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ABSTRACT:

An Automated Relay Testing System (ARTS) was the result of an effort to reduce relay malntenance
costs and yet improve system performance via Increased protective relay reliability, This goal was
realized by minimizing human error, executing more comprehensive tests and fmproving test documenta-
tion, The resultant system employs a combination of recent advances in microprocessor and |inear
electronics components,

INTRODUCT 1ON:

Aithough the concept of automated testing Is not new fo Industry, Its use by the utilities is Just
now beginning. The purpose of an automated relay test system s not to replace highly qualified
technicians with non-technical personnel, but rather Yo allow the maintenance force to become more
efficient and improve power system performance due ¥o more reliable protective relaying equipment,

A transition phase from the conventional techniques of relay testing fo new procedures, technician
skills, and equipment will be necessary, This transition must provide relay testing which makes the
results from existing testing methods consistent with the new methods,

The particular types of relays and kinds of tests applicable to automated testing will be
Investigated. Uses other than strict relay maintenance must be evalusted before determining the
true worth of such a system, The features of the Automated Relaying Test System developed by ldaho
Power Company will be discussed to illustrate the points mentioned above.

CONVENTIONAL RELAY TESTING:

Retays must be tested to insure that they operate when they should and not operate when they should
noti{ Tests should be Inciuded which check +the normal, as well as the abnormal,(??erafing cond i~
tions, Both the manufacturers and the user have responsibiiity for this testing. The manufac~-
turer's testing provides quality assurance to the user that his product meets the minimum publ ished
specltications, It Is always hoped that the manufacturer "factory tests” his relays but +his Is not
always to be assumed., Eguipment can be damaged due fo rough handiing during shipping or recelving.,

(2
There are four test objectives for the user to consider: )

t. Acceptance tests, These Include tests on the initial application of new relay products and
tests on each relay product received from the manufacturer. The latter type of testing is to
verify that the relay is functionally operational according to the manufacturer's specifica~
tions,

2, Relay instaliation tests, These fine tune the relay for their particular site application., A
more narrow range of voltages and/or current settings are used Yo verify that the relay will
operate correctiy. These fests are generally done In the fleld and inciude checking the
interconnection wiring, the CT and PT ratio settings, and the correct operation of all auxiliary
equipment and end apparatus,

3. Maintenance or functional tests, They ,are field tests done at regular intervals to verify the
relay’s ability to perform correctly, They are simliar to the installiation tests and are
designed to reveal any problems due to component deterloration. Both mechanical and electrical
checks should be used, Plant vibrations can loosen terminal screws, mounting hardware, tap
lugs, etc. Component deterioration usually results from contamination from dust, water or
chemicals. The vapors given off coating materials on components lInside the relay itself or
other nearby electrical equipment Is one source of chemical contamination. Smoke (industrial
and tobacco) Is another common source of contamination which corrodes the contacts and lowers
dielectric strength of Insulating materials, These tests should alse check the relay's abllity
to operate the end apparatus (breakers, reclosers, ground switches, etc), Wiring changes due to
station modification can, many times, render a relay useless and show up later as an expensive
or embarrassing mis-opsration,
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4, Repair tests. They are done after a defective relay has been fixed, it the repair is accom~
plished in the field, usually only iimited testing is performed. 1f the relay is repaired at a
maintenance faciliity, then more extensive tests can be used, The amount of testing depends
greatly on avallable time,

The number of different types of relays required for powsr system protection is impressive, Even
the same type of relay differs between manufacturers, Relay technicians must be equipped to main-
taln the majority of these types of relays. This means targe Investments In test equipment and
vehicles to transport this test equipment Yo the station. tn addi ion, the techniclian must have
test procedures to follow in order to work with all the different types of relays, With the advent
ot static (solld state) relays, test equipment such as storage osclllioscopes, logic clips, pulsers,
logic anslyzers and the |ike becomes a necessity, Relay maintenance is expensive,

L. J. Schultze's discussion in the Westinghouse publication "Applied Protective Re!aying"(Z) con-
siders the pitfalls of overtesting, He suggests that overtesting is not only expensive In terms of
manpower, but it also permits more opportunity for human error, As the equipment reliabitity in-
creases, the percentage of problems due to human error tends to increase, This causes malntenance
managers to consider lengthening the interval between routine inspections,

AUTOMATED RELAY TESTING:

Mr, Schultze's argument against overtesting Is difficult to dispute, It also happens to be one of
the best arguments for automated testing. The specific goals of Increasing relay reliabiility with
Hittle or no increase in manpower can be realized due to automation., More comprehensive testing can
be accompiished in the same or less time as manual testing and at tThe same +ime reduce human error
probiems., This wili be demonstrated later In this paper with an exampie relay test,

Testing of slectrical system protective relays Is well sulted to automation because most types of
relays fall into one of three categories:

i, Large numbers of one type of equipment must be tested.

2, One type of equipment must be tested numerous times.

3, The test procedure for the equipment Is compiex and s subject to frequent opportunities for
human error,

It Is not true that the relay techniclan is elminated by automated testing. The responsibility for
adjusting voltages and currents as weli as their phase relationship Is given to the ARTS which
executes the test. Automated testing removes the varlac, pofenfiomefers(fpd stop watches from the
technicians hand to allow him fo better evaluate the results of the test,

Automated testing is particularly applicable to the repeating of a specified set of instructions,
Human error 1s minimized when the users Involvement with The test Is also minimized, This would
tend fo ilmit the ARTS to The acceptance and repair testing with some possible application fo
maintenance or functional testing, It the operator were permitted more Involvement in the test
procedure, an interactive program could be used, Here the operator would be given the opportunity
to specify the test parameters such as specific range voltages and/or currents and phases, The
interactive type programming would permit application fo all types of tests listed above at the
expense of increased risk of human error,

The operator would be responsible for the Intercomnection between the ARTS and the relay under test.
The ARTS can help to reduce the risk of human error in this process by being programmed Yo prompt
the operator as to the exact step by step sequence for proper connection, The prompting text need
not necessarily be restricted to "Put the wire from here fo there." type of rhetoric. The prompting
text can be used fo explain the purpose of the test, the results expected and suggestions of correc-
tive action if the test results are out of acceptable limits, In other words, the ARTS can be used
as a tutor,
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The tutorlial capabilities of the ARTS is usable by all levels of technicians., The entry level tech-
niclan can be irained with less supervision. The top level technlican can use the tralning capa-
bilities fo refresh him on units rarsly worked on. Technicians of all levels can be *ralned on
maintenance of new relay products,

Documentation of relay tests are complete and provide uniform presenfation of the test results when
using an automated relay fest system, There is no missing data or wrong data put into the form
because of misinterpretation of what data is being reguested. Not only are the ftest resulits
presented the same way, but the entlire test sequsnce is the same eaci. time a test Is run, This Is
necessary when correlating past test results for determining trends and evaluating relay long fime
per formance,

IDAHO POWER AUTOMATED RELAYING TEST SYSTEM:

In 1980, the first automated relay testing system was put into service in ldaho Power. This system
Is self-contalined except for the slectronic power amplifiers for which the Dobie F3D is used., This
first unit uses a 40 column printer, a single line fluorescent display and a full keyboard for the
man-machine Interface, The six 0 to & VYAC analog output signais are fed to the Doble F3D relay test
set for amplification to the 0 to 128 VAC or 0 to 16 amps AC., A relay operation is sensed by a
single Input to the system. The system can determine when a closed contact opens or when an open
contact closes, The test instructions are programmed into the system via the console keyboard using
the BASIC programming language. OGreat effort was used when writing the relay test programs to glive
very clear and precise Instructions to the operator who would be running the program, The relay
test programs are stored on cassette tapes,

When the decision was made about a year ago fo upgrade to ARTS 1l, consideration was glven fo
testing types of equipment other than protective relays alone, The upgraded system Is capable of
testing more types of relays., Flinally, the re~design is more rellable and easier for the operator
to use. The ARTS 1| specifications are listed in Appendix .

The system is made more reliable by replacing wire-wrap circult cards with high quality printed
circult cards, Modular design allows repair by circuit card replacement thus making repair easler.
(See Figure 1) Commercially produced circult boards are used wherever possible fo reduce develop-
ment time and repair costs.

The system allows the operator fo use a full size CRT terminal or hardcopy terminal, I+ is more
compact and |ighter, easing physical handling. The cassefte tapes are replaced with 5-inch floppy
disks for faster programming loading. Inputs to the ARTS allows dry contacts, TTL logic and 130VDC
inputs from the relay under test.

The testing capabliliity of the system Is expanded by adding an analog to digital converter for
testing Volts, Amps, Watt and Var Transducers, The output frequency is under computer control fo
allow testing over/under freguency relays,

BASIC 1s still used as the programming language because of its familiarity and ease of learning.
Additional assembler routines are added to speed execution and Improve relay operation timing
accuracy and make programming the BASIC routines easier,

SINE FUNCT{ON SYNTHESIZER:

The major difference between the ARTS i and any other microprocessor based computer is in the addi-~
tion of the programmable freguency generator and sine function synthesizer, Figure 2 is a block
diagram of the sine function synthesizer board, Six of the synthesizer boards are required to pro-
duce the three voltages and three current cutputs, The AC reference cliock which is derived from the
programmable frequency generator card is divided by 1800 using & chaln of programmable binary divid~
ers, The oufputs from the programmable dividers are then converted from a stralght binary sequence
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to a sine coded sequence via e conversion ROM and from there to the digital fo analog (D to A)
converter integrated circult, Since the division by 1800 is not an even power of 2, detection
hardware Is used to reset the dividers when the termination code of 1800 is sensed, This same
hardware provides a square wave feedback to the processor for signal potarity and zero crossing
detection, The programmabiiity of the dividers allows them to be Intialized at any count between O
and 1800, This corresponds fo a setting of fhe sine wave output phase between 0 and 360 degrees In
0.2 degree steps. The phase of a signal is meaningless unless it can be referenced, hence one
signal, usually designated as V1, Is initialized to 0. The two stage latching buffers allows the
phase data to be set on all syntheiszer cards first, Then by a singie command on the "sync* |line,
the new phase data Is +transferred into the programmable dividers simulataneously, The
synchronization of data transfer eliminates phase error due to finite time required for micro-
processor to execute the program code necessary to load ali of the six synthesizer cards with the
new data. The "sync" signal originates on the Vi reference channel card, and the "sync" is set for
the 0 degree crossing of this reference signal, The output level from the sine function synthesizer
D to A converter is controlled by the programmable attenuater, Here again, the double buffering
technique is employed to minimize sequence timing errors., The "sync" command occurring at the
refernce signal's zero crossing minimizes the discontinuities during amplitude ramping at constant
phase, An 8 bit D to A converter is used for the programmable attenuator, hence the minimum ouput
step Is defined by:

8
Vs = Vm/(2) = V¥m/256 Eq 1
letting Vm = 128 Vac Eq 2
then Vs = 128/256 = 0.5 VAC Eq 3

The output buffering, filtering, and amplification is provided by a single pole active fllter shown
in Figure 3,

COMPONENTS INTERNAL COMPONENTS EXTERNAL TO
TO D TO A CONVERTER | D TO A CONVERTER
Rfa l Rep
i VWA
c
, V4
AN
Rj
PROGRAMMAEBLE M ! =
ATTENUATOR ! 0—>> 6VAC
i MC1458 CUTPUT

* OPERATIONAL
! AMPLIFIER

Figure 3, AC Output Buffer-Amp!ifier~Low Pass Filter Schematic Diagram
The circuit in Figure 3 has a fransfer function:

1/RixC
His) = | I
s + 1/(Rfa + Rfb)xC Eq 4

Where "s" s the Laplacian operator,
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This can be mathematically manipulated into the form:

-1
H(s) = Av [ —2—— |  g(s) = tan = -(w/wo) Eq 5
S+ wo

For the values in Figure 3:
Ri = Rfa = 20K
Rfb = 28K
C = 0,0015 mfd, 1%

+hen Av = 2.4 wo = 1389 rad/sec or Fo = 2,21 KHZ

Earller efforf%g'o accomp! ish relay testing with computer synthesize signals also used a single pole
output filter, However, the output sampiing rate of 20 samples per cyclie was used. This re-
quires moving the single pole closer to the origin so that Fo = 159 Hz to filter out the harmonic

distortion., The Bode plot In Figure 4 shows that the later filter is unacceptable to holding the
amp!itude constant with varying frequency,
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Figure 4, Amplitude and Phase Response Curves
For a Filter at fo=159 Hz 8 fo=2,21 kHz

The harmonic levels of the 1800 samples per cycle output signal were measured by using a frequency

selective volt meter for 60 Hz and its first 4 harmonics, From the results of the measurements
shown in Figure 5, one can see that the need for filtering below 2,21 KHz Is not required.,
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Figure 5, Power Spectral Density for A,60 Hz,
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The 1800 sampies per cycle conversion rate serves two purposes. First, the phase of the signals can
be set in 0.2 degree increments, and second, the harmonic level Is sufficiently smail fo position
the single pole greater than 2 KHz, Thus the variations in amp!litude, with respect fo changes in
frequency, are small over the usabie 30 Hz to 300 Hz range of the synthesizer,

The total ARTS 11~F3D system frequency response is needed fo determine the usable freguency range.
The test configuration (see Figure 6) does not include the effects of electronic ampiifier burden
loading and, for this test, was assumed Yo be minimum, The resuits of this test, shown in Figure 7,
which plot volts and amps vs frequency, show the system |imitations due to The frequency response of
the Doble F3D electronic amplifiers,

PROGRAMMABLE FREQUENCY GENERATOR:
As mentioned In previous discussion of the sine function synthesizer, the frequency of the AC output
signal is a function of the AC reference clock generated on the programmable frequency generator

circuit card, The block diagram of this card, shown in Figure 8, depicts how a phase lock loop Is
used for frequency synthesization,
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Either one of two sources can be used for the 18 Hz frequency synthesizer reference. The: external

source uses nominally a
osclllator,

The phase of the 18 Hz reference signal
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with the scaled down (frequency divided) version of the voltage controlled osciilator (VCO) output,
When the PLL is "locked in", the frequency of the divided down output signal Is also 18 Hz, there-
fore the VCO output is a multiple of 18 Hz, this multiple is exactiy equal to the divider value
where the synthesized output frequency is defined by the equation:

F = Dx 1800 Eqg 6
out
where D Is the frequency divided value and F is the AC reference clock, To relate F ' to the
ou ou
frequency of the synthesized AC signal, F_, from the sine functloun synthesizer card, one must
divide the AC reference clock by 1800, or;

F = Dx18 Hz/1800 = D/100 Eq 7
ac

soiving for D required for a 60 Hz synthesized AC signal, solve Equation 7 for D and set Fac equal
to 60, hence;

D = Fac x 100 = 60 x 100 = 6000 Eg 8

The minimum frequency resciution, is found from Equation 7 by setting D to 1, and found to be 0,01
Hz, Practical limits for Fou and hence, Fac’ are dictated by the capture range of the phase lock
loop and have been determined to be approximately:

0,02 < F < 327 Hz ) 36 < F <(327x%1800) Eq 9
ac out

However, from Figure 6, one can see that the ARTS |I-F3D system is not capable of accurately cali~
brated outputs below 30 Hz, Outputs above 120 Hz are out of the tolerance of the + 0,5 VAC or
0.,0625 amp AC stated in the specifications listed in Appendix A,

One additional consideration must be given to phase lock loop frequency synthesization, that is the
change of frequency response with respect to time., The PLL control loop, shown in Figure 9, has a
transfer function:

Kv(l+a_s)
H(s) = 2 , Kv =A Ko Kd Eq 10
s +s(1+a Kv)/(a  + &) + Kv/(a + &)
2 i 2 1 2
REFERENCE  PCI PHASE LOW PASS veo
INPUT =3 COMPARATOR FILTER g CONTROL
SIGNAL Kd Fis) VOL TRGE
PC2
Ir 1 VOL TAGE
veo o | CONTROLLED
| DIVIDER ™| OSCILLATOR
| | Ko
K DIVIDER REQUIRED FOR FREQUENCY — Fs_;ggggflézyeo
SYNTHESIZATION ONLY. oUTPUT

Figure 9. Phase Lock Loop Transfer Function Block Diagram
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For this second order system, the natural frequency of osciliation is:

k4
i}

0
+
(Kv/(a1 az)} Eq 11’

and the damping factor is:

D =w x (a_+ 1/Kv)/2 Eq 12
f n 2

Where a and a_ are constants of the loop filter determined by RC *imu constants _in the VCO low pass
filter, Kv on the other hand, is a product of two non-1inear terms; Ko and Kd. Kd is the phase
detector gain factor in volts per radium, For iarge signal inputs, as in this application, Kd can
be assumed to be a constant, Ko, on the other hand, is a function of the VCO output frequency and
can only be assumed fo be constant over a very small range of frequencies as is shown in Figure 10,

360 1
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280
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240
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40

®© @ O & ¥ © @ O & w @
- =N
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N R T O O ©

o N ¢ ©
¢ ¢ & ¢ <
VCO Contrel Voltage - Volis

Figure 10, Phase Lock Loop VCO Conversion Ratio - ko

Both the natural loop frequency and the damping factor of equations 11 and 12 are dependent on Ko,
Therefore, the exact time to change from one frequency, fi1, to another, f2, is dependent upon the
final frequency, 2, and | f1 - f2 |,

Figure 11, which is the measured YCO control voltage, verifies that the fastest change in frequency
response will occur for small frequency changes at low frequencies, The values of a, and a_ in
Equations 11 and 12 were selected so that the damping factor was close fo unity for changes of a few
Hz close to 60 Hz fo allow the fastest response time, This was considered important for proper
testing of underfrequency load shedding relays,
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Figure 11, PLL Stepped Frequency Response Curve

EXAMPLE RELAY TEST PROGRAM:

The BASIC program to test a Westinghouse KD-11 distance retay listed in Appendix B, requires 8626
bytes of memory and takes 17 minutes to execute, The sub routines numbered 9000 and above provide a
standard assembler code interface package for setting the voltages and currents and their phase re=
lationships, The commoniy used "SCALL 8" instruction (see |ine 5400), initiates the "sync” command,
Note the amount of program dedicated to prompting. (This statement starts with the word PPRINTY,)

The results of running this test are |isted in Appendix C using the equipment test configuration of
Figure 12,

From page C-1, one can see the relay-F3D inferconnection instructions. This configur?gisg is based
on the Westinghouse IL 41-490C and the Doble F3 series Instruction Manual Appendix A, Instead
of using 2 or 3 voltages and 1 current, the automated test uses 2 voltages and 3 currents. Making
use of the phase relationships of Figure 13, no reconnection of wires Is required., Thus, the goal
of achieving minimum operator involvement to reduce the possibil ity of human error is achieved,

The operator is allowed to repeat all MTA (maximum forque angle) impedance tests to permit adjust-
ment of the relay for this check before continuing to the impedance circle test,
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Figure 12, KD-11 Test Equipment Configuration
Figure 14 Is a graphlical presentation of the data listed on pages C-% and C-6, Though the soffware
Is capable of producing this representation, this has not yet been done, The numerical values still

need to be recorded for long term studies to determine trends In relay performance.

FUTURE ARTS ENHANCEMENTS:

The next generation of relay test systems will be more compact with greater flexibility and capa-
bitity, As shown In the technical discussion on the sine functlion synthesizer, the AC output signal
is exfremely pure as compared to the AC signals that are typicaliy found on power systems, possibly
too pure, One could program the sine code conversion ROM in Figure 2 to Include harmonic distortion
to be more representative of a true power system, Another alternative Is to replace sine conversion
ROM with RAM memory, compute the conversion code for the harmonic distortion required, and load the
conversion RAM prior to the relay test.

The problem of generating DC offset in hardware is still to be addressed, Previous attempts at
automated relay testing incorporated DC offset by computing the instantaneous values of the fran-
sient sine wave and the steady sf?g§ sine wave offline and outputting these values to the D to A
converter for real time synthesis, A PDP 11/40 was required Yo provide the memory and CPU speed
necessary for this type of synthesis, Using a PDP 11/40 for the automatic relay test system CPU is
difficult fo justify and does not have the portabli!ity desired for field use. A hardware solution
that tessons the CPU burden while meeting the functional requirements of the transient DC offset Is
within the realm of technology today.

Future hardware advancements wiil ald In improving future automatic relay testing systems., A single
LS1 component which performs the sime functlion synthesization with programmable control of the
phase, amplitude, frequency, DC offset, and exponential decay rate would greatly reduce the system
cost, complexity, and physical size, Even more desirable are |lightweight electronic power amplifi-

Page 14



F3D Settings F3D Settings

VA = 30 /0° Vo= 30 /0°
VB = 30 /60° Vb= 105/82°
I; = 3.4 10 3.7 /-105° I,=29¢0 3.2 /-75°
I, =1.=0 I,= 2910 3.2 /l05°
13‘ (o]
i
‘Vcn
|
Qg J-30°
// _75‘,Q
VCB &60° k
Vea

a. 3 Phase Element Tests

b. Phase | fo 2 Test

F3D Seftings

Va = 105 /0°

Vb = 30 /82°

Ii = 0

Iz = 2.9 0 3.2 /-i73°
e Iz= 291032 /7°

VBA

¢. Phose 2 t0 3 Test

F3D Settings

Va = 105 /0°

= 105/16.5°

I, = 2910 3.2/157°
o}

Iz= 2.91t0 3.2 /23°

[
[
%

d. Phose 3 to | Test

Figure 13, Phase Representations used in KD~11 3 Phase and Phase to Phase Tests

ers. The constant current amplifier shouid be capabie of 150 watts and 30 amps to ald testing of

high burden electromechanical relays. The constant voltage amplifiers should be 50 watt, 0 to 150
VAC,

Documentation can be improved by using a disk or cassette +tape to record test data in the field or
In maintenance facitities, After a period of time, the disks or tapes would be sent into the
central office and loaded into the engineering computer for correlation studies and histrograms to
ald in determing periodic maintenance intervals,
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90°

90°
180° o° 180° + o°
a. 3 Phase Circle Test b. Phase | to 2 Clrcle Test
90° ) 90°
% |
HBOe + [0 18oe + G*
¢. Phase 2 to 3 Circle Test d. Phose 3 t0 | Circle Test

Figure 14, lwmpedance Circle Tests Results for A, 3 Phase,
B, Phase | to 2, C, Phase 2 to 3, and D, Phase 3 to 1

The automatic testing system presented here was designed fo meet The following specific goals:

i Increassed techniclan productivity.

2, lmproved relay testing documentation,

3, Standardized relay test procedures,

4 improved power system performance through increased projective relay rellability,

L

@

The philosophy of relay maintenance was examined to determine what kinds of tests could be done by
automated testing as well as what types of relays could be tested. Discussion on the sine function
synthesizer and programmable frequency generator explains some of the necessary elements for syn~
thesization, The KI-11 relay test example 1ilustrates the practability of the ARTS 1! system.

Great advances in automated testing can stili be made, Hardware can stiil be Improved To more
accurately stmulate The power system conditions which are seen by the protective relay.
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ANALOG OUTPRUT
Function Range

Vol tage
Va,Vb,Vc 0 to 128

Current
11,12,13 0 to 16

Frequency:
internal 10 to 300
Crystal
Reference

External 50 to 70
Reference

ANALOG INPUT

APPENDIX A

ARTS 1l System Specicfications*

Resolution Accuracy Units
0.5 0.5 YAC
0.0625 0.0625 Amps AC
0.01 0,0016 Hz
0,01 Function of Hz

External Source

Analog 0 to + 1,5 DC-MA 7.8 microamps + 7.8

microamps
Milllamp
Input

External Frequency Reference:

Relay Contact Sense:

Dry contact:
Yoltage input:

Pulse Accumulator Input:

SYSTEM 1/0

Range is 10 to 230 VAC 60 Hz + 10 Hz, Input Impedence greater than
10K ohms,

Resistance less than 50 ohms or TTL loglc level.

40-150 volts DC with input impedence of 10K ohm,

Counts per period equals O to 65536, dry contact impedence less than
50 ohms.

User Conscle: 1200 baud 7 bit, no parity, full or half duplex,
Printer: 300 baud, 7 bit, no parity, output oniy
Disk Drive: 5-1/4" double sided single density,

*The output speciflications are based on the use of a Doble F3D for the power amplifiers,

CPU SPECIFICAITONS:

CPU 8085
ROM 32K
RAM 32K

POWER REQUIREMENTS: 120 volt AC 75 watts maximum (not inctuding power amplifiers or CRT)



205
210
215
220
230
240
250
260
270
300
310
320
330
340
350
360
370
380
385
390
400
410
420
670
680
890
700
710
720
730
T40

APPENDIX B BASIC SOFTWARE FOR ARTS 11 TEST OF KD-11i RELAY

DIM Z3A015),23P1 156} ,Z12A1181,Z12P1151,Z23A1151,Z23P( 15)
DIM Z31A015),Z31P( 151 ,2AP115]),ZPP( 15)

GOSuUB
PRINT
INPUT
INPUT
INPUT
PRINT
PRINT
PRINT
PRINT
PRINT
GOsSuUB
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT

2600

: PRINT

: REM Zero all ocutputs.

"Relay test for KD-11 (0.75-20 ohm} distance relay.":PRINT

*Enter operator’s name® ;NAMES
"Enter todoay’s date® ;DATES
*Enter KD-11 style numbexr” ;NUMBS :PRINT

*I.

Relay settings: "

"A. Set the phase to phase and 3 phase tab blocks as follows:®

]

I. Set T,7TA,TB,TC to 5.8; L= 0.08, R= 0.03 L/R."
2. Set 8,5A,5C to 1.0."

* NOTE: These settings will not change for the duration of the test."®

9500
"I1.
"A.
“1.

#
]
#
&
#
w

2.

#
L]

"3.

#

PRINT *®

PRINT
PRINT

3 PHASE UNIT TESTS*
REACH TEST.*
Connect F3D Va polarity to KD-11 terminal 7, common to *
KD-11 terminal 8 and Vb polarity to terminal 9. Jumper KD-11"
terminals 14, 16 and 18 to F3D current common. Connect ARTS®
RED contact sense input to KD-11 terminal 1 and the BLACK to"
KD-11 terminals 4 and 6. Connect the F3D 11 output to KD-11*
terminal 13, 12 to 15 and I3 to 17. Connect the KDii"
terminal 12 to KD-11 terminal 19.*:GOSUB 9500

Turn F3D power on, set Vc/11 switch to I1.*
Set 11, I2 and I3 XX.X / X.XX range switch to XX.X.*

Turn Va, Vb, Ve, 11, 12 and I3 outputs on." : GOSUB 9500

The ARTS is programmed to apply the proper voltages and"
currents at the oppropiate magnitudes and phases

to determine the reach. This reach should be about S ohms,"
(3.4 <= I1A <= 3.7 amps] for proper KD-11 relay operation.”
This test is ready to commence.':GOSUB 9500

V1A=30:V2A=30:V2P=60:G08UB 9000:5CALL 8
Al=1:A2=0:A3=0:P1=-30:P2=0:P3=0:ZNOM=5.0:G0SUB 4000

PRINT:

PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINTY

“1.
“2.

PRINT:PRINT *“B. 3 PHASE UNIT impedance circle test."

KD-11 relay connections and settings are to remain unchanged."®
The ARTS is programmed to determine the plot of the 3 phase"
unit impedance circle. The impedance will be found for points *
every 10 degrees starting at 5 degrees. The impedance is found®
by moving along a constant phase angle radii from a higher®
impedance to a lower by holding the voltage constant and*
increasing the current.®

Test is ready to commence.":GOSUB 9500:J=1

ViA=30:V2A=30:V2P=60:G08SUB 9000:SCALL 8
Al=1:A2=0:A3=0:P1=-30:P2=0:P3=0:G05UB 5000

FOR J=1 TO 16 :Z3P{JJ=ZPP{J:Z3A1J)=ZAPIJ):NEXT J
PRINT:PRINT:PRINT "I1I. PHASE TO PHASE FAULT TESTS:*

PRINT
PRINT

IIA‘
"1.

PHASE 1 TO PHASE 2 TESTS:*
Reach test:":608UB 9500

V1A=30:V2A=105:V2P=81.79:G05UB 9000:SCALL 8
Al=1:A2=1:A3=0:P1=0:P2=P1+180:P3=0:ZNOM=5.65:GOSUB 4000
PRINT:PRINT:PRINT "III.A.2 PHASE 1 TO 2 IMPEDANCE CIRCLE TESTS:

PRINT
PRINT

a.
]

The ARTS is programmed to calculate the data for an®
impedance circle plot. The MTA should be at 75 Deg. No*
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750
760
770
780
790
800
810
820
830
840
850
860
870
880
850
900
910
920
930
P40
9650
960
P70
980
1000
1005
1010
10620
1630
1040
1060
1060
1070
1080
1690
1100
1110
1120
1130
1140
1150
1160
1170
1180
1190
1200
1210
1220
5000
4010
4020

PRINT * operator action ieg required for this test.”:G08UB 9500:
ViA=30:V2A=105:V2P=81.79:6G0SUB 9000:SCALL 8
Al=1:A2=1:A3=0:P1=0:P2=P1+180:P3=0:G08SUB 5000
FOR T=1 TO 14:Z12A1T1=ZAPIT}:Z12P{T)=ZPP{T):NEXT T
PRINT:PRINT:PRINT *111.B.1 PHASE 2 TO PHASE 3 REACH TEST:":GOSUB 9500
V1A=105:V2A=30:V2P=81.79:G0SUB 9000:SCALL 8
Al=0:A2=1:A8=1:P1=0:P2=81.79-180:P3=P2+180:ZNOM=5.65:GOSUB 4000
PRINT:PRINT:PRINT *I1II1.B.2 PHASE 2 TO 3 IMPEDAWCE CIRCLE TEST:*
PRINT "a. This test is identical to Phase 1 tc¢ 2 impedance circle test.®
PRINT * All connections remain unchanged and no operator action is”
PRINT * required until prompted to do so.":GOSUB 9500
V1iA=105:V2A=30:V2P=81.79:G08UB 9000:SCALL 8
Al=0:A2=1:A3=1:P1=0:P2=81.79-180:P3=P2+180:60SUB 5000
FOR T=1 TO 14:Z23A1T1=ZAP(T1:Z23P{T)1=ZPPITI:NEXT T
PRINT:PRINT:PRINT "II1.C.1 PHASE 1 TO 3 REACH TEST:":G0SUB 9500
ViA=105:V2A=105:V2P=16. 47 :GOSUB 9000:SCALL 8
Al=1:A2=0:A3=1:P1=98.24-180:P2=0:P3=P1+180:ZNOM=5.65:GOSUB 4000
PRINT:PRINT:PRINT *I111.C.2 PHASE 1 TO PHASE 3 CIRCLE IMPEDANCE TESTS:*
PRINT "a. This test is identical to Phase 1 to 2 impedance circle test."”
PRINT * All connections remain unchanged and no operator action is®
PRINT * required until prompted to do so.":G0SUB 9500
ViA=105:V24=105:V2P=16.47 :GOSUB 9000:SCALL 8
Al=1:A2=0:A3=1:P1=98.24-180:P2=0:P3=P1+180:GOSUB 5000
FOR T=1 TO 14:Z31A(T1=ZAP{T}1:2Z31PIT)=ZPP{T):NEXT T

PRINT:PRINT "This concludes the KD-11 tests. Data summery as follows:*
GOSUB 9600:G0SUB 9500

PRINT:PRINT:PRINT:FOR 11=1 TO 72:PRINT "-"; :NEXT I1:PRINT "-*

PRINT "OPERATOR’S NAME:" ;NAMES$

PRINT "TEST DATE: *;DATES

PRINT "KD-11 STYLE #: ";NUMBS$

PRINT:PRINT:PRINT TAB(&);"IMPEDANCE TEST RESULTS:*:PRINT:PRINT

PRINT *Fault type";TAB(161;"Angle (Deg.)";TABI32);"Z (ohms}®

FOR I=1 TO 14 PRINT "3 PHASE";TAB(191;Z3P(1);TABI321;Z3A111:NEXT I
GOSUB 9500

PRINT "Fault type®";TABl16);"Angle (Deg. )";TABI32);"Z (ohms ¥ :PRINT
FOR I=1 TO 14:PRINT "Phase 1 to 2*;TAB{19};Z12P(1};TABI32);Z12A11)
NEXT 1:G08UB 9500

PRINT "Fault type*;TAB(161;“Angle (Deg. 1" ;TABI32);"Z (OHMS " : PRINT
FOR I=1 TO 14:PRINT "Phose 2 to 3";TABI19);Z23P111};TABI32);Z23A11)
NEXT 1:G0S8UB 9500

PRINT *Fault type";TABl18);%Angle (Deg. 1*;TAB(321;%Z (OHMS )" :PRINT
FOR I=1 TO 14:PRINT *"Phase 3 to 1*;TABI191;Z31P(1);TABI32);Z31A(1)
NEXT 1:G0SUB 9500

PRINT:FOR 1I=1 TO 72:PRINT ¥-%;:NEXT II1:PRINT “-*

PRINT:PRINT:PRINT

INPUT "Enter 1 to reproduce summery table";N

IF N=1 THEN GOTO 1010

END

11A=2.8%A1:12A=2 . 8%A2:13A=2.8#A3

11P=P1-75:12P=P2-75: 13P=P3-75

GOSUB 2000:SCALL &:DELAY 0,0,50:SCALL #11,C%
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IF C%=0 G

114=111 [&he 1 1#A2: 130=113A+.11%A3
IF 114 OR I3A » 6 THEN GOTO 4400
GOTO 40

IA=11A: Th=12A

IF 134> £

Z=17.32 =0:13A=0:C08U8 9000:8CALL 8

contacte closed with IhA=% ;4
abmme, © PRINT

i GO

et 0 5306
wp@mﬁmu@ error of ":Z:%% OUT OF TOLERENWNCE.* :PRINT

w@%w%w circle tests may provide some insight®
3 L em *:QQEQY:@@SQ@ 8000:IF X=1 THEN GOTO 4000

YO00:SCALL 8

IL} Contoacts never closed during reach check.

ck connections and relay setting by re- runhing progrum.

ylem persists, refer to relay IL repair instructions.*®:
Lo &%%x% test or 1 to repeat test®;X

=1 THEM GOTO 4000

3P=P3-1:6G05UB 9000:8CALL 8

iﬁ;T%:E$ Ce=0 THEN GOTO B200
LA IEAZ I3 I3A+ . 1 14AT
5 AND iﬁ& {= 1B THEN GOTO 5050

:@@ for an impedonce angle of ";1;" Deg.®
Bl 00

. is TLZAPLJ);Y ohms."

0 1o oboxt test or 1 to repeat test";X

PO00 P 9100
@% Y ﬁ@ 100
Fo20 *@%m ?ﬁ%@
?ﬁ%}m{%
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040
9050
9080
9080
9090
9100
9110
9120
9130
P140
9150
9180
9170
9200
9500
9510
9520
9600
9610
9620

A=I28:P=12P:P4=H50 :C08UB 9080
A=13A:P=I3P::Pe=054 : COSUR 9080

RETURN

IF 8)15.99 THEN A=15.99

AME=INTIA#181:0UT P%,AM%:PH1%=0:G0T0 9120
IF Ay 127.99 THEN A=127.99
AME=INT(A%2):0UT PY,AME  PH19=0

IF Pr=0 AND P¢360 THEN GOTO 9150

IF Fy=380 THEN P=P-380:0070 9120

IF PO THEN P=P+380:60T0 9120

IF P=>180 THEN PH1%=128

PHE=INTIP%#5 ) :PH1%=PH1%+MSBYTEI PH% | : PH2%=LSBYTE( PH% )
OUT P%+1,PH2%:0UT P%+2,PH1%:RETURN
FR=INT(F#100]:SCALL #23,F%:RETURN
PRINT:INPUT "Enter C to corntinue. " ;RS

IF REH»"c® AND R$(»¥"C* THEN GOTO 98500
PRINT : RETURN
ViA=0:V2A=0:V3A=0:ViP=0:VEP=0:V3P=0
11A=0:12A=0:13A=0:11P=0:12P=0:13P=0
GOSUB 9000:8CALL B :RETURN
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APPENDIX C - EXAMPLE KD-11 FUNCTIONAL CHECK USING ARTS

RUN
Relay test for KD-11 (0.75-20 ohm) distance relay.

Enter operator’s name? R. W. WALL
Enter today’s date? 8/31/83
Enter KD-11 style number? 719B196A11

I. Relay settings:
A. Set the phase to phase and 3 phase tab blocks as follows:
1. Set 7,TA,TB,TC to 5.8; L= 0.06, R= 0.03 L/R.
2. Set S5,8A,SC to 1.0.
NOTE: These settings will not change for the duration of the test.

Enter C to continue.? C

II. 3 PHASE UNIT TESTS

A. REACH TEST.

1. Connect F3D Va polarity to KD-11 terminal 7, common to
KD-11 terminal 8 and Vb polarity to terminal 9. Jumper KD-11
terminals 14, 16 and 18 to F3D current common. Connect ARTS
RED contact sense input to KD-11 terminal 1 and the BLACK to
KD-11 terminals 4 and 6. Connect the F3D 11 output to KD-11
terminal 13, 12 to 15 and I3 to 17. Connect the KD11
terminal 12 to KD-11 terminal 19.

Enter C to continue.? C

2. Turn F3D power on, set Vc/I1 switch to I1.
Set 11, I2 and I3 XX.X / X.XX range switch to XX. X,
Turn Va, Vb, Ve, 11, 12 and 13 outputs on.

Enter C to continue.? C

3. The ARTS is programmed to apply the proper voltages and
currents at the appropiate magnitudes and phases
to determine the reach. This reach should be about 5 ohms ,
(3.4 <= 11A ¢= 3.7 amps | for proper KD-11 relay operation.
This test is ready to commence.

Enter C to continue.? C

UNIT contacts closed with IA= 3.3

Reach = 5.2484%9 ohms.

Reach error of 4.98971 ¢ error is with in tolerence.

Enter 0 to abort test or 1 to repeat test? 0
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B. 3 PHASE UNIT impedance circle test.

KD-11 relay connections and settings are to remain unchanged.
The ARTS is programmed to determine the plot of the 3 phase
unit impedance circle. The impedance will be found for points
every 10 degrees starting at 5 degrees. The impedance is found
by moving along a constant phase angle radii from a higher
impedance to a lower by holding the voltage constant and
increasing the current.

Test is ready to commence.

) s

Enter C to continue.? C

No contact closure for an impedance angle of & Deg.
The impedance at 5 Deg. is 0 ohms.

The impedance at 15 Deg. is 1.9033 ohms.

The impedance at 25 Deg. is 2.70825 ohms.
The impedance at 35 Deg. is 3.39608 ohms.
The impedance at 45 Deg. is 4.02791 ohms.
The impedance at 55 Deg. is 4.5579 ohms.

The impedance at 65 Deg. is 4.81111 ohms.
The impedance at 75 Deg. is 5.24849 ohms.
The impedance at 85 Deg. is 5.09412 ohms.
The impedance at 95 Deg. is 5.09412 ohms.

The impedance at 105 Deg. is 4.81111 ohms.
The impedance at 115 Deg. is 4.55879 ohms.
The impedance at 125 Deg. is 4.12381 ohms.
The impedance at 135 Deg. is 3.60833 ohms.

111. PHASE TO PHASE FAULT TESTS:
A. PHASE 1 TO PHASE 2 TESTS:

1. Reach test:

Enter C to continue.? C

UNIT contacts closed with IA= 3.2
Feach = §5.4125% ohms.

Reach error of -4.20353 % error is with in tolerence.

Enter 0 to abort test or 1 to repeat test? 0

IT1.A.2 PHASE 1 TO 2 IMPEDANCE CIRCLE TESTS:

a. The ARTS is programmed to calculate the data for an
impedance circle plot. The MTA should be at 75 Deg. No
operator action is required for this test.

Enter C to continue.? C
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The impedance at 5 Deg. is 1.96818 ohms.

The impedance at 15 Deg. is 2.83935 ohms.
The impedance at 25 Deg. is 3.60833 ohms.
The impedance at 35 Deg. is 4.12381 ohms.
The impedance at 45 Deg. is 4.48108 ohms.
The impedance at 55 Deg. is 5.09412 ohms.
The impedance at 65 Deg. is 5.24849 ohms.
The impedance at 75 Deg. is 5.24849 ohms.
The impedance at 85 Deg. is 5.24849 ohms.
The impedance at 95 Deg. is 4.94857 ohms.

The impedance at 105 Deg. is 4.5579 ohms.
The impedance at 115 Deg. is 4.12381 ohms.
The impedance at 125 Deg. is 3.48511 ohms.
The impedance at 135 Deg. iz 3.26793 ohms.
I11.B.1 PHASE 2 TO PHASE 3 REACH TEST:

Enter C to continue.? C

UNIT contacts closed with IA= 3.1

Reach = 5.5871 ohms.

Reach error of -1.11333 % error is with in tolerence.

Enter 0 to abort test or 1 to repeat tast? 0

I11.B.2 PHASE 2 TO 3 IMPEDANCE CIRCLE TEST:

a. This test is identical to Phase 1 to 2 impedance circle test.
All connections remain unchanged and no operator action is
required until prompted to do so.

Enter C to continue.? C

The impedance at 5 Deg. is 2.165 obhms.

The impedance at 15 Deg. is 2.98821 ohms.
The impedance at 25 Deg. is 3.76522 ohms.
The impedance at 35 Deg. is 4.33 ohms.

The impedance at 45 Deg. 1s 4.81111 ohms.
The impedance at 55 Deg. is 5.24849 ohms.
The impedance at &5 Deg. is 5.4125 ohms.
The impedance at 75 Deg. is 5.4125 ohms.
The impedance at 85 Deg. is 5.24849 ohms.
The impedance at 95 Deg. is %.94857 ohms.

The impedance at 1085 Deg. is 4.5579 ohms.
The impedance at 115 Deg. is 4.12381 ohms.
The impedance at 125 Deg. is 3.39608 ohms.
The impedance at 135 Deg. is 2.62424 ohms.
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I11.C.1 PHASE 1 TO 3 REACH TEST:

Enter C to continue.? C

UNIT contacts closed with 1A= 2.8

Reach = &6.18571 ohms.

Reach impedance error of 9.48167 % OUT OF TOLERENCE.
The up comming circle tests may provide some insight
to the problem.

Enter 0 to abort test or 1 to repeat test? 1

UNIT contacts closed with 1A= 2.9

Reach = 5.97241 ohms.

Reach error of 5.70844 % error is with in tolerence.

Enter 0 to abort test or 1 to repeat test? 0

111.C.2 PHASE 1 TO PHASE 3 CIRCLE IMPEDANCE TESTS:

a. This test is identical to Phase 1 to 2 impedance circle test.
All connections remain unchanged and no operator action is
required until prompted to do so.

Enter C to continue.? C

The impedance at & Deg. is 2.24935 ohms.

The impedance at 15 Deg. is 3.14909 ohms.
The impedance at 25 Deg. is 4.02791 ohms.
The impedance at 35 Deg. is 4.68108 ohms.
The impedance at 45 Deg. is 5.24849 ohms.
The impedance at 55 Deg. is 5.5871 ohms.

The impedance at 65 Deg. is 5.77333 ohms.
The impedance at 75 Deg. is 5.97241 ohms.
The impedance at 85 Deg. is 5.77333 ohms.
The impedance at 95 Deg. is 5.4125 ohms.

The impedance at 105 Deg. is 5.09412 ohms.
The impedance at 115 Deg. is 4.5579 ohms.
The impedance at 125 Deg. is 3.84889 ohms.
The impedance at 135 Deg. is 2.98621 ohms.
This concludes the KD-11 tests. Data summery as follows:

Enter C to continue.? C
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OPERATOR’'S NAME: R. W. WALL
TEST DATE: 8/31/83
KD-11 STYLE #: 719B196A11

IMPEDANCE TEST RESULTS:

Fault type Angle (Deg. ) Z {ohms ]
3 PHASE 5 o

3 PHASE is 1.9033
3 PHASE 25 2.70825
3 PHASE 35 3.39408
3 PHASE %5 &, 02791
3 PHASE 51 &, 5879
3 PHASE &5 4.81111
3 PHASE 75 5.24849
3 PHASE 85 5.09412
3 PHASE 95 5.09412
3 PHASE 108 &.81111
3 PHASE 118 &, B579
3 PHASE 128 &,12381
3 PHASE 138 3.60833
Enter C to continue.? C

Fault type Angle (Deg. | Z lohms)
Phase 1 to & 5 1.9686818
Phase 1 to 2 is & .8393%5
Phase 1 to 2 25 3.460833
Phase 1 to 2 35 &, 12381
Proase 1 te 2 L1 %, 88108
Phoase 1 to 2 55 E.09412
Phase 1 to 2 &5 5.24849
Prase 1 to 2 75 5.24849
Fhase 1 to 2 a5 5.24849
Prhase 1 to 2 o8 &, P4EET
Fhase 1 to 2 165 & BETO
Prose 1 to 2 iis &, 12381
Phase 1 te 2 125 3.68511
Phose 1 to 2 135 3.28793
Enter C to continue.? C

Fault type Angle (Deg. ) Z TOHMS
Phaozse 2 to 3 5 Z2.185
Phase 2 to 3 i5 e.98821
Prhase 2 to 3 25 3.76522
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Phase 2 to 3 35 4 .33
Phase 2 to 3 45 4. 81111
Phase 2 to 3 55 5.24849
Phase 2 to 3 65 5.4125
Phase 2 to 3 75 5.4125
Phase 2 to 3 8% 5.24849
Phase 2 to 3 95 4 . 94857
Phase 2 to 3 105 4 5579
Phaose 2 to 3 115 4.12381
Phase 2 to 3 125 3.39608
Phase 2 to 3 135 2.62424%
Enter C to continue.? C

Fault type Angle (Deg. ]} Z {OHMS )
Phase 3 to 1 5 2.24935
Phase 3 to 1 15 3. 14909
Phase 3 to 1 25 4.02791
Phase 3 to 1 35 4.468108
Phase 3 to 1 45 5.24849
Phase 3 to 1 55 5.56871
Phase 3 to 1 65 5.77333
Phase 3 to 1 75 5.97241
Phase 3 to 1 85 5.77333
Phase 3 to 1 14=) 5.4125
Phase 3 to 1 ios 5.09412
Phase 3 to 1 iis 4 5579
Phase 3 to 1 125 3.84889
Phase 3 to 1 138 2.98621
Enter C to continue.? C
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Enter 1 to reproduce summery table? 0
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