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1. INTRODUCTION

Application of Microprocessors to Contrel and Protection of
Electric Power Distribution Systems (EPDS) started in the early
To-ties. During the past ten years of research and development a
number of control and protection devices and systems were deve-
loped and tested in the laboratory and power systeas envircsents.
mentioned developments proved microprocessor applications to be
technically and economically attractive and a new commercial
market is beeing develeoped for Microprocessor-based Control and
Protection Equipment. Also, microprocessor technology enabled
introduction of mew concepts and phileosophies to be applied to
Contrel and Preotection of EPDS. This, of course, made reflection

on the developments of new miereprocessor- based devieces and sys-

tams.

This paper gives a aurvey and clasaification of the microprocesaor

applicatiens in EPDS.
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2. EPDS HIERARCHICAL LEVELS AND FURCTIONS

Dne possible way to define EPDS hierarchical levels and functions
is based on the type and location of the Control and Protection

Equip=ent. Figure 1 gives simplified representation of the levels
and functions. The following classification can be applied (1,2):

- Epergy Mansgement Systems are utilized to control overall EFDS.

The most common funetiona izplesented at this level are: Distri-
bution Lead Management, Automatic Meter Reading, SCADA Functions,
Econonic Dispatch, Load Shedding.

- Subgtsation Control and Protection Eguipment is located at the

transformer and switehing aubatations. The followlng funetions
are executed at this level: Data Acquisition and Legging, Status
and Alarm Logging and Monitoring, Automatic Bus Sectiocnalizing,

. Tranafermer Monitoring and Control, Automatic Breaker Heelosing,
Tize and Instanteniouas Overcurrent Protection, Fregquency Frotecti-
on, Distance Protection, Synchro-Check and Automatiec Synchreonizing,
breaker Failure Protectlon, Bus and Transformer Fault Protection.

- Feeder Eguipment 1s located slong the feedsrs next to the swit-
ching equipment and the tranafeorzers. Functions implemented at
this level are: Fault Protectionm, Control of Capacitor Banks,Vol=-
tage Regulation, Load Managemsnt, Sectionalizing.

- Customer Site FEguipment is located al howes, public and bussines
bildings and at industrial sites. Functions performed at this le-
vel are:; Automatle Meter Reading and Automatic BEilling, Loecal
Energy Management Funections.

Abova classification sssociates functions to.the levels at which
the cperator interface for the function is provided. However, it
should be noted that the equipment to ilmplement those funetions can
be located at some other hierarchical levels as well.
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3. MICROPROCESSOR DEVELOPHMERTS

This section is devoted to a survey of present microprocessor
applicationa. It should be noted that most of the mentloned de-
vices and systems are result of the research and development pro-
jects and are still in the laboratory or field testing atages. How=
evar, soze of the microprocessor-based equlpment ls already commer-
cially available on the world market.

The fellewing survey is given making classification of the micro-
proceasor-based equipment into two broad categories:

= Single function devices
= System solutions.

Sinzle ction dev are mleroprocessor-based equivalents of the
classical control, protection and data acguisition equipment, Tab-
le 1 gives a list of the single devices developed so far using va-
rious miersproceassora (3-11):

Protective Helaying Controel Data Aequisition
- (vercurrant : - Veltage Regul. = S0E Recording
= Directional - Synchro-check - Mlarm Logging
= Distance = Load Shedding - Revenue Metering
=-Frequency - Automatic Swit=| - Operator Metering
= Tranaformer ching = Fault Locatiom
- Broaker Failure - Automatic Rec-

loaing

Table 1. Single Function Device Developments



It should be noted that application of microprocessors to single-
funetien deviecea has brought lmprovemants in the areas of flexi-
bility, compact packaging and performance characteristics.

Flexibility is achieeved by means of programability. All of the
microprocessor-baged devicea are programable and there is a a num-
ber of equipment characteristics which can be set according to the
user needs. Good example is an overcurrent relay (3) which is possi-
ble to program to execute any of the 4 inverse time and 3 definite
time characteristica. Another example are distance relays (8) which
can be programed to execute any zone and time charactaristics.

Compact packaging ls reflected in reduection of the overall electro-
nic comporents density and ammount which is used per a device. Alsc,
power supply requlrements are reduced as well as the s.c. eguipment
burden. .

Perforsance improvements are guite evident in almost ell applica-
tions. Typical example is a frequency relay (5) where getting re-
solution of o.0% Hz and accuraey of + o.c05 Hz can be easely ac-
hieved., Transformer protection function (6) is yet another exam-
ple where accurate determination of the harmoniec content of the

- differentisl current can be detersined so that there eould be per-
formed any scheme of harmonie percentage restrained protection
algorithm, Variety of automatic switching seguences can be alseo
programed (12) and those sequences can be executed with the speed
and safety not available by the classical eguipment manipulated

by the operator.

Finally, it should be noted that microprocessor application intro-
duced some improvements in the area of testing, diagnostic and
maintenance procedures. It is achieved by using self-checking pro-
cedurea which can be lmplemented at the various levels of complex-
ty. Using the mentioned features system availability performancs

is also improved.
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System golutions include miersprocessor-based systema whlch peri-
orm complex functions generaly not available by the classical egu-
tpement, Typical system sclutions which intreoduce some new funct-
jons are: SCADA Syatems, Universal Substation Control Systems, In-
tegrated Substation Control and Protection Systems, Local Energy

Hanagezent Systema.

SCADA Systems (13) are widely used today. Using intelligent RTUs
those systems can perform nuzber of local control and acguisition
funetionas usually net avallable by the eclasslical SCADA Systema.

Universal Substation Contreol System (12) is quite a new concept

in equipment design which was net possible by using the classical
technologies. This system ia microprocessor-bassed and can be pro-
granged to perforam, one at the time, any of the follewing functi-
ons: Event Logging, Auto-switching, Sequence Control, Voltaze Cone
trol, Telecontro} and Indication, variety of Metering applications.
It is sasy to recognize great flaxibility provided by this type

of systems which could be considersd, in some application situa-

tions, as cost effective advantage.

Integrated Control and Protectlon Systems (14,15,16) are also a
new concept which was made posslble by introduction of microproce-
gsors. This comecept assumes that all of the contrel and protection
functions available in a substation can be executed by a single,
sultimicroprocessor system. Typleal functlons of such a systea (15)
ara ghown ian Table 2. Those sysitems open naw posaibilities for im-
plementation of complex control and protection functions and ba-
nefits are expected in the area of system cost reduction and per-
formanece isprovenments. It sheuld be noted that there are only se-
veral Integrated Substation Systess beeing developed and tested
today. Those solutions vary frea totally distributed sultislcro-
computer systess (16) to compact packed multimieroprocessor sys-

tems (14,15).



= Data Acquisitiocn - Automatic Bus Sectilo-
= Data Monitoring nalizing
- Data Logging - Integrated Voltage/¥ar
- Status Control
= Alarm = Time Overcurrent
-= SCADA Interface Protection
- 8ystem Interface = Instantenious Overcurr-
= Substatiomn User Inter- ent Protection

face = Synchronism Check
= Feeder Remote = Underfrequency Frotec-
= Faader Deployment Swit- - tilon

ching and Automatie

Sectionalizing

Table 2. Integrated System Funetions

Local Energy Management Syatems {(17) are beelng lately used in
large public, bussines and military buildings and storage facl-
1itiess. The basiec aim of these systeas is to provide Energy Mana-
gezment within a local consumer altes by scheduling and controll-
ing the use of energy by small but numerious loads such as buil-
ding lightning, heating/cooling, ventilation, etc.Application of
mieroprocessors enables great variety of Enerzy Management stra-

tegles which can yield substantionel energy cost savings.

Finally, it could be concluded that major advantage obtained by
using microprocessors is the possibility teo improve perforoance
of tha elassicsl functions and to introduce some new functions,



4 FUTURE TREHD3

Opne viaible future trend is in the area of single functlon devices.
It can be uotﬁd that ressarch and develepment activity in this area
is still very productive and it can be expected that most of the

elassical equipment will be challanged by microprocessor-based de-

vieces in the near future.

However, much more attractive are new system developments (18) in
the area of Integrated Subatation Control and Protectlem Systeus,
Customer Energy Management Systems, Load Management Systems and Di-

atributlion Automation Systems.

It is expected that new Integrated System developments will emerge
4in the near future and that more field service experlances will be
obtained. This will enable more precise cost/performance evaluation
of this approach which is the basic condition for a wide use of the-

se systems.

Customer Energy Management Systems (19) for home use are expected
to be explored in the future which will enable local coatrol of ene-
rgy consumption and the cost by the customers. Industrial Energy Ma-
nagesent is also expected to be much more utilized in the futurs.

Load Management Concept has besn developing for the past fifteen
years (20) but some new develcpments are also expected in the futu-
ra., The trends are to include Local Customer Energy Management Sys-
tema into overall Distribution Load Management System.

Distribution Automatiom (1) is & concept which needs much more in-
vestigation in the future before it becomes a reality. However, great
advantages of these systenms are visible and development of indivi-
dual subsystess are under way. This makes Distribution Automatlion

to be a realistiec development goal in the future,



&, PROBLEMS TO BE RESOLVED

Future miereoprocesgsor developments for the EPD5S application area
depend on solution of the variety of problems which can be cla-
ssified mast Technical, Economie, Application.

One of the major technical problems 1s the communication aysteaz
problem (21). Reliable communicationsystes is the main conditi-
on for developzent of control systems for load management and di-
stribution automation. Other problems, which are not less lsopor-
tant, are the digital equipment testing and =maintenance faciliti-
es and metodelogies which need to be developed in order to make
microprocessor-based equipsent competitive and attractive for eve-

ry day use.

Economic problesss are related to the defipnition of economic eva-
luation progedures (23) which can be applied to the microprocessor-
based systems. It is crucial that those procedures be developed
ginee the complexity of ecomomie evaluation of the new systems can
be the major obstacle for the wide acceptance of the new develop-

menta,

Finally, the application problem should be recognized and carefu-
11y analysed. It should be noted that microprocessor-based develop-
ments may require change of the traditional reasoning of the utili-
ty personsl in the are of designing the control and protectlon sys-
tema for EPDS applications. Further more, it may be required sven
to change practices of the primary equipment design (23). Therefo-
re, the strategies for introduction of the mieroprocessor-based
devices should be carefuly eutlined and applied 1in erder for this
equipzent te come into the every day use.

As a conclusion of this paper it can be stated that microprocessor
applications in the EFDS have become a reality and future trends
show that development of interesgts for the wide spread applicati-

on is under way.
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