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VERIFICATION OF THE DISTANCE
PROTECTION RELAY OPERATION

This paper describes the possibilities of testingjtal protection relay. Conse-
quently, the SIEMENS SIPROTEC 7SA611 distance primectits protection
functions and its use for protection of the line &urther characterized. At the end
of the article, testing of this distance protectisndescribed along with several
variations of Advance distance module testing.
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1. Introduction

The electric power system is formed by generatoas tonvert energy of
rotating masses into electrical energy, equipmentirsg for the transformation,
transmission and consumption of electricity [1].

Power system is characterized by:

* vastness - power system is spread over a partispéare,

« complexity - between elements of active feedback,

» random nature of the load - not known in advaneddhd size.
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Due to the rapid transition process, the operatigaiability and safety of
the power system depend not only on the most addanechnologies and
knowledge, but also on the appropriate choice otigative devices [2].

Prior to the introduction of protective devices amthys, functional and
system testing of the correct operation of thesecds must be carried out be-
fore they are put into service.

The conclusion of such a test is usually the tegont, which includes the
results of the operation verification of the indival protective functions that
protect the device against fault condition, whichynoccur after putting into
operation [2]]4].

2. Method of verifying the operation of protectivedevices

In order to verify the operation of the protectidevices, we can identify
two test methods:

* direct method,

* indirect method.

The connection of protective devices is realizeal imstrument transform-
ers. In terms of construction, different voltageels and different current it is
not appropriate to dimension individual devices dach protected object. For
these reasons, protective devices and terminalc@maected via instrument
transformers.

Depending on the chosen measured quantity we usenturansformers
(overcurrent protection), voltage transformers (ggltage / undervoltage pro-
tection), or combinations thereof (distance pratedt In terms of choice of
instrument transformers current it is crucial farthe location of protection re-
lay from attachment sites in substations. For Ilsagply lines it is necessary to
respect the losses that arise when supplying tbeegiion with long feeds.
Therefore, it is necessary to choose the currenstormer with secondary cur-
rent value of 1 A [3].

In case there can be a loss of transmitted secpralarent, we choose
a current instrument transformer with a secondaryenit value of 5 A.

The voltage transformers secondary side is 100rdmRhese facts, it is in-
ferred indirect assay method. The test device imjeecondary voltage / current
until the protection relay responds [3].

3. Distance protection relay 7SA611

The SIPROTEC 47SA611 distance protection relay usigersal relay for
protection, control and automation with a 4-linesplay on the basis of the
SIPROTEC 4 system. Its high level of flexibility kes it suitable to be imple-
mented at all voltage levels [5].
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Digital distance protection relay is equipped wihtures that are typically
used for line protection and is therefore univdysapplicable. It is also possible
to use the device as a time lapse backup protetdiail kinds of protective de-
vices operating on the principle of comparing fw tines, transformers, genera-
tors, motors and busbars of all voltage levels [5].

Typical features of protection relay SIPROTEC 7SA61

* high-speed tripping time,

« impedance setting range allows very small settiogghe protection of

very short lines,

« self-setting detection for power swing frequencipgso 7 Hz,

« current transformer saturation detector preventssabective tripping by

distance protection in the event of CT saturation,

» phase-segregated teleprotection for improved selgcand availability,

« digital relay-to-relay communication by means ofieegrated serial pro-

tection data interface,

 adaptive auto-reclosure (ADT) [5] (Fig. 1).

Fig. 1. Distance protection relay 7SA611 [5]

3.1. Description of the functions of the distancerptection relay 7SA611

Distance protection relay 7SA611 includes featdioegprotection of over-
head lines and cable lines at all voltage levasnfb to 765 kV.The unit may
issue one or three-pole TRIP commands, and CLO®&Mamds. It is perhaps
the single-pole, three-pole and more pole automatitosing.The device oper-
ates reliably and selectively even under the mostdnsome power line condi-
tions [5].
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The Distance protection relay is equipped with tblowing protective

functions:

a) the protection functions for protecting Earth-fa(kNSI 50N/ ANSI
51N/ ANSI 67N),

b) distance protection function (ANSI 21/ ANSI 21N),

c) overcurrent protection functions with a time delemmediately acting
protective functions and overcurrent protectionctions with the direc-
tion (ANSI 50 / ANSI 51 / ANSI 67),

d) overvoltage and undervoltage protection functioN§A59/ ANSI 27),

e) overfrequency and underfrequency protection funct{fNSI 810/
ANSI 81U),

f) automatic reclosing (ANSI 79),

g) checking of the synchronization (ANSI 25),

h) protection of the failure of breaker (ANSI 50BF),

i) thermal protection (ANSI 49) [5].

In addition to protective functions, this digitalopection terminal also has
control and monitoring functions:

 Control function

The instrument has extensive control functionshsas instrumentation
hardware as well as software. Measured valuesoat;aously monitored.

* Management of functions

Function management is performed by the controlecesf the device. Co-
ordinates the running of protection and ancillargdtions, processes their deci-
sions and the information coming from the device.

4. Parameterization of Distance protection relay SIROTEC
7SA611 in DIGSI software environment

For parameterization and setting the Distance ptiote relay SIEMENS
SIPROTEC 7SA611 is appropriate to use configurgtiagram DIGSI 4. First,
we need to create a new project that we call "STPRO' for the sake of clarity.
For proper configuration, you must add a digitaimi@al. In "SIPROTEC" we
choose "Folder" through the main rail route Insd&tSSI> Device SIPROTEC
add protective relay (Fig. 2).

Consequently, it is necessary after opening thrarjbfor the digital protec-
tive terminal we specify the parameters of protegtiwe use the nameplate

(Fig. 3).
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'®| DIGSI Manager - [Siprotec -- C:\Siemens\Digsi4\D4PRON Siprotec]
%File Edit |Insert | Device View Options Window Help

O 4 DIGSI r 1 SIPROTEC device % =R LY

E--% Sipratec Folder 2 Existing WV3/V2 device
>0 Folder 3 Modem Connection
4 Phone Book
5 Modems

6 IRC combination

7 Channel switch

8 Existing V3 system

O IECH1850 station

A Other IECE1850 communicator

Fig. 2. Adding digital protective relay in the seétre environment

Properties - SIPROTEC device (=
General  MLFB | Communication modules | DIGS! Manager | Commurication parsmeters |

Order number (MLFE):

!75A61155M32?PR4 +] l— +K !— +L I— +M !— +M I— +P i— -lO’— +R I—

7. Cument transformers: Iphase and learth 5 : Iph=54 , In=54 {min.=0.25A) >

B. Power Supply {5 DC 110v_250V, AC 115V Binlnp Preset 73V ~|

3. Housing / Binary inputs and outputs =A : Flush mounting, "1/2", 13inp., 17 outp. _:i s i
10. Language.Regional Functions iﬁ: Region DE 50Hz, German _:j t I
11. Port B {3:IEC 608705103  Fibre 820nm = L |
12. Port C, Port D [2: DIGSI 4/Modem, RS485 I |
13. Function 1 !?: 1-/ 3pole Trip, with Overoad, with BCD __"j M |
14. Function 2 iF‘ : Dig Quadril +U | phi, with PS5 with Paral __"j E |
15. Function 3 |R : with AR with Sync,with BF with Volt/Freq | : |
16. Function 4 |4 with Earth Fautt 0/C =l R |

s |t |

Fig. 3. Setting the basic parameters of proteatday according to nameplate

After this step, we can proceed to parameterizatiothe distance protec-
tion and the setting of protective functions (Fy. Our role in terms of protect-
ing is to set parameters for digital protectiorayedf the 110 kV line (V6834) in
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substation Kechnec (it is a part of the 110 kV ribistion system in Eastern
Slovakia).

ES Kechnec
- 17SA611
ES Haniska
ES Moldava
V6798 V6834 ES Kosice - Juh
V6831 ES Trebisov

V6718

Fig. 4. The topology of the protected electricitidg

Firstly, it is necessary to define the various $fars of instrument trans-
formers.Since we choose the setting parameters for thek¥1lihe it is neces-
sary to select a voltage transformer with primasifage value of 110 000 V.

In the case of current transformers, the valuéefcurrent on the secondary
side is for udon = 5A.

Before setting individual zones, you must firstidefprotected zones and
lines:

* Zone 1: In this zone is impedance-adjusted at 8%%ne impedance

V6834,

* Zone 2: In this zone is impedance-adjusted at 100%ne impedance
V6834 and 60% of line impedance V6831,

e Zone 3: In this zone is impedance-adjusted at 100%ne impedance
V6834, 100% of line impedance V6831 and 40% of limpedance
V6718,

» Zone 4: This zone is backward zone and the impedisnadjusted at 30%
of line impedance V6718,

e Zone 5: In this zone is impedance-adjusted at 100%ne impedance
V6834, 100% of line impedance V6831 and 100% oé limpedance
V6718.

» Zone 6: This zone is not activated.
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The configuration of individual zones are as foldof¥able 1-3):
Table 1. Setting Zone 1 and Zone 2
Zone Z1 Zone Z2
Status Active Status Active
Direction Forward Direction Forward
Charakteristics Polygon Charakteristics Polygon
Values Secondary Values Secondary
X1 0.196Q X2 0.420Q
Ry, PG 0.1810 Re, PG 0.40%2
Ry, PP 0.06@2 Re, PP 0.13%2
o1 70° 02 70°
t1 Os t2 05s
Table 2. Setting Zone 3 and Zone 4
Zone Z3 Zone Z4
Status Active Status Active
Direction Forward Direction Backward
Charakteristics Polygon Charakteristics Polygon
Values Secondary Values Secondary
X3 0.896Q Xa 0.152Q
Rs, PG 0.93%) R4, PG 0.1410
Rs, PP 0.3110 R4, PP 0.0472
a3 70° a4 70°
t3 1s ta 05s
Table 3. Setting Zone 5 and Zone 6
Zone Z5 Zone Z6
Status Active Status Non Active
Direction Forward Direction -
Charakteristics Polygon Charakteristics -
Values Secondary Values -
Xs 1.420Q Xs -
Rs, PG 1.5312 Rs, PG -
Rs, PP 0.5122 Rs, PP -
o5 70° 06 -
ts 5s ts -
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5. Verification of the operation of digital protectons relay
SIEMENS SIPROTEC 7SA611

After setting and saving parameters in the pratactelay we proceeded to
verify the operation of the protection relay thrbugevice CMC 156. To verify
the operation of protection relay SIPROTEC 7SA6ELused the module "Ad-
vance distance". In order to test the protectiomalgo need to set up protection
zones in the "Advance distance" module. This isides in two ways.

The first method is to manually set the zones. Wilefil in all the neces-
sary data based on the set values in the protemtiag. Each zone we create
using points and then we assign zones trippinggime

The first method is rather tedious. Therefores passible to create individ-
ual protection zones by exporting the .rio filetwthe DIGSI, which is conse-
guently recorded in "test objects parameters" én"hdvance distance" module.
After setting all the necessary parameters andswamgecan choose the fault to
be tested, we can select the points to be testasgaoch zones (Fig. 5).

Testing digital protective relay was performed iisterphase short circuit
L1-L2.
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Fig. 5. Testing in the module Advance distance
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5.1. Verification of the operation of digital protection relay SIEMENS
SIPROTEC 7SA611 for individual test points

The actual operation of the test equipment of ptaias relays CMC 156 is
based on injection of voltages and currents inpitmtective relay, wherein the
testing device monitors the reaction of the retand evaluates the actual test.
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In Test Universe software, you can choose seveagbwf testinglt is pos-
sible to select the manual input of the individpalnts in the zone it protects,
and then track equipment's time of the protectalayr for that fault.

Test points that we have entered can be seen ifigine below (Fig. 6).
The results of the testing are in the table beldable 4).

X/O —

15 .

1,0 +

0,0

-0,5 +

-1,5 ‘L R

I I I I I I I I
-2,0 -1,5 -1,0 -0,5 0,0 0,5 1,0 15 RIO

Fig. 6. Points for test of distance protectionyela

Table 4. Results from testing of distance protecteday

| Z] Phi % thom tact Dev. I Test Result
1.352Q 83.07° n/a | 5.000 5.034{s 0.676%9.00 A| Passed
1.137Q 77.31° n/a | 5.000 5.039s 0.788%9.00 A| Passed
800.0 nf2 50.00° n/a | 1.000 1.034s 3.41% 10.00Passed
400.0 nf2 40.00° n/a | 1.000 1.034s 3.41% 10.00Passed
558.2 nf2 -100.00°| n/a| 5.000 5.034s 0.678%.00 A| Passed

2B AZE LY

5.2. Verification of the operation of digital protection relay SIEMENS
SIPROTEC 7SA611 for a line of testing

The second variant of testing is time easier. Unthe first testing method,
we do not select individual points of testing b« set "a line" points, first to the
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endpoint testingTest points were not set individually, but the bixl line
crossed all impedance zon&gst points on the line segment were generated by
the module automaticallyrhe results of the testing are shown in the tablevio
(Table 5) and the line segment with the test pamis the figure (Fig. 7).
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_1'5 — \\ /

-2,0 —

-2,0 -1,5 -1,0 -0,5 0,0 0,5 1,0 15 RIO

Fig. 7. A line for test of distance protection sela

Table 5. Results from testing of distance protecteday

| Z] Phi tnom tact Dev. ITest Result
332.0 N2 164.32°| 5.000$ 5.054% 1.08% 10.00 A Passed
308.9 nf2 149.12°| 5.000s 5.0543 1.082% 10.00A Passed
309.2 n2 133.56°| 5.000s 5.059% 1.17% 10.00 A Passed
560.2 nf2 84.72° | 1.000s 1.034 g 3.43% 10.000A  Passed
573.3 nf2 83.87° | 1.000s 1.034 g 3.43% 10.000A  Passed
772.5 nf2 74.94° | 1.000s 1.034 g 3.42% 10.000A  Passed
1.134Q 67.25° | 5.0008 5.034 g 0.688% 10.00A Passed
1.412Q 64.11° | 5.0008 5.034 4 0.678%  10.00 A Passed

6. Conclusion

The issue of testing protective relays is quitdialift and even before the
actual deployment of the relay into operation guieed functional and system
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testing. The aim of this paper is to describe trtgsnethod of the description of
the protective relay SIEMENS SIPROTEC 7SA611.

This protection relay includes protection distabetween overhead lines
and cable linedn view of the fact that it is a digital relay, shilevice has a more
security features that have been described atagmting of article. For the test
this digital protective relay one protective fuoctiwas chosen, "ANSI 21 - Dis-
tance Protection".

In total, two tests were carried out in differeatts of the protection zones.
As shown in the attached tables, the actual trigppime in individual testing
points deviates from the preset minimum time amdlefore protective relay can
be used in operation.
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WERYFIKACJA OPERACJI PRZEKA ZNIKA
ZABEZPIECZENIOWEGO ODLEGLO SCIOWEGO

Streszczenie

W artykule opisano midiwosci testowania cyfrowego przek@ika zabezpieczeniowego.
W zwigzku z tym w pracy zostaty opisane funkcje ochropreekanika zabezpieczeniowego
odlegtaciowego SIEMENS SIPROTEC 7SA611 i wykorzystanie ichoghrony linii energetycz-
nych. Ostatnia ¢&¢ artykutu zawiera elementy testowania zabezpieezedlegtéciowego wraz
z kilkoma odmianami w module testowania ,,Advancgtatice”.

Stowa kluczowe:przekanik zabezpieczagy, testowanie pracy, metodaspednia
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