ANDRITL
Hydro

DRS

Library of
Protective Functions

i

i=11=]

|| [T

EERERDORRRE

Protection

www.andritz.com/NEPTUN



Identification DRS FNC LIB 1.06
Version.Revision 1.06
Date of issue 11.04.2016

This document is applicable to the following product(s):

DRS

© 2016 by ANDRITZ HYDRO GmbH, All rights reserved.

Any kind of disclosure and reproduction whatsoever of this document or of parts thereof is permitted only upon prior written
consent by ANDRITZ HYDRO. Technical specifications are used for purposes of product description only and are no
guaranteed specifications in legal terms. Subject to modifications - also in terms of technology.

21744 DID-001-1.06 DRS Library of Protective Functions



Table of Contents

Table of Contents

Lo GBNEIAL .. 23
1.1. Contents Of ThiS DOCUMENT.......cciiiiiiie ittt e et e e st e e e sbbe e e e sbneeeeanes 23
1.2. General Terms DefinitioN ..........cooi ittt e st e e e b e e e snneeeeaaes 23
1.3. MEASUING METNOM ...t e et e e e b e e e e 25
1.4. General Influencing Quantities and TOIErANCES: ........ccoiiuiiiiiiiiiee e 25

2. MB... LOGIC FUNCTIONS ... 27
2.1. OVERVIEW ..ottt ettt ettt s e b e st e st e snn e e s e e e nnne e sne e e nnne s 27
2.2. TECHNICAL DATA ettt sttt b e s btk et e s h bt e st e e e sa b e e e b e e e sbb e e s beeesnneeannes 28

2.2.1. SIGNAT FUNCHIONS ...ttt et e bt e e et e e e e 28
2.2.2.  TriP CirCUIt SUPEIVISION ... .tiiiiiiiiiie ittt e e b e et e e s sanneee s 31
2.2.3. (O 101 o) S =] o I 01010 | (=] G PO PP P PP PUP PP 32
2.2.4. (oo [l = U g Tox 1] o O PP P PP PUPPPO 33
2.3. CONNECTION DIAGRAMS ...ttt ettt e e bb et e e s bbe e e e s nbbe e e e abneeeeaaes 34
2.3.1. MBI111 /MBLAL/ MBLAZ.......eeeiieiieeee ettt ettt et e e e 34
2.3.2. IMB2LT ...ttt ettt ekttt h e bt h e Rt Rt E et s Ee e e aR bt e e b et e Er e s ne e e nnne s 35
2.3.3. IMBAA2......cceeeeee ettt b et e e e a e e b et rne e are e e nnne s 37
24, LOGIC DIAGRAMS ...ttt ettt b et b e st e sb e e s st e e et e e e ssbe e e be e e anneesnneennneenas 38
2.4.1. MBL111/ MBLALI MBLAZ.....cceeieieeeeeeee ettt ettt e b e sne e e nnne s 38
2.4.2. IMB2LT ...ttt etttk h ekt E Rt b e R et e s R et e e b e e e b e e e rn e are e e nnne s 41
2.4.3. IMBAAZ ...ttt ettt et a ek h e bRttt e e ket e e be e e enteeanbe e e etteeareeenneeas 51
25. FUNGCTION L.ttt ettt e e e sttt e e e aa b et e e e aa b et e e e aabb e e e e anbb e e e e aabaeeeenarns 58
2.5.1. MBI111/ MBLAL/ MBLAZ.......eeeiie ittt ettt et e it e e e e 58
25.2. Y] SRS 59
2.5.3. IMBAAZ ...ttt ettt ettt ettt R e et en et ettt e R ae e eae e e ante e ettt e anaeeaneeenneeas 60
2.6. COMMISSIONING. ....ceiiitiite ettt e e et et e e e st e e e e aabe e e e s anbae e e e abbeeeeanbbeeeeane 61
2.6.1. MB111/ MB141/ MB142/ MB211/ MB311/ MBAA2 ........ccociiiiiiiiie it 61

3. MC... CIRCUIT BREAKER FAILURE PROTECTION .....cccoiiiiiiieeiieeee e, 63
3.1 L@ o A SRR 63
3.2. TECHNICAL DAT A ettt ettt ettt e ket e et e e etae e e te e e eseeeemteeateeeamteeenneeeanteeanseeeaneeeannes 64
3.3. CONNECTION DIAGRAMS ...ttt ettt e e ettt e s st e e e s bbe e e e sbneeeeeae 65

3.3.1. 1Y (2 3 X T PO PROUPPPO 65
3.4. LOGIC DIAGRAM ..ottt e e e bt e e e et e e e ab e e e e anba e e e e anbae e e e nnnes 66
3.4.1. Y (@ 1 O TP P PP PPPPPROT 66
3.5. FUNGCTION L.ttt h ekt ek bt sttt e eb bt e shb e e e b e e e snb e e e abreesnbeeebneennneena 70
3.5.1. Y (@ 1 O TSP OU RO UPPTPPRIN 70
3.6. COMMISSIONING. ....cc ittt ettt ettt ettt e et et e s bt e e bt e e abb e e st e e e sabeesabeeeabbeesnbeeennneas 71
3.6.1. Y (@ 1 O TSP OU RO UPPTPPRIN 71

4. MD... GENERATOR DIFFERENTIAL ...uuiieiiee e 73
4.1. OVERVIEW ...ttt ettt sttt e et e e s m e e et e e amte e et e e aste e antaeeaneeeenteeenneeeanteeenneens 73
4.2. TECHNICAL DATA ettt b ettt e kb e e s hb e e st et e sab e e e be e e abbe e e beeesnbeeanees 75

4.2.1. Generator Differential 2-phase 2-WinNdiNg..........ccuueiiiiiiiiie e 75
4.2.2. Generator Differential 3-phase 2-WinNdiNg..........ccuuveiiiiiiii e 78
4.3. CONNECTION DIAGRAMS ...ttt ettt ettt sttt et e e be e sab e e sbe e e sbbeesnbeeesaneas 81
4.3.1. IMID222 .ttt b bbbt b e b et e b et e eab e et e e e bbe e abeeennne s 81
4.3.2. MD3B22/ IMDB23.....ceeeeieeeee ettt ettt ettt ettt e s sttt e s e bttt e e et b e e e e bt e e e e nbe e e e e nbee e e e nreas 82
4.4. LOGIC DIAGRANMS ... ettt ettt e e e a bt e e e et e e e abe e e e e anbb e e e e anbaeeeennbeas 83
4.4.1. IMID222 .ttt ettt ettt et n e a e er e e et e anae e ettt et aeeanteeeanteeanteeeanaeeaneeenneeen 83
4.4.2. MD322/ MD323..... .ottt ettt 88
4.5. FUNGCTION L.ttt et s et st ne e e s st e e r et e s e e nne e e nnneesnnneennneenn 95

DRS Library of Protective Functions DID-001-1.06 3/744



Table of Contents

45.1. CT — Saturation DELECLION......cciii ittt e e et e e e e e e s sbbrreeeeaeeeanns 97
4.6. COMMISSIONING ...ttt ittt et e e e st e e e e st a e e asta e e e e sstaeaeeastaeeeeantbeaeeantaeeeennees 98
5. MD... TRANSFORMATOR DIFFERENTIAL ....iiiiiiii e 101
5.1. OVERVIEW ..ottt ettt ettt e e ettt e e aa bt e e e anbb e e e e anbbeeeesbbeeeeabbeeeesbbeeaean 101
5.2. TECHNICAL DATA oottt ettt et e sttt e e sttt e e s bbbt e e s anbe e e e s abbeeeesansteeessnnneeas 105
5.2.1.  Transformer Differential Protection 2-phase 2-winding ..........cccccceveveiiiiviiieeeee e 105
5.2.2.  Transformer Differential Protection 2-phase 3-winding ..........ccccceceeeiviiiiiieeeee e, 109
5.2.3.  Transformer Differential Protection 3-phase 2-Winding ...........cccccvvvviieinieneinieeeiieen. 113
5.2.4.  Transformer Differential Protection 3-phase 3-Winding ...........cccccoviiiieinieneinieee e, 117
5.2.5.  Transformer Differential Protection 3-phase 4-Winding ...........cccccovvvviieiniieeenniieeennene. 121
5.3. CONNECTION DIAGRAM ... .otitii ittt ittt s et e st e e e st aae e e st e e e e ataeaaestaaeaestaeeeesnsaeeaeans 125
5.3.1. Y 2 PSSP 125
5.3.2. Y 2 1 PSSP 126
5.3.3. Y 52 PSR OTPRR 127
5.3.4. YT R Y| X 7 PSRRI 128
5.4. LOGIC DIAGRANMS ...ttt ettt e e ettt e e e st e e e e an b e e e e s nbee e e e antee e e e sntaeeeennees 129
5.4.1. Y 2 PSR OTPRR 129
5.4.2. Y 52 PRSP 132
5.5. FUNGCTION Lottt ettt e e st e e e et e e e s st e e e e e ambe e e e e asbee e e e anbbeeeeantbeeesansaeeeennens 144
5.5.1. Detailed Description of CT Saturation Detection Feature............ccccvvveeeiiiicciiieeneeennnnns 149
5.5.1.1.  Transformer Differential Protective Functions with CT — Saturation Detection....... 149
5.5.1.2.  CT Saturation Detection PriNCIPIES .........coccuiiiiiiiiieiiiie e 149
5.5.1.3.  Explanation of CT — Saturation DeteCtion .............ccooririeiiiiie e 149
5.5.1.3.1.  Precondition: OUtZoNe FauUlt. .............oocuiiiiiiieiiiiieee e 149
5.5.1.3.2.  Precondition: INZONE FaUIL.............cooiiiiiiiiiiii e 152

5.6. COMMISSIONING ....cciiitiiie ettt ettt ste e e e st e e e st eeasstaeeeeanbaeeeesnbaeeeesnbaeeeeanseeeeesnsreeanans 153
6. ME... OUT OF STEP PROTECTION......citiiii e 157
6.1. OVERVIEW ..ottt ettt et e e e et e e e e bt e e e et e e e e s ba e e e e antaaeeesasaeeaeassaaeeeansraeaeans 157
6.2. TECHNICAL DAT A oottt et et e e st e e ettt e e s e ab e e e s st e e e s asbaeeesaaaaeeesansaeeesannneeas 158
6.2.1.  Out of Step Protection With Circular MHO Characteristic for 3-Pase Systems.............. 158
6.3. CONNECTION DIAGRAM ... .ottt ittt ctee ettt s et e e e st e e e st e e e e staeeeestaeeeeataeeaestreeaeans 161
6.3.1. Y 31 PRSPPI 161
6.4. LOGIC DIAGRAMS ...ttt ettt ettt e e et e e e e st e e e e es b e e e e s nbee e e e anteeaeesntaeeeennees 162
6.4.1. Y 31 PRSPPI 162
6.5. FUNGCTION Lottt ettt e e e sttt e e e s st e e e e s mte e e e e snte e e e e asteeeeeantbeeeeantbeeeeansaeeeannees 171
6.5.1. MESLL/ IMESBL2 ...oeeieiiiiee ettt ettt et e e sttt e e s e nsb e e e et e e e ensbe e e e e nbeeeeennbaeeeennees 171
6.6. COMMISSIONING ....cciiitiiie ettt ettt ste e e e st e e e st eeasstaeeeeanbaeeeesnbaeeeesnbaeeeeanseeeeesnsreeanans 182
6.6.1. ME311 ProteCtive FUNCHION ...ttt ee e e e s e e sennan e e e e e e e ennns 182
6.7. CALCULATION EXAMPE FOR SETTING PARAMETERS .....oovviiiiiiieeie e 188
7. ME... UNDER EXCITATION PROTECTION .....ccitiiiiiiiiieeei e 191
7.1. OVERVIEW ..ottt ettt e e e st e e e et e e e eata e e e e astbe e e e antbeeeesbaeeeeasbeeeesseeeanans 191
7.2. TECHNICAL DAT A oottt e ettt e e sttt e e et et e e s tba e e e s sbe e e e s astaeeesasbaeeesansseeeesnsseeas 192
7.2.1. Under Excitation for Single Phase Systems (Excitation Current Measuring AC) ........... 192
7.2.2. Under Excitation for Single Phase Systems (Excitation Current Measuring DC)........... 194
7.2.3. Under Excitation for Three Phase Systems (Excitation Current Measuring AC)............ 196
7.2.4. Under Excitation for Three Phase Systems (Excitation Current Measuring DC) ........... 198
7.2.5. Under Excitation for Three Phase Systems (Excitation Current Measuring AC)............ 200
7.2.6. Under Excitation for Three Phase Systems (Excitation Current Measuring DC) ........... 202
7.3. CONNECTION DIAGRAMS ..ottt ettt s e e st e e e st e e e st e e e e s ataeeaesatbeeaesnsraeaeans 204
7.3.1. Y3t PSRRI 204
7.3.2. IMIEL22...cc ettt ettt et h e e e ettt e e e bt e e e e nbe e e e e R bae e e e taeeeaantaeeeeanees 205
7.3.3. Y PSSP 206
7.3.4. IMIEB 22ttt ettt ettt ettt e et e e e e n et e e ettt e e e e ntae e e e ntaeeeannraeeeeanees 207

4744 DID-001-1.06 DRS Library of Protective Functions



Table of Contents

7.3.5. 1 3 F OO PP TP PPPTPPPRT 208
7.4. LOGIC DIAGRAMS ...ttt ettt e e s st e e e e s s n e e e e e e s aanne 209
7.4.1. IMIEB 2. it e et e e e e e 209
7.4.2. IMIEB 22 e e a e 216
7.4.3. 1 3 F PP PO PP TP PPPTPPPRT 218
7.4.4. IMIEB24....ccceeeeee e e e a e 220
7.5. FUNCTION . nen 225
7.5.1. ME121/ ME122/ ME321/ ME322 FUNCLIONS .....ceeiiiieiiiie st 225
7.5.2. MES323 / ME324 FUNCLONS ....oeiiiiieiiieiiie ettt nn e 227
7.6. COMMISSIONING.....oeiiiiiii e e nan 229
7.6.1. ME121/ ME122/ ME321/ ME322 Protective FUNCLIONS .........ccccooivveiirenieenee e 229

............................................................................................................................ 233
8.1. OVERVIEW ... e s e e e s 233
8.2. TE CHNI C AL DA T A ettt e e e s e e et et e e et n e e e e e e e s e e e e e e e s 234

8.2.1. Y PP P PP PPPTPPPPTN 234

8.2.2. Y 2 PP T PP PP PTPPPTPPPPTN 236

8.2.3. IMIFLAL Lottt e ettt e e e e e e e e e e et e e e e e e e 238

8.2.4. Y OO TP PP PTPPPTPPPPTN 240

8.2.5. L OO PO PP P PP TPPPTPPPPTN 242
8.3. CONNECTION DIAGRAMS ..ot 244

8.3.1. MF111/ MFL112/ MFL121/ MELAL ....cooiiiiiieiiie ettt 244

8.3.2. ML L i e e 245
8.4. LOGIC DIAGRAMS ...t a e 246

8.4.1. M LLZ e 246
8.5. FUNGCTION L.ttt ettt e e e s ettt e e e s e e e et e e e e e s e e snrreneeaeeesaannne 249

8.5.1. MFL11/ MEL21] MELAL .ottt ettt et et 249

8.5.2. YL PP PP PP PPPTPPPPPPN 250

8.5.3. Y PP TP PP PP TOPPPTPPPPPPN 254
8.6. COMMISSIONING.....ceeeieeeie ittt e e e e s e e e e e s s s e e e e e e s e ssarrrneeeeeesaanne 255

8.6.1. MFL11/ MEL21] MELAL .ottt ettt 255

8.6.2. M LLZ e 257

9. Ml.. CURRENT IDMT/VOLTAGE RESTRAINT OVERCURRENT / MOTOR

L0 1 O | I N N [ ] PP 259
9.1. OVERVIEW ...ttt ettt ettt e e ettt e e st e e e st e e e e st bb e e e e bbe e e e e anbbeeeeansseaeeannaeeean 259
9.2. TECHNICAL DAT A ittt ettt st s ettt e s ettt e e sttt e s ettt e e antbe e e e enbe e e e e nbeeeeenntaeeeanneees 261

9.2.1. Overcurrent IDMT 1-phasig 2-StUfig ........uuuuuem s 261

9.2.2. Overcurrent IDMT 3 Phase, 2 StAgE ......uuuuuuuuuuuiiiii s 262

9.2.3.  Voltage ReSLraint OVEICUITENT .........euiiiiiiiiiiiiiiie ettt e e e e sttt e e e e e e e s saabeeeeeaaeeeaannes 266

9.2.4. 1Y/[o] (o) g @ Tox | F=1 1o W = o) (= Tod 1 o] o H PR 267
9.3. CIRCUIT DIAGRANMS ... ettt ettt e e et e sttt e e e e e s st eeeaae e s s steaaeeeaeeessasnsenaneaeeesannsnes 269

9.3.1. MIB25/ MIB27/ IMIL25 ... ittt ettt e e e e e e e e e e e s et e e e e e e e sansnnaneeeaeeean 269

9.3.2. Y 1 PR 270

9.3.3. Y/ PR 271
9.4. LOGIC DIAGRANMS ...ttt ettt ettt et e e sttt e e e sttt e e e st e e e snta e e e e antbeeeeantaeeeeantaeeeeansaeeananes 272

9.4.1. MIB25/ MIB27/ MIL25 .....ce ettt ettt e e et e e et be e e e entae e e e antaeeeennres 272

9.4.2. Y3 PSSP RR 280

9.4.3. Y PSPPSR 284
9.5. FUNGCTION L.ttt s ke e e st e e e sat e e e an et e e e e antbeaeeanbaeeeeantaeeeessseeeeasbeeeesnsaeeananes 290

9.5.1. MIL25/ MIB25/ MIB2T ...ttt ettt e et e e et e e s et e e e e antae e e e antaeaeennees 290

9.5.2. Y 1 PR 291

9.5.3. Y/ PR 292
9.6. COMMISSIONING.....ceiiitiiii ettt et et e e st be e e e s bbbt e e s abe e e e sabeeeeessnneeeesanneeeess 295

9.6.1. MIB25/ MIB27/ MIL25 .....ceiiiiiiee ettt ettt e st e e e nbes 295

DRS Library of Protective Functions DID-001-1.06 5/744



6/744

Table of Contents

9.6.2. Y3 R SRR 295
9.6.3. Y TR P TP 295
10. Ml... OVER/UNDERCURRENT PROTECTION DEFINITE TIME (DT).............. 297
10.1. OVERVIEW ...ttt ettt ettt s e nn e e s e e s an e e nn e e e nn e e e 297
10.2.  TECHNICAL DATA .ottt ettt ettt s e st e e s e e e sn et e snn e e s ne e e nre e e nnne e e 299
10.2.1. Over/Undercurrent DT 1 Phase, 1 Stage.........ccccuirrieeeeiiiiiiiiireee e s s siivneeeee e e s s snninneeeeee s 299
10.2.2. Over/Undercurrent DT 1 Phase, 2 Stage.........ccccuiieiieeeiiiiiiiiieeee e s s ssiivneeeee e e s snainneeeeee s 301
10.2.3.  Over/Undercurrent DT 3 Phase, 1 STAge......c..eviiiiiiiiiiiiiie ittt 303
10.2.4. Over/Undercurrent DT 3 phase, 2 STAQE.....cccuuriii ittt 307
10.2.5. Fast Overcurrent Function, 1 phase, 1 STAge .......cccceiiiiiieiiiiieee e 313
10.2.6. Over/Undercurrent DC INPUL, 2 STAGE .....eeeiiiiiiiieeiiiiee ettt e s e e snreee e 314
10.2.7. Directional Overcurrent DT 1 Phase, 3 StAge ....c.uuuerieeiiiiiiiiiiieie e eriiiieee e e e ssieeeeeee s 315
10.3.  CONNECTION DIAGRAMS ...ttt ettt e st e e et e e e e 321
10.3.1. MI111/ MI112/ MI121/ MI122/ MI311/ MI312/ MI313/ MI314 MI321/ MI322/ MI323/ MI324/
IMIIB26 ...ttt Rt Rt Rn e r e b n e nareennreas 321

L0.3.2. IMIL20 ittt h e bt e b e s R e e e aR e e e s ne e En e nreeanneen 322
L0.3.3.  IMILLS ettt et h e h e e R e e e Rt e s R et e aR R e e s ne e e Rne e nreeenneea 323
L0.3.4.  IMILB2 oottt E e sh e bt e E et e s R et aRr e e s re e nre e nreeenne e 324
10,35, MIB3 2 ettt h e e b et b et e s R et aha e e s ne e e rne e nreeenneen 325
10.4.  LOGIC DIAGRAMS ...ttt ettt ettt et ettt e e sa b e e smte e e bt e e smbe e e ssbeesnseeabeeeenbeeenneeennee 326
10.4.1. MI111/ MI112/ MI121/ M1122/ MI311/ MI312/ MI313/ MI314 MI321/ MI322/ MI323/ M1324/
Y 2 USSR 326

O I || S OSSP RTPRUROTIN 329
O I TR || 2 O SRR URRTRTIN 333
O I S I | PO OPPTPPPPUPROPRN 337
L0.4.5.  IMIBB 2 ottt bt h e b et ekt e b et e ahn e e e bt e bn e e nbeeenee e 343
L0.5. FUNGCTION .otttk t et ekttt e h et e s h bt e ek bt e sa bt e e sbb e e aab e e e abne e enbeeenneenene 349
10.5.1. MI111/ MI112/ MI121/ MI122/ MI311/ MI312/ MI313/ MI314 MI321/ MI322/ M1323/ M1324/
MI326/ MIL32/ MIL33/ MIB3B2 ...ttt ettt 349

L0.5.2. IMILLS Lotttk h et b e eh e b et b et e b et e ahn e e enn et nbne e nbeeenne e 350
10.6.  COMMISSIONING .....ccuete ittt ettt ettt et e tee e et e e aaeeeesteeaateeeanteeesaeeeanseeasaeeenseeenneeennes 351
10.6.1. All above mentioned fUNCLIONS .........eiiiiiiiei et 351
11, ML... OVERLOAD ... et eeeenans 353
11,1, OVERVIEW ..ttt bttt e bt s it e e be e e et e e e abn e e st e e e nn e e e 353
11.2. TECHNICAL DATA .ottt ettt ettt h bt ea e et e e e sa bt e e sbb e e ebb e e e be e e snbeeeanneenane 354
11.2. 1. OVErload 1 PRESE ....cociiiiiieiiiiiee ittt ettt e e s e e s ee e 354
0 O V=T 4 (o = o G 3 o = 1= = 356
11.3.  CONNECTION DIAGRAMS ...ttt ettt e e sete et e et e e snteeesneeeanteeesseeeenneeeaneeeanes 358
10.3.0. MLL2L/ ML32L ..ceiiiiiie ettt ettt tee e et e e st e sn e e emteeesseeeanteeeanaeesmaeeanaeesnneeennenens 358
11.4.  LOGIC DIAGRAMS ...ttt ettt et et e e st eesseeeente e e teeeanteeeaseeeanteeaseeeanseeenneeennes 359
I O || B I /0 SRRSO 359

0 0L TR L N3 I 1 S 366
11.6.  COMMISSIONING ....ccutteitite ittt ettt ettt e sbb e e e bt e e abb e e sabe e e abbeesabeesbeeeenbeeennneenane 369
12. MN... NEGATIVE PHASE SEQUENCE .........cooi i 373
2 T © LV = | SRS 373
12.2. TECHNICAL DATA .ottt ettt e et ekt esm e e sateeerte e e teeeanteeeaneeeanteeaseeeenseeenneeennes 374
12.2.1. Negative Phase Sequence 1 Stage DT/ Without Neutral .............cccceeiiiiieiiiiieniiiieeeene 374
12.2.2. Negative Phase Sequence 1 Stage DT / With Neutral ..........c.cccoiieiiiiiiiiiiiieeeee 375
12.2.3. Negative Phase Sequence 2 Stage DT / Without Neutral ............cccccooviiieiiiiieniiiieenee 376
12.2.4. Negative Pase Sequence 2 Stage DT / With Neutral ............ccccoeeiiiiiiiiiiiieee, 377
12.2.5. Negative Phase Sequence Inverse Time (Thermal) / Without Neutral....................c...... 378
12.2.6. Negative Phase Sequence Inverse Time (Thermal) / With Neutral.............cccooiiiieeenn. 380
12.3.  CONNECTION DIAGRAMS ...ttt ittt ettt ettt e ebe e sbe e sab e e sabe e s abae e sbeeesaneenene 382

DID-001-1.06 DRS Library of Protective Functions



Table of Contents

12.3. 1. MNZ2LL MNZ22 ... nnnnns 382
12.3.2. MNSBLL MNB2 .. e nannnn 383
D2.3.3.  IMIN 222 e aaas 384
S |V N 7 385
12.4. LOGIC DIAGRAMS ... 386
2 O |V 0 1 N 3 386
I |V 1 0 I 1 1 N 3 389
S TR |V | N 392
I |V | N 395
125, FUNCTION oo 399
12.5.1. DT Charakteristik: N211/ MN221/ MN311/ MN321 ....uiiiiiiiiiiiiiiicicecccceeeeeeeeeeeee e 399
12.5.2. Inverse Time Characteristic: MN222/ MN322.......coiiiiiiiiiiiiieieeeieeeieeeeeee s eeeeee e esee e s eeens 400
12.6.  COMMISSIONING......coiieieeeeeee 402
12.6.1. DT Characteristic: N211/ MN221/ MN311/ MN321 ...oovuiiiiiiiieeeieeeeeeeeeeeee e 402
12.6.2. Inverse Time Characteristic: MN222/ MIN322.........oouuieiiieeieieeiee e 404
13, MPL.. POWER ... e 407
13. 1. OVERVIEW ... 407
13.2.  TECHNICAL DAT A .o 408
13.2.1. Active Power Protection 1 Phase, 1 Stage......ccccoeieviiiiiiiiiiieceiceses s 408
13.2.2. Active Power Protection 3 Phase, 1 Stage .......cooiiiiiiiiiiieeii e 409
13.2.3. Active Power Protection 3 Phase, 2 Stage .......cooiiviiiiiiieeii e 410
13.2.4. Reverse Power Protection 1 Phase, 1 Stage .......cccvveeiieeeiiiiiiiiieieee et 412
13.2.5. Reverse Power Protection 3 Phase, 1 Stage .......cccvviiiiieeiiiiiiiiiiieee e e e 413
13.2.6. Power MeasuriNg 1 PhaSe.........uoiiiiiiiiiiiiiie et 414
13.2.7. Power Measuring 3 PRaSe........cccooiiiics s 415
13.3.  CONNECTION DIAGRAMS ... 416
R R 0 I |V 1 = 12 416
13.4. LOGIC DIAGRAMS ... 417
R R |V 1 = 152 417
135, FUNCTION oo 421
13.6.  COMMISSIONING . ....cotttiei it e e e e et e e e e e e e e e e e e e ee s e e s babseeeeeeessbaaeeeessensreen 422
14, MP... SUDDEN LOAD LOSS.... e 425
14.1.  OVERVIEW ... 425
14.2.  TECHNICAL DAT A .o 426
14.2.1. Sudden Load LOSS FUNCHION ........ouuiiiiiiiiiieeiee et e et e e e e eraa s 426
14.3. CONNECTION DIAGRAMS ... 428
0 T R |V 1 = i 1 428
14.4. LOGIC DIAGRAMS ... 429
0 |V 1 = 1 1 T 429
145, FUNCTION oo 434
14.6.  COMMISSIONING. ....cotutiii ittt e e e e e e et e et s e e e e e e ee et e e seeesessaabaseeesesesstanaeeeessenereen 436

15. MQ ... INADVERTENT ENERGISING/VOLTAGE CONTROLLED

OVERCURRENT ...t e e e e e e e e e eeaas 439
151, OVERVIEW ..ottt ettt ettt e+ttt e e sttt e e s aba e e e e abbe e e e e bbeeeesbbeeeeaaes 439
15.2.  TECHNICAL DATA . .ottt sttt ekttt shb e e e bt e et bt e sa b et e ebe e e sbb e e e abee e snbeeennes 440

15.2.1.  Inadvertent ENEIQISING ......couiiuuiiiiiaee ettt ettt e e e e et e e e e e e e e abbbae e e e e e e e e annbbeneeas 440

15.2.2.  Voltage Controlled OVEICUITENT ........cooiiuiiiiiie ettt e e 441
15.3.  CONNECTION DIAGRAMS ...ttt ettt ettt ettt ettt sbe et e s nbee e sabee e 442

LR 0 I |V [ 1< i I O O PP OU R OUPR PP 442

15.3.2. IMQBL2 ittt b R bt bt e ket e b et e aRb e e et e e e abbe e ebeeenaneas 443
15.4.  LOGIC DIAGRAMS ...ttt ettt ettt e e sttt e e e s aba e e e e anbae e e e anbbeeeeanbbeeeeaae 444

15,40, MQBLL oottt 444

15.4.2. MQBL2 ...ttt 448

DRS Library of Protective Functions DID-001-1.06 71744



Table of Contents

T15.5.  FUNGCTION L.iiitiiiiii ittt ettt et e e et e s e e e e e e et et e e e e e s ee st e e seeeseesbatasseeeseessstannaeeaaseenns 452
0 O |V (@ 1 3 5 PPNt 452
S |V (@ 1 3 PPNt 454

15.6.  COMMISSIONING ... ..oottttiiii ettt e e e ettt ee s e e e e e e e e st e e seeeseeebs b seeesesssstanaeeeaseenns 455
LG 0 R |V (@ 1 3 5 PPNt 455
S |V (@ 1 3 PPNt 457

16. MR... ROTOR EARTH FAULT / ROTOR INSULATION ...ccuiiiiiiiiiieeiieeeeen 459

16.1.  OVERVIEW ..ottt ettt ettt et e e ettt e e e e e e e et e e s e e e s eeebabneseeeseessstaaeeaaseenns 459

16.2.  TECHNIC AL DAT A ittt ettt ettt e e e e e ettt e e e e e e e ee st e e s eeeseesbabasseeeseresstanaeeaaseeens 460
16.2.1.  ROLOr BArth FAUIL......c.cooieeeiice ettt e e e et e e e e e e eeabaaas 460
T = o | (o] gl [ TYU] F= 4o ] o O ROPPSR 462

16.3. CONNECTION DIAGRAMS ...ttt e et e e e e e e e et e s e e e e e e aaabaaeeeaeeeees 465
16.3.1.  MRIL1L (0 ... 150 VAC) i ittt ettt s ettt e e e s e st e e e e e e s s st eee e e e e e s e anntneeeeeaens 465
16.3.2.  MRI111 (150 ... 400 VAC) ...ttt e e st e e e e e e st e e e e e e e e e st b e e e e e e e s e e santerreeeaes 466
16.3.3.  MRI111 (400 ... 850 VAC) ...ttt e ettt et e e e e e s ratarae e e e e e s e s st e e e e e e e s e e nannaneeeeaes 467
16.3.4. MRI121 (0 ... Q00 VAC) ... ittt e e e e e e st e e e e e e s e st re e e e e e e s e sanraeneeeaes 468
16.3.5. MRI121 (400 ... 850 VAC) .. .uutiiiiie ittt ettt e e e e e et e e e e e e s e s st e e e e e e s e e rannrareeeaes 469
16.3.6.  MRL3L (UAKB) ..uutitiiiiiiei ittt ettt e e e e e e st e e e e e e e e st e e e e e e s e snanta e e e e aeeeseannntanreeeaes 470

16.4. LOGIC DIAGRAMS ... 471
16.4.1.  MRL1L (0 ... 150 VAC) . ittt ettt ettt e e e e e st e e e e e e s s et eee e e e e e s e anntneeeeaees 471
16.4.2.  MRZL111 (150 ... 400 VAC) ... uuttiiiiiee ettt e e e e s ettt e e e s e st e e e e e e s s s sntaaaeeeaeessannntaneeeeeens 474
16.4.3.  MRZ111 (400 ... 850 VAC) ... uuttiiiiiie ittt e e e e sttt e e e e s s st e e e e e e s s s sntaraeeaaeesseanntaeeeeeaes 477
16.4.4.  MR121 (0 ... Q00 VAC) .. i ittt ettt ettt e e e e s st e e e e e e s s s nnata e e aee e s e annbneeeeeaes 480
16.4.5. MR121 (400 ... 850 VAC) ... uuitiiiiiie ittt e e e sttt e e e s et e e e e e e s s s sntaaareaaeessssnntaeeeeeaes 483
16.4.6.  MRL3L (UAKB) ..uutiiiiiiiie ettt ettt e e e e e e st e e e e e e e e st e e e e e e s e santa e e e e eeeesesaantenreeeaes 486

16.5.  FUNCTION L. 490
16.5.1. MRI111/ MRI21 / IMRI3BL ..ouuturerirururirerererererersrererererererererererererererererr........—.—————————————————. 490

16.6.  COMMISSIONING ... ..coi it 491
16.6.1. MRI11/ MRI21 / IMRI3BL .oututuriririrurirerererererersrererererererererererererererer......———————————————————————. 491

17. MS... STATOR BEARTH FAULT ..ottt e e 493

0 T O 1 V4 = A T Y 493

17,2, TECHNICAL DA T A 494

17.3. CONNECTION DIAGRAMS ... 501
A T R |V 1 I I P PRPPPRPRRRPR 501
A T |V 1 2 I NP PPPPRRPRPRt 502
A TR T |V 1S 2 2 PR PRPRRRPRRRt 503
A S |V 1 7 SR PRPRPRPRRRRRt 504

17.4. LOGIC DIAGRAMS ...ttt ettt e e e e e e et e e e e e e s eeeasbaeseeeseseesbaaaeeeaseenes 505
S R |V 3 5t 5 505
S |V 1 7 513
S T |V 1 7 1 519
S |V 1y 1 523

175, FUNCTION L 526
A R |V 31 I I PPN 526
A |V 1 2 I PPN 527
R T |V 1 2 I PPN 528
S S |V 1 2 12 PP PRPRPRRRPN 529
T |V 1 I e T 1Y S 2 P PRPRRRRPRN 531

17.6.  COMMISSIONING ... ..oottttiei et e e e e e e e e e s et e e e s ee st e e seeeseestsbaseeesesassbanaeeeesrenns 533
< T R |V 3 5t 5 533
T |V 1 7 535
TR TR |V 1 7 1 537
L17.6.4.  MSLL3/ IMIS213 ..ouiitutureturerururerererererererererererererererererererer.r.rarererererarersrarerersrsrersrsssrnrsrsrnrnnes 539

8/744 DID-001-1.06 DRS Library of Protective Functions



Table of Contents

18. MT... VOLTAGE TRANSFORMER SUPERVISION ......ccccooviiiiiiiiiiiiiiieeein, 547
181, OVERVIEW ..ottt ettt sttt e sttt e e sttt e e sabb e e e anbb e e e e sbbeeeeebbeeeeanbbeeeenne 547
18.2.  TECHNICAL DAT A ittt ettt et e e sttt e e e st e e e sbe e e e e sabb e e e e anbbeeeeanbbeeeeanbbeeeeanbbeeeennes 548

18.2.1. VT SUPEIVISION 2 PRASE ...ttt ettt e e e e e e e e et re e e e e e s e s nneranee s 548
18.2.2. VT Broken CondUCLOr 3 PRaSE ..........euiiiiiiiiiiiiiiiie ittt 549
18.2.3. VT Supervision 3 Phase, Y - CONNECHON .......cccuiiiiiiiiiiiiee et e e e e et e e e e 551
18.2.4. VT Supervision 3 Phase, Y - Connection, With Optional VT Fault LED Indication ......... 552
18.2.5. VT Supervision 3 Phase, D - CONNECHION ..........uiiiiiiiiieiiiiie et 553
18.2.6. Inverse Time VT Supervision 3 Phase, D — Connection, With Optional VT Fault LED
1o [Tor= i o] o 1 ORI 554
18.3. CONNECTION DIAGRAMS ....ooii ittt sttt ettt ettt e e et e e e st e e e s stbaeeesstbaaaeantbaeaesnrreeaeans 555
TR 0 I |V 12 PRSPPI 555
S T |V I I8 B I /1 556
TR TR T |Vl I 1 T |V 1 1 PRSPPI 557
18.4.  LOGIC DIAGRAMS ... .ottt ettt et e ettt e e st e e e st e e e sabb e e e e sabbeeeesnbbeeeesntbeeeeansbeeeeanes 558
I TR I |V N 1 PRSPPI 558
TR Y I 2 |V 1 1 PRSPPI 563
TR T |V I 1 T |V 1 1 PRSPPI 567
L18.5.  FUNGCTION L. ettt ettt ettt e ettt e e e sa bt e e e s bt e e e e sabb e e e e anbteeeesnbaeeeesbbeeeeabbeeeeansbeeeeanes 571
18.5.1. General Basics MT212/ MT312/ MT315/ MT313/ MT317 ...ccccvviiieieeeieiieeeee e 571
TR |V 10O PSPPSR 572
S T B € 1= g T o U = - 1 o SRR 572
18.5.2.2.  FUNCHON TESL ..utitiiiiieiis ittt ettt e e e e et e et e e e s s s et e e e e e s e s snntaeeeeeaeeeesanneneeees 574
18.6. COMMISSIONING. ....cottuiiii et e e e e et e e e et e e aaa i a e e e e et eeataa s e eeeeeesstanaeaeeeeensenen 577

19. MT... CT SUPERVISION. .. .o 579
R Tt O O Y o 1SS 579
19,2, TECHNICAL DA T A ettt et e ettt e e e e et ettt e e e e e e eestaa s e eeeeeesstanaeaeeeeensennn 581

19.2.1.  CT SUPEIVISION 2 PRESE ....coiiiiiiiieiiiiie ettt e e nannee s 581
19.2.2. CT Supervision 3 Phase, Y - CONNECLION .........coiiiiiiiiiiiee et e e e 582
19.2.3. Current Sum Evaluation 3 Phase, Y — Connection with Optional CT Supervision.......... 583
19.2.4. CT Supervision 3 Phase, D - CONNECHON.........ccoiiiiiiiiiiee e 584
19.2.5. Inverse Time CT Supervision 3 Phase, D — Connection with Optional LED Fault Indication
......................................................................................................................................... 585

19.3.  CONNECTION DIAGRAMS ....coiiitiiie ittt ettt et e e e st e e e st e e e s sbbeeeeastbeeeeantbeeeesnsbeeeeans 587
I TR 0 I | v PRSPPI 587
TR T |V I 1 1 1 1 PSPPI 588
TR TR T |V I 1 Y 1 1 PRSPPI 589
19.4.  LOGIC DIAGRAMS ...ttt sttt e et e e e e e et e et e e e e et ee e et et e eeeeeeaata e eaeeeeennenen 590
R e R |V N 7 5 590
L |V I I B 7 /1 594
S TR |V I I B 7/ 1 598

R TR TR L 1V I 0 PPN 602
I TR 0 I | v PSPPSR 603

L TR |V N 1 31 PRSPPI 604

I TR TR T |V N 1 1 PSPPSR 605

I TR S |V 1 1 PRSPPI 607
TR T |V N 1 1 PRSPPI 607
19.6.  COMMISSIONING......ciitttteeitiiee e iittie e e ettt ee e atreee e staeeeestaeeeeastaeeeeabseeeessbaeeeeasseaeesnsbeeeesnsseeeeanes 608

20. MU... SYNCHRONISING CHECK / VOLTAGE BALANCE 1/ VOLTAGE

BALANGCE 2 ..o 609
24 B S @ NV Y | 609
b4 7 =L O 11 [ N 5 N 1 610
20.2.1.  SYNChroniSing ChECK ........ciiii i e r e e e e e e e nnnes 610
40 I Y o | - To [ = 7= 1 = oL - SRR 611

DRS Library of Protective Functions DID-001-1.06 9/744



Table of Contents

20.2.3.  VOIAGE BAlANCE 2......oiiiieieii e 613
20.3.  CIRCUIT DIAGRADMS ...ttt ettt e st e e e et e e e s s bbe e e e abn e e e e abneeeeaas 614
20.3. 1. MUZLT ...ttt R e e Rt e n e s e aannee s 614
20.3.2. IMUBLL ...ttt bbb e Rt s h et e n e e e na e e e annee s 615
20.3.3. MUBLZ ..t a R e s h e e n e s e s 616
20.4. LOGIC DIAGRAMS ... .ottt ettt e e e st e e e st b e e e e sb b e e e e aabneeeeaa 617
20.4. 1. MUZLL ... oottt n 617
20.4.2. IMUBLL......oiiiiiiiiie ettt es 620
20.4.3.  MUBLZ ... it 623
20.5.  FUNGCTION ..ottt ettt et e e e st e e e s n et e e s r e e e e s n e e e e s nnne e e e sanneeeennnneeeenns 626
20.5. 1. IMUZLT ... oottt 626
20.5.2.  IMUBLL.... ottt 627
20.5.3.  IMUBLZ ...ttt h bbb et e b e aaba e nnree s 628
20.6.  COMMISSIONING ....ccoititteiittiee ettt e st e e e bt e e sbb e e e e aaba e e e s sabaeeeeaabbeeeesbneeeeans 629
20.6. 1. IMUZLL ...ttt h bt e h et e bn e e nne e e nnneeas 629
20.6.2.  MUBLL /T IMUBLL ...ttt ettt et e sttt e e bbbt e e s e e e s nnn e e e e nanneeas 629
21. MU... OVER/UNDERVOLTAGE DT ....cuutttiitiiiiiiiiiuiieiinenniiinnnnnnnnnennennnn. 631
211, OVERVIEW ..ottt et et a e e st e e s e e e e n e e e e s nne e e e nnneee e 631
212, TECHNICAL DAT A ittt ettt e e s e e s e e e s et e s s r e e e e s ne e e e s anne e e e sanneeeena 632
21.2.1. Over/Undervoltage DT 1 Phase, 1 StAge .......ccueieiiiiiieiiiiiiie e 632
21.2.2. Over/ Undervoltage DT 1 Phase, 2 SAgE ......ccuueieiiiriiieiiiiiee e 633
21.2.3. Over/ Undervoltage DT 3 Phase, 1 Stage .......ccceeiiuiiieiiiiiieiiiieee s 635
21.2.4. Over/ Undervoltage DT 3 Phase, 2 STAgE ......cuueieiiriiieiiiiiee et 639
21.2.5. Fast Overvoltage Protection DT 4-phase 1-Stage .........cccceveiiireieiiiieieiniieee s e 641
21.3.  CONNECTION DIAGRAMS ..ottt ittt e et e s snne e e s sanne e e e snnneeeeaa 643
21.3.1. MU111/MU121/ MU311/ MU313/ MU314/ MU315/ MU321/ MU322.......cccccovcvvereinnnnn. 643
21.4. LOGIC DIAGRAMS ... .ottt et e et e s s e e s ar e e e nnneee e 644
21.4.1. MU111/MU121/ MU311/ MU313/ MU314/ MU315/ MU321/ MU322.........cccoecuveveinnnnne. 644
21.4.2. IMUA2D ... et 647
215, FUNGCTION ..ottt ettt et e e sttt e e et et e e s r e e e e st a et e e e nre e e e sanneeeesnneeeeaa 650
21.5.1. MUL111/ MUL21/ MUSBLL/ MUSB2DL.....eeiiiiiiiiieeiiiiee ettt 650
215,20 IMUAZD ...ttt nnnee s 650
21.6.  COMMISSIONING ....cciittttei ittt et et e e et et e e st bt e e e saba e e e s anbaeeesaabbeeeesbaeeeeans 653
21.6.1. MUL11/ MUL21/ MUSBLL/ MUSB2L.....eeiiiiiiiiieeiiiiee ettt 653
22. MX... OVERFLUXING ... .ot 655
22,1, OVERVIEW ..ottt ettt e sttt e e st e e st et e e s n e e e s nn e e e e enreee e 655
22.2.  TECHNICAL DAT A ittt et et e e st e e e e et e e st e e e s s rr e e e s snneeeesnneeeena 656
22.2.1.  OVErfluXING DT 2 SEAGE.....eetiiiiiiiieiiiiie ettt sttt sttt e e e e e s sanneeas 656
22.2.2.  OVErfluXiNg INVEISE TIME ...ciiiiiiiiieiiiiie ettt ettt e e s e e e naneeeas 658
22.3.  CONNECTION DIAGRAMS ..ottt ettt et e e ettt e e st e e s snbbeeeesbneeeean 660
P T S |V Gt SRR 660
22.3.2.  IMXL25 . it h et h et a b bt e e s h b et e e b ne e e s anna e e e e nnneeeas 661
22.4. LOGIC DIAGRAMS ... .ottt e e et e e s b e e e e st e e e s nreee e 662
22,40, IMXL2L ..ottt a et e e s 662
22.4.2.  IMXL25 .. ettt a et 665
225, FUNGCTION ...ttt ettt e e sttt e e s b et e e s b e et e e st b e e e e s b be e e e sbneeeesnneeeenn 669
22.5. 0. IMXL2L ..ottt a et e s 669
22.5.2.  IMXL25 ... ettt a Rt 670
22.6.  COMMISSIONING ....cciittttei ittt ittt ettt et e e e st bt e e aabae e e e aabbeeeesnbaeeessabbeeeeanbneeeeans 671
P ST T |V Gl R PP 671
22.6.2.  IMXL25 . ettt h et h e e Rt e e e h b et e e ba e e s nnna e e e nnnreeas 672
23. MY... ENERGISING FUNCTION ..ottt 673
23,1, OVERVIEW ...ttt ettt ettt e e ettt e e et e e e e st b et e e s b ne e e e s abne e e e e nneeeean 673
10/ 744 DID-001-1.06 DRS Library of Protective Functions



Table of Contents

23.2. TECHNICAL DAT A ittt ettt et e e e s e s e e et e e e s e b e e e e e e e e s aannes 674
23.3.  CONNECTION DIAGRAMS ..ottt et e e e e e 675
23.3 L. MY L. e e e r et e e et e e e e e e 675
23.4.  LOGIC DIAGRAMS ...ttt e e e s e e e et e e e s e b e e e e e e s aannns 676
2341, MY QL. et e e e e et e e e e e n e 676
23.5. FUNCTION ..ttt ettt e e e s et e e e e et e s e et e e e e s e s s s rrnneeeeeesaannnns 681
23.5. 1. MY Ldd e 681
23.6.  COMMISSIONING.....coiiiiiiitt e 682
23.6. 1. MY LLd . 682

24. MZ... MINIMUM IMPEDANCE / UNDERVOLTAGE - OVERCURRENT /

VOLTAGE RESTRAINT OVERCURRENT ....coiiiiiiicee e, 683

240, OVERVIEW ...ttt ettt ettt e e ettt e e sttt e e s sttt e e s s be e e e anbb e e e e ennbeeesnnnaeeens 683
24,2, TECHNICAL DAT A e ittt ittt ettt sttt e e sttt e e st e e e e s bt e e e e s steeeeaasbeeeessbeeeesanseeeesanneeeeas 684
24.2.1. Minimum Impedance Circular Characteristic, 2 phase, 2 stage - separate output.......... 684
24.2.2.  Minimum Impedance Circular Characteristic, 2 Phase, 2 Stage -common output.......... 686
24.2.3. Minimum Impedance Circular Characteristic, 3 Phase, 2 Stage -separate output.......... 687
24.2.4. Minimum Impedance Circular Characteristic, 3 Phase, 2 Stage -common output.......... 689
24.2.5. Undervoltage/Overcurrent 3 PhaSe .........oouuiiiiiiiiiiiie e 691
24.2.6. Compound Voltage Overcurrent (I> .AND. (U< .OR. UNPS>))....cccccciiiiiinniinnnennnnn. 692
24.3.  CONNECTION DIAGRAMS ..ottt e e e et e e e e e e e e et e e e e e e e aaat s 694
24,31, MZ22L] MZ222 ..ottt sttt e e e e n e e e e nrae e e e nnras 694
24.3.2.  MZB2LI MZB22 ..ottt ettt an e e e e nrae e e e anras 695
R TR T |V 7 1 I PRSPPI 696
PG B S |V 7 1 I PRSPPI 697
244, LOGIC DIAGRAMS ...ttt ittt ettt e sttt e e sttt e e s tb e e e s abba e e e s sbe e e e s anneeeesansaeeeas 698
24,40, MZ22L] MZ222 ..ottt e et e et e e e e e e e e e e e e e e e e e e e e e anras 698
24,42, MZ3B2LI MZB22 ..ottt e e e e r e e e e e e e anras 702
O T |V 74 3 5 PRSPPI 707
2A4.4.  IMZBL2.....ooeee et e e et e e e e e e e e — e e ae ettt e aaeeaat i aaaan 712
5 T L N [ I [ ) R 716
245.1. MZ221/ MZ222] MZ321] MZ3B22 ... 716
Y |V 7 1 I PRSPPI 718

P TR T |V 7 i I PRSPPI 720
24.6.  COMMISSIONING......ciiiittiite ittt ettt ettt e ettt e et e e s tee e e e s tbeeeeaasbaeeesassaeeesassseeesanseeeesannneeens 722
24.6.1. MZ221] MZ222] MZ321] MZ3B22 ....ccoieeiieieiieeeeia ettt itea e naae e e e nntae e e nneaas 722
25. DRS SYSTEM/POLARITY OF VT AND CT QUANTITIES .......ccooviiiiiiiiiieeeees 725
25.1. DEFINITIONS / VOLTAGE- AND CURRENT VECTORS........otttitiiiiieiieeeeeeeeeeveeeeereeeresesenenenes 725
25.2. DRS COMPACT/ POLARITY OF VOLTAGES AND CURRENTS......ccccciiiiee e 726
25.3. DRS-MODULAR / POLARITY OF VOLTAGES AND CURRENTS ......cccoiviiiiiieeeniieee e 728
25.4. DRS-LIGHT / POLARITY OF VOLTAGES AND CURRENTS ......cccciiiiiiieie i 729
26. DRS SYSTEM / COMMUNICATION RS422-485 .......ccoevieeiiieeiiieeeiee e, 731
26.1. RSB - BUS ... it e e e e e et et aaaaara 731
26.2.  RSA85 - DRSCOM ....oiiiiiiii ettt ettt e et e e et e e st e e e s et e e e s et e e e s aaa e e e e s anre e e e aaaeeaas 732
26.3. RS485 -- CONTROL SYSTEM © PC ..ottt e s 733
26.4. RSA485 -- DRSCOM [ LEGEND .......oviiiiiiiiiie ittt et a et e et e e s sntaeeesnnsneee s 734
27. DRS SYSTEM / DIFFERENCES DRS COMPACT2 - DRS COMPACT2A......... 735
A 5 S = 7 N [ 3. J 735
27.2. RELAY CASE DIMENSIONS ... ..ottt e e e s e e e e e e et e s e e e e e e arar s 735
27.3.  IN-/ OUTPUTS .. ettt ettt eaeaeeeeaeesesaasassassssssssssassssssssssssssssssssssssssssssssssnsssssssssesnrnnes 735
27.3.1. ANALOGUE INPUTS FOR CT AND VT CIRCUITS.....c i 738
27.3.2. DIGITAL INPUT AND OUTPUTS ...ttt ittt ittt e stee e sitee e ntee e s s naae e e e nntaeasennenas 738
27.3.3. COMMUNICATION INTERFACE ..ottt ittt ee s e e iae e nnae e e 738

DRS Library of Protective Functions DID-001-1.06 11/744



28. DRS FAMILY — FURTHER DOCUMENTS
Download-Portal im WWW .........ccccccccvvvinnnnnnn.
DRS-MODULAR .......coo ittt
DRS-COMPACT2 e DRS-COMPACT?2A .......
(]S I (€] =
DRS-WIN ..ottt

12/744

27.3.4. OPTIONAL MODULES.........cccoieereeeins

28.1.
28.2.
28.3.
28.4.
28.5.

DID-001-1.06

Table of Contents

DRS Library of Protective Functions



Figures

Figures
Fig. 1 MB111 MB141 MB142 Signal Function Wiring Diagram ...........ccceeeeeisiiiiiiieireeeesscnnneeeee e s s ssnnnnnees 34
Fig. 2 MB211 Trip Circuit Supervision Wiring DIiagram ............cceeeiiiiiiiiiieeeeesiiiiiieeee e e e s ssineneeeeeessssnssnneees 35
Fig. 3 MB211 Trip Circuit Supervision Wiring DIagram ...........cccoiiuiieiiiiieiiee e 36
Fig. 4 MB442 Logic FUNCtioN 2 WirNG DIAgIam........coouueieiiiiiee ittt e s e e nneees 37
Fig. 5 MB111 MB141 MB142 Signal Function LOGIC Diagram ............cccueveiiiiiieiiiiie e 38
Fig. 6 MB111 MB141 MB142 Signal Function Logic Diagram / ProCeSSiNg .........ccceerrvreeeiiiieeenniieeennnene, 39
Fig. 7 MB111 MB141 MB142 Signal Function Logic Diagram Processing / Legend............cccccovcvveeennnnnn. 40
Fig. 8 MB211 Trip Circuit Supervision Logic Diagram Desisgn Version: L........cccccccevviiieeiiiieeenniieeeenene, 41
Fig. 9 MB211 Trip Circuit Supervision Logic Diagram Design VEersion: 2........cccccceeeevreriieiiniesnssesessssssseennn 42
Fig. 10 MB211 Trip Circuit Supervision Logic Diagram / Processing Design Version: 1..........ccccceeveeennn. 43
Fig. 11 MB211 Trip Circuit Supervision Logic Diagram / Processing Design Version: 2.........ccccceeeeeennn. 44
Fig. 12 MB211 Trip Circuit Supervision Logic Diagram Processing / Legend ...........ccccoeeviiiiiiiiiiiiiicieeeennn, 45
Fig. 13 MB211 Trip Cicuit Supervision Design Example / Not Using Aux. Ciruit Design Version: 2 ...... 46
Fig. 14 MB211 Trip Circuit Supervision Design Example / Not Using Aux Circuit Design Version: 2 .....47
Fig. 15 MB211 Trip Circuit Supervision Operating Conditions Design Version: 1 Example.................. 48
Fig. 16 MB211 Trip Circuit Supervision Operating Conditions Design Version: 1 Example.................. 49
Fig. 17 MB211 Trip Circuit Supervision Design-Version: 1A, 1B/ Dig Input-Volt. Jumpers Design
VLT o] o A 1Y N = T 50
Fig. 18 MB442 Logic FUNCLION 2 LOGIC DIAGIAM .....oiiiiiiiieiiiiiee ittt ettt e e e e 51
Fig. 19 MB442 Logic Function 2 LogiC Diagram PrOCESSING .........uuuuuuruumummmmniinnnnnsssessssss s sssssnsssns 52
Fig. 20 MB442 Logic Function 2 Logic Diagram / Processing Detail ............ccccooeiiiiiiiiiiiiiiiiiiiicccccceeeeeeennn 53
Fig. 21 MB442 Logic Function 2 Logic Diagram Processing / Legend ..........ccccceeeeeiiiiiiiiiiiiieeeeeeseeeseseeenn 54
Fig. 22 MB442 Logic Function 2 Logic Diagram Processing / Legend ...........ccccooooiiiiiiiiiiiiiiniiiseeeeeseseeennn 55
Fig. 23 MB442 Logic FUNCLION 2 EXAMPIE L ...uuuiiiiiiiiiiiii s 56
Fig. 24 NB442 Logic FUNCLION 2 EXQMPIE 2......uuiriiiiiiiiiiiiii s 57
Fig. 25 MC316 CBF (Circuit Breaker Failure) LOgIC DIagram ..........coooueieiiiiiieiiiiiie e 65
Fig. 26 MC316 CBF (Circuit Breaker Failure) LOgIC DIagram ..........ccoouiiiiiiiiieiniiee e 66
Fig. 27 MC316 CBF (Circuit Breaker Failure) Logic Diagram ProCesSing ..........cccoceeeruveeeriiieeeenniieeennnnnes 67
Fig. 28 MC316 CBF (Circuit Breaker Failure) Logic Diagram Processing / Legend..........ccccoceeevniieeennnnn. 68
Fig. 29 MC316 CBF (Ciruit Breaker Fail) ,,Zero CrosSSing‘ .........ccciiiiiiieiiiie e 69
Fig. 30 MD222/MD223/MD228/MD229 87G 2-PH. Wiring Diagram .........cccccceeiniiiieiiiieee e 81
Fig. 31 MD322, MD323: 87G WiriNg DIAQIam .........uuuuuuuuueiiiiiiiiuiiiiiin s 82
Fig. 32 MD222/MD223/MD228/MD229 87G 2-PH. LOGIC Diagram ..........cccceeereeeniieiiieeniee e 83
Fig. 33 MD222/MD223/MD228/MD229 87G 2-PH. Logic Diagram Processing .........cccceeeeeeeeieierisssesnsennnnn 84
Fig. 34 MD222/MD223/MD228/MD229 87G 2-PH. Logic Diagram Processing / Legend .............ccccuuueeee. 85
Fig. 35 MD222/MD228 87G 2-PH. Standard Bias CharacteriStiC ...........cccceuririiiiiiieiainiiiiieeee e 86
Fig. 36 MD223/MD228 87G 2PH. Bias Char. With Reduced Inference of Restraint Curr. ..............cc...c... 87
Fig. 37 MD322, MD323 87G LOGIC DIBJIAIM ...ccciiiiiieiiiiiie ittt ettt ettt e e s nbae e e e nneeas 88
Fig. 38 MD322, MD323: 87G LogiC Diagram ProCeSSING .......cccuruuiieiiiiiieiiiiiie ettt e et e s 89
Fig. 39 MD322/MD323/MD328/MD329: 87T Logic Diagram Processing / Detail ...........ccccoecvveeiiieeennnne. 90
Fig. 40 MD322, MD323: 87G Logic Diagram Processing / Legend ..........ccoccveiiiiieiiiiiie e 91
Fig. 41 MD322 87G Standard BIAS CharacteriStiC..........oocuuiiiiiiiieiiiiie e 92
Fig. 42 MD323 87G BIAS Char. with Reduced Inference of Restraint Curr. ..........cccooiuiiieeieeeininiiiinen. 93
Fig. 43 MD322, MD323 87G Current Polarity Verification Shown: Regular Operation of Generator +
Regular WiNNG Of G S ittt e et e e e e s e e e e e e e e e e e annnes 94
Fig. 44 MD221/MD224/MD225/MD226/MD227 87T 2-PH. Wiring Diagram..........ccccoevuvenieenieeinieenieene 125
Fig. 45 MD231 87T3-INP., 2-PH. WiriNg DIgIram ........ccccuteiiuiiiiiiaiiie it siee st siee e e sieeesineeane 126
Fig. 46 MD321/MD324/MD325/MD326/MD327 87T Wiring Diagram .........cccceceeinieeiiieeiniieenieesnieee e 127
Fig. 47 MD331/MD334/MD335/MD336/MD337 87T 3-INP. 3-PH. Wiring Diagram ...........cccceevivveennnnn. 128
Fig. 48 MD221/MD224/MD225/MD226/MD227 87T 2-PH. LogiC Diagram ...........cccceevvenveenieeinneenneens 129
Fig. 49 MD211/MD224/MD225/MD226/MD227 87T 2-PH. Logic Diagram Processing ..........cccceecvvvveen. 130

DRS Library of Protective Functions DID-001-1.06 13/744



Figures

Fig. 50 MD221/MD224/MD225/MD226/MD227 87T 2-PH. Logic Diagram Processing / Legend........... 131
Fig. 51 MD321/MD324/MD325/MD326/MD327 87T LOQIC Diagram .........cccueeeeriirieiiiiiee e eieee e 132
Fig. 52 MD321/MD324/MD325/MD326/MD327 87T Logic Diagram Processing ..........ccccoeceveeriiveennnn 133
Fig. 53 MD321/MD324/MD325/MD326/MD327 87T Logic Diagram Processing / Detail........................ 134
Fig. 54 MD321/MD324/MD325/MD326/MD327 87T Logic Diagram Processing / Legend..................... 135
Fig. 55 MD321 87T Standard Bias CharacCteriStiC ...........couuuiieiiiiiieiiiii et 136
Fig. 56 MD325/MD327 87T Bias Char. With Reduced inference of Restraint Curr. ........ccc.cccooecvvvveennnn. 137
Fig. 57 MD321 Vector Group Verification Example: Vector Group Of Main Transformer =,,0“. ............ 138
Fig. 58 MD321 Vector Group Verification Example: Vector Group Of Main Transformer =,,1”............. 139
Fig. 59 MD321 Vector Group Verification Example: Vector Group Of Main Transformer =,,5“. ............ 140
Fig. 60 MD321 Vector Group Verification Example: Vector Group Of Main Transformer = ,,6%. ............ 141
Fig. 61 MD321 Vector Group Verification Example: Vector Group Of Main Transformer = ,,7. ............ 142
Fig. 62 MD321 Vector Group Verification Example: Vector Group Of Main Transformer = ,,11%. .......... 143
Fig. 63 ME311 78MHO WiriNgG DIAOIAIM .......eeiiiiiiiieiiiiiee ittt ettt st et e e st e e e snbn e e s esnbeeeeenneee 161
Fig. 64 ME311 78MHO LOGIC DIAQIAM....couuiiiiiiiiiieiiiiie ettt sttt e et e e 162
Fig. 65 ME311 78MHO LogiC Diagram / PrOCESSING ......cciruriiiiiiiiie ittt ettt 163
Fig. 66 ME311 78MHO Logic Diagram Processing / LEgENd..........coocueieiiiiiiieiiiiiie et 164
Fig. 67 ME311 78MHO Theorie Of ,,Out Of Step”- FUNCION ..........coviiiiiiiiiiiiie e 165
Fig. 68 ME311 78MHO Calculation Of Set ValUES...........ccovvvviiiiiiiiiiiieeeeeeee et 166
Fig. 69 ME311 78MHO Trip Condition SEMNG ....cccvvvviiiiiiiiiieeeeeeeeeee ettt 167
Fig. 70 ME311 78MHO Definition Of SEQUENCE.......ccovviiiiiiiiieeeeeeeeee ettt 168
Fig. 71 ME311 78MHO TrP CONAILIONS.....ciiiiiiiiiiiiiiiie ettt ettt ettt ettt 169
Fig. 72 ME311 78MHO Definition Of TIMe SettiNgS .......ccovvvviiiiiiiiiiiieieeeeeeeee et 170
Fig. 73 ME121 Underexcitation 1-PH. DC WirNg Diagram...........cccoriiieiiiiiieiiiee e 204
Fig. 74 ME122 Underexcitation 1-PH. DC WirNg Diagram...........ccoiriiieiiiiiie e 205
Fig. 75 ME321 78 Underexc. 3-PH. AC WirNg DIiagram...........cccuuieiiiiiieiiiiiie it 206
Fig. 76 ME322, ME324 Underexc. 3-PH. DC Wiring Diagram ...........cceeeiriiiieiiiiiee e sniee e esieee e 207
Fig. 77 ME323 40MHO Underexc. MHO 3-PH. AC Wiring Diagram..........ccccceiriieieiiiiiie e 208
Fig. 78 ME321 78 Underexc. 3-PH. AC LOGIC DIagram .........ccoiuuiiiiiiiiieiiiiee et 209
Fig. 79 ME321 78 Underexc. 3-PH.AC Logic Diagram / ProCeSSiNg .........cccevvveiiiiiiiiiiiiiiiiiiiiiieeeeeeeeeeeen, 210
Fig. 80 ME321 78 Underexc. 3-PH. AC Logic Diagram Processing / Legend ..........cccccccvevvvvviviiininennnnn. 211
Fig. 81 ME321 78 Underexc. 3-PH. AC Theor. Definition Of Rotor Angle ... 212
Fig. 82 ME321 78 Underexc. 3-Ph. AC Calculation Of Rotor Angle ..., 213
Fig. 83 ME321 78 Underexc. 3-PH.AC Example: Calc. Of Rotor Angle Using The Gen. Power Diagram

............................................................................................................................................. 214
Fig. 84 ME321 78 Underexc. 3-PH. AC Example: Calc. Of Rotor Angle Set Values Using Gen. Power

(D IT= o | = 10 0 FR PP PP PT PP 215
Fig. 85 ME322 Underexc. 3-PH. DC Setting Example For Slow Input SI03 ..........ccoooiiiiiiiieeeiiee e 216
Fig. 86 ME322 Underexc. 3-PH. DC Supervision Of Measuring Transducer For Rotorcurr. .................. 217
Fig. 87 ME323 40MHO Underexc. MHO 3-PH. AC LOGIC Diagram ...........cccceeriieeeinniiieeeiiieeeeieee e 218
Fig. 88 ME323 40MHO Underexc. MHO 3-PH. AC Logic Diagram Processing .........cccccoeeceeeeinieeeennnnn 219
Fig. 89 ME324 40MHO Underexc. MHO 3-PH. DC L0OQIC Diagram .........occcuvieeiiaeiniiiiieeee e 220
Fig. 90 ME324 40MHO Underexc. MHO3-PH. DC Logic Diagram Processing .........cccccceveeeiniiiiiieeeeenn 221

Fig. 91 ME323, ME324 40MHO Underexc. MHO 3-PH. AC, DC Logic Diagram Processing / Legend . 222
Fig. 92 ME323,ME324 40MHO Underexc. MHO 3-PH. AC / DC Calculation Of Set Values Application

=T 0 0] o] L= PP U ROPPTPPRPTR 223
Fig. 93 ME323, ME324 40MHO Underexc. MHO 3-PH. AC / DC Calculation Of Set Values Application

EXAMPIE 2 et b e e e s naee s 224
Fig. 94 MF112 Frequency Gradient Wiring DIagram .........cc.ueeeiiiiiie ittt 244
Fig. 95 MF112 Frequency Gradient LOgIC DIAgram .........occuueieiiuiieeiiiiieesiiieee st e st e e 246
Fig. 96 MF112 Frequency Gradient Logic Diagram ProCeSSING .......ccueeeiriiiieiiiieieiiiiee et snieee e 247
Fig. 97 MF112 Frequency Gradient Logic Diagram Processing / Legend ..........ccccovvveveiiiiineieniiieeenne 248
Fig. 98 MI325 MI327 MI125 IDMT Overcurr. Wiring Diagram ...........ccoeeoiiiiiiiiiiaae i eieeeeeee s 269
Fig. 99 MI318 Volt. Restrained O/C WirNG DIAQIamM .........couiaaiiiiiiiiiieee et e e iveeeeeee s 270
Fig. 100 MI119 Motor Oscillation Wiring DIagram ............eeieieiiiiiiiiiiiie e e e eeeeeeee s 271
Fig. 101 MI325 MI327 MI125 IDMT Overcurr. LOQIC DIagram ..........ccceeeiiiiuiiiiiaaaaeiiiiieee e e eiieeeeee s 272
Fig. 102 IDMT Overcurr. 3-PH.2-ST. With Phase-Separated Outputs Logic Diagram / Processing ...... 273

14 /744 DID-001-1.06 DRS Library of Protective Functions



Figures

Fig. 103 MI327 IDMT Overcurr. 3-PH. 2-ST. With Phase Common — Outputs For All Phases Logic

DIAgram / PrOCESSING . ... .uuetieittiiie ittt ettt ettt ettt ettt e e sttt e s et et e e e anbe e e e e anbr e e e e nenas 274
Fig. 104 MI325 MI327 MI125 IDMT Overcurr. Logic Diagram Processing / Legend ..........ccccccovvveeennnne. 275
Fig. 105 MI325 MI327 M1125 IDMT Overcurr. IEC/ Long Inverse-Characteristic .............ccccoceeiiieinene 276
Fig. 106 MI325 MI327 MI125 IDMT Overcurr. IEC/ Normal Inverse-Characteristic ............cccceevvvveeernnnne. 277
Fig. 107 MI325 MI327 MI125 IDMT Overcurr. IEC / Very Inverse-CharacteristiC..........c.coocvveeviineeennnnne, 278
Fig. 108 MI325 MI327 MI125 IDMT Strom IEC/ Extremly Inverse-Characteristic ..........cccccceveeeeiiicvnnnnen. 279
Fig. 109 MI318 Volt. Restrained O/C LOGIC DIagram .........c.uuueireeiiiiiiiiiiieee e e siiinineeee e e s s ssnvnreeeeeeessssnsnnnees 280
Fig. 110 MI318 Volt. Restrained O/C Logic Diagram ProCeSSING .......uuuieeeeeiiiiivrrreieeeesiiiiirieeeeaessssnnnnneees 281
Fig. 111 MI318 Volt. Restrained O/C Logic Diagram Processing / Legend ........cccccceevvviiivieeeeeeeevscivnnenn. 282
Fig. 112 MI318 Volt. Restr. O/C Voltage Restrained CharacteristiC ............ccccvvvrereeeesiiiiiiieeeee e 283
Fig. 113 MI119 Motor Oscillation LOGIC DIAQIam ........cccccuiiiiieieeeiiiiiiieie e e e e e ssitntreee e e e e s snntnnneeeee e s e s snnennees 284
Fig. 114 MI119 Motor Oscillation Logic Diagram ProCeSSING .......eeeeiiuiieeiiiiieeeiiieeeeeiiee et 285
Fig. 115 MI119 Motor Oscillation Logic Diagram Processing / Legend .........cccoocvveeiiiieeiniieee e 286
Fig. 116 MI119 Motor Oscillation Explanation of ,,grad fou - BloCKiNg ..ooeeiiiiiie 287
Fig. 117 MI119 Motor Oscillation Oscillation Counter Definition ............ccccciiiiiiiiiiiiiicrer e 288
Fig. 118 MI119 Motor Oscillation Setting EXamPIE ..........uuuuriiiii s 289
Fig. 119 Def. Time Over- / Under-Current: MI111 Current 1-PH. 1.ST. Wiring Diagram.............c.ccceeuu.. 321
Fig. 120 MI120 Current DC 2-ST. Wiring DIAgram ........cccoruriieiiiiieeiriiie ettt 322
Fig. 121 MI113 ,,Current |>>>* (Quick Current) Wiring Diagram ...........cccovovieeiiiiieeiiieee e 323
Fig. 122 MI132 MI133 Dir. O/C 1-PH. 3-ST. Wiring Diagram ..........coccceeiiiiiiieiiiiee e 324
Fig. 123 MI332 Dir. O/C 3-PH. 3-St. Wiring DIiagram........cccuutieiiiiiieiiiiie ettt 325

Fig. 124 MI111 MI121 MI311 MI313 MI314 MI315 MI321 MI322 MI323 MI324 MI326 Logic Diagram ..326
Fig. 125 Def. Time Over-/Under-Current: MI111 Current 1-PH. 1-ST. Logic Diagram / Processing — For

Available Models: See ,,LogiC Diagram’” ........ccuuiiiiirioiiiiiiie e 327
Fig. 126 Def. Time Over-/Under-Current: MI111 Current 1-PH. 15T, Logic Diagram Legend / Processing

— For Available Models: See ,,LogiC Diagram” ..........ccuueiiireiiiiiiieieee e 328
Fig. 127 MI113 ,,Current [>>>* (Quick Current) LogiC Diagram ..........cccccoviiieeiiiiiieiiieee e 329
Fig. 128 MI113 ,,Current I>>>* (Quick Current) Definition Of Function .............cccccoiviiiiinii e, 330
Fig. 129 MI113 ,,Current I>>>* (Quick Current) Logic Diagram Processing .........ccccocvvvevniieeennineeennnnn, 331
Fig. 130 MI113 ,,Current I>>>* (Quick Current) Logic Diagram Processing / Legend ..............cccceeevnee. 332
Fig. 131 MI120 Curent DC 2-ST. LOGIC DIagQram ............uuuuuummmmmmiiiii s 333
Fig. 132 MI120 Current DC 2-ST. Logic Diagram ProCeSSINg .............uuuuuuuuumummmmnnninsssssesesssssesesssenennns 334
Fig. 133 MI120 Current DC 2-ST. Logic Diagram Processing / Legend ..........coccoceeeviiiieeiniiiee e 335
Fig. 134 MI120 Current DC 2-ST. Supervision Of Meas. Transducer For Phase-Current ...................... 336
Fig. 135 MI132 MI133 Dir. O/C 1-PH. 3-ST. LOGIC DIiagram ..........cceiruiieeiiiiie ettt 337
Fig. 136 MI132 MI133 Dir. O/C 1-PH. 3-ST. Logic Diagram ProCessiNg .........ccccouveeurieieenniiieeesiineee e 338
Fig. 137 MI132 MI133 Dir. O/C 1-PH. 3-ST. Logic Diagram Processing / Legend...........ccccceevvinieennnnn. 339
Fig. 138 MI132 MI133 Dir. O/C 1-PH. 3-ST. Definition Of DIr€CHONS ........ccuvveeiiiiieeiiiiee e 340
Fig. 139 MI132 MI133 DIR. O/C 1-PH. 3-ST. DEF. Of Ranges Of DIR. 1/ DIR.2......ccccccoeeiiiiiiienieene 341
Fig. 140 MI132 MI133 Dir. 0/C 1-PH. 3-ST. DRS Fault Record / Def. Of Sign ........ccooovenieeneninieenieee 342
Fig. 141 MI332 Dir. O/C 3-PH. 3-ST. LOGIC DIAgIram ........uuueiiiieeiiaiiiiiie ettt a e e e e e e e ieeeee s 343
Fig. 142 MI332 Dir. O/C 3-PH. 3-ST. Logic Diagram ProCeSSING ........ccueueiriiiiriiiiiaaeeeiiiiiieee e e 344
Fig. 143 MI332 Dir. O/C 3-PH. 3-ST. Logic Diagram Processing / Legend ..........ccccceviiiiiiiiieeeniinciinnenn. 345
Fig. 144 MI332 Dir. O/C 3-PH. 3-ST. Definition Of DIr€CtIONS ..........evviiiiieiiiiiiiiieiee e 346
Fig. 145 MI332 Dir. O/C 3-PH. 3-ST. Def. Of Ranges Of Dir. 1/ Dir. 2 ...coccuveeiiiiiieiiee e 347
Fig. 146 MI332 Dir. O/C 3-PH. 3-ST. DRS Fault Record / Def. Of Sign ........ccovviiiiiiiiiee e 348
Fig. 147 ML321 Overload 3-PH. / ML121 Overload 1-PH. Wiring Diagram...........cccoecueeeiniieeenniineeesnnee, 358
Fig. 148 ML321 Overload 3-PH / ML121 Overload 1-PH.. Logic Diagram ..........cccccoecveenniiieenniiieeeennn, 359
Fig. 149 ML321 Overload 3-PH. / ML121 Overload 1-PH. Logic Diagram / Processing ............cccceeeuee. 360
Fig. 150 ML321 Overload 3-PH. / ML121 Overload 1-PH. Logic Diagram Processing / Legend ............ 361
Fig. 151 ML321 ML121 Overload Definition Of Set ValUEs ..........cccuuieiiiiiiiiiiiiiiiieee e 362
Fig. 152 ML321 ML121 Overload 3-PH. Connection Of Temp. Sensor (Eurax).........cocccvvveeeeeennniinnnen. 363
Fig. 153 ML321 ML121 Overload 3-PH. Connection Of Temp. Sensor (UAKB) .........occciiieiieininiiinnen. 364
Fig. 154 ML321 ML121 Setting EXAMPIE ..ottt a ettt e e e e e e ee s 365
Fig. 155 MN211 Neg. Phase Sequ. Curr. 1-St. / MN221 Neg. Phase Sequ. Curr. 2-St. Wiring Diagram

.............................................................................................................................................. 382

DRS Library of Protective Functions DID-001-1.06 15/744



Figures

Fig. 156 MN311 Neg. Phase Sequ. Curr. 1-St. Wiring Diagram / MN321 Neg. Phase Sequ. Curr. 2-St.

LTl lo D= To ] = 1o | P PP PP PP TOPPPPTPPPPPP 383
Fig. 157 MN222 INV. Time Neg. Phase Sequ. Curr. Wiring Diagram...........cccooeereiiiiiieniniiee e 384
Fig. 158 MN322 Inv. Time Neg. Phase Sequ. Curr. Wiring Diagram ...........ccccoeeueeeinieeeniniiee e 385
Fig. 159 MN211 Neg. Phase Sequ. Curr. 1-St. Logic Diagram / MN221 Neg. Phase Sequ. Curr. 2-St.

(oTo (o3 B F=To [ £= 10 HO PO PP P PP TPTPPPTPP 386
Fig. 160 MN211 Neg. Phase Sequ. Curr. 1-St. Logic Diagram / ProCesSing...........ccccvvvvreeeeersiiinvvnneenens 387
Fig. 161 MN211 Neg. Phase Sequ. Curr. 1-St. / MN221 Neg. Phase Sequ. Curr. 2-St. Logic Diagram

Processing / LEGENU ...ttt e e s e e e e e e st e e e e e e s e e rarraeeeaeaann 388

Fig. 162 MN311 Neg. Phase Sequ. Curr. 1-St. / MN321 Neg. Phase Sequ. Curr. 2-St. Logic Diagram 389
Fig. 163 MN311 Neg. Phase Sequ. Curr. 1-St. / MN321 Neg. Phase Sequ. Curr. 2-St. Logic Diagram /

(0o =11 o SR PEER 390
Fig. 164 MN311 Neg. Phase Sequ. Curr. 1-St. / MN321 Neg. Phase Sequ. Curr. 2-St. Logic Diagram

Processing / LEGENA .......cooiiiiiiieiee ettt 391
Fig. 165 MN222 Inv. Time Neg. Phase Sequ. Curr. LOGIC Diagram ..........cccccvriiieiniiene e 392
Fig. 166 MN222 Inv. Time Neg. Phase Sequ. Curr. Logic Diagram / Processing..........cccoecvveevniveeennnnn 393
Fig. 167 MN222 Inv. Time Neg. Phase Sequ. Curr. Logic Diagram Processing / Legend ..................... 394
Fig. 168 MN322 Inv. Time Neg. Phase Sequ. Curr. LOGIC Diagram ..........cccccoriieieiniieie e 395
Fig. 169 MN322 Inv. Time Neg. Phase Sequ. Curr. Logic Diagram / Processing..........cccccccvcvvvvvevevernnnnn. 396
Fig. 170 MN322 Inv. Time Neg. Phase Sequ. Curr. Logic Diagram Processing / Legend ..................... 397
Fig. 171 MN322 Inv. Time Neg. Phase Sequ. Curr. Definition Of Set Values ..........cccccccvveviviiinineninnnn. 398
Fig. 172 MP312 Rev. Power 3-PH. 1-St. Wiring Diagram .........ccccccccvvviiiiiiiiiiieeeeeeeeeeeeeeee e 416
Fig. 173 MP312 Rev. Power 3-PH. 1-St. LOQIC Diagram .........ccceveviiiiiiiiiiiiiiiieeeeeeeeeeeeeeeee et 417
Fig. 174 MP312 Rev. Power 3-PH. 1-St. Logic Diagram / ProCESSING ......cueterruirieiiiiiiieeiiieeeenieeee e 418
Fig. 175 MP312 Rev. Power 3-PH. 1-St. Logic Diagram Processing / Legend pagel/2 ............cc.ccc...... 419
Fig. 176 MP312 Rev. Power 3-PH. 1-St. Logic Diagram Processing / Legend page 2/2 ...........cccccc...... 420
Fig. 177 MP319 Power Swing Blocking Wiring DIiagram............cueieiriieieiiiiiie i 428
Fig. 178 MP319 Power Swing Blocking LOGIC DIagram ..........coocuuiiiiiiiiiiiiiiiie e 429
Fig. 179 MP319 Power Swing Blocking Logic Diagam /ProCESSING .....cccoviuveieiiiieieiiiiiie et esiiee e 430
Fig. 180 MP319 Power Swing Blocking Logic Diagram Processing / Legend ...........ccccccevvvvvivivininennnnn. 431
Fig. 181 MP319 Power Swing Blocking Definition of Sequence .........cccccccccvvvvviiiiiiiiiiiveeee 432
Fig. 182 MP319 Power Swing Blocking Timing of SEqUENCE ............coovvvviiiiiiiiiiiiiiieeeeeeeeeee 433
Fig. 183 MQ 311 Inadvertent Energizing Wiring Diagram ...........cccccveveviiiiiiiiiiiiiieeeeeeeeeeeeeeeeeeee e 442
Fig. 184 MQ312 Volt Contr. O/C Wiring DIagram ..........ccceviiiiiiiiiiiiiiiieceeeeeeeeeeeeeee ettt 443
Fig. 185 MQ311 Inadvertent Energizing LOGIC DIagram ..........c.cccvevviiiiiiiiiiiiiiiiiieieeeeeeeeeeeeee et 444
Fig. 186 MQ311 Inadvertent Energizing Logic Diagram / PrOCESSING .......cueveiriirieiiiiiiieeiiiee e 445
Fig. 187 MQ311 Inadvertent Energizing Logic Diagram Processing / Legend ..........cccccovviiiiiiiniineennn 446
Fig. 188 MQ311 Inadvertent Energizing Timing Sequence / EXamplesS.........ccooieieiiiiieniiiee e 447
Fig. 189 MQ312 Volt. Contr. O/C LOGIC DIAGIAM .....cuuuiiiiiiieieiiiiiee ettt ettt ettt e e e e 448
Fig. 190 MQ312 Volt. Contr. O/C Logic Diagram ProCeSSING .......cccoruueieiiiiiiieiiieie ettt e e 449
Fig. 191 MQ312 Volt. Contr. O/C Logic Diagram Processing / Legend .........cccocceeiviiiieniniiiee e 450
Fig. 192 MQ312 Volt. Contr. O/C Trip CharacteriStiC .........ccueeiiiiuiiiiiieieee e 451

Fig. 193 MR111 Rotor E/F Protection Range: 0,5...5kQ Suitable For Exc. Systems With EXxc.
Transformer Phase-Phase Voltage Up To 150VACRgus (0....150VACRrns) Wiring Diagram 465

Fig. 194 MR111 Rotor E/F Protection Range: 0,5...5kQ Suitable For Exc Systems With Exc. Transformer
Phase-Phase Voltages Up To 400VACRrus (150...400VACRrys) Wiring Diagram................. 466

Fig. 195 MR111 Rotor E/F Protection Range: 0,5...5kQ Suitable For Exc. Systems With EXxc.
Transformer Phase — Phase Voltages Up To 850VACRrys (400...850VACRrys) Wiring

(D] T=To | =10 F PP U POPPTPPRPTR 467
Fig. 196 MR121 Rotor E/F (Insulation Supervision) Range: 4...100kQ Suitable For Exc. Systems with
Exc. Transformer Phase-Phase Voltages Up To 400VAC Wiring Diagram ..........ccccccee... 468

Fig. 197 MR121 Rotor E/F (Insulation Supervision) Range: 4...100kQ Suitable For Exc. Systems With
Exc. Transformer Phase-Phase Voltages Up To 850VACgys (400...850VACgus) Wiring
(D] T=To | =10 F PP PUT T ROPPTPPRPTR 469
Fig. 198 MR131 Rotor E/F (Insulation Supervision) UAKB Wiring Diagram ............ccccuveeereeeiiiiiiiineenenn. 470

16 /744 DID-001-1.06 DRS Library of Protective Functions



Figures

Fig. 199 MR111 Rotor E/F Protection Range: 0,5...5kQ Suitable For Exc. Systems With Exc.
Transformer Phase — Phase Voltages Up To 150VACRrys (0...150VACrums) Logic Diagram

Fig. 200 MR111 Rotor E/F Protection Range: 0,5...5kQ Suitable For Exc. Systems With Exc.
Transformer Phase — Phase Voltages Up To 150VACgus (0...150VACrums) Logic Diagram /
PrOCESSING ettt e et e e b e nnes 472

Fig. 201 MR111 Rotor E/F Protection Range: 0,5...5kQ Suitable For Exc. Systems With Exc.
Transformer Phase — Phase Volt. Up To 150VACgys (0...150VACgys) Logic Diagram
ProcesSiNg / LEGENG ... ..eiiiiiiiii ettt 473

Fig. 202 MR111 Rotor E/F Protection Range: 0,5...5kQ Suitable For Exc. Systems With Exc.
Transformer Phase — Phase Voltages Up To 400VACRrys (150...400VACRrys) Logic Diagram

Fig. 203 MR111 Rotor E/F Protection Range: 0,5...5kQk Suitable for Exc. Systems With Exc.
Transformer Phase — Phase Voltages Up To 400VACRrys (150...400VACRrys) Logic Diagram
I PTOCESSING ..ttetieiitteee ettt ettt ettt e ekttt e e s bbbt e e e bbbt e e s bbbt e e e nb et e e e abn e e e s nnnea s 475

Fig. 204 MR111 Rotor E/F Protection Range: 0,5...5kQ Suitable For Exc. Systems with Exc. Transformer
Phase — Phase Volt. Up To 400VACgus ( 150...400VACgys) Logic Diagram Processing /
[I0=To =T o Lo I TP T PP PPPRPO 476

Fig. 205 MR111 Rotor E/F Protection Range: 0,5...5kQ Suitable For Exc. Systems With Exc.
Transformer Phase — Phase Voltages Up To 850VACRrus (400...850VACRrys) Logic Diagram

Fig. 206 MR111 Rotor E/F Protection Range: 0,5...5kQ Suitable For Exc. Systems With EXxc.
Transformer Phase — Phase Voltages Up To 850VACRrys (400...850VACRrys) Logic Diagram
D (0 ToT =TT T PRSPPIt 478

Fig. 207 MR111 Rotor E/F Protection Range: 0,5...5kQ Suitable For Exc. Systems With EXxc.
Transformer Phase — Phase Volt. Up To 850VACRMS (400...850VACRMS) Logic Diagram

ProCesSiNg / LEGENT .......ue s 479
Fig. 208 MR121 Rotor E/F (Insulation Supervision) Range: 4...100kW Suitable For Exc. Systems With
Exc. Transformer Phase — Phase Voltages Up To 400VAC Logic Diagram.............cccc..... 480

Fig. 209 MR121 Rotor E/F (Insulation Supervision) Range: 4...100kQ Suitable For Exc. Systems With
Exc. Transformer Phase — Phase Voltages Up To 400VAC Logic Diagram / Processing ..481
Fig. 210 MR121 Rotor E/F (Insulation Supervision) Range: 4...100kQ Suitable For Exc. Systems With
Exc. Transformer Phase — Phase Voltages Up To 400VAC Logic Diagram Processing /
LEOENA .. s 482
Fig. 211 MR121 Rotor E/F (Insulation Supervision) Range: 4...100kQ Suitable For Exc. Systems With
Exc. Transformer Phase — Phase Voltages Up To 850VACgys (400...850VACgys) Logic
DIAGIAM . s 483
Fig. 212 MR121 Rotor E/F (Insulation Supervision) Range: 4...100kQ Suitable For Exc. Systems With
Exc. Transformer Phase — Phase Voltages Up To 850VACgys (400...850VACgys) Logic
(DI T= o= 1o o I A o oot =] o o [ PP PP R PTPRPO 484
Fig. 213 MR121 Rotor E/F (Insulation Supervision) Range: 4...100kQ Suitable For Exc. Systems With
Exc. Transformer Phase — Phase Volt. Up To 850VACRMS (400...850VACRMS) Logic

Diagram ProcesSing / LEGENG ........uueiiiiiiiieiiiie ettt 485
Fig. 214 MR131 Rotor E/F (UAKB) Range: 1...100kQ LogiC Diagram ..........cccuueeeieeeiiiniiiiiieeee e, 486
Fig. 215 MR131 Rotor E/F (UAKB) Range: 1...100kQ Logic Diagram / Processing..........cccccceeeeiuvvnneen. 487
Fig. 216 MR131 Rotor E/F (UAKB) Range: 1...100kQ Characteristic Diagram ............ccccveeeeeeniiiciennen. 488
Fig. 217 MR131 Rotor E/F (UAKB) Range: 1...100kQ Logic Diagram Processing / Legend.................. 489
Fig. 218 MS111 Dir. Stator E/F WiriNg DIAQIaM .......ccoiiiiiiiiiieie ettt e e e e s sineeee s 501
Fig. 219 MS211 Stator E/F 100% 20HZz Wiring DIagram .......cccoiiueiieiiiiiee et 502
Fig. 220 MS212 Biased Stator E/F 100% Wiring DIagram..........cueeeiiiiieeiiiiiee et esiiee e siiee e sieee e 503
Fig. 221 MS213 Stator E/F 3rd Harmonic Wiring DIagram .........cc.cceeovuiieeiiiiiee et 504
Fig. 222 MS111 Dir. Stator E/F LOGIC DIBQIAM ......ccoiiiiiieiiiiie ettt et 505
Fig. 223 MS111 Dir. Stator E/F Logic Diagram ProCEeSSING ........cuteeiiuiieeiiiiieeeiiieeeesiiee e siieeessieee e 506
Fig. 224 MS111 Dir. Stator E/F Logic Diagram Processing / Legend ..........occcuveieiieeiiiiiiiiiieiee e, 507
Fig. 225 MS111 Dir. Stator E/F Calculation Of Direction (1 <> 2) .....uueiiiiiiiiiiiiiee e, 508
Fig. 226 MS111 Dir. Stator E/F Polarity of lg and Ug - PRaSOrs ... 509
Fig. 227 MS111 Dir. Stator E/F Polarity of I and Uy — Phasors / Outzone E/F ..., 510

DRS Library of Protective Functions DID-001-1.06 171744



Figures

Fig. 228 MS111 Dir. Stator E/F Polarity of Io and Uy — Phasors / Inzone E/F .........ccccoceiiiiiiiiiiiee e 511
Fig. 229 MS111 Dir. Stator E/F Polarity of Io and Uy — Phasors / Verification............cccccoviiveiiiiieeenn 512
Fig. 230 MS211 Stator E/F 100% 20Hz Logic Diagram page 1/3: OVEIVIEW .........ccoocveveiriiereeniineeenene 513
Fig. 231 MS211 Stator E/F 100% 20Hz Logic Diagram / PrOCESSING ......cccuvvieiriiirieriiiiieeaiieeeesiiee e 514
Fig. 232 MS211 Stator E/F 100% 20Hz Logic Diagram Processing / Legend ...........cccceevviiviiniiineennn 515
Fig. 233 MS211 Stator E/F 100% Equivalent Circuit page 1/3........coooiiiiiiiiieiiiee et 516
Fig. 234 MS211 Stator E/F 100% 20Hz Logic Diagram page 2/3: Detail: Aux. Power Supply ............... 517
Fig. 235 MS211 Stator E/F 100% 20Hz Logic Diagram page 3/3: Detail: Blocking Input....................... 518
Fig. 236 MS212 Biased Stator E/F 100% LOQIC DIiagram ..........ccccuuiireeeeiiiiiiiieeeee e e s ssinneeeee e e s s snnvnnneeeae s 519
Fig. 237 MS212 Biased Stator E/F 100% Logic Diagram / ProCeSsSiNg ......ccccueereeeeiiiiiiirneeeeeessiiiivnneeeeens 520
Fig. 238 MS212 Biased Stator E/F 100% Logic Diagram Processing/Legend ........ccccccceeeeviiicvinnennnn. 521
Fig. 239 MS212 Biased Stator E/F Trip Characteristic [Processing (VE2) Only].......cccccevviiiviiniiiinennnnnn 522
Fig. 240 MS213 Stator E/F 3rd Harmonic LOQIC Diagram ..........ccceveviiiiiiiiiiiiiiiieceieieeeeeeeeeeeeeeee e 523
Fig. 241 MS213 Stator E/F 3rd Harmonic Logic Diagram ProCessing .........cccevvvvveviiiiiiiiiiiieiiiieeeeeeeeeeee, 524
Fig. 242 MS213 Stator E/F 3rd Harmonic Logic Diagram Processing / Legend ..........ccccooveeeiniiieennnnn 525
Fig. 243 MT212 V.T. Monitoring 2.PH: Wiring DIagram ...........ccccueieiriiiieiiiiiee it 555
Fig. 244 MT312 V. T. Monitoring 3-PH. Star Wiring Diagram MT315 Residual Voltage Detection Wiring

(DIT= o | = 10 0 F PP P PP UPUPPPTPP 556
Fig. 245 MT313 V.T. Monitoring 3-PH. Delta Wiring Diagram MT317 Neg. Phase Sequ. OV Wiring

(DI 1= o | = 10 0 FR PP P PP UPTPPPTPP 557
Fig. 246 MT212 V.T. Monitoring 2.PH. LOQIC Diagram...........cccuvuviiiiiiiiiiiiiiiieieeieeeeeeeeeeeeee et 558
Fig. 247 MT211 C.T. Monitoring 2.PH. Logic Diagram ProCessSing ........ccccccveveieiiiiieiiieieieieieieeeeeeeeeeeeee 559
Fig. 248 MT212 V.T. Monitoring 2.PH. Logic Diagram Processing / Legend...........ccccccccveveveiiiiiininennnnn. 560
Fig. 249 MT212 V.T. Monitoring 2.PH. Example 1= Using Phase — Ground Voltages............c..ccc......... 561
Fig. 250 MT212 V.T. Monitoring 2.PH. Example 2= Using Phase — Phase Voltages.............cccccccvevee.... 562
Fig. 251 MT312 V.T.Monitoring 3-PH. Star Logic Diagram MT315 Residual Voltage Detection Logic

(D IT= o | = 10 0 FR P PP PTPPP P 563
Fig. 252 MT312 V.T. Monitoring 3-PH. Star Logic Diagram Processing MT315 Residual Voltage

Detection LOQiC Diagram PrOCESSING ......cuiiuuiiieiiiiieeiiiiee ettt ettt e ee e 564
Fig. 253 MT312 V.T. Monitoring 3-PH. Star Logic Diagram Processing / Legend MT315 Residual Voltage

Detection Logic Diagram Processing / Legend.........cocuviiiiiiiiiiiiiie e 565
Fig. 254 MT312 V.T. Monitoring 3-PH. Star MT315 Residual Voltage Detection } Example.................. 566
Fig. 255 MT313 V.T.Monitoring 3-PH.Delta Logic Diagram MT317 Neg. Phase Sequ. OV Logic Diagram

............................................................................................................................................. 567
Fig. 256 MT313 V. T. Monitoring 3-PH. Delta Logic Diagram Processing MT317 Neg. Phase Sequ. OV

LOQIC Diagram PrOCESSING .....uuuuuuuuriuiuiuieiuieieieinieiererseersrerersrereree ... 568
Fig. 257 MT313 V.T. Monitoring 3-PH. Delta Logic Diagram Processing / Legend MT317 Neg. Phase

Sequ. OV Logic Diagram Processing / Legend ........ccooooeieiiiiii i, 569
Fig. 258 MT313 V.T. Monitoring 3-PH. Delta MT317 Neg. Phase Sequ. OV } Example ........c.cccceeene 570
Fig. 259 MT211 C.T. Monitoring 2.PH. Wiring Diagram ...........ccccvuviiiiiiiiiiiiiiiieceieeeeeeeeeeeeee et 587
Fig. 260 MT311 C.T. Monitoring 3-PH. Star Wiring Diagram MT316 Residual Current Detection Wiring

(DI T= o | = 10 PRSPPI 588
Fig. 261 MT314 C.T. Monitoring 3-PH. Delta Wiring Diagram MT318 Neg. Phase Sequ. OC Wiring

(DI T= o | = 10 PRSPPI 589
Fig. 262 MT211 C.T. Monitoring 2.PH. LOQIC DIAQIaM .........eveiiiiiieiiiiiee ittt 590
Fig. 263 MT212 V.T. Monitoring 2.PH. Logic Diagram ProCesSing.........c..cccuierriieierinieeeeiniieeeenineee e 591
Fig. 264 MT211 C.T. Monitoring 2.PH. Logic Diagram Processing / Legend ...........ccoccevvvieeeniiieeennn 592
Fig. 265 MT211 C.T. Monitoring 2.PH. EXaMPIE......coouuiiiiiiieeie ettt 593
Fig. 266 MT311 C.T. Monitoring 3-PH.Star Logic Diagram MT316 Residual Current Detection Logic

(D] T=To | =10 F PP U POPPTPPRPTR 594
Fig. 267 MT311 C.T. Monitoring 3-PH. Star Logic Diagram Processing MT316 Residual Current

Detection LogiC Diagram PrOCESSING .....ccuuiaauiiiutiieiiaae ittt e e e e e et ee e e e s e srnnbeeeeaaaaeeaes 595
Fig. 268 MT311 C.T. Monitoring 3-PH. Star Logic Diagram Processing / Legend MT316 Residual Current

Detection Logic Diagram Processing / Legend.........coccvviiiiiiieiiiiiie e 596
Fig. 269 MT311 C.T. Monitoring 3-PH. Star MT316 Residual Current Detection } Example ................. 597
Fig. 270 MT314 C.T. Monitoring 3-PH. Delta Logic Diagram MT318 Neg. Phase Sequ. OC Logic

DT Vo | - 0 0 TSSO 598

18 /744 DID-001-1.06 DRS Library of Protective Functions



Figures

Fig. 271 MT314 C.T. Monitoring 3-PH. Delta Logic Diagram Processing MT318 Neg. Phase Sequ. OC

LOQIC Diagram PrOCESSING .......uveieiiuieieiitieee ittt ettt sttt e st e s et et e e e nnbe e e e aanbneeeennnns 599
Fig. 272 MT314 C.T. Monitoring 3-PH. Delta Logic Diagram Processing / Legend MT318 Neg. Phase
Sequ. OC Logic Diagram Processing / Legend ..........ccovuiiiiiiiiieeiiiiie e 600
Fig. 273 MT314 C.T. Monitoring 3-PH. Delta MT318 Neg. Phase Sequ. OC } Example............cccvveee. 601
Fig. 274 MU211 Synchro — Check Wiring DIiagram .........coccueeieiiiiieeiiiiie ettt 614
Fig. 275 MUG611 Voltage Balance 1 Wiring DIagram..........ccueeeiiiiiieiiiiiee ettt s st e e 615
Fig. 276 MU312 Voltage Balance 2 Wiring DIagram..........ccueieiiiiiieiiiiiee ittt e 616
Fig. 277 MU211 Synchro — Check LOgIC DIagram .........ccuuuiiiireeiiiiiiiieieee e e e seiintneee e e e e s ssnreneeeeeaesessnnnnnees 617
Fig. 278 MU211 Synchro — Check Logic Diagram / ProCESSING .....c.uvurrieeeeiiiiiiiiiiiee e e sciiivieee e e e s e ssnnnneeeas 618
Fig. 279 MU211 Synchro — Check Logic Diagram Processing / Legend..........cccccceevviiiiiieeeeee e cciinnen, 619
Fig. 280 MU611 Voltage Balance 1 LOgiC DIiagram ..........cuuueeeeeiiiiiiiiiiiee e e e sccinieeee e e e s s ssarnneeee e e e s e s nnnnnnees 620
Fig. 281 MUG611 Voltage Balance 1 Logic Diagram ProCeSSiNg ........ccceccuuuuummmmmmnniinsnssessssssss s 621
Fig. 282 MU611 Voltage Balance 1 Logic Diagram Processing / Legend .........ccccccoeeeiiiiiiiiiniiinssesesesennn 622
Fig. 283 MU312 Voltage Balance 2 LOgiC DIagram ..........oocueieiiiiiieiiiiieeeiiee et 623
Fig. 284 MU312 Voltage Balance 2 Logic Diagram / ProCESSING ......ccuvveeiiiiieeiiiiiieiniiee et 624
Fig. 285 MU312 Voltage Balance 2 Logic Diagram Processing / Legend ..........cccccovvveenniiieeiniineeennnnn, 625
Fig. 286 Def. Time Over-/Under — Voltage: MU111 Voltage 1-PH. 1-ST. Wiring Diagram — For Available
Models: See ,,L0ZIC DIaIam’ ........uuuuuueueieuereuereuerieeeeeeseeeeeesseessssssessseseseesesssssssesssnsssssssssssennnnnes 643
Fig. 287 Def. Time Over-/Under-Voltage LOGIC DIagram .........cocccuieeiiiiieeiiiiiee et 644
Fig. 288 Def. Time Over-/Under-Voltage: MU111 Voltage 1-PH. 1-ST. Logic Diagram / Processing —
For Available Models: See ,, Logic Diagram” ............oouiviiiiiiiiiiiiiieeee e 645
Abb. 289 Def. Time Over-/Under-Voltage: MU111 Voltage 1-PH. 1-ST. Logic Diagram Processing /
Legend — for available models: see "Logic Diagram" ...........ccccoiiiiiiiiiieiiniiee e 646
Fig. 290 MUA421 Voltage 4-ph 1-st ( V>>>) L0OQIC DiagramM........ccuueeiieeeeeiiiiiiiiiieee e ssiiieeeeee e s e sneeeeees 647
Fig. 291 MUA421 Voltage 4-ph 1-st ( V>>>) Logic Diagramm ProCessing........ccccccveereiiiiereeeeeeesssscnennenns 648
Fig. 292 MU421 Voltage 4-ph 1-st ( V>>>) Logic Diagramm Processing / Legend............ccccoeeveeiiiiennnn. 649
Fig. 293 MX121 Overfluxing Wiring DIagQram ............uuuuuuuuueeiiiiiiii s 660
Fig. 294 MX125 Overfluxing Inverse Time Wiring Diagram ... 661
Fig. 295 MX121 Overfluxing LOGQIC DIAQram ...........uuuuuuuuummeiiiiiiiiiiiii s 662
Fig. 296 MX121 Overfluxing Logic Diagram / ProCESSING ........uuuuuuuumummiiiiiesese s 663
Fig. 297 MX121 Overfluxing Logic Diagram Processing / Legend ...........cccoooooiiiiiiiiiiiiiiiiieceeeeese e 664
Fig. 298 MX125 Overfluxing Inverse Time LOgIC DIagram .........cccceeiiuiieeiiiiieeiniiee e 665
Fig. 299 MX125 Overfluxing Inverse Time Logic Diagram / ProCessing........cccoocveeeiniiieeiniieee e 666
Fig. 300 MX125 Overfluxing Inverse Time Logic Diagram Processing/Legend ..........cccccoveeeiiiiieennnnn. 667
Fig. 301 MX125 Overfluxing Inverse Time Example For Standard Settings..........cccoveveeiiiiee e, 668
Fig. 302 MY111 CB Close Control (16 2/3 Hz) Wiring DIiagram .........cccccooruiieeiniiieeniiie e 675
Fig. 303 MY111 CB Close Control (16 2/3 Hz) LOgiC Diagram ..........cccccccoiiiiiieceesssesesese s 676
Fig. 304 MY111 CB Close Control (16 2/3 Hz) Logic Diagram ProCessing ........cccceeeeeeeeeereresesesesesesesennnn 677
Fig. 305 MY111 CB Close Control (16 2/3 Hz) Logic Diagram Processing / Legend..........ccccceeveeiienennnn. 678
Fig. 306 MY111 CB Close Control (16 2/3 Hz) Functional SEQUENCE .........cccuviiieieeeiiiiiiieeee e 679
Fig. 307 MY111 CB Close Control (16 2/3 Hz) Principle / EXplanation .............cccccoiiiiiiiiieine e, 680
Fig. 308 MZ221 Min Impedance 2-PH. 2-ST. Wiring Diagram MZ222 Min Impedance 2-PH. 2ST. Wiring
[DIF= o | = 1o 1 PRSP 694
Fig. 309 MZ321 Min Impedance 3-PH. 2.-ST. Wiring Diagram MZ322 Min Impedance 3-PH. 2-ST. Wiring
[DIF= o | = 1o 1 PRSP 695
Fig. 310 Mz311 Undervolt. & O/C Prot. With Curr. Memory Wiring Diagram ..........ccccoceevviiieenniieeennnnne, 696
Fig. 311 Mz312 Compound Volt. O/C WiriNg DIAgIam ..........eeeiiiiiieiiiiie ettt 697

Fig. 312 MZz221 Min. Impedance 2-PH. 2ST. With Circular Characteristic, with Phase — Separated
Outputs  MZ222 Min. Impedance 2-PH. 2ST. With Circular Characteristic, with Joint

e T T @ U1 o] U] £ PP 698
Fig. 313 MZ221 Min Impedance 2-PH. 2ST. With Circular Characteristic With Phase Separated Outputs
LOQIC DIiagram / PrOCESSING .......ueeieieeaiiitiieitaa e e ettt e e e e e ettt e e e e e e e s aababbe e e e e e e e s anbnbaeeaaaaaaas 699
Fig. 314 MZ221 Min Impedance 2-ph 2-st Logic Diagram Processind /Legend MZ222 Min.
Impedance 2-ph 2-st Logic Diagram Processing/ Legend...........cccccovviiiiiiieieeeiniiiiiiiiieeeeeenn, 700
Fig. 315 MZ221 Min. Impedance 2-PH. 2-ST. Timing Sequence / Example MZ222 Min Impedance 2-PH.
2-ST. Timing SequENCE / EXAMPIE .....cooieiieeeee et e e e s nraree e e e 701

DRS Library of Protective Functions DID-001-1.06 19/744



Fig. 316 Mz321 Min. Impedance 3-PH. 2-ST. With Circular Characteristic, With Phase — Separated

Outputs MZ322 Min. Impedance 3-PH. 2-ST. With Circular Characteristic With Phase
COMMON OULPULS ...ttt e e e s e et e e e s e s e e e e e e e e e e reeeee s 702
Fig. 317 Mz321 Min Impedance 3-PH. 2-ST. With Circular Characteristic With Phase Separated Outputs
LOQIC Diagram / PrOCESSING ....ceeeiureieeiiiiieeiitiee e sttt ssiie e ettt e ettt e et e e s e e e s annne e e s snnneeas 703
Fig. 318 Mz322 Min Impedance 3-PH. 2-ST. With Cicular Characteristic With Phase Common Outputs
For Phases L1, L2, L3 Logic Diagram / ProCEeSSING .......ccccuvrrrieeeeiiiiiiiieeeeeeeesiiiivneeeaeeee e 704
Fig. 319 MZ321 Min. Impedance 3-PH. 2-ST. Logic Diagram Processing / Legend MZ322 Min
Impedance 3-PH. 2-ST. Logic Diagram Processing / Legend.........cccccccveeeeiiiciinieeneeensinnns 705
Fig. 320 MZ321 Min. Impedance 3-PH. 2-ST. Timing Sequence / Example ...........cccovvveveeeiiiiciiineennn. 706
Fig. 321 MZ311 Undervolt. & O/C Prot. With Curr. Memory Logic Diagram............cccccvvveeveeeviiicvvnneenenn. 707
Fig. 322 MZ311 Undervolt. & O/C Prot. With Curr. Memory Logic Diagram / Processing............cccc...... 708
Fig. 323 MZ311 Undervolt. & O/C Prot. With Curr. Memory Logic Diagram Processing / Legend......... 709
Fig. 324 MZ311 Undervolt. & O/C Prot./ Timing Sequence / Example : Set Value ,,Curr. Memory” =
B PRSPPI 710
Fig. 325 MZ311 Undervolt. & O/C Prot./ Timing Sequence / Example: Set Value ,,Curr. Memory” = ,,No”.
............................................................................................................................................. 711
Fig. 326 MZ312 Compound Volt. O/C LOGIC DIiAgram .......c.uueieiriiieeiiiiiie sttt e e 712
Fig. 327 MZ312 Compound Volt. O/C Logic Diagram / ProCeSSING .........ccceveviieiiiiiiieiiieiiiiiiieieeeeeeeeeeeeee 713
Fig. 328 MZ312 Compound Volt. O/C Logic Diagram Processing / Legend...........ccccccccvvvveviiiiiiininnnnnnn. 714
Fig. 329 MZ312 Compound Volt. O/C Timing Sequence / EXample.........ccccccccvvviiiiiiiiiiiiiiiiiieieeeeeeeee 715
Fig. 330 DRS Prot. System/ Polarity of Volt. & Curr. Phasors ........ccccccccvvvviiiivveeee 725
Fig. 331 DRS Prot. System/ Polarity of Volt. & Curr. Phasors ........cccccccvvviiiiiiiivveeeeeeeeee 727
Fig. 332 DRS Prot. System/ Polarity of VOIt. & CUIr. PRASOIS ........coociiiiiiiiiiiiiiiece e 727
Fig. 333 DRS Prot. System/ Polarity of VOIt. & CUIr. PRASOIS .......ccccoueiiiiiiiieiiie e 728
Fig. 334 DRS Prot. System/ Polarity of VOIt. & Curr. PRASOIS .........cccceiiiiiiiiiiiiee e 729
Fig. 335 DRS Communication / RS485-BUS «—— NOtebOOK...........ccccuiiiiiiiiiiiiiii e 731
Fig. 336 DRS Communication / RS485-BUS «—— DRS-COM2.......cccciiiiiiiiieiiiiiee et 732
Fig. 337 DRS Communication / RS485-BUS «—— Control Room - PC ..........cccoiiiiiiiici e 733
Fig. 338 DRS Communication / RS485-BUS «— DRS-COM2/ Legend...........ccccccvvviviiiiiiiiiiininininnnn, 734
Fig. 339 DRS-COMPACT2 ...ciiiiiiiite ittt ettt et e e sttt e s e ta e e e s astbe e e s sssbeeeaassbeeesasbeeesansbeeeeaantaeeeennbaeeesanees 736
Fig. 340 DRS-COMPACT2A ...ttt e ettt s ettt ettt e e s e sttt e s aat b e e e ansbee e e e sbeeeeansbeeeeantaeeeennteeeeaanens 737

20/ 744 DID-001-1.06 DRS Library of Protective Functions



CAUTION

Installing, commissioning and operating of this product may be performed only by thorough
trained and

specialized personnel (*).

We explicitly will not take any responsibility for any damage on our products caused by improper
installation, configuration and handling. Internal modifications must solely be carried out by
specialised personnel authorised by

ANDRITZ HYDRO GmbH
During commissioning the operating instructions and also the applicable Local Safety Standards
have strictly to be observed.

(*) Definition: specialised personnel are persons who

o are familiar with installing, mounting, commissioning and operating of the device and the
system in which the device is to be installed;

e are instructed in maintenance and use of safety equipment according to standard rules and
regulations of safety technology;

e passed an extensive First Aid training.
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General

1. General

1.1. Contents of This Document

The document contains the description of the characteristic features and parameter settings of all the available
protective functions of the “Digital Relay System" from now on referred to as DRS. The feasible operating
characteristics, setting ranges, input matrices, connections- and logic diagrams as well as the necessary
completing information is outlined for each protective function. For User information during relay configuration an
extensive Help Feature is included into the DRS operating system.

1.2. General Terms Definition

In the function descriptions following general denominations are used:

Function Denomination:

Specifies the application possibilities of the protective function.
Function Name:

Denomination of the protective function which is also shown in the device configuration window
display.

Function Abbreviation:

Designation of the protective function as shortened text displayed on the hand terminal.

Function Type:

Name of the protective function as Model Type for exact Version Definition.

Analogue Inputs:

The analogue input signals (current, voltage) into the protective function.
Digital Inputs:

Digital input signals into the protective function.
Slow Analogue Inputs:

Analogue signal input (DC-input) for special applications, i.e. temperature, DC current, DC voltage,
etc.

Test Input:

Digital input enabling operation of the respective protective function, respectively function Stage.
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Blocking Input:

Digital input enabling blocking of the respective protective function, respectively function Stage.

Outputs:

Initiation: Initiating signal of the protective function or stage
Trip: Trip signal of the protective function or stage
All outputs can be configured to set the LED indications.

Setting Parameters:

All relevant protection setting values for correct operation are displayed for the various functions.
Reset Ratio:
Ratio between the reset- and operating value.

Operating Time:

Time delay between the fault initiation and the trip output of the protective function, i.e. start of the
initiating signal for time delayed functions or the trip signal for instantaneous functions.

Time Delay:
Time lag between the initiation- and the trip signal for time delayed functions.

Internal Measured Values:

Derived from the external CT/VT signals the function internal measured values relevant for the
operation of a protective function.

Function characteristic, i.e. specific digital outputs, digital inputs, etc. which are generally not displayed for all
functions are outlined and described in the respective detailed description.
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1.3. Measuring Method

All protective DRS functions which are applying the power system frequency signals to evaluate the parameters
are using the Fourier-Transformation.

Thereby the CT/VT signals after potential isolation and filtering are sampled 12 times each cycle and subsequently
processed according to the formulas of the mentioned algorithm as per Fig. 1-1. The results of the computations
are then at disposal for further processing of the signal vector value, i.e. amplitude and phase angle, for the basic
harmonic.

T
t= L
A 12

Signal frequency = 50Hz
S(t +4t)

T =20ms

A t=1,6ms

s(t)
Sampling frequency ft = 600Hz

Fig. 1-1

Due to physical- and measuring principle reasons the above outlined method is not applicable for all functions. For
power measuring functions, i.e. overload, power direction, etc. a more complex digital signal computation is applied
which is described in detail in the specific chapters.

1.4. General Influencing Quantities and Tolerances:

Power supply voltage: Range 80 - 120 % V. < 0,5%

Temperature: Range -5 - +45°C: < 0,5%/10K
Frequency: Range 10 Hz - fi;5: <1%
Typical time delay accuracy: <10 ms

Further information to the measuring accuracy is outlined in the specific function descriptions.
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MB... LOGIC FUNCTIONS

2. MB... LOGIC FUNCTIONS

2.1. OVERVIEW

List of the available MB ... LOGIC FUNCTIONS

Abbreviations: Cc2 ... DRS-COMPACT2
M ... DRS-MODULAR
L ... DRS-LIGHT

FNNR ... Function Number (VE-internal number of the protective function)

TYPE ... Function Type (short denomination of the protective function)

ANSI ... ANSI Device Number (international protective function number)

PROTECTIVE FUNCTIONS: MB... FNNR TYPE ANSI Application
Signal function 1: 1 Signal function, time delay range: 1099 MB111 94 |C2M,L

0 - 180 sec.

Signal function 4: 4 Signal functions, time delay range: 1096 MB141 94 |C2M,L

0 -2 sec.

Signal function 4: 4 Signal functions, time delay range: 1098 MB142 94 |C2M,L

0 - 180 sec.

Trip circuit supervision 1078 MB211 94 |C2

Out of step counter 1036 MB311 94 |(C2M,L

Logic function 2 1094 MB442 94 |C2M

Logic function 2 2028 MB442 94 |L
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2.2. TECHNICAL DATA

2.2.1. Signal Functions

PROTECTIVE FUNCTION: MB111 FNNR TYPE ANSI Application
Signal function 1: 1 signal function, time delay range: 1099 | MB111 94 |C2,M,L

0 - 180 sec.

Input signal processing of an external digital input for annunciation-, alarm- and trip with an
adjustable time delay.

MB111
Technical Data

Inputs

Binary: | Binary input (digital signal)

Blocking input

Outputs

Binary: | Initiation

Trip

Parameter Settings

Time delay range: |0 ... 180 s in steps of 0,05 s

Active slope: | rising/falling

Response Time

Operating time: | > 7 ms (50 Hz), respectively 6 ms /60 Hz),
respectively 20 ms (16 2/3 Hz)
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PROTECTIVE FUNCTION: MB141

FNNR TYPE ANSI Application

Signal function 4: 4 signal functions, time delay range:
0 -2 sec.

1096 | MB141 94 |C2M,L

Input signal processing of 4 external digital inputs for annunciation-, alarm- and trip with an

independent adjustable time delay for each stage.

MB141
Technical Data

Inputs

Binary: | Binary input (digital signal) stage 1

Binary input (digital signal) stage 2

Binary input (digital signal) stage 3

Binary input (digital signal) stage 4

Blocking input stage 1

Blocking input stage 2

Blocking input stage 3

Blocking input stage 4

Outputs

Binary: | Initiation stage 1

Trip stage 1

Initiation stage 2

Trip stage 2

Initiation stage 3

Trip stage 3

Initiation stage 4

Trip stage 4

Parameter Settings

Time delay range stage 1:

0..2sin0,01s steps

Active slope stage 1:

rising/falling

Time delay range stage 2:

0..2sin0,01s steps

Active slope stage 2:

rising/falling

Time delay range stage 3:

0..2sin0,01s steps

Active slope stage 3:

rising/falling

Time delay range stage 4:

0..2sin0,01s steps

Active slope stage 4:

rising/falling

Response Time

Operating time:

>7 ms (50 Hz), respectively 6 ms /60 Hz),
respectively 20 ms (16 2/3 Hz)
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PROTECTIVE FUNCTION: MB142

FNNR TYPE ANSI

MB...

LOGIC FUNCTIONS

Application

Signal function 4: 4 signal functions, time delay range:

0 - 180 sec.

1098

MB142

94

C2,M,L

Input signal processing of 4 external digital inputs for annunciation-, alarm- and trip with an

independent adjustable time delay for each stage.

MB142
Technical Data

Inputs

Binary:

Binary input (digital signal) stage 1

Binary input (digital signal) stage 2

Binary input (digital signal) stage 3

Binary input (digital signal) stage 4

Blocking input stage 1

Blocking input stage 2

Blocking input stage 3

Blocking input stage 4

Outputs

Binary: | Initiation stage 1

Trip stage 1

Initiation stage 2

Trip stage 2

Initiation stage 3

Trip stage 3

Initiation stage 4

Trip stage 4

Parameter Settings

Time delay range stage 1:

0...180sin0,05s steps

Active slope stage 1:

rising/falling

Time delay range stage 2:

0...180sin0,05s steps

Active slope stage 2:

rising/falling

Time delay range stage 3:

0..180sin0,05s steps

Active slope stage 3:

rising/falling

Time delay range stage 4:

0...180sin0,05s steps

Active slope stage 4:

rising/falling

Response Time

Operating time: | > 7 ms (50 Hz), respectively 6 ms /60 Hz),
respectively 20 ms (16 2/3 Hz)
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MB... LOGIC FUNCTIONS

2.2.2. Trip Circuit Supervision
PROTECTIVE FUNCTION: MB211 FNNR TYPE ANSI Application
CB trip circuit supervision 1078 | MB211 94 |C2

Trip circuit supervision of the CB TRIP circuit and the CB auxiliary circuit (2 digital inputs) with a setting selection
for the internal logic evaluation.

MB211
Technical Data

Inputs
Binary: | TRIP circuit (trip circuit supervision)
Auxiliary circuit (trip circuit supervision)
Blocking input
Outputs

| Binary: | Trip circuit faulty

Parameter Settings

Time delay range: |0 ... 30 s in steps of 0,05 s
TRIP circuit healthy (normal operation): | 0/1
Auxiliary circuit healthy (normal operation): | 0/1
Logic connection (result=1 ... —alarm): | EXOR/ NOT EXOR/ OR/ NOR/ AND/ NAND

Response Time

Minimum operating time: | > 7 ms (50 Hz), respectively 6 ms /60 Hz),
respectively 20 ms (16 2/3 Hz)
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MB... LOGIC FUNCTIONS

2.2.3. Out of Step Counter
PROTECTIVE FUNCTION: MB311 FNNR TYPE ANSI Application
Pole slipping evaluation 1036 MB311 94 C2,M,L

Out of step conditions are recognised by the number of pole slips within a set measuring time period.
Note: The pole slip pulses are provided by another protective function, e.g. field failure protection.

MB311
Technical Data

Inputs

Binary: | Auxiliary input system 1
Auxiliary input system 2
Auxiliary input system 3
Blocking input

Test input

Outputs
| Binary: | Trip

Parameter Settings

Pole slipping number: |1 ... 25
Measuring time: |0 ... 180 sin 5 s steps

Window Display for Internal Relay Computation
Values

Pole slip pulses: | Number of pole slips within the configured actual
measuring time frame

Response Time

Minimum operating time: | > 7 ms (50 Hz), respectively 6 ms /60 Hz),
respectively 20 ms (16 2/3 Hz)
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MB... LOGIC FUNCTIONS

2.2.4. Logic Function 2

PROTECTIVE FUNCTION: MB442 FNNR TYPE ANSI Application
Logic function 2 1094 | MB442 94 C2,M
Logik function 2 2028 | MB442 94 L
Logic connections of digital signals with inverted output and with configurable time delay.
MB442
Technical Data
Inputs
Binary: | Selection of:

INO1 ... IN32

inv. INO1 ... inv. IN32

OuUTO01 ... OUT32

inv. OUTOL1 ... inv. OUT32
Outputs

| Binary: | Logic function

Parameter Settings

Adjustable time delay: |0 ... 999 s in 0,01 s steps

Logic output: | normal/ inverted
Response Time
minimum operating time: | > 7 ms (50 Hz), respectively 6 ms /60 Hz),
respectively 20 ms (16 2/3 Hz)
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2.3. CONNECTION DIAGRAMS

2.3.1. MB111 /MB141/ MB142

® MB141, MB142 only!

BINARY INPUT STAGE 1
BLOCKING INPUT ST. 1 (OPT.) _
BINARY INPUT STAGE 2
BLOCKING INPUT ST. 2 (OPT.) N

BINARY INPUT STAGE 3

@ +
BLOCKING INPUT ST. 3 (OPT.) _
BINARY INPUT STAGE 4
BLOCKING INPUT ST. 4 (OPT.) _
LEGEND:

OPTIONAL MODULE:
-UAKB Transducer 1
Transducer 2

Shaft Current

Rotor E/F
CAN BUS future use (hardware extension)
X9/X10 IEC870 5-103 control system interface
RS422/485 chain line data interface
MODBUS control system interface

NOTEBOOK
MAINTENANCE

MB... LOGIC FUNCTIONS

1

7

(g 3f u4

9

[103f uUs

N

N X

INO1
IN 02

-

IN 03

~

IN 04

- |©|o0
(=}

IN 05

N
[N
I+

!
I N
Y SINEN
e

IN 06
IN 07

IN 08

OPTIONAL MODULE

= 1= = 1= 1= o oo [N|ov [in| & [eo [N e ¢
A ([N 3

-
zS
c =
i

FRONTSIDE

24V...48VDC
0V...220VDC

+| - GND

DC

DRS-

TRANS-
DUCER 1

TRANS-
DUCER 2

INO9

COMPACT2A

«RELAY FAIL.»

«RELAY STOP» OUT 32

Sl02

SI03

| 'SHAFTCURR. ) sio4
TROTOR EFF ) sio1

1
OUTO09[ ~_ 2

ouT11[<_6

1
ouT 22 [_12]
ouT23[__14

15
OouUT 24| ~_16
X2

OuT 31

il

- 8
Aw Tx+ 9
02D Tx- 0]
S @ gND
+5 | 11]
B Rer[ 12
A 13
S Ry
Y  GND|—F
) Tyt |—15 |
@ [ [16
:: X9

:12: X1

o

MB111 SIGNAL FUNCTION 1 WIRING DIAGRAM
MB141 SIGNAL FUNCTION 4 WIRING DIAGRAM
MB142 SIGNAL FUNCTION 4 WIRING DIAGRAM

Fig. 1 MB111 MB141 MB142 Signal Function Wiring Diagram

341744

DID-001-1.06

DRS Library of Protective Functions



MB... LOGIC FUNCTIONS

2.3.2. MB211

= +|-|= BATT
TRIP CIRCUIT L
X1 | X2 1[2[3 X3
1 1A = +| - GND 1
2 %A ouT 01
—HE 11, sevc [OC 2
+ (BATT. " 110V...220VDC
A ) a3 £ 12 DC ouT 02 [ < é
—— OuT 03 6
s 7]
PROTECTION o 1a ouTo04[ ~_ 8
SYSTEM TRIP L3 f 14 9
CONTACT P ouT 05 ~_10}
5A { 5 @RS“ 11
L ouT 06 [ ~_12
v A 13
® I TRIP CIRCUIT —53 £ 16 GOMPAGT2A our o7 1]
Y 19 1A 15
ouTo08[ ~_16
X5
1
ouTo9[ ~_ 2
3
ouT10[ ~_ 4
5
ouT11[ ~_ 6
TRIP COIL AUX. 7
CONTACT OuT 12 \%
VAR. 18 VAR. 1ADQ@® OUT13[ ~_ 10}
1
OuT 14 2
Ve | I AUX. CIRCUIT )
| } v oUT 15[ ~_14
| 15
L oUT 16 16|
X6
CIRCIUT BREAKER 1
TRIP COIL ouT 17 [ 2]
3
ouT18[ ~_ 4
Tl2 .|| INno1 5
ofele) ouT19[ ~_ 6
Tla -] IN02 7
A e~ 15 + ouT20[_~__ 8]
- (BATT) BLOCKING (opt) ¥~~~ ] 6 - Z IN 03 9
7 + ouT21[_~_10
@ PLEASE NOTE: E‘Z IN 04 11
VAR. 1A: (NOM. VOLTAGE OF BIN. INPUTS) = (BATT. VOLTAGE) / 2 9 + ouT22[ ~_12
VAR. 1B: (NOM. VOLTAGE OF BIN. INPUTS) = (BATT. VOLTAGE) / 2 10 - IN 05 13
REMARK: DESIGN VERSION 1A/ 1B WITH EXTENDED g t IN 06 ourzs E\%
RANGE INPUT-VERSION ONLY (Vy ... 2X Vy). 13 + ouT 24 ~_16
NOTE: VAR. 1B additionally supervises the CB AUX. CONTACT. 14 - Z IN 07
15 + X2
® DIG. INPUTS: OPERATING RANGE = 18...300VDC, 16 - Z IN 08 4
VOLTAGE SELECTION BY JUMPER X7 RELAYFAL> OUT 315
1 ]
® APPLICATION FOR BATT: VAR. 1A,1B: 220VDC, 110VDC, 60VDC, 48VDC ... 5 -1 <RELAY STOP» OUT 32 z
. - = TRANS-
EXAMPLE.: 220VDC  — JUMPER AT 110VDC. 3 CDT RS ) s 3o T g
5 w1 & s 10
LEGEND: s ¢ 28 oo
S M --- TrRans-
OPTIONAL MODULE: 7 13 « -—]oucerz) S8 prey i
-UAKB Transducer 1 8 2 << -— 0 R 12
Transducer 2 9 =) s ol
Shaft Current 10 £ 1 N X
Rotor E/F 1 |8 ~_ | SHAFTCURR. ) sio4 3 G_I’_“e 15
12 X
CAN BUS future use (hardware extension) 13 o x| —16
X9/X10 IEC870 5-103 control system interface 14 " " [ROTOR EF_) sio1
RS422/485 chain line data interface 1
MODBUS control system interface IN09 #Zz: X9
DRS-Cable No. TID-006-- [ _FRONTSIDE_ |
- - - - — A
RS 232 ad4| x10
/.
NOTEBOOK
MAINTENANCE

MB211 TRIP CIRCUIT SUPERVISION WIRING DIAGRAM
DESIGN-VERSION: 1

Fig. 2 MB211 Trip Circuit Supervision Wiring Diagram
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MB...
=  +|-|= BATT
TRIP CIRCUIT -
1 | X2 1123 <3
1 1A = +| - GND 1
2 5A
= L 11 uaevoc[OC ouTor[ -~ 2]
+ (BATT. 4 n 110V...220VDC
_*( ) =3 12 DC OuT 02 \%
1A ouT03[ ~_ 6
3 f s 7
PROTECTION 10 1A OouTOo4| ~_ 8
SYSTEM L3 f |y 9
TRIP CONTACT 5 i . DRS ouT 05 T%’
o4 15 =
ouTo06[ ~_12
U 6 1A 13
& I TRIP CIRCUIT =1 £ 16 COMPAGT2A our o7 —1a
15
T ) { 17 OUTO08[ ~_16
22 1A X5
5A { '8 1
25 1A OuUT09 [~ 2]
26 5A 19 3
Z ; 3 ouT10[ ~_ 4
5
b o3 110 ouT11[_ 6]
TRIP COIL X8 7
AUX. CONTACT 1 ouT 12 T%
U1
o) gj 3 ouT13[ - 12

R lUEz

OUT 14 [ ~_ 12|
3
ouT 15[ ~_14

LOGIC FUNCTIONS

7 15
E { U4 OUT16[ ~_16
9 X6
CIRCIUT BREAKER (103 [ us 1
10
TRIP COIL “a OUT17[ ~_ 2
3
14 ouT18[~_ 4]
Tl Jmo joo 5
3 + OuUT 19 ~_ b
2]/ no2 7
— o ~__ 5 + OouT20[ ~_ 8]
- (BATT.) BLOCKING (opt) "~~~ 7 :]5 i Z IN 03 9
7 + OuT 21 ~._10
8 - E IN 04 11
9 + OuT 22 ~._12
@® PLEASE NOTE: 10 - E IN 05 13
NOM. VOLTAGE OF DIGITAL INPUT = BATT. VOLTAGE 11 + OuT 23 ~_ 14
(220VDC, 110VDC, 60VDC, 48VDC, 24VDC) 12 - E IN 06 15
. _ 13+ ouT24[ —_16
@ DIG. INPUTS: OPERATING RANGE = 70% * 5%...120% :114 . f IN 07
® RESISTOR R TO BE MOUNTED CLOSE TO TRIP 15 + X2
COIL AUX. CONTACT. 16 - 2 IN 08 t‘é
@ NOTE: DESIGN-VERSION 2 IS SUITABLE FOR X7 «RELAYFAILL» OUT 31 .
NON-EXTENDED RANGE INPUTS TOO. 1 t
_— «RELAY STOP» OUT 32 7
2 -—- TRANS
3 ] . SI02 . 8
4 ] DUCER 1 8 g 1:;(): 9
LEGEND: 5 4 ] S @ gnplL0
OPTIONAL MODULE: g 8 M --- TrRANs- S103
-UAKB Transducer 1 A 2 X --- DUCER2 - w511
Transducer 2 9 2 <L - ®  Rer 12
Shaft Current 0182 B RX- ﬁ
Rotor E/F 11 | 6 " " T SHAFTCURR. ) sio4 g GND|—¢
CAN BUS future use (hardware extension) 12 x ler 16
X9/X10 |IEC870 5-103 control system interface 13 -—-
RS422/485 chain line data interface 14 - —@ sio1
MODBUS control system interface UAKB-
by
DRS-Cable No. TID-006-- | _ FRONTSIDE _ _| -
************************* RS 232 ad4« | X10

NOTEBOOK
MAINTENANCE

MB211 TRIP CIRCUIT SUPERVISION WIRING DIAGRAM
DESIGN-VERSION: 2

Fig. 3 MB211 Trip Circuit Supervision Wiring Diagram
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MB...

2.3.3.

LOGIC FUNCTIONS

MB442

AVAILABLE HARDWARE INPUTS:

Optional <

/ BINARY INPUT
BINARY INPUT
BINARY INPUT
BINARY INPUT
BINARY INPUT
BINARY INPUT
BINARY INPUT

\¥ BINARY INPUT

N

O~

—
—

O~

[ S S S R T

LEGEND:
OPTIONAL MODULE:
-UAKB Transducer 1
Transducer 2
Shaft Current
Rotor E/F
CAN BUS future use (hardware extension)
X9/X10 IEC870 5-103 control system interface
RS422/485 chain line data interface
MODBUS control system interface

NOTEBOGK

MAINTENANCE

DRS Library of Protective Functions

% +|-|== BATT.
X1 L X2 1|23 X3
1A = +|-| |GND 1
2 5A
23 E 11 5y a0 [PC ouTorf . 2
4 1A
E sf { 12 110V...220VDC DC OuUT 02 \%
— oUT 03 [_8]
3 13 7
10 1A OUT 04 ~_38]
Ry 9
e ouT05 [ ~_10]
14 A { 5 DRS 11
— = ouTo06 [ ~_12]
1 1A 13
11 16 COMPAGT2A ouror ~14]
19 1A
s3f 7 ouTO08[ 16|
1A X5
B3¢ 18 1
25 1A OuUT 09 ~_2]
23 € 19 3
e ouT 10 ~—4]
w a3 120 ouT11 [ ~_ 6]
X8 7
1 ouT12[~_ 8|
9
gj fu1 OUT 13 [ —_10]
11
4 JE U2 ouT 14 [ _12]
5 13
6 Jf us ouT 15 \%
i
E { U4 OuUT 16 ~._16 |
9 X6
103f us 1
“ ouT 17 \%
1+ ouT18[ 4|
2 - E IN 01 5
3 foleley ouT 19 [ ~_ 6]
4 - E IN 02 7
5 oUT 20 [ ~__8|
6 - E IN 03 9
7 OUT 21 [ ~_10]
8 - E IN 04 11
9 - ouT 22 [ _12]
10 - E IN 05 13
11 + OUT 23|~ 14]
12 - E IN 06 15
13 + OuT 24 ~._16 |
14 - E IN 07
15 + Xi
16 - IN 08 t
%Z «RELAY FAIL» OUT 31 5
6
; - «RELAY STOP» OUT 32 7
-=- TRANS- >
2 - DUCER 1 slo2 D' %) Tx+ g
- o2 Tx-
g = - S @ gnp—10
7 S M -—- TrRANS: si03
3 = ¥ - DUCER 2 511
9 2 < - 0 Rxt |12
53 s el
10 I __ N Rx 14
11 | & " " T SHAFTCURR. ) sio4 §  GNDI—%
12 2 ™6
13 ] Tx-
14 TROTOR EF ) s
INO9 #Zg X9
&l x10
v

MB442 LOGIC FUNCTION 2 WIRING DIAGRAM

Fig. 4 MB442 Logic Function 2 Wiring Diagram
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MB... LOGIC FUNCTIONS

2.4.1. MB111/ MB141/ MB142
(&)
=
=
(@)
(<)
Ly
(@)
(S)
=
(@S
BINARY INPUT STAGE 1 T Z
—
BLOCKING INPUT STAGE 1 T
(OPTIONAL) ~~~~~~~ — Z —
/BINARY INPUT STAGE 2 T Z
—>
BLOCKING INPUT STAGE 2 T
(OPTIONAL) ——===-- — - Z —
BINARY INPUT STAGE 3 T Z
—>
=
BLOCKING INPUT STAGE 3 T
(OPTIONAL) ~~~~~~~ — - Z —
BINARY INPUT STAGE 4 T Z
—>
BLOCKING INPUT STAGE 4 r
k(OPTIONAL) ******* — - Z —
- TRIP
COMMANDS
OUTPUT cB1
@ MB141, MB142 only! CONTACTS cB2
ALARM
CONTACTS
62 Ala_rm
LEGEND 62 Trip
DRS DIGITAL RELAY SYSTEM
DRS- DIGITAL PROTECTION RELAY
COMPACT2A  TYPE: DRS-COMPACT2A
- CPU+DSP - BOARD/
PROCESSING VERSION 2

MB111 SIGNAL FUNCTION 1 LOGIC DIAGRAM
MB141 SIGNAL FUNCTION 4 LOGIC DIAGRAM
MB142 SIGNAL FUNCTION 4 LOGIC DIAGRAM

Fig. 5 MB111 MB141 MB142 Signal Function Logic Diagram
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MB... LOGIC FUNCTIONS

_

=

[—
NOTEBOOK
. |
| rEiEeT |
| BIN.1/0 | |
B.INP. | | PRESET | |
SIT.l L | | ® MB141, MB142 only! |
EC
| Teno | |
BL. | | PRESET | N |
i Ml " e |
Lo ]
,,,,,,,
- ||3|N.|/o|ﬁ |
BélTN;’- | | PRESET) | M |
LD T T T T |
o= |
i N ST1 I
BL | M |
ANN | h
o ®®| |
| Leo- [ |
DISPLAY
B.INP. | |
ST.3
e |
| +{ etz | |
@< :
BL. | Ej |
ST3 |
s I LED-
| VATRIX] |
B.INPJ | |
[
S;T'iﬂ' e S
| o= | | t>tsersta | | BIN. I/0 \:ﬁl
TN 10 | | N | PRESET 1
sl | preser ‘L
ST !1 = i| i;;;;{i
I 0— | LA
[ ALARM ST .4 — |
- | = |
el vitrx ||
| Sl —
: R |
|
| | |
L _

PROGESSING

MB111 SIGNAL FUNCTION 1 LOGIC DIAGRAM / PROCESSING
MB141 SIGNAL FUNCTION 4 LOGIC DIAGRAM / PROCESSING
MB142 SIGNAL FUNCTION 4 LOGIC DIAGRAM / PROCESSING

Fig. 6 MB111 MB141 MB142 Signal Function Logic Diagram / Processing
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MB... LOGIC FUNCTIONS

LEGEND PR@@ESSHN@

FIRMWARE-MODULE: MB111, MB141, MB142

Dm Online simulation via notebook
—
| BIN. IO | aai i | BIN. 110 | | BIN. IO | | BIN. 110 |
‘ ! Online-simulation of ! [ ! [ !
| PRESET | DIG. INJOUTPUTS | PRESET | [EQUIAI  [PRESET | always | PRESET | always
Il . tebook: 1 | function 1— 1,1 | 1w | ,0"
o= via notehoot: KR o= o=
@nggﬂ Online-simulation of the FUNCTION OUTPUTS of the protective function MB111
| .
;——l———E——} [—] all FUNCTION OUTPUTS enabled (regular-operation) MB141
i ojf\‘fi [1] all FUNCTION OUTPUTS disabled (test-operation) MB142

T

T Programmable software-matrix for the LED-indications

LED- (row 2...14) of PROCESSING
MATRIX

® & LED-indications of PROCESSING
LED- || (rOW 214)
DISPLAY

Programmable software-matrix for the output-contacts (OUT1...0UT30)

,ALARM STAGE1"-signal going to LED-MATRIX
LALARM STAGE1"-signal going to TRIP-MATRIX
> Type of function: over-detection (actual value > set value)
< Type of function: under-detection (actual value < set value)
Set Value JActive Edge“=RISING © [
(BINARY INPUT): JActive Edge* = TRAILING ©

MB111 SIGNAL FUNCTION 1 LOGIC DIAGRAM PROCESSING / LEGEND
MB141 SIGNAL FUNCTION 4 LOGIC DIAGRAM PROCESSING / LEGEND
MB142 SIGNAL FUNCTION 4 LOGIC DIAGRAM PROCESSING / LEGEND

Fig. 7 MB111 MB141 MB142 Signal Function Logic Diagram Processing / Legend
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MB... LOGIC FUNCTIONS

2.4.2. MB211

TRIP CIRCUIT

+(BATT) ®

PROTECTION DRSD
COMPACT2A

TRIP CONTACT @

® UEl

Y

TRIP COIL
AUX. CONTACT @

@
A
TRIP @ I

CIRCIUT BREAKER CIRCUIT
TRIP COIL

PROGESSING

AUX. @ T
CIRCUIT

BLOCKING I ]

(OPTIONAL)

N N N
!

- (BATT.)

@® TRIP ACTIVE CORRESPONDS WITH
TRIP CONTACT CLOSED

@ AUX. CONTACT. CLOSED
CORRESPONDS WITH CB ON RESP.
AUX. CONTACT OPEN
CORRESPONDS WITH CB OFF

® TRIP VOLTAGE

@ SHOWN:NO TRIP

CB OFF

® Ug HIGH > VE1 =1
® Ug HIGH >VE2 =1 _ — J\

@ DESIGN-VERSION 1 IS SUITABLE FOR

EXTENDED RANGE INPUTS (18...300VDC) OUTPUT
ONLY! CONTACTS

LEGEND
DRS DIGITAL RELAY SYSTEM

DRS- DIGITAL PROTECTION RELAY
COMPACT2A TYPE: DRS-COMPACT2A

CPU+DSP - BOARD/
PROCESSING VERSION 2

MB211 TRIP CIRCUIT SUPERVISION LOGIC DIAGRAM
DESIGN-VERSION: 1

Fig. 8 MB211 Trip Circuit Supervision Logic Diagram Desisgn Version: 1
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ICOMMANDS|

CB1
CB2

ALARM
CONTACTS

Trip
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TRIP CIRCUIT

+(BATT.) ®

PROTECTION
SYSTEM
TRIP CONTACT @

Uer

Y

TRIP COIL
AUX. CONTACT @

@ R lUEZ
TRIP I
CIRCIUT BREAKER CIRCUIT
TRIP COIL
BLOCKING -~ J_ |
- (BATT.) (OPTIONAL)

@ TRIP ACTIVE CORRESPONDS WITH
TRIP CONTACT CLOSED
® AUX. CONTACT. CLOSED
CORRESPONDS WITH CB ON RESP.
AUX. CONTACT OPEN
CORRESPONDS WITH CB OFF
® TRIP VOLTAGE
@ SHOWN: NO TRIP
CB OFF
® Uy HIGH> E1=1
® Ug, ALWAYS ,0" BECAUSE OF R
NOTE: TRIP CIRCUIT ALWAYS CLOSED
AT TRIP COIL AUX. CONTACT
BECAUSE OF RESISTOR ,R“.
@ INPUT LEFT OPEN (NO CONNECTION):
DEFAULT VALUE GIVEN TO VE2 = ,0"
DESIGN-VERSION 2 IS SUITABLE FOR
NON-EXTENDED RANGE INPUTS TOO!

LEGEND
DRS DIGITAL RELAY SYSTEM
DRS- DIGITAL PROTECTION RELAY
COMPACT2A TYPE: DRS-COMPACT2A
PROCESSING CPU+DSP - BOARD/

VERSION 2

DRS-

COMPACT2A

(&)
=
(@)
)
[
(&)
(&)
o=
(@

E1|®

,0"|®

NN

E\i

J\ ICOMMANDS|

MB... LOGIC FUNCTIONS

TRIP

OUTPUT
CONTACTS

MB211 TRIP CIRCUIT SUPERVISION LOGIC DIAGRAM
DESIGN-VERSION: 2

Fig. 9 MB211 Trip Circuit Supervision Logic Diagram Design Version: 2
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CONTACTS
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MB...

LOGIC FUNCTIONS

O

|

NOTEBOOK

0]

— | )
- | | |
| EPBF'Q’I\:_‘-SVEOTE | TRIP CIR. READY VALUE = | |

ﬁl | | l TRIP et | Et T | |
| L= I I circulT etz 0—d & — | |
| | | |
,,,,,,, | |
| JERTCR | AUX. CIR. READY VALUE = | |
E2 | | | PRESET] st 1 |
o ] AuX E2 I | |
i Lo | CiReur “eetz0—d & | |
| | | |
| | | |
| | LOGICAL LINK (see setting): | |
| : NOT EX-OR |
| NAND E1[E2] A |
| E1[E2] A |
| 0o[of1 @ |
| | 0|11 | |
1/0/1 Y
| | 1/1]0 | |
A LED-
| | — [pisPLa|| |
| | | |
| | o | |
| | i |
BLOCKING :
R LED- || |
| MATRIX
| | PRESET | | BIN. I/0 ﬁ|
.
-h o=
|
| fruncrion!
| | OUTPUT !
C s TRIP CIRCUIT
|| FAULTY
L
L

DRS Library of Protective Functions

A=1..TRIP CIRCUIT READY
A=0..TRIP CIRCUIT FAULTY
@NOTE:
LED’S AND OUTPUTS ACTIVE IN
CASE OF TRIP CIRCUIT-EAULT.

PROGESSING

® NOTE: DESIGN-VERSION 1 APPLICABLE

FOR EXTENDED RANGE
INPUT-VERSION ONLY (18...300VDC).

MB211 TRIP CIRCUIT SUPERVISION LOGIC DIAGRAM/ PROCESSING
DESIGN-VERSION: 1

Fig. 10 MB211 Trip Circuit Supervision Logic Diagram / Processing Design Version: 1
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MB... LOGIC FUNCTIONS

L

L\
NOTEBOOK
a | | L
| ' I '
| EEF@S@TT | TRIP CIR. READY VALUE = | |
El I | i osetEl———— 1 E 1 | |
Lo : CIRCUIT Seet=0d & |7 | :
| |
| e | | |
| ‘PBR”;SIF/EOT} | AUX. CIR. READY VALUE = | |
| .| AU 0" set=0 o E2 I | |
| LP?;,,J | CIRCUIT | |
| no signal | 0wl | |
connected
| ® default | | |
| = : | :
| |
LOGICAL LINK (see setting):
| |
| | ® | |
| AND |
| E1l E1|E2| A ® ® |
| L Jofofo A LED- |
| | L E2 010 DISPLAY||| | |
1|00
| | 1l1]1 | |
| : T | :
| BLOCKING LED |
| TBIN. 1/0 | | A ® x MATRIX | |
| LE'E%E,T,i [T Y | [ BIN.1IO *n|
N
o IR =any -
| B SN
7777777 |
|
| {FUNCTION
| 1ouTPUT] |
| } 0—"m | > FAULTY
—— ' | @ noTE:
- — - A=1..TRIP CIRCUIT READY PR@@ESS”N@
A=0 ... TRIP CIRCUIT FAULTY
® LED’S AND OUTPUTS ACTIVE IN ® DESIGN-VERSION 2 IS
CASE OF TRIP CIRCUIT-EAULT. SUITABLE FOR NON-EXTENDED
RANGE INPUTS TOO.

TRIP CIRCUIT SUPERVISION LOGIC DIAGRAM/ PROCESSING
DESIGN-VERSION: 2

Fig. 11 MB211 Trip Circuit Supervision Logic Diagram / Processing Design Version: 2
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MB... LO

GIC FUNCTIONS

Leceno  PROCESSING

FIRMWARE-MODULE: MB211

L\

[BIN. 1O | P i FBIN. 10 | I BIN. 110 | I BIN. 10 |

‘ ‘ Online-simulation of ! ! [ | [ |

| PRESET) DIG. INJOUTPUTS | PRESET | Tegular - |PRESET | always | PRESET| always
1. | o ] 1 | function i 1,1 r 1 Lo
ET via notebook: ﬁf—-ﬁ o= F/j »
7777777 |

iF(;JSTC;'Sp} Online-simulation of the FUNCTION OUTPUTS of the protective function MB211
E— [=] all FUNCTION OUTPUTS enabled (regular-operation)

1 éj%} [1] all FUNCTION OUTPUTS disabled (test-operation)

| |

Online simulation
via notebook

o«

TRIP CIR. READY VALUE =
set=1

“set=0—q & —

Please choose which INPUT VALUE corresponds with a
healthy TRIP CIRCUIT (see: SETTINGS).

LOGICAL LINK (see setting):
‘ NOT EX-OR Please choose the LOGICAL LINK of the
NAND Eol EOZ i\ INPUT SIGNALS E1 and E2 in order to get
Ehee s ol1lol acc. the correct OUTPUT SIGNAL A
ol1l1 1/0|0]| set (see: SETTINGS).
1)10]1 £ I I |
10— P LOGICAL LINK:
Specifies the condition of E1, E2 in order to
EX-OR get a TRIP CIRCUIT READY decision
NOR E1/E2| A (A=1).

E1[E2[ A 0/0|0
ojof1 01,1 .
ol1l0 1101 Note: applies for EXTENDED RANGE
1100 1/1]0 INPUTS only!
1l1|0f—

T

s Programmable ® ® LED-indications of

i software-matrix PROCESSING

LED- for the LED-indications LED- (row 2...14)
MATRIX (row 2...14) of PROCESSING DISPLAY

Programmable software-matrix for the output-contacts (OUT1...0UT30)

TRIP-

MATRIX
D Denomination of FUNCTION OUTPUTS going to LED-MATRIX
[ ] Denomination of FUNCTION OUTPUTS going to TRIP-MATRIX

MB211 TRIP CIRCUIT SUPERVISION LOGIC DIAGRAM PROCESSING / LEGEND

Fig. 12 MB211 Trip Circuit Supervision Logic Diagram Processing / Legend
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MB... LOGIC FUNCTIONS

EXAMPLE: TRIP CIRCUIT SUPERVISION DESIGN VERSION 2
EXAMPLE WITHOUT AUX. CIRCUIT

PROTECTION
SYSTEM TRIP
CONTACT

+ (BATT.)

CB INTERNAL
CONTACT

CIRCIUT
BREAKER

OFF COIL

NOTE: DESIGN OF RESISTOR:

- (BATT))

a) MUST NOT AFFECT THE OFF-COIL — (R 7)
b) SHOULD PROVIDE ENOUGH CURRENT TO THE SUPERVISION CIRCUIT (R )

— CURRENT SHOULD BE APPROX. 3 mA DC (MIN.).

c) DRS-Digital Input Voltage Range: 70% + 5% ... 120%.

d) BATTERIE VOLTAGE RANGE: Vpom = 15% (ALLOWED).

DESIGN EXAMPLE: SEE PAGE 2/2 !

SIMPLIFIED DESIGN:

USE AUX. RESISTOR INSTEAD
OF AUX. CIRCUIT IN ORDER
TO CLOSE THE TRIP CIRCUIT
SUPERVISION-SCHEME.

MB211 TRIP CIRCUIT SUPERVISION DESIGN EXAMPLE / NOT USING AUX. CIRCUIT

DESIGN VERSION: 2 page 1/2

Fig. 13 MB211 Trip Cicuit Supervision Design Example / Not Using Aux. Ciruit Design Version : 2

DID-001-1.06
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MB... LOGIC FUNCTIONS

DESIGN EXAMPLE:

+ (BATT)
[ =3mADC max. @ DRS PROTECTION

4 DIGITAL INPUT/

VINPUT
v Viom = 220VDC
RANGE:
220V +20% -25%
Vearr = 220VDC + 15% (165V...264V).
(187V... 253V) J Vi

10z

l VCOIL

- (BATT)

EXAMPLE (given for Veart nom = 220VDC):
PRECONDITION: INPUT VOLTAGE JUMPER IS SET TO: 220VDC
VBATT = VINPUT + VR + Vco”_ =187V (= min. allowed battery VOIt.)

ViNpPUT min = (220V - 25%) = 165 VDC -> (min. allowed input volt.)

(Vr + Vcoi) max = 187V - 165V = 22V

I = 3mADC = const. (controlled by DRS Digital Input/ control range = Vyom +20% -25% at input terminals)
(Vr+ Vcoi) / 3mA = Rg + Reow

to be calculated \._given

Assume: VCOIL =0 > RR =22V /3mA > RR = 7333W
Max. heat dissipation of Rg in case the TRIP-contact is closed:
VBATT = VBATT max — 264V. > PR =V2/R =2642/7333W = g,SW

® Input current is controlled by DRS Digital Input.
Input voltage range: Vpom (Of dig. input) +20% -25%.

@ In case the relay does not drop off because of the 3mADC-test-current a loading resistor should
be added in parallel to the coil in order to lessen the voltage drop at the coil.

MB211 TRIP CIRCUIT SUPERVISION DESIGN EXAMPLE/ NOT USING AUX. CIRCUIT
DESIGN VERSION: 2 page 2/2

Fig. 14 MB211 Trip Circuit Supervision Design Example / Not Using Aux Circuit Design Version: 2
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DESIGN-VERSION 1: ©
EXAMPLE: NORMAL OPERATING SEQUENCE (TRIP CIRCUIT HEALTHY)

(A) NORMAL OPERATION OF GEN.

CB=ON

NO TRIP - CONDITION

+(BATT.)

PROTECTION Ug=1
TRIP CONTACT
cB IS
INTERNAL Ue= 0
CONTACT
cB
OFF COlL

ulie
N| D

GEN. IN OPERATION

CB = STILL ON

MB... LOGIC FUNCTIONS

PROTECTION ISSUES TRIP!

+(BATT)

PROTECTION
TRIP CONTACT

1 I
Ug=0

cB
INTERNAL
CONTACT

CcB
OFF COIL

m
| lo o/l
H®H0>

RO O

- (BATT))

GEN. TRIPPED

CB = OFF

PROTECTION STILL ISSUES TRIP

PROTECTION
TRIP CONTACT

RESULT: A= lj
TRIP CIRCUIT = OK.

( JUEZ:O >o—> |

HOHOE%
I—‘I—‘H@)

m
~ ool

RESULT: A= 0]

THIS IS A REGULAR CONDITION/

VERY SHORT DURING TRIPPING/
TO BE COVERED BY DELAY TIME!
® TRIP CIRCUIT = OK.

(BATT)

(D) GEN. TRIPPED
CB = OFF

+(BATT.)

lUEF 0

CcB
INTERNAL
CONTACT

CB
OFF COIL

I

CcB
INTERNAL

Lj
{

m
[

=

- (BATT.)

CONTACT

CcB
OFF COIL

»—\»—\@O)

[l all=ll=]

RESULT: A= lj
TRIP CIRCUIT = OK.

PROTECTION
TRIP CONTACT

PROTECTION ALREADY RESET

+(BATT)

lUEF 1

=

- (BATT.)

I
OR
I v E1|E2| A
> 0[0]0
L»lol1|1
1/0]1
11|

E RESULT: A= lj
TRIP CIRCUIT = OK.

® Note: Design-Version 1 requires EXTENDED RANGE INPUTS (RANGE: 18...300VDC)

MB211 TRIP CIRCUIT SUPERVISION OPERATING CONDITIONS/

DESIGN-VERSION: 1 EXAMPLE

page 1/3

Fig. 15 MB211 Trip Circuit Supervision Operating Conditions Design Version: 1 Example
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MB... LOGIC FUNCTIONS

DESIGN-VERSION 1: ©
EXAMPLE: TRIP CIRCUIT FAULTY

(A) WIRE BROKEN: OFF-COIL = DESTROYED (INTERRUPTED)

+(BATT)

+ (BATT.)
PROTECTION JUEF 0 =l )
TRIP CONTACT | PROTECTION Vs 0 iy
,,,,,,,,,,,,,,,,,,,,,,,,, TRIP CONTACT
WIRE BROKEN l U = Ugarr.(= FAULT!) —
| OR . OR
CB T E1[E2[ A CB Iy E1|E2[ A
INTERNAL Ugo= 0 —+——+—>[[0] 0 (0] INTERNAL U= 0 »&—>[[0]o0
CONTACT 011 CONTACT o1
CB 1)10]1 CB 1|0
OFF COIL 1]1]2 OFF COIL 11
OFF-COIL
RESULT:A=0 INTERRUPTED RESULT:A=0
_(BATT) E TRIP CIRC. = FAULT - (BATT) ’: TRIP CIRC. = FAULT
(C) BATT.=OFF
BATT. = OV

PROTECTION Ug= 0 L

TRIP CONTACT

. | OR

B E1[E2[ A
I

INTERNAL Ug=0 »—>[[0]0]0)]

CONTACT ol11

cB 1101

OFF COIL 1]1]1

RESULT:A=0
BATT = OV E TRIP CIRCUIT = FAULT

® Note: Design-Version 1 requires EXTENDED RANGE INPUTS (RANGE: 18...300VDC)

MB211 TRIP CIRCUIT SUPERVISION OPERATING CONDITIONS/
DESIGN-VERSION: 1 EXAMPLE page 2/3

Fig. 16 MB211 Trip Circuit Supervision Operating Conditions Design Version: 1 Example
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MB... LOGIC FUNCTIONS

DESIGN-VERSION 1:
EXAMPLE: HOW TO CHOOSE THE INPUT VOLTAGE FOR DESIGN VERSION 1
INPUTS (see Fig. 2-2)

THE DRS-COMPACT2A HAS 4 NOM. INPUT VOLTAGE RANGES WICH CAN BE CHOOSEN BY JUMPERS FOR
EVERY INPUT SEPARATLY

FOR DESIGN VERSION 1 THE JUMPERS FOR THE TWO REFERING INPUTS SHOULD BE SET TO:

VAR. 1A:
BATT. VOLTAGE SET JUMPER TO:
220 VDC 110 VDC (77V...300 VDC)
110 VDC 60 VDC (42V...300 VDC)
60 VDC 24 VDC (17V...300 VDC)
48 VDC 24 VDC (17V...300 VDC)
VAR. 1B:
BATT. VOLTAGE SET JUMPER TO:
220 VDC 220 VDC
110 VDC 110 VDC
60 VDC 60 VDC
48 VDC 48 VDC
24 VDC 24 VDC

MB211 TRIP CIRCUIT SUPERVISION DESIGN-VERSION: 1A, 1B/
DIG INPUT-VOLT. JUMPERS page 3/3

Fig. 17 MB211 Trip Circuit Supervision Design-Version: 1A, 1B / Dig Input-Volt. Jumpers Design Version: 1A, 1B
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MB... LOGIC FUNCTIONS

2.4.3. MB442

AVAILABLE HARDWARE INPUTS:

/BINARY INPUT 1

T
BINARY INPUT 2 T
BINARY INPUT 3 T
BINARY INPUT 4
U s I
o<
BINARY INPUT 5 T
BINARY INPUT 6 T
BINARY INPUT 7 T
BINARY INPUT 8
T
® OPTIONAL
LEGEND
DRS DIGITAL RELAY SYSTEM
DRS- DIGITAL PROTECTION RELAY

COMPACT2A TYPE: DRS-COMPACT2A

CPU+DSP - BOARD/
PROCESSING VERSION 2

NN NN NN NN

DRS-
COMPAGT2A

PROGESSING

~__| TRIP
ICOMMANDS|

OUTPUT CB1
CONTACTS ‘/ CB2

ALARM

CONTACTS
Alarm
Trip

MB442 LOGIC FUNCTION 2 LOGIC DIAGRAM

Fig. 18 MB442 Logic Function 2 Logic Diagram

DRS Library of Protective Functions
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MB... LOGIC FUNCTIONS

Jg NOTEBOOK
L\

|
) . !
| ‘ W | S?n[;ire | |
BINARY BIN. I/0 132
puts| ||| presET ] | 'Nwz FoRCUIT | |
- @) ® |
e 2 |
ol | a Ne o j:o | |
21| | N9 _— | |
g | | N32 — 1 & p | |
2| = | . OuT1 1 | |
2 BIN. 110 | ‘ 3 -
< | \_PRESET | ,ousz — | |
1—
sp=—— B | |
| EUNS YR | |
| I BIN. 110 7 |
| preseT | | |
J=hn | |
of $i= L
S | Loﬁ T & P |
= ‘ | |
ol | |
@ | ouT32
§ | | | R :: @ | |
E:BINIIol el Q® : |
Q| || PRESET, | ¢ 7t§°— |
@ LR LED-
32| | \ I 4 ] @ DISPLAY||| |
S INVERT |17 & |4 |
== | ? P4 | |
| & bl OUTPUT OF |
. | o | |
NI H
| - LED- | | |
| ] MATRIX |
| | | | BIN. 10 \?l DIG. OUT.
] | PRESET '} - ouT-
| L/D—O = PUTS 1...32
| ‘ IJP
| I
| | e s T |
| | HilliiNN |
| | TRIP- | | |
MATRIX
| — |
| ‘ FOUL']"?;IL(J)-F‘ ‘ | Software output L/D—O | |
‘l‘l - ET | FEEDBACK CIRCUIT max. 32 SIGNALS —
e T
T PROCESSING |

@  SETTING VIA SOFTWARE / SEE DRS WIN ,LOGIC FUNCTION 2" RELAY PARAMETERS
NOTE: DELAYTIME APPLICABLE FOR (,0" -,1") I"ONLY.
(® INPUTS: HARDWARE INPUTS OR SOFTWARE INPUTS (VIA FEADBACK CIRCUIT)
NOTE: FEEDBACK CIRCUITS IF USED OVERWRITES THE HARDWARE - INPUTS! VALID FOR ,0" AND ,1"
PRIORITY FOR STATUS OF INPUTS: 1. SIMULATION VIA NOTEBOOK (BINARY 1/O PRESET)
2. FEEDBACK CIRCUIT
3. HARDWARE INPUT
RECOMMENDED: IN ORDER TO FIND OUT THE VALID STATUS OF AN INPUT -> CHECK ,BINARY I/O - TABLE" (USING NOTBOOCK);
CAUTION: THE INDICATION MAY BE TOO SLOW IN CASE OF A FAST FLIP - FLOP - ACTION!

MB442 LOGIC FUNCTION 2 LOGIC DIAGRAM PROCESSING

Fig. 19 MB442 Logic Function 2 Logic Diagram Processing

52 /744 DID-001-1.06 DRS Library of Protective Functions



MB... LOGIC FUNCTIONS

v

DETAIL

DETAIL:
AND-GATE
OVERVIEW
&
=1
& —
&
IN1 O/O
available o Q
HARDWARE
INPUTS IN2 o
(or SOFT-INPUTS)® o/
IN8
IN9
@ SOFT-INPUTS
only
o 0
~ QUT32 o/G
e o J
OUT1...32
may be used as <
inputs for LOGIC
FUNCTION 2
- QUT32 —
LEGEND:
o o q

SOFT-INPUTS can be generated by
using the FEEDBACK-FEATURE of
LOGIC FUNCITON 2!

MB442 LOGIC FUNCTION 2 LOGIC DIAGRAM / PROCESSING DETAIL

Fig. 20 MB442 Logic Function 2 Logic Diagram / Processing Detail
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[FUNCTION|
| OUTPUT }

ALARM ST.1
ALARM ST.1

>

<

Set Value

(BINARY INPUT):

MB...

Leceno PROCGESSING

FIRMWARE-MODULE: MB442

Online simulation via notebook

. . . ! ! | ! | |
Online-simulation of | PBFI{EISII/EOT ' regular | PBRIE'S'éOT al } PBRIE'SI,/EOT |
DIG. IN-OUTPUTS 1 PRESET | function o |BNAYS LTTEEE |

. book: [ , unction I 1| L1 ‘ﬁ |
via notebook: = o= o— |

Online-simulation of the FUNCTION OUTPUTS of the protective function MB441

[<] all FUNCTION OUTPUTS enabled (regular-operation)
[1] all FUNCTION OUTPUTS disabled (test-operation)

Programmable software-matrix for the LED-indications
(row 2...14) of PROCESSING

LED-indications of PROCESSING
(row 2...14)

Programmable software-matrix for the output-contacts (OUT1...0UT30)

LALARM STAGE1"-signal going to LED-MATRIX

LALARM STAGE1"-signal going to TRIP-MATRIX

Type of function: over-detection (actual value > set value)

Type of function: under-detection (actual value < set value)

JActive Edge” = RISING e [
JActive Edge” = TRAILING © L

MB442 LOGIC FUNCTION 2 LOGIC DIAGRAM PROCESSING / LEGEND

LOGIC FUNCTIONS

page 1/2

Fig. 21 MB442 Logic Function 2 Logic Diagram Processing / Legend
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MB... LOGIC FUNCTIONS

LEGEND PROCESSING

AND" - GATE:
@ +LAND" - Connection of all activated digital signals:

(IN) { F
49— /
: & resp. (inv IN) @—O

resp (OUT) (feedback circuit) @
resp. (inv OUT) (feedback circuit) @—O

OR" - GATE:

v

— ,LOR" - CONNECTION of the output
signals of the 4 ,AND“ gates

> Time delay for ,,0" - ,1" (L") only!

If SET VALUE = INVERT" is chosen:

INVERT
5 - resp. -

Please note: actual status of signals can
be checked by using the notebook
,Binary I/O preset” feature

FEEDBACK CIRCUITS
for IN and OUT

MB442 LOGIC FUNCTION 2 LOGIC DIAGRAM PROCESSING / LEGEND
page 2/2

Fig. 22 MB442 Logic Function 2 Logic Diagram Processing / Legend
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MB... LOGIC FUNCTIONS

&/ DRS-WIN - [MFM2] MonkFryston2_BBE Corner SingleSW [_ (O] >
System DRS Daten DRS Funkbionen Kommunikation Extras  Optionen  Ansicht  Fenster 2

|Bwa (a5 % &Rk ezl z

EFA[MFM2] MonkFrystonZ_BB Corner SingleSw:1
EHES| s uE o8
Schutzfurktionen % 5.234 02.03.2004

@| Diff. 3-Biein,3-ph. S7MCI0]

@ Logikfunktion 2 MC[0] Block,

Gen. Diff. 3-ph. S7MCIT)

Logikfunktion 2 MC[T] Block

Gen. Diff. 3-ph. S7MCIF)

Logikfunktion 2 MC(F] Block

Strom 3-ph.1-st. ROk C

Logikfunktion 2 MC Block Summenstromerfazsung Feeder CTS

MFM2 i [ [Offline

Signalfunktion 1 CEF Back Trip
Logikfunktion 2 T Dizc. DEI
Logikfunktion 2 Feeder Dizc. DEI
Signalfunktion 1 Dizc. DB Alarm

Signalfunktion 1 zpare

Summenstromerfassung Mesh CTS

Summenstromerfazsung Tx HY CTS

EEEEEEEE

EEEEEE

[MFM2] MonkFrystonZ_BE Corner SingleSw:2
S| = m| ? |

Fielaizparameter
Logikfunktion 2 (MC[0] Block]

| Ein 1 Auzw. Bl 01-16 'EDDDDDDDDDDDDDEE‘ Ein 2 Ausw. BO 01-14 'DDDDDDDDDDDDDDDD Ein 4 Ausw. Bl 01-16 EDDDDDDDDDDDDDDD

| Ein 1 Irnv. BI01-16 O000000000CO0000 Ein 2 Inv. BO 014E | 0000000000000000 Ein 4 Inv. BI 01-16 0000000000000000

| Ein 1 Ausw. Bl 17-34  0000000000COOOO0 Ein 2 Afzw. BO 1?3 00000B0000000000 Ein 4 Ausw. BI 17-32 | 0000000000000000

| Ein 1 inv. Bl 1732 O000000000CO0000 Ein 2 inp. BO 17-32 Ein 4 in. Bl 1?-32} 0000000000000000

| Ein 1 Auzw. BO &1-1 O000000000CO0000 Ein 3 A=w. Bl 01-16 47 00000000000C0O000 Ein 4 Ausw. B0 01-16§] 0000000000000000

| Ein 1 I, BO 01-16 O000000000CO0000 Ein 3 Inf. BI 01-16 0000000000000000 Ein 4 Inv. BOY01-16 | O0000000000C0O000

| Ein 1 Ausw. BO 17-33  00000MO000COOOO0 Ein 3 Agsw. Bl 17-32]  0000000000000000 Ein 4 Ausw. B0 17-32 0000000000000000

| Ein 1 i, BO 17-32 O0000R00000000 Ein 3 inf. BI 17-32 0000000000000000 Ein 4 irve. BOJ17-32 1 o o

| Ein 2 Auszw. Bl 01-164" COROOOOO0O0O0O0CO Ein 3 Ag=w. BO 01-14  0000000000000000 Riickk. auf BJ01-16  OO000OOORQAOCMOO0

| Ein 2 Inv. BI 01-16 O000000000CO0000 Ein 3 In}. BO 01-16 | 0000000000000000 Riickk. auf BJ17-32 DDDDDDD@DDDD

| Ein 2 Ausw. Bl 17-34  0000000000COOOO0 Ein 3 Adsw. BO 17-3] OONOOOOOOOO0C000C | § ) ¥ | Verzogerung N 000 s

| Ein 2 irv. Bl 17-32 000000000000000CL Ein 3 inf. BO 17-32 DDDDDDDDDDDDDDDg_ Logik-Ausga m&l)

fFM2_ A || [offline
Datei ' PE-ToglsiDrswindiData\Refs\DRS_MFMZ, ref' fsurde gespeichert [ aes
LOGIC: FUNCTION OUPUT =

— (IN1 & invOUT22).0R.(IN2 & invOUT22).0R.(not used).OR.(not used)

|
Note 1: The FUNCTION OUTPUT-signal is feed back to IN10. The FUNCTION OUTPUT is not inverted (,normal

MB442 LOGIC FUNCTION 2 EXAMPLE 1

Fig. 23 MB442 Logic Function 2 Example 1
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MB... LOGIC FUNCTIONS

"% DRS-WIN - [MFM2] MonkFryston2_BB Corner SingleSw M= &3
System DRS Daten  DRS Funklionen  Schutzfupkbionsdaten  Kommunikation Extras Optionen  Ansicht  Fenster 2
B0 @ % & koo

FA[MFM2] MonkFryston2_BB Corner SingleSw:1
E RS # = ao|&a
Schutzfunktionen % 5.234 0203.2004

Diff. 3-Bein.3-ph. B7MCIO)
Logikfunktion 2 bC[0] Block

Gen. Diff. 3-ph. BTMC(T)
Logikfunktion 2 tC[T] Block

Gen. Diff. 3-ph. B7MCIF)
Logikfunktion 2 M CIF] Block

Strom 3-ph.1-st. S0MC

Logikfunktion 2 L Block

MFM2

Signalfunktion 1
Logikfunktion 2
Logikfunktion 2
Signalfunktion 1

CEF Back Trip

T Dizc. DB

Feeder Disc. DBI
Dizc. DB Alam

spare

Signalfunktion 1

Summenstromerfazsung Mesh CTS

Summenstromerfassung Tx HY CTS

B|E|&|E]E|E]E]E
EEEEEEEE

Summenstromerfassung Feeder CTS

[T | |offine

MFM2] MonkFryston2_BB Corner SingleSW:2

&= mm| 2 4

Fielaisparameter
Logikfunktion 2 [Feeder Disc. DEI)

Ein 1 Augw. Bl 01-16

Ein 2 Ausw. BO 01-16

00000000000000

Ein 4 Auzw. Bl 01-16

(][ [

Ein1Inv. BIO1-16

O000000C00000000

Ein 2 Inv. BO 01-16

Ein 1 Ausw. BI 17-32

O000000C00000000

O000000000000000

Ein4 Inv. BI 0116

O000000000000000

Ein 2 Jusw

O000000000000000

Ein 4 Auzw. B 17-32

O000000000000000

| EinTirv. BI17-32

O000000C00000000

Ein 2 igv. BO 17-32

Ein 1 Ausw. BO OT-1

O000000C00000000

Ein 3 usw. Bl 01-16

000000000000000
00000000000000

Ein 4 irv. BI 17-32

O000000000000000

in 4 Ausw. BO 01-

O000000000000000

Ein1Inv. BO 01-16

O000000C00000000

Ein 3 Igv. BI 0116

O000000000000000

in 4 Inv. BO 0116

O000000000000000

Ein 1 Ausw. BO 17-3

O000000C00000000

Ein 3 usw. Bl 17-32

O000000000000000

in 4 Ausw. BO 17-32

O000000000000000

Ein1irv. BO 17-32

Ein 2 Ausw. Bl 01-16

O0000000000000
OO0RRA000CO000000

Ein 3 igv. BI 17-32

O000000000000000

in4 inv. BO 17-32

OO0000000000000

Ein 3 usw. BO 01-16]

O000000000000000

lickk. auf BI 0116

O000000000000000

Ein 2 |nv. BIO1-16

O0RRA000CO00000000

Ein 3 Igr. BO 01-16

O000000000000000

lickk. auf Bl 17-32

0000000000000

Ein 2 Ausw. Bl 17-32

O000000C00000000

Ein 3 usw. BO 1732

O000000000000000

Brzogerng

|
|
|
L
k
|
|

|

|

|

|

Ein 2 irv. BI 1732

O000000C0000000C,

Ein 3 igv. BO 17-32

O0O0O0000000000

ogik-Ausgang

ey, A 000 s
ermap

[ MFM2

[ [offline 4

[ca

®

LOGIC:

FUNCTION OUPUT =
— (IN3 & IN4).OR.(invIN3 & invIN4).OR.(not used).OR.(not used)

I
Note 1: The FUNCTION OUTPUT-signal is feed back to IN24. The FUNCTION OUTPUT is not inverted (,normal*)

Note 2: These Settings are used for supervision of the aux. contacts of a CB (DBI...Don’t Believe It)
IN3 = CB open - contact
IN4 = CB closed - contact

In case of both contacts are ,1" or boths contacts are ,0“ > DBI...don’t believe the contacts!

MB442 LOGIC FUNCTION 2 EXAMPLE 2

Fig. 24 NB442 Logic Function 2 Example 2
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MB... LOGIC FUNCTIONS

2.5. FUNCTION

2.5.1. MB111/ MB141/ MB142

Signal functions are provided to evaluate binary signals from the protected plant for alarm and/or trip conditions in
the DRS, as for example the initiation of an internal transformer fault, e.g. Buchholz, oil- or winding over
temperature, pressure relieve valve, cooler failure, etc.

The binary input signal is supervised according to the selected active signal slope (positive slope = transition from
logic 0 to logic 1, inverted slope = transition from logic 1 to logic 0) during each sample and after a contact bounce
delay of 4 samples the output initiation is started. When the initiating condition is maintained during the whole set
time delay a corresponding trip signal will be produced.

Signal function 1 and signal function 4 differ only in the number of input signals to be processed. Signal function 4

is especially used when several signals from a specific plant part are to be evaluated, e.g. transformer mechanical
protection which may be combined into a protective group.
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2.5.2. MB211

The digital trip circuit supervision function MB211 has a similar operating characteristic as the analogue
hardware solution.

The function is provided with two digital inputs:
- Trip circuit healthy
- Auxiliary circuit healthy

The digital “Trip Circuit Healthy” corresponding parameter settings are configured whether during normal
system conditions the state of the trip circuit is sent to the digital input of the PROCESSING as either
“0” or “1”7. The same applies for the auxiliary circuit healthy conditions.

In our example we assume that:

Both Healthy settings are logic “1°.

A logic “AND* configuration therefore means that both digital inputs (trip circuit healthy + auxiliary circuit
healthy) have to be “1“ to affirm that the trip circuit is recognised to be in order.

If not, an alarm annunciation “Trip Circuit Failure” is being initiated.

In a normal state, i.e. trip circuit healthy, no output will be set from the DRS protection system and no
LED indication is shown. This corresponds to our User Operating Philosophy that no yellow or red LED
indication is present when everything is in order.

The time delay is provided in order to not initiate a false alarm during CB operation but to produce an
alarm output for a real trip circuit fault.

Examples for the setting value "logical connection” under the presupposition that the Healthy
configuration is set to "1":

~LEX-OR*:
One of the two inputs has to be "1" and the other one must be "0" for a trip circuit OK.

,OR"
One or both inputs have to be "1" for a trip circuit OK.

.,NOR":
Both inputs must be "0" for a trip circuit OK.

LAND":
Both inputs must be "1" for a trip circuit OK.

,NAND":
At least one of the two inputs have to be "0" for a trip circuit OK.

Important Note:
The only possibility to use the whole range of the possible logical configuration is as follows:

Battery: 220 VDC
Inputs: 110 VDC (set jumper to 110VDC).
Note: The 110VDC rated inputs can also be used permanently with 220 VDC.
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2.5.3. MB442

Logic Scheme:

This logic function consists of 4 AND Gates which are conveyed to a common OR Gate. In the Setting Value
Window of the DRSWIN these 4 AND Gates are clearly visible and there are 4 large blocks of input parameters, i.e.
1to 4 for these 4 AND Gates. For following OR Connection after the AND Gate no setting values are required and
simply the output signals of the 4 AND Gates are assigned to the respective outputs.

This way, each of the 4 function inputs of the OR Gate represents thereby an AND Connection of all these inputs or
outputs assigned by the Selection Mask as per setting value window. Please note that the polarity for each
selected input or output (AND Gates) can be inverted. Therefore when an inverted input or output is to be used
also the Inverting Mask has to be marked and as an important NOTE: For an inverted input 2 confirmation selection
marks are required, i.e. in the Selection Mask as well as in the Inverting Mask.

It is not sufficient just to mark the Inverting Mask!

The inputs of the logic functions by themselves are either "Real" inputs, e.g. INO3 or "Real" outputs, e.g. OUTO1, or
"simulated" (via notebook) inputs or outputs, or "feed-back" signals (output is routed back to an input via set value
of the protective function — see Fig. 19), which then can be suitably connected into the logic function.

To further describe the logic functions outputs:

The output of a logic function 2 can be configured and routed to a virtual input as well as to a real input or inputs or
to a virtual output as well as real output or outputs. This way it is possible to transfer the state of the logic function 2
to an input of the DRS COMPACT?2 software programme. This is necessary because, for example, the blocking
inputs for protective functions only accept binary inputs (BI).

Time Module:

The result of the OR logic is time delayed according to the setting value and this delay is only active during a
transition from 0 —1 on the input of the time delay module (please also refer to the corresponding logic diagram)
and afterwards when thus set either directly or inverted activating the function output. Please note that this time
delay is not operative in case of a change from 1 —0 at the input of the time module and the input to the time delay
module has always to be observed according to the logic diagram. Should the time delay module be activated
during an inverted slope condition then the desired result may be implemented by an additional, double inversion,
i.e. before and after the delay module.

Example: By a suitable selection of the parameter setting value “Inversion” by the input signals as well as by the
output signals of the logic function 2 it is possible to obtain configurable operating and/or reset time delays

Output:

The output of the logic function which is a single digital signal without initiation annunciation but a trip can be
allocated to the respective LED- and trip matrix and can be assigned to the general distribution to the LED- and trip
matrices. In addition these signals can be assigned to the back-coupling mask and returned to the binary inputs.
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2.6. COMMISSIONING

Note: During all Commissioning Activities the Relevant
Safety Precautions Have to Be Strictly Observed!

2.6.1. MB111/ MB141/ MB142/ MB211/ MB311/ MB442

Connections:

The external connections to the binary input signals are realised via adapted coupling modules according to plant
requirements and then transferred to the Central Control Unit VE.

The coupling modules may either be relay modules or opto-isolator modules. The selectable input voltage can have
a rating between 24VDC to 220VDC whereby the 220VDC opto- isolator inputs can be energised
continuously with up to 300vVDC.

- Pre-Commissioning:

The DRS WIN User program enables the operation (simulation) of all digital inputs and outputs (please also refer
to: “System “/” Binary In- and Output Selection) which can be carried out either ONLINE or

OFFLINE and have preference over the real plant signals.

Thus it is possible to test all the complete logic functions OFFLINE.

- Commissioning Tests:

These tests can basically be limited to only verify the correct external input- and output signals for the protection
relay since the internal functions were already confirmed during the pre-commissioning tests.

- Input signals of the protective function:
The initiated external plant inputs are displayed in the Window "System"/ "Binary In/Output
Selection".

- Output signals of the protective function:

By operating (simulating) the outputs in the Window "System"/ "Binary In/Output Selection"
to verify the external circuitry, e.g. CB trip circuit, etc.
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MC... CIRCUIT BREAKER FAILURE PROTECTION

3. MC... CIRCUIT BREAKER FAILURE PROTECTION

3.1. OVERVIEW

List of the available MC ... — Protective Functions
Abbreviations: C2 ... DRS-COMPACT2A
M ... DRS-MODULAR
L ... DRS-LIGHT

FNNR ... Function number (VE internal number of the protective function)
TYPE ... Function type (short name of the protective function)

ANSI ... ANSI device number (international protective function number)
PROTECTIVE FUNCTION: MC 316 FNNR TYPE ANSI Application
CB Failure Protection 1115 | MC316 40 C2,M

Note: Available from PROCESSING Firmware Version 5.24 on
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3.2. TECHNICAL DATA

PROTECTIVE FUNCTION: MC316

MC... CIRCUIT BREAKER FAILURE PROTECTION

FNNR TYPE  ANSI Application

CB Failure Protection

Note: Available from PROCESSING Firmware Version 5.24 on

1115 | MC316 40 C2,M

2- stage CBF protection with "LOW GAS PRESSURE" logic and time monitoring of the

"CB Failure Start" (CBFS) signal.
TRIP output extension is provided as a standard.

MC316
Technical Data

Inputs

Analogue: | Current phase L1

Current phase L2

Current phase L3

Binary:

CB closed position (from CB auxiliary contacts)

CBF start (CB failure start)

LOW GAS PRESSURE (CB not ready)

Blocking input stage 1

Blocking input stage 2

Test input stage 1

Test input stage 2

Outputs

Binary: | CB failure stage 1 trip

CB failure stage 2 trip

CB failure stage 3 trip

Setting Parameters

Current interlock CBF

0,1...2Ain 0,05 A steps

CBF feeder TRIP time delay

0,01 ...0,99sin 0,01 s steps

CBF bus section TRIP time delay

0,01...0,99sin 0,01 s steps

Maximum CBF STARTING time

1..180sin1ls steps

Measuring
Reset Ratio: | 0,97
Operating Time: | > 2 Periods
Accuracy: | < 3% of setting value or
<2% I,
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3.3. CONNECTION DIAGRAMS

3.3.1. MC316
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Fig. 25 MC316 CBF (Circuit Breaker Failure) Logic Diagram
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MC... CIRCUIT BREAKER FAILURE PROTECTION

3.4. LOGIC DIAGRAM

3.4.1. MC316
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MC316 CBF (CIRCUIT BREAKER FAILURE) LOGIC DIAGRAM

Fig. 26 MC316 CBF (Circuit Breaker Failure) Logic Diagram
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MC... CIRCUIT BREAKER FAILURE PROTECTION
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Fig. 28 MC316 CBF (Circuit Breaker Failure) Logic Diagram Processing / Legend
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EXPLANANTION OF CONDITION
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Fig. 29 MC316 CBF (Ciruit Breaker Fail) ,,Zero Crossing*
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MC... CIRCUIT BREAKER FAILURE PROTECTION

3.5. FUNCTION

3.5.1. MC316

Digital Inputs:
CB closed position (condition: CB is closed)

CBF start (condition: CB failure start = trip command is initiated)

LOW GAS PRESSURE (CB is possibly not ready / can possibly not be tripped)
2x BLK

2x TST

Analogue Inputs:
Current Phase L1
Current Phase L2
Current Phase L3

Digital Outputs:
Stage 1: After expiry of time delay t1.

Stage 2: After expiry of time delay t2.
Note: In case of LOW GAS PRESSURE then the time delay t2 is automatically set to 0 sec. and
stage 2 is operating first.
Stage 3: After expiry of time delay t3.

Logic for Stage 1 / Stage2:

CBF start & CB closed position .... time delays t1 and t2 are beginning to start.
Or:

CBF start & one of the three phase currents are exceeding the set value

time delays t1 and t2 are beginning to start.

Features:

1.

When set to "LOW GAS PRESSURE" (binary input), then the program will automatically set the

delay t2 to O sec., i.e. the stage 2 trip is initiated immediately because of a possible CB not ready condition and the
higher level trip command is given first.

2.

When the time delay t3 has expired it means that the CBF start signal is initiated for an excessive time which can
indicate that either the stage 1 and stage 2 tripping were not successful or that the CBF start signals are faulty or
not being previously reset.

3.

After CB trip there may be some current oscillations which however have no zero crossings even though the 1%
harmonic is still above the configured setting value and in this case the CB failure

protective function will be blocked, i.e. no trip output.

4.

TRIP signal extension:

The tripping commands from stage 1 and stage 2 are being extended by 400 ms (in addition but not overall) in
order to prevent fleeting trip signals to the CB trip coil.

Stage 3 is not provided with a trip time extension but only will initiate an alarm annunciation meaning a fault
condition of the CBF function for internal or external causes.

5.

"CB is ON" — signal may be used optionally (instead or additionally to the Overcurrent Measuring System); this
measure would act as a mechanical CB Failure Detection.
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3.6. COMMISSIONING

Note: During All Commissioning Activities The Relevant Safety Regulations
Have to Be Strictly Observed and Applied!

3.6.1. MC316

-Pre-Commissioning

With a relay test set the test current is injected and the binary inputs set with the aid of a terminal or notebook
“Binary In/Output Pre-Selection” are displayed and controlled on-screen.

Note: in order to activate the protective function during test operation additionally the

"CBF Start" — input has to be set (for example by simulation via notebook).

Note: If real trip outputs to the external plant have to be prevented this can be achieved by opening the
disconnecting terminals or by temporary re-programming and/or blocking of the function outputs (please refer to the
"Function Outputs ..." in the logic diagram).

-Commissioning Tests

During the commissioning tests by use of the “Actual Measured Values" window the correct measurement of the
input currents is verified, and the binary inputs are checked by operation of the external auxiliary contacts of the
protected plant.

The trip circuits have to be checked via the "Binary In/Outputs Selection" by actual tripping of the corresponding

plant equipment when set to "1" of the relevant switchgear parts thereby saving the result of the tests into the event
recording feature.
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MD... GENERATOR DIFFERENTIAL

4, MD... GENERATOR DIFFERENTIAL

4.1. OVERVIEW

List of the Available MD ... Generator Differential Protective Functions

Abbreviations: Cc2 ... DRS-COMPACT2A
M ... DRS-MODULAR
L ... DRS-LIGHT

FNNR ... Function number (VE-internal number of the protective function)
TYPE ... Function type (short name of the protective function)
ANSI ... ANSI device number (international protective function number)

PROTECTIVE FUNCTIONS: MD...

FNNR

TYPE

ANSI

Application

Generator differential protection 2-phase,
with Standard-BIAS characteristic.

1018

MD222

87G

C2,M,L

Generator differential protection 2-phase.

Characteristic with reduced inference of restraint current.

1114

MD223

87G

C2,M

Generator differential protection 2-phase,

with Standard-BIAS characteristic,

with CT Saturation Detection, High Set O/C (al >>)
and Quick Trip — feature.

1146

MD228

87G

C2,M

Generator differential protection 2-phase.

Characteristic with reduced inference of restraint current.

Includes CT Saturation Detection, High Set O/C (al >>)
and Quick Trip — feature.

1148

MD229

87G

C2,M

Generator differential protection 3-phase,
with Standard-BIAS characteristic.

1014

MD322

87G

C2,M,L

Generator differential protection 3-phase.

Characteristic with reduced inference of restraint current.

1113

MD323

87G

C2,M

Generator differential protection 3-phase,

with Standard-BIAS characteristic,

with CT Saturation Detection, High Set O/C (al >>)
and Quick Trip — feature.

1145

MD328

87G

C2,M

Generator differential protection 3-phase.

Characteristic with reduced inference of restraint current.

Includes CT Saturation Detection, High Set O/C (al >>)
and Quick Trip — feature.

1147

MD329

87G

C2,M
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Comparison

CT High Set
Saturation o/C
Detection (al >>)

Number Standard Reduced

of Phases BIAS BIAS

W W W W N DN DNDDN
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4.2. TECHNICAL DATA

4.2.1. Generator Differential 2-phase 2-winding

PROTECTIVE FUNCTIONS: MD... FNNR TYPE ANSI Application
Generator differential protection 2-phase 1018 | MD222 87G C2,M,L

Formula for Restraint Current:

Restraint Current =

(JFFT 1H of ISYSTEM1 L1 resp. L3|

+ |FFT 1H of ISYSTEM2 L1 resp. L3|) / 1.
BIAS-Characteristic:

Restraint Current =0 ... 1: Bias = const.
Restraint Current =1 ... 3: Bias = 30%
Restraint Current > 3: Bias = Set value

2- phase generator differential protection with through fault stabilising (bias).
Standard BIAS-characteristic.

PROTECTIVE FUNCTIONS: MD... FNNR TYPE  ANSI Application

Generator differential protection 2-phase 1114 MD223 87G C2,M,L
Formula for Restraint Current:

Restraint Current =

(JFFT 1H of ISYSTEM1 L1 resp. L3|

+ |FFT 1H of ISYSTEM2 L1 resp. L3|) / 1.
BIAS-Characteristic:

Restraint Current =0 ... 2: BIAS = const.
Restraint Current =2 ... 6: Bias = 30%
Restraint Current > 6: Bias = Set value

2- phase generator differential protection with through fault stabilising (bias).
Characteristic with reduced inference of restraint current.

PROTECTIVE FUNCTIONS: MD... FNNR TYPE  ANSI Application

Generator differential protection 2-phase 1146 | MD228 87G C2,M
Formula for Restraint Current:

Restraint Current =

(|FFT 1H of ISYSTEM1 L1 resp. L3|

+ |FFT 1H of ISYSTEM2 L1 resp. L3|) / 1.
BIAS-Characteristic:

Restraint Current =0 ... 1: Bias = const.
Restraint Current=1 ... 3: Bias = 30%
Restraint Current > 3: Bias = Set value

2- phase generator differential protection with through fault stabilising (bias).
Standard BIAS-characteristic.
With CT Saturation Detection. High Set O/C Quick-Release (DiffStrom >>) and Quick Trip-feature.
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MD... GENERATOR DIFFERENTIAL
PROTECTIVE FUNCTIONS: MD. .. FNNR TYPE  ANSI Application
Generator differential protection 2-phase 1148 | MD229 87G Cc2.M

Formula for Restraint Current:

Restraint Current =

(JFFT 1H of ISYSTEM1 L1 resp. L3|

+ |FFT 1H of ISYSTEM2 L1 resp. L3|) / 1.
BIAS-Characteristic:

Restraint Current =0 ... 2: Bias = const.
Restraint Current =2 ... 6: Bias = 30%
Restraint Current > 6: Bias = Set value

2- phase generator differential protection with through fault stabilising (bias).
Characteristic with reduced inference of restraint current.
With CT Saturation Detection. High Set O/C Quick-Release (DiffStrom >>) and Quick Trip-feature.

MD222/ MD223/ MD228/ MD229
Technical Data:

Inputs

Analogue:

Current system 1 phase L1

Current system 1 phase L3

Current system 2 phase L1

Current system 2 phase L3

Binary: | Blocking input

Test input

Outputs

Binary: | Trip

CT Saturation

Available for MD228/ MD229 only:

Setting Parameters

Operating value:

0,05...2.5x1Inin 0,01 X In steps

Bias slope:

30...60 % in 5 % steps

High Set O/C:

Available for MD228/ MD229 only:
2 ...15xInin 0,5A steps

Saturation Detection (CT):

Available for MD228/ MD229 only:

0 ... 240 periods.

Explanation: BIAS-characteristic change to 65% wiill
be activ for selected number of periods (= max. limit).
Note: Saturation Detection = OFF, if

Set value = 0 periods.

761744

DID-001-1.06

DRS Library of Protective Functions



MD... GENERATOR DIFFERENTIAL

Window Display for Relay Internal
Determined and Computed Values

Differential current phase L1: |in A
Differential current phase L3: |in A
Bias current phase L1: |in A
Bias current phase L3: |in A

Measuring

Reset ratio:

Set value Differential Current: 0,875
Set value High Set O/C: 0,75

Operating time:

<30ms at 50 Hz (including output relays)
<90ms at 16.66 Hz (including output relays)

Accuracy:

< 3% of setting value or
<2% I,
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4.2.2. Generator Differential 3-phase 2-winding
PROTECTIVE FUNCTIONS: MD. .. FNNR TYPE  ANSI Application
Generator differential protection 3-phase 1014 | MD322 87G C2,M.L

Formula for Restraint Current:

Restraint Current =

(JFFT 1H of ISYSTEML L1 resp. L2 resp. L3|

+ |(FFT 1H of ISYSTEM2 L1 resp. L2 resp. L3|

+ |(FFT 1H of ISYSTEM3 L1 resp. L2 resp. L3]) / 1.
BIAS-Characteristic:

Restraint Current =0 ... 1: Bias = const.

Restraint Current =1 ... 3: Bias = 30%
Restraint Current > 3: Bias = Set value

3- phase generator differential protection with through fault stabilising (bias).
Standard BIAS-characteristic.

PROTECTIVE FUNCTIONS: MD... FNNR TYPE  ANSI Application

Generator differential protection 3-phase 1113 | MD323 87G C2,M.L
Formula for Restraint Current:

Restraint Current =

(|FFT 1H of ISYSTEML1 L1 resp. L2 resp. L3|

+ |FFT 1H of ISYSTEM2 L1 resp. L2 resp. L3|

+ |FFT 1H of ISYSTEM3 L1 resp. L2 resp. L3|) / 1.
BIAS-Characteristic:

Restraint Current =0 ... 2: Bias = const.
Restraint Current =2 ... 6: Bias = 30%
Restraint Current > 6: Bias = Set value

3- phase generator differential protection with through fault stabilising (bias).
Characteristic with reduced inference of restraint current.

PROTECTIVE FUNCTIONS: MD... FNNR TYPE ANSI Application

Generator differential protection 3-phase 1145 | MD328 87G c2,.M
Formula for Restraint Current:

Restraint Current =

(|FFT 1H of ISYSTEML1 L1 resp. L2 resp. L3|

+ |FFT 1H of ISYSTEM2 L1 resp. L2 resp. L3|

+ |FFT 1H of ISYSTEM3 L1 resp. L2 resp. L3|) / 1.
BIAS-Characteristic:

Restraint Current =0 ... 1: Bias = const.
Restraint Current =1 ... 3: Bias = 30%
Restraint Current > 3: Bias = Set value

3- phase generator differential protection with through fault stabilising (bias).
Standard BIAS-characteristic.
With CT Saturation Detection. High Set O/C Quick-Release (DiffStrom >>) and Quick Trip-feature.
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MD... GENERATOR DIFFERENTIAL

PROTECTIVE FUNCTIONS: MD. ..

FNNR TYPE

ANSI

Application

Generator differential protection 3-phase
Formula for Restraint Current:

Restraint Current =

(|FFT 1H of ISYSTEML L1 resp. L2 resp. L3|

+ |FFT 1H of ISYSTEM2 L1 resp. L2 resp. L3|

+ |FFT 1H of ISYSTEM3 L1 resp. L2 resp. L3|) / 1.
BIAS-Characteristic:

Restraint Current =0 ... 2: BIAS = const.
Restraint Current =2 ... 6: Bias = 30%
Restraint Current > 6: Bias = Set value

1147

MD329

87G

Cc2M

3- phase generator differential protection with through fault stabilising (bias).

Characteristic with reduced inference of restraint current.

With CT Saturation Detection. High Set O/C Quick-Release (DiffStrom >>) and Quick Trip-feature.
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MD322/ MD323/ MD328/ MD329
Technical Data

Inputs

MD...

Analogue:

Current system 1 phase L1

Current system 1 phase L2

Current system 1 phase L3

Current system 2 phase L1

Current system 2 phase L2

Current system 2 phase L3

Binary: | Blocking input

Test input

Outputs

Binary: | Trip

CT Saturation

Available for MD328/ MD329 only:

Setting Parameters

Operating value:

0,05 ...2.5x1Inin 0,01 x In steps

Bias slope:

30...60 % in 5 % steps

High Set O/C:

Available for MD328/ MD329 only:
2...15x1Inin 0,5A steps

Saturation Detection (CT):

Available for MD328/ MD329 only:

0 ... 240 periods.

Explanation: BIAS-characteristic change to 65% will
be activ for selected number of periods

(= max. limit).

Note: Saturation Detection = OFF, if

Set value = 0 periods.

Window Display for Relay Internal
Determined and Computed Values

Differential current phase L1: |in A
Differential current phase L2: |in A
Differential current phase L3: |in A
Bias current phase L1: |in A
Bias current phase L2: [in A
Bias current phase L3: [in A

Measuring
Reset ratio: | Set value Differential Current: 0,875
Set value High Set O/C: 0,75
Operating time: | > 30 ms at 50 Hz (including output relays)
> 26 ms at 60 Hz (including output relays)
Accuracy: | < 3% of setting value or

<2% |,
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MD... GENERATOR DIFFERENTIAL

4.3. CONNECTION DIAGRAMS

4.3.1. MD222

IsystEm1LL

IsysTEm1 L3

MAIN
TRANSF.

SYSTEM1

GEN. 2~

IsvystEm2 L1

SYSTEM2 IsvstEm213

TEST (opt.)

BLOCKING (opt.)

LEGEND:

OPTIONAL MODULE:
-UAKB Transducer 1
Transducer 2
Shaft Current
Rotor E/F

CAN BUS
X9/X10
RS422/485
MODBUS

future use (hardware extension)

chain line data interface
control system interface

NOTEBOOK
MAINTENANCE

IEC870 5-103 control system interface

DRS-CABLE no. TID-006--

o ——— -

o

g
z
o
[N}

24V..48VDC
10V..220vDC | e

DRS-
COMPACT2A

«RELAY FAIL.»

UAKB

= 7:: «RELAY STOP»
~ 7 TRANS-
== DUCER 1 sloz

T -] TRANS-
1] Doekn, ) soo

~ | SHAFTCURR. ) sio4

X3

ouTo1 ﬁ
ouT 02 ﬁ
ouT 03 ﬁ
OuT 04 ﬁ
OUT 05 ?ﬁ
OuT 06 Tﬁ
ouT 07 \i
OouUT 08 ?i

X5

OUT 09 ﬁ
OUT 10 ﬁ
ouT 11 ﬁ
ouT 12 ﬁ
ouT 13 ¥18
ouT 14 ?ﬁ
ouT 15 ?ﬁ
ouT 16 i

X6

ouT 17 lj
OouT 18 ﬁ
OuT 19 ﬁ
OuUT 20 ﬁ
ouT 21 \i
ouT 22 ?i
OouT 23 \ﬁ'

5
OouUT24 | ~_16

X2

I

OouT 31

OuT 32

~ (o

MOD-
BUS
7%
H‘
O|w|co

@
z
O

-
[

12
13
14
15
16

RS422/485

\
ROTOR E/F Sl01
T

INO9

o X10

MD222/MD223/MD228/MD229 87G 2-PH. WIRING DIAGRAM

Fig. 30 MD222/MD223/MD228/MD229 87G 2-PH. Wiring Diagram
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MD...

GENERATOR DIFFERENTIAL

4.3.2. MD322/ MD323
A B C
L1 L2 L3
N
‘H g N
IsystEMm1 L1
SYSTEML | |} ]
IsystEm1 L2
|
|
I Isystem1Ls
G
GEN. 3~
il M
! IsysteEm2 L1
N
|
|
SYSTEM2 I Isvstem2 L2
|
|
I IsystEM2 L3
TEST (opt) ©
BLOCKING (opt) ©
LEGEND:
OPTIONAL MODULE:
-UAKB Transducer 1
Transducer 2
Shaft Current
Rotor E/F
CAN BUS future use (hardware extension)
X9/X10 IEC870 5-103 control system interface
RS422/485 chain line data interface
MODBUS control system interface
NOTEBOGK
MAINTENANCE
82 /744

= +|-|= BATT.
1
1 | X2 1123 X3
A = +|-| |onD 1
2 5A OuT 01
—23E 11 yy4evc [PC ~—2]
4 14 110V...220VDC
g iA { 12 DC OuUT 02 \%
g é: { '3 OUTO03| ~_ 6
9 L 7
10 1A { OuT 04 E\i
11 5A 14 9
12 L
PR OuUT 05 ~ ig
14 5A
o R @RS“ ouTO06 [ ~_12
16 1A 13
=3¢ 16 COMPACT2A ouror—1a
19 1A 15
23 7 ouT 08 [~ 16
2 1A X5
2—=3f 18 1
25 1A { OuUT 09 ~_2]
26 5A 19 3
27 L
5 aa OuT 10 ~ 451
b 13 110 ouT11[ ~_ 6
X8 7
1 OuUT 12 ~._28
9
gj £ u1 ouT13[<_10
11
4 3f U2 oUT14[ 12
5 13
6 3F U3 ouT15[ < 1451
7
E { U4 OUT 16 ~.16
9 X6
10 3 { (SR} 1
a OuT 17 ~._2
3
s i ouT18[ —__ 4
,,,,,,,,,, 2] mwor 5
T i o2 ouT19[ 6
,,,,,,,,,, :]4 - Z 7
5, ouT20[ <_ 8
6 - E IN 03 9
7 ouT21[_—_10
8 - E IN 04 11
9 + OuT 22 ~_12
10 - E IN 05 13
11 + OuUT 23 ~.14
12, nos 15
13 + OuT 24 ~.16
14 - E IN 07 X2
15 + 4
16 - IN 08
:Bw RELAYFAL, OUT 31 [ 5]
6
; 7 «RELAY STOP» OUT 32 7
3 T77| TRans s102 . 8
2 T DUCER 1 8 g 1_'|3<X+ 9
g = - \ S @ gnpl10
8 M --- TrRans-
; % % --- pucerz/ S0 +5)—11
=25 g w2
10 % D ] ﬁ Rx- 14
11 | & SHAFT CURR. )  SI04 §  GND—%
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‘

MD322, MD323: 87G WIRING DIAGRAM

Fig. 31 MD322, MD323: 87G Wiring Diagram
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MD... GENERATOR DIFFERENTIAL

4.4. LOGIC DIAGRAMS

44.1. MD222

COMPACT2A

R T
L1 L3
,,‘“‘
MAIN
TRANSF.
Isystemitr ny } {
3 —
{ Isystemiz "J } E
—
G
GEN. 2~
IsysteEm21 MU } {
3 —
{ Isystemz1s "V } {
—
JEST __ Il Z N
(OPTIONAL)
BLOCKING - I | . Z N
(OPTIONAL)
LEGEND
DRS DIGITAL RELAY SYSTEM
DRS- DIGITAL PROTECTION RELAY

COMPACT2A TYPE: DRS-COMPACT2A

CPU+DSP - BOARD/
PROCESSING VERSION 2

DRS-

PROCESSING

E\_

TRIP
ICOMMANDS|

OUTPUT
CONTACTS

CB1
CB2

ALARM

MD222/MD223/MD228/MD229 87G 2-PH. LOGIC DIAGRAM

Fig. 32 MD222/MD223/MD228/MD229 87G 2-PH. Logic Diagram
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Trip
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Block.
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MD... GENERATOR DIFFERENTIAL

CALC. INTERNAL
MEASURED VALUES

‘ 55 »| DIFF.CURRENT PHASE L1
»| DIFF.CURRENT PHASE L3
NOTEBOOK ————M——————> HOLDING CURRENT PHASE L1
»| HOLDING CURRENT PHASE L3
— ! =
| |
| |
| | | |
U ! IsvystEM1 L1 | ?olgi:g Clil']r-el‘lt | | |
or ase =
| (JlsysTEM1 L1| + 1 |
U ,l,,I,SfS,TEM{Lf _ [IsysTEM2 L1])/1 | |
| |
| IsysTemz L1 | |2 —{ FFT1H e[ (FFT 1H) > (ACTUAL | |
e > OPERATE VALUE) |
| F’ . |
o ,l__I_S_YET_EMZ_LE_I__ BASIC SET VALUE v | |
| OPERATEVALUE'[ |, [aas || Result: ACTUAL |
| | lﬁ OPERATE VALUE |
| | SET VALUE ,BIAS* | |
| | L | |
| | ’ L3 | |
| |
| TEST | | |
| | BIN. 110 7‘ | | |
| PRESET
| o= I LED- | |
| DISPLAY |
: BLOCKING | : |
| BIN. /0 i
1P Snl e
i N - 4 & T & [ TRIP LED- |
L= | MATRIX L |
| | | 15N o L
| | | PRESET ||
| [FuNcTION ‘ I
joutput | | Iy
e 1 JT
18 T
| Lo=t5 | e |
| TRIP |
L__] MATRIX ___I

MD222/MD223/MD228/MD229 87G 2-PH. LOGIC DIAGRAM PROCESSING

Fig. 33 MD222/MD223/MD228/MD229 87G 2-PH. Logic Diagram Processing
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MD... GENERATOR DIFFERENTIAL

LEGEND PROCESSING

FIRMWARE MODULE: MD222

) ] ) CALC. INTERNAL L .
z Online simulation {MEASURED VALUES} Online-indication of DRS-internal
| — via notebook [ _____ J calculated values on notebook-screen
— =T RN o | RN e |
I"BIN. 110 N . | BIN. 1/0 | BIN. 1/0 | BIN. /0
| PRESET | Online-simulation of | preset | regular | pReseT | always | PRESET! always
= DIG. IN-OUTPUTS |~ =~ function | ;_._ 1" =1 o
‘Tjﬁﬂ via notebook: o ‘ = o=
|[FUNCTION! o . . .
SUTRUT! Online-simulation of the FUNCTION OUTPUTS of the protective function MD222
}- —— [=]all FUNCTION OUTPUTS enabled (regular-operation)
‘ ;:}%—1 [Jall FUNCTION OUTPUTS disabled (test-operation)
> Calculation of differential current by adding up the (proper signed) currents
Fast Fourier Transformation: 1. Harmonic
& Calculation of ,ACTUAL OPERATE VALUE" by using the
BIAS CHARACTERISTIC DIAGRAM.
Input: Set Values ,Operate Value*
,Bias“
Restraint current: Irestrant = |Isystemil + [ Isystemz
Output: ,ACTUAL OPERATE VALUE*"
(FFT 1H) > (ACTUAL The 1. Harmonic of the actual measured differential current is compared with the
OPERATE VALUE) ,actual operate value” derived from the BIAS-diagram.
HHHH
i Programmable software-matrix for the LED-indications
LED- (row 2...14) of PROCESSING
MATRIX
® & LED-indications of PROCESSING
LED- [f (row 2...14)
DISPLAY
T
TRIP Programmable software-matrix for the output-contacts (OUT1...0UT30)
MATRIX
D Denomination of FUNCTION OUTPUTS going to LED-MATRIX
] Denomination of FUNCTION OUTPUTS going to TRIP-MATRIX
FUNCTION OUTPUT: Trip (no blocking active)

MD222MD223/MD228/MD229 87G 2-PH. LOGIC DIAGRAM
PROCESSING / LEGEND

Fig. 34 MD222/MD223/MD228/MD229 87G 2-PH. Logic Diagram Processing / Legend
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MD...

BIAS-Characteristic Differential-Protection
DRS PROCESSING/ MD222

RESULT: ACTUAL SET VALUE
LACTUAL OPERATE VALUE*®

Rated Current of Protection Relay
(1A AC resp. 5A AC)

L

L

GENERATOR DIFFERENTIAL

Differential Current / Rated Current (of Prot. Relay)

Set Value

|
|
|
|
|
|
|
|
|
|
|
|
1 BIAS*
} 6,0
! i i i i
! Standard BIAS - Characteristic
| _
! .o | Gen.-Differential-Protection DRS VE2
! ' MD222/MD228/MD322/MD328
e
i = e SLOPE ACC. =
w 40 TO SET VALUE -
o vae BIAS- - ) BIAS=40%]
Qo OPERATE
| =1 »
© J L /
o L /%
|| £ — e
| = — ——
i = FIXED SLOPE o
V= (BIAS=0,3) B
0 J ‘ — %%%%
| ! / /
| = NO TRIP
| ///
| =
i 20 3,0 4,0 50 6,0 7,0 8,0 9,0 10,0
l Restraint Curr./ Rated Curr.
|
! FIXED SLOPE
| (BIAS=0) IcC 1L
} INPUT: Rated Current of Protection
} | FFT 1H of Isvstem L1 resp. 13 Relay
| + | FFT 1H of Isystem L1 resp. L3 (1A AC resp. 5A AC)
|
|
i Note: The result of this diagram is the ACTUAL SET VALUE (valid for VE2 only!)
! which is used to make the TRIP-decision.The ACTUAL SET VALUE has to be
! calculated for every phase separately!
|
|
L FFTIH () @
1
1
| A\ 4
i |((FFT 1H) of £)| > (ACTUAL SET VALUE) DIFF. TRIP >
i A
|
|

|ACT. SET VALUE|

@ FFT 1H(E |_1) =FFT 1H (lSYSTEMl 11t ISYSTEMZ |_1) ... Formula for 87G 2-ph
L3 L3 L3

MD222/MD228 87G 2-PH. STANDARD BIAS CHARACTERISTIC

Fig. 35 MD222/MD228 87G 2-PH. Standard Bias Characteristic
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MD... GENERATOR DIFFERENTIAL

BIAS-Characteristic Differential-Protection

DRS PROCESSING

RESULT: ACTUAL SET VALUE
™ ,ACTUAL OPERATE VALUE"

Rated Current of Protection Relay
(1A AC resp. 5A AC)

L

L

Differential Current / Rated Current (of Prot. Relay)

A,

4
|((FFT 1H) of X)| > (ACTUAL SET VALUE)
A

DIFF. TRIP

|ACT. SET VALUE]|

® FFT 1H(Z 1) = FFT 1H (Isvstemi 1 + Lsysteme t%)
3 (3

MD223/MD228 87G 2-PH. BIAS CHAR. WITH REDUCED
INFERENCE OF RESTRAINT CURR.

Fig. 36 MD223/MD228 87G 2PH. Bias Char. With Reduced Inference of Restraint Curr.
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Y

|
|
|
|
|
|
|
|
|
|
|
|
i
6.0 i i
! | | | |
| - BIAS - Characteristic with Set Vas"je
| Reduced Inference of Restraint Current BIA
| 50— Gen.-Differential-Protection DRS VE2 SLOPE ACC
| .
! ) MS223/MD229/MD323/MD329 TO SET VALUE
I o | f BIAS=60%
' E ,BIAS
L O "9 Basic seT {‘ ‘
| BIAS=50%
I L
S vaLue P BIAS=40%
| 30
5 ///;/ BIAS=30%
B FIXED SLOPE //Z% Z/
Lo 20 (BIAS=0,3) =
e || —
| / /
1 e NO TRIP
l ' e
| "
} 0,0
} 0,0 1,0 2,0 3,0 4,0 5,0 6,0 7,0 8,0 9,0 0,0
i ﬁ ﬁ Restraint Curr./ Rated Curr.
| FIXED SLOPE ﬁ F ﬁ F
! (BIAS=0)
i INPUT: Rated Current of
| | FFT 1H of Isystema L1 resp. 13 | Protection Relay
} + | FFT 1H of Isystemz L1 resp. L3 | (1A AC resp. 5A AC)
|
|
| Note: The result of this diagram is the ACTUAL SET VALUE (valid for VE2 only!)
i which is used to make the TRIP-decision.The ACTUAL SET VALUE has to be
! calculated for every phase separately!
|
|
L FFTIH ()@
|
|
|
|
|
|
|
|
|
|
|
|
|
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MD... GENERATOR DIFFERENTIAL

4.4.2. MD322/ MD323

A B C
L1 L2 L3
{4 IsysteEm1 L1 v } E )
SYSTEML1 IsvystEMmI L2 ny &)
E—1 3E — =
g IsvsTEMIL L3 nJ } E N @%
n )
3E — L
S
v 3f — &)
L XN N e
. G 3f — (@
EN.
3~
\_/
{4/ Isystem2 11
- IsystEm2 L2
SYSTEM2 {
{ IsvystEm2L3
TEST I
,,,,,,, N N
(OPTIONAL) Z
BLOCKING . T" | _ Z N
(OPTIONAL)
- ~__| TRIP
COMMANDS|
_ OUTPUT CB1
CONTACTS CB2
ALARM
CONTACTS
Trip
LEGEND Diff.Curr.
Block.
DRS DIGITAL RELAY SYSTEM
DRS- DIGITAL PROTECTION RELAY
COMPACT2A TYPE: DRS-COMPACT2A
CPU+DSP - BOARD/
PROCESSING VERSION 2

MD322, MD323 87G LOGIC DIAGRAM

Fig. 37 MD322, MD323 87G Logic Diagram
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MD... GENERATOR DIFFERENTIAL

CALC. INTERNAL
_ MEASURED VALUES
1 > DIFF.CURRENT PHASE A
> DIFF.CURRENT PHASE B
(— —MN—————>| DIFF.CURRENT PHASE C
—T— | HOLDING CURRENT PHASE A
NOTEBOOK > HOLDING CURRENT PHASE B
> HOLDING CURRENT PHASE C
|
| | | |
PR | Isvstemius - »[ FFT 1H »| Holding Current — | |
| . f(TIr Phase L1T+ N [ |
SYSTEM1 L2 SYSTEM1 L1
s Il i :h ] [IsvysTEm2 L1])/1 | :
IsvystEMI L3
A B Ry |
U]y Isvstemzu | 7| s —{ FFT1H }———e- " (FFT 1H) > (ACTUAL |
I | " g OPERATE VALUE) | |
ruo] | LsvstEmarz | r munl
[ BASIC SET VALUE 4 LAt |
o) | Isvstenzis 11 LOPERATE VALUE® >[1%<], [ Result ACTUAL J | |
| I Z OPERATE VALUE |
| | SET VALUE ,BIAS® | |
| L1 |
| || L2 | |
| | ‘ = | |
| |
| TEST | | |
| | BIN. |/07‘ | | |
Lol eo] | 1
I ‘ =1 LED- |
-
| | DISPLAY | |
: BLOCKING | : |
| BIN. 110 ! =3
omeser] | L= iR
e N 4 & & f TRIP LED-
I m |
. MATRIX
| | | 1B i
| | | PRESET |1
|FUNCTION! 1= i
: ‘OUTPUTT‘ | Jﬁ
a1
JE=iny e :
| TRIP- |
o MATRIX| ]

MD322, MD323: 87G LOGIC DIAGRAM PROCESSING

Fig. 38 MD322, MD323: 87G Logic Diagram Processing
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MD... GENERATOR DIFFERENTIAL

DETAIL TO: MD322/MD323/MD328/MD329

BASIC CALCULATION LOGIC CIRCUIT (FIRMWARE)
FOR SYSTEM1

®
oV, lovstewis | | FFT1H= > E::GTng; > ]
IsvstEML L2 RESTRAINT
AU LSBT | CURRENT (FFT 1H) > DIFF. —
IsvstemiLs >=1 > PROT.
Ny>»————— === == === N (ACTUAL TRIP
"| OPERATE
> b3 VALUE) >
@
CALCULATION [ _FFT1H
- DIFFEgENTIAL S
CURRENT \ K] \Saturation Detection 5 Periods \@\
Example:
[ #:]Set Value: ,Bias* 45 %] |@®
" IsvstEM2 L1 N BIAS
Yy .__LsvsTEM2L2 | 4
IsvysteEm2 L3 s
N> ————————————— o
o Ly Result: ACTUAL | |
Example: 2 OPERATE VALUE
83| Set Value: 2
,Operate Value® LE
@ 1 RESTR. CURR.
L1
L2
L3

LEGEND

@® RELAY PARAMETERS (SET VALUE)

® FFT 1H...FOURIER TRANSFORM./ 1* HARM.

® RESTRAINT CURRENT...USED FOR BIAS CALC.

@ ANGLE OF SLOPE OF BIAS CHARACTERISTIC

® ,CT SATURATION DETECTION AVAILABE AT
MD228/MD229 ONLY.

MD322/MD323/MD328/MD329: 87T LOGIC DIAGRAM
PROCESSING / DETAIL

Fig. 39 MD322/MD323/MD328/MD329: 87T Logic Diagram Processing / Detail
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MD...

DRS Library of Protective Functions

_[

——

I BIN.1/0
| PRESET |

|1
o=
S |
[FUNCTION!
‘ OUTPUT

=

(FFT 1H (A)) > (ACTUAL
OPERATE VALUE)

LED-
MATRIX

R X

LED-
DISPLAY

GENERATOR DIFFERENTIAL

LEGEND PROCESSING

FIRMWARE MODULE: MD322, MD323

. . ) CALC. INTERNAL o .
Online simulation | MeasURED VALUES | Online-indication of DRS-internal

via notebook { _____ J calculated values on notebook-screen
o . | BIN.1O | | BIN. 10 ! | BIN.1O |
ggnfﬁs;gtjj?g%q%f \ PRESET_l regular | PRESET | always |PRESET ! ajways
- IN- [ i— | function | 7 1" [1— ' o"
1— 1 » 1— »
via notebook: l—“—w o = | =

Online-simulation of the FUNCTION OUTPUTS of the protective function MD322
[=]all FUNCTION OUTPUTS enabled (regular-operation)
[1]all FUNCTION OUTPUTS disabled (test-operation)

Calculation of differential current by adding up the (proper signed) currents

Fast Fourier Transformation: 1. Harmonic

Calculation of ,ACTUAL OPERATE VALUE" by using the
BIAS CHARACTERISTIC DIAGRAM.

Input: Set Values ,Operate Value®
,Bias"

Restraint current:

IRESTRAINT = |ISYSTEM1| + |ISYSTEM2

Output: ,ACTUAL OPERATE VALUE*

The 1. Harmonic of the actual measured differential current is compared with the
»actual operate value” derived from the BIAS-diagram.

Programmable software-matrix for the LED-indications
(row 2...14) of PROCESSING

LED-indications of PROCESSING
(row 2...14)

Programmable software-matrix for the output-contacts (OUT1...0UT30)

Denomination of FUNCTION OUTPUTS going to LED-MATRIX
Denomination of FUNCTION OUTPUTS going to TRIP-MATRIX
FUNCTION OUTPUT: Trip (no blocking active)

MD322, MD323: 87G LOGIC DIAGRAM PROCESSING / LEGEND

Fig. 40 MD322, MD323: 87G Logic Diagram Processing / Legend
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MD... GENERATOR DIFFERENTIAL

BIAS-Characteristic Differential-Protection
DRS PROCESSING/ MD322

RESULT: ACTUAL SET VALUE Rated Current of Protection Relay
4ACTUAL OPERATE VALUE" (1A AC resp. 5A AC)

LU U

Differential Current / Rated Current (of Prot. Relay)

Set Value

Note: The result of this diagram is the ACTUAL SET VALUE (valid for VE2 only!)
which is used to make the TRIP-decision.The ACTUAL SET VALUE has to be
calculated for every phase separately!

|FFT 1H (DIFF)| .
|((FFT 1H) of DIFF)| > (ACTUAL SET VALUE) DIFF. PROT. TRIP__,,
A

|
|
|
|
|
|
|
|
|
|
! BIAS®
| 6,0
} | | | | | | | | |
| — « .
\ Standard BIAS - Characteristic
| ., || Gen.-Differential-Protection DRS VE2 | BiAs=60%
! ' MD222/MD228/MD322/MD328 /
w . ] BIAS=50%
Lo SLOPE ACC. =
=] TO SET VALUE
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Fig. 41 MD322 87G Standard BIAS Characteristic
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Fig. 42 MD323 87G BIAS Char. with Reduced Inference of Restraint Curr.
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4.5. FUNCTION

Differential protective functions are provided as a selective unit protection system against winding short circuits.
The measuring principle is based on the current vector differential computation within the protected zone of the
relevant sets of CT’s.

Measuring Principle:

All analogue signals of the function are sampled 12 times per cycle. By means of the Fourier-Analysis
(DSP) the corresponding vectors (value and phase) for 1* harmonic (nominal frequency) are computed and
transferred to the CPU.

The CPU evaluates for each sample instant the differential signals for each phase and checks whether the actual
setting value has been exceeded (please also refer to the BIAS characteristic graph). If during 11 consecutive
samples (0.9 cycles) the values are above the setting a trip signal will be initiated.

By this the trip operating time consists of following single time values:

a)

Fourier-Coefficient of the differential signal reaches and exceeds the actual setting value:

Duration: 1 ... 12 ms, depending on the size of the differential signal, respectively the ratio to the setting value.
b)

Safety time: 11 consecutive samples = 0.9 cycles.

c)

Output relay: Approximately 5 ms

d)

The sum of times is typically smaller than 30 ms.

Bias Current / Stabilising:
The bias currents are phase-wise computed from the 1 harmonic currents of systems 1 and 2 of the differential
protection.

The trip conditions per phase are indicated in detail in the respective logic diagrams.

Initiation and at the same time active trip outputs will reset (valid for DRS-COMPACT2A/ VE2) when during 25
consecutive samples, i.e. 2 cycles, the initiating conditions are no longer present (trip output extension).
Note: 37 consecutive samples at DRS-LIGHT and DRS-COMPACT /VEL.

Please mind: Two Bias characteristics are available:
Fig. 4-1: Generator Differential-Protection:
Standard BIAS—Characteristic: MD222, MD228, MD322, MD328
Fig. 4-2: Generator-Differential-Protection:
Characteristic with reduced influence of restraint current (GE-type):
MD223, MD229, MD323, MD329
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4.5.1. CT - Saturation Detection

For explanation please refer to Transformer Differential Protection System.

DRS Library of Protective Functions DID-001-1.06 97 /744



MD... GENERATOR DIFFERENTIAL

4.6. COMMISSIONING

INote: During All Commissioning Activities The Relevant Safety Regulations
Have to Be Strictly Observed and Applied!

Pre-Commissioning:

At first the correct external connections have to be verified.

The input matrix has to be configured according to the external circuitry and the operating value and
the bias slope set according to requirements.

Also the relay outputs have to be set for the LED matrix and the TRIP matrix according to plant requirements.

The function checks are preferably performed with the primary protected plant being out of service.

To check the function with a relay test set, e. g. the CT inputs for system 1 phase L1 the test current

is injected and raised up to the operation of the relay thereby observing the operating value with respect to the
operating characteristic.

The injected test current is now reduced and the reset value of the function recorded.

Please note that the external injected current values can be displayed and compared with the internal measured
values, i.e. phase — and differential currents, in the User operating program display Window.

The same is to be carried out for the other two phases of system 1 and the measured values recorded.

To check the through fault stability of phase 1 system 1 short out relay terminals 2 and 8 and inject at least the
rated current between terminals 1 and 7 (please also refer to the relevant connection diagram) and the protective
function must neither be operating nor showing a differential current in the internal measured values display of
more than 5% Ip.

The same test should be carried out on the second phase whereby the analogous terminal numbers shown on the
connection diagram are applicable.

The trip- and alarm signals and the LED indications should be confirmed according to the relay configuration and
the connection diagrams.

Measuring with twice the differential current setting injection and the resulting operating time of the protective
function should to be carried out for each phase either via a timer or the "Recorded Curves" in the User program to
record the measured values.

A test of the configured function blocking input should be done in conjunction with a continuously initiated trip signal
whereby the trip signal is has to reset.

Checking of the configured relay test input by applying a test signal can be verified without any
external initiation.

Please note that during tests of the described protective function other functions may be operating when not
previously blocked via the software according to the User application and after these tests the original parameter

settings have to be set to the original values and restored after the tests to the plant setting values according to the
plant requirements.

After the tests any temporary setting changes should be restored to the original parameter settings.
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Commissioning Tests:

During commissioning the function of the protection scheme is tested during normal service conditions.
If possible following tests under operating conditions are recommended:

- Short Circuit Test for an Internal Fault

Install a short circuit with a suitable cross section between all phases inside the protected zone.

Block protection trips.

Connect measuring instruments into the CT circuits and/or display the actual measured values window in the
User program.

Start up the generator to rated speed and manually raise excitation to produce operation of the

differential protection. Record the operating values.

Restore the protection trips.

Shut down the generator if possible via a protection trip and remove the short circuit.

- Short Circuit Test for a Through Fault

Install a short circuit with a suitable cross section between all phases outside the protected zone so that the
two sets of CT’s can be provided with the test current flow.

Block protection trips.

Start up the generator to rated speed and manually raise excitation up to nominal current. Thereby the
differential protection has to be stable. Select the display of the actual measured values window in the User
program and record these values.

Restore the protection trips.

Shut down the generator if possible via a protection trip and remove the short circuit.
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5. MD... TRANSFORMATOR DIFFERENTIAL

5.1. OVERVIEW

List of the Available MD . .. Transformer Differential Protective Functions

Abbreviations: Cc2 ... DRS-COMPACT2A
M ... DRS-MODULAR
L ... DRS-LIGHT

FNNR ... Function number (VE internal number of the protective function)

TYPE ... Function type (short name of the protective function)

ANSI ... ANSI device number (international protective function number)

PROTECTIVE FUNCTIONS: MD. ..

FNNR TYPE

ANSI

Application

Transformer/Generator-Transformer differential protection 2-
winding, 2-phase, with phase selective blocking.
With Standard-BIAS characteristic.

1033

MD221

87T

C2,M,L

Transformer/Generator-Transformer differential protection 2-
winding, 2-phase, with phase selective/phase overlapping
blocking.

With Standard-BIAS characteristic.

1119

MD224

87T

c2M

Transformer/Generator-Transformer differential protection 2-
winding, 2-phase, with phase selective/ phase overlapping
blocking.

Characteristic with reduced inference of restraint current.

1124

MD225

87T

C2,M,L

Transformer/Generator-Transformer differential protection 2-
winding, 2-phase, with phase selective/ phase overlapping
blocking,

with CT Saturation Detection and Quick Trip — feature.

With Standard-BIAS characteristic.

1133

MD226

87T

C2,M

Transformer/Generator-Transformer differential protection 2-
winding, 2-phase, with phase selective/ phase overlapping
blocking,

with CT Saturation Detection and Quick Trip — feature.
Characteristic with reduced inference of restraint current.

1138

MD227

87T

Cc2M

Transformer/Generator-Transformer differential protection 3-
winding, 2-phase, with phase selective blocking.
With Standard-BIAS characteristic.

1034

MD231

87T

Cc2M

Transformer/Generator-Transformer differential protection 3-
winding, 2-phase, with phase selective/ phase overlapping
blocking.

With Standard-BIAS characteristic.

1120

MD234

87T

C2,M

Transformer/Generator-Transformer differential protection 3-
winding, 2-phase, with phase selective/ phase overlapping
blocking.

Characteristic with reduced inference of restraint current.

1125

MD235

87T

C2,M
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Transformer/Generator-Transformer differential protection 3- 1134 | MD236 87T Cc2.M
winding, 2-phase, with phase selective/ phase overlapping
blocking; with CT Saturation Detection and Quick Trip — feature.
With Standard-BIAS characteristic.

Transformer/Generator-Transformer differential protection 3- 1139 | MD237 87T Cc2,.M
winding, 2-phase, with phase selective/ phase overlapping
blocking; with CT Saturation Detection and Quick Trip — feature.
Characteristic with reduced inference of restraint current.

Transformer/Generator-Transformer differential protection 2- 1001 | MD321 87T C2,M,L
winding, 3-phase, with phase selective blocking.
With Standard-BIAS characteristic.

Transformer/Generator-Transformer differential protection 2- 1116 | MD324 87T C2,M.L
winding, 3-phase, with phase selective/ phase overlapping
blocking.

With Standard-BIAS characteristic.

Transformer/Generator-Transformer differential protection 2- 1121 MD325 87T C2,M,L
winding, 3-phase, with phase selective/ phase overlapping
blocking.

Characteristic with reduced inference of restraint current.

Transformer/Generator-Transformer differential protection 2- 1130 | MD326 87T Cc2,.M
winding, 3-phase, with phase selective/ phase overlapping
blocking; with CT Saturation Detection and Quick Trip — feature.
With Standard-BIAS characteristic.

Transformer/Generator-Transformer differential protection 2- 1135 | MD327 87T Cc2,.M
winding, 3-phase, with phase selective/ phase overlapping
blocking; with CT Saturation Detection and Quick Trip — feature.
Characteristic with reduced inference of restraint current.

Transformer/Generator-Transformer differential protection 3- 1002 | MD331 87T Cc2,M
winding, 3-phase, with phase selective blocking.
With Standard-BIAS characteristic.

Transformer/Generator-Transformer differential protection 3- 1117 | MD334 87T Cc2,M
winding, 3-phase, with phase selective/ phase overlapping
blocking.

With Standard-BIAS characteristic.

Transformer/Generator-Transformer differential protection 3- 1122 | MD335 87T C2.M
winding, 3-phase, with phase selective/ phase overlapping
blocking.

Characteristic with reduced inference of restraint current.

Transformer/Generator-Transformer differential protection 3- 1131 | MD336 87T c2,.M
winding, 3-phase, with phase selective/ phase overlapping
blocking; with CT Saturation Detection and Quick Trip — feature.
With Standard-BIAS characteristic.

Transformer/Generator-Transformer differential protection 3- 1136 | MD337 87T Cc2,M
winding, 3-phase, with phase selective/ phase overlapping
blocking; with CT Saturation Detection and Quick Trip — feature.
Characteristic with reduced inference of restraint current.

Transformer/Generator-Transformer differential protection 4- 1003 | MD341 87T M
winding, 3-phase, with phase selective blocking.
With Standard-BIAS characteristic.

Transformer/Generator-Transformer differential protection 4- 1118 | MD344 87T M
winding, 3-phase, with phase selective/ phase overlapping
blocking.

With Standard-BIAS characteristic.

Transformer/Generator-Transformer differential protection 4- 1123 | MD345 87T M
winding, 3-phase, with phase selective/ phase overlapping
blocking.

Characteristic with reduced inference of restraint current.
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Transformer/Generator-Transformer differential protection 4-

rafl: : ] ¢ 1132 | MD346 87T
winding, 3-phase, with phase selective/ phase overlapping

blocking; with CT Saturation Detection and Quick Trip — feature.

With Standard-BIAS characteristic.

Transformer/Generator-Transformer differential protection 4- 1137 | MD347 87T

winding, 3-phase, with phase selective/ phase overlapping

blocking; with CT Saturation Detection and Quick Trip — feature.

Characteristic with reduced inference of restraint current.
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Comparison

Number Nu'm b_er of ng)rrl]:s;?ing Standard Reduced SatuC;-artion
of Phases Windings E BIAS BIAS Detection

2 2 +

2 2 + +

2 2 + +

2 2 + + *
2 2 + * *
2 3 +

2 3 + +

2 3 + +

2 3 + + *
2 3 + + *
3 2 +

3 2 + +

3 2 + *

3 2 + + *
3 2 + * *
3 3 +

3 3 + +

3 3 + +

3 3 + + *
3 3 + + *
3 4 +

3 4 + +

3 4 + *

3 4 + + *
3 4 + * -
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5.2. TECHNICAL DATA

5.2.1. Transformer Differential Protection 2-phase 2-winding

PROTECTIVE FUNCTION: MD221 FNNR TYPE  ANSI

Application

Transformer/Generator-Transformer differential protection 2- 1033 | MD221 87T
winding, 2-phase, with phase selective blocking;
with Standard-BIAS characteristic.

Equation for the bias current (restraint current):
Bias current =

(IFFT 1H of (ISYSTEM1 L1 resp. L3)|

+ |FFT 1H of (ISYSTEM2 L1 resp. L3)|) / 1.
BIAS characteristic:

Bias current =0 ... 1: Bias = constant

Bias current =1 ... 3: Bias = 30%

Bias current > 3. Bias = Setting value.

Note: In case of phase overlapping blocking is required ... please
refer to MD224!

C2,M,L

PROTECTIVE FUNCTION: MD224 FNNR [TYPE |ANSI

Application

Transformer/Generator-Transformer differential protection 2- 1119 | MD224 87T
winding, 2-phase, with phase selective/ phase overlapping
blocking;

with Standard-BIAS characteristic.

Equation for the bias current (restraint current):

Bias current =

(JFFT 1H of (ISYSTEML1 L1 resp. L3)|

+ |FFT 1H of (ISYSTEM2 L1 resp. L3)|) / 1.

BIAS characteristic:

Bias current=0 ... 1: Bias = constant

Bias current=1 ... 3: Bias = 30%

Bias current > 3: Bias = Setting value.

Note: In case of no phase overlapping blocking is required ...
please refer to MD221!

C2,M

PROTECTIVE FUNCTION: MD225 FNNR [TYPE |ANSI

Application

Transformer/Generator-Transformer differential protection 2- 1124 | MD225 87T
winding, 2-phase, with phase selective/ phase overlapping
blocking.

Characteristic with reduced inference of restraint current.
Equation for the bias current (restraint current):

Bias current =

(JFFT 1H of (ISYSTEML1 L1 resp. L3)|

+ |FFT 1H of (ISYSTEM2 L1 resp. L3)|) / 1.

BIAS characteristic:

Bias current =0 ... 2: Bias = constant

Bias current=2 ... 6: Bias = 30%

Bias current > 6. Bias = Setting value.

C2,M,L

PROTECTIVE FUNCTION: MD226 FNNR | TYPE ANSI

Application
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Transformer/Generator-Transformer differential protection 2-
winding, 2-phase, with phase selective/ phase overlapping
blocking,

with CT Saturation Detection and Quick Trip — feature.
With Standard-BIAS characteristic.

Equation for the bias current (restraint current):

Bias current =

(JFFT 1H of (ISYSTEML1 L1 resp. L3)|

+ |FFT 1H of (ISYSTEM2 L1 resp. L3)|) / 1.

BIAS characteristic:

Bias current =0 ... 1: Bias = constant

Bias current=1 ... 3: Bias = 30%

Bias current > 3. Bias = Setting value.

1133

MD226

87T Cc2M

PROTECTIVE FUNCTION: MD227

FNNR

TYPE

ANSI Application

Transformer/Generator-Transformer differential protection 2-
winding, 2-phase, with phase selective/ phase overlapping
blocking,

with CT Saturation Detection and Quick Trip — feature.
Characteristic with reduced inference of restraint current.
Equation for the bias current (restraint current):

Bias current =

(IFFT 1H of (ISYSTEM1 L1 resp. L3)|

+ |FFT 1H of (ISYSTEM2 L1 resp. L3)|) / 1.

BIAS characteristic:

Bias current =0 ... 2: Bias = constant

Bias current =2 ... 6: Bias = 30%

Bias current > 6. Bias = Setting value.

1138

MD227

87T c2,M

Application:

Suitable for 2-phase, two winding transformers or two winding generator-transformer units with

stabilising for through faults and energising blocking feature.

MD 226/ MD227 additionally include CT Saturation Detection and Quick-Trip Module.
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MD221/ MD224/ MD225 MD226/ MD227
TECHNICAL DATA:

Inputs

Analogue:

Current system 1 phase L1

Current system 1 phase L2

Current system 2 phase L1

Current system 2 phase L2

Binary: | Blocking input

Test input

Auxiliary input system 1 (neutral isolator open/closed)

Auxiliary input system 2 (neutral isolator open/closed)

Outputs

Binary: | Trip

Differential current

Interlock 2.H./5.H.

CT Saturation (MD226/ MD227 only)

Setting Parameters

Operating value:

0,1..25xInin 0,01 x In steps

Bias slope:

30...60% in5 % steps

Vector group 1-2:

None/0/6

Zero sequence filter 1:

On/Off/External

Zero sequence filter 2:

On/Off/External

2nd harmonic:

10...50% in 1 % steps

5th harmonic:

5..20%in 1% steps

High set differential stage:

2 ...15xInin 0,5 xIn steps

CT ratio compensation 2—1:

0..2,5in 0,01 steps

Higher harmonics blocking (2.H., 5.H.):

MD224, MD225, MD226, MD227: Phase selective/
phase overlapping.
Note: MD221 ... only phase selective.

Saturation Detection (CT):

Available for MD226/ MD227 only:

0 ... 240 periods.

Explanation: in case of CT saturation there will be an
automatic BIAS-characteristic change to 65% activ for
selected numbers of periods (= max. limit).

Note: Saturation Detection = OFF, if

Set value = 0 periods.

Window Display for Relay Internal
Determined and Computed Values

Differential current phase L1: | In Amps
Differential current phase L2: | In Amps
Bias current phase L1: | In Amps
Bias current phase L2: | In Amps
Measuring
DRS Library of Protective Functions DID-001-1.06
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Reset ratio:

Differential Current: 0,875
High Set O/C (DiffCurr >>): 0,75

Operating time:

> 75 ms at 16.66 Hz (including output relays)

Accuracy:

< 3% of setting value or
<2% |,

Properties

CT saturation detection:

MD226, MD227

Standard BIAS—Characteristic:

MD221, MD224, MD226:

Characteristic graph:

Bias current =0 ... 1: Bias = constant
Bias current =1 ... 3: Bias = 30%

Bias current > 3: Bias = Setting value.

Bias current equation:

Bias current =

(IFFT 1H of (ISYSTEM1 L1 resp. L3)|

+ |FFT 1H of (ISYSTEM2 L1 resp. L3)|) / 1.

Characteristic with reduced inference of restraint

MD225, MD227:

current:
Characteristic graph:
Bias current =0 ... 2: Bias = constant
Bias current =2 ... 6: Bias = 30%
Bias current > 6: Bias = Setting value.
Bias current equation:
Bias current =
(IFFT 1H of (ISYSTEM1 L1 resp. L3)|
+ |FFT 1H of (ISYSTEM2 L1 resp. L3)|) / 1.
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5.2.2. Transformer Differential Protection 2-phase 3-winding

PROTECTIVE FUNCTION: MD231

FNNR

TYPE

ANSI

Application

Transformer/Generator-Transformer differential protection 3-
winding, 2-phase, with phase selective blocking;
with Standard-BIAS characteristic.

Equation for the bias current (restraint current):
Bias current =

(JFFT 1H of (ISYSTEML1 L1 resp. L3)|

+ |FFT 1H of (ISYSTEM2 L1 resp. L3)|

+ |FFT 1H of (ISYSTEM3 L1 resp. L3)|) / 1.
BIAS characteristic:

Bias current =0 ... 1: Bias = constant

Bias current=1 ... 3: Bias =30%

Bias current > 3. Bias = Setting value.

Note: In case of phase overlapping blocking is required ... please
refer to MD234!

1034

MD231

87T

Cc2,M

PROTECTIVE FUNCTION: MD234

FNNR

TYPE

ANSI

Application

Transformer/Generator-Transformer differential protection 3-
winding, 2-phase, with phase selective/ phase overlapping
blocking.

with Standard-BIAS characteristic.

Equation for the bias current (restraint current):

Bias current =

(JFFT 1H of (ISYSTEML1 L1 resp. L3)|

+ |FFT 1H of (ISYSTEM2 L1 resp. L3)|

+ |FFT 1H of (ISYSTEM3 L1 resp. L3)|) / 1.

BIAS characteristic:

Bias current =0 ... 1: Bias = constant

Bias current=1 ... 3: Bias = 30%

Bias current > 3. Bias = Setting value.

Note: In case of no phase overlapping blocking is required ...
please refer to MD231!

1120

MD234

87T

C2,M

PROTECTIVE FUNCTION: MD235

FNNR

TYPE

ANSI

Application

Transformer/Generator-Transformer differential protection 3-
winding, 2-phase, with phase selective/ phase overlapping
blocking.

Characteristic with reduced inference of restraint current.
Equation for the bias current (restraint current):

Bias current =

(IFFT 1H of (ISYSTEM1 L1 resp. L3)|

+ |FFT 1H of (ISYSTEM2 L1 resp. L3)|

+ |FFT 1H of (ISYSTEM3 L1 resp. L3)|) / 1.

BIAS characteristic:

Bias current =0 ... 2: Bias = constant

Bias current=2 ... 6: Bias = 30%

Bias current > 6: Bias = Setting value.

1125

MD235

87T

Cc2M
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PROTECTIVE FUNCTION: MD236 EFNNR | TYPE ANSI | Application
Transformer/Generator-Transformer differential protection 3- 1134 | MD236 87T C2M
winding, 2-phase, with phase selective/ phase overlapping

blocking,

with CT Saturation Detection and Quick Trip — feature;
with Standard-BIAS characteristic.

Equation for the bias current (restraint current):
Bias current =

(IFFT 1H of (ISYSTEM1 L1 resp. L3)|

+ |FFT 1H of (ISYSTEM2 L1 resp. L3)|

+ |FFT 1H of (ISYSTEM3 L1 resp. L3)|) / 1.
BIAS characteristic:

Bias current =0 ... 1: Bias = constant

Bias current=1 ... 3: Bias = 30%

Bias current > 3. Bias = Setting value.

PROTECTIVE FUNCTION: MD237 FNNR | TYPE ANSI Application
Transformer/Generator-Transformer differential protection 3- 1139 | MD237 87T Cc2,.M
winding, 2-phase, with phase selective/ phase overlapping

blocking,

with CT Saturation Detection and Quick Trip — feature.
Characteristic with reduced inference of restraint current.
Equation for the bias current (restraint current):

Bias current =

(JFFT 1H of (ISYSTEML1 L1 resp. L3)|

+ |FFT 1H of (ISYSTEM2 L1 resp. L3)|

+ |FFT 1H of (ISYSTEM3 L1 resp. L3)|) / 1.

BIAS characteristic:

Bias current=0 ... 2: Bias = constant

Bias current=2 ... 6;: Bias = 30%

Bias current > 6. Bias = Setting value.

Application:

Suitable for 2-phase, three winding transformers or three winding generator-transformer units with
stabilising for through faults and energising blocking feature.

MD 236/ MD237 additionally include CT Saturation Detection and Quick-Trip Feature.
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MD231/ MD234/ MD235/ MD236/ MD237
TECHNICAL DATA:

Inputs

Analog: | Current system 1 phase L1

Current system 1 phase L2

Current system 2 phase L1

Current system 2 phase L2

Current system 3 phase L1

Current system 3 phase L2

Binary: | Blocking input

Test input

Auxiliary input system 1 (neutral isolator open/closed)

Auxiliary input system 2 (neutral isolator open/closed)

Auxiliary input system 3 (neutral isolator open/closed)

Outputs

Binary: | Trip

Differential current

Interlock 2.H./5.H.

CT Saturation (MD236/ MD237 only)

Setting Parameters

Operating value:

0,1...2.5xInin 0,01 xIn steps

Bias slope:

30...60 % in 5% steps

Vector group 1-2:

None/0/6

Vector group 1-3:

None/0/6

Zero sequence filter 1:

On/Off/External

Zero sequence filter 2:

On/Off/External

Zero sequence filter 3:

On/Off/External

2nd harmonic:

10...50 % in 1 % steps

5th harmonic:

5..20%in 1% steps

High set differential stage:

2...15xInin 0,5 xIn steps

CT ratio compensation 2—1:

0..250in 0,01 steps

Higher harmonics blocking (2.H., 5.H.):

MD234, MD235: Phase selective/phase overlapping.
Note: MD231 ... only phase selective.

Saturation Detection (CT):

Available for MD236/ MD237 only:

0 ... 240 periods.

Explanation: in case of CT saturation there will be an
automatic BIAS-characteristic change to 65% activ for
selected numbers of periods (= max. limit).

Note: Saturation Detection = OFF, if

Set value = 0 periods.

Window for calculated internal measured values

Differential current phase L1: | In Amps
Differential current phase L2: | In Amps
Bias current phase L1: | In Amps
Bias current phase L2: | In Amps
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Measuring
Reset ratio: | Differential Current: 0,875
High Set O/C (DiffCurr >>): 0,75
Operating time: | > 75 ms at 16.66 Hz (including output relays)
Accuracy: | < 3% of setting value or
<2% I,
Properties

CT saturation detection:

MD236, MD237

Standard BIAS—Characteristic:

MD231, MD234, MD236:

Characteristic graph:

Bias current =0 ... 1: Bias = constant
Bias current =1 ... 3: Bias = 30%

Bias current > 3: Bias = Setting value.

Bias current =

(IFFT 1H of (ISYSTEM1 L1 resp. L3)]|

+ |FFT 1H of (ISYSTEM2 L1 resp. L3)|

+ |FFT 1H of (ISYSTEM3 L1 resp. L3)|) / 1.

Characteristic with reduced inference of restraint
current:

MD235, MD237:

Characteristic graph:

Bias current =0 ... 2: Bias = constant
Bias current =2 ... 6: Bias = 30%

Bias current > 6: Bias = Setting value.

Bias current =

(IFFT 1H of (ISYSTEM1 L1 resp. L3)|

+ |FFT 1H of (ISYSTEM2 L1 resp. L3)|

+ |FFT 1H of (ISYSTEM3 L1 resp. L3)]) / 1.
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5.2.3. Transformer Differential Protection 3-phase 2-winding

PROTECTIVE FUNCTION: MD 321

FNNR

TYPE

ANSI

Application

Transformer/Generator-Transformer differential protection 2-
winding, 3-phase, with phase selective blocking;
with Standard-BIAS characteristic.

Equation for the bias current (restraint current):
Bias current =

(JFFT 1H of (ISYSTEML1 L1 resp. L2 resp. L3)|

+ |FFT 1H of (ISYSTEM2 L1 resp. L2 resp. L3)|) / 1.
BIAS characteristic:

Bias current =0 ... 1: Bias = constant

Bias current=1 ... 3: Bias = 30%

Bias current > 3: Bias = Setting value.

Note: In case of phase overlapping blocking is required ... please
refer to MD324!

1001

MD321

87T

Cc2,M

PROTECTIVE FUNCTION: MD 324

FNNR

TYPE

ANSI

Application

Transformer/Generator-Transformer differential protection 2-
winding, 3-phase, with phase selective/ phase overlapping
blocking;

with Standard-BIAS characteristic.

Equation for the bias current (restraint current):

Bias current =

(JFFT 1H of (ISYSTEML1 L1 resp. L2 resp. L3)|

+ |FFT 1H of (ISYSTEM2 L1 resp. L2 resp. L3)|) / 1.

BIAS characteristic:

Bias current =0 ... 1: Bias = constant

Bias current =1 ... 3: Bias = 30%

Bias current > 3. Bias = Setting value.

Note: In case of no phase overlapping blocking is required ...
please refer to MD321!

1116

MD324

87T

c2M

PROTECTIVE FUNCTION: MD 325

FNNR

TYPE

ANSI

Application

Transformer/Generator-Transformer differential protection 2-
winding, 3-phase, with phase selective/ phase overlapping
blocking;

Characteristic with reduced inference of restraint current.
Equation for the bias current (restraint current):

Bias current =

(|FFT 1H of (ISYSTEM1 L1 resp. L2 resp. L3)|

+ |FFT 1H of (ISYSTEM2 L1 resp. L2 resp. L3)|) / 1.

BIAS characteristic:

Bias current =0 ... 2: Bias = constant

Bias current =2 ... 6: Bias = 30%

Bias current > 6. Bias = Setting value.

1121

MD325

87T

C2,M

PROTECTIVE FUNCTION: MD 326

FNNR

TYPE

ANSI

Application
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Transformer/Generator-Transformer differential protection 2-
winding, 3-phase, with phase selective/ phase overlapping
blocking,

with CT Saturation Detection and Quick Trip — feature.
with Standard-BIAS characteristic.

Equation for the bias current (restraint current):

Bias current =

(|FFT 1H of (ISYSTEM1 L1 resp. L2 resp. L3)|

+ |FFT 1H of (ISYSTEM2 L1 resp. L2 resp. L3)|) / 1.

BIAS characteristic:

Bias current =0 ... 1: Bias = constant

Bias current=1 ... 3: Bias = 30%

Bias current > 3. Bias = Setting value.

1130

MD326

87T Cc2M

PROTECTIVE FUNCTION: MD 327

FNNR

TYPE

ANSI Application

Transformer/Generator-Transformer differential protection 2-
winding, 3-phase, with phase selective/ phase overlapping
blocking,

with CT Saturation Detection and Quick Trip — feature.
Characteristic with reduced inference of restraint current.
Equation for the bias current (restraint current):

Bias current =

(JFFT 1H of (ISYSTEML1 L1 resp. L2 resp. L3)|

+ |FFT 1H of (ISYSTEM2 L1 resp. L2 resp. L3)|) / 1.

BIAS characteristic:

Bias current =0 ... 2: Bias = constant

Bias current=2 ... 6: Bias =30%

Bias current > 6. Bias = Setting value.

1135

MD327

87T c2,M

Application:

Suitable for 3-phase, two winding transformers or two winding generator-transformer units with

stabilising for through faults and energising blocking feature.

MD 326/ MD327 additionally include CT Saturation Detection and Quick-Trip Module.
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MD321/ MD324/ MD325/ MD326/ MD327
TECHNICAL DATA:

Inputs

Analogue:

Current system 1 phase L1

Current system 1 phase L2

Current system 1 phase L3

Current system 2 phase L1

Current system 2 phase L2

Current system 2 phase L3

Binary: | Blocking input

Test input

Auxiliary input system 1 (neutral isolator open/closed)

Auxiliary input system 2 (neutral isolator open/closed)

Outputs

Binary: | Trip

Differential current

Interlock 2.H./5.H.

CT Saturation (MD326/ MD327 only)

Setting Parameters

Operating value:

0,1..25x1Inin 0,01 x In steps

Bias slope:

30...60 % in 5% steps

Vector group 1-2:

None/0/1/5/6/7/11

Zero sequence filter 1:

On/Off/External

Zero sequence filter 2:

On/Off/External

2nd harmonic:

10..50% in 1 % steps

5th harmonic:

5..20%in 1% steps

High set differential stage:

2...15xInin 0,5 xIn steps

CT ratio compensation 2—1:

0..250in 0,01 steps

Higher harmonics blocking:

MD324, MD325: Phase selective/phase overlapping.
Note: MD321 ... only phase selective.

Saturation Detection (CT):

Available for MD326/ MD327 only:

0 ... 240 periods.

Explanation: in case of CT saturation there will be an
automatic BIAS-characteristic change to 65% activ for
selected numbers of periods (= max. limit).

Note: Saturation Detection = OFF, if

Set value = 0 periods.

Window Display for Relay Internal
Determined and Computed Values

Differential current phase L1: | In Amps
Differential current phase L2: | In Amps
Differential current phase L3: | In Amps
Bias current phase L1: | In Amps
Bias current phase L2: | In Amps
Bias current phase L3: | In Amps
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Measuring
Reset ratio: | Differential Current: 0,875
High Set O/C (DiffCurr >>): 0,75
Operating time: | > 30 ms at 50 Hz (including output relays)
> 26 ms at 60 Hz (including output relays)
Accuracy: | < 3% of setting value or

<2% I,

Properties

CT saturation detection: | MD326, MD327

Standard BIAS—Characteristic: | MD321, MD324, MD326:

Characteristic graph:

Bias current=0 ... 1: Bias = constant
Bias current=1 ... 3: Bias =30%

Bias current > 3: Bias = Setting value.

Bias current =
(IFFT 1H of (ISYSTEM1 L1 resp. L2 resp. L3)|
+ |FFT 1H of (ISYSTEM2 L1 resp. L2 resp. L3)|) / 1.

Characteristic with reduced inference of restraint | MD325, MD327:
current:

Characteristic graph:

Bias current =0 ... 2: Bias = constant

Bias current =2 ... 6: Bias = 30%

Bias current > 6. Bias = Setting value.

Bias current =
(IFFT 1H of (ISYSTEML1 L1 resp. L2 resp. L3)|
+ |FFT 1H of (ISYSTEM2 L1 resp. L2 resp. L3)|) / 1.
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5.2.4. Transformer Differential Protection 3-phase 3-winding

PROTECTIVE FUNCTION: MD 331

FNNR TYPE

ANSI

Application

Transformer/Generator-Transformer differential protection 3-
winding, 3-phase, with phase selective blocking;
with Standard-BIAS characteristic.

Equation for the bias current (restraint current):
Bias current =

(JFFT 1H of (ISYSTEML1 L1 resp. L2 resp. L3)|

+ |FFT 1H of (ISYSTEM2 L1 resp. L2 resp. L3)|

+ |FFT 1H of (ISYSTEMS3 L1 resp. L2 resp. L3)|) / 1.
BIAS characteristic:

Bias current =0 ... 1: Bias = constant

Bias current =1 ... 3: Bias = 30%

Bias current > 3. Bias = Setting value.

Note: In case of phase overlapping blocking is required ... please
refer to MD334!

1002 | MD331

87T

Cc2,M

PROTECTIVE FUNCTION: MD 334

FNNR |TYPE

ANSI

Application

Transformer/Generator-Transformer differential protection 3-
winding, 3-phase, with phase selective/ phase overlapping
blocking;

with CT saturation detection;

with Standard-BIAS characteristic.

Equation for the bias current (restraint current):

Bias current =

(JFFT 1H of (ISYSTEML1 L1 resp. L2 resp. L3)|

+ |FFT 1H of (ISYSTEM2 L1 resp. L2 resp. L3)|

+ |FFT 1H of (ISYSTEMS3 L1 resp. L2 resp. L3)|) / 1.

BIAS characteristic:

Bias current=0... 1. Bias = constant

Bias current=1 ... 3: Bias = 30%

Bias current > 3. Bias = Setting value.

Note: In case of no phase overlapping blocking is required ...
please refer to MD331!

1117 | MD334

87T

c2,M
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PROTECTIVE FUNCTION: MD 335 FNNR | TYPE |ANSI Application
Transformer/Generator-Transformer differential protection 3- 1122 | MD335 87T Cc2.M
winding, 3-phase, with phase selective/ phase overlapping

blocking;

Characteristic with reduced inference of restraint current.
Equation for the bias current (restraint current):

Bias current =

(JFFT 1H of (ISYSTEML1 L1 resp. L2 resp. L3)|

+ |FFT 1H of (ISYSTEM2 L1 resp. L2 resp. L3)|

+ |FFT 1H of (ISYSTEMS3 L1 resp. L2 resp. L3)|) / 1.
BIAS characteristic:

Bias current =0 ... 2: Bias = constant

Bias current=2 ... 6: Bias = 30%

Bias current > 6: Bias = Setting value.

PROTECTIVE FUNCTION: MD 336 FNNR |TYPE ANSI Application
Transformer/Generator-Transformer differential protection 3- 1131 | MD336 87T c2,.M
winding, 3-phase, with phase selective/ phase overlapping

blocking,

with CT Saturation Detection and Quick Trip — feature.
with Standard-BIAS characteristic.

Equation for the bias current (restraint current):
Bias current =

(JFFT 1H of (ISYSTEML1 L1 resp. L2 resp. L3)|

+ |FFT 1H of (ISYSTEM2 L1 resp. L2 resp. L3)|

+ |FFT 1H of (ISYSTEMS3 L1 resp. L2 resp. L3)|) / 1.
BIAS characteristic:

Bias current=0 ... 1: Bias = constant

Bias current=1 ... 3: Bias = 30%

Bias current > 3. Bias = Setting value.

PROTECTIVE FUNCTION: MD337 FNNR |TYPE ANSI Application
Transformer/Generator-Transformer differential protection 3- 1136 | MD337 87T Cc2,.M
winding, -phase, with phase selective/ phase overlapping

blocking,

with CT Saturation Detection and Quick Trip — feature.
Characteristic with reduced inference of restraint current.
Equation for the bias current (restraint current):

Bias current =

(|FFT 1H of (ISYSTEM1 L1 resp. L2 resp. L3)|

+ |FFT 1H of (ISYSTEM2 L1 resp. L2 resp. L3)|

+ |FFT 1H of (ISYSTEMS3 L1 resp. L2 resp. L3)|) / 1.
BIAS characteristic:

Bias current=0 ... 2: Bias = constant

Bias current=2 ... 6: Bias = 30%

Bias current > 6. Bias = Setting value.

Application:

Suitable for 3-phase, three winding transformers or three winding generator-transformer units with
stabilising for through faults and energising blocking feature.

MD336/ MD337 additionally include CT Saturation Detection and Quick-Trip Feature.
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MD331/ MD334/ MD335/ MD336/ MD337
TECHNICAL DATA:

Inputs

Analogue: | Current system 1 phase L1

Current system 1 phase L2

Current system 1 phase L3

Current system 2 phase L1

Current system 2 phase L2

Current system 2 phase L3

Current system 3 phase L1

Current system 3 phase L2

Current system 3 phase L3

Binary: | Blocking input

Test input

Auxiliary input system 1 (neutral isolator open/closed)

Auxiliary input system 2 (neutral isolator open/closed)

Auxiliary input system 3 (neutral isolator open/closed)

Outputs

Binary: | Trip

Differential current

Interlock 2.H./5.H.

CT Saturation (MD336/ MD337 only)

Setting Parameters

Operating value: | 0,1 ... 2.5 x Inin 0,01 x In steps

Bias slope: |30 ... 60 % in 5 % steps

Vector group 1-2: | None/0/1/5/6/7/11

Vector group 1-3: | None/0/1/5/6/7/11

Zero sequence filter 1: | On/Off/External

Zero sequence filter 2: | On/Off/External

Zero sequence filter 3: | On/Off/External

2nd harmonic: | 10 ... 50 % in 1 % steps

5th harmonic: |5... 20 % in 1 % steps

High set differential stage: | 2 ... 15 xIn in 0,5 xIn steps

CT ratio compensation 2—1: |0 ... 2,50 in 0,01 steps

Higher harmonics blocking: | MD334, MD335:
Phase selective/phase overlapping.
Note: MD331 ... only phase selective.

Saturation Detection (CT): | Available for MD336/ MD337 only:

0 ... 240 periods.

Explanation: in case of CT saturation there will be an
automatic BIAS-characteristic change to 65% activ for
selected numbers of periods (= max. limit).

Note: Saturation Detection = OFF, if

Set value = 0 periods.

Window Display for Relay Internal
Determined and Computed Values
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Differential current phase L1: | In Amps
Differential current phase L2: | In Amps
Differential current phase L3: | In Amps
Bias current phase L1: | In Amps
Bias current phase L2: | In Amps
Bias current phase L3: | In Amps

Measuring
Reset ratio: | Differential Current: 0,875
High Set O/C (DiffCurr >>): 0,75
Operating time: | > 30 ms at 50 Hz (including output relays)
> 26 ms at 60 Hz (including output relays)
Accuracy: | < 3% of setting value or

<2% I,

Properties

CT saturation detection:

MD335, MD337

Standard BIAS—Characteristic:

MD331, MD334, MD336:

Characteristic graph:

Bias current=0 ... 1: Bias = constant
Bias current=1... 3: Bias = 30%

Bias current > 3. Bias = Setting value.

Bias current =

(IFFT 1H of (ISYSTEML1 L1 resp. L2 resp. L3)|

+ |FFT 1H of (ISYSTEM2 L1 resp. L2 resp. L3)|

+ |FFT 1H of (ISYSTEM3 L1 resp. L2 resp. L3)|) / 1.

Characteristic with reduced inference of restraint

MD335, MD337:

current:
Characteristic graph:
Bias current =0 ... 2: Bias = constant
Bias current =2 ... 6: Bias = 30%
Bias current > 6. Bias = Setting value.
(IFFT 1H of (ISYSTEMZ1 L1 resp. L2 resp. L3)|
+ |FFT 1H of (ISYSTEM2 L1 resp. L2 resp. L3)|
+ |FFT 1H of (ISYSTEM3 L1 resp. L2 resp. L3)]) / 1.
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5.2.5. Transformer Differential Protection 3-phase 4-winding

PROTECTIVE FUNCTION: MD341

FNNR

TYPE

ANSI

Application

Transformer/Generator-Transformer differential protection 4-
winding, 3-phase, with phase selective blocking;
with Standard-BIAS characteristic.

Equation for the bias current (restraint current):
Bias current =

(JFFT 1H of (ISYSTEML1 L1 resp. L2 resp. L3)|

+ |FFT 1H of (ISYSTEM2 L1 resp. L2 resp. L3)|

+ |FFT 1H of (ISYSTEMS3 L1 resp. L2 resp. L3)|

+ |FFT 1H of (ISYSTEM4 L1 resp. L2 resp. L3)|) / 1.
BIAS characteristic:

Bias current =0 ... 1: Bias = constant

Bias current =1 ... 3: Bias = 30%

Bias current > 3. Bias = Setting value.

Note: In case of phase overlapping blocking is required ... please
refer to MD344!

1003

MD341

87T

M

PROTECTIVE FUNCTION: MD344

FNNR

TYPE

ANSI

Application

Transformer/Generator-Transformer differential protection 4-
winding, 3-phase, with phase selective/ phase overlapping
blocking;

with Standard-BIAS characteristic.

Equation for the bias current (restraint current):

Bias current =

(JFFT 1H of (ISYSTEML1 L1 resp. L2 resp. L3)|

+ |FFT 1H of (ISYSTEM2 L1 resp. L2 resp. L3)|

+ |FFT 1H of (ISYSTEMS3 L1 resp. L2 resp. L3)|

+ |FFT 1H of (ISYSTEMA4 L1 resp. L2 resp. L3)|) / 1.

BIAS characteristic:

Bias current =0 ... 1: Bias = constant

Bias current =1 ... 3: Bias = 30%

Bias current > 3. Bias = Setting value.

Note: In case of no phase overlapping blocking is required ...
please refer to MD341!

1118

MD344

87T

M

PROTECTIVE FUNCTION: MD345

FNNR

TYPE

ANSI

Application

Transformer/Generator-Transformer differential protection 4-
winding, 3-phase, with phase selective/ phase overlapping
blocking.

Characteristic with reduced inference of restraint current.
Equation for the bias current (restraint current):

Bias current =

(JFFT 1H of (ISYSTEML1 L1 resp. L2 resp. L3)|

+ |FFT 1H of (ISYSTEM2 L1 resp. L2 resp. L3)|

+ |FFT 1H of (ISYSTEM3 L1 resp. L2 resp. L3)|

+ |FFT 1H of (ISYSTEM4 L1 resp. L2 resp. L3)|) / 1.

BIAS characteristic:

Bias current =0 ... 2: Bias = constant

Bias current=2 ... 6: Bias = 30%

Bias current > 6: Bias = Setting value.

1123

MD345

87T

M
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PROTECTIVE FUNCTION: MD 346 FNNR | TYPE |ANSI Application
Transformer/Generator-Transformer differential protection 2- 1132 | MD346 87T Cc2.M
winding, 2-phase, with phase selective/ phase overlapping

blocking,

with CT Saturation Detection and Quick Trip — feature;
with Standard-BIAS characteristic.

Equation for the bias current (restraint current):
Bias current =

(JFFT 1H of (ISYSTEML1 L1 resp. L2 resp. L3)|

+ |FFT 1H of (ISYSTEM2 L1 resp. L2 resp. L3)|

+ |FFT 1H of (ISYSTEMS3 L1 resp. L2 resp. L3)|

+ |FFT 1H of (ISYSTEM4 L1 resp. L2 resp. L3)|) / 1.
BIAS characteristic:

Bias current=0 ... 1: Bias = constant

Bias current=1 ... 3: Bias = 30%

Bias current > 3. Bias = Setting value.

PROTECTIVE FUNCTION: MD 347 FNNR | TYPE |ANSI Application
Transformer/Generator-Transformer differential protection 2- 1137 | MD347 87T Cc2,M
winding, 2-phase, with phase selective/ phase overlapping

blocking,

with CT Saturation Detection and Quick Trip — feature.
Characteristic with reduced inference of restraint current.
Equation for the bias current (restraint current):

Bias current =

(JFFT 1H of (ISYSTEML1 L1 resp. L2 resp. L3)|

+ |FFT 1H of (ISYSTEM2 L1 resp. L2 resp. L3)|

+ |FFT 1H of (ISYSTEMS3 L1 resp. L2 resp. L3)|

+ |FFT 1H of (ISYSTEM4 L1 resp. L2 resp. L3)|) / 1.
BIAS characteristic:

Bias current =0 ... 2: Bias = constant

Bias current=2 ... 6: Bias = 30%

Bias current > 6: Bias = Setting value.

Application:

Suitable for 3-phase, four winding transformers or four winding generator-transformer units with
stabilising for through faults and energising blocking feature.

MD 346/ MD347 additionally include CT Saturation Detection and Quick-Trip Module
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MD... TRANSFORMATOR DIFFERENTIAL

MD341/ MD344/ MD345/ MD346/ MD347
TECHNICAL DATA:

Inputs

Analogue: | Current system 1 phase L1

Current system 1 phase L2

Current system 1 phase L3

Current system 2 phase L1

Current system 2 phase L2

Current system 2 phase L3

Current system 3 phase L1

Current system 3 phase L2

Current system 3 phase L3

Current system 4 phase L1

Current system 4 phase L2

Current system 4 phase L3

Binary: | Blocking input

Test input

Auxiliary input system 1 (neutral isolator open/closed)

Auxiliary input system 2 (neutral isolator open/closed)

Auxiliary input system 3 (neutral isolator open/closed)

Auxiliary input system 4 (neutral isolator open/closed)

Outputs

Binary: | Trip

Differential current

Blocking

Setting Parameters

Operating value: 0,1 ... 2,5xInin 0,01 x In steps

Bias slope: |30 ... 60 % in 5 % steps

Vector group 1-2: | None/0/1/5/6/7/11

Vector group 1-3: | None/0/1/5/6/7/11

Vector group 1-4: | None/0/1/5/6/7/11

Zero sequence filter 1: | On/Off/External

Zero sequence filter 2: | On/Off/External

Zero sequence filter 3: | On/Off/External

Zero sequence filter 4: | On/Off/External

2nd harmonic: |10 ... 50 % in 1 % steps

5th harmonic: |5... 20 % in 1 % steps

High set differential stage: | 2 ... 15 xIn in 0,5 xIn steps

CT ratio compensation 2-1: |0 ... 2,50 in 0,01 steps

Higher harmonics blocking: | MD344, MD345: Phase selective/phase overlapping.
Note: MD341 ... only phase selective.
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Saturation Detection (CT):

Available for MD346/ MD347 only:

0 ... 240 periods.

Explanation: in case of CT saturation there will be an
automatic BIAS-characteristic change to 65% activ for
selected numbers of periods (= max. limit).

Note: Saturation Detection = OFF, if

Set value = 0 periods.

Window Display for Relay Internal
Determined and Computed Values

Differential current phase L1: | In Amps
Differential current phase L2: | In Amps
Differential current phase L3: | In Amps
Bias current phase L1: | In Amps
Bias current phase L2: | In Amps
Bias current phase L3: | In Amps

Measuring

Reset ratio: Set value Differential Current: 0,875
Set value High Set O/C: 0,75

Operating time: | > 30 ms at 50 Hz (including output relays)
> 26 ms at 60 Hz (including output relays)
Accuracy: | < 3% of setting value or

<2% I,

Properties

CT saturation detection:

MD346, MD347

Standard BIAS—Characteristic:

MD341, MD344, MD346:

Characteristic graph:

Bias current =0 ... 1: Bias = constant
Bias current =1 ... 3: Bias = 30%

Bias current > 3: Bias = Setting value.

Bias current =

(IFFT 1H of (ISYSTEMZ1 L1 resp. L2 resp. L3)|

+ |FFT 1H of (ISYSTEM2 L1 resp. L2 resp. L3)|

+ |FFT 1H of (ISYSTEM3 L1 resp. L2 resp. L3)|

+ |FFT 1H of (ISYSTEM4 L1 resp. L2 resp. L3)|) / 1.

Characteristic with reduced inference of restraint

MD345, MD347:

current:

Characteristic graph:

Bias current =0 ... 2: Bias = constant

Bias current=2 ... 6: Bias = 30%

Bias current > 6: Bias = Setting value.

Bias current =

(IFFT 1H of (ISYSTEMZ1 L1 resp. L2 resp. L3)|

+ |FFT 1H of (ISYSTEM2 L1 resp. L2 resp. L3)|

+ |FFT 1H of (ISYSTEMS3 L1 resp. L2 resp. L3)|

+ |FFT 1H of (ISYSTEM4 L1 resp. L2 resp. L3)|) / 1.
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MD... TRANSFORMATOR DIFFERENTIAL

5.3. CONNECTION DIAGRAM

R T
L1 L3
_;r +|-|== BATT.
" | @173 v
1 1A - +|- GND 1
‘H E IsysTEMI L1 —— { 11 oy asvoc |PC outol[ ~_ 2
T 110V...220VDC 4
SYSTEM1 ‘H IsysTEMmI L3 { 12 i ouToz[_ 27
Eir g, ouT 03 [=¢]
9 L 7
OuUT 04 8
2 o]
B 13 1A OUTO05[ ~_10
14 5A§ E 5 IDRS 11
15 1 = OUT 06 ~, 12
E E L 16 1A 13
| —3 16 @@MPA@TZA ouTo7[~_14
TRANS- - 19 1A 15
FORMER j ! 23 f 17 ouTo08[ 16
@] = | 2 1A X5
oo 23 18 1
o =2 p—
26 5A 3
7! 27 1 19 3
f i } 28 1A OuT 10 \_ﬂ\%,
= ! | 29 LEEIIO OuT 11 [ 6
I
[ X8 7
! OuT 12
SYSTEM2 — o : N 1j Fui E\%
I IsvstEm211
1 \ o g ouT13[ ~ 12
|
il )‘UL IsvstEm2 L3 4 3 { u2 ouT14[ < 12
[ ! 5 13
[
L~ L 6 3f us ouT 15[ 12
[
G | | AUXINPUTL  * s 3f ua ouT 16 [ 16]
GEN. 2~ L1 (opt) | 9 X6
e 103§ Us 1
N1 | AUXINPUT2 + a ouT17[ 2]
| (opt) 3
| 1+ ouT 18 [~ 4}
frmmmmm s . 2w :
3 + OouT 19 \_ﬂ\ 6
N P Z IN 02 7
T I5 = ouT20 _—_ 8
TEST (opt) * 2221 T [ - ]mos 9
PO A ouT 21 [ _10]
BLOCKING (opt) & .| 8 . Z IN 04 11
9 + OuT 22 ~_12
10 - E IN 05 13
11 + OuT 23 ~._14
© MD221 COVERS ALL %‘Z IN 06 oUT 24 Iﬁ
TRANSFORMER VECTOR (12, o7 \;
GROUPS 15 + 4
16 - IN 08
:ZX7 RELAYFAL» OUT 31 5]
6
%7 -7 «RELAY STOP» OUT 32 7
3 T2 Ducer1) s 8
2 | 77 u Tx+
., 82 W
LEGEND: w -
B 27 2 - S0 gnp |10
OPTIONAL MODULE: 7 ¢ M --- TRANS- si03
-UAKB Transducer 1 s 1 2 X --- DUCER2 pra
Transducer 2 o 1% < B pea| 12
Shaft Current 012 2 s Rx. |13
Rotor E/F 11 | & " | SHAFTCURR. ) sio4 9 GNDiiz_)1
CAN BUS future use (hardware extension) 112 | £ 5]
X9/X10 IEC870 5-103 control system interface 13 | 4 TX-—=
RS422/485 chain line data interface |14 | 7@) sio1
MODBUS control system interface
FAULT IN0S #Z‘ X9
Sh
DRS-CABLE no. TID-006-- |- FRONTSIDE__| -
,,,,,,,,,,,,,,,,,,,,,, e X10
RS 232 l

NOTEBOOK
MAINTENANCE

MD221/MD224/MD225/MD226/MD227 87T 2-PH. WIRING DIAGRAM

Fig. 44 MD221/MD224/MD225/MD226/MD227 87T 2-PH. Wiring Diagram
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TRANSFORMATOR DIFFERENTIAL

5.3.2. MD231
R - % +|-|= BATT.
L1 L3 1 | X2 123 X3
1 1A = +|-| |GND 1
Isvsemiae—223 € 11 2av._48vDC |PC outol[ ~_ 2|
1A 110V...220VDC
£ Isvsemisf—23 f 12 bc ouT 02 L\%
SYSTEM1 7 1A OUT 03 [_‘1\ 6
MAIN TRANS- 3§ 13 7
TRANS- @ FORMER o1 ouTo4[ ~. 8
FORMER 3-INP. n—=3f 14 9
l ,,,,, 2-PH. 13 A OUT 05 [_.:\ %2
14 5A
r————i L DRS- ouT 06 [ ~_12
| 16 1A 13
| = =511 COMPACT2A ouror 14
I 19 1A 15
| ‘ ‘ 3 £ |y ouT08[ 16
' SYSTEM2 SYSTEM3 22 1A X5
| - -
BN |- 5 :
I T 3 s 1a OouUTO09 [ ~_ 2]
| | | =3 19
|
| ;L = = i e ouT 10~ 4
el bt i Nt Nty e 3 110 ouT11[ 6
} | ! £ :\ A A IsystEm211 X8 ouT 12 [ ;
1ol | | 1 1 S
- ! f i\ A__LsysTEmM2 13 2 E { U1l oUT 13 9
| } | 3 [_ﬂ%
I | N
! i } £ Toveremsns é § { uz2 OUT 14 [ ig
! |
Lo ! f IsvsTEmM3L3 5 % { us OUT15[ ~_ 14
[ | 7 15
[ | R T R T OUT 16| ~_16
LA .l Ll 13 11 13 N s 3§ ua .
[ N ! | Aux. 9j . X6
T INPUTL 10 us 1
1 ! AUX. (opt.) out17[ ~_ 2|
! R e INPUT2 X4
! + (opt.) % £ ot ouT 18 L\%
! AUX. - =
| 3+ ouT19[ 6
****** "\ég’;F i 4|/ INo2 = 7
: 5, out20 8
- 6 -| | INO3 9
o~ ] 7+ OuT21[ ~_10]
TEST (opt) ¥ 22T T (5 || Noa 11
e~ 9 + ouT22[ ~_12]
BLOCKING (opt) ¥~~~ "~~~ 77777 10 - Z IN 05 B 13
11 + OuUT 23 ~. 14
12 - E IN 06 L 15
13 + ouT24| ~_16
14 - IN 07
® MD231 COVERS ALL :le " X2
TRANSFORMER VECTOR 16 - IN 08 4
161 RELAYFAL, OUT 31 5]
GROUPS X7 .
L ] RELAY STOP» OUT 32 7]
-—- TRANS- >
3 -- DUCER1 sio2 8' 9 TTx): g
LEGEND: 2 Y 7 2& ool 10
OPTIONAL MODULE: 71 S M --- TrRANS- Si03
-UAKB Transducer 1 8 2 X --—- DUCER2 o w511
Transducer 2 9 : 5’: - $  Rxr ig
Shaft Current 10 | 2 N Rx-
Rotor E/F 11 g ~ | SHAFTCURR. ) sioa % GND ig
CAN BUS future use (hardware extension) 12 4 TTY 16
X9/X10 IEC870 5-103 control system interface 13 —
RS422/485 chain line data !nterface 14 - 7@ slo1
MODBUS control system interface INOO > X9
FRONTSIDE
”””””” j £l x10
RS 232 '
NOTEBOOK
MAINTENANCE
MD231 87T 3-INP., 2-PH. WIRING DIAGRAM
Fig. 45 MD231 87T3-INP., 2-PH. Wiring Diagram
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MD... TRANSFORMATOR DIFFERENTIAL
5.3.3. MD321
= +|-|== BATT.
L1 L2 L3 T
v | X2 123 <3
N = +|-| |oND 1
‘H IsysTEm1 L1 = { 1 o asvpc |PC OuT 01 \%
1A 110V...220VDC
SYSTEM1 il E IsystEm1 L2 E— { 12 DC ouT 02 \%
! 1 ouT03[ —_ 6
i IsysTEM1L3 CR— { 13 7
I 10 1A OuUT 04 ~_ 38
] s f 14 OUTO05 [ 18
Fra—Y £is ID)IF%S 11
4 5L = OUT 06 [ ~_12]
16 1A 13
Bt e @@MPA@TZA ouT 07 [_~_14]
TRANS- 19 1A 15
FORMER 223 £ 7 ouT 08 [ ~_ 16]
@ 22 1A X5
23 18 1
25 1A OuT 09 ~_ 2
26 5A 19 3
ﬁ 3 ouT 10 [~ 4]
5
o 13§ 110 ouT11[_~_ 6]
IsvystEM2 11 X8 7
‘ 1 ouT12[ 8
SYSTEM2 M A Isvstemzr2 g IR 0ouUT 13 [ ~_10]
| AA 11
|
I E : , IsvsTem2 L3 4 3 { u2 ouT14[ < 12
| 5 13
L
OuT 15 14
i (= —
GEN G || AUXINPUTL  + s 1f u4 OUT16] . 16
. 3~ P (opt.) l 9 { X6
I tmm e 10 % us 1
} AUX.INPUT2+ X4 OouT 17 \%
| (opt) 4]
‘l{ i@ IN 01 ouTisl~ ¢
. 3 ouT19[ ~_ 6
. 4. Z IN 02 7
N ouT 20 [ __8]
3 TEST (opt) * 222 | 6 - Z IN 03 9
oo~ )T+ ouT21[_~_10]}
L BLOCKING (opt) *—~— " ] 8 . Z IN 04 11
9 + OuUT 22 ~_12
10 - E IN 05 13
1. ouT 23 [ _14]
@ MD321 COVERS ALL %Z IN 06 oUT 24 ﬁ
TRANSFORMER VECTOR EZ IN 07 sy
GROUPS (NO HARDWARE 15 + Xi
’ 16 - IN 08
INTERPOSING C.T.’s) :Zw RELAY FALL» OUT 31 5]
6
; . \ «RELAY STOP» OUT 32 7
~~ 7 TRANS-
2 —-—- DUCER l> Sl02 D' %) Tx+ 8
LEGEND: w - Y 02 o
: 2 = - \ 20 gnp|10
OPTIONAL MODULE: 7 8 M --- TrRANS- Si03
-UAKB Transducer 1 8 2 X --- DUCER2 o w511
Transducer 2 9 E v @ R+ |—12
Shaft Current 0122 ) 3 Rx- ﬁ
Rotor E/F 11 |6 " 'SHAFTCURR. ) si04 % GNDI—¢
v
CAN BUS future use (hardware extension) 12 @ TT):r 16
X9/X10 IEC870 5-103 control system interface 13 - \
RS422/485 chain line data interface 14 ROTOR EF ) sio1
MODBUS control system interface NGO #Z : X9
o FRONTSIDE
DRS-CABLE no. TID-006--  f-———————-| e <10
|
RS 232 e
[\
NOTEBOOK

MAINTENANCE

MD321/MD324/MD325/MD326/MD327 87T WIRING DIAGRAM

Fig. 46 MD321/MD324/MD325/MD326/MD327 87T Wiring Diagram
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5.3.4. MD331, MD334
SYSTEM1 = =
L1 L2 L3 = *|’|5 BATT
X1 | X2 1]2[3 X3
1 1A = +|-| |GND 1
“F Isvstemi L1 fE—F { 11T 54y 4svpc |PC OUTOL |~ g
1A 110V...220VDC
| ISYSTEM1 thg oA { 12 bC ouT 02 Pg
AT oUT03[ ~_ 6
‘“ ISYSTEML L3ffe— { 13 7
‘ 0 1A r outo4[ 8
IsysTEM2 L1 fi—8 14 9
e ouTo05 [ —_10
4 5A 11
IsysTemz L2 fig—2 { 15 DRS:. ouT 06 [ —_ 12
16 1A 13
| Isvstevesfi—3 § 16 @@MPA@TZA outo7 [ —_14
H o 19 1A 15
| { ] N3 7 ouTO08 [ ~_ 16
Ty N I s X
| } } 24 1 1
| = — OUT 09 2
N iy —— s 3
ro ] ! L OUT 10 4
| } \H» T A‘ 7 28 1A { ¥5
|
iy Y N 110
b i A o L ouT11 [ 6]
| |
o H [ — 1 out12[~_ 8
[ A TsvstEms Ll 3 { U1 9
o I 2 OUT 13 [
} } I i ISYSTEM3 12 3 ﬂ
P i A 4 3§ v2 ouT 14 [ —_12]
|
o I A ISYSTEM3 L3 5 13
Lo } 5 3 { U3 OUT 15[ < 1451
| | ! 7
I | ! OUT16 | ~_16
. L1 L2 L3L1L2 L3 ! s 3§ v 6
Lo SYSTEM2 SYSTEM3 ! 9
Hoeemm oo oo w 103§ Us ouT 17 1
|
1 T ‘ ; xa 1
e A
] [ N out18[_~_ 4]
AUX.INPUT1 (opt.) | T 2 - Z IN 01 5
L 3 4+ ouT19[ ~_ 6|
AUX.INPUT2 (opt.) | * 4 | /| IN02 7
_ 5 + ouT20[ ~_ 8
AUX.INPUT3 (opt) * 6 -|/|INO3 9
o~ 7 + OuT 21 ~._10]
TEST(opt) 2T ] N 1
M ouT22 [ ~_ 12|
BLOCKING (opt) T~~~ ] 10 -] nos 3
ﬂ N Z IN 06 outzsl E
13 + ouT24[ ~_16
14 - Z IN 07 2
LEGEND: 15 +
16 - Z IN 08 4
OPTIONAL MODULE: o RELAYFAL» OUT31[ 5]
-UAKB Transducer 1 6
Transducer 2 1 ——4 «RELAY STOP» OUT 32 7
Shaft Current 2 -—~ _
3 TRANS slo2 8
Rotor E/F 7 - - DUCER 1 Aw T 9
CAN BUS future use (hardware extension) 5 4 ] g 2 GI‘E 10
X9/X10 IEC870 5-103 control system interface 6 2 m --4
RS422/485 chain line data interface 7 ] < -1 iy BT 11
MODBUS control system interface 8 2 < - 0 55
91535 F s
10 = __ N -
11 15 SHAFT CURR. ) S04 Y GND ig
® MD331 COVERS ALL 12 7 R
TRANSFORMER VECTOR 13 ] T
GROUPS (NO HARDWARE 14 "@ siox
INTERPOSING C.T.’s) N0 jz\ X9
Sh
FRONTSIDE
DRS-CABLE no. TID-006-- | =~~~ """ “
””””””””””” RS 232 :‘ | _x10
NOTEBOOK
MAINTENANCE
Fig. 47 MD331/MD334/MD335/MD336/MD337 87T 3-INP. 3-PH. Wiring Diagram
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5.4. LOGIC DIAGRAMS

5.4.1. MD221

SYSTEM1

MAIN
TRANSF.
O]

SYSTEM2

L1

T
L3
{4, IsysTEmLLL n } { N
{ IsysTEMIL L3 n } {
1
|
|
|
|
|
|
|
|
|
|
‘ I n
: } SYSTEM2 L1 } {
! I U
i ‘ SYSTEM2 L3 | } {
I |
o
|

oLt AUXINPUTL -
i (OPTIONAL)
|
L } AUX.INPUT2 I
L ___]
G (OPTIONAL)
GEN. 2~
NS =L 4]
(OPTIONAL)
BLOCKING T |
(OPTIONAL)
LEGEND
DRS DIGITAL RELAY SYSTEM
DRS- DIGITAL PROTECTION RELAY
COMPACT2A  TYPE: DRS-COMPACT2A
PROCESSING ~ CPU*DSP - BOARD/

VERSION 2

@ MD221 COVERS ALL TRANSFORMER
VECTOR GROUPS

DRS-
GOMPACT2A

PROCESSING

S~ TRIP
ICOMMANDS

OUTPUT CB1
CONTACTS CB2

ALARM

CONTACTS
Trip
Diff.Curr.
Block.

MD221/MD224/MD225/MD226/MD227 87T 2-PH. LOGIC DIAGRAM

Fig. 48 MD221/MD224/MD225/MD226/MD227 87T 2-PH. Logic Diagram
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Hh 22 2@

MD... TRANSFORMATOR DIFFERENTIAL

CALC. INTERNAL
MEASURED VALUES

| DIFF.CURRENT PHASE L1
| DIFF.CURRENT PHASE L3
r | HOLDING CURRENT PHASE L1
NOTEBOOK 1 HOLDING CURRENT PHASE L3
| ' | |
| | o | |
| Isystemiia ! I 141l | FFT 1H>> | — | |
IsysTEmi L3 | To T MHIGH SET| | & |
IsysTEM211 | .Ii | |
Isvstemzis | L FFT 1H | o |
| auxanpury | ( [cT saTuRATIONH @ L& T | |
| AUX.INPUT2 | FFT 2H> il |
| | | |
L1
| | — | |
| | — 2 1® | |
| | | |
| | | |
| | | |
| | | |
I BIN.1/O | ED
| :LEBES,E,U | om1 L] TRIP DISPLAY || | |
— i 1 - 4 & & T TRIP ﬁ | |
| | T | l
| | sz, | |
BLOCKING TR
,,,,,,, DIFF.CURRENT
| BIN.1UO | | o =1 LA ) LED- | |
| LPRESET: |  — L & MATRIX | |
! v ==y _______
| i ] | BIN.I0 T |
| PRESET 1|
| | BLOCKING ) @ N T
| 7777777 | | > >=1 ] e {::; 777777 ! L_
[FUNCTION| - & BLOCKING | || | | [/ &=—=—-—
‘outpuT ! | L V) I
g | TR |
N e R R
| | P r TRIP- |
R MATRIX | [ J
@
PLEASE NOTE: PR@@ESS”N@
MD226, MD227 ADDITIONALLY INCLUDE
THE BINARY OUTPUT ,CT SATURATION®
@ @ ®
FOR DETAILD BASIC CALCULATION LOGIC ,PHASE OVERLAPPING RESTRAINT* ,CT SATURATION*
CIRCUIT: see ,MD321 87T LOGIC DIAGRAMM AT AT
PROCESSING / DETAIL* MD224, MD225, MD226, MD227 ONLY. MD226, MD227 ONLY.

MD221/MD224/MD225/MD226/MD227 87T 2-PH. LOGIC DIAGRAM PROCESSING

Fig. 49 MD211/MD224/MD225/MD226/MD227 87T 2-PH. Logic Diagram Processing
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|svsrawuil+  Tsvsreveua|

1

BIAS

I

DIFF.CURRENT
BLOCKING
TRIP

FFT 1H>>
HIGH SET

>
<

MD221/MD224/MD225/MD226/MD227 87T 2-PH. LOGIC DIAGRAM PROCESSING / LEGEND

TRANSFORMATOR DIFFERENTIAL

Leceno  PROGESSING

FIRMWARE MODULE: MD221

] ) . CALC. INTERNAL N .
Online simulation | MmeasuReED vALUES | Online-indication of DRS-internal

via notebook [ ] calculated values on notebook-screen
. . i Il =m0 v | | Il =m0 v | | I =m0 v | |
Online simuiation of | SN0 | ooy [ ENIE BRI
DIG. IN/OUTPUTS L RESET | finction | ae L  always | PRESET. | always
. ) 1 i function | 11" 1 | ,o"
via notebook: __.ﬁ —— —=

Online-simulation of the FUNCTION OUTPUTS of the protective function MD221
[—Jall FUNCTION OUTPUTS enabled (regular-operation)
[1]all FUNCTION OUTPUTS disabled (test-operation)

Zero-sequence current filtering (software-filtering); enabled via settings

Transformer vector group adjustment by software; see settings
Note: no hardware-interposing c.t.”s necessary

Compensator-factor for c.t.-secondary currents; see settings

Programmable

software-matrix for ® ® LED-indications of
the LED-indications LED- PROCESSING
(row 2...14) of DISPLAY (row 2...14)
PROCESSING

Programmable software-matrix for the output-contacts (OUT1...0UT30)

Calculation of differential current by adding up the (proper signed) currents

Fast Fourier Transformation: 1. Harmonic
FFT: 2. H. > set; see setting for ,2.H.filter" for transformer energizing
FFT: 5. H. > set; see setting for ,,5.H.filter" for transf. saturation by over-voltage

| ISYSTEMl | + | ISYSTEMZ |
1

IRESTRAINT -

Restraint current:

BIAS characteristic (differential current <-> restraint current)

Denomination of FUNCTION OUTPUTS going to LED-MATRIX
Denomination of FUNCTION OUTPUTS going to TRIP-MATRIX
FUNCTION OUTPUT: Differential current > set

FUNCTION OUTPUT: Blocking of tripping by 2. or 5. Harmonic filter or
by ext. applied blocking signal

FUNCTION OUTPUT: Trip (no blocking active)

The high-set feature deactivates the higher harmonics (2.H.,5.H.) blocking
of tripping (tripping is enabled)

Type of function: over-detection (actual value > set value)

Type of function: under-detection (actual value < set value)

Fig. 50 MD221/MD224/MD225/MD226/MD227 87T 2-PH. Logic Diagram Processing / Legend
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5.4.2. MD321

L1 L2 L3
g_r IsvstEm1LL n ‘ } { N
E IsvsTEM1 L2 ny } { S
[ J —> Z
SYSTEM1 { IsystEm1L3 n } { N @
v 9
—>
IR
—— —>
3t =
AUX.INPUT1 n 37 e,
S NTH
I I
TRANS- At T Z —
FORMER
AUX.INPUT2
® P L ]
,,,,_.,\_“‘
(OPTIONAL)
{ IsvstEM2 L1
RN W—
- IsvystEm2 L2
SYSTEM2 £-
{ IsvstEM2 L3
G
GEN. TEST
3~ ) = - —
(OPTIONAL)
BLOCKING . T | _ Z N
(OPTIONAL)
- N TRIP
COMMANDS|
@ MD321 COVERS ALL TRANSFORMER _ OUTPUT CBL
VECTOR GROUPS (NO HARDWARE CONTAGTS cB2 AL
INTERPOSING C.T.’s) GONTACTS
Trip
LEGEND Diff.Curr.
Block.
DRS DIGITAL RELAY SYSTEM
DRS- DIGITAL PROTECTION RELAY
COMPACT2A TYPE: DRS-COMPACT2A
CPU+DSP - BOARD/
PROCESSING VERSION 2

MD321/MD324/MD325/MD326/MD327 87T LOGIC DIAGRAM

Fig. 51 MD321/MD324/MD325/MD326/MD327 87T Logic Diagram
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MD... TRANSFORMATOR DIFFERENTIAL

CALC. INTERNAL
= MEASURED VALUES
|:|E > DIFF.CURRENT PHASE L1
> DIFF.CURRENT PHASE L2
(— —>| DIFF.CURRENT PHASE L3
. M—T—7—> HOLDING CURRENT PHASE L1
NOTEBOOK ~—T—> HOLDING CURRENT PHASE L2
| HOLDING CURRENT PHASE L3
| |
| ' | '
I | | I
N | IsysteEmii1 | 1 1 FFT 1H>> g | |
N I Tsvstemi iz i IF To Ma MHIGH SET 1 & |
| IsvsTEmiLs ]
% " Isvstemzi | L J\;-Iz J | |
N | Isvstemare ! ILh H A FFT1H | Lo |
v i IsysTEM2 L3 ! ‘ @ & — | |
T AUX.INPUT1 | |
TSl Tauxinpura | B FFT 2H> . | |
| [ il |
ITH = |
| L2 @+—¢ |
| | L3 @ «—>e | |
| I | I
I | | I
I | | :
| | |
| TEST | R | :
| I'BIN.1O | |
LED-
i PRESET | et | TRIP DISPLAY||| | |
T T |
| | THHHEH, | |
| %L,O,C,KJN? | DIFF.CURRENT H?????H | |
| | BIN.UO | | || b3 >=1 |- . LED- | |
el i |
IR
I I 4,.'» ‘
| Lo I | | |
| | BLOCKING ) ®
| > >=1 & L
| [FUNCTION| " & BLOCKING
‘ouTPUT ! | L
[ |
IEinn
]
- PROCESSING
FOR DETAIL:
see ,MD321 87T LOGIC DIAGRAMM
PROCESSING / DETAIL*

FOR DETAILD BASIC CALCULATION LOGIC

@

CIRCUIT: see ,MD321 87T LOGIC DIAGRAMM

PROCESSING / DETAIL"

@)

AT

,PHASE OVERLAPPING RESTRAINT"

MD324, MD325, MD326, MD327 ONLY.

®
,CT SATURATION*
AT

MD326, MD327 ONLY.

MD321/MD324/MD325/MD326/MD327 87T LOGIC DIAGRAM PROCESSING

Fig. 52 MD321/MD324/MD325/MD326/MD327 87T Logic Diagram Processing
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MD... TRANSFORMATOR DIFFERENTIAL

DETAIL TO: MD321

BASIC CALCULATION LOGIC CIRCUIT (FIRMWARE)
WITH SET VALUES/ FOR SYSTEM1

| ? |HIQ|'I Set OC 2'm A m .
FFT 1H=>
™ HIGH SETE®
e IZO“O Fil.
l i M [ [Saturation Dsiecion 5 Periods [
Lavsiemr 1= [y *
MU IsysTEMIL] | zERo Ehs -
ny— TersremiLz ] " svsrenr T
- 1SrSTEMILS -
Remark: In = (Lislutlo)f3 | _FFT HO [+ _IL.J_Ld_l
CALCULATION ™ e
T OF RESTRAINT
CLRRENT (T) 4
o /_ A
[ # |operate Value 030A] | .
- RLETR.TU==
g FFT 1H
GALCULATION |1 —_-
OF DIFF.
CURREMT
[#:Jand Harmonic 25 %] |
[=lzero Sequ Filsys 2 off T] 7
p—| FFT 2H = et |
Tovstona i~ la
Ny TsvsTEMZ L1 | ZERD [ & [5th Harmonic 15 %] | »=1
SYSTEMZ L2 *| SEQUEMCE
:;uJ —f} i‘—ii%ir‘ji%i' SYSTEMZ I—»i—FFI’ 5H = set
=1 SYETEM2 L |
Remark: Lo = (Il HL)H3
[= [vector Group 1-2 5 ] l_c—
; &
A 14 M
| VECTOR
GROLP
12
TRIP
—l e
| % [T Ration Comg. 2-1 100 ||
' L BINARY OUTPUTS:

TRIP

CT RATIC FFT 1H @

> DIFF. STROM
SOMPFENSATION
2y » INTERLOCK ZH./5.H. |
o [WANDLERSATTIGUNG ®
| 2 ~—iO
| L3 @

LEGEND
@ RELAY PARAMETERS (SET VALUES) ® BLOCKING BY 2" HARM. OR 5™ HARM. IS
@ FFT 1H...FOURIER TRAMSFORM./ 19 HARM CANCELLED IN CASE: 4l > HIGH SET.
@ RESTRAINT CURRENT,, USED FOR BIAS CALC & .SATURATION DETECTION® AVAILABE AT

|Tl...HV-SIDE OF TRANSF. MD326, MD327 ONLY.

| Lil...Lv-5IDE OF TRANSF. (COMPENSATED) & PHASE OVERLAPPING BLOCKING AT
@ BIAS CHARACTERISTIC MD324/MD325MD326/MD327 AVAILABLE

OMLY.

MD321/MD324/MD325/MD326/MD327 87T LOGIC
DIAGRAM PROCESSING / DETAIL

Fig. 53 MD321/MD324/MD325/MD326/MD327 87T Logic Diagram Processing / Detail
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MD... TRANSFORMATOR DIFFERENTIAL

Leceno  PROCGESSING

FIRMWARE MODULE: MD321

. . . CALC. INTERNAL o .
Online simulation | MEASURED VALUES Online-indication of DRS-internal

via notebook [ _____ ] calculated values on notebook-screen
| BIN.I/O | Online-simulation of | BIN.1/0 | | | BIN.I/O | | BIN.I/O |
| | | |
| RIS DIG. INJOUTPUTS  (PRESET) 189 0% | PRESET) always | PRESET | always
via notebook: %ﬁ—% :%M 1 :% .0

,,,,,,,

Online-simulation of the FUNCTION OUTPUTS of the protective function MD321
[=] all FUNCTION OUTPUTS enabled (regular-operation)
[1] all FUNCTION OUTPUTS disabled (test-operation) ... LED’s enabled only.

Zero-sequence current filtering (software-filtering); enabled via settings
To (or via ext. Digital Inputs ,AUX.IN1" or ,AUX.IN2"

Transformer vector group adjustment by software; see settings

A Note: no hardware-interposing c.t.”s necessary.
Example: Yd5 ... formula: |R adjusted = IS — IR
EL Compensator-factor for c.t.-secondary currents; see settings
T Programmable LED-indications
T software-matrix for ® ® of
LED- the LED-indications LED- PROCESSING
MATRIX (row 2...14) of DISPLAY (row 2...14)
L PROCESSING
TRIP Programmable software-matrix for the output-contacts (OUT1...0UT30)
MATRIX
b3 Calculation of differential current by adding up the (proper signed) currents
Fast Fourier Transformation: 1. Harmonic
FFT: 2. H. > set; see setting for ,2.H.filter" for transformer energizing
FFT: 5. H. > set; see setting for ,5.H.filter* for transf. saturation by over-voltage
L+ 1L . [Isvsem | + | Isystemel
1 Restraint current: IRESTRAINT: 1
BIAS
f BIAS characteristic (differential current <-> restraint current)
D Denomination of FUNCTION OUTPUTS going to LED-MATRIX
[ ] Denomination of FUNCTION OUTPUTS going to TRIP-MATRIX
FUNCTION OUTPUT: Differential current > set
FUNCTION OUTPUT: Blocking of tripping by 2. or 5. Harmonic filter or
by ext. applied blocking signal
FUNCTION OUTPUT: Trip (no blocking active)
FFT 1H>> The high-set feature deactivates the higher harmonics (2.H.,5.H.) blocking
HIGH SET of tripping (tripping is enabled)
> Type of function: over-detection (actual value > set value)
< Type of function: under-detection (actual value < set value)

MD321/MD324/MD325/MD326/MD327 87T LOGIC DIAGRAM PROCESSING / LEGEND

Fig. 54 MD321/MD324/MD325/MD326/MD327 87T Logic Diagram Processing / Legend
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MD... TRANSFORMATOR DIFFERENTIAL

BIAS-Characteristic Differential-Protection
DRS PROCESSING / MD321

RESULT: ACTUAL SET VALUE
LACTUAL OPERATE VALUE*®

L

Differential Current / Rated Current (of Prot. Relay)

Set Value

,BIAS*
6,0
Standard BIAS - Characteristic
Transf.-Differential-Protection DRS VE2 /
50 -1 MD221/MD224/MD226/MD231/MD234/ /
MD236/MD321/MD324/MD326/MD331/
BIAS=50%
,:: MD334/MD336/MD341/MD344/MD346 /
= ‘
O “9 BASIC SET BIAS=20%
° VALUE v A / Z—Dl
9 OPERATE SLOPE ACC. >~ =
g . VALUE' TO SET VALUE zd /é
- ,BIAS* / / ////
o —
E L g = ————do
o- Se(; g " FIXED SLOPE / — é//¢2/
£ 2T os [ (BIAS=0,3) e
o 0,4 9 | , 7 /"é///
0,3 1 Z =
" 0,2 & // =
' 0,1 ///
— %&%
/
OVOO 0 1,0 2,0 3,0 4,0 50 6,0 7,0 8,0 9,0 10,0
Restraint Curr./ Rated Curr.
FIXED SLOPE ﬁ F ﬁ F
(BIAS= 0)
INPUT: INPUT:
|FFT 1H of (Isvstem L1 resp. L2 resp. 13) | Rated Current of
+ |FFT 1H of (Isystemz L1 resp. L2 resp. 13)| Protection Relay
+ ... (1AAC resp. 5AAC)

Note: The result of this diagram is the ACTUAL SET VALUE (valid for VE2 only!)
which is used to make the TRIP-decision.The ACTUAL SET VALUE has to be
calculated for every phase separately!

|FFT 1.H. (Isystemi 1 + Isystemz s + ...)|

DIFF. PROT. TRIP

Y

v
[FFT 1.H. (Isystemi 1 + lsystemz 11 + ...)| > (ACTUAL S‘ET VALUE)
y

(for phase L1)
ACT. SET VALUE

MD321 87T STANDARD BIAS CHARACTERISTIC

Fig. 55 MD321 87T Standard Bias Characteristic
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MD... TRANSFORMATOR DIFFERENTIAL

BIAS-Characteristic Differential-Protection

DRS PROCESSING / MD325/MD327

RESULT: ACTUAL SET VALUE
LACTUAL OPERATE VALUE"

L

Differential Current / Rated Current (of Prot. Relay)

calculated for every phase separately!

|FFT 1.H. (!SYSTEMl it lSYSTEMZ ut )l

60 N ) B R B
- BIAS - Characteristic with Set Value
Reduced Inference of Restraint Current BIAS
50 1 Transf.-Differential-Protection DRS VE2 SLOPE ACC. |77
) MD225/MD227/MD235/MD237/MD325/ TO SET L
. MD327/MD335/MD337/MD345/MD347 VALUE ,BIAS"
=] : : | [
O *9 Basic sET N BIAS=50%
3 VALUE / 7 ,;—OI
| OPERATE
& so| VALUE* Pl g~
= 7 } —
5 =
SLOPE
e 204 (BIAS=0,3) // = —
o J 0 = |
— !
al _————  an e
v ////
/
0,0
0,0 1,0 2,0 3,0 4,0 50 6,0 70 8,0 9,0 10,0
Restraint Curr./ Rated Curr.
FIXED
SLOPE
(BIAS= 0)
INPUT: INPUT:
|FFT 1H of (Isystem L1 resp. L2 resp. L3) | Rated Current of
+ |FFT 1H of (Isystemz L1 resp. L2 resp. L3)] Protection Relay
+ ... (1AAC resp. 5AAC)

"""" > Note: The result of this diagram is the ACTUAL SET VALUE (valid for VE2 only!)
which is used to make the TRIP-decision.The ACTUAL SET VALUE has to be

v
[FFT 1.H. (Isystems 11 + lsvstemz 1+ -..)| > (ACTUAL SET VALUE)
A

DIFF. PROT. TRIP

(for phase L1)

ACT. SET VALUE

MD325/MD327 87T BIAS CHAR. WITH REDUCED INFERENCE

OF RESTRAINT CURR.

Fig. 56 MD325/MD327 87T Bias Char. With Reduced inference of Restraint Curr.

DRS Library of Protective Functions DID-001-1.06
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MD... TRANSFORMATOR DIFFERENTIAL
L1 L2 L3 % +|-| = BATT.
SYSTEM1 X1 % X2 1|2(3 X3
1 1A +| - GND 1
IsysTEMI L1 2__SA E 11— DC OouT 01 \,,%
4 1A
IsysTEMI L2 s 3 f g —— bC outo2[_; \»—g
L 1A OUT 03 ~_ 6
IsysTeEML L3 H 24, { 13 7
OuUT 04 8
Hﬁ i £ 14 — o]
12
] 5 . OUT 05 [~ ig
14 5A —
AUX. — 1: 1* E1s g OUT 06 \,%
INPUT1
NP LB e = ouror[ 1
(OPT.) 19 1A 125
®3f 7 () = OouTos[ 16
AUX z—a % (@ X5
23 5A
. E 18
INPUT2 — = L
skl 5 1A OuT 09 ~_2
(OPT) 2 =23 £ g 8 oUT 10 3
— ~
il - c 1A§ £ 110 5
SYSTEM2 I Tsvstemz L1 2o | L OUT11[_~ g;
X8
il : A ouT 12 —
; SYSTEM2 L2 j
Ia ‘H Z { vl
E IsystEm213 3 | 1
U2 L+
j“j{/ LEGEND:
_
G THIS RECORD SHOWS REGULAR
GEN. OPERATION (NO FAULT CONDITION
3~ OF MAIN TRANSF.). THEREFORE THIS
(FAULT) RECORD WAS NOT INITIATED
BY PROTECTIVE FUNCTION MD321.
IT IS FOR DEMONSTRATION OF
VECTOR GROUP ONLY!
WIRING: ACC. TO WIRING DIAGRAM
FOR MD321!
VECTOR GROUP SHOWN: ,0" (i.e. Yy0)
DRS-WIN - [LaborTest 5.17 WKO1 <2003-08-01 13:54:49:018> ] =101 x|
System Stérschrieb Ampltude Zetachse Optionen Fenster 7 =13 x|
|G 9| 8% % |0 P E L =
CEN ==
Dig. Out 1 U !
Dia. Ot L L
Dig. Out. 3 + ;
Dig. Out. 4 ; ;
Dig Out. 5
Dig. In. 1 I !
Dig. In. 17 1 Il
Ly seemu /’“\\ A\\ [ AT //’“\\ /’N\ /,//ﬁ<
\v/ \/! \// \/ \/ !
N |7=E AL AT FANAN AN !
N e o e = e
[ : P BN e N P RN
I I
= //’\\\ ; /*"“\ /f'\\\ ;
e s il it i iy
ez //*\\ . /,/"*\\ //’\\\ //'*\\;
y /\\‘?’\/ : /\*'<‘/ N 1
Systemz L3 _— 0 L /Ti
1 — I
> . \\Y/ v \\y/ ‘
‘ | i i
i i B
[ 30ms | 167me | 833msDplta B5.7 ms
. [—
12 o WA 100+ O JURIIRS)
[ lcom: = &,

start||| 2] & [ || & hvmpuisnn. sttt | E3cmbel 2iLogies DiF

| [ DRS-WIN - [LaborTest...

G 1ass

MD321 VECTOR GROUP VERIFICATION EXAMPLE:

VECTOR GROUP OF MAIN TRANSFORMER =

,,0“.

Fig. 57 MD321 Vector Group Verification Example: Vector Group Of Main Transformer = ,,0“.
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MD...

TRANSFORMATOR DIFFERENTIAL

L1 L2 L3 %
X2 1|2
SYSTEM1 — X1 L L 3 - Xi
1 1A
IsyYsTEML L1 % { 11 DC OuT 01 \%
4 1A
IsysTEML L2 " { 12— bcC ouT 02 E\%
L 1A OUT 03 ~_ b
IsysTEMI L3 g { 13 7
ﬂ é//: OuUT 04 ~._ 8
14 9
1 — 3 OUT 05 [ 10
11
. 3t s =F OuUTO06 12
e, & 18
TRANS- (OPT) A e . = OuUT 07|~ ié
FORMER 19
R e= 23 07 @@% ouTos[ ~_16
X5
51 S :
25 1A OuUT 09 ~_ 2
=3 Lo S ——
. @ ouTti1o0 4
j 3 5
SYSTE;;? “F IsvsteEm2 L1 Bt { 119 OUT11[ -~ 6] \,,7?
X8
AN L IsvsTEM2 L2 1 ouT12| > o
I \H E I gj { Ul
':D SYSTEM2 L3 ||
1 LA
h I ;j{* LEGEND:
|
G THIS RECORD SHOWS REGULAR
GEN OPERATION (NO FAULT CONDITION
’ 3~ OF MAIN TRANSF.). THEREFORE THIS
(FAULT) RECORD WAS NOT INITIATED
BY PROTECTIVE FUNCTION MD321.
IT IS FOR DEMONSTRATION OF
VECTOR GROUP ONLY!
WIRING: ACC. TO WIRING DIAGRAM
FOR MD321!
VECTOR GROUP SHOWN: ,1" (i.e. Yd1)
DR5-WIN - [LaborTest 5.17 WK01 <2003-08-01 13:36:54:022> 1 =10l x|
[Z System  Stérschrieh Ampliude  Zeitachse  Optionen Fenster ? =181 x|
|S o 365 % hisPa L [+
S| &
Dig. Out. 1 U !
Dig. Out | \
Dig. 0wt 3
Dig Out 4 3 o
Dig. Ot 5 ! !
Dig. Out 6 ! !
o Nlpen 2 o /“K\\V TN \/m\/m\\/>
W i
L) | [Spstemt L3 /—\\‘/ : \\// //*"\\\\\v/ /\\\\\\// //’\\\\L
i !
o A\\/ /»/*\\ M //M\\\/ /m\\\/ //’*\\ \\L
FE //FK\\\\\/ \\v\.// : . \\\////K\\\//A\\\\//\\K
I T
L g VA\/ A . M/j;:\\//’“\\//”\v/
i 1420 i
i
‘ | i |
i i a
[ 350me| 167mel| 53 3meDpke: 667 ms
WD | WD 1] | G 1 | B
[ fcowe W
start||| 1 & [T ||[REDRS WIN - [LaborTest.. &htipi/jmmisatisat-outo... | 3Ci{Bibel 2lLagics Dif [EERTD 134
MD321 VECTOR GROUP VERIFICATION EXAMPLE:

DRS Library of Protective

VECTOR GROUP OF MAIN TRANSFORMER = ,1".

Fig. 58 MD321 Vector Group Verification Example: Vector Group Of Main Transformer = ,,1”

Functions
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MD... TRANSFORMATOR DIFFERENTIAL
L1 L2 L3 % +|-| = BATT.
X2 1]2(3
SYSTEM1 X1 L X3
L 1A +|-| |GND 1
I, “F E IsysTeEMmLLL =23 { 11 DC OuT 01 \_%
4 1A
'::> “F E IsysTEML L2 o { 12 bC outo2[_; \—g
z 1A OuUT 03 ~_ 6
IsvsTEmIL3 E— { 13 7
10 1A { OuUT 04 ~__8
11 5A |4 9
4 12 L
5 A OUT 05 ~ ig
e £ 15
—1 =C OUTO06[ ~_12
__ls 1A
oy N 13
TRANS — =t e L @S ourer 1t
- 19 1A
FORMER 2237 @£ =2 OuTos[ 16
2 1A (=1 X5
=IRE == ;
OUT 09 2
Eﬁé’ 7y L S ~—5
SYSTEM2 6 1n @ ouT10[ - 4]
H o] LB E 110 2
IsvsTEM2 L1 = ouT 11 E\_g
X8
! IsvsTEM2 L2 :1 ouT 12 -
I ‘w 2 { vt
£ IsvstemaLs 3 | 11
4 3F v2 7
5= | LEGEND:
_
G THIS RECORD SHOWS REGULAR
OPERATION (NO FAULT CONDITION
3~ OF MAIN TRANSF.). THEREFORE THIS
(FAULT) RECORD WAS NOT INITIATED
BY PROTECTIVE FUNCTION MD321.
IT IS FOR DEMONSTRATION OF
VECTOR GROUP ONLY!
WIRING: ACC. TO WIRING DIAGRAM
FOR MD321!
VECTOR GROUP SHOWN: ,5" (i.e. Yd5)
DRS-WIN - [LaborTest 5.17 WK01 <2003-08-01 14:02:05:906> ] ~lojx|
[Z system  Strschrish  Ampltude Zeitachse Optionen Fenster 2 =&l x|
| S w865 =& St =
=]
Dig. Ot 1 U
Dig. Out L 1
Dig. Out. 3 4 n
Dig. Out. 4 T |
Dig. Qut. §
Dig.In. 1 ! I
Dig.In. 17 L |
R L
I 1
) |asystemt L2 \//,/‘"*\\\\ \//”\\\//r«\\/:
N | T Za ! SN P BN 2 AN
[ iz :
NI AN SN 7 : ZAEN RN /A\;(
\/ \/ | \\-1/ \\\/ \/ i
e \//A\\, f\/\ﬁvm\/m\//
= !
ST Av P | L /H\\\\/ /A\\\/ R \L
‘ | | i
i i A
[ -333ms [ 183ms [ 850msDbta 657 ms i
. |
O JEANEE - /o~ JENEY oo

start||| 1] & [ || Enrepussmam.satsat-ans.,, | CHBbel AL ogis D

| [T DRS-WIN - [LaborTest...

GBS 1403 i

MD321 VECTOR GROUP VERIFICATION EXAMPLE:
VECTOR GROUP OF MAIN TRANSFORMER = ,5".

Fig. 59 MD321 Vector Group Verification Example: Vector Group Of Main Transformer = ,,5.
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MD...

SYSTEM1

TRANS-
FORMER
Yy6

SYSTEM2

TRANSFORMATOR DIFFERENTIAL

= +|-| == BATT.
L1 L2 L3 T
X1 L X2 1]2[3 X3
1 1A = + GND 1
IsysTeEm1 L1 — E 11— DC OuT 01 \%
4 1A
IsysTEML L2 — E 12 — bC ouT 02 E\%
g éﬁ OUT 03 ~_ 6
IsystEm1 L3 R 13 7
10 1A OuUTO04| ~_ 8
5A
14 — 9
— — £ OUT05 [ ~_10
5A 11
D £ s =€ ouTos[ 1]
16 1A N 13
i ] 23t 16 = outor[ 14
(OPT.) 1 1 @5 15
A {.7 @@@ ouTO08[ _~_16
AUX. o = e x5
INPUT2 — '8 = !
Bl 25 1A @ OUT 09 ~_ 2
S ©PT) ==L @ ouT1o ﬁ
- 28 1A ~—2
- 5
110
£ IsvsTEM2L1 Q:*:B 3 OuT 11 E\is
X8
i 1 ouT 12 -
SYSTEM2 L2 B { U1
IsvystEm213 /E |
uz2 11|
5{/ LEGEND:
_
THIS RECORD SHOWS REGULAR
OPERATION (NO FAULT CONDITION
OF MAIN TRANSF.). THEREFORE THIS
(FAULT) RECORD WAS NOT INITIATED
BY PROTECTIVE FUNCTION MD321.
IT IS FOR DEMONSTRATION OF
VECTOR GROUP ONLY!
WIRING: ACC. TO WIRING DIAGRAM
FOR MD321!
VECTOR GROUP SHOWN: ,6" (i.e. Yy6)

DRS-WIN - [LaborTest 5.17 WKO01 <2003-08-01 13:46:3%:024> ] ;IEIZ‘
System  Storschrieb Amplitude Zeitachse Optionen Fenster 7 =1 )
o aal % hb®a L [ +]
HE &

Dig. Cut. 1 U I
Dig. Dt 1 |
Dig. Dut. 3
Dig. Out 4 H *
Dig. Ou. 5 ! !
Dig. Out. 6 ! [
Systemi L1 /A\\ \\//A\\\\//’K\\\///’Kf
System L2 \\///'/A\\ \/\///A\\\\///\\\\/%
W i
System L3 /—\\H/ v : V //‘\\\\\/ //’\\\\v/ //‘\\\\\L
i i
SRl f\\ \\ﬁ///\\\\/‘//\\\w///\‘(
i :
| | | |
[ 3.7ms [ 200ms [ 857 msDla EE?msI & 5
[ i |
i o W] oo
[ o= ¥ 4
flstart || 2] @ [ ||[Taors-win - [LaborTest... &3nitpiffwmm.sat sat-auo. .| CHmbel Zitoges DI [EMRED =7
MD321 VECTOR GROUP VERIFICATION EXAMPLE:

VECTOR GROUP OF MAIN TRANSFORMER =,6".

Fig. 60 MD321 Vector Group Verification Example: Vector Group Of Main Transformer = ,,6*.
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MD... TRANSFORMATOR DIFFERENTIAL
L1 L2 L3 % +|-| = BATT.
X2 1|2(3
SYSTEM1 X1 L X3
1 1A +| - GND 1
IsvysTEm1 L1 223 11— DC OouT 01 \,,%
4 1A
IsysTEML L2 R { 12 — bC ouT 02 E\%
7 1A OuUT 03 ~_ b
IsysTeEMm1 L3 S E 13 7
10 1A OuUT 04 ~__8
11 5A 14 — 9
1 :iﬁ " 2 OuUT 05 [ ~_ 10}
14 5A 11
_ AUX. | S { s @ OUT 06 C\i
16 1A N 13
| [NPUTL L BE—f e L= outo7[ ~_14
TRANS- (OPT)) 1 1a D) 15
Foscrj\gER L @ g 17 @Déa =z OUT08[ ~_16
2 1 By X5
=4 { 18 = E 1
25 1A OuUT 09 ~__ 2
3 e S i
A @ ouT10 4
| 5
! 110
SYsTEM2 I} IsvsTEM2 L1 M { OuT 11 \7?
I:: > | X8 |
I N
L I E IsysTEM2 L2 1 ouT 12
Iis I, ‘H § g % { U1l
IsvstEm213 |
I 2 ;j{*/// LEGEND:
L1
_
G THIS RECORD SHOWS REGULAR
GEN OPERATION (NO FAULT CONDITION
' 3~ OF MAIN TRANSF.). THEREFORE THIS
(FAULT) RECORD WAS NOT INITIATED
BY PROTECTIVE FUNCTION MD321.
IT IS FOR DEMONSTRATION OF
VECTOR GROUP ONLY!
WIRING: ACC. TO WIRING DIAGRAM
FOR MD321!
VECTOR GROUP SHOWN: ,7" (i.e. Yd7)
DRS-WIN - [LaborTest 5.17 WK01 <2003-08-01 14:05:41:875> ] =lol x|
System  Storschrieb Amplitude Zettachse Optionen Fenster 7 =l8lx|
|Sw 8 a «[E% kP a L B
===
Dig Out 1 I y
Dig. Out, 1 1
Dig Out 3
Dig Out 4 T ‘
Dig Out 5
Dig In 1 I !
Dig. In. 17 | |
Ly oty T BN | i il N PN i
Ny == TN V4 - TN TN &
NG| I /\v /"“\v I \\/ A\/ /\\\/ /H\\\\\%
I
I
Ly |y H_,//‘\\\\w/ //'-\\ .. Abree \H’///‘\v/-\v//‘;(
T
» |eostenztz PN PN Pl Pl i
v L S v \\,/ w
Systema L3 /\\ /M\\ | //N\\ //N\\ //N\\ !
| |
| ; | |
i 1 b
333ms | 167ms | 850msDklta 683 ms
‘ [ 3|
[ [com: = &

iffjstart H o & “ & httpsffwn. ot sat-aut... | 3C:{Bbel 2iLogis DFF

| [ oRs-wiN - [LaborTest...

EEBYUS 140

MD321 VECTOR GROUP VERIFICATION EXAMPLE:

VECTOR GROUP OF MAIN TRANSFORMER =,7".

Fig. 61 MD321 Vector Group Verification Example: Vector Group Of Main Transformer = ,,7*.
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MD...

TRANSFORMATOR DIFFERENTIAL

= +|-| = BATT.
L1 L2 L3 T
X2 1|2{3
SYSTEM1 X % +|-| |GND Xi
— 1 1A
I, “F E IsvsTEML L1 2_5A { 11 DC OouT 01 \,_g
4 1A
“F E IsysTeEMm1 L2 e { 12 bC outo2[_ \"—‘51
Z 1A OuUT 03 ~,_ 6
I il IsvysTEMI1L3 % E 13 7
I 0 A . ouTo4 [ ~_ 8]
11 5A 14 9
4 12 L
3 1A OUT 05 ~ 12
14 5A
AUX. Il — ME %} OuUT 06 \%
INPUTL B3¢ e = ouTo7[ ~_14
FTORQMN; (OPT)) 1 1 125 15
20 SA
JRME =23 f 17 @@E OUT08 [ ~_16
22 1, X5
23 8 =) = 1
n ouT 09 [ —_ 2|
26 5A { ) @ 3
— © ouT10[ ~_ 4
5
| 110
SYSTEM2 ‘F IsysTem2 L1 M { ouT 11 \_g
X8
ha ! IsvsTEM?2 L2 1 ouT12| > o
I 1 ‘w g - 2 i { Ul
b L IsysTEM2 L3 3 |
@ Z&// LEGEND:
Iis s '
G THIS RECORD SHOWS REGULAR
GEN OPERATION (NO FAULT CONDITION
' 3~ OF MAIN TRANSF.). THEREFORE THIS
(FAULT) RECORD WAS NOT INITIATED
BY PROTECTIVE FUNCTION MD321.
IT IS FOR DEMONSTRATION OF
VECTOR GROUP ONLY!
WIRING: ACC. TO WIRING DIAGRAM
FOR MD321!
VECTOR GROUP SHOWN: ,11" (i.e. Yd11)
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5.5. FUNCTION

Differential protective functions are provided as a selective unit protection system against winding
short circuits and depending on system grounding also against earth faults. The measuring principle
is based on the current vector differential computation within the protected zone of the relevant sets
of CT’s.

Measuring Principle:

All analogue signals of the function are sampled 12 times per cycle. B¥ means of the Fourier-Analysis

(DSP) the corresponding vectors (value and phase) for 1%, 2™ and 5™ harmonic are computed and transferred to
the CPU

The CPU evaluates for each sample instant the differential signals for each phase and checks whether the actual
setting value has been exceeded (please also refer to the BIAS characteristic graph). If during 11 consecutive
samples (0.9 cycles) the values are above the setting a trip signal will be initiated.

By this the trip operating time consists of following single time values:

a)

Fourier-Coefficient of the differential signal reaches and exceeds the actual setting value:

Duration: 1 ... 12 Samples (= 1.66 ... 20ms, in case of a 50 Hz-system), depending on the size of the differential
signal, respectively the ratio to the setting value.

b)

Safety time: 11 consecutive samples = 0.9 cycles.

Note: During the safety time the CPU is checking for any blocking conditions which can be in detail as follows:

- 2" harmonic is exceeding the setting value (transformer inrush current)

- 5™ harmonic is exceeding the setting value (transformer overfluxing due to overvoltage)

- Blocking input of the function is set, e.g. via an external auxiliary contact or a logic function

- C.T. — saturation detection: will result in an change of the BIAS-characteristik (see MD326, MD327)

c)

Output relay: approximately 5 ms

d)

The sum of times is typically smaller than 30 ms.

e)

Accelerated-Tripping-Feature: Decision is done by evaluation of higher harmonics resp. signal quality; waiting time
is set to zero if specific preconditions are fulfilled.

Tripping Logic:

The trip conditions per phase are indicated in detail in the respective logic diagrams.

The vector group compensation is digitally computed according to the vector group setting ensuring that the
currents of all transformer windings are correctly in phase for the subsequent evaluation.

Any zero sequence currents of the protected plant are compensated either by the zero sequence current
compensation setting “ON” or via the “EXTERNAL” input signal in accordance to the neutral isolator position.
The transformer ratio and the CT ratios are considered by the "CT ratio compensation system 2-1".

The current vectors are now phase-wise added to the differential current and the basic harmonic, the

2" harmonic and the 5™ harmonic guantities are phase-wise computed.

If during 11 consecutive samples (0.9 cycles) the values are above the setting a "Trip" and "Differential current
signal will be initiated.

Bias Current / Stabilising:
The bias currents are phase-wise computed from the 1* harmonic currents of all windings of the transformer
differential protection and the tripping conditions for each phase are illustrated in the following graph.

Special case:

Functions MD**6 and MD**7 -additionally include a C.T. — saturation detection feature. If a C.T.-saturation is
detected then the BIAS-characteristic automatically will be switched to a 65% - gradient.

Precondition: C.T. — Saturation Detection must be active (set value "Saturation Protection" > 0).
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Please Note:

Fig. 5-1: Transformer-Differential-Protection:
Standard BIAS-Characteristic for the functions:
MD221, MD224, MD226, MD231, MD234, MD236, MD321, MD324, MD326, MD331, MD334,
MD336, MD341, MD344, MD346

Fig. 5-2: Transformer-Differential-Protection:

Characteristic with reduced influence of restraint current for the functions:
MD225, MD227, MD235, MD237, MD325, MD327, MD335, MD337, MD345, MD347
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Fig. 5-2: Characteristic with reduced influence of restraint current
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Higher harmonics blocking

The Trip of a phase is blocked when the relation between the 2" and the basic harmonic or the 5™ harmonic and
the basic harmonic parameter setting value is exceeded. This way a false trip during transformer energizing (2nd
harmonic) resp. transformer overexcitation (5th harmonic) is prevented.

Please Note:

For the functions MD221, MD231, MD321, MD331, MD31 the higher harmonics blocking is phase selective, i.e.
each phase is considered independently from the others; for the functions MD224, MD225, MD234, MD235,
MD324, MD325, MD334, MD335, MD344, MD345 the higher harmonics blocking is either phase selective or phase
overlapping according to the respective parameter setting.

The phase overlapping mode means that when the higher harmonics content has been exceeded in one phase
also the other two phases are blocked automatically.

High set differential stage (in reference to the higher harmonics blocking and — if applicable — with reference to C.T.
saturation detection)

Currents containing higher harmonics can also develop during system faults. Therefore when the differential
current "high set differential stage" parameter is exceeding the set value blocking of the trip is being phase-wise
and independent of the higher harmonics content resp. — if applicable — the status of the C.T.-saturation detection
circuit, de-blocked and tripping initiated. The function output “Blocking" signals the condition of the trip blocking.

CT saturation detection

The transformer differential protective functions MD**6 and MD**7 include an automatic CT saturation detection
(phase selective BIAS-change in case of CT saturation due to a high through fault current with DC offset).

The C.T.-saturation detection feature is based on sample values which are evaluated by a special logic. It takes
approx. 2 ms to detect an outzone fault with C.T.-saturation.

In this case the BIAS-characteristic is changed automatically to a 65% gradient course which originates from the
center of the coordinate system.

Preconditions:
- Set value "Saturation Detection” > 0 (note: "0" means that the feature is switched off)
- Fault is of "outzone" — type

All Differential Protective Functions with CT-saturation detection have an additional digital output: "CT saturation”,
in order to differentiate between "Interlock 2.H./5.H." and "CT Saturation".

Digital Outputs of Functions MD**6 and MD**7

- Trip (CB trip)

- Diff. Current (differential current is above set value)

- Interlock 2.H./5.H. (2.Harm. above set value, or 5.Harm. above set value)
- CT Saturation (CT saturation was detected during "outzone" fault)

Please note:

The digital output "CT saturation" informs that a CT — saturation during an "outzone" — fault has been detected. As
a consequence the BIAS-characteristic will automatically change to a slope of 65%.

There will no direct (digital) blocking of tripping (as it is the case for example with "Interlock 2.H./5.H".

A trip of the Differential Protective Function even in case of CT-saturation could be possible in the following cases:
- Set value "CT Saturation" is zero (= "CT Saturation"- feature is switched off).
- Differential Current exceeds the set value "High Set OC".
- Fault is of "inzone" — type (saturation detection must not respond in case of "inzone")
- "Outzone"-fault with excessive CT saturation (CT saturates immediately). In this case the detection
logic could be not working properly (not enough samples), or the 65%-BIAS characteristic is not
sufficient anymore for preventing a maltrip. Please mind: It is not possible resp. it does not make
sense to detect a CT saturation which is approx. 0% or 100%.
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Trip reset

Initiation and at the same time active trip outputs will reset (valid for DRS-COMPACT2A/ VE2) when during 25
consecutive samples, i.e. 2 cycles, the initiating conditions are no longer present (trip output extension).
Note: 37 consecutive samples at DRS-LIGHT and DRS-COMPACT /VEL.
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5.5.1. Detailed Description of CT Saturation Detection Feature

5.5.1.1. Transformer Differential Protective Functions with CT — Saturation Detection

MD226
MD227
MD236
MD237
MD326
MD327
MD336
MD337
MD346
MD347

5.5.1.2.  CT Saturation Detection Principles

Logic

The differential and the restraint currents are analyzed by a special logic circuit, sample by sample,
separately for every phase. CT — Saturation will be detected within approx. 2 ms.

If a CT — Saturation is detected the BIAS-Characteristic is changed to 65 %.

Note: The Differential Protective - function will not be blocked absolutely (for safety reason).
The logic circuits respond to CT-Saturation in case of outzone faults only.

5.5.1.3. Explanation of CT — Saturation Detection
5.5.1.3.1. Precondition: Outzone Fault.

Please see Disturbance Record below:
Note: This Record was saved by a MD326 Transformer Differential Protection.
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DRS-WIN - Stirschrieb [VES5] <C:\PE-Tools\DrsWin4\Data\HistWE65. 2007-01-23 10-21-25-539. > (=13

System  Storschrieb  Optionen  Femster 7

= m 4 In % & s

B stirschrieb [VE65] <C:\PE-Tools\DrsWin4\Data\Hist\YE65.2007-01-23 10-21-25-539.>
= B8 |k AT &0 &

Gerdte-Kennung: |VEGS  : Diff 2/4B  Stdrungszeitpunkt: Beschreibung: | Tr.Diff. S&tt. KEMA noda
[ Cursor 1: 0.0ms [Cusor 2: 0.0ms  Delta [Curzor /2] Delta: 0.0 mz Aktive Einstellungen:

I[BO.01] Tr.Diff. ALSLO
1[B0.0] Tr.Diff.: Diff.3
1[B0.03] Tr.Diff: 2.H.48
1[B0.04] Tr.Diff: Wrand.
1[B0.09] A Ph 1

1[B0.10] Bl Ph 1
I[BO.11] F& PR

I [BO.21] S8t Ph 1

TN 0.000 A
TN 0.000 A
1 [41.01] $trom_1
1[44.07] $trom_2

INUY: 0,000 A
IMUY: 0,000 A
I[41.07] [Hak_Ph_1
1[40 (DiFf_Ph_1

Feitauflizung: 10 ms / Div Il Stromautlisung: 241 Div e

™~ - ¢ 3
15 Start e & Inbox - Micros B Fuy: Informatio... | 8 Enkw Bericht Di... 7, 2 Internet Ex... =

Analysis of Record:

a)

The record shows an Outzone Fault.

The first two recorded curves show the phase currents of phase L1.

Current of phase L1 HV-side (red line: CT-saturation

Current of phase L1 LV- side (black line): no CT-saturation.

b)

Recorded curves no.3 and 4 (actually these lines are calculated by the DRWIN Operating Program):
These curves show the Differential Current and the Restraint Current (which is used for the
BIAS-characteristic).

Black line: Differential current (absolute value of vector difference of the phase currents)
Red line: Restraint current (sum of absolute values of the phase currents)

Please note:
Curve no. 3 and 4 are shown as absolute values in this diagram (rectified values).

c)
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The CT saturation detection logic analyzes the curves no. 3 and 4.

The result is a digital CT-saturation bit (please compare Digital Output track no. 4/ counting from

top of the Record/ " = black line"). The activation of the CT-saturation bit changes the BIAS-characteristic to 65 %.
Please note: The CT saturation detection feature just changes the BIAS characteristic, there is no digital blocking
applied to the differential protection function (as it would be the case for example with the Inrush Detection —
feature).

d)

Please note that the CT-saturation detection circuit is very fast. It takes approx. 2 ms to detect a CT-saturation.
The saturation bit ends approx 1,1 periods after the last detected CT-saturation in order to avoid

malfunction resulting from (for example) unsymmetrical DC-components.

e)

Conclusion:
CT-saturation is detected very fast and reliably.
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5.5.1.3.2. Precondition: Inzone Fault

For comparison we also include a Recorded Curve showing an Inzone Fault with CT-saturation.
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—
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Result:

As you can see the Protective Functions trips immediately because we have an Inzone Fault.
See digital tracks no. 1 and 2.

Note: The CT — saturation is the same as we had in the former case.

Result:
Reliable and fast tripping in case of inzone fault even in case of heavy CT — saturation.
OK.

152 /744 DID-001-1.06 DRS Library of Protective Functions



MD... TRANSFORMATOR DIFFERENTIAL

5.6. COMMISSIONING

Note: During All Commissioning Activities The Relevant Safety Regulations
Have to Be Strictly Observed and Applied!

Pre-Commissioning:

At first the correct external connections have to be verified.

The input matrix has to be configured according to the external circuitry and the operating value and
the bias slope set according to requirements.

Also the relay outputs have to be set for the LED matrix and the TRIP matrix according to plant requirements.

The vector group parameters have to be set according to the transformer vector group and also it has to be
considered that system 1 is the reference system.

The zero sequence current filter for system 1, system 2, system 3 and system 4 are to be set to “ON”
or “OFF” or for "EXTERNAL" input. Using the external input contact the correct function via the "Binary
In/Output pre-selection” has to be verified.

The parameters for the inrush blocking (2nd harmonic, 5™ harmonic, high set differential stage) are either set to the
existing values to the proposed default values of the User program.

The CT ratio compensation "System 2-1" is set according to following formula.

. . IwZ
CT ratio compensation A=

Lo X RTl,Z
7 T CT primary ratio system 1
7Y TR CT primary ratio system 2
RT1 20 Transformer ratio system 1/system 2

Analogous when applicable "CT ratio compensation system 3-1" and the "CT ratio compensation
system 4-1" are being calculated accordingly.

Also the relay outputs have to be set for the LED matrix and the TRIP matrix according to plant requirements.
The function checks are preferably performed with the primary protected plant being out of service.

To check the function with a relay test set, e. g. the CT inputs for system 1 phase L1 the test current

is injected and raised up to the operation of the relay thereby observing the operating value with respect to the
operating characteristic.

Please note that with the zero sequence current filter activated a single phase injected test current is evaluated
only by 2/3" of its actual value. The operating value should be recorded into the commissioning test sheets.

The injected test current is now reduced and the reset value of the function recorded.

Please note that the external injected current values can be displayed and compared with the internal measured
values, i.e. phase — and differential currents, in the User operating program display Window

The same is to be carried out for the other two phases of system 1 and the measured values recorded.
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Now the test current injection should be carried out on phase L1 in system 2.

Please note that for an uneven vector group value (delta connection of system 2) injected current is evaluated by *
A/\/f_S and by even vector group (star connection) evaluated by factor “A”.

Check the operating- and reset values as with system 1 for all 3 phases and record the result in the test sheets.
The same tests as per system 2 should also be performed for system 3 and system 4 if applicable.

The trip- and alarm signals and the LED indications should be confirmed according to the relay configuration and
the connection diagrams.

Measuring with twice the differential current setting injection in system 1 and the resulting operating time of the
protective function should to be carried out for each phase either via a timer or the "Recorded Curves" in the User
program to record the measured values.

A test of the configured function blocking input should be done in conjunction with a continuously initiated trip signal
whereby the trip signal is has to reset.

Checking of the configured relay test input by applying a test signal can be verified without any
external initiation.

A phase-wise check of the inrush blocking should be carried out by single phase injection of a one-way rectified DC
current signal on system 1 regarding blocking and the high set differential stage operation according to the set
parameters.

Please note that during tests of the described protective function other functions may be operating when not
previously blocked via the software according to the User application and after these tests the original parameter
settings have to be set to the original values and restored after the tests to the plant setting values according to the
plant requirements.

After the tests any temporary setting changes should be restored to the original parameter settings.

Commissioning Tests:

During commissioning the function of the protection scheme is tested during normal service conditions.
If possible following tests under operating conditions are recommended:

- Short Circuit Test for an Internal Fault

Install a short circuit with a suitable cross section between all phases inside the protected zone.

Block protection trips.

Note: Due to safety reasons it is recommended to take precautions against excitation system faults
(regulator failure, wrong connections, etc.) and the inadvertent opening of the short circuit.

Suitable safety precautions are, for example, the activation of an overcurrent- and overvoltage function.
Preferably the tests are carried out with reduced settings and only after life trip checks,

e. g. excitation contactor trip, etc.!

Connect measuring instruments into the CT circuits and/or display the actual measured values window in the
User program.

Start up the generator to rated speed and manually raise excitation to produce operation of the
differential protection. Record the operating values.

Restore the protection trips.

Shut down the generator if possible via a protection trip and remove the short circuit.
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- Short Circuit Test for a Through Fault

Install a short circuit with a suitable cross section between all phases outside the protected zone so that the

two sets of CT’s can be provided with the test current flow (system 1 and system 2) and raise the excitation

to produce up to nominal current thereby the differential protection has to be stable (differential current < 5%
In). Select the display of the actual measured values window in the User program (Notebook) and record

these values. The same procedures should be adopted for the other windings of the generator-
transformer/transformer unit.
Shut down the generator if possible via a protection trip and remove the short circuit.

- Transformer Energising Tests

All protective systems have to be restored to the original service values. When the transformer

is energised for the first time the configured LED indications should be observed. The differential protection
must not operate during energising otherwise the it has to be investigated whether the 2" and 5™ harmonic
settings are adequate or a real fault is existing by referring to the “Recorded Curves” of the User program. In
case of on-load tap changer transformer types these tests should be repeated for different tap positions and
possible other parameter settings of the inrush restraint settings.
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156 / 744 DID-001-1.06 DRS Library of Protective Functions



ME... OUT OF STEP PROTECTION

6. ME... OUT OF STEP PROTECTION

6.1. OVERVIEW

List of the Available ME . .. Out of Step Protective Functions

Abbreviations: Cc2 ... DRS-COMPACT2
M ... DRS-MODULAR
L ... DRS-LIGHT

FNNR ... Function number (VE internal number of the protective function)
TYPE ... Function type (short name of the protective function)

ANSI ... ANSI device number (international protective function number)
PROTECTIVE FUNCTION: ME 311/ ME312 FNNR TYPE ANSI  Application
"Out of Step" for Three Phase Systems Generator, MHO 1073 | ME311 78G C2
"Out of Step" for Three Phase Systems Motor, MHO 1128 | ME312 78M C2
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6.2. TECHNICAL DATA

6.2.1. Out of Step Protection With Circular MHO Characteristic for 3-Pase Systems
PROTECTIVE FUNCTION: ME 311/ ME312 FNNR TYPE ANSI Application
"Out of Step" for Three Phase Systems Generator, 1073 ME311 78G Cc2

MHO

"Out of Step" for Three Phase Systems Motor, 1128 ME312 78M Cc2

MHO

The "Out of Step" protective functions ME311 (Out of Step Relay for Generators) and ME312 (Out of Step
Relay for Motors) are 3-phase / 1-stage "Out of Step Feature" relay functions with configurable blocking
settings during unsymmetrical load currents and decrease of the minimum set values of the positive
sequence generator current and voltage. They are based on the computation of the time sequence and the
complex evaluation of the MHO characteristic settings based on the time event whereby the evaluation is
according to the rate of change of the impedance vector of the positive sequence current.
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ME311/ ME312
Technical Data

Inputs

Analog: | Current phase L1

Current phase L2

Current phase L3

Phase to phase voltage L1-L2

Phase to phase voltage L2-L3

Phase to phase voltage L3-L1

Binary: | Blocking input

Test input

Outputs

Binary: | Instantaneous alarm

Time delayed trip

Alarm: Negative phase sequence current blocking

Setting Parameters

Base point (R1):

-100 ... 100 Ohm in 0,1 Ohm steps

Offset (R1 — R2):

10 ... 250 Ohm in 0,1 Ohm steps

Blinder slope:

20...90 Grad in 0,1 Grad steps

Circle diameter:

10 ... 500 Ohm in 0,1 Ohm steps

Circle centre:

-250 ... 250 Ohm in 0,1 Ohm steps

Slip pulse number:

1..20

Time window t1:

0,01...1.00sin 0,01 s steps

Slip cycle T1:{0,10 ... 20,00 s in 0,01 s steps
Time window t2: | 0,01 ... 1.00 s in 0,01 s steps
Slip cycle T2: 0,10 ... 20,00 s in 0,01 s steps

Activation time T3:

1,0...60,0sin 0,1 s steps

Negative phase sequence:

10...20% s in 0,5 % steps

Current interlock:

0,00 ... 4,00 xIn in 0,05 xIn steps

Trip:

Instantaneous / delayed

Current direction:

Direction 1 / Direction 2

Phase rotation:

Clock wise / counter clock wise
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Window Display for Relay Internal
Determined and Computed Values

Slip pulse | [number of current slip]

System impedance | In [Ohm] (absolute value of the impedance vector),
whereby 1 p.u. = 57.7 Ohm = phase voltage / phase
current (in relation to the relay nominal values
(100V/1A respectively 100V/5A).

Impedance angle | in [degrees] (angle of the impedance vector)

Time running | [Yes / NoJ; the time starts when crossing R1 and ends
either with a trip or a function reset when one of the
necessary conditions are no longer fulfilled

Positive sequence current | in [A]

Positive sequence voltage | in [V]

Negative phase sequence current | In [%], in relation to the relay nominal values (1A
respectively 5A).

Measuring

Reset ratio: | 0.97

Operating time: | > 2 cycles

Accuracy: | < 3% of setting value or
<2% I,
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Fig. 63 ME311 78MHO Wiring Diagram
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6.4. LOGIC DIAGRAMS

6.4.1. ME311

L1 L2 L3
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@
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BLOCKING . I} Z N
(OPTIONAL)
- = TRIP
COMMANDS|
OUTPUT cB1
] CONTACTS CB2
ALARM
CONTACTS
LEGEND 87 Alarm
78 Trip
DRS DIGITAL RELAY SYSTEM
DRS- DIGITAL PROTECTION RELAY
COMPACT2A TYPE: DRS-COMPACT2A
CPU+DSP - BOARD/ S
PROCESSING VERSION 2

ME311 78MHO LOGIC DIAGRAM

Fig. 64 ME311 78MHO Logic Diagram
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CALC. INTERNAL
MEASURED VALUES

) “[ ACTUAL NUMBER OF SLIP
2 ABS [IMPEDANCE VECTOR]
\ ANGLE [IMPEDANCE VECTOR]

TIME START

NOTEBOOK 1 POS.PHASE SEQU.CURRENT
—T—T—| POS.PHASE SEQU.VOLTAGE
| NEG.PHASE SEQU.CURRENT
. | | r
|
| | | |
| | | |
v | ULz | 0 a %zle | |
i v A R | |
7T I = | |
ILl r |\
T 1 L =1 | |
o e s f |
| ' — |
| | L | |
| NEG.PHASE |L|> '* |
| SEQU.CURR. |
| | | |
| | | |
| | z | |
*|  FOR DETAILS PLEASE SEE
| | BLOCK | ro. | |
6-5/66/6-7/
| 6-8/6-9/6-10 ® ® |
| e | C
_ = LED-
| B0 ] | pispLAY||| | |
| Uegese) | T | |
i
T o
| Lol | |
| BLOCKING | L ALARM S |
| o ! | 7 e x| | |
| preser | . | |
o } L \TBIEITOTH
Lo~ | PRESET |} |
| | R TRIP - .
| e | :>:1 & M J‘
[FUNCTION! ” & TRIP e
| joutput! | o ) |
hdlitd T
| lies | B | |
| o=@ ™ TRIP-
(. J MATRIX| J

ME311 78MHO LOGIC DIAGRAM / PROCESSING

Fig. 65 ME311 78MHO Logic Diagram / Processing
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LEGEND PR@@ESS”N@
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ME311 78MHO LOGIC DIAGRAM PROCESSING / LEGEND

Fig. 66 ME311 78MHO Logic Diagram Processing / Legend
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Fig. 67 ME311 78MHO Theorie Of ,,Out Of Step”- Function
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IMPEDANCE DIAGRAM
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ME...

OUT OF STEP PROTECTION
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ME311 78MHO CALCULATION OF SET VALUES

Fig. 68 ME311 78MHO Calculation Of Set Values
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IMPEDANCE DIAGRAM
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ME311 78MHO TRIP CONDITION SETTING

Fig. 69 ME311 78MHO Trip Condition Setting
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< s
7

IMP.
CIRCLE

VERTICAL BLINDER R2

|
>

VERTICAL BLINDER R1

LOCUS AT NOM. OPERATION OF GENERATOR

LOCUS ENTERS IMPEDANCE CIRCLE

LOCUS CROSSES BLINDER R1 (1. SLIP STARTS)

LOCUS CROSSES BLINDER R2 (,INSTANTANEOUS TRIP®)
LOCUS LEAVES IMPEDANCE CIRCLE (DELAYED TRIP®)
LOCUS ENTERS IMPEDANCE CIRCLE

LOCUS CROSSES BLINDER R1 (1. SLIP ENDS; 2. SLIP STARTS)

ME311 78MHO DEFINITION OF SEQUENCE

Fig. 70 ME311 78MHO Definition Of Sequence
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VALID SEQUENGCE: X
A->B->G->D->[E

LOCUS
p » START

IMPED.
CIRCLE

R2

R1

LOCUS
START

FIG.6-9 ME311 78MHO TRIP CONDITION FULFILLED

IMPED.
CIRCLE

FIG.6-10 ME311 78MHO NO RELEASE OF TRIP COMMAND

Fig. 71 ME311 78MHO Trip Conditions
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6.5. FUNCTION

6.5.1. ME311/ ME312

The out of step protective functions ME311 and ME312 (Out of Step Relay) are 3-phase/l1-stage "Out of Step"
relays with blocking features during unsymmetrical load currents and configurable minimum values of the generator
current and generator voltage. The measuring is based on the computation of the trajectory change of the complex
impedance vector (MHO) whereby its determination is derived from the positive sequence quantities.

Depending on the external power system parameters and the connected generators dynamic incidences, e.g.
switching operations, load changes, short circuits, auto reclosing, etc. may cause oscillating system conditions
which can endanger system stability. These consisting load oscillations are endangering power system stability and
especially critical are real power swings which may lead to pole slipping of the generators. Since during pole
slipping generally the machine current is a multiple of the rated current and in addition the direction of the load
current can change from forward to reverse power it may lead to very high mechanical stresses on the generators.

The ME311 relay resp. the ME312 was designed to fulfil the practical requirements of system operation and the
parameter setting possibilities will comply even for the highest demands. The application is especially
recommended for complex tasks and should several function stages be required, i.e. more than one operating
characteristic respectively power swing polygons, several software function stages (ME311 resp. ME312) can
easily be configured and combined.

Particularly to following characteristics is being referred to (please also see “Setting Parameters”):

- Trip: Enables a smooth tripping of the circuit breaker at already reduced current values
in case the trip output parameter is configured to time delayed.

After the function internal recognition of a pole slip condition during crossing of R2
either an instantaneous or a time delayed trip can be initiated when leaving the
impedance circle.

- Slip pulse number: 1 ... 20 configurable pole slips;

The initiation for the 1* pole slip during crossing of R1 and the trip output is set at
the last pole slip when crossing R2 respectively leaving the leaving the impedance
circle.

- Time window t1, t2: The minimum time for crossing the load blinder range between R1 and R2 which
can be individually configured for the 1% slip (generally with a longer delay) and the
subsequent slips (usually with shorter time delays); after expiry of this time the
function is reset, i.e. no trip and started again.

- Slipcycles T1, T2: The maximum time for the whole slip cycle (from R1 to R2)which can be
individually configured for the 1% slip (generally with a longer delay) and the
subsequent slips (usually with shorter time delays); after expiry of this time the
function is reset, i.e. no trip and started again.

- Activation time T3: Total time of all pole slip incidents and after expiry of this time the function will be
reset, i.e. no trip and is starting again.

- Neg. ph. sequence load: The maximum permissible unbalanced load (current) because the
out of step disturbance is considered in principle as a symmetrical occurrence.

- Current interlock: The minimum positive sequence current value for trip enabling of the function

since the out of step disturbance is considered in principle as a symmetrical
occurrence thereby preventing false
trips during external short circuits, etc.

- Current direction: Enables in a comfortable way to adjust the CT secondary current direction via the
software without having to change the external wiring.
- Rotating field direction: Enables in a comfortable way to adjust the phase rotation via the software without

having to change the external wiring.
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- Blocking input: Provides blocking of the protective function via an external input contact or the
User program with a notebook.

- Test input: Enables testing of the function during maintenance but preferably via notebook
operation.

Explanation of the protective function according to the logic diagram (please also refer to Fig. "ME311 78 MHO
LOGIC DIAGRAM/ PROCESSING"):

The generator phase currents as well as the phase to phase voltages are evaluated for all phases

since the function is designed for 3-phase systems. Consequently for the current and voltage values the positive
sequence components are computed (l;, V;) and in addition also the negative phase sequence current value (I,) is
considered which at last is applied for the blocking feature.

The result: Positive sequence phase currents and positive sequence phase to phase voltages are computing the
positive sequence impedance (Z;).

It should explicitly be noted that the relay function ME311 resp. ME312 is based onto a three phase measuring and
not onto a customary single phase measurement especially applied in the American Region.

The latter simplification may lead to false functioning and/or trips according to the type of fault

and the involved phases and is only permissible by strict adherence to symmetrical phenomena.

A further increased functional safety of the ME311 resp. ME312 results in a standard and a much differentiated
parameter setting possibility of this function which will fulfil even the highest demands.

The computed positive sequence impedance (Z,) is the complex impedance vector (locus) which progression is
evaluated to recognise a pole slip condition of the generator. The rate of change of the impedance vector is shown
in a simplified model of the impedance locus which is illustrated in the following graph showing the distribution of
the impedances with respect to the generator, generator-transformer and the external power system:

(-)

QLINE
EXTERNAL
SYSTEM
TRANSFORMER REACTANCE GRID
GENERATOR IMPEDANCE (LINE) VOLTAGE
Ee Rotor EMF
Xq' Transient Generator Direct-Axis Reactance
ﬂ Protection Relay (location of VT)
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Impedances of The Generator The Generator-Transformer And The Power System

The generator impedance Z consists essentially of the transient direct axis reactance X', the transformer
impedance of the reactance Xy and the power system impedance Zs. In case of the system impedance may vary
the smallest value should be selected.

The corresponding impedance vector diagram is shown in Fig.: ME311 78 MHO Theory of the "Out of Step"
Function.

The protection relay is positioned at the generator leads, i.e. respectively at the there located CT’s and VT’s. For
this reason the co-ordinate zero point is placed at this position. The reverse reach of the relay is measuring into the
generator and the forward reach includes the generator-transformer respectively the power system. For the various
applications different positions for the power swing locus are requiring discriminative setting configurations which
can easily accommodated by the DRS protection system. In this case simply two ME311 software relays are to be
configured whereby each of them can be set completely independent from the other one (ME311 functions with
regard to the trip outputs are using the same internal trip channels).

For stability considerations of a generator connected to the power system and therefore also

for pole slipping conditions the so-called rotor angle 9 is decisive. Traditionally it is distinguished between the inner
rotor angle 9;, the outer rotor angle 8, and the sum of the rotor angle 3.

The relation is show in Fig.: "ME211 78 MHO Computation of the Setting Values".

The angle between the generator leads voltage (Vgen) and the inner generator EMF (E,) is the inner rotor angle 9.
The angle between the system voltage Ve (this is the theoretical voltage source of the "rigid" power system) and
the inner generator EMF (E,) is the rotor angle sum 9,

which is primarily interesting for stability considerations. From the impedance vector diagram (please also refer to
Fig.: ME311 78 MHO Theory of the "Out of Step" Function) one can easily recognise that this angle (together with
the difference of the voltage absolute values of both voltage sources and the impedances between them)
determines the compensating current between the inner generator voltage and the system voltage. During normal
operation of the generator and with a stable power system this angle will be determined from the system load
conditions (real- and reactive power output of the generator and external power consumption)

and therefore is to a large extent constant. However, during pole slipping of the generator this angle is changing
continuously and is approaching all values between 0° and 360°. This will result in an oscillation of the generator
current vector which thereby is passing through all 4 power quadrants whereby the beat frequency is in accordance
to the rate of change of the rotor angle.

In principle we have two voltage sources which are connected via the sum of impedances whereby the voltage
vector of the rigid power system remains constant and the voltage vector of the inner generator EMF is rotating
through 360°.

What is happening now with the impedance vector in respect to the time event is shown in Fig.

"ME311 78 MHO Trip Conditions".

DRS Library of Protective Functions DID-001-1.06 1731744



ME... OUT OF STEP PROTECTION

Compare: 78G .... 78M:
What is the difference between 78G and 78M?

The following discussion references a Generator/ Motor — Unit of a Pumping Power Station whose turbine by
means of change of phase rotation (phase rotation is changed from "right" to "left" by exchanging two phases) also
can be used for pumping operation. In this case we need two "Out of Step" — functions (78G, 78M) in order to
protect the unit in both operating conditions.

a)

The impedances are the same for generator/ motor.

As a result the impedance diagramm will also be the same.

Therefore the settings refering to impedances (blinders, impedance circle, ...) will be the same.
Note: The starting point for the impedance locus will be for generator operation at the right side
of the diagramm, for motor operation at the left side of the diagramm.

b)

In principle also the set value for the "Current Direction" and the sequence of phases should be thesame for
generator/ motor — operation.

Please note: this statement is valid only if the direction of rotation of the machine is the same for

generator- and motor operation. This is not the case in TBI. As already mentioned in TBI the sequence of phases is
changed by special circuitbreakers in case of motoroperation

Therefore in TBI the set value for the "Sequence of Phases" has to be changed for motoroperation (from "right" to"
left"). Note: the Analog-Input-Matrix for the 78M function is the same as for 78G (because the sequence change is
already covered by the set value "Sequence of Phases").

The set value for "Current direction" will be the same (but of course when changing from generator to motor
operation the actual current direction will change, but not the set value for current direction/ acc. to the design of
the 78M-protective function).

c)

In principle during generator operation the impedance locus during slipping is moving from blinder 1 to blinder 2,
but during motor operation the locus is moving from blinder 2 to blinder 1.

Explanation (in principle):

In generator mode during slipping the generator speeds up, however in motor mode the motor during slipping
slows down. As a result the locus moves clockwise in generator mode and counterclockwise in motor mode. This is
already taken into consideration by the two versions of 78 (78G, 78M).

In principle there has just to be used the proper version (78G or 78M), the settings should be same.

In TBI the direction of rotation of the machine is changed by phase reversal switch. Therefore in TBI the setting for
sequence of phases ("Phase Rotation") has to be changed too. All other settings will stay.

Conclusion with reference the practical Set-Value-Calculation —Example (see below):

The settings for 78G and 78M will be in principle the same. In TBI the sequence of phases will be changed by the
phase reversal switch therefore we will have to consider two exceptions:
a.)
In our practical Set-Value-Calculation - Example the sequence of phases will be changed. Therefore the set value
"Phase Rotation" also has to be changed:
78G: set value "Phase Rotation" = Right
78M: set value "Phase Rotation" = Left
b.)
Analog-Input Matrix for voltage and current signals:
78G: current/ phase/ L1, L2, L3
voltage/ phase-phase/ L1-L2, L2-L3, L3-L1
78M:  current/ phase/ L1, L2, L3
voltage/ L1-L2, L2-L3, L3-L1
Note: the analog input matrix will not be changed in TBI because the sequence of phases during G/M - mode is
already taken into consideration by the set value "Phase Rotation".
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c.)

Input Matrix for Digital Inputs:

78G: "Blk. 78G-B" ... 78G will be blocked when Phase reversal switch in motor position
78M:  "Blk. 78M-B" ... 78M will be blocked when Phase reversal switch in generator position
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Practical Set-Value-Calculation —=Example

The "Out of Step" — function is one the most complex protective function, causing a challenge for the design-
engineer to calculate proper set values. For this reason in the following there is included a practical example how to
calculate the settings.

The example refers to the Pumping Power Station TBI (Tong Bai) which utilizes a pumping turbine, that means that
the turbine also can used for pumping operation (by changing the sequence of phases).

In order to cover both modes of operation there have been implemented two "Out of Step" — protective functions
(78G, 78M).

Nachfolgend ein Auszug aus der diesbeziglichen "Setting Calculation™;
>>Start<<

Data of Generator/Motor:

Rated power: Generator mode: 334 MVA
Motor mode: 336 MW
Rated phase-phase voltage: 18kV 5%
Rated phase current: Generator mode: 10713A£5%
Motor mode: 10777TA£5%
Rated phase current: Generator mode: 10713A£5%
Motor mode: 10777TA£5 %
C.T. sec. current: Generator/ Motor mode:
C.T. 16000A/1A: 0,67A
Rated power factor: Generator mode: 0,9
Motor mode: 0,975
Rated frequency: Nominal operation: 50 Hz
Startup: 0..51Hz
Direct axis reactance: 1,14  p.u. unsaturated

0,917 p.u. saturated
Transient direct axis reactance: 0,297 p.u. unsaturated
0,273 p.u. saturated

Subtransient direct axis reactance: 0,22  p.u. unsaturated
0,192 p.u. saturated

Quadr. axis reactance: 0,757 p.u. unsaturated

Subtrans. quadr. axis reactance: 0,175 p.u. unsaturated

0,153 p.u. saturated

Data of Main Transformer:

Power: 360MVA
Impedance: 14 %
Phase-phase voltage: 520kV * 8 x 1,25 %/18V
Vecor group: Yd1l
Phase current: 399,7A AC/ 11547A AC
C.T. sec. current: Main Transformer HV-side:
C.T. 1250A/1A: 0,32A
C.T. 2000A/1A: 0,2A
Main Transformer LV-side:
C.T. 16000A/1A: 0,72A

Data of 525kV-System:

Phase-phase voltage: 525kV
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Short circuit power: 1000MVA
Impedance [p.u.]: Big Mode: X0: 0,16
X1=X2: 0,07
Small Mode:  XO: 0,30
X1=X2:0,13

Calculation of set values:

The generator current is

. __ S _334000kVA
T VeexA3 18KV x+3

=10713A

For this purpose a current transformer with a CT ratio of 16000A/1 A is selected and so the generator CT
secondary current is calculated

lop  10713A

gs = — = x1A=0.67A
CTratio 16000A

Data for the current and voltage transformer (valid for all conversions):

16000A 18000V

Clretay = T VT ey = 00V

1.
With the given data, the conversion factors from [p.u] values to protection relay inputs (including compensation
factor for different p.u. references and c.t. ratings), and the absolute impedance values are calculated:

a) for generator:

. =vGenz.cTRelay= (18000V)*  16000A-100V _86.230
°n s, PT 334000000VA  1A-18000V ’

Relay

The secondary transient reactance (at relay inputs) of the generator is:

X4 sec =X, - F =0.297-86.23Q = 25,61Q

c) for transformer:

U’ CTrawy __(18000V)*  16000A-100V _ oo
S st PToow,  360000000VA  1A-18000V

FT

Transf Relay

The transformer secondary reactance (at relay inputs) is:
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X =2 21 g00-1120
’ 100 100
d) for 525kV-System:
given:
Positive Sequence Impedance (z1):
_ al?E
2o =007-¢"" 1 = 0018+0.067 [p.u]
given:

S’ (short circuit power of grid) = 1000 MVA

given:
Voltage = 525 kV (phase — phase voltage)

Calculation (525kV-System):

First we have to calculate the impedance in absolute values of the grid (at 525 kV — side):
2 2
_7,. Ugig _ 0,076 (525000V)

Z =
(absolute_value) Serid 1000000000VA

=19,29Qe'™

system at525kVside

Second we have to transform this impedance from the Main Transformer HV-side to the Main Transformer LV-side:

U . 75
)2.Z = (220 12 1990677 = 0,0230¢

Z ( MainTransérmerLV-side
system at18kVside = = system at525kVside bsolut I -
U MainTransérmerHV-side (absolute_value) 520000V

Third we finally have to transform the impedance to the c.t. resp. p.t. secondary values (relay input values):

CT . ko 750 .
_ Relay 7 _ 16000A-100V .0,0239.6175 — 2’04493175 — (0’529+ J1’974)Q

- .
system atl8kVside 1A-18000V

systematrdayinputsde — PT
Relay

2.
The total impedance is calculated (absolute values as seen at the sec. side of p.t. and c.t.):

Z=jX, +jX;+2Zs=j2561+ j11,2+0,529+ j1,974 = (0.529 + j38,78)Q2=38,78-e/5¥)(2

The base point R1 is (formula according to the picture below):
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Z| o 38,78 o
X, ?~tan(30)_ 25,61 T~tan(30)

Rl= +-£ = + - =11,63Q2
tan(arg(Z)) sin(arg(Z)) tan(89°) sin(89°)

AX
Note: diagram is
not to scale. %\zs
’ \
7 . AY
7 \
/ ,' 300
// XT , \\
§=120° ,— \\
.0 Z R1 %
N ' \, R
N Xd K
\ . ,
\\ , ,l
N
\ - 7
AY s
\\ //
\|7

The offset is (R1-R2):

Z
Q -tan(30°) 38278 -tan(30°)

'‘R1-R2'=2 =22,39Q

“sin(arg(2)) =z sin(89°)

The slope is equal to angle of the system impedance:

slope =arg(z) =89°

The impedance circle diameter is calculated:
imp.circle diam.=3- X ;'+2- X; =3-25,61+2-11,2=99,23Q

Therefore the impedance circle centre is:

imp. circle cent. = _(lmp. circle diam. _,, XT) _ [99123

- ——2-11,2) =-27,21Q
2 2

The slip pulse number has to be chosen according to the allowed number the generator is getting out of step, for
example

Slip pulse numbers=2
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Time Slot t1 (minimum time for the first slip between crossing of the impedance vector the right-hand and the left-
hand boundary lines.) is selected to be:

t1=0,1s
note: if the timeslot for the locus to pass from Blinderl to Blinder2 (120° rotor angle to 300° rotor
angle) is below t1 then the event is not considered to be a valid slip (acc. to 78).
Slip Cycle T1 (Maximum time for the first slip-cycle):
T1=3s

note: if the timeslot for the locus to pass from Blinderl to Blinderl (whole circle) is above T1 then
the event is not considered to be a valid slip (acc. to 78).

Time Slot t2 and Slip Cycle T2:

t2=0,1s, T2=2s (usually the following slips need less time in relation to the first one)

Lock up Time T3 (Maximum time for the total sequence starting with the first slip):

T3=5s

The maximum permissible negative phase sequence is selected to be:

Neg. Phase Sequ.=10%

Current Interlock:
Current Interlock =1.2-1, 1.2-1A~ 0.8A

This is the minimum value of the positive sequence current to enable the function. Bear in mind, that the
customer wish has to be considered. On the one hand, the function shoud trip at slip  cycles with high current,
on the other hand there should be trips for all slip cycles. For the second case the Current Interlock has to
be selected to be 0 A.

Trip:
Trip=delayed = The relay trips, when the impedance vector leaves the
impedance circle. This helps to spare the circuit breaker.
Current Direction:
Direction 1/Direction 2
The impedance phasor will be displayed in the window for the internal measuring values. For  normal

conditions the phasor should be in the right area of the impedance diagram with angles of about O degree. If
there is an angle of about 180° degree, the setting of the parameter is wrong  and has to be changed.
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The setting for direction will be same for 78G and 78M.

Phase Rotation:
Right/ Left:

Generator operation: Right
Motor operation: Left.

This setting can be checked by the value of the negative phase sequence. In normal condition the
negative phase sequence is about 0%. For a value of 100% the setting has to be changed.

The picture below shows the DRSWIN — Protective Function Relay Parameters — windows for 78G and 78M of TBI
Pumping Power Station:

DRS-WIN - [TG15] TBI Generator 1 Group B [_[o]x] |
System DRSDaten DRS Funktionen Kommunikation Optionen Ansicht Fenster ?

B@a s |® @ ss R es L

0 [1615] TBI Generator 1 Group B:2 _[ofx]

I TIECEEEE
Relgisparameter
Out of Step 78G-B

11.60 Ohm =0 [TG15] TBI Generator 1 Group B:4

22.40_Ohm = | &l &l
89.0 Grad Schutzfunktionseinginge
99.20 Ohm Qut of Step 78G-B

-27.20 Ohm Stromeingange Blodkereingange

2 [[AL.04] sP31TOSLA =] = |PhaseL1 Blockiereingang | +===[[B1.01] Bk.7865 -

0.10 s [tar.05) sp31Tosz8 =] =—|phase L2 Priifeingange
3.00 s [(azoe] spatTassc B — [prets Prifeingang |[#—[VI.14) Test 7868 7]
0.10 s Spannungseingénge

200 5 [AL15] AJ11T02 AB vl =— |System 12

S50 [AL14] AJ12TO2EC ~] = |system 23

e AL 13] AJ13TO2CA == |System 31
SR [AL.13] ystem

SEmirEl TG15 [~ offiine | 4

Richtung 1
rechts.

[ [ offline |z

0 [1615] TBI Generator 1 Group B:5 _[ofx]

I TIECEEEE
Relgisparameter
Out of Step, M 78M-B

EEEEEEREEEEEERER

11.60_Ohm =6 [TG15] TBI Generator 1 Group B:3
22,40 Ohm & |l &l

89.0 Grad Schutzfunktionseingdnge

99.20 Ohm Qut of Step, M 78M-B

-27.20 Ohm | | Stromeing&nge Blockiereingénge
7 [ALD4] 5P31TOS1A 'I =+ |Phase L1 Bloddereingang | = | [B1.02] Bl.78M-B -

010 s [(aL.05] sp31T0s28 =] —|phaseL2 Priifeingéinge

Priifeingang | 4= [V1.15] Test 78M-B -
Elb s [(az.06] sp3tTos3c =] = |Phase L3

0.10 s

Spannungseingange
200 s [(AL.15] AJ11T02 2B =] —|system 12

L E [AL14] AJ12T02BC 7| =—|system 23
100 %

! —

T [AL13] AT13T02CA | System 31

e 7615 [ [offime | 4
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links:
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6.6. COMMISSIONING

Note: During All Commissioning Activities The Relevant Safety Regulations
Have to Be Strictly Observed and Applied!

6.6.1. ME311 Protective Function

Pre-Commissioning:

The function ME311 can generally only be verified during the pre-commissioning tests due to reasons of the
extensive complexibility thereby requiring a three phase test equipment which can also carry out dynamic
simulations with a corresponding long time preparation for these tests.

Therefore two variants of tests to simplify the function tests and to verify the correct operation are recommended
which do not require too much effort.

A. Simplified Function Test / Method No 1

The impedance vector is shifted within the impedance circle from left to right (R axis = Re (2);

X axis = Im (Z)) at the R axis from the right outside the impedance circle (please also refer to the setting
parameters) and shifted to the left by continuously reducing the voltage up to a negative value.

Should the relay test set not be able to produce negative voltage values (the angle changes from 0° to 180°) the
voltage polarity has to be changed manually and its amplitude raised again.

However for this simplified test method some setting parameters have to be changed temporarily:

Circle centre: Preferably 0 Ohm;
It has to be ensured that the locus is having a transition according
to the specified sequence (see logic diagrams).

Slip pulse number: 1

Time window t1: 0.01s;
Since this is a minimum value for the test the smallest possible setting is selected
to prevent a function reset because of minimum time duration.

Time window t2: Can be left to the original setting because of slip pulse number = 1.

Slip cycle T1: 20s;
Since this is a maximum value for the test the largest possible setting is selected
to prevent a function reset because of maximum time exceeded.

Slip cycle T2: Can be left to the original setting because of slip pulse number = 1.

Activation time T3: 60 s;
Since this is a maximum value for the test the largest possible setting is selected
to prevent a function reset because of maximum time exceeded (in principle also
20 s would be sufficient since T1 has then already expired).

Current interlock: 0A
Current direction: According to the injected test current
Phase rotation: According to the injected test current

By a 1 xIn rated protection relay, for example following current- and voltage values are injected:

Voltage: 3 x 100 V (phase to phase voltage)

Current: 3 x 1 xIn (phase currents)
Note: Since the impedance vector has to be moved along the R axis the
angle between the phase voltage (not the phase to phase voltage) and the
phase current has either to be 0° or 180°.
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Monitoring of the tests with the Actual Measured Values Window:

Window Display for Relay Internal
Determined and Computed Values

Slip pulse | [Number of the current pole slip]

System impedance | In [Ohm]; the absolute value of the impedance
vectors, whereby 1 p.u. = 57.7 Ohm = phase voltage /
phase current with respect to the relay nominal values
(100V/1A respectively 100V/5A).

Impedance vector angle | In [Degrees] (angle of the impedance vector)

Time running | [Yes / NoJ; the timing starts when crossing R1 and
ends with a trip or a reset when one of the necessary
conditions are no longer fulfilled (function reset)

Positive sequence current | In [A]

Positive sequence voltage | In [V]

Negative phase sequence | In [%], in relation to the relay nominal values (100V/1A

respectively 100V/5A).

Slip pulse:

Slip impedance:

Impedance angle:
Time running:

Positive sequence current:

Positive sequence voltage:

Unbalanced load:

Alarm / Trip:

Shows only 1 slip since after the 1% pole slip already a trip is being initiated
(according to set value).

When injecting 3 x 100 V phase to phase voltage and 3 x 1 xIn phase

current the absolute value of the impedance vector is 57.7 Ohm

(impedance = phase voltage / phase current).

Note: For the computation of the complex impedance vector the positive sequence
values of the 1% harmonic of current and voltage are applicable, i.e. the relay
evaluates all three phases.

Shows at the beginning of a pole slip 0° and then 180°.

Changes after crossing the blinder R1 from right from to left from "Yes" to "No".
Should be a constant display of 1 A (by correct phase rotation according to the
"phase rotation" setting value).

Should be a constant display of 100 V of the phase to phase voltages (by correct
phase rotation according to the "phase rotation" setting value).

Should be a constant display of 0 % (since the injected current system is
symmetrical)

The instantaneous operation is initiated at the 1% slip during crossing of R1 and the trip is carried out with the last
pole slip (in this case it is 1* slip) when crossing R2 (“instantaneous trip") respectively when leaving the impedance

circle ("delayed trip")...

Note: Please also refer to the setting parameter "Trip: Instantaneous / Delayed".
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B. Simplified Function Test / Method No 2

The impedance vector is shifted continuously within the impedance plane (R axis = Re (Z); X axis = Im (2Z))
whereby during a 360° revolution first the two load blinders are crossed in the specified direction within the
impedance circle and then outside the impedance circle is returning to its point of origin. This way the specified
operating sequence of the ME3111 function has been fulfilled.

With modern relay test sets it is easy to shift the impedance vector whereby it is recommended to keep the voltage
vector angle constant and rotate the current vector.

It is of advantage to illustrate the movement of the impedance vectors on a hand-sketch. This

way the progression of the vector absolute value can easily estimated during the tests. It is noted that the test can
only be carried out correctly when the impedance circle centre is not located at the mid-point of the coordinate
system of the impedance plane but off-set either in the positive- or negative direction (if necessary a temporary
shift has to be configured). Also it has to be made certain that the impedance vector is located outside of the
impedance circle prior to the test and then shifted within the impedance circle by choosing the required phase
rotation. The return trajectory of the impedance vector should however be outside the impedance circle.

For this simplified test method some setting parameters have to be changed temporarily:

Circle centre: Has not to be 0 Ohm;
The circle must be shifted either in the positive- or negative direction and it has to
be established that the locus is following the required trajectory (please refer to the
logic diagrams).

Slip pulse number: About 1...3;
When a higher number is selected an excessive operating time may occur during
the test (please also refer to the "Activation Time T3" setting value).

Time window t1: 0.01s;
Since this is a minimum value for the test the smallest possible setting is selected
to prevent a function reset because of minimum time duration.

Time window t2: 0.01s;
Since this is a minimum value for the test the smallest possible setting is selected
to prevent a function reset because of minimum time duration.

Slip cycle T1: 20s;
Since this is a maximum value for the test the largest possible setting is selected
to prevent a function reset because of maximum time exceeded.

Slip cycle T2: 20s;
Since this is a maximum value for the test the largest possible setting is selected
to prevent a function reset because of maximum time exceeded.

Activation time T3: 60 s;
Since this is a maximum value for the test the largest possible setting is selected
to prevent a function reset because of maximum time exceeded.

Current interlock: 0A
Current direction: According to the injected test current
Phase rotation: According to the injected test current (generally: clock-wise )

By a 1 xIn rated protection relay, for example following current- and voltage values are injected:

Voltage: 3 x 100 V (phase to phase voltage)
Current: 3 x 1 xIn (phase currents)
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Note: The current amplitude has to be chosen such that at the

start of the test the impedance vector is rotating outside the actual impedance
circle, e.g. at the right side of the impedance circle and is subsequently entering
the impedance circle by crossing both load blinder slopes and leaving on its return
path the impedance plane.

The phase rotation of the impedance vector, either clock-wise or anticlock-wise,
depends on the location of the impedance circle, i.e.

whether positioned above or below the R axis.

Please note in this context the interrelations in the respective logic diagrams.

The rotation of the impedance vector is performed by rotating the current vector
Note: The phase rotation of the impedance vector is always in opposite direction to
the rotation of the current vector.

Monitoring of the tests with the Actual Measured Values Window:

Window Display for Relay Internal
Determined and Computed Values

Slip pulse | [Number of the current pole slip]

System impedance | In [Ohm]; the absolute value of the impedance
vectors, whereby 1 p.u. = 57.7 Ohm = phase voltage /
phase current with respect to the relay nominal values
(LO0V/1A respectively 100V/5A).

Impedance vector angle | In [Degrees] (angle of the impedance vector)

Time running | [Yes / NoJ; the timing starts when crossing R1 and
ends with a trip or a reset when one of the necessary
conditions are no longer fulfilled (function reset)

Positive sequence current | In [A]

Positive sequence voltage | In [V]

Negative phase sequence | In [%], in relation to the relay nominal values (100V/1A

respectively 100V/5A).

Slip pulses:

Slip impedance:

Impedance angle:

Time running:
Positive sequence current:

Positive sequence voltage:

Unbalanced load:

DRS Library of Protective Functions

Shows the number of pole slips; this counter is activated during each crossing of
the blinder R1 from right to left.

When injecting 3 x 100 V phase to phase voltage and 3 x 1 xIn phase

current the absolute value of the impedance vector is 57.7 Ohm

(impedance = phase voltage / phase current).

Note: For the computation of the complex impedance vector the positive sequence
values of the 1% harmonic of current and voltage are applicable, i.e. the relay
evaluates all three phases.

Shows at the beginning of a pole slip 0° and is then rotating during the slip
(rotation of the impedance vector) continuously through 360°.

Changes after crossing the blinder R1 from right from to left from "Yes" to "No".
Should be a constant display of 1 A (by correct phase rotation according to the
"phase rotation" setting value).

Should be a constant display of 100 V of the phase to phase voltages (by correct
phase rotation according to the "phase rotation" setting value).

Should be a constant display of 0 % (since the injected current system is
symmetrical).
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Alarm / Trip:

The instantaneous operation is initiated at the 1* slip during crossing of R1 and the trip is carried out with the last

pole slip (in this case it is 1*' slip) when crossing R2 (“instantaneous trip") respectively when leaving the impedance
circle ("delayed trip")...

Note: Please also refer to the setting parameter "Trip: Instantaneous / Delayed".
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IMPORTANT:
After completion of the pre-commissioning tests all setting parameters have to be restored to the original service
operating values.

Commissioning Tests

A real pole slip during commissioning is for various reasons mostly not possible (system stability, etc.).

Therefore it is recommended that during normal service operation of the generator the "window display for the
actual relay-internal computed values" should be taken to analyse the actual computed values and to verify their
plausibility, especially:

-System impedance
-Impedance vector angle
-Positive sequence current
-Positive sequence voltage
-Negative sequence current
Further also the digital inputs

-Blocking input
-Test input

And the digital outputs
-Alarm
-Trip

-Annunciation: Negative phase sequence interlock

Should be checked via the menu item: "System"/"Binary In/Output Selection”.

DRS Library of Protective Functions DID-001-1.06 187 /744



ME... OUT OF STEP PROTECTION

6.7. CALCULATION EXAMPE FOR SETTING PARAMETERS

Recommend Procedures To Calculate The Setting Parameters
For The "Out of Step" Protective Function ME311

Generator-, Transformer- and Power System Data (according to the data sheets of the Manufacturer):
Note: All particulars in reverence to the generator nominal values (=100%).

X4 =33% Transient generator direct axis reactance
Xr=15% Transformer reactance
2s=24% external power line impedance (grid system)

Determination of the protection relay internal range for the rotor angle — Alarm:
9 =120° ... 240° [degrees electrical]
Note: Rotor angle ... the angle between vectors Er and V| e
Er .. theinduced stator voltage of the synchronous generator (EMF)
Viine . poOwer system voltage

Adaptation of the impedance values respectively the setting parameters:
Note: This adaptation is necessary when: 1 p.u. protection relay = 1 p.u. generator.

a)
The nominal values for the protection relay:

1 p.u. relay: 1A; 100V (fixed) or
5A; 100V (fixed)

b)
In our example we assume that the rated values of the generator do not correspond with the nominal rating of the
protection relay:

1 p.u. generator: Arbitrary assumption: 0.8A; 115V.

c)
Result:
An adaptation is necessary.

Adaptation factor = A = (Vgenerator nominaI/VreIay nominal) X (Irelay nominaI/Igenerator nominal) =
= (115V/ 100V) x (1A/0,95A) = 1.09

d)
With this adaption factor A are now corrected in order to obtain the "adapted impedance values" respectively the
final setting parameters for the ME311 function:

Xd st = 33%x1.09 = 36%
Xret = 15%x1.09 = 16.4%
Zo st = 24%x1.09 = 26.2%
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GENERATOR IMPEDANCE (LINE)
Ee Rotor EMF
X4’ Transient Generator Direct-Axis Reactance
ﬂ Protection Relay (location of VT)
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7. ME... UNDER EXCITATION PROTECTION

7.1 OVERVIEW

List of the Available ME . .. Protective Function Types

Abbreviations: Cc2 ... DRS-COMPACT2A
M ... DRS-MODULAR
L ... DRS-LIGHT

FNNR ... Function number (VE internal number of the protective function)

TYPE ... Function type (short name of the protective function)

ANSI ... ANSI device number (international protective function number)

PROTECTIVE FUNCTIONS: ME... FNNR TYPE ANSI Application
Under excitation for single phase systems, rotor angle, excitation | 1041 | ME121 40 C2.M

current AC

Under excitation for single phase systems, rotor angle, excitation | 1043 | ME122 40 c2,M

current DC

Under excitation for three phase systems, rotor angle, excitation 1027 | ME321 40 C2.M

current AC

Under excitation for three phase systems, rotor angle, excitation 1042 | ME322 40 C2.M

current DC

Under excitation for three phase systems, MHO characteristic, 1070 | ME323 40 c2,M
excitation current AC

Under excitation for three phase systems, MHO characteristic, 1071 | ME324 40 c2,M
excitation current DC
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1.2 TECHNICAL DATA

7.2.1. Under Excitation for Single Phase Systems (Excitation Current Measuring AC)

PROTECTIVE FUNCTION: ME121 FNNR TYPE ANSI Application
Under excitation for single phase systems, rotor angle, excitation | 1041 | ME121 40 C2,M

current AC

2- stage under excitation protection for single phase systems with rotor angle measuring and consideration of the
rotor current (AC).

ME121
Technical Data

Inputs

Analogue: | Generator current phase L1

Rotor current (AC)

Generator voltage L1-L2

Binary: | Blocking input stage 1 (9>)

Blocking input stage 2 (3> & lgycitation<)
Test input stage 1 (3>)

Test input stage 2 (9> & lexcitation <)

Outputs

Binary: | Instantaneous operation stage 1 (9>)

Trip stage 1 (3>)

Instantaneous operation stage 2 (3> & lexcitation <)
Trip stage 2 (9> & leycitation <)

Setting Parameters

Quadrilateral reactance: | 0.5 ... 5.0 p.u. in 0.01 p.u. steps
Power system reactance: | 0.0 ... 0.2 p.u. in 0.01 p.u. steps
Voltage direction: | Direction 1 / Direction 2
Operating value stage 1: | 30° ... 150°electrical in 1° steps

Tripping time stage 1: |0 ... 30 sec in 0.05 steps
Operating value stage 2: | 0.1 ... 0.5 xIn in 0.01 xIn steps
Tripping time stage 2: |0 ... 3.0 sec in 0.05 sec steps

Window Display for Relay Internal
Determined and Computed Values

| Rotor angle: | In electrical degrees
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Measuring

Reset ratio: | 0.97

Operating time: | > 2 cycles

Accuracy: | < 3% of setting value or
<2% |,

Rotor angle: | < 2% electrical of rotor angle

DRS Library of Protective Functions
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7.2.2. Under Excitation for Single Phase Systems (Excitation Current Measuring DC)

PROTECTIVE FUNCTION: ME122 FNNR TYPE ANSI Application
Under excitation for single phase systems, rotor angle, excitation | 1043 | ME122 40 Cc2,M

current DC

2-stage under excitation protection for single phase systems with rotor angle measuring and consideration of the
rotor current (DC).

ME122
Technical Data

Inputs

Analogue: | Generator current phase L1

Generator voltage L1-L2

Rotor current (DC Input)

Binary: | Blocking input stage 1 (9>)

Blocking input stage 2 (3> & lgycitation <)

Test input stage 1 (3>)

Test input stage 2 (9> & lgitation <)

Outputs

Binary: | Instantaneous operation stage 1 (9>)

Trip stage 1 (3>)

Instantaneous operation stage 2 (9> & lgygitation <)

Trip stage 2 (9> & lexcitation <)

Setting Parameters

Quadrilateral reactance: | 0.5 ... 5.0 pu in 0.01 pu steps

Power system reactance: | 0.0 ... 0.2 pu in 0.01 pu steps

Voltage direction: | Direction 1 / Direction 2

Operating value stage 1: | 30° ... 150°electrical in 1° steps

Tripping time stage 1: |0 ... 30 sec in 0.05 steps

Operating value stage 2: |10 ... 220 xIn DC in 1 xIn DC steps

Tripping time stage 2: |0 ... 3.0 sec in 0.05 sec steps

Rotor current configuration: | 1.5 ... 96 ADC/V
in 0.1 ADC/V steps

Rotor current offset: | 0.000 ... 4.995 V in 0.005 V steps

Window Display for Relay Internal
Determined and Computed Values

Rotor angle: | In electrical degrees

Measuring
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Reset ratio: | 0.97
Operating time: | > 2 cycles
Accuracy: | < 3% of setting value or
<2% I,
Rotor angle: | < 2% electrical of rotor angle
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7.2.3. Under Excitation for Three Phase Systems (Excitation Current Measuring AC)

PROTECTIVE FUNCTION: ME 321 FNNR TYPE ANSI Applicati
on

Under excitation for three phase systems, rotor angle, excitation 1027 | ME321 40 C2,M

current AC

2- stage under excitation protection for three phase systems with rotor angle measuring and consideration of the
rotor current (AC).

ME321
Technical Data

Inputs

Analogue: | Generator current phase L1

Rotor current (AC)

Generator voltage phase L2-L3

Binary: | Blocking input stage 1 (9>)

Blocking input stage 2 (9> & leitation <)
Test input stage 1 (3>)

Test input stage 2 (9> & lexcitation <)

Outputs

Binary: | Instantaneous operation stage 1 (9>)

Trip stage 1 (3>)

Instantaneous operation stage 2 (3> & lgxcitation <)
Trip stage 2 (9> & lgxcitation <)

Setting Parameters

Quadrilateral reactance: | 0.5 ... 5.0 p.u in 0.01 p.u. steps
Power system reactance: | 0.0 ... 0.2 p.u. in 0.01 p.u. steps
Voltage direction: | Direction 1 / Direction 2

Operating value stage 1: | 30° ... 150° in 1° steps
Tripping time stage 1: |0 ... 30 sec in 0.05 steps

Operating value stage 2:|0.1 ... 0.5 xIn in 0.01 xIn steps
Tripping time stage 2: |0 ... 3.0 sec in 0.05 sec steps

Window Display for Relay Internal
Determined and Computed Values

| Rotor angle: | In electrical degrees

Measuring
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Reset ratio: | 0.97
Operating time: | > 2 cycles
Accuracy: | < 3% of setting value or
<2% I,
Rotor angle: | < 2% electrical of rotor angle
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7.2.4. Under Excitation for Three Phase Systems (Excitation Current Measuring DC)
PROTECTIVE FUNCTION: ME 322 FNNR TYPE ANSI Application
Under excitation for three phase systems, rotor angle, excitation | 1042 | ME322 40 C2,M

current DC

2- stage under excitation protection for three phase systems with rotor angle measuring and consideration of the
rotor current (DC).

ME322
Technical Data

Inputs

Analogue: | Generator current phase L1

Generator voltage phase L2-L3

Rotor current (DC)

Binary: | Blocking input stage 1 (9>)

Blocking input stage 2 (9> & leitation <)
Test input stage 1 (3>)

Test input stage 2 (3> & leycitation <)

Outputs

Binary: | Instantaneous operation stage 1 (8>)

Trip stage 1 (3>)

Instantaneous operation stage 2 (3> & lgxcitation <)
Trip stage 2 (9> & lexitation <)

Setting Parameters

Quadrilateral reactance: | 0.5 ... 5.0 p.u. in 0.01 p.u. steps
Power system reactance: | 0.0 ... 0.2 p.u. in 0.01 p.u. steps
Voltage direction: | Direction 1 / Direction 2
Operating value stage 1: | 30° ... 150° in 1° steps
Tripping time stage 1: |0 ... 30 sec in 0.05 steps
Operating value stage 2: |10 ... 220 xIn DC in 1 xIn DC steps
Tripping time stage 2: |0 ... 3.0 sec in 0.05 sec steps
Rotor current configuration: | 1.5 ... 96 ADC/V
in 0.1 ADC/V steps
Rotor current offset: | 0.000 ... 4.995 V in 0.005 V steps

Window Display for Relay Internal
Determined and Computed Values

| Rotor angle: | In electrical degrees
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Measuring

Reset ratio: | 0.97

Operating time: | > 2 cycles

Accuracy: | < 3% of setting value or
<2% |,

Rotor angle: | < 2% electrical of rotor angle

DRS Library of Protective Functions
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7.2.5. Under Excitation for Three Phase Systems (Excitation Current Measuring AC)

PROTECTIVE FUNCTION:

ME 323 FNNR TYPE ANSI

Application

Under excitation for three phase systems, MHO characteristic, 1070 | ME323 40

excitation current AC

Cc2,M

2-stage MHO under excitation protection with consideration of the rotor current.
Instantaneous operation stage 1 when the locus is entering the reactance circle.
Instantaneous operation stage 2 when the locus is entering the reactance circle
and simultaneous decrease of the minimum permissible rotor current (measurement

of the rotor current: AC).

ME323
Technical Data

Inputs

Analogue:

Generator current phase L1

Rotor current (AC)

Generator voltage phase L2-L3

Binary:

Blocking input stage 1 (impedance circle)

Blocking input stage 2 (impedance circle & |gycitation <)

Test input stage 1 (impedance circle)

Test input stage 2 (impedance circle & lgygitation <)

Outputs

Binary:

Instantaneous operation stage 1 (impedance circle)

Trip stage 1 (impedance circle)

Instantaneous operation stage 2 (impedance circle & lgygitation <)

Trip stage 2 (impedance circle & |Igycitation <)

Setting Parameters

Centre point (reactance circle): | 0.5 ... 5.0 p.u. in 0.05 p.u. steps

Diameter (reactance circle): | 0.1 ... 3.0 p.u. in 0.05 p.u. steps

Voltage direction: | Direction 1 / Direction 2

Tripping time stage 1: |0 ... 30 sec in 0.05 steps

Operating value stage 2: | 0.10 ... 0.50 xIn AC

in 0.01 xIn AC steps

Tripping time stage 2: |0 ... 3.0 sec in 0.05 sec steps

Window Display for Relay Internal
Determined and Computed Values

| 1ZI (absolute value of the impedance vector): [ in Ohm
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Measuring

Reset ratio: | 0.97

Operating time: | > 2 cycles

Accuracy: | < 3% of setting value or
<2% |,

< 6% of impedance setting value
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7.2.6. Under Excitation for Three Phase Systems (Excitation Current Measuring DC)
PROTECTIVE FUNCTION: ME 324 FNNR TYPE ANSI Application
Under excitation for three phase systems, MHO characteristic, 1071 | ME324 40 C2,M

excitation current DC

3-stage MHO underexcitation protection with consideration of the rotor current.
Instantaneous operation stage 1 when the locus is entering the reactance circle..
Instantaneous operation stage 2 when the locus is entering the reactance circle.
and simultaneous decrease of the minimum permissible rotor current (measurement
of the rotor current: DC).

ME324
Technical Data

Inputs

Analogue: | Generator current phase L1

Generator voltage phase L2-L3

Rotor current (DC)

Binary: | Blocking input stage 1 (impedance circle)

Blocking input stage 2 (impedance circle & |gycitation <)
Test input stage 1 (impedance circle)

Test input stage 2 (impedance circle & lgygitation <)

Outputs

Binary: | Instantaneous operation stage 1 (impedance circle)

Trip stage 1 (impedance circle)

Instantaneous operation stage 2 (impedance circle & Igygitation <)
Trip stage 2 (impedance circle & |Igycitation <)

Setting Parameters

Centre point (reactance circle): | 0.5 ... 5.0 p.u. in 0.05 p.u. steps
Diameter (reactance circle): | 0.1 ... 3.0 p.u. in 0.05 p.u. steps
Voltage direction: | Direction 1 / Direction 2
Tripping time stage 1: |0 ... 30 sec in 0.05 steps
Operating value stage 2: | 10 ... 220 xIn DC in 0.01 xIn DC steps
Tripping time stage 2: |0 ... 3.0 sec in 0.05 sec steps
Rotor current configuration: | 1.5 ... 45 ADC/V
in 0.1 ADC/V steps
Rotor current offset: | 0.000 ... 4.995 V in 0.005 V steps

Window Display for Relay Internal
Determined and Computed Values

| 1ZI (absolute value of the impedance vector): | in Ohm
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Measuring

Reset ratio: | 0.97

Operating time: | > 2 cycles

Accuracy: | < 3% of setting value or
<2% |,

< 6% of impedance setting value

DRS Library of Protective Functions DID-001-1.06 203/ 744



ME... UNDER EXCITATION PROTECTION

7.3.1. ME121
1-PH =  +|-|= BATT
16 2/3 Hz 3-PH L
L1 L3 50 Hz X1 L X2 1{2|3 X3
R T 1 1A = +/-| |GND 1
2 5A
v B E 1L v asvnc [OC ouTorl - 2]
4 1A
Exc. =1 110V..220VDC | e ouT 02 \;51
TRANSF
é ;E s ouT 03 \%
10 1A ouTo4[ ~_ 8|
11 5A |4 9
— 3 ouUT05[~_10
14 5A 1
3 15 15 DRS“ ouT 06 [ ~_12]
- | 6 A 3
MAIN L 3 16 @@MPA@TZA ouT07[_14
TRANSF. iH Tecac | | 1 1a 15
2 m3f OUT 08 [ ~_ 16
oy — 22 A X5
3t 18 1
?Kl; f—rKH 5 A ouTo09[ ~_ 2
26 5A | 9 3
] a=<h1 ouT 10|
5
— L] 3 f 110 ouT11[ 6
Iou X8 7
1 ouT12[ ~_ 8
9
i gj £ us ouT13[ 10
11
s 3f u2 oUT 14 [ —_12] ~12
#QG LiL3 5 { TE OuUT 15 I—ciig
q 37 5
L =L E E U4 ouUT16 [~ )1(2
G 9
GEN. ROTOR 3f us 1
2~ ii 3 ouT 17 [~ 2|
3
N e~ 11 ouT18[ ~_ 4]
TESTSTA(opt) - -~ __] 2ot 5
oo~ I3 + OuT19[ ~_ 6]
TESTST.2(pt) T~ | Z‘Z IN 02 7
RN 5 + ouT20[ ~—_ 8
BLOCK.ST.1 (opt) —____. ____| 6 - Z IN 03 9
NN 7 + ouT21[ ~_10
BLOCK.ST.2 (opt) —____. ____] 8 - Z IN 04 11
9 -+ out22[ 12
10 - Z IN 05 13
11 + ~_14
12 - Z IN 06 15
13 + ouT24[ ~_16
14 - Z IN 07 o
15 +
16 - IN 08 4
:Z RELAYFALL» OUT31[ 5
6
% ,, \ <RELAYSTOP» OUT32[ 7]
~~ 7 TRANS-
?1 -—- DUCER 1> sloz D’ %) Tx+ g
LEGEND: 5 1y / & ou[10
OPTIONAL MODULE: g 8 m -—rans \ oo
-UAKB Transducer 1 8 2 X --- DUCER2 o w511
Transducer 2 9 % 5( -- / © R+ g
Shaft Current 10 2 N Rx-
Rotor E/F 11 |3 "~ T sHAFTcuRrr. l) Sioa % GND ig
y
CAN BUS future use (hardware extension) 12 14 1;>;+ 16
X9/X10 IEC870 5-103 control system interface 13 - \
RS422/485 chain line data interface 14 __ | RoTOREF ) sio1
MODBUS control system interface NGO #Z\ X9
Sh
:15 X10
;
NOTEBOOK
MAINTENANCE
ME121 UNDEREXCITATION 1-PH. DC WIRING DIAGRAM
Fig. 73 ME121 Underexcitation 1-PH. DC Wiring Diagram
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7.3.2. ME122
= +|-|= BATT.
3-PH 50Hz L
Lon X1 | X2 1[2[3 X3
16 2/3 Hz Lo [ el W L= 1
v E—HE 11 4y 48vnc |PC outol E\%
L1 L3 EXC. EERETY 110V...220VDC
R T  TRANSF. == ocj ouTez[ . 4
P ouTo3[ 6
E— { 13 7
0 A ouTo4[ 8
11 5A
14 9
ﬁ ; 3 OUT 05 [_~_10
s DRS- 17
4 1 OUT 06 12
16 1A 13
MAIN 23 f 16 @@MPA@TZA ouT 07 [ ~_14 |
TRANSF. — 19 1a 15
iA { 17 OuUT 08 ~_16
DG iﬂf 2 1A X5
23§ 18 1
N . ouTO09[ — 2
5A 3
19
) | 2 £ out10[ —_ 4
Iout 5
il — — 3 | 110 ouT11[ <6
X8 7
Rueas 1 ouT12[ ~__8
T 9
:ZL !—/ummm?{ u1 ouUT13 [ < itl)
— L 4 3f u2 ouT14[ 12
= 5 13
6 3f us OUT 15[~ ig
7
L N s 1§ ua OUT 16 [ ~_16
G 9 X6
GEN. ROTOR us 1
2~ % 3 oUT17[ < 2
3
N1 I ouT18[ 4
TESTSTL(opt) T~~~ | ZZ IN 01 5
N ouT 19 6
TESTST.2(0pt) +_ - ___| 4] ] no2 ~—
; N ouT20[ _—_8
BLOCK.ST.1 (opt) — ___ . | 6 - Z IN 03 9
PN VA OUT21[ ~_10 |
BLOCK.ST.2 (opt) — ____. ____| 8 . Z IN 04 11
9 -+ ouT22[ 12
10 - Z IN 05 13
11 + ouT23[_14
4..20mA 12 - E IN 06 15
V\L MEASURING 13 + OuUT 24 ~_16
m TRANSDUCER mA - IN 07
mv 3 mA %12] 0 Xi
te: Iso ME322 16 - IN 08
notersee aiso :Zm «RELAY FAIL»> OUT 31 5
6
. %7 —— «RELAY STOP» OUT 32 7
ju E - = TRANS- si02 8
-—— DUCER1 DI 1) Tx+
Anschlusskonfiguration T 4 W -=d 0D Tx 9
fur 4..20mA 2 = o S @ gnp 10
> § M --- TrRANS- 103
N --—- DUCER2 511
8 2 - 0 12
9 P4 < v © Rx+
10 ]2~ Sy Re13
11 | 6 ~ " T SHAFTCURR. ) sloa § GND
O Txe 1D
12 A T
13 ] X-
14 ~_ | ROTOR EF ) sio1
INO9 jz } X9
£ xw0
i DRS-Cable No. TID-006-- |- - ERONTSIDE_ | P
”””””””””””””” RS 232
L\
NOTEBOOK

MAINTENANCE

ME122 UNDEREXCITATION 1-PH. DC WIRING DIAGRAM

Fig. 74 ME122 Underexcitation 1-PH. DC Wiring Diagram
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7.3.3. ME321
11 L2 L3 % +|-|= BATT.
| X1 | X2 123 X3
- 1 A = +|-| |GND 1
2 5A OuT 01
VE—TIE 1L gy asunc [PC 2
Ea——y 110V...220VDC 4]
N |g iA % { 12 DC OuT 02 ~ 451
L OUTO03[ _~_ 6
3 13 7
10 1A { OUTO04| ~_ 8
11 5A 14 9
g - OUT 05 [_~_10
Iexc.ac 4 oA { 15 @RS: 11
L N e il e U]
TRANS- ¢ 15 COMPACT2A ouror 2]
N 19 1A 15
FORMER f =3 £ 7 ouTo8[ —_16
)\ —e 22 1A X5
i f s 1
?q_ﬁ P . ouT 09 [~ %
19
\T/ o ouT10[ _ 4
5
‘W,E\_r\_/ = — X8 7
1 ouT12[ ~_ 8
9
L g §f U1 ouT 13 [_10]
11
L 451:§ f u2 ouT 14 [ 12]
Usiais "U) 6 E us OuT 15 \%
7
BN = 5 3§ ua OUT16[ ~_16
G i} . X6
GEN. ROTOR if us
3~ )13 ouT 17 [ 2]
3
I ouTis[ ~_ 4|
TESTST.L(opt) | 2 - Z IN 01 5
e~ 13+ OuT19[ _~_ 6]
TESTST2(0pt) © - ] (4] no2 7
e~ |5+ OuUT 20 [~ 8]
BLOCK.ST.1(opt) . _________|] 6 - Z IN 03 9
e~ 7+ ouT21[_~_10]
BLOCK.ST.2(opt) . _________| 8 - Z IN 04 11
9 + ouT22[ ~_12
{ DRSINPUT 1 :Zlo " IN 05 =
oL 11 [~ 14]
PHASORS: A4 Ijz IN 06 15
L 13 + ouT 24 [_~_16]|
/ \ 14 - Z IN 07 X2
15 + 4
16 - IN 08
%Z «RELAY FAIL» OUT 31 ﬁ
6
Us Lais ; - «RELAY STOP» OUT 32 7
~ =7 TRANS-
2 -—- DUCER1 slo2 DI %) Tx+ g
LEGEND: = W :: 83 w2
= __ = @ GND
OPTIONAL MODULE: 6 & m -- mans
-UAKB Transducer 1 7 5 ¢ -- pucerz/ S 511
Transducer 2 8 2 < - Y 8  Ral12
Shaft Current 9 5 >} 3 Rx-[—13
Rotor E/F 10 & -— § onol14
. 118 I lsmmome) see [§ i
CAN BUS future use (hardware extension) 12 & Tx+ 16
X9/X10 IEC870 5-103 control system interfacq 13 ] S
RS422/485 chain line data interface 14 ___| ROTOR E/F ) slo1
MODBUS control system interface
INO9 jZl X9
|:|E DRS-Cable No. TID-006-- | _ FRONTSIDE_ _| -
””””””””””” RS 232 < | X10
[
NOTEBOOK
MAINTENANCE
Fig. 75 ME321 78 Underexc. 3-PH. AC Wiring Diagram
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7.3.4. MES322
= +|-|= BATT
1
X1 £ X2 1|23 X3
1 1A = +|- GND 1
2 SA OuT 01
VE—HE 11 5y 4eune [PC L. ~—2]
v % { | 110V...220VDC DC ouTo02[ - 4
5
é é: E I3 OUTO03 [ ~ ?
9 I
{ ouTo04| ~_ 8
5A |4 9
TRANS- L T
FORMER 13 1A ouT 05 ‘?ig_)
5A
23 15 DRS- ouTo06[~_12]
16 1A 13
=3 £ 16 COMPACT2A ouror a4
19 1A
83E 7 OUTO08 [ ~_16
L X5
= 83 f 18 1
— 25 1A OuT 09 ~_ 2
26 5A
19 3
o 3 ouT10[ 4
N 1 5
L 3110 OUT11[_ 6
> y N X8 7
1 OuUT12| ~_ 8
, 2 3F vt ouT 1310}
] o 2
G L 4 3t 2 ouT 14 [ _12]
ROTOR 15 13
3~ @ Usias U 6 3 { us3 OUTI15| 1451
GEN. ;3 { ua OUT16[ ~_16
9 X6
(103 Us 1
<4 OUT17[ ~_ 2
3
1 + ouT18| ~_ 4]
TEST ST.1 (opt.) 2 - E IN 01 5
3 + OUT19| ~_ 6
TEST ST.2 (opt.) 4 - E IN 02 7
{ 5 + OuUT20 ~_ 8
BLOCK. ST.1 (opt.) 6 - E IN 03 9
7 + OUT 21 [ ~_10]
= BLOCK.ST.2(opt.) _ _________| 8 - E IN 04 11
. 9 + N os ouT 22 [ 12}
GL1 10 - E 13
AN 11 + OuUT 23| ~_ 14]
DRS INPUT // \\‘ 12 E IN 06 15
PHASORS: / \\ ﬁZ IN 07 OouT 24| ~_16]
LEGEND: ’ 15 1 X2
(@ Measuring shunt 16 - E IN 08 E:[l
(DC-EXC. CURRENT) U - «RELAY FAIL.» OUT 31 5
() There are 2 meas. transducers oLas X7 6
inside the DRS COMPACT EXTERNAL DEVICE: % - «RELAY STOP» OUT 32 7
(UAKB) MEASURING 3 == TRANS- sio2 8
which are programable. mV\L TRANSDUCER @ 4 -—- DUCER 1 DI 1) Tx+ 9
Input signal: mA, mv,... mv = mA 5 w = O g Tx- 10
Input Range: 4...20mA DC, 4..20mA 6 g’ - A\ = GND
0...20mA DC, 0...10V, .. 7 6 M --- TRANS- si0s
Output (fixed): 1...5V DC. 8 2 X --- DUCER2 o +5 g
Anschlusskonfiguration < -
@ IN 09...malfunction of g 9 < 14 [5e) Rx+
fiir 4..20mA o D 3 Rx-|—13
meas. transducer 10 = ] ~ X: 14
1 |6 " SHAFTCURR. ) sioa § GNDI—¢
OPTIONAL MODULE: 12 %) Tx+
-UAKB Transducer 1 4 Tx- 16
Transducer 2 13 ——d
Shaft Current 14 | ROTOR E/F ) slo1
Rotor E/F UAK
CAN BUS future use (hardware extension) IN09 :‘A X9
X9/X10 IEC870 5-103 control system
interface
RS422/485 chain line data interface FRONTSIDE
MODBUS control system interface P j AA: X10
o I RS 232 f
|
5| DRS-Cable No. TID-006-- i
)
NOTEBOOK

MAINTENANCE

ME322, ME324 UNDEREXC. 3-PH. DC WIRING DIAGRAM

Fig. 76 ME322, ME324 Underexc. 3-PH. DC Wiring Diagram
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7.3.5. MES323

1 L2 13 = *|'|F BATT.
<1 | X2 1[2[3 X3
1A = +|-| |GND
2 S5A T 01
11y 4evc [OC ouTo L‘,\%

—Lg—g % E . 110V...220VDC DC ouT02[ ~ g
AT ouT03[ ~_ 6
AN\ - —
10 1A OUT 04 L 8
g { ' OUT 05 L g
~.1
g*—’ vl FTR—Y Cs IDIJ_‘DﬁS 11
‘”_ N Nl N 15 L = OUTO06[ ~_12
16 1A 13
TRANS 3¢ 16 COMPACT2A ouror 14
- P—"—e 19 1A 15
FORMER Eﬂ Ej E E 17 ouT08[ ~_16
)\ — 22 1A X5
24 T E 18 1
25 1A OUTO09[ ~_ 2
N 223§ 19 3
o ouT10[ ~_ 4
N N A ] 5
- I X [ . 3E 110 ouT 11 .
‘”_ Lo 8 [_d\%7
1 ouT12[ < :
E { Ul OuUT 13 ~.10
I A 3 11
Ustas Ny g g E uz2 ouT 14 [~ g
| L 6 3f us ouT15[ 14
- 15
L 7
L [ 3§ ua OUT16[_~_ 16
G 9 X6
GEN. ROTOR 03§ us 1
3~ 3(2 3 ouT17[ ~_ 2
N 41 + OuUT 18 L‘,\ 4
TESTST.1(opt) -~ ___| 2 -] Nnot 5
N oUT 19 [ ~_ 6]
TESTST.2(opt) __________] Z@ IN 02 7
N ouT20 8
BLOCK.ST.1(opt) —____ . ____| 6 - Z IN 03 9
PN VA OUT 21 [ ~_ 10|
BLOCK.ST.2 (opt) —____. ____| 8 . Z IN 04 11
9 ouT22[ 12
£ 10 - IN 05 13
11+ ouT23[~_14
12 - IN 06 15
= 13+ ouT24[_16
14 - 2 IN 07 X2
15 + 2
16 - IN 08
16 RELAYFAL» OUT 31 [ 5]
LEGEND: 6
LEGEND: 1 ] (RELAY STOP» OUT 32[ 7]
OPTIONAL MODULE: 2 - g
3 TRANS slo2 8
-UAKB Transducer 1 3 -—- DUCER1 Aw T
Transducer 2 -— 02D Tx 9
Shaft Current 5 = . S @ g\pl_10
Rotor E/F 6 2 -- Trans.
7 = \ --- DUCER2 slo3 11
CAN BUS future use (hardware extension) 8 F < - T} +5 12
X9/X10 IEC870 5-103 control system interface 9 3 S X Rx+ 13
RS422/485 chain line data interface 10 = __ § Rx- 14
MODBUS control system interface 11 | o ~_ | SHAFTCURR. ) sio4 3 G_I’_‘:([j 15
12 hd 16
13 Tx-
14 " | RoTOR EF ) sio1
INO9 #Zg X9
DRS-Cable No. TID-006-- | _ FRONTSIDE_ _| -
7777777777777777777777 RS 232 ::‘ 4 X10

NOTEBOOK
MAINTENANCE

ME323 40MHO UNDEREXC. MHO 3-PH. AC WIRING DIAGRAM

Fig. 77 ME323 40MHO Underexc. MHO 3-PH. AC Wiring Diagram
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7.4. LOGIC DIAGRAMS

7.4.1. ME321

L1 L2 L3
L 4
L A Iou
L 4 I
e
=
TRANSF. %
TN g
)\ (@)
lEchC ] } { N %
MAIN e
TRANSF,
D NI N
I N
J! uG La2L3 ; { —>
G
GEN. 3~ ROTOR
_TESTSTL . ) ] —
(optional)
__TBSTST2 . 1} ] —
(optional)
- < TRIP
E”:Q(EK,S,TL/D*J,, . Z N COMMANDS|
(optional) B OUTPUT et
BLOCK. ST.2 I Z CONTACTS cB2
T e — ALARM
(optional) CONTACTS
Alarm 1St.
LEGEND Trip 1St.
DRS DIGITAL RELAY SYSTEM
DRS- DIGITAL PROTECTION RELAY
COMPACT2A TYPE: DRS-COMPACT2A
CPU+DSP - BOARD/ S
PROCESSING VERSION 2

ME321 78 UNDEREXC. 3-PH. AC LOGIC DIAGRAM

Fig. 78 ME321 78 Underexc. 3-PH. AC Logic Diagram
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NOTEBOOK

MEASURED VALUES

{CALC. INTERNAL

—>

ROTOR ANGLE IN DEGREE

PROGESSING

~ | Isu !
> | |
| — 9>
| Usla3 UsLas > yes
ng 70% . U Nom
| no BLK
| Iexcac | Prot. Function
I i [
&
— | |Lewnc| <
| e’
| | PRESET ]
N
— >
="
| TESTST2 =l e
=S & ALARM ST.1
| | BIN. 1/0 ! —O _
| \ PRESET_l | L | ®®
| 1—,. LED-
i I DISPLAY
L=
| BLOCK. ST.1 | >
| e | &
| PRESET | I
e B ERuERSEn
ol hvi T
| o— [ LED-
— MATRIX
BLOCK. ST.2 | =1
I "BIN. 110 | o &
| | PrESET!
-H } -
| E= -
| fFuRcrion ke & ’
joutput | |
I
‘ 03'}1 —
_— —
I * .= fictitious, for better adaptation )
-_— on the unit requirements
_(see power diagram of the gen.) To be coordinated with Exc. System
Xine= real Rotor Angle Limiter Settings.
Please note: settings have to be
referred to prot. relay nom. values!
ME321 78 UNDEREXC. 3-PH. AC LOGIC DIAGRAM / PROCESSING
Fig. 79 ME321 78 Underexc. 3-PH.AC Logic Diagram / Processing
210/ 744 DID-001-1.06
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PROCESSING

LEGEND

FIRMWARE-MODULE: ME321

) ] . CALC. INTERNAL o .
Online simulation | MEASURED VALUES Online-indication of DRS-internal

— via notebook [ _____ } calculated values on notebook-screen

I BIN. 10 ! o i I "BIN. 110 ! | BIN. 110 | UBIN. /0 |
| Online-simulation of | reqular [ }
}_PIRESET DIG. IN-/OUTPUTS }_PFESEE ol }_PFESET al",’,"ays LPRESET) a(;\'/lvays
— . . 1— 1 ” 1— ”

o= Via notebook: L= e =
[FuNCTIoN] Online-simulation of the FUNCTION OUTPUTS of the protective function MD321

SUTRUT nline-simulation of the of the protective function
}- —— [=] all FUNCTION OUTPUTS enabled (regular-operation)

= all FUNCTION OUTPUTS disabled (test-operation

| o—~"m

Calculation of Rotor Angle 9

9> 9 > Bger

[Lexeimc| < [Texcacl < set value

DRS Library of Protective Functions

T Programmable
mmm software-matrix for ® ® LED-indications
LED- the LED-indications LED- of
MATRIX (row 2...14) of DISPLAY PROCESSING
T PROCESSING (row 2...14)
TR'P Programmable software-matrix for the output-contacts (OUT1...0UT30)
MATRIX
D Denomination of FUNCTION OUTPUTS going to LED-MATRIX
L ] Denomination of FUNCTION OUTPUTS going to TRIP-MATRIX
9> Sser
(9 > Bse1) & (locacl < set)
> set
t2 > set
> Type of function: over-detection (actual value > set value)
< Type of function: under-detection (actual value < set value)

ME321 78 UNDEREXC. 3-PH. AC LOGIC DIAGRAM PROCESSING / LEGEND

Fig. 80 ME321 78 Underexc. 3-PH. AC Logic Diagram Processing / Legend
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VOLTAGE DIAGRAM
OF A SALIENT POLE MACHINE
(SYNCHRONOUS GENERATORY):

DEF. OF ROTOR ANGLE (THEORY)

+
I4Xq
Iq Xd E Iy Xq 15
IXd
I'xq
1,0
y N
U
I I,
0,5
slo/ "
o= - \\\ Ig!
+] 1,0 105 05 1,0 -]
\\\ \k - I4(Xa-Xq)
\\\\ //\)
9
Y
U Xd=Xq
Xq

LEGEND

U generator voltage

I generator current

E magnet wheel voltage (corresponds with sum of magnetic flux @)
X4 direct-axis syncronous reactance

Xq quadrature-axis syncronous reactance

9 inner rotor angle

10) phase angle

ME321 78 UNDEREXC. 3-PH. AC THEOR. DEFINITION OF ROTOR ANGLE

Fig. 81 ME321 78 Underexc. 3-PH. AC Theor. Definition Of Rotor Angle
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ME... UNDER EXCITATION PROTECTION

CALCULATION OF ROTOR ANGLE
OF SYNCHRONOUS GENERATOR/
SET VALUE FOR ME321

/ 'j-lgen-xline

LEGEND

Ugn generator voltage (for example: U;) @
Len generator current (for example: I;)
Er  magnet wheel voltage (corresponds with sum of magnetic flux Q)
9i inner rotor angle
(between gen. internal volt. and terminal volt.) = load angle of the machine
9, outer rotor angle
9i+a sum of rotor angle
(between gen. internal voltage and grid voltage)
¢ phase angle

® Note: DIAGRAM USES U,
DRS INPUT USES U, 3 IN ORDER TO ACHIEVE MULTIPL. BY (j)

ME321 78 UNDEREXC. 3-PH. AC CALCULATION OF ROTOR ANGLE

Fig. 82 ME321 78 Underexc. 3-Ph. AC Calculation Of Rotor Angle
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ME...

POWER DIAGRAM

OF SALIENT POLE MACHINE

UNDER EXCITATION PROTECTION

(SYNCHRONOUS GENERATOR):

CALCULATION OF ROTOR ANGLE (EXAMPLE)

ACTIVE POWER
ACTIVE CURRENT

|

cos ¢

| T

underexcited

overexcited

00— M0 o9
08—
\N““XP) — I
0,6 0«6‘?’9' 0,6 0,6
6\*& PRl
- | 0,4 \1:1
/ Xd-Xq T } ? [=0,5 \
/ rla— / \ \
/ g @ \\‘; //, d “/‘ \‘ “‘

04 02

16 14 12 10 08 06
underexcited
Xd-Xq U
«—U —— e )|
Xq -Xd Xd
< y >
Xq

® §... ROTOR ANGLE

"lo 02 04 06 08 1.0

overexcited

REACTIVE POWER
REACTIVE CURRENT

(BETWEEN GEN. INTERNAL VOLT. AND TERMINAL VOLT.) = LOAD ANGLE.

ME321 78 UNDEREXC. 3-PH. AC

EXAMPLE: CALC. OF ROTOR ANGLE USING THE GEN. POWER DIAGRAM

Fig. 83 ME321 78 Underexc. 3-PH.AC Example: Calc. Of Rotor Angle Using The Gen. Power Diagram
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ME... UNDER EXCITATION PROTECTION

POWER DIAGRAM
OF A SALIENT POLE MACHINE
(SYNCHRONOUS GENERATOR)

Active Power (p.u.)
UNDEREXC. LIMITING A

REGULATOR OF EXC. SYSTEM @

PROTECTION SYSTEM

T T T T T T m T T T T T T T T T T
-1,0-0,9 -0; 06 -05-04 -03-02-01 0 01020304 0506 07080910

1/Xq fictitious excitation ReaCtlve Power (pU)
1/Xq fictitious protection @

————— specification of gen. operating range by generator manufacturer
(allowed operating range)

Sample in practice:

® Set Value ,Excitation®: given by setting of Underexcitation Limiting Regulator of
the excitation
® Set Value ,Protection®: Tripping by protection system

® 1/Xq fictitious ... Fictitious x4 for the optimum adaptation of the set points
on the unit requirements
@39 ... Fictitious inner rotor angle

® Note: These limits apply only if the real xy is assumed to be zero (incl. Main Tr.!).

® Note: Radius of circle = 0,1 p.u. / Xq
TRIP of first stage if:  [Us/Xq— Ls| < (0,1 p.u. / Xq)
[Ug,Is...in p. u., related to relay nominal current]

ME321 78 UNDEREXC. 3-PH. AC
EXAMPLE: CALC. OF ROTOR ANGLE SET VALUES
USING GEN. POWER DIAGRAM

Fig. 84 ME321 78 Underexc. 3-PH. AC Example: Calc. Of Rotor Angle Set Values Using Gen. Power Diagram
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ME... UNDER EXCITATION PROTECTION

For example:
chosen setting
(5...10% of nom lgxc)

ME322
“FE\_A_/ 6L
11
N N NS ouT22 | ~_12
13
OuUT 23 ~. 14
\ y N 15
ouT24[~_16
/—_\ = 15 + Xi
= 16 - IN 08
G 16-1/] RELAYFAL» oUT31[ 5]
GEN 3~ ROTOR X7 6
Rstunt ; ™ (RELAY STOP» OUT 32 [ 7]
Iexc TN TRANS-
3 ﬂ\— DUCER 1 Sl02 Vo Tx+ 8
4 L [a} i)
w 0D Tx
5 13 -] = @ gnp|—L0
{ Vstunr 675 2 M rr TrRans 103
EXTERNAL DEVICE: 5 \¢ L+ DUCER2 pra
- |
EXAMPLE: L MEASURING - g <L ' 3 Rx+ |12
0..10vDC \L TRANSDUCER |4..20mA S D Ny Rx. |13
Iexc = 0...1000A DC (nom. exc. curr.) mV > mA itl) £ Wﬁ@) Sos Y ool 14
o 3 <
Vsnunt = 0...10V DC (Rspunt = 0,01Q) 0 - QT 12
Output of meas. transducer = 4...20mA 13 __ T
Input of DRS-COMPACT2A / UAKB = 4...20mA (used range 4...7,2mA) 14 —@ sio
Output of DRS-COMPACT2A / UAKB = 1...5V DC (corr. with 4...7,2mA input) INOS - X9
Input VE2 / slow input 03 (S103) = 1...5V DC >
SOFTWARE CONVERSION (VE2 FIRMWARE): 1...5V DC - 0...200A DC (by CAN BUS
setting) [ _FRONTSIDE_ | 2a a % -
RS 232 OLZ00ZI00 4« | X10
(Note: setting can be chosen between 0...200A DC = OK for underexc. protection; zo0zzo00zz v
for all exc. currents > 200A the indication on notebook-screen (,INTERNAL X11 1 ‘2{3‘4‘5‘6{7{8‘9{
MEASURED VALUES"“-window) will be limited at 200A/ will show 200A)
0OADC 200A DC 500A DC 1000A DC
Rotor current: % % % {
| | |
i i |(=nom. exc. curr.)
| |
Shunt-voltage } } }
(Rshunt = 0,01Q) YOV DC Y 2,0v DC YlOV DC
Zinput of ext. meas. transducer: [ i ‘
| | |
| | |
Output of ext. meas. transducer } } }
(0...10V > 4...20mA) ! I !
Zinput of DRS-COMPACT2A resp. Y4mA DC + 7,2mA DC Y 20mA DC
input of meas. transducer UAKB: [ ==__ 1
! \\\\\‘\\
| ~~-
Output of programable meas. } \‘\\\\\
transducer UAKB YlV DC Tl 5V DC
(4..7,2mA > 1..5V DC): [ = !‘
Indicated rotor current on notebook- 1 1
screen (,INTERNAL MEAS. VALUE*- | |
window) presupposing the set values } }
,ROTOR CURRENT COMP.“ = 50A and y 0A DC 200V AC
,ROTOR CURRENT OFFSET“ = 1V: LIMIT for
[ indicated rotor current 1 indication on
I I notebook-
Available setting range for } } screen.
,OPER. VALUE ST. 2": 0...200A DC ! !
0...20% of nom. exc. curr. which is + 0A DC = 0% +200A DC = 20% of
perfect for underexc. prot. purposes OK: | { hom. exc. curr.

ME322 UNDEREXC. 3-PH. DC SETTING EXAMLPE FOR SLOW INPUT SI03

Fig. 85 ME322 Underexc. 3-PH. DC Setting Example For Slow Input SI03
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ME... UNDER EXCITATION PROTECTION

ME322/ OPTION:

SUPERVISION OF MEAS. TRANSDUCER-CIRCUIT OF ROTORCURRENT

0 200A DC 1000A DC
ROTOR CURRENT: } lL {
see draw. ,SETTING T e
EXAMPLE" for details NN
VE2-input voltage: ~
Please note: ~. 5vbe
min. input voltage = 1V (regular operation) v \1
conclusion: input volt. < 1V - malfunciton T |
of meas. transducer-circuit.
LOGIC DIAGRAM / PROCESSING:
slo3 1.5V |ME322 @ _ ALARM
(4aROTOR- DC UNDEREXC. TRIP
CURR.) T
BLK!
MU120 @
UNDERVOLTAGE
(opt) |CHECK: Upc <1V ouT

- WARNING: S > T

LMEAS. TRANSDUCER- WARNING

CIRCUIT

IS FAULTY!

LEGEND:

@ Software-relay ,UNDEREXC. 3-PH. DC*

input signal must be 1...5V DC (regular operation)

@ Software-relay ,UNDERVOLT.. DC*

input voltage must be 1...5V DC (regular operation)
practical setting (example): 0,5V/ undervoltage > WARNING

ME322 UNDEREXC. 3-PH. DC SUPERVISION OF
MEASURING TRANSDUCER FOR ROTORCURR.

Fig. 86 ME322 Underexc. 3-PH. DC Supervision Of Measuring Transducer For Rotorcurr.
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ME... UNDER EXCITATION PROTECTION

7.4.3. ME323
L1 L2 L3
COMPAGT2A
(&5
=
—
(2]
] £
S N,
(@)
S
es
[
/“\ Iou } g —
)\ Iexcac a
TRANS- 3t %
FORMER g
/\ §: :
@,
M—— ~
—
%]
1 T :
x
(32}
N
Egr\_r R N— [32]
SN LéJ
S N, N —>
S N
UsLa3 3 {
> — \j
G LA
GEN. 3~ ROTOR
el e e B
o
=
o
e}
PNNNN—| (N
TestsTr . T ] A g
[0}
o
TEST ST.2 =3
OPTIONAL ) =—-=-=-% S Z M @
(APPLIES TO ME323/ BLOCK. ST.1 T i
RELAY1 & RELAY2) | —————-- - Z M 2
BLOock.sT2 . I° ) _. Z
. . TRIP
~ COMMANDS
LEGEND _ OUTPUT CB1
=== CONTACTS CB2
DRS DIGITAL RELAY SYSTEM " ALARM
DRS- DIGITAL PROTECTION RELAY CONTACTS
COMPAGT2A  TYPE: DRS-COMPACT2A Alarm 1St.
L J Trip 1St.
CPU+DSP - BOARD/
PROGESSING VERSION 2

ME323 40MHO UNDEREXC. MHO 3-PH. AC LOGIC DIAGRAM

Fig. 87 ME323 40MHO Underexc. MHO 3-PH. AC Logic Diagram
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ME... UNDER EXCITATION PROTECTION

_[

{CALC. INTERNAL

MEASURED VALUES

|1Z| Impedance Distance to the
| — Center of the Impedance
S Circle ( = Relay Operating
NOTEBOOK Characteristic)
l |
\ | \ |
\ \ \ \
‘ ‘ full load ‘ ‘
v | Iout ‘ X A o over-excited | |
| | 7 z° | |
| UclLas | - — > R inside circle |
ny
\ \ < z \ \
| | i 7 | |
| | “ | |
| ‘ Relais2 ~ partload | ‘
N | lExc Ac | |I | - (opt.) under-excited ‘ ‘
T T 1Exc.AC
‘ ‘ Relais1 /Stagel \ \
‘ ‘ standard) ©) ‘ ‘
| TESTST.1 | | \
I I"'BIN.io ! | \ \
| |PRESET! | | \
I \ \
T | |
L™ . ALARM ST.1
\ \ Y o= \ \
| TESTST2 | | L >=1 2 | ‘
TG &
BN ! | 1] ALARM ST.1 2 ® | |
| | PRESET ) | ‘
| 1= | LED-
4 : | 045' f § DISPLAY | }
\ - TRIP ST.1 \
| BLOCK. ST.1 | 0= \ \
\ EnN \ L B TRIP ST.1 \ \
Lereser L @ O ==l |
| 1 i
B = e B
L= teo- | | |
\ \ ALARM ST.2 i< I |
| BLOCK. ST.2 | >=1 N \ |
| 18N o | | & ALARM ST.2 L
| |PRESET! | oy | I"BIN. /0 W‘H \
= \ PRESET_L\HFI_
I £t ——
o= 1 .
- TRIP ST.2 —
| | =l
| omm— nl ‘ 2> ——— JT
|FUNCTION | & TRIP ST.2 Lg T [
| joutpuT ! i e |
| ——— | T \ \
o e | |
PRy MATRIX ‘ ‘
— PROCESSING _—
@) Standard-lmpedan_ce-_CircI_e: @ Optional (add.) Impedance-Circle:
1.stage: Z inside circle use additional Software Relay ME323
2.stage: (Z inside circle) & ( Igc.<) ® 2 more stages.

ME323 40MHO UNDEREXC. MHO 3-PH. AC LOGIC DIAGRAM PROCESSING

DRS Library of Protective Functions

DID-001-1.06

Fig. 88 ME323 40MHO Underexc. MHO 3-PH. AC Logic Diagram Processing
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ME... UNDER EXCITATION PROTECTION

7.4.4. MES324

L1 L2 L3 IDJRS:
GOMPAGT2A
()
=
—
()
- &R
Ly
S, — @
S
es
By
/—_\ Iout } { —
)\ ~ [IExeD o
TRANS- £ 3t B
FORMER g
=
ZAN jﬁ =
M =
-
(2]
1 T :
e
(32}
N
PR N N ) S— [32]
g — w
=
S — RsHuNT] "
}—f
UsLas % {
\j
G LA
GEN. 3~ ROTOR
(V7 V7V =
)
=
o
e}
[, V7 VW N
Teststr . ] A 2
[0)
@
TEST ST.2 <
oPTIONAL ) --=-22% SN Z M @
(APPLIES TO ME323/ BLOCK. ST.1 T ]
RELAY1& RELAY2) | ————~——- - Z ] > =
BLOCK. ST.2 i
. 1 TRIP
~— COMMANDS
LEGEND _ OUTPUT CBl
CONTACTS CB2
DRS DIGITAL RELAY SYSTEM " ALARM
DRS- DIGITAL PROTECTION RELAY CONTACTS
COMPACT2A  TYPE: DRS-COMPACT2A Alarm 1St.
L J Trip 1St.
CPU+DSP - BOARD/
PROCESSING VERSION 2

ME324 40MHO UNDEREXC. MHO 3-PH. DC LOGIC DIAGRAM

Fig. 89 ME324 40MHO Underexc. MHO 3-PH. DC Logic Diagram
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_[

CALC. INTERNAL
MEASURED VALUES

— .
|1Z| Impedance Distance
NOTEBOOK
~ ‘ | L
\ | \ |
\ \ \ \
‘ ‘ full load ‘ ‘
| Isu | X A o over-excited | |
ny T ®
| | z y ze | |
~ | UslaLs | - — > R inside circle | |
\ \ = z \ \
\ \ ? \ \
| 4 | |
‘ 7 part load
‘ I ‘ under-excited ‘ ‘
1Exc.DC
n } | Iexenc < \ \
\ ‘ Relais1 /Stagel ‘ ‘
‘ ‘ standard) @ ‘ ‘
| TESTST.L | | \
I '8N0 ! | \ \
| |PRESET ! | \ \
[ =, \ \
I AEECamE \ \
‘ L™ . | || ALARM ST.1 | ‘
| TESTST2 | L] >=1— . N | ‘
BN | -~ 1 ALARM ST.1 2 ® | |
| |PRESET! | | ‘
| ‘ 1—, | LED- ‘ ‘
4 ‘ o— | ‘ DISPLAY |
\ — = TRIP ST.1 \
| BLOCK. ST.1 | 0 \ \
Nrtvira i | 1] & TRIP ST.1 \ \
eReser L ¢ g U SS ==l |
| = i
I 21 LOAI' t LED- \ \
_—
\ \ ALARM ST.2 et | \
| BLOCK. ST.2 | >=1 \ \
| I'BIN. 10 7‘ \ & ALARM ST.2 L
| | PRESET! | g I PBFLESIIEOTW \
st e
L °—_
TRIP ST.2 |
| | —(_TRIPST2 ) |
—
| =—=—< | 2> =T
| |FUNCTION! | ] & TRIP ST.2 L] Y, ‘
| |QurPUT a ] |
5 \
|| bt TRIP- ‘ \
Lo MATRIX | | |
~ N
® Standard-Impedance-Circle: PR@@ IESS [I IN] @ @ Optional (add.) Impedance-Circle:
1stage: Z inside circle use additional Software Relay ME323
2.stage: (Z inside circle) & ( Igw<) ® 2 more stages.

ME324 40MHO UNDEREXC. MHO 3-PH. DC LOGIC DIAGRAM PROCESSING

Fig. 90 ME324 40MHO Underexc. MHO3-PH. DC Logic Diagram Processing

DRS Library of Protective Functions

DID-001-1.06

221 /744



2221744

ME... UNDER EXCITATION PROTECTION

LEGEND PR@@ESS”N@

FIRMWARE MODULE: ME323, ME324

] ] i CALC. INTERNAL o .
E Online simulation [ MEASURED VALUES} Online-indication of DRS-internal
via notebook [ ] calculated values on notebook-screen
§ \
I BIN. 10 ! . : | BIN. 1/0 | BIN. 1/0 I BIN. 110 !
| PRESET | Online-simulation of | PRESET | regular | PRESET \ always |PRESET \ always
i DIG. IN-/OUTPUTS — —— function |~ 1 g s o
A“E‘ 1 . 1— 1 ” 1— »
o= _ via notebook: LT (I i:jj Loﬁ
‘FiUI\ETBNT . . . . .
SUTELTT| Online-simulation of the FUNCTION OUTPUTS of the protective function ME323
}- —— [=] all FUNCTION OUTPUTS enabled (regular-operation)
‘ 3:}%—1 [1] all FUNCTION OUTPUTS disabled (test-operation)
2 lculati f oh Z ® inside under-excitation detected
z calculation of phasor Z dircle (ALARM starts)
X A % ovfeurl—lelzzi?ed
/l
> R
z check: Z inside circle = under-excitation
V4 (loss of field)
e part load
under-excited
Relais1 /Stagel
T Programmable 8 ® .
S software-matrix for LED-indications
LED- the LED-indications LED- of
MATRIX (row 2...14) of DISPLAY PROCESSING
T PROCESSING (row 2...14)
TRIP Programmable software-matrix for the output-contacts (OUT1...0UT30)
MATRIX
D Denomination of FUNCTION OUTPUTS going to LED-MATRIX
L ] Denomination of FUNCTION OUTPUTS going to TRIP-MATRIX
FUNCTION OUTPUT: Stagel ALARM
FUNCTION OUTPUT: Stage2 ALARM
FUNCTION OUTPUT: Stagel TRIP
FUNCTION OUTPUT: Stage2 TRIP
> Type of function: over-detection (actual value > set value)
< Type of function: under-detection (actual value < set value)

ME323, ME324 40MHO UNDEREXC. MHO 3-PH. AC, DC LOGIC DIAGRAM
PROCESSING / LEGEND

Fig. 91 ME323, ME324 40MHO Underexc. MHO 3-PH. AC, DC Logic Diagram Processing / Legend
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ME... UNDER EXCITATION PROTECTION

STANDARD APPLICATION USING
1 SOFTWARE RELAY ME323

center =

Xd . Xd
d X

2 2

diameter
Xd

SOFTWARE RELAY ME323:

diameter = xq4[p.u.] range: 0,1...3,0 p.u.
Xd Xd’

center = > + > [p.u.] range: 0,5...5,0 p.u.

tstage1 =0s range: 0...30s

ME323, ME324 40MHO UNDEREXC. MHO 3-PH. AC/DC
CALCULATION OF SET VALUES
APPLICATION EXAMPLE 1

Fig. 92 ME323,ME324 40MHO Underexc. MHO 3-PH. AC / DC Calculation Of Set Values Application Example 1
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ME... UNDER EXCITATION PROTECTION

NON-STANDARD APPLICATION USING
2 SOFTWARE RELAYS ME323

X
A

.

A A A > R
Xd

2 center of
center of Y circle 2 =

circle1 = ,
Dy Xd N 1
X Md 272

2 772
Y
Y .
diameter of
circle 2 =
@ 1[p.u]

diameter of

circlel =

Xq[p.u.]

®

@ @
1* SOFTWARE RELAY ME323: 2" SOFTWARE RELAY ME323:

diameter of circle 1 :ﬁgﬂp.u.] Xd diameter of circle 2 :L{p.u.] 1
2 2 2

centre ofcirclel = [p.u]+ centre of circle2 = [p.u]+

tstagel = 0153 tstage:l. =0s

(of ME323/ relay no.1) (of ME323/ relay no.2)

ME323, ME324 40MHO UNDEREXC. MHO 3-PH. AC/DC
CALCULATION OF SET VALUES
APPLICATION EXAMPLE 2

Fig. 93 ME323, ME324 40MHO Underexc. MHO 3-PH. AC / DC Calculation Of Set Values Application Example 2
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ME... UNDER EXCITATION PROTECTION

7.5. FUNCTION

The under excitation function provides protection against disturbance in the excitation system of synchronous
machines thereby preventing possible mechanical damages due to load oscillations in the power system by
initiating a short time trip signal to the respective circuit breaker.

7.5.1. ME121/ ME122/ ME321/ ME322 Functions

As a trip criterion the rotor angle 9 and the excitation current I of the protected synchronous generator are
evaluated whereby following logic functions are applicable:

Rotor angle 8>3 jmit (rotor angle conditions are exceeded) initiates an alarm and a
long time delayed trip

Rotor angle 8>3 jmjt and excitation current lg<lg | jmit (rotor angle exceeded and low excitation current)
initiates an alarm and a short time delayed trip.

The rotor angle 9; of the generator is computed from the generator current Ige, and the
generator voltage Vgen according to the simplified vector diagram.

-pan Xn

bon Veye s

Fig. 7-1

The practical definitive stability condition of the generator with the overall static rotor angle 3
between the rotor voltage Ep and the rigid power system voltage Vet is computed as the sum

of the inner rotor angle 9; and the outer rotor angle 95.

As shown on the above graph the outer rotor angle is derived from the power system reactance
Xp, i.e. the reactance between generator leads and the rigid power system.

This reactance is evaluated according to the power system values whereby for short
transmission lines the short circuit reactance of the generator-transformer is applicable.

DRS Library of Protective Functions DID-001-1.06 225/744



ME... UNDER EXCITATION PROTECTION

In the arithmetical process of evaluating the different function variants for three phase systems the secondary
CT/VT signals are sampled 12 times each cycle, e.g. phase current L1 and
the phase to phase voltage V L2-L3. With the aid of the parameters Xq und X, the vector Ep

and Vet is computed with the Fourier Transformation according to value and phase angle position and thereby the
rotor angle 8 is determined.

Also the value of the generator voltage is evaluated and in case of being smaller than 70 V secondary the
protective function will be blocked.

For models in single phases systems according to the above vector diagram the phase displacement of the current
'gen and the reactance Xq, respectively X, by displacing the

phase voltage by 90° (corresponds to a displacement of 3 sample intervals) are considered
and in the same way the rotor angle is being evaluated.

After each sample interval of the computed rotor angle there is a comparison with the

configured trigger value and when being exceeded 24 times in a consecutive sequence

the instantaneous initiation is carried out for stage 1 and the time delay for stage 1 is initiated.

In case of the trigger value being exceeded during the whole delay range a tripping signal will

be given.

Depending on the selected function variant the excitation current is either measured by a CT signal or evaluated
from a rotor current shunt via a measuring transducer and as a DC

voltage transferred to a “slow analogue input” of the protective system.

In the first case the excitation current value is determined with the Fourier Transformation and

in the second one the excitation current is evaluated in a DC voltage stage.

Again, the computation is carried out for each sample interval, i.e. 12 times each cycle and the

calculated rotor current value compared with the configured setting parameter. Should during 24 consecutive
cycles this value be exceeded and also the rotor angle trigger level is above its setting, i.e. stage 1 initiated, then
the starting signal for stage 2 is set and the time delay stage 2

triggered. In case of the stage 2 setting value remains above the trigger value during the whole time delay of stage
2 a trip signal is initiated. Of course the starting- and trip stages are only set when not being suppressed by the
aforementioned 70V undervoltage interlock or a blocking signal. Also when applying a test signal at the
corresponding function input a test algorithm is

started independent from the measured values which eventually is producing a function trip.

Initiation and at the same time active trip outputs will reset (valid for DRS-COMPACT2A/ VE2) when during 25

consecutive samples, i.e. 2 cycles, the initiating conditions are no longer present (trip output extension).
Note: 37 consecutive samples at DRS-LIGHT and DRS-COMPACT /VEL.
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7.5.2. ME323 / ME324 Functions

The MHO functions ME323 and ME324 are computing the complex impedance vector on the basis of the generator
current and of phase L1 and the phase to phase voltage L2-L3.

Tripping conditions are derived when the impedance vector is entering the impedance circle

defined by the setting parameters (1. stage) whereas the 2. stage is in addition also considering the excitation
undercurrent value. The excitation current measuring is performed on the AC side for function ME323 and on the
Dc side for function ME324.

Details:

Display Window:

"Impedance Distance" (refer to internal display window) means:

Distance of the Impedance Point to the Centre of the Impedance Circle. (Distance between Locus and Centre of
Impedance Circle).

That means this value has to be compared with the radius of the circle.

The "Circle Reactance” is the "Impedance Distance" to the centre of the reactance circle (actually
the “Impedance Circle” and not the border of the circle.
The display range is up to 10.5 p.u., i.e. above this value a “>Display Range” is indicated.

The display “Circle Reactance” is in principle a radius whereas the corresponding parameter setting
“Diameter” is actually the diameter. So the two values cannot be compared directly.

Note to the Setting Parameters:

Offset = X4 /2 (direct axis reactance in p.u. divided by 2);
CAUTION: For GE relays the offset means the distance to the outer
limit of the reactance circle whereas for the DRS System the distance
to the circle centre is applicable.

Recommended Settings:

These recommendations are based on the GE Study GER-3183.

A. Single Stage Solution (With 1 Impedance Circle):

Ensures a certain trip for excitation faults at all power system load conditions but tends to false tripping in case of
stable rotor oscillations.

Therefore loss of synchronism is not definitely recognised under all possible load conditions.

Recommended Settings:

Offset = X ¢/2 (transient direct axis reactance in p.u. divided by 2);
CAUTION: For GE relays the offset means the distance to the outer
limit of the reactance circle whereas for the DRS System the distance
to the circle centre is applicable.
DRS setting value "Centre" thus: Setting Centre = X ¢/2 + Xg/2 ...[p.u.]

Circle diameter = x4 (direct axis reactance in p.u.),
Note: the "Protective Function Measured Values" — window (see DRSWIN)
shows the distance between the impedance locus (actual) and the center of the
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reactance circle; this value therefore should not be compared with the set value
"Diameter" but rather with the radius of the reactance circle.
t =0 sec.

B. Enhanced Solution (With 2 Impedance Circles):

In this case two impedance circles are applied, i.e. in case of the DRS Protection System two software functions
are used and each being configured with one impedance circle.

The first stage circle corresponds exactly to the “Single Solution” as per ltem A., however with a time delay of t =
0.5 sec.

The second circle having a diameter of 1p.u. and a time delay of t = 0 sec. represents the operating characteristic
of stage 2.

The advantage of this solution in comparison with the Single Solution according to A.:
No possible false trips during stable rotor angle oscillations or in case of oscillations
limited by the excitation regulator.

To achieve this feature the trip criteria for the larger impedance circle are time delayed,
say, 0.5 ... 0.6 sec., and in case higher delays are selected the generator mechanical
withstand capabilities have to be considered.

The smaller operating circle with a diameter of 1p.u. has always a zero time delay.

DRS Parameters:

Circle for 1. Stage (Large Circle):

Setting value centre point = X'¢/2 + Xg/2 ...[p.u.]
Setting value circle diameter = x4 ...[p.u.]

Setting value time delay = 0.5 sec.

Circle for 2. Stage (Small Circle):

Setting value centre point = X'¢/2 + 1/2 ..[p.u.]
Setting value circle diameter = 1 ...[p.u.]
Setting value time delay = 0 sec.

C. Comparison with Conventional Rotor Angle Evaluation (Setting = Rotor Angle):

In principle both methods (rotor angle und MHO) are based exactly on the same physical criterions, i.e. the
impedance circle can be converted into the loading characteristic of the

machine (mirror image of the unit impedance circle). It has to be considered that with our standard rotor angle
protective functions x4 (and not xy) is applied. However, on the other

hand, that is completely irrelevant since for practical reasons a fictive most suitable x,

setting is chosen anyhow.
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7.6. COMMISSIONING

Note: During All Commissioning Activities The Relevant Safety Regulations
Have to Be Strictly Observed and Applied!

7.6.1. ME121/ ME122/ ME321/ ME322 Protective Functions

Pre-Commissioning:

At first the correct external wiring connections have to be checked.
The input matrix is to be configured according to the external connections.

The parameters Xq and x, as well as the operating values and time delays of stage 1 and 2
have to be set to the computed values.

The generator loading diagram has to be considered to determine the reactance setting
values as outlined in the diagram below.

overexcited

underexcited

‘ q
‘ V@/Xq
Thereby: P relative real power in p.u. (also outlined below)
(o U relative reactive in p.u.( also outlined below)

As shown on the above load diagram the power rating of the machine depends onto the
-Maximum excitation current
-Maximum stator current, respectively the maximum turbine rating
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-Practical stability vector and
-Minimum excitation current

To obtain the reactance setting value Xqa straight line as close as possible to the loading
diagram is drawn and the crossing with the represents the 1/xq value.

Please note that this “fictive” reactance Xq is generally not identical to the “real” reactance

Xq of the specified Xq by the generator manufacturer, the latter being not suitable for practical

protection applications since it does not represent the optimum configuration of the required protective function
range.

To adapt the computed reactance value to the relevant CT and VT ratios a configuration
factor “F” is determined according to following formula:

Fro Yo Yws b
Uy, 100" I,
With Vi Generator nominal voltage (V)

VTp VT rated primary voltage (V)
VTg VT rated secondary voltage (V)
In Generator nominal current (A)
Ip CT primary rated current (A)

Thus the reactance setting Xq p, is calculated as follows:

The power system reactance Xy, is adapted with the same factor.

Also the configuration of the rotor angle 3 has to be verified according to the above load
diagram whereby it has to be realised that the rotor angle measurement in the above diagram
is displayed for the inner rotor angle only and considering the usual system reactance an
increase of the angle by about 5° has to be taken into account.

When setting the rotor angle also the characteristic of the excitation limiter settings are having
an influence and therefore the configured values have to be selected accordingly to provide an
an ample safety margin.

The operating value for the excitation undercurrent interlock either for AC- or DC evaluation
should be selected to approximately 10% of the nominal off-load excitation current.

Finally, the DRS System outputs for the LED matrix and the tripping matrix are to be set
according to plant requirements.

Protective function tests are preferably performed with the plant out of service and, e.g. with

the relay test set a test current is injected into phase L1 and the nominal secondary test

voltage applied to phase L2-L3 whereby the phase angle between voltage and current has to

be known and/or adjustable. The value of the rotor angle is to be verified by selecting the software option “actual
measured values” in the relay window.
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Between the injected test signals current | and voltage V and the displayed rotor angle 3 there is a relation as per
the formula below:

99 = arctan uzp +arctan 2p

u
~+d o
Xq X,
Following definitions are applicable:
Ul.coso _ _
T e relative real power in P.U.
U.l
Ulsing _ . _
=TT e, relative reactive power in P.U.
U.l
U . _
u= U_ ........... relative generator voltage in P.U.
n
) ST set quadrilateral reactance in P.U.
) O set power system reactance in P.U.
U, e relay rated current respectively voltage (1 or 5A, 100 V)

The display should be checked according to the calculation of the above formulas and by
changing the phase angle and /or current the function is tested up to the operating value.
Record these values into the commissioning sheets.

Inject a current signal above the configured trigger value for the excitation current according

to the selected excitation current measurement (AC or DC). By reducing the excitation current
with stage 1 initiated the operating value of stage 2 is determined. To determine the reset value
the excitation current is slowly increased until stage 2 is reset.

Record the operating- and reset values of stage 2 into the commissioning test sheet.

Please note that depending on the excitation current evaluation method the optional excitation
current “actual measured values” may be displayed in the relay- or PROCESSING window.

Also the other external measured values, i.e. CT currents and VT voltages, can be displayed in
the User program.

Check the trip- and alarm signals and the LED indications according to the configuration and
the circuit diagrams.

The time delay of the protective function should be verified with 1.5 times the operating value
and recorded into the commissioning sheets.

For each stage the configured blocking inputs should be checked by applying the corresponding external signal
whereby the trip outputs have to reset.
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The configured function test for each stage can be checked for each stage by setting the test
signal input and the respective function stage has to operate without any external CT/VT inputs.

Caution should be taken since during the tests that also other protective functions may operate
which have to be blocked during the test procedure.

After pre-commissioning all modified test parameters setting must be configured to the original plant parameter
settings.

Primary Commissioning Tests:

During the primary tests the function of the protective system is checked during normal
operating conditions. As far as the power system stability permits following load tests are recommended:

- On-Load Tests:

Block protection trips of the under-excitation protection.

Connect external measuring instruments, e.g. wattmeter to the CT and VT circuits

if required.

Load internal measured values of the User program.

Start up the generator and synchronise to the power system and load the generator
up to the maximum stable real- and inductive power capability.

Via the option "actual measured values" the measured angle is compared with the
calculated one as per above formula and double checked with the readings of the
external wattmeter.

By controlling the reactive power into the capacitive range the indicated rotor angle
has to increase otherwise the function polarity “voltage direction” has to be changed.
Now the setting X, is set to zero and at 4 loading conditions being preferably in the capacitive region the

rotor angle display is compared with the computed values and

the angle determined in the generator loading diagram.

For each test rotor angle, real power, reactive power and the generator voltage should
be recorded into the commissioning test sheets.

A plausibility check of the rotor current displayed in the DRS System is to be checked
with the excitation system instrument indications.

After re-configuration of the X, value o the original setting the dynamic interaction of

the under-excitation protection and the excitation rotor angle limiter controls have to
be to be tested by a swift manual shift into the not permissible negative reactance
region whereby no protection initiation has to occur.

Check the possible function blocks from the external plant and re-configure the
protection trips.

If feasible shut down the generator via a protection trip.

Remove any external measuring instruments and restore all test parameters to
their required original settings.
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8. MF... OVER/UNDERFREQUENCY / FREQUENY GRADIENT /
VECTOR SHIFT

8.1. OVERVIEW

List of the Available MF ... — Protective Functions

Abbreviations: Cc2 ... DRS-COMPACT2A
M ... DRS-MODULAR
L ... DRS-LIGHT
FNNR ... Function Number (VE-internal number of the protective function)
TYPE ... Function Type (short denomination of the protective function)
ANSI

... ANSI Device Number (international protective function number)

PROTECTIVE FUNCTIONS: MF... FNNR TYPE  ANSI Application
Frequency protection, 1-stage 1022 MF111 81 C2,M,L
Frequency protection, 2- stage 1023 MF121 81 C2,M,L
Frequency protection, 4- stage 1024 MF141 81 C2,M,L
Frequency gradient 1075 | MF112 81 C2,M

Voltage Vector Surge 2036 | MF311 C2,M,L
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8.2. TECHNICAL DATA
8.2.1. MF111
PROTECTIVE FUNCTION: MF111 FNNR TYPE  ANSI Application

Frequency protection, 1-stage 1022 | MF111 81 C2,M,L

1-stage frequency function selectable for over- or underfrequency detection.

MF111
Technical Data

Inputs

Analogue: | -
Note: There is no definite allocation of the analogue input required.
ATTENTION: The respective synchronising channel is applied automatically
(V respectively | channel).

Pleas note: It has to be ensured that the synchronising channels regarding the
requirements of the frequency protection are selected correctly.

Binary: | Blocking input

Test input

Outputs

Binary: | Initiation

Trip

Parameter Settings

Minimum voltage: | 60 ... 100 Vin 1 V — steps

Maximum voltage: | 100 ... 140 Vin 1 V — steps

Operating value: | 10 ... 65 Hz in 0.01 Hz - steps

Type: | Over/under detection

Operating time: | 0 ... 30 seconds in 0.05 sec - steps

Window Display for Relay Internal
Determined and Computed Values

Frequency: | in Hz
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Measuring

Reset ratio: | 0,1% of Set Value

Operating time: | 20 ms ... 85 ms (depending on the rate of frequency
change).

Condition: SYNC — channel must be active for
approximately 1 sec.

Accuracy: | Typical 0.01 Hz
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8.2.2. MF121

PROTECTIVE FUNCTION: MF121 FNNR TYPE ANSI Application
Frequency protection, 2-stage 1023 MF121 81 C2,M,L

2-stage frequency function selectable for over- or underfrequency detection per stage.

MF121
Technical Data

Inputs

Analogue: | -
Note: There is no definite allocation of the analogue input required.
ATTENTION: The respective synchronising channel is applied automatically
(V respectively | channel).

Pleas note: It has to be ensured that the synchronising channels regarding the
requirements of the frequency protection are selected correctly.

Binary: | Blocking input stage 1

Blocking input stage 2

Test input stage 1

Test input stage 2

Outputs

Binary: | Initiation stage 1
Trip stage 1
Initiation stage 2
Trip stage 2

Parameter Settings

Minimum voltage: | 60 ... 100 Vin 1 V — steps
Maximum voltage: | 100 ... 140 Vin 1 V — steps
Operating value step 1: | 10 ... 65 Hz in 0.01 Hz - steps
Type Step 1: | Over/under detection
Operating time Step 1: |0 ... 30 seconds in 0.05 sec - steps
Operating value Step 2: |10 ... 65 Hz in 0.01 Hz - steps
Type Step 2: | Over/under detection
Operating time Step 2: |0 ... 30 seconds in 0.05 sec - steps

Window Display for Relay Internal
Determined and Computed Values

| Frequency: | in Hz
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Measuring

Reset ratio: | 0,1% of Set Value

Operating time: | 20 ms ... 85 ms (depending on the rate of frequency
change).

Condition: SYNC — channel must be active for
approximately 1 sec.

Accuracy: | Typical 0.01 Hz
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PROTECTIVE FUNCTION:

MF...

MF141

FNNR TYPE ANSI

OVER/UNDERFREQUENCY / FREQUENY GRADIENT / VECTOR

SHIFT

Application

Frequency protection, 4-stage

1024

MF141

81 C2,M,L

4-stage frequency function selectable for over- or underfrequency detection per stage.

MF141
Technical Data

Inputs
Analogue: | -
Note: There is no definite allocation of the analogue input required.
ATTENTION: The respective synchronising channel is applied automatically
(V respectively | channel).
Pleas note: It has to be ensured that the synchronising channels regarding the
requirements of the frequency protection are selected correctly.
Binary: | Blocking input stage 1
Blocking input stage 2
Blocking input stage 3
Blocking input stage 4
Test input stage 1
Test input stage 2
Test input stage 3
Test input stage 4
Outputs
Binary: | Initiation stage 1
Trip stage 1
Initiation stage 2
Trip stage 2
Alarm stage 3
Trip stage 3
Alarm stage 4
Trip stage 4
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Parameter Settings

Minimum voltage: | 60 ... 100 V in 1 V — steps
Maximum voltage: | 100 ... 140 Vin 1 V — steps
Operating value stage 1: |10 ... 65 Hz in 0.01 Hz - steps
Type stage 1: | Over/under detection
Operating time stage 1: |0 ... 30 seconds in 0.05 sec - steps
Operating value stage 2: |10 ... 65 Hz in 0.01 Hz - steps
Type stage 2: | Over/under detection
Operating time stage 2: | 0 ... 30 seconds in 0.05 sec - steps
Operating value stage 3: |10 ... 65 Hz in 0.01 Hz - steps
Type stage 3: | Over/under detection
Operating time stage 3: |0 ... 30 seconds in 0.05 sec - steps
Operating value stage 4: |10 ... 65 Hz in 0.01 Hz - steps
Type stage 4: | Over/under detection
Operating time stage 4: | 0 ... 30 seconds in 0.05 sec - steps

Window Display for Relay Internal
Determined and Computed Values

| Frequency: | in Hz

Measuring

Reset ratio: | 0,1% of Set Value
Operating time: | 20 ms ... 85 ms (depending on the rate of frequency
change).
Condition: SYNC — channel must be active for
approximately 1 sec.
Accuracy: | Typical 0.01 Hz
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8.2.4. MF112
PROTECTIVE FUNCTION: MF112 FNNR TYPE ANSI Application
Frequency gradient 1075 | MF112 81 C2,M

1-stage frequency gradient function for negative or positive gradients.

MF112
Technical Data

Inputs

Analogue: | -
Note: There is no definite allocation of the analogue input required.
ATTENTION: The respective synchronising channel is applied automatically
(V respectively | channel).

Please note: It has to be ensured that the synchronising channels regarding
the requirements of the frequency protection are selected correctly.

Binary: | Blocking input

Test input

Outputs

Binary: | Alarm
Trip

Parameter Settings

Minimum voltage: | 60 ... 100 V in 1 V — steps
Maximum voltage: | 100 ... 140 V in 1 V — steps
Operating value: [ 0.1 ... 15 Hz/s in 0.1 Hz/s — Schritten

Note:
Recommended range for 50 Hz — systems: 0.1 ... 11
Hz/s;
Recommended range for 60 Hz — systems: 0.1 ... 13
Hz/s.

Operating time: | 0 ... 30 seconds in 0.05 sec - steps
Evaluation time constant: | 1 ... 15 cycles in 0.5 cycle - steps

Window Display for Relay Internal
Determined and Computed Values

| Frequency gradient: | in Hz/s
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Measuring

Reset ratio: | < 0,1 Hz/s

Operating time: | Depending on the setting parameter "evaluation time
constant”

Accuracy: | Typical 0.1 Hz/s (depending on the setting parameter
" evaluation time constant ")
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8.2.5. MF311

PROTECTIVE FUNCTION: MF311 FNNR TYPE  ANSI Application

Voltage Vector Surge 2036 | MF311

available for:

a)

DRS LIGHT L

see: Digital Sudden Load Loss Relay
Type DRS-LP824
DRS_KER3.VE

b) M, C2
DRS MODULAR/ DRS COMPACT2A

3-phase, 1-stage voltage vector shift function with common instantaneous - and time delayed
trip outputs.

MFE311
Technical Data

Inputs
Analogue: | V1
V2
V3
Binary: | Blocking input
Test input
Outputs

| Binary: | Vector shift trip

Parameter Settings

Vector shift: | 2 ... 30° phase angle shift

in 1° - steps

Trip delay: |1 ... 3 cycles

in steps of 1 period

Blocking U<: |10 ... 120 Vin 0.5V - steps
Mode: | 1-phase

3-phase

Window Display for Relay Internal
Determined and Computed Values

Vector shift: | Vector change V1 [in ° el.] :

The last peak value is stored for 10 sec.
Vector change V2 [in°el].]:

The last peak value is stored for 10 sec.
Vector change V3 [in°el].]:

The last peak value is stored for 10 sec.
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Measuring

Operating time: | Setting (in cycles) + 1 sample

Setting (in cycles) + 12 samples

Note: Operating time can vary up to a maximum of 11
samples according to

value of the phase shift.

Accuracy: | Typical 1° el.
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8.3. CONNECTION DIAGRAMS

8.3.1. MF111/ MF112/ MF121/ MF141

= +|-|= BATT.
1
L1 L2 L3 X1 | X2 1[2[3 X3
d @ ] 1A = +|-| |GND 1
2 A ouToL[ <
g— ———————————————————— E { Il 24V...48VDC bc g
(optional) % 12 110V..220VDC | /pe ouT 02 [~ 4]
6 L 5
1 3 ouT03[ ~_ 6
9 L 13 7
0 _a ouTo04[ —_ 8
11 SA 14 9
i ouT0s 1]
5A E |5 DRS 11
15 1 = ouTO06 [~ 12
16 1A 13
=3¢ 16 COMPACT2A ouror s
19 1A 15
m3f 7 OUT08[ ~_16
X5
A E 18 1
ouTO09[ ~_ 2
SA | 9 3
o 3 ouUT10[ ~_ 4
5
b L3E 110 ouT11[__ 6]
X8 7
[@)e) 1 ouT12[~_8
I N 5
#UL1L2 n égj E ut OUT13[ ~_10
1 11
u2 12}
(standard) Q 4513 E ouT 14 \%
6 3f U3 ouT1s5[ ~_14
15
>
5 31§ ua OUT16[ ~_16
9 X6
103f us 1
” ouT17[ ~_ 2
3
P N ouT 18 [~ 4]
TEST STAGEL (opt.) oo 2 - Z IN 01 5
3+ ouT19[ ~_6
4 Z IN 02 7
N ouT20[_~__8]
BLOCKING ST.1(opt) . __. ~___ 6 - Z IN 03 9
; N Z IN 04 OUTZIW
LEGEND: 9 + ouT22[ ~_12
OPTIONAL MODULE: 10 - IN'0S 3
: 11 OuT 23 14
-UAKB Transducer 1 12 T IN 06 \TS
Transducer 2 13 OuT 24 16
Shaft Current ﬁ‘Z IN 07 R
Rotor E/F 15 + X2
4

CAN BUS future use (hardware extension) :l15 - Z IN 08 ‘ y 5

X9/X10 IEC870 5-103 control system interface X7 RELAYFALL> OUT 31 Iit

RS422/485 chain line data interface 1

MODBUS control system interface 2 7 «RELAY STOP» OUT 32 Ii

~ 77 TRANS-
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MF112 FREQUENCY GRADIENT WIRING DIAGRAM

Fig. 94 MF112 Frequency Gradient Wiring Diagram
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8.3.2. MF311

For a detailed description of the Protective Function Module "MF311" please see the DRS LIGHT Device
Description "Digital Unit Decoupling Relay/ Type DRS-LP824"
— File: "DRS-LP824_Unit_Decoupling_e.pdf".
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8.4. LOGIC DIAGRAMS

8.4.1. MF112

L1 L2 L3
b M @
:::] v Vi ry 3 E —> (d5)
=
R
)
5|
(&)
&)
(o=
B
TeESTSTLT . T Z N
(OPTIONAL)
BLock.st1 . T} Z] N
(OPTIONAL)
LEGEND
@® THIS FUNCTION AUTOMATICALLY USES
THE ACTUAL SYNC-CHANNEL (U resp. 1) _
TRIP
AS PROTECTIVE FUNCTION INPUT. > ICOMMANDS
PLEASE MAKE SHURE TO DEFINE OUTPUT CBL
PROPER SYNC-CHANELS. ] CONTACTS CcB2
ALARM
DRS DIGITAL RELAY SYSTEM CONTACTS
DRS- DIGITAL PROTECTION RELAY Alarm
COMPAGT2A TYPE: DRS-COMPACT2A Trip
CPU+DSP - BOARD/
PROGESSING VERSION 2

MF112 FREQUENCY GRADIENT LOGIC DIAGRAM

Fig. 95 MF112 Frequency Gradient Logic Diagram
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U
—\
NOTEBOOK
|
| |
| | CALC. OF | |
| set value FREQ. GRAD. |
| | ,EVALUATION TIME CONSTANT* df/dt | |
| |
| @) | Calculation of | |
o O e e o, > o [ | |
| | EVALUATION TIME CONSTANT) | |
| | | |
set value
| : V< ,MIN. VOLT. SETTING" J | :
| & |
| set value I |
| | V> ,MAX. VOLT. SETTING" | |
| | | |
| |
| ALARM |
| | | |
| | | |
| | Q@ | |
| LED- |
DISPLAY
| TESTST.L | | |
| Tenwo ] | | |
| PRESET |
I | | |
o (=) il |
******* L |
| sLock. sT1 > — o MATRIX | |
e | | 1 & i | |
| LPRESET) | | | BIN.IO i |
ot PRESET || 1 |
e
T
| | t1> [
| FFoncrion] | | 1] & | |
| [OUTPUT | | | |
lieg |
| Lo=TE | |
L | @ DRS-INTERNAL SYNC-CHANNEL L |
— — — WILL BE USED AUTOMATICALLY PR@@ESS”N@ — — —
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MF112 FREQUENCY GRADIENT LOGIC DIAGRAM PROCESSING

Fig. 96 MF112 Frequency Gradient Logic Diagram Processing
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Leceno  PROGESSING

FIRMWARE-MODULE: MF112

. . . CALC. INTERNAL o .
Online simulation | measurep vaLues | Online-indication of DRS-internal

| — via notebook calculated values on notebook-screen
| BIN.1/0 Online-simulation of | BIN.10 ! | BIN.1/0 | BIN.1/0
| PRESET | | PRESET | regular | PRESET | always | PRESET | always
= DIG. IN-/OUTPUTS ===y (= .0 = —— 1 =l am
}%’Hﬂ;:: via notebook: } = —a‘L sy }_o;:/ﬂ »0
[FUNCTION Online-simulation of the FUNCTION OUTPUTS of th ive function MF112
TR | nline-simulation of the of the protective function
‘PAA [=] all FUNCTION OUTPUTS enabled (regular-operation)
T [T] all FUNCTION OUTPUTS disabled (test-operation)
CALC. OF FREQ. GRADIENT [Hz/s]
FREQ. GRAD. Note: max. allowed frequency change
df/dt 11Hz/s (50Hz Systems) resp.

13Hz/s (60Hz Systems) >

valid for frequencies close to nom. frequency.
Accuracy: approx. 0,1Hz/s

(dependig on set value

LAVERAGE TIME CONST.“ - choose as long
as possible in order to get best accuracy!)

f
S S S S
OPERATE REGION
EXAMPLE:
(TRIP) set = 1Hz/s
FREQ. >set value
GRAD. ~ ,OPER. VALUE*
50Hz
NO TRIP
time
i Programmable 2 & LED-indications
QREELILY software-matrix for of
LED- the LED-indications LED- PROCESSING
AR (rOW 214) of DISPLAY (rOW 214)
T PROCESSING
FHHHH
TRIP- Programmable software-matrix for the output-contacts (OUT1...0UT30)
MATRIX
. Denomination of FUNCTION OUTPUTS going to LED-MATRIX
L ] Denomination of FUNCTION OUTPUTS going to TRIP-MATRIX
FUNCTION OUTPUT: Alarm
FUNCTION OUTPUT: Trip
> Type of function: over-detection (actual value > set value)
< Type of function: under-detection (actual value < set value)

MF112 FREQUENCY GRADIENT LOGIC DIAGRAM PROCESSING / LEGEND

Fig. 97 MF112 Frequency Gradient Logic Diagram Processing / Legend
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8.5. FUNCTION

8.5.1. MF111/ MF121/ MF141

Electric plant and machinery are generally designed for only a small operating range regarding

the rated frequency. Therefore, any inadmissible deviations from the nominal frequency have

to be monitored and subsequently corrected by suitable corresponding control- and switching operations to ensure
frequency stabilisation into the nominal range and/or initiating plant shut

down of the endangered equipment

The measuring principle of the frequency protection is based upon an evaluation of the rate of change of the phase
angle Ag for the voltage vector by comparing the actual synchronising frequency fg, i.e. 1/12 of the with the

configured nominal frequency of the protection system.
Hence, according to the relation

A = 21Af. At

Af is computed to the known sample interval At and the actual measured frequency calculated
as follows.

f=f, +Af

For the practical execution of the above described method the connected measured voltage

is sampled 12 times each cycle. To suppress the influence of higher harmonics due to superimposed power system
control signals the measured values are directed to a digital filter

(Thompson low-pass of the 5" order, limiting factor of 1.2 times nominal frequency). Subsequently via the Fourier
Transformation the amplitude and the voltage vector phase position

is determined and the frequency computed according to the above formula whereby for each sample interval a new
a new frequency value is available. The final frequency is computed from

a mean value for a period of 3 cycles (= 36 single values) and when the measured signal is between the parameter
settings “minimum amplitude” and “maximum amplitude” the initiating conditions for a function stage are fulfilled
and will be set provided that no blocking signal is present. When the initiation continues during the whole time
delay the corresponding trip output

delivered.

Initiation and at the same time active trip outputs will reset (valid for DRS-COMPACT2A/ VE2) when during 25
consecutive samples, i.e. 2 cycles, the initiating conditions are no longer present (trip output extension).

Note: 37 consecutive samples at DRS-LIGHT and DRS-COMPACT /VEL.
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8.5.2. MF311

Application:

The vector shift function is provided as an on-line protection for generators with a relative

small power rating in case of system disturbances, e.g. emanating from a system auto

reclosing or external short circuits. During a system disturbance an instant unloading of a generator (equivalent to a
full load rejection) may occur causing a sudden phase change

of the generator voltage vector. On the other hand the synchronising torque is lost at the

position of the network short circuit and the recurring system voltage after fault clearing can

be asynchronous to the generator voltage whereby the vector shift function is inhibiting a

re-synchronising of the generator to the power system under such conditions.

Please note that the vector shift function is preferably applied for smaller generator ratings

and is basically evaluating the vector shift of the generator voltage due to de-loading of the

machine during system disturbances.

Under special network conditions, i.e. long grading times in conjunction with low rotor inertia

a significant speed increase corresponding to a phase shift may occur during certain types

of system faults. Such a continuous voltage vector angle change should not primarily be the

trip criteria for the vector shift function even though depending on the selected settings a vector angle shift is
indicated. In the extreme case with a relative fast speed increase even possible false tripping can take place during
a load rejection. As a general rule only the original phase

shift happening directly after an auto reclose sequence or a system fault should be taken for

the evaluation. Please note that for large generators, e.g. turbine generator in a nuclear power plant the influence
of a speed rise to the phase angle must be considered all the time. For this

purpose the ELIN out of step protection relay type MSTAB was developed which covers each

and every power system operating condition.

Significance of the Parameter Settings:

a)

Vector shift setting:

Phase angle change, respectively a vector shift of the generator voltage leading to a trip.
Note: It is a direct instantaneous trip without any time delay, i.e. a very fast function.

Please note:

During a real phase shift the function always is measuring the same value for a phase angle

change (also refer to the display window of the DRS internal computed values) independent

whether 1 or 3 cycles are configured.

For a definite frequency threshold response, whereby the phase angle is changing continuously, there are
differences since for higher function settings a comparison with more recent cycle events is carried out and thereby
increasing the actual computed phase angle.

b)

Time delay setting:

This setting defines the duration where the configured vector shift has to be above the set value
to initiate a trip sequence (result of the Fourier Analyses).

Please note:

The real operating time is resulting from following considerations:

After a phase shift (depending on how much the vector shift setting has been crossed by the actual vector shift) it
takes about 1 ... 12 samples before the Fourier Analyses feature will detect

a transgression of the parameter setting, i.e. Fourier is slowly integrating the phase angle according to it’s
algorithm. Only from then on the vector shift time delay is initiated.

With a setting = 1 from this moment on the phase angle configuration has to be exceeded during

12 consecutive samples to initiate a trip output. As indicated the vector shift function is extremely fast compared
with other protective functions and therefore only a trip signal is generated without any prior initiation.
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In praxis this will result in following tripping times:

Setting = 1 cycle:

Internal trip delay = 13 ... 24 samples, typical 20 samples (... corresponding to 33 ms at 50 Hz)
Setting = 2 cycles:

Internal trip delay = 25 ... 36 samples, typical 32 samples (...corresponding to 53 ms at 50 Hz)
EW = 3 Per.:

Internal trip delay = 37 ... 48 samples, typical 44 samples (...corresponding to 73 ms at 50 Hz)

The external tripping time (relay output) is approximately 5 ms longer.

c)

"Blocking V<" Setting:

Generally the function is blocked for very low voltage signals to prevent false tripping when the

excitation is switched off, etc.

A second application may arise that during a rapid increase or decrease of the generator voltage

the Fourier Analyses will compute a phase shift which cannot be neglected and may lead to false tripping during
start-up or shut-down of the generator unit. For this case the "V<" would have to be set relatively high. Also it has to
be considered that during external system disturbances the generator voltage should not decrease to this setting
value to ensure correct function operation

under all conditions.

Note:

When the actual voltage is smaller than the value “V min Sync” selected in the page0 the function

is blocked due to the absence of the Sync-Bit.

Note:

During a real phase shift of the generator voltage the Fourier evaluation will temporarily compute

a frequency- and amplitude deviation for a maximum of 1 cycle even though the amplitude and

frequency remain constant. This would result in a possible false trip but is being eliminated via

suitable firmware measures.

Note:

Either phase to phase or phase to neutral voltages can be applied to the relay function which

has to be considered when configuring the V< setting.

d)
"Mode" setting:

"Mode" = 1-phase:

At least one of the three voltage inputs has to show a phase shift larger than the setting value

(1 out of 3).

One, two or three input voltages can be applied to the vector shift function. But please note that

also in the single phase mode all 3 voltages are measured but it is sufficient when only one voltage will show a
vector shift.

The "1-phase" mode is under normal operating conditions with symmetrical voltages sufficient.

"Mode" = 3-phase:

All three input voltages have to show a vector shift above the setting value (3 out of 3) and therefore all 3 voltages
have to be connected to the relay.

This mode is recommended to prevent false tripping due to external disturbances, e.g. negative

phase sequence quantities, etc.

Internal Measured Values Window "Phase Shift"

The window display will always indicate the maximum value encountered during the last
10 seconds.
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Due to the relative fast tripping time (30 ... 70 ms at 50 Hz) no other useful display would

be suitable.

Therefore during declining signal conditions the display will still remain for 10 seconds

whereas for rising values the indication is changing continuously.

In case of no valid computations, e.g. blocking input, etc. the window will show "0.0 degree".
This display has precedence against the 10 s stored value, i.e. the measured value immediately
changes to the "0.0 degree".

Blocking input

During trips of the generator CB by other protective functions a rapid speed increase of the

generator in case of a full load rejection can take place and depending on the configuration

of the vector shift function a subsequent false trip may occur resulting in a possibly confusing entry into the system
event records.

It is therefore recommended that already during the design stage a “CB Open* blocking input should be included.
With the generator CB in the open position there is no vector shift due to the absence of a

load current. However, during speed increase there may be a phase angle shift of the

generator voltage.

Function Input Matrix

It is recommended to use all 3 voltage inputs and for safety reasons during the primary commissioning tests the
“Mode” parameter setting can be configured to "1-phase" for the

time being.

Should this setting proves to be too sensitive (many negative phase sequence system

event, etc.) the configuration "3-phase” has to be selected. This setting minimises the

probability of a false trip due to unbalanced load conditions during certain power system

faults. This configuration will also block the protective function in case of a phase voltage loss.

'V<" Setting

This parameter setting should be selected low enough so that the value is not reached
during external system faults whereby a vector shift may occur and unintentional blocking
of the function is initiated. It should be noted that a setting value below the minimum voltage
configured for the Sync. Channel in Page0 has no meaning since the missing Sync-Bit is
preventing a trip of the vector shift function anyhow.

Also the setting should be high enough that it is not exceeded during low excitation conditions
of the generator during turbine start-up.

"Vector Shift" Setting

This setting configuration depends on the phase angle displacement of the generator voltage encountered during
an auto reclosing condition or system fault whereby the HV circuit breaker

is tripped.
High rated power systems: Setting = approximately 6°.
Low rated power systems: Setting = approximately10 ... 12°.

During the on-load checks it has to be tested that when connecting or disconnecting larger consumer circuits the
vector shift function settings will not produce any false trips.

Therefore a vector shift condition should preferably be detected only above a power change of

about 20%. Consequently it is advised that the power regulation of a network node should be

configured to a minimum real power flow of approximately 20 %.

The same applies fort he speed control (real power) and the excitation control (reactive power).

Trip Matrix
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Only parallel operation: Trip of the generator CB
System parallel- and island operation: Trip of the HV CB
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8.5.3. MF112

Frequency Gradient:

Represents the frequency rate of change per time interval in Hz/s.

It has to be noted that the maximum frequency gradient evaluation for the PROCESSING is not a
constant Hz/s value but a percentage value with respect to the frequency.

Evaluated is a maximum number of 22% of frequency changes per second, i.e. for example

by 50Hz a change of 11Hz/s.

The DRS system configuration window for the frequency gradient displays a maximum range
of 0 ... 15 Hz/s and the practical available setting range is, as outlined above, 22% maximum
of the frequency change within a second and therefore as follows:

0 ... 11 Hz/s for 50 Hz systems

0 ... 13 Hz/s for 60 Hz systems

As indicated the recordable frequency change in absolute values is higher for increasing
frequencies and lower for falling ones. This fact should be considered when determining the

the parameter settings especially when very high values of the gradient and larger time delays
are required and preferred.

Accuracy:

Approximately 0.1 Hz/s depending on the evaluation time which should be chosen as long
as possible.

Tripping Direction:

The relay function is operating in either direction for frequency decrease or increase and
therefore it has to be realised that also during a fast recovery to the nominal frequency
a trip sequence may be initiated.
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8.6. COMMISSIONING

Note: During All Commissioning Activities The Relevant Safety Regulations
Have to Be Strictly Observed and Applied!

8.6.1. MF111/ MF121/ MF141

Pre-Commissioning:

First of all the correct external wiring connections have to be verified.

The input matrix is to be configured according to the external connections whereby due to the particularity of the
frequency protection the measuring channel cannot be allocated freely but
is set during the design stage to a fixed synchronising channel.

For the operating value and the time delay the necessary required parameters have to be set

and by defining the permissible “minimum and maximum amplitude” the RMS effective measuring range is
determined. According to the desired functionality an over- or under function evaluation

is being selected.

The function outputs are to be configured in the LED- and trip matrix according to requirements.

Function tests are preferably performed with the plant out of service and to verify the correct
operation a relay test set with a variable voltage amplitude of, say 0 -150 volts and an adjustable
frequency range is to be connected to the respective input channels.

The signal amplitude is raised to nominal voltage and by de-activating any blocking inputs the
frequency is slowly adjusted to cause operation of the tested stage according to the set direction.

Record the operating and reset values into the commissioning sheets by changing the frequency accordingly.
Again alter the frequency until the function operates and then reduce the amplitude of the frequency generator until
the protective function resets. Enter the amplitude value into the commissioning sheets. Now the amplitude should
be raised again until the undervoltage interlock

resets and the test result recorded in the commissioning sheets.

During these tests the function indications, alarms and trip signals are to be observed as well as the frequency
values displayed on the menu item “Actual Measured Values”.

To verify the time delay the operating frequency setting should be shifted by 0.1 Hz and with a

suitable timer the trip delay measured and recorded in the test sheets.

The other frequency stages are checked the same way as outlined above.
Check the trip- and alarm signals as well as the LED indications according to the configured
parameter settings and the circuit diagrams.

The function blocking feature has to be tested for each stage during an active trip signal output
whereby the function stage has to reset when applying the blocking input.

Subsequently check the configured test feature for each stage and the respective protective
function stage has to operate without any external VT signal.

Please note that during this test procedure other protective functions may operate without any

counter measures taken and should be blocked by applying the respective User application of
the DRS System.
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After the tests any possible necessary parameter setting changes have to be restored to
the original service value.

Primary Commissioning Tests:

During the primary checks the function of the protection system is tested in a normal unit
off-load operating condition. As far as service operation permits following tests should be
carried out:

- Speed Regulation:

Disable external trips of the frequency protection.

Disable any external blocking inputs.

Run up the generator to rated speed and raise excitation to nhominal voltage.

Insert a multimeter into the VT circuits to measure the frequency.

Regulate generator speed into desired direction until operation of the respective
frequency stage and record the values.

Test all other stages as indicated above.

Restore the external trip outputs of the frequency protection.

If system conditions permit shut down the generator via a frequency protection trip.
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8.6.2. MF112

Frequency Gradient:
During secondary pre-commissioning it has to be noted:

a)
The voltage injection with a test set, e.g. Omicron, has to be applied to the Sync-channel of the
DRS Protective System (Sync-channel: Internal DRS synchronising reference channel for the Fourier Analysis).

b)

The frequency change has to be continuously adjusted during the whole time delay and not in
sudden steps.

Note: Sudden frequency changes are practically not possible due to the generator inertia and
will only conditionally be accepted by the firmware of the protection system. Further it should
be realised that in case of a unique instantaneous frequency change the time delay will not
expire causing only an alarm initiation.

c)
The maximum rate of frequency shift must not be exceeded, i.e. a maximum of 22% frequency
change per second.

d)
The pre-configured and permissible frequency range for the generator and the DRS System must
not be exited during the whole time delay setting.

e)

The function caculates for every "EVALUATION TIME CONSTANT" (= period of time acc. to the set value
"Evaluation Time Constant") the average FREQUENCY GRADIENT. In order to get a trip command the average
frequency gradients have to be above the set value "Operating Value" during the whole "Operating Time" (= set
value).
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9. MI... CURRENT IDMT /VOLTAGE RESTRAINT OVERCURRENT /

MOTOR OSCILLATION

9.1. OVERVIEW

List of the available Ml ... CURRENT IDMT/ VOLTAGE RESTRAINT OVERCURRENT / MOTOR
OSCILLATION - Protective Functions

Abbreviations: Cc2 ... DRS-COMPACT2A
M ... DRS-MODULAR
L ... DRS-LIGHT

FNNR ... Function number (VE-internal number of the protective function)

TYPE ... Function type (short name of the protective function)
ANSI ... ANSI device number (international protective function number)

PROTECTIVE FUNCTIONS: MI... FNNR TYPE ANSI Application
IDMT current, 1-phase, 2-stage 1038 | MI125 50/51 C2,M,L
INVERSE DEFINITE MINIMUM TIME

IDMT current, 3-phase, 2-stage, 1037 MI325 50/51 C2,M,L
INVERSE DEFINITE MINIMUM TIME,

Separate trip outputs.

Note: MI327 is the preferred function with common outputs

different to M1325.

Please Note: The logic of the IDMT characteristic M1325 slightly

differs from the MI327 having separate- and common outputs

respectively.

MI325: The 3 phases are treated completely separate with

regard of the settings, blocking inputs and trip outputs just like 3

single phase functions.

MI327: The initiation of the 2™ stage for a phase is blocking the

internal trip of the 1 stage for the same phase. However an

external trip command can still be generated by the 1* stage

when another phase is operating (common trip signal for all 3

phases).
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IDMT current, 3-phase, 2-stage,
INVERSE DEFINITE MINIMUM TIME,
Common outputs.

Note: MI327 is the preferred function with common outputs

different to MI325.

Note: There was an error regarding the previous denomination in
the PROCESSING file: MI326 but from version 5.17 the

nomenclature is in the PROCESSING file: MI327.
Also: Observe notes for M1325!

1085 | MI327 50/51 C2M,L

Voltage Restraint Overcurrent

1081 | MI318 50/51 Cc2,M

Motor oscillation protection is available on the PROCESSING 1045 | MI119 c2,M

from
Firmware version 5.24 onwards.
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9.2. TECHNICAL DATA

9.2.1. Overcurrent IDMT 1-phasig 2-stufig
PROTECTIVE FUNCTION: MI125 FNNR TYPE ANSI Application
IDMT current, 1 phase, 2 stage 1038 | MI125 50/51 C2,M,L
INVERSE DEFINITE MINIMUM TIME
1 phase, 2 stage Inverse Definite Minimum Time current function.
MI125
Technical Data
Inputs
Analogue: | Current
Binary: | Blocking input stage 1
Blocking input stage 2
Test input stage 1
Test input stage 2
Outputs
Binary: | Initiation stage 1
Trip stage 1
Initiation stage 2
Trip stage 2
Setting Parameters
Operating value stage 1:|0.05 ... 2 xIn in 0.01 xIn steps
Time multiplier stage 1: | 0.050 ... 1.000 s in 0.005 s steps
Characteristic: | extremely/very/normal/long IDMT
Operating value stage 2: |1 ... 31 xIn in 1 xIn steps
Definite time delay stage 2: |0 ... 30 s in 0.05 s steps
Measuring
Reset ratio: | 0.97
Operating time: | > 2 cycles
Accuracy: | < 3% of setting value or
<2% I,
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9.2.2. Overcurrent IDMT 3 Phase, 2 Stage

PROTECTIVE FUNCTION: MI325

FNNR TYPE ANSI

MOTOR OSCILLATION

Application

IDMT Current, 3 phase, 2 stage,

INVERSE DEFINITE MINIMUM TIME,

Separate outputs.

Note: MI327 is the preferred function with common outputs
different to M1325.).

Please Note: The logic of the IDMT characteristic MI1325 slightly
differs from the MI327 having separate- and common outputs
respectively.

MI325: The 3 phases are treated completely separate with
regard of the settings, blocking inputs and trip outputs just like 3
single phase functions.

MI327: The initiation of the 2™ stage for a phase is blocking the
internal trip of the 1% stage for the same phase. However an
external trip command can still be generated by the 1* stage
when another phase is operating (common trip signal for all 3
phases).

1037

MI325

50/51 |C2,M,L

3-phase 2 stage Inverse Definite Minimum Time current function.

MI325
Technical Data

Inputs

Analogue: | Current phase L1

Current phase L2

Current phase L3

Binary: | Blocking input stage 1

Blocking input stage 2

Test input stage 1

Test input stage 2

Outputs

Binary: | Initiation stagel L1

Trip stagel L1

Initiation stagel L2

Trip stagel L2

Initiation stagel L3

Trip stagel L3

Initiation stage2 L1

Trip stage2 L1

Initiation stage2 L2

Trip stage2 L2

Initiation stage2 L3

Trip stage2 L3
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Setting Parameters

Operating value stage 1/ phase 1:

0.05 ... 2 xIn in 0.01 xIn steps

Time multiplier stage 1/ phase 1:

0.050 ... 4.000 s in 0.025 s steps

Characteristic/ phase 1:

extremely/very/normal/long IDMT

Operating value stage 1/ phase 2:

0.05 ... 2 xIn in 0.01 xIn steps

Time multiplier stage 1/ phase 2:

0.050 ... 4.000 s in 0.025 s steps

Characteristic/ phase 2:

extremely/very/normal/long IDMT

Operating value stage 1/ phase 3:

0.05 ... 2 xIn in 0.01 xIn steps

Time multiplier stage 1/ phase 3:

0.050 ... 4.000 s in 0.025 s steps

Characteristic/ phase 3:

extremely/very/normal/long IDMT

Operating value stage 2/ phase 1:

.. 50 xIn'in 0,1 xIn steps

Definite time delay stage 2/ phase 1:

.. 30 sin 0.05 s steps

Operating value stage 2/ phase 2:

.. 50 xIn'in 0,1 xIn steps

Definite time delay stage 2/ phase 2:

.. 30 sin 0.05 s steps

Operating value stage 2/ phase 3:

.. 50 xIn'in 0,1 xIn steps

Definite time delay stage 2/ phase 3:

O IO IO|F

..30sin 0.05 s steps

Measuring

Reset ratio:

0.97

Operating time:

> 2 cycles

Accuracy:

< 3% of setting value or
<2% |,
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PROTECTIVE FUNCTION: MI327 FNNR TYPE ANSI Application

IDMT current, 3-phase, 2-stage, 1085 | MI327 50/51 C2,M,L
INVERSE DEFINITE MINIMUM TIME,

Common outputs.

Note: MI327 is the preferred function with common outputs
different to MI1325.

Note: There was an error regarding the previous denomination in
the PROCESSING file: MI326 but from version 5.17 on the
nomenclature is in the PROCESSING file: MI327.

Also: Observe notes for MI325!

3-phase, 2-stage inverse Definite Minimum Time current function with common outputs.

MI327
Technical Data

Inputs

Analogue: | Current phase L1
Current phase L2
Current phase L3
Binary: | Blocking input stage 1
Blocking input stage 2
Test input stage 1
Test input stage 2

Outputs

Binary: | Initiation stagel
Trip stagel
Initiation stage2
Trip stage2
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Setting Parameters

Operating value stage 1/ phase 1:

0.05 ... 2 xIn in 0.01 xIn steps

Time multiplier stage 1/ phase 1:

0.050 ... 4.000 s in 0.025 s steps

Characteristic/ phase 1:

extremely/very/normal/long IDMT

Operating value stage 1/ phase 2:

0.05 ... 2 xIn in 0.01 xIn steps

Time multiplier stage 1/ phase 2:

0.050 ... 4.000 s in 0.025 s steps

Characteristic/ phase 2:

extremely/very/normal/long IDMT

Operating value stage 1/ phase 3:

0.05 ... 2 xIn in 0.01 xIn steps

Time multiplier stage 1/ phase 3:

0.050 ... 4.000 s in 0.025 s steps

Characteristic/ phase 3:

extremely/very/normal/long IDMT

Operating value stage 2/ phase 1:

.. 50 xIn'in 0,1 xIn steps

Definite time delay stage 2/ phase 1:

.. 30 sin 0.05 s steps

Operating value stage 2/ phase 2:

.. 50 xIn'in 0,1 xIn steps

Definite time delay stage 2/ phase 2:

.. 30 sin 0.05 s steps

Operating value stage 2/ phase 3:

.. 50 xIn'in 0,1 xIn steps

Definite time delay stage 2/ phase 3:

OFR|IO(FR|O|F

..30sin 0.05 s steps

Measuring

Reset ratio:

0.97

Operating time:

> 2 cycles

Accuracy:

< 3% of setting value or
<2% |,
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9.2.3. Voltage Restraint Overcurrent
PROTECTIVE FUNCTION: MI318 FNNR TYPE ANSI Application
Voltage Restraint Overcurrent 1081 | MI318 50/51 C2,M

This is a 3 phase Voltage Restraint Overcurrent protection with an independent time delayed

operating characteristic. In case of a phase to phase voltage drop for the allocated phase

current evaluation the operating current will be proportionally reduced according to the function restraint
characteristic

MI318
Technical Data

Inputs

Analogue: | Current phase L1

Current phase L2

Current phase L3

Voltage L1-L2

Voltage L2-L3

Voltage L3-L1

Binary: | Blocking input

Test input

Outputs

Binary: | Initiation

Trip

Setting Parameters

Operating value: |1 ... 5 xIn in 0.05 xIn steps

Nominal voltage: | 70 ... 140 Vin 1 V steps

Time delay: [0 ... 30 s in 0.05 s steps

Measuring

Reset ratio: | 0.97

Operating time: | > 2 cycles

Accuracy: | < 3% of setting value or
<2% |,
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9.2.4. Motor Oscillation Protection
PROTECTIVE FUNCTION: MI119 FNNR TYPE ANSI Application
Motor oscillation protection 1045 | MI119 C2,M

For PROCESSING from firmware version 5.24 onwards.

This function protects traction converter units used in railway systems supply against not permissible power

oscillations which cannot be detected by the overcurrent protection.

MI119
Technical Data

Inputs
Analogue: | Motor current
DC input: "Fou Evaluation" (from the control system)
Binary: | Blocking input
Test input
Outputs
Binary: | Trip

Measuring alarm ("Fou Evaluation ")

Setting Parameters

Oscillations/min: | 1 ... 10 Pend./min in 1 Pend./min steps

Oscillation current amplitude: 0.1...1 xIn in 0.05 xIn steps

Current gradient: | 0.05 ... 0.40 xIn in 0.05 xIn steps

Gradient Fou: | 0.1 ... 2 %/s in 0.05 %/s steps

Measuring accuracy: | 0.1 ... 5 %/V in 0.02 %/s steps

Voltage at 0 %:: | 0.2 ... 4.8 V in 0.005 V steps
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Window Display for Relay Internal
Determined and Computed Values
Oscillations | Number of oscillations within the last
60 s time window
Minimum current | in [A]
Current minimum of the actual oscillation movement
Maximum current | in [A]
Current maximum of the actual oscillation movement
Current gradient | in [A/s]

Rate of change for the motor RMS current
value

Fou gradient

in [%/s]
Rate of speed change from the set frequency value of
the control system

Fou

in [%]
Set frequency of the control system

Measuring

Reset ratio:

not applicable since only trip output

Operating time:

> 2 cycles?

Accuracy:

< 3% of setting value or
<2% |,
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9.3. CIRCUIT DIAGRAMS

9.3.1. MI325/ MI327/ MI125
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X1 TRSEEE o X3
1 1A - + 1

2 5A
Iu v =3 11 p.4ev00 [PC outol E\%
EETY 110V...220VDC 4]
TPy g i,j { 12 DC OuUT 02 \%
7 1A OuT 03 ~.,_ 6
Iis "V =3 {13 7
10 1A OUT 04 ~_8]
) £ 14 ouT 05 10
13 1A =1
14 5A 1
pe—=3 £ 15 DRS- ouT 06 [ 12
16 1A 3
=3¢ 16 COMPACT2A ouror —1]
19 1A 15
3 £ 17 ouT 08 [~ 16]
gH — P 22 A X5
| — =23 § 18 1
ouT09[ 2
i 5o 3
@ S — o ouT 10 \%
i} L. 3 f 110 ouT11[ 6
X8 7
ouT 12 8
1 S
9
[ 3§ v ouT 13 [ _10]
1
4 3f vz ouT 14[__12]

5

5 giug OUT 15[~ 1451
E { ua OUT16[ ~_16
9 X6
10 3 £ s ouT 17~ %
/“‘\ X4 3
R P ouT 18~ 4|
G TEST ST.1 (opt.) 2 -] no1 5
GEN. 3~ N 3 OUT19| ~_ 6]
TEST ST.2 (opt)) 7
. oUT20[ —_ 8
BLOCK. ST.1 (opt.) 9
ouT21[_10
BLOCK. ST.2 (opt.) 11
ouT22[~_12
13
£ ouT23[ ~_14
15
OUT24[_—_16
= X2

@ MI325, MI327 only! «RELAY FAIL» OUT 31

il

«RELAY STOP» OUT 32
TRANS- >
LEGEND: DUCER 1 sioz Aw T 78
OPTIONAL MODULE: 5 2R 10
-UAKB Transducer 1 6 TRANS-

Transducer 2 17 | DUCER2 ) SI03 11
Shaft Current 8 9 R+5 12
Rotor E/F 9 | K] X3
! 10 S R
CAN BUS future use (hardware extension) 11 ":‘SHAPT CURR. > SI04 Y GND 151
X9/X10 IEC870 5-103 control system interface 12 T g Tx+ 161
RS422/485 chain line data interface 13 Tx-[—=>1

MODBUS control system interface 14 ~~T'ROTOR EF si01
IN09 #Z :: X9

DRS-CABLE no. TID-006-- | _ FRONTSIDE_ | P
————————————————————— j 4| X10
RS 232 l

NOTEBOOK
MAINTENANCE

MI325 IDMT OVERCURR. 3-PH. 2-ST. WIRING DIAGRAM
MI327 IDMT OVERCURR. 3-PH. 2-ST. WIRING DIAGRAM
MI125 IDMT OVERCURR. 1-PH. 2-ST. WIRING DIAGRAM

Fig. 98 MI325 MI327 MI125 IDMT Overcurr. Wiring Diagram
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Ml... CURRENT IDMT /VOLTAGE RESTRAINT OVERCURRENT /

MOTOR OSCILLATION

9.3.2. MI318

X
N
i
N
w

X3

OouT 01 ﬁ
ouT 02 ﬁ
OuT 03 ﬁ
OuUT 04 ﬁ
OuUT 05 ﬁ
OUT 06 Ti
ouT 07 Tj
OouT 08 Ti

X5

OouT 09 ﬁ
OuUT 10 ﬁ
OouT 11 ﬁ
OouT 12 ﬁ

X1

24V..48VDC
~ 110V...220VDC DC

MAIN
TRANSF.

DRS-
COMPACT2A

o]

@
ULz "V

MM
[
P

ULtz "V

Utsur nv

~N(o (G (wN [ X
c
N

GEN.

TEST (opt.)

L

W

|
g

BLOCKING (opt.)

OouT20| ~_ 8
9
OouT 21| ~_10

o ||

DESIGN OF GEN.

NEUTRAL POINT: ISOLATED OR 8
EARTHED VIA 9

- RESISTOR

~

g

@ DRS STANDARD

APPLICATION

I+.+%I+I+

11
ouT 22 [ <12}
1

3
OouT23 | ~_ 14

15
13 + OouT 24| ~_16
14 - E IN 07 X2

4
WRELAYFAIL» OUT31[ 5]
6
(RELAY STOP» OUT 32 7]

USING Upnpn

LEGEND:

OPTIONAL MODULE:
-UAKB Transducer 1
Transducer 2
Shaft Current 11
Rotor E/F

future use (hardware extension)
IEC870 5-103 control system interface
chain line data interface

control system interface

=
X
*

MOD-
BUS
X

@)
z -
=)
[

+
a

Pyl
25

CAN BUS
X9/X10
RS422/485
MODBUS

GND 14
Tx+

RS422/485

4
o

FRONTSIDE

.\

NOTEBOOK
MAINTENANCE

MI318 VOLT. RESTRAINED O/C WIRING DIAGRAM

Fig. 99 MI318 Volt. Restrained O/C Wiring Diagram
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Ml...
MOTOR OSCILLATION

CURRENT IDMT / VOLTAGE RESTRAINT OVERCURRENT /

9.3.3. MI119
11 L2 13 % +|-|== BATT.
X1 | X2 12[3 X3
N A 1 1A = +/-] |[GND 1
\\}E\—r LuvBE—3E 11 gy evoc [PC ouTorl . 2]
Y 110V...220VDC
== e oc]  ouree 4]
% { I3 OuT 03 ~._ 6
9 L 7
10 1A ouT04| ~_ 8
5A 14 9
— £ OUT 05 [ ~_10
5A { 15 IDRS 11
L = OuTO06 | ~_ 12
16 1A 13
1 €0 GOMPACT2A ouror =14]
19 1A
283 7 OouT 08 [ _~_16]
22 1A X5
23 18 1
5 1A g OUTO09| ~_ 2
26 5A 3
=310
5 1a OuT 10 \%
o 13 110 ouT 11 [ 6]
X8 7
1 ouT12[ 8
9
3 Uil
g £ OUT 13~ ﬂ
4 3f u2 ouT14[ 12
5 13
6 3f U3 OUT15[ ~_14
7 15
/-‘\ E { U4 OUT16 [~ )1(2
M ASYNCHRON- :9
3 MOTOR 103 us OuT 17 ﬁ
X4 \?
o~ 11 + OouT18[ ~_ 4
TEST (opt) - ] 2]/ no1 5
o~ 3 + OuUT 19 ~_61
BLOCKING (opt) . _____ ] ZZ IN 02 T7
5 + OuT 20 ~_81
6 - E IN 03 9
7+ OouUT21| ~_10
8 - E IN 04 11
9 + OuT 22 ~._12
10 - E IN 05 13
11 + OuUT23[ ~_14
12 - E IN 06 15
13 + OUT 24 ~.16
14 - E IN 07
15+ Xi
16 - IN 08
LEGEND: %12 «RELAY FAIL» OUT 31 5
OPTIONAL MODULE: 6
-UAKB Transducer 1 % - «RELAY STOP» OUT 32 ﬁ
Transducer 2 3 TTT TRANS- N g2 8
Shaft Current 4 -7 DUCER1 dun ™y
Rotor E/F 5 w - 93 ™o
= ] = @ GND
CAN BUS future use (hardware extension) 6 S M --- TRANS-
; 7 e si03
X9/X10 IEC870 5-103 control system interface = N --- DUCER2 w511
RS422/485 chain line data interface 8 2 < - 8 rerl 12
MODBUS control system interface ?0 8 ) § Rx- 13
1 |5 " | SHAFTCURR. ) sio4 % GTND 1‘51
12 e X6
13 Tx-
14 ~~TroTorR EF ) sio1
IN09 S#Z 3 X9
| _ FRONTSIDE |
£ xwo
RS 232 l

NOTEBOOK
MAINTENANCE

MI119 MOTOR OSCILLATION WIRING DIAGRAM

Fig. 100 MI119 Motor Oscillation Wiring Diagram
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Ml... CURRENT IDMT /VOLTAGE RESTRAINT OVERCURRENT /
MOTOR OSCILLATION

9.4. LOGIC DIAGRAMS

9.4.1. MI325/ MI327/ MI125

L1 L2 L3
&S
=
()
2]
{4, Tu nJ } { N %
T2 U } { S
£—1 — ez
3 S 3E —
GEN. G
3~
TEsSTSTL . T} . Z N
(OPTIONAL)
TESTST2 . T | _ Z N
(OPTIONAL)
BLock.STL . T | . ] —
(OPTIONAL)
BLock.st2 . I} ] —
(OPTIONAL)
- ~__| TRIP
ICOMMANDS
@ MI325, MI327 only! OUTRUT CBL
T CONTACTS cB2
ALARM
CONTACTS
LEGEND SélA_II_a_rm
rip
DRS DIGITAL RELAY SYSTEM
DRS- DIGITAL PROTECTION RELAY
GCOMPAGT2A TYPE: DRS-COMPACT2A
PROCESSING CPU+DSP - BOARD/

VERSION 2

MI325 IDMT OVERCURR. 3-PH. 2-ST. LOGIC DIAGRAM
MI327 IDMT OVERCURR. 3-PH. 2-ST. LOGIC DIAGRAM
MI125 IDMT OVERCURR. 1-PH. 2-ST. LOGIC DIAGRAM

Fig. 101 MI325 MI327 MI125 IDMT Overcurr. Logic Diagram
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MI... CURRENT IDMT /VOLTAGE RESTRAINT OVERCURRENT /
MOTOR OSCILLATION

I

__\
NOTEBOOK
[ |
| | ® | |
| 1n | [Lal > 1,05 * R PHASEA | | |

v (-:Oper. Val. = 4 set ,characteristic Ph.A* ]

: | St1PhAY) " set,TMS St1 PhA* : |
I I
| I | Izl > 1,05 * Ht= tTRIP“ | |

n 2 M (:Oper. Val. [—— STAGE 1
| | St.1 Ph.B") 1 INIR |

N—{
| | q ] @l ILlsel | |
| I | |Is) > 1,05 * T trrp @ = TMSstapna * (K/ |

oV = n{ (Oper. Val. [ (I /Ty se) * E - 1) |
| | St.1Ph.C") | |
| | 5 @ explan: see ,LOGIC DIAGRAM VE2/ LEGEND" | |
| ol [ PHASE B |

| L1 (,Oper. Val. [ l PHASE C |
| | St.2 Ph.A") 1 = o |
| | {t>,,T|ME DELAY St2 PH.A“}— Lﬂ & | |
[Tio| > r )
| | L (,Oper. Val. Mt \—{ t>,TIME DELAY St.2 PH.B* }— | |
| | St.2 Ph.BY) p & M | |
| | 1 \{ t>,TIME DELAY St2 PH.C' }— — | |
[T > & [—
| | —— (,Oper. Val. -] | |
| | St.2 Ph.C*) | |
| @ @ @ |
| ——Mi—] |
—_— e — — N——
| 178N, 10 W‘ | M | |

TEST] PRESET —— MM —— MM ——]

ST.1 | }‘“ | —_rr N S ® ® | |

I 1“‘1: L 1 N 1 1
=] eo- [ | |

———- ® DISPLAY
| s | ® HALARMST.1)® | |
BL. seT | >=1
| | PRESET | 4 & | |
st == & ﬂmm
i = - | |
. | I BIN. 7o W‘ | EE - TRIPSTL )@ il | |
& [ -

o] |  uiet I R

T4 ot | PRESET /L]
| == /7? | < ALARM ST.2) @ 1 1= ﬂ‘* T

o pRESET | +1 A s & —T—QHALARM sT2)) ]

ST.2 S — :

e RERCWE s |
| ———~ | - TRIPST.2 ) @ RIP- | | |
| \FUNCTIONT‘ | gl >=1 N — MATRIX | |

| OUTPUT & m ®

Il
| e - | |
— — — — | @ all ALARM- and TRIP-signals
J J
- available separately for phases -

L1, L2, L3 for both stages at I;D)IR IE |:| [N] ® 1l.stage: INVERSE TIME O/C
TRIP-MATRIX and LED-MATRIX. @ 2.stage: DEFINITE TIME O/C

IDMT OVERCURR. 3-PH. 2-ST. WITH PHASE-SEPARATED OUTPUTS
LOGIC DIAGRAM / PROCESSING

Fig. 102 IDMT Overcurr. 3-PH.2-ST. With Phase-Separated Outputs Logic Diagram / Processing
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Ml... CURRENT IDMT /VOLTAGE RESTRAINT OVERCURRENT /
MOTOR OSCILLATION

&

)\
NOTEBOOK I
| | _
I | ® I I
| Iu | 14| > 1,05 * trree STAGE 1 PAASEA — | |
v (:Oper. Val. 4 set ,characteristic Ph.A" ]
| | St1PhAY " Get . TMS St1PhA* | |
| | | |
| I | |I2] > 1,05 * t= tTRIP}‘ | |
n | M (.Oper. Val. — STAGE 1 |
| St.1 Ph.B%) 1 | |
| | Biul (1) T | |
I | |Ig] > 1,05 * trrp @ = TMSst1pna * (K/ |
nu | L M (,Oper. Val. |4 (T / Tia se)) ** E - 1)) |
| | St.1 Ph.CY) ) | |
| ® @ explan: see ,LOGIC DIAGRAM VE2/ LEGEND |
| |
S e ] ]
“— (,Oper. Val. ]
| | St.2 Ph.AY) 1 | |
| | p—{t> TIME DELAY St2 PHA|— | |
[T >
: : L (éct)gegh\/;l). 1 \—cm—{b,,TIME DELAY St2 PH.B“}— : :
| | — ,m—{ t> ,TIME DELAY St.2 PH.C"* }— | |
L3
| | L1 (oper. val. [ \J | |
| | St.2 Ph.CY) | |
@ @ @
| | (— Y — | |
| "IN, 10 W‘ | M2 | |
HESlE =S ool | |
ST | EEE | PV N— VY \— = | |
Lo~ | ;
DISPLAY
| s | . GRISTD O | |
BL. || PRESET | S Y
sta| | === 1 ¥ | l
TS | |
| | > TRIPST.1 ) ® | |
TesT | | > >t & |4 LED- | | __ _ |
stz b = & MATRIX [\ |"BIN. 110 ™
o L= | PRESET 11
Lo~ |
1—a
NIETTRE Mo ° el
St | | IPRESET | pppp— ALARMST2] | | | o
' | 1, | —
T+ S o | |
| Ei:J | > IRIEISTEZ) @ TRIP- | | |
[FUNCTION gl >=1 « U MATRIX
| jouteut! | > & I I
7 | | @
| | 03‘\5 —t | |
I - - ] @ all ALARM- and TRIP-signals I ]
- are summed up for phases PR@@ESSHN@ -
L1, L2, L3 at TRIP-MATRIX ® 1.stage: INVERSE TIME O/C
and LED-MATRIX. @ 2.stage: DEFINITE TIME O/C

MI327 IDMT OVERCURR. 3-PH. 2-ST. WITH PHASE COMMON - OUTPUTS
FORALL PHASES  LOGIC DIAGRAM / PROCESSING

Fig. 103 MI327 IDMT Overcurr. 3-PH. 2-ST. With Phase Common — Outputs For All Phases Logic Diagram / Processing
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Ml...

CURRENT IDMT / VOLTAGE RESTRAINT OVERCURRENT /
MOTOR OSCILLATION

!

LEGEND PR@@ESS”N@

FIRMWARE-MODULE: MI325, MI327, MI125

Online simulation
via notebook

L\
I "BIN. 10 ! o : I'BIN. 110 ! I 'BIN. 10 | I "BIN. /0 !

| Online-simulation of | reqular |
| PRESET DIG. INJOUTPUTS \_PR_ESET_1 gul | PRESET ' always | PRESET | always
|1 8 ) 1 function | K | 1— 0"
K= Via notebo