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ABSTRACT

A system is designed for calculating on-line digital impedance of

a transmission line using a Microprocessor (Intel 8085) and a Fast

Multiplier (TRW TOC 1003J). The approach taken is to use a digital filter

to extract the fundamental component of voltage V and current It then

the impedance is given by VII. The filter is of the sliding or running

spectral measurement type. The'total time taken for impedance calculation
•

is 1.033 msec for 16 samples in a cycle. at the power line frequency of 60

Hz. The maximum absolute error is !1.~ ~f the la~gest possible impedance

va 1ue.
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CHAPTER

IN TRODUen ON

.' The use of a digital computer for distance protection of trans-

mission line was first suggested about a decade ago [lJ. This concept re­

qUi;~S that ~'9i,tl1l sampl~s of line voltages and currents be obtained and

analysed by a djgita1 computer, using a program (algorithm) that calculate

the series impedance of the 1ine., 'Advances have since been made [2,3,4,

5,6,7] for calculating impedance, off line. The need for a suitable

a1gorith~ is complicated by the nature of line voltages and currents dur­

ing immediate poWer frequency post-fault cycles of these signals, in that

the post-fault waveforms contain a power frequency fundamental component,

a transient DC offset component, and transient high frequency components.

There are two approaches for calculating the series line imped­

ance. One uses a differential approach and other a steady state approach.

The basic difference lies in their implicit assumptions.

With the advent of economical microprocessors it is now possible

to consider a microprocessor based digital distance protection system.

The microprocessor based instrument has a number of advantages: It is

cheap, small in size and consumes little power. But until very recently

the microprocessor has been hampered by slow multiplication and division.

This report describes a system for digital calculation of on­

line impedance of the line using a microprocessor and a fast multiplier.

The approach taken here is to use a digital spectral analyser, which is
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equivalent to an finite impulse response [FIR] filter, to extract the

fundamental component of voltage (V) ~nd current (I)~ and then the im~

pedance (Z) is calculated by taking the ratio of VII.

The spectral analyser, used is of the sliding or running spectral

measurement type. The system is built using an Intel SDK85 single board

computer and a TRW TOC l003J, a 12 bit x 12 bit:,fast multiplier-accumula­

tor. Both the microprocessor and the fast multiplier are used for digital

filtering of input waveforms as well as for division.

Chapter II describes the different techniques used for digital

impedance calculation, together with the method that was implemented.

Chapter III describes the syst~m hardware. Chapter IV details the digital

filter and imped~nce algorithm and Chapter Vdiscusses the test results,
.,

together with suggestions for further improvement.
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CHAPTER II

DIFFERENT TECHNIQUES OF DIGITAL IMPEDANCE CALCULATION

2.1 Introduction

'The impact of modern development in digital technology has been

felt in many disciplines of power engineering. In recent years, strong
-interest in applying oigita1 methods to protective relaying ha~ been in-

dicated by the appearance of numerous technical articles on the subJect.
~

The basic idea is to investigate the feasibility of utilizing

digital techniques for the protection of transmission lines. The criter­

ion for such a protection system is to equal or surpass the performance of

existing relaying systems. Explicit points of interest are: operating

speed, accuracy and dependability.

2.2 Fundamental Considerations

For the protection of transmission lines, a well known parameter,
'-J

to determine the' character of a fault., is the impedance looking into the
>

line. A small number of current and voltage samples are u~~~

the impedance.

For digital relaying, two possibilities exis.t for calculating the,

line impedance. One uses a differential approach, and the other a steady

state approach.

3
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2.3 Differential Equation Approach

For most applications, a power transmission line can be represent-
.

ed as a series resistive and inductive branch. From circuit theory the

fundamental description of such a branch is the differential equation

v = Ri + L !Ldt 2. 1

This relationship holds under sQort circuit conditions for both steady state

and transient corrditions and form tne basis for the digital algorithm. It is

necessary to note that, transmission lines deviate from the series R, L approxi­

mation due to the shunt capacitive effect. The inductances high frequency trans­

ients, but they are often short lived and die out fast. The effect can be

minimized by filtering. With the djfferential equation approach a low

pass filter is sufficient as opposed to the narrow-bandRass filter requir-

ed for the impedance approach.

.l
2.3.1 DigHal,Alg'orithm For the Calculation of Circuit Parameters R,L

For a circuit, the parameter values of Rand L are calculated

using numerical methods. The samples are taken at a fixed rate at t.imes
/

1

say to' t l anQ t Z' Thus 'there are two sample periods, the first.from to

to t l labelled as A, and the second from t l \0 t 2, labelled as B. The

average valu~s of current and voltage during these periods are as follows:

iA = .
ia + ; 1

is =
i 1 + i 2 2.2

2 2

Va + Vl Vs
::

Vl
+ V2 2:3v = 2 2A

taking the derivatives of Eq. 2.2 and Eg. 2.3,.
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and

The differential equations of the line for these two periods are

. di A
VA = R1 A + Lcrt 2.4

. diB
VB = R1 B+ L dt 2.5

Thus by taking the samples i O' i1• i2 and VO' Vl and V2' Eq. 2.4 and Eq.

2.5 can be solved for the two unknowns Rand L. Eq. 2.4 and Eq. 2.5 can

be programmed to determi ne Rand L from the sampled va1ues of current

and voltage.

The charact~ristic for relay tripping is programmed as a general­

ized quadrilateral depending on number of zones to be protected, their

distance and transmission line characteristic. A typical characteristic

used by ffreingan. Chen and Gallen [2J for a two-zone stepped distance
,

scheme is shown in Fig. 2.1.

With three successive samples of current and voltage. the circuit
I

parameters Rand L are calculated and checked if they lie within the

-characteristic shown in Fig. 2.1. Nonna.l1y if four values of Rand L lie

within the characteristic, ~ trip signal is sent to circuit breakers.

In this approach of solving the differential equations, the fund­

amental algorithm for the calc~lat;on of Rand L along with the relaying

requjrements imposes numerous restrictions affecting the computer program.

The calculation of Rand L itself requires many multiplications and

divisions which are time consuming operations. So in this type of approach

the parameters are n~rmally not calculated in steady state condition, and

once fault is detected either by monitoring a voltage or current lines.
,
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Fig. 2.1. Trip characteristics with typical
R,L Plot.








































































































































































