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ABSTRACT Section 2 some basic considerations of the

R R ey protection task within the power systes fro= Lhe

Much good work has been done over the past point of view of the DiM concept are analyzed.

decade on the development of digital computer The bagic logical characteéfistics of the DMH

bazed cethods for the protection of @ electrie eystem are inktroduced in Section 3. In Sectisn

power Systems. The application of these Conm- 4 epecifications for eystem hardware are

puter Relaying (CR) systems was not cost effec- proposed and evaluation of available COmputeE

tive because the available computer eguipment hardware relative to these specifications giwen.

dictated a serfal soclutien to what f= in essence Section 5 gives some conclusisons and some new
2 parallel! problem. The recent development of ideas for further researeh activities,

low cost, but very capable, microcomputers makes
possible the consideratiom of a network of

microconputers as a cost effective way to imple- 11, GSOME BASIC COMSIDERATIONS OF THE PROTECTI
ment CR systems, This paper considers the CUNCTION AS THEY AR: RELATED TO THE Dif CCUCE:
design of a Distributed Processing Microproces-

sor Based Hierarchically Structured [DMH) systen In this sectisn the following protection
for the protection of electrie power systems. systeme will be considered:

Some basfic characteristics of the process of

power system protection are analyzed. Con=- ="classical™ relaying BYSteRs [elec=
siderations related to this new system concept tromechanical and static relays)

are stated and the basfc logical structure of ~Computer Based Relaying (CER] systenms

the DMH system is described. Specifications are ~Hicroprocessor Based Relaying (2B
propoged for the necefsary computer h'gauare, systems

and a brief evaluation of available microcom-

puters relative to these specifications is Terms CBR and MBR are introduced in ehis
given. Expected performance of the proposed DHH section in order to distinguish berwesn two
system is discussed and suggestions fer further classes of computer Systems uged as protéction

systems: large cOmputer systems (at least
minicomputers) and SicCEeProcessor  computer
systems [microcomputers).

work are gsutlined.

1. INTRODUCTION
. All three basic systems mencioned above

As the complexity and the level of trans- will be compared and dJdiscussed through Ehe
migsion veoltages of the power sSystems increase, discussion of several basic reguirements of any
the importance of the protection fumction within systems
the overall functioning of the power system is
increasingly becoming a popular issue. The cost 1, Utilization, or the percentage of time
of protection equipment 1s also an ineeparable the system is efficiently used.
issue which comes into any considerations
related to power system protection. 2, Accuracy, or ability ke give an eptimun

response to a certain set of condi-

killecting all other relevant issues, the tions,

importance and the cost of the protection fune=
tion have challenged the people at the utility 3. Speed, or the ability to react quickly
companies, research institutions and univer= to a change in the inputs,
sities to adopt the newest technologies and to
develop  improved methods and egquipment for 4. Flexibiliry, or the abiliey to adapt to
protection., CH is developing as a result of functional changes,.

these efforts.
5. Reliability, or the ability to provide

Specific performances of digital computers predetermined changes in the cutputs
were recognized by researchers concerned with given & predeter=ined change inm the in-
pover protection applications sesetime in the puts.
lace 62's. Since that time, around 188 tech-
nical papers and publications [1,2,3) have been 6. Security, ofr the ability to provide
written on the subject and a number of research changes in the output conditions enly
projects completed at the utility companies, when certain specified changes take
cesearch institutioms and universities. Very place at the inputs.
few publications (4,5,6,7,8,9,10] have con-

Eidered the applications of microprocessors to 7. Availability, or the ability to remain
the CR field. in the "ready to operate” mode.

Qur intentions in this paper are to in- 8. HMaintainability, or the abilicy to pass

duce @a mew concept Ehat could be applied to easily from a faulty state to a healthy
. «form geveral protection fumnctions within the state. 5

power BYstem, namely the ODMH concept. In



8. Simpliclty, or the ability to perlorm
the required functions with mininum
hardware and minimum Interaction
brtween BubsySLEmS.

1. Low cost.

1. uellization

1t iz & known fack that classical reoiays
{electromechanical and static) are very poorly
wtilized devices. They are sitting on the lines
*"watching® for possible faulty conditiens, in
order to reast, Of course, one can say that
relays are wutilized 1@80% sSince they are con-
nected to the power systems all the time. But,
if there 15 a way to perform the same functions
of basic relaylng and some other functions at
the same time, then utilization of the classical
relays is guestienable.

devices which are in
general intended to perform seme functions
pesides the protection function. Hevertheless,
since CBR Systems are performing seguential
operations as oppesed to the parallel eperation
of analog relays, the calculation burden plazed
en digital computers is wery  heawy, and

CER sSystems are

therefare the available time that could be
devated to some other functlons would be wvery
small.

KER systems could Intreduce a parallel
[non-=egquentiall , distributed SYSLEm and
therefaore the calevlacleon throughput of the

system would be pretty large which Imp.iles that
cthere would be significant computaticnal time
available for some functions eother than the

protection functiom.

2= htcuucr

Classical relays are very much dependent on
the "setting®™ ecorditiens and the accuracy ls
highly dependent on fixed setting.

CBER systen= are capable of perforning cal-
culatiens with very high accuracy, particularly
in terms of errer correction and estimation
procedures, Accuracy of these devices is highly
dependent on the algorithm used, and it can be
significantly improved by better algorithms.

MER systems are pretty much in the same
range of accuracy as CBR systems speaking in
terms of the characteristics mentioned.

Eince the highest degree of infarmatien is
contained in the shape of the signal wavefors,
and digital devices are capable of exanining
this shape, they are capable of performing high
accuracy calculations. Om the other hand, elec-
cromechanical relays are acting on the rms,
statie or the peak values and these values con-
tain less information than the signal wave
shape.

3. Spaed

Classical relays have spesds that range
from several cycles {electromechanical) to one
eycle, and may operate as fast as 1/4 of a cycle
(static relays).

pigital computers are capable of performing
required calculations wery [aset, on the order of
one cycle time or less, but since most of the
algorithms require information about the signal

gorithn requirements for high speed, the basl
technological capabilities of digital cemputer
are met pretty well with a processor havimg &
insiruction cycle time on the order of 1y sec ©
lese, a memory cycle time in the order of
couple of hundred nanoseconds and ASD conversio
tines In the order of a couple of hundre
seconds .

Microprocessor devices were claimed to b
slower than digital computer devices, bu
bipolar microprocessors can satisfy any of th
functional speed requirements given above. ©
course, the bipolar devices are expensive, bu
Mos devices with cycle timee under | hsec ar
also available today. DMHE =tructure usin
digtributed precessing algerithms (DPA's) woul
provide concurrent processing which cowld inm
crease the speed of the required calculatiens.

. Flt:ibllit‘x

Consideration of flexibility strongly faveo
digital EYSLeRE because Chere i E cremendou
flexibility In the adjusting and changing <
different features, daing that elthe
sutomatically or at least with miner hardwar
changes., A MBR system has sone additional fea
tures of modular expansion of the System's hard
ware, a5 well a8 the system's scfeware and Elrm
ware. Special purpose hardware and programmabl
memories are also available,

E. FReliabiliry

Reliabiliey of the eclassical relayin
systems has been guestioned, Some surveys [1l
showed that within the protectien eguipment, th
relays _are Ethe devices most likely to fail ©

aperate, Particularly Iif they have not operate:
for a long time, their reliability is gues-
tionable.

tll;jr_il devices are very reliable device:
in gensral, and alsc have capabllity of self-
checking procedures.

CBR system& are wery rfellable, assuminc
reasanable software reliabllity, but some en
vironmental conditlions <can significantly in-
fluence this rellability.

The MBR device is alse wvery rellable bu:
its distributed econfiguration might Intreducs
some unrellable situations. But if we take into
account reliabflivy versus cost consideratiens,
then we can conclude that If the device I8 cheajg
then a high degree of redundancy, which can be
coneidered as an improvement in reliabilicy,
might be wery attractive. HReliability versus
availability is alse a cenctral issue. Since the
MER device is flexible and allows easy replace-

rent of faulty parts, the Hean Time Betweenr
Failures [MTEBF) iz eof less concern thar
availability. Mean Time to Repalr (MTTR) thuc

becomes a secondary issue If cheap and quichk
replacement of the erronecus devices can by per-
formed, The relatively small size of the MBF
system also allows the possibility of better
protection of Ethe system agalnst envirenmental
influences threugh appropriate shielding solu-
tions.

6; Security

This igsue is pretty much related to the
reliabilicy, avallability and the maln-
tainabilicy fsswes. The particular feature of
Arofuan s —enn g
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The MBR system could be particularly at-
tractive because of the possibllity of im-
plencnting & medular security software which
could be executed in a distributed fashlen, con-

currently in several lecations.

7. Availability

In the section on rellability some rela-
tions between reliablility and avallability were
enphasized. This relation should be - par=-
ticularly carefully studied as it i5 related to
the DMH concept. Some of the features of in-
terest would be the microprocessor back up
devices (‘Jpﬂbl! of auvtomatle replacement of the
erreneous device as well as highly standardized
plug-in micreprocesser cards which could be  ex=
changed very quickly.

B. Kaintainability

it is probably evident that classleal
relaying devices reguire less time, skill and
maney to be repaired chan digital devices.

Eventhough the digital devices are very
reliable and therefore make the issue of main-
talnabllity less critical, lt Is scill evident
that wery qualified personnel for malntenance
purposes are nesded.

vicroprocessar based systems introduce some
new aspects Inte the maintalnabillity issue. The
parts of the system that malfunctlion can easily,
after replacemnent, be shipped to gualified and
well eguipped maintenance centers where guick
and inexpensive maintenance can be performed.
Eventhzugh the malntenance centers can b
geographlically separated from the [nstallaticon
location; the transportation facilities and Jlow
cest eof transportatien cam still make main-
calpabiliey highly efficlent and considered
cogether with availability and reliablliey
highly flexible and econcmical.

5. Simplicity

It must be admitted that classical relaying
equipment and configurations are, compared to
the digital relaying systems, fairly simple, but
the simplicity has to be in agreement with the

level of complexicty of the protection sSystem
used.

It is the authers® opinlen that tethe OMH
concept is logically simpler than any other

digital relaying concept. Simplicity of the DMH
concept is primarily due to its modular,
distributed processing algorithm and its logical
breakdewn of the reguired functions by certain
levels of functioning.

10. Lew Cost

Cost [s one of the major Issues In the
field of power system protection and is em=
plasized in this paper as one of the majer is-
sues of the DMH concept, too.

It i= an evident fact that the cost of the
elassical relaying equiprent and conventional
digital cemputers have been svbstantially con=
stant for a long time and do net shew any sig-
nificant trend towards golng lower.

devices are shewing &
towards the lowering of its

Mieroprocessar
tremendows fremd

e T N,

It should be noted that these limits are we
low and are coming near prices of 53,80 p
microprocessor chip in gquantities and bel
£30.00 per microcomputer onm & chip.

0f course the malm cost reduction of 1t
DMH system would result from mass productior
but we are convinced that all cother lssues [1-!
discussed above should be carefully studied ar
utllized in order te faver the DMH congept
the less expensive way of protection.

hs & conclusion te this seetion, 1t sheu
be eonphasized chat digital protection syster
are surely more sophisticated systems than «t!
conventional relaying systems, This sophistic:
tion Bhould provide & more reliable, secur:
better wtilized, more flexible and accurat
protection system.

The other Issues 1ike maintainabiliny
availabllity, cost, speed and simplicity are tl
charactecristics that should help distinguis
between the digltal computer relaying csncep
and the DMH cencept.

In the follewing section some basile Ffes
tures of the DMH sSystem are discussed and th
relation between these features emphasized,

IIT. THE DMH SYSTEM-ITS ALGORITHM
AND RACAITECTURE

In order te define the algorichm and th
architecture of the DHM systen we will ae firs
dizcuss the functional requirements of the
protectlon funcrion as well as its leglcal deci-
slon structure. This will lead te the defini
tion ef the Distributed Processing Algerith
[DPA) and the Distributed Processing Architec-
ture ([DPAR) of the DMH system. MNormal amd ab-
nornal modes of operation of the OMH system ars
also discussed. GSpecific characteristics of the
Prﬂpoit-! DHH system are discussed at the end.

Functional Regquirements and Logical
Decision Structure

Preotection of transmission 1ines, trans-
formers, generators and bus bars as well as some
other centrel and menitering functions are as-

suned to be the set of protection functiesns
which esur system would handle.

Protection of esach of the mentioned power
system elements i3 & local functien anmd can be
pecformed almost llnr.!.rlhl iqch‘Iy. The sitpa=
tions which intreduce nonlocal reguirements are
speclal events, like very serious faults causing
damage to the contrel eguipment, etc. CDelivery
of the collected data, as well as certain backup
situations are also nonlocal requirements. Of

course, any change of the basic electrical
characteristics of the power system belng
monltored would also require scme communfication

facilities between the local protection systems.

Local protectien functiem can be faicly
complex, consisting of several decision funce
tions. Data obtained by sensors could be shared
between these decision functisns. Therefare,
socne coordinating fonction should be performed
at the local protection systems,

While performing certain protection func-
tions, the local protection system is actually
converting the lecal data collected by sensors
inte new data base, This can be viewed as a
preprocessing function, preparing data for some



gquires data frem ether lecal systems and/or from
the central control system. Therefore a connec-
r_|r|u [l,nrt.lun providing a connection betwern Che
Tocal systesnc and other related systems should

alss be provided.

it becomes evident that there should exist
a point where the concentrating functien could
be performed. This function will malaly allow
the <concentration of data preprocessed at local
=ints In order that the concentrating system
can analyze the data, a5 well as make relevant
decisions and send them to the lecal point and
eleewhere.

We are assuming that thefe exists B
overall protection functlen within the power
Systen and therefore Some cen-

tral decision function alse exists but, as Tar

25 the proposec DNH Systen §8 concerned, Gthe
probler of the central decision function is

beyond the scepe of this paper.

CFA and DPAA of the Proposed DMH System

From the discussien given above we can

define the following DPA"&:

algerichms
Local point
CoOnRCUr=

1. There is a set of difderent
perforned by local points.
algerithers can be performed
rently.

2. Thare is a set of coordimating al=-
gorithame for each partlcular protection
function which coordinate execution of
the lecal peint algericthes.

3. Separate algoricthms are necessary to
handle conmunications between the local
points and the concentrating point.
These algorithms are logically depen=
dent and are executed in some arblerary
ardar.

4. A set of algorithms [s necessary Gto

coordinate the execution of the al-

gorithms given above (1, 2, 3). Since
algorithne 1, 2, and 3 can be performed
concurrently, the algorithms of the
concentrating point should coordinake
possible interactions between  al-
gorithms 1, 2 and 3,

5. ‘There exfists a diseributed data base
which (s preprocessed by algorithms 1,
2 amnd 3 respectively, and made
avallable to algorithn 4. The data
base at mach stage of transformation is
stered and maintained as a local data
base and {8 unchanged until the Roment
when the distributed data base iz up-
dated as a whele. There exists a set
of algorithms which takes care of the
described gperations that are performed
on the distributed data base,

DPAR characteristics are:

l. There are 4 levels In the hierarchy
where the following units are located:

-Local processing units [level 1)
=Coordinating units {level 2)
=Connecting vnits [level 3)
-Concentrating units {(level 4)

2. Levels 1, 2 and 3 represent the majer
pact of the DMH system, Level 4 is in-

e N e e e et e Y et

could be implemented using micropreces
SOrS.

3. The proposed DMH systen :on;:isl;l.nq &
levels 1, 2 and 3 is intended for
single substatien application wher
level 4 would be ponitored by
minlcenputer. This sitvation deter
rinez the number of units at each leve.
af the DMH System.

4. Each level has its own memory storag:
and it §s8 conmnected to the common Bu:
of that level.

information data In th
structure 1s mostly from local points
up te the concentrating point. Thi
flow of control data 1s mestly from the
concentrating point down te the local
points but in both the mentioned case:
there 15 a possiblilicy of reverse flow
af the inforsation and control data.

5. The flow of

6. Interrupts are [ssued ordinarily in the

direction from level 4 towards Jevel 1
but, on some rare sccasions the athe
direction {8 alse possible but in :

stepped Fashion from lewvel to level.

7. Ordinary, palling and scanning
capabilities are usad for rnRormal
reparting procedures established
between levels 1, 2, 3 and level 4.

Proposed DMH System

The proposed system I8 represented in
Flgure J. The configuration given in Figure 1
operates in twe basic modes:

-The normal mode of operation
=The abnormal mode of speracion

The normal mede of cperation assumes,
basically, Tthe cencurrent operation of local

syatens with an established procedure for
reporting the status data te the cencentrating
system, The system can be viewed a8 & transfor-
mation system which takes data from the system
at level @ (sencrs), preprocesses cthat data,
makes some decislons and sends the data o the
upper levels, 5o there exists a transformation
and updating ef local data bases, while the flow
of information is from lower levels to the upser
levels., There iz an establizhed order as to how
the concentrating system takes datda frem the
lower levels, makes decisiens and sends back the
control data,
z e

The abnormal mode of operation changes, in
& sense, the operational characteristics of the
system glven above. In an abnormal sSltuation
one of the local systems detects the abnormality

and reports that imsmedlately to the  upper
levels,
bepending upon the importance amd coemplex-

ity of the abnormal situvation, help might be re-
quested through all of the levels up to the con=
centrating system. In this case, all ether
local point systems would perforn almost totally
independent operatibns, allewing the concen-
trating System to be devoted to the local peint
system where the abnormality has occurred,
These ®independent™ lecal point systems should
alsc be ready to respond to possible unusual re-
quests for information and control data.  After
the abnormal sicwation vanishes the restorative
mode of operation should establish all the r.'arh

Al - e d e e Frw she mar=a¥ —=ds =f amaen



charactecistlics of the Proposed DOMH Systenm

A11 of the parancters discussed in  Sectlon
2 could now be discussed in pore detall.
However, we will assume that it will be more in=
teresting to susmarize some lRmportant features
of the DMH systen which would involwve several of
the parameters given iz Sectien 2 at the time.

These features arer

1. The DHA system can be developed a5 a
general system which could Be applied
te mest of the pretection environments.

2. Hardware structure could be made fully
programmable allewing for specifie
characteristics to be incorporated in
the gencral system.

protecol

3. Hardwired cemounications

should be Flexible enowvgh to allow
Fully expandable and flexible
microprocessor networks,

4. Hierarchical architecture [-14 the
microprocesser network provides an op-
cimal throuvghput of the data and con-
teel messages, aad 18 fully suitable
for the loglical requirements of the

protectign function. Ceadlock situa-
tions are highly unlikely fer the given
flow of interrupts.

%, Redundant memory configuratien at each
level enables a store-and-forward way
of transmitting data frem local data
bases to the central data base. It
also allows a data bleck transfer
without placing & great data flow
burden on common buses at =ach leval.

6. HRedundant hierarchical conflguration
was not particularly discussed, but the
standardized nectwork as it is described
would allow attachmnent of any number of
redundant pieces of hardware without
any particular problems.

Having defined the proposed DMH system, we
now procesd to develop specificatlions for the
necessary hardware and software, and to provide
a preliminary evaluation of available off the
shelf products for this application.

1¥. EVALUATION OF AVAILABLE MICROCOMPUTER
fiy OPOSED MDH SYSTEM

This sectlon considers the capability of
available hardware relative to the regulrements
for components of the CMH system as discussed in
Sections 2 and 3. The discussion is divided in-

to consideration of the following Subsystems:
merory, ceessunications, Inputs/Output, and the
central procesSors. Twe approaches to im=

plementing the DMA system are discussed briefly:
the first optimizes the cholce of hardware for

each of the functions at the integrated clrcult
chip level, and requires the design of the
microcomputer svbsystemsy; the secend appreach

optimizes the choice at the level of available

nicrocomputer systems.

Hemary Subsystess

Memory devices are available today In a
wide wvariety of sizes and technolegies such as:
B, bipolar PROM; 16K, bipolar ROM; MOS EPROH
from lEE te A4K; bipolar RAM fraom Llatn YEK: up

em AN BEE =l e memeetla b kel o - e

The manufacture and =saleE of memor
highly cenpetitive with a lar:
participating ip thi

nology.
devices s
number of manufacturers
market. All important produtts are Gece
sourced, It Is our opinlon that the npecessa:
memory components with adeguate capacity ar
spood can be seclected from of! the shelf, ata
dacd preducts, which have demonstrate
rellability,

Epmnun{nltions Subsyaténs

FPrior to several years ago, the design of
communicaciens interface for wuse in compute
noetworking was a major project invelving sut
stantial time and money. Many of the standar
communicatien functions are now available in er
te & few Integrated clircult packages such a
UART's and USART's. It is cur opinion that suc
packages together with a simple micrecompute
can solve the intercomputer communication
problems te be ancountered in the {nplementatic
of a DMH system Iln a cost effective manner.

InpuEﬁgutput Subsys tems

Integrated elrcuit packages  have  bes
developed to perforn many of the elementar
functigns of moving information Into and out o
the functlonal blocks of. computer systems. Th
propozed DMH system requires /0 interface to
varisty of devices sueh a8: memary, regular an
DMA; imkterrupt handling; data acquisition &ub
systems; sapecial processors such as digita
filters. It is again owur opinion that avallabl
fntegrated clrcuit packages together with simpl
microcorputers can be assembled to provide cos
effective programmable I/0 subsystems. This ap
proach toe the design of this computer network i
consistent with the design philesophy used fo
the design of large scale conputer Bystens o
the last decade. Agaln, it is the advent &
redium mand large Scale integratien in Th
manufacture of integrated circults and mlcrocom-
puters which makes it possible to apply this ap
proach te the design of systems such as th:
proposed DMH.

entral Processor SubsSystems

The phrase Central Processser may call
mind the central unit of a large scale computin
system. However, the term 15 used here to iden-
tify the units responsible for processing the
algoriehms used to identify and evaluate the na-
ture of the fault or other abnermality an the
slectric power System. The follewing charac-
teristics of microprecessors are important rela-
tive to the DMH application:

Direct Memary Access (DMA)

Word Length (WL)

Instruction Cycle Time (ICT)
Programming Language Opticns (PLO)
chip Technology (CT)

Interrupt Capabilities ([IC)

Second Source Avallability [SER)
Kumber of Instructions (NI}
Microprogranning Option (MO)

L

The table shown in Figure 2 summacizes che
characteristics of currently avallable
microprecessars which might be considered for
the Ieplementation of & DHH prototype sSysbem.
AMthough it would be convenient £rom & con-
patibility point of wiew, both hardware and
software, to select one type microprocessor for
all units in the DMH system, it is probable tha:
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reguirted in the central proecessing type func-
tiens will reguire a 16 bit word to provide ade-
guate precisiem im the arithmetic operation.
The wusc of double precision arithmetic routincs
would probably limit the wtility of the 8-bit
processors feor this applicatien. ©On the other
hand, it seems likely that the 8-bit processors
nay prove to be adeqguate and cost effective in
the role of prograsmed controllers for 1/0 and
cemmunications functiens. Gpecilal processer
type chips have recently become avallable which
are designed to perform {loating point arith=
metice as a  hardware function, rather than
pregranning such cperations in software.
Packages are also avallable toe implement hard-
ware sSubroutines teo calculate trignometric and
logrithmic functions, These special packages
can be wtilized if it is necessary te speed up
the arithmetie in order to complete the fault
anelysis algerithrs in desired time peried.

The table provides a cemparison of two dif-
ferent paraneters which are related to the spsed
at which the processor can execute programs.
The first is the basie eleck frequency (CF) and
the second the number of phases per cycle HPPC,
It is our opinion that microprocessors can be
chosen frem those avallable which will be cost
effective for the implementatlion of & prototype
DHH systen.

one approach would be to select the
nlcreprecessor chip which 1s optimun for each
module of the systen and design that module as a
special purpase microcomputer System. The
second is to select appropriate micreocomputers
as provided by a number of vendors, and develop
only the interface circuitry to create the
procype modules for the DMH system. Examples of
microcomputer boards which are available anpd
candidates for censideration are: IMTEL
SEC BR/28-4; Data General, micro-NOWVA; Digital
Equipment Corporation, LEI=-1)1 serlies; MOSTEK,
I-80 OEM controller; Texas Instrunents, S90/4;
and MOTOROLA MEC &EZ0B. We believe that the
second zpproach would be the most cost effective
way Eo create protetype DMH system [or evalua-
tion and field testing. At ehe time such a
Bystem was to be produced and installed in gquan=

tity, the first approach would likely preduce
cthe moest cost effective systen.
V. CONCLUSION

As a cenclusion to our discussien we want

te emphasize the follewing, im our epinlon in-

t'rtsting. points discussed throughout the
paper:
1. The main characterisctics af the

research poerformned In the field of CR
so far is primarily based on single,
large s=scale conputer systems (at leage
a minlcemputer) and algorlithms are not
classified as DPA's.

2. The intreduction of LSI technologies in
the early 780's have giveén Some new pos=

sibilities to the consideration of the
CR a5 a whole.

*3. The DMH concept is a legical and
feasible possibility for the implemen-
tatlon of LSI to the CR preblem.

4. DPA's, funetlonally divided "wer=

tlcally® and "horizentally®, as well as
the DPAR of the proposed DMH system,
are wvery suitable for actual protee-
tion system requirements.

5. The Lhardware needed te implement th
pro-:sed noiwork of micreproconputer
iz available as off cthe shelf conpo
nents today,

This gover evelved fronm some analysis an

studies of ioe CR field performed in our depart-

ment .
specifying 1.
DPAR for the

REnts

tivities fo:
the
and we are l.cilng
resul ks

on

By

(21

[3]

(4]

3]

(6]

7]

8]

[e]

[18]

currently in the stage @l
design requirements for DPA's and
jrotection of the different ele
of tre power sSystems. Some design ac-
e gverall protectien syStem basec
DME cancept have already been performec
forward te publishing the
fsture paper.
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