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ABSTRACT

The process of training professionals in testingd an

programming protection relays has a highly cosnioney
and time.

A laboratory for protection training must be equégpwith
numerical protection which costs between 5 to bdsand
dollars, and a numerical test set which cost isros@
thousand dollars.

You must multiply the cost in equipment by the rurab
students.

This project offers an efficient, low cost solutintraining
professionals in this area.

We develop a software application to emulate nucaéri
protection relays, protection relay configuratiooftsvare
and a numerical test set.

One obijective is that the user feels like he igpmming
and testing a real numerical protection relay withreal
numerical test set.

The configuration screens could be designed to ritake
student familiar with a particular protection relay
manufacturer. In the same way the test routindccbe
designed to match a popular test

machines.

This first version of the software emulates a rfurltition
protection relay with the following functions:

- Instantaneous Over Current;

-Time over Current with ANSI, IEC and definite time
characteristic;

--Directional Over Current;

--Over Voltage;

--Under Voltage;

--Four cycles Recloser;

This first version of the software emulates agestvith the
following test routines:

- Quick test where you can set any value of cusient
voltages and phase angles. A timer with millisecond

accuracy is available for operating time measuremgiso

is possible increase or decrease a magnitude autoatigt

in steps and intervals programmable.

- Automatic over Current Test where you configure t
minimum and maximum Current applied and the nuraber
points to test. The software applies the test avstesults
graphically.

- Angle Ramp Test where you can test the threstiold
Directional over Current protection.

-- Recloser cycle sequence test.
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set software.
The software runs over MS Windows operating system
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INTRODUCTION

We developed an educational software using Viseai®
2008, which provides a virtual panel with threetpotive
relays, containing features and functionality ofidil

relays, and a specific source for testing

Figure 1 shows the initial screen of the software.
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Figura 1 - Start screen

One must consider the connection of the curreseines
between the case and the relays, that is, the trient la
of the case, which circulates in the first curieput of the
first relay is the same as that circulating in fingt input

current relay 2 and 3 relay. Likewise is consideted
currents |b and Ic. To tension the connection isarallel,

ie, the output voltage Va of the case is connefcidiae first

voltage input of the three relays. Likewise is ¢dased to
tension Vb and Vc.

The results of operating times are not displayegbbi as a
calculation result. For each protection functioadsociated
with an algorithm and the result is presented affter
operating time elapsed. With this, the softwarerass in a
manner closer to reality. For the operation ofdhse there
is also a testing algorithm which is associatedeseed in a
separate routine routine relay. The results arerétieal
values due to the processing algorithm for eacttifomand
processing capabilities of the computer as wellthees
number of tasks that are running at the same tim&ever,
since the processing capacity of a computer iggrézat of
a digital protection relay times of operation hawealler
errors than those presented by digital relays. Bésavior
has been demonstrated in the test results.

relays.
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DESCRIPTION OF RELAY PROTECTION

Fields configuration of protection functions avhi&in this
software are presented in the same way that thevaef
used in the relay configuration Ingeteam the PL30Ghat
the user has an environment with characteristigssimilar
to those that find the actual operation of equipmen
In Figure 2 you can see the screen of the software
emulate one of the three relays. In the left peth@screen
marked "STATE", shows the values of voltage andemnir
being injected by the test kit and just below ttieDis for
signaling start shooting and protection functiorisu can
also view the fields on this screen configuratiettisgs of
the following protection functions:

« overcurrent phase and neutral;

« instantaneous overcurrent phase and neutral;

« overcurrent phase.
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Figure 2 - Screen relay 1

To adjust the curve of performance of the functiofs
overcurrent phase and neutral options are ANSIIBE&
curves.

There is a function that enables the insertion mfralom
error in the times of operation of the overcurfenttions,
which according to Professor Eloi Rufato Juniorisaivfor
this study, would have a useful didactic, becauisie this
function you can simulate the error made by aateialys,
such as errors algorithms, hardware, caused byaienpe
changes waveform (harmonics) errors in analog-gitali
converters, bringing this way into the software,ability to
simulate the problems encountered in practicaliegibn
protection equipment, which is not provided by the
simulation software currently.

LEDs signaling trigger the relay, after being aated,
remain in this state even if the trigger condititisappears.
Only be disabled through the lack of recogniticat tan be
performed on-screen relay operating clicking thekla
recognize

Fields adjustment protection functions have thesseatue
limits, maximum and minimum, used in the software
configuration of the relay PL300.
The settings configured in the relay during testitag be

# rg o™

saved in files and retrieved later.
Events generated during testing are stored ireddil later
analysis.

DESCRIPTION OF TEST CASE

The features of briefcase tests available in tifisvare are
based on the operating software of Omicron CMC156
briefcase, providing technicians and engineers wilb
work with the software, a simulation closer to ityahs if
using a device marketed by manufacturers of equipme
testers for protective relays.

In Figure 3, we can see the module's Quick brieftest, in
which you can perform manual tests.
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Figure 3 — Quick Menu

In this screen can be inserted into the valuesefbltages
and currents with their respective phase angldsaiiticbe
injected in the relays. Just as in a real briefcdbe
maximum voltage is 115.47 Vac and maximum currgnt i
12.50 A. These maximum values are based on nominal
values of current and voltage supplied by the sdagnof

CTs and VTs. In the right part of the screen shtves
voltages and currents in vector form.

Also, it is possible to increase, manually or auttoally,

the value of current or voltage of one or threesgaThis
increase can be positive or negative. This modaiel®e
performed tests of the functions of overcurrengresltage

and undervoltage.

The digital inputs the briefcase serve to deteefiting of

one of the relays. If the trigger is selected, tbent is
performed between the time when the briefcase iamuh
shooting greeted by a digital input.

Overcurrent module, illustrated in Figure 4, is dider
automatic testing functions of overcurrent,
instantaneous timer.

and
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Figure 4 — Overcurrent Test Module

This module introduces the features configureth@relay

in a time-current diagram. The number of test [mitie
initial and final value of the current, which igented, is
defined by the user. Tolerance is defined in timki@s or
in percentage relative to the theoretical value.dach test
point an assessment is carried out, and the greensp
indicate that the relay worked within tolerance aed
points indicate that worked wrong. The values of th
applied current and times of operation are presentéhe
table beside the curve.

The module Ramping illustrated in Figure 5, is ufad
automatic testing of the function of directionakosurrent
phase. This module generates a phase ramp to thetou
current, ie the current vector rotates automatidadim an
initial angle to an angle which is defined by thmel eiser.
During testing you can view the status of relay through
the smaller rectangle of this module. The thickdsbhe
indicates when the relay is triggered and thin whenh
triggered.
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Figure 5 — Ramping Test Module

Through the coordination module, as Figure 6, yausee
the curves of overcurrent configured in two of auerent
relays are coordinated.

Figure 6 - Coordination Module

RESULTS

Tests were conducted with a real protective relay0P
and the results compared with simulations in safwa
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development. The following is in example of how the CONCLUSIONS

analysis was performed.
For testing the function of overcurrent using IE@emely
inverse curves (El), was adjusted time index (M)ado 1
and start (lo) at 1A, ie for any current above ¥lay
should trigger after the time set by expression 2:

80
T=MX——7F— 2)(

%0'1

T: Trip time (s);

M: time index or dial;

I: measured intensity (A)

lo: setting starting current (A)

Whereas:
M=1;
lo=1(A)

Table 1 shows the results of the times of operaitiained
in laboratory tests with the relay PL300 and tpst$ormed
by software.

Table 1 - Results of Tests

Applied Time (s) Error (%) Time (s) Error (%)
current (A) F'expected | PL300 Expected | Software
1,2 181,8182 | 173,6960 4,47% 181,8182 | 181,8220| 0,00%
1,4 83,3333 | 83,4530 0,14% 83,3333 | 83,3410 0,01%
1,6 51,2821 | 51,3493 0,13% 51,2821 | 51,2740 0,02%
1,8 35,7143 | 51,3493 0,15% 35,7143 | 35,7060 0,02%
2,1 23,4604 | 51,3493 0,23% 23,4604 | 23,4610 0,00%
2,6 13,8889 | 51,3493 0,23% 13,8889 | 13,8810 0,06%
3,2 8,6580 51,3493 0,11% 8,6580 8,6620 0,05%
3,8 5,9524 51,3493 0,28% 5,9524 5,9520 0,01%
4,4 4,3573 51,3493 0,53% 4,3573 4,3500 0,17%
5 3,3333 51,3493 0,84% 3,3333 3,3330 0,01%
5,8 2,4510 51,3493 0,85% 2,4510 2,4530 0,08%
6,7 1,8227 51,3493 0,87% 1,8227 1,8240 0,07%
7,05 1,6426 51,3493 0,22% 1,6426 1,6460 0,17%
7,5 1,4480 51,3493 1,48% 1,4480 1,4490 0,07%
7,85 1,3196 51,3493 2,96% 1,3196 1,3180 0,12%
8,4 1,1501 51,3493 2,61% 1,1501 1,1540 0,34%
9,05 0,9888 51,3493 3,06% 0,9888 1,0020 1,33%
9,8 0,8418 51,3493 3,33% 0,8418 0,8300 1,40%
10,75 0,6983 51,3493 3,08% 0,6983 0,7030 0,67%
11,7 0,5887 51,3493 4,86% 0,5887 0,5970 1,41%

The results were within the acceptable margin ofreof
5%, for operating times above 50ms.

Figure 7 shows a comparison of the results of ayrahd
relay real virtual simulated in software protectfanctions
didactic.
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Figure 7 - Comparative Real relay - virtual rel&{Icurve
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The objective of this study was to provide studeard
teachers at Federal Technological University ofaRar
software didactic, intended to disseminate philbgay the
protection system, providing subsidies for the dgwaent
of new projects whose primary purpose is to traiture
professionals who will work in this area protectioh
electrical systems.

We developed a virtual panel with three protectefays
containing features and functionality of digitalays for
testing the functions of protection and coordinatido
achieve this goal, we studied the protective fumdj the
features of digital relays and the principles andoepts of
selectivity and coordination between protectivaysl
The results were compared with the theoreticaleslof
rules, and practical by actual relays, obtainirtgstectory
results. Furthermore, the interface is designel that user
to use the software, to perform tests on digitalys; similar
to the mode of operation of software for real emenpt.
Use of this software to study the selectivity and
coordination between protective relays has the tgrea
advantage of having a reduced cost compared totef
purchasing equipment for the assembly of a laboyatod
didactically comprises the steps for testing ontguiion
relays.
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