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TESTING OF DIGITAL PROTECTION RELAY
REF543

This article describes the digital protective reRigF 543 and its testing possibili-
ties. The aim of this work is to verify overcurreandervoltage and overvoltage
protection functions by indirect method using tegtiipment CMC 156. Among
other things, IED REF 543 will be presented alonthvits features. The work is
a space reserved for the description of the testiethods of protective relay.
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1. Introduction

Operational reliability and safety of the electicsystem (ES) depends not
only on the use of the latest technology and kndgdeof management of ES
but due to the rapid progress of the transientscamthe prevention of negative
impacts of disturbances also for the correct chofgerotective relays or digital
relays [1]. Any such equipment must be subjecuttctional and system-based
testing prior to its putting into service while ifging the functionality and oper-
ation of the individual protective functions foethprotected equipment.
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The outcome of the test is a protocol that incluthesresults of testing to
all fault conditions that may endanger the proeguipment. When testing the
electrical protection relays we use two methodsenffication activities: direct
and indirect method [3].

Electrical protection relays are connected to theteuted object through
Current Transformers, where the secondary sidaeoturrent transformers is 5
A or 1 A and the secondary side of the voltagesfiamers is 100 V [4]5].

This fact is used in indirect test methods whercaenect electrical protec-
tion to a protective test device that secondamcitsj the voltage and current test
voltage while monitoring the protection responsge€ method protection test-
ing is one of the most important tests where wefyéne functionality of the
entire device and the connection. Against the edimethod, there is a funda-
mental difference in testing. Voltage and curreninjected to the primary side
of the transformer. This method of testing is difft, since current and voltage
on the primary side must respond to the operatangbles.

This method verifies the operation of the relay torrectness of wiring
system, the connection of instrument transformers.

2. Feeder terminal REF 543

Feeder Terminal REF 543 (Fig. 1) is designed fastgmtion, control,
measurement and supervision in medium voltage mksno

Fig. 1. Feeder terminal REF543 [2]

The REF 543 feeder terminal can be used with diffekinds of switch-
gear, including single bus bar, double bus barduplex systems [2]. The pro-
tection functions also support different types efworks, such as isolated neu-
tral networks, resonant-earthed networks and pigrtgarthed networks. The
application area also covers medium-sized thresghaynchronous motors as
well as protection and control of shunt capacitanks used for reactive power
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compensation. In addition to protection, measurepwmtrol, condition moni-

toring and general functions, the REF 543 feedenitels are provided with

a large amount of PLC functions, which allow fovesal automation and se-
guence logic functions, needed for substation aatimm, to be integrated into
one unit.

The data communication properties include the ¥alhg communication
standards: SPA bus, LON bus, IEC 60870-5-103, IEB56 via SPA-ZC 400,
Profibus DPV1 via SPA-ZC 302, DNP 3.0 and Modbusmgwmnication with
higher level equipment. Further, the LON commurndsatogether with the PLC
functions minimizes the need for hardwiring betwdenfeeder terminals.

3. Configuration and testing of overcurrent protectve functions

Testing and configuration of the digital protectreday REF 543 is possible
using the programming interface PCM600 or usingdbetrol keys located on
the front panel of this terminal.

In terms of configuration, it is necessary to idfgnthe active group func-
tions. Available are group 1 or 2. Configuring flnactions of one group is in-
dependent of the configuration of the second group.

To verify the operation of the protective relaye tfollowing overcurrent
functions and their characteristics were configured

« definite time (NOC3 LOW),

« definite time (NOC3 HIGH),

« definite time (NOC3 INST).

The configuration values of the protective funcsioare shown in the
Table 1.

Table 1. Summary of configuration parameters ofoweent functions

Protective function Parameters Set value
Start value 3 XN
NOC3 INST Operating delay time 0.04 s
Directional mode Non directional
Start value 2.5 kN
NOC3 HIGH Operating delay time 0.30s
Directional mode Non directional
Start value 24N
NOC3 LOW Operating delay time 0.60 s
Directional mode Non directional
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The actual verification activities of the termimsabased on the connection
and configuration of the test equipment CMC 156etdys, which includes the
same configuration parameters as the IED REF 348.dlso necessary to set
the allowed tolerance of the current (0.05A) antkt{0.04s).
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Fig. 2. Overcurrent protective characteristic

In the testing process, we specify the steps fachvthere is a change of
injected current ranging from 1.90 A to 5.00 A. Tiesulting characteristic of
protection with test points is marked in the Figlr2the Table 2 are listed the
individual test points with turn-off time of reldgr protective overcurrent func-
tion NOC3 LOW. In the Table 3 and 4 are listed fmsnts for protective over-
current function NOC3 High and NOC3 INST. Respatiise of the terminal is
evaluated by a test device as either passed edfail

Table 2. Summary of test points of protective fismeNOC3 LOW

Type | Relative To | Factor | Magnitude | Angle tnom tact Result

L1-E (--) n/a 1.90 A n/a No trip 1531$ Passed
L1-E (--) n/a 2.00 A n/a 0.60 s 13.75[s  Passed
L1-E (--) n/a 2.10A n/a 0.60 s 0.61 g Passed
L1-E (--) n/a 220A n/a 0.60 s 0.61 s Passed
L1-E (--) n/a 230A n/a 0.60 s 0.61 s Passed
L1-E (--) n/a 240 A n/a 0.60 s 0.61 g Passed

Table 3. Summary of test points of protective fioreNOC3 HIGH

Type | Relative To | Factor | Magnitude | Angle tnom tact Result

L1-E (---) n/a 250 A n/a 0.30s 0.61s Passed
L1-E (--) n/a 2.60 A n/a 0.30s 0.32s Passed
L1-E (--) n/a 2.70 A n/a 0.30s 0.32% Passed
L1-E (--) n/a 2.80 A n/a 0.30s 0.32s Passed
L1-E (---) n/a 290 A n/a 0.30s 0.32% Passed
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Table 4. Summary of test points of protective fioltNOC3 INST

Type | Relative To | Factor | Magnitude | Angle tnom tact Result

L1-E (--) n/a 3.00 A n/a 0.04 $ 0.32% Pass¢d
L1-E (--) n/a 3.10A n/a 0.04 $ 0.06 3 Passed
L1-E (--) n/a 3.20A n/a 0.04 $ 0.06 $ Pass¢d
L1-E (--) n/a 3.30A n/a 0.04 $ 0.06 3 Passed
L1-E (--) n/a 3.40A n/a 0.04 $ 0.06 $ Pass¢d
L1-E (--) n/a 3.50 A n/a 0.04 $ 0.06 $ Pass¢d
L1-E (--) n/a 3.60 A n/a 0.04 $ 0.06 3 Passed
L1-E (--) n/a 3.70 A n/a 0.04 $ 0.06 $ Pass¢d
L1-E (--) n/a 3.80 A n/a 0.04 $ 0.05 3 Passed
L1-E (--) n/a 390 A n/a 0.04 $ 0.05% Pass¢d
L1-E (--) n/a 4.00 A n/a 0.04 $ 0.06 3 Passed
L1-E (--) n/a 410 A n/a 0.04 $ 0.05 3 Passed
L1-E (--) n/a 420 A n/a 0.04 $ 0.05% Pass¢d
L1-E (--) n/a 430 A n/a 0.04 $ 0.05 3 Passed
L1-E (--) n/a 4.40 A n/a 0.04 $ 0.05% Pass¢d
L1-E (--) n/a 450 A n/a 0.04 $ 0.05 3 Passed
L1-E (--) n/a 4.60 A n/a 0.04 $ 0.05% Pass¢d
L1-E (--) n/a 470 A n/a 0.04 $ 0.05% Pass¢d
L1-E (--) n/a 4.80 A n/a 0.04 $ 0.05 3 Passed
L1-E (--) n/a 490 A n/a 0.04 $ 0.05% Pass¢d
L1-E (--) n/a 5.00 A n/a 0.04 $ 0.05 3 Passed

4. Configuration and testing overvoltage and undereltage
protective functions

To verify the overvoltage and undervoltage protecfunctions, the func-
tions OV3 LOW and UV3 LOW are configured. The coufiation values are
given in the Table 5.

Table 5. Summary of configuration parameters ofresitage and undervoltage protective func-
tions

Protective function Parameters Set value
Start value 1.1 ¥Yn
OV3 LOW Operating delay time 0.04 s
Num. of start phases 3outof3
Start value 0.85 Wn
Uv3 LOW Operating delay time 0.05s
Num. of start phases 3 outof 3
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To test these protective functions, a Ramping nmodwds selected in the
test environment TEST UNIVERSE. The actual testsesis of two parts. The
first part State ) the voltage drop was set from 100 V to 50 V epstof 100
mV at 1 V/s. In the second paBtéte 2 the voltage increase was set from 50 V
up to a maximum of 115 V (Table 6).

Table 6. Summary of simulated conditions

State State 1 State 2
Start value (V) 100 50
Final value (V) 50 115

Step (mV) 100 100
Time (ms) 100 100
Ramp steps 501 651

Fig. 3 shows the progress of the test. A poweryrelaluated that condi-
tions as a fault at a value 85 V. Then it begamdtson as shown in Fig. 4. The
terminal operates in all 501 testing points.

Sig LV

100
90
80
70 1
60 7 t/s

10 20 30 40 50 60 70 80 90 100

50 1 1 1 1 \ 1 1 1 1 1 1
V L1-E; L2-E; L3-E

Fig. 3. The course of the injected voltage

Trip |
Start 1
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t/s

Fig. 4. Operation of protective functions
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In the second part of testin§téte 2 the voltage increase occurs. Protective
relay evaluated conditions as a fault at a valu®/1Then the overvoltage pro-
tective function OV3 LOW is operated.

5. Conclusion

Before deploying protective relay in service, whate installed in switch-
boards as functional units for protection of getws substations and outlets it
is necessary in consideration of the importanceagedational reliability of the
individual components of the power system, to cauiythe functional and sys-
tem testing of these protective devices.

The test also corresponds to the verification efdperation of protections
relay by the indirect method using the CMC156-@ st device.

This article is to point out the methods for tegtthe terminal, depending
on whether it is a fault in which there is a chanféhe measured quantity, cur-
rent or voltage.

Results of testing is a protocol that gives clead accurate information
about the correct operation of protective relay.
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TESTOWANIE CYFROWEGO TERMINALU
ZABEZPIECZENIOWEGO REF543

Streszczenie

Artykut opisuje cyfrowy terminal zabezpieczeniowy RB43 i maliwosé jego testowania.
Celem tej pracy jest sprawdzenie funkcji nadpmwej, podnapiciowej i ochrony przed przepi
ciami metod posredni z wykorzystaniem uggizenia testucego CMC 156. \&6d innych ele-
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mentéw pracy przedstawiono wykorzystanie REF 542go jfunkcjami. Praca obejmuje opis
metod testowania terminalu zabezpieczeniowego.

Stowa kluczowe: przekanik zabezpieczagy, REF 543, badanie dziatania, besgdnia i po-
srednia metoda
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