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ABSTRACT

An AUTOMATED TEST EQUIPMENT FOR PROTECTIVE REIAYS has
been designed in this dissertation work, The motivation behind
choosing this topic, lies in the importance of relay testing and
the possibility of performing this time consuming, complicated
task with the help of a microcomputer, Accurate and thorough
testing of relays is very essential to ensure that the protective

gear always operates reliably on fault,

A microcomputer supported data acqpisition system has been
used to test basic static (electronic) relay circuits, Programs
have been written in advanced BASIC to evaluate the performance

of various relays under steady state and dynamic conditions.

bver voltage, differential, directional, impedance and
the admittance relays have been thoroughly tested in the labor-
atory and their operating characteristics (static and dynmamic)
displayed on the C.R.T. screen. The tests are highly automated,
with a minimum of manual interveantion required, It is sugges-
ted that +this microcomputer based test system would lead to
an economic, more accurate, efficiont, less time consuming
and reliable testing of relays, as compared to the conventi-
onal methods used, An ARTIFICIAL TRANSMISSION LINE wused for
dynamic testing of relays is very expensive and complicated.
As against this, dymamic testing by this automated test

system would be much Cheaper, easier and flexible as well.
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CHAPTER I

INTRODUCTION

An Automated Test Equipment for protective relays has
been designed in this dissertation work., Efficient protective
relaying is very essential for reliab;e and safe operation of
a power system, The stringent standards set for relay testing
lead to the possibility of automation in this field, making it

more accurate and efficient.

1,1 IMPORTANCE OF REIAY TESTING

The purpose of an electrical power generation and trans-
mission system is to generate and distribute electrical enérgy
to a multiplicity of bcints, with minimum possible discontinuity
in service, Continuity of service is very essential in hospitals,
industries and at many more places, Occurrence of faults, short
circuits etc, can not be avoided on long, exposed, transmission
and distribution lines,

The function of protective relaying is to cause prompt
removal from service of any element of a power system when it suff-
ers a short cirduit, or when it starts to operate in any abnormal
mannar that might cause damage or otherwise interfere with the

1. Fires due to short

effaective operation of the rest of the system
circuits, damage to life, property, costly equipments etc. can be
prevented (with minimum discontinuity of service) only with the
hﬂpweﬁwuw;%h%ﬂmh&MyMMuMMnm.@%Wam
reliable fault relaying. . Thus relays should always maintain their
operating characteristics and operate reliably under faulty conditi-

ons.



The stringent standards that a protective relay has to mai~
ntain throgyghout its life, increases the importance of accurate
relay testing., The importance of reliable operation of protective
relayes is so great-that all possible means should be employed to
ensure that the protective geab'always operates correctly on the
occurrence of a fault, Testing and maintenance is therefore of

immense importance for protective gear,

1.2 NEED FOR AUTOMATION

Thorough and vigorous testing of relays (apart from accurate
design) is the only tool available, to try and ensure their reli-

able operation,

The testing of protective gear has always been a problem
because it is solely concerned with fault conditions and therefore
- testing under normal operating conditions does not always give

2. The conventional methods of relay testing

realistialresults
using massive test bénches and artificial transmission lines which
are capable of simulating a mini power system in the laboratory,
are explained in the next chapter. These are complicated, time
consuming and expensive methods of testing. Above all, human
intervention is required in these tests, leading to possible, un~
avoidable errors. This would impair quality of testing, An auto-
mated, computer basad approach would increase the accuracy  and
reliability of relay testing. Human errors would be completely
eliminated and testing would become simpler, less complicated, exp=
ensive and exhaustive. Tests would also become more flexible. The
mass storage capabilities of a compﬁter can be used to store results,
records etc, An attempt has therefore been made to computerize

the exhaustive and complicated task of relay testing.



1,3 REVIEW OF EARLIER WORK

Béfore venturing to prepare an automated test equipment
for protective relays, some literature survey on the work done

in this field was carried out.

The paper by ./G.W. Swift, et.al. deals about an Automated
Test system for Distance Relayg +« They have prepared a minico~
mputer based relay testing equipment. Programs were written in
assembly language for the steady state tests and BASIC langua%e
velay

for the dynamic tests. An experimental set up for a distance has

been tested under both the steady as well as the dynamic conditions.

The second paper by "R.G. Coish, et.al, has described a
method of minicomputer based performance evaluation of protective
relayg. The purpose was to determine the operating characteristics
of commercial distaﬁca relays under simulated field conditions and
display the characteristics on video screen. Amplifiers were used
at the O/P of the digital to énalog converters to step up the
signal amplitudes.. |

The present A,T.E, (aufomated test equipment)_is micro-
computér supported that results in a less expensive test system
'~ as compared to the ones described in the two papers mentioned
above. Experimental static relay circuits‘(overwvdltage, differ~
ential, directional, impedancé and admittance) have been tested
with the help of this less complicated test system and results/
characteristics displayed on the CRT screen., The data acquisition
system described in Appendix A is used for this purpose., Simpler



hardware, instead of the analog to digital converter is used to
monitor the trip signal of the relay, Though only static relay
circuits have been tested, electromechanical relays can also be
tested, if amplifiers are used. The test programs have been wri-
tten in advanced BASIC, There was no need to prepare complicated
assembly language routines for hardware access as a special soft-
ware package (described in Appendix A) with easy commands to coﬁm—
unicate with the external hardware (Digital to analog converters,
etc,) is provided with the data acquisition system, Thus the
presently prepared test system is less expensive and also much

less complicated,

1.4 OQRGANIZATION OF THESIS

. The present thesis work deals with the design of an

. AUTOMATED REIAY TESTING EQUIPMENT . The entire work is divided
into five major topics. Importance of relay testing, with special
reference to its automation and the review of previous work done

in this field,is discussed in the present chapter (i.,e. Chapter I).

Chapter II deals with the existing, conventional methods
of testing different types of relays,

Chapter III discusses the microcomputer supported test
procedures used for testing the single and double input relays.
Test results/operating characteristics for over-voltage, differ«

ential and directional relays are also given in this chapter.

In view of the importance of distance relay testing,
distance relays have been separately dealt in Chapter IV. Gen-



eralized test programs for distance relays have been discussed
here. The test results/operating characteristics for basic,
impedance and admittance relay circuits are given at the end of

this chapter,

The last chapter, i.e, Chapter ¥ gives the conclusions
and stresses upon further modifications and enhancements that

can be made in this test equipment,

A brief description of the Data Acquisition System used
im given 4in Appendix A,

The listings of the test programs are given in Appendix B,



CHAPTER I

CONVENTIONAL METHODS OF TESTING REIAYS

" The testing of protective relays has always been a problem,
as they are solely concerned with fault conditions, and cannot
therefore be readilj tested under normal system operating condit-
;onél Abnormal conditions under which relays are supposed to qperate.
have to be first simulated in testing laboratory and then the Job
- of testing has to be performed meticulously.

2,1 TESTING STAGES, OBJECTIVES AND FACILITIES

“protective gear testing can be divided into three stages:

(1) Factory Tests
(B) Commissioning Tests
() Periodic Maintenance Tests

' The first two stages prove the performance of the protective
equipment during its developmént, manufacture and in its operational

environment,

The third stage, when properly planned, ensures that thils
performance is maintained throughout the life of the relays and that

they always conform to specifications,
A brief description of the above tests followst
2.,1,1 FACTORY TESTS

These are the tests conducted by the manufacturer, It 1s
the responsibility of the manufacturer to provide adequate, elaborate
and efficient testing of all the protective gear before it is accepted



and commissionad, <

These tests are aimed to verify the performance of the

relays as per the declared specifications and characteristics,

' Since the prime function of protective relays is to operate
corractly and efficiently under abnormal power conditions, such
conditions are simulated in testing laboratory, and the relay per-

formance assessad,

The factory tests performed can be divided into two main
groups. The f£irst group includes those tests in which the operat-
ing parameters of the relay are simulated, There are a multitude
of relays, having different operating parameters and characteris-

tics and therefore they require different test procedures also.

But generally speaking one groupof tests which is meant
to deternine coperating parameters and characteristics, require the

following testing equipment.

(i) Test benches to perform STATIC TESTING of different relays
(1) Artificial Transmission line Yo perform DYNAMIC TESTING
of relays |

(114) High current test benches etc,

The second group of tests are meant to verify the relay

parformance under adverse environments.

(a) static Testing Benches

The test banches for STATIC TESTING are normally provided
with caliberated current and voltage supplies’precision grade ammn-
eters, voltmeters, and accurate timing devices. The facilities
provided on the tést benches vary, depending on the typé of relay
to be tested.



(b) Artificial Transwmission line and Dynamic Testing

The purpose of an artificial transmission line is to closely
duplicate the secondary values of the electrical conditions, that

would occur during a fault on a power system,

An artificial transmission line is used for performing dyn-
amic tests on relays., Generally, an artificial transmission line
provides an adjustable current or voltage or both at the relaying
point, with control of circuit time constant, duration of fault,
poiht-on—wave at which the fault is applied, magnitude controlled
source impedance in each phase (mostly the angle of impedance is
kept at 85° and uncontrolled), C.T., ratio adjustment facility so
that the 1ine‘impedance'value as seen by the relay can be finely
changed, and many more such facilities that aid dynamic testing of
relays.

{(c) High Current Test Facility and Testing

In protections, based on the comparison of the currents at
the two ends of the protected part or unit of the system, it is very
essential to check the through/external fault stability of the
relay., | |

The fault conditions more onerous in this respect, are
those involving high fault currents, with large time constants for

the transient component of the fault current.

Test benches are available to test the through fault stabi-
lity of unit protectioas.

o
Facility is provided to produce high fault currents. Regtors
are available to vary the X/R ratio. Resistances are present to

lower X/R ratios.



The fault can be applied at any point cn the voltage wave~
form, So different type of faults with varying durations can be
simulated,

(d) Environmental Tests

In this group of factory tests, conditions like temperature,
vibration, mechanical shock, electrical impulse and s0 on, Wthh
might affect the correct operation of the relays, are simulated.

The testing equipment required for these tests are as follows:

{£) Vibrator
(114) Climatic Simulator
(444) Impulse Test Equipment
(iv) High Frequency Interference Equipment
(v) Impact Test Equipment |

2,1,2 COMMISSIONING TESTS

These are the tests to be performed during commissioning
of equipment. They havevto be carefully planned and records to be
kept, which will be useful in further maintenance of the relays.
The work starts with collection and study of complete information

on the system,

The commissioning tests normally carrled out are summarized

belows

(1) Making a general inspection of the equipment, checking all
connections, wires on relay terminals, labels on terminal boards

etc,
(11) Measuring the insulation resistance of all circuits.

(11i) Testing main current transformers for ratio and polarity,

and checking points on the magnetization curve,
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(1v) Testing main voltage transformers for ratio, polarity
and phasing.

(v) Inspecting and testing the relays by secondary injection.

(vi) Checking the equipment by primary injection to prove stabi-
11t& for external faults and to determine the effactive current

setting for internal faults.

The seconéary injection tests involve inJection of current
and voltage directly into the relays to prove that the relay has
no%t been damaged in transit and that 1%5 calibration is generally
correéi. For these tests, portable test sets are available, They
are designed to work on the commercially available low-voltage,
single or three phase supply, Because of the aforesaid purposes
of the secondary injéction tests, it is unnecessary to have precision
geade measuring instruments on these test sets., To faclilitate the-
se tests, (without disturbing the wiring), the following are prévi-
deds |
(a) Test blocks or sockets

(v) Test plugs

(¢)  Test switch and sockets

These tests are explained for different types of relays in
the ensuing paragraphs, |

The primary injection tests consist in injecting heavy currents
into the C.,T, primaries and energizing VIs where necessary. The
purpose is to prove that the CTs and VTs are properly connected to
the relays, Emphasis is on proving the sensitivity of relays to
internal faults and stability on external faults., Scme tasts are
feasible only on load, Primary injection test sets or alternators

are used to provide the high currents required for these tests.
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2,1,3 PERIODIC MAINTENANCE TESTS

N/Although the relays may be in sound condition when first
put into service, many troubles can develop unchecked and unrev—-
ealed because. of its infrequent operation., Relays may remain in-
operative for lpng, but should he capable 9f operating, when faulty
situations arise, Thus periodic maintenance of relays is very

essential,

Secondary injection tests should be carried out to check
the relay performance (primary injection tests, once performed
during commissioning. need not be repeated again), and if possible
the relay should be allowed to trip the circuit breakers. The
results of these tests should be checked against those obtained
during commissioning. Insulation tests should also be carried out

to detect any deterigoration in insulation resistance,

fach of the tests mentioned above, has its own importance
and should be carried out meticulously, thus leading to a raliably
protected power system. BREfficient testing of relays, eliminates

chances of protection failure on faults,

2.2 TEST PROCEDURES

Above was a general description of the tests required to
be conducted and the test squipment used, Now, we éome to the
different test procedures adopted depending upon the type of relay
being tested. |

As is very well krown, @ relay basically performs an act
of measurement of system current, voltage, impedance, phuse angle,

frequency etc, (depending upon the type of relay), compares the
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measured value with the safe value and gives a trip output if

the result of comparison so dictates.

There are two types of relays, namely, electromechanical
and static. In the electromechanical relays, there is an elect-
romagnet, whose operating coil is energized by the operating
quantity. A spring or anéther coil energized by the restraining
quantity, provides mechanical réstraint, and when the operating
electromagnetic force produced is larger than the restraint force,

the relay contacts close,

A static relay incorporates solid state components like
transistors, diodes, resistors, capacitors etc., and las no phy-
sically moving parts., The act of measuremenf‘and comparison,
as well as the decision making is performed by the static relay
circuits, Unlike the electromechanical relays, the output response
of such relays is not in the form of opening or closing of cont-

acts, but as a low or a high voltage signal,

2.3 TIESTING OF INSTANTANEQUS OVER/UNDER VOLTAGE AND CURRENT REIAYS

An INSTANTANEOUS OVER CURRENT REIAY is designed to eperate

when the characteristic guantity, which is current in this case,
is higher than the relay's pick up value, without any intentional
time delay. Similarly, the over voltage and under voltage relays

operate above and below preset threshold values,

2,3.,1 STATIC TESTING

Elaborate static testing to done on special test benches

by the manufacturer, The relay restrains below its designed pick up
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value and operates above pick up., To confirm that the relay
performance matches its specifications, slowly increasing curr-

ents are fed into the relay and operating éurrent noted.

The test bench used to obtain this characteristic has the
following facilitliest

(1) A variable current source with-ccarse and fine controls
and a current limiting reactor (to reduce the harmonic component

of the current fed),.
(14) Precision grade ammeter to measure the operating current.

To obtain the characteristics of an over and under voltage

relay, variable voltage gsource is used and the pick up value noted.

2.3.2 DYNAMIC TESTING

Dynamic testing is the performance evaluation of relay
under actual (fault) conditions, The conditions (system parameters
like voltage, current, frequency etc.) under which the relay ms
to operate on actual fault, are very much differant from the static
conditions under which the relay is tested in static tests. The
current at which an over current relay is supposed to operate is
not approached gradually, (from dormal current ohwards) as is done
in static tests,

In fact, when the fault occurs, the fault current undergoes
a transient with a finite d.c. offset. The instantaneous fault
current is much higher than its steady state value. The amount of
d,c. offset depends upon the point on voltage waveform at which‘
the fault occurs, being maximum when the wave is passing through

zero, The relays tends to over reach in such situations, How fast



15

OPERATING TIME ——>

OPERATING CURRENT —m >

FIG. 2.1 OPERATING TIME CHARACTERISTIC FOR
INSTANTANEOUS OVERCURRENT RELAY

C.7 c.T
PROTECTED

UNIT M

Bi{AS COILS

I

OPERATING

I,-1
coiL e

FIG. 2.3 BASIC CKT. FOR BIASED DIFFERENTIAL
PROTECTION



13

value and operates above pick up, To confirm that the relay
performance matches its specifications, slowly increasing curr-

ents are fed into the relay and operating éurrenx noted,

The test bench used to obtain this characteristic has the
following facilitiess

(1) A variable current source with-coarse and fine controls
and a current limiting reactor (to reduce the harmonic component

of the current fed),
(11) Precision grade ammeter to measure the operating current,

To obtain the characteristics of an over and under voltage

relay, variable voltage source is used and the>pick up value noted.,

2.3.,2 DYNAMIC TESTING

Dynamic testing is the performance evaluétion of relay
under actual (fault) conditions, The conditions (system parameters
like voltage, current, frequency etc.) undéb which the relay has
to operate on actual fault, are very much different from the static
conditions under which the relayiis tested in static tests. The
current at which an over current relay is supposed to operate is
not approached gradually, (from ﬂormal current oﬁwards) as is done
in static tests,

In fact, when the fault occurs, the fault current undergoes
a transient with a finite d.c, offset. The instantaneous fault
current is much higher than its steady state value, The amount of
d.c. offset depends upon the point on voltage waveform at which
the fault occurs, beihg maximum when the wave is passing through

zero., The relays tends td over reach in such situations, How fast
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this transient dies out depends upon the system X/R ratio,

Relaying should be highly discriminative and therefore
the operation ¢f relay under dynamic conditions has to be ess~
entially assessed, An artificial transmission line, described
before, is capable of performing these dynamic tests. It has
the facility to provide adjustable current at relay point with
control of circuit time constant, duration'ot fault, point-on-
wave at which the fault is applied and the type of fault, These
facilities enable simulation of the actual circumstances under
which the relay has to operate. The degree of over-reach of tha
relay can be determined by these tests,

The tests performed ton the voltage relays are similar

to those for the over current relays.

2,5.5 SECONDARY INJECTION TESTING

As mentioned before, these are simple, less detailed relay
tests performed during commissioning.

A typical set for over-current relays works on single-

, 6
phase 240V supply and has the following facilitiest

()  Current control by reactors,

(v) Current range selection by C.T, taps.

(e) Rugged nonprecision grade ammeter,

(d) Relay shorting switch., This switch shorts the relay coil
when current is hein& adjusted, to avoid heating, when current
has to be applied to the relay coil, the switch is unshorted.
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Over~current relays should be tested for the following:

(a) Pick up current values at minimum, maximum and chosen

settings,
(b)  Reset current values at above settings.

Over Voltage and under voltage relays have similar tests
except for the varying voltage being applied instead of current

as in the over current relays,

2.4 TESTING OF TIME IAG OVER/UNDER CURARENT AND VOLTAGE RELAYS

These relays are provided with intentiocnal time delay,

The definite time delay relays have a fixed operating time, irr-
espective of the magnitude of fault current flowing. The operatiﬁg
time characteristic of a definite time delay, over current relay

is as shown in Fig. 2.1.

The operating time of IDMT relays tends to become asym-
ptotic to a definite minimum value with increase in the value of
current, This is inherent in electromagnetic¢ relays due to satu-

ration of the magnetic circuit,

Static tests for these relays are similar to those expla-
ined for instantaneous relays, except for the necessity of measur-
ing the operating time of the relay as well, Therefore test ben-
.ches for performing static tests of these relays include timers
tool. Electronic timers or storage oscilloscopes may be used for

this purpose.

Noting the operating time of the relay for different values
of fault currents, above the pick up of the relay, helps to plot
the operating characteristics.
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Dynamic tests are not needed as the transients are over

much before the relay oﬁerates.

Time lag 0/C relays have similar secondary injection tests,
except for the following tests:

(1) Operating time at the an appropriate value of current is
measured in case of'definite time relays, and at two or three

points on the time~current curve at TMS = 1 for I.D.M.T, relays,

| Fig. 2.2 shows the salient details of a typical portable
test set and 1its use for testing a time lag 0/C relay.

2.5 TESTING OF BIASED DIFFERENTIAL REIAYS

A relay is defined as a differential relay, more because
of the way it is connected for unit protection in the gystem than.
its actual characteristics.

| The relay in its electromechanical version mas f§i~w EY]
an operating coil through which flows the differential current
which becomes higherlthan the restraint current flowing through
the bias coil (11 + 12/2) under internal fault conditions. Refer
‘Pige2.3 For high external faults, the high torque produced by
‘the restrain coil pveventé the relay from operating, otherwise
C.T. saturation would have resulted in faulty relay operation for

a relay withous bias.,

A staticvdifferential relay generally has two rectifiers
supplied from the difference and through currents, respectively.

Their outputs are compared by an electronic circuit or 2 sensitive

slave relay.
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The characteristic of a bhiased relay is as shown in the
‘Fige 2.4, The percentage bias and the slope of the character-
istic depend upon relay design.

2.,9.1 STATIC TESTING

In static testing, the relay performance has to be Judged
under steady state conditions and the graph between the operating
and restraining current obtained, The slope of the curve gives

information about the amount of percentage bias.

Testing benches are available at the manufacturer’s labo~-
ratory to evaluate differential relays’ performance, Two variable
| current gources are incorperated, a main source for high currents
and an auxiliary one for low currents. Electronic timers or sto=-
rage oscilloscopes are available to note the operating time of the
relay, Staﬁting contactors, precision grade ammeters and other |

facilities are available on such a bench,

Varying values of currents are sent through the bias coil
and the operating current noted, at trip., Operating time is also

measured.

2.5.2 DYANMIC TESTING

o Biased differential relays should exhibit complete through
fault stability, under dynamic conditions, as fault relaying should
- be highly discriminative, As mentioned before, the short circuit
or fault current undergoes a transient, with a finite d.c. offset,
before it comes to steady state, - Such an asymmetrical current

applied to a current transformer will induce a flux, which 1is
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greater than the peak flux corresponding to the steady state
alternating component of the currené; This may take the C,T,
into saturation, reducing the dynamic extiting impedance and
increasing the exciting current greatly. If now, the current
transformers on either end of the protected unit differ in
excitation characteristics, then the transient build up flux
will differ and an excessive spill current may maloperate the'

relay.

To check the through fault stability of a d;frerential
relay, high current test benchies are available, A typical test
plant is as shown in the Fig.2,5, - Reactors are available to
give different fault currents and X/R ratios, Variable volt-
age sources, high speed measuring ammeters, rasistor'banks for
simulation of the lead burden in secondary side of the C,Ts.
and many more facilities like the one to vary the point-on=
voltage at which fault occurs, are present, Fault currents
with different time constant and varying degrees of 4,c., off-
set are sent, and the ability of the relay to restrain under
these conditions tested. Whether the relay operates or not
on heavy internal faults is also tested, C,.Ts. saturation,

gsometimes causes failure of operation,
2.5.3 SECONDARY INJECTION TESTING -

These tests are carried out during commissioning, to prove
that the relay has not been damaged in transit and that its chara=-
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cteristics conform to the ones specified by the manufacturer,

"The current settings of the relay can be tested by an arr-
angement shown in the Fig.2.6€ It is basically an over current
test set. Variable éurrent source inJjects current into one bias
coil and out of the operating coil, The point where relay operates
is noted. In addition to this, a check can be made at one or more
points on the bias charaqteristic, with the arrangement shown in
Fig. 2,7 , vherein two ammeters and two rheostats are used to

measure current and vary current, respectively,

The ratio of the operating current (measured by ammeter Al)
to restraining current (given by the reading of A2 plus half of the
reading of Al) should tally with the corresponding point on the

bias curve supplied by the manufacturer,

2.6 TESTING OF DISTANCE REIAYS

Distance relays.are high performance, high speed, non unit
type of relays. - Impedance of a transmission line being directly
proportional to its length, for distance measurement it is app=-
ropriate to use a relay capable of measuriné the impedance of a
line up to a given poinél Such a distance relay?s setting is equal
to the'impedance of the line to be protected and operates only for

faults occuring be@weeﬂ the relay location and the selected point.

The basic principle of measurement involves the comparison
of the fault current seen by the relay, with the voltage at the
relaying point., If V/I is less than the set value, then the relay

trips otherwise restrains.
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The R/X diagram of an impedance relay is shown 1n'§15.2.8 ,

= {
and that of an admittance relay in‘fig.2.9, )

2.,6,1 STATIC TESTING

Thfough these static tests, the polar characteristics of the
distance relays are obtained. They~give information of the relay
reach (This is equal to the radius of the circular characteristic
of an impedance relay, For an admittance relay, the reach is diff-
erent for different values of line angle) and the maximum torque
angle (in case of electromagnetic relays) or maiimum sensitivity
angle (in case of static relays). The angle between the voltage
vector and the current vector, for which maximum operating tdrque
(or operating tendency) is produced is known as the M.T.,A, (or

MeSeho)e

In these tests, the voltage applied to the rélay restraining
coil is matntained constant, At different valués.of line angle
then the operating current is gradually increased, till the relay
operates. The characteristic can then easily be plotted on the R=X
diagram, |

Test sets are available with the following facilitiest
(1)  variable voltage and current sources

(i1) Controlled phase angle of the voitage supply w.r,t. the
current supply. A phase shifting transformer is incorporated

in the voltage circuit for this purpose.

(111i) A timer (electronic timer) or a storage oscilloscope is

present tc measure the operating time of the relay,



(iv) Precision grade ammeter, voltmeter and phase meter are

available for measurement.

(v) As usual, a starting contactor is present to apply the fault

current,

2,6.2 DYNAMIC TESTING

The operating conditions simulated during the static tests,
are not the actwal, pfactical conditions under which the relay has

to function.

Fault when occurs, occurs suddenly, thus resulting in an
abrupt shoot up of fault current. The shbrt circuit current under-
goes a transient, with exponentially decaying d.c. offset (value
depending upon the point-on-voltage waveform when the fault has

occurred), resulting in possible over reach of the relay,

Z5/Zy ratio (Zg = source impedance, 2; = impedance of the
line being protected) effects the performance of the relay. The
voltage at the felaying point does not remain constant (as is ass-
umed in étatic testé) but drops down, depending upon the 2Z5/Z;
ratio., Below a certain value of voltage, the relay is not able

to operate.

Thus it is obvious, that test procedures, more complex than
the static tests, should be adopted to study and test the relay
performance, with varying ZS/ZL ratios, different degrées of dec.
orfset,‘different decaying time constants of the line and at differ-
ent fault positions., Then and then only, can the relay be guaran-

teed to operate satisfactofily, whan connected in a powerAsystem.
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‘An artificial transmission line, with its before mentioned
facilities, 1is capable of simulating these dynamic fault conditions.

2,7 TESTING OF DIRECTIONAL REIAYS

These are double input relays whose characteristic quantity
is phase angle. Over current, over voltage, impedance relays do
- not possess inherent directional feature. They operate for fault
currents flowing in either direction and therefore c¢an not simply
be used on radial feeders and lines with supplies on both the ends,
Here directional units are necessary.

2.7.1 STATIC TESTING

Static testing involves plotting the operating charaeteris-
tic of the relay, It is obtained by plotting the current vector
on a polar plane (Refez“?%‘_igaz.lO) » This characteristic clearly
indicates the operating ahd restraining 2zones of the relay. The
M.Th. = ¢ (in cagse of electromagnetic relays) and maximum sensi=
tivity angle (in case of static relays) can be obtained from this

characteristic, This governs the directional feature of the relay.

Test benches with variable voltage and current sources,
controlled phase angle of the voltage supply w.r.t.:current supply
(a phase shifting transformer is used for this), timer and preci-
sion grade ammeters, voltmeters and phase meters are incorporated

to perform the static tests.

2,7.2 DYNAMIC TESTING

The directional relays are tested under dynamic conditions
with the help of Artificial Transmission line, This equipment has
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numerous facilities to simulate the actual fault conditions. As
explained before, the actual conditions under which the relay has
to function (i.e. a suddenly occurring, exponentially decaying,
offsetted sinusoidal, fault current) are different from the steady
state conditions and therefore relays have to be surely tested
under dyammic conditions,

Refer section 2.1.1 (b) and section 2,3.2, The operating
and restraining zones of the directional relay characteristic
(plotted under steady state conditions) may undergo a slight change,
when obtained under dynamic conditioné.



CHAPTER IIIX
AUTOMATED TESTING OF SINGLE AND DOUBLE INPUT RELAYS

The conventional methods of testing relays were explained
in the previous chapter, The present chapter deals with a new
approach to testing relays, i.e., the automated, computerised app~-

roach.

The advent of low burden,electronic (i.e. the static relays)
 relays, has lead to the possibility of generating low power test
signals with the help of a microcomputer, Being ablé to simulate
conditions that resemble the actual operating conditions under which
the relay has to operate, the test results obtgined bylthis comput=-
erised scheme of testing relays, will give more accurate test results.
This provides a better performance evaluation of the relay being
tested. Automation increases the speed of testing and eliminates

human errors.

A PC-AT based data acquisition system, is used to help eval-
uate the performance of different relay types. Operating character-
istics, graphs etc. are plotted on the C.R.T. screen using powerful

graphics with advanced BASIC.

| Both the static as well as the dynamic¢ tests can be performed
with the help of this test system. Relay manufacturers and large
consumers, like theislectricity Boards, interested in maintaining
their own reiay~testing laboratories, can easily adopt this computer-
ised approach.

|



3,1 TEST REQUIAEMENTS OF SINGLE INPUT REIAYS

Before proceeding to explain the test methods used for
different relay types, it is necessary to first list the tests,

operating parameters/characteristics, for the same,

3edel INSTANTANEOUS OVER CURRENT AND OVER VOLTAGE AEIAYS

These are the relays that are sensitive to the magnitude
of their characteristic quantities (A quantity, the value of which
characterizes the operation of the relay, e.g. current for an
over-current, voltage for an over-voltage relay, phase angle for
a directional relay, and so on) and Operate/reset without any
intentional time dela;i

The operating parameters/characteristics to be determined

to get an insight into the relay performance are as follows:

- (a) Operating Value

LThis is the limiting value of the characteristic quantity,
at which the relay actually operates, The operating value of the
relay, obtained during tests, should tally witp the value as spe-
cified by the manufacturer.

(b) Reset Value

This is the limiting value of the characteristic quantity
at which the relay returns to its initial position.

(¢) Returning Ratio

The ratio of resetting to operating value is defined as the
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resetting ratio., This can be easily obtained after the two

values have been separately obtained.

(d) Operating Time Characteristic

4

"uith a relay de~energized and in its initial condition,
the time which elapses between the application of a characteristic
quantity and the instant when the relay operates, is defined as
the operating time of the relay.

As mentioned before, these instantaneous relays do not
have any intentional time delays, and therefore theoretically
the relays have equal, finite, operating times at all the .quant-
ities, above their threshold operating, characteristic gquantities.
This is illustrated in curve 1, Fig, 2.1.

The practically obtained operating time characteristic is

as shown in curve 2, Fig. 2.1,

() Transient Over-reach Characteristic

An over=-current relay is said to over-reach when 1t operates
at a current which is lower than its setting., At the time of fault
occurrence, the fault current wave is not symmetrical, but under-
goes a transient, The relay is set for symmetrical current but
' operates in the transient period of the fault current., The dégree
of over-reach depends upon the amount and time constant of decay

of D.C, offset,

A plot between the percentage transient over-reach and
- percgntage d.c, offset gives full information about the relay’s

tendency to over-reach,
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Transient Over-reach = (Operating value with steady state signal -
Operating value with d.c. offset)/Operating
value with steady state signal,

The characteristic-garqgﬁgs‘ﬁéhiﬁiﬁ is plotted for
different time constant parameters. If the time constant is small,
the transient decays faster, coming to steady state value earlier,

thus reducing the degree of over-reach.

3.2 TEST REQUIAEMENTS OF DOUBLE INPUT REIAYS

Test requirements for typical single input relays were

explained before. Now we come to the double input relays.

34201 MAGNITUDE SENSITIVE TWO INPUT REIAYS

| A biaged differential relay is a typical examﬁle of this
kind., Biasing is provided in these differential relay schemes to
provide through or external fauit stability., A differential relay
provides unit protection, by comparing the currents (or voltages
in case of voitage balance stheames) on either side of the protec-
ted part and operates 1f the difference or unbalance current is
larger than the set value of the relay (this.is designed to occur
only on intermal faults). Such a simple scheme fails, or the relay
ma loperates onvhigh through fault currents because of unequal C.T.

. gaturation on either side of the unit.,

- In a biasged differential relay scheme, restraint is provi-
ded by the secondary through fault current i.e. (I1 + IZ/Ziiwhich
is larger than the operating, spill current (I; - I,) under exter-
nal faults, In case of internal faults, the situation is vice-versa

and the relay correctly operates, Refer Fig..2.3.
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The operating parameters/characteristics required to be

determined are ag followst

(a) Operating Characteristics

This is a plot between the operating (or spill = I, - I,)
differential current and the bias current (I; + 1,/2).

As explained above.\this is the most important character-
istic of the relay, ﬁefeﬁ’gigg 2.4+ . As is observed, the mag-
nitude of current te cause operation is not constant.'but auto=-
matically increases as the through current increases and a defi-

nite ratio exists between them (decided by design).

This characteristic gives full information regarding the
through fault stability of the relay and to what extent the relay

is able to discriminate between internal and external faults,

(b) Operating Time Test

- This 1s a plot between different operating currents to
restraining currents ratio and the corresponding-ieperatings-times
of the relay,z}Percentage differential relays are usually high
- speed or instantaneous typé; Intentional time delay is not‘requ*
ired for selectivity as the inherent percentage differential cha=-
racteristic makes the relays virtualiy immune to the effects of
transients when the relaysvare properly applied, This plot |is

similar to that of an instantaneous over-current relay,

3.2,2 PHASE SENSITIVE TWO INPUT RELAYS

Directional relays and admittance relays, are examples of

phase sensitive relays, Distance relays have been dealt in the



34

subsequent chapter and only the directional relay is chosen here
for explaination. The operating characteristics/parameters to

be determined for this relay are as followss

(a) Operating Characteristics Under Steady State Conditions

The operating characteristic of the relay under steady
¢
state coaditions is as shown in Fig.2.10 It is obtained by
plotting the operating quantity on a polar plane.

This characteristic provides information regarding the

minimum current (Imin) required for operation.and"M,T.A. or M.S.A.

(b) Constant Product Characteristic

In the operating characteristics, the voltage vector is
the reference quantity and is assumed constant., It is obéerved
that for a different magnitude of the reference voltage, the
operating characteristic will be another straight line, pafallél
to the one shown in Fig. 2.10 such that the product of V and |
Ingn remains dons:antg Different operating characteristics for
varying values of Voltage V are blotted and the constant prod-
uct characteristic (VXIpgn = K) is verified,

(c) OQperating Characteristics Under Dynamic Conditions

This characéerigtic is a plot of the operating quantity
on a polar plane, The test is conducted under dynamic c&nditions.
Under actual fault conditidns. the fault currant 1s an exponen-
tially decaying sinusoid. Therefore the relay’s operating char-
acteristic under dynamic codditions may be different from that

under static conditions,
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3.3 AsT.E, (AUTOMATED TEST EQUIPMENT) HARDWARE

The equipment/hardware required to conduct performance

tests on various relays is listed below. Refer Fig. 3.1l.

(a) Personal computer (PC = AT) having a graphics card
(Enhanced Graphics Adapter i.e. E.G.A, card) and a graphics

monitor,

~(v) A fast, efficient PC supported data acquisition system.
‘The Digital to Analog converter (DAC) and the Digital Input
Module (DIM) cards are used to communicate signals between the

PC and the relay being tested,

A PC~AT based, fast and efficient data acquisition system,
manufactured by the Keithley Instruments, U.S.,A. has been used
in the present work.. An interface card placed inside the FC

interfaces the computer with the outside world,

At least two channels of analog output are requifed to
conduct the tests. Twoe, 16 bit resolution, fast, bipolar digital
to analog convérters (DACs), capable of outputting + 10 volts
signals, are available on the DAC card, thus providing the requ~

ired two channels of analog output.

Static relays are basically analog to binary converters.
Their output is either a high, or a low voltage signal (for e.g.
T.T.L, high is above 3V and T.T.L. low is below 0,8 volts),vdep-
ending on whether the relay has tripped or restrained, A DIM,
capable of reading the status of its input channel (a high or a
low), is used to check the status of the relay output.
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The two cards, i.e., the DAC and the DIM, have been succ-
essfully used to communicate signals between the computer and

the relay.

Above mentioned hardware is sufficient to conduct tests
on static, low power requirement relays only. This does not
mean that the scope of this A.T.E; 1s'reatr1cted only to static
relays./ As a matter of fact, it is quite feasible to test relays
requiring high power levels using this same approach if high
power, high quality amplifiers are interposed between the DAC
outputs and the relays inputs,

3.4 TEST SOFTWARE

(wéoft 500, which is the powerful package provided along
with the hardware (DAC card, DIM etc.), is used to write programs
for data agqpisitioZ: There is easy access to the hardware, with"
the help of the simple SOFT 500 comménds. More about this system
is dealt in the Appendix A, |

Programs are written in advanced BASIC, from where the
assemﬁly language routines for data input/output can easily be
called, Mainly the task comprises of writing software:

(a) to compute the various samples (current and voltage) of
the test signals, These signals are perfect sinusoids in case
of steady state tests, and exponentially decaying sinusoids in

case of dynamic tests.

(k)  to output the samples on to the DAC crannels, at proper
intervals of time, so as to generate the required test signals,

These signals can then be applied to the relay under test.
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(¢) to continuously monitor the relay output and check for

tr i.p »

(d) to display the operating values, characteristics (graph-

ically) and other results of the tests on the C.R,T. screen.

3,441 WAVEFORM GENERATION FOR STEADY STATE TESTS

Testing of relays will be accurate, only if the test sig-
nals are accurate., Therefore, proper waveform generation, holds

primary importance in relay testing.

Signals are synthesized by dividing the 50 Hz sinuscidal
waveform, into twenty, equal intervals. Sinewaves are approxim-
ated, by outputting (to a DAC) the twenty samples one after the
other, at an interval of 1 millisecond. Of course, there is loss
in signal information during the 1 millisecond sampling interval,
when the O/P of DAC is maintained constant at the previous sample
value, but this loss cah be reduced and the reconstructed waveform
made to (almost) resemble a sinusoid, by choosing the éampling int-
erval as amall as possible (as per the S8ampling Theorem).

Program in advanced BASIC is written to compute the magni-
tudes of twenty signal samples and store them in a BASIC array.
An assembly language subroutine is then used to output these stored
values onto the DAC O/P channel at a programmable interval of time
(chosen as 1 millisecond in this case). Any number of cycles can

be outputted asg desired, .

34442 WAVEFORM GENERATION FOR DYNAMIC TESTS

In static tests, the test signals are pure sinusoids whereas

\
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in case og dyﬁamic tests. the current and voltage signalsvapp-
lied to the relay, should conform to the actual signals to which
the relay is subjected under practical, operating conditions,
These tests, Judge the performance of the relay under conditions,
c¢loser to the actual fault conditions. These are tharéfore, more
important than the static tests, Under transient conditions,
the fault current undergoes a transient, with a finite D.C.
offset (value depending on the switching angle)., An exponen=
tially decaying sinusoid with any time constant, can easily be -
generated by software. Prbgram is written to computekaoao
samples, which amounts to 100 cycles, (with sampling interval

of one millisecond) and stored in a BASIC array. These stofed
samples are then outputted énto the DAC channel at a fixed con-
stant interval of time (samping interval),

Any signal waveform can be generated by first computing
the various voltage samples, storing them and then outputting
them onto the DAC channel, at a fixed sampling interval,

3.4.3 TEST PROGRAMS FOR SINGLE INPUT REIAYS

An over voltage relay is chosen as a typical example of
8 ‘

this type. éﬁefer'lFig. 3.%'fof rectifier'circuit.

The tests are performed on basic electronic circuits for
over and nnder‘voltage relays, Refer Fig. 3.3 . The relay cir-

cuit basically comprises of a precision rectifier, level detector and



42

READ DATA .

OVERVOLTAGE
RELAY ?
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| seTracs | | SET FACJ, STEP=~STEP|
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[cALL SUBROUTINE CHECKTRIP? |

NO
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QUANTITY AND STORE

SEND 10-20 CYCLES
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[WAIT TILL ALL CYCLES OVER |
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V1 Ve

a time delay ¢ircuit, The relay operates when 1 > 5 R * The

operating value of the c¢ircuit is decided by the circuit para-

meters and the reference voltage.

(a) Operating Value and Time Detection

Refer Fig, 3;4; For an over voltage relay, the operating
value is obtained by gradually increasing the amplitude of the
test signal applied to the relay.‘till the relay operates. The
amplitude of the sinusoid is made a real variable (i,e. FACJ),
which can be increased in small steps (i.e. STEP), Ten - twenty
cycles (depending on the operating time of the relay) are sent at
the relay I/P, Also Refer Fig. 3.5.

The relay 0/P has to be continuously monitored for a trip.
One channel of the DIM is tied to the relay O/P, The I/P channel
of the DIﬁ. is read every millisecond and the statuses stored in
an array (i.,es F), The product of the depth of this real time

volid.
created array, at which a first high (L., a 1 is registered and

after trip)
the sampling interval (i.e. 1 millisecond), gives the operating
time of the relay (i.e., OPTIME), A valid trip is considered only
if the relay O/P remains high for upto 5 milliseconds. A check

is therefore made for five continuous ones in the arnayﬁ..

(b) Time Current Characteristic

Refer Fig. 3,6. Once the operating value of relay is det~
ermined tﬁis characteristic can be obtained, by subjecting the
relay, to signals of increasing magnitudes and noting the operat-
ing time for each, (Refer Fig, 3,5).
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v

COMPUTE 20 SAMPLES OF

RESTRAINING SIGNAL AND
STORE '

COMPUTE 20 SAMPLES OF
OPERATING SIGNAL AND

STORE
¥

SEND 20~30 CYCLES OF -
BOTH SIGNALS SIMULTA'NEOU-
SLY.READ DI M CHANNEL

[WAIT TILL ALL CYCLES ARE OVER |

FACO = FACO + STEPO |

[FACR = FACR + STEPR |

CALL SUBROUTINE
‘ CHECKTRIP’

| STORE FACO AND FACR |

FACR >10 ?

NO

YES

PLOT OPERATING
CHARACTERISTIC

FIGg. 3-8 TEST PROGRAM FOR OPERATING CHARACTERISTIC OF
DIFFERENTIAL RELAY
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FACJ a Amplitude of Current, MAX = 10 Volts, OPTIME =
Operating Time, STEP a Increment in FACJ, Using graphics in BASIC
a plot between the eperating time and the characteristic quantity
can be obtained,

For an undervoltage relay, there is not much difference in
the testing method, except that one starts sending a high amplitude
voltage and then gradually decreasing it, till a trip is registered.
In fact, a single program can be written for both the relays, with
facility to test any of two,

3.4.4 TEST PROGRAMS FOR BIASED DIFFERENTIAL RELIAYS

(a) Operating Characteristic

As mentioned before, this charaéteristic}‘ *iFig. 2.4 ) is the
most important characteristic for this relay, clearly exhibiting
the relay®s highly selective, discriminative nature with its thr-
ough fault stability, |

The basic electronic circuit for a biased differential relay

is shown in Fig., 3.%. The level detector gives a high O/P when

v \'j
1 > 2 +« As the restraining signmal amplitude is increased, the
Ry Rz

operating value also increases, The percentage bias or the slope

of the operating characteristic is decided by the R3/Rp ratio.

Refer Fig. 3.8. FACO and FACR = Amplitudes of operating
and restraining quantities, respectively, STEPO and STEPR = InCre=-
ments in FACO and FACR respectively, Program is written to compute
and store 'samples of two sinewaves in BASIC arrays., Their ampli-

tudes are kept variable and therefore different amplitude sinewaves
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can be generated. For a fixed value of the restraining signal,
the operating quantity is slowly increased and the operating
value noted, Relay output is monitored continuously and a valid
trip indicated only if O/P remains high for a minimum of 5 milli-
seconds (procedure same as explained for over voltage relays).
This 4s repeated for mény more values of the restraining quantity,

s0 that sufficient points on the characteristic can be obtained.

Finally the characteristic is plotted from which the

percentage bias can easily be obtained,

(b) Time-Current Characteristic

Procedure to obtain the time-current -characteristic for
this relay is same’ as that for the over voltage relay (described
before). The restraining quantity is kept fixed., The operating
quantity 1s increased beyond the operating value and the operat-
ing times nbted down for each valué. Sufficient readings aré
taken, 50 as to obtain the plot between operating/restraining “

value ratio and the operating time.

3.4,5 ‘TEST PROGRAMS FOR DIRECTIONAL REIAYS

(a) Static Operating Characteristic

This characteristic of a diractional relay gives informat-
ion regarding its directicnal feature, The minimum current required

for operation is also obtained,

Tests are conducted on the directional relay circuit shown
in Fig. 3.9. As per the 9table in Fig. 3.010,

(a) Operating quantity = V + I.2p
(v) Restraining quantity = V « I.Zg

Z"\Solo

e L I
a4 3 ‘ .

{k\ [ S
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Refer Fig. 3,11, THETA = Line angle, STEP = Increment
in WACJ , FACJ = Amplitude of operating quantity. Program is
written to generate two sinewaves, one with a fixed (i.e, for

voltage) and the other with a variable amplitude.

The test starts with THETA = O degrees, where THETA is -
the angle between the system voltage and current., The current
amplitude is increased -in small steps. Both the voltage and the
current signals are sent simultaneously on the 2 DAC channels,
Relay O/P is monitored continuously (till the signals are being
sent) ‘for a tri§ signal (procedure is same as explained before

for over-voltage relays) and the operating current noted,

The same procedure is repeated for different line angles
and the corresponding operating current values stored in an

array, THETA is increased in steps of 1Q degrees,

Once the test run for line angles. from O degrees to 360
degrees is over, powerful graphics in BASIC is used to display the

polar plot on the CRT screen,

The co-ordinates of the various points on the characteris=-

tic are calculated as belows

x co~ordinate = I X COS (THETA)
y co~ordinate = I X SIN (THETA)

A straight line characteristic is obtained., The operating
and restraining zones depend upon M.S.A. (in case of static relays)

and M,T.,A, (in case of electromechanical relays), once the
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S.NO. CHARACTERISTIC  AMPLITULE COMPARATOR| PHASE COMPARATOR
OPERATE RESTRAIN | OPERATE | RESTRAIN
1 DIRECTIONAL LeZp+V V-I.ZR I.ZR \
2 IMPEDANCE 1.2, \% 1.2~V I.ZR+V

3 ADMITTANCE 1.2, K.V—I.ZR I.ZR-V V')

VOLTAGE INPUTS FOR VARIOUS CHARACTERISTICS

Fig. 3.10

restraint zone of the relay is approximately ascertained, the
cperating characteristic can be speedily obtained by skipping
+ the points at which relay restrains. (Programme in the appendix
is written for relay with M.S.A. = 0). Note: Parameters STEPF
vand Z in 2ll the test programmes listed in Appendix B hold the
~same significance as STEP and Z] respectively (written in the

flow-charts and the test results),
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READ DATA

| sET THETA=0 | ,
. I }
|  SETFACS=0.01 |

Y

COMPUTE 20 SAMPLES OF VOLTAGE SIGNAL
AND STORE '

T COMPUTE 20 SAMPLES OF CURRENT SIGNAL
AND STORE

v

SEND 20 CYCLES OF VAND I SIMULTANEQUSLY.

READ DM CHANNEL CONTINUOQUSLY

NO
FACJ =10 ?

[ WAIT TILL ALL CYCLES ARE OVER |

|_FACJ = FACJ + STEP | [ CcALL SUBROUTINE “CHECKTRIP? }
L ' NO RELAY TRIPPED ¢
[PRINT ‘RELAY RESTRAINED” | STORE FACJ X COS (THETA]
' : FACJ X SIN (THETA)
>
[ THETA = THETA + 10 |
eyt
YES

| PLOT POLAR CHARACTERISTIC |-

FlG. 311 PROGRAM FOR OPERATING CHARACTERISTIC OF DIRECTIONAL RELAY
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3.5 TEST RESULTS

The tests were conducted on over voltage, biased diff~-
erential and directional relays and their operating character-
istics/parameters obtained,

3.5,1 OVERVOLTAGE REIAYS

(1) OQperating Value Test

The operating value of the relay was found out to be
5.3 volts (peak value of the a.c, signal applied), Average
d,cs value for this comes out to be equal to 3,37 volts which
agrees with the operating value for which the relay circuit in
Fige 3.3 18 designed,

(4i) OQperating Time Characteristic
This is obtained as shown in Fig. 3.12,

3.5.2 DIFFERENTIAL REIAYS

(1) Operating Characteristic

The characteristic is obtained as ghown in Fig. 3.13. The
points lie on a straight line whose sglope is 19.9 percent. vThis
was the percentage bias slope for which the basic differential
relay circuit was designed (Refer Fig. 3.7).

(11) COperating Time Charactefiatic

The characteristic obtained is shown in Fig. 3.,14. The
relay is an instantaneous type and its operating time is found
out to be equal to 7 milliseconds for all values of operating

quantity (beyond the operating value = 0,999 volts corresponding

TN



to restraining quantity = 5 Volts), When the relay just enters
the operating région, the operating time is found ocut to be lar-
ger i.e. equal to 12 milliseconds,

34543 DIRECTIONAL REIAYS

(i) Static Operating Characteristic

The plot obtained for a diraectional relay circuit with}‘
MeS.A. = zero degree, iz shown in Fig. 3.15. The minimum current
for operation is found out to be 0,1680002 amperes, The maximum
sensitivity angle (i.e, M»S,A.) for which the relay has been deé~

igned is same as obtained from the test,
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CHAPTER 1V

AUTOMATED TESTING OF DISTANCE REIAYS

Distance relays, being the high-speed high'performance
types are mostly used on transmission lines, where they have
to exhibit high reliébility. sensgitivity and selectivity 1in
operation. Their operating characteristics have to be therefore
very accurate and the relay should behave very reliably under
faulty conditions on transmission lines, Otherwise failure of
operation may lead to great damage to life and property. seli=
able testing of these relays, would lead to a safer, bétter,
reliably protected transmission line., Owing fo the importance
of distance relays, the e?ficient and accurate computer based

testing methods are fully justified for them,

The test methods described below, may advantageously be
put to use by relay manufacturers and large consumers (like
electricity boards). Secondary injection tests pertérmed by
this equipment, are much more accurate than the conventional
tests involving test modules, plugs etc. Before going into the
explasnation of the automated, test procedures used, it»is nec-
essary to over view the test requirements of these relays.
Admittance and impedance relays are chosen as typical examples

of distance relays for the purpose of conducting tests,

4,1 TEST REQUIREMENTS OF DISTANCE REIAYS

Before testing any equipment, which in effect is a com-

parison between the expected or specified characteristics and
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the actual operating behaviour, it is necessary to first have

a c¢clear understanding of the equipment. A relay in general is
best understood and its merits/demerits judged, by its operat=
ing characteristics. The operational behaviour pf a relay, esp-
ecially a distance relay, (used where uncleared faults may lead
to heavy damage) should always conform to the characteristics

for which it has been designed.

In the following paragraphs, are mentioned the operating

characteristics of distance relays,

4,1,1 R=~X DIAGRAM UNDER STEADY STATE CONDITIONS

The locus of points where the operating and restraining
quantities are equal is described as the boundary characteris=

tic of the relay and since ideally it is dependent on E?e ratio

of voltage and current, may be plotted on a R/X diagram, The
radius of the circle is equal to the setting of the relay (i.e.
ZSET)+ This corresponds to the impedance of the line to be
protected by the rélayg If the impedance seen by impedance
relay is less than ZSET, then only the relay operates otherwise
restrains, In case of admittance relays, Z for operation is
line angle dependent., Thus operation occurs only Qhen the fault
occurs in the region between the relay location and the selected
point, Polar characteristic speaks of the reach of a distance
relay, The locus of power system impedances such as fhose of
faults, power swings and loads may be plotted on the same diag-
ram and in this manner the performance of the relay in the pre-

sence of system disturbances may be studied.
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OPERATING TIME —>

[ PRACTICAL CURVE
[T THEORETICAL

CURVE

IMPEDANCE ——>

FIG. 4.1 OPERATING TIME CHARACTERISTIC FOR
DISTANCE RELAYS

LARGER TIME
CONSTANT

SMALLER TIME
CONSTANT

PERCENTAGE OVERREACH —>

PERCENTAGE D.C OFFSET — »

FIG. 4-2 TRANSIENT OVERREACH CHARACTERSTKIFOR:
DISTANCE RELAYS
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4,1.,2 QOPERATING TIME CHARACTERISTIC

The operating time characteristic for distance relay is
plotted between the distance to fault and the operating time.
The theoretical and the practical curves are as shown in Fig.4.1,

They are plotted for a particular value of current magnitude,

With the increasing magnitudes of the short circuit MVA
in modern power systems, fault clearing times are assuming more
and more impdrtance, Damage shall be avoided, only if the faults
are cleared fast, and they shall be cleared fast, only if the.
relay operates fast (as per its design). Thiis operating time-
of @ relay is an important parameter.

Over=reach of a relay under transient conditions, is dep~
endent upon many factors, operating time being one of them. If
operating time of the relay is larger, its tendency to over-reach
is lesser, L%recision relays like the zone 1 relays, should have
an accuracy of + 5 percent or better, high selectivity and low
degree of overnreacgf Their operating times have to be therefore
Judiciously chosen and the relay designed accordingly., In many
cases, it is safer to‘av61d over-reach by delaying tripping.

In ghort this characteristic {3 quite important and needs care~
ful plotting,

4,1,5 TRANSIENT OVER~-REACH CHARACTERISTIC

7 The tendency of a distance relay to operate at impedances

2
larger than its setting value is known as over reach, Under act-
ual fault conditions, the fault current is an exponentially dec-

aying sinusoid, with its momentary, instantaneous value being
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quite offseted and larger than its steady state value, Under
dynamic conditions, therefore, the relays Csees, an impedance
much less than what it would see under steady state conditions,
This may lead to sudden maloperation of the relay, resulting in,
what is known as over-reach of the relay., This impairs the acc~-

uracy and selectivity of the relay which is undesirable.

The relay should definitely be tested under dynamic cond=-
itions, Satisfactory performance of the relay under dynamic con=
ditions will ensﬁfe reliable and sitisfactory performance of the
relay under actual fault conditions, The transient over-reach
characteristic is the graphical/pictorial representation of relay
dynamic behaviour, The degrge of over-reach ié decided by many
factors (operating time, design, system parameters etc.) amount
of d.c, offset in the transient fault current being the predom—
inant,

A plot is made between the percentage d.c. offset and the

percentage transient pverwreach;fvbercentage transient over—

reach = 228 = Z8V » 100.
ZBy

Where Zgy = the meximum impedance for which the relay will
operate for symmetrical currenté% Zog = the maximum impedance for
which the relay will operate with an offset current wave, Tend-
ency to over-reach increases with increasing percentages of D.C,

offset. A typical characteristic is shown in Fig. 4,2,

4.1,4 R-X DIAGRAM UNDER DYNAMIC CONDITIONS

This is a plot of the maximum impedance seen by the relay

under dynamic conditions for different values of line angles. The
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plots can be made for varlous values of percentage d.c. offsets,

' The impedance seen by the relay under dynamic conditions (with
fault on adjacent line) may be smaller than the steady state imp~—
edance it should see once the transients have died down, The
relay is always set for symmetrical values and therefore the relay

tends to over-reach under the actual fault conditions,

A comparison of the impedance diagrams under steady state
and dynamic conditions, help evaluating the dynamic performance
of the relay. Dynamic performance of the relay at different line
angles can also be observed, Laréer-X/R ratios result in slow
decay of the transient currents, Thais would lead to Higher trans=~

 ient over-reach at large X/R ratios,

4,2 AUTOMATED TEST EQUIPMENT (HARDWARE)

Equipment required for testing distance relays is same as
that required for the relays mentioned in the last chapter., Refer
section 3,3 and Fig. 3.1,

4,3 TEST SOFTWARE

As mentioned before, a PC based data acquisition system is
used to carry out the tests, Software is written to work the hard-
ware of the test equipment, ’Soft 500?—a readymade package provided
along with the data acquisition system, gives an easy and fast access
to the ‘DAC channéls, 'DIM channels and othér associated hardware,

Software is written for the following purposes:

A}
(a) To compute and store the test signals® samples in BASIC
- arrays.

(b) To send the stored samples of ths test signals to the app-
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ropriate DAC I/P at equal intervals of time, which Would then
convert the I/P digital values into their corresponding analog
equivalents, thus reconstructing the desired analog signal, The
ese PC generated, accurate signals can then be applied to relay

under test,

(¢) Program is written to continuously monitor the relay O/P
(which is hardware connected to one of the DIM channels) and store

the current status in a BASIC array for further analysis,

1
(a) Using Graphics in BASIC, program is written to plot the

various relay characteristics.

4,4 VWAVEFORM GENERATION

Relay testing is achieved by applying PC~generated signals
at their inputs, Performance evaluation of the relay will be
correct only if proper test signals are used for testing. Wave~
form generation is thus an important part of testing and 1s expl=

ained in the forthcoming paragraphs,

4.4,1 STEADY STATE CONDITIONS

When a relay is being tested under steady state conditions,
the signals to be applied are pure sinusoids and their amplitudes
are to be gradually increased, Waveform generation under steady
state and dynamic conditions was dealt in the previous chapter

also.

' The signal to be generated is a system frequency (50 Hz)
signal, FEach wave is divided into 20 equal parts., The values

of the samples are first calculated and then stored in an array.
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These digitized samples are then sent to the DAC I/P at a con-
stant interval of time (1 millisecond), anmalog O/P remaining
constant at the previous value over this sampling interval,
The DAC O/P obtained is not a smooth sinewave, but can be imp-
rbved by using low pass filters, |

4.,4,2 DYNAMIC CONDITIONS

As explained before, the actual conditionsiéperating
parameters under which a relay has to function are far from the
steady state conditions, The actual instantaneous fault current
is never a pure sinusocid, but offseted and is consequently an
expenentiallyAdecaying sinusoid, with a time constant decided
by the systems parameters (x/R.ratio). The sudden occurrence
of fault and the offset current have to be simulated to conduct
the dynamic tests. The relay is first kept under normal condi-
tions, Sinusoidal, system frequency signals can be generated

as done under the steady state conditions,

The samples for an exponentially decaying sinusoid can
be calculated for different times (at an interval of one milli~
second), using the following equation, Library functions are
available in BASIC to compute the exponential and the sine of

the parameters specified.

1(t) = Ipeak x sin (wt + THETA) + Peott x Ipeak X g~ t/TAU

where

C o« .. " -
- - 2, g B Uu

B Et T R
e AT . W e

i(t) ‘= ihstantaneous value of current



START

READ DATA

1

COMPUTE 20 SAMPLES
FOR‘V’AND STORE

| P

L
SET FACJ

COMPUTE 20 SAMPLES
FOR ‘I’ AND STORE

A

SEND 20 CYCLES OF'v’ &I’ SIMULTANEOUSLY .
READ DIM CHANNEL

FACJ=10?

{

WAIT TILL ALL CYCLES OVER

!

FACJ=FACJ + STEP CALL SUBROUTINE ‘CHECKTRIP?

Z=FACV/ FACJ
PRINT STORE Zx COS(THETA) AND
”RELAY RESTRAINED” ‘ Zx SIN ( THETA)
L _ _

THETA=THETA + 10

DISPLAY POLAR PLOT
ON C.R.T. SCREEN

Fi&.43TEST PROGRAMME FOR STEADY STATE POLAR CHARACTERISTIC OF DISTANCE
RELAYS
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.

Ipeak = peak value of the steady state fault current

® = angular frequency
- THETA = line angle
Deorg = d.c, offset
TAU = time constant of the decaying transient

Two thousand samples are calaulafed at t « 1 millisecond,
t = 2 milliseconds and so on, These two thousand values, if sent
to the DAC I/P at an interval of 1 millisecoﬁd. will produce the
required waveform at the DAC O/P.

4,5 TEST PROGRANS FOR DISTANCE RELAYS

The various characteristics to be obtainad‘for distance
relays ﬁere explained before, Now the test procedures to obtain
the operating characteristics will be explained one by one. A
compariaoh can then be made between the results and the relay spe~

cifications (Operating characteristics etc,).

4.5.,1 R=X DIAGRAM UNDER STEADY STATE CONDITIONS

This is an important characteristic.for a distance relay,
It is a plot of the maximum impedance at which the relay Jjust
operates for different line angles., Refer Fig, 4.3 , FACI =
Amplitude of current, Z = Impedance of line, THETA = Line angle,
STEP = Increment in “FACJ, V = Vo}tage across relay, I = Current,
Program is written to generate two sinewaves, one of variable
(i.e. current) and the other with fixed (k.e. voltage) amplitude,
The test starts at THETA = O degree. A fixed value of voltage
signal is gensrated at one channel (CHOl) of DAC, connected to the
restraining I/P to the relay, The operating current magnitude is



READ DATA

}

COMPUTE 20 SAMPLES OF
CURRENT SIGNALS

FACV=121 x FACJ

A

COMPUTE 20 SAMPLES OF
VOLTAGE SIGNAL

!

SEND 10-20 CYCLES OF BOTH SIGNALS SIMULTANEOU

SLY.
READ DIM CHANNEL

\

WAIT TILL ALL CYCLES OVER

3

CALL SUBROUTINE ‘CHECKTRIP?

24=Z4—-STEPZ

NO

RELAY TRIPPED 7

STORE Z1 AND OPTIME IN AN ARRAY

NO

FIG.44. PROGRAMME FOR OPERATING TIME CHARACTERISTIC

DISPLAY CHARACTERISTIC ON
C.R.T. SCREEN

OF DISTANCE RELAYS

68
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increased in small steps and the operating value of current
determined, The V/I x Cos (THETA) and V/I Sin (THETA) are
computed and stored in an array. Also Refer Fig. 3,5,

The same procedure is repeated for different line angles
and Z x Cos (THETA), Z x Sin (THETA) stored for each run, The
polar characteristic can then be displayed on the C.R,T, screen
with the help of powerful graphics in BASIC,

4,5,2 QPERATING TIME CHARACTERISTICS

This is a plot between impedance and the operating time
of the relay.

Refer Fige 4.4 FACV = amplitude of voltage signal,
Z]1 = starting value of impedance (slightly higher than the set
value of impedance), STEPZ = decrement in Z1, OPTIME = operating
time of relay, Samples are calculated for a fixed value ?f curr-
ent amplitude and stored in an array, The starting impedance
(21) is chosen slightly larger than the relay setting, Line ang-
le, THETA is fixed around the actual ° ' angle of the line. Sam=~
ples for voltage signal ( ZI x FACS = FACV) are calculated and
stored. Twenty to thirty cycles of the test signals (number of
cycles decided by the OPTIME of relay) are generated at the DAC
outputs and applied to the operating and restraining I/Ps of the
relay. The relay 0/P is continuously monitored, A valid trip
is registered only if the'O/P remains high for a minimum period
of 5 milliseconds, (Refer Fig. 3.5);- <o+ - o If the relay
does not operate, 21 is reduced by a small step = STEPZ, and the

whole process is repeated., On operation, the operating time is

-

(’"\ﬂ"\ ! s
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READ DATA

!

71

COMPUTE 20 SAMPLE FOR VPRE AND JPRE

) .
SET DCOFF =1
SET Z,
1

y
FACV=VPRE x Z4/( Zs+ Z4)
FACJ = VPRE / (Zg+ Z1)

!

COMPUTE 20 SAMPLES FOR FAULT VOLTAGE

'

COMPUTE 2000 SAMPLES FOR FAULT CURRENT

\

% SEND 20 CYCLES OF PREFAULT SIGNALS

SEND 100 CYCLES OF FAULT SIGNALS.
READ DIM CHANNEL CONTINUOUSLY

A

WAIT TILL ALL CYCLES ARE OVER

!

CALL SUBROUTINE ‘CHECKTRIP'’

Z1= Zy— STEPZ

DCOFF=DCOFF - STEPDC

PERCENTAGE OVERREACH=100x(Z1—-ZSET)/ ZSET
PERCENTAGE OVERREACH=100x DCOFF,

STORE THE VALUES

NO

YES

PLOT THE CHARACTERISTIC ON C.R.T. SCREEN

&

FIG. 4.6. TEST PROGRAMME FOR TRANSIENT OVERREACH CHARACTERISTIC OF

DISTANCE RELAYS
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calculated by finding the depth of array (array F ) at which
valid

a first high (?r a 1 [)1s registered. This depth gives the

' after ‘Lrip)
operating time in milliseconds, Same procedure is repeated for
different values of Z1, 80 as to obtain sufficient points on the

operating time characteristic (plotted between 2) and OPTIME),

4,5,3 TRANSIENT OVER-REACH CHARACTERISTIC

Refer Fig, 4.5 pts R = relay location, pt. F = fault
position, 4 = impedance seen for fault on adjacent line section,
Z1, = impedance of line to be protected, VFRE a prefault voltage
across the reiay. At the instant of fault occurrence the voltage

across the relay and the fault current are as follows:
(1) wv(t) = VPRE x 2/(Zs + Z) x Sin wt

(11) i(t) = (VPRE/Zs + 2) x Sin(wt + THETA) + DCOFF x VFRE/

(25 + 2) x o Ft/TINC)

Where TIMNC = time constant of transient decay, THEBA‘-
line anéle and the rest of the parameters hold the same meaning
as mentioned before, The relay has a tendency to over-reach
under thesé tiansient conditions, The degree of over-reach ls
domingted by the perCQntége of d.c, 0offset in the fault current
wave, The transient over-reach characferistic illustrates this

The relay is initially ‘subjected to”steady state prefault
signals, Current applied to the relay is very low, s.t. the relay
sees a very high impedance and remains in Operétive. DCOFF =
amount of d.c. offset in fault current, Zi = starting value of line
impedance, FACV = amplitude of voltage across the relay during

fault, FACJ = fault current, Zg = source 1hpedance of line,
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ZSET = relay setting, STEPDC = increment in DCOFF, STEPZ =
decrement in Z)., Twenty samples of prefault voltage and current
signals are stored in basic arrays, Typical values of TIMC,

25y and THETA are chosen, THETA is chosen eqpal‘to the actual
angle of the line., Two thousand samples of fault current and
twenty samples of fault voltage are calculated and stored, After
the computations are over, the prefault signals (voltage and
current) are applied for a sufficlently long time (20 - 30 cycles).
The fault conditions are simulated by suddenly applying the fault
current and voltage signals (i.e, as soon as the prefault cycles
are over)., The relay O/P is continuously monitored for a valid
trip (as explained in sec. 4.5.2). 1If the relay does not operate,
the 2] parameter is reduced by a small factor, This is a sim-
ulation of a fault occurring on the adjacent line comparitively
¢loser to the relay location, than before. The process is repe-
ated, till the maximum value of Zl at which relay Jjust operates,
is obtained.,

The following quantities are computed and stored in an

arrays
(a) Percentage over-reach = (21 - ZSET)/ZSET x 100
(v) Percentage D.C, offset = DCOFF x 100

. The test run isrepmted for more values of DCOFF and qua-
ntities in (a) and (b) calculated for each value of DCOFF. Finally,
using GRAPHICS in BASIC, a graph is plotted between percentage

D.C. offset (on X = axis) and percentage over-reach (on Y~axis).

»



READ DATA
! -

COMPUTE 20 SAMPLES FOR VPRE AND JPRE

SET THETA=0
F -t

]

SET 21
MODIFY TIMC IN PROPORTION TO TAN (THETA)

-
P

FACV = VPRE X 21/ (Zg+ 2y)
FACJ = VPRE/ (Zg+ Z1)

COMPUTE 20 SAMPLES FOR FAULT VOLTAGE

COMPUTE 2000 SAMPLES FOR FAULT CURRENT

SEND 20 CYCLES OF PREFAULT SIGNALS

SEND 100 CYCLES OF FAULT SIGNALS
READ O'I M CHANNEL CONTINUOUSLY

9
WAIT TILL ALL CYCLES ARE OVER

\

21=2y)- STEPZ

CALL SUBROUTINE ‘CHECKTRIP?

NO RELAY

TRIPPED ?

COMPUTE Z¢x COS(THETA) AND Zyx SIN(THETA) AND STORE

NO

THETA >360°7

THETA=THETA+10

PLOT THE .CHARACTERISTIC ON C.R.T. SCREEN

FlG. 47. TEST PROGRAMME FOR DYNAMIC POLAR CHARACTERISTIC OF DISTANCE RELAYS
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+5e4 R=X DIAGRAM UNDER DYNAMIC CONODITIONS

Refer Fige. 4.7. The symbols mentioned in this flow-chart
ean the same as in Fige 4.6 (Refer Section 4.5.3). The test is
onducted for a single value of DCOFF. The fault conditions are
imulated Just as in case of the previous test, The Best starts
ﬁ THETA = O, Z3 is chosen larger than ZSET and the maximum value
£ impedance at whicp rélay Just operates is noted down, (The °
rocedure is same as explained in Section 4,5,3). Zj x Cos(THETA)
ndizi x Sin (THETA) are computed and stored in an array, THETA
s increased in steps of 10 degrees. For the next test run (at
n incremented value) of THETA, TIMC is modified in proportion to
AN(THETA). Samples for fault signals are ¢a1§ulated using equa-
ions (i) and (ii) (Section 4.5.3)., Finally the boundary line
haracteristic is obtained on the polar plane,
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4,6 'TESTING OF IMPEDANCE REIAYS

Impedance and admittance relays have been chosen as typical
examples of distance relays, for testing. The generalized test
programmes for distance relays have already beén explained in the .
previous sections, 'A basic impedance relay circuit (electronic)

has been tested under steady state and dynamic conditions.

4,6,)1 IMPEDANCE REIAY CIACUIT

\

The impedance relay circuit in Fig. 4.8 has been thoroughly
tested, The relay c¢ircuit mainly comprises of an amplitude com=~
parator, precision rectifiers and filters., As per the 9table in
Fig. 3,10 the voltage inputs to an amplitude comparator to obtain

impedance relay characteristics are as follows:

Operating quantity = I.ZR .

Restraining quantity = V

These signals are generated by PC and applied to the relay 1/pPs,
The signals a¥b then full wave rectified, filtered and then app-
lied to the . ;-inverting input of the amplitude comparator, The
0/P of the operational amplifier becomes high when the operating
quantity exceeds the restraining quantity. The 470 ohm resistor
at the O/P of the OPAMP is connected to convert the 16 vélt level
signa; into a T,T.L. signal, The value of the resistance is cho-
Tspecitications of the Digital Input Module (D.I.M.).

Refer Fig. 3,2 for rectifier circuit,

sen as per the
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Fig.4.10:STEADY STATE POLAR ‘ .
CHARAGTERISTIC OF IMPEDANCE RELAY. -
FACN=4, ZSET~1, FACJ-3, STEP-0.01
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L)

12
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OPERATING TIME {msecs)
.
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.
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' 0 1 1 ; 1 i

0 0.2 0.4 0.6 0.8
IMPEDANCE  (ohms )

Fig.4.11 : OPERATING TIME CHARACTERISTIC
OF IMPEDANCE RELAY. FACJ=4, 21-11, '
STEPZ=0.06, ZSET=1.
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Fig.4.12:TRANSIENT OVERREACH CHARACTERI-
STIC OF IMPEDANCE RELAY,.THETA=70, 21=1.4
VPRE=4, JPRE-0.5, TIMC=600ms, ZSET~1,
ZS=1, DCOFF =1, STEPDC =0 1, STEPZ = 0-01
1.6
+ X
1.0} LT "
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F19.4.18:DYNAMIC POLAR CHARACTEMISTIC
OF IMPEDANCE RELAY, 28-1, 78E 141, YPRE-4
JOTE0, 65, BTREZ-00), 795080, ordirBso.a;
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4.,6,2 TESTS CONDUCTED AND TEST RESUILTS

The following tests have been conducted on the impedahce
relay with its setting equal to one and the characteristics
obtained,

I, STATIC TESTS

(1) Steady State Polar Characteristic

The polar plot obtained is shown in Fig, 4,10, The points
lie on a circle with radius equal to unity (approx.). The centre
of the circle coincides with the origin,

(11) Operating Time Characteristic

The impedance versus operating time plot obtained for this
relay is shown in Fig., 4,11, The relay is of an instantaneous
type and therefore the operating time of the relay (in the operat-
ing region, i.e. when Z < 1) is found out to be equal to 7 milli-
seconds, When the relay just enters it’s operating region (from
restraining region), its operating timelis found to be higher,
i.e. equal to 12,m111iseconds.

II. DYNAMIC TESTS

() Transient Overreach Characteristic

The characteristic obtained is shown in Fig. 4.12, It is
observed that the percentage overreach increases as the percent-
age of d.c, offset in the fault current increases, becoming a

maximum of 36 percent for 100 percent d.c, offset.



(1) Dynamic Polar Characteristic

The @ynamic polar plot obtained for the impedance relay
circuit is shown in Fig. 4.13, A comparison of this character=-
istic with that under steady state conditions, clearly shows the
degree of overreach of the relay under dynamic conditions, The
points lie on a circle whose radius is larger than unity. The
test was conducted with 80 percent d.c., offset in the simulated

fault current.’
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4,7 TESTING OF ADMITTANCE REIAYS

The admittance relay circuit in Fig, 4.9 has been tho-
roughly tested under static and dynamic conditions, The gener-
- alized test programmes for testing have been already explained

in the previous sections,

4,7,1 ADMITTANCE REIAY CIRCUIT

A static admittance relay circuit shown in Fig.4.9 1is
made using an amplitude comparator with its voltage inputs as
per the table in Fig, 3.10

Operating quantity = I.2,
Restraining quantity = V = 1.2,

The difference signal is obtained with the help of an OPAMP

(IC 741) difference circuit, The a.c. signals are full wave
rectified and filtered and then applied to the amplitude compa-
rator, Precision rectifier and filter circuit shown in Fig. 3.2
is used. The relay O/P becomes high if |[I.Zy| exceeds lV-;I.ZRI.
A phase shifting circuit is incorporated to introduce a phase
shift in I.Z, thus getting a maximum sensitivity angle (M.S WAd)

of ¢/2 = Tan~l (=2nfRC).

Where ¢ = M,S.A,, £ = frequency, R = resistance connected
to the non-inverting I/P of the opamp as shown in Fig. 4.9
C = capacitor in the phase shifting circuit. Circuitry similar
to that used in the impedance relay circuit is used to convert
the 15 V O/P of OPAMP to a T,T.L, high signal (i.e. 5V).
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Fig.4.14: STEADY STATE POLAR CHARACTERI-
STIC OF MHO RELAY WITH M.S.A-0 DEGREE.
FACV=4, ZSET-1, FAGJ-1, STEP-0.1,

54

2.6 )
: + X

161

oF .

0.0|¢ S -

Fig.4.16 : STEADY STATE POLAR CHARACTER-
ISTIC OF MHO RELAY WITH M.S.A~70 DEGREES,
FACV=-4, ZSET=1, FACJU-1, STEP=-0.01.
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20,

16

/o OVERREACH

101

Fig.4.18 :TRANSIENT OVERREACH CHARACTER-
ISTIC OF MHO RELAY .THETA-70, 21-2.18,
VPRE=-4, JPRE=0.5, TIMC~500ms,ZSET~1.04,

zs=1, STEPDC=0.1, STEPZ=0.01.

80 100
°% D.C OFFSET

120

2.6 T x
20} o . .

161 : .

051

0'0 ‘ " LA -

Fig.4.17: DYNAMIC POLAR CHARACTERISTIC

OF MHO RELAY WITH M.S.A-70 DEGREES.Z8"1,
ZSET-1, VPRE=4, JPRE-0.6, DCOFF=-0.8.
Z1=2.2, STEPZ=0:01
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4,7.2 TESTS CONDUCTED AND TEST RESULTS

The rollowing tests have been conducted on the basic

admittance relay circuit shown in Fig. 4.9.

I. STATIC TESTS

(1) Steady State Polar Characteristic of MHO relay with
M.S.A, = zero degree '

The polar plot for this relay is shown in Fig. 4,14, The
phase shifting circuit in Fig. 4,9 is excluded to obtain MHO relay
characteristics with M,S.A, = 2ero degree. The M.S.A, (maximum
sensitivity angle) obtained from the plotted characteristic as |
well as the operating and the restraining regions are as expected
for this relay (i.e. as per ﬁhe design). The points lie on a cir=
c¢le which passes through the origin, ZSET = 1 approximately.

(11) Steady State Polar Characteristic of MHO Relay with
M,5.A, = 70 degrees
The circuit in Pig. 4.9 is tested wider steady state con-
ditions and the polar plot in Fig.‘h;lﬁ is obtained, The para=-
meters (M.S.,A, = 70, Z3ET = 1) for which the relay has been desi-
gned are reflected in the characteristic, The operating and
restraining regions also agree with the design of the relay.

II, DYNAMIC TESTS -

(1) Transient Overreach Characteristic of MHO relay with
MeSWsA. = 70 demrees

The obtained characteristic is shown in Rig. 4,16, It is
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observed that the percentage overreach increases, with increase
in percentage d.c, offset in the simulated fault current, It
has a maximum value equal to 8,14 percent at 100 percent d.c,
offgset. The dynamic behaviour of MHO relay is definitely better
than the impedance relay.

(44) Dynamic Polar Characteristic of MHO relay with

M.S.As = 70 degrees

The obtained polar characteristic for this relay is shown
in Fig. 4,17, The radius of the circular characteristic (on which
points lie) is slightly larger than that obtained under steady
state conditions, indicating the expected overreach of the relay,
The test was conducted with 80 percent d.c, offset in the simul-

ated fault current, }
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CHAPTER V

CONCLUSIONS AND EXTENSION OF WORK

Static and dynamic tests were conducted on various relays

and their operating parameters/characteristics obtained.

After conducting the tests with this computer supported
testing equipment, it was veélized that this automated apprbach
to testing is better than the conventional methods used, On
account of its high accuracy, elimination of human errors, sim-
plicity, speed and many other factors, it is fully Justified to
adopt this computerised approach to relay testing.

5.1 MERITS OF PREPARED AUTOMATED TEST EQUIPMENT

The merits of this computer supported test equipment are

mentioned below,

(1) This test equipment is much more accurate, reliable, devoid
of human errors and less expensive as compared to the conventional
methods. The conventional testing methods are quite complicated
and time consuming. Massive test benches having variable current/
voltage sources, autotransformers et¢, are used for relay testing.
| A mini power system is simulated ih the laboratory and the test~
ing is expensive and complex., Equipment used may deviate from

its prescribed accuracy, impairing the quality of testing.

As against this, a microcamputer with its immense progra-
mmable features and a minimum of hardware (DACs, DIM and inter-

facing circuitry) is sufficient to conduct tests on all relay



83

types. Different test benches are not required, a single equ-
1pmenx; with different software for different relays, serves
the purpose of testing various relays. Most of the automated
test eqpipmen€3 hardware is in the form of integrated circuitry
and therefore not likely to bg damaged frequently., There is

also less deterioration on aging,

Test programs, once written can be used to conduct any
number of tests, Manual intervention is minimum, Test readings
need not be taken down on paper and then records made, as in
case of conventional methods., The data/results/readings can be
easily stored on hard discs, floppies or other mass storage
devices, Human errors in measurement, parallax:removal, listing
of readings are completely eliminated in case of this prepared
test equipment, Regular maintenance and testing is required for
the conventional, test benches, whereas such maintenance is not

necessary in case of the designed test systen,

(14) This automated test equipment provides great flexibility
in testing. The relays can be tested under any simulated fault
conditions, Practically any signal waveform can be generated

on the computer and then applied to the relay, Library functions
to compute sine, cosine, exponential etc, are available in high
level languages. In case of the conventional methods, the expo-
nentially decaying fault current is simulated by the use of cir=-
cuit components (capacitances, resistances, inductances etc.).

The prepared computer based test system offers greater flexibility
and accuracy in waveform generation and is therefore a better

means to test the relay under actual fault conditions.
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e

- Secondary injection tests using test plugs, sockets etc,
are capable of applying sudden fault currents to the relay, but
the designed, automated test eéﬁipment easily provides the near
fault situations to the relay under test (by generating and
applying an exponentially decaying signal to the relay), thus
offaring higher aecuracy.-with added simplicity in testing.

(441) Plotting of relay characteristics is very simple and acce
urate in case of the designed test equipment, Graphics packages
like IOTUS, HPG etc, can be used, As against this, the test read-
ings have to be first taken down on paper and then the graphs/
haracteriat&cs prepared manually. Human errors are very likely

and also the procedure is qpite tedious and time consuming.

(4v) The computer memory or the mass storage devices can be

used to store tha test results in cas;'EE_EEe computer supported
testing procedure. This stored information may be retrieved any
time for future'use. Filing the test results in the conventional

approach to testing is a very tedious task,

(v)  The prepared A,T.E. helps in better relay design., The
relay can be tested for various fault situations that may arise
in the power system, The relay design can then be modified upon
unsatisfactory operation. Using the éonyéntional_methodé, the
procedure of obtéining the test results, plotting the character
istics and then again observing the results upon slight modifice
ation in design, would be a te&icus. complibated. time conaﬁming

and a less accurate process.
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Thus we conclude, that in view of the computational ability,
mass storage ability, and programming flexibility of the micro=
computer, the designed A.T.E. 18 better as compared to the conven-

tionals methods of testing used,

5.2 EXTENSION OF WORK

It is suggested that the following changes can be incor-

porated in the present system 80 as to make it still better,

(1) The prepared test system can test only single phace relays.
It may be easily extended to three phase relays, Two DAC (digital
to analog cénvefters) channels are. being used in testing single
phase relays, Four more DAC channels would be required for. three
phase relays, Present programs will have to be modified to gene

erate four more signals,

(114) Basic experimental, static relay circuits have been tested
by this system. The. test system can be extendéd to test electro=
mechanical relays by interposing high gain, high quality amplifiers
at the DAC 0/Ps,

(144) 1In the present test system, the analog signals are generated
by outputting digitized samples at a fixed rate to the DAC 0/P,
There is a little loss of test signal information in the sampling |
interval and the‘reconstructeg waveform is not a8 smooth sinusoid,
These test signals can be improved and made to closely resemble

a smooth sine wave by using low pass, activé filters at the O/P

of the DACs, '
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(iv) ’ The accuracy of testing would definitely improve if the
sampling rate is chosen higher than 1 millisecond, Presently,
a sampling rate of 1 millisecond is chosen and this amounts to
twenty samples per cycle. The test system is capable of a maxe-
imum sampling rate of 100 microseconds and this facility can be
used to improve the testing accuracy, Program for waverorm‘gan-
eration, calculation of samples, will have to be then slightly
modified, Two hundred samples per cycle will have to be calcul-

ated (by program instead of twenty per cycle).

(v) In the present test system, only the D.C, transient has been
incorporated in the test signal during dynamic conditions, simi-
larly an a.c. transient can also be very easily introduced in the
signals, Orily some modification in the sample caleulations and
waveform generation will have to be done, Harmonic distortions

can be incorporated in the test signals, especial}y for testing

the differential protection for transformers.

In fact any test waveform can be generated by sending

previously calculated, appropriate samples to the DAC I/P.

(vi) Frequency (over and under) have not beén tested, They can
very conveniently be tested with this test system. The program
will have to be slightly altered, Instead of incrementing/dec-
rementing the aﬁplitude of the test signal, the frequency will.
have to kept variéble and the samples calculated accordingly.



AE pendix A

The Data Acquisition System, manufactured by Keithley
Instruments Inc., used in this Automated test equipment is des-

cribed here,
’ /

SERIES 500

The series 500, as the company names it, is a system
which when 1nterfacéd to a compatible computer, forms a speedy
and efficient Data Acquisition System. At the heart of the
system 1s a fugged, aluminiun~cased card cage with ten slots for
the installation of I/0 modules. An interface card is placed
inside the computer to interface the external world with the
compﬁter. The two modules used in to prepare the test equipment
are (1) AOM2 i.e. the high resolution analog O/P module (ii) DIM
i.e. the Digital Input Module.

(1) Aom2

This module has 2 channels of analog O/P. Each channel
has a separate D/A converter, The 7output characteristics of

this module are given below,

Output Channels ¢ Two

Output Rangas (switch selectable for each channel)t
4+ 10V, 0 to + 10V.

Resolution 3 16 bits

Non-linearity t ¢ 0,003 percent of full scale.

Output Impedance st 0,1 ohm.,



load Characteristics ¢ 2K ohm minimum, 1000 pf maximum,
short circuit protected,
Slow Rate ¢ 20 microseconds to 0,008 percent of full

scale transition.

(11)  D.I.M.

 This module provides 16 channels of digital input with
resistor programmable thresholds from +5 to 28V, As shipped,
the module is provided for T.T.L., inputs, Bach channel can be
optically isolated from system circuitry and other input chaannels,
The settling time of the isqlation circuit is 5 micro-seconds,
aliowing sampling of high speed digital inputs. Optical isolat-
ors are the primary components of the module, providing isolated
digital sensing for 16 channels. Each isolator contains an inter=
nal transmitting LED (driven by the I/P signal) and a receiving

phototransistor,

The DIM®s specifications are given below:

Input Channels ¢ 16

Input Characteristics &+ TTL compatible \ .
Technique & Optical

Channel to Ground : SO0V peak maximum

Input Voltage ¢t Upto 28V maximum

External supply requirements: 5 to 28 Volts at 14 ma

per channel,
SOFT 500

This is a powerful software package for data acquisition



written for the Kelthley series 500 system, It is an extension

of BASIC., The Soft 500 commands can be cglled directly from BASIC.
These are subroutimes written in assembly language, It is in
short a package which allows easy access to the series 500 Data

Acquisition hardware,

This is capable of background/foreground prbcessing. Pro-
grams written can access two levels of operationt foreground and
background. The foreground is the controlling BASIC programg. The
Background is a special Soft 500 environment, such that when cer-
tain commands (Soft 500) appear in the BASIC program, tasks are
set up in the background which proceed independently of the con-
trolling program. These commands are driven by the interrupt.
generatihg circuitry on the interface card, When the éoft 500
command CALL INTON (i.e. interrupts on) is issued, the hardware’s
interval timers begin to generate requests for interrupts at
an interval specified in the CALL INTON?s parameter 1iséi Bach
time an interrupt occurs, the processor jumps from the foreground

(L.e. the BASIC program) to the pending background tasks.

Commands like CALL ANOUT are available to select channel
number, sampling rate and number of times the function has to be
repeated, More details of the software used can be obtained‘trom

the manual mentioned in Reference number 7.
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APPENDIX B

EM : program for operating value detection of 1nstantaneous
ervoltage relay.
EM : DATA : FACJ=initial amlitude of operating qty, STEFF=
rement in FACJ. ) ‘
DIM X(20) ,F{1000)
PI#=3.141592654#%# : FACJI=3 : STEFF=.01

T=0 '

FOR I=1 TO 20

X{I)=FACI*SIN(2¥FI#%SQ*T*.0@1)

T=T+1, '

NEXT 1
CALL INIT
CALL ARMAKE' ("ovrvolZ",20.@,"ch@d")

CALL ARPUT ("ovrvol%Z",1.0,20.8,"ch@0",1,%x,@)

CALL ANOUT' ("ovrvolZ","ch@@",1,20,"wgo")

CALL DIGIN' ("chek&",20.8,"chtrip",1,1,"wgo")

CALL ANOUT'’ ("ovrvolZ%Z","cho@",1,20,"bt")

CALL GO’ {("wbt")

CALL INTON'(1,"mil"™)
E=2000

B=RB-1

IF B<:*@ THEN 160 ELSE 180
CALL ARGET ("che?&",l 2,20.0,"chtrip”",1,f)
CALL INIT

FOR Jd=1 T4 16

SuUM=0

FOR I=J TO J+4

SUM=8UM+F (1)

NEXT I ,

IF SUM=5 THEN 290 ELSE 260
NEXT J°

FACJI=FACJ+S5TEPF

IF FACJ>10 THEN 310 ELSE 20
OFTIM=1+1

PRINT "relay has trlpped” "I="3FACI;",";"optime=";0PTIM
END :



1 REM : program for operating time characteristic of definite

time delay overvoltage relay.

2 REM : DATA : FACJ=initial amlitude if operating qty,

increment in FACJ.

10
18
16
20
30
S0
60
70
80
90

100
1io
120

128

DIM X (2@ ,F (100@) ,Z (300)
FI#=3.141592654% : FACJ=5 : STEFF=.0

SUES=~1
T=0
FOR I=1 TO 20

X(I)=FACI*SIN(2*%PI1#*S0O*T*.001)
T=T+1 '
NEXT I
CALL INIT
CALL ARMAKE ' ("ovrvolZ4",20.0,"ch2d")
CALL ARFPUT ' ("ovrvol’%",1.0,20.08,"chdo",1,%,0)
CALL ANOUT ' ("ovrvolZ","chd",1,103, "wgo")
CALL DIGIN' {("chek&",2000.0,"chtrip",18,1,"wgo")
CALL ANOUT ' ("ovrvoli","ch2d",1,25,"bt")

130 CALL GO’ ("bt™)

140 CALL INTON' (1,"mil")

150 E=2000

160 E=E-1

170 IF B<:@ THEN 16@ ELSE 18@ _

180 CALL ARGET'("chek&",1.0,200.0,"chtrip",1,f)
190 CALL INIT ‘ .

200 FOR J=1 TO 196
212 sumM=0

22

238
240

250

FOR I=J TO J+4
SUM=8UM+F (1)

NEXT I ‘

IF SUM=5 THEN 290 ELSE 260

268 NEXT J

270
290
300

FACJ=FACJ+.01 : GOTO 20
OPTIM=(I+1)%10
FRINT "relay has tripped","i=“;FACJ;“,";"Dptime="

;OPTIM; "msecs”

. 310

SUBRS=8URS+2

320 Z (SUBS) =FACJ

3350

Z (SUBS+1)=0PTIM

340 FACJI=FACI+.O

350

IF FACJ<1@ THEN 20 ELSE 370

390 SCREEN 9 : COLOR 4
420 SCREEN 0,0,0

410

SCREEN 9 : COLOR 4

420 LINE (10,19@)-(10,10) : LINE (10,190)-(320,19@)
43@ FOR I=1 TO SUBS : '
440 XCORZ=10+(Z(I)*15)+1@

450 YCORYZ=19@-(Z(I+1)*9.000081E-02)

460 FSET (XCOR%Z,YCORYZ) 415

470
480

NEXT 1

FRINT"operating time characteristic of overvoltage relay

with definite time delay"
490 BF=INFUT$(1)

S@0 SCREEN ©0,0,0

51@ END ‘



1 REM : program for operating characteristic of biased
differential relay.

2 REM =+ DATA : FACO= initial value of operating qty, STEFO=
increment in FACO, STEPR= increment in restraining qgty.

1@ DIM X<(20,2), Y(um) F(100)

11
20
25
30
49
50
60
70
90

100
110
120
130
135
136
137
150
160
170
175
180
185
190
195
200
211
212

225

230

24@
50

”55

260
262
264
263
278
280
290
310
\.u.m
350
340
IS0
360
490
500
510

CAL.L INIT

FACR=@ : FACO=.01 : STEPO=.01 : STEPR= .5
SUBS=~1

T=0 : SUES=SUBS+2 : (C=1

FOR I=1 TO 20
X(I,2)=FACR*¥SIN(2%3.1415924654#%50%xT*,001)
T=T+1

NEXT 1

T=0

FOR I=1 TO 20

X(1,1)=FACO *SIN(2%3.14%50%T*.001)

T=T+1

NEXT I

IF C=1 THEN 136 ELSE 137

CY%Z=100 : GOTO 150

CY%=10 : GOTO 150

CALL ARMAKE ‘ ("difftim%Z",20.0,"ch@®,ch@1")

CALL ARPUT'("difftimZ",1.0,20.0,"ch@1",2,x,0)

CALL ARPUT ' ("difftim%",1.2,20.0,"ch@d",1,%,® :
CALL DIGIN' (“chek&",20.0, "chtrlp“,l 1," wgo"'“stat")
CALL ANOUT ' ("difftim%" "chmm ch@1",1,10,"wgo")

_CALL ANOUT ‘' ("difftim%","ch0@ Ch.l”,l,cyz,“bt")

CALL GO’ ("wbt™)

CALL INTON'(1,"mil")

E=2000

B=R-1

IF B<>@ THEN 211 ELSE 225

CALL ARGET ' ("chek%",1.0,20.08,"chtrip",1,f)
CALL INIT

FOR J=1 TO 16

SUM=0

FOR I=J TO J+4

SUM=5UM+F (I)
NEXT I
IF SUM=5 THEN 310 ELSE 265

NEXT J

FACO=FACO+STEFO : C
IF FACO=10 THEN 350
6GOTO 90

PRINT"relay has tripped" : PRINT “I(op)—".FACO,"I(res)f";FACR

Y (SUBS)=FACO : Y(SUBS+1)=FACR
FACR=FACR+STEFR '

IF FACR>1® THEN 350 EL.SE 30
FRINT"press any key to continue"’
BE=INPUT$(1)

SCREEN 9 : COLOR 4

LINE (10,150)~-(310,150)

LINE (10,15@)-(10,10)



11 FOR IX=39 TO 300 STEF 29
912 LINE (IX,15@0)-(IX,146)
H13 NEXT IX

514 FOR 1IY=15 TO 105 STEFP 40
915 LINE(1@,1Y)-(14,1Y)

516 NEXT 1v

5280 FOR I=1 TO SUBS STEP 2
538 XCORZ=(Y(I+1)%29)+10

540 YCORYZ=1Z0-INT(Y(I)*4%)
5580 PSET (XCORYZ,YCORZ) 415
560 NEXT I

570 LOCATE 1,1 : PRINT"differential relay charecteristic"
©80 END



1 REM : program for operating time characteristic of differentizl

rel
2R
FAC
18
11
20
Z0
40
S50
b0
7@
86
120
130
140
150
160
17@
180
190
200
211
212
213
214
215
216
217
218

225

226
229
230
231
232

233

234

238

- Z00
310
320
321
322
340
350
360
370
=89
390
420
410
420

ay.
EM : DATA ¢ FACR= fixed value of restraining vol,

O= initial value of current, 8TEFO= increment in FACO.
DIM X(20,2),Z(300) ,F(108),C{108)
CALL INIT
PI#=3,1415926544% :FACR!=5 : STEPD=.5 : FACO=.9
T=0
FOR I=1 TD 20

X(I,2)= FACR!*BIN(Z*PI# *5O*xT*x.001+(THETA*(PI#/18@)))
T=T+1 ’
NEXT 1
SUBS=-1
T=0
FOR I=1 TO 20
X(I,1)=FACO!'*SIN(2*PI#*xS50%*T*.001)
T=T+1
NEXT 1
CYZ=100
CALL ARMAKE "' ("im4",20.0,"chB@,ch®1i")
CALL ARPUT ("im%",1.0,20.0,"ch®1",2,%,0) "
CALL ARPUT ("im¥",1.0,20.0,"ch00",1,%,8)
CALL DIGIN' ("chek&",20.0,"chtrip",1,1,"wgo”,"stat”)
CALL ANOUT  ("im¥i","ch@@,ch®1",1,20,"wgo") - .
CALL ANOUT ' ("im%","ch@@,ch®1",1,cy’%Z,"bt")
CALL B8O ("wbt") ' .
CALL INTON {(1,"mil™)
E=2000
B=H~1 :
IF B<*@ THEN 217 ELSE 225
CALL ARGET ' ("chek&",1.0,20.0,"chtrip",1,f)
CALL INIT
FOR J=1 TO 16
SUM=0
FOR I=J3 TO J+4
SUM=SUM+F (1)
NEXT I
IF SUM=5 THEN 320 ELSE 23S
NEXT J
FACO=FACO+.21
GOTO 1Z2@
OPTIM=I+1
FRINT "relay has tripped", "I(op)=";FACO;","; "OPTIME=";0PTIM
SUBS=SUBS+2 :
Z (SUBS) =FACO
Z (SUBS+1)=0FTIM
FACO=FACO+STEFO
IF FACO>10 THEN 389 ELSE 120
FRINT "press any key" : EB$=INPUT$(1)
FOR I=1 TO SUBS STEP 2 :
PRINT I,Z(I1),Z(I+1)
NEXT I

PRINT "press any key to continue"



425 BF=INFUT#(1)
30 SCREEN 9 : COLOR 4
440 LINE (10,1983)-(10,18) : LINE (18,190)-(320,190)
458 FOR I=1 TO SUBS STEF 2
00 XCORZ=(Z(I1)*15)+1@
910 YCORZ=19@-(Z(1+1) %¥9)
320 PSET (XCORY,YCORZ) ,15
930 NEXT I .
540 LOCATE 1,1 : PRINT"operating time characteristic of
differential relay"
2945 FPRINT "press any key to end"
90 BE=INPUT$(1)
560 SCREEN 0,0,0
600 END :



1 REM : program for operating characteristic of directional relays.
2 REM : DATA : FACV=amplitude of voltage, FACJI=initial amplitude

of
10
11
20
30
40
1]
60
70
80
90

100
120
130
140
150
160
165
166
167
180
190
200
211
212
213
214
215
216
217
218

225

26
229
230
231

current, 8TEFF= increment in FACJ, ISET = relay setting.
DIM X(2@8,2),AMF(Z00) ,F(100) : : o
CALL INIT .
FI#=3.1415926544 :FACV!=4 : ZSET=1 : STEPF=.001 : FACJ=.01
T=0
FOR I=1 TO 20 .
X(I,1)= FACV!*SIN(2%¥FI# *S50%Tx*.001)
T=T+1
NEXT 1
SUBES=-1
THETA=0
FACJ!=.01 : C=1
T=0
FOR I=1 TO 20
X(1,2)=28ET*FACI ' ¥SIN(2*PI#*xS0*T*. D01+(THETA*(PI#/182)))
T=T+1
NEXT I
IF C=1 THEN 166 ELSE 167
CYZ=100 : GOTO 180
Cy7Z=20 : GOTO 160 '
CALL ARMAKE (“im/“ 20.3,"ch@@,ch@1™)
CALL ARPUT ‘ ("im% 1 m,‘m a2, "chml" 1,%,@)
CALL ARPUT ("1m/",1 0,20. Q,"ch@@',2,x,m)
CALL DIGIN' ("chek&",20.0,"chtrip",1,1,"wgo","stat")
CALL ANDOUT ("im%","ch@@,ch@1",1,20, "wgo") '
CALL ANDUT ("im%","ch@@,ch®1",1,cy%,"bt")
CALL GO’ ("wbt™)
CALL INTON (1,"mil")
=2000
B=Rg-1 ‘
IF B<>@ THEN 217 ELSE 225
CALL ARGET' ("chek&",1. B,LB @,"chtrip",1,4)
CALL INIT
FOR J=1 TO 1&
SUM=0 .
FOR I=J TO 3*4

232 SUM=SUM+F(])

~

~

L33 NEXT I
34 IF SUM=5 THEN. 320 ELSE 235
‘uS NEXT J

300 FACJ'!'=FACJI'!'+STEFF : C=C+1
310 IF FQCJ“II THEN S60 ELSE 120
320 PRINT "relay has tripped", "I="3sFACI " “'"THETA*“.THETA

321

SURS=8UBRS+2

340 AMP(SUBS)~FQCJ'*CDS(THETA*(PI#/lBE))

350
395
- 360
361
362

370

AMP (SUBS+1) =FACJ ! *SIN(THETA* (FI1#/180))
IF THETA<9® THEN 360 ELSE 361
THETA=THETA+1@ : C=1 : GOTO 120

IF THETA=90 THEN 370

THETA=THETA-10@ :C=1 : IF THETA=270 THEN 390 ELSE 120
THETA=36@: C=1 : GOTD 100



390
400
410
420
425
430
440
450
S00
510
w20
93

540
S44
o945
546
S50
560
570

FOR I=1 TO SURS STEP 2 ' !
PRINT"i cos="3;AMP(I),"i sin=";AMP (I+1)

NEXT 1 -

FRINT “press any key to continue"

BE=INFUT$(1)

SCREEN 9 : COLOR 4

LINE (20,100)-(320,10@) : LINE (160,190)-(1460,10)
FOR I=1 TO SUBS STEP 2

XCORZ=(AMF (1) ¥750) +160
YCORZ=12@— (AMP (I1+1) #188% (200/328) )

FSET (XCOR%,YCOR%) 415

NEXT I v
LOCATE 1,1 : PRINT"DIRECTIONAL RELAY CHARACTERISTIC"
FRINT "press any key to end"

EB¥=INFUT# (1)

SCREEN ©,2,0

END

FRINT "relay restrained for THETA="3;THETA

GOTO 35S



1 REM :program for steady state polar characteristic of
distance relays.
2?2 REM : DATA : FACV=amplitude of voltage, FACJI=initial
amplitude of current.
3 REM : DATA : STEPF= increment in FACJ, ISET= relay setting.
10 DIM X(20,2),2(308) ,F(100)
11 CALL INIT
20 FPl#=3.1415926548 :FACV'=4 : ZGET=1 : STEPF=.01
I8 T=0 )
40 FOR I=1 TO 20
50 X(I,1)= FACV!*SIN(Z2*FI# *50*Tx,.001)
b0 T=T+1
70 NEXT I
80 SURS=-1
9@ THETA=0
100 FACJI!=1
120 T=0
170 FOR I=1 TO 20
140 X(1,2)= ZSET*FACJ‘*SIN(”*PI#*S@*T* D1+ (THETA* (PI#/180)))
150 T~T+1
160 NEXT I ' '
165 IF FACJ'=1 THEN 166 ELSE 167
166 CYZ=100 : GOTO 180
167 CY%Z=20 : GOTO 180
18@ CALL ARMAKE ("imi" ,20.0,"chBd,ch@1")
19@ CALL ARFUT ("im%",1.0,20.0,"ch@1",1,%x,®)
200 CALL ARPUT " ("im4",1.0,20.0,"chd@",2,%,@)
211 CALL DIGIN' ("chek%",20.0,"chtrip",1,1,"wgo","stat")
212 CALL ANOUT ("im%i","ch@@,ch®1",1,20,"wgo")
213 CALL ANOUT " ("imi" ,"ch@B,ch®1",1,cy%Z,"bt")
214 CALL GO’ {"wbt"™)
215 CALL INTON'(1,"mil'")
216 E=2000
217 B=R-1
218 IF B<>B THEN 217 ELSE 224
224 CALL ARGET ' ("chek&",1.0,20.0,"chtrip",1,¥)
224 CALL INIT
26 FOR J=1 TO 16
227 SUM=0
228 FOR I=Jd TO J+4
229 SUM=SUM+F (I)
230 NEXT 1
231 IF SUM=35 THEN 320 ELSE 232
232 NEXT J
I8 FACJI!'=FACJI!'+STEFF
31@ IF FACJ!'!'>10 THEN 560 ELSE 120 '
320 IMFE!=(FACV!)/(FACJ!): PRINT "relay has tripped","I=";FACJ!';
"y M3 "THETA="3; THETAs ", "; "I="; IMPE! ‘
322 SUBS=SURS+2
340 Z(SUBS)-IMFE‘*COS(THETA*(PI#/lBD))
J50 Z(SUBS+1)=IMPE!'*SIN(THETA* (PI#/18@))
360 THETA=THETA+10
37@ IF THETA<Z60 THEN 10@ ELSE 390
39@ FOR I=1 TO SUBS STEF 2
408 PRINT"z cos="3;Z(I),"z sin="3;Z(I+1)
410 NEXT I -
420 FPRINT "press any key to continue”
425 BF=INPUTS$ (1)



430
440
450
460
478
220
930

54@

SCREEN 9 : COLOR 4

LINE (20,100)-(320,100) : LINE (160,190)-(160,10)

FOR I=1 TO SURS STEF 2

XCOR%=(Z (1) %*8@) +160

YCORZ=1U0—~ (2 (1+1) #0» (20V/320))

FSET (XCOR%Z,YCOR%) ,15

NEXT I .

LOCATE 1,1 : PRINT "steady state polar characteristic

of distance relay"

S5e
268
S70

END
PRINT"relay restrained for THETA=";THETA
GOTO 360



1 REM : program for operating time characteristic of distance relays.
2 REM : DATA : FACJ= fixed value of current amplitude, Z=initial
value of impedance, STEPZI= decrement in Z, ZISET= relay setting.
10 DIM X(20,2),Z(3080) ,F(1020)
11 CALL INIT '
20 PI#=3,1415926544% :FACJI!'=4 : IBET=1 : THETA=70 : STEFPZ=.0S
30 T=0 ' :
49 FOR I=1 TOQ 20
50 X(I1,2)= ZSET*#FACJ!*SIN(2#PI# *SO0%xT*.001+(THETA*(PI#/18@)))
6@ T=T+1
7@ NEXT I
80 SURS=-
90 I=1.1
108 FACV!=Z*FACJ!
120 T=0
1306 FOR I=1 TO 20
140 X(I,1)=FACV!*SIN(2%PI#x58%T*.001)
150 T=T+1
160 NEXT I
170 CY/=100
180 CALL ARMAKE' ("im%Z",20.0,"ch@B@,ch@1")
190 CALL ARPUT " ("im%",1.0,20.0,"ch®1",1,%,®
200 CALL ARFUT " ("im%",1.0,20.0,"ch@@" ,2,%x,@)
211 CALL DIGIN' ("chek&" ,20.8,"chtrip",! 1, 'wgo", "egtat")
212 CALL ANOUT'(“imV","chQ@ ch@i", 1, 20,"wgo")
213 CALL ANOUT (“1m%“,"ch@@,qh01 s1,ey4,"bE")
214 CALL GD’ ("wbt')
215 CALL INTON'(1,"mil")
216 EB=2000
217 B=B-1
218 IF B<>@ THEN 217 ELSE 225 ,
225 CALL ARGET ' ("chek&",1.0,20.0,"chtrip",1,f)
226 CALL INIT ’
229 FOR J=1 TO 16
238 sumM=0
231 FOR I=J TO J+4
232 SUM=SUM+F (1)
233 NEXT I
34 IF SUM=5 THEN 320 ELSE 235
235 NEXT J :
300 Z=Z1-.01
310 GOTO 106

, 32@ OFTIM=I+1"

422 SUBS=SUBS+2

340 Z(SUBS)=Z

IS0 Z(SUBS+1)=0PTIM _

360 7=1-STEFZ o *

37@ IF 2<{® THEN 389 ELSE 100

389 PRINT "press any key" : B$=INPUT$ (1)

390 FOR I=1 TO SUBS STEF 2

ABD PRINT 1,Z(1),Z(I+1)

410 NEXT I

420 PRINT "press any key to continue"

425 B$=INPUT$(1) B ‘
43Q SCREEN 9 : COLOR 4 » o
440 LINE (10,19@)-(10,1@) : LINE (18,190)-(320,19®) /
450 FOR I=1 TO SUES STEP 2 ' :

SO0 XCORZ=(Z(I)*150)+10

510 YCOR%Z=190-(Z(I+1)%9)

21 PRINT "relay has tripped","Z=";Z;", "'”OPTIMEz“;OPTIH



92

530
54@
545
S50
560
600

PSET (XCOR%Z,YCORZ) ,135 .

NEXT I

LOCATE 1,1 : PRINT"operating time characteristic of distance relays"
PRINT "press any key to end”

BF=INFUTH$(1)"

SCREEN ©,0,0

END



1 REM : program for transient overreach characteristic of distance relays.

2 REM : DATA : THETA=actual line angle, IS=source impedance, TIMC= deca

time constant of postfault current, ZSET=relay setting, VPRE=prefault vr

amplitude, JPRE=prefault cuwrent amplitude, Z=initial value of impedan

DCOFF=fixed dc

10 DIM X(28,2),VOLF(20) ,AMPF (4000) ,F (4000) ,D(1020) ‘

. 20 ISET=1 : VPRE=4 : JPRE=.5 : PI#=3.1415924654% : THETA=70: I5=1 : TIMC

:ZSET=1 : STEPDC=.1 : STEPZ=.01 : Z=1.4 : DCOFF=1

30 T=0 ’

40 FOR I=1 TO 20

S0 X(I,1)=VPRE*SIN(2%PI#*x5@%*T*.001)

60 X(I1,2)=ZSET*#JPRE*SIN(2*PI#*50%T*.201+ (THETA* (PI#/180)))

70 T=T+1

-. B0 NEXT I

81 SUBS=-1

110 FACV!=VFRE*(Z/(18+7))

120 FACJ!=VPRE/ (Z18+2)

138 T7=0

140 FOR I=1 TO 2000

180 TAU=-(T/TIMC) ’

160 AMPF (1) = ZSET*FACJ‘*SIN(”*PI#*SD*T* VO1+(THETA* (PI#/180)))+
(DCOFF*FACJI ' *EXP(TAL) ) .-

170 T=T+1 :

180 NEXT I

181 T=0

182 FOR I=1 TO 20

183 VOLF(I) FACV'*SIN(9*PI#*4E*T* Ba1)

184 T=T+1

185 NEXT I

190 CALL INIT

200 CALL ARMAKE ' ("preflti",20.0,"chBd,ch@1") , )
210 CALL ARMAKE' ("postvi",20.0,"ch@i") ’
214 CALL ARMAKE' ("posfjiZi",2000.0,"ch2d")

220 CALL ARPUT ("preflt’Z",1.0,20.0,"ch2@",2,%x,0)

238 CALL ARFUT  ("preflti",1.0,20.0,"ch®1",1,x,0)

24@ CALL ARFUT ' ("posfvi",1.0,20.0,"ch@1",1,vol+,®)

25@ CALL ARPUT ' ("posfj%",1.0,2000.0,"ch0d",1,ampf,d)

260 CALL DIBIN' ("chek&",2000.0,"chtrip”,1,1,"wgo"”,"stat")

270 CALL ANDUT ' ("posfvi","ch@1",1,100, "wgo") :

271 CALL ANDUT' ("posfjii","ch2@",1,1,"wge")

© 273 CALL ANDUT ' ("prefltZ","ch@®@,ch®1",1,20,"bt")

275 CALL GO ("wbt") , '

280 CALL INTON' (1,"mil™)

290 B=2000

300 B=g-1 °

310 IF B<>® THEN 300 ELSE 320

320 CALL ARGET' ("chek&",1.0,2000. B,“chtrzp" 1,%)

321 CALL INIT

330 FOR J=1 TO 19946

348 SUM=0

350 FOR I=J TO J+4

368 SUM= SUM+F(I)

370 NEXT I

380 IF SUM=S5 THEN 4502 ELSE 390

390 NEXT J

410 Z=I-STEFZ

420 GOTO 110

450 SUBS=SURS+2



4460 D(SUBS)=DCOFF*100

470 D{(SUBS+1)=((Z-ZS5ET)/ZSET) %100
480 PRINT "relay tripped”,"DCOFF=";D(SUBS);",";"VF="3;FACV;",";"IF=";FACJ
My MytZ="32Z3", "5 "OVVRCH=" 3D (SUBS+1) :
49¢ DCOFF=DCOFF-STEFDC

500 IF DCOFF < @ THEN 11@ ELSE S04

504 PRINT"press any key to continue'

505 BF=INPUT$(1)

506 CLS.

510 SCREEN 9 : COLOR 4

520 LINE (1@,19@)-(12,1@8) : LINE (10@,190)-(310,190)

538 FOR I=1 TO SUBS STEF 2

540 D(I)=1D0+INT(D(I) *3) .

S50 D(I+1)=190~INT(D(I+1)*1.8)

560 PSET (XCOR%,YCOR%) 415

978 NEXT I.

580 FRINT "transient overreach characteristic of distance relays"

590 BF=INFUT$(1)

595 SCREEN ©0,0,0

638 END '




1 REM : program for dynamic polar characteristic of distance relays

2 REM : data: IS=source impedance, IZIS5ET=relay setting,

VFRE=prefault voltage, JFPRE=prefault current, Z=initial value of impe-—-
dance, STEPZ=decrement in z, DCOFF=dc offset in post fault current.;
12 DIM 'X(20,2),VOLF (20) ,AMPF (4000) ,F (4000) ,D (100) :

20 ISET=1 : VPRE=4 : JPRE—.u : PI#—Q.141q9°6u4# H

7S6=1 : DCOFF=.8 : STEFZ=.01

24 SUES=-1
25 THETA=0
30 T=0

40 FOR I=1 TO 20

S0 X{(I,1)=VPRE*SIN(2*xPI#x50%Tx.001)

6@ X(I,2)=ZSET#IPRE*SIN(2%¥PI#%50%xT*. 001+ (THETA* (FPI#/18@)))
78 T= T+1

80 NEXT I

100 Z=1.26 @ GOSUR 900

110 FACV!=VFRE*(Z/(28+2))

120 FACJ!'=VFPRE/ (Z5+2Z)

130 T=0

140 FOR I=1 TO 2000

150 TAU=—(T/TIMC)

160 AMPF(I)= ZSET*FACJI'*SIN{(2*FI#*50%T*, D®1+(THETA*(PI#/18E)))+
(DCOFF*FACJ ' *EXP(TAU))

178 T=T+1

180 NEXT I

181 T=0 : :
182 FOR I=1 T0O 20 . .
183 VOLF (L) FACV'*SIN(”*PI#*QD*T* 201) '
184 T=T+1
185 NEXT I

190 CALL INIT

200 CALL ARMAKE  ("prefltiZ",20.0,"chdd®,ch@1")

210 CALL ARMAKE' ("posfvi",20.0,"ch@i")

211 CALL ARMAKE' ("posfjiZl",2000.0,"choo")

220 CALL ARPUT' ("preflt’",1.0,20.0,"ched", 2,%,8)

230 CALL ARPUT ("preflti",1. 0,20. 0,"chm1",1,x,a>

24Q@ CALL ARPUT " ("posfvi",1.0,20. @,"ch@1”,1,volf,d)

250 CALL ARPUT ("posfjii",1.0,2000. m,"chmm",i ampf 2)

260 CALL DIGIN'("chek&",zmmm.m,"chtrip",1,1,"wgo","stat")
270 CALL ANDUT'("posfv%","thmi",l,10@,"wgo")

271 CALL ANDUT' ("posfji","ch@®",1,1,"wgo™)

272 CALL ANDUT ' ("prefltZ","ch@®,ch®1",1,20,"bt")

2795 CALL GO’ ("wbt™)

28@ CALL INTON'(1,"mil")

290 B=2000

Z0@ p=R-1

31@ IF B<>@ THEN 300 ELSE 320

320 CALL ARBET' ("chek&",1.0,2000. 2,"chtrip",1,f)

321 CALL INIT

330 FOR J=1 TO 1996

340 SUM=0

350 FOR I=J TO J+4
360 SUM=SUM+F (1)

37@ NEXT I

3808 IF SUM=5 THEN 45@ ELSE 390

390 NEXT J



410 Z=7-STEFZ
420 GOTO 110 . ,
450 PRINT "relay tripped" ,"VF="3FACV! 3", "3 "IF="3FACI ;" "3 I="323
" ’ " : "THETA=" ; THETA )

4460 SURS=SURS+2

470 D(SUBS)=Z*COS(THETA*(PI#/180))

480 D(SUBS+1) =ZxSIN(THETA*(FI#/180))

490 THETA=THETA+10

S8 IF THETA>3I6D THEN S04 ELSE 38

oS24 PRINT"press any key to continue"

50% BHF=INPUT#$ (1)

506 CLS

510 SCREEN 9 : COLOR 4

920 LINE (20,100)-(320,100) : LINE (160,190)-(160,10)

530 FOR I=1 TO SUBS STEP 2

540 D(I)=16B+INT(D(I)*80) )

S50 D(I+1)=100-INT(D(I+1)*80%(200/320))

560 PSET (XCORY%Z,YCOR%Z) 415

578 NEXT 1

580 PRINT "dynamic polar characteristic for distance relays"
3590 BE=INPUT$ (1)

595 SCREEN 0,0,0 ’

63@ END ' '

900 IF (THETA=9@) OR (THETA=270) THEN 920

910 TIMC=((TAN(THETA) /(2%PI1#%*50) ) *1000) +500 : GOTO 93@

920 TIMC=525 ‘

P30 RETURN
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