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Abstract. The remote control and supervision of electrical
power transmission system is the balanced system between
electricity generating and consuming, taking the responsibility
for the stability of power supply consuming. The device to be
responsible for above-mentioned tasksis a Remote Terminal Unit
with faultless proper configuration.
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I. INTRODUCTION

The goal of work is to differentiate the circumsias
following the delivery, maintaining, parameterinati and
commissioning of Remote Terminal Unit (RTU) in thrain
grid substation. The solution how to hold the colntn proper
functionality of RTU during its whole life cycle kiang into
consideration possible modification of main gridostation
telematics system.

The basic data and materials for current analysiskindly
given to represent by Estonian transmission sysiperator
(TSO) company Elering OU.

Elering OU (National Grid, Main Grid) is Estonian

transmission system operator (TSO). Using 110-330igh-
voltage power lines, it unites Estonia’s biggesivpostations,
distribution networks and corporate consumers innsegral
energy system. Elering OU has international gridnestions,
hence the Estonian TSO is a member of severalnatienal
organizations, engaged in power transmission (Bag 1”).
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Fig. 1. Position of Estonian electrical power trarssion system on map.

The main functions of Elering OU are listed below:

o ensuring the energy market existence according to
European Union regulations;

o transmitting electricity at voltages of 6-330kV to
distribution networks and corporate consumers;

« ensuring the reliability of Estonia’s electrical vper
system in conjunction with the power systems of the
neighboring countries (see “Fig. 1");

« Mmaintaining the capacity balance of the electrpmaver
transmission system and managing the power systemss
Estonia in real time;

» ensuring the Estonian energy balance and opertiimg
balance settlement for the balance providers.

Il. OVERVIEW OF TELEMATICS IN POWER TRANSMISSION
SUBSTATION

The main parts of telemechanical control and supery
for power grid are Remote Control Centre (RCC), RTEDs
(Intelligent Electronic Devices), measurement tdam®rs,
local reference clock device and communicationbgpat

The substation RTU is device for immediate reacton
information objects (control, status, measuremeassages),
receiving them from side to remotely connected REC
Supervisory Control and Data Acquisition system AB®
system). On the local side the RTU shall be coratktd the
executing device, that reacts on control or paransst action
from SCADA system personnel.

The reliability of the substation RTU during itdeliycle
and the parameterization for proper working accaydio
SCADA system operating needs should be ensured by
technical requirements and by continuous checkingeady-
to-act substation apparatus.

Usually the primary equipment of substation shobkd
connected to the IED, that tasks are local conanoH
monitoring of primary circuit apparatus, protectibmction
and the providing of remote control and monitoring
opportunities. Very seldom in case of the IEDs acd
requested, the only substation RTU has resportgilah all
above-mentioned functions.

The measurement transducer is the device, thatsstd
operational measurement data to the SCADA systenthe
RTU.

Nowadays the most popular physical way to ensuee th
reliable data exchanging between protection retad/ RTU is
optical data transmission, i.e. using of opticdllea.
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As a rule the data transmission protocol IEC 608481 building techniques etc, that are irreplaceable siaccessful
(serial) and/or IEC 60870-5-104 (TCP/IP) is the lawd upper finalizing of preplanned project or project parhéefe should
level of data transmission between substation egeift and be well developed relationships between Client@adtractor
the SCADA system. The data transmission protocaluring the tender. The both Client and Contractirup his
IEC 60870-5-103 (serial) is used for connectingfed#nt own workgroup with their own project managers.
independent devices (e.g. IEDs) or their groupsh®o RTU. Common benefits:
The mostly used data transmission protocol starsdéike
Modbus, Profibus are well-known solutions for « more than one project could be managed by Cliehilew
communication between measurement transducers laad t the Contractors may be different and independent;
RTU. The one of the important SCADA system requiata « the responsibility for uncompleted project lies twit
is the time synchronizing of whole substation tedéins. The Contractor;
principle structure of is shown on “Fig. 2. « the Client accepts only finished building objecg. ithe
substation.
]' : « the Client accepts only finished building objecg. ithe
ormes ALl substation.
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« continuous Client check the accordance of Contracto
technical solutions to Client requirements.

OFTICS

B. “Self-made” method

This realization method of project is opposite tevous.
The main idea of “self-made” method is to reduce phoject
costs using own personnel, knowledge, materialgham@cs
etc.

Substation
communication
device

Fig. 2. Simplified structure of bay telematics. Common benefits:

« cost reducing of the project;

« timesaving for some internal agreement during the
project;

« flexibility for realizing the project.

The purpose of substation reference clock with ayppated
input signal (e.g. Global Position System signalland time
synchronizer is dedicated for correct real localetiand date
run in IED-s (incl. RTU) and for correct time starmpsignal,
that is sent to the SCADA system.

Common drawbacks:
lll. THE REALIZING OF THE TELEMATICS PART IN THE PROJECT
« the company should have capacities to cover all of
activities concerning to realizing of the projedte.
planning, drawing, working personnel qualificatiavith
valid licenses and certification, bulk sales cot#ac
machinery park;

The construction of new substation telematic system
presumes some steps made before. There are sdhwaof

e necessity to build the new telematics system in

substation; ; i i

« budgetary possibilities for building of the newetslatics  long-term duration of realizing the project.

system in substation; C. Split to multitask method

« technical requirements for telematics system irpgoof As a rule the project consists from several wosk$a Some
supply; of them could be established internally by the iante of the

« the professional qualification of Contractor bye®i; project initiator. But for some work tasks, to lEa@mplished

« signed procurement with suitable Contractor foby internal execution, it is not really purposefogcause the
telematics works defined in scope of supply works; expense for company internal realizing compared to
« existence of Client's project workgroup withoutsourcing is prevalent. Hence splitting the wiorknultitask
appropriated “know-how”. could be very rational in such case.

The realization method and management style fojepto Common benefit:
accomplishment could be different, where a few bbwee-
mentioned points would be skipped. « reduce the price of the project by splitting therkvto

A. Contractual method, “turn-key” multitask scope.

This realization method of project is necessaryase of
Client insufficient or lack of needed specialistaaterials,
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Remote Terminal Unit

Common drawback:

=

TELEMATICS Z

sim plified handle of param eterization

NEEDED FUNCTIONALITY
AND INFORMATION OBJECTS
~

START OF THE DEVICE
CONFIGURATION PROJECT

I DIRECT WORKS ON DEVICE *‘
=

« the part of Client work scope and Contractor warpe
shall be clearly specify during the project plamngtage.

STATED
REQUIRE-
MENTS FOR

IV. THE PRINCIPLE OFRTU CONFIGURATION COMPOSING

SCOPE OF
WORKS

The main parts of the RTU are:

« the hardware (rack, power supply module, process(

DELIVERY.
INSTALLA-
TION,
PARAMETE:

RIZATION

module, I/0-modules, communication modules etc); BURILIGRULIE SPEE .
« the firmware (small program to control internally 2 A
. w

different components of hardware module); 5 % § A - -
« the parameterization; =
« the communication links for external telematics 5 48 N o

. . . %} S @ ACCEPT THE RESULT
consumers (different networks, cables, communinatio g °e o

. . . w
devices for data exchanging with SCADA system, IEDS T ——=°
. . . B YO - END OF THE

measurement transducers, GPS time synchronizatgterns g g Rz OF, AcCOMPLISHED
etC) g 5 TE S TRRIECO CONFIGURATION
' o E PROJECT

The select of RTU hardware components should be dohig. 3. Simplified handle structure of the RTU paederization.
according to technical requirements stated in tuali
documents of Client.

The RTU software affords all parameterization feady
that enable to perform all needed RTU adjustmeXgsa rule

the parameterization features of RTU configuratimftware requirements, but also depends on some requirenseated
are divided to four groups: for another telematics devices (e.g. for measurémen

transducer). The necessity of the valid RTU reanéets
becomes obvious in:
telematics o o )
« the RTU compatibility to the existing RCC equipment
o the RTU compatibility to the new and/or existing

The most important document describes the needed
telematics system is the Client’s requirementsestant. This
document is mostly concentrated on specificatiothef RTU

« hardware group;
e communication
devices;

« logic function group;

interfaces with external

« group of information objects exchange with telegwmti
system participants.

The RTU hardware should be correctly defined by RTU

software. The reason of that, in addition to theatmn of
different RTU extension modules for their propeingsin

substation equipment;

« the transparency of the telematics system with RGiU
supervision and future modification;

» standardized solutions of the telematics systenipeed
with RTU, i.e. use of international standards by
constructing and commissioning of the telematictesy;

» easy discover of the possible failure in the RTU;

couple with external telematics devices, is theugng of :
« easy replacement of failed RTU modules;

internal communication between RTU modules via esyst
bus. « independent reparation of the possible failed RTU

The communication interfaces of RTU support allgilole modules from others proper working;

RTU connections with SCADA system, |EDs, measurgmen * €fC.
transducers and GPS time synchronization system.

The logic realizing requires also using of the ded  There is another inseparable part of supply doctsriérat
logical elements like AND, OR, NOR and/or some egtedl  helps to make precise the features and functiortheoRTU
block-elements e.g. measurement converter in RThe Tcomparing to common requirements. Its name is ¢opes of
grouping of some sub-signals with following compasithe Supply document, that illustrates more or less &oeual
independent group-signal in RTU for SCADA systerfohgs demands for specified substation RTU. Hence thetr@ctor
to logic function too. shall obey requirements stated in both documents.

The most obstructive part of the RTU parameterizafs ~ |he parameterization of RTU is making by RTU spistia
the definition of signals (information objects)remitted and USing a usual human-machine interface (keyboardyseo
received by the RTU. The ground of that is the siient of display) of the PC. Each manufacturer uses his &
various number of information objects parameters. software for his RTU parameterization. There aréotaof

The basic principles of RTU parameterizing hande idifferent RTU software tools that equipped with cipe
shown on figure “Fig. 3”. features of human-machine interface (HMI). In resilthis,

there are many possibilities to present the imdgie RTU
internal structure in configuration software. To kaat the
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RTU software easily to understand for the Clientspanel it

Remote Terminal Unit

should meet requirements of IEC standard compiyibé.g.

The extended process of proper configuration creating

the international standard IEC 61131 for programnimadgic
controllers (e.g. part 3. programming languagesidéa
diagram, sequential function charts, function blat&gram,

START OF THE DEVICE
PARAMETERIZATION

SCOPE OF
WORKS

structured text, instruction list). Thus the datpeis, objects,
function blocks, logic etc defined by RTU softwate not
confuse Client personnel in spite of software maotufrer.

U

SPECIFICATION OF DEVICES
CONNECTED TO RTU

ANALYSIS
PART

If whole or part (substation extension) of RTU
parameterization is ready for implementation, thelipinary
test of RTU parameterization will be establishedi¢bect the
possible RTU internal mistake or conflict. It wile performed

MODIFY
PARA-
METERS
CONCER-
NING TO

using several testing software programs. There tare
solutions for that:

| DIRECT WORKS ON DEVICE

USING THE SPECIAL
PARAMETERIZING AND

TION,
PARAMETE-

INSTALLA-
RIZATION

DELIVERY,

e use implemented in RTU parameterization softwar
check functions (e.g. “compile” or “consistency ckig;
use external software to test end results of RT

TEST SOFTWARE
RV

EXECUTION OF S.AT.

SITE
ACCEPTAN-
CE TEST

configuration (e.g. IEC 60870-5-101 data transnissi
protocol test system).

END OF THE
ACCOMPLISHED DEVICE
CONFIGURATION
PROJECT

ISSUE OF
SUCCESSFUL
TEST REPORT

ELIGIBILITY

DECISION OF

Of course, the first method is more preferable lasd cost

method to test the made RTU Conflguratlon The Béco F|g 4. The extended structure of RTU Configuramess.

method involves third-part testing software like WRT S )
parameterization software. There should be no any mitigation to reduce théings

After above mentioned testing processes the sitepgance amount of information objects even concerning lagisuping

test (SAT) of RTU configuration belongs to fulfithe SAT is  ©f information objects composed in RTU or IED. Allib-
the one of routine tests for the telematics systéimas are Information objects belong to separate SAT perforrea
commonly: The above described handle process scenario oRThé

parameterization should be valid not only by newURT
« design test (manufacture’s test); placement and its parameterization works, but alstase of

. site acceptance test (SAT and pre-SAT; on-site cgevi@ny extension of substation telematics system.

test before it's final commissioning);
« special test (according to the necessity for Client

V.THE FINALIZATION OF THE RTU WORKS HINDRANCES
When all above defined steps of the RTU configorati

The functional target of RTU should be checked bg t project are successfully performed and RTU is dlygaut into

execution of the SAT. As a rule there are more tbhae
telematics device connected to the RTU, that shoaktt
adequately to RTU behavior. Hence in case of psecyr
RTU parameterization, the telematics system paditis like
IEDs (e.g. protection relays) should be also patarized
correctly.

It needs to be careful that single modification ssfme
parameters in telematics participant device willssaa failure
because of non-up-to-date RTU parameterizationthénbest
case it will end with failure of some remote cohtitnctions
for SCADA system. The worst case will cause the &um
accident like remote high voltage energizing operatof
power overhead line servicing by maintenance perslon

The best solution of SAT execution is not onlydsttall the
parameterized information objects defined in RTilke ltheir
test from “lower” level (IEDs binary inputs, RTU
binary/analog inputs etc) up to the SCADA systemauding
the testing of all remote commands execution fradCRThus
the RTU configuration process includes more stgpserning
the other telematics devices (figure “Fig. 4”).

continuous failure-free operation, the handoveicess of the
project
protection, communication etc) parameterizatioresfiland
configuration software should be started.

documentation, secondary device (telematics

There are three possibilities of backup the RTU

parameterization files with appropriated (used foaking
RTU parameterization) software:

« get the RTU parameterization files and RTU softwtare
keep and use it by Client;

« get the RTU parameterization files and RTU software
To conclude a contract with external company, thak
take the responsibility for keeping and handlingroef the
appropriated RTU parameterization files and RTUvgafe;

« to conclude a contract with Contractor or manufeertiu
that will ensure keeping and handling over of the
appropriated RTU parameterization files and RTUvgaife.

The first variant is mostly used by power transiiss

companies that are able to manage substation bgilgioject

and construct the substation within own companyt Bus
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also common for companies, that intend to carrgugh the
“turn-key” projects.

The second one is more suitable for companiesdibatot
have technical personnel to service the secondagtation
devices.

The last variant is rarely used because of needsate a
special relationship between the Contractor an@ntliwith
possible reciprocal company ownership.

There are some clearly distinguished parts of Rotthare
and needed accessories:

« RTU software ownership licences;
« RTU software installation package;

The next unexpected circumstance is possible non-
compatibility of the RTU software older version wihewer
one or impossibility to have both versions of RTaftware
simultaneously, installed on same Client’s PC fihisé.

VI. THE PROPOSAL SOLUTION FOR KEEPING QUALITY
CONTROL OF THE RTU

The localizing of the main key points in amountnefeded
materials, that belong to request from Contracgoigrantees
the proper work of Client’s substation RTU:

o proper parameterization of entire RTU;
» flawless definition of information objects concergito

« PC/RTU communication adapter for parameterization, telematics “lower” level (e.g. IEDS);

cable etc (optional).

There are three different types of licence for Raftware
depending on manufacturer:

« paper based document (written whom is licencednte
number, product code etc);

« data fail licence (needed for proper working of RTU

software);

« external data storage unit (e.g. CD-ROM);

« external licence holding device (hardware lock, glen
needed for starting and working of RTU software).

Some manufacturer of RTU software uses all types
above listed licences at once. But someone has REJ

» flawless definition of information objects concergi
telematics “upper” level (RCC, local workstationme
synchronization system);

» flawless definition of logic tasks in the RTU;

o proper parameterization of the RTU related telecsati
devices;

» appropriated RTU software including all needed iserv
packs, hot-fixes, update, upgrade etc;

» appropriated parameterization adapter needed betwee
RTU and PC with installed RTU software;

« documentation (schemes, manuals, test protocqls etc

Even regardless of some modern methods for present
Hformation object in RTU like MS Excel standarceshim-
/exporting, there are still possibility for humaacfor. Usually

hardware dongles (e.g. IEC 60870-5-101 communisatighe MS Excel sheets with specified information etgebelong

dongle) despite already existing licences for RTdftveare.
This kind of dongle should be attached to the RHtdtvare
for proper working of RTU communication.

When running status of the RTU will be fixed anduasd
then all of those materials will be delivered fr@uantractor to
the Client. Thus the Client needs to be more cheefd well
informed about content of certain RTU delivery prsal.

to conformation by Client (different modification possible)
and after that, the agreed by Client informatiofeots should
be parameterized in RTU at once. Unfortunately REU
parameterization upload to the RTU is not one-tawigon, but
repetitive depending on phase of substation coctsbru
project, when partially commissioning of primaryvites is
necessary (e.g. case of large substation with akvettage

The one reason should be noticed, that continuouse| switchyards). Hence the parameterization hef RTU

developing technology of RTU in hardware part amd
software could cause some “mismatches”. That's iy
some range of product is increasing rapidly “fotiggt the
software support of older device models, that &lidrs use by
Client or even under manufacturing.

Usually the developing of RTU software does noipsifo
product is ready. The software mistakes, bugs etc bg
repaired by extracting of software updates, hadixThus
such components of RTU software like parameteonati
features, RTU operational system, RTU firmware etald
also be changed by Contractor during the substditlding
project. But at the end of project the Client wékeive only
new RTU software, probably without any additionadate,
hot-fix or similar. Commonly the newer RTU softwaneables
more functional possibilities for RTU, contains saprogram
corrections, updated firmware, faster processiug lat it is
useless while the lack of RTU support remains foose
additional features by older RTU hardware type.

I'remains still in progress and is daily changing.

If after each modification of RTU parameterizatitime
additional full SAT should be carried out then penfing of
“intermediate” SAT does not have any sense. Thg tast
SAT on the end of substation construction proj&X\ part)
could be reliable for setting of RTU test protodotument.

In result of that, the best variant to avoid thenan failures
by any extension of substation RTU in the futureoislemand
new independent RTU for extension part of subgtatio

The important Client idea is to be sure in religpilof
proper RTU parameterization files and delivered RTU
software. When the all RTU parameterization files eeady
for upload to the substation RTU, the Contractallstheclare
the finished work and readiness for SAT executi@fote
commissioning according to the method, that ises@nted on
the figure “Fig. 5”. At the same time the all othtetematics
participants shall be ready for SAT too.
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alternative  solution of substation telematics gyste
constructing could be possible. The separate RTauldhbe
placed for each primary equipment part (bay baskd}his
way the volume of RTU SAT for every energizing g€taj the
substation project may be performed independently.

CONCLUSION

The main message of current article is the chafletq
generate the new approach in relationship betwe8©® T
company and Contractor (Partner) for improvidg facto
independence of TSO company from manufacturers, for
increasing of quality by Client’s defined SAT aruwd bringing
— the know-how to the TSO company in part of RTU eyst. It
needs to do the cooperation work with Partners rtightly to
achieve the above mentioned end target.
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