific alarm type, or all alarms, can be selected in the drop-down list;

Trizger Event
Channel Event
TDU Event
Management Event
S0E Event

System Event

. Trigger event: the TDU has triggered for any type of triggered event (see Appendix 6).
. Channel event: problem on the communication channel, such as PING lost.

° TDU event: any situation occurring on the TDU, including the loss of synchronisation,
power-off and on.

o Management event: TDU was reset, or settings were changed.

° SOE event: whenever there is a CB operation, the event is recorded, regardless to the
triggering.

o System event: operations on the TDU front panel.

When searching the alarm information, the status bar on the bottom right will display the
current status of the searching process. When the searching process is running, the tip ‘data
searching’ will be presented on the status bar. After the searching is finished, it will present
the total records count.

11.3 Communication Module

When the programme is communicating with the TDU, the icon of the communication
module will be displayed at the right corner below, in the WINDOWS system tray area.

= iy (2D e |
Click the icon with the right key: the following menu will pop up.

':"?@ ViewChannel

£ 4 Quit
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11.4

12.

Channel data view

The main function of the channel data view is to view and store the communication message
content of each equipment and communication module. The window of channel data view is
as shown in the figure below:

99 ViewChannel — x

Channel [TWFL_h ~ Clear Fauze save | Close

Send—Reov 173 FileTransfer 00,00

S 10 7B 01 TC 16 "~
B 10 09 01 OA 16
S 10 BB 01 EC 16
R 10 09 01 0A 16
S 10 7B 01 7C 16
R 10 09 01 OA 16
S 10 BB 01 BC 16
R 10 09 01 OA 16
S 10 7B 01 7C 16
R 10 09 01 OA 16
S 10 BB 01 BC 16
B 10 09 01 OA 16
S 10 7B 01 7C 16
R 10 09 01 OA 16
S 10 BB 01 BC 16
R 10 09 01 OA 16
S 10 7B 01 7C 16
R 10 09 01 OA 16
S 10 BB 01 BC 16

Password Management

Password
Management

This selection allows the user to set the User ID and Password. The ID is created in the
selection ‘Parameter management’, ‘System parameters’, ‘User’, which can be accessed only
by an Administrator.

The software opens the following window.

o Password Management X
Login Name: admin
0Old Password:
New Password:
Confirm Password:
OK Cancel

This window displays the name which has been entered in the software and can only be
changed by a system administrator in the Parameter Management section of the software.
To change the password, enter the old password on the appropriate line and then add a new
password, confirming it on the next line. Clicking OK, gives a confirmation message.
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13. Update TDU Firmware

Update TDU
Firmware

This allows the user to update the firmware resident in the TDU. The software opens the
following window.

W Update TDU Firmware e
TDU Selection Local File Selection
O3 U
[/ BARKBY
[]/°® HORNBY
[/ KIBWORTH
=[]} MEDWAY
& [J[® MEDWAY TOWN 1
[] @ MED2(172.16.200.182)
& [J[® PORTON
[ @ PO1(192.192.192.1)

Nemgo

Update Tips

Upload Cancel

To update the firmware, select the TDU to be updated and, on the right, select the new
firmware file.

To update the firmware, select the TDU to be updated and, on the right, select the new
firmware file. After the selection of the file, click Upload. The software will provide an alert
when the operation is concluded.

The firmware update operation is risky, because it is important to use the correct update file.
It is vital that the TDU remains powered on whilst the firmware update is being performed. If
the power is lost, the TDU will be disabled at the next power-on. However, it can be
recovered with a further firmware update.

14. Database Structure

The Database structure is explained in Appendix 3.
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15.

15.1

Software Description: XCF-2100E WEB

XCF-2100E-WEB

XCF-2100E-WEB (referred to as XCF-WEB for short) is a software extension to the master
station software XCF-2100E. Its purpose is to provide remote access by another PC to the
master station. Both the XCF-WEB and the XCF-2100E software are installed in the same PC,
referred to as the Master Station PC. The XCF-WEB allows a remote PC, referred to as the
Client PC, to access in real-time the XCF-2100E’s database in the Master Station PC, which
contains all the fault and alarm records acquired from the XC-100E devices on the network.

The XCF-WEB is developed using the public domain software Apache Tomcat which converts
the Master Station PC into a web server. The master Station PC will need to have a static IP
address to allow the Client PCs to connect to XCF-WEB. The Client PCs, typically connected
through the intranet of the corporate communications network, will need to make a Uniform
Resource Locator (URL) request (commonly known as web request) through its web browser
to establish the connection.

For example, if the IP address of the master station PCis 192.168.3.13, the Client PC will
need to enter the following address in the URL address bar of its web browser. If the
connection is successful, the first page of XCF-2100E will appear in the browser, prompting
for the user’s name and password.

http://192.168.3.13:8080/XCF2100E/

The arrangement can be seen in the following diagram:

| I I 1

Apache
Tomcat®
TAS- WEB

Master Station running
TAS-2100E and TAS-WEB
IP address:192.168.3.13

Corporate intranet

Client PCs accessing
XCF-WEB through a
web browser
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15.2 Running XCF-WEB in the Master Station PC

The pre-requisite for running XCF-WEB is to have the Master Station PC configured with a
static IP address. This is invariably the case during commissioning, when it is necessary for
the master station PC to be in the same subnet address group as the TDUs. This has been

explained in the communications section of this manual.

XCF-WEB needs to be installed in the master station PC running the XCF-2100E, using the
XCF-WEB installation package provided. After the XCF-2100E-WEB has been installed,
double-click the newly created icon and the software will start. A DOS window appears (see
below). The last line of the text indicates that the ‘Server starting up in xxx ms’. This time is
normally less than 1s, the server should have been up and running by the time the last
message appears.

B Tomcat - O x

mmon
mmon

ymmon

The XCF-WEB can now be left running in the master station PC to allow continuous remote

access by the Client PCs. If this program is terminated, the remote access feature will
immediately stop.

15.3 Configuring the Client PC for accessing XCF-WEB by a Client PC

The Client PC needs to have the Java Runtime Environment installed. This is essential as XCF-
WEB is written in Java language. When a Client PC is connected to the XCF-WEB, XCF-WEB
will download Java plug-ins (i.e., software components) to the Client PC. Without Java
installed and without allowing the plug-ins to be downloaded, a lot of the remote operations
cannot be realised.

Java is a public domain software and can be downloaded from the following web site:

WWW.java.com
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After download, a Java icon will appear in the Client PC’s programme list as follows:

m e
Wednesday

About Java 7
B creckFor Updates

B configure 1ava

Get Help
e i

£ Type here to search

It is necessary to configure Java to allow access to the XCF-WEB’s URL address. Click on
“Configure Java” and locate the Security tab. Select “Edit Site List”.

| £ Java Control Panel - X
General Update ]a’/ anced
Enable Java content for BREWSer and Web Start applications

Security leve! for appiications not on the Exception Site fist
O Very High
Only Java appiications identified by a certificate from a trusted authority are allowed to run,
and only i the certificate can be verified as not revoked.
@ High

Java applications identified by a certificate from a trusted authority are allowed to run, even if
the revocation status of the certificate cannot be verified,

Exception Site List

Applications launched from the sites listed below wil be allowed to run after the appropriate security
promp!

[Cick Edit Site List
o add items to this list, Edit Site List..,

Restore Security Prompts Manage Certificates

== IS

Click “Add” and enter the URL address of the system to the Exception Site List. This will be of
the form; http://192.168.3.13:8080/XCF2100E/ where the IP address is the one allocated to

the master station and the subsequent number 8080 is its port number, this is followed by
the software name.

4| Exception Site List X
p

Applications launched from the sites listed below will be allowed to run after the appropriate security
prompts.

. Location
tip: /192, 168. 3. 13:3080,/XCF 2100E/

Add Remove
Uy FILE and HTTP protocals are considered a security risk.
We recommend using HTTPS sites where available.

==

The address does not have the “s” suffix for “secure” and so clicking “OK” will result in the
following window:

Security Warning - HTTP Location X

Including an HTTP Location on the Exception Site Listis | ' .
considered a security risk A%

Location: http://172.16.200. 175:3080

Locations that use HTTP are a security risk and may compromise the personal information on your
computer. We recommend indluding only HTTPS sites on the Exception Site List.

Click Contine to accept this location or Cancel to abort this change.

This is not relevant to this application and so click “Continue” to finish the set-up.
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15.4

Accessing the XCF-WEB

To access the XCF-WEB by the Client PC, the user needs to launch an internet browser.

Note: The recommended browser is the Internet Explorer as it has no restriction in accepting
Java plug-ins.

After the internet browser has been launched, the user can enter the URL address of the
XCF-WEB into the URL address bar of the internet browser, as follows:

http://192.168.3.13:8080/XCF2100E/

The front page of the XCF-WEB will start, prompting for the user name and password, which
are the same as those set up for XCF-2100E.

Welcome to iogi’n

admin

After log-in, the large icons in the XCF-2100E user interface page are now available as smaller
icons in the menu bar. Single-click the icon to open up the relevant software module. The
user is now able to operate the XCF-2100E remotely in the same way as operating directly
with the Master Station PC, but with some restrictions.

The major restriction of XCF-WEB is that the Client PC is not allowed to change the contents
of the database, including most settings. Effectively this is a ‘read only’ operation and not a
‘read-write’ operation (but with exceptions as explained in later sections).

: ‘Welcome: [admin]
wHome

'm

T - T = I T
Real Time Diagram L Travelling Wave Records 0 L stest Foutt Location | 0 Fault Location 7 System Monitoring B P pacumeter Management L Management

For example, single-clicking <Travelling wave records> will open up the Records page as
shown. If the Java plug-in has not been downloaded for this particular operation, a Java
symbol appears together with a pop-up window requesting permission to run the Java plug-
in. After accepting this request by clicking ‘Run’, the records will appear.

i' E.u Web Information System .

Weloome: [admin) © Logoff WEx & Jmn

w =

Home | = Real Tune Disgrem .. Tuavelling Wisse Rocouss, KSR TS

Do you want to run this application?
Your version of the
| focation below is requesting permission to run.
2 Location: hit://192. 168.31.82:8080.

More Informaton

s
o e [

Java
I. -’.
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15.5.1

15.5.2

The user can now select any record and perform singe-ended or double-ended analysis in
exactly the same way as is done locally. Individual waveforms can be selected, allowing
zooming and movement of the cursor etc. There are no restrictions on the operations which
can be performed on the fault records for analysis purposes, as these operations do not
change the contents of the records in any way.

Functions available with XCF-WEB

Home

‘Home’ is a blank page with only the menu bar at the top allowing the user to access other
software modules. If the user is already accessing another software module, selecting the
home icon will cause an exit from that module.

i EHU! Web Informiﬁon syshm »

Welcome: o W &

Welcome: Cadmn) © Logoff WExit & Jaa

" =z

Latest Pt Location | 70 Pt Location | W, Systera Moatoring | BB Alsem P e Managemest

Traveliing Wave Records User Management

dhfration(0) View(V)

| Preview ., Print | |3 Export | Teme-From May 1,2013 v To June 12021 v | @) Search (A FaultEdit & Manual Calculator . Search Conditions [] Filter Data
Search No.  Substation Line Device Name Tme Type D. Resultkm) Amplitude  Fault Phase N
@ o | 2 [xemova KMA_BINL2 KEMOO! March 22014 15:29:33 000034 0pis oy
) © BAKIN 30 MANTAN ENG_MAN

MANOS001

& @ BAKIN_SIML1 31 R

2 @ BAKIN_SIML2 32 OYATAN
] @ BAKIN_SIML3 33 OYATAN OYA_ENGL1
£ @ BAKIN_SIML4

@B BAIGAN 34 OYATAN OYA_SLGL1 losoo1 March 22014 1527:43 000051 0us | oA
# ® ExG BAILI 35 OYATAN OYA_KEM 0so01 March 22014 1527:43 000051.0us 14390 oA |
® ENG_BAIL2 36 KEMOYA KMA BINL2 KEMoOL March 22014 1526:47 000100 0ps 2a c F
&  BINTENG <

IN_S!
S : :::'-sﬁig %/ LocalEnd %) Remote End(OYA)

2 @ KMN_BINLL MANTAN - OYA_MAN- MANOSO001 - March 2.2014 15:27:43 82.0ps

¥ @ KMN_BINL2
o ENGLE iy
£ @ ENG_BAILI
£ @ ENG_BAIL
& @ ENG_ENTL1
¥ @ BN BNTL2
2 @ ENG_KEM
@ ENG MAMLI M

Real Time diagram

Selecting the ‘Real Time Diagram’ icon allows the user to access the real time diagram
software module of XCF-2100E. The single-line diagram of the network created by the user
will be available.

| s T | | | | |
w Home g Real Time Diagram 7 Travelling Wave Records 7 Latest Fault Location ﬂ Fault Location ? System Monitoring n Alarm ? Parameter Management
Operation(0) View(V)
AECEEE
Catalog @ ® [ Komipemo 3¢
Graph Type

=/~ Graph Catalog
(=7 Power Network Diagram
@ Kehui_ Demol

@
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15.5.3 Travelling wave records

Selecting the travelling wave records icon allows the user to access the ‘travelling wave
records’ module of XCF-2100E. All the fault records are available for access. The user can
perform search operations and select a particular record for analysis in the same way as the
XCF-2100E.

|/ Single End Waveform Analysis--MANTAN X
Unit(Z)

Fault Distance:8.400km Relative value:488.78% FS

Velocity (m/ps ) 20415

ey 1 @s

Phase
El-

| 1.0YA_MAN 39.000km A
[£12ENG_MAN 111.400km

[

v
Phases Span 02+
o Lines Span 115
Reset Zero
Double 7
Ends Note
Preview Measure
Fauk_ Retum
Location

15.5.4 Latest fault location

Selecting this icon shows the two-ended results arranged in the order of date and time of
occurrence, starting with the most recent result. This is the quickest way to look at the latest
fault location results without any search operation. The source substation, line, destination
substation, fault location and types of faults are shown for each result. Selecting a result
shows the location of the fault in the real-time diagram.

P

‘ ' Home ‘ ﬁ Real Time Diagram | ” Travelling Wave Records _LW‘ m Fault Location | , System Monitoring ‘ n Alarm | ’ Parameter Management

|d] Preview < Print 3 ExportList As XLS

No. Time: Local Station Distance To Local(km) Remote Station Distance To Remote(km) Fault Line
1 \June 22,2021 12:20:04 047352.8ps Substation_B 34.825 Substation_A 190,175 Line_100
2 substation_B 34, Substation_A L Line_100
3 Dune 14,2021 19:43:49 764453.605 " |substation B 34,548 Substation_A 140,352 Line_100
4 lJune 14,2021 19:33:23 129793, 7us Substation_B 34,766 Substation_A 140,234 Line_100
5 Dune 14,2021 19:33:22 613650.0us Substation_B 34,751 Substation_A 40,249 Line_100
5 Dune 14,2021 19:31:08 092553, 25 Substation_B 34.838 Substation_A 40,102 Line_100
7 lJune 14,2021 19:31:07 582351.0us Substation_B 34,825 Substation_A 140,175 Line_100
8 Dune 14,2021 19:26:38 533154.605 Substation_B 34,692 Substation_A 140,308 Line_100
o lJune 14,2021 19:26:35 028025.6us Substation_B 34,766 Substation_A 140,234 Line_100
10 lJune 14,2021 19:18:15 954738, 4us Substation_B 34.722 Substation_A 140,278 Line_100
11 Dune 14,2021 19:12:55 403722.8us Substation_B 34,578 Substation_A 40,322 Line_100

Fault Location Information

21/ Fault Location Information

i [ Fault Location Information

Is, Distance To Substation_B:34.795km

! s Distance To Substation_A:40.205km
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15.5.5

15.5.6

15.5.7

Fault location

This is similar to the Latest Fault Location, except that there is search bar to search for
historical results. There is also a line selection from the network topology in the left-hand
pane, allowing a sub-set of the results to be shown.

Latest Fault Locatior Parameter Management

File(F) Operation(0) View(V)

Time:From May 22,2021  To| June 22,2021 v Search J. Search Conditions | Preview (2 Print [ Export List As XLS
pearch: No. Time Local Station Distance To Local(km) Remote Station Distance To Remote(km) Fault Line
=
B Line Selection 1 June 22,2021 12:20:04 047352805 Substation_B |34.825 Substation_A 140,175 Line_100
~ National_Grid
2 00k 2 June 14,2021 18:49:50 274590, 75 Substation_B 134,795 Substation_A 140,205 Line_100
Substation_A 3 June 14,2021 1 . Substation_B Substation_A 140352 Line_100
@ Lne_1o0 4 Line_100
Substation B 5 June 14,2021 19:33: . Substation_B 134,751 Substation_A 140,249 Line_100
@ Line_100
3 June 14,2021 19:31:08 092553, 2us Substation_B [34.898 Substation_A 140,102 Line_100
7 June 14,2021 18:31:07 582361.0ps Substation_B [34.825 Substation_A 140,175 Line_100
3 June 14,2021 19:26:38 538154.6ps Substation_B [34.692 Substation_A l40.308 Line_100
9 June 14,2021 18:26:3 028025.605 Substation_B |34.766 Substation_A 140,234 Line_100

FaLlt Location Information

5[ Fault Location Information

B[ Fault Location Information

: i Distance To Substation_B:34. 7a6km
- Ji Distance To Substation_A:40. 234km

¢ =1 FaultLine

i fi Line_100  Tower Location:

System Monitoring

This icon accesses the System Monitoring Module of XCF-2100E. All the information from this
module is available for viewing.

i |
L g — Management 2. Management

SearchiQ) View(V)
ntPrevies J Print (4 Bipont | [ Search . Search Conditions
i No.  Station Equipment Name Teleindication Type Teleindication Name Teleindication Value
Station Selection 1 |Substation A [TWFL_a [Device |Connect state @
 National Gid 2 [Substation B [TwEL_B Device Connect state @
5 [Substation A TwFL_A Device pipment state [
1 @ Substation_A s = - Fapm: =
- [ B [TwEL_B Device state @
1 © Substation B S [Substation A TWFL_A s |GPS syn ®
§ |Substation B [TwEL_B GPs GPS syn @
7 [Substation_A TwE_a Channel PG @
§ [Substation B [TwEL_B Channel PG @

Alarm

This icon accesses the Alarm Module of XCF-2100E. All the information from this module is
available for viewing.

Latest Fault Location Fault Location it Parameter Management ser Management

File(F) Search(@) View(V)

Print Preview ( Print | § Export | Start Time{fune 152001 | v End Time June 222021 v | | Alam Typel A1 > Search ] Search Conditions
Search] No.  Station Equip Name Source Alanm Type Time Alarm Content
21 [ Equip Selection 1 |Substation_B|[TWFL_B [Traveling Wave Euipment |Channel Event June 22,2021 12:23:38 173ms PINGLost
& [ * National Grid 2 |Substation B[TWFL_B Traveling Wave Euipment | TDU Event [June 22,2021 12:23:38 173ms Unit Exit
£ [ [ Substation A 3 |Substation B[TWFL_B Traveling Wave Euipment | TDU Event [Tune 22,2021 12:23:38 173ms Connect stateLost
-~ @ TWEL_A 4 |Substation .|TWFL A Traveling Wave Euipment | TDU Event Tune 22,2021 12:23:37 751ms Connect stateLast
) 7] ¥ Substation B 5 |Substation_.|TWFL_A |Traveling Wave Euipment ITDU Event Tune 22,2021 12:23:37 731ms Unit Exit
-~ @ TWFL_B 6 |Substation .|TWFL_ A Traveling Wave Euipment |Channel Event Tune 22,2021 12:23:37 751ms PINGLost
7 [Substation B[TWFL B Traveling Wave Euipment | IDU Event [Tune 22,2021 12:20:06 631ms SD card error 14 - System API emor
8 |Substation B[TWFL_B Traveling Wave Euipment  |TDU Event June 22,2021 12:20:04 §18ms SD card emror 14 - System API emror
9 |Substation_B[TWFL_B Traveling Wave Euipment | Trigger Event June 22,2021 1220:0447371.0ps  [Distwrbance occurred at Substation_B Line_1
10 [Substation_.[TWFL_A Traveling Wave Euipment | Trigger Event June 22,2021 12:20:04 047371.0ps  [Substation Substation_A LineLine_100 TDU
11 ion_B|TWFL_B Traveling Wave Euipment | Trigger Event Tune 22,2021 12:20:04 047352.8ps ion:Substation_B Line-Line_100 TDU
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15.5.8 Parameter management

The parameter management allows the Client PC to examine the settings and network
configuration. Settings change are in general not allowed, but with the following exceptions.

When the user is logged in as System Manager in the XCF-WEB, he/she is able to change
some of the settings and execute commands for analysis and testing purpose. This allows
remote analysis and maintenance to be done through the XCF-WEB without compromising
the security of the system.

The settings and commands to be changed by XCF-WEB by a Systems Manager are as
follows:

Line parameter

Only the wave velocity and the line length are allowed to be changed for analysis purpose.
TDU Remote Reset

Able to perform remote reset of the TDU.

Fault simulation

Able to perform fault simulation of the system.

Communication Restart

Able to restart communications.

Email addition

Able to create an additional email account for a new recipient of email notifications.
E-mail setting

Able to change the email settings of an existing recipient, so that the email notification can
be sent to a different mail box.

These functions appear in a special menu bar below the main menu bar, as shown.

| | | | | | | [ T
w Home E Real Time Diagram 7 Travelling Wave Records T Latest Fault Location w Fault Location ? System Monitoring I Alarm ? Parameter Management : User Management

|£% Line Parameter| "0]:)‘ TDU Remote Reset| | @ Fault Simulation| | ', Communication Restart| | @ Email Addition | |- E-mail Setting

Line Parameter 3

* Region
o National_Grid

:| No ‘ Region
In National_cria

15.5.9 User Management

The user can only remotely view information in the user management module but not to do
any changes.

I | I | | | | |
w Home g Real Time Diagram v Travelling Wave Records T Latest Fault Location ﬂ Fault Location ? System Monitoring x Alarm ? Parameter Management : User Management.

I List of Users [] Chect

No. User Accomt User Permission Dept User Name Exail
0 1 admin System Manager admin
Result -1 Records, Page 1 of 1 Furst
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16.

l6.1

16.2

Troubleshooting

Dial-up problems

|
v

No response to clicking of <Request> button.

Solution: check whether the MODEM is installed, and that the correct Dial Device is
programmed.

The software displays the message ‘Communication Terminated Strangely’.
Solution:

a) Check if the drive programme and the connection of the MODEM are correct,
especially if there is more than one MODEM.

b) If the MODEM can dial and you can hear the dial sound, but this message
appears, check if the telephone number is correct.

c) If the message is displayed during data transmission, wait for a few minutes
and then dial again (To allow the remote MODEM to restart).

d) If the message is frequently displayed during data transmission, usually it is
because the bandwidth is insufficient or because of strong interference and in
this case the telephone line must be replaced.

The communication is not successful.

Solution: Contact the substation and request the exact fault start time. Then use the
following formula to compute the fault distance manually.

Printing problem

The printer fails to print when < Print> is clicked.

v

Solution:
a) Check whether the printer is installed and can be used normally.

b) Check whether there is paper in the printer
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APPENDIX 1: COMPUTING THE SURGE CURRENT

The TDU triggers when the peak of the travelling wave is higher than the programmed threshold. The
setting is referred to the maximum peak. Here we explain how the maximum current is computed
from the other parameters.

The maximum voltage applied to the fault is the nominal voltage divided by the square root of
three, which gives the phase voltage, and multiplied by the square root of two, which gives
the peak of the sinusoid.

v V2.V,
f =
PTE
The nominal current is the voltage peak divided by the line (or cable) impedance. This is not
to be confused with the low frequency line impedance: at these frequencies. The line
impedance depends upon the dielectric and magnetic parameters of the isolating mean. The
impedance is nominally 300 Ohm for overhead lines, and 20 to 40 Ohm for cables.

@ _ 0.816.1;

Ifm = Z, Z,

= 0.816V,,

When the impulse reaches the busbars, it is reflected by an amount which depends upon the
impedance mismatch.

If there is no line leaving the busbars, the impedance becomes infinite, and there is a total
reflection of the opposite sign, which nulls the current impulse.

If many lines leave the busbar, the impedance is very low, and the current peak is reinforced.
The maximum amount of reinforcement is 100%; so, the detected current peak can be twice
the value computed above.

: : L
Ipm = 2. Ifm = 1632—
w

The actual current entering our sensor depends upon the CT ratio.
i %

iy = 20 =1.63—=

Ncr Ner-Zy

Where ncr is the CT ratio

For example, let us compute the current i.m on the overhead line, with the following data.
Nominal voltage: 420 kV

CT ratio: 3000:5.

We have:
ipm = 2282 A;
iom =3.8A.

With the threshold set at 5%, the minimum current peak causing the trigger is 190 mA.
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APPENDIX 2: SETTING PARAMETERS

SELECTION 1 SELECTION 2 PARAMETER U.M. EXAMPLE
PARAMETER MANAGEMENT VOLTAGE LEVEL NOMINAL VOLTAGE kv 420
PARAMETER MANAGEMENT LINE PARAMETERS REGION NAME REGION North Cal
PARAMETER MANAGEMENT LINE PARAMETERS SUBSTATION NAME S/S S FRAN
PARAMETER MANAGEMENT LINE PARAMETERS NOMINAL VOLTAGE 3% 420

38°34'17”
PARAMETER MANAGEMENT LINE PARAMETERS S/S LATITUDE DEGREES N
PARAMETER MANAGEMENT LINE PARAMETERS S/S LONGITUDE DEGREES 122°25'24” W
PARAMETER MANAGEMENT LINE PARAMETERS LINE NAME N.A. FRA-JO-SUN
PARAMETER MANAGEMENT LINE PARAMETERS WAVE SPEED m/us 291
PARAMETER MANAGEMENT LINE PARAMETERS LINE LENGTH km 100
PARAMETER MANAGEMENT LINE PARAMETERS BUS NAME N.A. FRA1
PARAMETER MANAGEMENT LINE PARAMETERS MIXED LINE : SECTOR NAME N.A. SECTOR 1
PARAMETER MANAGEMENT LINE PARAMETERS MIXED LINE : SECTOR LENGTH km 5
PARAMETER MANAGEMENT LINE PARAMETERS MIXED LINE : SECTOR WAVE SPEED m/us 172
PARAMETER MANAGEMENT LINE PARAMETERS T-LINE : NAME N.A. SUNNY BRANCH
PARAMETER MANAGEMENT LINE PARAMETERS T-LINE : LENGTH km 20
PARAMETER MANAGEMENT LINE PARAMETERS T-LINE : LOCATION km 85
PARAMETER MANAGEMENT TDU PARAMETERS NAME N.A. SFRA
PARAMETER MANAGEMENT TDU PARAMETERS ETHERNET ADDRESS N.A. 172.16.200.102
PARAMETER MANAGEMENT TDU PARAMETERS TELEPHONE NUMBER N.A. N.A.
PARAMETER MANAGEMENT CB PARAMETERS NAME N.A. SF1
PARAMETER MANAGEMENT CB PARAMETERS STATE N.A. CLOSED
PARAMETER MANAGEMENT TOWER PARAMETERS NAME N.A. FRAT1
PARAMETER MANAGEMENT TOWER PARAMETERS HEIGHT m 25
PARAMETER MANAGEMENT TOWER PARAMETERS SPAN m 500




SELECTION 1 SELECTION 2 PARAMETER u.m. EXAMPLE
PARAMETER MANAGEMENT TOWER PARAMETERS PYLON LATITUDE DEGREES

PARAMETER MANAGEMENT TOWER PARAMETERS PYLON LONGITUDE DEGREES

PARAMETER MANAGEMENT TDU PARAMETERS MAX CHANNELS N.A. 6

PARAMETER MANAGEMENT TDU PARAMETERS SAMPLE FREQUENCY MHz 1

PARAMETER MANAGEMENT TDU PARAMETERS RECORD LENGTH ms 1

PARAMETER MANAGEMENT TDU PARAMETERS TRIGGER DELAY ms 200
PARAMETER MANAGEMENT TDU PARAMETERS POWER FREQUENCY Hz 50
PARAMETER MANAGEMENT TDU PARAMETERS NUMBER OF RECORDS N.A. 1000
PARAMETER MANAGEMENT TDU PARAMETERS ENABLE N.A. YES
PARAMETER MANAGEMENT TDU PARAMETERS DI INPUT N.A. D1
PARAMETER MANAGEMENT TDU PARAMETERS MEASUREMENT N.A. la, Ib, Ic, Ua, Ub, Uc
PARAMETER MANAGEMENT TDU PARAMETERS Al BOARD N.A. Al, AV
PARAMETER MANAGEMENT TDU PARAMETERS SECONDARY CT N.A. CLIP-ON CT
PARAMETER MANAGEMENT TDU PARAMETERS PRIMARY CT RATIO N.A. 3000:5
PARAMETER MANAGEMENT TDU PARAMETERS GAIN % 100
PARAMETER MANAGEMENT TDU PARAMETERS THRESHOLD % 5

PARAMETER MANAGEMENT TDU PARAMETERS SETTING % 120
PARAMETER MANAGEMENT TDU PARAMETERS INVERT N.A. NO
PARAMETER MANAGEMENT TDU PARAMETERS ETHERNET ADDRESS PE1 N.A. 192.16.200.102
PARAMETER MANAGEMENT TDU PARAMETERS ETHERNET ADDRESS PE1 ; MASK N.A. 255.255.255.0
PARAMETER MANAGEMENT TDU PARAMETERS ETHERNET ADDRESS PE1; GATEWAY N.A.

PARAMETER MANAGEMENT TDU PARAMETERS ETHERNET ADDRESS PE1; PORT N.A. 2404
PARAMETER MANAGEMENT TDU PARAMETERS ETHERNET ADDRESS PE2 N.A. 172.16.200.103
PARAMETER MANAGEMENT TDU PARAMETERS ETHERNET ADDRESS PE2 ; MASK N.A. 255.255.255.0
PARAMETER MANAGEMENT TDU PARAMETERS ETHERNET ADDRESS PE2; GATEWAY N.A.
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SELECTION 1 SELECTION 2 PARAMETER u.m. EXAMPLE
PARAMETER MANAGEMENT TDU PARAMETERS ETHERNET ADDRESS PE2; PORT N.A. 2405
PARAMETER MANAGEMENT TDU PARAMETERS COMMZ1,; SPEED Baud/s (9600)
PARAMETER MANAGEMENT TDU PARAMETERS COMM?2; SPEED Baud/s (9600)
PARAMETER MANAGEMENT TDU PARAMETERS COMM1; PROTOCOL N.A. (103)
PARAMETER MANAGEMENT TDU PARAMETERS COMM2; PROTOCOL N.A. (103)
PARAMETER MANAGEMENT TDU PARAMETERS MODEM; CODE INITIALKEHUITION N.A. (ATSO=1)
PARAMETER MANAGEMENT TDU PARAMETERS MODEM; TELEPHONE NUMBER N.A.

PARAMETER MANAGEMENT TDU PARAMETERS INTERNAL GPS: TIME ZONE N.A. UTC-8
SYSTEM PARAMETERS USER PRIVILEGE N.A. ADMIN
SYSTEM PARAMETERS USER NAME ID N.A.

SYSTEM PARAMETERS USER COMPLETE NAME N.A.

SYSTEM PARAMETERS USER PASSWORD N.A.
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APPENDIX 3: DATABASE STRUCTURE

A3.1: Eventtable (t_events)

When the TDU triggers, the event is sent to the XCF2100E database. To access the Sequence of Events (SOE), the query condition is ‘type’, the value is ‘6’. To
access a fault event, the query condition is ‘type’, the value is ‘5’.

Row Description Data type Primary Key Foreign key associated table Empty? Remark
Id ID Varchar(36) Yes No
time Time Varchar(30) Format: 2012-06-
08 12:00:00
type Type Varchar(1) 1 0: System
2 1: Channel
3 2: Operation
4 3: Action
5 5: Fault Event
6 6: SOE
deviceld Device ID Int Associated the table of
‘t_devices’
Device Device type Varchar(1) No 0: XC
Type 1: gps
content Content Varchar(255)

The table of ‘t_events’ is associated to the table of ‘t_devices’. The ‘deviceld’ in ‘t_events’ corresponds to ‘deviceld’ in ‘t_device’.
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A3.2 Fault data table (t_faultDatas)

When the TDU is triggered by a fault, it generates fault data, including: fault time, fault waveform etc. You can extract these data in the following table.

Row Description Data type Primary Key Foreign key associated table Empty? Remark
Id ID Varchar(36) Yes No
faultTime Fault time Varchar(20) No Format: 2012-06-11 12:00:00
us Microsecond int No
deviceld Device ID int T_devices
data Data Image No
deviation Fault record deviation Int
procTime Processing time Varchar(20) Format: 2012-06-11 12:00:00
lineld Line ID Varchar(36) T lines
isfault Line fault? Varchar(1) 0: No
1:Yes
validData Data available?. Varchar(1) 1: No
2: Available
location Manually analysis results double
reason Trigger nature Varchar(1) 1: Fault
2: CB Action
3: Lightning
collectFrequency Sampling frequency Varchar(10)
collectLength Sampling duration Varchar(10)
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Row Description Data type Primary Key Foreign key associated table Empty? Remark
collectRange Range Varchar(10)
remark Remark Varchar(255)
measureType Measuring type Int Yes 0: Current

1: Voltage
timeType Time type Varchar(2) Us/ms
amplitude Amplitude Int ANV
phase Fault phase Varchar(5) A/B/C
breakerdesc CB description Varchar(30)
triggerType Trigger type Varchar(0) 0: Line trigger

1: Manual trigger

Amplitude: the unit for current is ampere (A), for voltage is volt (V).
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A3.3 Wide area location result table (t_wanmeasure)

The information in the table of ‘t_faultDatas’

is simple fault information. If you want to inquiry more information, you can inquiry in the following table.

Row Description Data type Primary Key Foreign key associated table Empty? Remark
id ID Varchar(36) Yes
measureTime Time Varchar(20) 2012-11-05 12:00:00
us Microsecond int
startsubstationid | Starting substation(T0) Varchar(36) T_substations
substationA Head-end substation Varchar(36) T_substations
locationA Location to head-end Double
substation
substationB End substation Varchar(36) T_substations Yes
locationB Location to end double Yes
substation
faultlineld Fault line id Varchar(36) T lines Yes
details Detailed information text Yes Location result file with xml
format
towerlocation Tower location Varchar(36) t_tower
faultidl Fault record 1 Varchar(36) t_faultdatas
faultid2 Fault record 2 Varchar(36) t_faultdatas
phase Fault phase Varchar(5) A/B/C

The above three tables are associated with the following tables.
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A3.4 Device table (t_devices)

Row Description Data type Primary Key Foreign key associated table Empty? Remark

Id ID Varchar(36) Yes No

deviceld Device ID int No

name Device name Varchar(50) No

protocoltype Protocol type Varchar(2) 0:XC100,
3:XC100E
4:XC100ETEL
5:Trans-DNP,
6:Trans-103

channelNum Channel number int 1. 2

used Disable/Enable Varchar(1) 1: Enable
0: Disable

noResponTime No response time Int

extParam Extended Parameters Varchar(100)

faultNum Determine number of Int

fault

deviceType Device type Varchar(2) No 1: XC100E
2:XC100

CollectFrequency | Sampling frequency Varchar(10)

CollectLength Sampling duration Varchar(10)
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Row Description Data type Primary Key Foreign key associated table Empty? Remark
substationld Substation Varchar(36) t_substations
gpsld GPS ID Varchar(36)
measureType Measuring type Int Yes 0: Current
1: Voltage
The ‘substationld’ in ‘t_device’ corresponds to the ‘Id’ in ‘t_substations’.
A3.5 Substation table (t_substations)
Row Description Data type Primary Key Foreign key associated table Empty? Remark
Id ID Varchar(36) Yes No
name Substn. name Varchar(30) No
voltagelevelld Voltage level Varchar(36) T_voltagelevels No
districtld District Varchar(36) t_districts No
longitude Longitude Varchar(20) Yes
latitude Latitude Varchar(20) Yes
A3.6 Voltage level table (t_ Voltagelevels)
Row Description Data type Primary Key Foreign key associated table Empty? Remark
Id ID Varchar(36) Yes No
name Volt level name int No
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A3.7 District table (t_districts)

Row Description Data type Primary Key Foreign key associated table Empty? Remark

Id ID Varchar(36) Yes No

name District name Varchar(50) No

A3.8 Line table (t_lines)

Row Description Data type Primary Key Foreign key associated table Empty? Remark

Id ID Varchar(36) Yes No

name Line name Varchar(30) No

substationAlD Local line end Varchar(36) T_substations

substationBID Remote line end Varchar(36) T_substations

speed Velocity Double Unit: m/us

length Line length Double Unit: km

voltagelevelld Voltage level Varchar(36) T_voltagelevels

substationABackup Back-up for local end Varchar(36) T_substations

substationBBackup Back-up for remote end | Varchar(36) T_substations

monitorA Local end monitored? Varchar(1) No 0: No

1:Yes

monitorB Remote end Varchar(1) No 0: No
monitored? 1: Yes

modulus Sag parameter Numeric(18,2) No Default is1
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Row Description Data type Primary Key Foreign key associated table Empty? Remark

isUse Using or not Varchar(1) No 0: No
1:Yes

IsTline T branch Included? Varchar(1) No 0: No
1:Yes

hasSection Sections included? Varchar(1) 0: No
1:Yes

A3.9 Tower table (t_towers)

Row Description Data type Primary Key Foreign key associated table Empty? Remark

Id ID Varchar(36) Yes No

towerld Tower ID Varchar(10) No number

name Tower name Varchar(50) No

towerHigh Tower height Double No Unit: m

space Tower span Double No Unit: m

sumSpace Total span Double No Unit: m

lineld Line Varchar(36) T _lines No

towerServiceld Tower server Varchar(36) Yes

tLineld T branch ID Varchar(36) Yes

longitude Longitude Varchar(20) Yes

latitude Latitude Varchar(20) Yes
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APPENDIX 4 DNP3 COMMUNICATIONS TO SCADA
A.4.1 Introduction

The purpose of the Trans-DNP3 communications between the XCF-2100E master station and the Scada
is to transmit the travelling wave fault records to the Scada. A virtual TDU is created at the virtual
substation under a virtual region. The virtual TDU represents all the TDUs connected to the master
station. When a fault occurs and two-ended results have been obtained from the other TDUs, a fault
record is created at the virtual TDU, which will then be transmitted to the Scada on request. The
communications are represented in the following diagram.

This Feature with the new fault record format is provided in XCF-2100E from V.1.9.6 onwards.

TAS-2100E Master Station SCADA (DNP3 MASTER)
(client to the TDUSs) L addresi
IP address 192.168.0.~
192.168.0.172 One-to-one
DNP over Virtual port
TCPIP Name VPO
Description tdu
LR NEB0.172 Role TCP_SERVER
Virtual TDU IP address 192.168.0,172
(DNP3 Outstation) l«¢——Class 1 Data Request IP Port 20000
Fault Record——»
TCP/IP
2400
192.168.0.160 192.168.0.161 192.168.0.162 192.168.0.163
TDU A (server) TDU B (server) TDU C (server) TDU D (server)

The fault record contains the following information.

a) Distance to fault from Substation A

b) Distance to fault from Substation B

c) Binary input event with time indicating faulted phase(s)
d) Longitude and latitude of the fault

The fault record information is grouped together as a message to respond to a Class 1 Data Request
from Scada. Contents of the fault record are valid DNP3 points. The Scada needs to make a periodic
request for Class 1 data to XCF-2100E. If a 2-ended fault record is available for a particular line, the
fault record will then be transmitted to Scada.



A.4.2 Configuration of XCF-2100E

A Virtual TDU-100E needs to be set up in XCF-2100E at the ‘region’ of the network under monitoring.
The steps are as follows:

a) Open <Parameter Management>, in the <Line Information> page, create a virtual Region. The
example below shows a DNPREGION being created.
Edl Parameter Management
Network Parameter(E) System Parameter(S) Equipment(D) Backup(l) Language(L)
B Add J¢ Update &~ Delete | @Ref{esh| A Tower].ﬂformal:{onlmpon| £ Google Map ‘ [ Exit
TDU 3 Line Information 3¢
‘R_,i Substation  Region Information
 MALAYSIA Nao. Substation Voltage Level Latitude Longitude
b) Under the Virtual Region, create a Virtual Substation. In this example, a DNP-STATION is created.
3! Substation Addition @
Name DNP-STATION
Region ' DNPREGION

Voltage Level | 380KV

Latitude 0 ° 0

Longitude 0 =0 il

| OK || Cancel

c) Youcan now create the virtual TDU. Under the <TDU> page, select <ADD> in the menu bar. A pop-
up window appears. Select the Virtual Region and the Virtual Substation which you have created,

and give the TDU a name (e.g., DNP-DEV).

In the <Protocol Type>, select <Trans-DNP>. Open <Channel Parameter>, enter the IP address of

the master station running the XCF-2100E, and set the port number to 20000.

d)
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il

Substation DNP-STATION ~ Equipment Type TDUINE o
Name DNP-DEV Protocol Type Trans-DNP ~
TDU Dhsabled? No
i@ Channel Parameter *
Channel Parameter TYPE=3:1P=192.168.0.17:PORT=20000 [ — |:|
(O Com (@ TCP Telephone
Line Parameter ————————————————————————————
Number 0
No. Line

Adresse of TDU | 192 168 0 172

Port 20000

OK Cancel

o Cancel

The virtual TDU is now created and the XCF-2100E is now ready for request from the Scada system.

To ensure that the port 20000 is open and is listening to incoming communications traffic, open the
Command Line Monitor (CMD) as an administrator, then use the netstat (Network Statistics) command
to check.

netstat -aon | findstr

0.0.0.0:0 ' L ISTENING

The incoming traffic can also be monitored by the View Channel facility of XCF-2100E. Right-click a
small VDU icon on the right-hand side of the Windows Toolbar to open View Channel, select the virtual
TDU <DNP-DEV> to monitor the incoming data traffic.

l 2% ChannelData — =
VeI Tl [ Alvaysinep [ Aotuinit StartDate [20207 7712 ¥] Endbate |o0207 7712 %]  FileTramsfer

Clear | Panse | save |
1 Send—FRecv 0 FileTransfer 00/00
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A.4.3 Commands from Scada system

The DNP3 commands accepted by XCF-2100E from Scada are as follows. The messages shown are
typical only.

a) Reset Remote Link
The request from Scada (i.e., the Master) to reset the remote link of the Outstation (i.e., XCF-
2100E) is as shown. The response from XCF-2100E is also shown. The green highlighted data are
the Start field and the checksums.

MASTER: 05764 05 co 00 00 00 00 [F9NSA
OUTSTATION: 08964 05 00 00 00 00 00 BFNGR

b) Request for Class 1 Data (Request for fault record)
Scada needs to make periodic Class 1 Data request to XCF-2100E to obtain the fault location
results. The typical request from the Master is as follows, consisting of the data link header block,
the transport layer (only 1 byte) and the application data. The green highlighted data are the Start
field and checksums.

MASTER: 06764 05 64 0B C4 00 00 00 00 B4W47 c2 C3 01 3C 02 06 EOVAS
| Data link header block | Transport &Application|
The response from XCF-2100E when there is no fault record is as shown.
OUTSTATION: [OBW6A 0A 44 00 00 00 00 FFNG8 c2 c3 81 00 00 DI (No fault record)
If there is a fault record, the response is explained in the fault record section later.

c) Results Confirmation
MASTER: 05164 08 D3 00 00 00 00 BANGZ c2 c2 00 WBWBE (Scada confirms receipt of result)

OUTSTATION: OBWEA 05 00 00 00 00 00 BEMBE (XCF-2100E acknowledges the confirmation)
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A.4.4 The fault record in DNP3

The format of the fault record uses valid DNP3 points and therefore complies with DNP3 protocol. The
format can potentially be expanded in the future to cater for different network configurations and
different user requirements.

The fault record reflects the fault based on the following network topology.

I‘X T T II\AI X‘l
Charrua- Laga

Laja

Charrua
Tarapaca

- XA Y ><~|

Condores-Tarapaca

_XM Va¥al NC
rri T T 7\

Condores-Parinatora Parinatora

Condores

The fault record needs to inform the Scada which line is at fault, the fault distances from the
substations at two ends and the fault location in terms of longitude and latitude. Indexing is used to
indicate which line and which substation the data (e.g., fault distance) belong to.

A.4.5 Fault record format

A fault record containing fault location data is not defined by DNP3. The example below shows a fault
record composing of valid DNP3 points, using the above network typology.

*  Faultdistance, longitude and latitude — DNP3 object 30 variation 5 (32-bit analogue floating point)
*  Fault flags (trigger flags) — DNP3 object 2 variation 2 (binary input status with time)
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The composition of the fault record is as follows:

Line Name Data DNP object Index
Distance to fault from substation Charrua 30 variation 5 (32 bit analog/fleat point) o
Longitude coordinates of fault point 30 variation 5 (32 bit analog/float point) 1
Latitude coordinates of fault point 30 variation 5 (32 bit analog/fleat point) 2
Charrua-Laja A phase Tr_igger 2 var!at?un 2 [B!nary ?nput status w:rth t!me? o
(Charrua-Laja) B phase Tr!gger 2 var!at!un 2 (B!nﬂry !nput status w_rth t!m&{ i
C phase Trigger 2 variation 2 (Binary input status with time) 2
Distance to fault from substation Laja 30 variation 5 (32 bit analog/fleat point) 3
Longitude coordinates of fault point 30 variation 5 (32 bit analog/float point) 4
Latitude coordinates of fault point 30 variation 5 (32 bit analog/fleat point) 5
Distance to fault from substation Condores 30 variation 5 (32 bit analog/fleat point) &
Longitude coordinates of fault point 30 wariation 5 (32 bit analogifleat point) 7
Latitude coerdinates of fault point 30 wvariation 5 (32 bit analog/fleat point) 8
Condores- A phase Trigger 2 variation 2 (Binary input statug with time) 3
Tarapaca B phasze Trigger 2 variation 2 (Binary input status with time) A
({Condores-Tara) C phase Trigger 2 variation 2 (Binary input statug with time) 5
Distance to fault from substation Tarapaca 30 variation 5 (32 bit analog/fleat point) g
Longitude coordinates of fault point 30 wariation 5 (32 bit analogifleat point) 10
Latitude coerdinates of fault point 30 variation 5 (32 bit analog/fleat point) 11
Distance to fault from substation Condores 30 variation 5 (32 bit analog/float point) 12
Longitude coordinates of fault point 30 variation 5 (32 bit analog/fleat point) 13
Latitude coordinates of fault point 30 variation 5 (32 bit analog/fleat point) 14
Condores- A phase Trigger 2 variation 2 (Binary input status with time) [
Parinacota B phasze Trigger 2 variation 2 (Binary input status with time) 7
(Condores-Pari) |C phase Trigger 2 variation 2 (Binary input statug with time) 8
Distance to fault from substation Parinacota |30 variation S (32 bit analog/fleat point) 18
| Longitude coordinates of fault point 30 wariation 5 (32 bit analogifleat point) 16
Latitude coerdinates of fault point 30 variation 5 (32 bit analog/fleat point) 17

Device Name Data DNP object Index
TDU-CHA CHARARUA TOU 1 wvariation 2 (Binary input with status: 0 - disconnected, 1 - connected o
TOU-LAJ LAJA TDU 1 wvariation 2 (Binary input with status: 0 - disconnected, 1 - connected 1
TDU-CND CONDORES TDU 1 wvariation 2 (Binary input with status: 0 - disconnected, 1 - connected 2
TDU-TAR TARAPACA TOU 1 variation 2 (Binary input with status: 0 - disconnected, 1 - connected 3
TDU-PAR PARINACOTA TDU 1 wariation 2 (Binary input with status: 0 - disconnected, 1 - connected 4

Important Note: The line name convention of XCF-2100E allows only 16 characters. It is therefore
necessary to abbreviate the line names as can be seen in the brackets in column 1 (Line name). The line
names and the substation names set up during XCF-2100E configuration need to be consistent with the
names in the DNP3 configuration file <dnp3conf.json>, so that the correct data can be put into the fault
record.
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A.4.6 Configuration of the fault record for different network topology

The configuration of the fault record is done in the <dnp3conf.json> configuration file. ‘LineMap’ data
structure is constructed based on the three lines provided by Chile. New lines can be added by created
a new block of settings with the same data structure consisting of ‘lineName’, ‘stationA’, ‘stationB’ etc.
A new network topology can also be created as on the same data structure.

‘lineMap’:

[

‘lineName’ :’Charrua-Laja’,
‘stationA’ :’Charrua’,
‘stationB’ :’Laja’,
‘DistanceA addr’:0,
‘GPSLongitudel addr’:1,
‘GPSLatitudel addr’:2,
‘Adata_addr’:0,

‘Bdata addr’:1,
‘Cdata_addr’:2,
‘DistanceB _addr’:3,
‘GPSLongitude2 addr’ :4,
‘GPSLatitude2 addr’:5

‘lineName’ :’ Condores-Tara’,
‘stationA’ :’Condores’,
‘stationB’ :’ Tarapaca’,
‘DistanceA addr’:6,
‘GPSLongitudel addr’:7,
‘GPSLatitudel addr’:8,
‘Adata_addr’:3,

‘Bdata addr’:4,

‘Cdata addr’:5,
‘DistanceB _addr’:9,
‘GPSLongitude2 addr’:10,
‘GPSLatitude2 addr’:11

‘lineName’ :’Condores-Pari’,
‘stationA’ :’Condores’,
‘stationB’ :’Parinacota’,
‘DistanceA addr’:12,
‘GPSLongitudel addr’:13,
‘GPSLatitudel addr’:14,
‘Adata_addr’:6,

‘Bdata addr’:7,
‘Cdata_addr’:8,
‘DistanceB _addr’:15,
‘GPSLongitude2 addr’:16,
‘GPSLatitude2 addr’:17
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