10, Check list

10.1. Before first energising

What to check: When Check:
1. External packing appearance A No signs of carefass handling
ABC

2, Transformer tightness No visible oil leaks or greasy stains {even if the packing Is Intact)
3. Transformer housing B, C Insulator, terminals and housing of the transformer show no signs of

machanical damage,
4, Oil level B, G Qil level Indicator Is in the propar position
5, Quality and correctness of performed connections G Performed connections are reliable and in accordance with the design

{
© 10,2, After first energising

What to check: When Check:
8. Transformer tightness D,E No visible oil leaks or greasy stains

7. Transformer housing

8. Qil level
9. Secondary winding insulation test (measurement method
depends on local practices)
10, Dieleciric loss factor tg & {measurement method depends
on lacal practices)

Insulator, terminals and housing of the transformer show no signs of mechanlcal

D, E

damage.
Cfi level indicator Is In the proper position

E Values dependent on age, voltags level, measurement method and temperature

E Values dependent on ags, voltage level, measurement msthad and temperature

Respective terminals are marked as: .ig §°

. E .
11. Oll sampling: gas analysis (DGA), tg 5, water content Measurements did net indicate excseding 'of permissible fimits
When
A “After arvival of iha transformer to the final IOQatioh
B ' After unpacking
C " Dirsotly before applying voltage
D During routine inspection In accordance with the schedule determined for the station
E After 16-20 years or inspection of efficlency after the non-conformity stats if there are susplcions as to transformer efficiency
11, End

For additional information concerning the operation and mainte-
nance of typa PA 123 and PA 145 transformers, please contact

the transformer manufacturer.

10 PA 123/PA 145 Guérrem transformer
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TESTS REPORTS No EWN/11/E/12-2

Current instrument transformer type PA 123 (PA145)
Serial No: 2GKP011A1084700 (84700/11)

TEST ORDERED RY: ABB Sp. z 0.0.

04-713 Warszawa, ul, Zegaiiska 1

ORDER NO: 4500380553/2 - 20.01.2012
SCOPE OF TEST: Selected type tests and special tests K{
PROCEDURA OF TESTS: in accordance with standards:
PN-EN 60044-1:2000 (EN 60044-1:1999)
RECEIVING OBJECT DATE: January 2012
DATE OF TESTS: January 2012 — March 2012
TESTS RESULTS: | are presented in following parts of report

Test resulis are concern to tested object only,

Tests was performed in witness of representatives of ABB sp. z 0.0. :

Marcin TARNOWSKI M.Sc.E.L,
Pawel DEBSKI M.Sc.E.E,

Jarostaw DUZDOWSKI M.Sc.E.E.
Zbigniew WESOLOWSKI M.Sc.E.E,

, Jan SZOKALSKI 'y
TEST PERFORMER: M.SCEE. (/U
SIGNATURE
. Jerzy MIKOLAJCZYK
TEST OVERSEERER: M.SCEE. _
IGNATURE
HEAD OF HIGH VOLTAGE January L. MIKULSKI,
DEPARTMENT; ™ Ass. Prof., Dr, hab. E. E,
N sig \ITURE

Warsaw, March 2012

Reproduction or publishing of Reports in form other than complete without writing permission of Laborator y
. is strictly forbidden
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Insulators and insutafor strings - lightning and switching impulse tests
- power-frequency voltage 50 Hz tests
- radio interference measurements

v Distribution substations .~ lightning and-switching impulse tests—
( ' - power-frequency voltage 50 Hz tests (
' - radio interference measurements

Circuit breakers, disconnectors - lightning and switching impulse tests
- power-frequency voltage 50 Iz tests
= radio interference measurements

Insulators - lightning and switching impulse tests
- power-frequency voltage 50 Hz tests
- radio interference measurements

Current and voltage transformers — lightning and switching impulse tests
- power-frequency voltage 50 Hz tests
Power transformers s lightning and switching impulse tests
: - power-frequency voltage 50 Hz tests
Lightning arresters and limiters - lightning and switching impulse tests
- power-frequency voltage 50 Hz tests
L Cables and cable fittings - lightning and switching impulse tests (
Note! Tests described in sub-clauges 4.8, hereby Report are not comply the scope of Laboratory
accreditation. '
Hereby Report concerning test results obtained in other competent laboratories -
(see Appendixes 2,3) :

a Distribution Equipment Laboratory of Institute of Power Engineering in Warsaw
having Accreditation Certificate PCA Nr AB 324
0 High Current Laboratory of Institute of Power Engineering in Warsaw
having Accreditation Certificate PCA Nr AB 323 —
0 Factory Laboratory of ABB sp. z 0.0. in Przasnysz - Regional Verificatiqu®ifige magWarsaw
- determination of errors and test in range of type tests at supervision ofjfchresent X
High Voltage Laboratory of Institute of Power Engineering in Warsay

BAPHO ¢ ORRInH I
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2. DESCRIPTION OF TEST OBJECT

The tested object was current instrument transformer type PA 123 (Pa 145) manufactured
by ABB sp. £°0.0. 04713 Warszawa, ul, Zegafiska 1, had following parameters: '

PO{1A1084700 (84703/11)

Serial number

o Ratgd primary current 50-100-200 A

0 Rafed shprt-time current Iin/1s 40 -50-50 kA

Q namic current Idyn 100 - 125 - 125 kA

a Rated frequency 50Hz

o Rated insulstion level LI 550kV/ AC 230kV"

—u—ﬁmmreepage&mtancﬁ—‘—%ﬁ&mfcmnpommiamﬁ—“
{
" Attention ! All voltarge test was performed for insulation level LI 650kV/AC 275kV
(for current transforimer type PA 145).

View of rated nameplates of tested transformers show figure 1.
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Identification 4
(Appendix 1):

@ Manufacturer Conformity Declaration,
0 Dimension drawing No. 2GKA614117 (19.01.2012),

0. Electric diagram of Current instrument transformer,

¢sted object was done at following documents attached to hereby Report

EWN/i1/E/12-2 \/

o Drawing of rated nameplate.

3. AGREED SCOPE OF TESTS

According to ordered selected tests were done comply following standards:

0 PN-EN 60044-1:2000 + A1:2003 +A2:2004 , Przektadniki. Cze$¢ 1: Przekladniki pradowe”
r (BEN-60044-1:1999 + A1:2000 + A2:2003 ,,Instrument transformers. Part 1: Cun'ent_

* transformers™).

On request of ordering party the additional special test were performed. The performed test results

are contained in Table 1.

BAPHO C OPUI'MHANA
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Table 1. List of performed tests
Ttem Performed tests Requirement
TYPE TESTS
1 |Lighting ir%\lsé\test PN EN 60044-1, p.7.3
2 | Wet test for %ioér transformers PN EN 60044-1, p.7.4
A
3 | Determination of ettors FNEN 600341, p. 114, 115,
124
4 |Measurement of the radio interference voltage (RIV) PN EN 60044-1/A1, p.7.5
SPECIAL TESTS.
5 |Chopped impulse test on the primary winding PN EN 60044-1, p. 9.1
— 6 |Measurement of capacitance and dielectric dissipation )
factor PN EN 60044-1, p. 9.2
7 | Mechanical test PN EN 60044-1, p. 9.3
8 |Transmitted overvoltage measurement PN EN 60044-1/A2, p. 9.3

During mentioned above tests at Factory Laboratory of ABB sp. z 0.0. in Przasnysz Leszno 59

Street, were performed determination of errors of transformer to prove positive results of

consecutive tests, The complete tests were performed according to mentioned above standards.

'The tests were supervised by representatives of High Voltage Laboratory of Institute of Power

Engineering in Warsaw in purpose to prove results of tests. The tests stands are under authority of

Regional Verification Office in Warsaw (No. stand S08/0UM1-5/81 XVLi
XVH).

[QUMA-5/Gme e
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4. PERF(Y%I‘\\/IED TESTS

4.0 Routine test etermination of ervors before tests in IEn and after tests finishing.

Before deliyeryAhi transformer to IEn Laboratory and after type test and special test

completed in ABB Factory Laboratory in Przasnysz were performed determination of errors

measurement under supervisﬁn of representative of IHn. During test were checked: (
0 verification of terminals marking,

0 power-frequency withstand test on the primary winding 50 Hz, Utest = 275 KV, t = 60 s,

0 partial discharge measurement for current transformers q<10pC (Uy) q <5pC (1,2 Uy, / x/§ ),
- @ power-frequency withstand test on secondary windings 50 Hz, Utest = 3 kY, t == 60 8,

O  power-frequency withstand test between sections 50 Hz, Utest =4,5kV, t = 60 s,

O determination of errors.

The test results are presented in reports attached to hereby Report (Appendix 2):

_ 1 Tests before type test and special test (Measurements before type test and special tests) -

Report No. 2GKP011A1084700 - 19.01.2012,

O Tests after type test and special tests completed (Measurements after type test and special test
completed) - 2GKP011A1084700 -~ 26.03.2012.

It were proved that all tests re(juired in routine test gave positive results. It were proved

that all metrological properties of transformer are comply accurate classes for all wmdmg

of tests described below.

HENF
A ‘K 1 garHo © OPUTARR
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4.1 Lightning impulse test

Test was done in test arrangement of surge generator type Haefely 5 MV, 375 kJ. Equivalent

circuit diagram i§ shows on Figure 2. The test was performed on standardized lightning impulse
1,2/50ps. The pur

se bf test was checking internal insulation of transformer. The influence of

atmospheric cond'lio

The Lightni

n test voltage value was not taken into consideration.

ulse test was performed jointly with chopped impulse test on the primary

winding (clause 3.8 of here eport).

Ls NS s FE R
( 1TLOL CUNTUILIVAT.

o Full impulse test voltage U = 650 KV,

o Chocked impulse test voltage 1,15 - 650 kV =747,5 kY,
o Sequence of impulses::- :

positive polarity — 15 full impuls'cs, ‘
negative polarity — 1 full impulse, 2 chocked impulses, 14 full impulses,

“ o During test was recorded test voltage and current flowed through along of current
"~ transformer. ' ' '

OOT L l

PA

C, 123
1§

( . Volimeter
¢ HAEFELY '
- Type 64M 7%Ba

Recorder e !
Drstravss] ] e

|

Fig. 2 Equivalent circuit diagram of test arrangement for lightning impulses:
Cy= 0,125 pF, Cy = 1,2 0F, Ry = 175 Q, Ry = 600 2, Ra= 18,95 Q2.

Measurement uncertainty - 1,5 %

The oscillograms not shows failures of transformer insulation.

Result of test - positive.

Recorded oscillograms of all applied impulses are shown in Appendix No. 5 of hereily Report.

VEapHO ¢ OPUTAKA




HIGH VOLTAGE LABORATORY | EWNnuEn22 [N\
INSTYTUT ENERGETYK]I - ,

POLAND 01-330 WARSZAWA,; ul, Mory 8, tel. (+48 22) 836-80-48,
fax (448 22) 836-80-48 e-mail: ewn @ien.com.pl Page 10/18

4.2 Wet test for outdoor transformers

The

according to

et W\&S performed in arrangement of test transformer type TuR 700kV, 0,5A.
dard PN-EN 60060-1:2011 (EN 60060-1:2010). Equivalent circuit diagram

is presented on Ri

Transformer
TP-700k

Reguiator

— HAEFELY
: Typ 51
50Hz -|_

Fig. 3 Equivalent circuit diagram for power frequency voltage 50 Hz:
C=200pF (C’ in series with C”)

Measurement uncertainty - 1,5 %

During -wet test for outdoor transformers the transformer was wetting by artificial rain at
parameters:

- vertical component of precipitation H, = 1,6 mm/min

- horizontal component of precipitation Hy = 1,7 mm/min

- water electrical resistivity p=98 Qm

The test voltage U=275 kV (corrected according to density of air) was applied during 1 minute.
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-

Fig. 4 Wet test of current transformers type PA 123 (PA 145) at power frequency voltage 50 Hz.

4,3 Determination of errors

4.3.1 Determination of errors

" Measurements of errors for current transformers was performed in Factory‘ Laboratory of ABB

$p. z 0.0, in Przasnysz 59 Leszno 59 Street, under supervision of representative of IEn.

The measurement was done two times:

a  Tests before type test and special test (Measurements before type test and special tests) -

Report No. 2GKP011A1084700 — 19.01.2012,

\
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Analyzing tesg'yesults for current transformer was found that:

ent windings 181-182(5A) class 0,58 FS5 and 281-282(1A) class 0,5FS5:
0505 I, current error Al{%) < 1,5%

acement 3,(min) < 90 min.

0 I,, current exror Al(%) < 0,75%

and phase di %c‘::nent 8,(min) < 45 min.

- for currents 1,0 11,2 I, current error Al(%) < 0,5%
~ and phase displaceinent 8,(min) < 30 min.
@ 0L protective windings 381-382(5A) class SP10.and 481-282(1A) class SP10:

“ = for currents 1,0 I, current error AI(%) < 1% { :
and phase displacement §,(inin) < 60 min,

TFor each of current windings values of error are contain in range compatible to appropriate
class of accuracy.

4.3.2 Verification of instrument secuyrity fuctor F'S of current part measurement windings of

instrument transformer

The tested current transformer has two measurement windings:

151-182 - L=5 A, 8,=5VA, class 0,58 FS5;

251-282 — I,=1 A, §,=5VA, class (,5 FS5.
The results of determination of core magnetization characteristics and veryfication of limiting
e.m.f (check of instrument security factor (ES)) are present in Report No, 2GKP011A1084700
—~19.01.2012—~ (Appendix No. 2 of hereby Report).

P

It was found that instrument security factor F'S is equal to 5 for measurement windings
of current transformer is defermined properly.

Test result - positive.

4.3.3 Yerification of Limits of error ALF for protective winding of current part pfFsfitanent

iransformer

381-382 — Ii=5 A, Sy=10VA, class 5P10;
451-452 — I=1 A, S,=10V A, class 5P10,

St v e e v e
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The results of determination of core magnetization characteristics and veryfication of limiting
of accuracy limit factor (ALF)) are present in No. 2GKP011A1084700 -
19.01.2012~ {Appendix No. 2 of hereby Report).

It was fou tﬁ t limit of error ALF equal 10 for windings for protection of current
transformerfis determined properly.

Test result ¢ positive.

«

44 Radio interference vollage measurenent

Following to requirement of IEC/CISPR 18-2 the measurements was performed in testing
arrangement as is show on Figure 5. The interference voltage was measured on resistance 3008
at frequency 0,5 MHz. To determinafe coefficient of correction +24 dB before measurement the
instrument was calibrated by stabile signal generator . To measurement of interference voltage the
instrument LMZ-5 was used. The level of background was checked for range of test voltages
0 - 150 kV. Interference voltéges originated form testing arrangement, radio broadcasts etc.,
were below 5uV (14 dB).

According to PN EN 60044-1/A.1 interference- voltage at voltagéUp:l.l»Um /\/5 =02 er
has not to exceed the value RIVyq, = 25001V,

The instrument had logarithmic scale:

RIVgep = 25001V — 68 dB (0 dB =1 pV).

Before the test, the instrument transformer was supplied with voltage 1,5- Uy, / V3 , held for

30 sec, Next, within about 10 sec the voltage was decreased to value 1,1- I.Lm,l,ag,hilﬁl,_d,ﬁoxﬁowsecmmm«{ ‘

\

g
The measurements were done at test voltages in range 0,3+1,1- URAAHT:E FOHEEWEAE 'ﬂ‘}

vl

decreased step by step with value 0,1xUp since Up=1,1- Uy / V3 up to value Up=0,3- Uy / V3.
Next, voltage was increased by this same values and finally deceased again.. For each of test
voltage the measurement of radio interference voltage were performed and registered level in last

series of decreasing voltage was drawn in function of test voltage Utest,
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TP-700

PA
123

1
<

Fig. 5 Test arrangement for Radio interference voltage measurement
The results of measurements are present in Table and diagram below.
Up [kV] 92 | 84 | 75 | 67 | 59 | 50 | 42 | 33 | 25
xUn/\3 L,1(10/09]08]07]06]05]04]03
— 6 5 2 0 (-1 |-21]-5 - -
[dB] — 6 3 2 0 | -1]-3]-5 - -
— 6 3 2 0 |-11]1-31]-5 - -
Wynik [dB]| 30 [ 28 | 26 | 24 | 23 | 21 | 19 | - -
y vl 32 [ 25 |20 [ 16 |14 |11 ]| 9 | - | -
£0 (
70 — —
60 — — —
_ 50
‘;" 40 —
30 _ &
‘M
20 — . ’A,,,,, M X T
10 ’-,f', - —
o < g ‘v"lj T T T ¥ T T 1
25 33 42 50 59 &7 75 e, a2
Un[kv] | ‘J\:‘_E,!jf?;z\\
Measured Radio Interference Voltage RIV = 32 pV (30dB) is mu ible

level RIV ey = 2500 pV (68B).

Test result - positive,

, .WZ?PMFME-H’AH;&;
T ;
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4.5 Chopped impulse test on the primary winding

described in clause 4.3 of hereby Rgport.

Recorded oscillograms not show of failure of insulation of current fransformers.

Oscillograms of all applied impulses are present in Appendix No. 4 of hereby Repoit,

4,6 Measurement of capacitance and dielectric dissipation factor

The measurement was pexformed st at ABB’s Factory Laboratory (Raports
No. 2GKP011A1084700 — 19.01.2012 and No. No. 2GKP011A1084700 —26.03.2012 of Factory
Laboratory ABB sp. z 0.0. Przasnysz Division).
Condition of measurements:
Up=10KkV; 110/43 kV=63,5kV; 123/43 kV-= 7T1kV
Ambient temperature during measurement was 22,2°C and (22,3°C).

( Test results are present in table below:

Up [kV] Cx [pF] tgd [ %]

973 0,22
(973) 0,22)
973 0,22
573) _ (0,22)

7 973 0,22
(973) (0,22)

10

63,5




HIGH VOLTAGE LABORATORY EWN/T1/R/12-2 \J
INSTYTUT ENERGETYKI

POLAND _01-330 WARSZAWA, ul. Mory 8, tel. (+48 22) 836-80-48,
%;\@:ls\ 22) 836-80-48 e-mail: ewn @ien.com.pl Page 16/18

4.7 Mechanical tests

The mechanical tests were performed in Distribution Equipment Laboratory of Institute of Power
Engineering in Warsaw. The test consist in applying to the transformer mechanical load — static and
dynamic, in three direction in turn. Static load was 20% higher than standard requirement for I1
21 888-0F J0ad, The test conditions were a8 Lol oW e
| Fr=3600N, t=60s (

It was assumed that dynamic load is 1,4 times higher than static load.

During the tests behaving of current transformer was correct. After test not stated any
damages or oil leakage.
Test result - positive,

Detailed information about test arrangement, performed tests and tests results are present in Report
No. EUR/12/E/12-1E —28.03.2012 — (Appendix 3)

4.10 Transmitted overvoltage measurement

During the test to the HV terminal of transformer were applied impulse voltage.
It were recorded maximal value of overvoltages wliich came in each secondary windings - both
current and voltage. According to requirement of Standard for impulse 0,5/50 ps and value
Ues=1,6 x M2 x U V3 =189kV thé values of transmitted overvoltages can not exceed 1,6 kV.
During all measurements to the transformer were applied lightning impulses at value ten times less,
that is U= 16 kV. Concerning linear of phenomenon, registered overvoltages should have values
less than 160V (peak-to- peak value).
Registration was don by digital oscilloscope of “Dr Strauss” with input impedance 50 Q and

transmission band 200 MHz.

.. .

\f 5 " : | a0 ’fmm il
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Results o\ﬁft Q\e present in table below.

Nl 1: Overvoltage value
\ inding U,/2 x 10 [V]
~1SINS2 346

281250 314
381-382 > 420
451-482 398

It was found that for each of secondary winding of transformer transmitted overvoltages

( not exceed value of 1600V,
Test result - positive,

The oscillograms of all_a_bplied and registered impulses are present in Appendix No. 6

of hereby Report.

5. SUMMARY

O The current instruments transformer type PA 123 (PA 145) manufactured by ABB sp. z 0.0.
04-713 Warszawa, ul. Zegaska 1, with parameters described in clause 2 of hereby Report
and identified on base provided documents (as presented in Appendix No. 1) was performed.

o The current instraments transformer type PA 123 (PA 145) for insulation level LI 650kV/

JAC 275kV passed positively selected type test according to requirement of standard:

( - PN-EN 60044-1:2000 + A1:2003 +A2:2004 ,,Przektadniki, Cz¢$€ 1: Przektadniki pradowe”
(BN-60044-1:1999 + A1:2000 + A2:2003 ,Instrument transformers. Part 1:-Current
transformers”).

and according program described in Table 1, clause 3 of hereby Report.

N _ -
BAPHO ¢ opmrmmm{
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6. LIST QF APPENDIXES

Appendix No. 1

Documents provided By ABB Sp. z 0.0, used as base of identification of test object:

n Manufacturer Goaformity Declaration

o Dimension drawing NOZ2GKA614117 (19.01.2012)
u Electric diagram of Curreht instrument transformer
u Drawing of rated nameplate

S Appgnﬂiv No.. .2

Reports of routine test and determination of errors of current transformer type PA 123 performed in (
Factory Laboratory of ABB sp. z 0.0. ' ‘

0 Tests before type test and special test (Measurements before type test and special tests) - Report
No. 2GKP011A1084700 - 19.01.2012,

o Tests after type test and special tests completed (Measurements after type test and special test
completed) - 2GKP011A1084700 —26.03.2012.

Appendix No. 3

Report of performed tests in Distribution Equipment Laboratory
of Institute of Power Engineering in Warsaw.

o Test Report No. EUR/12/E/12-1E
(Mechanical tests. )

Appendix No. 4

Lightning impulse test. Impulse 1,2/50 ps, full and chopped:
a Oscillograms of test currents and detection currents.

Appendix No, 5

Transmitted overvoltage measurement: : - (
a Oscillograms of measured transmitted to secondary windings overvoltages.
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High Voltage Products

Current instrument transformers

ll PA 123 and PA 145
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General information

The PA 123 and PA 145 current instrument transformers
are used for feeding measuremeant and protection
systems in electric power grids with highest system
voltage of up to 123 kV and up to 145 KV respectively
and frequency of 50 Hz.

They are designed to operate in grids with effactively
earthed or insulated neutral points as well as in resonant
(compensated) sarthed systems. The PA 123 and PA 145
current instrument transformers are suitable to operate in
outdoor conditions with ambient temperature from

All materlals used In production of our insulators conform to rel-
evant |[EC Standards.

Housing

All external parts are robust and made of corroslon resistant
materlals.

The PA 123 and PA 145 current Instrument transformers are
leak proof dus to 0-ring sealing system in the housing that Is
made of high guality aluminium alloy. The expansion bellows
is equipped with large oli level Indicator that enables observa-

2K CIo 3T KA UeCYand at relativa humitdity Hong of thermal changes I ol VolUIme evan Tram 8 disTancs,

of up to 100% at 303 K (30°C) and at the altitude not
exceeding 1000 m above the sea level.

General information

The PA 123 and PA 145 current instrument transformers are
top core construction; active current meduls is located in trans-
former’s head and encapstiated in hermetic housing filled with
PCB frea transformer ofl,

The transformer’s stainless steel expansion bellows is fixed

to the head and shielded with aluminlum cover. The expansion
bellows compensates for thermal changes in oil volume,

Top core construction

Tep core construction makes it possible to achieve high val-
ues of thermal and dynamic short-clrcult currents as well as

a broad range of rated primary currents and outputs of second-
ary windings.

Primary and secondary windings and accuracy classes
The primary and secondary windings are made of highest
quality electrical copper, enabling us to deliver to customers
requiring high accuracy (classes 0.28 and 0.58) with low values
of rated primary current, We guarantee very high transformation
accuracy in speclal classes [,3"], from 1% to 120%, 150% and
.even to 200% of the value of selected rated primary currents
for both secondary currents of 1 Aand 65 A.

ABB's factory test laboratory Is one of the most modern units
of this type In the world.

Main insulation

The main Insulation is made of insulaticn paper Impregnated
with transformer oil. We use high quality oil conforming to

IEC 60286 Standard requirements. This oil does not contain
PCB's nor any other toxle substances and has low environmean-
tal Impact.

Hollow insulator

The standard Insulator s made of brown porcelain with
creepage distance of 256 mm/kV. A grey cemposite insulator
with creepage distance of 31 mm/kV Is a ailabls upon request.

2 PA123 and PA 145,

Each complstsly assembled unlt Is subject to stringent leakage
checks during routine testing.

Primary terminals

The standard primary terminals are flat, made of aluminium,
100 mm or 200 mm width, Upon request we can offer pin type
primary terminals, made of copper or aluminium, with diameter
of 30 mm or 40 mm.

Secondary terminal box

The secondary terminal box is IP55, constructed of aluminfum
Tha terminal box Is fixed to the transformer's bottomn base.
Secondary terminals are avallable for connection of up to 10
mm, conductors. Sealing of current measurement secondary
terminals s also possible upon request, The secondary terminal
box has two M40 cabls glands (for cables from & 18 mm

to @ 28 mm). We offer secondary terminal boxes with higher
number of cable glands upon request.

(,_
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Technical data
AN

Parameter Value

Type PA 123 PA 145
Compliance with the standards |IEC 80044-1; FN-EN 80044-1
Highest system voltage 123 kv 145 kv
Rated power — frequency withstand 50 Hz 230 kV 50 Hz 276 kV

voltage at 50 Hz
Rated lighting — Impulse withstand
voltage 1.2/60 ps

1.2/50 ps 550 kY 1.2/50 ps 850 kY

A lanel Inceator

Lifting ey0 D=43mm

P
RAL 7053

@240
Minimum creepaga distence 16; 20; 25; 31 mm/kvV R Insuiasor
Rated frequency 50 Hz §.
Total welght 420; 360 kg B
*composite Insulator ol
g %[ N
® g

Current module

Rated current [A]

Rated s thermal

Rated dynamic

current [kA] current [KA]
50 - 3008 10-63 25 - 157
reconnectable 112 or 1:2:4
Parameter Value
Aated secondary current 1A BA
Rated continuom thermal current 120%; 150%,; 200%
Number of cores i-8
Measuring cores parameters
- total rated ocutput . 2.5-90VA
— accuracy clases from 0,28
Protection cores parameters
- total rated output 2.5-20VA

-~ accuracy classas

5P, 10P, 6PR, 10PR, TPX,
TPY, TPZ, PX, PXR

355

dimensions in mm

a0 Execu

aco to ordar

Secondary
tertrinal boxX
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Contact us

ABB Contact Center
Phone: +48 22 22 37 777
e-mail: kentakt@pl.abb.com

ABB Sp.z0.0.

Branch In Przasnysz

59 Leszno St,

08-300 Przasnysz

Phone: +48 22 22 38 931, +48 22 22 39 255
Fax: +48 22 22 38 988

www.abh.pl

Wa reserve the right 1o make techrvica! changes or medify the conlents of this

© document without prior notice. With regard 1o gurchase orders, the agreed

particulars shall preval, ABB Sp. z 0.0, does not accept any responsibiity
whatsoever for potential errors or possiole lack of information In this document,

Wa reserve & rights in this document and In the sublect matter and Eustrations
contained there'n, Any repreduction, disclosure to third parties or utlization of its
contents ~in whole or in parts — Is forbldden without prior written consent of
ABB 8p. z 0.0,

@ Copyright 2014 ABB
All rights reserved

2127PLE17-W2-en. Edition 1.2043
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Unsere Produlitpalatte
Product range
Notre gamme de produits

Duresca®

Schienensystem
Busbar system
Systémes de barres

DE 175 KV - 2500 A

Duresca®

Wanddurchfiihrungen
Wall bushings
Traversées murales

Dh421 36 kv - 1600 A

Tiresca®

Schienensystem
Bushar system
Systémes de barres

Travesca®

Transformator-Durchfiihrung
Transformer bushing
Traversées pour transformateur

i i & ] . - \.\ ot
; - Gasli s \_9
- Traversdes murales : = . -] — _ 7

145 kV-400 SFa isolierter Schienensystem
8F; insulated busbar ys«tems..,__
Systémes de barres is au SFg

BABRS ¢ OPUMAHANA




Die Firma

DasTraditionsunternehmen wurde 1914 als Moser & Glaser Co. in Basel
gegriindet. 1958 entwickelte MGC MoserGlaser AG die Technik zur
Isolation von elektrischen Leitern mit harzimpragniertem Papier (RIP) fir
Hochspannungs- und Mittelspannungs-Durchflihrungen und Strom-
schienen. )

Diese Technik wurde patentiert und eingetragen unter dem Namen
DURESCA®,

Mit mehr als 45 Jahren Erfahrung und tausenden Anwendungen
weltweit, ist die MGC MoserGlaser AG der Spezialist flr diese RIP-
Technologie.

The Company
Moser & Glaser Company, Basel was founded in 1914, In 1958 MGC

MoserGlaser AG invented the RIP (Resin Impregnated Paper) technol-

ogy: a process designed to insulate electrical conductors for bushings (
and busbars in middle and high voltage applications.

This technology was patented and protected under the name

DURESCA®,

With more than 45 years experience and the fact that so many different

applications worldwide delivered makes MGC a leader in this technclogy.

La Société
Cette entreprise familiale a 6té fondée en 1914 & Rale en Suisse sous

le nom de Mosear & Glaser Co., SA. A partir de 19568, elle a développé |a
tachnique de l'isolation séche des conducteurs électriques par impreé-
gnation sous vide d'un papier créné avec dea la résine époxyde (RIP), pour
traversées et barres isolées haute et moyenne tension,

Cette technique a 6té patentée et commercialisée sous le nom de
DURESCA®,

Aprés plus de 45 années d'expérience avec le RIP et des milliers d'ap- ,
plications dans le monde entier, MGC MoserGlaser SA est devenu le
spécialiste de cette technologie.
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Aufbau & Beschreibung
Design & Description
Construction & Description

Die DURESCA® Wanddurchflihrungen besitzen eine trockene Isolation
aus RIP {Resin Impregnated Paper). Die 1solation liegt direkt auf dem
Leiter oder Rohr und besteht aus gewickeltern Papier, das unter Vakuum
mit Harz impragniert wird, Flr die bestmagliche Verteilung des slektri-
schen Feldes werden in die Papierisolation Steuerungsbeldge eingelegt.
ieser Aufbau ermdglicht eine langstmdgliche Betriebssicherheit und
eiha héchstmdgliche Sicherheit fir Mensch und Anlage.

Die MGC Wanddurchflihrungen sind in 2 Ausflihrungen verflgbar:
TypDEM___ bis zu einem Duschmesser Dfl des Flansches von

170 mm. Die Isolationsoberfléche ist mit siner hoch-
waertigen gewellten Polyarid Schutzhille umgeben.

Typ DM wird eingesetzi fir die Durchmesser Dfl grosser als
170 mm. Die Isolationsobarfliche ist mit einem hochwer
tigen Lack geschitzt.

The DURESCA® wall bushings have a dry insulation of RIP (Resin Im-
pregnated Paper). The insulation lays directly on the cenductor or tube
and consists of wrapped paper direct under vacuum impregnated with
epoxy resin. Conductive grading layers are embedded during the wrap-
ping in the insulation for the best field control. This guarantees the high-
est operational and human safety, '

The MGC wall bushings are available in 2 designs:

Type DEM  available with a diameter Dfl of the flange up to 170 mm.
The insulated body i$ coverad by a high qualily corruga-
ted protection tubs in polysmide.

Type DM will be used with a diameter Dff with more than
170 mm. The insulation body is protected by a high
quality varnish.

Les traversées murales DURESCA? sont constituées d'un corps isolant
sec du type RIP (Resin Impregnated Paper). Cetts isolation est obtenue
par enroulement autour du conducteur ou tube central, de papier séché
sous vide et imprégné de résine époxy. Une bonne répartition du champ
électrique est obtenue par un guidage capacitif fin. Cette conception
garantie une sécurité optimale pour les biens et les parsonnes,

i ] H
s s i SRR AR TR She o] el s IS A

“gs traversées murales MGC sont disponibles sous 2 exécutions:
T\fpe DEM lorsque le diameétre Dfl de la bride n‘excéde pas 170 mm.
[ Le corps isolant est protégé.par un tube annelé en
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Ubersicht

Overview

Programme

EM21 / BM2]
siluft-Freiluft Betrieb

Oidoor-outdoor oparation

Serv\e extéricur-extérieur

Innenraum-Innenraum Betrigh

Indaer-indoor operation

Servics intérisur-intérieur

BEVI2P f DM2P
Freiluft-Freiluft Batrieb

Gutdosr-outdoor operation

Service extéricur-extérieur

DEMI / DMI

Freilufi-lnnenraum Betrieb

Qutdsor-indoor operation

Service extérieur-intésieur

Innearaum-nnenraum Betrieb

Indoor-indoor operation

Servica intérieur-intérieur

[

. DEMP I DMP
Freiluft -,,-_';u

A ‘@\

mit Polyamid-Schutzrohr

7

Silikan-lselator

with corrugated protection tube in polyamid

Silicone rubber insulator

protégé par un tuba annelé en palyamids

Isolateur composite

L : HO G OPUTAMA

. Aot \n £
mit Lack-Schutz i ;rzell%n Isolatar ot
protectad with a vamish PRSI TR .

avec vernis de gralestion

;13‘5‘) o
/
/

JJsolateur en porcelaine




PEM / DM L DEN!I / DMI
Innenraum-Innenraum L"Ln 2 Freiluft-Inngnraum ~
Indoor-indoor Outdoor-indeor v
Intérieur-iniérisur Extérisur-intérisur f'\ \

Jge]]

Al Connections — Al stud terminals onductor - Technical datas & Dimensi a wall thickness E = 300 mm
- it -

155

1]

Type @0 mm
D30 Elij
D40 40
D50 50
Ded (]

Al Flat pads terminals according

to DIN 46208
J——

Typa a8 § =thiclness

M|

_B£ 85' I; j[ S=Hina

B160 - —

10

S23tna

_(z,.
O
RS 50

&
|dr

Ss3fan

T
50
120

= ff

&
&
35‘

1,

: ot
Wy o e | I ST
4%
L
R 42
B 180 44 : 2 s:toa
4% ;
} s e e e
&b \j Standard-Austunraneg Letandard.désigil B
ot B sonn  Wenddicke E/ Wall thickness £/ Epaissour de paroi E
>4 Freiluft-lsolator aus Silikan / Outdoer apsration: sificons rubber insulator / Service ex@rBDFIEIME@eapait A BLOM [T A
515 Umgebungstemperatur / Ambiant temperatura / Température ambiante —40/+40°C
{2x) P ;
e SRALON P =
 Anders Abmessungen F auf Anfrage / Other lenghts £ on request / Autres dimensions E sur demande
AN
Porzellan-Isolator / Parcelain insulator / Isola eude}\ porcelaing o
Stromwandler / Current transformer { Transto L}[ ds courant i
!
. ) /
L’ -
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=]
=

la

141

BDx

laT

L)

DEM21/ DM2I

Freiluft-Freiluft

Quldoor-outdoor

Extérieur-extérieur

Larc

20a

Cu Connections — Cu stud termtipals

N

a5

Type 20 mm

D 2% %5

b 32 32

040 40

b 45 45

L D )

0 60 £0

L0 70

0 B0 ®

100100

] 3
{

Cu Fiat pads terminals according

to DIN 46208 S < thickness.

Tpe B S
mm' mm

828
B37

2
kY

15

s B4l
B 4§
857

40
48
57

B3E0 60

20

85100 100 30

180

158

s

PN

B3 150 150 30
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- mehrere Ubersetzungen mdglich

- gut zugangllche Sekundéreklemmen
- geringer Platzbedarf

- bis zu 4 Ketne %‘1-,3

- several ratio$, posmb!e 1%‘

- casily accessub!e secondary terminals
fl“,\compac:t size “,\ A

- uptodcores % _

- suitable for very hlgh shb{t -time’ gurrent i

%. %

Traversée RIP équip §e d'un transformateur
de courant Y
Transformateur de courant
- nombreux rapports de tranxsformanon pgssmles
- bornes de raccordement secondaue facﬂement

accessible

- dlmen5|ons réduites

ni urchfuhrung
’ Wa!I‘btjjshlng
Traverséa muralei’l

HS Station von La Fofétallle, SIG
HVsubs}ann ofla Fore"tan‘fe, SiG
: S

l

Vertreten durch / ﬁ‘epresented by/ Repre senté par,

- =

Lerchenweg 21
. CH-4303 Kaiseraugst
'_Schwaizl Suisse / Switzerland

Telofon +41.614676111
Telefax ' +41 614676110
Internet www, mgc.ch

derungen vorbehalten f Altera rvedd / Sous réserve de modifications, 7 £
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Mpunoxenwe Ne 17 — TexHuyecka AOKYMEHTALMA (BKMIOUMTENHO karanosu), Aaeawia NbNHO ONUCaHke,
TEXHUUYECKM AaHHW V1 XapaKTepUcTHLY Ha npeanaraHoTo obopyasane kKbM MpunoxeHue N2 7 — TexHudecky LaRHW
3a pe3epsHa MaKCUMANHOTOKOBa peneiiHa 3aluuTa Ha CMIOB TPaHC(HopMaTtop; W NpunoxeHue N2y —
TexHUUECKV AaHRM 3a Undbposa 3aluTa 3a Tpachoexoa Tp-p1 101 20 kV 8 IC opron 1 3a Tpadoexog 10K -
p2 B INC “Bopumenra’;
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Unigque earth-fault protection for higher
sensitivity and selectivity

REF615 is a dedicated feeder protection and control relay
for protection, control, measurement and supervision in
utility and industrial power distribution systems, inciuding
radial, looped and meshed distribution networks, with or
without distributed power generation.

Application

REF615 has been designed to be the maln overcurrent and

earth-fault protection for overhead lines and cable feeders, In

gither isolated neutral, resistance-eartned, compensated or

effactively-earthed distribution networks, depending on the
-standard configuration...... .o

REF615 Is available in twelve standard configurations,

all of which can be tailored to meet application-specific
requirements using the IEC 61850-compliant Protection
and Control |[ED Manager PCM600. In addition to standard
configuration N, also L now provides maximum functionality
to allow fully flexible tailoring. The major difference is that L
includes support for three combi-sensor inputs for phase
currents (Rogowski coil) and voltages (voltage divider),
whereas N supports conventional current and voltage
instrument transformers.

The extonsive earth-fault protection portfolio has been
expanded to include a unique multifrequency admittance-
based protection for higher sensitivity and selectivity, in
response to the requirements of today’s growing cable
networks. The new earth-fault protection is intended for all
types of earth faults - continuous, transient and intermittent —
and combines both reftability and sensitivity in one function.

REF6185 includes a fauit locator which locates short circuits in
radial distribution networks and earth faults in effectively and
low-resistance earthed ones. If the fault current is as high as
or higher than the load current, earth faults in isolated neutraf
distribution networks will also be located. To minimize the

look and feel includes the location g4 push button with a
certain function and the menu structure.

REFB15 is equipped with a large graphical display which
can show customizable single-line diagrams (SLD) with
position indication for the clreuit breaker, disconnectors and
the earthing switch. Also measured valqes provided by the

A

2 Feeder protection and contrel | REF618 1. 'U

su
 a redundant Etheprfét cqﬁamhn}@é’t‘izn maodute. In addition,

Coll FJ ¥

chosen standard configuration can be displayed. The SLDs

- are customized using PCM600 and can have multiple pages
for easy access to selected information. The SLDs can be
accessed not only locally but also via the web browser-based
HMI that has now been erriched with a number of usability
enhancing features.

Standardized communication

REF815 fully supports the IEC 61850 standard for

communication and Interoperabillty of substation automation

devices, including fast GOOSE messaging and 1EC 61850-
M&Eﬂﬂ&@aﬂ-ﬂewmwgneﬁﬂmmfh@emndedmmwwmff ”””””

Interoperabliity provided by Edition 2. The feeder relay (

further supports both the parallel redundancy protocal )

(PRP) and the high-availability seamless redundancy (H3R)

protocol, togather with the DNP3, IEC 80870-5-103 and

Modbus® protocols. With the protocal adapter SPA-ZG 302,

Profibus DVP1 can also be used. REF615 is able to use two

communication protocols simultaneously.

For redundant Ethernet communication, REFB15 offers either
iwo optical or two galvanic Ethernet network interfaces. A
third port with a galvanic Fthernet network interface provides
connectivity of any other Ethernet devices to an IEG 61850
statlon bus Inside a switchgear bay. The redundant Ethernst
solution can be built on the Ethernet-based IEG 61850,
Modbus® and DNP3 protocols.

The Implementation of the IEC 681850 standard in REF615
covers both vertical and horizontal communication, including
GOOSE messaging with both binary and analog signals as (
well as parameter setling according to IEG 61850-8-1. Also
IEC 81850-9-2 LE process bus with sending sampled values
of not only analog voltages but now also currents, in addition
to recelving sampled values of voltages, is supported. The
' sampled values can now be used for synchro-check as well,
both in conventlonal instrument transformer and now also
sansor-based applications, to ensure safe interconnection
of two networks, For process bus applications, which
e hlgh-accuracy time s;ynff‘ﬁ%n;ation, IEEE 1588 V2

} is used, with a time stam fesgL‘uch of not mare than four

§ microseconds, [EEE/B@U Vauig orted in all variants with
REF815 suppefts QYfT,é?‘er’giz‘é‘tion over Ethernet using SNTP
paé%ge‘ﬁugyﬁng IRIG-B,

< g
i q}){%\\ /
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Function overview of the E configuration of REF&15.

lain benefits
- Withdrawable plug-in unit design for swift installation and
tesiing

Extenslive range of protection and control functionality,
either with sensors or conventional instrument transformers
Ready-made standard configurations for fast and easy
setup with tailoring capabilities

Extensive earth-fault protection portiolic with unique
multifrequency admittance-based protection for higher
sensitivity and selectivity

Advanced and fast fault location of short circuits and earth
faults

IEC 61850 Edition 2 and Edition 1 support, including HSR
and PRP, GOOSE messaging and IEC 61850-9-2 LE f
less wiring and supervised communication

IEEE 1588 V2 far high-accuracy time synchronization
and maximum benefit of substation-level Ethernet
communication

Large graphical display for showing customizable SLDs,
accessible either locally or through a web browser-basedt ™

615 series

REF615 is 2 member of ABB's Relion product family and part
of its 815 protection and control serles of relays, character-
ized by compactness and withdrawable plug-in unit design.
In addition to REF615, the 615 series includes the following
relays;

RED618 Line differential protection and control

RET&15 Transformer protection and control

REUB15 Voltagggpratection and control

REMB15 Motor protection and control

REV615 Capacitor bank prﬁg‘t’ection and control

1

i

e
4
e

Lifg-ayche éﬁcﬁ AR AR
ABB, oftars il §Bpport for all prothction and control relays
ﬁ?b’aghout_f’gggjn‘enﬁré“h'fébyc!e. Opr extensh
Vieesiifichide iraining, customer A
modernization.
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Standard configurations

Standard configurations

Description Standard
configuration

Non-directional overcurrent and directional sarth-fault protection A
Non-directional overcurrent and directional earth-fault protection and clreult-breaker condition menitoring (RTD otion) B
Non-directional overcurrent and sarth-fault protection c
Non-direstional overcurrent and earth-fault protection and cireuit-breaker condition monitaring (RTD option) b
Non-directional overcurrent and directional earth-fault protection, voltage-based measurements and E
gircuit-breaker condition monitoring (RTD option)
Direclional overcurrent and earth-fault protection, voltage-based pratection and measurement functions, E
and clrcult-breaker condition monitoring (RTD option) :
Directional overcurrent and earth-fault protection, voltage-based protection and measurement functions, G
and cireuit-breaker condition monitoring (sensar Inputs and optional synchro-check with IEC 61850-9- -2LE)
Non-directional overcurrent and earth-fault protection, voltage and frequency based protection and H
measurement functlons, synchro-check and clreult-breaker condition monitoring (RTD option)

{
Supported functions, codes and symbols b
Functionality IEC 61850 IEC 60617 IEC-ANSI
Protaction
Three-phase non-directional overcurrent protection, low stage PHLPTCC 31> 51P-1
Three-phasa non-directional overcurrent protection, high stage PHRPTOC 3> 51pP-2
Three-phase non-directional overcurrent protection, instantaneous stage PHIPTCC 3> 50P/51P
Three-phase directional overcurrent protection, low stage DPHLPDOC 3> — 67-1
Three-phase directional overcurrant protection, high stage DPHHFDOC 3> — 67-2
Nen-directional earth-fault protection, low stage EFLPTOC lo> 51N-1
Non-directional earth-fault protection, high stage EFHPTOC lo>> 51N-2
Non-directional earth-fault protection, Instantaneous stage EFIPTOC loz»> SON/STN
Directicnal earth-fault protection, low stage DEFLPDEF lo> - 67N-1
Directional earth-fault protection, high stage DEFHPDEF lo>> > B7N-2
Admittance based earth-fault protection # EFPADM Yo —» 21¥N
Wattmelric based earth-fault protection @ WPWDE Po> — 32N
Transtent / intermittent earth-fault protection INTRPTEF o> = |[EF B87NIEF
Harmonlcs based earth-fault protection HAEFPTOC lo> HA S51NHA
Non-directional {cross-country) earth fault protection, using calculated lo EFHPTOC lo>> 51N-2 ('
Negative-sequence overcurrent protection NSPTOC 12> 48
Phase discontinuity protection PDNSPTOC 2/11> 48PD
Residual overvoltage protection ROVPTOV Ug> 59G
Three-phase undervoltage protection PHPTUV,/A:%. 27
Three-phase overvoltage protection PI;IPT'(’)({/ 3 59
Positive-sequence undervoltage protection /’ PSPTLM 1< 47U+
Negative-sequence overvaltage protection i N?SISTOV Ue> 470-
Frequency protection )\(.‘O ‘ FEP Q f>/f<, difdt 81
Three-phase thermal protection for feeders, cables and distribution transform S(‘)C?\‘ ST TIPTTR Sith>F 49F
High impedance based restricted earth-fault protection f,a HREFPDIF dioHi> 87NH
High-impedance differential protection for phase A HIAPDIF ~ dHix> (A) 87 (2)
High-impedance differantial protecti : HIBPDIF ~ dHi> (B) 87 (2)
High-impedance differential prote HICPDIF ~ dHI> {C) 87 (3)
Circuit hreaker failure protestion CCBRBRF 3I>/lo>8F 51BF/51NBF
Three-phase inrush detector INRPHAR 328> 68
Switch onto fault GBPSOF . SOTF SOTF
Master trip TRPPTRC Master Trip 094/86
Arc protaction 2 ARCSARC ARC 50L/50MNL
Multl-purpose protection "\\ MAPGAPC MAP MAP .
Fault locator SCEFRFLO FLOG 21FL
High impedance fault datection 1PHIZ HIF

4 Feeder protection and conirol | REF81 é )ll \A\

HiZ




Standard configurations

N

Description Standard
configuration

Directlonal overcurrent and sarth-fault protection, voltage and frequency based protection and measurement functions, J

synchro-check and clrcult-breaker condition monitering {optional power quality and RTD option)

Directionat and non-directionat overcurrent and earth-fault protection, high-impedance restricted earth-favit protection,

voltage and frequency based protection and measurement functions, synchrocheck and clrcuit-breaker condition K

monitoring (optional power quality and fault locator)

Diractional and non-directional overcurrent and earth-fault protection with multifrequency neutral admittances, voltage,

frequency and power based protection and measurement functiens, and circuit breaker condition monitoring (sensor L

inputs, optional power quality, fault locator, intercannation protection and synchro-check with IEC 61850-9-2LF)

Directional and non-directional overcurrent and earth-fault protection with multifrequency neutral admittance, voltage, N

frequency and power based protection and measurement functions, highimpedance differential protection, synchro-

check and circuit-breaker condition monitoring {optional power quality, fault locator and intercannection protection)

_(

1, 2,... = number of included insiancas, [/Os } = optional

Pl

Wy

L eniend ent

A B c D E F G H J K L N
1 1 1 1 1 - 1 - 1 2 2
2 2 ) 2 2 - - 2 . 1 1 1
1 1 1 1 3 1 1 1 1 1 1 1
- - - - - 2 2 . 2 1 2 2
- - - - - 1 1 - 1 1 1 1
- . 2 2 . - - 2 - 2 2 2
- - 1 1 - . - 1 - 1 1
- - 1 1 - - - 1 - 1 1 1
2% 2 - - 2 2 2% 2 1 24 2
11 10 . 1 1 12 - 1 1 K 1
@oa  @n - @y @ @ - @Y - @ @9
s () - - @3 33 {3) 2% - (3)9 - 323 (3) @
149 K - - 14 14 - - 14 - 124 K
T ) A e O L I A OV
( 1 1 - - 1 1 1 - 1 - 1 -
' 2 2 2 2 2 2 2 2 2 2 2 2
1 1 1 1 1 1 1 1 1 - 1 1
3 3 - - 3 3 32 3 3 2 34 3
- - - - . 3 3 3 8 2 3 3
. - - - - 3 3 3 3 2 3 3
- i - - . 1 1 - 1 . 2 2
- - . - - 1 1 1 . 2 2
- - - - - - 3 3 3 6 6
1 1 i 1 1 1 1 1
- . - - - - 1
- - . - - - 1
- - - - - - 1
i 1 1 1] 1 1 1
1 1 1 1 \ 1 1 ad T
1 1 1 RN 1 1 1 ‘1 1 P BapHO GOK
2 2(5) © 2 2B TEE)9 259 269 2% 259 2591280282
Q) (3) 3) (3) 5“ {3 @ @) 3 {3 1) ) (3)
18 18 18 18 % 18 18 18 18 18 18 18 18
. - - - - - - - - (1 (1) (1)
' { - 1 - 1 1 1 1 1 1 - - Cﬁ
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Standard configurations

Supperted functions, codes and symbols

Functionality IEC 61850 . {EC 606817 . |IEC-ANSI
Protection

Reverse power/directional overpower protection DOPPDPR P>/ Q> 32R/320
Multifrequency admittance-based earth-fault protection MFADPSDE lo>—>Y B7YN
Interconnect functions

Directional reactive power undervoltage protection DQPTUY Q>-», 3U> 32q, 27
Low-voltage ridethrough protection LWRTPTUV - U<RT 27RT
Voltage vector shift protection VVSPPAM VS 78V

Power Quality )
Current total demand distortion CMHAI PQM3I PQM3I
Voltage total harmonic distortion VMHAI POM3U PQMAaY
Voltage variation PHEAWR PaMu PGV
Voltage unbalance VSQVUB PQMUBU POMUBY (
Control A
Circuit-breaker control CBXCBR < 0CB 1 OCB
Disconnector contro! DCXSWI I 0 DCC 1> 0DCC
Earthing switch control ESXSWI i OESC | & O ESC
Disconnector position indication DC8Xswi I+ 0DC le0DC
Earthing switch indication ESSXEWI I OES | < OES
Auto-reclosing DARREC O—1 79
Synchrenism and energizing check SECRSYN SYNC 25

Condition Monitoring

Circuit-breaker condition monitoring S8CBR CBCM CBCM

Trip circult supervislon TCSSCBR TCS TCM

Current circuit supervision CCRDIF MCS 31 MCS 3l
Current transformer supervision for highimpedance protection scheme for phass A HZCCASPVC  MCS LA MCS LA
Current transformer supervision for highimpedance protection scheme far phase B HZCCBSPVC  MCSI_B MCS LB
Current transformer supervisicn for highimpedance protection scheme for phase C HZCCCSPVC  MCS |G MCS .G
Fuss failure supervision SEQRFUF FUSEF 60

Buntime counter for machines and devices MDSOPT OPTS OPTM
Measurement s
Disturbance recorder RDRE DR DFR N
Load profile record LDPMSTA LOADPROF LOADPROF
Fault record FLTRFRC FAULTREC FAULTREC
Three-phase current measurement CMMXU 3l 3t .
Sequence current measuremant CSMSQI 11,12, 10 H,12,10
Resldual current measurement , | RESCMMXU fo In
Three-phase voltage measurernent L VMMXU 3U 3U

Rasidual voltage measurement X RESVMMXU Uo . Vn
Sequence voltage measurement “J| vemsal A, UZ,;L}ﬁ‘p' V1, V2, Vo
Three-phase power and energy measurement, including power fact PEMMXU.~ \@{E?‘H)" RE

RTD/mA measurament W ¥ X1304RTD) X130 (RTD)
Frequency measurement MMz%L‘O E/ f

IEC 61850-8-2 LE sampled value receiving 99 \S)M{?SEN SMVSENDER SMVSENDER
1EC 61850-9-2 LE sampled value receiving {veltage sharfng) #9 SMVRCV SMVRCV

1) “Ue measured” Is always used,
2} "Uo caloutated” is always used,

, SMMVRCY
Ly

8) One of the following can be crdered as an option: admittance-based E/F, watimetric-based E/F or H'a\rqulcs-based E/F.
T

4) “lo measured” Is always used,

5) . "loB measured” is always used. .

6) Master trip is Included and connected to the corresponding HSO in the configuration only vwhen the Bl
8ARC is connected in the configuration to the rresponding master trip input.

o\

W

N,

[=>3

/
Feeder protestion and control | REFE15 \\

7 module is used, If addiionally the ARG option Is selected, ARC-




1, 2,... = number of included instances / /Os

{) = optional
A B c D E F G H J K L N
) i . - - - - - - - 2 2
- - - . - - - - - - 1 1
. ] ’ ) ) ; - . - - @ m
) i i . - - - - - - (@) @)
- - - : : d - - - - M
i . ) ) i - - - (17 (137 (1" Mo
: . : - - - - - me e
,-,-- _ - - — — — - - 1.41\7; {1})1 {-}}Tl {‘Hn
*_( - - - - - u - - ) ) L ) S )
1 1 1 1 1 1 1 1 1 1 1 1
- L - 1 1 1 1 1 1 1 1 4
- 3 - 3 3 3 3 3 3 3 3 3
(1) )] {1 M {1) () (1 {1) {1 {1 {1 {1}
- - - - - - f)e 1 1 1 (e 1
- 1 - 1 1 1 1 1 1 1
2 2 2 2 2 2 2 2 2 2 2 2
) ) - - 1 1 1 1 1 1 1 1
- - - - 1 1 1 1 1 1 1 1
—( : : ! 1 L 1 1 1 1 1
N 1 1 1 1 1 1 1 1 1 1 1 1
i ! X 1 1 1 1 1 1 i 1 1
i i - - i 1 1P 2 2 2 1 (2 2
1 ! ) B 1 1 - 1 1 e 1*-*”'”’11
] ] ) ] 1 ! ! | 3 L melarpardnad
- - - - 1 1 1 1 ey G SHAR LD wj
- {1 - (m (n (1) . (f P
- - - - 1 1 1 1 1 1 1
i - - - gT P( (1 (1) ( 0 {1
- : - : ’!t W/ AT S 1) N
77/, XY Anal

9 Avaiable only with COMO031-0037

\
Co
®!"'5?
7} Power quality option Includes current total demand distertion, voltage total ha 3tortmn
8) Avaflable only with IEC 61850-9-2

and voltagg/uﬂ:'aé
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For more information, please refer to
REF615 Product Guide, or contact us:
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Table 2. Supported functions, continued

Function [ 1EC 61850 [ A |B flc Jo IE [ F |a [H [d [K [L [N

High-impedance * HIBPDIF : i 1

differential protection for

phase B

High-Impedance HICPDIF ' : 1

differential protection for

phase C .

Circult breaker failure CCBRBRF 1 1 1 1 1 1 1 1 1 1 1 1

protection

Three-phass Inrush INRPHAR 1 1 1 1 1 i 1 1 1 1 1 1

detector )

Switch anto fault CBPSOF 1 1 1 1 1 1 1 1 1 1 1 1

Master trip TRPPTRC 2 2 2 2 2 2 2 2w 2 2 2 2
30 (3)® ) e @ (3)0) .\ {3 @9 @ P

Arc protection ARCSARC 3) {3 )] (3 [ ((_3) OPHIH 4y A (3) (3) {3) 3

Mullipurpose protection  MAPGAPC 18 18 18 18] 3 54d WAL S M g B 18 18 18 18

T 1 1) (1)

Fault locator SCEFRFLO JRPR M {

High-impedanee-fault PHIZ t 1 1 i 1 1 1 1 :

detaction . (

Reverse power/ DCPPDPR 2 2

directional ovarpower

pratection

Multifrequency MFADPSDE 1 1

admittance-basad earth-

fault protection

Interconnection functions )

Directional reactive DOPTUY n 1

power undervoltaga

protection

Low-voltage ride-through LVRTPTUV (3) 3

protection . ,

Vollage vactor shift VVSPPAM (SD (1 (1}

protection

Pawer quality /

Currant fotal demand CMHAI ()" (im (17} Hn

distortion

Veltage fotal harmonie  VMHAI )L € L ) L D

distortion

Voltage variation PHQWR ()" My n

Voltage unbalance VSQVUB (N (1" Hn (1)

Conrol _ (

Circuit-breaker controf CBXCBR 1 1 1 1 1 1 1 1 1

Discennactor controf DCXSWI| 2 2 2 2 2 2 2 2

Earthing switch conlro! ESXSWI 1 1 1 1 1 1 1 1

Disconnector position DCSKSWI 3 3 3 3 3 3 3 3

Indication .

Earthing switch indlcation ESSXSW!I 2 2 2 2 2 2 2 2 2 2

Autoreclosing DARREC (1} (1) {1} 43] (1) (1) {1} (1} (1) {1 (1) (1}

Synchronism and SECRSYN e 1 1 1 1@ 1

energizing check

Condition monitoring and supsrvision -

Circuit-breaker condition  SSCBR 1 1 1 1 1 1 1 1 1 1

meniforing ol

Trip circuit supervision  TCSCBR 2, 2 2 2 2 2 2 2 2 2 2 2

Current clreuit CCSPVC ' 1 1 1 1 1

supervision -

Current transformer HZCCASPVC 1

supervision for high-
impedance profection
scheme for phasa A

Current 1rans[ormg;® - . HEZCCBSPVYC
supervision for high-* - -
impedanca protection

scheme for phasa B

ABB
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Tabte 2. Supported functions, continued \

Function [1EC 61850 [A [ Ne o [E [F_[e v |4 [« " Ju W
Current transformer - HZCCCSPVC ’ \ ‘ 1
supervision for high-

impedance protection
schame for phass C

Fuse failure supervision ~ SEQSPVC 1 1 1 1 1 1 1 1
Runtlme counter for MDSOPT 1 1 1 1 1 1 1 1 1 1 1 1
machines and devices

Measurement

Disturbance recorder RDRE 1 1 1 1 1 1 i 1 1 1 1 1
Load profile record LDPRLRC 1 1 1 1 1 1 1 1 i 1
Fault record FLTRFRC 1 1 1 1 1 1 1 1 1 i 1 1

Three-phase current CMMXU 1 1 1 1 1 1 1 1 1 1 1 1
measurement

Sequence current CSmMsal 1 1 1 1 1 1 1 1 1 1 1 1
measurement

Residual current RESCMMXU 1 1 1. 1 1 1 1 1 i 2 1 1
measurement

Three-phase voltage VMMXY 1 1 1 2 2 2 1 2

measurement (1)@ (18
Resldual voltage RESVMMXU 1 1 1 1 1 1 1 1
measurement . :

Sequence voltage VSMSQI 1 1 1 1 1 1 1 1
measurament

Threa-phase powerand  PEMMXU 1 1 1 1 1 1 k| 1
energy measuremant

RTD/mA measurement  XRGGIO130 N N (1} €)1 (1) H {1
Frequency measurement FMMXU 1 1 1 1 1 1 1 1
|EC 61850-8-2 LE SMVSENDER {1) {n (1) )] &) 1) §)) Q)
sampied valuea

sending®®)

IEC 6185092 LE SMVRCV 1 (1) {1 {1 {1} g)] n {1

sampled value recelving

(voltage sharing) 819!

Qther

Minimum pulse timer TPGAPC 4 4 4 4 4 4 4 4 4 4 4 4
{2 pes) '

Minimum pulse timer TPSGAPC 1 1 1 1 1 1 1 1 1 R e ST PV
{2 pes, second resolution) .

Minlmum pulse imer ~ TPMGAPC ! 1 1 1 1 1 1 1 B }PHO £GP MHAN
2 inut i = v

(2 pes, minute resolution} - N S T g s
Pulse timer (8 pcs) PTGAPC 2 2 2 2 2 2 2 2 2 2 2 2
Time dalay off (8 pes) TOFGAPC 4 4 4 4 4 4 4 4 4 4 4 4

Tima delay on (8 pcs) TONGAPC 4 4 4 4 4 4 4 4 4 4 4 4
Set-raset (8 pes) SRGAPC 4 4 4 4. 4 4 4 4 4 4 4 4
Move (8 pcs) MVGAPC 2 2 2 2 2 2 2 2 2 2 2 2
Generic control point (16 SPCGAPC 2 2 2 2 2 2 2 2 2 2 2 2
pos)

Analog value scaling SCAAGAFC 4 4 4 4 4 4 4 4 4 4 4 4
(4 pes)

Integer value move MVIAGAPC i 1 1 1 1 i 1

(4 pes) _ i _ o

1, 2, ... = Number of included instances. The instances of a pretection funclion represent the number of identical prgtection e T dnidard
configuration. ;

{y = opllonal

1) "Uomeasured” Is always used. -

2)  "Uo calculated® is always used.

3} One of the foliowing can ba ordered as an option: admiltence-based E/F, wattmeldc-based E/F or harmenies-based

4} 'lo measured” {s always used.

5 “lo8 measured" is ahvays used.

8) Master trip Is Inchided and connected te the corresponding HS0 In the configuration only when the BIO000T module is used. I additonally the ARG option i3 selected, ARCSARC Is
connected in tha configuration 1o the corresponding master tip input,

7)  Power quality option Includes current total demand dmla&\lon voliaga tota! harmenic distorion, voltage variation and voltage unbalance,

RSN
K /L‘f‘f’liu

et

8) Avatable only with tEC 61850-9-2 e
g) Avaiable only with COMO031...0037
{
[
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3. Protection functions

The relay offers directional and non-directional overcurrent and
thermal overload protection as well as directional and non-
directional earth-fault protection. Some standard
configurations allow as an option admittance-based,
harmonics-based or wattmetrlc-based earth-fault protection to
be used in addition to directional earth-fault protection. Further,
the relay features sensitive earth-fault protection, phase
discontinuity protection, transient/intermittent earth-fault
protection, overvoltage and undervoltage protection, residual
overvoltage protection, positive-sequence undervoltage and
negative-sequence agvervoltage protection. Frequency
protection, Including overfrequency, underfrequency and
frequency rate-of-change protection, is offered in relays with
standard configurations H, J, K, L and N. The relay also
incorporates optional three-pole multishot autoreclosing

-jMQﬂt%Qwh@magﬁD«ewiﬁeﬁ&[&MWWW~WWW-—~W—~GOHﬁQH+’aﬁGH*Er{h&ﬁ{aﬂdﬁrdmeonﬁgmaﬁoﬁFwoﬁgrsmdirgcﬁUnW ------- 1

The standard configurations L and N additionally offer
multifrequency admittance-based earth-fault protection
providing selective directional earth-fault protection for high-
impedance earthed networks. The operation is based on
multifrequency neutral admittance measurement utilizing
fundamental frequency and harmonic components in Uoand lo.
A special filtering algorithm enables dependable and secure
fault direction also during intermittent/restriking earth faults. It
provides a very good combination of rellability and sensitivity of
protection with a single function for low ohmic and higher chmic
earth fauits and for transient and intermittent or restriking earth
faults.

Enhanced with optional hardware and software, the refay also
features three light detection channels for arc fault protection of
the circuit breaker, bushar and cabls compartment of metal-
enclosed indoor switchgear.

The arc-fault protection sensor interface is available on the

optional communication module, Fast tripping Increases staff
safety and security and limits material damags in an arc fault
situation. A binary input and ocutput module )
an option ~ having three high speed binary£
further decreases the total operate time vtk
compared {0 the normal power outputs) §

4. Application
The feader protection relay can be suppji
directional or non-directional earth-fausf pgtection. Directionai
earth-fault protection is malnly used/f isdlated neutral or
compensated networks, whereas gbn-directional earth-fault
protection is intended for directly or low impgdance earthed
neutral networks. The relay can also be used for protection of
ring-type and meshed distribution networks as well of radial
networks containing distributed power generation.

""

The standard configurations A and B offer directional earth-fault
protection, if the outgoing feeder is equipped with phase
current transforme]g\s, a core-balance current transformer and

20

residual voltage measurament. The rasidual current calculated
from the phase currents can be used for double (cross country)
earth-fault protection. The relay further features transient/
intermittent earth-fault protection. The standard conflgurations
G and D offer non-directional earth-fault protection for outgoing
feeders equipped with phase current transformers. The residual
current for the earth-fault protection is derived from the phase
currents. When applicable, the core-balance current
transformers can be used for measuring the residual current,
especially when sensitive earth-fault protection is required. The
standard configurations E and F offer directional earth-fault )
protection with phase voltage and residual voltage
rmeasurement. Furthermore, the two standard configurations E
and F include current circuit supervision and fuse failure
supervision for incoming feeders provided with busbar voltage
rneasurement. In addition to the functionality of standard

overcurrent protection, overvoltage and undervoltage
protection, positive-sequence undervoltage and negative-
sequence overvoltage protection and residual voltage
protection.

The standard configurations G and L Include one conventional
rasidual currant {lo) input and three combi-sensor inputs for
phase currents and phase voltages. The connection of the three
combi-sensors is made with RJ-45 type connactors. Sensors
offer certain benefits compared to conventional current and
voltage Instrument transformers. For example, current sensors
do not saturate at high currents, they consume less energy and
they weigh less, In voltage sensors the risk of ferro-resonance is
eliminated. The sensor Inputs also enable the use of the relayin
compact medium voltage switchgears, such as ABB's UniGear
Digital, SafeRing and SafePlus, with limited space for

conventional measuring transformers, thus requiring the use of - -

sensor technology. Further, the adapters alse enable the use of
sensors with Twin-BNC connectors.

The standard configuration H includes non-directional
overcurrent and non-directional earth-fault protection, phasa-
voltage and frequency based protection and measurement
functions. The provided functionality supports the use of the
standard configuration in industrial power systems, where the
power is generated in the plant itseMved from the
distribution network. Completed wit#t'the @méh %check
function, relays with standar onfigygaftf‘b’n H pnsure a safe
interconnection of two petiuorkg, V"~

oo N
The standard ¢ nfigy;gt”r’dﬁ{f/igemd/es/;irectional overcurrent
and directional e rfﬁ-’fauupprotection, phase-voitage and
frequency based t&Ction and measurement functions, The
provided functianality supports the use of the standard
configuration in industrial power systems, where the power is
generated in the plant itself and/or derived from the distribution
network. Completed with the synchrocheck function, relays
with standard configuration J ensure a safe interconnection of

Jwo networks. The standard configuration J includes also

tional power quality functions which enable monitoring anc

ABB™.




Feeder Protechon and Control -
REF615

1MRS756379 R

Product vers:on 5 0 FP1 M
~
detecting current and voltage harmonics, a thshort duration configuration L is however not restricted for switchgeqrs only -

system disturbances.

The standard configuration K includes non—éirection
overcurrent and earth-fault protection and twao stages
directional overcurrent and earth-fault protection, hign
impedance based restricted earth-fault protection, phase-
voltage and frequency based protectlon and measurement
functions, The provided functionality supports the use of the
standard configuration in feeder applications with a closely
located transformer for which the earth-fault protection is
according to the high impedance restricted earth-fault
principle. The configuration is compleled with the
synchrocheck function to ensure a safe interconnaction of two
networks. The standard conflguration K includes an optional
power quality function which enables monitoring and detecting
----- —etirrentand-voltage-harmonics-and-short-duration-system

but provides the highest functionality level with sensor i
for phase currents and phase voltages. Standard cenfiguratioft
L is not designed for using all the avallable functionality content
in one relay at the same time. in order to ensure the
performance of the relay, the user speclfic configuration load is
verlfied with the Application Configuration tool in PCM600.

Completed with the optional synchrocheck function and
process bus with sampled values of analog phase voltages,
relays with standard configuration G and L ensure a safe
Interconnection of two networks.

The standard configuration N provides the highest functionality
level of all standard configurations. It is delivered as pre-
configured, in the same way as other 615 standard
configurations. It is typically reconfigured when taken into use.

( listurbances. The standard configuration K also features an
" optional impedance-measuring fault location function suitable
for locating short-circuits In radial distribution systems and
earth-faults In effectively and low-resistance earthed networks.

The standard configuration L includes directional overcurrent
and directional sarth-fault protectlon, phase-voltage and
frequency based protection and measurement functions. The
analog measurements include one conventional residual
current {lo) input and three combi-sensor inputs for phase
currents and phase voltages. The provided functionality
supports the use of the standard configuration In power
systems, where power Is generated In the plant itself and/or
derived from the distribution network. The standard
configuration L includes an optional power guality function
which enables monitoring and detecting current and voltage
harmonics and short duration system disturbances. The
standard configuration L also features an optional impedance-
( measuring fault location function suitable for locating short-
aircuits in radial distribution systems and earth-faults in

effectively and low-resistance earthed networks. The standard’

configuration L. has been pre-configured especially for ABB
switchgears, for example, UniGear Digital. The use of standard

ABB

This allows flexibility in standardizing one type of REFBT5.
Depending on the specific feeder application the appropriate
functionality can be selected and own configurations can be
created with the Application Configuration tool in PCMB0Q,
Standard configuration N is not designed for using all the
available functionality content in one relay at the same time. In
order to ensure the performance of the relay the user speciiic
configuration load is verified with Apptication Configuration tocl
of PCMB60C.

In addition ta diractional earth-fauit protection, one of the these
three functions can be ordered as an option: admittance-
based, harmonics-based or wattmetric-based earth-fault
protection. Admittance- and wattmetric-based earth-fault
protection functions are available for standard configurations A,
B, E, F, G, J, L and N. Harmonics-based earth-fault protection
is available for standard configurations B, B, ¥, J, L and N. The?
admittance-based earth-fault protection ensures a correct
operation of the protection even though the connection status
information of the Petersen coil is missing. The standard
configurations L and N !
admittance- based

e T
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Figure 13.  Substation example with overcurrent and earth-fault protection using the standard configuration B (\

Flgure 13 shows a substation .__u ple with overcurrent and
earth-fault protection using r-‘: Rahﬂguratlon B.
Additionally voltage and frediifeyley bases 4
with standard conﬁguratio I%' | Eed
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opticnal are protection function enabling fast and selective arc
protection throughout the switchgear. Additionally for the
feeder with overhead IfWﬁﬁgn | autoreclosing function is

used, b
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Figure 14,  Substation example in low Impedance earthed network using the D and N standard configurations with overcurrent, earth-fauit and
thermal protection for the cutgoing feeder cables

Flgure 14 Illustrates a substation exampls in low impedance arc protection function enabling fast and selective arc

earthed netwark using the D and N standard configurations protection throughout the switchgear. Additlonally the optional
with overcurrent, earth-fault and thermal protection for the gardnction is used in standard configuration N for the
outgoing feeder cables. The relays are equipped with optional it distance from the substation.
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Application example with single busbar swi Wi
arrangement is shown in Figure 15. Cur
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measurements in standard configurat]
main protection functions are overcury
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voltage based protection. Also thermal protection is used for
the protection of the outgoing feeder cables. The optional
autoreclosing function is used for Jt,he egdlers with overhead
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Figure 16.

in the application example in Figure 16, a single busbar
switchgear is arranged into two bus sections separated with

bus coupler. Standard configuration K is used in the outtoing
feeders with closely located distribution transfermers offgri
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Application example with single busbar swilchgear arranged into two bus sections separated with bus coupler

high impedance restricted earth-fault protection in addition to
the ordl overcurrent and earth-fault protection. The

quri'p Alefunction is used in standard configuration in
g Teeeriiand bus coupler.
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Figure 17.  Application example of single busbar switchgear usi

Figure 17 illustrates an application example of srngle }E ar
switchgear using the most comprehensive standard
configuration N. The used main protection functions
overcurrent, earth-fault and voltage based protection. Al
thermal and intermittent earth-fault protection are used
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Figure 18.  Protectlon and control of outgeing feeder with standard configuration J

Figure 18 illustrates the protection and contro! of outgoing
feeder with standard configuration J using synchracheck
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Figure 19.  Application example of busbar differential proteclion covering two zones using standard configuration N

In the application example In Figure 18, single busbar zones with two protection relays. Additionally, voltage and
switchgear has been arranged Into two bus sections separated frequency based protection is used with standard configuration
with bus coupler. Standard configuration N Is used with high- N.

impedance differential protection for busbar and covering twee ¢
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features a Web browser-based HMI, which provides a
customizable graphical display for visualizing single-line mi
diagrams for switchgear bay solutions. The SLD feature is
espacially useful when 615 series relays without the optional
industrlal power systems. To facilitate and streamline the single-line diagram feature are used. The Web HMI of COMB00
system engineering, ABB's relays are supplied with also provides an overview of the whols substatlon, inciuding
connectivity packages. The connectivity packages lnclude a rejay-specific single-line diagrams, which makes information
compilation of software and relay-specific information, easily accessible. Substation devices and processes can also
including single-line diagram templates and a full relay data be remotely accessed through the Web HMI, which Improves
model. The data model also includes svent and parameter lists. personnel safety.

With the connectivity packages, the relays can be readily
configured using PCM800 and integrated with the Substation
Automation Unit COMBOO0 or the network control and
management system MicroSCADA Pro.

5, Supported ABB solutions
ABB's 615 series protection and control relays togethe
the Substation Automation Unit COMS00 constitute a g
IEC 61850 solution for reliable power distributton in utility

In addition, COMB00 can be used as a local data warehouse for
the substation's technical documentation and for the network
data collected by the devices. The collected network data
facilitales extensive reporting and analyzing of network fault
The 616 serles relays offer native support for IEC 81850 Edition  situations, by using the data historian and event handling
--_‘-‘%WMM@WMM%—MMMW

( nessaging. In addition, process bus with the sending of monitoring of process and egulpment performance, using
sampled values of analog currents and voltages and the calculations based on both real-time and history values. A
receiving of sampled values of voltages is supported. petter understanding of the process dynamics is achieved by
Compared to traditional hard-wired, inter-device signaling, combining time-based process measurements with production
peer-to-peer communication over a switched Ethernst LAN and malntenance events.

offers an advanced and versatile platform for power system
protection. Among the distinctive features of the protection
system approach, enabled by the full iImplementation of the IEC
61850 substation automation standard, are fast
communication capability, continuous supervision of the
integrity of the protection and communication systern, and an — qaaqe Analyzer interface in GOMBOO enables the following
mheren.t flexibility re.gar.dmg reconflguratlon a.n d ypgrades. T‘r,"S and analyzing the horizontal IEC 61850 application during
protection relay series is able to optimally utilize interoperability . . . .

: G commissioning and operation at station level. It logs all GOOSE
provided by the IEC 61850 Edition 2 features. events during substation operation to enable improved system

At substation level, COMB00 usas the data content of the bay- supervision.
level devices to enhance substation leve! functionality. COMBO0

GOMB00 can also function as a gateway and provide seamless
connectivity between the substation devices and network-level
control and management systems, such as MicroSCADA Pro
and Systemn 800xA.

Table 3. Supported ABB solutions

Product ' Version

Substation Automation Unit COM600 X 4,0 SP1 or later

4.1 or later (Edition 2)

MicroSCADA Pro SYS 600

System 800xA
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ABB
MicroSCADA Prof
System 800xA

/A N}

. Utility: IEC 80870-5-104
lndustry oPC

l GOMBO0
Web HMI

=

E =

l COMB800
Web HMI

l Ethernet switch —Io—ol PCMGGD]

Analog and binary horizontal | [ | | X
GOOSE communication /|11 1] IEC 61850

(“ C‘o@s;,,%

lian\relays, §

6. Control
REF615 integrates functionality for th4 ddntrol of cirouit
breaker via the front panel HMI or by/meank of remote controls.
In addition to thé efrcuit-breaker control the relay features two
control blocks which are intended for motor-bperated control of
disconnactors or circuit breaker truck and &r thelr position
indications. Further, the relay offers one control block which is
intended for motor-operated control of one earthing switch
control and its position indication.

Twa physical binary inputs and two physical binary outputs are
needed in the relay for each controllable primary davice taken
into use. Depending on the chosen standard configuration of
the relay the number of unused binary inputs and binary outputs
varies. Further, some standard configurations also offer
optional hardware modules that increase the number of
available binary Inputs and outputs.

if the amount of available binary inputs or outputs of the chosen
standard configuration is not sufficient, the standard

configuration can be modified to release some bina mputs or
outputs which harve originally heen configured for otfiers ™

=

Ethernet switch

,

I-—»chano—[ (

Analog and bipary horizontal .

GOOSE communication “{*r'{*[~ IEC 61850

. when applicable, or an external input or output
diile, for exampls, RIOB00 can be integrated to the refay.

e binary inputs and outputs of the external IO module can be
used for the less time critical binary signals of the application.
The integration enables releasing of some initially reservad
binary inputs and outputs of the relay in the standard
configuration.

(

The stitability of the relay's binary cutputs which have been
selacted for controliing of primary devices should be carefully
verified, for example, the make and carry as well as the breaking
capacity should be consldered. In case the requirements for the
control-circuit of the primary device are not met, the use of
external auxiliary relays should be cor;sfdered.

The optional large graphical LCD of the relay's local HMI
includes a single-line diagram (SLD) with position indication for
the relevant primary devices, Interlocking schemes required by
the application are configured using the signal mamx or the
application configuration functionality of PGMB00. Depending
on the standard configuration, the relay also incorporates a
synchrocheck function to ensure that the voltage, phase angle

ABB
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AN

and frequency an either side of an open circuit breaker
the conditions for safe interconnection of two networks.

7. Measurements
The relay continuously measures the phase currents, the !
symmetrical components of the currents and the residual
current. If the relay includes voltage measurements, it also
measures the residual voltage, the phase voltages and the
voltage sequence components. Depending on the standard
conflguration the relay additionally offers frequency
measurement. The relay also calculates the demand value of
the current over a user-selectable, pre-set time frame, the
thermal overload of the protected object, and the phase
unbalance based on the ratio between the negative-sequence
and positive-sequence current.

+ Voltage variation

s Yoltage unbalance
Current harmonics
Voltage harmonics

.

Thé voltage unbalance and voltage variation functions are used

* *fét measuring short-duration voltage variations and monitoring

voltage unbalance conditions in power transmission and
distribution networks.

The voltage and current harmonics functions provide a method
for monitaring the power quality by means of the curront
waveform distortion and voltage waveform distortion. The
functions provides a short-term 3-second average and a long-
term demand for total demand distortion TDD and total
harmonic distortion THD.

Furthermore, the relay offers three-phase power and energy
measurement including power factor.

The values measured can be accessed locally via the user
interface on the relay's front panel or remotely via the
communication interface of the relay, The values can also be
accessed locally or remotely using the Web browser-based
user interface.

The relay Is provided with a load profile recorder. The load
profile feature stores the historical load data captured at a
periodical time interval {demand interval). The records are in
COMTRADE format.

8. Power quality

In the EN standards, power guality is defined through the
characteristics of the supply voltage. Transients, short-duration
and long-duration voltage variations and unbalance and
waveform distortions are the key characteristics describing
power quality. The distortion monitoring functions are used for
manitoring the current total demand distortion and the voltage
total harmonic distortion.

Power quaiity monitoring Is an essential service that utilities can
provide for their industrial and key customers. Not only can a
monitering system provide information about system
disturbances and their possible causes, it can also detect
problem conditions throughout the system before they cause
customer complaints, equipment malfunctions and even
equipment damage or failure. Power quality problems are not
fimited to the utility side of the system. In fact, the majority of
power guality problems are localized within customer facilities.
Thus, power quality monitoring Is not only an effective customer
service strategy but also a way lp-pratasta utility’s reputation
for quality power and serwce((,‘(\T P l?’ " 2
\* N

The protect:on
functions.

ABB

9. Fault location

The retay féatures an optlonal impedance-measuring fauit
location function suitable for locating short-circuits in radial
distribution systems. Earth faults can be located in sffectively
and low-resistance earthed networks. Under clrcumstances
where the fault current magnitude is at least of the same order
of magnitude or higher than the load current, earth faults can
also be located in isolated neutral distribution networks. The
fault location function identifies the type of the fault and then
calculates the distance to the fault point. An estimate of the
fault resistance value is also calculated, The estimate provides
information about the possible fault cause and the accuracy of
the estimated distance to the fault point,

10, Disturbance recorder

The relay Is provided with a disturbance recorder with up to 12
analog and 64 binary signal channels. The analog channels can
be set to record either the waveform or the trend of the currents
and voltages measured.

The analog channels can be set to trigger the recording function
when the measured value falls below, or exceeds, the set
values. The binary signal channels can be set {o start a
recording either on the rising or the falling edge of the binary
signal or on both.

By default, the binary channels are set to record external or

internal relay slgnals, for example, the start or trip signals of the

relay stages, or external blocking or control signals. Binary, relay

signals, such as protection start and trip signals, ¢ arréxtirnal

relay contral signal via a binary input, ?«D‘b ettot pgé? he
red

recording. Recorded informa;?rij/lsa{ néﬁ Y {/J

memory and can be uplo ors sgqhent fath—a alysis
@“\“’ e

11. Eventlog "

To coltect sequenge-of-events information, the relay has a non-

volatile memary with a caﬁécuty of storing 1024 events with

associated time stamps. The non-volatile memary retains its .
data also in case the relay temporarily loses its auxiliary supply.
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The event log facilitates detailed pre- and post-fault analyses of
feeder faults and disturbances, The increased capacity to
process and store data and events in the relay offers
prerequisites to support the growing information demand of
future network configurations.

The sequence-of-events information can be accessed either
locally via the user interface on the relay's front panel, or
remotely via the cormmunication interface of the relay. The
information can also be accessed using the Web browser-
based user interface, either locally or remotely.

12, Recorded data

The relay has the capacity to store the records of the 128 latest
fault events. The records enable the user to analyze the power
systern events. Each record includes current, voltage and angle

-values, time stamp-and se-on. The fault recording canbe &

triggered by the start signal or the trip slgnal of a protection
block, or by both. The available measurement modes include
DFT, RMS and peak-to-peak. Fault records store relay
measurement values at the moment when any protection
function starts. In addition, the maximum damand current with
time stamp is separately recorded. The records are stored in
the non-volatile memory.

13. Condition monitoring

The condition monitoring functions of the relay constantly
monitor the performance and the condition of the circuit
breaker, The monitoring comprises the spring charging time,
EF8 gas pressure, the travel time and the inactivity time of the
circuit breaker,

The monitoring functions provide operational cireuit breaker
history data, which can be used for scheduling preventive
cireuit breaker maintenance.

In addition, the retay includes a runtime counter for monitoring
of how many hours a protected device has been In operation
thus enabling scheduling of time-based preventive
maintenance of the device:

14. Trip-circuit supervision
The trip-circuit supervision continuousf;
avallabifity and operability of the trip ¢
circuit monitoring both when the circly e

conirol voltage.,

15, VSeIf~SUparvision
The relay’s built-in self-supgri

32

16. Fuse failure supervision

Depending on the chosen standard configuration, the relay
fncludes fuse failure supervision functionality. The fuse faiture
supervislon detects failures between the voltage measuremaent
circult and the relay. The faflures are detected sither by the
negative sequence-based algorlthm or by the delta voltage and
delta current algorithm. Upon the detection of a failure, the fuse
failure supervision function activates an alarm and biocks
voltage-dependent protection functions from unintended
operation,

17. Current circuit supervision

Depending on the chosen standard configuration, the relay
includes current circuit supervision. Current circuit supervision
is used for detecting faults In the current transformer secondary

circuits, On detecting of a fault the current clrcult supervision

(_

function activates an alarm LED and blocks certain protection
functions to avoid unintended operation. The current circuit
supervision function calculates the sum of the phase currents
from the protection cores and compares the sum with the
measured single reference current from a core balance current
transformer or from separate cores in the phase current
transformers.

18. Access control

To protect the refay from unauthorized access and to maintain
Information integrity, the relay is provided with a four-level, role-
based authentication system with administrator-programmable
individual passwords for the viewer, operator, engineer and
administrator [evel. The access control applies to the front-
panel user interface, the Web browser-based user Interface
and PCMB00,

192. Inputs and outputs

Depending on the standard configuration selected, the relay is (
equipped with three phase-current inputs and one residual-
current input for non-diractional earth-fault pratection, or three
phase-current inputs, ans residual-%t\nput and one
restdual voltage input for direction éarth\x‘f"a protection or
three phase-current inputs, on esiq\g,{a‘f?cu ni input, three
phase-voltage inputs and g reAs‘id'u\al vpifage input for
directional earth-fault py eqti@ﬁ"a’r?ﬂﬁctional overcurrent
protection. Standarg«fonfigliration G and L include one
al(?q(ur?ent  160.2/1 A} input and three sensor
ct{gd;gﬁdﬁon of three combi-sensors with
RJ-45 connectors. f alternative to combi-sensors,
separate gurrent and voltage sensors can be utilized using

adapters, Furthermiore, the adapters also enable the use of
sensors with Twin-BNC connectors.

conventional resi

The phase-current inputs are rated 1/5 A. Two.optional
residual-current inputs are avallable, that is, 1/5 A or 0.2/1 A.
The 0.2/1 A input Is normally used In applications requiring
sensitive earth-fault proté'ction and featuring core-balance

..“.ﬂ.\‘.‘_\current transformers. The three phasé®qjtage inputs and the
AR #

ABB
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can be connected.

The phase-current input 1 Aor § A, the rési ;F urrent input 1
Aor 5 A, alternatively 0.2 A or 1 A, and thewrgted voltage of the
residual voltage input are selected in the rela{y software. In
addition, the binary input thresholds 16...1 76V DC are'gelected
by adjusting the relay’s parameter settings.

All binary inputs and outputs contacts are freely configurable
with the signal matrix or application configuration functionality
of PCMB00.

Table 4. Input/output overview

Please refer to ths Input/output averview table and the t%nak .
diagrams for more detailed information about the inputs and
outputs.

Optionally, a binary input and output module can be selected. It
has three high speed binary outputs (HSO) and It decreases the
total operate time with typically 4...6 ms compared to the
normal power outputs.

Std, conf. Order coda diglt Analog channels Binary channels
8-6 7-8 CcT VT Combi BI BO RTD mA
sensor
A AAAB AA 4 1 - 3 4PO+280 - -
AE 4 1 - 17 APO+880 - -
AA [ AB oA 4 1 . 17 4P0O+580 - -
+ 3 HSO
B &
AC 4 1 - 11 APO+68S0 - -
AATABFAL 6 2
FB FG 4 1 - k| 4PO+280
+3 HSO
C AC/AD AB 4 - - 4 4PO+2580 - -
AF 4 - - 18 4P0O+980 - -
ACIAD - 4 - - 18 4PO+5S0 - .
+ 3 HSO :
D
AD 4 - - 12 4PO+850 - -
ACIADFC/ 6 2
FD FE 4 - - 12 4PO+280
+ 3 HSO
AG 4 5 - 16 4PO+680 - -
E AE | AF e 4 5 - 16 4PO+280 - -
H
J AG 4 5 - i2 4PO+680 2 1
N FE/FF . 4 5 . 12 4P0O+280 2 1
+3 HSO
AH 1 - 3 8 4PO+6380 - -
G .
L DA 6 - 1 - 3 8 4PO+280 - -
: + 3 HSO
APO+6S0O - -
K 4PO+280 - -
+3HSCQ

.
Pt L s A

ABB

rrrs A

yoe
wwmnyr e
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20. Station communication )

The refay supports a range of communication protocols
including IEC 61850 Edition 2, IEC 61850-9-2 LE, IEC
60870-5-103, Modbus® and DNP3, Profibus DPV1
communication protocol Is supported with using the protoco!
converter SPA-ZC 302. Operational information and controls
are available through these protocols, However, some
communication functionality, for example, horizontal
communication between the relays, is only enabled by the IEC
61850 communieation protocol.

The IEC 681850 protocol is a core part of the relay as the
protection and control application is fully based on standard
modelling. The relay supports Edition 2 and Edition 1 versions
of the standard. With Edition 2 support, the relay has the latest
functionality modelling for substation applications and the best

interoperabiiity for modern substations. It incorporates-also-the—bay

full support of standard device mode Rinctionality supporting
different test applications. Gontrol applications can utilize the
new safe and advanced station control authority featurs,

The IEC 61850 communication implementation supports
monitoring and contral functions. Additionally, parameter
settings, disturbance recordings and fault records can ba
accessed using the IEC 61850 protocol. Disturbance .
recordings are avallable to any Ethernet-based application in
the standard COMTRADE file format. The relay supports
simultaneous event reporting to five diffsrent clients on the
statlon bus. The relay can exchange data with other devices
using the IEC 61850 protocal,

The relay can send binary and analog signals to other devices
using the IEC 61850-8-1 GOOSE (Generic Object Oriented
Substation Event) profile. Binary GOOSE messaging can, for
example, be employed for protection and interlocking-based
protection schemes. The relay meets the GOOSE performance
requirements for tripping applications In distribution
substations, as defined by the IEC 61850 standard (<10 ms

data exchange between the devices). -<- Yy
the sending and receiving of analog valf

sl

fagilitating for exampls the sending ofyf
between the retays when controlling pA)
transformers. f

.

The relay also supports IEC 61850 process bus by sending
sampled values of analog currents and voltages and by
receiving sampled values of voltages. With this functionality the
galvanic Interpanel wiring can be replaced with Ethernst
communication. The measured values are transferred as
sampled values using IEC 61850-9-2 LE protocol. The intended
application for sampled values shares the voltages to other 615
serfes relays, having voltage based functions and 9-2 support.
815 relays with process bus based applications use IEEF 1588
for high accuracy time synchronization,

For redundant Fthernet communication, the relay offers elther
two optical or two galvanic Ethernet network interfaces. A third
port with galvanic Ethernet network interface Is also avallable,
The third Ethernet interface provides connectivity for any other
Ethernet device to an IEC 61850 station bus inside a switchgear

redundancy can be achleved using the high-availability (
seamless redundancy (HSR) protocol or the parallet

redundancy protocal (PRP) or a with self-healing ring using
RSTP in managed switches. Ethernet redundancy can be
applied to Ethernet-based IEC 61850, Modbus and DNP3
protocols.

The [EG 61850 standard specifies network‘?edundancy which
improves the system availabllity for the substation
communication. The network redundancy is based on two
complementary protocols defined in the IEC 62439-3 standard:
PRP and HSR protocols, Both the protocols are able to
overcome a faflure of a link or switch with a zero switch-over
time. In both the protocols, each network node has two
identical Ethernet ports dedicated for one network connection,
The protocals rely on the duplication of all transmitted
information and provide a zero switch-over time if the links or
switches fail, thus fufiilling all the stringent real-tme
requirements of substation automation, (

In PRP, each network nods is attached to two independent
networks operated in parallsl. Tha.netivorks are completely
siaparated to ens.ure fjgyf@.iﬂd‘épen\dﬁqcﬁ‘ \ d can have
different topologies.-Fiie r);}t 'Q'['Ré‘%per_ parallel, thus
providing & im(;ﬁqg\refy érlg‘,ceﬁﬁﬁuous chacking of

)

’ ey, i e
redundgn Y ‘g)n Ay Pjﬂg@g.
\ -
;4’""4‘
:“‘ j
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Figure 21.  Parallel redundancy protecol {(PRP) solution

HSR applies the PRP principle of paraflel operation to a single sender node discards the frame to avoid loops. The HSR ring
ring. For each message sent, the node sends two frames, one with 615 series relays supports the connection of up to 30
through each port. Both the frames circulate in opposite relays. If mare than 30 relays are to be connected, it is
directions over the ring. Every node forwards the frames it recommanded to spiit the network into several rings to
ceceives from one port to another to reach the next node. When  guarantee the performance for real-time applications.

the originating sender node receives the frame it sent, the

T P TR T AT -zv-'l
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oo &themet switch

onoddooonag
Redundancy Redundancy Redundancy
Box . Box Box

IEC 61850 HSR

REF618 REF520 RET620

Figure 22.  High availability seamless redundancy (HSR) solution

The choice between the HSR and PRP redundancy protocols
depends on the required functionality, cost and complexity.

The self-healing Ethernet ring solution enables a cost-sfficient
communication ring controlled by a managed switch with
standard Rapid Spanning Tree Protocol {RSTP} support. The
managed switch controls the consistency of the loop, routes
the data and correcis the dae flow in case of a communication

36

.ﬁﬂ—‘\

REM620 REF615

switch-aver, The refays in the ring topology act as unmanaged
switches forwarding unrelated data traffic. The Ethernet ring
solution supports the connection of up to 30 615 series relays.
If more than 30 relays are io be connected, it is recommended
to split the notwork into several rings, The self-healing Ethernet
ring solution avoids single point of failure concerns and
improves the reliability of the communication,

ABB
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Flgure 23.

Self-healing Ethernet ring solution

All communication connectors, except for the front port
connector, are placed on integrated optional communication
modules. The relay can be connected to Ethernet-based
communication systems via the RJ-45 connector (100Base-TX)
or the fiber optic LC connector (100Base-FX). If connection to
serial bus is required, the 9-pin RS-485 screw-terminal can be
used. An optional serlal interface is avallable for RS-232
communication. - St

Modbus impiementation supports RTU, ASCll and TCP modes.
Besides standard Modbus functionality, the relay supports
retrieval of time-stamped avants, changing the active setting
group and uploading of the latest fault records. If a Modbus
TCP connection is used, five clients can be connected to the
relay simultaneously. Further, Modbus serial and Modbus TGP
can be used in parallel, and if required both IEC 81850 and
Modbus protocols can be run simultangously,

The IEC 80B70-5-103 implementation supports two pagaftel
serial bus connections to two different masters, Besides basic
standard functionality, the relay supports changing of the active
setting group and uploading of disturbance recordings in IEC
60870-5-103 format. Further, IEC 80870-5-103 can be used a
the same time with the IEC 61850 protocol.

DNP3 supports both serial and TCP modes for ¢
{0 five masters. lhanfmg of the active setting and

ction up

/%,g%

ABB

records are supported. DNP serial and DNP TGP can be used In
parallel. If required, both IEC 61850 and DNP protocols can be
run simultaneously.

815 series supports Profibus DPV1 with support of SPA-ZC
302 Profibus adapter. If Profibus is required the relay must be
ordered with Modbus serial options. Moedbus implementation
includes SPA-protocol emulation functionality. This
functionality enables connection to SPA-ZG 302.

* SNTP (Simple Network Time Protocol)

With, spemal time synchronization wiring
* IRIG-B [z

Range Instrumentatign Group H?Tr:e C
BAPHG G Ot”fﬂ HIHAT

e ¢ A SR T S SR
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The relay supports the following high accuracy time
synchronization method with a time-stamping resclution of 4 us
required especlally in process bus applications.

* PTP (IEEE 1588) v2 with Power Profile

The IEEE 1588 support is included in all variants having a
redundant Ethernet communication module.

IEEE 1688 v2 featuras

* Ordinary Clock with Best Master Clock algorithm

* One-step Transparent Clock for Ethernet ring topology
* 1588 v2 Power Profile

* Receive (slave): 1-step/2-stap

* Transmit (master): 1-step

Table 5. Supported station communication Interfaces and protocols

* Layer 2 mapping
* Peer to peer delay calculation
* Multicast operation

Required accuracy of grandmaster clock is +/-1 us. The relay
can work as a master clock per BMG algorithm if the external
grandmaster clock Is not available for short term.

The IEEE 1588 support is included in all variants having a
redundant Ethernet communication module.

In addition, the relay supparts time synchronizatlon via
Modbus, DNP3 and IEC 60870-5-103 serial communication
protocols.

Interfaces/Protocols Ethemnst Serfal (
100BASE-TX RJ-45 100BASE-FXLC RS-232/A5-485 Fiber optic ST
IEC 61850-8-1 . - -
IEC 61850-9-2 LE . - -
MODBUS RTWASCII - . .
MODBUS TCP/IP - -
DNP3 (serial) . .
DNP3 TCP/IP - -
. .

IEC 60870-5-103
* =Supported ¢

Teads,

38
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21, Technical data ‘ \_
Table 6. Dimensions \\

Peseription %\ Value
Width Frame 177 mm
. \ Case 164 mm

Hsight : Fra e\\ 177 mm (4U)

Case 180 mm
Depth 201 mm (153 + 48 mm)
Weight Complets protection relay 4.1kg

Piug-in unit only 2.1 kg

Table 7. Power supply

( -Description . Type 1 Type 2

Nominai auxiliary voltage U, 100, 110, 120, 220, 240 V AG, 50 and 60 Hz 24, 30,48,60VDC
48, 60, 110, 125, 220, 250 VDC

Maximum interruption time in the auxillary 50 ms at Uy
DC voltage without resetting the relay

Auxifiary voltage variation 38...110% of U, (38...264 V AC) 50...120% of U, (12...72 V DC)
80...120% of U, (38.4...300 V DC)

Start-up threshold 192V DC (24 V DC = 80%)

Burden of auxillary voltage supply under DC <12.0 W {nominal)/<18.0 W {max) * DG <12.0 W {nominal)/<18.0 W (max}
quiescent (Pg)/foperating condition AC <16.0 W (nominal}f<21.0 W (max)

Ripple in the DC auxiliary voltags Max 15% of the DC value {at frequency of 100 Hz)

Fuse type T4A250 V .

Table 8. Energizing inputs

( ‘Description .. : — | Value
Rated frequency 50/60 Hz
Current inputs Rated current, I, 0.2/1 AN 1/5 A2)

2

Thermal withstand capability:
+ Continuously 4 A 20A
+ Foris 100 A 500 A

Dynamic current withstand:

« Half~wave value 250 A
Input im'pedance <100 mQ _
Voltage inputs Rated voltage 60...210 VAG
Voltage withstand: g k'/j
+ Continuous 240V AC -«
. For10's 360 V AC T
Burden at rated voltage <(.05 VA BAP HQ ¢ Qv e
b e T T BT

1} Crdering option for residual current Input
2)  Residual current and/or phasa current

ABB
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Table 9. Energlzing inputs (sensors)

Dascription Value
Current sensor input Rated current voitage (in secondary 75 mv...000 mvh
side)
Continuous voltage withstand 125V
Input impedance at 50/60 Hz 2.3 M2
Vallage sensor input Rated voltage 6 kV...30 kv
Continuous voltage withstand 50V
Input impedance at 50/60 Hz 3MD
1) Equals the cument ranga of 40,4000 A with a 80 A, 3 mV/Hz Rogowskd
2)  Copending on the used neminal current fhardware galn)
3)  Thisrengs Is covered (up to 2*rated) with sensor division ratio of 10 0001
Description Value '

Operaling rangs

+20% of the rated voltage

Rated voltage 24..250V DC
Current drain 1.6..1.9 mA
Power consumption 31.0...570.0 mw
Threshold voltage 16.. 176 VDC
Reaction time <3 ms

Table 11. Signal output X100: SO1
Description Value
Rated voltage 250 V AC/IDC
Conlinuous contact carry 5A
Make and carry for 3.0 s 15 A

Make and carry for 0.5 s
Breaking capacity when the control-circuit ime const

Minimum contact load

J0A

Table 12. Signal cutputs and IRF output

Description

4 A
i alue

Rated voltage
Continuous contact carry
Make and carry for 3.0 s
Make and canry 0.5 5

Breaking capacity when the control-cir
48/110/220 vV DC

Minimum contact load

' 250V ACIDC

§A

10A

18 A

1 A/0.25 AJ0.15 A

10 mA at 5V AC/DC

40
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Table 13. Double-pole power output re%s,yyith Tfse function
hY

Description \ \\ \ Value

Rated voltage 250 V AC/DC

Continuous contact carry 8A

Make and carry for 3.0 s 15 A

Make and carry for 0.5 3 30A

Breaking capacity when the controt-circuit time constant L/R<40ms,at SABANA
_48/110/220 V DC {two contacts connected in serles)

Minimum contact load 100 mA at 24 V AG/DC

Trip-circull supervision (TCS):

« Control voltage range

£, U TP S| IS P | Lnandel i i
—earrentdrain-throtigh-the-superdsion-cireult

20...250 V AC/DC
~1.5 mA

(,

ABB

+ Minimum voltage over the TCS contact

20 V AC/DC (15..20 V)

Table 14. Single-pole power output relays

Description Value
Rated voltage 250 V AC/DC
Conttnuous eontact carry 8A
Make and carry for 3.0 5 15 A
Make and carry for 0.5 8 30A
Breaking capacity when the control-circult time constant L/R<40 ms, at 5 AIBAMA
48/110/220V DC
Minimum contact load 100 mA at 24 V AC/DC
Table 15. High-speed output HSO with BIO0007

Description - Value

250V AC/DC

Rated voltage
Continuous contact carry
Make and carry for 3.0 s

Make and carry for 0.5 s

Breaking capacity when the control-circuit fime constant L/R <40 ms, at

48/110/220 V DC~
Operate time

Reset

g15

Table 16. Front port Ethernet interfaces

Ethamet Interface Protocol

Cable

Data transfer rate

Front TGP/IP protocol

Standard Ethernet CAT 5 cable with RJ-45 conneclor

10 MBits/s

o e e TR AT T v RS v-:-_u-—--_«-am—g

BEPFRO C GRAWTAN F‘.ﬂ,a:-.j
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Table 17. Statton communication link, fiber aptic

Connector Fiber type® Wavae length Typical max. Permitted path attenuation?
length? :
Lc MM 62.5/125 or 50/125 um 1300 nm 2km <8dB
glass fiber core
ST MM 62.5/125 or 50/125 pm 820...900 nm 1 km <11dB

glass fiber core

1) {MM) muiti-mode fiber, (SM) siagle-mode fiber

2} Maxdmum kength dapends on the cable altenuation and quality, the amount of splices and connectors In the path.

3 Maxdmum allowed attenuation caused by connectors and cabls together

Table 18. [RIG-B
Description Value
IRIG time code format B0O4, Boost
Isolation 500V 1 min I('.
Moduiation Unmodulated '
Logic level S5VTTL
Current consumption <4 mA
Power consumption <20 mwW
1} According 1o the 200-04 IRIG standard
Table 18. Lens sensor and optical fiber for arc protection
Description Value

Fiber optic cable including lens

1.5m,30mor50m

Normal service temperature range of the lens -40...+100°C

Maximum service temperalure range of the lens, max 1 h +140°C

Minimum permissible bending radius of the connection fiber 100 mm
Table 20. Degree of protection of flush-mounted protection relay (

Description Value _

Front side IP 54 /

£
Rear side, connection lerminals 1P 20 - _‘V\\,\PS\P"
- = ix.‘\ =
Table 21. Environmental conditions e G e
U] o oG = "\“ s
i ‘ s
i \ i e
Description k 1:,2’) é‘}’% Value

Operating temperature range
Short-time service temperature range
Relative humidity

Atmaspheric pressure

Altitude

. 25..455C (connm}a“hs)
' .540..:+85°c (<16h)112)
<;33%; 'hon-condensing
86..106kPa
Upto 2000 m
-40..+85°C

1} Degradafion In MYBF and HM! performance outslde the temperature range of -25...+55 °C
2)  For relays with an LG cnmmup?lcallon interface tha maximum operating temperature is +70°C

42
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Table 22. Electromagnetic compatibliity tests

Description

Reference

1 MHz/100 kHz burst disturbance test

IEC 61000-4-18
IEC 60255-26, class (Il
IEEE €37.90.1-2002

» Common mode 25kV
+ Differential mode 2.5kV
3 MHz, 10 MHz and 30 MHz burst disturbance IEC 61000-4-18
tast IEC 6025526, class i
+ Common mode 2.5kV
Electrostatic discharge test JEC 61000-4-2
IEC 60255-26
IEEE G37.90,3-2001
+ Contact discharge 8kv
+ Ajr discharge 15 kv
Radio frequency interference test
' 10V (rms) IEC 61000-4-6
f= 150 kHz...B0 MHz IEC 60255-28, class 1l
10 Vim {rms) IEC 61000-4-3
f = 80..,.2700 MHz |EC 60255-26, class il
10 Vim ENV 50204
f =900 MHz IEC 60255-26, class [l
20 V/m (rms) IEEE €37.90.2-2004
f=80...1000 MHz
Fast transient disturbance test 1EC 61000-4-4
IEC 60255-26

+ All poris

Surge Immunity test

« Communication

+ Other ports

Power frequency (50 Hz) magnetic field
immunity test

« Continuous
» 1..3s

Pulse magnetic field immunity test

Damped oscillatory magnetic field immunity test
+ 23
= 1MHz

Voltage dips and short interruptions

4 kV

1 kV, line-to-earth

4 kV, line-to-earth
2 kV, line-to-line

300 A/m
1000 A/m

1000 A/m
6.4/16 ps

100 Afrm
400 transients/s

30%/M10 ms
60%/100 ms
80%/1000 ms
>95%#5000 ms

IEEE C37.80.1-2002

IEC 61000-4-5
IEC 80255-26

BAPHCG G

lEC ehotEEAT

PR

O‘_‘;m‘fﬁi"u"\j‘iﬁ

s
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Protection functions

Table 29. Three-phase non-directional overcurrent protection (PHxPTOC)

Characteristic

Value

Operation accuracy

Dapending on the frequency of the measured current: f, £2 Hz

PHLPTOC +1.5% of the set value or £0.002 x |,
PHHPTOC +1.5% of set value or £0,002 x |,
and (at currents in the range of 0.1...10 x 1))
PHIPTOC £5.0% of the set value
‘ {at currents In the range of 10.,,40 x [))
Start time 12 Minimum Typical Maximum
PHIPTOC:
Iraut = 2 * set Starf value 16 ms 19 ms 23 ms
st =10 X sot-Start value :
ims 12 ms 14 ms (
PHHPTOC and PHLPTOC: -
Irault = 2 X set Start value
23 ms 26 ms 29 msg
Reset time Typically 40 ms
Reset ratio ~ Typically 0.96
Retardation time <30 ms

Operate fime accuracy in definite time mode
Operate time accuracy In Inverse time mode

Suppression of harmonics

+1.0% of the set valus or +20 ms

15,0% of the theoretical value or +20 ms 3

RMS: No suppression

DFT:-50dB atf=nxf,wheren=2,3,4,5,...
Peak-to-Peak: No suppression

P-to-P+backup: No suppression

1) Se! Opsrate doiay time=0,02 5, Opsrate curve bpe=1EC dafi WaAN,
with nominal frequency Infected from random phase angle, j#2(

2)  Inchudles the delay of the signal output contact 3

3)  Includas the delay of the heavy-duty output contact

46 DA

= g mode=dafault {depands on stage), current before fault = 0,0 % In, In = 50 Hz, fault currentin ona phase
&4 cdstribution of 1000 measurements

'/" ~

.
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Table 30. Three-phase non-directlonal overgurrent protection {PHXPTOC) main sotiings

N

Parameter Funetion Vaiue (Range) Step
Start Value PHt?PTOC 0.05..5.00 = |, 0.01
PHHPTO 0.40...40.00 I, 0.01
PHlPTod "\\ 1,00...40.00 x 1, 0.01
Time muliiplier PHLPTOC ‘ 0.05...15.00 0.0t
PHHPTOC 0.05...15.00 0.04
Operate delay time PHLPTOC 40...200000 ms 10
PHHPTOC 40...200000 ms 10
PHIPTOC 20...200000 ms 10
Oparating curve typel! PHLPTOC Definite or inverse time
Curve type: 1, 2,3, 4,5,6, 7,8, 9,70, TT, 12,713, 14,15, 17, 18,16
PHHPTOC Definite or Inverss time
Curve type: 1, 3, 5,9, 10, 12, 15, 17
PHIPTOC Definite time
1) For furlher reference, sea Operation characteristics tabla
Table 31. Three-phase directional overcurrent pretection (DPHxPDOC)
Characteristic Value

Operatlon accuracy

Start time1)?)

Resaet time
Reset ratio

Retardation time

Operate time accuracy in definitg/time ﬁéf o

DPHLPDOC

DPHHPDOC

Operate time accuracy in inverse time mofe

Suppression of harmonics

Depending on the frequency of the currentivoltage measured; f, #2 Hz

Cumrent:
+1,5% of the set value or £0.002 % |,

Valtage:

+1.5% of the set value or 0,002 x Uy

Phase angle: +2°

Current:
+1.5% of the sel value or £0.002 x |,

{at currents In the range of 0.1...10 % 15)

5.0% of the set value

(at currents in the range of 10...40 %
Voltage: '

+1.5% of the set value or £0.002 x U
Phass angle: £2°

o,
Minimum - Typical
. R ﬁi yp
] ‘{;9 ms 43 ms

Typlcally 0.98
<35 ms

+1.0% of the set value or +20 ms

DFT: -50 degt‘{”qﬁ,,,@vhbre )% 5’ 3,4

Tn)

n

"’1"

~

9, o x
+5.0% of the ihiggﬂelicai valuesF T30 ms “ A i i“-\\

Maximum

47 ms

AL R

1) Measuremsnt mode and Pol quantity = defauft, current before fault = 0.

random phase angle, rasuits based on statistical Gatdbution of 1000 measurements
2} includes the delay of the signal outpul contact
3)  Maximum Start Va.’ue7 2.5 x 1, Start value multiples 1 ran

ABB

451020
Y

3 x
0 x |, voltage before fault = 1.0 x Un,\igjs‘égﬂzﬁaﬁlt‘current In one phase with nominal frequency Injacted from

47
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Table 32, Three-phase directional overcurrent protection (DPHxPDOC) main settings

Parameter ' Function Value {(Range) Step
Start value DPHLPDOC 0.05..5.00 x In 0.01
DPHHPDOC 0.10...40.00 % In 0.01

Time multiplier DPHxPDOG 0.05.,.15.00 0.01
Operate detay fime DPHxPDOC 40...200000 ms 10
Directional mode DPHxPDOGC 1 = Non-directional

2 = Farward

3 = Reverse
Characteristic angle DPHxPDOC -179...180° 1
Operating curve typse!) DPHLPDOC Definite or inverse lime

Curva type: 1,2, 3,4, 5,8,7.8,9, 10, 11, 12, 13, 14, 15, 17, 18, 19

DPHARPDTC Definite or inverse time -
Curvetype: 1, 3,5, 8, 10, 12, 15, 17 (

1) For further reference, refer to the Operaling characleristics table

Table 33. Non-directional earth-fault protection (EFxPTOC)

Characteristic Value
Operation accuracy Depending on the frequency of the measured current: fn 22 Hz
EFLPTOC . £1.5% of the set valua or +0.002 x 1,
EFHPTOC +1.5% of set value or £0,002 % |,
and _ (at currents in the range of 0.1...10 x 1))
) EFIFTOC +5.0% of the set value
) ’ (at currents in the range of 10.,.40 = )
Start time 12 . Minimum Typlcal Maximum
EFIPTOC: .
lraut = 2 % sel Start value 16 ms 19 ms 23ms
IFau = 10'% set Start value 11 ms 12ms 14ms

EFHPTOC and EFLPTOC:

23 ms 268 29 ms
. .,.-f

Reset time A kically 40 m/sp.-""" P o
Reset rati Flkaygss 0l

eset ratio frcady:U. (A

L "gﬁ\‘ ,,,./

Relardation time /4 - B ms P
Operate time accuracy in definite tihe mode £1.0% of the set value or +20 ms
Operate time acouracy in inverse time mode 45.0% of the theeretical value or 220 s 3

RMS: No suppression
DFT:-50dB atf=nxf, wheren=2, 3, 4,5,..
Peak-to-Peak: No suppression

Suppression of harmonics

1} Measurement mode = dafauit (dap%w on stage), vurrent befors fault = 0.0 x Iy, f, = 50 Mz, earth-fault currant with nominal frequancy Infected from random phase angls, results based on
statistical distribution of 1000 me&urements

2} Includes tha delay of tha signal output contact

3 Maximum Starf valug = 2,5 x |,,, Start value multipleg in range of 1,5...20
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Table 34. Non-directlonal earth-fault proteciian (EFXPTOC) main setlings

N

Parameter Functf@\ Value {Range) Step

Start value EFLPTOR 0.010...5.000 x I, 0.005
EFHPTOC 0.10...40.00 % I, 0.0
EFIPTOC 1.00...40.00 x I, 0.01

Time multiplier ~ EFLPTOC 0.05...15.00 0.01
EFHPTOC 0.05...156.00 0.01

Operate delay time EFLPTOC 40...200000 ms 10
EFHPTOC 40...200000 ms 10
EFIPTOC 20...200000 ms 10

————Operafing-curve typel) EFLPTOC Definite or inverse time
( Curve type: 1, 2,3,4, 5,6, 7,8,9,10, 11, 12, 13, 14,15, 17,18, 18
EFHPTOC Dafinite or Invarse time N
Curve type: 1, 3,5, 9, 10, 12, 15, 17

EFIPTOC Definite time

1)  For turther reference, see Op'eratlon characteristics table

ARB -

gy
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Table 35. Directional earth-fault protection (DEFxPDEF)

Characteristic

Value

Operation accuracy

Depending on the frequency of the measured current: fn 2 Hz

DEFLPDEF Current;
+1,5% of the sel valua or £0.002 % |,
Voltage
+1.5% of the set value or £0.002 x U,
Phase angle:
+2°
DEFHPDEF Current:
+1.5% of the set value or £0.002 % |,,
{at currents in the range of 8.1...10 x In)
+5.0% of the set value
(at currents In the range of 10...40 = |,
Voltage: :
+1.5% of the set value or 20,002 x U, (
Phase angle:
12°
Start time 112} Minimum Typical Maximum
DEFHPDEF
leaut = 2 = set Starf value 42 ms 46 ms 49ms
DEFLPDEF 58 ms 62 ms 66 ms.
{Fautt = 2 = set Start value
Reset time Typleally 40 mps
Reset ratio

Retardation time
Operate time accuracy in definite time mode
Operate time accuracy In inverse time mode

Suppression of harmonics

PRI
= A

Typi rr"épea \
ygeall 000,

gﬁn@s\?ion
B/atfs By f, wheren=2, 3, 4, 5,...
ppcidd

:hb\i ession

1) Set Oporate delay tima=0,08s, Opsrate curve type = IEC definite ims, Maasuremeant mode
nominal frequency injected from randem phese angle, results based on statistical distributiory

2 Includes the detay of the signal output contact
) Maximum Slarf valua = 2.6 x |, Start vaiva multiples in ranga of 1.5...20

50

‘- It %&e@ﬁéngﬁi

04D measureme:

Flirrent before fault = 0.0 x Iy, f, = 50 Hz, earth-fault current with
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Table 36. Direciional sarth-fault protection (DEFXPDEF) main settings

Parameter Function Value (Range} Step
Start Value DEFLPDEF 0.,010...5.000 % I, 0.005
DEFHPDEFR 0.10...40.00 = |, 0.01
Directional mode DEFLPDEF a 1 = Non-directional
2 = Forward
¢ 3 = Reverse
Time multiplier DEFLPDEF 0.05...15.00 0.01
DEFHPDEF 0.05...15.00 0.01
Qperate delay time DEFLPDEF 60...200000 ms 10
DEFHPDEF 40...200000 ms 10
Operating curve typs!) DEFLPDEF Definite-or-taverse-time
: Curvetype123456789101112131415171819
DEFHPDEF Definite or inverse time
Curve type: 1, 3, 5, 15,17
Operation mode DEFLPDEF and DEFHPDEF 1 = Phase angle

2 =la8Sin

= |oCos
4 = Phase angle 80
§ = Phase angle 88

1y For turther referencs, refer to the Operating characterstics table

Table 37. Admittance-based sarth-fault protection (EFPADM)

Characteristic

Valus

-Operation accuracy’)

Atthe frequency f = f,

+1.0% or 0.01 mS
(In range of 0.5...100 mS})

Start tima? Minimum Typlcal Maximum
56 ms 60 ms 64 ms

Reset time 4% ms

Operats time accuracy f the set valus of 20 ms

Suppression of harmonics m % f,, where n = ?_, 3,4,5,...
1) Ue=10%=Un : '
2} Includes the delay of the signal output contact. Resul

ﬂ
s &u’ﬂ&ﬁ'dlﬂﬁp
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Table 38. Admittance-based earth-fault protection (EFPADM) main settings

Parameter Function Value (Range} Step
Voltage start value EFPADM 0.01...2.00 x U, 0.01
Directional mode EFPADM 1 = Non-directional

2 = Forward

3 = Reverse
Operation mode EFPADM 1=Yo

2=Go

3=Bo

4=Yo, Go

5=Yo, Bo

6 = Go, Bo

7 =Yo, Go, Bo
Operate delay time EFPADM 60...200000 ms 10
Circle radius EFPADM . 0.05..500.00 mS 0.01 (
Circle conductance EFPADM -500.00...500.00 mS 0.01
Circle susceptance EFPADM =500.00...560,00 mS . 0.01
Conductance forward EFPADM -500.00...500.00 mS 0.01
Conductance reverse EFPADM -500.0¢.,.500.00 m3 0.01
Conductance tilt Ang EFPADM -30...30° 1
Susceptance forward EFPADM -500.00...500.00 mS 0.01
Susceptance reverse EFPADM -500.00...500.00 mS 0.01
Susceptance tilt Ang EFPADM -30...30° 1

Table 39. Watimetric-based earth-fault protection {(WPWDE)

Chareacteristic l Value
Operation accuracy Depending on the frequency of the measured current: fa 22 Hz
Curreptﬁhg voltage: (

/J,ﬁ 5% o\i[;xset value or £0.002 » lg

i /o of the'set value or +0.002 x P,
N /
/ ypically 83 ms

Typically 40 ms-

Start time 12}

Reset time

Reset ralio
Operate time accuracy in definite time mode
Operate time accuracy in IDMT mode

Suppression of harmonics

1) Jovaried during the test. Uo = 1.0 x Up = phasa o earth vollaga during sartbfault in cg
based on statistica! distribution of 1000 measursmen }
2} Includes the delay of the signal output contact.

a2
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Table 40. Wattmetric-based earth-fault protection (WPWDE) main settings

Parameter Functlon . Value (Rangs) Step
Directional mode WPWDE 2 = Forward

3 = Reverse )
Current start value WPWDIN 0.010...5.000 x I, 0.001
Voltage start value WPWDE N 0.010...1.000 = U, 0.001
Power start value WPWDE / 0.003...1.000 = P, 0.001
Reference power WPWDE 0.050...1.000 % Py 0.001
Characteristic angle WPWDE -1.79...180° 1
Time muliiplier wpwpg ‘ \05...2.00 0.1
Operating curve type WPWDE Pefinite or inverse time

turve typer 51526

Operate delay time WPWDE 60...200000 ms 10
Min operate current WPWOE 0.010...1.000 = 1, 0.001
Min operate voltage WPWDE 0.01...1.00 = U, 0.01

Table 41. Transient/Intermittent earlh~faﬁlt protection (INTRPTEF)

Characteristlc Value

Operation accuracy (Ue criteria with transient protection) Depending on the frequency of the measured current: fy £2 Hz
+1.5% of the set value or +0.002 = Uo
Operate time accuracy +1.0% of the set value or £20 ms

Suppression of harmonics DFT: -50dB atf=nxf, wheren=2,3,4,5

Table 42. Transient/intermittent earth-fault protection {NTRPTEF) main setings

Parameter Function Value {Range) Step
Directional mode INTRPTEF ' 1=Non-directional -
2=Forward
3=Reverse -
Operate delay time INTRPTEF 40...1200000 ms 10
Voltage start value {voltage start INTRPTEF 0.01...0.50 x Un 0.01
value for transient EF) o ’ ‘
Operation mode INTRPTEF 1=Intermitlent EF ¢ -

2=Translent EF

Peak counter limit (Min RNTRPTEF : 2...20 -
requirement for peak counter
before start in |EF mode)

Loyt :"‘L_‘.
T Th01..1.00 % In . 0.01
RV

Min operate current ) !NTRPTIEF

TR g Y
1 ]

wmm'—“

RAPHO © OFEwir Al *.i
T
/>
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Table 43. Harmonics-based earth-fault protection {HAEFPTOC)

Characteristic

Value

Operation accuracy

Start time 112}

Reset time

Reset ratio

Operafe time accuracy in definite time mode
Operate time accuracy in IDMT mode ¥

Suppression of harmonics

Depending on the frequancy of the measured currant: f, 22 Hz
£5% of the set value or 20,004 x [,

Typically 77 ms

Typically 40 ms

Typically 0.96

+1.0% of the set valus or £20 ms

%5.0% of the set value or £20 ms

S0dBatf=f,

3dBatf=13xf,

i
2
)

Fundamental frequency current = 1.0 x I,. Harmonlcs current before fault = 0.0 x ln
Inchudes tha delay of the signal output contast
Maximum Start value = 2.5 x |, Start vatue muttiples In range of 2...20

harmonics fault current 2,0 x Sfarf vaiue, Results based on statistical distribution of 1000 measurement. (

Table 44. Harmonics-based earth-fault protection (HAEFPTOC) main sstiings

Parameter Function Value (Range) Step
Start value HAEFPTOC 0.05...5.00 = I, 0.01
Time multiplier HAEFPTOC 0.05...15.00 0.01
Operate delay 1im§ HAEFPTOC 100...200000 ms 10
Minimum operate time HAEFPTOC 100...200006 ms 10
Operating curve type HAEFPTOC Definite or Inverse time

Curvetype: 1,2, 3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 17, 18, 19

Table 45. Negative-sequence overcurrent protection (NSPTOC)

Characteristic

Value "(;A“*
Y

Operation accuracy

Start time 12

IFaut = 2 % set ..
leaun & 10 % set §

Reset time
Reset ratio
Retardation time
Operate ime accuracy in definite time mode
Operale time accuracy in inverse time maod#

Suppression of harmonics -

Depending on the frequency of the measured currant: £ 42 Hz
Rl

- o Y
\E1-6% of the set value or :sz{f ¢ (3
I

L
imum R%‘ A\ A Maximum
gms 26{ng.~ - 28 ms
/fo ms 18 ms 20ms

Typically 0.96
" <35 ms i
¢
+1.0% of the set value or +20 ms
15,0% of the theoretical value or;ggo' ms 3

DFT:-50 dB atf=p x f,, where n52,'3, 4, 5,...

1
2
3

Includes the delay of the signal cutput contact
Maximum Start valva = 2.5 x 1, Start veiua multiples In ranga cf 1.5...20

54

Negative sequance current before fault = 0.0, f, = 50 Hz, mf}hs basad on slatistical distribution of 1000 measurements
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Table 46. Negative-sequence overcurrent protection (NSPTOC) malin settings

Parameter Function Value {Range) Step
Start value NSPTOC 0.01...5.00 = I, 0.01
Time multiplier NSPTOC 0.05...15.00 0.01
Operate delay fime NSPT(§° 40...200000 ms 10
Operating curve type?) ' NSPTOC Definite or inverse time

Curve type: 1, 2,3,4,5,6,7,8,9, 10,11, 12,13, 14, 15, 17, 18, 18

1} For further reference, see Operation characteristics tal

Table 47, Phase discontinuity protecilon (PDNSPTOC)

Gharacteristic T\ | vae
— . Operatlon accuracy : o~ Depending on the frequency of the measured current; f, 2 Hz
( . : 12% of the set value

Start time <70 ms

Reset fime Typically 40 ms

Reset ratlo Typically 0.96

Retardation time ’ <35 ms

Operate time accuracy in definite time mode +1.0% of the set value or 20 ms

Suppression of harmonlcs ’ DFT: -50 dB atf=nxf,, wheren=2, 3,4, 5,...

Table 48. Phase discontinuity protection (PDNSPTOC) main settings

Parameter Function Value (Range) Step
Start value {Current ratio setting 1o/ PDNSPTOC 10...100% 1
1y
Operate delay time PDNSPTOC 100..,30000 ms 1
( Min phase current PDNSPTOC 0.05...0.30 = |, 0.01

Table 49. Residual overvoltage protection {ROVPTOV)

Characteristic ' Value

Operation accuracy Depending on the frequency of the measured voltage: f,, 2 Hz
. . '

% £1.5% of the set value or £0.002 x U,

Start time "2 _ O flinimum ¢« Typical Maximum
Urf Noromvalg s /S8 ms 51 ms 54 ms

Reset time A T/ Typically 40 ms '

Reset ratio Typically 0.98

Retardation time <35 ms

Operate time accuracy in definite time J)de +1.0% of the set value or £20 ms

Suppression of harmonics DFT: -50 dB at f=n x f,, where n = 2, 3, 4 ‘5;# r«tﬂ"‘w

1) Resldual voitaga before fault = 0.0 x Uy, f, = 60 Hz, residual valtage with nominal frequency Injected from random phase angle, resuits based on statisticel distribution of 1000
measurements
2) Includes the delay of the siggal cutput contact

A
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Table 50. Resldual overvoltage protection (ROVPTOV) maln settings

Parameter Function Value (Range) Step

Start value ROVPTOV 0.010...1.000 x U, 0.001

Cperate delay time ROVPTOV 40...300000 ms 1
Table 1. Three-phase undervoltage protection (PHPTUVY)

Characteristic Value

Operation accuracy

Depending on the frequency of the valtage measured: fy £2 Hz

£1.5% of the set value or £0.002 x U,

Start time12) Minimum Typical Maximum
Ukaun = 0.9 x sol Starf value 62 ms ’ © B6ms 70 ms
Reaset-time Typically 40 ms (

Reset ratio
Relardation time i

Operate time accuracy in definite time mode
Operate time accuracy in inverse time mode

MPL,

Suppression of

Depends en the set Relative Aystoresia
<35 ms

+1.0% of the set value or £20 ms

+5.0% of the theoretical value or £20 msd

DFT:-50 dB atf=nx f,, where n = 2, 3, 4, 5,...

1} Startvalve=1

fifapts
2)  Inchides the d f'o ha signal 6

\'oﬁ a be#cw;f) «1 % Up, t =50 Hz, undervoltage in one phase-to-phase with nominal frequancy Injected from random phase angls, resuits based on statistical
1

3 Minimum Start \FUG 5“0" f‘i‘arf lp!es in range of 0,90...0.20
Table 52. Three- pha*s A oltage protection (PHPTUV) main settings
Parameter Function Value (Range) Step
Start value PHPTUV 0.05...1.20 x U, 0.01
Time multiplier ' PHPTUV 0.05...15.00 0.01
Operate delay time PHPTUV 60...300000 ms 10 g
Operaling curve type?) PHPTUV (

Definite or jnverse tima
ouﬁg,m};(w 21, 22,23

1) For further reference, see Cperation characterstics table

56
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Table 53. Three-phase overvoltage protection (PHPTOV}
e,

A

Characteristic

Value

Operation accuracy

Start time"2

Upaut = 1.1 s¢ Sz% ftie
Reset time :
Reset rafio

Relardation time

Operate time accuracy In definite time mode

Depending on the frequency of the measured voltage: f, £2 Hz

+1.5% of the set value or £0.002 = U,

Minimum Typical Maximum
23 ms 27 ms 31 ms
Typically 40 ms

Depends of the set Relafive hysterssis
<35 ms

+1.0% of the set value or 20 ms

----- mewmwm'—ﬁﬂ%mmical value or £20 ms¥

( Suppression of harmonics

DFT: -50 dB atf=n % f,, where n =2, 3, 4, 5,...

1) Start valve= 1.0 x Uy, Vehtage before fauit = 0.9 » Up, fq =2 50 Hz, ovenvoltage In one phase-to-phase with nominal frequency injected from randorn phasa angle, resuits based on statistical

distribution of 1000 measurements
2)  Includes the delay of tie signal output contact
3)  Maximum Start vaiue = 1.20 x Uy, Stert valus multiples In range of 1.10... 2,00

Table 54. Three-phase overvaltage protection (PHPTOV) main settings

Parameter Function Value (Range) Step
Start value PHPTOV 0.05.,.1.60 x U, 0.01
Time multiplier PHPTOV 0.05...15.00 ‘ 0.01
Operate delay time PHPTOV 40,..300000 ms 10
Operating curve type?) PHPTOV _ Definite or inverse time

Curve type: 5, 15, 17, 18, 19, 20

1} For further referenca, sea Operation charasleristics table

Table 55. Positive-sequence undervoltage protection {(PSPTUV)

(. Characteristlc

Value

Operation accuracy

Start time "2}

Reset time
Reset ratio
Retardation time
Operate time accuracy In definite timé fnade

Suppression of harmonics

Depending on the frequency of the measured voltage: f, +2 Hz

+1.5% of the set value or £0.002 x Uy,

Minimum Typical Maximum
52 ms 55 mis 58 ms

44 ms 47 ms 50 s
Typically 40 ms

Depends of the set Re/ative hysleresls

<35 ms

BAPHO C C}i'*“_s'if'ﬁ‘.'“?é‘«i!-‘:‘\-j%

ety ATy T

+1.0% of the set value or 20 ms '

DFT; -50 dB atf = n x f,, where n = TWH

9.
1) Startvalue= 1.0 x L, Positive sequence vollage before fault = 1.1 x Uy, T, = 50 Hz, positive ssquence undervoltage with nominal frequency injected from random phase angle, results kased

on statlstical distribtrion of 1000 measurements
2} includes the delay of the signal output contact
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Table 56, Positive-sequence undervoltage protection (PSPTUV) main settings

Parameter Function Value (Range) Step

Start value PSPTUV 0.010...1.200 x U, 0.001

Operate delay time PSPTUVY 40...120000 ms 10

Voltage block value PSPTUV 0.01.10xU, 0.01
Table 57. Negative-sequence overvoltage protection {NSPTOV)

Characteristic Value

Operation accuracy

Depending on the frequency of the voltage measured: f, 2 Hz

+1.5% of the sel value or £0.002 x U,

Start tima112) Minimum Typleal Maximum
Uraui = 1T R 880 Starf valie IIms 35 ms 37 ms
Upaut = 2.0 % set Starf value 24 ms 26 ms 28 ms

Reset time Typically 40 ms

Reset ralic Typlcally 0.98

Retardation time <35 ms

Operate time accuracy in definite time mode

Suppression of harmonics

+1.0% of the set value or +20 ms

DFT:-50 dB atf=n x f,, whera n = 2,3,4,8,...

1) Negativa-sequenca voltage befors fault = 0,0 x U,, T, = 50 Hz,
disltribution of 1000 measurements

2)  Includes the delay of the signal cutput contact

negative-sequence overvotiags with nominal frequency injected from random phass angle, resuits based on statistical

Table 58. Negative-sequence overvoltage protection (NSPTOV) main settings

Parameter Function ] Value (Range)} Step
Start value NSPTOV 0.010...1.000 = U, 0.001
Operate delay time NSPTOV .-«”'"\40...120000 ms 1

Table 58, Frequency protection (FRPFRQ)

Characteristic

(’, 27
//‘ Lx“i\\‘r\e
A}{ // '

Value

e {\g‘f\

Operation accuracy

?)

Start time

Reset time

Operate fime accuracy

S

+5 mHz

50 mHz/s (in range |difdt| <5 Hz/s)
12.0% of the set value (in range 5 Hz/s < [dfidt] < 15 Hz/s)

<80 ms
§ <120 ms
" <150 ms

+1.0% of the sef value or £30 ms

58
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Table 60. Frequency protection (FRPFRQ) maln setiings

Parameter ~-Function Value (Range) Step
Operalion mode lFRPFﬁ 1= Freqg<
2 = Freq>
S 3 = dfidt

4 = Freq< + dffdt

5 = Freg> + dfidt

6 = Freq< OR dffdt

7 = Freq> OR dffdt
Start value Freg> FRPFRQ 0.9000...1.2000 x f, 0.0001
Start value Freq< FRPFRQ 0,8000...1.1000 x f, 0.0001
Start value dffdt FRPFRQ -0.200,,.0,200 = f /s 0.005
Operate Tm Freq FRPFRQ 80...200000 ms 10
Operate Tm dffdt FRPFRQ 120...200000 ms 10

Table 61. Three-phase thermal protection for feeders, cables and distribution transformers (T1PTTR)

Characteristic Value
Operation accuracy ) Depending on the frequency of the measured current; fot2 Hz

Current measurement: £1.5% of the setvalue or £0.002 x 1, (at currents

in the range of 0.01...4.00 % 1)

Operate time accuracy) +2.0% of the theoretical value or 20.50 s

1}  Cverjoad curment > 1.2 x Operata level temperalure

Table 62. Three-phase thermal protection for feeders, cables and distribution transformers (T1PTTR} main settings

Parameter Function Valuo (Rangs) Step
Eny temperature Set (Ambilent TIPTIR -50...100°C 1
temperature used when the

AmbSens is set to Off)

Current multiplier (Current TAPTTR 1.5, (
muitiplier when function Is used for

parallel [inas)

Current reference TIPTTR 0.05..4.00 % |, 0.01
Temperature rise {(End TIPTIR

temperature rise above ambient)

Tima constant (Time canstantof ~ TIPTTR
the line In seconds)

Maximum temperature TiPTTR
{temperature level for operate)

Alarm value (Temperature level for TiPTTR.
start (alarm)

Reclose temperature TIPTTR
(Temperature for reset of block
reclose after operate)

Initial temperature {Temperature TIPTTR -50.0...100.0°C
ralse above amblent temperature

0.1

at startup)} /
{ {/
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Tabloe 63, High-impedance based restricted earth-fault protection (HREFPDIF)

Characteristic Valua

Operation accuracy Depending on the frequancy of the measured current: fp £2 Hz

+1.5% of the sel value or £0.002 = I,

Start time1)2) Minimum Typical Maximum
IFau = 2.0 x sel Operale value 16 ms 21 ms 23 ms
leaun = 10.0 x sef Operale value 11 ms 13 ms 14 ms
Reset time Typleally 40 ms
Reset ratio Typically 0.96
Retardation time <35 ms
Operate time accuracy in definite time mode £1.0% of the set value or £20 ms
1} " Current before faull = 0.0, fa =50 Hz, resulls based on statistical distribution of 1000 measurements . (
2)  Includes tha dalay of tha signal output contact

Table 84. High-impedance based restricted earth-fault protection {(HREFPDIF) main settings

Parameter Function Value (Range) Step
Operate value HREFPDIF 1.0...50.0% 01
Minimum operate fime HREFPDIF 40...300000 ms 1
Operation HREFPDIF Off -

On

Table 65. High-impedance differential protection (HIxPDIF)

Characteristic

Operation accuracy

b
Start fime?) _ O\? Mi Typical Maximum
IFault = 2:5'% se{&(‘ﬁ‘l \&5[1{@3 =~ 12ms 16 ms 24 ms (

o
IFault= 1 ﬁéz‘sgmé’lue - 10ms 12 ms 14 ms

Reset time
Reset ratio

Retardation time

Operate lime accuracy in definite time mode 11.0% ofARE it value or +20 ms

Mwﬂ frequency injected from random phase angle, resufts baserf on stalistical

1) Measurement mode = default (depends on stage), current bafore fault = 0,0 x In, fo s
distributlon of 1000 measurements
2)  Includes the dslay of the signal cutput contact

Table 66. High-impedance differential protection (HIxPLOIE

mah%?m s

Parameter Funotion -* W (\m / Valus {(Range) Step
Operate value HIAPDIF el 1.0..200.0 %In - 1
HIBPDIF :
HICPDIF
Minimum operate time HIAPDIF 20...3060000 ms 10

ABB
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Table 67. Gircult breaker fallure protection (CCBRBRF)

Characteristic

Value

Operation accuracy

Operate time accuracy

Depending on the frequency of the measured current: f, t2 Hz
+1.5% of the set value or £0.002 x |,

+1.0% of the set value or £20 ms

Reset time™) Typically 40 ms
Retardation time ! <20 ms
1} Trip pulse time defines the minimum pulss tength \/
Table 68. Circuit breaker faflure protection (CCBRBRF) main settings
Parameter Function Value (Range) Step
Current value (Operating phase CCBRBRF G650t .05
current)
Current value Res (Operating CCBRERF 0.05...1.00 = |, 0.05
residual current)
CB failure mode (Operating mode CCBRBRF 1 = Current -
of function) 2 = Breaker stafus
' 3 =Both
CB fail trip mode CCBRBRF 1= Off -
2 = Without check
3 = Current check
Retrip tims CCBRBRF 0...60000 ms 10
CB failure delay CCBRBRF 0...60000 ms 10
CB fauli delay CCBRBRF 0...60000 ms 10

Table 69. Three-phase inrush detector (INRPHAR)

Characteristlc

Value

Operatlon accuracy

Reaset time
Reset ratio

Operate time accuracy

Typically 0.96

+35ms /-0 ms

Table 70. Three-phase #frush detector INRPHAR} main seltings

Parameter Function Value {Range} Step

Start value (Ralio of the 2nd to the  INRPHAR 5...100% 1

1st harmonic leading to restraint) ¢ i
BUPt s GPUIVHADNA

Operate delay time INRPHAR 20...60000 ms unhﬂ@ Ce

ABB
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Table 81. Reverse power/directional overpower protection (DOPPDPR) maln settings

Parameter Function | Value (Range) Step
Directional mode DOPPDPR i=Non-directional -
2=Forward
3=Reverse
Start value DOPPDPR 0.01..2.00 x 8n 0.01
Power angle DOPPDPR -80...90° 1
Operate delay time DOPPDPR 40...300000 10

Table 82. Multifrequency admittance-based earth-fault protection (MFADPSDE)

Characteristic Value
Operation accuracy _ Depending on ths freguency of the measured voltage:
fat2 Hz 7
#1.5% of the set value or 20,002 = U, (
Start time1} - Typically 35 ms
Reset time Typically 40 ms
Operate time accuracy +1,0% of the set value or +20 ms

1) Includes tha dalay of tha signal output contact, resulis based on statistical distribution of 1000 measurements

Table 83, Multifrequency admittance-based sarth-fault protection (MFADPSDE} main settings -

Parameter Function Value (Range) Step
Birectional mode MFADPSDE 2=Forward -

J=Reversa
Voltage start value MFADPSDE .. 0.01..4.00 x Un 001
Operate delay time MFADPSDE " 60...1200000 ) 10
Operating quantity MFADPSDE " 1=Adaptive -

2=Amplitude.‘

T

Operation mode MFADPSDE 1=Intermittent EF. P (

3=General EF \r\;\_\:“’

— H " \ -

4=Alarming EF . O?'d .,;rrf

Min operate current MFADPSD 0.005...5.000 x4 9 8001
Y 3 Q| N
irmi 3] 2.20
Peak counter limit MFA /7 /'\\ \ 2 1
¥ ) d ¥ 'l,l \.w"
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Table 84. Operation characteristics

Parameter

Value (Range)

Operaling curve type

1 = ANSI Ext, inv.
2 = ANSI Very. inv,
3 = ANSI Norm, inv.
4 = ANSI Mod inv.
5 = ANSI Def. Time
6=LT.E inv.

7= LTV Inv.
8=L.T.inv.

9 = |[EC Norm. Inv.
10 = IEC Very Inv.
11 = IEC inv:

12 = IEC Ext, inv.
13=IECS.T. inv,
14 =ECL.T. inv

Operating surve typa (voltage protection)

5= EC Def TIme
17 = Programmable
18 = Rl type

' 19 = RD type

& = ANSI Def. Time
i5 = JEC Def, Time
17 = Inv. Curve A
18 = Inv. Curve B

BAPHG C QPHITRA

g ot A AT

ceva oS AT,
i

mm‘?‘*‘wwm l
i I'J:X
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Table 90. Voltage vactor shift protection (WSPPAM} maln settings

Parameter Function ‘| Value (Range} Step
Start value VVSPPAM 2.0..30.0° 0.1
Phase supervision VVSPPAM 7=Ph A +B + 1] -

. 8=Pos sequence
Over Volt Blk value VVSPPAM 0.40...1.50 x Un 0.01
Under Volt BIk value VVSPPAM ' 0.15...1.00 x Un 0.01

B8
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Power quality funciions

Table 91. Voltage variation (PHQVVR)

N

Characteristic

Value

Operation accuracy

Reset rafio

£1.5% of the set value or £0.2% of reference voltage

Typically 0.98 (Swell}, 1.04 (Dip, Interruption)

Table 92. Voltage unbatance (VSQVUB) /

Characteristic \

Value

Operation aceuracy

Reset ratlo

+1,5% of the set value or £0.002 = U,

Typically 0.96

ABB
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Control functions

Table 93. Autoreclosing (DARREC)

Characteristic

Value

Operate tims accuracy

£1.0% of the set value or 20 ms

Table 94, Synchronism and energizing check (SﬁéﬁSYN)

Characteristic

Value

Operation accuracy

Depending an the frequency of the voltage measured: f, +1 Hz

Voltage:

+3.0% of the set value or £0.01 x U,
Frequency:

10 mHz

Phase angle:

Reset time
Reset ratio

Operate time accuracy in definite time mode '

37
<50 ms
Typically 0,96

#1.0% of the set value or +20 ms

Table 95. Synchronism and energizing check (SECRSYN) main settings

)

Parameter Function Value (Range) Step
Live dead mode SECRSYN -1 = Off
1 = Both Dead
2=Live L, Dead B
3=Deadl, Live B
4 = Dead Bus, L Any
5 = Dead L, Bus Any
G = One Live, Dead
7 =Not Both Live
Difference voltage SECRSYN 0.01..0.50 = U,
Difference fraquency SECRSYN 0.100 x f,
Difference angle SECRSYN
Synehrocheck mode SECRSYN
RONoUs
i f ronous
Control mode SECRSYN P=Eontinuous
2 = Command
Dead line value SECRSYN 0.1..0.8 x U, 0.1
Live line value SECRSYN 0.2,.1.0 x U, 01
Close puise SECRSYN 200...60000 ms 10
Max energizing V SECRSYN 0.50...1.15 x U, * 0.01
Phase shift SECRSYN -180...189° 1
Minimum Syn tima SECRSYN 0...60000 ms 10
Maximum Syn time SECRSYN 100...6000000 ms i 10
Energizing time SECRSYN 100...60000 ms 10
Closingtime of CB o SECRSYN | 40..250 ms 10
. i
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Condition monitoring and supervision functions

Table 95. Circuit-breaker condition momto%g\ﬁé R)

Characterisiic Value

+1.5% or £0.002 x |,
(at currents in the range of 0.1.,.10 x 1))

+5.0%
{at currents in the range of 10...40 x 1)

Current measuring accuracy

Operate time accurac +1.0% of the set value or £20 ms
Y :

Travelling time measurement +10ms/-0ms

Table 97. Current circuit supervision (CGSPVG)

thracteﬁstlc Value

Operata time 1 <30ms

1) Including tha delay of the output contact

Table 98, Current circuit supervision {CCSPVC) makn settings

Parameter ' Function Value (Range) Step
Start value CCSPVC 0.05..020 x |, .01
Maximum operate cuirent CCSPVC 1.00...5.00 x |, 0.01

Table 89, Current transformer supervision for high-impedance protection scheme (HZCCxSPVC)

Characteristic . Value

Operation accuracy Depending on the frequency of the current measured: f, #2 Hz

+1.5% of the set value or £0.002 x In

Reset time <40 ms

Reset ratio Typically 0.96

Retardation time <35 ms

Operate time accuracy in definite time mode +1.0% of the set value or £20 ms

Table 100. GT supervision for high-impedance protection scheme (HZCxSPVC) main setlings

Parameter Function ' Value (Range) Step

Start value HZCASPVC 1.0...100.0%!n . 0.1
HZCBSPVC ’
HZCCSPVC

Alarm delay time HZCASPVC 10
HZCBSPVC

HZCCSPVC

Alarm output mode HZCASPYC
HZCBSPYC

HZCCSPYC
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Table 101. Fuse fallure supervision (SEQSPVG)

Characteristic

Value

Operate time’) NPS function

Delta function

Urautt = 1.1 % set Nag Seq voltage <33 ms
Lev

Uraui = 5.0 % set Mag Seq voltage <18 ms
Ley

Al =1.1 = set Vollage change rate <30 ms
AU =2.0 x set Voltage change rate <24 ms

1) includes the defay of the slgnal output confact, fa = 50 Hz, Tault voitage with nominal frequency Injected from random phase angls, results based on statistical distribution of 1000

measurements

Table 102. Runtime counter for machines and devices (MDSOPT}

Description

Value

Motor rintime measurement accuracy?)

1) Of the reading, for a stand-alone relay, without lime synchronization,

72

+0.5% (
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Measurement functions
Table 103. Three-phase current measurement (CMMXU)
Gharacteristic Value
Operation accuracy Depending on the frequency of the measured current: f, 2 Hz
\ £0.5% or £0.002 % |
{at currents in the rangs of 0,01...4.00 % 1)
Suppression of harmonics DFT:-50dB atf=n = f,, wheran=2, 3,4, 5,...
RMS: No suppression
Table 104. Sequence current measurement (CSMEA)
Characteristic ] Value
....... '__.Qpﬂ[aﬁ_Q[laQQ!J.[ﬁQV Depending on tha frequancy of the measured current! fif, =12 Hz
( +1.0% or £0.002 x I,
at currents In the range of 0.01...4.00 x 1,
Suppression of harmonics DFT:-50dB atf=nxf, wheren=2,3,4,5,..
Table 105. Residua! current measurement (RESCMMXLU)
Characteristlc Value
Operatlon accuracy Depending on the frequency of the current measured: fif, = £2 Hz
+0.5% or £0.002 = I,
at currents in the range of 0.01...4.00 = |,
Suppression of harmonics DFT:-50dB atf=nxf,, wheren=2,3,4,§,...
RMS: No suppression
Table 106. Thres-phase voltage measurement ({MMXU)
Characteristic Valuo
( Operation accuracy Dapending on the frequency of the voltage measured: f, £2 Hz
) At voltages in range 0.01...1.16 x U,
+0.5% or £0.002 » U,
Suppression of harmonics DFT:-50dB atf=nxf, wheren=2,3,4,5,..
RMS: No suppresslon
Table 107. Residual voltage measurement (RESVMMXU) A
i
Characteristic | / %\J Value N

Oparation accuracy

Suppression of harmonics

bepending an the frequency of the measured current: ff, = 2 \
10,5% or 20,002 x U,

DFT;-50 dB atf=n = f,, wheren=2,3,4, 5,...

RMS: No suppression ]

.
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22. Local HMI ‘

_ The relay is available with two optional displays, alarge one and
a small one. The large display Is suited for relay installations
where the front panel user interface is fraquently used and a
single line diagram is required. The small display is suited for
remotely controlled substations where the relay is only
oceasionally accessed locally via the front panel user interface.

Both LCD displays offer front-panel user interface functionality
with menu navigation and menu views, However, the large
display offers increased front-panel usabillty with less ment)
scrolling and Improved information overview. In addition, the
large display includes a user-configurable single line diagram
(SLD) with pesition indication for the associated primary
gquipment. Depending on the chosen standard configuration,
the relay displays the related measuring values, apart from the

default single line diagram. The SLD view can also be accessed
using the Web browser-based user interface. The default SLD
can be medified according to user requirements by using the
Graphical Display Editor in PCM600, The user can create up to
10 SLD pages.

The local HMI includes a push button {L/R) for local/remote
operation of the relay. When the relay s In the local mode, it can
be operated only by using the local front panel user interface.
When the relay is in the remote mode, it can execute
commands sent from a remote location. The relay supports the
ramote selection of local/remote mode via a binary input. This
feature facilitates, for example, the use of an external switch at
the substation to ensure that all relays are in the jocal mode
during maintenance work and that the circuit breakers cannot
be operated remotely from the network control center.

olooiololoo|s|olole

Figure 24.  Small display Figure 25,  Large display
o
; 3
Table 114, Smal display e
o
Character size®) / OQQ /f Rows In the view Characters per row (
Small, mono-spaced (6x12 pixels) X ~ 5 20
O
Large, variable width {13x14 pi lsl}q\ 3 8 or more
2
1) Depending on the selected tangwage \\//
Table 115, Large display i
- I/’%}» e ;f‘;
Character size Rows G ew-\\,;;-\\\ Characters per row
Small, mono-spaced (6x12 pixels) Wicy Jo “S' 20
: . . & g f gl
Larga, variable width {13x14 pixels) \ / 7 8 or more
A S Ry

1} Dspanding on the selected language
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23. Mounting methods
By means of appropriate mounting accessories the standard
relay case for the 615 serles refay can be flush mounted, semi-
flush mounted or wall mounted. The flush mounted and wall
mounted relay cases can also bé&yrqunted in 4 tilted position
(25°) using speclal accessories. ..

d 19"
a els available
relay can

Further, the relays can be mounted in any tan
instrument cabinet by means of 19" mountl
with cut-outs for one or two relays.Alternatively
be mounted In 19" instrument cabinets by meafis of

Combiflex equipment frames. :

For the routine testing purposes, the relay cases can be
equipped with test switches, type RTXP 18, which can be
mounted side by side with the relay cases.

Mounting methods:

\

Flush mounting

Semi-flush mounting

Semi-flush mounting In a 25° tilt

Rack mounting

Wall mounting

Mounting to a 19" equipment framse

* Mounting with a RTXP 18 test switch to a 19" rack

Panal cut-out for flugh mounting:
s Height: 161.5 +1 mm
& Width: 165.5 +1 mm

Figure 28,  Flush mounting Figure 27.

24, Relay case and plug-in unit

~or safety reasons, the relay cases for current measuring relays

are provided with automatically operating contacts for short-
clrcuiting the CT secondary circuits when a relay unit is

withdrawn from its case, The relay cass is further provided ) P

a mechanical coding system preventing current measuring
relay units from being inserted into,a refay case for a volg

ABB

Semi-flush mounting

Figure 28, _Semi-flush.with.a.25% titrew

FBAPHG C QPUIAHANA

N— A

%ﬁs&‘m TR T

measuring relay unit and vice versa, that is, the relay cases are
assigned to a certain type of plug-in unit.

S ion and ordering data

)
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26. Accessories and ordering data

Table 116, Cables

item Order number

Cable for optical sensors for arc protection 1.5 m 1MR8120534-1.5
Cable for optical sensors for arc protection 3.0 m 1MRS120534-3.0
Cable for optical sensors for arc protection 5.0 m 1MRS120534-5.0

Table 117. Mounting accessories

ltem ’ Order number

Semi-flush mounting kit 1MRS050696

Wall mounting kit 1MRS050697

Inclined semi-flush mounting kit 1MRS050831

197 rack mounting kit with cut-out for one relay 1MR38050694 (
19" rack mounting kit with cut-out for two relays TMRS050695 - )

Mounting bracket for one relay with test switch RTXP In 4U Combiflex {RHGT 18" variant C) 2RCAD022842P0001

Mounting bracket for one ralay In 4U Combiflex (RHGT 19° variant C) 2RCA022643P0001

197 rack mounting kit for one relay and one RTXP18 test switcﬁ (the test switch is not included in the delivery)  2RCA021952A0003
19" rack mounting kit for ane relay and one RTXP24 test switch {the test switch is not included in the delivery)  2RCA022561A0003
Replacement kit for a Strémberg SP_J40 serles relay {cut-out in the center of the installation plate) 2RCA027871A0001
Replacement kit for a Strémberg SP_J40 series relay {cut-cut on the laft or the right of the installation plate) 2RCA027874A0001

Replacement kit for two Strémberg SP_J3 serles relays 2RCA027880A0001
19" rack replacement kit for Strémberg SP_J3/J6 series relays (one cut-out) ' 2RCAD27894A0001
19" rack replacement kit for Strémberg SP_J3/J6 series relays {two cut-outs) 2RCA027897A0001
Replacémenl kit for a Strémberg SP_J§ series relay 2RCA027881A0001
Replacement kit for three BBC S_ series relays 2RCAN27882A0001
Replacement kit for a SPA 300 series relay ) 2RCA027885A0001 (

ABB
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27. Tools
The protection refay is delivered as a pre-configured unit. The
default parameter setting values can be changed from the front-
panel user Interface, the Web brqwser-based user interface
(Web HMI) or the PCMB00 tool in K bination with the relay-
specific connectivity package.

The Protection and Control IED Managir EI'\sﬁs ( offers
extansive relay configuration functions sych a

configuration, application configuration, graphidghdisplay
configuration including single line diagram f . and
IEC 61850 communication configuration including horizortal

GOOSE communication.

When the Web browser-based user interface Is used, the
protection relay can be accessed either locally or remotely

S
using a Web browser {Internet Explorer). For security reasons,
the Web browser-based user interface Is disabled by default
but it can be enabled via the front-panel user interface. The
Web HMi functionality can be limited to read-only access.

The relay connectivity package Is a collection of software and
specific relay information, which enable system products and
tools to connect and interact with the protection relay. The
connectivity packages reduce the risk of errors in system
integration, minimizing device configuration and setup times.
Further, the connectivity packages for protection relays of this
product series include a flexible update tool for adding one
additional local HMI language to the protection relay. The -
update tool is activated using PCMB00, and it enables multiple
updates of the additional HMI language, thus offering flexible
means for poasible future language updates.

(" Table 118. Tools

Coniiguration and setting tools

Version

PCMG00
Woeb browser-based user Interface

REF815 Connectivily Package

2.6 (Rollup 20150828) or later
IE 8.0, IE 9.0, IE 10.0 or [E 11.0

5.1 or later

ABB
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Table 118. Supported functions

Function Web HMi PCM600
Relay parameter setfing . .
Saving of relay parameter settings in the ralay . .
Signal monitoring . .
Disturbance recorder handiing . .
Alarm LED viewing . .
Access control management . L
Relay signal configuration {Signal Matrix) : - .
Madbus® communication configuration (communication management) - .
DNP3 communication configuration (communication managsment) - .
HEC-80870-5-103 commiunication configiration (Gommunication

management) - . (
Saving of relay parameter settings in the tool - : .
Disturbance racord analysis - .
XRIC parameter exportimport - .
Graphical display configuration - .
Application configuration - .

IEC 61850 communication configuration, GOOSE (communication

configuration) - : .
Phasor diagram viewing . -
Event viewing ' . . .
Saving of event data on the user's PC . .
Onfine monitoring - .

& = Supported

28. GCyber security and Web HMI use TLS encryptton with a minimum of 128 bit key

The relay supports role based user authentication and  * length protecting the data in transit. In thig case the used
authorization. It can store 2048 audit trail events to a non- communication protocols are FT'PS and HTTES. Alf rear
votatile memory. The non-volatile memory is based o L= =g ommunication ports and optional protocol services can be

memory type which does nat need battery backu .
component exchange to maintain the memdr
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29, Terminal diagrams

‘\ REF615 *
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30. Certiflcates
DNV GL has issued an lEC 6‘1 850 Edition 2 Certificate Level A1
for Belion® 615 serles. Cemflca & number: 74105701-CPE/INGC
15-11386.

.

DNV GL has Issued an IEC 61850.

for Relion® 815 series. Certificate n
15-11456,

dition 1 Bertificate Level Al
105701 -OPEANC

Additional certificates can be found o # product page.

‘31, Inspection reports

KEMA has issued an Inspectlon report for REF8185,
“Gomparlaon between hardwired and GOOSE performance of
UniGear switchgear panels with REF815 and REF830 Feeder
Protection and Control IEDs hased on IEC 62271-3". Report

The Inspection report concludes in its summary, apait fr
performance comparisons, that “both the REF630 and RE
comply to the performance class P1 message type 1A “Trip”
distribution bays (transfer time <10 msec) as defined in IEC

61850-5", '

32, References

The www.abb.com/substationautomation portal provides
information on the entire range of distribution automation
products and services.

You will find the latest relevant information on the REFG15
protection and control relay on the product page. Scroll down
the page to find and download the related documentation,

(‘ numbper: /C972064-TDT OU-T3U8.
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33. Functions, codes and symbols

Table 120. Functions included in the refay

Function IEC 61850 IEG 60617 IEG-ANS!
Protection '
Three-phase non-directional overcurrant PHLPTOCA 31> (1) 51P-1 (1) )
protection, low stage PHLPTOG? 3> 2) 51P-1 (2)
Three-phase non-directional overcurrent PHHPTOCH 3l=> (1) 51P-2 (1)
protection, high stage PHHPTOG2 31> (2) . 51P-2 (2)
Three-phase non-directional overcurrent PHIPTOCT k=== (1) 50P/51P (1)
protection, instantaneous stage
Three-phase directional overcurrent DPHLPDOCT 31> -> (1) 67-1 (1)
protection, low stage DPHLPDOC2 3l > (2) 671 (2)
Three-phase directional overcurrent DPHHFDOCA 3l== = (1) 87-2 (1) (
protection, high stage
Non-directional earth-fault protectian, low EFLPTOCA lo> (1) 51N-1 (1)
stage EFLPTOC2 lo> {2) 51N-1 (2}
Non-directional earth-fault protection, high EFHPTOCH lo>> (1) - 5IN-2 (1)
stage
Nen-directional earth-fault protection, EFIPTOC1 lo>== (1) S50N/S1TN (1)
instantaneous stage
Direciiqnal earth-fault protection, low stage DEFLPDEF 1 lo> -> (1) 67N-1 (1)
DEFLPDEF2 lo> > (2) ) 67N-1(2)
Directional earth-fault protection, high stage DEFHPDEF1 lo>> > (1) B7N-2 (1)
Admittance-based earih-fault pratection EFPADM1 Yo -> (1) 21YN (1)
EFPADM2 Yo > (2) 24YN (2)
EFPADM3 Yo> > (3) 21YN (3)
Wattmetric-based earti-fault protection WPWDE1 Po> = (‘I.) 32N (1) (
WPWDE2 Po> <> (2) 32N (2)
WPWDES - - - Po> > (3) 32N (3)
Transientfntermittent earth-fault protection INTRPTEFRY = fo® > 1EF {1)
Harmonlcs-based earth-fault protection HAEFPTCCA lo>HA (1)
Non-directional (cross—count A % EFHPTOC lo>> {1)

Phase discontinuity protection Sy

Residual overvoltage protection

8 '
7 aswom _
%R PTOV1

12> (
12> (2) ¥ 46 (2)
12/11> (1) _ 46PD (1)
Uo> (1) 58G (1)
Uo> (2) 59G (2)
Uo> (3) 59G (3)
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Table 120. Functlons included in the relay, continh\

Functien i IEC 61 8%3\\ IEC 60617 IEC-ANSI \

Three-phase undervoltage protection PHPTUV1 3U< (1) 27 (1) \/
PHPTUV2 3U< () 7@ '
PHPTUV3 —— 3U< (3} 27 (3)

Three-phase overvoltage profection PHPTOV1 | ' 3U= (1) 59 {1)

' PHPTOV2 5 _ 3U> (2) 59 (2)

PHPTOV3 3U> (3) 59 (3)

Positive-sequence undervoltage protection PSPTUVA1 Ut<(1) 47U+ (1)
PSPTUV2 Ui<(2) 47U+ (2)

Negative-sequence overvoltage protection NSPTOV1 U2= (1) 470-{1)
NSPTOV2 U2=(2) 470-(2)

Freguency protectlon FRPFRQ1 f=/f=,difdt (1) 81 (1}
FRPFRQ2 f=ff< dffdt (2) 81(2)
FRPFRQ3 >if<,dffdt (3) 81 (3)
FRPFRQ4 f>if< dffdt (4) 81 (4)
FRPFRQS f=ff<,dffdt (5) 81 (5)
FRPFRQS f=ff<,dffdt (8) 81 (8)

Three-phase thermal protection for feeders, T1PTTRA1 3ith>F (1) 49F (1)

cables and distribution transformers

High-impedance based restricted earth-fault HREFPDIF1 disHi> (1) 87NH (1)

protection

High-impedance differential protection for HIAPDIF1 dHI_A=(1) 87A{1)

phasa A

High-impadance differential protection for HIBPDIF1 dHI_B>(1) ’ 878({1}

phase B

High-impedance differential protection for HICPDIF1 dHi_C>(1) 87C(1)

phase C

Circuit breaker failure protection CCBRBRF1 3I>/lo>BF (1} 7 51BF/51NBF (1)

Threa-phase inrush delector e INRPHAR1 3128 (1) 68 (1)

Switch onfo fault o=2>5 CBPSOF1{ SOTF (1) SOTF {1)

Master trip ; TRPPTRCA Master Trip (1) 94/86 (1)
TRPPTRG2 Master Trp (2) 24186 (2)
TRPPTRC3 Master Trip (3) _ .94/86 (3)
TRPPTRC4 Master Trp_(4)..cme="""84186 (4)
TRPPIRGS ArnG ¢ P ArARATYbe 6)
ARCSARCT ARC (1) pgorrenesr ™™™ S0L/50NL. (1)

ARCSARC2 ARC (2) ' 5OL/SONL (2)
ARCSARC3 ARC (3) 50L50NL (3)
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Table 120. Functlons Included In the relay, continued

Function IEC 61850 IEC 6806817 IEC-ANSI
Multipurpose protection MAPGAPCH MAP (1) MAP (1)
MAPGAPC2 MAP (2) MAP (2)
MAPGAPC3 MAP (3) MAP (3)
MAPGAPC4 MAP (4) MAP (4)
MAPGAPCS MAF (5) MAP (5)
MAPGAPC6 MAP (6) MAP (8)
MAPGAPC? MAP (7) MAP (7)
MAPGAPCS MAP (8) MAP (8)
MAPGAPCY MAP (9) MAP (9)
MAPGAPG10 MAP (10). MAP-{10) :
MAPGAPG11 MAP (11) MAP (11) (
MAPGAPC12 MAP (12) MAP (12)
MAPGAPC13 MAP (13) MAP (13)
MAPGAPC14 MAP (14} MAP (14)
MAPGAPC15 MAP (15) MAP (15)
MAPGAPC16 MAP (16) MAP (16)
MAPGAPC17 MAP (17} MAP (17)
MAPGAPC18 MAP (18) MAP (18)
Fault locatar SCEFRFLO1 FLOG (1} 21FL (1}
High-impedance fault detection PHIZ$ HiF (1) HIZ {1)
Reverse power/diraclional averpower DOPPDP.R1 P>/Q> (1) 32R/320 (1)
profaction DOPPDPR2 PG> (2) 32R/320 (2)
Multifrequency admittance-based earth-fault MFADPSDE1 lo> ->Y (1) 67YN (1)
protection (
Interconnection functions
Directional faaetive power undervoltage DQPTUVY Q> ->3U< (1)
protection I LY e
Low-voltage ride-through protection LVRTPTUVA UsRT ) . %gv'\‘i-* C Rty
O e
LVRTPTUV2 U<RT (2 27RT (2)
LVRTPTUV3 U<RT (3)> 27RT (3)
Voltage veclor shift prot . SPPAM1 VS (1) 78V (1)
Power quality \ O)O\
Current total demany x | CMHAH PQM3I (1) PQM3I (1)
Voltage total harmol £ VMHAN PQM3U (1) PQM3V (1)
Voltage variation PHQVVR1 PQMU (1) PQMV (1)
Voltage unbalance V8QvuB1 PQUUB (1) Pavua (1)
Control '
Circuit-hreaker co‘Q{rol CBXCBRiY:_& € - | <= 0CB(1) i<->=0CB (1) 0
LAY \\ | T
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Table 120. Functions included In the relay, continued\

X
\

Function IEC 61 850\\\ IEC 60817 IEC-ANSI

Disconnector control DCXSWI1 1<-> 0 DCC (1) | <> 0O DCC (1) \
DCXSWI2 | <> 0 DCC (2) 1 <> 0 DCC (2) :

Earthing switch control ESXSWI1 1<> 0O ESC (1) l<->QESC(1)

Disconnectar position Indication DCSXSWI1 1<->0DC(1) 1<->0DC (1)
DCSX5WI2 |<->0DC(2) 1<>0DC(2)
DCSXSWI3 I<->0DGC(3) 1 <> 0 DC (3)

Earthing switch Indication ESSXSWH l<>0ES(1) I<>0QES(1)
ESSXSWi2 1<->0ES (2) 1<->0ES {2)

Autoreclosing DARRECA O->1(1) 79 (1)

Synchronlsm and energizing check SECRSYN SYNEA{H 2544}

Condition menitoring and supervision

Circuit-breaker condition monitoring SSCBR1 CBCM (1) CBCM (1)

Trip circuit supervision TCSSCBR1 TCS (1) TCM (1)
TCSSCBR2 TCS (2) TCM (2)

Current circuit supervision CCS8PVC1 MCS 31 (1) MCS 31 (1)

Current transformer supsrvision for high- HZCCASPVC1 MCS 1I_LA(1) MCS |_LA(1}

impedance protection scheme for phase A :

Current transformer supervision for high- HZCCRBSPVCH MCS 1 B(1) MCS I_B(1)

impedance protection scheme for phase B

Current transformer supervision for high- HZCCCSPVCH MCS I_C(1) MCS LC(1)

Impedance protection scheme for phase C

Fuse failure supervision SEQSPVCA FUSEF (1) 60 (1}

Runtime counter for machines and devices MDSOPTH OPTS (1} OPTM (1)

Measurement

Disturbance recorder RDRE‘ DR (1) DFR (1}

Load profile record Rk LOADPROF (1) 'LOADPROF (1)

Fault record FAULTREC {1) FAULTREC (1)

Three-phase current measuremeny 31 (1) M

Seqijence current meaasurement 11,12, 10{1) 11, 12,10 (1}

Residual current measurement lo (1) In{1)

Io (2) (2

Thres-phase vollage measument VMMXU1 W | gspHO C O v (Y A /1 il
VMMXU2 U (2) A A V) M

Residual voltage measurement RESVMMXU1 Uo {1) vn (1)

Sequence vollage measurement VSMSQI1 U, U2, Uo (1) V1, V2, V0 m

Three-phase power and energy measurement  PEMMXU1 P,E() E, E(1)

RTD/mA measurement XRGGIO130 X130 {RTD) {1) X130 (RTD} (1}

Frequency measurement \\ FMMXU f(1) f{1) /

IEC 51825(5—9—2 LE sampled value sencﬂq}x \ SMVSENDER SMVSENDER SMVSENDER ﬁév/\

BN
X

L%
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Table 120. Functions Included in the relay, continued

Function |IEC 61850 IEC 60617 JEC-ANSI
IEC 61850-9-2 LE sampled value receiving SMVRCV SMVRCV SMVRCV
{voltage sharing)
Other
Minimum pulse timer (2 pes) TPGAPC1 TP (1) TP (1}
TPGAPC2 TP (2) TP (2)
TPGAPC3 TP (3) TP (3)
TPGAPC4 TP (4) TP (4)
Minimum pulse timer {2 pes, second resolution) TPSGAPC1 TPS (1) TPS (1)
Minimum pulse timer (2 pes, minute resolution) TPMGAPCY TPM (1) TPM (1)
Pulse timer (8 pcs) PTGAPC PT (1) PT (1)
PTGAPC2 PT (2) PT(2) ( '
Time delay off (8 pcs) TOFGAPCT TOF (1) TOF (1)
TOFGAPC2 TOF (2) TOF (2)
TOFGAPC3 TOF (3) TOF (3)
TOFGAPC4 TOF (4) TOF (4)
Tima delay on (8 pcs) TONGAPC1 TON (1) TON (1)
TONGAPC2 TON (2} TON (2)
TONGAPC3 TON (3) TON (3)
TONGAPC4 TON (4) TON (4)
Set-reset (8 pes) SRGAPCT SR (1) SR{1)
SRGAPC2 SR{2) SR (2)
SRGAPCS SR (3) SR (3)
SRGAPC4 SR (4) SR (4)
Move (8 pes) MVGAPC1 MV (1) MV (1) (
MVGAPC2 MV (2) )
Generic control point (16 pes) SPCGAPC1 SPC (1)
SPCGAPC2 SPC {2)
Analog value scaling SCA4GAPCT

Integer value move

SCA4GAPC2
@4 APC3

A4GAPCA

{mviacarci

MVI4 (1)

SCA4 (2)
SCA4 (3)
SCA4 (4)
MVI4 (1)

892
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34. Document revision history
Document revision/date Product verslon History \ Nt
AJ2007-12-20 1.0 First release \
B/2008-02-22 10\ Content updated | ~
C/2008-06-20 1.1 Content updated to correspond to the product version
D/2008-03-03 20 Conlent updated to correspond ta the product version, New

layout on front and back page

E/2009-07-03 2.0 Content updated
Fi20609-10-01 2.0 Content updated
G/2010-06-11 3.0 Content updated to correspond to the product version
H/2010-06-29 3.0 Terminology updated
Ki2010-09-07 3.0 Content updated
L/2012-05-11 4.0 Cantent updated to correspaond to the product version
Mf2013-02-21 4,0 FP1 Content updated to correspond to the praduct version

Ni2014-01-24
P/2014-04-10
R/2015-10-30

Content updated to correspond fo the product version
Content updated

Cantent updated to coespond to the product version
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Contact us
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P.O. Box 699
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Distribution Automation
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OnucaHue 1 pasnpeseneHne Ha BXoAHUTE TpaHChopMaTRPHN
npeoBpasyeaTenu, LndpoBn BXOO0BE N N3XOOMW, KOMVHMKaumdﬁw
NopToBe, 3axpaHBalll MOAY 1 Ap. N0 NAaTku U CrioToBe

as3nen 5
1MRS756376 L IED thuanveckmepbaKku
Pasgpen5 @ |[ED ®u CKN BPBH3KK
5.1 Bxopoee
5.1.1 3axpaHBalli BX040B
5111 dazHy TOKOBE

IED MOXe Ja ce M3II071384 32 eanodaszHi Wi Ay dasHu
TIPHIIOMKEHHS, KAT0 C& OCTAaBAT CBOGOMHM eAKH WK J{Ba BXO/a.

Brlpexn 1063, Hali-MaJIKO TepMuHann X 12077-8 Tpatea a Goar

CBBp3aHH.

TaGnuua 65: a3Hi TOKOBY BXOROBS, BKMIOUEHM B KoHbMypauwn A, B, C,D,E,F,Hun J

Masosn = ==[.Onucane === e
X120-7,8 L1
X120-9, 10 L2
X120-11, 12 IL3

51.1.2 Tox ¢ Rynesa nocrieAoBaTenHocT

Tabmuua 66: Bxog 3a lo @ BsikoveH & koHurypauun A, B, C,D,E F, HuJ

‘Vspoan IEEEEa e e = OnCARNE S e
X120-13, 14 lo

Tabnuua 87: Bxog 3a lo sknoueH B kokdurypauns G

R =21 OnMcalne &=
X130-1,2 lo

51.1.3 dazHu HarpexeHus

Tabnwua 68: Bxop0Be 33 hazHUTe HANPeMERs ca NpeaBUASHH & kohdurypaynn E, F, HuJ

R e ey == ON1ecane s
X130-11, 12 ’ w1
X130-13, 14 '\\
X130-15, 16 \

\
\.
A%
\
I S

T BAPHO G OPWIvikiANg

vk
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1MRS756378 L IED chusnyecky BpB3Kku \
\.
Taﬁnﬁha?g\ Hanpesxeros sxoa sa SECRSYN1 exnioueH B kondurypauma Hu J
‘Hasoq * == | OnvcaHsie
X130:9, 10 S\~ U128
51.1.4 HanpexeHue ¢ Hyhesa nocneoBaTenHocT
X120-5,6 Uo
Tafnuua 71: [lomsnHWTeNHY BX0A0BE 32 HANPEXEHWE ¢ HY/leBa NOCNEA0RATENHOCT CA BRNKMEHH B
koRburypaum E, £, H W J
Mseoan= ;i
X130-17, 18 Uo
51.1.5 CeH3opHU BXoaoBe
Tabnuua 72: Bxogose aa Combi cenaop sknioueHN B koHdUrypauus G
sAsBopi =
X131
X132 IL2
_ Uz
X133 IL3
U3
5.1.2 Bxonose onepaTrBHO HanpexeHue:
Onepatussoro nanpexerne IED ce monasa Ha Tepmumany X100/1-2. Tpy
3aXpaHBaHe C IOCTOAHEH TOK, NONOKHTEIHUA [IPOBOAHHK € CRBPIAH KbM
repMunana X100-1. Paspeinenus quanaszoH oneparnsno Hanpexenne (AC/DC
umy DC) e moceuen BLpxy ropxara dacy #a LHMI na IED.
Tabnwua 73: OnepaTriBHO HanpexeHua
AEE
X100-1 + Input e
X100-2 -~ Input § BAPHO 4 OPirima
5.1.3 Lindbposu Bxopoee:

LudpopuTe BXOIOBE MOTAT 42 GBJAT M3NION3BaHH, Hanpumep, 33 TeHEepHpPAHE HA
BOKHPAILL CUTHATL, 32 /g OTKIIIOUHTE H3XOAHH KOHTAKTIL, SAS BETH3BHKA
PErHCTBPA Ha IPEMIKUTE HIl 33 JMCTAHLMOHHO ynpagrenntin Al N acTpoiixit.
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N IED chusnyeckn Bpb

Ludp nope Ha cnoT X110 ca Hanmynu npu koudurypaunn B, D, E, F, G, H

Tabnuya74: epMuHand X110-1...13

X110-114 BI7, +
Xi10-12 BI7, -
Xi10-12 BIg, -
X110-13 B8, +

Indposu Bxoyope Ha cior X120 ca Hampuuu upu Kougurypauuu C,D,E, F,Hu
L

Tadnyua 75: Tepuunany X120-1..6

X120-1 Bi1, +

Xi20-2 BI, -
X120-3 Bi2, +
xXt20-2 BI2, -
X1204 BI3, +
X120-2 Bi3, -
X120-5 Bl4, +
X120-6 B4, -

IMudposu Bxoyiose Ha cior X120 ca HannyBH 32 KoHGuUrypanus A u B.

Tabnuua 76: TepmuHann X120-1..4
Wasogu: - :
X120
X120-2
X120-3

REF615
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Pagnen 5

\\ ) IED chyamyecky BPBL3KU
\J —

X120-2 N T BI2, -

BI3, -

X120-4 , S BI, +

HudpopuTe BXOJOBE Ha CIIOT X130 ca onius npu xoudurypanud B 1 D.

5.1.4

Tabnuua 77: TepmuHany X130-1...9

:Wasoai f
X130-1 B, +
X130-2 BN, -
X130-2 B2, -
X130-3 Bl2, +
X130-4 ‘ BI3, +
X130-5 BI3, -
X130-5 Bl4, -
X130-8 Bl4, +
X130-7 BIS, +
X130-8 Bi5, -
X130-8 Blg, -
X130-9 BI6, +

ITugposure BxojoBe Ha cnoT X130 ca nanwany ripu xoudurypauun E, ¥, Hu J.

Tabnuua 78: Tepmunanu X130-1..8

Ee—

pxonosere X13, X 14 u X 15, mxre juarpayfea breph@igre.3a
JIONBIHUTEAHA MHPOPMALIHA BIDKTE - ABIOf

FIPHO € QPUTAHANA

] —
e T
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-
\ Pasnens
\ IED dhusnyecku Bpb3KU
BN _

D e craBeH ¢ xiemu 3a cenpesade X 13, X14 u X15 caMo ako
OTIIHQHANHEAT MOJYJT 338 KOMYHHKAINA ¢ BXOLOBE 33 CBCTIHHHH
AATHHLRE HHCTAIHPAH, AKO OIIMATA THFTORA 3aliIa e u3bpaHa
npH neprukara Ha IED, BxopoBere CRETNUHHN FATUHIH ca
BKIIIOUEHH B MOJIYJIA 33 KOMYHHKAIHA.

Taﬁnuha 79 Bxogope CRETAKHAW AaTunUpm
X13 Bxoa cBRETNKHEH AaT4MK 1
X14 Bxogose CBETAKHEH ABTHHK 2
Xis Bxoj ceeTniHeM garink 3
5.2 Waxoan

5.2.1

52.2

T

Naxonu seruskmousane y kGATPon

Haxomuu xourakts PO1, PO2Z, PO3 1 PO4 ca ¢ moBHIeHa W3KMOYBATEIHA
MOILHOCT H MCTAT Jj2 KOHTPONMHMPAT [I0BEYETO NipeKeceayun. [1pH JocTaska oT
(pabpHRATa, CHTHATMTE 32 W3KJIIOUBAHE OT BCIYKH CTBHIIANA CE HACOUBAT KbM
PO3 u PO4,

TaGnuua 80; W3xoqHu KOHTaKTH

‘Uasoau: “Onucanue =
X100-8 P01, NO
X100-7 P01, NO
X1i00-8 PO2, NO
X100-9 P02, NO
X100-15 P03, NO (TCS peaucTop)
X100-18 PO3, NO
X10017 PO3, NO
X100-18 03 (TCS1 Bxop), NO
X100-19 ' PO3 (TCS1 axoa), NO
X100-20 PQ4, NO (TCS peaucrep)
X100-21 PO4, NO
X100-22 P04, NO
X100-23 | PG4 (TCS2 sxoa), NO -
X100-24 PO4 (TCS2 Bx0g), NO

Waxoan 3a curHannsauus




[
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N

Pasp
IED chuanyeckun Bpb

BKIIIOYBAHE H H3KJIIOYBAH oi' IED, IIp

b(ocranxa ot (halipHKaTa, CHTHAITH

BKIIKYYBAHE M aTapMa, 0T BCHYKY CTRIANA Ce HACOUBAT KbM CHI'HAJIHHTE

H3XO0OH.

Tabnuya 81:

Waxonnu koHTakty X100-10...14

:380aM

X100-10
X100-11
X100-12

X100-13

X100-14

Hsxomus konTaxTe Ha cnor X110 ca gamranu npH kordurypauun B, D, E, F, G,

Hork
abnuya82:  Msxoauw xontakmnX110-14...24

ZW3Boan: 0
X110-14 S01,06u
X110-15 501, NO
X110-16 S01,NC
X110-47 S0O2, obty
X110-18 502, NO
X110-18 502, NC
X110-20 803, ofuy,
X110-24 S03,NO
X110-22 S03, NC
X110-23 S04, abiy
X110-24 S04, NO

Haxonuure KouTakTH Ha coT X130 ca Hannuru B Moayna o 136op BIO

(BIOBO2A). Haxomuute KoHTAKTH Ha ¢10T X130 ca onunm npu kordurypanus B

uD.
TaBnuua 83; WaxoaHu xonTakti X130-10...18
‘NaBoguiss == :0nrcabne
X130-10 801, oy
X130-11 301, NO
X130-12 501, NC
Xx130-13 802, oty
X130-14 oz =]
X130-15 EmApHO C OPUTURATIA
X130-16 ORI
*130-17 803, NO
X130-18 803, NC

REFG615
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52.3 BeTpeluHa nospena B 3éLu.v1TaTa IRF \,

IRF $yHKUMMTE Ce M3MOA3BAT, KATO M3XONEH KOHTAKT Ha CMCIeMara 3a
caMOKOHTpon Ha samurara IED. Ilpu HopManky yeaosus Ha paGora, IED e
3axpaHeHa u xouzakra (X100/3-5) e satBopen . Korato e OTKpHUTa HEU3NPapHOCT
OT CHCTEMATA 33 CAMOKOHTPOJI MM ONEPATHBHOTO HAUPEXEHAE € HIKIIOUEHO,
HATIPEKEHHETO Ha H3XOMHHA KOHTaKT OTraja u ce 3arpapa (X100/3-4).

Tabnuia 84: IR koHTaKr

HaBogH:
X100-3
X100-4 3aroeped; IRF, unit Uy, NpeKseHaTo
X100-5 3arsopeH; no IRF, ¥ Uayy NogaaeHo

e, REFB15
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