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Sumeary

An Trregrated Microprocessor = Based Substatiom
Control and Protectiom System is described in this
paper. Also, the maln charscteristice of digical si-
mulaccTs co be used as testing tocls for protective
relaying and control functicas are outlined.

The Integraced System presented consiscs of several
subsystems: Distance Relsy, Transient Recorder , Local
Augomactic Contral Subsystem, Comsunicatiom Seriml
Multidrop System Link, Supervisery Subsystem, Fiber-—
—optie Pni'nl:-t:-p-ui::tl'..lll.'l:. The following isswes rel-
ated to the Integrated systems are comsidered: De=
aign philesophy and fuscrices, System architecture,
hardvare, software, communications, slgorithms, sys-
tem testing and future sctivities.

Eajpuards

Digital Contral, Digital Protection, Fault Recording,
Fiber Oprles, Digital Sisulaters,

1, INTRODUCTION

Applicarion of Microprocessors te development of
subatativm Contral, Protectiom snd Data Acquisition
Systems started iz the mid 70's [1]. Use of the 15T
technology enabled several design improvements to be
achiavad &s wol]l &1 some oév Cconcepts 00 be (ocrodu-
ced.

Concept of the lutegrated Scbatstion Control amsd
Froteciion System was promoted in the late 70's  and
first development projects wers completed in the mid
BO=es [2). Major claime for Integrated system advan=
tages were related to improvesents of the coac/fper-
formance characteristics of the solutions .

A specific solution of am Integrated System is des-
cribed in this paper [1]). Sewersl design requirmsnrs
as well as the solution characteristics are discugs—
ed . Hajor ezshasis of the discussion is placed on
the issues of integratiom of comtral and protection
functions io cne system. Some imitial test resalis

are #d and several probless related to che

design of dizital simulators for Imtegrated Systes

testing are analysed,

Syscted design philesophy and functions are owtlimed
first. Then, the following characteriscics of Che

Tacegrated system are discussed: System archit®eturs,

hardvare, sofwvare, comsunications and supervisory
lawel, slgorithms. Teswes related to system Cesting
and future sctivities are presenced at che end.

2, DESIGE FRILOSOFHT AND FUNCTIONS

In erder to iovestigece the lsswes of the Incegra-
ted System design philosophy and funcrions, speci-
fic methodology for problém apalysis was wriliczed
[4). The major comelusion was that the Integrated
concept is quite akrsctive taking iote sceount op-
timization of the system cost/performance charaste—
ristics. The following discussion gives an owerview
of the system design requiresents and isplementati-
on characteristics.

1.1, Design Fhilosophy

A detailed snalysis of the design philosophy probles
shows that there{s o mmber of different design app-
roaches that can be implemsnted whes wicroprocessor
rechnology is saed co develop substatiom comtrel,
protection mid data acquisition squipssnt [3]. If
the Taregrated concept is considered them thers ars
seweral argmeests that can be developed o promote

& different approsch to implementatlon of the Inte-
graced comcepr [E).

Design philosoply ondercaken (o the implessota-
tion deseribed in this paper i besed on the folle-
wing criteria:

= type of the subststions

= lmplementation approach

- enpineering design

= resting snd maintensnce )

- overall power system control and protection
= introduction of new conceprs and functioms.

When various types of substations are considersd it
can be comcluded that different contrel and protec-
tion cocrdination requiresents cam be defimed. This
of course has an impact om the Integracted Syitem
srchitecture, allecarion of fumctions and dats flow
requi resents [5). Therefore it was decided that a
modular design of an Integrated system should be
developed to emable adequate configuration for a
pacticular ssbacstios cype.

it was aleo copcluded that microprocessor—based sy-
stensd can b ucilized in both eld amd mew substati-
ons. This means that the oew equipment has Lo have
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bath capability te isterfsce to the old equipment
amd to be easily expanded. From chis comclusion &
requirenent smerged that the system modules should
correspond to the comventional equipment and that
wvarious interface capabilities should be provided,
This would enable sdequate implementation spproszh
depending upon the existing equipsent im the sub~
station.

Engineering design requirements of the coaventional
control, protection and data acquisition equipmest
are quite different among themselves. Howewer, usa
of the microprocesders to implesent choss fumctions
should change this practice of different engineering
approaches, s#thadologies and tocls. Hemce, & requi-
rement for development of & unique approach to en—
gimeering design was also part of the Integrated
System development philesophy. Thiscalled for the e
of the uniform hardware, software, comsunication amd
interface techniqueés throughour the syscem,

Integrated system testing and saistemnance was consi=
dered extremely important issee whem the design phi-
loscphy wag consldered. Again, o unlque approach to
this problém &t the system level is considered as a
requiresent . This zalled for development of adeguate
system software and interfaces as well as for deve-
lopment of special digital simulators for this pur-
pode,

When am Integrated concept was studied, it was evi-
dent that ics implesentation usieg microprocessor
technolagy had & beatring on the overall concept of
poser ayates comcral and protectiom. It was comside
red that the Integrated System showld sct sas & RTU
for the SCADA system and im the future sooe of the
Energy Hanagement System functions could be redist-
ribured to che Substation Integrated Sysces level
i7,8]. Therefore, am incerface to the SCADA System
is also considered as a requiresest.

Finally it was recognired chat implementation of che
sleroprocessor-based control and protectien squip-
ment a5 well aa the [oplementation of the Trcegraced
concapt are a big departure from the cosventional
designs, Therefore, (t was decided that the micro=
processor-based Integraced aystem development at
hand should be gradual. This ended op s & require-
men: that the Incegrated System should be developed
im twe phases, Phase I is co include one represen—
tative fumction from each of the comtrel, protecti-
on and deta acquisicion groups of fumcrions.

2.2, System Fumctions

As fe was mentioned, the Integrated Systes described
in this peper represents the Phase I of the oversll
Integrated concept development, This Phase 1 aystes
consists of the following subsystems:

= MICRODIR (Discance Relay)

= HICROSTORE (Transient Recorder)

= HICROLARTE (Locsl Automatic Contrel Suhayet en)

= HICROCOMM iSer;’.a! Multidrep Commanication Subsys-
tem

= MICROSUPER (Superviscry Subsystem)

- MICROFIBO (Fiber optic point-te-point link)

Table 1. gives list of the speeific Fupctions and
their requirements a8 they relate to each of the
sentiondd subsystems,

Y. SYSTEM ARCBIT

Thie section gives descripcion of the architectures
of each of the subsyetess. Data flow and systes in-
terfaces are glso discuseed, It should be moted that
a study of number of different system srchitectures
vss performed before che selection of the given ar=
chitecture [5,9).

TABLE 1: ISNTEGRATED SYSTEM FUNCTIONS AND REGUIRE-
HENTS

MICRODIR

= Functions: fault detectiom, classificarion, weri=
cation

= Lones: 1 forward, | reveris

= Characteristic: quadrilaterale

= Starting element:! underimpedance

- Features: wvoltage sesory, crosapelarizisg logic,
compensation for zero current, extensicn
of Zons I

frequency: up to 1 kHz

cime: 30 ms for Zone 1

= Sampling
- Tripping

MICROSTORE

= Functions: cransient recording, sequence of events,
CRECALOr BEAdUTEmENta

= Prafault dacs: % periods

= Post fault data: 30 periods

= Sampling frequency: up to I kHz

= Bo, of records on the cassette: 10

= Startera: analog, digital, manusl, automacic

HICROLARTS

- Functions: sutcmstic switching sequences, LTC
contrel of 2 tramsformers im parallel

= Ba. of digical I/0: 128/128

= Bo. of snalog inpucs: & currenscs, & voltages

= Sampling frequency: wp to 0.5 kHr

MICROCOMM

= Type of comm. protocol; CSMA/CD
- Controllers: Ethernet

= Spasd: T ME/sec

= Bo. of drops: up to 10

= Length: wp to 500 &

MICROFIBO

= Frequency bandwith: uwp te I kRs

= Modulation: FFM (pulse frequency modulationm)
- Aceuracy class: 23X

= Mcise to sigaal recis: 6O 4B

= Angle error betwesn phasss: :1"

3.1, Integrated System

Layout of the Integracted System architecture is gi-
ven in Figure 1.

REMOTE
OPERATOR
MCROSUPER|—= LOCAL
OFERATOR
I
o I RN e )
;'::ﬁ— MCRODIR MRS ICROLARTS
INTF,

[T oo T]

SWITCHYARD EQNPMENT

Figure 1. Integrated System Architecture
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As far as the data flow i concersed, it can be

seen that the input data from the switchyard equ-
ipment g browght to che subsystems eithaf via Che
Fiber optic point=to=point link or via the comwenti-
onal wiring. This dats ia processed in the WICRODIR,
HICROSTCRE and MICROLARTS subsystems., Afver the pro-
cessing some switching ocutputs can be generated from
HICRODIR and MICROLARTS subsystems to the switchy-
ard, Proceased dats ism furcher Brought wia the MIC-
ROCHM commenicarion subaysten to the HICROSUPER
pupefvisory subdvitem.

In the cposite direccion, from MICROSUPER to the
subiwstems, the switching command sctions for MIC-
ROLARTE are cransmicced.

Also, the teacing isitiaciom commands to all of the
three subsystems are senc. Finmally,operator initi=

ated settings are also sent via the MICROCOMM to che
three subsystems. Sempling synchionizatien is alss

sent chat war,

Integrated system interfaces are of the Twd Cyped
aperacar interfaces snd substarion equipment inter-
faces.

Operator interfaces are provided at the subiFvatsm
lewvel a8 well a8 at the syscem level. Each of the
interfaces contains operator dialog device snd data
presentation and vecording equipment. Two operator
dialog devices are provided at each of the inter=
faces. One device is standard operator pamel with
switehes for setCimgs and LEDs for signalizacion.
Another cperator dialog device is a RS23IC compa=
cible device (CAT or hand-held terminall, Daza rep-
resentation and recordimg equipment is differemt
depending upon the subsystem function and these in-
terfaces are described in the next section related
o subsystem architecture,

Substation equipment imterfaces include the follo=
wing: switchyard interfaces, communicaticn imterfa-
ces for pller protecriom, SCADA system incerface.

3.2. Subsystens

It ahould be noted that esch of che subayscema is
designed arround a general subsystem architecture
given in Figure I. The major differences are in Che
oumber and type of 1/0 enics, CPUs, semary boards,
communication comtrollers and peripherals.

THE R HE]
T owta. | | RaLs
SYSTEM
BuS
AMELOG DNCITAL DIGITAL | PoweER
INPUT oUTPUT™]  [RieTs [ELPPL Y
AL TERS,

Figure 1. Cemeral Subsystem Arehitecrure
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HICRODIR consiste of one CPU board, analog input
board, iselatimg tramaformers and filter Boards,
digital 1/0 board amd the communicacion controller
board. It also contains pilot interface, autereclose
and cut=cf=step protection modules which are externsl
to the sicrocompucer part of the relay [ol.

HMICROSTORE comsiste of CPU, 511 KB RAM, snalog imput,
isslacing tramsformer, filcer, scarting dstector,
digital I/0 and communication controllsr boards. It
also hes interface boards for cassecte, ploger and
printer peripherals.

MICROLARTS has two CPU boards, one analcg izput,

RAM, isolating Eransformers, filter and comsnica~
tion controller board snd several digical 170 bo=
ards. It alsc has interface boards for a printer.

MICEOSUPER consists of ome CPU board, two communi-
cation boards (a MICRODCOMM comtroller bosrd and a
SCADA interface board), one mass memery interface
board, one RAM board and interface boards for plot~
ter and printer peripherals.

Fimally, it should be alis acted chat esach of the
subsystems has the operator panel board whiek pro-
vides seting switches and signalling LEDw interfa-
o,

4. RARDHARE

The Integrated System is designed areund INTEL mi-
croprocessars and MULTIBUS systenm architecrare.,

4,1, Hodules Characteristics

CPUs are 16 bic of the Intel B6/14 board type. PROM
versions of the software are located on the CFU bo=
ards. RAM boards wary in size and modularicy. The
biggest aize ia %12 EB on one board, and che smallest
is 32 13 oo ome board.

1/0 boards are of the three types: snaleg isput bo-
ards, digital imput and digical sutput boards.

Analeg input boards arer isolating transformers,
antialiasing filters and A/D converter board. There
are two Cypes of A/D converter boards. Dne type has
A/D eomwerters per channel and the other type is an
“imtelligent™ board with ome A/D comverter per 8
thannels asd am B—bit microprocessor on the board.
This "ietelligent™ board has eptions for adjusteenta

af sampling rates and programrable gaio sspli-
fier circuitry [11). ASD comwersiom is a 17 bit com=
version with 16-bit word operation. Algo, == analog
{nput board is the analog detecter board.

Digital input boards are optocowpler boards and d4i-
gital detector boards. Diglital output boards are
relay boards.

Commmication controller boards are of two types:
Echernet type and serial/perallel port boards.

Peripberal controller boards Are: DMAss DeDOTy Con=
trollers, cassette controller, keybeard comtroller.

i.2, System Bus, Power Supplies amd Casing

System buses used are Tntel MULTIBUS and local pro-
cessor bus of the iSBw type. CPU, Hemory, 1/D and
peripheral boards are connected co the MULTIRUS.
Operator panel beards are comuected to the ifBx bus,

Power supplies sre modular im design and cover the
following voltage levels wirh adequate polarizy: 3V,
12¥, 15V and 24V¥. The imput woltage is 110 or 220 W
B,

The prototype versien of the system is housed in Im

tel ICS B) casings wich additional racks for scme



M-11

1/0 and peripheral boards.
5. SOFTWARE

Software includes application snd system software,
Programming languages used are assembly langusge for
eritical real time spplicaticns and PLM high level
language for lesd rime critical applicatians.

5.1, Application Seftware

Applicarion software resides in the 16=bit CPUs and
am the 8=hit A/D Board CPU. Each time &€ the power-
~up siteatiens the application selcvare is initiated
and is ewecuted until the main action in the syitesm
is performed. After chat the syztee is Fesef and the
software is imiciated again. A system reset can be
also cperater initiaged.

Flow charts for MICRODIR, MICROSTORE and MICROLAKTS
software are given in Figuresd, 4 amd 5.

5.2, System Software

This software conaists of the opersting system, mo=

niters, testing software snd special routines dofn-

ware such as zeal time clock software, saspling syn-
chronizatien sofcware, system communication software
and cperator interfece acftware.

Operating systems are weed fa the MICROLARTS and
MICROSUPER subgystems and are based amound EMX B6
like operating systes. Special menitors are desig-
ned for operator interfsce dialogs. Testing sofcware
is quite elaborate amd contains special routimea for
start-up, periodic self-checking and long=term main-
tenance testing.

Real-time clock and samplinmg synchromization softwa-
re is used in all of the subsyscems. Special comsnu-
nication drivers software is developed for exchange
of the messages over the ETHERNET communication sys=
tem. Special deivers are alsc developed for various
paripherals which are part of the operater interfa-
T
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Figure 4. HICROSTORE Software Flow Disgras
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Figure 5. MICROLARTS Software Flow Diagras

6. COMMUNICATIONS AND SUFERVISONY LEVEL

6.1, Communicatioms

The Integrated system has three types of communica-
tion subsystems: serial high speed system mulcidrop
1ink, parallel processer bus and point-to-peint fi-
ber eptic limk.

First studies relaced to the multidrop serial link
were alesd &L a custom desgign scheme [12). A
latter decialon waa to implement & standard scheme.
The multidrop link is ETHERNET based Local Area
Wetwork type of arvangement. ETHERNET controllers
wused are siople controllers with mo processors om
it. Software drivers are execuled om che =maim CPUs
in the subsystexs. During this execution the appli=
cation software is suspended. Therefore, the ¢
nications are performed a¢ the times when applica=
ticn sofrware suspension is mot so criticasl.

Parallel processor buses represent the system bott-
leneck. A careful design was implemented which
provided a timé-slor cype of synchromization of the
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HULTIBUS transfers so that required sessages could
ke exchanged. This synchroniracionm is implemented
using both hardwars mnd software rechaiguen.,

Point-to—paint fiber optic Yink is implemented by
providing cthe isslation amd filtering hardware at
the instrument transformer lewel. This circuitry
provides £ 10V signal which is comverted to the op-
cical signal amd cransmitted To che subsystem inpu-
ts:. This signal is then sgain converted into £ 10W
electrical signal which is further processed by the
/0 meduies.

E.1. Supervisory Lewel

The HICROSUPER subsvstem is the supetvigcey level
and ir is extremely importast because it provides
system interfaces between the local emd/or remate
operators and the subsystems.

All of the operator interfaces that are provided at
the subsystem level {HIROOTR, WICROSTORE and MIC-
BOLARTS) are also provided st the MICROSUFER subsys—
tem. The CTHERMET coamunication sofiware at this
level is urganized in such & way that all of the
sessages from the subsystezs are received in che
order of their arrival. Also, a sessage is provided
an the CRT to notify the operator of a new mrekage
arrival.

At the HICROSUPER lewel there is a local SCADA da-
tabaie which ecables appropriate crgamizacion of
the Integraced system swpervisory data. A special
software is needed to interface this data base to
the cverall SCADA daca base st the master station
level.

Testing sofcware is also initisted from the MIGRO=
SUPER level. Cperator settioge and commands could
be also entered at this lewel.

7. ALGORITAMG

7.1, Imtegrated Systes Algorithes

Algorithms used in the systes can be divided imto
two groups: amalog input sigual processing algo-
rithms and digital input signal processing alge=
rithms. Analog imput signals are processed to cal-
culated valwes of current, woltage, impedance, ac=
tive and resctive power and esergy. Caleulated va-
lues can be either peak valoes, instant valoes or
B4 values, Digital dnput signals are processed to
perform comntact scatus filtering, imdicatiom of
alarms apd status {nformation, detsrmination of se-
quence of events and logical processing for emecu—
ciom of sutomatic switching sequences.

Discance relaying algsrithe consists of the fault
deteccion, fault classification and fault werifica=
rion procedures. Bath fault detection and fault
classification procedures are performed using samp-
les and asplitiede values [13]. Amplitude values are
caleulated using a fast d-—sample algorithm [T4].
Fault verification algerithm is bared on soluticn
of a differential equacion which provides expressi-
ons for calculation of K and X parameters [15].

Trangient recording algerithm collects the sampled
values and orpanizes them into sppropriste pre-faudc
and post=fault buffers. Additiomal processing of
digical inputs is performed to record sequence of
events corresponding to transient recerds. In the
normal situations of chd poiwer system Traneient Re-
corder collects samples aod calculaces measured va=
lues af curremt, wvolfage, active and reactive power.
Algorithms to calculate those values are based on
the Walsh tramsform [16].

Automatic control algorithms are performed based on
samples of analog and digital input signals. Similar
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algorichms as in the two previcus subsysteas are
used To procesd analog imput signals to del rmine
appropriate values for the LTC control algorithm.
An algoriths is alss provided to perform lagic cpe=
rations for sutomstic switehisg sequences.

Tedi= ﬁllurit'h.u Studies

Several algorichm studies are performed to determine
characreristics of the various analog imput sigeal

processing algorickhns proposed soc far for proteciive
relaving [17). Those scudiss include Gemeralized al=-
goricthe form study, Error analysis study, Algeriche
classification study and Algorithm comparisom study.

Study of & GCeseralized Algorichs Fors should define
a common form o represest all of the known algori-
thms [18]). Certain parameters of che form are sdjus-
table to cake into accoust specific requiresents of
the unique propercies of some of che algorithms.
This study enables comparison of the warious algo-
cithm forms proposed so far im order to define a
unigue fors for mmber of the similar slgorithes,

Error analysis study gives amalysis of the chres
sources of errors is che protective relaying alge-
ritha based on the sclutiom of a differential equa-
tiom C[19], The three scurces of errors are! trans-
migsion line model error, & and I parameter estima-
tiom error aod the sampling rate error.

Algorithe classification study shows that there are
two major groups of algorithma [20]. One grow is
based on & set of algebraic equations with fwo um-
knowns, namely distance of the fault and fault im-
pedance. The other group is based on the identifi-
cation methods for determinming the fundamental har=
monic using either recursive or nonrecursive oehods
It was shown that firsc sechoed requires care-
ful filtering procedures while the second sethod
has an inherent filtering feature. It is alse shown
that the first group of algorithms depends oo the
transfer Function of the instrusent trassformers as
well as om the sampling synchromization while the
second group depends only on the transfer fumction
characteristic at the fusdasescal harmomic freques—

Algoritha comparisom stwdy includes analysis, syo-
thesis and evaluation of digital protective relay-
ing algorichas [211. A Llat of the slgoricthes with
typical evaluation figures is given in Teble I. &
Criterien for evaluatios is given by the following
expression:

MAXDIST = | HEANIMF - MEAN VALUE | + | COEFF - STDI

Caleulated error

61.277, mean value of the mc-
tual fault impedance
MEAN VALUE = meas wvalue of fault ispedance

calculated based on measared
values

vhere: MAX DIST
HEAH IMP

STD = fault impedance standard devi=
ation caleulated based oo mwa-
sured valuss

COEFF. = 1.58 , for probability of 991
(normal discribution)

It should be noted that the slgerithen renking based
oo a siople criterionsuch as the sess wvalue or stan=
dard deviation can be gquite misgleading and chere-
fore a more complex criterion given above was defi-
i ,
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TABLE 2: TYPICAL TEST RESULTS FROM ALCLORITHM STLTY

LIST ALGORITHME USING-24(S/C)

FILTER 0.320{KkHZ) CUTOFF

MEAN IMF. 61.2171

TIME-POST FAULT 1.5-2.5T PROBABILITY = 9%,001 COEFF. = 2.580
ALCORITHM MEAN WALUE 5TD. HAX. DISTARCE
1. Mclnnes-Morrison DW=,25T 60,75 0.85 .70
1, Helpnes=-Morrison DW= 5T 62 . TR L[ 3.9
¥, Breingan et &l1. B0, TR 1.45% &, 14
&, Ealman filter 63, 87 0.67 %.33
%, Lobes = Koglin DW = 45 59,12 1.08 4,83
&, Bormard et s11. D=_25T b1, Sk .08 6,61
7. Bornard et all. DW= 5T 51.55 1.13 1.07
&, Fourier an. DM = 1T b1.28 4,07 19,51
9. Brooks DW = OFT. 59.13 4,17 12.91
10, Algorithe "K-E" DW = &5 59.110 .75 14,30
11, Cilcrest et all. B0, 98 B, 54 17.17
12. HMSE DIFF. DN = 5T 60 .98 6.82 17.87
13, Gilbert - Shovlin DWW = 35 59.15 b, kB 18, 8%
14, MSE DIFF. DN =, 25T 6. 78 8.9 13.5&
1%, Bope et all., = correlac. aT.Te 4,07 34,02
16, Luckett et all. 59,47 10.27 18.04
17, WSE FORW. DW =.25T 6412 1.1 3z.29
18, Manan - Morrison &0.80 17.30 LEPRL
19. Fourier an. DW =.5T &1.07 51.52 133.13
I0. Walegh &am. DW = 175 000 0.00 kb A bk

MOTE: DM - data window
HMSE - meam sqUaTE ETTOT

8. SYSTEM TESTING

8.1, Teat Results

The Integrated System is mow in the stage of labora-
tory and field testing. Punccional cests are beiog
peelormed. Type test will be also performed in the
near future. Further testing will be perforeed using
digital simulators aud analog sisulacors.

Features of the digital sisulacer will be described
below. Analog simulator is @ scalad physical power
system model with rotating machines. Field tescing
will be perforsed in the High Power Lab and in a
Substation envircoment .

Eesults of the tests perforsed so far show that all
of the major functional reguirements are satisfied.
Further testing is Lo prows that sll of che IEC
standard tests are satisfied as well. Also, future
tests will Be performed to snalyse system behaviour
in varfous transient situstions in the Elsctric Po-
wver System.

B.2. Digital Simslators

Two digital sisulators, an snalog signal acd a di=
gital signal simulaters, are being developed ai well

Analeg signal simulator is a computer based simula=
tar which i capable of simulating transients of the
voltages and currents in the network. There are
three major portione of the simuiator: a VAX compu-
ter to simulate the transients, & DfA computer to
generate the analog signals and the power amplifiers
ta obtain the required power levels of the signal.

A8 af mow, the coppuber programs are being developsd
to simuiace transiencs in the necwork, behaviour of
the instrumant transformers and behawvicur of the an-
cialiasing Filters. All of the prograss are execured
en & VAX 750 coagmuter.

Two different programs are used to sisulate the
transients in the necwork: EMTP from UBC and a Fre=
quency Dependént Parameters Program [213]. The EMTF
18 quite cowvenient for anslysis of che monlimear

DIFF - differenc. eq.
FOEW - forvard sespling

"E-K" - Kezunowid,
Eraso algorithm

elements as wvell as time dependent sequences of &=
wents. However the other program, based on the =ela

of Fourier transform enables representation of
feequency dependence of both lumped and distributed
paramecers [13].

The approsch taken is such that the bamsic studies
are performed using the EMTP, but the frequency de-
pendence is takes info sccount usimg che ocher pro—
gram, The simslation approach is such that the stu-
dies are performed by both programs snd the resulcs
are compared. The best fir of the two sisslations
snables determination of the freguemcy for which am
equivalent network is defined for furcher stedies
using the EMFT.

There are two sets of programs for insCresent trams—
former studies: the current cremsformer programs
and the voltage transformer programs. Those programs
enable sisulation of the cransient behavicur of the
instrument transformers of various types.

The current transformer programs, ss Chey are being
developed im the first step, take imfo account the
ranlinear magnetizing effects.

The woltage transformer preprsms for CCVI simulati=
on provide rhar rransforeser sccurscy in Cramsmicrimg
the high frequency transiests is taken into account
L2211, The programs are based on equivslest transfor-
mer models which contain winding stray capacitance

and Freguency depemdest sagnetic losses.

P".'gur: b-a. COVT Equivalemt Merwork



Figure &-b. U, and U, Transiemts

Figure & gives sase results of theoreticsl and expe—
rimestsl study of a particular type of a CCVT. Fige
re f-a gives one of the equivalent networks for a
COVT characteristics study. Figare b-b glves record
of the ¥y aad Vs transients obtained using injecti=
on method superimposing different harmopics. Figure
b-c gives example of theoretical and experimental
determination of the frequency respomse characteri-
stic for particular COVT with constast paramecers.

Aot ialinsing filters are slmulated uwsing a computer
progran which enables decimstioms of the input samp—
les [21]. Various types of filters of different or-
dar and various saspling rates can be simulated u-
sing this program.

Tigital signal simulator is & differear set-up de-
wigeed around 4 microcomputer. This sisulator ge-
merates varicus legical states which correspond to
status contacts of the switching squipsest, voltage
regulators, automatic reclosing devices and protec—
tive relaying equipment.

9. FUTURE ACTIVITES

It should be noted that the near future sccivicies
will be in the area of system testing. A number of
different labiratory and field tests are yer ta be
performed. 1t is expected that the Phase I system
cesting will be completed by the end of 1988,

Aancther group of actiwicies, which will Be perfas-
=ed in parallel to the cesting, is the industrial
packaging activity. This activity assumes replace-
ment of all of che OEM boards with the in-louse
produced boards. Also, the in—house developmect
should provide boards, casing amd comnectors which
safssfly the European induscrial standards.

Yot another activicy is completion of the sizulater
developmants .,

Finally,a nusber of studies have beem and will be
performed related to the cost/performance characte-

The amchssrs also

]
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Figure 6=-¢. Frequency Respomse Fumction

ristics of the system. It is evidest chat the Iote-
graved concept prﬂvidll- a ocumber of advantages in
this respect bur mure preciss quantitstive methods
should be defined to take into accoumt warious si-
rustions in wvhich the Integrated System cam be app-
lied.

10. CONCLUSIONS
Several conclusions can be drawm:

- Integraced control and protection system conmcept im
feasible and implementation usiog the microprocesscr
technalogy provides lopeswesent in the coetf
performance ratio.

= kn Integrated system desigs philosophy which sasw-
ms the protective relaying function integration
using the same hardvare and sofcvars principles as
im the reat of the syetes seems to provide full
sdwantages of the Integrated concept.

- Puture activicies In the ares of system testing,

industrial packaging, simulator developeent and
cost /fperforeance studies ere extremely important
for final promotion of the Integrated System de=
v loped.
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