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INTRUULCTIUN

Application of microprocessor Lo protecilive re-
laying of Electric Power Subatations atarted in
the mid T0=-ties. & number of microprocessar ba-
sed protective relays were developed up until to-
day and some of thoss were extensively tested in
the Power Substation enviroments. Sose of the mi-
eroprocessosr based relays are commercially avai-
lable, but moat of them are 8till in the develg-
pment stage. Typical exaaple of the latest deve-
lopments are Microprocessor Dased Distance Relays
which are not commercially avallable yet.

One of the most critical aubsystems of a micro=-
processor based relay is the Data Acquisition Unit
(DaU). It tranaforms analog input signals into a
digital fofe suitable for further nuserical pro=
cessing associated with puserical protective re-
laying algorithm, Performance of the overall re-
lay is very much dependent on DAU, and this sub=
system should be carefully deaigned in order to
satinfy quite msvere datan acquinition requirements.

This paper describes design réequirements, ieplem—
sntation characteristic and performance analyain
related to a Microproceasor Dased DAU which was
developed for digital protective relaying applica-
tions. First section of the paper defines design
requirements. Second section gives a briefl survey
of the poasible approaches that could be taken in
designing such a unit. Third section is related
to characterintics of the Microprocessor - based
Al which was implemented. Finally, some perfor=
mance analysis results are given at the and,

LDESIGN HeQulREMEXTS .

All of the requirementsa can be classified intn
twn {'.tfxﬁl".il-: ayatem and application reguire-
ments. DAU discussed in this paper is used for
the Distance Helaying application. Therefore,

there is a cloge relation belween system regu=

irements of & Distance Relay and the DAL sys-
Léem requiresents. This relation ia represented
in Table 1.

Application requiresents include: input signal
and protective relaying algoritha matching, ti-
me and frequency response, data mcquisition
sampling rale.

Input signa]l matching requirement includes
need [or appropriate isolaticn levels co fin=
put terminala of DAU, Thoss levels should be
matched to the specific situation regarding
voltage and current slgonals lo the substati-
on environments. Mentioned requiremants are
specified with a oonmber of standards defined
by thae IEC azd national standards organisa-
tinns such as BEAMA io UK., ANSI/IEEE in

USa, VDE imn Weat Germany. Input signal requ-
irements alae ask for linearity of ioput signal
in the range 0-20In and O0=2Un for the current
and voltaga signals reapectively.

Pratective relaying algerithm matching requ-
irement is related to the gutput of DAl which
is delivered to the measuresent unit in Lthe
Distance Helay. This output signal should be in
a form suitable for further digital algaritha
processing. Thia requiresent translates into
requirement for two's complesent form of the
output signal as well am into requirement for
aignal coefficients adjustement needed far

the protective relaying algorithm calculations
{1).

Time response is related to the Fault clea-
rance time which is in the order of one power
cycle time. Frequency response depends on the
frequency characteristics of the input aignal
as well ms on the ssmpling rate implemented.
rherefore the [requency response reguiresent
tranaletes 1nta antialiasing filter deaign
requiremsent.,
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Deaign Criterian

1. Utilieation
memary utllization

o]

Flexibility

Wwislance Jelnvinﬁ Hequirements

i‘rocessor execution time and

LAY Stequirements
Ad justable for various protective
relaying applications

Application Flexibility to acco- Eoltware modularity

modate various protection regui=

rements

3. Simplicity

dicationa
4. Accuracy £ 5
5. Salety Fail-safls featurea

6. Heliability

7. Maintainability

Coat/Perforsance
design

Continous sell-checking

Yarious disgnostic features

Commercial Market competitive

Simple Lo operate and visible in- Simple te interface Lo the switehyard

and to the relay and to confligurate
for variocus applicationa

Seloction of the appropriate A/D
converter range and data acquisition
saspling rate

Blocking of operation on Autoranging
and Autocalibration test failures
Continuous self checking

Easy to replace and facilities for
trouble shooting

Architecture and component selection

SURVEY UF THE DESIGN APPROACHES

Thia section gives & survey af the possible
approaches which can be taken in designing
DAU. Topics discussed are: level of pro-
cesaing inteligence, Organization of the da-
ta conversion circuitry, Type of antialissing
filters, input signal saspling rate, A/D com-
varter bit resslution, Type of error detection
and diagnostic test,

Level of procesaing inteligence is pelated

to thoe use of a CPU, Some sslutions contain

a CPU on DAU (2). In this case DAU im quite
independent from other parta of the relay
regarding execution of the data acquisition
Lunctions. llowever, there are approaches which
do not wutilize a CPU unit and in this case da-
ta acquisition functions are perfarmed by a
specilized circuitry which is dependent on the
CPU located elswere in the relay.

COrganization of the data conversion circuitry
can beé pased either on utr:il or on parallel
conversion. Serial conversmion ia implemented
using a single A/} converter pef aeveral cha=
nnela, which needs a multiploxer to select ane
channel at tie time (1).

Farallel conversion assumes chat chere is an
ASD converter per channel (3). serial conver-

slon is cheaper, but it is mlower than the pa-
rallel conversism,

Type of antaliasing filters depends oo the
characteristics of fnput signals and the saz— _
pling function. Moust often used ars two-pole
(4) and three-pols(3) low pass or band pasa
filters, Implesentation of the filters is eit-
her analog (3) or digital (5).

Input aignal sampling rate is selected hased
on the algorithm comracteristica, It is usualy
selected between 4 to 24 samples per power
cycle (4, 6).

Bit resslution of the A/D converter is selec-
ted to be between 10 and 16 bice (6, 1), There
are number of teste implemented in DAU, Those
tests usunlly include: autocalibration, aute-
ranging, self-test of power supply, watch deg
timer, memory and processor sell-tests 1, 3

CHARAC FERISTLES OF riHE DAL

Thia seciion gives description af the Micropro=
cesgor = dasr0 DAL which was implesented, Also
a brief discussion of the eriteria for compa=

nent selection I8 outlinea.

A block disgram of UAU i1a given im Figure |,
A8 1L €an be seen, i1nput signal 18 CLFAt orougn.
vo the isalation and Scaluin, circuitry. After



that; Llhe signal gues Lo an electronic swilch
whose postition is selected by the soltware.
Positions are either "test” or “normal”. Im
the "test"™ positien it is possible to correct
affset and gain. It i8 performed by applaying
a known reflerent voltage and by measuring the
error In the circuif output. Hafarent voliage
for the offset correction is @ ¥, and relerent
valtage for the gain correction ia some known
voltage level l.e, * 5V. Each channel ia corre=
cted using this scheme,

Cholea of the 5/H circuwit is dependent on the
stabilizing time of the output signal and em
the price. Since each channel im equiped with
an 5/0 cireuit, it is pot needed that atabili-
zing time be shorter than 5 /9 Eec.

Sslection of the A/D cenverter includes consi-
deration of the several lactors. If one aslec-
ta a fast A/D convertar with the conversion ti-
m8 of ssveral microseconds; it would be possible
to perform two conversicns per each sample of &
mignal. This will enable cptizal gain adjuste-
ment, Howevar, this solution is mot acceptable
becaune of the high cost of those cooveriers.
Hence, selected are A/D converters with the
convergion time in the range of Z0-30 slcrose-
conda. h

AT bit resolution should be selected taking
inte account expected levels of the input sig-
nal, Therefore, it is decided to select a 12
bit A/D converter and use & prograsmable gain

circuitry to provide 16 bit resolution for
small signals. Progrommable goins selected
are x! and x8, Canvertecd value is ahilted
(multiploed) uf it im needed and prepared

in the tws's complement format for further
processing.

Selection of the CFU used to conmtral Jigital
circuilry and to process converted data Jde-
pends ¢n the required processing load. An
8<bat CFU 3 mcceptable im this case,

Epftware lhuuh_! be organized in such a way so
that overall a/0 conversion is performed in
the shortest possible tize. Uocause of Lhat,
it is needed to utilize the CPU processing
respurces in the best way, While AU conver-
sion of one channel is performed, processor is
used to switch related circuitry to the aext
channel and appropriate offset and gain correc-
tions are parforoed., When a caonversion is coo=
pleted then, while the procoessing of the cco-
verted data is performed; the next channel im
stored for A/D converslon by 5/7U2 circuit.

Test programa are parformed upon completien of
converasions for all channels. Only one channel
is teated and only one test is performed at the
Lime dl.'l.tib; the avallable time batweesn each
sa=ple. The choices of tests are: offset correc-
tion, gain cerrecticn, allowed output signal
range check. The timing unit is used to sequence
progran execution so that indications of error
detecticn and program execution failure are
ismediately given.
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Figure 1.

Mlack diagram of the wal



PERFUBRMANCE ANALYSI S

performance analysis perfarmed so far includes:
static input signal test, dynamic input sipgnal
test, nenlinearity estimates, amalytical erraer
analysis. 3

Statie input signal Lest 1a performed by provi=
ding s constant signal level at the Dal input.
Hesults of the conversion are then comparcd
with the known input values, For an ideal case
current signal conversicn errer in the last
bit is given by the Figure Z.
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Figure 2. Convermion error diagras

It can be observed that the gain switching po-

tnt is 2,5 In. It should be noted ihat some shi-
1ding tecnigques should be applied to isprove no=
ime protection and to reduce ceasurement errors.

Dynamic test is performed by using the referent
power supply. ¥arious signal levels are select-
ed by an appropriate resistor network. Those
signals are connected to the separate rhannels.
lest procedure is performed by switching warious
channe ls and measuring responsc time of the cir-
cultry. Typical seasurements diagrass at the
sutput of MUX 2 and the input of 5/HZ are gi-
ven in Figure 3.
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Figure 3. Dynamic signal response diagrans

Nonlinearity analysia shows Lhat apec.al att-
ention should e paid Lo the DAL and A/ ciF-
cuits, Typical nonlinearity error for an A-bit

DAC is U,2=, and [ar A/D converter = 172 L,

Analytical error apalysis is performed boied

an Lhe dJdata provided in the compenent cata=
logs, it can be calcalated ihat voiloge <rilt
coused v the lealkage currcnils i3 u,l mV, CUifset
arror of the 4/l cirecuit for ithe given toapera-
ture range (C-707C) is «20 mV. aimilar analy-
tical error analvsis can Se perforced Jor the
mpultiplexer as .well. Uffaet error is 5,4 »¢ and
Lime constant is 24 panoseconds. Uperational am-
plifiers used introduce aoffset error less Lhan
3 mv,

Uverall analysis shows that offset error correc-
tion requirements are in the range of 50 =V,

CONCLUSTONS

The Microprocessor - based DAL presented in
this paper repressnts & very [lexible and yet
not wery expensive sglutien. It is important fo
note that use of microprocessors enables imple-
sentation of a quite sofisticated measurement
correction and operational testing schemes. It

‘iz also inicresting to note that che DAL perfor

s25 several preprocessing operations related to
the Distance Relaying Algorithm, In this way
the sain precessor processing load is reduced
which enables more efficient implementation of
the overall relay.
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