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Abstract. This paper introduces new coacept of & design
envionment 1o be wed bo carey out development, engineering,
Lesting amil maintenange af the s¥SlEm automation equip-
ment. This envirenment i based on & digital computer simulstor
impbereted using several computers connected by & Local Area
setwark [LAMN). The simulator is atilized in the design activities
for power system contral, protection and manitoring equipment.

DEPOS enviroment enables generation of power system signals
such as valtages and currents using two metheds. One is Lo rep
actual wavelonns recorded in the field by devices such as digit
fault recarders. The other is to simulate power sysiem sigaals
using one of the known simulation packsges such as Electromag-
netic Transient Program {EMTP). Signals frem either source are

enerated in the sampled form and may directly be used im this
arm if an evaluation of the sutamatian Elg:lpmﬂ:l’l.- models is to
b performed. Analig signals could alie erated if design
activities are related 10 evaluation of the actual squipment. This
is performed wsing O A converters and power amplifiers.

The paper gives discussion of the DEPOS lumetional requare-
ments, implementatzon characteristics and design methodology.

eywords: Design, Simulation, Power System, Automation, Test-
ing

INTRODUCTION

The problem of design environments for developmens of power
system autamation squiprment is not properly valued and well de-
ned today. The conventional practice in this area is to use differ-
ent design tools for different. types of equipment. As an example,
one approach 15 used for protective relaying equipment, while & dif-
ferent one b used for revenue metering squipment. In the first case
analug madels of a power system are used 1o simulate fault con-
diticns. whike in the sscond case some high precision labaratory
signal sources are used Lo generate calibeation signals. Further
yrrore. different levels of complexity of the design environments are
made gvailable to different type of users. Ressarch and develop-
ment labaratories and manufacturing facilities are equipped with
musch more sophisticated design environments than what is avail-
ahile 1o the engineering firms and the atility companies. Finally,
the whole design process that includes de EEMM of equipment
medels, prototypss and final products, as well as different evalu-
ation bevels of each of the design :L‘-lpl., has been considered as a
et of mutually independent steps. This has Jead to development
of differest design tocks and methodologies that sre quite anigue
1o each of the design stéps.

Intraduction af the microprocessar based technology to the
field of power system sutomation has resulted in this technology
Iering utilized for implementation of variety of protective rsla_vinrjl.
control and monitoring devices 1], Simce the commen basis far
of 1he microprocessor-based designs are digital algorithms [2], it
hins v suggested that the new technology can also be utilized 10
smprove Ly design environments needed to develop and evaluate
auch desigs [3].

The main tapic of this paper is a pew concept of the De-
sign Envireameit for Power System Automatica (DEPOS). This
environment relates to number of activities needed to design an-
tamation equipment such as protective relays, bogie controllers,
Supervisory Control and Data Acquisition [SCADA) Remate Ter-
sminal Units (RTUs), revenuwe meters, and recording devices. The
design activities include development of device els, analysis of
the wrdels wing simulation techrigues, development of actual de-
:inr:]pml.nupgh evaluation of the prototypes using different tests,

i of the engipeering desige problems by simulating diffesent
4p-;||.5::'.ltinun environments, sad squipment maintenance supportsd
by trouble-shooting methodology and toals. The new concept dis-
cussed in thi:dn proposes that all of the mentioned design
activities for the mentioned bype of autcmabion equipment
may be supported by one DEPOS solution.

This rovides an example of the DEFOS con im-
plumhtmﬁﬁi: development is used so far in l.‘l'\-lll:ll.:;‘: di
ital algorithms for protective relaying and revense metering [4.5].
Preseul aclivities sre related Lo uliligation of such a design euvr
romment in testing protection relay devices and systems [3.6].
The Rrst section of the pa ives discussion of the DE-
POS functzonal requirements, {rnp:lrm?mmmt characteristics are
presented in the following section. Next, design methodology i

ilustrated using protective relaying and revenue
metering developments. Conclusions are given m end.

DEPOS FUNCTIONAL REQUIREMENTS

. Typical design activities in the e gvstem automation i
dustry and their allocation is given iz‘}'l!-b.le L -

Tahle 1. Dhesign Activities and their Allocaticn
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Development activities usually require extensive simulation fa-
cilities where different models of algorithms, devices and systems
can Le analyzed, Due o the lack of the I-FLW'PG'H te facilities 1o
carry out this Lype of development work [or the pewer automation
equipment. this design stage is quite often reduced to & minimum.
For the same reasans of the lack of the facilitiea, onlly the manufac-
turers may have this type of envircnment implemented and used.

Extensive testing aclivithes sre necded at both the manufae-
turer and the ubility sites. The most common situation in the
powet industry is thal the manufaciurers have much more exten-

jve test facilitjes than the users. This causes & ln!wnﬂrn
:I:.T:Luer gl-:u ef M new cevices and systems have 1o ﬂgf

i i lack of
ot e T e T peramiect ofs

substantially sepaired device.

Engineering design of the power system automation devices
is keavily dependent on the simalstion as well as the sctual de-
viee Lest capabilities. this activity is pot very well
supported by the advasnced hardware and software tools, and it
iv usually carried out based on the rule-of-thumb experiences. In
particular, equipment malfupction trouble-shooting 18 gudte diffi-
cull to carey out with the limited design envir % oplions.

Figally, maintensnce tesia are usually done by the utilities. As
mentioned earlser, facilities peeded to do this kind of design evalu-
ation are limited Lo very portable equipment. Ewven {
this equipment is quite appropriate for routine maintenance y
it is difficult to use the conventional test equipment to chrry out
complex maintenance p dures meeded for ex ive repairs,

Power Syvatermn Automation Equipment

Power system automation equipment performs differeat con-
tral nenfertn, data acnwisition and mihﬁn’ fimetinma in war.
jous power system operational states including normal and fault
stwations. This broad application area requires a number of dil-
ferent power system conditions to be smulsted in arder to carry
gl the design process, Some of the most typecal power system
signal generalion requirements nesded Lo evaluate various types of
1he antamation equipment are given in Table [1

Tabda [1. Regei for Equip Evaluati
FUNCTION | TYFICAL BEQUIFMENT | EVALUATION CONDITIONS
Prosection | Distance Belays fault Lransents. s -of-siep.
el i, failt resistance
Trazsformer Protection | insush, thmugh fanlts, harmonic
il
Coatrel Switchang Saquences breaker wiates, hlocking funclioss
SCADA RTU combacts, snalog vigzaly
E & Mstering h E—E——
Monitoring | Frequency Measuresesis md“m&umﬂ!'
Transient Recorders sigaal disturbances, iriggers |

The mast complex requirements came from the relaying func.
tions. Design activities are based on availability of analeg
svstem signals corresponding to fault transients. In general, fault
transients include signal components such as [0 o . h:ll-'mll'
1e=, subharnanic l.ﬂ.g moise. Protection equipment avaluation also
requires simulation of same “normal® disturbances such as out-of-
step conditions on the hnes and imrush conditions on thse trans-
formers. These conditions are needed to verify that the equipment
will nat aperate in these conditans,

Design activities for the control equipment usually requare
extensive capabilites for simulating changes m the contacts car-
respinding to alarms and indications obtained from the switch-
ing equipment. These conditions are easily produced by a digital
rempiter. However, some simulatien of the analog signal changss.
rarrespouding 1o the narmal conditions of the power ‘iﬂ“?l"'l DT
atinm are alio needed to carcy out design activities related 1o the
ViVar and SCADA controllers,

Manitoring equipment i3 designed to cover vanous functaons
in mormal and abnormal power systems conditions, Also, some of
the monitoring equiprnest requires only analog signals, some only
rontact data, anad scamse require both. Revemss metering is a func:
tion that requires simulation of anabog siguals that carrespaid 1a
warious fnll-.'lli.lin'ns that may affect meter accuracy such as si ?:l

harmonic content, Disturbance recorders such a3 DFR snd
recorders de require simulation of wide range of power system dis.
furha.n-:,a Inﬁluded arg both fault l;ﬂ narmisl Eﬂﬂﬁllllﬂ'l! for s
ag signals and contact information reflecting switching equipment
operation and malfunetion,

DEPOS IMPLEMENTATION CHARACTERISTICS

Hardware

Hardwase canfiguration i given in Figure 1. This configura
tion conlains sev g“Fcumfmtr'ls cannectad vis ETHERMET Lesal
Area Metwork [LAN). All of the computers can be divided ia two
groaps. One group is acting as an interface Lo the cutside devices,
and e is devoted to signal simulation, The rale of the specific
computer in testing different power automation equipment i3 dis-
cuzsed i the et sectica.

The computers that are interfacing the outside devices ane
used either to obiain recorded signals iﬁP Vectra) of to generate
snalog signals (MASSCOMP). Recorded signals may be obtained
fram the field using various an or digital recording devices,
Analog signals can be reproduced [rom the recarded signals ssing
[/ A converters and power amplifiers.

The simulation computers | Sun Workstation, VAX) ane used to
ran various system simulation programs. They sre also used
Lo sirnulate model of different automation equipment. Simulated

signals may also be replayed Lo the outside devices by transferrin
data files 10 Uhe interface computer. 3 4
Sollwame

Funstional block diagram of the software is shown in Figure
2 This simplified representation indicates that two basic design
siluataons are supported. One is related to evaluation of device
models, and the other cne to evalustion of actual devices,

Diesign environmens for deviee model evaluation may be used
far both development and enginesring activities. = early ata
of device develapment may need sxtensive device model evaluacon
wsing thousands of cases of the simulated signals. Elaborate en-
gineering sctivitees may peed evaluation nfﬁﬂ'zr:nt models using
ific input signals obiaimed by recording the meat representa-
l?:cuu of the field signals. g

Evaluation of actual devices may in be performed using =
ther recorded or simulated wavelorms. ir weal application wi

the simualated signals may be wsed is the acceptance test stage
where specific device 18 evaluated againat given apphcation
emvirenment, The recorded wavelorms may be used to perform
trouble-shooting test activity. In this case the test condition peeds
1o be mﬂuﬂ several times in order Lo analyze the wrong opera-

i

tion of dewine.
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Figure 2. Baftware block diagram

DEFPOS METHODOLOGY EXAMPLES
Example 1: Protective Relaying

Pratective relayimg equipment pequires fault signals as an inpat.
mMW;&mmmﬁumﬂgﬁhmﬁw
recard them in the substations, of 1o simulate lhemmilmm
magnetic Transient Program. Typical fault ui using
Digital Fault Recorder (DFR) are given in 1. Equivalest
simulated signals obtained using the EMPT simulation sre shown
in Figure 4. 1 can be observed that the simulated signals are

uite close to the recorded signals, which indicates sccurscy of the
E.HTF simulaticag.

Wilaga V)

In case, the signals are repr ted in a pled form.
They could be used in this form to evalaate digital thms for
relaving [3,4]. These signals can also be used 1o evaluste actual
devices by converting the s form inte analog signals. Before
the D) A conversion 1s dose, filtering and decimation of the signals
have to be performed in order to obtain the required output sam-
pling rate and signal bandwidth. The analog signals ase amplified
so that the required sutput power is achieved.

“Thene ([5]

Figure 4. Fault signals simulated by EMTP



Example 2: Revenue Metering

fevenue metering tests may require distorted signals that con-
tain diffesent harmonics generated by nonlnear loads and other
disturbances, Typical application is reactive ?nler mEasurement
under different level of harmonic distoction [7]. la this case the
required signals may be produced sither by synthesizing the de-
sirexd wavelarm or by recording distarbances in the field. Typical
mpmr.tniun of & recorded ngua.'l with a ]1'|gh barmonic content
is given in Figure 5,

The revenwe metering application is quite different from the
relaving application since disturbances in the normal power system
operational state are of interest, It is also iTFnrun‘l to determine
whal are #xact measurements for each Lypiie disturbance, so that
precise device errors can be determinsd. In this case quite often &
frequency representiation of the signal is required [7]. Due to the
fact that the signals are available in the discrete form, an extensive
digital n'?nt] processing can be Lo represent the sigaal in
di t forms and Lo snalyee it in varioss ways. Again, the ai
can be un:i {or evaluation of both the device models and the actual
equipment.

B
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Fig. 5. Harmomic content of & recorded signal

CONCLUSIONS

_ This paper descrites a new concept of Design Environmest for
Power Systemn Autometion {DEPOS). This concept bas been im-
plemented in the Powes %’W Auntomation Laboratory st Texas
AkM University. The D] design tools have been fully devel-
a fof pratective relaying and revesue metering design sctivities.

hath classes of Lhe aulomation squipment, the following activi-
Liem are supported: Device model evaluation, actusl devics I‘.H'LI&
Engineering duig:aa.rud is. Future developments will be rela
o tanaien of the DEPOS Iacibtites to lnclude design took for
ather classes of the power system automation equipment.
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