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Introduction

Applicatjon of computers to perform protective relaying of
Electric Power Lines has been investigateg since the late
60-ties |1
vere not cost effective. Introduction of microprocessors

. First solutions were mini-computer kased and

enabled more attractive solutions which were develorned since
the mid 70-ties. A number of relays were developed so far.
but there is no cormercially available microprocessor-based
distance relays on the world market. It is interesting to
note that each of the approaches taken so for are unigue
and there is guite a vartety of the characteristics obtai-
ned. A need to develope criteria to compare the solutions

is evident and this paper is contribution to this issue.
First, a classification of numerical alaorithms for dista-
nee relaving is outlined. Then, a survey of microprocessor-
- based distance relay solutions is given. Finally, a dis--
cussion of the svstem characteristics of distance relav sol-
utions is presented.
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Classification of the Numerical Algorithms

Numerical Algorithms for Distance Relaying are used to
determine the length of the line i.e. the short circuit
impedance having taken measurements of voltage and current
at the begining of the line. The basic equation that
represents relation betWeen voltages and currents on the
power line is a partial differential equation. However, for
the practictal reasons, an assumption is made that the power
line model can be approximated by the following differential

egquation:
k., k
d i(t) dai(t)
L a =I b (1)
k ¥ ae kK k af :

Classification of the numerical algorithms ecan be based on
the methods for solving the equation (1), and it can be
further based on the mathematical technigue used to obtain

the solution.

Numerical algorithms for Distance Relaying can be classified
into two broad categories [2]: '

- Differential equation parameter identification,
- Input/output equstion parareter identification.

The first category includes methods which are aimed towards

a numerical solution of the eguation (1). Mathematical methods
used to solve ecuation (1) are Pourrier analysis Correlation

and Convolution technigues, Walsh analvsis, Digital filtering

and mathematical Begression technigues.

The.seccnd category takes inte account shape of the voltage

and current waveforms. In this case rmore apriori information is
taken into consideration, which may improve the identification
process. The mathematical methods used to provide the solntion
are classified as nonrecursive and recursive, with the Fourrier
analysis technigue suggested for the nonrecursive method and

the Kalman filtering technique for the recursive method.



Survey of the Distance Relay Solutions

Microprocessor - Based Distance Relays have been mostly
developed in Evrope, U.S.A. and Japan. A survey of the
major characteristics of these developments is given in
Table 1 and 2, Japanese developments are given in Table 3.

Table 1 gives basic information related to the Distance
Relays developed so far. It can be noted that the publis-
hed results are related to the developments done at the
Universities and Utility companies while the resulsts of
the developments performed by the manufactures are usually
not avallable. It can be also noted that most of the Dista-
nce Relay solutions are complex relays beeing able to per-
form the complete protection of power transmission lines.
Relay characteristics used are mestly the guadrulateral
characteristics. Interesting to note is the variety of
mathematical methods used for numerical parameter estimat-
icn. This area is stil under investigation and eriteria for
optimal selection of the mathematical methods are yet to be
developed.

Diagnostic techniques available are specially important

since the microproccssors technology enables major improv-
ements in this area in ecmparison to the previous electro-
mechanical and solid state technology. Finally, it is evid-
ent that most of the solutions are already laboratory tested
and éeveral Distance Relays are beeing now field tested. It
is expected that first commercially available Microprocessor=
- Based Distance Relay will appear on the world market in

the mid 80-ties.

Table 2 represents hardware characteristic of the solutions,
The major conclusion is that the 16-hit microprocessors are

needed. Because of the high speed of caleulaticns reguired,

the bipolar technology is used if a monoprocessor solutions

are implemented while the use of MOS technology requires the
multiprocessor solutions. Major hardware wvariations are also
f= +ha amalar Anmmt modul concepts and confiqurations.
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Table 3 gives developments performed by the Japanese manufa-
ctures and vtilities. Those solutions are given separately
since it ean be noted that selection of algorithms and
philosophy of the system solution for protective relaying
of Power Transmission Lines is quite different from the
developments in Europe and the U.S.A. It can be also noted
that development of Microprocessor-Based Relays in Japan

was quite active and well organized as a mutual activity

among several manufactures and utility companies.

System Characteristies Improvements

Application of microprocessors enabled a number of improvements
in the system characteristics of distance relaying function

as well as in the system characteristics of the microprocessor-
-based equipment.

L

Using microprocessors it is feasible teo improve a nunber

of functions which enhance the typical system characteristics
of the distance relaying function. One of the latest solutions
of Microprocessor-Based Distance Relay provides the folowing
protective relaying characteristics [4]:

- Phase and qground dicstance protection,

- High speed relaying of 1/2 to 1 cvele

- Directional comparison carrier blocking scheme,

- Three-zone stepped distance for both carrier and time-
=delaved back-up,

- local hreaker failure protection,

= hutomatic reclosing with synchronism check,

- Sequence of events recording, :

= Fault classification,

- Sinrle pole trip output,

- Memory voltage for three-vhase bus fault,

- Directional inverse time delay back-up for ground faults

using ground current.



System characteristics of the Microprocessor - Based
Equipment are enhanced by providing several special
features such as |6]:

- Start-up and parameter setting procedures,

- Local Remote monitoring of relay functioning and status,
= fommunications with the remote operator,

= Display of the calculated values,

- Autosynchronization to the power line freguency,

- Autocalibration of the A/D interfaces.

Availability, Reliability and Security are improved by providing
a number of self-checking procedures and application oriented
calculation checks. Finally, several serial communication
channel tests are provided as well as some redundancy checks

of the tripping signal cutput using the hardware combination
voteing cincuit.

Conclusion

The folowing conclusions can be made from the given

discussion:

- Eventhough there is no commercially available Microprocessor
- Based Distance Relays on the world market, it is evident
that number of the relays are already developed and are
either tested or beeing tested in both laboratory and
substation environments.

- Solution developed so far differ one from each other in the
algorithm selection as well as in the hardware and software

characteristics.

- Application of microprocessor technology enabled a number
of improvements in both the system characteristics of the
distance relaying function and the system characteristics

of the microprocessor-based eguipment.
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