Technical reference manual

REL 521*2.3
Line distance protection terminal

About this manual

DocID: 1IMRK 506 069-UEN
Issue date: May 2001
Status: New

Version: 2.3

Revision: 00

© ABB Automation Products AB 2001
Substation Automation Division



COPYRIGHT

WE RESERVE ALL RIGHTS TO THIS DOCUMENT, EVEN IN THE EVENT THAT A PATENT IS ISSUED AND A DIFFERENT
COMMERCIAL PROPRIETARY RIGHT IS REGISTERED. IMPROPER USE, IN PARTICULAR REPRODUCTION AND DIS-
SEMINATION TO THIRD PARTIES, IS NOT PERMITTED.

THIS DOCUMENT HAS BEEN CAREFULLY CHECKED. IF THE USER NEVERTHELESS DETECTS ANY ERRORS, HE IS
ASKED TO NOTIFY US AS SOON AS POSSIBLE.

THE DATA CONTAINED IN THIS MANUAL IS INTENDED SOLELY FOR THE PRODUCT DESCRIPTION AND IS NOT TO BE
DEEMED TO BE A STATEMENT OF GUARANTEED PROPERTIES. IN THE INTERESTS OF OUR CUSTOMERS, WE CON-
STANTLY SEEK TO ENSURE THAT OUR PRODUCTS ARE DEVELOPED TO THE LATEST TECHNOLOGICAL STAN-
DARDS. AS A RESULT, IT IS POSSIBLE THAT THERE MAY BE SOME DIFFERENCES BETWEEN THE HW/SW PRODUCT
AND THIS INFORMATION PRODUCT.

Manufacturer:

ABB Automation Products AB
Substation Automation Division
SE-721 59 Vasteras

Sweden

Tel: +46 (0) 21 34 20 00

Fax: +46 (0) 21 14 69 18
Internet: http://www.abb.se



Contents

Chapter

Chapter 1

Chapter 2

Chapter 3

Page

T o N (oo 1V Tox {0 o SR 1
Introduction to the technical reference manual..............cccoccveevinnnenn. 2
About the complete set of manuals to a terminal................cc.c..e... 2
Design of the Technical reference manual (TRM)........ccccccvvveeennn. 3
Related dOCUMENTS.......coiiiiiiie e 6
(CT=T 1= = | 7
Terminal identifiCation...........cooo i 8
General terminal Parameters..........cuveeeeviiicicieeiieeee e 8
BasiC protection parameters..........cocccvvviieeiieee e 8
Calendar and ClIOCK............cooiiuiiiiiiiiie e 12
TeChNICAl dAta .....ccoivviiiiei e 13
Case dIMENSIONS ....coiiiiiiiiiie it 13
WEIGNT oo ————— 18

LU | R PRPTPURPN 18
Environmental PropertieS..........cooiviicciivieeieieee e eee e e e e e 18
Common fUNCLIONS ..uevviiiiiiie e 21
Time synchronisation (TIME)..........ooiciiiiiieiiiee e e 22
Y o] o] o= 11T o I RSSO 22
FUNCHON DIOCK .oeiiiiiiieeeeee e 22
Input and OULPUL SIGNAIS ....eevveeeeeiiiciieee e 22
Setting PAramMEtErS ....ccecei i 23
Setting group selector (GRP).......ccccviiiiiieiee e 24
Y o] 0] o= 11 o] o ISR 24
oo oo = To | = . ISR 24
FUNCHON DIOCK ..eoiiiiiiiiiee e 24
INnput and OULPUL SIGNAIS ....eevveereeeie e 25
Setting 10CKOUt (HMI) .ouvviiiiiie e 26
F Y o] o] o7 11 [ o I PSRRI 26
FUNCHON DIOCK ..ooiiiiiiiieeiee e 26
oo (oo = To | = . ISR 26
Input and OULPUL SIGNAIS ....eevveeeeeiii e 27
Setting PAramMEtErS ....coooiiiieeee s 27
I/0O system configurator (IOP) ........ooociiiiiiiiieee e 28
APPIICALION . 28
LOGIC dIAQIam ...t a e 28
FUNCHION DIOCK ... 29
Input and OULPUL SIGNAIS ....eeeiiiiiiiiiiieee e 29
Self superviSion (INT) .o 30
APPIICALION . 30

[0 o T0] 1 o] (o 11 - 30



cContents

oo (o0 F=To | =1 1 o TR 31
Input and OULPUL SIGNAIS........uuuiiiiiiiieiiiieeeee e 33
Technical data ........cc.eeiieiiieee e 33
Logic fuNction BIOCKS ........ooiiiiiiiii e 34
APPIICALION i 34
Inverter function BIOCK (INV) .....ooeiiiiiiiiii e 34
OR function bloCk (OR).....ccoiiiiiiiiei e 35
AND function blOCK (AND) .....ccoeiiiiiiiiieie e 35
Timer function BIOCK (TM) ..ceooeiiiii e 36
Timer long function BIOCK (TL) ....ccocvvviiiiiiiiee e 37
Pulse timer function bIOCK (TP) ....cccveveiiviciieeeeee e 38
Extended length pulse function block (TQ)....ccceeeveiviiiiiiieineeenn. 39
Exclusive OR function block (XO)..........cccccviiiieiieeieeeee e, 39
Set-reset function block (SR).......cccveveviieiii i 40
Set-reset with memory function block (SM) ........ccccccevevieeiiiiinnnns 41
Controllable gate function block (GT) ......cccovviiviiiiiiiiieecee e, 41
Settable timer function bBIOCK (TS).....uuuiiiieeeeiiiiiiieieee e 42
Move first function bIock (MOF) .......ccoooviiiiiiiiiee e 43
Move last function block (MOL) .......cccovviiiiiiiiiiieieeeee e 44
Technical data ........cvveeeiiiiiiiie e 45
Blocking of signals during test ..........cccueeveieee e 46
Y o] o] o7 111 o ISR 46
FUNCHON DIOCK. ....eiiiiiiiiie e 46
INnput and OULPUL SIGNAIS........cuviiiiiieeeee e 46
Chapter 4 Line impedancCe .......coooiiiiiiiiiiiiiiiiiiiee e 47
Distance proteCtion (ZM)........ccouiieiciiiiiiieieee e e e e 48
F Y o] o] LTo7= 11T o ISR 48
FUNCHONAIILY....eviiiiieee e 50
Function block, Zone 1- 3.......ueiiiiiiiiiiieieee e 52
FUNCtion BIOCK, ZONE 4.......ouviiiiiiiiie e 53
Function bIOCK, ZONE 5......coiuiviiiiiiiie e 54
oo o0 F=To | =1 .o IS PR 54
Input and output signals, zone 1-3........cccccceeeeeeeeee i 57
Input and output signals, ZoNe 4............cccccvviriieeeeeee e 58
Input and output signals, ZoNe 5..........cccccviiiiiiiiie e 59
Setting parameters, general ..........cccvvveveeeee i 59
Setting parameters, ZoNe 1-3 .......ocvveeeeii i 60
Setting parameters, ZONE 4.......ccccvvveviieeee e 62
Setting parameters, ZONE 5.......cccviiiiviiiiie e 64
Setting parameters, simplified impedance settings ...................... 66
Setting parameters, directional measuring element ..................... 67
Technical data ........cvveeeiiiiiiiie e 68
Automatic switch onto fault 1ogic (SOTF).....ccccccvviviiieeeeeeie e, 69
Y o] o] o= 11 o IS PSSR 69
FUNCHONAIILY....eviiiiieee e 69
FUNCHON DIOCK. ....eiiiiiiiiie e 69
oo (oo = To | =1 .o IR 70
INnput and OULPUL SIGNAIS........cuvriiiiieeeee e 70

Setting PArAMELEIS ..uvvviiiiiie et 70



Contents

Technical data ..........ovviiiiiiiiei e 71
Local acceleration 10gic (ZCLC)......ccoiiiiiiiiiiiieiiieee e 72
APPIICALION . 72
FUNCLIONAIILY ..o 72
FUNCHON DIOCK .ot 72
oo (o0 F=To | =1 1 4 PP PUUPURTRRR 73
Input and OULPUL SIGNAIS ....coviiiiiiiiiiiiiee e 73
Setting PAramMELErS .....coii i 74
Phase selection [0giC (PHS) ......cooiiiiiiiiiier e 75
APPIICALION .. 75
FUNCLIONAIILY ..o 75
FUNCHON DIOCK .ocoiiiiiiieei e 76
oo (oo [F=To =1 1 4 PR UPURTTRR 76
Input and oUtPUL SIGNAIS ....eeviiiiiiiiiiiieee e 79
Setting PAramMEtersS .....oooi i 80
Technical data ..........ovviiiiiiiiei e 81
Power swing detection (PSD) .......cooiiiiiiiieiiiee e 82
APPIICALION . 82
FUNCLIONAIILY ..o 82
FUNCHON DIOCK oo 83
oo (oo 7= To | =1 1 4 PP UPURTTRP 84
Input and OULPUL SIGNAIS ....covriiiiiiiiiiieee e 85
Setting PAramMEtersS .....cooii i 85
Technical data ..........ovviiiiiiiiei e 87
Power-swing 10giC (PSL).......uuuiiiiiiaaiiiiiiiiiieee e 89
APPIICALION .. 89
FUNCLIONAIILY ..o 89
FUNCHON DIOCK .ot 90
oo (oo 7= Vo =1 1 4 PR UPRRTTRP 91
Input and OULPUL SIGNAIS ....cevriiiiiiiiiiieee e 92
Setting PAramMEtersS .....cooi i 93
Technical data ..........ovviiiiiiiiei e 93
Pole slip protection (PSP).......cciii i 94
APPIICALION . 94
FUNCLIONAIILY ..o 94
FUNCHON DIOCK .ot 95
oo (o0 [F=To =1 1 4 PP UPRRTTRP 95
Input and OULPUL SIGNAIS ....eeeveiiieiiiiiiiiee e 103
Setting PAramMeEters ......oooi i 104
Technical data .........coooiiiiiiiiii e 107
Radial feeder protection (PAP) ........oooi it 108
APPIICALION . 108
FUNCLIONAIILY ..oooeiie e 108
FUNCHON DIOCK ..eoiiiiiiiii e 109
Logic diagram, phase selection function.............cccocoiiiiiieennnnn. 109
Logic diagram, residual current measurement ..............ccccceee.... 109
Logic diagram, fast fault clearing ..., 110
Logic diagram, delayed fault clearing ..........cccccceevviiiiiiiiiennannenn. 111
Logic diagram, residual current detection..............cccccveeeeeeneeenn. 111
Logic diagram, trip and autorecloser start l0giC..........ccccuveeeeeee... 112
Input and OULPUL SIGNAIS ....eeeveiiieiiiiiiiieeee e 112
Setting PAramMeters ......oooi i 113

TechniCal data ............vviveiiiiieee e 114



cContents

Scheme communication logic for distance

protection functions (ZCOM) ... 115
APPIICALION . 115
FUNCHONAIILY.....eiiiiiieii e 115
FUNCHION DIOCK.........oiiiiiii e 116
(oo (oo F=To =1 1 4 TP 116
Input and oUtPUL SIGNAIS........eueiiiiiieiei e 118
Setting PAraMELEIS ......uiiiiiiie e 119
Technical data ..o e 119

Current reversal and WEI logic for distance protection (ZCAL)....... 120
7Y o] o] o= 11T o ISR 120
T Tod1[0] 4 F= 11 Y25 120
FUNCHON DIOCK. .....eiiiiiiiii s 121
(oo oo F=To = 1.4 IR 122
INput and oUtPUL SIGNAIS........uuviiiiiieeeie e 123
Setting PAraMELEIS ....vvviiiiiiie e 125
Technical data ........ccuveeeeiiiiiiie e 125

Chapter 5 CUITeNT ... 127

Instantaneous overcurrent protection (I0C)........ccccceeeeeviiiccivvieennnn. 128
7Y o] o] o= 11T o ISR 128
T Ted1[0] 0 F= 11 Y25 128
FUNCHON DIOCK. ....eiiiiiiiiie e 129
(oo oo [ F=To = .4 1P 130
INput and oUPUL SIGNAIS........uuviiieiieeeie e 131
Setting PAraMELEIS ....vvviiiiiei et 131
Technical data ........cuveeieiiiiiiii e 132

Time delayed overcurrent protection (TOC) .......ccevveeiveiiiciniinneennnn. 133
7Y o] o] o= 11T o ISR 133
T Tod1[0] 0 F= 11 Y25 133
FUNCHON DIOCK. .....iiiiiiiiie i 134
(oo oo [ F=To = .4 IR 135
INnput and oUPUL SIGNAIS........uuveiieiieeeie e 135
Setting PAraMELEIS ....vvviiiiiiie e 136
Technical data ........cuveeeeiiiiiiii e 137

Two step time delayed phase overcurrent protection (TOC2) ......... 138
7Y o] o] o= 11T o ISR 138
T Ted110] o F= 11 Y25 138
FUNCHON DIOCK. ....eiiiiiiiiie e 138
(oo (oo = To = .4 1R 139
INnput and oUtPUL SIGNAIS........cuveiieiieeeie e 139
Setting PAraMELEIS ....uvviiiiieie et 140
Technical data ........cuveeeeiiiiiiii e 141

Two step time delayed directional phase

overcurrent protection (TOC3) .....ccocovciiviiiiiie e 143
7Y o] o] o= 11T o ISR 143
T Ted1[0] 4 F= 11 Y25 143
FUNCHON DIOCK. ....eiiiiiiiiii i 144
(oo oo [ F=To = 1.4 1R 144

INput and OUPUL SIGNAIS........cuvviiiiieeeie e 148



Contents

Setting PAramMEeLErS ......ocuvviiiiiiiiiie et 149
Technical data .........coooiiiiiiiiii e 150

Definite and inverse time-delayed residual

overcurrent protection (TEF) .....c..uueiiiiie 152
APPIICALION .t 152
FUNCLIONAIILY ..oooeeie e 152
FUNCHON DIOCK ...eooiiiiiiiiee e 153
LOQIC dIAgIam ...t 154
Input and OULPUL SIGNAIS ....eeveeiiieeiiiiiee e 155
Setting PAramMeEters ......oooi i 155
Technical data .........coooiiiiiiiiiii e 156

Four step residual overcurrent protection (EF4) ..o, 158
APPIICALION . 158
FUNCLIONAIILY ..oooeiie e 158
FUNCHON DIOCK ..ot 159
LOQIC dIAQIam ...t 159
Input and OULPUL SIGNAIS ....eeeeeiieeiiiiiiiee e 161
Setting PAramMeters .....coooi i 162
Technical data .........cooeiiiiiiiii e 164

Sensitive directional residual overcurrent protection (WEF1).......... 166
APPIICALION . 166
FUNCLIONAIILY ..ooeeie e 166
FUNCHON DIOCK ..coiiiiiiiiicee e 166
LOQIC dIAQIam ...t 167
Input and OULPUL SIGNAIS ....eeveeiieeeiiiiiiiee e 167
Setting PAramMeEters .....ooooi i 168
Technical data .........coooiiiiiiiii e 169

Sensitive directional residual power protection (WEF2) .................. 170
APPIICALION . 170
FUNCLIONAIILY ..ooeeii e 170
FUNCHON DIOCK ..ottt 170
LOQIC dIAQIam ...t 171
Input and OULPUL SIGNAIS ....eeeveiiieiiiiiiiiee e 172
Setting PAramMeters .....ooooi i 172
Technical data .........ooeeiiiiiiiii e 173

Scheme communication logic for residual

overcurrent protection (EFC) ... 174
APPIICALION .o 174
FUNCLIONAIILY ..ooeeiie e 174
FUNCHON DIOCK ..eoiiiiiiiiicee e 174
LOGIC dIAQIram ...t 175
Input and OULPUL SIGNAIS ....eeeveiiiieiiiiiieeee e 175
Setting PAramMeters .....coooi i 176
Technical data .........coooiiiiiiiii e 176

Current reversal and weak end infeed logic for

residual overcurrent protection (EFCA) .........ceeeeiiiiiiiiiiiiiiiiiiieeeenn. 177
APPIICALION . 177
DESIGN .ttt a e 177
FUNCHON DIOCK ..coeiiiiiiiiecee e 178
LOQIC dIAQIam ...ttt 178
Input and OULPUL SIGNAIS ....eeeveiiieiiiiiiiieeee e 179
Setting PAramMeters ......oooi i 180

TechniCal data ............vviveiiiiieee e 180



cContents

Chapter 6

Thermal overload protection (THOL) ......cccuviiiiiiiiieiieeeeeee 181
APPIICALION . 181
FUNCHONAIILY.....eiiiiiieie e 181
FUNCHION DIOCK.........oiiiiiiii e 182
(oo (oo [F=To =1 1 4 PR PRR 182
Input and oUtPUL SIGNAIS........eueiiiiiieiiii e 182
Setting PAraMELEIS .....uuiiiiiiie et 183
Technical data ..o e 184

Stub protection (STUB) ......cciiiiiiiiiiiiiieie it 186
7Y o] o] o= 11T o IS PR 186
D 1= T | S 186
FUNCHON DIOCK. ....eeiiiiiiiiiie e 186
(oo oo F=To = .4 ISR 187
INnput and oUtPUL SIGNAIS........uuviiieiieeeie e 187
Setting PAraMELEIS ....uvviiiiiiie e 188
Technical data ........ccuveeeeiiiiiii e 188

Breaker failure protection (BFP) .........ccvvvviiiiiiiciiicceee e, 189
7Y o] o] o= 11T o ISP 189
D= T [ 189
FUNCHON DIOCK. ....eiiiiiiiiiicce e 189
(oo (oo =T = 1.4 1R 190
INnput and oUtPUL SIGNAIS........cuvviiiiieeeie e 190
Setting PAraMELEIS ....vvviiiiiiie e 191
Technical data ........cuveeeeiiiiiiie e 192

Unbalance protection for capacitor banks (TOCC).......ccccceevvcinnnnes 193
7Y o] 0] o7 11T o ISR 193
T Tod110] 0 F= 11 Y25 193
FUNCHON DIOCK. .....eiiiiiiiii e 193
(oo oo = To = .4 1R 194
INput and oUtPUL SIGNAIS........cuviiiiiieeeie e 194
Setting PAraMELEIS ....uvviiiiieie e 195
Technical data ........ccvveeeeiiiiiiie e 195

VOITAgE ..o 197

Time delayed undervoltage protection (TUV) .....cccceeeeveiiiiiiiineeennnn. 198
7Y o] o] o= 11T o ISR 198
FUNCHON DIOCK. ....eeiiiiiiiii i 198
(oo oo [ F=To = 1.4 IR 198
INnput and oUtPUL SIGNAIS........cuviiieiieeeie e 199
Setting PAraMELEIS ....vvviiiiiiie e 199
Technical data ........cuveeieiiiiiiie e 200

Time delayed overvoltage protection (TOV) ......eevevveeeeeiiiciiviineeennn. 201
7Y o] o] o= 11T o IS PR 201
T Ted1[0] 4 F= 11 Y25 201
FUNCHON DIOCK. ....eiiiiiiiiii s 201
(oo oo = To = .4 1R 203
INnput and oUtPUL SIGNAIS........uuveiieiieeeie e 203
Setting PAraMELEIS ....uvviiiiiiie e 204
Technical data ........ccuveeeeiiiiiiii e 205

Intercircuit bridging protection (TOVI) ......cccvvvviieeeeeee e, 206



Contents

APPIICALION . 206
FUNCLIONAIILY ..ooeeiie e 206
FUNCHON DIOCK ..eoiiiiiiiiccee e 206
LOQIC dIAgIram ...t 206
Input and OULPUL SIGNAIS ....eeveeiiieiiiiiiieeee e 207
Setting PAramMeEters .....coooi i 207
Technical data .........coooiiiiiiiiii e 207
Chapter 7 Power system SUPErviSIiON ......ccceeeeieeeeeeeeeieeeeeeeeeeeiines 209
Broken conductor check (BRC) .......coooiiiiiiiiiiiiiiiiee e 210
APPIICALION . 210
FUNCLIONANILY ..ooeei e 210
FUNCHON DIOCK ..o 210
LOQIC dIAgIam ...t 211
Input and OULPUL SIGNAIS ....eeeveiiiaiiiiiieeee e 211
Setting PAramMEeters .....ooooi i 212
Technical data .........coooiiiiiiiiii e 212
Loss of voltage check (LOV).....couiiiiiii i 213
APPIICALION . 213
FUNCLIONAIILY ..oooeiie e 213
FUNCHON DIOCK ..ot 213
LOQIC dIAQIam ...ttt 214
Input and OULPUL SIGNAIS ....eeeeeiiiieiiiiiiiee e 214
Setting PAramMeEters .....ooooi it 215
Technical data .........coooiiiiiiiiiii e 215
Overload supervision (OVLD) ........ueeiiiiiiaiiiiiiiee e 216
APPIICALION .o 216
FUNCLIONAIILY ..oeeeie e 216
FUNCHON DIOCK ..ot 216
LOQIC dIAQIam ...t 217
Input and OULPUL SIGNAIS ....eeeeeiiieeiiiiiieeee e 217
Setting PAramMeEters ......oooi i 218
Technical data .........coooiiiiiiiiii e 218
Dead line detection (DLD) ........coiiiiiiiiiiiiiiiieeeeee e 219
APPIICALION . 219
FUNCLIONAIILY ..oooeiie e 219
FUNCHON DIOCK ..ot 219
LOQIC dIAQIam ...ttt 220
Input and OULPUL SIGNAIS ....eeeeeiiieiiiiiiiiee e 220
Setting PAramMEeters .....coooi i 221
Technical data .........cceoiiiiiiiii e 221
Chapter 8 Secondary system Supervision .........cccceeeeeeeeeeveennnns 223
Current circuit supervision (CTSU) ........eeeviiiiiiiiiniiiiiee e 224
APPIICALION .o 224
FUNCLIONAIILY ...oooeiie e 224
FUNCHON DIOCK ..coiiiiiiiii e 224

LOQIC dIAgIam ...t 225



cContents

Input and oUtPUL SIGNAIS........eueiiiiiieaiii e 225
Setting PAraMELErS ......coiiuviiieeiiiiiie et 226
Technical data ... 226
Fuse failure supervision (FUSE) .........cccccceiiiiiiieiiiiiie e 227
APPIICALION . 227
FUNCHONAIILY....eeiiiiiiiee e 227
FUNCLion DIOCK........ooiii e 228
(oo [ole [F=To =1 1 4 TP 229
Input and oUtPUL SIGNAIS........eueeiiiiieaiiii e 230
Setting PAraMELEIS ....uvviiiiieie et 231
Technical data ........cuveeeeiiiiiie e 232
Voltage transformer supervision (TCT)......cccccvvieeieeeeee e 233
7Y o] o] o= 11T o ISR 233
T Tod 110 ] 4 F= 11 Y25 233
FUNCHON DIOCK. .....eiiiiiiiii s 233
(oo oo [ F=To = 1.4 1R 233
INnput and OUPUL SIGNAIS........uuveiieiieeeie e 234
Setting PAraMELEIS ....uvviiiiiiie et 234
Technical data ........ccuveeieiiiiiiii e 234
Chapter 9 Control...... .o 235
SYNCHIOChECK (SYN)...uiiiiiiiiiii ettt er e e e e e neees 236
7Y o] 0] o7 11T o IS SRR 236
T Ted1[0] 0 F= 11 Y25 236
FUNCHON DIOCK. ....eiiiiiiiiie e 237
(oo oo [ F=To = .4 1P 239
INput and oUPUL SIGNAIS........uuviiieiieeeie e 241
Setting PAraMELEIS ....vvviiiiiei et 245
Technical data ........cuveeieiiiiiiii e 251
Automatic reclosing function (AR)........cccooviiiiiiiiiiiiire e, 253
7Y o] 0] o= 11 o I SRR 253
T Tod1[0] 0 F= 11 Y25 253
FUNCHON DIOCK. .....iiiiiiiiie i 254
INnput and oUPUL SIGNAIS........uuveiiiiieeeie e 254
Setting PAraMELEIS ....vvviiiiiiie et 257
Technical data ........cveeeeeiiiiiiii e 259
Single comMmMaNnd (CD).....uvviiiiiiee e e e 261
7Y o] o] o= 11T o IS SRR 261
T Ted 1[0 ] o F= 11 Y25 261
FUNCHON DIOCK. ....eeiiiiiiiii s 262
INput and oUtPUL SIGNAIS........cuviiieiieeeie e 262
Setting PAraMELEIS ....uvviiiiiiie e 263
Multiple command (CM).......ccooiiiiiiiiiiiee e e e e 264
7Y o] 0] o= 11 o IS SRS 264
T Tod110] o F= 11 Y25 264
FUNCHON DIOCK. ....eeiiiiiiiii e 265
INnput and oUtPUL SIGNAIS........cuveiiiiieeeie e 265

Setting PAraMELEIS ....uvviiiiieie et 266



Contents

(O F= T o) €= gt K I 1o Yo | o U 267
THP 10GIC (TR) 1ttt e e e e e e e 268
APPIICALION . 268
FUNCLIONAIILY ..ooeeiie e 268
FUNCHON DIOCK ...coiiiiiiiiicee e 269
LOQIC dIAQIam ... 269
Input and OULPUL SIGNAIS ....eeeeeiieeiiiiiiiieeee e 273
Setting PAramMEters .....ooooi i 274
Technical data .........coooiiiiiiiiii e 275
Pole discordance protection (PD) .........ooociiiiiiiiieaieeeiiieeee e 276
APPIICALION . 276
FUNCLIONAIILY ..oooeie e 276
FUNCHON DIOCK ..eoiiiiiiiiccce e 276
LOQIC dIAQIam ...ttt 277
Input and OULPUL SIGNAIS ....eeeveiiieeiiiiiiiee e 277
Technical data .........coooiiiiiiiiii e 278
High speed binary output logic (HSBO).........euviiiiiiiiiiiiiiiiiiieeeeeen, 279
APPIICALION . 279
FUNCLIONAIILY ..ooeeie e 279
FUNCHON DIOCK ..ot 279
LOGIC dIAQIam ...t 280
Input and OULPUL SIGNAIS ....eeeveiiieeiiiiiiiiee e 281
Setting PAramMeEters .....ooooi i 282
Communication channel logic (CCHL)........cccuviiiiiiiiaiiiiiiiieeeee, 284
APPIICALION . 284
FUNCLIONANILY ..oooeiie e 284
FUNCHON DIOCK ..coiiiiiiiiee e 284
LOQIC dIAQIam ...t 285
Input and OULPUL SIGNAIS ....eeeveiiieiiiiiiiiie e 286
Setting PAramMeEters .....ooooi i 286
Technical data .........coooiiiiiiiiii e 288
Communication channel test 10gic (CCHT).....uvvviiiiiiiiiiiiiiiiiieeeeee. 289
APPIICALION .o 289
FUNCLIONAIILY ..ooeeiii e 289
FUNCHON DIOCK ...eoiiiiiiiiicee e 289
LOGIC dIAQIam ...t e e 290
Input and OULPUL SIGNAIS ....eeeeeiieiiiiiiiieeee e 290
Setting PAramMeters .....coooi i 291
Technical data .........coooiiiiiiiiii e 292
Binary signal transfer to remote end (RTC) ...couevveeeiiiiiiiiiiiiiieeeeeenn, 293
GENEIAL ... 293
APPIICALION . 293
FUNCLIONAIILY ..ooeeeee e 293
FUNCHON DIOCK ..coiiiiiiiiiciee e 294
Input and OULPUL SIGNAIS ....eeeveiiiieiiiiiee e 295
Setting PAramMeEters .....coooi i 295
Serial COMMUNICALION .......eveiiiiiiiiiie it 296
Application, COMMON .....coiiiiiiiiiiiiiie e 296
DeSigN, COMMION.......utiiiiiiiiiieae et ee e e e e e eaaeee s 296
Serial communication, SPA (SPA-bus V 2.4 protocol) .................... 298

APPIICALION .o 298



cContents

Chapter 11

D=1 T | o FO TR 298
Setting PAraMELErS ......coiiuviiieeiiiiiie et 298
Technical data ..o e 299
Serial communication, IEC (IEC 60870-5-103 protocol).................. 300
APPIICALION . 300
D=2 T | o FO TR 300
IEC 60870-5-103 information types.........cc.ueeeeeeeeeeniiiiiiiieeeeenn. 300
FUNCHION DIOCK.........ooiiiiie e 307
Input and oUtPUL SIGNAIS........eueeiiiiieaiiii e 307
Setting PAraMELEIS ....uvviiiiieie et 308
Technical data ........cuveeeeiiiiiie e 308
Serial communication, LON .........cccceiiiiiiiie i 309
7Y o] o] o= 11T o IS SRR 309
D 1= T [ 309
Technical data ........cc.veeeiiiiiiiii e 309
Event fUNCLiON (EV) ... 310
7Y o] o] o= 11 o ISR 310
D 1= T [ 310
FUNCHON DIOCK. .....eiiiiiiiiiic e 311
INnput and oUPUL SIGNAIS........uuviiieiieeeie e 312
Setting PAraMELEIS ....uvviiiiiiie e 313
EVENt COUNEN (CN) ..uuiiiieiiee e et er e e e e s e s st e e e e e e e e e s e nnnneees 315
7Y o] o] o= 11T o ISR 315
D 1= T [ o S 315
FUNCHON DIOCK. ....eeiiiiiiiiiie e 315
INput and oUPUL SIGNAIS........uuviiieiieeeie e 315
Setting PAraMELEIS ....vvviiiiiii e 316
Technical data ........ccuveeieiiiiiie e 316
1 ToT o TN o] o] o Yo [P 317
LED indication function (HL, HLED).........cccceveiiiiiiiiiiieiieee e 318
7Y o] o] o= 11T o ISR 318
D 1= T [ o O 318
FUNCHON DIOCK. .....eiiiiiiiii e 318
INnput and oUtPUL SIGNAIS........uuveiiiiieeeie e 319
Setting PAraMELEIS ....vvviiiiieie et 320
Disturbance report (DRP) ......coocoiiiiiieiiee et e e 321
7Y o] 0] o= 11 o ISR 321
T Tod1[0] 0 F= 11 Y25 321
FUNCHON DIOCK. .....eiiiiiiiie s 322
INput and oUPUL SIGNAIS........cuveiiiiieeeie e 323
Setting PAraMELEIS ....uvviiiiiiie e 323
Technical data ........cuveeeeiiiiiii e 326
INICALIONS .....eeiiiiiiiiie e 327
7Y o] o] o= 11T o ISR 327
T Ted1[0] 0 F= 11 Y25 327
DISturbancCe reCOrdEr ..........uviiiiiiiiie e 328
7Y o] 0] o= 11 o ISR 328
T Ted1[0] 4 F= 11 Y25 328

TeChNICAl ALA ..vvviiiiiie e e 329



Contents

Chapter 12

Chapter 13

EVENT FTECOTAET ... 330
APPIICALION . 330
DESIGN ettt a e e e e 330
Technical data .........ooooiiiiiiiii e 330

Fault 10cator (FLOC) ...t 331
APPIICALION . 331
FUNCLIONAIILY ..oooeiiie e 331
FUNCHON DIOCK ..ot 332
Input and OULPUL SIGNAIS ....eeeveiiieeiiiiiee e 332
Setting PAramMeEters .....coooi i 333
Technical data .........coooiiiiiiiiii e 334

THIP VAIUE FECOMTET ... et 335
APPIICALION . 335
DTS To | o PRSPPI 335

Monitoring of AC analogue measurements ..........cccceevevevveeiieeeeeenn 336
APPIICALION .o 336
FUNCLIONAIILY ..oooeiie e 336
FUNCHON DIOCK ...eoiiiiiiiiieee e 336
Input and OULPUL SIGNAIS ....eeeveiiieiiiiiiiiee e 337
Setting PAramMeEters .....ooooi i 338
Technical data .........coooiiiiiiiiii e 348

Monitoring of DC analogue measurements .........ccccceeeeeevievieeeeeenn. 349
APPIICALION .o 349
FUNCHON DIOCK ..ot 349
Input and OULPUL SIGNAIS ....eeeveiieeiiiiiiiiieee e 349
Setting PAramMeEters ......oooi i 350
Technical data .........coooiiiiiiiiii e 353

Increased MeasUriNg ACCUIACY ......c.ceeeuiiuuuiiiieieeeaaaae e e ainbeeaeeeaaaaens 354
APPIICALION . 354
FUNCLIONAIILY ..o 354
Technical data .........coeoiiiiiiiii e 354

LS A=) T o Yo SRR 355

Pulse counter [0gIiC (PC) ....uuueieiiiiiiieeee e 356
APPIICALION . 356
DESIGN ..ttt a e e e e 356
FUNCHON DIOCK ...eoiiiiiiiiicee e 356
Input and OULPUL SIGNAIS ....eeeveiiieeiiiiiiee e 357
Setting PAramMeEters .....coooi i 358
Technical data .........coooiiiiiiiiiii e 359

Hardware modules ... 361

MOTUIES ... 362

Transformer input module (TRM) .......uuviiiiiiiiiiiiieeeee e 364
DTS T | o TP PRI 364
Technical data .........coooiiiiiiiiii e 364

A/D-conversion module (ADM) ........ccooiiiiiiiiiiiiiee e 366

DTS T | o TP 366



cContents

Binary 1/0 capabilities ...........cooiiiiiiiiiii e 367
APPIICALION . 367
D=1 T | o FO TR 367
Technical data .............ooooiiiiiiii e 367

Binary input module (BIM) ..o 369
APPIICALION . 369
D=2 T | o FO ST TUPURTPPP 369
FUNCHION DIOCK........cooiiiiiiieerr e 369
Input and oUtPUL SIGNAIS........eueiiiiiieiiii e 369

Binary output module (BOM) .......ccvviiviieeeeieiiicieiieeee e e 371
7Y o] 0] o= 11 o ISR 371
D 1= T [ S 371
FUNCHON DIOCK. .....eiiiiiiiiiie e 372
INnput and oUtPUL SIGNAIS........uuviiieiieeeie e 372

1/O MOAUIE (IOM) ..eeeiiiiiiiiiiee et 373
7Y o] o] o= 11T o ISR 373
D 1= T [ 373
FUNCHON DIOCK. .....eiiiiiiiiiie e 373
INnput and oUPUL SIGNAIS........cuviiieiieeeie e 374

MA input MOAUle (MIM).......coiiiiii e 375
7Y o] 0] o7 11 o IS SRR 375
D 1= T [ S 375
FUNCHON DIOCK. .....eiiiiiiiiice e 375
Technical data ........ccuveeeiiiiiiii 375

Power supply module (PSM) ... 376
7Y o] 0] o7 11T o ISR 376
D 1= T | S 376
FUNCHON DIOCK. .....eiiiiiiiiicee e 376
INnput and oUPUL SIGNAIS........euviiieiieeeie e 376
Technical data ........cuveeeeiiiiii e 377

Human-machine-interface modules (HMI)..........cccoocveveeeneiiiicnnnnes 378
7Y o] 0] o= 11 o IS SRR 378
D 1= T [ S 378
FUNCHON DIOCK. .....eiiiiiiiiiice e 379
Technical data ........cc.veeeiiiiiiii e 380

Optical receiver module (ORM) .......ccocciiiiiiiieiee e 381
7Y o] o] o= 11T o ISR 381
D 1= T [ o S 381
(oo oo [ F=To = 1.4 1R 381
Setting PAraMELEIS ....uuviiiiiiie e 390
Technical data ........cuveeeeiiiiiiii e 390

Serial communication modules (SCM)........uvvvveeereiiiiiiiiiirieieeee e, 391
DeSign, SPAJIEC ...ttt 391
D= T [ T I L SO 391
Technical data ........cc.veeeiiiiiiiii e 391

Data communication MOAUIES.............cceveeiiiiiiieeniiee e 392
7Y o] 0] o= 11 o ISR 392

TeChNICAl ALA ..vvviicieiei e e 393



Contents

Chapter 14 Diagrams............ccccc......

Terminal diagrams.................
Terminal diagram, Rex5xx



contents




About this chapter Chapter 1
Introduction

Chapter 1 Introduction

About this chapter
This chapter introduces you to the manual as such.
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Introduction to the technical reference manual

About the complete set of manuals to a terminal

The complete package of manuals to aterminal is named users manual (UM). The Us-
ersmanual consists of four different manuals:

—]
Application Technical Installation and Operator’s
manual reference commissioning manual

manual manual

en01000044.vsd

The Application Manual (AM) contains descriptions, such as application and func-
tionality descriptions as well as setting cal cul ation examples sorted per function. The
application manual should be used when designing and engineering the protection ter-
minal to find out where and for what atypical protection function could be used. The
manual should also be used when calculating settings and creating configurations.

The Technical Reference Manual (TRM) contains technical descriptions, such as
function blocks, logic diagrams, input and output signals, setting parameter tables and
technical data sorted per function. The technical reference manual should be used as a
technical reference during the engineering phase, installation and commissioning phase
and during the normal service phase.

The Operator’s Manual (OM) contains instructions on how to operate the protection

terminal during normal service (after commissioning and before periodic maintenance

tests). The operator’s manual could be used to find out how to handle disturbances or
how to view calculated and measured network data in order to determine the reason of
a fault.

Thelnstallation and Commissioning Manual (ICM) contains instructions on how to

install and commission the protection terminal. The manual can also be used as a refer-
ence if a periodic test is performed. The manual covers procedures for mechanical and
electrical installation, energising and checking of external circuitry, setting and config-
uration as well as verifying settings and performing a directionality test. The chapters
and sections are organised in the chronological order (indicated by chapter/section
numbers) the protection terminal should be installed and commissioned.
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1.2

Design of the Technical reference manual (TRM)

The description of each terminal related function follows the same structure (where ap-
plicable):

Application

States the most important reasons for the implementation of a particular protection
function.

Functionality/Design
Presents the general concept of afunction.

Function block
Each function block isimaged by agraphical symbol.

Input signals are always on the left side, and output signals on the right side. Settings
are not displayed. A special kind of settings are sometimes available. These are sup-
posed to be connected to constants in the configuration scheme, and are therefore de-
picted asinputs. Such signalswill befound inthe signal list but described in the settings
table.

TUV

—BLOCK TRIP
—BLKTR STL1
—VTSU STL2

STL3
START]

xx00000207.vsd

Figure 1: Function block symbol example

Logic diagram

The description of the design is chiefly based on simplified logic diagrams, which use
IEC symbols, for the presentation of different functions, conditions etc. The functions
are presented as a closed block with the most important internal logic circuits and con-
figurable functional inputs and outputs.

Completely configurable binary inputs/outputs and functional inputs/outputs enablethe
user to prepare the REx 5xx with his own configuration of different functions, accord-
ing to application needs and standard practice.
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{ TUV--BLKTR
1 TUV--BLOCK

| TUV--VTSU 21
STULL & TRIP - cont.

- |STUL2 & >1 & |

] TUV-START!

|
i
i
i
|
|
| — —_— |
+ [STUL3 & 15 ms |
! TUV--STL1 |
|
|
i
i
i

TUV--TRIP |

— |
5 TUV-STL2!

[—] !
15 ms mts TUV--STL3 |
|

. |Operation = On

=
ol
3
7

xx01000170.vsd
Figure 2: Function block diagram example

The names of the configurable logic signals consist of two partsdivided by dashes. The
first part consists of up to four letters and presents the abbreviated name for the corre-
sponding function. The second part presents the functionality of the particular signal.
According to this explanation, the meaning of the signa TUV--BLKTR isasfollows.

« The first part of the signal, TUV- represents the adherence to the Time delayed Un-
der-Voltage function.

» The second part of the signal name, BLKTR informs the user that the signal will
BLocK the TRip from the under-voltage function, when its value is a logical one (1).

Different binary signals have special symbols with the following significance:

» Signals drawn to the box frame to the left present functional input signals. It is pos-
sible to configure them to functional output signals of other functions as well as to
binary input terminals of the REx 5xx terminal. Examples are TUV--BLKTR, TUV-
-BLOCK and TUV--VTSU.Signals in frames with a shaded area on their right side
present the logical setting signals. Their values are high (1) only when the corre-
sponding setting parameter is set to the symbolic value specified within the frame.
Example is the signal Operation = On. These signals are not configurable. Their log-
ical values correspond automatically to the selected setting value.The internal sig-
nals are usually dedicated to a certain function. They are normally not available for
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configuration purposes. Examplesin are signals STUL 1, STUL2 and STUL3.The
functional output signals, drawn to the box frameto the right, present thelogical out-
puts of functions and are available for configuration purposes. The user can config-
ure them to binary outputs from the terminal or to inputs of different functions.
Typical examplesin are signas TUV--TRIP, TUV--START etc.

Other internal signals configurated to other function blocks arewritten on alinewith an
identity and a cont. reference. An exampleisthe signal TRIP - cont. The signal can be
found in the corresponding function with the same identity.

Input and output signals

The signal lists contain all available input and output signal s of the function block, one
table for input signals and one for output signals.

Table 1: Input signals for the TUV (TUV--) function block

Signal Description

BLOCK Block undervoltage function

BLKTR Block of trip from time delayed undervoltage function
VTSU Block from voltage transformer circuit supervision

Table 2: Output signals for the TUV (TUV--) function block

Signal Description

TRIP Trip by time delayed undervoltage function
STL1 Start phase undervoltage phase L1

STL2 Start phase undervoltage phase L2

STL3 Start phase undervoltage phase L3
START Start phase undervoltage

Setting parameters

The setting parameters table contains all available settings of the function block. If a
function consists of more than one block, each block is listed in a separate table.
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Table 3: Setting parameters for the time delayed undervoltage protection TUV
(TUV--) function

Parameter Range Default Unit Description
Operation Off, On Off - Operating mode for TUV function
UPE< 10-100 70 % of Operate phase voltage
Step: 1 Ulb
t 0.000- 0.000 S Time delay
60.000
Step: 0.001

Technical data

The technical data specifies the terminal in general, the functions and the hardware
modules.

Related documents

Documents related to REL 521*2.3 Identity number

Operator’s manual 1MRK 506 068-UEN
Installation and commissioning manual 1MRK 506 070-UEN
Technical reference manual 1MRK 506 069-UEN
Application manual 1MRK 506 111-UEN

Technical overview brochure 1MRK 506 067-BEN
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Chapter 2 General

About this chapter
This chapter describes the terminal in general.
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1.2

Terminal identification

General terminal parameters

Usetheterminal identifiersto name theindividual terminal for identification purposes.
Use the terminal reports to check serial numbers of the terminal and installed modules
and to check the firmware version.

Identifiers and reports are accessible by using the HM1 aswell asby SMS or SCS sys-
tems.

Table 4: Set parameters for the general terminal parameters function

Parameter Range Default Unit Description

Station Name 0-16 Station char Identity name for the station
Name

Station No 0-99999 0 - Identity number for the station

Object Name 0-16 Object char Identity name for the protected
Name object

Object No 0-99999 0 - Identity number for the protected

object
Unit Name 0-16 Unit Name | char Identity name for the terminal
Unit No 0-99999 0 - Identity number for the terminal

Basic protection parameters
Path in HMI-tree: Configuration/Anal ogl nputs/General

Table 5: Setting parameters for analoglnputs - General

Parameter Range Default Unit Description
CTEarth In/Out Out - Direction of CT earthing
fr 50, 60, 16 50 Hz System frequency

2/3

Path in HMI-tree: Configuration/Anal ogl nputsU1-U5
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Table 6: Analog Inputs - Voltage

Parameter Range Default Unit Description

Ulr* 10.000 - 63.509 \% Rated voltage of transformer on
500.000 input U1
Step: 0.001

Ulb 30.000 - 63.509 \% Base voltage of input Ul
500.000
Step:0.001

UlScale 1.000 - 2000.000 - Main voltage transformer ratio, input
20000.000 Ul
Step: 0.001

Name_U1 0-13 Ul char User-defined name of input Ul

U2r* 10.000 - 63.509 \% Rated voltage of transformer on
500.000 input U2
Step: 0.001

u2b 30.000 - 63.509 \Y Base voltage of input U2
500.000
Step: 0.001

U2Scale 1.000 - 2000.000 - Main voltage transformer ratio, input
20000.000 u2
Step: 0.001

Name_U2 0-13 u2 char User-defined name of input U2

U3r* 10.000 - 63.509 \% Rated voltage of transformer on
500.000 input U3
Step: 0.001

U3b 30.000 - 63.509 \Y Base voltage of input U3
500.000
Step: 0.001

U3Scale 1.000 - 2000.000 - Main voltage transformer ratio, input
20000.000 UK
Step: 0.001

Name_U3 0-13 u3 char User-defined name of input U3
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Parameter Range Default Unit Description
Udr * 10.000 - 63.509 \% Rated voltage of transformer on
500.000 input U4
Step: 0.001
U4b 30.000 - 63.509 \% Base voltage of input U4
500.000
Step: 0.001
U4Scale 1.000 - 2000.000 - Main voltage transformer ratio, input
20000.000 u4
Step: 0.001
Name_U4 0-13 U4 char User-defined name of input U4
Ubr * 10.000 - 63.509 \ Rated voltage of transformer on
500.000 input U5
Step: 0.001
UShb 30.000 - 63.509 \% Base voltage of input U5
500.000
Step: 0.001
US5Scale 1.000 - 2000.000 - Main voltage transformer ratio, input
20000.000 us
Step: 0.001
Name_U5 0-13 U5 char User-defined name of input U5
*) Setting is done through the local HMI only.

Path in HMI-tree: Configuration/Ana oglnputs/l1-15
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Table 7: Analog Inputs - Current

Parameter Range Default Unit Description
I1r * 0.1000 - 1.0000 A Rated current of transformer on
10.0000 input 11
Step:
0.0001
I11b 0.1-10.0 1.0 A Base current of input 11
Step: 0.1
I1Scale 1.000 - 2000.000 - Main current transformer ratio,
40000.000 input 11
Step: 0.001
Name_I1 0-13 11 char User-defined name of input 11
12r * 0.1000 - 1.0000 A Rated current of transformer on
10.0000 input 12
Step:
0.0001
12b 0.1-10.0 1.0 A Base current of input 12
Step: 0.1
I2Scale 1.000 - 2000.000 - Main current transformer ratio,
40000.000 input 12
Step:0.001
Name_I2 0-13 12 char User-defined name of input 12
I13r * 0.1000 - 1.0000 A Rated current of transformer on
10.0000 input 13
Step:
0.0001
13b 0.1-10.0 1.0 A Base current of input 13
Step: 0.1
I3Scale 1.000 - 2000.000 - Main current transformer ratio,
40000.000 input 13
Step: 0.001
Name_I3 0-13 13 char User-defined name of input I3

11
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Parameter Range Default Unit Description
14r * 0.1000 - 1.0000 A Rated current of transformer on
10.0000 input 14
Step:
0.0001
14b 0.1-10.0 1.0 A Base current of input 14
Step: 0.1
14Scale 1.000 - 2000.000 - Main current transformer ratio,
40000.000 input 14
Step: 0.001
Name_l4 0-13 14 char User-defined name of input 14
I5r * 0.1000 - 1.0000 A Rated current of transformer on
10.0000 input I5
Step:
0.0001
I5b 0.1-10.0 1.0 A Base current of input 15
Step: 0.1
I5Scale 1.000 - 2000.000 - Main current transformer ratio,
40000.000 input 15
Step: 0.001
Name_I5 0-13 15 char User-defined name of input I5

*) Setting is done through the local HMI only

Calendar and clock

Table 8: Calendar and clock

Parameter

Range

Built-in calender

30 years with leap years
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2 Technical data

2.1 Case dimensions

1/2x19” {2413 mm)

FRONT VIEW
51 S? 59 LED’HML:m
: C—JeC—o
: C—JelC—e
1S9SPM o [ —
H C—JoC—o
' I —
: C—elC—
' C—elC—o
ST S13 S15 S17 519
LCD-HMI
REAR VIEW
X24 X22 X20 X18 X13 X1
TX
RX
- X15
X25 X23 X2 xiz
TX
A
RX
b S)

Figure 3: Hardware structure of the 1/2 of full width 19” case

6U {266,7 mm)

DESIGNATION CORRESPONDING TO CASING

1/2x19"

MODULE FRONT REAR
TRM 1) S1 X112
ADM 1) S? -
ORM 1) St -
MPM S9 X13,15
PSM S13 X18

2) S15 X20,21

2 N X22,23

3) S19 X24,25
TABLE 1

1) OPTION TRM AND ADM OR ORM

2) BIM, BOM, I0M AND/OR MIM
3) BIM, BOM, IOM, MIM OR DCM

13
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3/4x19” (362 mm)

FRONT VIEW
1 S? S9 ST S1T3 SIS S17 St9 %‘D:u
: C—eC—o
: — Y —
S9SPM : e
: e o —
: o o —
: ] —
: — ] —
] S21 S23 525 S27 S29
LCD-HMI
REAR VIEW
X34 X32 X30 X28 X26 X2& X22 X20 X18 X13 xn
X
RX
X15
X35 X33 X31 X29 X21 X25 X23 X21 xiz
TX
A
RX)
5 S]

DESIGNATION CORRESPONDING TO CASING
3/4x19"

MODULE FRONT REAR
TRM 1) N X112
ADM 1) S? -

6U (266,7 mm) ORM 1) 57 _
MPM s9 X13.15

PSM S13 X18
2) S15 X20.21
2) S17 X22,23
2) s19 X24,25
2) hyal X26,21
2) S23 X28.29
2) S25 X30,31
2) S21 X32.33
3) S29 X34,35

TABLE 2

1) OPTION TRM AND ADM OR ORM
2) BIM, BOM, IOM AND/OR MIM
3) BIM, BOM, IOM, MIM OR DCM

Figure 4: Hardware structure of the 3/4 of full width 19” case
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Diagrams (Dimensions)
A
. |/
[ /
] b
N /
1
B_YT c
\? D
96000309.tif
96000310.tif
Case A B C D E F G H | J K
size
6U x 1/2 223.7 205.7 203.7 | - -
6U x 3/4 | 265.9 | 336 | 204.1 | 245.1 | 255.8 | 318 | 190.5|316 |- 227.6 | -
6U x 1/1 448.3 430.3 428.3 | 465.1 482.6
")
*) equal to 19” (mm)

15
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Panel cut-outs for REx 500 series

Flush mounting

97000025.tif

Semi-flush mounting

Cut-out dimensions (mm)

Case size A+/-1 B+/-1
6U x 1/2 210.1 259.3
6U x 3/4 322.4 259.3
6U x 1/1 434.7 259.3
C =4-10 mm
D =16.5mm

E = 187.6 mm without protection cover, 228.6 mm with protection cover

F =106.5mm

G = 97.6 mm without protection cover, 138.6 mm with protection cover

97000026.if
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The flush mounting kits are available in three designs, suitablefor 1/2, 3/4 or full width
terminalsand consists of four fasteners (4) with appropriate mounting detail s and a seal -
ing strip (1) providing 1P54 class protection for fastening to the terminal (5). The semi-
flush mounting kit adds a distance frame (2). An additional sealing strip (3) can be
ordered for semiflush mounting to provide P54 class protection.

Figure 5: The flush mounting kit

e, RATTIE N | AR
3 o raspeat g

. =
2 .
-\._._h
L . l
1
o 1
LIRS '
Py 1
Tk 1 '
o - 1
& . C
o 1
* o, '
?. '
1
1
1
1 B
TTTTTTTTTTTEsTT T T AT AT m e mmm en01000047.vsd

xx01000049.vsd
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Case size (mm) | A B C D E

6U x 1/2 292 267.1

6U x 3/4 404.3 379.4 272.8 390 247

6U x 1/1 516 491.1

Weight
Table 9: Weight

Case size Weight

6U x 1/2 <85kg

6U x 3/4 <1lkg

6U x 1/1 <18kg

Unit
Table 10: Unit

Material Steel sheet

Front plate Aluminium profile with cut-out for HMI

Surface treatment Aluzink preplated steel

Finish Light beige (NCS 1704-Y15R)

Degree of protection Front side: IP40, IP54 with optional sealing strip Rear side: IP20

Environmental properties

Table 11: Temperature and humidity influence

Parameter

Rated value

Nominal range

Influence

Storage temperature

-40 °Cto +70 °C

Ambienttemperature (during | +20 °C

operation)

-5°Cto+55°C

0.01%/°C, within nomi-
nal range

Correct function within
operative range

Relative humidity

10%-90%

10%-90%
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Table 12: Auxiliary DC supply voltage influence on functionality during operation

Dependence on: Within nominal Within operative range
range
Ripple, max 12% or EL Negligible Correct function
Interrupted auxiliary | Without reset <50 ms <50 ms
DC voltage Correct function 0-0 s 0-0 s
Restart time <100 s <100 s

Table 13: Electromagnetic compatibility

Test Type test values Reference standards

1 MHz burst disturbance 2.5kV IEC 60255-22-1, Class Il
Electrostatic discharge 8 kV IEC 60255-22-2, Class Il
Fast transient disturbance 4 kv IEC 60255-22-4, Class IV
Radiated electromagnetic field distur- | 10 V/m, 25- IEC 60255-22-3, Class llI
bance 1000 MHz IEEE/ANSI C37.90.2

Table 14: Insulation

Test

Type test values

Reference standard

Dielectric test

2.0 kVAC, 1 min.

Impulse voltage test

5KV, 1.2/50 ps, 0.5 J

Insulation resistance

>100 MQ at 500 VDC

IEC 60255-5

Table 15: CE compliance

Test According to
Immunity EN 50082-2
Emissivity EN 50081-2
Low voltage directive EN 50178

19
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Table 16: Mechanical tests

Test Type test values Reference standards
Vibration Class | IEC 60255-21-1
Shock and bump Class | IEC 60255-21-2
Seismic Class | IEC 60255-21-3
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Chapter 3 Common functions

About this chapter
This chapter presents the common functionsin the terminal.

21
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Time synchronisation (TIME)

Application

Use the time synchronization source selector to select a common source of absolute
timefor thetermina when it isapart of aprotection system. This makes comparison of

events and disturbance data between all terminalsin a system possible.

Function block

TIME-

TIME
—MINSYNC RTCERR
—SYNCSRC SYNCERR

xx00000171.vsd

Input and output signals

Table 17: Input signals for the TIME (TIME-) function block

Signal Description
MINSYNC Minute pulse input
SYNCSRC Synchronization source selector input. See settings for

details.

Table 18: Output signals for the TIME (TIME-) function block

Signal Description
RTCERR Real time clock error
SYNCERR Time synchronisation error
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Setting parameters

Table 19: Setting parameters for the time synchronization source selector func-

tion
Parameter Range Default Unit Description
SYNCSRC 0-5 0 - Selects the time synchronization

source:

0: No source. Internal real time clock

is used without fine tuning.

1: LON bus

2: SPA bus

3: IEC 870-5-103 bus

4: Minute pulse, positive flank

5: Minute pulse, negative flank

23
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Setting group selector (GRP)

Application

Use the four sets of settings to optimize the terminal’s operation for different system
conditions. By creating and switching between fine tuned setting sets, either from the
human-machine interface or configurable binary inputs, results in a highly adaptable
terminal that can cope with a variety of system scenarios.

Logic diagram

|
|
; |
: | | ACTIVATE GROUP 2

| e leslon oot
| +RL2 | : | I___A_CI'!A_TE_ERQEPJ_
. | | |
| | | [ T T T T T T T T T |
i : L O.L _ 10x-Blyl . GRP--ACTGRP1 N ! i
! | L — = ” > .
! | N _ 10x-Bly2 | GRP--ACTGRP2 P!
| I | o~ = [ i |
i | | IOx-Bly3 | GRP--ACTGRP3 o
. t NS = - .
[ [ _ 10x-Bly4 ! GRP--ACTGRP4 N P!
| o.]\ t T o i |
| S

en01000144.vsd

Figure 6: Connection of the function to external circuits

Function block

GRP--
ACTIVEGROUP

—ACTGRP1 GRP1l—
—ACTGRP2 GRP2|—
—ACTGRP3 GRP3|—

ACTGRP4 GRP4
xx00000153.vsd
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Input and output signals

Table 20: Input signals for the ACTIVEGROUP (GRP--) function block

Signal Description

ACTGRP1 Selects setting group 1 as active
ACTGRP2 Selects setting group 2 as active
ACTGRP3 Selects setting group 3 as active
ACTGRP4 Selects setting group 4 as active

Table 21: Output signals for the ACTIVEGROUP (GRP--) function block

Signal Description

GRP1 Setting group 1 is active
GRP2 Setting group 2 is active
GRP3 Setting group 3 is active
GRP4 Setting group 4 is active
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Setting lockout (HMI)

Application

Unpermitted or uncoordinated changes by unauthorized personnel may cause severe
damage to primary and secondary power circuits. Use the setting lockout function to
prevent unauthorized setting changes and to control when setting changes are allowed.

By adding a key switch connected to a binary input a simple setting change control cir-

cuit can be built ssimply allowing only authorized keyholders to make setting changes
from the built-in HMI.

Function block

SETTING RESTRICTION
BLOCKSET

xx00000154.vsd

Logic diagram

ReXSXX o ___._._.
! |
! |
[ r— 7 7 _| i
+ .
P~ L ™ wielockser }—I\ | |
| .
SWITCH | | RESTRICT |
WITHKEY I | SettingRestrict=Block & SETTINGS |
| |
! | i
I —_——— - —_—— — — — — . I
| .
L !

en01000152.vsd

Figure 7. Connection and logic diagram for the BLOCKSET function
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Input and output signals
Table 22: Input signals for the SETTING RESTRICTION function block

Signal

Description

BLOCKSET

Input signal to block setting and/or configuration changes
from the local HMI. WARNING: Read the instructions before
use. Default configuration to NONE-NOSIGNAL.

Setting parameters

Table 23: Setting parameters for the setting lockout function

Parameter Range Default Unit Description
SettingRestrict | Open, Open - Open: Setting parameters can be
Block changed.

Block: Setting parameters can only
be changed if the logic state of the
BLOCKSET input is zero.
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I/O system configurator (IOP)

Application

The 1/0 system configurator must be used in order for the terminal’s software to recog-
nize added modules and to create internal address mappings between modules and pro-

tections and other functions.

Logic diagram

10P1-

I/OPosition

S11
S12
S13
S14
S15
S16
S17
S18
S19
S20
S21
S22
S23
S24
S25
S26
S27
S28
S30
S32

S36

|
—1 POSITION ERROR]|

lf ~ 1/O-module T

BI1:

1/0-module |

|
| |
: POSITION ERROR|
| BI1!
|
|
|
|

en01000143.vsd

Figure 8: Example of an I/O-configuration in the graphical tool CAP 531 for a REx 5xx
with two BIMs.
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10P1-
I/OPOSITION
S11
S12
S13
S14
S15
S16
S17
S18
S19
S20
S21
S22
S23
S24
S25
S26
S27
S28
S29
S30
S31
S32
S33
S34
S35
S36

xx00000238.vsd

Input and output signals
Table 24: Output signals for the I/OPOSITION (IOPn-) function block

Signal

Description

Snn

Slot position nn (nn=11-39)
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Self supervision (INT)

Application
Usethelocal HMI, SMS or SCS system to view the status of the self-supervision func-
tion. The self-supervision operates continuously and includes:

« Normal micro-processor watchdog function
» Checking of digitized measuring signals

« Checksum verification of PROM contents and all types of signal communication

Function block

INT--

INTERNSIGNALS
FAIL
WARNING
CPUFAIL
CPUWARN
ADC
SETCHGD

xx00000169.vsd
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I Power supply fault Power supply Fault
| module

!Watchdo
ITX overflow
Master resp.

iSugeg fault >
iReBoot 110 »

1/0 nodes

Fault

i Checksum fault
|

A/D conv.

Fault

FAIL

module

Sending reports »
|

|

| DSP fault

- Supply fault
| Parameter check

Main CPU

Fault

|

i 1/0 nodes = BIM, BOM, IOM

i PSM, MIM or DCM
- DSP = Digital Signal Processor

. Xxxx = Inverted signal

99000034.vsd

Figure 9: Hardwar e self-supervision, potential-free alarm contact.
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Remote NO RX Data

terminal
NO TX Clock
Check RemError
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TIME-RTCERR

RTC-WARNING

1]
|

INT--CPUWARN

RTC-WARNING
INT--CPUWARN

INT--WARNING

>1
TIME-SYNCERR —I
>1

OK

Watchdog
Check CRC
RAM check

DSP Modules, 1-12 2K | & b INT-CPUFAIL :
o—NT-CPURAL |

Main
CPU

INT--CPUFAIL
INT--ADC

1/0 node FAIL

INT--FAIL .
1

RTC-WARNING = DIFL-COMFAIL or
RTC1-COMFAIL +
RTC2-COMFAIL

1/0 node = BIM, BOM, IOM, PSM, MIM, DCM
(described in the hardware design)
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Figure 10: Software self-supervision, function block INTernal signals
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Input and output signals
Table 25: Output signals for the INTERNSIGNALS (INT--) function block

Signal Description

FAIL Internal fail status
WARNING Internal warning status
CPUFAIL CPU module fail status
CPUWARN CPU module warning status
ADC A/D-converter error
SETCHGD Setting changed

Technical data

Table 26: Internal event list

Data

Value

Recording manner

Continuous, event controlled

List size

40 events, first in-first out
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Logic function blocks

Application

The user can with the available logic function blocks build logic functions and config-
ure the terminal to meet application specific requirements.

Different protection, control, and monitoring functions within the REx 5xx terminals
are quiteindependent asfar astheir configuration in the terminal isconcerned. The user
can not change the basic algorithms for different functions. But these functions com-
bined with the logic function blocks can be used to create application specific function-
ality.

With additional configurable logic meansthat an extended number of logic circuits are
available. Also Move function blocks (MOF, MOL), used for synchronization of bool-
ean signals sent between logics with slow and fast execution, are among the additional

configurable logic circuits.

Inverter function block (INV)

The inverter function block INV has one input and one output, where the output isin
inverse ratio to the input.

1IVO1-
INV
INPUT ouT

xx00000158.vsd

Table 27: Input signals for the INV (IVnn-) function block

Signal Description

INPUT Logic INV-Input to INV gate

Table 28: Output signals for the INV (IVnn-) function block

Signal Description

Out Logic INV-Output from INV gate
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OR function block (OR)

The OR function is used to form general combinatory expressions with boolean vari-
ables. The OR function block has six inputs and two outputs. One of the outputsisin-
verted.

0001-

INPUT1 OUT|—
INPUT2 NOUT—
INPUT3
INPUT4
INPUTS
INPUT6

xx00000159.vsd

Table 29: Input signals for the OR (Onnn-) function block

Signal Description

INPUT1 Input 1 to OR gate
INPUT2 Input 2 to OR gate
INPUT3 Input 3 to OR gate
INPUT4 Input 4 to OR gate
INPUTS Input 5 to OR gate
INPUT6 Input 6 to OR gate

Table 30: Output signals for the OR (Onnn-) function block

Signal Description
ouT Output from OR gate
NOUT Inverted output from OR gate

AND function block (AND)

The AND function is used to form general combinatory expressions with boolean vari-
ables. The AND function block has four inputs and two outputs. One of the inputs and
one of the outputs are inverted.

35



Logic function blocks Chapter 3
Common functions

6.5

36

A001-
AND
—]{INPUT1 OUT—
—]{INPUT2 NOUTf—

INPUT3
INPUT4N

xx00000160.vsd

Table 31: Input signals for the AND (Annn-) function block

Signal Description

INPUT1 Input 1 to AND gate

INPUT2 Input 2 to AND gate

INPUT3 Input 3 to AND gate
INPUT4N Input 4 (inverted) to AND gate

Table 32: Output signals for the AND (Annn-) function block

Signal Description
ouT Output from AND gate
NOUT Inverted output from AND gate

Timer function block (TM)

The function block TM timer has drop-out and pick-up delayed outputs related to the
input signal. The timer has a settable time delay (parameter T) between 0.000 and
60.000 sin steps of 0.001 s.

TMO1-
TIMER
—INPUT OFF|—
—7 ONf—

xx00000161.vsd

Table 33: Input signals for the TIMER (TMnn-) function block

Signal Description
INPUT Input to timer
T Time value. See setting parameters
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Table 34: Output signals for the TIMER (TMnn-) function block

Signal Description
OFF Output from timer, drop-out delayed
ON Output from timer , pick-up delayed

Setting parameters

Table 35: Setting parameters for the Timer (TMnn-) function

Parameter Range Default Unit Description

T 0.000- 0.000 S Delay for timer nn
60.000
Step: 0.001

Timer long function block (TL)

Thefunction block TL timer with extended maximum time delay at pick-up and at drop-
out, isidentical with the TM timer. The difference isthe longer time delay, settable be-
tween 0.0 and 90000.0 sin stepsof 0.1 s

TLO1-
TIMERLONG
—{INPUT OFF—
—T ONf—

xx00000162.vsd

Table 36: Input signals for the TIMERLONG (TLnn-) function block

Signal Description
INPUT Input to long timer
T Time value. See setting parameters

Table 37: Output signals for the TIMERLONG (TLnn-) function block

Signal Description
OFF Output from long timer, drop-out delayed
ON Output from long timer, pick-up delayed
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Setting parameters

Table 38: Setting parameters for the TimerLong (TLnn-) function

Parameter Range Default Unit Description
T 0.0-90000.0 | 0.0 S Delay for TLnn function
Step:0.1

Pulse timer function block (TP)

The pulse function can be used, for example, for pulse extensions or limiting of opera-
tion of outputs. The pulse timer TP has a settable length of a pul se between 0.000 sand
60.000 sin steps of 0.010 s.

TPO1-
PULSE
—INPUT OUT—

xx00000163.vsd

Table 39: Input signals for the TP (TPnn-) function block

Signal Description
INPUT Input to pulse timer
T Pulse length. See setting parameters

Table 40: Output signals for the TP (TPnn-) function block

Signal Description

ouT Output from pulse timer

Setting parameters

Table 41: Setting parameters for the Pulse (TPnn-) function

Parameter Range Default Unit Description
T 0.000- 0.010 S Pulse length
60.000
Step:0.010
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Extended length pulse function block (TQ)

The function block TQ pulse timer with extended maximum pulse length, is identical
with the TP pulse timer. The difference isthe longer pulse length, settable between 0.0
and 90000.0 sin stepsof 0.1 s.

TQO1-
PULSELONG
—INPUT ouT|—
—T

xx00000164.vsd

Table 42: Input signals for the PULSELONG (TQnn-) function block

Signal Description
INPUT Input to pulse long timer
T Pulse length. See setting parameters

Table 43: Output signals for the PULSELONG (TQnn-) function block

Signal Description

ouT Output from pulse long timer

Setting parameters
Table 44: Setting parameters for the PulseLong (TQnn-) function

Parameter Range Default Unit Description
T 0.0-90000.0 | 0.0 S Pulse length
Step: 0.1

Exclusive OR function block (XO)

The exclusive OR function XOR is used to generate combinatory expressions with
boolean variables. The function block XOR has two inputs and two outputs. One of the
outputsisinverted. The output signal is1if theinput signals are different and O if they
areequal.

XO01-
XOR
—INPUT1 OUT|—
—INPUT2 NOUT[—

xx00000165.vsd
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Table 45: Input signals for the XOR (XOnn-) function block

Signal Description
INPUT1 Input 1 to XOR gate
INPUT2 Input 2 to XOR gate

Table 46: Output signals for the XOR (XOnn-) function block

Signal Description
ouT Output from XOR gate
NOUT Inverted output from XOR gate

Set-reset function block (SR)

The Set-Reset (SR) functionisaflip-flop that can set or reset an output from two inputs
respectively. Each SR function block has two outputs, where oneisinverted.

SRO1-

—RESET

OuUTf—
NOUT|—

xx00000166.vsd

Table 47: Input signals for the SR (SRnn-) function block

Signal Description
SET Input to SR flip-flop
RESET Input to SR flip-flop

Table 48: Output signals for the SR (SRnn-) function block

Signal Description
ouT Output from SR flip-flop
NOUT Inverted output from SR flip-flop
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Set-reset with memory function block (SM)

The Set-Reset function SM is aflip-flop with memory that can set or reset an output
from two inputs respectively. Each SM function block has two outputs, where oneis
inverted. The memory setting controlsif the flip-flop after a power interruption will re-
turn the state it had before or if it will be reset.

SMO1-
SRM

—SET OouUTf—
—RESET NOUTf—

xx00000382.vsd

Table 49: Input signals for the SRM (SMnn-) function block

Signal Description
SET Input to SRM flip-flop
RESET Input to SRM flip-flop

Table 50: Output signals for the SRM (SMnn-) function block

Signal Description
ouT Output from SRM flip-flop
NOUT Inverted output from SRM flip-flop

Table 51: Setting parameters for the SRM (SMnn-) function

Parameter Range Default Unit Description
Memory Off/On Off - Operating mode of the memory
function

Controllable gate function block (GT)

The GT function block isused for controlling if asignal should be ableto pass from the
input to the output or not depending on a setting.

GTO1-
GT
—INPUT OouTI—

xx00000380.vsd
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Table 52: Input signals for the GT (GTnn-) function block

Signal Description

INPUT Input to gate

Table 53: Output signals for the GT (GTnn-) function block

Signal Description

Out Output from gate

Setting parameters
Table 54: Setting parameters for the GT (GTnn-) function

Parameter Range Default Unit Description

Operation Off/On Off - Operating mode for GTn function

Settable timer function block (TS)

The function block TS timer has outputs for delayed input signal at drop-out and at
pick-up. Thetimer has a settabl e time del ay between 0.00 and 60.00 sin stepsof 0.01 s.
It also has an Operation setting On, Off that controls the operation of the timer.

TS01-

—INPUT ON}—
OFFf—

xx00000381.vsd

Table 55: Input signals for the TS (TSnn-) function block

Signal Description

INPUT Input to timer

Table 56: Output signals for the TS (TSnn-) function block

Signal Description
ON Output from timer, pick-up delayed
OFF Output from timer, drop-out delayed
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Setting parameters

Table 57: Setting parameters for the TS (TSn-) function

Parameter Range Default Unit Description
Operation Off/On Off - Operating mode for TSn function
T 0.00-60.00 | 0.00 S Delay for settable timer n

Step: 0.01

Move first function block (MOF)

The Movefunction block MOF isput First in the slow logic and isused for signals com-
ing from fast logic into the slow logic. The MOF function block isonly atemporary
storage for the signals and do not change any value between input and output.

Function block

MOF1-

INPUT1
INPUT2
INPUT3
INPUT4
INPUTS
INPUTE
INPUT7
INPUT8
INPUT9
INPUT10
INPUT11
INPUT12
INPUT13
INPUT14
INPUT15
INPUT16

MOVE

OUTPUT1
OUTPUT2
OUTPUT3
OUTPUT4
OUTPUTS
OUTPUT6E
OUTPUT7
OUTPUTS8
OUTPUT9
OUTPUTI10
OUTPUTI11
OUTPUT12
OUTPUT13
OUTPUT14
OUTPUTI15
OUTPUT16
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Table 58: Input signals for the MOFx function block

Signal

Description

INPUTN

Input n (n=1-16) to MOFx

Table 59: Output signals for the MOFx function block

Signal

Description

OUTPUTN

Output n (n=1-16) from MOFx
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Move last function block (MOL)

The Move function block MOL isput Last in the slow logic and is used for signals go-
ing out from the slow logic to the fast logic. The MOL function block is only atempo-
rary storage for the signals and do not change any value between input and output.

MOL1-

MOVE
INPUT1 OUTPUT1
INPUT2 OUTPUT2
INPUT3 OUTPUT3
INPUT4 OUTPUT4
INPUTS OUTPUTS
INPUT6 OUTPUT6
INPUT7 OUTPUT7
INPUT8 OUTPUTS8
INPUT9 OUTPUT9

INPUT10 OUTPUT10
INPUT11  OUTPUT11
INPUT12  OUTPUT12
INPUT13  OUTPUT13
INPUT14  OUTPUT14
INPUT15 OUTPUT15
INPUT16  OUTPUT16
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Table 60: Input signals for the MOLXx function block

Signal Description

INPUTN Input n (n=1-16) to MOLXx

Table 61: Output signals for the MOLx function block

Signal Description

OUTPUTN Output n (n=1-16) from MOLx




Logic function blocks

Chapter 3
Common functions

6.16

Technical data

Table 62: Available logic function blocks

Update rate Block Availability

6 ms AND 30 gates
OR 60 gates
INV 20 inverters
™ 10 timers
TP 10 pulse timers
SM 5 flip-flops
GT 5 gates
TS 5 timers

200 ms TL 10 timers
TQ 10 pulse timers
SR 5 flip-flops
XOR 39 gates

Table 63: Additional logic function blocks

Update rate Block Availability
6 ms TP 40 pulse timers
200 ms AND 239 gates
OR 159 gates
INV 59 inverters
MOF 3 registers
MOL 3 registers
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Blocking of signals during test

Application

The protection and control terminals have acomplex configuration with many included
functions. To make the testing procedure easier, the terminalsinclude the feature to in-
dividualy block asingle, several or al functions.

Thismeansthat it is possible to see when afunction isactivated or trips. It aso enables
the user to follow the operation of several related functionsto check correct functional -
ity and to check parts of the configuration etc.

Function block

TEST-
TEST
—INPUT ACTIVE—

en01000074.vsd

Input and output signals
Table 64: Input signals for the Test (TEST-) function block

Signal Description

INPUT Sets terminal in test mode when active

Table 65: Output signals for the Test (TEST-) function block

Signal Description

ACTIVE Terminal in test mode




About this chapter Chapter 4
Line impedance

Chapter 4 Line impedance

About this chapter
This chapter describes the line impedance functions in the terminal.
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Distance protection (ZM)

Application

The ZM distance protection function provides fast and reliable protection for overhead
lines and power cablesin all kinds of power networks. For each independent distance
protection zone, full scheme design provides continuous measurement of impedance
separately in three independent phase-to-phase measuring loops as well asin threein-
dependent phase-to-earth measuring loops.

Phase-to-phase distance protection is suitable as a basic protection function against
two- and three-phase faultsin all kinds of networks, regardless of the treatment of the
neutral point. Independent setting of the reach in the reactive and the resistive direction
for each zone separately, makesit possible to create fast and selective short circuit pro-
tection in power systems.

Phase-to-earth distance protection serves as basic earth fault protection in networks
with directly or low impedance earthed networks. Together with an independent phase
preferencelogic, it also serves as selective protection function at cross-country faultsin
isolated or resonantly earthed networks.

Independent reactive reach setting for phase-to-phase and for phase-to-earth measure-
ment secures high selectivity in networkswith different protective relays used for short-
circuit and earth-fault protection.

7
/
Xph-ph//

/ Rph-ph Rph-e

98000062.vmf
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Where:

Xphe = reactive reach for ph-e faults
Xph-ph = reactive reach for ph-ph faults
Rph.e = resistive reach for ph-e faults
Rph-ph = resistive reach for ph-ph faults

Zine = line impedance

Figure 11: Schematic presentation of the operating characteristic for one distance pro-

tection zone in forward direction

Distance protection with simplified setting parameters is available on request. It uses
the same algorithm as the basic distance protection function. Simplified setting param-
eters reduce the complexity of necessary setting procedures and make the operating
characteristic automatically more adjusted to the needs in combined networks.

/ RFPP

RFPE

xx00000713.vsd
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Where:

X = reactive reach for all kinds of faults
RFPP = resistive reach for phase-to-phase faults
RFPE = resistive reach for phase-to-earth faults

Ziine = line impedance

Figure 12: Schematic presentation of the operating characteristic for one distance pro-
tection zone in forward direction with simplified setting parameters

The distance protection zones can operate, independently of each other, in directional
(forward or reverse) or non-directional mode. This makesit suitable, together with dif-
ferent communication schemes, for the protection of power lines and cablesin complex
network configurations, such as double-circuit, parallel lines, multiterminal lines, etc.
Zone 1, 2 and 3 can issue phase selective signals, such as start and trip.

Theadditional distance protection zonesfour and five have the same basic functionality
as zone 1-3, but lack the possibility of issuing phase selective output signals.

Distance protection zone 5 has shorter operating time than other zones, but a so higher
transient overreach. It should generally be used as acheck zone together with the SOTF
switch onto fault function or as atime delayed zone with time delay set longer than
100ms.

Basic distance protection function is generally suitable for usein non-compensated net-
works. A special addition to the basic functionsis available optionally for use on series
compensated and adjacent lines where voltage reversals might disturb the correct direc-
tional discrimination of abasic distance protection.

Functionality

Separate digital signal processors calcul ate the impedance as seen for different measur-
ing loops in different distance protection zones. The results are updated each millisec-
ond, separately for all measuring loopsand each distance protection zone. M easurement
of theimpedance for each loop follows the differential equation, which considers com-
plete line replicaimpedance, as presented schematically in figure 13.

X .
u(t) = R+ Ry O+ = (AU

w
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Where:
R, =line resistance

R¢ = fault resistance

X, = line reactance
w 2rf
f  =frequency

Figure 13: Schematic presentation of impedance measuring principle.

Settings of all line parameters, such as positive sequence resistance and reactance as
well as zero-sequence resistance and reactance, together with expected fault resistance
for phase-to-phase and phase-to-earth faults, are independent for each zone. The oper-
ating characteristic is thus automatically adjusted to the line characteristic angle, if the
simplified operating characteristic has not been especially requested. The earth-return
compensation factor for the earth-fault measurement is cal culated automatically by the
terminal itself.

Voltage polarization for directional measurement uses continuous calculation and up-
dating of the positive sequencevoltage for each measuring loop separately. This secures
correct directionality of the protection at different evolving faults within the complex
network configurations. A memory retaining the pre-fault positive-sequence voltage se-
curesreliable directional operation at close-up three-phase faults.
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The distance protection function blocks are independent of each other for each zone.
Each function block comprises a number of different functional inputs and outputs,
which are freely configurable to different external functions, logic gates, timers and bi-
nary inputs and outputs. This makes it possible to influence the operation of the com-
plete measuring zone or only its tripping function by the operation of fuse-failure
function, power swing detection function, etc.

Function block, zone 1- 3

ZM1--
ZM1

BLOCK
BLKTR
VTSZ
STCND

TRIP
TRL1
TRL2
TRL3
START]
STL1|
STL2|
STL3|
STND,

Figure 14: ZM1 function block for single, two and/or three phase tripping

xx00000173.vsd

ZM1--

BLOCK
BLKTR
VTSZ

STCND

ZM1
TRIP—
START|—
STND—

xx00000702.vsd

Figure 15: ZM1 function block for three phase tripping

ZM2--

BLOCK
BLKTR
VTSZ
STCND

ZM2

TRIP

TRL1

TRL2

TRL3

START]

STL1|

STL2|

STL3|

STND,

Figure 16: ZM2 function block for single, two and/or three phase tripping

xx00000174.vsd
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ZM2--

BLOCK
BLKTR
VTSZ

STCND

ZM2
TRIP—
START|—
STND—

xx00000703.vsd

Figure 17: ZM2 function block for three phase tripping

ZM3--

BLOCK
BLKTR
VTSZ
STCND

ZM3

TRIP

TRL1

TRL2

TRL3

START]

STL1|

STL2|

STL3|

STND,
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Figure 18: ZM3 function block for single, two and/or three phase tripping

ZM3--

BLOCK
BLKTR
VTSZ
STCND

ZM3
TRIP—
START|—
STND}|—

xx00000704.vsd

Figure 19: ZM3 function block for three phase tripping

Function block, zone 4

ZM4--

ZM4
—BLOCK TRIP—
—BLKTR START|—
—VTSZ STND|—
—STCND

Figure 20: ZM4 function block

xx00000176.vsd
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Function block, zone 5

ZM5--

ZM5
—BLOCK TRIP
—BLKTR START]
—VTSZ STND,
—STCND

xx00000177.vsd

Figure 21: ZM5 function block

Logic diagram

|ZM1--STCND

|
| ZM1L1L2

|
| zmM1L21L3

STNDL1L2-cont.,

|
| ZM1L3L1

STNDLZ2L3-cont.

|
I ZM1LIN

STNDL3L1-cont.

|
I zm1L2N

STNDL1N-cont.

|
! ZM1L3N

STNDL2N-cont.

IZM1--VTSZ

lzM1--BLOCK |

STNDL3N-cont.

STNDPE-cont.

99000557.vsd

Figure 22: Conditioning by a group functional input signal ZM1--STCND
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! i
+ STNDL1N-cont. | :
| 21 !
| STNDL2N-cont. | |
! 2 R ZM1--STL1 !
| STNDL3N-cont. L 4 t !
| STNDL1L2-cont, 21 2 i ZM1--STL2!
| ¢ |
. STNDL2L3-cont. [ A = i

F ms .
\ STNDL3L1-cont. [ & t} ZM1--STLS |
! >1 — — .
| L S !
: ~ sl M ZM1-START,
I L >1 '
. - L — .
| |
i BLK-cont. I

en00000488.vsd

Figure 23: Composition of starting signalsin non-directional operating mode
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Figure 24: Composition of starting signalsin directional operating mode
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Figure 25: Tripping logic for the distance protection zone one

Input and output signals, zone 1-3
Table 66: Input signals for the ZM1 (ZM1--), ZM2 (ZM2--), ZM3 (ZM3--) function

blocks
Signal Description
BLOCK Blocks the operation of distance protection zone n
BLKTR Blocks tripping outputs of distance protection zone n
VTSZ Blocks the operation of distance protection zone n - con-
nected to fuse failure signal FUSE-VTSZ
STCND External starting condition for the operation of the distance

protection zone n. Connected to one of the phase selection

criteria signal GFC--STCND

signals PHS--STCNDI, PHS--STCNDZ or to the general fault
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Table 67: Output signals for the ZM1 (ZM1--), ZM2 (ZM2--), ZM3 (ZM3--) function

blocks

Signal Description

TRIP Trip by distance protection zone n

TRL1 Trip by distance protection zone n in phase L1 (available only
with single pole tripping unit)

TRL2 Trip by distance protection zone n in phase L2 (available only
with single pole tripping unit)

TRL3 Trip by distance protection zone n in phase L3 (available only
with single pole tripping unit)

START Start of (directional) distance protection zone n

STL1 Start of (directional) distance protection zone n in phase L1
(available only with single pole tripping unit)

STL2 Start of (directional) distance protection zone n in phase L2
(available only with single pole tripping unit)

STL3 Start of (directional) distance protection zone n in phase L3
(available only with single pole tripping unit)

STND Non-directional start of distance protection zone n

1.8 Input and output signals, zone 4
Table 68: Input signals for the ZM4 (ZM4--) function block

Signal Description

BLOCK Blocks the operation of distance protection zone 4

BLKTR Blocks tripping outputs of distance protection zone 4

VTSZ Blocks the operation of distance protection zone 4 - con-
nected to fuse failure signal FUSE-VTSZ

STCND External starting condition for the operation of the distance
protection zone n. Connected to one of the phase selection
signals PHS--STCNDI, PHS--STCNDZ or to the general fault
criteria signal GFC--STCND
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1.10

Table 69: Output signals for the ZM4 (ZM4--) function block

Signal: Description:

TRIP Trip by distance protection zone 4

START Start of directional distance protection zone 4
STND Start of non-directional distance protection zone 4

Input and output signals, zone 5

Table 70: Input signals for the ZM5 (ZM5--) function block

Signal Description

BLOCK Blocks the operation of distance protection zone 5

BLKTR Blocks tripping outputs of distance protection zone 5

VTSZ Blocks the operation of distance protection zone 5 - con-
nected to fuse failure signal FUSE-VTSZ

STCND External starting condition for the operation of the distance

protection zone n. Connected to one of the phase selection
signals PHS--STCNDI, PHS--STCNDZ or to the general fault
criteria signal GFC--STCND

Table 71: Output signals for the ZM5 (ZM5--) function block

Signal Description

TRIP Trip by distance protection zone 5

START Start of directional distance protection zone 5
STND Start of non-directional distance protection zone 5

Setting parameters, general

Setting parametersfor the resistive and the reactive reach are presented for theterminals
with rated current Ir = 1A. All impedance values should be divided by 5 for the termi-
nalswith rated current Ir = 5A.

Path in HMI-tree: Settings/Functions/Group n/lmpedance/Generd
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Table 72: General setting parameters ZM1 - ZM5

Parameter Range Default | Unit Description
IMIinOp 10-30 20 % of 11b Minimum operate current
Step: 1

Setting parameters, zone 1-3
Path in HMI-tree: Settings/Functions/Group n/Impedance/Zone 1-3

Table 73: General setting parameters for ZM1 - 3 (ZMn--) function

Parameter Range Default | Unit Description

Operation Off, Non- Off - Operating mode and directionality
Dir, For- for ZMn function
ward,
Reverse

Path in HMI-tree: Settings/Functions/Group n/lmpedance/Zonel-3

Table 74: Settings for the phase-to-phase measurement ZM1 - 3 (ZMn--) function

Parameter Range Unit Default Description
Operation PP Off, On - Off Operating mode for ZMn function for
Ph-Ph faults
X1PP 0.10-400.00 | ohm/ph | 10.00 Positive sequence reactive reach of
Step: 0.01 distance protection zone nfor Ph-Ph
faults
R1PP 0.10-400.00 | ohm/ph | 10.00 Positive sequence line resistance
Step: 0.01 included in distance protection
zone n for Ph-Ph faults
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Parameter Range Unit Default Description
RFPP 0.10-400.00 | ohm/ 10.00 Resistive reach of distance protec-
Step: 0.01 loop tion zone n for Ph-Ph faults

Timer t1PP Off, On - Off Operating mode of time delayed trip

Timer t2PP for the distance protection zone n for
Ph-Ph faults

Timer t3PP

t1PP 0.000 - S 0.000 Time delayed trip operation of the

t2PP 60.000 distance protection zone nfor Ph-Ph

. faults
3PP Step: 0.001

Path in HMI-tree: Settings/Functions/Group n/Impedance/Zonel-3

Table 75: Settings for the phase-to-earth measurement ZM1 - 3 (ZMn--) function

Parameter Range Unit Default Description
Operation PE Off, On - Off Operating mode for ZMn for Ph-E
faults
X1PE 0.10-400.00 | ohm/ph | 10.00 Positive sequence reactive reach of
Step: 0.01 distance protection zone n for Ph-E
faults
R1PE 0.10-400.00 | ohm/ph | 10.00 Positive sequence line resistance
Step: 0.01 included in distance protection
zone n for Ph-E faults
XOPE 0.10- ohm/ph | 10.00 Zero sequence line reactance
1200.00 included in distance protection
Step: 0.01 zone n for Ph-E faults
ROPE 0.10- ohm/ph | 10.00 Zero sequence line resistance
1200.00 included in distance protection
Step: 0.01 zone n for Ph-E faults
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Parameter Range Unit Default Description
RFPE 0.10-400.00 | ohm/ 10.00 Resistive reach of distance protec-
Step: 0.01 loop tion zone n for Ph-E faults
Timer t1PE Off, On - Off Operating mode of time delayed trip
Timer t2PE for the distance protection zone n for
Ph-E faults
Timer t3PE
t1PE 0.000 - s 0.000 Time delayed trip operation of the
t2PE 60.000 distance protection zone n for Ph-E
apE Step: 0.001 faults
1.12 Setting parameters, zone 4

Path in HMI-tree: Settings/Functions/Group n/lmpedance/Zone4

Table 76: General zone setting parameters ZM4 (ZMn--) function
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Parameter Range Default Unit Description

Operation Off, Non- Off - Operating mode and directionality
eDir, For- for ZM4
ward,
Reverse

Path in HMI-tree: Settings/Functions/Group n/Impedance/Zone4

Table 77: Settings for the phase-to-phase measurement ZM4 (ZMn--) function

Parameter Range Default | Unit Description
Operation PP Off, On Off - Operating mode for ZM4 for Ph-Ph
faults

X1PP 0.10 - 10.00 ohm/ph Positive sequence reactive reach of
400.00 distance protection zone 4 for Ph-Ph
Step:0.01 faults

R1PP 0.10 - 10.00 ohm/ph Positive sequence line resistance
400.00 included in distance protection zone
Step: 0.01 4 for Ph-Ph faults
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Parameter Range Default | Unit Description
RFPP 0.10 - 10.00 ohm/loop Resistive reach of distance protec-
400.00 tion zone 4 for Ph-Ph faults
Step: 0.01
Timer t4PP Off, On On - Operating mode of time delayed trip
for the distance protection zone 4 for
Ph-Ph faults
t4PP 0.000 - 0.000 S Time delayed trip operation of the
60.000 distance protection zone 4 for Ph-Ph
Step: 0.001 faults

Path in HMI-tree: Settings/Functions/Group n/lmpedance/Zone4

Table 78: Settings for the phase-to-earth measurement ZM4 (ZMn--) function

Parameter Range Default | Unit Description
Operation PE Off, On Off Operating mode for ZM4 for Ph-E
faults

X1PE 0.10 - 10.00 ohm/ph Positive sequence reactive reach of
400.00 distance protection zone 4 for Ph-E
Step: 0.01 faults

R1PE 0.10 - 10.00 ohm/ph Positive sequence line resistance
400.00 included in distance protection zone
Step: 0.01 4 for Ph-E faults

XOPE 0.10 - 10.00 ohm/ph Zero sequence line reactance
1200.00 included in distance protection zone
Step:0.01 4 for Ph-E faults

ROPE 0.10 - 10.00 ohm/ph Zero sequence line resistance
1200.00 included in distance protection zone
Step:0.01 4 for Ph-E faults
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Parameter Range Default | Unit Description
RFPE 0.10 - 10.00 ohm/loop Resistive reach of distance protec-
400.00 tion zone 4 for Ph-E faults
Step: 0.01
Timer t4PE Off, On On Operating mode of time delayed trip
for the distance protection zone 4 for
Ph-E faults
t4PE 0.000 - 0.000 S Time delayed trip operation of the
60.000 distance protection zone 4 for Ph-E
Step: 0.001 faults

Setting parameters, zone 5
Path in HMI-tree: Settings/Functions/Group n/Impedance/Zoneb

Table 79: General setting parameters for ZM5 (ZMn--) function

Parameter Range Default | Unit Description

Operation Off, Non- Off - Operating mode and directionality
eDir, For- for ZM5
ward,
Reverse

Path in HMI-tree: Settings/Functions/Group n/lmpedance/Zoneb

Table 80: Settings for the phase-to-phase measurement ZM5 (ZMn--) function

Parameter Range Default | Unit Description
Operation PP Off, On Off - Operating mode for ZM5 for Ph-Ph
faults

X1PP 0.10 - 10.00 ohm/ph Positive sequence reactive reach of
400.00 distance protection zone 5 for Ph-Ph
Step: 0.01 faults

R1PP 0.10 - 10.00 ohm/ph Positive sequence line resistance
400.00 included in distance protection zone
Step: 0.01 5 for Ph-Ph faults
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Parameter Range Default | Unit Description
RFPP 0.10 - 10.00 ohm/loop Resistive reach of distance protec-
400.00 tion zone 5 for Ph-Ph faults
Step: 0.01
Timer t5PP Off, On On - Operating mode of time delayed trip
for the distance protection zone 5 for
Ph-Ph faults
t5PP 0.000 - 0.000 S Time delayed trip operation of the
60.000 distance protection zone 5 for Ph-Ph
Step: 0.001 faults

Path in HMI-tree: Settings/Functions/Group n/lmpedance/Zoneb

Table 81: Settings for the phase-to-earth measurement ZM5 (ZMn--)

Parameter Range Default | Unit Description
Operation PE Off, On Off - Operating mode for ZM5 for Ph-E
faults

X1PE 0.10 - 10.00 ohm/ph Positive sequence reactive reach of
400.00 distance protection zone 5 for Ph-E
Step: 0.01 faults

R1PE 0.10 - 10.00 ohm/ph Positive sequence line resistance
400.00 included in distance protection zone
Step: 0.01 5 for Ph-E faults

XOPE 0.10 - 10.00 ohm/ph Zero sequence line reactance
1200.00 included in distance protection zone
Step: 0.01 5 for Ph-E faults

ROPE 0.10 - 10.00 ohm/ph Zero sequence line resistance
1200.00 included in distance protection zone
Step: 0.01 5 for Ph-E faults
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Parameter Range Default | Unit Description
RFPE 0.10 - 10.00 ohm/loop Resistive reach of distance protec-
400.00 tion zone 5 for Ph-E faults
Step: 0.01
Timer t5PE Off, On On - Operating mode of time delayed trip
for the distance protection zone 5 for
Ph-E faults
t5PE 0.000 - 0.000 S Time delayed trip operation of the
60.000 distance protection zone 5 for Ph-E
Step: 0.001 faults

Setting parameters, simplified impedance settings
Table 82: Simplified settings, ZM1 - ZM5

Parameter Range | Default Unit Description
X1 0.10- 10.00 ohms/ Positive sequence reactance, zone n
400.00 phase
Step:
0.01
R1 0.10- 10.00 ohms/ Positive sequence resistance, zone n
400.00 phase
Step:
0.01
RFPP 0.10- 10.00 ohms/loop | Fault resistance, zone n, phase-to-
400.00 phase
Step:
0.01
Timer t1 On/Off | Off - Operation trip time delay, zone n. Off=
Timer t2 no trip
Timer t3
Timer t4
Timer t5
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Parameter Range | Default Unit Description
t1 0.000- 0.000 s Trip time delay, zone n
2 60.000
3 Step:
0.001
t4
t5
X0 0.10- 10.00 ohms/ Zero sequence reactance, zone n
1200.00 phase
Step:
0.01
RO 0.10- 10.00 ohms/ Zero sequence resistance, zone n
1200.00 phase
Step:
0.01
RFPE 0.10- 10.00 ohms/loop | Fault resistance, zone n, phase-to-earth
400.00
Step:
0.01

Setting parameters, directional measuring element

Setting parametersfor the resistive and the reactive reach are presented for theterminals
with rated current Ir = 1A. All impedance values should be divided by 5 for the termi-
nalswith rated current Ir = 5A.

Table 83: General setting parameters, ZDIR

ArgDir 545 15 degrees Lower angle of forward direction
Step:1 characteristic

ArgNegRes 90-175 115 degrees Upper angle of forward direction
Step:1 Characteristic
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Technical data

Table 84: ZM1, 2, 3, 4,5 Zone impedance measuring elements

Function Value
Operate time Typical 28 ms
Min and max Please refer to the separate isoch-

rone diagrams

Min. operate current

(10-30) % of I1b in steps of 1 %

Resetting ratio

Typical 110 %

Resetting time

Typical 40 ms

Output signals start and trip Zone 1-3

Three phase or single phase and/or
three phase

Zone 4,5

Three phase start and trip

Setting accuracy

Included in the measuring accuracy

Number of zones

3, 4 or 5, direction selectable

Impedance set-
ting range at |, =
1 A (to be divided
by5atl,=5A)

Reactive Positive-sequence
reach reactance

(0.10-400.00) Q/phase in steps of
0.01Q

Zero sequence

(0.10-1200.00) Q/phase in steps of

reactance 0.01Q
Resistive Positive-sequence | (0.10-400.00) Q/phase in steps of
reach resistance 0.01Q

Zero sequence

(0.10-1200.00) Q/phase in steps of

resistance 0.01Q
Fault resis- For phase - phase | (0.10-400.00) Q/loop in steps of 0.01
tance faults Q

For phase-earth
faults

(0.10-400.00) Q/loop in steps of 0.01
Q

Setting range of timers for impedance zones

(0.000-60.000) s in steps of 1 ms

Static accuracy at | Voltage range (0.1-1.1) x U, +/-5%
0% and 85° Current range (0.5-30) x I,

Static angular Voltage range (0.1-1,1) x U, +/- 5°
:Ec(;u;:i;y ato’ Current range (0.5-30) x I,

Max dynamic overreach at 85° measured with CVT's +5%

0.5<SIR<30
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Automatic switch onto fault logic (SOTF)

Application

The main purpose of the SOTF switch-on-to-fault function is to provide high-speed
tripping when energizing a power line on to a short-circuit fault on the line.

Automatic initiating of the SOTF function using dead line detection can only be used
when the potential transformer is situated on the line-side of the circuit breaker. Initia-
tion using dead line detection is highly recommended for busbar configurations where
more than one circuit breaker at one line end can energize the protected line.

Generally, directional or non-directional overreaching distance protection zones are
used as the protection functions to be released for direct tripping during the activated
time. When line-side potential transformers are used, the use of non-directional distance
zones secures switch-on-to-fault tripping for close-in three-phase short circuits. Use of
non-directional distance zones also gives fast fault clearance when energizing a bus
from the line with a short-circuit fault on the bus.

Functionality

The SOTF function isalogical function built-up from logical elements. It isacomple-
mentary function to the distance protection function.

It isenabled for operation either by the close command to the circuit breaker, by anor-
mally closed auxiliary contact of the circuit breaker, or automatically by the dead line
detection. Once enabled, this remains active until one second after the enabling signal

has reset. The protection function(s) released for tripping during the activated time can
befreely selected from the functionsincluded within the terminal. Pickup of any one of
the selected protection functions during the enabled condition will result in an immedi-
ate trip output from the SOTF function.

Function block

SOTF-

SOTF
BLOCK TRIP—
NDACC
DLCND
BC

xx00000188.vsd
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Logic diagram

lsoTE-BC

'soTF-DLCND

[
:SOTF-NDACC 14
I

|
' SOTF-BLOCK

en00000492.vsd

Figure 26: SOTF function - simplified logic diagram

Input and output signals
Table 85: Input signals for the SOTF (SOTF-) function block

Signal Description

BLOCK Blocks function

NDACC Connected to function(s) to be released for immediate tripping
when SOTF function is enabled

DLCND Connected to dead line detection function to provide auto-
matic enabling of SOTF function

BC Enabling of SOTF function by circuit breaker close command
or normally closed auxiliary contact of the circuit breaker

Table 86: Output signals for the SOTF (SOTF-) function block

Signal

Description

TRIP

Trip output

Setting parameters

Table 87: Setting parameters for the automatic switch onto fault logic SOTF

(SOTF-) function

Parameter Range

Default Unit Description

Operation Off / On

Off - Operating mode for SOTF function
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2.7 Technical data

Table 88: Automatic switch onto fault function
Parameter Value Accuracy
Delay following dead line detection input before | 200 ms +/-0.5% +/-10 ms
SOTF function is automatically enabled
Time period after circuit breaker closure in 1000 ms +/-0.5% +/-10 ms

which SOTF function is active
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Local acceleration logic (ZCLC)

Application

The main purpose of theZCL C local acceleration logic isto achievefast fault clearance
for faults anywhere on the whole line for those applications where no communication
channel is available.

Functionality

The ZCLC function is a complementary function to the distance protection function.

The local acceleration logic can be enabled for operation in two ways. The first way

uses an ‘automatic recloser ready’ signal, either from the internal recloser, or an exter-
nal recloser. The second way uses loss of load detection. When enabled by either meth-
od, the local acceleration logic will produce an immediate output on pickup of the
function selected to the method of acceleration enabled.

Function block

ZCLC-

ZCLC
BLOCK TRIP |—
BC
LLACC
ARREADY
EXACC
NDST

xx00000373.vsd
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3.4 Logic diagram

1 ZCLC-BLOCK

ZCLC-

ARREADY

ZCLC-NDST

0

ZCLC-EXACC

ZCLC-BC —

ZCLC-LLACC

|ZoneExtension =0n

N_

| LossOfLoad = On

N_

ZCLC-TRIP

|
|
|
| |STILL
|
|
|

99000455.vsd

o J
Figure 27: Smplified logic diagram for the local acceleration logic

3.5 Input and output signals

Table 89: Input signals for the ZCLC (ZCLC-) function block

Signal

Description

BLOCK

Blocks function

BC

Circuit breaker closed

LLACC

acceleration

Connected to function to be used for tripping at loss of load

ARREADY

ping

Releases function used for zone extension for immediate trip-

EXACC

sion

Connected to function to be used for tripping at zone exten-

NDST

Connected to function to be used to prevent zone extension
for its picked-up duration if the release for zone extension is
not present when it picks-up
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Table 90: Output signals for the ZCLC (ZCLC-) function block

Signal

Description

TRIP

Trip output

Setting parameters

Table 91: Setting parameters for the local acceleration logic ZCLC (ZCLC-) func-

tion
Parameter Range Default Unit Description
ZoneExtension | Off / On Off - Operating mode for zone extension
logic
LossOfLoad Off / On Off - Operating mode for loss of load
acceleration logic
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Phase selection logic (PHS)

Application

The PHS phase selection logic function is an independent measuring function. It com-
prises both impedance and current-based measurement criteria. 1ts main purpose s to
augment the phase selectivity of the complete distance protection in networkswith long
and heavily loaded lines. It is generally intended for usein directly earthed networks,
where correct and reliable phase selection for single-phase-to-earth faults, combined
with single-pole tripping and automatic reclosing, secures the stability of complete
power systems.

The independent measurement of impedancein all six fault |oops secures ahigh degree
of phase selectivity in complex networks. This independent phase selection, combined
with directional measurement for each fault loop, aso secures selective operation for
simultaneous close-in faults on parallel circuits. Independent reactive reach settingsfor
phase-to-phase and phase-to-earth measurement secures high selectivity in networks
with different protective relays used for short-circuit and earth-fault protection.

Functionality

For the impedance-based phase selection, all six fault loops are measured separately
and continuously. The reactive and resistive reaches are independently settable for
phase-to-phase and phase-to-earth faults. Checks based on the level of residual current
determine which loops, i.e. phase-to-earth or phase-to-phase, are evaluated. Selection
of the faulted phase(s) is determined by which of the selected | oops operate. Operation
of aloop occurs when the measured impedance within that loop is within the set bound-
aries of the characteristic. The impedance-based output will activate the selected loop
of the distance protection measuring zone(s) to which the impedance-based phase se-
lection output is connected.

The current-based phase sel ection is based on the same residual current checks asthose
used to select the phase-to-earth or phase-to-phase |oops of the impedance-based phase
selection function for evaluation. In this case the current-based output will activate ei-
ther all the phase-to-earth loops or all the phase-to-phase |oops of the distance protec-

tion measuring zone(s) to which the current-based phase sel ection output is configured.
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Function block

PHS--
PHS

—BLOCK STFWL1
STFWL2
STFWL3
STFWPE
STRVL1
STRVL2
STRVL3
STRVPE
STNDLI]|
STNDL2|
STNDL3|
STNDPE|
STFW1PH
STFW2PH
STFW3PH
STPE
STPP
STCNDI
STCNDZ|

xx00000179.vsd

Logic diagram
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Figure 28: Ph-Ph and Ph-E operating conditions.
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Figure 29: Composition of reverse directed phase selection signals
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Figure 30: Composition of undirected phase selection signals
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Figure 31: Composition of forward directed phase selection signals

Input and output signals

Table 92: Input signals for the PHS (PHS--) function block

Signal Description

BLOCK Block function

Table 93: Output signals for the PHS (PHS--) function block

Signal Description

STFWL1 Fault detected in phase L1 - forward direction
STFWL2 Fault detected in phase L2 - forward direction
STFWL3 Fault detected in phase L3 - forward direction
STFWPE Earth fault detected in forward direction
STRVL1 Fault detected in phase L1 - reverse direction
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Signal Description

STRVL2 Fault detected in phase L2 - reverse direction

STRVL3 Fault detected in phase L3 - reverse direction

STRVPE Earth fault detected in reverse direction

STNDL1 Fault detected in phase L1

STNDL2 Fault detected in phase L2

STNDL3 Fault detected in phase L3

STNDPE Earth fault detected

STFW1PH Single-phase fault detected in forward direction

STFW2PH Two-phase fault detected in forward direction

STFW3PH Three-phase fault detected in forward direction

STPE Start for phase-to-earth measuring elements

STPP Start for phase-to-phase measuring elements

STCNDI Information on current based starting conditions for the opera-
tion of zone measuring elements

STCNDZ Information on impedance based starting conditions for the

operation of zone measuring elements

Setting parameters

Setting parameters for the resistive and the reactive reach are given for terminals with
rated current Ir = 1A. All values should be divided by 5 for terminals with rated current

Ir =5A.

Table 94: Setting parameters for the phase selection logic function

Parameter Range Default Unit Description

Operation Off/ On off - Operating mode for PHS function

INReleasePE 10 - 100 20 % of 310 limit for releasing phase-to-earth
Step: 1 IphMax | measuring loops

INBlockPP 10 - 100 40 % of 310 limit for blocking phase-to-phase
Step: 1 IphMax | measuring loops

X1PP 10 - 100 40 ohm/ Positive sequence reactive reach for
Step: 1 phase ph-ph loop measurement
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Parameter Range Default Unit Description
RFPP 0.10 - 40.00 ohm/ Resistive reach for ph-ph loop mea-
400.00 loop surement
Step: 0.01
X1PE 0.10 - 40.00 ohm/ Positive sequence reactive reach for
400.00 phase ph-E loop measurement
Step: 0.01
XOPE 0.10 - 40.00 ohm/ Zero sequence reactive reach for
1200.00 phase ph-E loop measurement
Step: 0.01
RFPE 0.10 - 40.00 ohm/ Resistive reach for ph-E loop mea-
400.000 loop surement
Step: 0.01
Technical data
Table 95: Phase selection logic
Function Value

Impedance set-
ting range
atl=1A

Reactive reach

Positive sequence
reactance

0.10-400.00 ohm/phase in
steps of 0.01 ohm/phase

Zero sequence
reactance

0.10-1200.00 ohm/phase in
steps of 0.01 ohm/phase

Resistive reach

For phase to phase
faults

0.10-400.00 ohm/loop in steps
of 0.01 ohm/loop

For phase to
ground faults

0.10-400.00 ohm/loop in steps
of 0.01 ohm/loop

Static angular
accuracy at 0
degrees and 85
degrees

Voltage range (0.1-1.1) x U,

Current range (0.5-30) x |,

+/-5 degrees
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Power swing detection (PSD)

Application

Power swings on the system arise due to big changesin load, or changes in power sys-
tem configuration due to faults and their clearance. Distance protection detects these
power swings as variations with time of the measured impedance along alocusin the
impedance plane. Thislocus can enter the operate characteristic of the distance protec-
tion and cause its unwanted operation if no preventive measures are taken. The main
purpose of the PSD power swing detection function isto detect power swingsin power
networks and to provide the blocking signal to the distance function to prevent its un-
wanted operation.

Functionality

The PSD function comprises an inner and an outer quadrilateral measurement charac-
teristic. Its principle of operation is based on the measurement of the time it takesa
power swing transient impedance to pass through the impedance area between the outer
and theinner characteristics. Power swingsareidentified by transition timeslonger than
timer settings. The impedance measuring principle is the same as that used for the dis-
tance protection zones. Theimpedance and the transient impedance time are measured
in al three phases separately. One-out-of-three or two-out-of -three operating modes
can be selected permanently or adaptively according to the specific system operating
conditions.

The PSD function detects power swingswith aswing period aslow as 200 ms (i.e. with
adlip frequency as high as 10% of the rated frequency on a 50 Hz basis). It detects
swings under normal system operating conditions, aswell as during the dead time of a
single-pole automatic reclosing cycle. Different timers are used for initial and consec-
utive swings, securing a high degree of differentiation between power swing and fault
conditions.

It is possible to inhibit the power swing detected output on detection of earth fault cur-
rent. This can be used to release the operation of the distance protection function for
earth faults during power swing conditions.



Power swing detection (PSD) Chapter 4
Line impedance

A j)(
KX IXUN

X1IN

Impedance [locus at|power swing

—KRIRLIN / RN

_-RUN —
\_KR[RI1IN

tP1

<
<

—-X1IN

99000159.vsd

—KXIX1IN
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Logic diagram
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Figure 33: PSD function - block diagram.
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Input and output signals
Table 96: Input signals for the PSD (PSD--) function block

Signal Description

BLOCK Blocks the function

BLKIO1 Blocks internal inhibit of PSD-START output for slow swing
condition

BLKI02 Blocks internal inhibit of PSD-START output for subsequent
residual current detection

BLK1PH Blocks one-out-of-three-phase operating mode

REL1PH Releases one-out-of-three-phase operating mode

BLK2PH Blocks two-out-of-three-phase operating mode

REL2PH Releases two-out-of-three-phase operating mode

IOCHECK Residual current (3ly) detection used to inhibit PSD-START
output

TRSP Single-pole tripping command issued by tripping function

EXTERNAL Input for external detection of power swing

Table 97: Output signals for the PSD (PSD--) function block

Signal Description

START Power swing detected

ZIN Measured impedance within inner impedance boundary
Z0oUT Measured impedance within outer impedance boundary

Setting parameters

Setting values for impedance parameters are given for rated current Ir = 1A. Divide the
given valuesby 5 if the rated current isIr = 5A.
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Table 98: Setting parameters for the power swing detection PSD (PSD--) function

Parameter Range Default Unit Description

Operation Off, On Off - Operating mode for PSD function

Detection Off, On Off - Operating mode for the internal

power swing detection (PSD) func-
tion

X1IN 0.10 - 30.00 ohm/ Positive sequence reactive reach of
400.00 phase the inner boundary
Step: 0.01

R1IN 0.10 - 30.00 ohm/ Positive sequence resistive reach of
400.00 phase the inner boundary
Step: 0.01

KX 120 - 200 125 % Reach multiplication factor for the
Step: 1 outer reactive boundary

KR 120 - 200 125 % Reach multiplication factor for the
Step: 1 outer resistive boundary

tP1 0.000 - 0.045 S Timer for detection of initial power
60.000 swings
Step: 0.001

tP2 0.000 - 0.015 S Timer for detection of subsequent
60.000 power swings
Step: 0.001

tw 0.000 - 0.250 S Waiting timer for activation of tP2
60.000 timer
Step: 0.001

tH 0.000 - 0.500 s Timer for holding PSD output
60.000
Step: 0.001




Power swing detection (PSD)

Chapter 4
Line impedance

Parameter Range Default Unit Description

tEF 0.000 - 3.000 S Timer for overcoming single-pole
60.000 reclosing dead time
Step: 0.001

tR1 0.000 - 0.300 S Timer giving delay to blocking of out-
60.000 put by the residual current
Step: 0.001

tR2 0.000 - 2.000 S Timer giving delay to blocking of out-
60.000 put at very slow swings
Step: 0.001

57 Technical data

Table 99: Power swing detection

Parameter

Setting range

Accuracy

Impedance setting range
atl, =1A

(divide values by 5 for I, =
5A)

Reactive reach,
XIN

0.10-400.00 ohm/
phase in steps of 0.01
ohm/phase

Resistive reach,
RIN

0.10-400.00 ohm/
phase in steps
of 0.0lohm/phase

Reach multiplication factor, KX

120-200% of XIN in
steps of 1%

Reach multiplication factor, KR

120-200% of RIN in
steps of 1%

Initial PSD timer, tP1

0.000-60.000 s in
steps of 1 ms

+/- 0.5 % +/- 10 ms

Fast PSD timer, tP2

0.000-60.000 s in
steps of 1 ms

+/- 0.5 % +/- 10 ms

Hold timer tW for activation of fast PSD timer

0.000-60.000 s in
steps of 1 ms

+/- 0.5 % +/- 10 ms

Hold timer tH for PSD detected

0.000-60.000 s in
steps of 1 ms

+/- 0.5 % +/- 10 ms
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Parameter

Setting range

Accuracy

Timer tEF overcoming 1ph reclosing dead time

0.000-60.000 s in
steps of 1 ms

+/-0.5% +/- 10 ms

Timer tR1 to time delay block by the residual
current

0.000-60.000 s in
steps of 1 ms

+/- 0.5 % +/- 10 ms

Timer tR2 to time delay block at very slow
swings

0.000-60.000 s in
steps of 1 ms

+/-0.5% +/- 10 ms
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Power-swing logic (PSL)

Application

The main purpose of the PSL power swing logic is to secure selective and reliable op-
eration of the distance protection for both internal and external faults during power
swings. It aso ensures stable operation of the distance protection for power swings
caused by the clearance of external faults, i.e. power swingsthat begin from within the
characteristic of an overreaching zone, and which are therefore not able to be detected
by the power swing detection function in the normal way.

Functionality

The PSL isasupplementary function to the power swing detection function. It requires
for its operation inputs from the distance protection function, the power swing detection
function, etc., and the teleprotection equipment, when available.

Reliable operation for faults during power swingsis achieved by the communication
logic withinthe PSL. For its operation, thisfunction requiresinputsfrom adistance pro-
tection zone(s) that are not used for the ordinary distance protection, and therefore that
are not blocked by the power swing detection function on detection of a power swing.
For thisreason it is recommended to include zone 4 and/or zone 5 within the terminal.

The PSL isonly activated following detection of apower swing by the power swing de-
tection function.lt can operate in both permissive overreaching (one power swing zone
required) and permissive underreaching (two power swing zonesrequired) modes. Itis
possible to use the same communication channels as for the normal scheme communi-
cation because the normal distance zones which utilize these channels are blocked dur-
ing power swings.

For single-line-to-earth faults, an alternative earth fault protection function, e.g. direc-
tional earth fault, may be preferred to deal with earth faults during a power swing. Itis
then possibleto block the power swing logic on pickup of this protection, except during
the pole open period of a single-pole automatic reclosing cycle.

For power swings caused by external faults measured within the power swing charac-
teristic, stable operation is ensured in these circumstances by automatically replacing
the output connectionsfrom the normal instantaneous direct tripping distance zone with
output connections from the PSL.
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Function block
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Logic diagram
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Figure 34: Power-swing logic - block diagram.
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Table 100: Input signals for the PSL (PSL--) function block

Signal

Description

BLOCK

Blocks function

CACC

Operation of the overreaching power swing zone used for
permissive tripping on receipt of the carrier signal

STPSD

Power swing detected (from power swing detection function)

STZMH

First overreaching zone (usually zone 2)

STZML

Underreaching zone (usually zone 1)

STDEF

Residual OC detected, forward or reverse direction

STZMPSD

Outer impedance zone (from power swing detection function)

AR1P1

First single-pole automatic reclosing cycle in progress

CSUR

Operation of the underreaching power swing zone used for
sending the carrier signal and direct tripping

CR

Carrier receive

Table 101: Output signals for the PSL (PSL--) function block

Signal Description

TRIP Trip output

STZMLL Output to be used to replace the output from the normal
instantaneous underreaching distance zone in the overall ter-
minal logic

BLKZMPP Output to be used to block tripping by either one (or both) of
the non-controlled (power swing logic) distance zones

BLKZMH Output to be used to block tripping by the higher controlled
(usually zone 2) distance protection zone(s)

CS Carrier send
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Setting parameters

Table 102: Setting parameters for the power swing logic PSL (PSL--) function

Parameter Range Default Unit Description

Operation Off, On Off - Operating mode for PSL function

tDZ 0.000 - 0.100 S Permitted operating time difference
60.000 between higher and lower zone
Step: 0.001

tZL 0.000 - 0.250 S Time delay to permitted operation of
60.000 lower zone with detected difference
Step: 0.001 in operating time

tCS 0.000 - 0.100 S Conditional timer for sending the
60.000 carrier signal at power swings
Step: 0.001

tTrip 0.000 - 0.100 S Conditional timer for tripping at
60.000 power swings
Step: 0.001

tBIKTr 0.000 - 0.300 S Timer for extending blocking of trip-
60.000 ping by the non-controlled zone
Step: 0.001

Technical data

Table 103: Power swing additional logic

Parameter

Setting range

Accuracy

Permitted operate time difference between
higher and lower zones, tDZ

0.000-60.000 s in
steps of 1 ms

+/- 0.5 %+/- 10 ms

Time delay to permitted operation of lower
zone with detected difference in operating
time, tZL

0.000-60.000 s in
steps of 1 ms

+/- 0.5 %+/- 10 ms

Conditional timer for sending of carrier signal
at power swings, tCS

0.000-60.000 s in
steps of 1 ms

+/- 0.5 %+/- 10 ms

Conditional timer for tripping at power swings,
tTrip

0.000-60.000 s in
steps of 1 ms

+/- 0.5 %+/- 10 ms

Timer for extending the blocking of tripping by
the non-controlled zone(s), tBIkTr

0.000-60.000 s in
steps of 1 ms

+/- 0.5 %+/- 10 ms
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Pole slip protection (PSP)

Application

Sudden eventsin an electrical power system such as large jumpsin load, fault occur-
rence or fault clearance, can cause oscillations referred to as power swings. In arecov-
erable situation, the power swingswill decay and stable operation will be resumed; in
anon-recoverable situation, the power swings become so severe that the synchronism
islost, acondition referred to as pole slipping. The main purpose of the PSP pole slip
protection is to detect, evaluate, and take the required action for pole slipping occur-
rences in the power system.

Functionality

The PSP function comprises an inner and an outer quadrilateral measurement charac-
teristic. It detects oscillations in the power system by measuring the time it takes the
transient impedance to pass through the impedance area between the outer and theinner
characteristics. Oscillations are identified by transition timeslonger than timer settings.
The impedance measuring principle is the same as that used for the distance protection
zones. Theimpedance and the transient impedance time are measured in all three phas-
es separately. One-out-of-three or two-out-of-three operating modes can be selected
permanently or adaptively according to the specific system operating conditions.

Oscillations with an oscillation period as low as 200 ms (i.e. with a slip frequency as
high as 10% of the rated frequency on a50 Hz basis) can be detected for normal system
operating conditions, as well as during the dead time of a single-pole automatic reclos-
ing cycle. Different timersareused for initial and consecutive poleslips, securing ahigh
degree of differentiation between oscillation and fault conditions.

It ispossibletoinhibit the ocsillation detected output on detection of earth fault current.
This can be used to release the operation of the distance protection function for earth
faults during power oscillation conditions.

The PSP function has two tripping areas. These are located within the operating area,
whichislocated within theinner characteristic. On detecting anew oscillation, theissue
of atrip output will depend on the applied settings. These determine the direction of the
transition for which tripping is permitted, whether tripping will occur on entry of the
measured impedance into atripping area, or on its exit from the tripping area, and
through which tripping area the transition must be measured for tripping to occur. The
applied settings al so determine the number of pole slips required before the trip output
isissued.
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Function block
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Logic diagram

tP1
& t
==
tP2
PSD-CONS.-int. & t
[l

PSD-DET-L1

Figure 35: Detection of oscillation in phase L1

en01000056.vsd

95



Pole slip protection (PSP) Chapter 4
Line impedance

96

'PSD-DET-L1
-PSD-DET-L2 DET10f3 - int.
'PSD-DET-L3 -

DET20f3 - int.

[
|
|
|
| & 21
|
|
|

en01000057.vsd

Figure 36: Simplified logic diagram for “one of three” and “two of three” oscillation
detection logic
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Figure 37: Smplified logic diagram for cooperation with distance protection function
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Figure 38: The impedance operating plane isdivided in two detection regions and two
trip regions.
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Figure 39: Flow-chart presenting the operation of the pole slip protection for the for-
ward to reverse transition (FwWRv) after the oscillation has been detected.
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Figure 40: Flow-chart presenting the operation of the pole slip protection for the re-
verse to forward transition (RvFw) after the oscillation has been detected.
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Figure 41: Flow-chart presenting summation trip (TRIPSUM) of the pole slip protec-

tion for the forward to reverse transition (FWRv).
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Figure 42: Flow-chart presenting summation trip (TRIPSUM) of the pole dlip protec-

tion for the reverseto forward transition (RvFw).
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Input and output signals
Table 104: Input signals for the PSP (PSP--) function block

Signal Description

BLOCK Blocks function

BLK1 Blocks the inhibit condition controlled by the tR2 timer

BLK2 Blocks the inhibit condition based on residual current detec-
tion, unless within tEF timer following 1-pole trip

BLK1P Blocks one-out-of-three phase detection of the oscillation

BLK2P Blocks two-out-of-three phase detection of the oscillation

VTSZ Blocks the operation of the PSP on fuse failure detection

TR1P Starts the tEF timer for 1-pole trip

IOCHECK Residual current detection used to inhibit PSP-START output

REL1P Releases one-out-of-three phase detection of the oscillation

REL2P Releases two-out-of-three phase detection of the oscillation

Table 105: Output signals for the PSP (PSP--) function block

Signal Description

TRIP Trip output

TRSUM Delayed trip caused by transitions passing either delayed or
fast tripping area

TRFFWRV Fast trip for forward to reverse transition

TRFRVFW Fast trip for reverse to forward transition

TRDFWRV Delayed trip for forward to reverse transition

TRDRVFW Delayed trip for reverse to forward transition

START Oscillation detected

FWRVTRAN Forward to reverse direction transition detected

RVFWTRAN Reverse to forward direction transition detected

ZIN Measured impedance within the inner characteristic boundary

Z0oUT Measured impedance within the outer characteristic boundary
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7.6 Setting parameters

Table 106: Setting parameters for the pole slip protection PSP (PSP--) function
(reaches given for I, = 1A, divide by 5 for I, = 5A)

Parameter Range Default Unit Description
Operation On, Off Off - Operating mode for PSP function
RILEXT 0.10-400.00 | 60.00 ohm/ Resistive reach of the left side exter-
Step: 0.01 phase nal oscillation detection boundary.
RILINT 0.10-400.00 | 45.00 ohm/ Resistive reach of the left side inter-
Step: 0.01 phase nal oscillation detection boundary.
R1RINT 0.10-400.00 | 45.00 ohm/ Resistive reach of the right side
Step: 0.01 phase internal oscillation detection bound-
ary.
R1REXT 0.10-400.00 | 60.00 ohm/ Resistive reach of the right side
Step: 0.01 phase external oscillation detection bound-
ary.
RILTR 0.10-400.00 | 35.00 ohm/ Resistive reach of the left side trip-
Step: 0.01 phase ping characteristic.
R1RTR 0.10-400.00 | 35.00 ohm/ Resistive reach of the right side trip-
Step: 0.01 phase ping characteristic.
X1REXT 0.10-400.00 | 60.00 ohm/ Reactive reach of the external oscil-
Step: 0.01 phase lation detection boundary in reverse
direction.
X1RINT 0.10-400.00 | 45.00 ohm/ Reactive reach of the internal oscil-
Step: 0.01 phase lation detection boundary in reverse
' direction.
X1FINT 0.10-400.00 | 45.00 ohm/ Reactive reach of the internal oscil-
Step: 0.01 phase lation detection boundary in forward
direction.
X1FEXT 0.10-400.00 | 60.00 ohm/ Reactive reach of the external oscil-
Step: 0.01 phase lation detection boundary in forward
' direction.
SCA 75.0-90.0 90.0 degrees | System characteristic angle.
Step: 0.1
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Parameter Range Default Unit Description
X1PSLFw 0.10-400.00 | 35.00 ohm/ Positive sequence reactance deter-
Step: 0.01 phase mining the forward reactive reach of
' the fast tripping zone.
R1PSLFw 0.10-400.00 | 1.50 ohm/ Positive sequence resistance deter-
Step: 0.01 phase mining the forward resistive reach of
o the fast tripping zone.
X1PSLRv 0.10-400.00 | 0.10 ohm/ Positive sequence reactance deter-
Step: 0.01 phase mining the reverse reactive reach of
' the fast tripping zone.
R1PSLRv 0.10-400.00 | 0.10 ohm/ Positive sequence resistance deter-
Step: 0.01 phase mining the reverse resistive reach of
o the fast tripping zone.
tP1 0.000- 0.045 S Transition time used for the detec-
60.000 tion of the initial oscillation
Step: 0.001
tP2 0.000- 0.015 S Transition time used for the detec-
60.000 tion of subsequent oscillations.
Step: 0.001
tw 0.000- 0.350 S Waiting time to distinguish between
60.000 new and subsequent oscillations.
Step: 0.001
tEF 0.000- 3.000 S Time window after single pole trip-
60.000 ping in which to allow residual cur-
Step: 0.001 rent detection to inhibit the output for
o a detected oscillation.
tR1 0.000- 0.040 S Time delay required to inhibit the
60.000 oscillation detected output by resid-
Step: 0.001 ual current detection following oscil-
lation detection.
tR2 0.000- 2.000 S Time delay required for the mea-
60.000 sured impedance to remain within
Step: 0.001 the oscillation detection area before

inhibiting the oscillation detected
output.
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Parameter Range Default Unit Description

tHZ 0.000- 0.500 S Prolongation time of the oscillation
60.000 detected output.
Step: 0.001

TRFwRv On, Off Off - Trip for FwRV transitions enabled or
disabled.

TRIncFwWRv On, Off Off - Trip for FwWRYv transitions in incoming
mode enabled or disabled.

TROuUtFwWRv On, Off Off - Trip for FwRv transitions in outgoing
mode enabled or disabled.

TRFastFwRv On, Off Off - Tripping for FWRV transitions in the
fast tripping area enabled or dis-
abled.

TRDelFwRv On, Off Off - Tripping for FwRV transitions in the
delayed tripping area enabled or dis-
abled.

TRRvFw On, Off Off - Trip for RvFw transitions enabled or
disabled.

TRINncRVFw On, Off Off - Trip for RvFw transitions in incoming
mode enabled or disabled.

TROuUtRVFw On, Off Off - Trip for RvFw transitions in outgoing
mode enabled or disabled.

TRFastRvFw On, Off Off - Tripping for RvFw transitions in the
fast tripping area enabled or dis-
abled.

TRDelRvFw On, Off Off - Tripping for RvFw transitions in the
delayed tripping area enabled or dis-
abled.

nFastFwRv 0-10 0 slip Number of slips from forward to

Step: 1 reverse direction required to be

detected in the fast tripping area to
cause the tripping command.
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Parameter Range Default Unit Description
nDelFwRv 0-10 0 slip Number of slips from forward to
Step: 1 reverse dllrectlon requweq to. be
detected in the delayed tripping area
to cause the tripping command.
nFastRvFw 0-10 0 slip Number of slips from reverse to for-
Step: 1 ward dlre.ctlon requwe.d tlo be
detected in the fast tripping area to
cause the tripping command.
nDelRvFw 0-10 0 slip Number of slips from reverse to for-
Step: 1 ward dlre_ctlon required tg bg
detected in the delayed tripping area
to cause the tripping command.

Technical data
Table 107: Pole slip protection

Parameter Setting range

Reactive and resistive reach for all setting parameters 0.10-400.00 ohm/phase in

at I,=1 A (for I, =5 A, divide values by 5) steps of 0.01lohm/phase

Timers 0.000-60.000s in steps of
0.001s

Counters 0-10 in steps of 1

Parameter

Reset ratio for impedance measuring elements 105% typically
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Radial feeder protection (PAP)

Application

The main purpose of the PAP radial feeder protection function isto provide tripping at
the ends of radial feederswith passiveload or with weak end infeed. To obtain thistrip-
ping, the PAP function must be included within the protection terminal at the load /
weak end infeed end.

Functionality

The PAP function performs the phase selection using the measured voltages. Each
phase voltage is compared to the opposite phase-phase voltage. A phaseis deemed to
have afault if its phase voltage drops bel ow a settable percentage of the opposite phase-
phase voltage. The phase-phase voltages include memory. This memory function has a
settable time constant.

The PAP function has built-in logic for fast tripping as well as time delayed tripping.
The voltage-based phase selection isused for both the fast and the delayed tripping. To
get fast tripping, scheme communication isrequired. Delayed tripping does not require
scheme communication. It is possible to permit delayed tripping only on failure of the
communications channel by blocking the delayed tripping logic with acommunications
channel healthy input signal.

On receipt of the communications signal, phase selective outputs for fast tripping are
given based on the phase(s) in which the phase selection function has operated.

For delayed tripping, the single-pole and three-pol e delays are separately and indepen-
dently settable. Furthermore, it is possible to enable or disable three-pole delayed trip-
ping. It is also possible to select either single-pole delayed tripping or three-pole
delayed tripping for single-phase faults. Three-pole delayed tripping for single-phase
faultsisalso dependent on the selection to enable or disable three-poletripping. For sin-
gle-phase faults, it is possible to include aresidual current check in the tripping logic.
Three-pole tripping is always selected for phase selection on more than one phase.
Three-phase tripping will also occur if the residual current exceeds the set level during
fuse failure for atime longer than the three-pole trip delay time.

Theradial feeder protection function also includeslogic which provides outputsthat are
specifically intended for starting the automatic recloser.
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Function block
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Figure 43: Phase selection function, ssmplified logic diagram

Logic diagram, residual current measurement
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Figure 44: Residual current measurement, simplified logic diagram
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8.6 Logic diagram, fast fault clearing

IBLOCK |
\VTSU 21 i
i \_< i
. & I .
<R i1 I
! {=650ms !
: PHSL1 1 & STLL
, |
| From | s'r|_2i
i phase PHSL2 & —\
I selection I
| PHSL3 ] & ST"S:
Lo ___._. i

en01000068.vsd

Figure 45: Function for fast fault clearing, simplified logic diagram

110



Radial feeder protection (PAP) Chapter 4
Line impedance

8.7

8.8

Logic diagram, delayed fault clearing
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Figure 46: Function for delayed fault clearing, simplified logic diagram

Logic diagram, residual current detection
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Figure 47: Residual current detection, simplified logic diagram
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8.9 Logic diagram, trip and autorecloser start logic
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Figure 48: Trip and autorecloser start logic, simplified logic diagram

8.10 Input and output signals

Table 108: Input signals for the PAP (PAP--) function block
Signal Description
BLOCK Blocks radial feeder protection
BLKDEL Blocks delayed fault clearing function
CR Communication signal received
COMOK Telecommunications link healthy
VTSU Blocks the operation of the function. Usually connected to

FUSE-VTSU.

POLDISC Information on pole discordance
CBCLOSED Information on closed circuit breaker
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Table 109: Output signals for the PAP (PAP--) function block

Signal Description

TRIP Trip by radial feeder protection
TRL1 Trip in phase L1

TRL2 Trip in phase L2

TRL3 Trip in phase L3

TRIN Trip (or indication) for residual current
ARSTART Start automatic recloser

ARST3P Start automatic recloser three-pole
ARSTL1 Start automatic recloser in phase L1
ARSTL2 Start automatic recloser in phase L2
ARSTL3 Start automatic recloser in phase L3

Setting parameters

Table 110: Setting parameters for the radial feeder protection PAP (PAP--) func-

tion
Parameter Range Default Unit Description
Operation Off, On Off - Operating mode for PAP function
OperFast Off, On Off - Fast fault clearing function
U< 50 - 100 60 % of % with respect to U ¢ of cross-
Step: 1 Uref p.ollarlsed phase-phase voltage
divided by sqrt(3) - used as refer-
ence for faulted phase voltage
selection
Tau 1-60 5 S Time constant for reference voltage
Step: 1
IMeasured 14, 15, 14 - Residual current signal source
11+12+13
In> 10 - 150 50 % of I11b | Residual current detection level
Step: 1
DellPhFItTrip 3Ph, 1Ph 3 Ph - Delayed trip for single-phase faults
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Parameter Range Default Unit Description
ResCurrCheck | Off, On Off - Residual current check for delayed
trip for single-phase faults enabled
or disabled
Del3PhTrip Off, On Off - Delayed three-pole tripping enabled
or disabled
tM 0.00 - 60.00 | 10.00 S Time delay for single-pole tripping
Step: 0.01
tT 0.00 - 60.00 | 10.00 S Time delay for three-pole tripping
Step: 0.01
tPIR 0.00 - 60.00 | 10.00 S Time delay for indication of residual
Step: 0.01 current greater than set threshold

Technical data

Table 111: Radial feeder protection function

Parameter

Setting range

Accuracy

Faulted phase voltage detection level in % of
cross-polarised phase-phase voltage divided
by sqrt(3)

50-100% of U, in steps
of 1%

+/- 2.5% of U,

Time constant for reference voltages

1-60s in steps of 1s

Residual current detection level

10-150% of |, in steps of
1%

25% of l,atl <,
25%of latl> I,

Time delay tM for single-pole tripping

0.00-60.00s in steps of
0.01s

+/-0.5% +/-10 ms

Time delay tT for three-pole tripping

0.00-60.00s in steps of
0.01s

+/-0.5% +/-10 ms

Time delay tPIR for residual current tripping
(or indication)

0.00-60.00s in steps of
0.01s

+/-0.5% +/-10 ms
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Scheme communication logic for distance
protection functions (ZCOM)

Application

It isnot possible to set a underreaching distance protection zone to cover thefull length
of theline, and at the same time not to overreach for faults beyond the protected line.
To avoid overreaching, underreaching distance protection zones must always reach
short of the remote end of theline by some safety margin of 15-20%. The main purpose
of the ZCOM scheme communication logic is to supplement the distance protection
function such that fast clearance of faultsis also achieved at the line end for which the
faults are on the part of the line not covered by its underreaching zone. To accomplish
this, one communication channel, capable of transmitting an on/off signal, is required
in each direction.

Functionality

The ZCOM functionisalogical function built-up from logical elements. It isa supple-
mentary function to the distance protection, requiring for its operation inputs from the
distance protection and the teleprotection equipment.

The type of communication-aided scheme to be used can be selected by way of the set-
tings. The ability to select which distance protection zoneis assigned to which input of
the ZCOM logic makes this logic able to support practically any scheme communica
tion requirements regardless of their basic operating principle. The outputs to initiate
tripping and sending of the teleprotection signal are given in accordance with the type
of communication-aided scheme selected and the distance protection zone(s) which
have operated.

When power line carrier communication channels are used, unblocking logic is provid-

ed which uses the loss of guard signal. Thislogic compensates for the lack of depend-
ability due to the transmission of the command signal over the faulted line.
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Function block
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Figure 49: Basic logic for trip carrier in blocking scheme
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Figure 50: Basic logic for trip carrier in permissive scheme
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gram
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Input and output signals
Table 112: Input signals for ZCOM (ZCOM-) function block

Signal Description

BLOCK Blocks the Trip and CS outputs

CACC Overreaching distance protection zone to be used as the local
criterion for permissive tripping on receipt of the carrier signal

CSUR Underreaching function(s) to be used for sending a carrier
signal

CSOR Overreaching function(s) to be used for sending a carrier sig-
nal

CSBLK Reverse directed distance protection zone to be used for
sending a carrier signal in a blocking scheme

CSNBLK Forward directed distance protection zone to be used to
inhibit sending of a carrier signal in a blocking scheme

CR Carrier signal received

CRG Guard signal received

Table 113: Output signals for ZCOM (ZCOM-) function block

Signal Description

TRIP Trip output

CSs Carrier send

CRL Carrier signal received
LCG Loss of carrier guard signal




Scheme communication logic for distance
protection functions (ZCOM)

Chapter 4
Line impedance

9.6

9.7

Setting parameters

Table 114: Setting parameters for the scheme communication logic ZCOM
(ZCOM-) function

Parameter Range Default Unit Description
Operation Off /On Off - Operating mode for ZCOM function
SchemeType Intertrip / Intertrip - Operating mode for scheme com-
Permis- munication logic
siveUR /
Permissi-
veOR /
Blocking
tCoord 0.000 - 0.050 S Coordination timer
60.000
Step: 0.001
tSendmin 0.000 - 0.100 S Minimum duration of carrier send
60.000 signal
Step: 0.001
Unblock Off / NoRe- | Off - Operating mode for unblocking logic
start /
Restart
tSecurity 0.000 - 0.035 S Security timer
60.000
Step: 0.001

Technical data

Table 115: Scheme communication logic for distance protection (ZCOM)

Parameter

Setting range

Accuracy

Coordination timer, tCoord

0.000-60.000 s in steps of
1ms

+/-0.5% +/-10ms

Minimum send time, tSendMin

0.000-60.000 s in steps of
1ms

+/-0.5% +/-10ms

Security timer, tSec

0.000-60.000 s in steps of
1ms

+/-0.5% +/-10ms
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Current reversal and WEI logic for distance
protection (ZCAL)

Application

In interconnected systems, for parallel line applications, the direction of flow of the
fault current on the healthy line can change when the circuit breakers on the faulty line
open to clear the fault. This can lead to unwanted operation of the distance protection
on the healthy line when permissive overreach schemes are used. The main purpose of
the ZCAL current reversal logic isto prevent such unwanted operations for this phe-
nomenon.

If theinfeed of fault current at thelocal end for faults on the protected lineistoo low to
operate the measuring elements, no trip output will be issued at the local end and no
teleprotection signal will be sent to the remote end. This can lead to time delayed trip-
ping at the remote strong infeed end. The main purpose of the ZCAL weak end infeed
logic is to enhance the operation of permissive communication schemes and to avoid
sequential tripping when, for afault on the line, the initial infeed of fault current from
one end is too weak to operate the measuring elements.

Functionality

The ZCAL function block providesthe current reversal and weak end infeed logic func-
tions that supplement the standard scheme communication logic, or the phase segregat-
ed scheme communication logic.

On detection of acurrent reversal, the current reversal logic provides an output to block
the sending of the teleprotection signal to the remote end, and to block the permissive
tripping at the local end. This blocking condition is maintained long enough to ensure
that no unwanted operation will occur as aresult of the current reversal.

On verification of aweak end infeed condition, the weak end infeed logic provides an
output for sending the received teleprotection signal back to the remote sending end,
and other output(s) for tripping. For terminals equipped for single-, two-, and three-pole
tripping, outputs for the faulted phase(s) are provided. Undervoltage detectors are used
to select the faulted phase ().
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Figure 53: Function block for the ZCAL function, when used together with phase seg-

regated scheme communication logic
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Figure 54: Function block for the ZCAL function, when used together with the three

phase scheme communication logic
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Logic diagram
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Figure 55: Current reversal logic.
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Figure 57: Tripping part of the WEI logic - simplified logic diagram.

Input and output signals

Note: Some signals may not be present depending on the ordered options.

Table 116: Input signals for the ZCAL (ZCAL-) function block

Signal Description

BLOCK Blocks function

IRV Activates current reversal logic

IRVL1 Activates current reversal logic in phase L1
IRVL2 Activates current reversal logic in phase L2
IRVL3 Activates current reversal logic in phase L3
IRVBLK Blocks current reversal logic

IRVBLKL1 Blocks current reversal logic in phase L1
IRVBLKL2 Blocks current reversal logic in phase L2
IRVBLKL3 Blocks current reversal logic in phase L3
CBOPEN Blocks trip from weak end infeed logic
VTSZ Blocks weak end infeed logic on fuse failure detection
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Signal Description

WEIBLK Blocks weak end infeed logic

WEIBLK1 Blocks weak end infeed logic in phase L1
WEIBLK2 Blocks weak end infeed logic in phase L2
WEIBLK3 Blocks weak end infeed logic in phase L3
CRL Carrier received

CRLL1 Carrier received in phase L1

CRLL2 Carrier received in phase L2

CRLL3 Carrier received in phase L3

Note: Some signals may not be present depending on the ordered options.

Table 117: Output signals for the ZCAL (ZCAL-) function block

Signal Description

TRWEI Weak end infeed logic trip output

TRWEIL1 Weak end infeed logic trip output in phase L1

TRWEIL2 Weak end infeed logic trip output in phase L2

TRWEIL3 Weak end infeed logic trip output in phase L3

IRVL Output from current reversal logic

IRVLL1 Output from current reversal logic in phase L1

IRVLL2 Output from current reversal logic in phase L2

IRVLL3 Output from current reversal logic in phase L3

ECHO Carrier send (echo) by weak end infeed logic

ECHOL1 Carrier send (echo) by weak end infeed logic in phase L1
ECHOL2 Carrier send (echo) by weak end infeed logic in phase L2
ECHOL3 Carrier send (echo) by weak end infeed logic in phase L3
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10.6 Setting parameters

Table 118: Setting parameters for the current reversal and weak end infeed logic
ZCAL (ZCAL-) function

Parameter Range Default Unit Description
CurrRev Off / On Off - Operating mode for the ZCAL func-
tion

tPickUp 0.000 - 0.000 s Pickup time for current reversal
60.000 function
Step: 0.001

tDelay 0.000 - 0.100 S Output hold time for current reversal
60.000 function
Step: 0.001

WEI Off / Trip / Off - Operating mode for the WEI function
Echo

tWEI 0.000 - 0.010 S Coordination time for the WEI func-
60.000 tion
Step: 0.001

UPN< 10 - 100 70 % of Under voltage detection - ph-N mea-
Step: 1 Ulb surement

UPP< 20-170 70 % of Under voltage detection - ph-ph
Step: 1 Ulb measurement

10.7 Technical data

Table 119: Current reversal and weak end infeed logic

Parameter

Setting range

Accuracy

reversal logic

Pickup time for current

0.000-60.000 s in steps of
0.001s

+/-0.5% +/-10ms

Delay time for reset of cur-
rent reversal output

0.000-60.000 s in steps of
0.001s

+/-0.5% +/-10ms
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Parameter

Setting range

Accuracy

Coordination time delaying
receipt of carrier receive
signal into weak end infeed
logic

0.000-60.000 s in steps of
0.001s

+/-0.5% +/-10ms

Detection level phase to
neutral voltage

10-100% of Ulb

+/-5% of Uy,

Detection level phase to
phase voltage

20-170% of Ulb

+/-5% of Uy, for U<=U,

+/-5% of Uy, for U>=U,,
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About this chapter
This chapter describes the current protection functions
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Instantaneous overcurrent protection (I0C)

Application

Different system conditions, such as source impedance and the position of the faults on
long transmission lines influence the fault currents to a great extent. An instantaneous
phase overcurrent protection with short operate time and low transient overreach of the
measuring el ements can be used to clear close-infaultson long power lines, where short
fault clearing time is extremely important to maintain system stability.

The instantaneous residual overcurrent protection can be used in a number of applica-
tions. Below some examples of applications are given.

» Fast back-up earth fault protection for faults close to the line end.

» Enables fast fault clearance for close in earth faults even if the distance protection or
the directional residual current protection is blocked from the fuse supervision func-
tion

Functionality

The current measuring element continuously measures the current in all three phases
and compares it to the set operate value IP>>. A filter ensures immunity to disturbances
and dc components and minimizes the transient overreach. If any phase current is above
the set value IP>>, the phase overcurrent trip signal TRP is activated. Separate trip sig-
nal for the actual phase(s) is also activated. The input signal BLOCK blocks all func-
tions in the current function block.

The current measuring element continuously measures the residual current and com-
pares it to the set operate value IN>>. A filter ensures immunity to disturbances and dc
components and minimizes the transient overreach. If the residual current is above the
set value IN>>, the residual overcurrent trip signal TRN is activated. The general trip
signal TRIP is activated as well. The input signal BLOCK blocks the complete function.
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Function block

10C--

I0C

— BLOCK TRIP
TRP
TRL1
TRL2
TRL3
TRN

xx00000201.vsd

Figure 58: 10C function block phase + N with 1, 2, 3 phase trip

10C--
10C
— BLOCK TRIP [—
TRP |—
TRN —

xx01000176.vsd

Figure 59: 10C function block, phase + N with 3 phase trip

10C--

10C
— BLOCK TRIP
TRP
TRL1
TRL2
TRL3

xx00000683.vsd

Figure 60: 10C function block phase with 1, 2, 3 phase trip

lOC--
I0C
— BLOCK TRIP |—
TRP —

xx01000079.vsd

Figure 61: 10C function block, phase with 3 phasetrip
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10C--
I0C
— BLOCK TRIP |—
TRN |—
xx00000684.vsd
Figure 62: 10C function block, N + 3 phasetrip
1.4 Logic diagram
IOC - INSTANTANEOUS PHASE OVERCURRENT FUNCTION
| TEST _ _ _ :
|1 [tEsT-ACTIVE | | ! i
Lo & .
I ‘BIockIOC = Yes Nj :
| = —— = — === —| = .
i |
N Function Enable |
110C--BLOCK ———— i
| f
i IOC--TRIP!
: >1 |
I — >1 :
i i I0C--TRP!
i |
i IoC--TRLL
| |STIL1 !
! I0C--TRL2
| |sTIL2 :
- |
| |IOC--TRL3
| STIL3 !
- |
! IOC--TRN:
| |STIN ;
| f
. |
en01000180.vsd
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Input and output signals
Table 120: Input signals for the IOC (IOC--) function block

Signal Description

BLOCK Block of the instantaneous overcurrent protection function.

Table 121: Output signals for the IOC (I0OC--) function block

Signal Description

TRIP Trip by instantaneous overcurrent function.

TRP Trip by instantaneous phase overcurrent function when
included

TRL1 Trip by instantaneous overcurrent function, phase L1 when

single pole tripping is included

TRL2 Trip by instantaneous overcurrent function, phase L2 when
single pole tripping is included

TRL3 Trip by instantaneous overcurrent function, phase L3 when
single pole tripping is included

TRN Trip by the instantaneous residual overcurrent function when
included

Setting parameters
Path in local HMI: Settings/Functions/Groupn/InstantOC (where n=1-4)

Table 122: Setting parameters for the instantaneous phase and residual overcur-
rent protection I0C (IOC--) (non-dir.) function

Parameter Range Default Unit Description
Operation Off, On Off - Operating mode for the IOC function
IP>> 50-2000 100 % of I1b | Operating phase current
Step: 1
IN>> 50-2000 100 % of I1b | Operating residual current
Step: 1
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Technical data

Table 123: 10C - Instantaneous overcurrent protection

Function Setting range Operate Accuracy
time
Operate current | Phase measur- (50-2000)% of - +/-2.5% of I, at | <I,
I>> ing elements 11b In steps of 1% +-25%oflat]> I,
Residual measur- | (50-2000)% of - +-25%of I atl<I,
ing elements 11b In steps of 1% +-25%of lat]> I,
Operate time at | > 10 X lgg Max 15ms | -

Dynamic overreach at 1< 100 ms

< 5%
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Time delayed overcurrent protection (TOC)

Application

The time delayed overcurrent protection, TOC, operates at different system conditions
for currents exceeding the preset value and which remains high for longer than the delay
time set on the corresponding timer. The function can also be used for supervision and
fault detector for some other protection functions, to increase the security of acomplete
protection system. It can serve as a reserve function for the line distance protection, if

activated under fuse failure conditions which has disabled the operation of theline dis-
tance protection.

The time delayed residual overcurrent protection isintended to be used in solidly and
low resistance earthed systems. The time delayed residual overcurrent protection is
suitable as back-up protection for phase to earth faults, normally tripped by operation
of the distance protection. The protection function can aso serve as protection for high
resistive phase to earth faults.

Functionality

The current measuring element continuously measures the current in all three phases
and comparesit to the set operate value IP>. A filter ensuresimmunity to disturbances
and dc components and minimizes the transient overreach. If the current in any of the
three phasesis above the set value |P>, acommon start signal STP and astart signal for
the actual phase(s) are activated. The timer tP is activated and the phase overcurrent
trip signal TRP is activated after set time. The general trip signal TRIP is activated as
well.

Theinput signal BLOCK blocksthe function. Theinput signal BLKTR blocks bothtrip
signals TRP and TRIP.

Theresidual current measuring element continuously measurestheresidual current and
compares it with the set operate value IN>. A filter ensures immunity to disturbances
and dc components and minimizes the transient overreach. If the measured current is
above the set value IN>, astart signal STN is activated. The timer tN is activated and
the residual overcurrent trip signal TRN is activated after set time. The general trip sig-
nal TRIPisactivated aswell. The input signal BLOCK blocks the function. The input
signal BLKTR blocks both trip signals TRN and TRIP.
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TOC--

TOC

— BLOCK TRIP

— BLKTR TRP
TRN
STP

STL1

STL2

STL3
STN

xx00000197.vsd

Figure 64: TOC function block, phase + N

TOC--
TOC
—BLOCK TRIP
— BLKTR TRP
STP
STL1
STL2
STL3

xx00000681.vsd

Figure 65: TOC function block, phase

TOC--

TOC
— BLOCK TRIP —
— BLKTR TRN [—
STN[—

xx00000709.vsd

Figure 66: TOC function block, N
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Logic diagram

TOC - TIME DELAYED OVERCURRENT FUNCTION

|
‘TOC--BLKTR !

i

i P |

TEST _ b— Trp Blocking A ; ToC-TRP
! a—— |

TOC**TRIP!

ITOC-BLOCK 51 ToC-STP:
E _ 2 TOCSTNE
Figure 67: TOC function, logic diagram
Input and output signals
Table 124: Input signals for the TOC (TOC--) function block
Signal Description
BLOCK Block of the overcurrent function.
BLKTR Block of trip from the overcurrent function
Table 125: Output signals for the TOC (TOC--) function block
Signal Description
TRIP Trip by time delayed overcurrent function.
TRP Trip by time delayed phase overcurrent function when
included
TRN Trip by the time delayed residual overcurrent function when
included
STP Start of phase overcurrent function when included
STL1 Start phase overcurrent, phase L1 when phase overcurrent
function included
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Signal Description
STL2 Start phase overcurrent, phase L2 when phase overcurrent
function included
STL3 Start phase overcurrent, phase L3 when phase overcurrent
function included
STN Start of the time delayed residual overcurrent function when

included

Setting parameters
Path in local HMI: Settings/Functions/Groupn/TimeDelayOC (where n=1-4)

Table 126: Setting parameters for the time delayed phase and residual overcur-
rent protection TOC (TOC--) function

Parameter Range Default Unit Description
Operation Off, On Off - Operating mode for TOC function
IN> 10-150 100 % of 14b | Operating residual current
Step: 1
tP 0.000- 10.000 S Time delay of phase overcurrent
60.000 function
Step: 0.001
IN> 10-150 100 % of 14b | Operating residual current
Step: 1
tN 0.000- 10.000 (S Time delay of residual overcurrent
60.000 function
Step: 0.001
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Technical data

Table 127: TOC - Time delayed overcurrent protection

Function

Setting range

Accuracy

Operate current |>

Phase measuring ele-
ments

(10-400) % of 11, in
steps of 1 %

+-25%of l atl<I,

+/-2.5% of | at | >I,

Residual measuring
elements

(10-150) % of 14y in
steps of 1 %

+-25%of I, atl<|,

+/-2.5% of | at | >I,

Time delay

Phase measuring ele-
ments

(0.000-60.000) s in
steps of 1 ms

+/- 0.5 % of t +/- 10
ms

Residual measuring
elements

(0.000-60.000) s in
steps of 1 ms

+/- 0.5 % of t +/- 10
ms

Dynamic overreach at 1< 100 ms

<5%
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Two step time delayed phase overcurrent
protection (TOC2)

Application

The two current/time stages of overcurrent protection TOC2 improve the possibility to
get fast operation for nearby faults by using a high set current stage with short time de-
lay. The low current stage is set with appropriate time delay to get selectivity with the
adjacent relaysin the system. In networks with inverse time delayed relays, selectivity
is generally best obtained by using the same type of inverse time characteristic for al
overcurrent relays.

Functionality

The current measuring element continuously measures the current in al three phases
and compares it to the set operate value for the two current stages. A filter ensuresim-
munity to disturbances and DC components and minimizes the transient overreach. If
the current in any of the three phases is above the set value I>Low, the start signal for
the low current stage is activated. With setting Characteristic = Def, the timer tLow is
activated and the trip signal TRLSis activated after set time. If inversetime delay is
selected, the timer tMinlnv starts when the current is above the set value I>Low. If the
current also is above the set value 1>Inv, the inverse time evaluation starts. When both
timecircuits operate, the definitetimecircuit tLow isactivated and thetrip signal TRLS
isactivated after the additional timetLow. If the current is above the set value I>High,
the timer tHigh is activated and the trip signal TRHS is activated after set time.

The input signal BLOCK blocks al functions. Each current stage can aso be individu-
ally blocked.

Function block

TOC2-

TOC2
—BLOCK TRLS|—
—BLKTRLS TRHS|—
—BLKTRHS STLS|—

xx00000679.vsd
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3.4 Logic diagram

: |Characteristic = Def

= —9q & TOC2-TRLS

i [characteristic = NIVIEIRIINY |

I
I
I
I
I
I I
| I
I I
| IL1-3 I>Low tMininv |
| & t
[ ==
' |
| !
i & TOC2-STLS :
. i
i I>High tHigh + |
! & . & TOC2-TRHS
' _I ]| I
I I
! 50 ms |
: TOC2-BLOCK t I
| ] I
| |TOC2-BLKTRLS & |
I I
| |TOC2-BLKTRH & |
| I

en01000090.vsd

Figure 68: Two step time delayed phase overcurrent protection, simplified logic dia-

gram

3.5 Input and output signals
Table 128: Input signals for the TOC2 (TOC2-) function block

Signal

Description

BLOCK

Blocks the operation of both time delayed overcurrent stages.

BLKTRLS

Blocks the trip from the definite or inverse time delayed low
current stage.

BLKTRHS

Blocks the trip from the definite time delayed high set current
stage
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Table 129: Output signals for the TOC2 (TOC2-) two-step overcurrent function

Signal Description
TRLS Trip from the definite or inverse time delayed low set current
stage
TRHS Trip from the definite time delayed high set current stage
STLS Start of the low set current stage
3.6 Setting parameters

Table 130: Setting parameters for the two step time delayed phase overcurrent
protection TOC2 (TOC2-) function

Parameter Range Default Unit Description

Operation Off, On Off - Operating mode for TOC2 function

Operation Low | Off, On On - Operating mode of low set TOC2

function

Characteristic | Def, NI, VI, | Def - Time delay characteristic for low set
El, RI TOC2 function

I>Inv 5-500 10 % of I1b | Base current for low set dependent
Step: 1 time delay operation

k 0.05-1.10 |0.05 - Time multiplier for dependent time
Step: 0.01 delay operation

tMinlnv 0.000 - 0.050 S Minimum operating time for depen-
60.000 dent time delay operation
Step: 0.001

I>Low 5-500 100 % of I1b | Minimum operating current for
Step: 1 dependent time delay operation

tLow 0.000 - 1.000 S Independent time delay for low set
60.000 TOC2 function
Step: 0.001
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Parameter Range Default Unit Description
Operation High | Off, On Off - Operating mode of high set TOC2
function

I>High 50-2000 100 % of I1b | Operating current for high set TOC2
Step: 1 function

tHigh 0.000 - 1.000 S Time delay for high set TOC2 func-
60.000 tion
Step: 0.001

Technical data

Table 131: TOC2 - Two step time delayed overcurrent protection

Function

Setting range

Accuracy

Operate value for low set
function

(5-500)% of I1b in steps of
1%

+/- 2.5% of |1, at
I <= 11,

+/- 2.5 % of | at I>I1,

Base current for inverse time
calculation

(5-500) % of I1b in steps of 1
%

+/- 2.5 % of 11, at
I<=11,
+/-2.5% of l at I> 11,

Minimum operate time

(0.000-60.000)s in steps of 1
ms

+/-0.5 % +/- 10 ms

Definite time delay for low set
function

(0.000-60.000)s in step of
1ms

+/- 0.5 % +/- 10 ms

Operate value of high set
function

(50-2000)% of I1b in steps
of 1%

+/- 2.5% of |1, at
I<=11,
+/- 2.5 % of | at I>1,

Definite time delay for high
set function

(0.000-60.000) s in steps of
1ms

+/- 0.5 % +/- 10 ms

Normal inverse characteristic

I' = Ineas/lset

014

t= |IZI.IZI.2 -1

-k

IEC 60255-3 class 5+/- 60 ms
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Function Setting range

Accuracy

Very inverse characteristic

fo13.5

-1

IEC 60255-3 class 7.5+/- 60 ms

Extremely inverse character-
istic

IEC 60255-3 class 7.5+/- 60 ms

Dynamic overreach at t< 100 ms

<5%
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Two step time delayed directional phase
overcurrent protection (TOC3)

Application

The two current/time stages of the TOC3 overcurrent protection, both with optional di-
rectional (Forward release or Reverse block) or non-directional function, improve the
possihility to obtain selective function of the overcurrent protection rel ative other relays
even in meshed networks. It must be realized, however, that the setting of a phase over-
current protection system in a meshed network can be very complicated and alarge
number of fault current calculations are needed. In some cases, it is not possible to ob-
tain selectivity even when using directional overcurrent protection. In such casesit is
suggested to use line differential protection or distance protection function.

Functionality

The current measuring el ement continuously measures the current in all three phases
and compares it to the set operate value for the two current stages. A filter ensuresim-
munity to disturbances and dc componentsand minimizesthetransient overreach. If the
current in any of the three phases is above the set value I>Low, the start signal for the
low current stage is activated. With setting Characteristic = Def, the timer tLow is acti-
vated and thetrip signal TRLS is activated after set time. If inversetime delay is select-
ed, thetimer tMinInv startswhen the current isabovethe set value I>Low. If the current
also isabovethe set value I>Inv, the inverse time eval uation starts. When both time cir-
cuits operate, the definite time circuit tLow is activated and thetrip signal TRLSis ac-
tivated after set time.

If the current is above the set value I>High, the timer tHigh is activated and the trip sig-
nal TRHS is activated after set time.The low and the high set current stages can indi-
vidually be set directional or non-directional. Directional informationiscalculated from
positive sequence pol arization voltages and the phase currents. The polarization voltage
contains memory voltage to ensure directional function at close-in three-phase faults.
Thedirectional element relay characteristic angle (RCA) and operate angle are settable
in wide ranges.

Theinput signal BLOCK blocksall functions. Trip from each current stage can also be
individually blocked.
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4.3 Function block
TOC3

— BLOCK TRLS |—
— BLKTRLS TRHS |—
— BLKTRHS STNDLS |—
STND [—

STNDL1 |—

STNDL2 |—

STNDL3 |—

STFW [—

STRV |—

xx00000198.vsd

4.4 Logic diagram

: Characteristic= Def/NI/VI/EI/RI | l— NI, VI, El, RI

i [Q”“V STINVLI-int (L2.L.3)
i

I
I
I
I
I
| I>Low |
L1 (IL2, 1L3) 1 STLSL1-int (L2,L3) i
i I
I
I
I
I
I

=
I>High
T STHSL1-int (L2,L3)

en01000175.vsd

Figure 69: Smplified block diagram for definite and inver se time delayed phase over-
current function
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Figure 70: Excerpt from directional phase selection
T T e e
! DFWL1 - int l 50 ms I— & FWL1 - int. I
| 2 | — |
| STLSL1-int [ l— I
| 50 ms |

DRVL1 - int & f t RVL1 - int.
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en01000155.vsd

Figure 71: Current reversal logic for one phase and one set step
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en01000156.vsd

Figure 72: Directional modes of TOC3
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en01000157.vsd

Figure 73: Delayed time operation for low set step and general time delay
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Figure 74. General trip
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Figure 75: Start signals
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4.5 Input and output signals
Table 132: Input signals for the TOC3 (TOC3-) function block

Signal Description

BLOCK Blocks the time delayed overcurrent function

BLKTRLS Block the trip from the definite or inverse time delayed low
current stage

BLKTRHS Blocks the trip from the definite time delayed high current
stage

Table 133: Output signals for the TOC3 (TOC3-) function block

Signal Description

TRLS Trip from the definite or inverse time delayed low current
stage

TRHS Trip from the definite time delayed high current stage

STNDLS Non directional start for the low current stage

STND General non directional start

STNDL1 General non directional start, phase L1

STNDL2 General non directional start, phase L2

STNDL3 General non directional start, phase L3

STFW Operation of the forward directional element

STRV Operation of the reverse directional element
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Setting parameters

Table 134: Setting parameters for the directional inverse time phase overcurrent

protection TOC3 (TOC3-) function

Parameter Range Default Unit Description

Operation On/Off Off Operating mode for TOC3 function

Operation Low | Off, Non- Off - Operation mode of low set step
Dir, For-
wRelease,
RevBlock

Characteristic Def, NI, VI, | Def - Time characteristic for low set step
El, RI

I>Inv (20 - 500) 20 % of I1b | Inverse time base current for low set
Step: 1 step

k 0.050 - 0.050 Inverse time multiplier for low set
1.100 step
Step: 0.010

tMininv 0.000 - 0.050 S Inverse time minimum operating
60.000 time for low set step
Step: 0.001

I>Low 20 - 2000 100 % of I11b | Operating current/inverse time min.
Step: 1 current low set step

tLow 0.000 - 1.000 S Independent time delay for lowset
60.000
Step: 0.001

Operation High | Off, Non- Off - Operation mode of high set step
Dir, For-
wRelease,
RevBlock

I>High 20 - 2000 100 % of I1b | Operating current for high set step
Step: 1
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Parameter Range Default Unit Description

tHigh 0.000 - 1.000 S Time delay for high set step
60.000
Step: 0.001

ArgDir 5-45 15 degrees | Lower angle of forward direction
Step: 1 Characteristic

ArgNegRes 90-175 115 degrees | Upper angle of forward direction
Step: 1 Characteristic

Technical data

Table 135: TOC3-Two step directional overcurrent protection

Function

Setting range

Accuracy

Operate value of low set func-
tion

(20-2000)% of 11b in steps of 1%

+/- 2.5 % of |, at
<l

+/- 2.5 % of | at I>l,

Base current for inverse time
calculation

(20-500) % of I11b in steps of 1 %

+/- 2.5 % of |, at
1<l

+/- 2.5 % of | at I>l,

Minimum operate time

(0.000-60.000) s in steps of 1 ms

+/- 0.5 % +/- 10 ms

Definite time delay for low set
function

(0.000-60.000) s in step of 1ms

+/- 0.5 % +/- 10 ms

Operate value of high set func-
tion

(20-2000) % of 11b in steps of 1 %

+/- 2.5 % of |, at
<1

+/- 2.5 % of | at I>l,

Definite time delay for high set
function

(0.000-60.000) in steps of 1 ms

+/- 0.5 % +/- 10 ms

Static angular accuracy at 0

Voltage range (0.1-1.1) x U,

degrees and 85 degrees

Current range (0.5-30) x |,

+/- 5 degrees

Normal inverse characteristic

I' = Ineas/lset

0.14

U= 5oz

-k

IEC 60255-3 class 5 +/- 60
ms
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Function

Setting range

Accuracy

Very inverse characteristic

t =

13-4

-1

-k

IEC 60255-3 class 7.5 +/-
60 ms

Extremely inverse characteris-
tic

—
|

IEC 60255-3 class 7.5 +/-
60 ms

Dynamic overreach at t< 100 ms

<5%
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Definite and inverse time-delayed residual
overcurrent protection (TEF)

Application

Use the dependent and independent time delayed residual overcurrent functionsin sol-
idly earthed systemsto get a sensitive and fast fault clearance of phase to earth faults.

The nondirectional protection can be used when high sensitivity for earth fault protec-
tionisrequired. It offers also avery fast back-up earth fault protection for the part of a
transmission line, closest to the substation with the protection.

The nondirectional residual overcurrent protection can be given arelatively low current
pick-up setting. Thus the protection will be sensitive, in order to detect high resistive
phase to earth faults.

Thedirectional residual overcurrent protection can be used in anumber of applications:

1. Main protection for phase to earth faults on the radial linesin solidly earthed sys-
tems. Selectivity is achieved by using time delayed function according to practices
in the system (independent time delay or some type of dependent time characteris-
tic).

2. Main protection for phaseto earth faultson linesin ameshed solidly earthed system.
The directiona function can be used in an permissive overreach communication
scheme or ablocking scheme. In this application the directional residual overcurrent
function is used together with the communication logic for residual overcurrent pro-
tection.

3. Back-up protection for phase to earth faults for linesin solidly earthed systems. By
using thedirectional residual protection as back-up function, the back-up fault clear-
ance time can be kept relatively short together with the maintained selectivity.

4. Etc.

Functionality

Theresidual overcurrent protection (TEF) measuresthe residual current of the protect-
ed line. This current is compared to the current settings of the function. If the residual
current is larger than the setting value atrip signal will be sent to the output after a set
delay time. The time delay can be selected between the independent or dependent pos-
shility.
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5.3

In order to avoid unwanted trip for transformer inrush currents, the function is blocked
if the second harmonic of the residual current is larger than 20% of the measured resid-
ual current.

As an option the residual overcurrent protection can have directional function. There-

sidual voltageis used asa polarizing quantity. Thisvoltage is either derived as the vec-

torial sum of inputs U1+U2+U3 or asthe input U4. Thefault is defined to be in the

forward direction if the residual current component in the characteristic angle 65° (re-
sidual current lagging the reference voltage, -3U0), is larger than the set operating cur-
rent in forward direction. The same kind of measurement is performed also in the
reverse direction.

Function block

TEF--
TEF

—BLOCK TRIP
—BLKTR TRSOTF
—BC START

STFW
STRV

xx00000203.vsd

Figure 76: Function block, directional and nondirectional

TEF--

TEF
—{BLOCK TRIP—
—{BLKTR TRSOTF[—
—BC START[—

xx00000701.vsd

Figure 77: Function block, nondirectional
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5.4 Logic diagram
ITEF-BLKTR i
| |
LTEF--BC Fooems i
! — o I
300ms | Tl _ TEF--TRSOTF :

=
| —
Operation = ON L‘ | &

TEF--TRIP!

DefiNIVIENLOG ]

=
o
v

i

i

i

i TEF--START

i

i

i

I

i

L S T

i i

! : Direction . :I

. i

i = EF310STD l_@— L, !

i' 2in ] o 65 [100% FORWARD—_' & : o [TEE-STEW I

i I 3u0 f~C] cos (¢-65) I

i | A I~ |60% REVERSE — !

i 0.01Un +— & — 7 ¢ [EF-STRV I!
|

il L] !

s

99000204.vsd

Figure 78: Smplified logic diagram for the residual overcurrent protection

154



Definite and inverse time-delayed Chapter 5

residual overcurrent protection (TEF) Current
5.5 Input and output signals
Table 136: Input signals for the TEF (TEF--) function block
Signal Description
BLOCK Block of function
BLKTR Block of trip
BC Information on breaker position, or on breaker closing com-
mand

Table 137: Output signals for the TEF (TEF--) function block

Signal Description

TRIP Trip by TEF

TRSOTF Trip by earth fault switch onto fault function

START Non directional start

STFW Forward directional start

STRV Reverse directional start

5.6 Setting parameters
Table 138: Settings for the TEF (TEF--) function

Parameter Range Default Unit Description

Operation Off, On Off - Operating mode for TEF function

IMeasured 14, 15 14 - Current signal used for earth fault

function

Characteristic Def, NI, VI, | Def - Time delay characteristic for TEF
El, LOG protection

IN> 5-300 5 % of Inb | Start current for TEF function (14b or
Step: 1 15b)

IMin 100 - 400 100 % of IN | Minimum operating current
Step: 1

t1 0.000 - 0.000 S Independent time delay
60.000
Step: 0.001
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Parameter Range Default Unit Description

k 0.05-1.10 |0.05 - Time multiplier for dependent time
Step: 0.01 delay

tMin 0.000 - 0.050 S Min. operating time for dependent
60.000 time delay function
Step: 0.001

Direction NonDir, NonDir - Selection of directional or non direc-
Directional tional mode

UMeasured u4, u4 - Voltage input used for directional
U+U2+U3 earth fault function

IN> Dir 5-35 5 % of Inb | Start level for directional operation if
Step: 1 selected (14b or I15b)

5.7 Technical data

Table 139: Independent and dependent time delayed residual protection function

Parameter Setting range Accuracy

Start current, definite time or inverse | 5-300% of I, in steps +/-5% of set value

time delay 3l of 1%
Operate value Forward 3l, 5-35% of I, in steps +/-1.5% of I,
for directional at $=65 degrees | of 1%
current measure- Reverse 60% of the setting for | +/-1.5% of |,
ment .
forward operation
Definite time delay 0.000 - 60.000 s in +/- 0.5 % +/-10 ms
steps of 1ms
Normal inverse characteristic 014 IEC 60255-3 class 5 +/- 60 ms
t=—=———k
- 0.0z _
I= |meas/|set l 1
Very inverse characteristic 1.5 IEC 60255-3 class 7.5 +/- 60
b= K ms
Extremely inverse characteristic an IEC 60255-3 class 7.5 +/- 60
t=——-k ms
-1
Min. operate current for dependent | 100-400% of 3l in +/-5% of lggt
characteristic steps of 1%
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Parameter Setting range Accuracy
Minimum operate time 0.000-60.000sinstep | +/- 0.5 % +/-10 ms
of 1 ms
Characteristic angles 65 degrees lagging +/-5 degrees at 20 V and

lset=35% Of I

Logarithmic characteristic +/-5%oftat | =(1.3-29) x 3lg

t =5.8-1.350n |
Minimum polarising voltage 1 % of U, At 50 Hz: 1% of U, +/-5%
At 60 Hz: 1% of U, -15% to -
5%
Reset time <70 ms -
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6 Four step residual overcurrent protection (EF4)
6.1 Application

Use the four step earth fault overcurrent protection in solidly earthed systemsin asim-
ilar way as adistance protection. Asthe mgjority of faultsinvolve earth connection, the
protection will be able to clear most of the faultsin solidly grounded systems.

The normal application of the four step earth fault current protection can be described
asfollows: Theinstantaneous and directional step 1 will normally cover most of the
line. Therest of thelineiscovered by thedirectional and delayed step 2. Step 2 will also
detect and trip earth faults on the remote busbar. The directional step 3 hasalonger time
delay and will act as a selective protection for earth faults with some degree of fault re-
sistance. The non-directional step 4 hasthelongest delay. Thisstep will detect and clear
high resistive earth faults as well as the mgjority of series faults.

The four step residual overcurrent protection can also be used together with the com-
munication logic for residual overcurrent protection, in order to realize blocking or per-
missive overreaching communication schemes.

6.2 Functionality

Thefunction operates on the basisof theresidual current and voltage measurement. The
function has four steps with individual settings (current, delay, etc.). Step 1, 2 and 3
have independent time delay. The time delay for step 4 can be selected between inde-
pendent or dependent mode of operation.

For each step the current is compared to the set current of the step. Further thefollowing
quantities are checked to be used as release or blocking of function from the steps:

« Direction, forward or reverse direction to the fault. The residual current component
lagging the reference (-3.U0) voltage 65° is derived. If this current component is
larger than the directional current setting, forward direction is detected.

« The second harmonic of the residual current is derived. If this current is larger than
20/32 % of the total residual current, a signal is given that can be used for blocking
of the steps.

If the conditions for function is fulfilled for a step, a trip signal is given after the set time
delay. For step 1, 2 and 3 independent time delay is used. For step 4 independent or de-
pendent time delay can be used.
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Function block

EF4--
EARTHFLT4STEP
—BLOCK TRIP
—BLKTR TRIN1
—BC TRIN2

TRIN3
TRIN4|
TRSOTF
START]
STIN1
STIN2
STIN3
STIN4|
STFW
STRV
2NDHARM

xx00000206.vsd

Logic diagram

stfw-int

Oper.mode I— Check of operation

mode and conditions

strv-int

Ftl_l EF4--TRIN1

|

|

|

|

|

| A
| eint
|

|

1

|

|

|

EF4--BLOCK

EF4--STIN1

IN1>
Iil &

EF4--BLKTR

|

|

|

|

|

|

|é, trinl-int :
|

|

|

stinl-int :

step 2 and 3 same as step 1.

99000057.vsd

Figure 79: Smplified logic diagram of internal function Step 1. Step 2 and step 3 are
designed in the same way.
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i ______________________________________________________________ il
R
i : SOTF Oper. I_ 300 ms Switch-onto-fault : :
] &int 0 = Off I
j | Snzdnt uy 1IN EF4-TRSOTE |
.| Sstin4-int 1 2 = IN4>Res & — :
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| ! EFa--BC N
| e ——— e — -
: |
| _EF4-BLKTR |
|_ _____________________________________________________________ _

99000058.vs

Figure 80: Smplified logic diagram of internal function Switch-onto-fault.

ST T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T hl
trsotf-int '

trinl-int

trin2-int

trin3-int

EF4--BLOCK

EF4--BLKTR
T ——— T T T T =~ " step4 !
. ) |

Check of operation 51 EF4--TRIP | |
: mode and conditions z

t .
stiw-int H i

strv-int

e-int EF4--TRIN4

Characteristic Def. &

Def/NI/VI/EI/LOG IN>Inv

|

|

|

|

|

1

|

|
|

i |
|

1! :
|

1 :

|: X

[ :
|

II |

i '

I: :

Iy Characteristic [

I [

| [
| |

Il :
|

[ :
|

II |

I |

|
|

i

1|

|

|

|

|

|

|

EFCh
[ K block-int

EF4--STIN4

EF4--START

e-int

z .
11

d |

0!

_________________________________ 1 O N O
stinl-int |
stin2-int |
stin3-int |
stfw-int :
strv-int I

99000059.vsd

Figure 81: Smplified logic diagram of internal function step 4.

160



Four step residual overcurrent protection Chapter 5

6.5

(EF4) Current
e T sms T T
L_EF4--BLOCK e !
! b= !
| : Directional check ] !
i EF3I0STD I
1310 EF4-STEW | |
rt 310x 100% FORWARD - ,-
i : 3fn cos(¢-65) stiw-int | 1
: 60% REVERSE EF4--STRV | |

| strv-int [
I |-
! N
| P
! I

99000060.vsd

Figure 82: Smplified logic diagram of internal function Directional check.

Input and output signals

Table 140: Input signals for the four step residual overcurrent protection (EF4--)

function block

Signal Description

BLOCK Block of earth-fault function

BLKTR Block of trip from earth-fault function
BC Breaker close command

Table 141: Output signals for the four step residual overcurrent protection EF4
(EF4--) function block

Signal Description

TRIP Trip

TRIN1 Trip by step 1

TRIN2 Trip by step 2

TRIN3 Trip by step 3

TRIN4 Trip by step 4

TRSOTF Trip by earth fault switch onto fault function
START Start function

STIN1 Start step 1

STIN2 Start step 2
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Signal Description

STIN3 Start step 3

STIN4 Start step 4

STFW Forward directional start

STRV Reverse directional start

2NDHARM 2nd harmonic detection operate

6.6 Setting parameters

Table 142: Setting parameters for the four step residual overcurrent protection
EF4 (EF4--) function

Parameter Range Default | Unit | Description
Operation Off, On Off Operating mode for EF4 function
IMeasured 14, 15 14 Current input used for measure-
ment
UMeasured U4, Ul+U2+U3 u4 Voltage input used for measure-
ment
Stepl Off Off Operating mode of step 1
NonDirNonRestr
ForwRelease
Restrained
ForwRelRestr
RevBlock
RevBIRestr
IN1> 50-2500 500 % of | Current operate level step 1. lbis
Step: 1 Ib the same as selected for IMea-
sured above (14b or 15b)
t1 0.000-60.000 0.000 s Independent time delay step 1
Step: 0.001
Step2 Same as for step 1 Off Operation mode of step 2
IN2> 20-1500 200 % Current operate level step 2. lb is
Step: 1 the same as selected for IMea-
sured above (14b or 15b)
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Parameter Range Default | Unit | Description
t2 0.000-60.000 0.000 s Definite time delay step 2
Step: 0.001
Step3 Same as for step 1 Off Operation mode for step 3
IN3> 20-1500 100 % of | Current operate level step 3. lbis
Step: 1 Ib the same as selected for IMea-
sured above (14b or 15b)
t3 0.000-60.000 0.000 s Definite time delay step 3
Step: 0.001
Step4 Same as for step 1 Off Operation mode for step 4
Characteristic | Def, NI, VI, El, LOG Def Time delay operation step 4
IN>Inv 4.0-110.0 50.0 % of | Inverse time base current. Ib is
Step: 0.1 Ib the same as selected for IMea-
sured above (14b or 15b)
k 0.05-1.10 0.05 Time multiplier for the dependent
Step: 0.01 time delay characteristic
IN4> 4.0-440.0 100.0 % of | Operate current/inverse time min
Step: 0.1 Ib current step 4. Ib is the same as
selected for IMeasured above
(14b or 15b)
t4 0.000-60.000 0.000 s Definite (inverse additional) time
Step: 0.001 delay step 4
t4Min 0.000-60.000 0.000 s Inverse time minimum delay step
Step: 0.001 4
IN> Dir 5-40 30 % of | Forward direction base current. Ib
Step: 1 Ib is the same as selected for IMea-
sured above (14b or 15b)
2ndHarmStab 20, 32 20 % Second harmonic restrain opera-
tion
BlkParTransf Off, On Off Blocking at parallel transformers
SOTF Off, IN2 >, IN4>, Res | Off Switch-onto-fault operation mode
t4uU 0.000 - 60.000 0.000 ] Switch-onto-fault active time
Step: 0.001
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Technical data

Table 143: EF4-Four step earth fault overcurrent protection

Parameter

Setting range

Accuracy

Current level for step 1

50 - 2500% of Ib in
steps of 1%

+/-5 % of I, at Il

+/- 5% of | at I>I,

Definite time delay for step 1

0.000 - 60.000 s in
steps of 1ms

+/- 0.5 % +/- 10 ms

Current level for step 2

20- 1500 % of Ib in
steps of 1%

+/- 5% of |, at I,

+/- 5% of | at I>I,

Definite time delay for step 2

0.000 - 60.000 s in
steps of 1 ms

+/- 0.5 % +/- 10 ms

Current level for step 3

20 - 1500 % of Ib in
steps of 1%

+/-5 % of I at Il

+/- 5% of | at I>I,

Definite time delay for step 3

0.000 - 60.000 s in
steps of 1 ms

+/- 0.5 % +/- 10 ms

Current level for step 4 definite time
delay or minimum operate current for
inverse time delay

4 - 440 % of Ib in steps
of 0.1%

+/- 5% of |, at I,

+/- 5% of | at I>I,

Definite time delay for step 4 or inverse
time additional delay

0.000 - 60.000 s in
steps of 1 ms

+/- 0.5 % +/- 10 ms

Base current for inverse time delay

4 -110% of Ib in steps of
1%

+/- 5 % of |, at I,

+/- 5% of | at I>I,

Time multiplier for inverse time delay

0.05 - 1.10 in steps of
0.01

Inverse time minimum delay step 4

0.000 - 60.000 s in
steps of 1 ms

+/- 0.5 % +/- 10 ms

Operate value for | Forward 3lg at ¢=
directional current | 65°
measurement

5-40% of Ib in steps of
1%

+/- 2.5 % of |, at I<l,
+/- 2.5% of | at I>I,

Reverse

60% of Forward

+/- 2.5 % of |, at I<l,
+/- 2.5% of | at I>I,

Level of harmonic restrain

20% or 32%

+/- 5%

Characteristic angle

I = Imeas/lset

65° lagging

+/-5°at20 V and lge=
35 % of I,
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Parameter Setting range Accuracy

Normal inverse characteristic 014 IEC 60255-3 class 5 +/-
t=—m7—.k

I = Imeas/lset 1962 -1 60 ms

Very inverse characteristic 1.5 IEC 60255-3 class 7.5
t= T k +/- 60 ms

Extremely inverse characteristic an IEC 60255-3 class 7.5
t= H +/- 60 ms

I i 1St - 0, = -
Logarithmic characteristic t = 581350n1 +-5%oftat 1=(1.3
29) x 3l
Switch onto fault active time 0.000 - 60.000 s in +/- 0.5 % +/-10 ms
steps of 1 ms
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Sensitive directional residual overcurrent
protection (WEF1)

Application

In isolated networks or in networks with high impedance earthing, the phase to earth
fault current is significantly smaller than the short circuit currents. In addition to this,
the magnitude of the fault current is amost independent on the fault location in the net-
work.

The protection uses the residual current component 3l cosp, where ¢ is the angle be-

tween the residual current and the reference voltage, compensated with a characteristic

angle. The characteristic angle is chosen to -90° in an isolated system. The characteris-
tic angle is chosen to 0° in compensated systems.

Functionality

The function measures the residual current and voltage. The angle between the residual
voltage and residual current (angle between 310 and -3U0 i.e U0 is 180 degrees adjust-
ed) is calculated. This angle is used in two functions namely first to determine if the
fault is in forward or reverse direction, and secondly to calculate the residual current
component in the characteristic angle direction.

The residual current component in the characteristic angle direction is compared with

the set operating value. If this current component is larger than the setting this is one

criterion for function of the protection. The residual voltage is compared to a set oper-
ating value. If the measured voltage is larger than the setting this is another criterion for
the operation of the protection. If both the criteria are fulfilled and the set time delay has
elapsed, the function will give a trip signal.

Due to the demands on accuracy and sensitivity for this function, special current input
transformers must be used.

Function block

WEF1-

WEF
—BLOCK TRIP}—
—VvTsu START|—
STU}—
STFW|—
STRV|—

xx00000558.vsd
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7.4 Logic diagram
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Figure 83: Sensitive directional residual overcurrent protection function, simplified
logic diagram
7.5 Input and output signals

Table 144: Input signals for the sensitive directional residual overcurrent protec-

tion (WEF1-) function

Signal Description
BLOCK Block the function
VTSU Block the function by voltage circuit supervision
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Table 145: Output signals for the sensitive directional residual overcurrent WEF1
(WEF1-) protection function

Signal Description
TRIP Trip output
START Non directional start, 3Ug > Uget and 3lg €oSs ¢ > g
STU Start 3Ug > Uggt
STFW Forward direction start
STRV Reverse direction start
7.6 Setting parameters

Table 146: Settings for the WEF1 (WEF1-) function

Parameter Range Default Unit Description
Operation On / Off Off Operation mode for WEF1 function
Direction Forward/ Forward Direction for trip
Reverse
INcosPhi> 3.0-2000.0 | 10.0 % of Ib | Start current
Step: 0.1
UN> 5.0-70.0 30.0 % of Ub | Start voltage
Step: 0.1
IMeasured 14, 15 14 Current signal used for the earth

fault function

UMeasured u4, u4 Voltage signal used for the earth
Ul+U2+U3 fault function
RCA -90.0-90.0 | 0.0 degrees | Relay characteristic angle
Step: 0.1
tTrip 0.000 - 0.000 S Trip delay
60.000
Step: 0.001
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Table 147: Sensitive directional residual overcurrent protection function, WEF1

Function

Setting range

Accuracy

Operate current

(3.0-2000.0) % of Ib in steps
of 0.1%

+-2.5% of I, at 1 <,

+-2.5%of latl>1,

Operate voltage

(5.0 - 70.0) % of Ub in steps
of 0.1%

+/-2.5% of U, at U < U,
+/-2.5% of U at U > U,

Characteristic Angle

(-90.0 - +90.0) degrees in
steps of 0.1 degrees

Independent time delay

(0.000 - 60.000) s in steps of
1ms

+/-0.5% +/- 10 ms
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Sensitive directional residual power protection
(WEF2)

Application

In isolated networks or in networks with high impedance earthing, the phase to earth
fault current is significantly smaller than the short circuit currents. In addition to this,
the magnitude of the fault current is amost independent on the fault location in the net-
work.

The protection uses the residual power component 3Ug .3l .cosp, where ¢ isthe angle

between the residual current and the reference voltage, compensated with a character-

istic angle. The characteristic angle is chosen to -90° in an isolated system. The charac-
teristic angle is chosen to 0° in compensated systems.

Functionality

The function measures the residual current and voltage. The angle between the residual
voltage and residual current is calculated. This angle is used in two functions namely
first to determine if the fault is in forward or reverse direction, and secondly to calculate
the residual power component in the characteristic angle direction.

The residual voltage @) is compared to a setting value. The residual currghnis(l
compared to a setting value. The residual power component in the characteristic angle
direction (§) is compared to a power reference setting. If the power is larger than the
setting this is one criterion for function of the protection. The voltage and current mea-
surement are two other criteria that must be fulfilled for function. The information on
power is the input to a dependent time delay function. The function will give a trip sig-
nal when all three criteria for function are fulfilled and the time delay has elapsed.

Due to the demands on accuracy and sensitivity for this function, special current input
circuits must be used.

Function block

WEF2-

WEF2

—BLOCK TRIP|—

—{vTsu START|—
xx00000559.vsd
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Figure 84. Sensitive directional residual power protection function, simplified logic di-

agram
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Input and output signals

Table 148: Input signals for the sensitive directional residual power protection
(WEF2-) function block

Signal Description
BLOCK Block function
VTSU Block function by voltage circuit supervision

Table 149: Output signals for the sensitive directional residual power protection
WEF2 (WEF2-) function block

Signal Description
TRIP Trip output
START Start for voltage, current and power

Setting parameters
Table 150: Settings for the WEF2 (WEF2-) function

Parameter Range Default Unit Description
Operation On/ Off Off Operation mode for WEF2 function
Direction Forward/ Forward Direction for trip
Reverse
RCA -90.0-90.0 | 0.0 degrees | Relay characteristic angle
Step: 0.1
SN> 0.3-100.0 |1.0 % of Sb | Start real power
Step: 0.1
IN> 5.0-400.0 |10.0 % of Ib | Start current
Step: 0.1
UN> 1.0-70.0 5.0 % of Ub | Start voltage
Step: 0.1
Sref 5.0-50.0 15.0 % of Sb | Reference power
Step: 0.1
k 0.02-2.00 |1.00 Time multiplier
Step: 0.01
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Parameter Range Default Unit Description
tTrip 0.000 - 0.000 S Independent trip delay
60.000
Step: 0.001
IMeasured 14, 15 14 Current input used for the earth fault
function
UMeasured u4, u4 Voltage input used for the earth fault
U1+U2+U3 function

Technical data

Table 151: Sensitive directional residual power protection function, WEF2

Function

Setting range

Accuracy

Operate current

(5.0 - 400.0) % of I, in steps
of 0.1%

+-25% of latl<|,

+-2.5% of lat| > |,

Operate voltage

(1.0-70.0) % of Uy, in steps of
0.1%

+/-2.5% of Uy at U < U,
+/-25% of UatU > U,

Characteristic angle

(-90.0 -90.0) degrees in steps
of 0.1 degrees

Independent time delay

(0.000-60.000) s in steps of 1
ms

+/-0.5% +/- 10 ms

Inverse characteristic

T, = Sk'sref

measured

k = (0.0-2.0) in steps of 0.01

Sref = (5.0 - 50.0) % of Sh in
steps of 0.1%

IEC 60255-3 class 5 +/- 60
ms
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Scheme communication logic for residual
overcurrent protection (EFC)

Application

The EFC directional comparison function containslogic for blocking overreaching and
permissive overreaching schemes. The function is applicable together with TEF time
delayed directional residual overcurrent protection in order to decreasethe total operate
time of a complete scheme.

One communication channel, which can transmit an on/ off signal, isrequired in each
direction. It isrecommended to use the complementary additional communication logic
EFCA, if theweak infeed and/or current reversal conditions are expected together with
permissive overreaching scheme.

Functionality

The communication logic for residual overcurrent protection contains logics for block-
ing overreach and permissive overreach schemes.

In the blocking scheme a signal is sent to the remote end of the lineif the directional
element, in the directiona residual overcurrent protection (sending end), detects the
fault in the reverse direction. If no blocking signal is received and the directional ele-
ment, in thedirectional residual overcurrent protection (receiving end), detectsthe fault
in the forward direction, atrip signal will be sent after a settable time delay.

In the permissive overreach scheme a signd is sent to the remote end of the lineif the
directional element, in thedirectional residual overcurrent protection (sending end), de-
tects the fault in the forward direction. If an acceleration signal is received and the di-
rectional element, in the directional residual overcurrent protection (receiving end),
detectsthefaultintheforward direction, atrip signal will be sent, normally with notime
delay. In case of risk for fault current reversal or weak end infeed, the additional logic
for this should be used.

Function block

EFC--
EFC

BLOCK TRIP—
CACC CS—
CSPRM CRL—

CSBLK

xx00000204



Scheme communication logic for residual Chapter 5
overcurrent protection (EFC) Current

Logic diagram
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Figure 86: Smplified logic diagram, Scheme type = permissive

Input and output signals
Table 152: Input signals for the EFC (EFC--) function block

Signal Description
BLOCK Block function
CACC Permits the operation when high
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Signal Description
CSPRM Initiates sending of carrier signal in permissive scheme
CSBLK Initiates sending of carrier signal in blocking scheme
CR Information on received carrier signal

Table 153: Output signals for the EFC (EFC--) function block

Signal Description

TRIP Trip by communication scheme logic

CS Carrier send by communication scheme logic

CRL Carrier receive by the communication scheme logic

Setting parameters

Table 154: Setting parameters for the scheme communication logic EFC (EFC--)
function

Parameter Range Default Unit Description
Operation Off, On Off - Operating mode for EFC function
SchemeType Permis- Permissive | - Scheme type, mode of operation
sive, Block-
ing
tCoord 0.000- 0.050 S Communication scheme coordina-
60.000 tion time
Step: 0.001

Technical data

Table 155: Scheme communication logic for residual overcurrent protection
(EFC)

Parameter Setting range Accuracy
Coordination timer 0.000-60.000 s in steps of 1 +/-0.5% +/-10 ms
ms
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Current reversal and weak end infeed logic for
residual overcurrent protection (EFCA)

Application

The EFCA additional communication logic is a supplement to the EFC scheme com-
munication logic for the residual overcurrent protection.

To achievefast fault clearing for all earth faults on the line, the TEF earth-fault protec-
tion function can be supported with logic, that uses communication channels. REx 5xx
terminals have for this reason available additions to scheme communication logic.

If parallel lines are connected to common busbars at both terminals, overreaching per-
missive communication schemes can trip unselectively due to fault current reversal.
This unwanted tripping affects the healthy line when afault is cleared on the other line.
Thislack of security can result in atotal loss of interconnection between the two bus-
es.To avoid thistype of disturbance, afault current-reversal logic (transient blocking
logic) can be used.

Permissive communication schemes for residual overcurrent protection, can basically
operate only when the protection in the remote terminal can detect the fault. The detec-
tion requires a sufficient minimum residual fault current, out from thisterminal. The
fault current can be too low due to an opened breaker or high positive and/or zero se-
guence source impedance behind this terminal. To overcome these conditions, weak
end infeed (WEI) echo logic is used.

Design

Thereverse directed signal from the directional residual overcurrent function, startsthe
operation of acurrent reversal logic. Theoutput signal, from thelogic, will be activated,
if the fault has been detected in reverse direction for more than the tPickUp time set on
the corresponding timers. The tDelay timer delays the reset of the output signal. The
signal blocksthe operation of the overreach permissive schemefor residual current, and
thus prevents unwanted operation due to fault current reversal.

The weak end infeed logic uses normally aforward and reverse signal from the direc-
tional residual overcurrent function. The weak end infeed logic echoes back the re-
ceived permissive signal, if none of the directional measuring elements have been
activated during the last 200 ms. Further, it can be set to give signd to trip the breaker
if the echo conditionsarefulfilled and theresidua voltageisabovethe set operate value
for 3Up>.
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10.3 Function block
EFCA-
EFCA
—BLOCK TRWEI—
—IRV IRVLF—
—IRVBLK ECHO—
—CBOPEN
—WEIBLK
—CRL
xx00000205
104 Logic diagram
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Figure 87: Smplified logic diagram, current reversal logic
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Figure 88: Smplified logic diagram, weak end infeed - Echo logic
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Figure 89: Smplified logic diagram, weak end infeed - Trip logic

10.5 Input and output signals
Table 156: Input signals for the EFCA (EFCA-) function block

Signal Description
BLOCK Blocking of function
IRV Activation of current reversal logic
IRVBLK Blocking of current reversal logic
WEIBLK Blocking of weak end infeed logic
CRL Carrier received for weak end infeed logic

Table 157: Output signals for the EFCA (EFCA-) function block

Signal Description

TRWEI Trip by weak end infeed logic

IRVL Operation of current reversal logic
ECHO Carrier send by weak end infeed logic
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Setting parameters

Table 158: Setting parameters for the current reversal and weak end infeed logic
for residual overcurrent protection EFCA (EFCA-) function

Parameter Range Default Unit Description
CurrRev Off, On Off - Operating mode for current reversal
logic

tPickUp 0.000- 0.000 S Current reversal pickup timer
60.000
Step: 0.001

tDelay 0.000- 0.100 S Current reversal delay timer
60.000
Step: 0.001

WEI Off, Trip, Off - Operating mode of weak end infeed
Echo logic

u> 5-70 25 % of Operate phase voltage for WEI trip
Step: 1 Ulb

Technical data

Table 159: Current reversal and weak end infeed logic for residual overcurrent
protection (EFCA)

Parameter

Setting range

Accuracy

Operate voltage for WEI trip

5-70 % of Ulb in steps of 1% | +/-5% of U,

Current reversal pickup

timer

0.000-60.000 s in steps of 1 +/-0.5% +/-10 ms

ms

Current reversal delay timer

0.000-60.000 s in steps of 1 +/-0.5% +/-10 ms

ms
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Thermal overload protection (THOL)

Application

Load currents that exceed the permissible continuous value may cause damage to the
conductorsand isolation dueto overheating. The permissibleload current will vary with
the ambient temperature.

The THOL thermal overcurrent function supervises the phase currents and provides a
reliable protection against damage caused by excessive currents. The temperature com-
pensation givesareliable thermal protection even when the ambient temperature varies
largely.

Functionality

Thefinal temperature rise of an object relative the ambient temperature is proportiona

to the square of the current. Therate of temperature rise is determined by the magnitude
of the current and the thermal time constant of the object. The same time constant de-

termines the rate of temperature decrease when the current is decreased.

Thethermal overload function uses the highest phase current. The temperature change
is continuously calculated and added to the figure for the temperature stored in the ther-
mal memory. When temperature compensation is used, the ambient temperatureis add-
ed to the calculated temperature rise. If no compensation is used, 20° C is added asa
fixed value. The calculated temperature of the abject isthen compared to the set values
for alarm and trip.

The information on the ambient temperature is received via atransducer input 0 - 10
mA or 4 - 20 mA.

The output signal THOL--TRIP has aduration of 50 ms. The output signal THOL --
START remains activated as long as the calculated temperature is higher than the set
trip value minus a settabl e temperature difference TdReset (hysteresis). The output sig-
nal THOL--ALARM has afixed hysteresis of 5° C.
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11.3 Function block
THOL-
THOL
—BLOCK ALARM—
TRIP}—
START|—
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114 Logic diagram
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Figure 90: Thermal overload protection, simplified logic diagram
115 Input and output signals
Table 160: Input signals for the THOL (THOL-) function block
Signal Description
BLOCK Block of the thermal overload function
Table 161: Output signals for the THOL (THOL-) function block
Signal Description
ALARM Alarm signal from the thermal overload function
TRIP Trip signal from the thermal overload function (pulse)
START Start signal which is reset when the temperature drops below
the resetting level

182




Thermal overload protection (THOL) Chapter 5
Current

11.6 Setting parameters
Table 162: Settings for the thermal overload protection THOL (THOL-) function
Parameter Range Default Unit Description
Operation Off, Off - Operating mode for THOL function
NonComp,
Comp
IBase 10-200 100 % of 11b | Base current
Step: 1
TBase 0-100 50 °C Temperature rise at base current
Step: 1
tau 1-62 30 min Thermal time constant
Step: 1
TAlarm 50-150 80 °C Alarm level
Step: 1
TTrip 50-150 100 °C Trip level
Step: 1
TdReset 5-30 10 °C Trip hystereses
Step: 1

Table 163: Settings for thermal overload protection (THOL), mA input

Parameter Range Default Unit Description

MI11-1_Max -25.00- 20.00 mA Max current of transducer to Input 1
25.00
Step: 0.01
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Parameter Range Default Unit Description
MI11-1_Min -25.00- 4.00 mA Min current of transducer to Input 1

25.00

Step: 0.01
MI11- -1000.00- 20.00 °C Max primary value corr. to |_Max,
|_MaxValue 1000.00 Input 1

Step: 0.01
MI11- -1000.00- 4.00 °C Min primary value corr. to |_Min,
I_MinValue 1000.00 Input 1

Step: 0.01

11.7 Technical data

Table 164: Thermal overload protection-Settings via HMI, SMS or PST

Function Setting range Accuracy

Mode of operation Off / NonComp / Comp

( Function blocked/No temp.
compensation/Temp. comp.)

Basic current +/- 2.5% of |,
IBase (10 - 200) % of 11b in steps of

1%
Temperature rise at IBase +/-1°C
TBase (0-100) °Cin steps of 1 °C
Time constant +/- 1 min
tau (1 - 62) min in steps of 1 min

Alarm temperature

TAlarm (50 - 150) °C in steps of 1°C

Trip temperature

TTrip (50 - 150) °C in steps of 1 °C

Temp. difference for reset of

trip (5 - 30) °C in steps of 1°C

TdReset
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Table 165: Thermal overload protection mA input - Settings only via SMS or PST

Function

Setting range

Accuracy

Upper value for mA input

MI11-1_Max

-25.00 - 25.00 mA in steps of
0.01 mA

+/- 0.5% of set value

Lower value for mA input

MI11-I_Min

-25.00 - 25.00 mA in steps of
0.01 mA

+/- 0.5% of set value

Temp. corresponding to the
MI11-1_Max setting

MI11-MaxValue

-1000 - 1000 °C in steps of 1
(o]
C

+/- 1% of set value +/- 1°C

Temp. corresponding to the
MI11-1_Min setting

MI11-MinValue

-1000 - 1000° C in steps of 1
°C

+/- 1% of set value +/- 1°C
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Stub protection (STUB)

Application

The stub protection operates for faults in the parts of 1 1/2 and ring bus station config-
urations, which cannot be protected by the distance protection function if the line iso-
lators are opened. The use of the function can be extended to various other purposes,
when athree phase overcurrent protection can operate only under specia external con-
ditions.

Design

The function operates as a three phase instantaneous overcurrent protection. The func-
tion is released when the line disconnector is open; anormally closed auxiliary contact
of the line disconnector has to be connected to the STUB-REL EASE functional input
by configuration.

The operating level of the overcurrent protection is settable over awide range.

Function block

STUB-
STUB
—BLOCK TRIP[—
—RELEASE

xx00000199.vsd
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12.4 Logic diagram
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Figure 91: Smplified logic diagram of stub protection.

12.5 Input and output signals
Table 166: Input signals for the STUB (STUB-) function block
Signal Description
BLOCK Block of stub protection
RELEASE Release of stub protection

Table 167: Output signals for the STUB (STUB-) function block

Signal Description

TRIP Trip by stub protection
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12.6 Setting parameters
Table 168: Setting parameters for the stub protection STUB (STUB-) function
Parameter Range Default Unit Description
Operation Off, On Off - Operating mode for STUB function
P> 20 - 300 100 % of I11b | Operating phase current
Step: 1
12.7 Technical data
Table 169: STUB - Stub protection
Function Setting range Accuracy
Operate current > (20-300) % of I, +-25%of I, at | <I,

+-25%of latl>1,
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Breaker failure protection (BFP)

Application

In many protection applications local redundancy is used. One part of the fault clear-
ance systemishowever never duplicated, namely the circuit breaker. Therefor abreaker
failure protection can be used.

The breaker failure protection isinitiated by trip signals from different protection func-
tions within or outside the protection terminal. When atrip signal is sent to the breaker
failure protection first, with no or a very short delay, are-trip signal can be sent to the
protected breaker. If fault current isflowing through the breaker still after asetting time
aback-up trip signal is sent to the adjacent breakers. This will ensure fault clearance
also if the circuit breaker is out of order.

Design

The breaker failure protection function isinitiated by the trip commands from protec-
tion functions placed either inside the same terminal or externally, by connection to ap-
propriate binary inputs. Three separate functional inputs are available for single-phase
starting. A dedicated input is available also for three-phase starting.

The operate value of the phase segregated current measuring elementsis settablewithin
awide range. Three independent timerst2 are available for phase segregated breaker
failure detection.

An additional timer t1 for retrip command is available. Dedicated setting allows to en-
able or disable theretrip or to perform it by current check or not. Retrip to the faulty
circuit breaker can beissued single phase or three phase.

Special adaptive algorithm (ASD), together with RM S measurement, allow afast reset-
ting time of the current measuring elements. The current measurement is stabilised
against transients which can cause unwanted operation with saturated current trans-
formers.

Function block

BFP
—BLOCK TRBUf—
—START TRRET|—
—STL1 TRRETL1f—
—{STL2 TRRETL2[—
—{STL3 TRRETL3[—

xx00000200.vsd
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13.4 Logic diagram
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Figure 92: Breaker-failure protection, logic diagram

13.5 Input and output signals
Table 170: Input signals for the breaker failure protection (BFP--) function block

Signal Description

BLOCK Block function

START Start function

STL1 Start phase L1

STL2 Start phase L2

STL3 Start phase L3
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Table 171: Output signals for the breaker failure protection BFP (BFP--) function

block
Signal Description
TRBU Backup trip
TRRET Retrip
TRRETL1 Retrip by phase L1
TRRETL2 Retrip by phase L2
TRRETL3 Retrip by phase L3
13.6 Setting parameters
Table 172: Setting parameters for the breaker failure protection BFP (BFP--) func-
tion
Parameter Range Default Unit Description
Operation Off, On Off Operating mode for BFP function
P> 5-200 100 % of I11b | Operating phase current
Step: 1
t2 0.000- 0.200 S Delay timer for backup trip
60.000
Step: 0.001
RetripType Retrip Off, Retrip Off Operating mode of retrip logic
I> Check,
No I>
Check
t1 0.000- 0.050 s Delay timer for retrip
60.000
Step: 0.001
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Technical data

Table 173: Breaker failure protection

Parameter

Setting range

Accuracy

Operate current (one mea-
suring element per phase)

5-200% of 11b in steps of 1%

+-2.5% of I, at | <1,

+/-2.5% of lat | > |,

Retrip time delay t1

0.000-60.000 s in steps of 1
ms

+/-0.5% of setting +/-10 ms

Back-up trip time delay t2

0.000-60.000 s in steps of 1
ms

+/-0.5% of setting +/-10 ms

Parameter Value
Trip operate time Max 18 ms
Reset time Max 10 ms
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Unbalance protection for capacitor banks (TOCC)

Application

Capacitor banksare made up of individual unitswhich are seriesand parallel connected.
Each unit is made up of several series and parallel connected elements. If one element
isshort-circuited or disconnected by internal fuses, the load on the remaining elements
increases.The unbal ance protection is connected to a current transformer which mea-
sures the current flowing between two normally balanced parts of the capacitor bank.
Under normal conditions, no current flows in the interconnection. A low set current
stage gives alarm when el ements are damaged and current flowsin the interconnection.
Thetrip stageis set to disconnect the bank before healthy elements become overloaded
and damaged.

Functionality

The current measuring element continuously measures the unbalance current and com-
paresit to the set operate value for the two current stages. A filter ensuresimmunity to
disturbances and harmonic currents.The output relay for the low current (alarm) stage
operates if the current becomes higher than the set operate value ILow during atime
exceeding the set time delay tLow. If the current becomes higher than the set operate
value IHigh during a time exceeding the set time delay tHigh, the output relay for the
high current stage operates.

Theinput signal BLOCK blocks both the low set and the high set functions.

Function block

TOCC-
TOCC
—BLOCK TRLS|—
TRHS|—

xx00000635.vsd
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Logic diagram
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Figure 93: Unbalance protection for capacitor banks, simplified logic diagram

Input and output signals
Table 174: Input signals for the TOCC (TOCC-) function block

Signal

Description

BLOCK

Blocks the unbalance protection function

Table 175: Output signals for the TOCC (TOCC-) function block

Signal Description
TRLS Alarm from the low set current stage
TRHS Trip from the high set current stage
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14.6 Setting parameters
Table 176: Setting parameters for the TOCC (TOCC-) function
Parameter Range Default Unit Description
Operation Low | On/Off Off - Operating mode of the low set cur-
rent function
I>Low 2-100 30 % of I5b | Operate value of the low set current
Step: 1 function
tLow 0.000- 5.000 S Time delay of the low set current
60.000 function
Step: 0.001
Operation High | On/Off Off - Operating mode of the high set cur-
rent function
I>High 2-100 30 % of I5b | Operate value of the high set current
Step: 1 function
tHigh 0.000- 5.000 S Time delay of the high set current
60.000 function
Step: 0.001
14.7 Technical data

Table 177: TOCC- Unbalance protection

Function

Setting range

Accuracy

stage I>Low

Operate current of low set

(2-100) % of 15b in steps of 1% | +/- 5 % of |,

stage I>Low

Time delay tLow of current

(0.000-60.000) s in steps of +/- 0.5 % of t +/- 10 ms

ims

stage I>High

Operate current of high set

(2-200) % of I5b in steps of 1% | +/- 5 % of |,

stage I>High

Time delay tHigh of current

(0.000-60.000) s in steps of +/- 0.5 % of t +/- 10 ms

ims
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Chapter 6 Voltage

About this chapter
This chapter describes the voltage protection functions.
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1 Time delayed undervoltage protection (TUV)
1.1 Application

Thetime delayed undervoltage protection function, TUV, isapplicablein all situations,
where reliable detection of low phase voltages is necessary. The function can also be
used as a supervision and fault detection function for some other protection functions,
to increase the security of a complete protection system.

1.2 Function block

—BLOCK TRIP
—BLKTR STL1
—{VTSU STL2

STL3
START]
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1.3 Logic diagram
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Figure 94: Undervoltage protection - simplified logic diagram
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1.4 Input and output signals

Table 178: Input signals for the TUV (TUV--) function block

Signal Description

BLOCK Block undervoltage function

BLKTR Block of trip from time delayed undervoltage function

VTSU Block from voltage transformer circuit supervision

Table 179: Output signals for the TUV (TUV--) function block

Signal Description
TRIP Trip by time delayed undervoltage function
STL1 Start phase undervoltage phase L1
STL2 Start phase undervoltage phase L2
STL3 Start phase undervoltage phase L3
START Start phase undervoltage

15 Setting parameters

Table 180: Setting parameters for the time delayed undervoltage protection TUV

(TUV--) function

Parameter Range Default Unit Description
Operation Off, On Off - Operating mode for TUV function
UPE< 10-100 70 % of Operate phase voltage
Step: 1 Ulb
t 0.000- 0.000 S Time delay
60.000
Step: 0.001
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Technical data
Table 181: TUV - Time delayed undervoltage protection

Function Setting range Accuracy
Operate voltage U< (10-100) % of Ulb in steps of | +/- 2.5 % of U,
1%
Time delay (0.000-60.000) s in steps of +/- 0.5 % +/- 10 ms
1ms
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Time delayed overvoltage protection (TOV)

Application

The time delayed phase overvoltage protection is used to protect the electrical equip-
ment and its insulation against overvoltage by measuring three phase voltages. In this
way, it prevents the damage to the exposed primary and secondary equipment in the
power systems.

The residual overvoltage protection function is mainly used in distribution networks,
mainly asabackup protection for theresidual overcurrent protectionin thelinefeeders,
to secure the disconnection of earth-faults.

Functionality

The phase overvoltage protection function continuously measures the three phase volt-
ages and initiates the corresponding output signals if the measured phase voltages ex-
ceed the preset value (starting) and remain high longer than the time delay setting on
the timers (trip). This function also detects the phases which caused the operation.

Theresidual overvoltage protection function calculatestheresidua voltage (3U0) from
the measuring three phase voltages and initiates the corresponding output signalsif the
residual voltageis larger than the preset value (starting) and remains high longer than
the time delay setting (trip).

Function block

TOV--

TOV
—BLOCK TRIP
—BLKTR TRPE

TRN
STPE

STL1

STL2

STL3

STN

xx00000217.vsd

Figure 95: TOV function block, phase and residual overvoltage
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TOV--
TOV
—BLOCK TRIP
—BLKTR TRPE

STPE
STL1
STL2
STL3

xx00000686.vsd

Figure 96: TOV function block phase overvoltage

TOV--
TOV
—BLOCK TRIP—
—BLKTR TRN|—
STN|—

xx00000687.vsd

Figure 97: TOV function block residual overvoltage
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Logic diagram
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Figure 98: TOV, logic diagram

Input and output signals
Table 182: Input signals for the TOV (TOV--) function block

Signal Description
BLOCK Block of time delayed overvoltage function
BLKTR Block of trip output from time delayed overvoltage function

Table 183: Output signals for the time delayed overvoltage protection TOV (TOV-

-) function
Signal Description
TRIP General trip output from TOV function block
TRPE Trip by phase overvoltage function
TRN Trip by residual overvoltage function
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Signal Description
STPE Start phase overvoltage function
STL1 Start phase overvoltage phase L1
STL2 Start phase overvoltage phase L2
STL3 Start phase overvoltage phase L3
STN Start by residual overvoltage function

Setting parameters

Table 184: Setting parameters for time delayed overvoltage TOV (TOV--) function

Parameter Range Default Unit Description

Operation Off, On Off - Operating mode for TOV function

UPE> 50-200 120 % of Operate value for the phase over-
Step: 1 Ulb voltage function

t 0.000- 0.000 S Time delay of the phase overvoltage
60.000 function
Step: 0.001

3U0> 5-100 30 % of Operate value for the neutral over-
Step: 1 Ulb voltage function

t 0.000- 0.000 S Time delay of the neutral overvolt-
60.000 age function
Step: 0.001
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Technical data

Table 185: TOV - Time delayed overvoltage protection

Function

Setting range

Accuracy

Operate voltage
uU>

Phase measuring
elements

(50-200)% of Ulb in steps
of 1%

+/-25%of U atU <
UI’

+/- 2.5 % of U, at U>
<y,

Time delay

Phase measuring
elements

(0.000-60.000) s in steps of
1ms

+/- 0.5 % +/- 10 ms

Operate voltage
3U0>

Residual measur-
ing elements

(5-100)% of U1b in steps of
1%

+-25%of U atU<
UI’

+/- 2.5 % of U at U>
UI’

Time delay

Residual measur-
ing elements

(0.000-60.000) s in steps of
1ms

+/- 0.5 % +/- 10 ms
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Intercircuit bridging protection (TOVI)

Application

If aconductor in the 50 Hz system comesinto contact with the conductor of a16 2/3 Hz
system with higher nominal voltage, the 16 2/3 Hz voltage must quickly be disconnect-
ed to avoid damage on the power transformer and other componentsin the 50 Hz sys-

tem.

The protection is connected to measure the phase-to-ground voltage of the 50 Hz con-
ductor. The operate voltage must, with margin, be set higher than the 16 2/3 Hz voltage
normally induced in the 50 Hz circuit.

Functionality

The voltage measuring element continuously measures the 16 2/3 Hz voltage compo-
nent and comparesiit to the set operate value U>. A filter ensures immunity to distur-
bances and harmonic voltages and reduces the influence of the 50 Hz voltage
component with a factor > 10.The output trip relay operates if the voltage becomes
higher than the set operate value U> under atime exceeding the set definitetimedelay t.

The input signal BLOCK blocks the function.

Function block

TOVI-
TOVI
—BLOCK TRIP—

xx00000680.vsd

Logic diagram

xx01000092.vsd

Figure 99: Intercircuit bridging protection function, simplified logic diagram
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Input and output signals

Table 186: Input signals for the TOVI (TOVI--) intercircuit bridging protection

Signal

Description

BLOCK

Blocks the intercircuit bridging protection function

Table 187: Output signals for the TOVI (TOVI-) inter circuit bridging protection

Signal

Description

TRIP

Trip from the inter circuit bridging protection function

Setting parameters

Table 188: Setting parameters, intercircuit bridging protection TOVI (TOVI-) func-

tion

Parameter Range Default Unit Description

Operation On/Off Off - Operating mode for TOVI function

u> (10-170) 40 % of Operate voltage for the intercircuit
Step: 1 Udb bridging protection function

t 0.000- 5.000 S Delay of trip signal
60.000
Step: 0.001

Technical data

Table 189: TOVI - Intercircuit bridging protection

Function

Setting range Accuracy

Operate voltage U>

(10-170) % of Ub in steps of +/-2.5% of Uy at U <= U,

0,
1% +-25% of Uat U> U,

Time delay t

(0.000-60.000) s in steps of +/- 0.5 % of t +/- 10 ms
1ms
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Chapter 7 Power system
supervision

About this chapter
This chapter describes the power system supervision functions.
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Broken conductor check (BRC)

Application

The main purpose of the BRC broken conductor check function is the detection of bro-
ken conductors on protected power lines and cables (series faults). It isaso able to de-
tect interruptions in the secondary current circuits.

Functionality

The BRC function detects a broken conductor condition by detecting the non symmetry
between currents in the three phases. It does this by measuring the difference between
the maximum and minimum phase currents, i.e. it compares the magnitude of the min-
imum current with that of the maximum current, and gives an output if the minimum
current is less than 80% of the maximum current for a set time interval. At the same
time, the highest current must be higher than a set percentage of the terminal rated cur-
rent.

Function block

BRC--
BRC
—BLOCK TRIP—

xx00000208.vsd
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Figure 100: Smplified logic diagram of broken conductor check function

Input and output signals
Table 190: Input signals for the BRC (BRC--) function block

Signal

Description

BLOCK

Block of BRC function

Table 191: Output signals for BRC (BRC--) function block

Signal

Description

TRIP

Trip by BRC function
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Setting parameters

Table 192: Setting parameters for the broken conductor check BRC (BRC--) func-
tion

Parameter Range Default Unit Description

Operation Off, On Off - Broken conductor function

P> 10-100 10 % of I11b | Operating phase current
Step: 1

t 0.000- 20.000 S Time delay before giving output for
60.000 which detected broken conductor
Step: 0.001 conditions must persist

Technical data

Table 193: Broken conductor check

Parameter Setting range Accuracy

Minimum level of highest 10-100% of 11b in steps of 1% | +/-2.5% of I,
phase current for operation

Output time delay 0.000-60.000 s in steps of +/-0.5% +/-10ms
0.001s
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Loss of voltage check (LOV)

Application

The loss of voltage detection, LOV, is suitable for use in networks with an automatic
restoration function. The LOV function issues a three-pole trip command to the circuit
breaker, if all three phase voltagesfall below the set value for atime longer than 7 sec-
onds, and the circuit breaker remains closed.

Functionality

The operation of LOV function is based on line voltage measurement. The functionis
provided with alogic, which automatically recognises if the line was restored for at
least three seconds before starting the seven seconds timer. Additionally, the function
is automatically blocked if only one or two phase voltages have been detected low for
more than 10 seconds. The LOV function operates again only if the line has been fully
energised.

Operation of LOV functionis also inhibited by fuse failure and open circuit breaker in-
formation signals, by their connection to dedicated inputs of the function block.

The operation of the function is supervised by the fuse-failure function and the infor-
mation about the closed position of the associated circuit breaker.

Function block

LOV--

LOV
—BLOCK TRIP—
—CBOPEN
—{VTSU

xx00000209.vsd

213



Loss of voltage check (LOV) Chapter 7
Power system supervision

2.4 Logic diagram
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|
i
|
i
i
|
|LOV--BLOCK

|
|
|
|
|
|
|
|
P

i Function Enable 7s 150 ms LOV-TRI
JETETI— —
I I
I |sTuL2n | T & |
! Latéhed only 1 or 2 phases are low for I
al e
! P at least 10 s (not three) |
e Oeg !
I I
! |
! d !
! >1 |
! !
i C— !
| LOV--CBOPEN >1 Reset Enable I
! ] & !
lLov--vTsu !
! >1 p 8s Set Enable I
! t >1 !
I I
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Figure 101: Smplified logic diagram of loss of voltage check protection function
2.5 Input and output signals
Table 194: Input signals for the LOV (LOV--) function block

Signal Description

BLOCK Block of loss of voltage check

CBOPEN Circuit breaker open

VTSU Block of loss of voltage check from voltage circuit supervision
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Table 195: Output signals for the LOV (LOV--) function block

Signal

Description

TRIP

Trip by loss of voltage check

Setting parameters

Table 196: Setting parameters for the loss of voltage check LOV (LOV--) function

Parameter Range Default Unit Description
Operation Off, On Off - Operating mode for LOV function
UPE< 10-100 70 % of Operating phase voltage

Step: 1 Ulb

Technical data

Table 197: Loss of voltage check

Parameter

Setting range

Accuracy

Operate voltage, U<

10-100% of Ulb in steps of 1% | +/-2.5% of U,
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Overload supervision (OVLD)

Application
The overload protection, OVLD, prevents excessive loading of power transformers,
lines and cables

Alternative application isthe detection of primary current transformer overload, asthey
usualy can withstand a very small current beyond the rated value

Functionality

The function continuously measures the three phase currents flowing through the ter-
minal. If any of the three currentsis beyond the preset overcurrent threshold for atime
longer than the preset value, atrip signal is activated.

Function block

OVLD
—BLOCK TRIP—

xx00000210.vsd
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Figure 102: Smplified logic diagram of overload supervision function

Input and output signals
Table 198: Input signals for the OVLD (OVLD-) function block

Signal Description

BLOCK Block of overload supervision function

Table 199: Output signals for the OVLD (OVLD-) function block

Signal Description

TRIP Trip by overload supervision function
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Setting parameters

Table 200: Setting parameters for the overload supervision OVLD (OVLD-) func-
tion

Parameter Range Default Unit Description
Operation Off, On Off - Operating mode for OVLD function
P> 20-300 100 % of I1b | Operating phase current
t 0.0-90000.0 | 20.0 s Time delay
Step: 0.1

Technical data

Table 201: Overload supervision function

Parameter Setting range Accuracy

Operate current I> 20-300% of 11b in steps of 1% | +/-2.5% of |, at I<l,

+/-2.5% of | at I>I,

Time delay 0.0-90000.0 s +/-0.5% +/- 10 ms
Step: 0.1
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Dead line detection (DLD)

Application

The main purpose of the dead line detection is to provide different protection, control
and monitoring functions with the status of theline, i.e whether or not it is connected to

the rest of the power system

Functionality

The dead line detection function continuously measures all three phase currents and
phase voltages of aprotected power line. Thelineisdeclared as dead (not energized) if

all three measured currents and voltages fall below the preset values for more than
200 ms.

Function block

DLD--

—BLOCK

DLD

START]
STIL1
STIL2
STIL3
STUL1
STUL2
STUL3
STPH

xx00000189.vsd
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Figure 103: DLD - simplified logic diagram of a function

4.5 Input and output signals
Table 202: Input signals for the DLD (DLD--) function block
Signal Description
BLOCK Block of dead line detection
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Table 203: Output signals for the DLD (DLD--) function block

Signal Description

START Dead line condition detected in all three phases
STIL1 Current below set value phase L1

STIL2 Current below set value phase L2

STIL3 Current below set value phase L3

STUL1 Voltage below set value phase L1

STUL2 Voltage below set value phase L2

STUL3 Voltage below set value phase L3

STPH Dead phase condition detected in at least one phase

Setting parameters

Table 204: Setting parameters for the dead line detection DLD (DLD--) function

Parameter Range Default Unit Description

Operation Off / On Off - Operating mode for DLD function

U< 10 - 100 70 % of Operating phase voltage (undervolt-
Step: 1 Ulb age function)

IP< 5-100 20 % of I11b | Operating phase current (undercur-
Step: 1 rent function)

Technical data

Table 205: DLD - Dead line detection

Function Setting range Accuracy
Automatic check of dead | Operate phase current (5-100) % of I1b in +/- 2.5 % of
line condition steps of 1% I
Operate phase voltage (10-100) % of Ulbin | +/- 2.5 % of
steps of 1% U,
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Chapter 8 Secondary system
supervision

About this chapter
This chapter describes the secondary system supervision functions
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Current circuit supervision (CTSU)

Application

Faulty information about current flows in a protected element might influence the se-
curity (line differential protection) or dependability (line distance protection) of acom-
plete protection system.

The main purpose of the current circuit supervision function isto detect different faults
in the current secondary circuits and influence the operation of corresponding main pro-
tection functions.

The signal can be configured to block different protection functionsor initiate an alarm.

Functionality
Thefunction comparesthe sum of the three phase currentsfrom one current transformer
core with areference zero sequence current from another current transformer core.

The function issues an output signal when the differenceis greater than the set value.

Function block

CTSU-
CTsu
—BLOCK FAILF—
ALARM—

xx00000211.vsd
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Logic diagram

P
I

CTSU-BLOCK

: OPERATION

Figure 104: Smplified logic diagram for the current circuit supervision

Input and output signals

Table 206: Input signals for the CTSU (CTSU-) function block

99000067 .vsd

Signal

Description

BLOCK

Block function

Table 207: Output signals for the CTSU (CTSU-) function block

Signal Description
FAIL Current circuit failure
ALARM Alarm for current circuit failure
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Setting parameters

Table 208: Setting parameters for the current circuit supervision CTSU (CTSU-)
function

Parameter Range Default Unit Description

Operation Off, On Off - Operating mode for CTSU function

IMIinOp 5-100 20 % of I1b | Minimum operate phase current
Step: 1

Technical data

Table 209: Current circuit supervision

Function Setting range Accuracy

Operate current > 5-100% of I1b in steps of 1% | +/-2.5% of I,
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Fuse failure supervision (FUSE)

Application

Thefusefailure supervision function, FUSE, continuously supervisesthe ac voltagecir-
cuits between the voltage instrument transformers and the terminal. Different output
signals can be used to block, in case of faultsin the ac voltage secondary circuits, the
operation of the distance protection and other voltage-dependent functions, such asthe
synchro-check function, undervoltage protection, etc.

Different measurement principlesare avail able for the fuse failure supervision function.

The FUSE function based on zero sequence measurement principle, isrecommended in
directly or low impedance earthed systems.

A criterion based on delta current and delta voltage measurements can be added to the
FUSE function in order to detect a three phase fuse failure, which in practice is more
associated with voltage transformer switching during station operations.

Functionality

The FUSE function based on the zero sequence measurement principle continuously
measures the zero sequence current and voltage in all three phases. It operates if the
measured zero sequence voltage increases over preset operating value, and if the mea-
sured zero sequence current remains below the preset operating value.

The delta current and delta voltage algorithm, detects a fuse failure if a sufficient neg-
ative change in voltage amplitude without a sufficient change in current amplitude is
detected in each phase separately. This check is performed if the circuit breaker is
closed. Information about the circuit breaker position is brought to the function input
CBCLOSED through abinary input of the terminal.

Three output signals are available. Thefirst depends directly on the voltage and current
measurement. The second depends on the operation of the dead line detection function,
to prevent unwanted operation of the distance protection if the line has been deener-
gised and energised under fuse failure conditions. The third depends on the loss of al
three measured voltages. A special function input servesthe connection to the auxiliary
contact of aminiature circuit breaker, MCB (if used), to secure correct operation of the
function on simultaneous interruption of all three measured phase voltages also when
the additional delta current and delta voltage algorithm is not present in the function
block.
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Function block

FUSE-

FUSE
—BLOCK VTSU—
—MCB VTSZ—
—DISC VTF3PH—
—DLCND
—CBCLOSED

xx00000212.vsd

Figure 105: Function block, FUSE function including DU/Dt based

FUSE-

—BLOCK
—MCB
—DISC
—DLCND

FUSE
VTSU—
VTSZ|—

VTF3PH—

xx01000096.vsd

Figure 106: Function block, negative sequence, zero sequence
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Logic diagram
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Figure 107: Smplified logic diagram for fuse failure supervision function, zero se-
quence
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Figure 108: Smplified logic diagram for fuse failure supervision function, du/dt based
2.5 Input and output signals
Table 210: Input signals for the FUSE (FUSE-) function block
Signal Description
BLOCK Block of fuse failure function
MCB Operation of MCB
DISC Line disconnector position
DLCND Dead line condition
CBCLOSED Circuit breaker closed information
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Table 211: Output signals for the FUSE (FUSE-) function block

Signal Description
VTSU Block for voltage measuring functions
VTSZ Block for impedance measuring functions
VTF3PH Detection of 3-phase fuse failure
2.6 Setting parameters
Table 212: Setting parameters for the fuse failure supervision FUSE (FUSE-) func-
tion
Parameter Range Default Unit Description
ZeroSeq Off, On Off - Operating mode for FUSE function
3U0> 10-50 10 % of Operating zero sequence voltage
Step: 1 Ulb
310< 10-50 10 % of I11b | Operating zero sequence current
Step: 1

Table 213: Setting parameters for the fuse failure supervision FUSE (FUSE-) func-

tion, du/dt, di/dt based

Parameter Range Default Unit Description

1> 10-50 10 % of I11b | Operate phase current level
Step: 1

DU> 50-90 80 % of Operate voltage change level
Step: 1 Ulb

Di< 10-50 10 % of I11b | Operate current change level
Step: 1
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Technical data

Table 214: FUSE - Fuse failure supervision function

Function Setting range Accuracy

Zero-sequence Operate voltage (10-50)% of U1lb in steps of +/- 2.5 % of U,
quantities: 3Ug 1%

Operate current (10-50)% of 11b in steps of 1% | +/- 2.5 % of |,
3lg

Table 215: Fuse failure supervision function

Function Setting range Accuracy

Operate voltage change level (50-90)% of U1b in steps of +/-2.5% of Ur
1%

Operate current change level (10-50)% of I1b in steps of 1% | +/- 2.5% of Ir
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Voltage transformer supervision (TCT)

Application

The main purpose of the voltage transformer supervision function isto indicate failure
in the measuring voltage from a capacitive voltage transformer.

Functionality

The voltage transformer supervision function checks all of the three phase-phase volt-
ages and theresidual voltage. If the residua voltage exceeds the setpoint value and any
of the phase-phase voltagesis higher than 80% of the rated phase-phase voltage the out-
put is activated after a settable time delay.

Function block

TCT--
TCT
—BLOCK START|—
—vTsu

xx00000618.vsd

Logic diagram

' [
i [sTUPP1 |
: STUPP2 >1 !
, i
I [sTuPP3 tDelay |
| =]
i
i
|

en01000001.vsd

Figure 109: Smplified logic diagram, TCT function
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Input and output signals
Table 216: Input signals for the TCT (TCT--) function block

Signal Description

BLOCK Block of voltage transformer supervision

VTSU Block of voltage transformer supervision from voltage circuit
supervision

Table 217: Output signals for the TCT (TCT--) function block

Signal

Description

START

Start by voltage transformer supervision

Setting parameters

Table 218: Settings for the voltage transformer supervision TCT (TCT--) function

Parameter Range Default Unit Description
Operation On/Off Off - Operating mode for TCT function
UN> 1.0-80.0 10.0 % of Residual overvoltage limit
Step: 0.1 Ulb
tDelay 0.000- 3.000 S Time delayed operation for start sig-
300.000 nal
Step. 0.001
Technical data
Table 219: Voltage transformer supervision
Parameter Setting Accuracy
range

Residual overvoltage limit, UN>

1.0-80.0% of | +/- 2.5% of U,
Ulb in steps
of 0.1%

Time delayed operation for start signal, tDelay

0.000- +/- 0.5% +/- 10 ms
300.000 s in
steps of 1 ms
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About this chapter
This chapter describes the control functions
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Synchrocheck (SYN)

Application

The main purpose of the synchrocheck function is to provide controlled closing of cir-
cuit breakers in interconnected networks.

The main purpose of the energizing check function isto facilitate the controlled recon-
nection of a disconnected line or busto, respectively, an energized bus or line.

The main purpose of the phasing function isto provide controlled closing of circuit
breakers when two asynchronous systems are going to be connected. It isused for dip
frequencies that are larger than those for synchrocheck.

Note:

The phasing function is only available together with the synchrocheck and energizing
check functions.

To meet the different application arrangements, a number of identical SYN function

blocks may be provided within a single terminal. The number of these function blocks
that may beincluded within any given terminal depends on the type of terminal. There-
fore, the specific circuit breaker arrangements that can be catered for, or the number of
bays of a specific arrangement that can be catered for, depends on the type of terminal.

Functionality

The synchrocheck function measures the conditions across the circuit breaker and com-
pares them to set limits. The output is only given when all measured conditions are si-
multaneously within their set limits.

The energizing check function measures the bus and line voltages and compares them
to both high and low threshold detectors. The output is only given when the actual mea-
sured conditions match the set conditions.

The phasing function measures the conditions across the circuit breaker, and al so deter-
mines the angle change during the closing delay of the circuit breaker from the mea-
sured dlip frequency. The output is only given when all measured conditions are
simultaneously within their set limits. Theissue of the output istimed to give closure at
the optimal time.
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For single circuit breaker and 1 1/2 circuit breaker arrangements, the SYN function

blocks have the capability to make the necessary voltage selection. For single circuit
breaker arrangements, selection of the correct voltage is made using auxiliary contacts
of the bus disconnectors. For 1 1/2 circuit breaker arrangements, correct voltage selec-

tion is made using auxiliary contacts of the bus disconnectors as well as the circuit

breakers (aswell as binary output signalsfrom the other terminalsin the same diameter

for 1 1/2 circuit breaker applications with a separate terminal per circuit breaker).

Function block

SYN1-

SYN
BLOCK
VTSU
UBLFF
UB10OK
UB2FF
UB20K
CB1OPEN
CB1CLD
CB20OPEN
CB2CLD

AUTOOK|
MANOK
VSuB1
VSuB2
UDIFF
FRDIFF
PHDIFF

xx00000690.vsd

Figure 110: Function block for single CB

SYN1-

SYN
BLOCK
VTSU
UB1FF
UB1OK

AUTOOK
MANOK
UDIFF
FRDIFF

xx00000691.vsd

Figure 111: Function block for double CB
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SYN1-
SYN

—BLOCK AUTOOK—
—VTSU MANOKF—
—UBI1FF VSUB1f—
—UB10K VSUB2[—
—UB2FF TESTCBf—
—UB20K CLOSECB[—
—START INPROGR[—
—CB1OPEN UDIFF—
—CB1CLD FRDIIFFf—
—CB20OPEN PHDIFF—
—CB2CLD

xx00000692.vsd

Figure 112: Function block for single CB with phasing

SYN1-
SYN

—BLOCK AUTOOKf—
—vTsu MANOK|—
—]UB1FF TESTCB|—
—UuB10OK CLOSECB{—
—{START INPROGR}—
UDIFF{—
FRDIFFf—
PHDIFF|—

xx00000693.vsd

Figure 113: Function block for double CB with phasing
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Logic diagram

SYNCHROCHECK

SYN1
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Figure114: SYN, simplified logic diagram, synchrocheck and energizing check, Thein-

ternal signal UENERG1OK refers to the voltage selection logic.
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|
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SYN1-BLOCK
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|
R
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Figure 115: SYN, phasing, simplified logic diagram. Theinput signals SYN1-AUTOOK
and SYN1-MANOK derive from the synchrocheck and energizing logic
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Figure 116: SYN, simplified voltage selection logic in a double bus, single breaker ar-

rangement
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SYN1-VSUB1
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Figure 117: SYN, simplified voltage selection logic in a double bus, single breaker ar-

rangement.

Input and output signals

99000089.vsd

Table 220: Input signals for the SYN (SYN--) function block for single circuit

breaker

Signal Description

BLOCK Blocks function

VTSU Fuse failure supervision, line voltage
UB1FF Fuse failure, bus 1

UB1OK Fuse healthy, bus 1
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Signal Description

UB2FF Fuse failure, bus 2

UB20OK Fuse healthy, bus 2

CB1OPEN Circuit breaker section 1 open
CB1CLD Circuit breaker section 1 closed
CB20OPEN Circuit breaker section 2 open
CB2CLD Circuit breaker section 2 closed

Table 221: Output signals for the SYN (SYN--) function block for single circuit

breaker
Signal Description
AUTOOK Synchrocheck / energizing check OK for automatic reclosing
MANOK Synchrocheck / energizing check OK for manual closing
VSUB1 Voltage selection from bus 1
VSUB2 Voltage selection from bus 2
UDIFF Difference in voltage is less than the set difference limit
FRDIFF Difference in frequency is less than the set difference limit
PHDIFF Difference in phase angle is less than the set difference limit

Table 222: Input signals for the SYN (SYN--) function block for double circuit

breakers

Signal Description

BLOCK Blocks function

VTSU Fuse failure supervision, line voltage
UB1FF Fuse failure, bus 1

UB1OK Fuse healthy, bus 1
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Table 223: Output signals for the SYN (SYN--) function block for double circuit

breakers
Signal Description
AUTOOK Synchrocheck / energizing check OK for automatic reclosing
MANOK Synchrocheck / energizing check OK for manual closing
UDIFF Difference in voltage is less than the set difference limit
FRDIFF Difference in frequency is less than the set difference limit
PHDIFF Difference in phase angle is less than the set difference limit

Table 224: Input signals for the SYN (SYN--) function block for single circuit

breaker
Signal Description
BLOCK Blocks function
VTSU Fuse failure supervision, line voltage
UB1FF Fuse failure, bus 1
UB1OK Fuse healthy, bus 1
UB2FF Fuse failure, bus 2
UB20K Fuse healthy, bus 2
START Start phasing function
CB1OPEN Circuit breaker section 1 open
CB1CLD Circuit breaker section 1 closed
CB20OPEN Circuit breaker section 2 open
CB2CLD Circuit breaker section 2 closed

Table 225: Output signals for the SYN (SYN--) function block for single circuit

breaker
Signal Description
AUTOOK Synchrocheck / energizing check OK for automatic reclosing
MANOK Synchrocheck / energizing check OK for manual closing
VSUB1 Voltage selection from bus 1
VSUB2 Voltage selection from bus 2
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Signal

Description

TESTCB

Circuit breaker close output in test mode

CLOSECB

Circuit breaker close output

INPROGR

Phasing operation in progress

UDIFF

Difference in voltage is less than the set difference limit

FRDIFF

Difference in frequency is less than the set difference limit

PHDIFF

Difference in phase angle is less than the set difference limit

Table 226: Input signals for the SYN (SYN--) function block for double circuit

breaker

Signal

Description

BLOCK

Blocks function

VTSU

Fuse failure supervision, line voltage

UB1FF

Fuse failure, bus 1

UB10OK

Fuse healthy, bus 1

START

Start phasing function

Table 227: Output signals for the SYN (SYN--) function block for double circuit

breaker

Signal

Description

AUTOOK

Synchrocheck / energizing check OK for automatic reclosing

MANOK

Synchrocheck / energizing check OK for manual closing

TESTCB

Circuit breaker close output in test mode

CLOSECB

Circuit breaker close output

INPROGR

Phasing operation in progress

UDIFF

Difference in voltage is less than the set difference limit

FRDIFF

Difference in frequency is less than the set difference limit

PHDIFF

Difference in phase angle is less than the set difference limit
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Setting parameters

Table 228: Setting parameters for the SYN (SYN--) function block for single circuit

breaker
Parameter Range Default Unit Description
Operation Off, Off - Operating mode for SYN function
Release,
On
InputPhase L1, L2, L3, |L1 - Selected input voltage
L1-L2, L2-
L3, L3-L1
UMeasure Ph/N, Ph/ Ph/N - Selected input voltage Ph/N or Ph/
Ph Ph
PhaseShift 0-360 0 degrees | Phase shift between U-bus and U-
Step: 1 line
URatio 0.20-5.00 1.00 - Voltage ratio between U-bus and U-
Step: 0.01 line
USelection SingleBus, | SingleBus - Bus arrangement for voltage selec-
DbleBus tion
AutoEnerg Off, DLLB, | Off - Permitted energizing conditions for
DBLL, Both automatic reclosing
ManEnerg Off, DLLB, Off - Permitted energizing conditions for
DBLL, Both manual closing
ManDBDL Off, On Off - Select On/Off for manual closing
UHigh 50-120 80 % of Ub | High voltage limit
Step: 1
ULow 10-100 40 % of Ub | Low voltage limit
Step: 1
FreqDiff 0.05-0.30 0.20 Hz Frequency difference limit
Step: 0.01
PhaseDiff 5-75 20 degrees | Phase difference limit
Step: 1
UDiff 5-50 20 % of Ub | Voltage difference limit
Step: 1
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Parameter Range Default Unit Description

tAutoEnerg 0.000- 0.100 S Time delay from fulfillment of all con-
60.000 ditions to issue of energizing release
Step: 0.001 signal for automatic reclosing

tManEnerg 0.000- 0.100 S Time delay from fulfillment of all con-
60.000 ditions to issue of energizing release
Step: 0.001 signal for manual closing

VTConnection | Line, Bus Line - Voltage transformer connection side

tSync 0.000- 0 S Synchrocheck operation delay time
60.000
Step: 0.001

Table 229: Setting parameters for the SYN (SYN--) function block for double cir-

cuit breakers

Parameter Range Default Unit Description

Operation Off, Off - Operating mode for SYN function
Release,
On

InputPhase L1, L2, L3, L1 - Selected input voltage
L1-L2, L2-
L3, L3-L1

UMeasure Ph/N, Ph/ Ph/N - Selected input voltage Ph/N or Ph/
Ph Ph

PhaseShift 0-360 0 degrees | Phase shift between U-bus and U-
Step: 1 line

URatio 0.20-5.00 1.00 - Voltage ratio between U-bus and U-
Step: 0.01 line

AutoEnerg Off, DLLB, | Off - Permitted energizing conditions for
DBLL, Both automatic reclosing

ManEnerg Off, DLLB, | Off - Permitted energizing conditions for
DBLL, Both manual closing

ManDBDL Off, On Off - Select On/Off for manual closing

UHigh 50-120 80 % of Ub | High voltage limit
Step: 1
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ULow 10-100 40 % of Ub | Low voltage limit
Step: 1
FreqDiff 0.05-0.30 0.20 Hz Frequency difference limit
Step: 0.01
PhaseDiff 5-75 20 degrees | Phase difference limit
Step: 1
VTConnection | Line, Bus Line - Voltage transformer connection side
tSync 0.000- 0 S Synchrocheck operation delay time
60.000
Step: 0.001
UDiff 5-50 20 % of Ub | Voltage difference limit
Step: 1
tAutoEnerg 0.000- 0.100 S Time delay from fulfillment of all con-
60.000 ditions to issue of energizing release
Step: 0.001 signal for automatic reclosing
tManEnerg 0.000- 0.100 S Time delay from fulfillment of all con-
60.000 ditions to issue of energizing release
Step: 0.001 signal for manual closing

Table 230: Setting parameters for the SYN (SYN--) function block for single circuit
breaker with phasing

Parameter Range Default Unit Description

Operation Off, Off - Operating mode for SYN function
Release,
On

InputPhase L1,L2,L3, |L1 - Selected input voltage
L1-L2, L2-
L3, L3-L1

PhaseShift 0-360 0 degrees | Phase shift between U-bus and U-
Step: 1 line

URatio 0.20-5.00 1.00 - Voltage ratio between U-bus and U-
Step: 0.01 line
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USelection SingleBus, | SingleBus - Bus arrangement for voltage selec-
DbleBus tion
AutoEnerg Off, DLLB, | Off - Permitted energizing conditions for
DBLL, Both automatic reclosing
ManEnerg Off, DLLB, | Off - Permitted energizing conditions for
DBLL, Both manual closing
ManDBDL Off, On Off - Select On/Off for manual closing
UHigh 50-120 80 % of Ub | High voltage limit
Step: 1
ULow 10-100 40 % of Ub | Low voltage limit
Step: 1
FreqDiff 0.05-0.30 0.20 Hz Frequency difference limit
Step: 0.01
PhaseDiff 5-75 20 degrees | Phase difference limit
Step: 1
UDiff 5-50 20 % of Ub | Voltage difference limit
Step: 1
tAutoEnerg 0.000- 0.100 S Time delay from fulfillment of all con-
60.000 ditions to issue of energizing release
Step: 0.001 signal for automatic reclosing
tManEnerg 0.000- 0.100 S Time delay from fulfillment of all con-
60.000 ditions to issue of energizing release
Step: 0.001 signal for manual closing
Operation- Off, On Off - Phasing function Off/On
Synch
ShortPulse Off, On Off - Short pulse Off/On
FreqDiffSynch | 0.05-0.50 0.30 Hz Frequency difference limit for phas-
Step: 0.01 ing
tPulse 0.000- 0.200 S Breaker closing pulse duration
60.000
Step: 0.001
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tBreaker 0.02-0.50 0.20 S Closing time of the breaker
Step: 0.01

VTConnection | Line, Bus Line - Voltage transformer connection side

tSync 0.000- 0 S Synchrocheck operation delay time
60.000
Step: 0.001

Table 231: Setting parameters for the SYN (SYN--) function block for double cir-
cuit breaker with phasing

Parameter Range Default Unit Description

Operation Off, Off - Operating mode for SYN function
Release,
On

InputPhase L1,L2,L3, |L1 - Selected input voltage
L1-L2, L2-
L3, L3-L1

PhaseShift 0-360 0 degrees | Phase shift between U-bus and U-
Step: 1 line

URatio 0.20-5.00 1.00 - Voltage ratio between U-bus and U-
Step: 0.01 line

AutoEnerg Off, DLLB, | Off - Permitted energizing conditions for
DBLL, Both automatic reclosing

ManEnerg Off, DLLB, | Off - Permitted energizing conditions for
DBLL, Both manual closing

ManDBDL Off, On Off - Select On/Off for manual closing

UHigh 50-120 80 % of Ub | High voltage limit
Step: 1

ULow 10-100 40 % of Ub | Low voltage limit
Step: 1

FreqDiff 0.05-0.30 0.20 Hz Frequency difference limit
Step: 0.01
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Parameter Range Default Unit Description

PhaseDiff 5-75 20 degrees | Phase difference limit
Step: 1

UDiff 5-50 20 % of Ub | Voltage difference limit
Step: 1

tAutoEnerg 0.000- 0.100 S Time delay from fulfillment of all con-
60.000 ditions to issue of energizing release
Step: 0.001 signal for automatic reclosing

tManEnerg 0.000- 0.100 S Time delay from fulfillment of all con-
60.000 ditions to issue of energizing release
Step: 0.001 signal for manual closing

Operation- Off, On Off - Phasing function Off/On

Synch

ShortPulse Off, On Off - Short pulse Off/On

FreqDiffSynch | 0.05-0.50 0.30 Hz Frequency difference limit for phas-
Step: 0.01 ing

tPulse 0.000- 0.200 S Breaker closing pulse duration
60.000
Step: 0.001

tBreaker 0.02-0.50 0.20 S Closing time of the breaker
Step: 0.01

VTConnection | Line, Bus Line - Voltage transformer connection side

tSync 0.000- 0 S Synchrocheck operation delay time
60.000
Step: 0.001
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Table 232: Synchrocheck and energizing check

Function Setting range Accuracy
Synchrocheck:

Frequency difference limit 50-300 mHz in steps of 10 mHz | <20 mHz

Voltage difference limit 5-50% of Uy, in steps of 1% +/-2.5% of U,

Phase difference limit 5-75 degrees in steps of 1 +/-2 degrees

degrees

Energizing check:
Voltage level high
Voltage level low

Energizing period, automatic
reclosing

Energizing period, manual closing

50-120% of Uy, in steps of 1% +/-2.5% of U,
10-100% of Uy, in steps of 1% +/-2.5% of U,
0-60 s in steps of 1 ms +/-0.5% +/-10 ms

0-60 s in steps of 1 ms +/-0.5% +/- 10 ms

Phase shift ®jine - Ppus

0-360 degrees in steps of 5
degrees

Voltage ratio Uy s/Ujine

0.20-5.00 in steps of 0.01

Parameter

Value

Synchrocheck:

Bus voltage frequency range limit
Minimum Operating time
Energizing check:

Minimum Operating time

+/-5 Hz from f,

190 ms typically

90 ms typically
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Table 233: Phasing check option (specific parameters)

Parameter

Setting range

Accuracy

Frequency difference limit

Circuit breaker closing pulse dura-
tion

Circuit breaker closing time

50-500 mHz in steps of 10 mHz | <20 mHz

0.000-60.000 s in steps of 1 ms | +/-0.5% +/-10 ms

0.000-60.000 s in steps of 1 ms | +/-0.5% +/-10 ms

Parameter

Value

Bus / line voltage frequency range limit

Bus / line voltage frequency rate of change limit

+/-5 Hz from f,

<0.21 Hz/s
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2.2

Automatic reclosing function (AR)

Application

The majority of power line faultsaretransient in nature, i.e. they do not recur when the
lineisre-energized following disconnection. The main purpose of the AR automatic re-
closing function isto automatically return power linesto service following their discon-
nection for fault conditions.

To meet the different single, double or 1 and 1/2 circuit breaker arrangements, one, two,
three, or six identical AR function blocks may be provided within asingleterminal. The
actual number of these function blocks that may be included within any given terminal
depends on the type of terminal. Therefore, the specific circuit breaker arrangements
that can be catered for, or the number of bays of a specific arrangement that can be ca-
tered for, depends on the type of terminal.

Especially at higher voltages, the mgjority of line faults are single-phase-to-earth.
Faultsinvolving al three phases are rare. The main purpose of the single- and two-pole
automatic reclosing function, operating in conjunction with asingle- and two-pole trip-
ping capability, isto limit the effect to the system of faultsinvolving lessthan all three
phases. Thisis particularly valuable for maintaining system stability in systems with
limited meshing or paralel routing.

Functionality

The AR functionisalogical function built up from logical elements. It operatesin con-
junction with the trip output signals from the line protection functions, the OK to close
output signals from the synchrocheck and energizing check function, and binary input
signals (for circuit breaker position/status, or from other external protection functions).

The AR function has a priority selection capability that enables reclosing coordination
for doubleand 1 and 1/2 circuit breaker arrangements. Reclosing of the circuit breakers
will take place sequentially. No reclosing of the second circuit breaker will occur if re-
closure of the first was unsuccessful due to reclosure on to a persistent fault.

Of the six reclosing programs, one providesfor three-pole reclosing only, while the oth-
ersprovide for single- and two-pole reclosing as well. For the latter, only the first shot
may be single- or two-pole. All subsequent shots up to the maximum number will be
three-pole. For some of the programs, depending on theinitial trip, no shot, or only one
shot, will be permitted irrespective of the number of shots selected.

253



Automatic reclosing function (AR)

Chapter 9
Control

2.3

2.4

254

Function block

Figure 118: AR Function block: Sngle, two and/or three phase

ARO1-
AR

ON BLOCKED|—
OFF SETON[—
BLKON INPROGR[—
BLKOFF ACTIVE[—
INHIBIT UNSUC|—
RESET READY|—
START P1P—
STTHOL P3P—
TRSOTF CLOSECB|—
TR2P 1PT1f—
TR3P 2PT1f—
CBREADY Ti—
CBCLOSED T2—
PLCLOST T3—
SYNC T4—
WAIT WFMASTER—
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ARO1-
AR

ON BLOCKED|—
OFF SETON[—
BLKON INPROGR[—
BLKOFF ACTIVE—
INHIBIT UNSUC|—
RESET READY|—
START CLOSECB|—
STTHOL Ti—
TRSOTF T2—
CBREADY T3—
CBCLOSED T4—
PLCLOST WFMASTER|—
SYNC

WAIT

Figure 119: AR Function block: Three phase

Input and output signals

Note: Some signals may not be present depending on the ordered options.

xx00000220.vsd
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Table 234: Input signals for the AR (ARnn-) function block

Signal Description

ON Enables automatic reclosing operation

OFF Disables automatic reclosing operation

BLKON Sets automatic recloser to blocked state

BLKOFF Releases automatic recloser from blocked state

INHIBIT Inhibits automatic reclosing cycle

RESET Resets automatic recloser

START Starts automatic reclosing cycle

STTHOL Blocks automatic reclosing from thermal overload protection

TRSOFT Provides for start of automatic reclosing cycle from switch-on-
to-fault

TR2P Information on two-pole trip from trip function

TR3P Information on three-pole trip from trip function

CBREADY Circuit breaker ready for operation

CBCLOSED Circuit breaker closed

PLCLOST Permissive communication channel out of service

SYNC OK to close from synchronizing / energizing function

WAIT Wait from Master for sequential reclosing

Note: Some signals may not be present depending on the ordered options.

Table 235: Output signals for the AR (ARnn-) function block

Signal Description

BLOCKED Automatic recloser in blocked state

SETON Automatic recloser switched on

INPROGR Automatic reclosing attempt in progress
ACTIVE Automatic reclosing cycle in progress

UNSUC Automatic reclosing unsuccessful

READY Automatic recloser prepared for reclosing cycle
P1P Permit single-pole trip
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Signal Description

P3P Prepare three-pole trip

CLOSECB Close command to circuit breaker

1PT1 Single-pole reclosing in progress

2PT1 Two-pole reclosing in progress

T1 Three-pole reclosing, shot 1 in progress

T2 Three-pole reclosing, shot 2 in progress

T3 Three-pole reclosing, shot 3 in progress

T4 Three-pole reclosing, shot 4 in progress

WFMASTER Wait from Master for sequential reclosing
241 Autorecloser counter values

Table 236: Autorecloser counter values AR (AR---)

example values)

Viewed data (default labels used, data is Counter value

1ph-Shotl=

nnn

Recorded number of first single pole reclosing
attempts

3ph-Shotl=

nnn

Recorded number of first three-pole reclosing
attempts

3ph-Shot2=

nnn

Recorded number of second three-pole
reclosing attempts

3ph-Shot3=

nnn

Recorded number of third three-pole reclos-
ing attempts

3ph-Shot4=

nnn

Recorded number of fourth three-pole reclos-
ing attempts

NoOfReclosings=

nnn

Recorded number of all reclosing attempts
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Setting parameters

Table 237: Setting parameters for the automatic

reclosing AR (AR---) function

Parameter Range Default Unit Description

Operation Off, Off - Operating mode for AR function
Stand-by,
On

NoOfReclosing | 1-4 1 - Maximum number of reclosing

attempts

FirstShot 3 ph, 3ph - Selection of reclosing program
1/2/3 ph,
1/2 ph,
1 ph+1*2
ph,
1/2+1*3 ph,
1 ph+1*2/3
ph

Extended t1 Off, On Off - Extended dead time for loss of per-

missive channel

tl 1Ph 0.000- 1.000 S Dead time for first single-phase
60.000 automatic reclosing shot
Step: 0.001

t1 2Ph 0.000- 1.000 S Dead time for first two-phase auto-
60.000 matic reclosing shot
Step: 0.001

t1 0.000- 1.000 S Dead time for first three-phase auto-
60.000 matic reclosing shot
Step: 0.001

t2 0.0-9000.0 |30.0 s Dead time for second automatic
Step: 0.1 reclosing shot

t3 0.0-9000.0 |30.0 S Dead time for third automatic reclos-
Step: 0.1 ing shot

t4 0.0-9000.0 | 30.0 S Dead time for fourth automatic
Step: 0.1 reclosing shot
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Parameter Range Default Unit Description
tSync 0.0-9000.0 | 2.0 S Maximum wait time for sync
Step: 0.1
tPulse 0.000- 0.200 S Circuit breaker closing pulse length
60.000
Step: 0.001
CutPulse Off, On Off - Shorten closing pulse at a new trip
tReclaim 0.0-9000.0 | 60.0 S Reclaim time
Step: 0.1
tinhibit 0.000- 5.000 S Inhibit reset time
60.000
Step: 0.001
CB Ready CO, OCO CcoO - Select type of circuit breaker ready
signal
tTrip 0.000- 1.000 S Detection time for long trip duration
60.000 to block automatic reclosing
Step: 0.001
Priority None, Low, | None - Priority selection (Master/Slave)
High (when reclosing multiple circuit
breakers)
tWaitForMaster | 0.0-9000.0 | 60.0 S Maximum wait time for Master
Step: 0.1
AutoCont Off, On Off - Continue with next reclosing attempt
if breaker does not close
BlockUnsuc Off, On Off - Block automatic reclosing function
for unsuccessful reclosing
tAutoWait 0.000- 2.000 S Maximum wait time between shots
60.000
Step: 0.001
UnsucMode NoCB- NOCB- - CB Check enabled or disabled for
Check, Check unsuccessful mode
CBCheck
tUnsuc 0.0-9000.0 |30 S CB Check time before unsuccessful
Step: 0.1
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Table 238: Automatic reclosing function

Parameter

Setting range

Accuracy

Automatic reclosing open time:

shot 1 -t1 1ph

shot 1 - t1 2ph

shot 1 - t1 3ph

shot 2 - t2 3ph
shot 3 - t3 3ph
shot 4 - t4 3ph

0.000-60.000 s in steps of
1ms

0.000-60.000 s in steps of
1ms

0.000-60.000 s in steps of
1ms

0-9000 s in steps of 0.1 s
0-9000 s in steps of 0.1 s
0-9000 s in steps of 0.1 s

+/- 0.5% +/- 10 ms

+/- 0.5% +/- 10 ms

+/- 0.5% +/- 10 ms

+/- 0.5% +/- 10 ms
+/- 0.5% +/- 10 ms

+/- 0.5% +/- 10 ms

Maximum wait time for OK to close from
synchronizing function tSync

0-9000 s in steps of 0.1 s

+/- 0.5% +/- 10 ms

Duration of close pulse to circuit breaker
tPulse

0.000-60.000 s in steps of
1ms

+/- 0.5% +/- 10 ms

Duration of reclaim time tReclaim

0-9000 s in steps of 0.1 s

+/- 0.5% +/- 10 ms

Inhibit reclosing reset time tinhibit

0.000-60.000 s in steps of
1ms

+/- 0.5% +/- 10 ms

Maximum trip pulse duration tTrip
(longer trip pulse durations will either
extend the dead time or interrupt the
reclosing sequence)

0.000-60.000 s in steps of
1ms

+/- 0.5% +/- 10 ms

Maximum wait time for release from
Master tWaitForMaster

0-9000 s in steps of 0.1 s

+/- 0.5% +/- 10 ms

Wait time following close command
before continuing with further reclosing
attempts without new start signal if cir-
cuit breaker does not close tAutoWait

0.000-60.000 s in steps of
1ms

+/- 0.5% +/- 10 ms

Time delay before indicating reclosing
unsuccessful tUnsuc

0-9000 s in steps of 0.1 s

+/- 0.5% +/- 10 ms

Time CB must be closed before AR
becomes ready for a reclosing cycle
tCBClosed

0.000-60.000 s in steps of
1ms

+/- 0.5% +/- 10 ms
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Table 239: Automatic reclosing function

Parameter

Value

Reclosing shots

1-4

Programs

Three pole trip: 1

Single, two and three pole trip: 6

Number of instances

Up to six depending on terminal type
(different terminal types support differ-
ent CB arrangements and numbers of
bays)

Breaker closed before start

5s
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Application

The terminals may be provided with a function to receive signals either from a substa-
tion automation system (SM S and/or SCS) or from the local human-machineinterface,
HMI. That receiving function block has 16 outputs that can be used, for example, to
control high voltage apparatuses in switchyards. For local control functions, the local
HMI can also be used. Together with the configuration logic circuits, the user can gov-
ern pulses or steady output signalsfor control purposeswithin theterminal or viabinary
outputs.

Functionality
The single command function consists of afunction block CD for 16 binary output sig-
nals.

The output signals can be of the types Off, Steady, or Pulse. The setting is done on the
MODE input, common for the whole block, from the CAP 531 configuration tool.

The outputs can be individually controlled from the operator station, remote-control
gateway, or from the local HMI. Each output signal can be given a name with a maxi-
mum of 13 characters from the CAP 531 configuration tool.

The output signals, here OUT1 to OUT16, are then available for configuration to built-
in functions or viathe configuration logic circuits to the binary outputs of the terminal.
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CDO1-
SINGLECMDFUNC

—CMDOUT1 OouTlf—

—CMDOUT2 ouT2—

—{CMDOUT3 OUT3f—

—{CMDOUT4 OUT4[—

—{CMDOUT5 OUT5—

—{CMDOUT6 OuUT6—

—{CMDOUT7 OUT7[—

—{CMDOUTS8 ouT8—

—CMDOUT9 ouT9—

—CMDOUT10 OUT10}—

—{CMDOUT11 OUT11}—

—{CMDOUT12 OUT12|—

—CMDOUT13 OUT13—

—CMDOUT14 OUT14—

—CMDOUT15 OUT15—

—CMDOUT16 OUT16—

—MODE

xx00000213.vsd
3.4 Input and output signals

Table 240: Input signals for the command control (CDnn-) function

Signal Description

CMDOUTy User defined name for output y (y=1-16) of function block

CDnn. String length up to 13 characters.
MODE Operation mode, 0: Off, 1: Not pulsed (steady). 2: Pulsed
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Table 241: Output signals for the command control CD (CDnn-) function

Signal Description

OUTy Command output y (y=1-16)
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Setting parameters

Table 242: Setting parameters for the command

control CD (CDnn-) function

Parameter

Range

Default

Unit

Description

CMDOUTy

User def.
string

CDnn-
CMDOUTy

String

User defined name for output y
(y=1-16) of function block CDnn.
String length up to 13 characters, all
characters available on the HMI can
be used. Can only be set from the
CAP 531 configuration tool.

MODE

0,12

Operation mode, 0: Off, 1: Not
pulsed (steady). 2: Pulsed. Can only
be set from the CAP 531 configura-
tion tool.
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Multiple command (CM)

Application

The terminals may be provided with a function to receive signals either from a substa-
tion automation system or from other terminals via the interbay bus. That receiving
function block has 16 outputs that can be used, together with the configuration logic cir-
cuits, for control purposes within the terminal or via binary outputs. When it isused to
communicate with other terminals, these terminals must have a corresponding event
function block to send the information.

Functionality

One multiple command function block CM 01 with fast execution time also named Bi-
nary signal interbay communication, high speed and/or 79 multiple command function
blocks CM02-CM 80 with slower execution time are availablein the REx 5xx terminals
as options.

The output signals can be of the types Off, Steady, or Pulse. The setting is done on the
MODE input, common for the whole block, from the CAP 531 configuration tool.

The multiplecommand function block has 16 outputs combined in one block, which can
be controlled from the operator station or from other terminals. One common name for
the block, with amaximum of 19 characters, is set from the configuration tool CAP 531.

The output signals, here OUT1 to OUT16, are then available for configuration to built-
in functions or via the configuration logic circuits to the binary outputs of the terminal.

The command function aso has a supervision function, which sets the output VALID
to 0 if the block did not receive data within a configured INTERVAL time.
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4.3 Function block
CMO01-
MULTCMDFUNC
—CMDOUT OUT1f—
—MODE OUT2[—
—{INTERVAL OUT3}—

OUT4}—
OUT5p—
OUT6p—
OUT7}—
OuUT8f—
OUT9|—
OUT10—
OUT11}—
OUT12}—
OUT13}—
OUT14—
OUT15}—
OUT16f—
VALID
xx00000226.vsd
4.4 Input and output signals

Table 243: Input signals for the command (CMnn-) functions

Signal

Description

CMDOUT

User defined common name for all outputs of function block
CMnn. String length up to 19 characters.

INTERVAL

Time interval for supervision of received data

MODE

Operation mode. 0: Off, 1: Not pulsed (steady), 2: Pulsed

Table 244: Output signals for the command (CMnn-) functions

Signal

Description

OUTy

Command output y (y=1-16)

VALID

Received data. 0O: invalid, 1: valid
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Setting parameters

Table 245: Setting parameters for the command (CMnn-) functions

Parameter Range Default Unit Description
CMDOUT User def. CMnn- String User defined common name for all
string CMDOUT outputs of function block CMnn
(nn=01-80). String length up to 19
characters. Can only be set from
CAP 531 configuration tool
INTERVAL 0-60 0 S Time interval for supervision of
Step: 1 received data.. Can .only be set from
CAP 531 configuration tool
MODE 0,1,2 0 - Operation mode. 0: Off, 1: Not

pulsed (steady), 2: Pulsed. Can only
be set from CAP 531 configuration
tool
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Chapter 10 Logic

About this chapter
This chapter describes the logic functions.
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Trip logic (TR)

Application

The main purpose of the TR trip logic function is to serve as a single node through
which all tripping for the entire terminal is routed.

The main purpose of the single- and two-pole extension to the basic three-pole tripping
function isto cater for applications where, for reasons of system stahility, single-pole
tripping isrequired for single-phase faults, and/or two-poletripping isrequired for two-
phase faults, e.g. on double circuit parallel lines.

To meet the different single, double, 1 and 1/2 or other multiple circuit breaker arrange-
ments, one or more identical TR function blocks may be provided within asingle ter-
minal. The actual number of these TR function blocks that may be included within any
given terminal depends on the type of terminal. Therefore, the specific circuit breaker
arrangements that can be catered for, or the number of bays of a specific arrangement
that can be catered for, depends on the type of terminal.

Functionality
The minimum duration of atrip output signal from the TR function is settable.

Thethree-pole TR function hasasingleinput through which all trip output signalsfrom

the protection functions within the terminal, or from external protection functionsvia

one or more of the terminal’s binary inputs, are routed. It has a single trip output for
connection to one or more of the terminal’s binary outputs, as well as to other functions
within the terminal requiring this signal.

The expanded TR function for single- and two-pole tripping has additional phase seg-
regated inputs for this, as well as inputs for faulted phase selection. The latter inputs en-
able single- and two-pole tripping for those functions which do not have their own
phase selection capability, and therefore which have just a single trip output and not
phase segregated trip outputs for routing through the phase segregated trip inputs of the
expanded TR function. The expanded TR function has two inputs for these functions,
one for impedance tripping (e.g. carrier-aided tripping commands from the scheme
communication logic), and one for earth fault tripping (e.g. tripping output from a re-
sidual overcurrent protection). Additional logic secures a three-pole final trip command
for these protection functions in the absence of the required phase selection signals.

The expanded TR function has three trip outputs, one per phase, for connection to one
or more of the terminal’s binary outputs, as well as to other functions within the termi-
nal requiring these signals.
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The expanded TR function is equipped with logic which secures correct operation for
evolving faultsaswell asfor reclosing on to persistent faults. A special inputisalso pro-
vided which disables single- and two-pole tripping, forcing al tripping to be three-pole.

Function block

TRO1-

TRIP
—BLOCK TRIP—
—TRIN TRL1f—
—TRINL1 TRL2[—
—TRINL2 TRL3[—
—TRINL3 TR1P—
—PSL1 TR2P—
—PSL2 TR3P—
—PSL3
—1PTRZ
—1PTREF
—P3PTR

xx00000221.vsd

Figure 120: TR function block: Single, two and/or three phasetripping logic

Logic diagram

TRIP-TRINL1

| TRIP-TRINL2

|

| >1 |
TRIP-TRINL3 |
' TRIP-1PTRZ 21 |
> —| -L |

RSTTRIP - cont. I

|

|

ITRIP—lPTREF >1

TRIP-TRIN — &

' - N
| P

Figure 121: Three-phase front logic - simplified logic diagram
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I TRIP-TRIN
I

|TRIP-TRINL1

|
L TRIP-PSL1

|
| TRIP-TRINL2

|
LTRIP-PSL2

|
|
|
| TRIP-TRINL3

|
LTRIP-PSL3

TRIP-1PTREF

L1TRIP - cont.

L2TRIP - cont.

L3TRIP - cont.

TRIP-1PTRZ

Figure 122: Phase segregated front logic

99000457.vsd
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L1TRIP - cont. — 21

t_l_L | 31 RTRIP - cont.

L2TRIP - cont. — 21

'[_I—L 31 STRIP - cont.

L3TRIP - cont.

] -
t_|_|_ >1 TTRIP - cont.
2000 ms

TRIP-P3PTR

99000458.vsd

Figure 123: Additional logic for the 1ph/3ph operating mode
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L1TRIP - cont. 1
=1 RTRIP - cont.

L2TRIP - cont.

. >1 I -1 STRIP - cont.
-

L3TRIP - cont.

150 ms
>1 I .
tJ—L P 21 TTRIP - cont.

TRIP-P3PTR — 21

99000459.vsd

Figure 124: Additional logic for the 1ph/2ph/3ph operating mode
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|TRIP-BLOCK |
| RTRIP -cont. TRIP-TRLL |
| g |
| |
| STRIP- cont TRIP-TRL2
. >1 .
! 1 - |
I TTRIP cont. TRIP-TRL3 |
I 21 |
| RSTTRIP -cont. H |
EACLELL s LS ni TRIP-TRIP_,
! - !
! |
| i - . I
. ] e & TRIP-TR3P
| >1 |
| ! |
i -log) I
. H +— 10 |
I ||| & . s TRIP-TR1P |
| ] |
| & q 5ms |
i L | g P— TRIP-TR2P .
. L] ;1 ‘:I I
! & |
| ’_ |
[ -loop 99000555.vsdl

Figure 125: Final tripping circuits

Input and output signals

Note: Some signals may not be present depending on the ordered option.

Table 246: Input signals for the TR (TRnn-) function block

Signal Description

BLOCK Block trip logic

TRIN Trip all three phases
TRINL1 Trip phase L1

TRINL2 Trip phase L2

TRINL3 Trip phase L3

PSL1 Phase selection in phase L1
PSL2 Phase selection in phase L2
PSL3 Phase selection in phase L3
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Signal Description
1PTRZ Impedance trip without own phase selection capability
1PTREF Earth fault trip without phase selection capability
P3PTR Prepare all tripping to be three phase
Note: Some signals may not be present depending on the ordered option.
Table 247: Output signals for the TR (TRnn-) function block
Signal Description
TRIP General trip output signal
TRL1 Trip output signal in phase L1
TRL2 Trip output signal in phase L2
TRL3 Trip output signal in phase L3
TR1P Tripping single-pole
TR2P Tripping two-pole
TR3P Tripping three-pole
1.6 Setting parameters
Table 248: Setting parameters for the trip logic TR (TR---) function
Parameter Range Default Unit Description
Operation Off / On Off - Operating mode for TR function
Program 3ph, 1/3ph, | 3ph - Operating mode for trip logic
1/2/3ph
tTripMin 0.000- 0.150 S Minimum duration of trip time
60.000
Step. 0.001
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Technical data
Table 249: Trip logic

Parameter

Value

Accuracy

Setting for the minimum trip

pulse length, tTripMin

0.000 - 60.000 s in steps of
0.001 s

+/-0.5% +/-10 ms
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Pole discordance protection (PD)

Application

Breaker pole position discordance can occur on the operation of abreaker with indepen-
dent operating gearsfor the three poles. Thereason may bean interruptionin theclosing
or trip coil circuit, or amechanical failure resulting in astuck breaker pole. A pole dis-
cordance can betolerated for alimited time, for instance during a single-phase trip-re-
close cycle. The pole discordance function detects a breaker pole discordancy not
generated by auto-reclose cycle and issues atrip signal for the circuit breaker.

Functionality

The operation of the pole discordance logic, PD, is based on checking the position of
thebreaker auxiliary contacts. Three parallel normally open contactsin serieswith three
normally closed contactsin parallel of the respective breaker polesform acondition of
pole discordance, connected to a binary input dedicated for the purpose.

Function block

PD---
PD
—BLOCK TRIP—
—1POPEN
—POLDISC

xx01000153.vsd

Figure 126: PD function block, contact based
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PD - POLE DISCORDANCE LOGIC

L
i TEST-ACTIVE

|
|
(I N
i . |BlockPD = Yes &
i
|

‘ Logic Blocked form Test

PD---BLOCK

:PD---1POPEN
|

i
|
|pD---POLDISC

211

i
i
i
i
i
i
i
i
|
Logic Enable t 150 ms !

PD--TRIP

99000468.vsd |

Figure 127: Smplified logic diagram of pole discordance logic, contact based

2.5 Input and output signals

Table 250: Input signals for the PD (PD---) function block
Signal Description
BLOCK Block of pole discordance function
1POPEN One phase open
BC Breaker closing
TRIN Activate from external trip
POLDISC Pole discordance signal from the circuit breaker

Table 251: Output signals for the PD (PD---) function block

Signal

Description

TRIP

Trip by pole discordance function
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Technical data

Table 252: PD - Pole discordance, contact and current based

Function

Setting range

Accuracy

Auxiliary-contact-based
function - time delay

(0.000-60.000) s in steps of 1
ms

+/- 0.5% +/- 10 ms

Operate current

10% of I11b

+/- 2.5 % of |,

Time delay

(0.000-60.000) s in steps of 1
ms

+/- 0.5 % +/- 10 ms
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High speed binary output logic (HSBO)

Application

The time taken for signalsto be transferred from binary inputs to protection functions,
and from protection functionsto binary outputs contributes to the overall tripping time.
The main purpose of the HSBO high speed binary output logic isto minimize overall
tripping times by establishing the critical connectionsto/from the binary outputs/inputs
in amore direct way than with the regular I/O connections.

Functionality

The outputs from the HSBO logic utilize ‘fast’ connections to initiate binary outputs.
The inputs to the HSBO logic utilize the same ‘fast’ connections. Input connections to
the logic are derived from binary inputs, from outputs of the high speed distance pro-
tection, and from inputs to the regular trip logic and scheme communication logic. The
HSBO scheme communication logic runs in parallel with the regular scheme commu-
nication logic.

The ‘fast’ connections to and from the HSBO logic comprise so called hard connections
in software. This configuration is made internally and cannot be altered. The only ex-
ceptions are the connections to the binary outputs where limited configuration is possi-
ble, and required, on the part of the user.

Function block

HSBO-

HSBO
BLKHSTR ERROR [—
BLKHSCS
BLKZCTR

SETTINGS

IOMOD
TR1L1OUT
TR2L10OUT

TR1L20UT
TR2L20UT
TR1L3OUT
TR2L30OUT
CSL10UT
CSL20UT
CSL30UT
CSMPHOUT

xx00000222.vsd
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Logic diagram

10xx
- BIX|—2ZC1P-CRLn HSBO
QEEZOC'TR HSBO-ERROR Regular function
Bly — ZC1P-CRMPH block in/out
HSBO-
Blz — ZCOM-CR BLKHSTR
B HSBO-
BLKHSCS
.| Binary input contacts ‘Internal’ in/out
Bix HSBO-CRLn HSBO-TRLn
‘Bly -« .
4 Binal % OUtQUl contacts
‘Blz « HSBO-CSLn t: BOx
HSBO-CRMPH BOy. :
Zc1p HSBOCSMPH )
ZC1P-CACCLn n BOz
=F »HSBO-CR !
TEST/BLOC Fast Trip/CS
outputs configured 10xx:
ZCOM gures ;
sBO- through settings: 5o
ZCOM'CACC C1PCACCLN IOMOD X
TEST/BLOCK TRMLIOUT ’
CSLnhoUT BOz -
TRIP f5B0- CSMPHOUT
TRIP-PSLn COMCACC BOz
TEST/BLO LsBo-
TRIPPSLn
s <—,—>HSBO—HSTRLn
HS-TRLn
[ P}HSBO-HSCSLn
HS-CSLn
HS-CSMPH 4—\—»/-/550.
_ HSCSMPH
99000548.vsd

Figure 128: High speed binary output, simplified logic diagram
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HSBO-CRLn

HSBO-CRMPH

HSBO-ZC1CACCLn

HSBO-CR

HSBO-ZCOMCACC

HSBO-TRIPPSLn

HSBO-BLKZCTR

HSBO-BLKHSTR

10-card
configuration error HSBO—ERROR

._157|7 HSBO-TRLn

|:| Regular function block
in and ouput

‘Internal’ in and output

HSBO-Test

HSBO-BLKHSCS

I
HSBO-HSTRLn —

—= HSBO-CSLn

N

HSBO-HSCSLn ——
& [—= HSBO-CSMPH
HSBO-HSCSMPH
L J
99000549.vsd

Figure 129: Smplified logic diagram of the HSBO function logic.

3.5 Input and output signals
Table 253: Input signals for the HSBO (HSBO-) function block

Signal:

Description:

BLKHSTR

Blocks high speed trip

BLKHSCS

Blocks high speed carrier send

BLKZCTR

Blocks high speed scheme communication impedance trip

Table 254: Output signals for the HSBO (HSBO-) function block

Signal:

Description:

ERROR

Error output if configuration of ‘fast’ outputs does not corre-
spond to actual hardware
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Setting parameters

Table 255: Setting parameters for the high speed binary output logic HSBO (HS-
BO-) function

Parameter Range Default Unit Description

IOMOD 0-13 0 - 1/0 module number for the fast out-
put trip contacts. Can only be set
from the CAP 535 configuration tool.

TR1L1OUT 0-24 0 - Fast trip phase L1 output contact on
1/0 module according to IOMOD set-
ting. Can only be set from the CAP
535 configuration tool.

TR2L10OUT 0-24 0 - Fast trip phase L1 output contact on
1/0 module according to IOMOD set-
ting. Can only be set from the CAP
535 configuration tool.

TR1L20UT 0-24 0 - Fast trip phase L2 output contact on
1/0 module according to IOMOD set-
ting. Can only be set from the CAP
535 configuration tool.

TR2L20UT 0-24 0 - Fast trip phase L2 output contact on
1/0 module according to IOMOD set-
ting. Can only be set from the CAP
535 configuration tool.

TR1L30OUT 0-24 0 - Fast trip phase L3 output contact on
1/0 module according to IOMOD set-
ting. Can only be set from the CAP
535 configuration tool.

TR2L30OUT 0-24 0 - Fast trip phase L3 output contact on
1/0 module according to IOMOD set-
ting. Can only be set from the CAP
535 configuration tool.

CSL10UT 0-24 0 - Carrier send phase L1 output con-
tact on I/0O module according to
IOMOD setting. Can only be set
from the CAP 535 configuration tool.
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CSL20UT 0-24 0 - Carrier send phase L2 output con-
tact on I/O module according to
IOMOD setting. Can only be set
from the CAP 535 configuration tool.

CSL30UT 0-24 0 - Carrier send phase L3 output con-
tact on I/O module according to
IOMOD setting. Can only be set
from the CAP 535 configuration tool.

CSMPHOUT 0-24 0 - Carrier send multiple phase output
contact on I/O module according to
IOMOD setting. Can only be set
from the CAP 535 configuration tool.
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Communication channel logic (CCHL)

Application

Many applications utilize the transmission of On/Off type signals from one end of the
protected lineto the other to obtain enhanced performance from the protection schemes.
For those functionsthat utilize the receipt of achannel signal to execute adirect output
without further conditional checks, security of the received signal is of paramount im-
portance, as the erroneous receipt of achannel signal would have severe conseguences.
The main purpose of the CCHL communication channel logic isto alow applications
requiring high security to use two separate channels for the one function. The CCHL
logic receives inputs from both channels, and provides consolidated output signals for
use by the applicable function(s).

Functionality

The CCHL logic gets channel received, channel guard received, and channel failed sig-
nals from both communication channels. The unblocking logic is not incorporated in
the logic for the receipt of both channels. To get this output, the actua signals for both
channels must be simultaneously received. Thelogic for thereceipt of one-channel-out-
of-two is enabled by way of an input signal. Furthermore, the one-channel-out-of-two
output can only be given if one of the communications channels hasfailed, asthislogic
issupervised by the failure of either channel. When selected, the unblocking logicisin-
corporated within this one-out-of-two logic.

The CCHL logic incorporates anumber of security timersto make absolutely sure that
No erroneous outputs are given for spurious channel received signals.

The CCHL logic aso provides, for each channel, a communications channel failed out-
put.

Function block

CCHL-
CCHL

CRG2
COMF2
2TO10K

xx00000676.vsd

—BLOCK CRf—
—CR1 CR1CH[—
—CRG1 CR2CH[—
—COMF1 CHI1FAIL[—
—CR2 CH2FAIL—
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Logic diagram
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Figure 130: Communication channel logic 1
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Figure 131: Combination of two communication channels

- S - - - = == === =" === a
i .
iCCHLrCRl

|CCHL-CRG1 c2

v 21

lcchi-comr1

|

| 20 ms

. & J” |

|

|

|

en01000035.vsd

Figure 132: Communication channel fail logic
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Input and output signals
Table 256: Input signals for the CCHL (CCHL-) function block

Signal Description

BLOCK Blocks function

CR1 Receive carrier signal channel 1
CRG1 Receive carrier guard signal channel 1
COMF1 Communications failure channel 1
CR2 Receive carrier signal channel 2
CRG2 Receive carrier guard signal channel 2
COMF2 Communications failure channel 2
2TO10K Permits one-out-of-two output

Table 257: Output signals for the CCHL (CCHL-) function block

Signal Description

CR Carrier signal received (one-out-of-two, or two-out-of-two)

CR1CH Carrier signal received by only one communications channel
(one-out-of-two)

CR2CH Carrier signal received by both communications channels
(two-out-of-two)

CH1FAIL Communications channel 1 failed

CH2FAIL Communications channel 2 failed

Setting parameters

Table 258: Setting parameters for the communication channel logic CCHL

(CCHL-) function

Parameter Range Default Unit Description

Operation Off, On Off - Operating mode for CCHL function

Unblockl Off, On Off - Unblocking logic for communication
channel 1 enabled or disabled

Unblock2 Off, On Off - Unblocking logic for communication
channel 2 enabled or disabled
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Parameter Range Default Unit Description
tsecC 0.000 - 0.000 S Time for which the signals from both
60.000 channels must be simultaneously
Step: 0.001 received before the output is given
tSecl 0.000 - 0.000 S Security time to ensure definite, and
60.000 not spurious, receipt of the channel
Step: 0.001 signal
tSec2 0.000 - 0.050 S Security time following loss of guard
60.000 signal before activation of the
Step: 0.001 unblocking logic
tReSt 0.000 - 0.200 S Time period for which the carrier
60.000 guard signal must have returned
Step: 0.001 before another carrlgr recel.ved sig-
nal from the unblocking logic can be
given on loss of the guard signal
tSig 0.000 - 0.050 S Duration of received signal from the
60.000 unblocking logic
Step: 0.001

287



Communication channel logic (CCHL)

Chapter 10
Logic

4.7

288

Technical data

Table 259: Communication channel logic

Parameter

Setting range

Accuracy

Time delay before trig-
gering two-out-of-two
output for which both sig-
nals must be simulta-
neously received tSecC

0.000-60.000s in steps of 0.001s

+/-0.5% +/-10ms

Time delay before trig-
gering one-out-of-two
output for which received
signal must be present
without guard signal
tSecl

0.000-60.000s in steps of 0.001s

+/-0.5% +/-10ms

Security time delay fol-
lowing loss of guard sig-
nal before initiating
received signal from
unblocking logic tSec2

0.000-60.000s in steps of 0.001s

+/-0.5% +/-10ms

Time delay giving dura-
tion of received signal
from unblocking logic
tSig

0.000-60.000s in steps of 0.001s

+/-0.5% +/-10ms

Time delay for which
guard signal must have
returned before new start
of unblocking logic may
occur tReSt

0.000-60.000s in steps of 0.001s

+/-0.5% +/-10ms
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5.1
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5.3

Communication channel test logic (CCHT)

Application

Many secondary system applications require testing of different functions with con-
firmed information about the result of the test. The main purpose of the CCHT commu-
nication channel test logic isto perform testing of communication channels (power line
carrier) in applications where continuous monitoring by some other meansis not possi-
ble due to technical or economic reasons, and to indicate the result of the test.

Functionality

Starting of acommunications channel test may be performed manually (by means of an
external pushbutton) or automatically (by means of an included timer). When started,
the CCHT logic initiates the sending of an impulse (carrier send signal) to the remote
end. This action starts the operation of the applicable external functions. On receipt of
the sent signal at the remote end terminal, areturn signal isimmediately sent back to
theinitiating end by the identical CCHT logic function within that terminal. The initi-
ating end waits for this returned signal. It reports a successful or an unsuccessful re-
sponseto theinitiated test based on the receipt or not of thissignal. Aninput isprovided
through which it is possible to abort the test by means of an external signal.

Function block

CCHT-
CCHT

—BLOCK CS—
—RESET ALARM—
—CR CHOKf—

START

xx00000227.vsd
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5.4 Logic diagram
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Figure 133. Smplified logic diagram for the CCHT function
5.5 Input and output signals
Table 260: Input signals for the logic CCHT (CCHT-) function block

Signal Description

BLOCK Blocks function

RESET Resets alarm

CR Return carrier signal received (external test completed)

START Starts test
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Table 261: Output signals for the CCHT (CCHT-) function block

Signal Description
CS Send carrier signal (test external function)
ALARM Test failed
CHOK Test OK
5.6 Setting parameters

Table 262: Setting parameters for the communication channel test logic CCHT
(CCHT-) function

Parameter Range Default Unit Description

Operation Off, On Off - Operating mode for CCHT function

StartMode AutoMode | AutoMode | - Operating mode for start of test
ManualM-
ode

tStart 0.0- 86400.0 S Time interval between automatic
90000.0 starts of channel testing
Step: 0.1

tWait 0.0 - 0.1 S Time interval allowed for successful
90000.0 return of channel test signal
Step: 0.1

tCh 0.0- 0.5 S Time interval following start of test
90000.0 during which no received signal will
Step: 0.1 be returned

tCS 0.0- 0.1 S Duration of channel test output sig-
90000.0 nal
Step: 0.1

tChOK 0.0- 60.0 S Duration of channel OK output sig-
90000.0 nal
Step: 0.1

tinh 0.0- 0.2 S Duration of block extension following
90000.0 reset of Block input signal
Step: 0.1
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Technical data

Table 263: Communication channel test logic

Parameter

Setting range

Accuracy

tStart Time interval between
automatic starts of testing
cycle

0.0-90000.0 sin steps of 0.1 s

+/-0.5% +/-10 ms

tWait Time interval available
for test of the external func-
tion to be registered as suc-
cessful

0.0-90000.0 siin steps of 0.1 s

+/-0.5% +/-10 ms

tCh Minimum time interval
required before repeated
test of the external function

0.0-90000.0 siin steps of 0.1 s

+/-0.5% +/-10 ms

tCS Duration of CS output
signal

0.0-90000.0 sin steps of 0.1 s

+/-0.5% +/-10 ms

tChOK Duration of CHOK
output signal

0.0-90000.0 sin steps of 0.1 s

+/-0.5% +/-10 ms

tinh Duration of inhibit con-
dition extension after the
BLOCK input signal resets

0.0-90000.0 siin steps of 0.1 s

+/-0.5% +/-10 ms
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Binary signal transfer to remote end (RTC)

General

In this function, there are two function blocks, RTC1-, and RTC2-. They are identical
in all aspects.

Application

The main purpose of the RTC binary signal transfer to remote end function is the ex-
change of communication scheme related signals, trip signals and/or other binary sig-
nals between opposite ends of the line.

Functionality

The RTC function comprises two identical function blocks, each able to handle up to
16 inputs and 16 outputs, giving atotal of 32 signals that can be transmitted in each di-
rection.

The updated status of the selected binary signalsis packaged within a data message
which is sent once every computation loop.
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6.4 Function block

RTCn-
RTC
—BLOCK RECO01f—
—SENDO1 REC02[—
—SENDO02 RECO3—
—SENDO3 REC04—
—SENDO4 RECO5—
—SENDO5 REC06(—
—SENDO6 RECO7f—
—SENDO7 REC08—
—SENDO08 REC09—
—SENDO9 REC10—
—SEND10 REC11f—
—SEND11 REC12[—
—SEND12 REC13—
—SEND13 REC14—
—SEND14 REC15(—
—SEND15 REC16—
—SEND16 COMFAIL—
—RCO1INAME
—RCO2NAME
—RCO3NAME
—RCO4NAME
—RCOSNAME
—RCO6NAME
—RCO7NAME
—RCO8NAME
—RCO9NAME
—RC10NAME
—RC11NAME
—RC12NAME
—RC13NAME
—RC14NAME
—RC15NAME
—RC16NAME
—SDO1INAME
—SD02NAME
—SDO3NAME
—SDO04NAME
—SDO5NAME
—SDO6NAME
—SDO7NAME
—SDOSNAME
—SDO9NAME
—SD10NAME
—SD11NAME
—SD12NAME
—SD13NAME
—SD14NAME
—SD15NAME
—SD16NAME
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Input and output signals

Table 264: Input signals for the binary signal transfer to remote end function
RTCn wheren =1.2

Signal Description

BLOCK Blocks sending signals to remote end, no effect on received
signals from remote end

SENDO1-SEND16 Binary signals to be sent to remote terminal, inputs 01-16

Table 265: Output signals for the binary signal transfer to remote end function
RTCn wheren =1.2

Signal Description
RECO01-REC16 Binary signals received from remote terminal, outputs 01-16
COMFAIL Communication failure

Setting parameters

Table 266: Setting parameters for the binary signal transfer to remote end logic,
RTCn, wheren =1, 2

Parameter Range Default Unit Description

RCyyNAME 0-13 RTCn- - Remote Terminal Communication n,
Where yy = 01- RECyy Name for Output yy

16 Set from CAP 535

SDyyNAME 0-13 RTCn- - Remote Terminal Communication n,
Where yy =01- SENDyy Name for Input yy

16 Set from CAP 535
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Serial communication

Application, common

One or two optional optical serial interfaces, onewith LON protocol and the other with
SPA or IEC 60870-5-103 protocol, for remote communication, enables the terminal to
be part of a Substation Control System (SCS) and/or Substation Monitoring System
(SMS). These interfaces are located at the rear of the terminal. The two interfaces can
be configured independent of each other, each with different functionalities regarding
monitoring and setting of the functionsin the terminal.

An optical network can be used within the Substation Control System. This enables
communication with the terminal through the LON bus from the operator’'s workplace,
from the control center and also from other terminals.

The second bus is used for SMS. It can include different numerical relays/terminals
with remote communication possibilities. Connection to a personal computer (PC) can
be made directly (if the PC is located in the substation) or by telephone modem through
a telephone network with CCITT characteristics.

Design, common

The hardware needed for applying LON communication depends on the application,

but one very central unit needed is the LON Star Coupler and optic fibres connecting
the star coupler to the terminals. To communicate with the terminals from a Personal
Computer (PC), the SMS 510 software or/and the application library LIB 520 together
with MicroSCADA is needed.

When communicating with a PC, using the rear SPA/IEC port, the only hardware need-
ed for a station monitoring system is optical fibres and opto/electrical converter for the
PC. Remote communication over the telephone network also requires a telephone mo-
dem. The software needed in the PC when using SPA, either locally or remotely, is SMS
510 or/and CAP 535.

SPA communication is applied when using the front communication port, but for this
purpose, no special serial communication function is required in the terminal. Only the
software in the PC and a special cable for front connection is needed.

The IEC 60870-5-103 protocol implementation in REx 5xx consists of these functions:
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» Event handling
» Report of analog service values (measurements)
* Fault location
» Command handling
- Autorecloser ON/OFF
- Teleprotection ON/OFF
- Protection ON/OFF
- LED reset
- Characteristics 1 - 4 (Setting groups)

» File transfer (disturbance files)
e Time synchronization

The events created in the terminal available for the IEC protocol are based on the event
function blocks EVO01 - EV06 and disturbance function blocks DRP1 - DRP3. The com-
mands are represented in a dedicated function block ICOM. This block has output sig-
nals according to the IEC protocol for all commands.
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Serial communication, SPA (SPA-bus V 2.4
protocol)

Application

This communication busis mainly used for SMS. It can include different numerical re-
lays/terminal s with remote communication possibilities. Connection to a personal com-
puter (PC) can be made directly (if the PC islocated in the substation) or by telephone
modem through atelephone network with CCITT characteristics.

Design

When communicating with aPC, using therear SPA port, the only hardware needed for
a station monitoring system is optical fibres and opto/electrical converter for the PC.
Remote communication over the tel ephone network al so requires a tel ephone modem.
The software needed in the PC when using SPA, either locally or remotely, isSMS510
or/and CAP 535.

SPA communication is applied when using the front communication port, but for this
purpose, no special serial communication function isrequired in the terminal. Only the
software in the PC and a special cable for front connection is needed.

Setting parameters

Table 267: Setting parameters for SPA communication, rear comm. port

Parameter Range Default Unit Description
SlaveNo (1 -899) 30 - SPA-bus identification number
BaudRate 300, 1200, 9600 Baud | Communication speed
2400, 4800,
9600, 19200,
38400
RemoteChActgrp | Open, Block | Open - Open = Access right to change
between active groups (both rear
ports)
RemoteChSet Open, Block | Open - Open = Access right to change
any parameter (both rear ports)
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Table 268: Setting parameters for SPA communication, front comm. port

Parameter Range Default Unit Description
SlaveNo (1-899) 30 - SPA-bus identification number
BaudRate 300, 1200, 9600 Baud | Communication speed
2400, 4800,
9600
8.4 Technical data

Table 269: Serial communication (SPA)

Function

Value

Protocol

SPA

Communication speed

300, 1200, 2400, 4800, 9600, 19200 or 38400 bit/s

Slave number 1to 899
Remote change of active group allowed | yes/no
Remote change of settings allowed yes/no

Connectors and optical fibres

glass or plastic
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9 Serial communication, IEC (IEC 60870-5-103
protocol)
9.1 Application

This communication protocol is mainly used when a protection termina communicates
with athird party control system. This system must have a program that can interpret
the IEC 60870-5-103 communication messages.

9.2 Design

Asan dternative to the SPA communication the same port can be used for the IEC com-
munication. The IEC 60870-5-103 protocol implementation in REx 5xx consists of
these functions:

» Event handling
* Report of analog service values (measurements)
» Fault location
* Command handling
- Autorecloser ON/OFF
- Teleprotection ON/OFF
- Protection ON/OFF
- LED reset
- Characteristics 1 - 4 (Setting groups)

* File transfer (disturbance files)
» Time synchronization

The events created in the terminal available for the IEC protocol are based on the event
function blocks EVO01 - EV06 and disturbance function blocks DRP1 - DRP3. The com-
mands are represented in a dedicated function block ICOM. This block has output sig-
nals according to the IEC protocol for all commands.

9.3 IEC 60870-5-103 information types

The tables below specifies the information types supported by the REx 5xx products
with the communication protocol IEC 60870-5-103 implemented.

To support the information, corresponding functions must be included in the protection
terminal.

300



Serial communication, IEC (IEC 60870-5- Chapter 10
103 protocol) Logic

There are no representation for the following parts:

» Generating events for test mode
» Cause of transmission: Info no 11, Local operation

EIA RS-485 is not supported. Glass or plastic fibre should be used. BFOC/2.5 is the rec-
ommended interface to use (BFOC/2.5 is the same as ST connectors). ST connectors
are used with the optical power as specified in standard.

For more information please see the IEC standard IEC 60870-5-103.

Table 270: Information numbers in monitoring direction

Info no | Message Supported
2 Reset FCB Yes
3 Reset CU Yes
4 Start/restart Yes
5 Power on No
16 Autorecloser active Yes
17 Teleprotection active Yes
18 Protection active Yes
19 LED reset Yes
20 Information blocking Yes
21 Test mode No
22 Local parameter setting No
23 Characteristic 1 Yes
24 Characteristic 2 Yes
25 Characteristic 3 Yes
26 Characteristic 4 Yes
27 Auxiliary input 1 Yes
28 Auxiliary input 2 Yes
29 Auxiliary input 3 Yes
30 Auxiliary input 4 Yes
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32 Measurand supervision | Yes
33 Measurand supervision V Yes
35 Phase sequence supervision No
36 Trip circuit supervision Yes
37 I>> backup operation Yes
38 VT fusefailure Yes
39 Teleprotection disturbed Yes
46 Teleprotection disturbed Yes
a7 Group alarm Yes
48 Earth fault L1 Yes
49 Earth fault L2 Yes
50 Earth fault L3 Yes
51 Earth fault forward, e.g. line Yes
52 Earth fault reverse, e.g. bus bar Yes
64 Start/pickup L1 Yes
65 Start/pickup L2 Yes
66 Start/pickup L3 Yes
67 Start/pickup N Yes
68 General trip Yes
69 Trip L1 Yes
70 Trip L2 Yes
71 Trip L3 Yes
72 Trip 1>> (back up operation) Yes
73 Fault location X in Ohm Yes
74 Fault forward/line Yes
75 Fault reverse/busbar Yes
76 Teleprotection signal transmitted Yes
77 Teleprotection signal received Yes
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78 Zone 1 Yes
79 Zone 2 Yes
80 Zone 3 Yes
81 Zone 4 Yes
82 Zone 5 Yes
83 Zone 6 Yes
84 General start/pickup Yes
85 Breaker failure Yes
86 Trip measuring system L1 No
87 Trip measuring system L2 No
88 Trip measuring system L2 No
89 Trip measuring system E No
90 Trip 1> Yes
91 Trip 1>> Yes
92 Trip IN> Yes
93 Trip IN>> Yes
128 CB “on" by AR Yes
129 CB "on” by long-time AR Yes
130 AR blocked Yes
144 Measurand | Yes
145 Measurands |,V Yes
147 Measurands IN, VEN Yes
148 Measurands IL1,2,3,VL123,P,Q.f Yes
240 Read headings of all defined groups No
241 Read values of all entries of one gro up No
243 Read directory of a single entry No
244 Read value of a single entry No
245 End of general interrogation generic data No
249 Write entry with confirmation No
250 Write entry with execution No
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Table 271: Information numbers in Control direction

Info no | Message Supported
16 Autorecloser on/off Yes
17 Teleprotection on/off Yes
18 Protection on/off Yes
19 LED reset Yes
23 Characteristic 1 Yes
24 Characteristic 2 Yes
25 Characteristic 3 Yes
26 Characteristic 4 Yes
240 Read headings of all defined groups No
241 Read values of all entries of one group No
243 Read directory of a single entry No
244 Read value of a single entry No
245 General interrogation on generic data No
248 Write entry No
249 Write entry with confirmation No
250 Write entry with execution No
251 Write entry abort No

Table 272: Measurands

Measurand Rated value

1.2 24
Current L1 Yes
Current L2 Yes
Current L3 Yes
Voltage L1-E Yes
Voltage L2-E Yes
Voltage L3-E Yes
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Voltage L1 -L2 Yes
Active power P Yes
Reactive power Q Yes

Table 273: Interoperability, physical layer

Supported
Electrical Interface
EIA RS-485 No
number of loads No
Optical Interface
glass fibre Yes
plastic Yes
Transmission Speed
9600 bit/s Yes
19200 bit/s Yes
Link Layer
DFC-bit used Yes
Connectors
connector F-SMA No
connector BFOC/2, 5 Yes

Table 274: Interoperability, application layer

Supported

Selection of standard ASDUs in monitoring direction

ASDU

1 Time-tagged message Yes

2 Time-tagged message with rel. time Yes

3 Measurands | Yes

4 Time-taggedmeasurands with rel.time Yes

5 Identification Yes
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6 Time synchronization Yes
8 End of general interrogation Yes
9 Measurands I Yes
10 Generic data No
11 Generic identification No
23 List of recorded disturbances Yes
26 Ready for transm. of disturbance data Yes
27 Ready for transm.of a channel Yes
28 Ready for transm. of tags Yes
29 Transmission of tags Yes
30 Transmission of disturbance data Yes
31 End of transmission Yes
Selection of standard ASDUs in control direction
ASDU
6 Time synchronization Yes
7 General interrogation Yes
10 Generic data No
20 General command Yes
21 Generic command No
24 Order for disturbance data transmission Yes
25 Acknowledgement for distance data transmis- Yes
sion
Selection of basic application functions
Test mode No
Blocking of monitoring direction Yes
Disturbance data Yes
Private data No
Generic services No
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9.4 Function block

ICOM-
IEC870-5-103
—FUNCTYPE ARBLOCK
—OPFNTYPE ZCOMBLK
BLKFNBLK]

LEDRS

SETG1

SETG2

SETG3

SETG4

BLKINFO

xx00000225.vsd

9.5 Input and output signals
Table 275: Input signals for the IEC (ICOM-) function block

Signal Description

FUNCTYPE Main function type for terminal

OPFNTYPE Main function type operation for terminal

Table 276: Output signals for the IEC (ICOM-) function block

Signal Description

ARBLOCK Command used for switching autorecloser on/off.

ZCOMBLK Command used for switching teleprotection on/off.

BLKFNBLK Command used for switching protection on/off.

LEDRS Command used for resetting the LEDs.

SETG1 Command used for activation of setting group 1.

SETG2 Command used for activation of setting group 2.

SETG3 Command used for activation of setting group 3.

SETG4 Command used for activation of setting group 4.

BLKINFO Output activated when all information sent to master is blocked.
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Setting parameters

Table 277: Setting parameters for the IEC (ICOM-) function block

Parameter Range Default Unit Description
FuncType 0-255 0 - Main function type for terminal
Set from CAP 535
OpFnType Off, On Off - Main function type operation for ter-

minal

Set from CAP 535

Technical data
Table 278: Serial communication (IEC 60870-5-103)

Function

Value

Protocol

IEC 60870-5-103

Communication speed

9600, 19200 bit/s

Connectors and optical fibres

glass or plastic
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Serial communication, LON

Application

An optical network can be used within the Substation Automation system. Thisenables
communication with the terminal through the LON bus from the operator’s workplace,
from the control center and also from other terminals.

Design

An optical serial interface with LON protocol enables the terminal to be part of a Sub-
station Control System (SCS) and/or Substation Monitoring System (SMS). This inter-
face is located at the rear of the terminal. The hardware needed for applying LON
communication depends on the application, but one very central unit needed is the LON
Star Coupler and optic fibres connecting the star coupler to the terminals. To commu-
nicate with the terminals from a Personal Computer (PC), the SMS 510, CAP 535 soft-
ware or/and the application library LIB 520 together with MicroSCADA is needed.

Technical data

Table 279: Serial communication (LON)

Function Value

Protocol LON
Communication speed 1.25 Mbit/s
Connectors and optical fibres glass or plastic
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Event function (EV)

Application

When using a Substation Automation system, events can be spontaneously sent or
polled from theterminal to the station level. These events are created from any available
signal in the terminal that is connected to the event function block. The event function
block can aso handle double indication, that is normally used to indicate positions of
high-voltage apparatuses. With this event function block, data also can be sent to other
terminals over the interbay bus.

Design

Asbasic, 12 event function blocks EV01-EV 12 running with afast cyclicity, are avail-
ablein REx 5xx. When thefunction Apparatus control isusedin theterminal, additional
32 event function blocks EV 13-EV 44, running with a dower cyclicity, are available.

Each event function block has 16 connectables corresponding to 16 inputs INPUT1 to
INPUT16. Every input can be given anamewith up to 19 charactersfrom the CAP 535
configuration tool.

The inputs can be used as individual events or can be defined as double indication
events.

The inputs can be set individually, from the Parameter Setting Tool (PST) under the
Mask-Event function, to create an event at pick-up, drop-out or at both pick-up and
drop-out of the signal.

The event function blocks EV01-EV 06 have inputs for information numbers and func-
tion type, which are used to define the events according to the communi cation standard
|EC 60870-5-103.
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11.3 Function block

EVO1-
EVENT
— INPUT1
— INPUT2
— INPUT3
— INPUT4
— INPUTS
— INPUT6
— INPUT?7
— INPUT8
— INPUT9
— INPUT10
— INPUT11
— INPUT12
— INPUT13
— INPUT14
— INPUT15
— INPUT16
— T_SUPRO1
— T_SUPRO03
— T_SUPRO5
— T_SUPRO07
— T_SUPRO09
— T_SUPR11
— T_SUPR13
— T_SUPR15
— NAMEO1
— NAMEO02
— NAMEO3
— NAMEO4
— NAMEO5
— NAMEO6
— NAMEO7
— NAMEO8
— NAMEO9
— NAME10
— NAME11
— NAME12
— NAME13
— NAME14
— NAME15
— NAME16
— PRCOLO1
— INTERVAL
— BOUND
— FUNCTEV1
— INFONOO1
— INFONOO02
— INFONOO3
— INFONOO4
— INFONOO5
— INFONOO06
— INFONOO7
— INFONOO8
— INFONOO09
— INFONO10
— INFONO11
— INFONO12
— INFONO13
— INFONO14
— INFONO15
— INFONO16

xx00000235.vsd
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Table 280: Input signals for the EVENT (EVnn-) function block

Signal Description

INPUTY Event input y, y=1-16

NAMEy User name of signal connected to input y, y=01-16. String
length up to 19 characters.

T_SUPRO1 Suppression time for event inputs 1and 2

T_SUPRO03 Suppression time for event inputs 3 and 4

T_SUPRO05 Suppression time for event inputs 5 and 6

T_SUPRO7 Suppression time for event inputs 7 and 8

T_SUPRO09 Suppression time for event inputs 9 and 10

T_SUPRI11 Suppression time for event inputs 11 and 12

T_SUPR13 Suppression time for event inputs 13 and 14

T_SUPR15 Suppression time for event inputs 15 and 16

PrColnn Protocol for event block nn (nn=01-06). 0: Not used, 1: SPA,
2: LON, 3: SPA+LON, 4: IEC, 5: IEC+SPA, 6: IEC+LON, 7:
IEC+LON+SPA.
Protocol for event block nn (nn=07-44). 0: Not used, 1: SPA,
2: LON, 3: SPA+LON

INTERVAL Time setting for cyclic sending of data

BOUND Input signals connected to other terminals on the network, O:
not connected, 1: connected

FuncTEVnn Function type for event block nn (nn=01-06), used for IEC
protocol communication. Only present in blocks EVO1-EVO06.

InfoNoy Information number for event input y, y=01-16. Used for IEC
protocol communication. Only present in blocks EVO1-EVO06.
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115 Setting parameters
Table 281: Setting parameters for the EVENT (EVnn-) function
Parameter Range Default | Unit Description
T_SUPRO1 0.000- 0.000 s Suppression time for event input 1 and
60.000 3. Can only be set using the CAP 535
Step: 0.001 configuration tool.
T_SUPRO03 0.000- 0.000 s Suppression time for event input 3 and
60.000 4. Can only be set using the CAP 535
Step: 0.001 configuration tool.
T_SUPRO05 0.000- 0.000 s Suppression time for event input 5 and
60.000 6. Can only be set using the CAP 535
Step: 0.001 configuration tool.
T_SUPRO7 0.000- 0.000 s Suppression time for event input 7 and
60.000 8. Can only be set using the CAP 535
Step: 0.001 configuration tool.
T_SUPRO09 0.000- 0.000 s Suppression time for event input 9 and
60.000 10. Can only be set using the CAP 535
Step: 0.001 configuration tool.
T_SUPR11 0.000- 0.000 s Suppression time for event input 11
60.000 and 12. Can only be set using the CAP
Step: 0.001 535 configuration tool.
T_SUPR13 0.000- 0.000 s Suppression time for event input 13
60.000 and 14. Can only be set using the CAP
Step: 0.001 535 configuration tool.
T_SUPRI15 0.000- 0.000 s Suppression time for event input 15
60.000 and 16. Can only be set using the CAP
Step: 0.001 535 configuration tool.
NAMEy 0-19 EVnn- Char User name of signal connected to input
INPUTY y, y=01-16. String length up to 19 char-
acters. Can only be set using the CAP
535 configuration tool.
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Parameter Range Default | Unit Description
PrColnn 0-7 0 - Protocol for event block nn (nn=01-06).
0: Not used, 1: SPA, 2: LON, 3:
SPA+LON, 4: |IEC, 5: IEC+SPA, 6:
IEC+LON, 7: IEC+LON+SPA. Range
valid only for blocks EV0O1-EV06. Can
only be set from CAP 535 configuration
tool.
PrColnn 0-3 0 - Protocol for event block nn (nn=07-44).
0: Not used, 1: SPA, 2: LON, 3:
SPA+LON Range valid only for blocks
EVO07-EV44. Can only be set from CAP
535 configuration tool.
INTERVAL 0-60 0 s Cyclic sending of data. Can only be set
Step: 1 from CAP 535 configuration tool.
BOUND 0,1 0 - Event connected to other terminals on
the network, O: not connected, 1: con-
nected. Can only be set from CAP 535
configuration tool.
FuncTEVnn 0-255 0 - Function type for event block nn
Step: 1 (nn:91-96), used for IEC !c)rotocol com-
munication. Only present in blocks
EV01-EV06.
InfoNoy 0-255 0 - Information number for event input y,
Step: 1 y=01.-16.. Used for IEC pr(?tocol com-
munication. Only present in blocks
EV01-EV06.
EventMasky No events, | No - Event mask for input y, y=01-16. Can
OnSet, events only be set from PST.
OnReset,
OnChange,
Double Ind.,
Double Ind.
with mid-
pos.
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12.1

12.2

12.3

12.4

Event counter (CN)

Application

The function consists of six counters which are used for storing the number of times
each counter has been activated. It is aso provided with a common blocking function
for al six counters, to be used for example at testing. Every counter can separately be
set on or off by a parameter setting.

Design

The function block has six inputs for increasing the counter values for each of the six
countersrespectively. The content of the counters are stepped one step for each positive
edge of the input respectively.

The function block also hasan input BLOCK. At activation of thisinput all six counters
are blocked.

Function block

CNO1-
CN

BLOCK

COUNTER1
COUNTER2
COUNTER3
COUNTER4
COUNTERS
COUNTER6

xx00000700.vsd

Input and output signals
Table 282: Input signals for the CNO1 function block

Signal Description
BLOCK Blocking of counters
COUNTER1 Input for counter 1
COUNTER2 Input for counter 2
COUNTER3 Input for counter 3
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Signal Description
COUNTER4 Input for counter 4
COUNTERS5 Input for counter 5
COUNTERG6 Input for counter 6
12.5 Setting parameters
Table 283: Setting parameters for the CNO1 function block
Parameter Range Default Unit Description
Counterl Off, On Off Counter 1
Counter2 Off, On Off Counter 2
Counter3 Off, On Off Counter 3
Counter4 Off, On Off Counter 4
Counter5 Off, On Off Counter 5
Counter6 Off, On Off Counter 6
12.6 Technical data
Table 284: Technical data
Function Value
Counter value 0-10000
Max. count up speed 10 pulses/s
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Chapter 11 Monitoring

About this chapter
This chapter describes the monitoring functions
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LED indication function (HL, HLED)

Application

Each LED indication can be set individually to operate in six different sequences; two
asfollow type and four as latch type. Two of the latching types are intended to be used
as a protection indication system, either in collecting or re-starting mode, with reset
functionality. The other two are intended to be used as a signaling system in collecting
mode with an acknowledgment functionality.

Design

The LED indication function consists of one common function block named HLED and
one function block for each LED named HLO1, HLO02,..., HL18.

The color of the LEDs can be selected in the function block to red, yellow or green in-
dividualy. Theinput signal for an indication has separate inputsfor each color. If more
than one color is used at the sametime, the following priority order isvalid; red, yellow
and green, with red as highest priority.

The information on the LEDs is stored at loss of the auxiliary power for the terminal,

so that the latest LED picture appears immediately after the terminal has restarted suc-
cesfully.

Function block

HLO1-
HMI_LEDS

—RED
—{YELLOW
—GREEN

xx00000726.vsd

HLED-
HMI_LED
—{ACK_RST ~ NEWIND|—
—{BLOCK FAIL|—
—|{LEDTEST

xx00000725.vsd
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Input and output signals
Table 285: Input signals for the HMI_LEDs (HLnn-) function block

Signal Description

RED Signal input for indication with red color.
YELLOW Signal input for indication with yellow color.
GREEN Signal input for indication with green color.

Table 286: Input signals for the HMI_LED (HLED-) function block

Signal Description

ACK-RST Input to acknowledge/reset the indications on the LED-unit.
To be used for external acknowledgement/reset.

BLOCK Input to block the operation of the LED-unit. To be used for
external blocking.

LEDTEST Input for external LED test. Common for the whole LED-unit.

Table 287: Output signals for the HMI_LED (HLED-) function block

Signal Description

NEWIND Output that gives a pulse each time a new signal on any of
the indication inputs occurs.

FAIL Indication for overflow in HMI-LED buffer.
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Setting parameters

Table 288: Setting parameters for the LED indication function

Parameter Range Default Unit | Description
Operation On, Off On - Operation for the LED-function.
tRestart 0.0 - 90000.0 5.0 s Defines the disturbance length
Step: 0.1 after the last active S|gr1al has
been reset or reached its tMax.
Applicable only in mode Latche-
dReset-S.
tMax 0.0 - 90000.0 5.0 s The maximum time an indication
Step: 0.1 is a.IIowed to affect the defInItIOI’.l of
a disturbance. Applicable only in
mode LatchedReset-S.
SeqTypeLEDx | Follow-S, Follow-S - Sequence type for the indication
in LED x (x = 1-18). S = Steady
Follow-F,

LatchedAck-F-S,
LatchedAck-S-F,
LatchedColl-S,

LatchedReset-S

and F = Flashing light.
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2.2

Disturbance report (DRP)

Application

Use the disturbance report to provide the network operator with proper information
about disturbances in the primary network. The function comprises severa subfunc-
tions enabling different types of users to access relevant information in a structured

way.

Select appropriate binary signalsto trigger the red HMI LED to indicate trips or other
important alerts.

Functionality

The disturbance report collects data from each subsystem for up to ten disturbances.
The datais stored in nonvolatile memory, used asacyclic buffer, always storing the | at-
est occurring disturbances. Datais collected during an adjustabl e time frame, the col-
lection window. Thiswindow allows for data collection before, during and after the
fault.

The collection is started by atrigger. Any binary input signal or function block output
signal can be used asatrigger. The analog signals can also be set to trigger the data col-
lection. Both over levels and under levels are available. The trigger is common for all
subsystems, hence it activates them all simultaneously.

A triggered report cycleisindicated by the yellow HMI LED, which will belit. Binary
signals may also be used to activate the red HMI LED for additiona alerting of fault
conditions. A disturbance report summary can be viewed on the local HMI.

Disturbance overview isasummary of al the stored disturbances. The overview is
available only on afront-connected PC or viathe Station Monitoring System (SMS).
The overview contains:

» Disturbance index

» Date and time

e Trip signals

» Trig signal that activated the recording

» Distance to fault (requires Fault locator)

» Fault loop selected by the Fault locator (requires Fault locator)

321



Disturbance report (DRP) Chapter 11
Monitoring

2.3 Function block
DRP1- DRP2- DRP3-
DISTURBREPORT DISTURBREPORT DISTURBREPORT
—CLRLEDS OFF|— _linPUT17 —{INPUT33
—{INPUTL  RECSTART|— —linPuTis —iNPUT34
—{INPUT2  RECMADE|— —liNPUT10 —INPUT3S
—{INPUT3  MEMUSED|— _linPuT20 _liNPUT36
—{INPUT4  CLEARED|— _linpuT21 _linputa?
—[INPUTS —lINPUT22 —{inPuT38
: :EES:? —JINPUT23 —{INPUT39
—|neurs Tlneuros iyt
ZJpurto Tineorer Z{iNputes
TJNeursz —jieuTze —JNeuT44
—inPuT13 —{INPUT29 —[INPUT45
—|INPUT14 —]INPUT30 —]INPUT46
—{iNPuT15 —(INPUT31 —INPUT47
—{INPUT16 —{INPUT32 —{INPUT48
—{NAMEO1 —{NAME17 —|NAME33
—{NAMEO2 —{NAME18 —{NAME34
—INAMEO3 —{NAME19 —|NAME35
—INAMEO4 —INAME20 —NAME36
—INAMEOS —INAME21 —INAME37
—{NAMEO6 —{NAME22 —{NAME38
—{NAMEO7 —{NAME23 —{NAME39
—{NAMEO8 —{NAME24 —{NAME40
—{NAMEO9 —|NAME25 —|NAME41
—{NAME10 —{NAME26 —|NAME42
—INAME11 —{NAME27 —|NAME43
—INAME12 —{NAME28 —|NAME44
—INAME13 —{NAME29 —|NAME45
—INAME14 —{NAME30 —|NAME46
—INAME15 —{NAME31 —{NAME47
—INAME16 —{NAME32 —|NAME48
—FUNCTO1 —{FUNCT17 —{FUNCT33
—FUNCTO02 —{FUNCT18 —{FUNCT34
—FUNCTO03 —{FUNCT19 —{FUNCT35
—]FUNCTO04 —FUNCT20 —{FUNCT36
—]FUNCTO05 —FUNCT21 —{FUNCT37
—]FUNCT06 —{FUNCT22 —{FUNCT38
—{FUNCTO07 —FUNCT23 —FUNCT39
—FUNCTO8 —{FUNCT24 —{FUNCT40
—FUNCTO09 —{FUNCT25 —{FUNCT41
—FUNCT10 —{FUNCT26 —{FUNCT42
—FUNCT11 —{FUNCT27 —{FUNCT43
—FUNCT12 —{FUNCT28 —{FUNCT44
—|FUNCT13 —{FUNCT29 —{FUNCT45
—FUNCT14 —{FUNCT30 —{FUNCT46
—FUNCT15 —{FUNCT31 —{FUNCT47
—FUNCT16 —]FUNCT32 —FUNCT48
—]INFONOO1 _linFono17 —inFonoss
—{INFONOO02 —{INFONO18 —]{INFONO34
—{INFONOO03 _linFonote “nronoss
ZJiNFonoos —{INFoNo20 —jinFonoze
—INFONOOG —nNFoNo2l —|INFONOS7
—INFONOO7 TINFONO22 —|INFONO38
—INFONOOS —|INFONO23 —|INFONO39
—{INFoNOO9 —|'NFONO24 —]INFONO40
—lINFONO10 —(INFONO25 —{INFONO41
—|NnFono11 —{INFONO26 —]{INFONO42
—|INnFono12 —{INFONO27 —]{INFONO43
—1INFONO13 —INFONO28 —INFONO44
—|iINFonO14 —INFONO29 —]{INFONO45
—|INFono1s —]INFONO30 —]{INFONO46
—]INFONO16 —INFONO31 —]INFONO47
—INFONO32 —INFONO48
xx00000229.vsd en01000094.vsd €n01000095.vsd
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2.4 Input and output signals
Table 289: Input signals for the DISTURBREPORT (DRPn-) function blocks

Signal Description

CLRLEDS Clear HMI LEDs (only DRP1)

INPUT1 - INPUT48 Select binary signal to be recorded as signal no. xx were
xx=1 - 48.

NAMEOQ1-48 Signal name set by user, 13 char., for disturbance presenta-
tion

FuncT01-48 Function type, set by user ( for IEC )

InfoNo01-48 Information number, set by user ( for IEC )

Table 290: Output signals for the DISTURBREPORT (DRP1-) function block

Signal Description

OFF Disturbance Report function turned off

RECSTART Disturbance recording started

RECMADE Disturbance recording made

MEMUSED More than 80% of recording memory used

CLEARED All disturbances in Disturbance Report cleared
2.5 Setting parameters

Table 291: Parameters for disturbance report

Parameter Range Default Unit Description

Operation Off, On On - Determines if disturbances are
recorded (on) or not (off).

PostRetrig Off, On Off - Determines if retriggering during the
postfault recording is allowed (on) or

not (off).
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Table 292: Parameters for sequence number

Parameter Range Default Unit Description
SequenceNo 0-255 0 - Allows for manual setting of the
Step: 1 sequence number of the next distur-

bance.

Table 293: Parameters for recording time

Parameter Range Default Unit Description

tPre 0.05-0.30 0.10 S Prefault recording time
Step: 0.01

tPost 0.1-5.0 0.5 S Postfault recording time
Step: 0.1

tLim 0.5-6.0 1.0 S Fault recording time limit
Step: 0.1

Table 294: Parameters for reporting of binary signals

Parameter Range Default Unit Description

TrigOperation Off, On Off - Determines if the signal should trig-
ger disturbance recording

TrigLevel Trigon 1, Trigon 1 - Selects the trigger signal transition.

Trigon O

IndicationMask | Hide, Show | Hide - Determines if the signal should be
included in the HMI indications list

SetlLed Off, On Off - Determines if the signal should acti-
vate the red HMI LED

NAME 1-13 Input n Char Signal name used in disturbance

report and indications. Can only be
set from the configuration tool.

(n=1-48)
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Table 295: Voltage parameters for disturbance recorder

Parameter Range Default Unit Description
Operation Off, On On - Determines if the analog signal is to
be recorded (on) or not (off).
<TrigLevel 0-110 20 % of Undervoltage trigger level in
Step: 1 Unb per cent of signal.
>TrigLevel 0-200 110 % of Overvoltage trigger level in per cent
Step: 1 Unb of signal.
<TrigOperation | Off, On Off - Determines if the analog signal’s
undervoltage trigger condition
should be used (on) or not (off)
>TrigOperation | Off, On Off - Determines if the analog signal’s

overvoltage trigger condition should

be used (on) or not (off)

Table 296: Current parameters for disturbance recorder

Parameter Range Default Unit Description
Operation Off, On On - Determines if the analog signal is to
be recorded (on) or not (off).
<TrigLevel 0-200 50 % of Inb | Undercurrent trigger level in per cent
Step: 1 of signal.
>TrigLevel 0-5000 200 % of Inb | Overcurrent trigger level in per cent
Step: 1 of signal.
<TrigOperation | Off, On Off - Determines if the analog signal’s
undercurrent trigger condition
should be used (on) or not (off)
>TrigOperation | Off, On Off - Determines if the analog signal’s

overcurrent trigger condition should
be used (on) or not (off)
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Table 297: Disturbance report settings

Operation | Disturb- Then the results are...
Summary
Off Off < Disturbances are not stored.

¢ LED information is not displayed on the HMI and not
stored.

* No disturbance summary is scrolled on the HMI.

Off On « Disturbances are not stored.

¢ LED information (yellow - start, red - trip) are displayed
on the local HMI but not stored in the terminal.

« Disturbance summary is scrolled automatically on the
local HMI for the two latest recorded disturbances, until
cleared.

¢ The information is not stored in the terminal.

On On or Off e The disturbance report works as in normal mode.

+ Disturbances are stored. Data can be read from the local
HMI, a front-connected PC, or SMS.- LED information
(yellow - start, red - trip) is stored.

e The disturbance summary is scrolled automatically on
the local HMI for the two latest recorded disturbances,
until cleared.

e All disturbance data that is stored during test mode
remains in the terminal when changing back to normal
mode.

Technical data

Table 298: Disturbance report setting performance

Data

Setting range

Pre-fault time

50-300 ms in steps of 10 ms

Post-fault time

100-5000 ms in steps of 100 ms

Limit time

500-6000 ms in steps of 100 ms

Number of recorded disturbances Max. 10
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3.2

Indications

Application

Usetheindications list to view the state of binary signals during the fault. All binary
input signals to the distance report function are listed.

Functionality

Theindicationslist tracks zero-to-one changes of binary signals during the fault period
of the collection window. This means that constant logic zero, constant logic one or
state changes from logic oneto logic zero will not be visible in the indicationslist. Sig-
nals are not time tagged. In order to be listed in the indications list the:

1. signal must be connected to the DRP function block.
2. setting parameter, IndicationMask, for the input must be set to Show.

Output signals of other function blocks of the configuration will be listed by the signal
name listed in the corresponding signal list. Binary input signals are listed by the name
defined in the configuration.

The indications can be viewed on the local HMI and viaSMS.
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Disturbance recorder

Application

Usethe disturbance recorder to record analog and binary signalsduring fault conditions
in order to analyze disturbances. The analysis may include fault severity, fault duration
and protection performance. Replay the recorded datain atest set to verify protection

performance.

Functionality

The disturbance recorder records both analog and binary signal information.

Analog and digital signals can be used astriggers. A trigger signal does not need to be
recorded.

A trigger is generated when the analog signal moves under and/or over set limit values.

The trig level is compared to the signal’'s average peak-to-peak value, making the func-
tion insensible to DC offset. The trig condition must occur during at least one full peri-
od, that is, 20 ms for a 50 Hz network.

The recorder continuously records data in a cyclic buffer capable of storing the amount
of data generated during the set pre-fault time of the collection window. When trig-
gered, the pre-fault data is saved and the data for the fault and post-fault parts of the
collection window is recorded.

The RAM area for temporary storage of recorded data is divided into subareas, one for
each recording. The size of a subarea depends on the set recording times. There is suf-
ficient memory for four consecutive recordings with a maximum number of analog
channels recorded and with maximum time settings. Should no subarea be free at a new
disturbance, the oldest recording is overwritten.

When a recording is completed, the post recording process:

* merges the data for analog channels with corresponding data for binary signals
stored in an event buffer

e compresses the data without loosing any data accuracy
» stores the compressed data in a non-volatile memory

The disturbance recordings can be viewed via SMS or SCS.
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Technical data

Table 299: Disturbance recorder setting performance

Function

Setting range

Overcurrent triggering

0-5000% of Inb in
steps of 1%

Undercurrent triggering

0-200% of Inb in
steps of 1%

Overvoltage triggering

0-200% of Unb in
steps of 1% at 100 V
sec.

Undervoltage triggering

0-110% of Unb in
steps of 1%

Table 300: Disturbance recorder performance

(The amount of harmonics can affect the maximum storage time)

Data Value
Number of binary signals 48

Number of analog signals 10

Sampling rate 2 kHz
Recording bandwidth 5-250 Hz
Total recording time with ten analog and 48 binary signals recorded. | 40 s typically

Voltage channels Dynamic range

(0.01-2.0) x U, at
100/200 V sec.

Resolution 0.1% of U,
Accuracy at rated UsU, 2.5% of U,
frequenc

quency Us U, 2.5% of U

Current channels Dynamic range Without DC off-

(0.01-110) x I,

set

With full DC off- | (0.01-60) x I,

set
Resolution 0.5 % of I,
Accuracy at rated <1, +/-2.5 % of I,
frequency 1> +-2.5% of |
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Event recorder

Application

Use the event recorder to obtain alist of binary signal events that occurred during the
disturbance.

Design

When atrigger condition for the disturbance report is activated, the event recorder col-
lectstime tagged eventsfrom the 48 binary signalsthat are connected to disturbance re-
port and lists the changesin status in chronological order. Each list can contain up to
150 time tagged events that can come from both internal logic signals and binary input
channels. Events are recorded during the total recording time which depends on the set
recording times and the actual fault time.

Events can be viewed viaSM S and SCS.

Technical data

Table 301: Event recorder

Function Value

Event buffering capacity Max. number of events/distur- | 150
bance report

Max. number of disturbance 10
reports
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6.1

6.2

Fault locator (FLOC)

Application

An accurate fault ocator is an essential complement to the line protection. The fault lo-
cator providesdistance to fault together with information about the measuring loop that
has been used in the calculation.

Reliable information on fault location reduces the outage time and minimises the need
for patrolling.

The function has limitations for applications with series compensated lines.

Functionality

The fault locator can be started by any internal or external binary signal. Pre-fault and
fault phasors of currents and voltages, that were filtered from disturbance data stored
into digital sample buffers, are then used for the distance to fault calculation. The phase
selective signals from the built-in protection functions provide the necessary informa-
tion for the selection of the loop to be used for the calculation. It isalso possible to use
the external phase selection information.

For the distance to fault calculation, aline modelling algorithm that takes into account
the sources at both ends of theline, isused. Inthisway, theinfluence of theload current,
the infeed from the remote end and the fault resistance, can be compensated for, result-
ing in ahighly accurate calculation.

In case of double circuit lines, the influence of the zero-sequence mutual impedance
Zm0 is compensated for by considering the residual current on the paralel line.

The function indicates the distance to the fault as a percentage of the line length, in ki-
lometers or miles as selected. The SPA address 61V 13 also contains the latest distance
to fault.

Possibility to make recal culations with changed parameter settings exists.

Information on the last ten disturbances is stored.
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6.3 Function block
FLOC-
FLOC
—PSL1 DISTH8|—
—PSL2 DISTH4|—
—PSL3 DISTH2|—
—RELEASE DISTH1|—
DISTL8}—
DISTL4}—
DISTL2}—
DISTL1}—
DISTOK—
xx00000230.vsd
6.4 Input and output signals
Table 302: Input signals for the FLOC (FLOC-) function block
Signal Description
PSL1 Fault locator phase selection information - phase L1
PSL2 Fault locator phase selection information - phase L2
PSL3 Fault locator phase selection information - phase L3
RELEASE Starts the operation of the fault location function
Table 303: Output signals for the FLOC (FLOC-) function block
Signal Description
DISTH8 Fault locator BCD (Binary Coded Decimal) H8, most significant digit, bit 4
DISTH4 Fault locator BCD H4, most significant digit, bit 3
DISTH2 Fault locator BCD H2, most significant digit, bit 2
DISTH1 Fault locator BCD H1, most significant digit, bit 1
DISTLS8 Fault locator BCD L8, least significant digit, bit 4
DISTL4 Fault locator BCD L4, least significant digit, bit 3
DISTL2 Fault locator BCD L2, least significant digit, bit 2
DISTL1 Fault locator BCD L1, least significant digit, bit 1
DISTOK Fault locator distance Ok
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6.5

Setting parameters

Setting parameters for the resistive and reactive reach are presented for the terminals
with rated current Ir= 1A. All impedance values should bedivided by 5 for theterminals
with rated current Ir=5 A.

Table 304: Settings for the fault locator FLOC (FLOC-) function (Line reference)

Parameter Range Default | Unit Parameter description

Length unit km, mile km km, mile Line length unit in km or mile

Line length 0.00 - 40.00 - Line length value in present length
10000.00 unit
Step: 0.01

X1 0.001 - 12.000 | ohm/phase | Positive sequence line reactance
1500.000
Step: 0.001

R1 0.001 - 2.000 ohm/phase | Positive sequence line resistance
1500.000
Step: 0.001

X0 0.001 - 48.000 | ohm/phase | Zero sequence line reactance
1500.000
Step: 0.001

RO 0.001 - 8.000 ohm/phase | Zero sequence line resistance
1500.000
Step: 0.001

X1SA 0.001 - 12.000 | ohm/phase | Positive sequence source reac-
1500.000 tance, near end
Step: 0.001

R1SA 0.001 - 2.000 ohm/phase | Positive sequence source resis-
1500.000 tance, near end
Step: 0.001

X1SB 0.001 - 12.000 | ohm/phase | Positive sequence source reac-
1500.000 tance, far end
Step: 0.001

333



Fault locator (FLOC)

Chapter 11
Monitoring

6.6

334

Parameter Range Default | Unit Parameter description

R1SB 0.001 - 2.000 ohm/phase | Positive sequence source resis-
1500.000 tance, far end
Step: 0.001

Xm0 0.001 - 0.000 ohm/phase | Mutual reactance from parallel line
1500.000
Step: 0.001

RmO 0.001 - 0.000 ohm/phase | Mutual resistance from parallel line
1500.000
Step: 0.001

Technical data
Table 305: FLOC - Fault locator

Function

Setting range

Accuracy

Distance to fault
locator

=1A

Reach for |,

tion

Resistive direc-

(0 - 1500) ohm/
phase

Reactive direction

(0 - 1500) ohm/
phase

Phase selection

According to
input signals

+/- 2.5 % (typi-
cal)
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7.2

Trip value recorder

Application

Use the trip value recorder to record fault and prefault phasor values of voltages and
currentsto be used in detailed analysis of the severity of the fault and the phases that
areinvolved. The recorded values can also be used to simulate the fault with atest set.

Design

Pre-fault and fault phasors of currents and voltages are filtered from disturbance data
stored in digital sample buffers.

When the disturbance report function is triggered, the function looks for non-periodic
change in the analog channels. Once the fault interception is found, the function calcu-
lates the pre-fault RM S values during one period starting 1,5 period before the fault in-
terception. The fault values are calculated starting afew samples after the fault
interception and uses samples during 1/2 - 2 periods depending on the waveform.

If no error sampleisfound the trigger sample is used as the start sample for the calcu-
lations. The estimation is based on samples one period before the trigger sample. Inthis
case the calculated values are used both as pre-fault and fault values.

The recording can be viewed on the local HMI or viaSMS.
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Monitoring of AC analogue measurements

Application

Alarm limits can be set and used as triggers, i.e. to generate trip signals. The software
functionsto support presentation of measured values are always present in the terminal .
In order to retrieve actual values, however, the terminal must be equipped with the ap-
propriate hardware measuring modul &(s).

Usethe AC monitoring function to providethree phase or single phase values of voltage
and current. At three phase measurement, the values of apparent power, active power,
reactive power, frequency and the RM S voltage and current for each phase are calcu-
lated. Also the average values of currents and voltages are cal cul ated.

Functionality

The AC monitoring function providesthree phase or single phase values of voltage and
current. At three phase measurement, the values of active power, reactive power, appar-
ent power, frequency and the RM Svoltage and current for each phase can be cal culated.
Alarm limits can be set and used as triggers, i.e. to generate trip signals.

The software functions to support presentation of measured values are always present
in the terminal. In order to retrieve actual values, however, the terminal must be
equipped with the appropriate hardware measuring module(s).

Function block

DAnn-
DirAnalogIN_yy
—{BLOCK HIALARM

HIWARN
LOWWARN
LOWALARM

en01000073.vsd
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Table 306: AC monitoring function block types

Instance name Function block name Description

(DANN-)

DAO1- DirAnalogin_U1 Input voltage Ul

DAO02- DirAnalogin_U2 Input voltage U2

DAO3- DirAnalogin_U3 Input voltage U3

DAO04- DirAnalogin_U4 Input voltage U4

DAO5- DirAnalogin_U5 Input voltage U5

DAOG6- DirAnalogin_I1 Input current 11

DAOQ7- DirAnalogin_12 Input current 12

DAO8- DirAnalogin_13 Input current 13

DAO09- DirAnalogin_l4 Input current 14

DA10- DirAnalogin_15 Input current 15

DA11- DirAnalogin_U Mean value U of the three phase to phase
voltages calculated from U1, U2 and U3

DA12- DirAnalogin_| Mean value | of the three currents 11,12 and
13

DA13- DirAnalogin_P Three phase active power P measured by
the first three voltage and current inputs

DA14- DirAnalogin_Q Three phase reactive power Q measured by
the first three voltage and current inputs

DA15- DirAnalogin_f Mean value of frequency f as measured by
the voltage inputs U1, U2 and U3

DA16- DirAnalogin_S Three phase apparent power S measured by

the first three voltage and current inputs

Input and output signals

Table 307: Input signals for the AC monitoring (DAnn-) function block

Signal

Description

BLOCK

Block updating of value for measured quantity
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Table 308: Output signals for the AC monitoring (DAnn-) function block

Signal Description
HIALARM High Alarm for measured quantity
HIWARN High Warning for measured quantity
LOWWARN Low Warning for measured quantity
LOWALARM Low Alarm for measured quantity
8.5 Setting parameters
Table 309: Setting parameters for the AC monitoring (DAnn-) function block
Parameter Range Default Unit | Description
For each voltage input channels U1 -
U5: DAO1--DAOS
Operation Off, On Off - Operating mode for DAnn function
Hysteres 0.0-1999.9 | 5.0 kv Alarm hysteres for U1 - U5
Step: 0.1
EnAIRem Off, On On - Immediate event when an alarm is dis-
abled for U1 - U5 (produces an immedi-
ate event at reset of any alarm
monitoring element, when On)
EnAlarms Off, On On - Set to 'On’ to activate alarm supervision
for U1 - U5 (produces an immediate
event at operation of any alarm moni-
toring element, when On)
HiAlarm 0.0-1999.9 | 220.0 kv High Alarm level for U1 - U5
Step: 0.1
HiWarn 0.0-1999.9 | 210.0 kv High Warning level for Ul - U5
Step: 0.1
LowWarn 0.0-1999.9 | 170.0 kv Low Warning level for U1 - U5
Step: 0.1
LowAlarm 0.0-1999.9 |160.0 kv Low Alarm level for Ul - U5
Step. 0.1
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Parameter Range Default Unit | Description
Repint 0-3600 0 S Time between reports for U1 - U5 in
Step: 1 seconds. Zero = Off (duration of time
' interval between two reports at periodic
reporting function. Setting to 0 disables
the periodic reporting)
EnDeadB Off, On Off - Enable amplitude dead band supervi-
sion for U1 - U5
DeadBand 0.0-1999.9 | 5.0 kv Amplitude dead band for U1 - U5
Step: 0.1
EniDeadB Off, On Off - Enable integrating dead band supervi-
sion for Ul - U5
IDeadB 0.0-1999.9 |10.0 kv Integrating dead band for U1 - U5
Step: 0.1
EnDeadBP Off, On Off - Enable periodic dead band reporting
Ul-U5
For each current input channels I1 -
I5: DAO6 - DA10
Operation Off, On Off - Operating mode for DAnn function
Hysteres 0-99999 50 A Alarm hysteresis for 11 - 15
Step: 1
EnAIRem Off, On On - Immediate event when an alarm is dis-
abled for 11 - 15 (produces an immedi-
ate event at reset of any alarm
monitoring element, when On)
EnAlarms Off, On Off - Set to 'On’ to activate alarm supervision
for 11 - I5 (produces an immediate
event at operation of any alarm moni-
toring element, when On)
HiAlarm 0-99999 900 A High Alarm level for 11 - 15
Step: 1
HiWarn 0-99999 800 A High Warning level for 11 - 15
Step: 1
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Parameter Range Default Unit | Description
LowWarn 0-99999 200 A Low Warning level for 11 - 15
Step: 1
LowAlarm 0-99999 100 A Low Alarm level for I1 - 15
Step: 1
Repint 0-3600 0 S Time between reports for 11 - 15 in sec-
Step: 1 onds. Zero = Off (duration of tl_me_lnter-
val between two reports at periodic
reporting function. Setting to 0 disables
the periodic reporting)

EnDeadB Off, On Off - Enable amplitude dead band supervi-
sion for I1 - 15

DeadBand 0-99999 50 A Amplitude dead band for I1 - I5

Step: 1

EniDeadB Off, On Off - Enable integrating dead band supervi-
sion for 11 - I5

IDeadB 0-99999 10000 A Integrating dead band for I1 - I5

Step: 1

EnDeadBP Off, On Off - Enable periodic dead band reporting 11
-15
Mean phase-to-phase voltage mea-
suring channel U: DA11-

Operation Off, On Off - Operating mode for DAnn function

Hysteres 0.0-1999.9 | 5.0 kv Alarm hysteresis for U

Step: 0.1

EnAlRem Off, On On - Immediate event when an alarm is dis-
abled for U (produces an immediate
event at reset of any alarm monitoring
element, when On)

EnAlarms Off, On On - Set to 'On’ to activate alarm supervision
for U (produces an immediate event at
operation of any alarm monitoring ele-
ment, when On)
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Parameter Range Default Unit | Description
HiAlarm 0.0-1999.9 | 220.0 kv High Alarm level for U
Step: 0.1
HiWarn 0.0-1999.9 | 210.0 kv High Warning level for U
Step: 0.1
LowWarn 0.0-1999.9 | 170.0 kv Low Warning level for U
Step: 0.1
LowAlarm 0.0-1999.9 | 160.0 kv Low Alarm level for U
Step: 0.1
Repint 0-3600 0 S Time between reports for U in seconds.
Step: 1 Zero = Off (duration of time interval
between two reports at periodic report-
ing function. Setting to O disables the
periodic reporting
EnDeadB Off, On Off - Enable amplitude dead band supervi-
sion for U
DeadBand 0.0-1999.9 | 5.0 kV Amplitude dead band for U
Step: 0.1
EnlDeadB Off, On Off - Enable integrating dead band supervi-
sion for U
IDeadB 0.0-1999.9 |10.0 kv Integrating dead band for U
Step: 0.1
EnDeadBP Off, On Off - Enable periodic dead band reporting U
Mean current measuring channel I:
DA12-
Operation Off, On Off - Operating mode for DAnn function
Hysteres 0-99999 50 A Alarm hysteresis for |
Step: 1
EnAlRem Off, On On - Immediate event when an alarm is dis-

abled for | (produces an immediate
event at reset of any alarm monitoring
element, when On)
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EnAlarms Off, On Off - Set to 'On’ to activate alarm supervision
for | (produces an immediate event at
operation of any alarm monitoring ele-
ment, when On)
HiAlarm 0-99999 900 A High Alarm level for |
Step: 1
HiWarn 0-99999 800 A High Warning level for |
Step: 1
LowWarn 0-99999 200 A Low Warning level for |
Step: 1
LowAlarm 0-99999 100 A Low Alarm level for |
Step: 1
Repint 0-3600 0 S Time between reports for | in seconds.
Step: 1 Zero = Off (duration of tlme_ |nt_erval
between two reports at periodic report-
ing function. Setting to O disables the
periodic reporting)
EnDeadB Off, On Off - Enable amplitude dead band supervi-
sion for |
DeadBand 0-99999 50 A Amplitude dead band for |
Step: 1
EniDeadB Off, On Off - Enable integrating dead band supervi-
sion for |
IDeadB 0-99999 10000 A Integrating dead band for |
Step: 1
EnDeadBP Off, On Off - Enable periodic dead band reporting |
Active power measuring channel P:
DA13-
Operation Off, On Off - Operating mode for DAnn function
Hysteres 0.0-9999.9 |5.0 MW | Alarm hysteresis for P
Step. 0.1
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Parameter Range Default Unit | Description

EnAlRem Off, On On - Immediate event when an alarm is dis-
abled for P (produces an immediate
event at reset of any alarm monitoring
element, when On)

EnAlarms Off, On Off - Set to 'On’ to activate alarm supervision
for P (produces an immediate event at
operation of any alarm monitoring ele-
ment, when On)

HiAlarm 0.0-9999.9 | 300.0 MW | High Alarm level for P

Step: 0.1
HiWarn 0.0-9999.9 | 200.0 MW | High Warning level for P
Step: 0.1
LowWarn 0.0-9999.9 |80.0 MW | Low Warning level for P
Step: 0.1
LowAlarm 0.0-9999.9 |50.0 MW | Low Alarm level for P
Step: 0.1
Repint 0-3600 0 s Time between reports for P in seconds.
Step: 1 Zero = Off (duration of tlmg |nt.erval
between two reports at periodic report-
ing function. Setting to O disables the
periodic reporting)

EnDeadB Off, On Off - Enable amplitude dead band supervi-
sion for P

DeadBand 0.0-9999.9 | 1.0 MW | Amplitude dead band for P

Step: 0.1

EniDeadB Off, On Off - Enable integrating dead band supervi-
sion for P

IDeadB 0.0-9999.9 |10.0 MW | Integrating dead band for P

Step: 0.1

EnDeadBP Off, On Off - Enable periodic dead band reporting P
Reactive power measuring channel
Q: DA14-

Operation Off, On Off - Operating mode for DAnn function
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Parameter Range Default Unit | Description

Hysteres 0.0-9999.9 | 5.0 Mvar | Alarm hysteresis for Q

Step: 0.1

EnAlRem Off, On On - Immediate event when an alarm is dis-
abled for Q (produces an immediate
event at reset of any alarm monitoring
element, when On)

EnAlarms Off, On Off - Set to 'On’ to activate alarm supervision
for Q (produces an immediate event at
operation of any alarm monitoring ele-
ment, when On)

HiAlarm 0.0-9999.9 | 300.0 Mvar | High Alarm level for Q

Step: 0.1
HiWarn 0.0-9999.9 | 200.0 Mvar | High Warning level for Q
Step: 0.1
LowWarn 0.0-9999.9 | 80.0 Mvar | Low Warning level for Q
Step: 0.1
LowAlarm 0.0-9999.9 | 50.0 Mvar | Low Alarm level for Q
Step: 0.1
Repint 0-3600 0 S Time between reports for Q in seconds.
Step: 1 Zero = Off (duration of tlme_ mt_erval
between two reports at periodic report-
ing function. Setting to O disables the
periodic reporting)

EnDeadB Off, On Off - Enable amplitude dead band supervi-
sion for Q

DeadBand 0.0-9999.9 | 1.0 Mvar | Amplitude dead band for Q

Step: 0.1

EniDeadB Off, On Off - Enable integrating dead band supervi-
sion for Q

IDeadB 0.0-9999.9 | 10.0 Mvar | Integrating dead band for Q

Step: 0.1

EnDeadBP Off, On Off - Enable periodic dead band reporting Q
Frequency measuring channel f:
DA15-
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Parameter Range Default Unit | Description

Operation Off, On Off - Operating mode for DAnn function

Hysteres 0.0-99.9 1.0 Hz Alarm hysteresis for f

Step: 0.1

EnAlRem Off, On On - Immediate event when an alarm is dis-
abled for f (produces an immediate
event at reset of any alarm monitoring
element, when On)

EnAlarms Off, On Off - Set to 'On’ to activate alarm supervision
for f (produces an immediate event at
operation of any alarm monitoring ele-
ment, when On)

HiAlarm 0.0-99.9 55.0 Hz High Alarm level for f

Step: 0.1
HiwWarn 0.0-99.9 53.0 Hz High Warning level for f
Step: 0.1
LowWarn 0.0-99.9 47.0 Hz Low Warning level for f
Step: 0.1
LowAlarm 0.0-99.9 45.0 Hz Low Alarm level for f
Step: 0.1
Repint 0-3600 0 S Time between reports for f in seconds.
Step: 1 Zero = Off (duration of tlmet |nt_erval
between two reports at periodic report-
ing function. Setting to O disables the
periodic reporting)

EnDeadB Off, On Off - Enable amplitude dead band supervi-
sion for f

DeadBand 0.0-99.9 1.0 Hz Amplitude dead band for f

Step: 0.1

EnlDeadB Off, On Off Enable integrating dead band supervi-
sion for f

IDeadB 0.0-99.9 5 Hz Integrating dead band for f

Step: 0.1
EnDeadBP Off, On Off - Enable periodic dead band reporting f
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Parameter Range Default Unit | Description
Apparent power measuring channel
S: DA16-

Operation Off, On Off - Operating mode for DAnn function

Hysteres 0.0-9999.9 | 5.0 MVA | Alarm hysteresis for S

Step: 0.1

EnAlRem Off, On On - Immediate event when an alarm is dis-
abled for S (produces an immediate
event at reset of any alarm monitoring
element, when On)

EnAlarms Off, On Off - Set to 'On’ to activate alarm supervision
for S (produces an immediate event at
operation of any alarm monitoring ele-
ment, when On)

HiAlarm 0.0-9999.9 | 300.0 MVA | High Alarm level for S

Step: 0.1
HiWarn 0.0-9999.9 | 200.0 MVA | High Warning level for S
Step: 0.1
LowWarn 0.0-9999.9 | 80.0 MVA | Low Warning level for S
Step: 0.1
LowAlarm 0.0-9999.9 | 50.0 MVA | Low Alarm level for S
Step: 0.1
Repint 0-3600 0 S Time between reports for S in seconds.
Step: 1 Zero = Off (duration of tlmg |nt.erval
between two reports at periodic report-
ing function. Setting to O disables the
periodic reporting)

EnDeadB Off, On Off - Enable amplitude dead band supervi-
sion for S

DeadBand 0.0-9999.9 | 1.0 MVA | Amplitude dead band for S

Step: 0.1

EnliDeadB Off, On Off - Enable integrating dead band supervi-

sion for S
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IDeadB 0.0-9999.9 |10.0 MVA | Integrating dead band for S
Step: 0.1
EnDeadBP Off, On Off - Enable periodic dead band reporting S
Reporting of events to the station
control system (SCS) through LON
port:
EventMask U1 | No Events, | No Events | - Enables (Report Events) or disables
Report (No Events) the reporting of events
Events from channel DAO1 to the SCS
EventMask U2 | No Events, | No Events | - Enables (Report Events) or disables
Report (No Events) the reporting of events
Events from channel DAO2 to the SCS
EventMask U3 | No Events, | No Events | - Enables (Report Events) or disables
Report (No Events) the reporting of events
Events from channel DAO3 to the SCS
EventMask U4 | No Events, | No Events | - Enables (Report Events) or disables
Report (No Events) the reporting of events
Events from channel DAO4 to the SCS
EventMask U5 | No Events, | No Events | - Enables (Report Events) or disables
Report (No Events) the reporting of events
Events from channel DAO5 to the SCS
EventMask 11 No Events, | No Events | - Enables (Report Events) or disables
Report (No Events) the reporting of events
Events from channel DAO6 to the SCS
EventMask 12 No Events, | No Events | - Enables (Report Events) or disables
Report (No Events) the reporting of events
Events from channel DAO7 to the SCS
EventMask I3 No Events, | No Events | - Enables (Report Events) or disables
Report (No Events) the reporting of events
Events from channel DAO8 to the SCS
EventMask 14 No Events, | No Events | - Enables (Report Events) or disables
Report (No Events) the reporting of events
Events from channel DAO9 to the SCS
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EventMask 15 No Events, | No Events | - Enables (Report Events) or disables
Report (No Events) the reporting of events
Events from channel DA10 to the SCS

EventMask U No Events, | No Events | - Enables (Report Events) or disables
Report (No Events) the reporting of events
Events from channel DA11 to the SCS

EventMask | No Events, | No Events |- Enables (Report Events) or disables
Report (No Events) the reporting of events
Events from channel DA12 to the SCS

EventMask P No Events, | No Events | - Enables (Report Events) or disables
Report (No Events) the reporting of events
Events from channel DA13 to the SCS

EventMask Q No Events, | No Events |- Enables (Report Events) or disables
Report (No Events) the reporting of events
Events from channel DA14 to the SCS

EventMask f No Events, | No Events | - Enables (Report Events) or disables
Report (No Events) the reporting of events
Events from channel DA15 to the SCS

EventMask S No Events, | No Events |- Enables (Report Events) or disables
Report (No Events) the reporting of events
Events from channel DA16 to the SCS

8.6 Technical data

Table 310: Mean values

Function Nominal range Accuracy
Frequency (0.95 - 1.05) x f; +/- 0.2 Hz
Voltage (RMS) Ph-Ph (0.1-15)x U, +/- 2.5% of U,, at Us U,

+/- 2.5% of U, at U> U,

Current (RMS) 0.2-4)x1I, +/-2.5% of I, at I< |,
+/-2.5% of I, at I> |,

Active power”) at [cos ¢|= 0.9 +/- 5%

Reactive power*) at |cos ¢$|<0.8 +/- 7.5%

*) Measured at U, and 20% of I,
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Monitoring of DC analogue measurements

Application

Alarm limits can be set and used as triggers, i.e. to generate trip signals. The software
functionsto support presentation of measured valuesare always present in theterminal.
In order to retrieve actual values, however, the terminal must be equipped with the ap-
propriate hardware measuring modul &(s).

Use the DC monitoring function to measure and process signals from different measur-
ing transducers. Many devices used in process control uses low currents, usually inthe
range 4-20 mA or 0-20 mA to represent low frequency, near dc signals. The terminal
can be equipped with analogue inputs for such signals, function blocks M111-M166, in
the mA range.

Function block

MIxn-

MIM
—{POSITION ERROR
—{BLOCK INPUTERR
RMAXAL
RMINAL
HIALARM
HIWARN
LOWWARN
LOWALARM

xx00000232.vsd

Figure 134: A MIM module (mA input module) has six input channels. Each channel
has a function block, MIxn-, where x=(1-6) isthe number of the MIM module,
and n=(1-6) is the number of the channel.

Input and output signals
Table 311: Input signals for the MIM (MIxn-) function block

Signal Description

POSITION I/0 module slot position connector. Only present in first
instance of block for each present input module.

BLOCK Block value updating
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Table 312: Output signals for the MIM (MIxn-) function block

Signal Description
ERROR Module fail. Only present in first instance of block for each
present input module.

INPUTERR Input error
RMAXAL Upper range limit reached
HIALARM Input high alarm limit reached
HIWARN Input high warning limit reached
LOWWARN Input low warning limit reached
LOWALARM Input low alarm limit reached
RMINAL Lower range limit reached

94 Setting parameters

Setting table for a generic mA input module MIM
Table 313: Module parameter

Parameter Range Default Unit Description
SampRate 5-255 5 Hz Sampling Rate for mA Input Module x
Step: 1

Table 314: Input n, wheren=1-6

Parameter Range Default Unit Description

Name 0-13 Mixn -Value | Char | User defined name for input n in mod-
ule x. String length up to 13 charac-
ters, all characters available on the
HMI can be used

Operation Off, On Off - Input n

Calib Off, On On - Set to 'On’ to use production calibra-
tion for Input n

ChSign Off, On Off - Set to 'On’ if sign of Input n shall be
changed

Unit 0-5 Unit n Char | State a 5 character unit name for Input
n
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Parameter Range Default Unit Description
Hysteres 0.0-20.0 1.0 mA Alarm hysteresis for Input n
Step: 0.1
EnAIRem Off, On Off - Immediate event when an alarm is

removed for Input n

I_Max -25.00- 20.00 mA Max current of transducer to Input n
25.00

Step: 0.01

I_Min -25.00- 4.00 mA Min current of transducer to Input n
25.00

Step: 0.01

EnAlarm Off, On Off - Set to 'On’ to activate alarm supervi-
sion for Input n

HiAlarm -25.00- 19.00 mA High Alarm level for Input n
25.00
Step: 0.01
HiWarn -25.00- 18.00 mA High Warning level for Input n
25.00
Step: 0.01
LowWarn -25.00- 6.00 mA Low warning level for Input n
25.00
Step: 0.01
LowAlarm -25.00- 5.00 mA Low Alarm level for Input n
25.00
Step: 0.01
Repint 0-3600 0 S Time between reports for Input n
Step: 1
EnDeadB Off, On Off - Enable amplitude dead band supervi-
sion for Input n
DeadBand 0.00-20.00 | 1.00 mA Amplitude dead band for Input n
Step: 0.01
EnlDeadB Off, On Off - Enable integrating dead band supervi-

sion for Input n
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IDeadB 0.00- 2.00 mA Integrating dead band for Input n
1000.00
Step: 0.01
EnDeadBP Off, On Off - Enable periodic dead band reporting
Input n
MaxValue -1000.00- 20.00 - Max primary value corr. to I_Max,
1000.00 Input n. It determines the maximum
Step: 0.01 value of the measurmgl transFiucer pri-
mary measuring quantity, which corre-
sponds to the maximum permitted
input current I_Max
MinValue -1000.00- 4.00 - Min primary value corr. to I_Min, Input
1000.00 1. It determines the minimum value of
Step: 0.01 the measuring transducer primary

measuring quantity, which corre-
sponds to the minimum permitted
input current |_Min
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9.5

Technical data

Table 315: mA measuring function ( MIM )

Function

Setting range

Accuracy

mA measuring function

+/- 5, +/- 10, +/- 20 mA  0-5,
0-10, 0-20, 4-20 mA

Max current of transducer
to input

(-25.00 to +25.00) mA in steps
of 0.01

Min current of transducer to
input

(-25.00 to +25.00) mA in steps
of 0.01

High alarm level for input

(-25.00 to +25.00) mA in steps
of 0.01

High warning level for input

(-25.00 to +25.00) mA in steps
of 0.01

Low warning level for input

(-25.00 to +25.00) mA in steps
of 0.01

Low alarm level for input

(-25.00 to +25.00) mA in steps
of 0.01

Alarm hysteresis for input

(0-20) mA in steps of 1

Amplitude dead band for
input

(0-20) mA in steps of 1

Integrating dead band for
input

(0.00-1000.00) mA in steps of
0.01

+/- 0.1 % of set value +/-0.005
mA
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Increased measuring accuracy

Application

Select theincreased accuracy option to increase the measuring accuracy of analog input
channels, thus also increasing the accuracy of calculated quantities such as frequency,
active and reactive power.

Functionality

Theincreased accuracy isreached by afactory calibration of the hardware. Calibration
factorsare stored in theterminal. If the transformer input module, A/D conversion mod-
ule or the main processing module is replaced, the terminal must be factory calibrated
again to retain the increased accuracy.

Technical data

Table 316: Mean values with increased accuracy

Function Nominal range Accuracy
Frequency (0.95 - 1.05) x f; +/- 0.2 Hz
Voltage (RMS) Ph-Ph (0.8-1.2) x U, +/- 0.25% of U,, at U<= U,

+/- 0.25% of U, at U> U,

Current (RMS) 0.2-2)x1, +/- 0.25% of I, at I<= |,
+/-0.25% of |, at I> |,
Active power 08xU,<U<1.2xU, +-0.5% of P,at P <=P, 7,
0.2xl <l<2xl, +-0.5% of PatP >P, ",

Active power, |cos$|>= 0.9

*) P,: Active power at U = U, , | = Ir and |cos¢|= 1
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Chapter 12 Metering

About this chapter
This chapter describes the metering functions
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Pulse counter logic (PC)

Application

The pulse counter logic function counts externally generated binary pulses, for instance
pulses coming from an external energy meter, for calculation of energy consumption
values. The pulses are captured by the binary input module and then read by the pulse
counter function. The number of pulses in the counter is then reported via LON to the
station control system or read via SPA from the station monitoring system as a service
value.

Design

Upto 12 inputslocated on binary input modules can be used for counting of pulseswith
afrequency of up to 40 Hz. Theregistration of pulsesisdone for positive transitions (0
to 1) on any of the 16 binary input channels on the input module.

Pulse counter values are read from the operator workplace with predefined cyclicity
without reset. Theintegration time period can be set in the range from 30 seconds to 60
minutes and is synchronized with absol ute system time.

The counter valueis a32-bit, signed integer with arange 0...+2147483647. The report-
ed value over the communication bus contains Identity, Value, Time and Pulse Counter

Quality.
Function block

PCO1-
PULSECOUNTER
BLOCK INVALID
TMIT_VAL  RESTART]
BIM_CONN BLOCKED
NAME NEW_VAL

xx00000234.vsd
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1.4 Input and output signals

Table 317: Input signals for the PC (PCnn-) function block

Signal

Description

BLOCK

Block acquisition

TMIT_VAL

Asynchronous reading. Pulsing of this input makes an addi-
tional reading of the pulse input. Value is read at TMIT_VAL
positive flank.

BIM_CONN

Binary input module connection used for pulse acquisition

NAME

User defined name. String length up to 19 characters.

Table 318: Output signals for the PC (PCnn-) function block

Signal

Description

INVALID

Set when used BIM fails or has wrong configuration

RESTART

Set if counter value does not comprise a full integration cycle
for read report

BLOCKED

Set when BLOCK input is set or when the used BIM is inoper-
ative

NEW_VAL

New value exists. Set if counter value has changed since last
read report
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Setting parameters

Table 319: Setting parameters for the pulse counter (PCnn-) functions

Parameter Range Default Unit Description
NAME 0-19 PCnn- Char User defined name for pulse counter
NAME nn (nn = 01-12). String length up to
19 characters. Can only be set using
the CAP 531 configuration tool.
Operation Off, On Off - Operating mode for PC function.
Can only be set from PST.
CycleTime 30s,1min, | 15min - Reporting of counter value cycle
1min 30 s, time in minutes and seconds. Can
2 min, only be set from PST.
2 min 30 s,
3 min,
4 min,
5 min,
6 min,
7 min30s,
10 min,
12min,
15 min,
20 min,
30 min,
60 min
EventMasknn No events, | No events - Mask for analogue events from
Report pulse counter nn. Can only be set
events from PST.
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1.6 Technical data
Table 320: Pulse counter for metering
Function Setting range Accuracy
Input frequency See Binary Input Module (BIM) -

Cycle time for pulse counter | 30 s, 1 min, 1 min 30 s, 2 min, 2 min 30
s, 3 min, 4 min, 5 min, 6 min, 7 min 30s,
10 min, 12 min, 15 min, 20 min, 30 min,
60 min

+/- 0,1% of set value
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Chapter 13 Hardware modules

About this chapter
This chapter describes the different hardware modules.
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Modules

Table 321: Basic, always included, modules

Module Description

Combined backplane module (CBM) Carries all internal signals between modules in
a terminal. The size of the module depends on
the size of the case.

Power supply module (PSM) Available in two different versions, each includ-
ing a regulated DC/DC converter that supplies
auxiliary voltage to all static circuits.

» For case size 1/2x19” and 3/4x19" a
version with four binary inputs and four
binary outputs are used. An internal fail
alarm output is also available.

* For case size 1/1x19” a version without
binary 1/0:s and increased output power
is used. An internal fail alarm output is
available.

Main processing module (MPM) Module for overall application control. All infor-
mation is processed or passed through this
module, such as configuration, settings and
communication.

Human machine interface (LCD-HMI) The module consist of LED:s, a LCD, push but-
tons and an optical connector for a front con-
nected PC

Table 322: Application specific modules

Module Description

Signal processing module (SPM) Module for protection algorithm processing.
Carries up to 12 digital signal processors, per-
forming all measuring functions.

Milliampere input module (MIM) Analog input module with 6 independent, gal-
vanically separated channels.

Binary input module (BIM) Module with 16 optically isolated binary inputs
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Module

Description

Binary output module (BOM)

Module with 24 single outputs or 12 double-pole
command outputs including supervision function

Binary I/O module (IOM)

Module with 8 optically isolated binary inputs,
10 outputs and 2 fast signalling outputs.

Data communication modules (DCMs)

Modules used for digital communication
between remote ends.

Transformer input module (TRM)

Used for galvanic separation of voltage and/or
current process signals and the internal cir-
cuitry.

A/D conversion module (ADM)

Used for analog to digital conversion of analog
process signals galvanically separated by the
TRM.

Optical receiver module (ORM)

Used to interface process signals from optical
instrument transformers.

Serial communication module (SCM)

Used for SPA/LON/IEC communication

LED module (LED-HMI)

Module with 18 user configurable LEDs for indi-
cation purposes
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2 Transformer input module (TRM)

2.1 Design

A transformer input module can have up to 10 input transformers. The actual number
depends on the type of terminal. Terminalsincluding only current measuring functions
only have current inputs. Fully equipped the transformer module consists of:

« Five voltage transformers that cover a rated range from 100 to 125V or 220 V.
* Five current transformers with rated current 1 A or 5 A.

The inputs are mainly used for:

» Three phase currents
« Residual current of the protected line

« Residual current of the parallel circuit (if any) for compensation of the effect of the
zero sequence mutual impedance on the fault locator measurement or residual cur-
rent of the protected line but from a parallel core used for CT circuit supervision
function or independent earth fault function.

* Three phase voltages

» Open delta voltage for the protected line (for an optional directional earth-fault pro-
tection)

» Phase voltage for an optional synchronism and energizing check.

2.2 Technical data

Table 323: Energising quantities, rated values and limits

Quantity Rated value Nominal range

Current Il=1or5A (0.2-30) x I,
I,=0.1,0.5, 10r5Aforls |(0.2-15) x|, for line dif-
ferential function
Operation range (0.004-100) x I,

Permissive overload 4 x|, cont.

100 x| for1s ™

Burden <0.25VAatl=1or5A
<0.02VAatl=0.10r0.5A
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Quantity

Rated value

Nominal range

Ac voltage Ph-Ph

Operation range

Permissive overload

Burden

U, = 100/110/115/120 V
U, = 200/220/230/240 V
(0.001-1.5) x U,

1.5 x U, cont.
25xU,forls

<0.2VAatU,

(80-120) % of U,

Frequency

f, = 50/60 Hz

+-5 %

) max. 350 A for 1 s when COMBITEST test switch is included
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A/D-conversion module (ADM)

Design

The inputs of the A/D-conversion module (ADM) is fed with voltage and current sig-
nalsfrom the transformer module. The current signals are adapted to the electronic volt-
age level with shunts. To gain dynamic range for the current inputs, two shunts with
separate A/D channels are used for each input current. By that a 16-bit dynamic range
is obtained with a 12 bits A/D converter.

The input signals passes an anti aliasing filter with a cut-off frequency of 500 Hz.

Each input signal (5 voltages and 5 currents) is sampled with a sampling frequency of
2 kHz.

The A/D-converted signals are band-pass filtered with a cut-off frequency of 250 Hz
and down-sampled to 1 kHz in adigital signal processor (DSP) before transmitted to
the main processing module.
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4.1

4.2

4.3

Binary 1/O capabilities

Application

Input channelswith high EM1 immunity can be used as binary input signalsto any func-
tion. Signal's can also be used in disturbance or event recording. This enables extensive
monitoring and evaluation of the operation of the terminal and associated electrical cir-
cuits.

Design

Inputs are designed to allow oxide burn-off from connected contacts. Thisis achieved
with ahigh peak inrush current while having alow steady-state current. Inputs are de-
bounced by software.

Well defined input high and input low voltages ensures normal operation at battery sup-
ply earth faults.

The voltage level of the inputsis selected when ordering.

I/0O events are time stamped locally on each module for minimum time deviance and
stored by the event recorder if present.

Technical data
Table 324: Binary inputs

Inputs RL24 RL48 RL110 RL220

Binary inputs BIM: 16, IOM: 8, PSM: 4

Debounce frequency 5 Hz (BIM), 1 Hz (IOM)

Oscillating signal discrimi- | Blocking and release settable between 1-40 Hz

nator.*

Binary input voltage RL 24/30 VDC 48/60 VDC 110/125 VDC | 220/250 VDC
+/-20% +/-20% +/-20% +/-20%

Power consumption (max.) | 0.05 W/input | 0.1 W/input 0.2 W/input 0.4 W/input

*) Only available for BIM
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Table 325: Binary outputs

Function or quantity Trip and Signal Fast signal
relays relays
Binary outputs BOM: 24, IOM: 10, IOM: 2
PSM: 4
Max system voltage 250 V AC, DC 250V AC, DC
Test voltage across open contact, 1 min 1000 V rms 800V DC
Current carrying Continuous 8A 8A
capacity 1s 10A 10A
Making capacity at 0.2s 30A 04A
gngjgtlr\]/; load with L/ 10s 10A 04A
Breaking capacity for AC, cos $>0.4 250 V/8.0 A 250 V/8.0 A
Breaking capacity for DC with L/R<40ms 48 VI1 A 48 V/1 A
110 v/0.4 A 110 V/0.4 A
220V/0.2 A 220V/0.2 A
250 V/0.15 A 250 V/0.15 A
Maximum capacitive load - 10 nF
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5.2

5.3

5.4

Binary input module (BIM)

Application

Use the binary input module, BIM, when alarge amount of input channelsis needed.
TheBIM isavailable in two versions, one standard and one with enhanced pulse count-
ing inputs to be used with the pulse counter function.

Design
The binary input module, BIM, has 16 optically isolated binary inputs.
A signal discriminator detects and blocks oscillating signals. When blocked, a hystere-

sisfunction may be set to release the input at a chosen frequency, making it possible to
use the input for pulse counting. The blocking frequency may aso be set.

Function block

BIM
—POSITION ERROR[—
—BINAMEO1 Blll—
—BINAMEO2 BI2|—
—BINAMEO3 BI3|—
—BINAMEO4 Bl4—
—BINAMEO5 BIS|—
—BINAMEO6 Bl6|—
—BINAMEO7 BI7|—
—BINAMEO8 BI8|—
—BINAMEO9 BI9|—
—BINAME10 BI10[—
—BINAME11 Bl11[—
—BINAME12 Bl12|—
—BINAME13 BI13[—
—BINAME14 Bl14—
—BINAME15 BI15—
—BINAME16 BI16[—

xx00000155.vsd

Figure 135: Binary input module

Input and output signals
Table 326: Input signals for binary input module BIM

Signal Description
POSITION I/O module slot position
BINAMEO1-BINAME16 Input name string settings
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Table 327: Output signals for binary input module BIM

Signal Description
ERROR Binary module fail
BI1-BI16 Binary input data
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6.2

Binary output module (BOM)

Application

Use the binary output module, BOM, for trip output or any signalling purpose when a
large amount of outputs is needed.

Design

The binary output module, BOM, has 24 software supervised output relays, pairwise
connected to be used as single-output channels with a common or as command output
channels.

|
(@) o—f

I

®ol—

xx00000299.vsd

1 | Output connection from relay 1

2 | Common input connection

3 | Output connection from relay 2

Figure 136: Relay pair example
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6.3 Function block
BOM

—POSITION ERROR[— —BLKOUT

—BO1 —BONAMEO1
—{BO2 —BONAMEO02
—BO3 —BONAMEO3
—BO4 —BONAMEO04
—BO5 —BONAMEOQ5
—BO6 —BONAMEO6
—BO7 —BONAMEOQ7
—BO8 —BONAMEO8
—BO9 —BONAMEQ9
—{BO10 —BONAME10
—{BO11 —BONAME11
—BO12 —BONAME12
—BO13 —BONAME13
—BO14 —BONAME14
—BO15 —BONAME15
—BO16 —BONAME16
—{BO17 —BONAME17
—{BO18 —BONAME18
—{BO19 —BONAME19
—1{B0O20 —BONAME20
—{B0O21 —BONAME21
—{B0O22 —BONAME22
—{B0O23 —BONAME23
—B0O24 —BONAME24

xx00000156.vsd

Figure 137: Binary output module

6.4 Input and output signals
Table 328: Input signals for binary output module BOM

Signal Description

POSITION I/O module slot position
BO1-BO24 Binary output data
BLKOUT Block output signals
BONAMEO1-BONAME24 Output name string settings

Table 329: Output signals for binary output module BOM

Signal Description

ERROR Binary module fail
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7.1

7.2

7.3

I/O module (IOM)

Application

Use the binary 1/0 module, IOM, when few input and output channelsis needed. The
ten output channels are used for trip output or any signalling purpose. The two high
speed signal output channels are used for applications where short operating timeis es-
sential, for example time synchronization.

Design

The binary 1/0 module, IOM, has eight optically isolated inputs and ten output relays.
One of the outputs has a change-over contact. The nine remaining output contacts are
connected in two groups. One group has five contacts with a common and the other
group has four contacts with a common, to be used as single-output channels.

The binary 1/0 module aso has two high speed output channels where areed relay is
connected in paralel to the standard output relay.

Function block

IOM

POSITION ERROR BONAMEO4

BO1 Bllf— BONAMEOS
BO2 BI2|— BONAMEO6
BO3 BI3|— BONAMEO7
BO4 Bl4}— BONAMEO8
BO5 BIS|— BONAMEO9
BO6 BI6|— BONAME10
BO7 BI7}— BONAME11
BO8 BI8|— BONAME12

BINAMEO1
BINAMEO2
BINAMEO3
BINAMEO4
BINAMEOS
BINAMEO6
BINAMEOQ7
BINAMEOS

BO9

BO10

BO11

BO12
BLKOUT
BONAMEO1
BONAMEO2
BONAMEO3

xx00000157.vsd

Figure 138: 1/0 module
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Input and output signals

Table 330: Input signals for /O module IOM

Signal Description
POSITION I/O module slot position
BO1-BO12 Binary output data
BLKOUT Block output signals

BONAMEO1-BONAME12

Output name string settings

BINAMEO1-BINAMEO8

Input name string settings

Table 331: Output signals for /O module IOM

Signal Description
ERROR Binary module fail
BI1-BI8 Binary input data
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8.2

8.3

8.4

mA input module (MIM)

Application

Use the milliampere input module, MIM, to interface transducer signalsin the +/-
20 mA range from for example temperature and pressure transducers.

Design
The milliampere input module has six input channels, each with a separate protection
and filter circuit, A/D converter and optically isolated connection to the backplane.

The digital filter circuits have individually programmable cut-off frequencies, and all
parametersfor filtering and calibration are stored in anonvolatile memory on the mod-
ule. The calibration circuitry monitors the modul e temperature and commences an au-
tomatical calibration procedure if the temperature drift increase outside the allowed
range. The module uses the serial CAN bus for backplane communication.

Signa events are time stamped locally for minimum time deviance and stored by the
event recorder if present.

Function block

See Monitoring / Monitoring of DC anal ogue measurements.

Technical data

Table 332: Energizing quantities, rated values and limits

Quantity Rated value | Nominal range
mA input input range +/- 20 mA -
module . .

. input resistance Rin = 194 ohm | -

power consumption each mA-module <4W -

each mA-input <0.1wW -
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9.4
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Power supply module (PSM)

Application

The 20 W power supply module, PSM, with built in binary 1/0 isused in /2 and 3/4 of
full width 19” units. It has four optically isolated binary inputs and five binary outputs,
out of which one binary output is dedicated for internal fail.

Design
The power supply modules contain a built-in, self-regulated DC/DC converter that pro-
vides full isolation between the terminal and the battery system.

The 20 W power supply module, PSM, has four optically isolated inputs and four output
relays.

Function block

1002-
1/0-MODULE
POSITION ERROR

BLKOUT Bll|—
BO1 BI2|—
BO2 BI3|—
BO3 Bl4—

BO4
BONAMEO1
BONAMEO2
BONAMEO3
BONAMEO4
BINAMEO1
BINAMEO2
BINAMEO3
BINAMEO4

xx00000236.vsd

Figure 139: Binary 1/0 on the power supply module PSM

Input and output signals
Table 333: Input signals for the I/O-module (I002-) function block (1/0O on PSM)

Signal Description
POSITION I/O module slot position connector
BLKOUT Block output signals
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9.5

Signal

Description

BO01-BO04

Binary output data

BONAMEO1-BONAMEO4

Output name string settings

BINAMEO1-BINAMEO4

Input name string settings

Table 334: Output signals for the I/O-module (1002-) function block (I/O on PSM)

Signal Description
ERROR 1/0-module fail
BI1-Bl4 Binary input data

Technical data
Table 335: PSM 20/30 W

Quantity

Rated value

Nominal range

Auxiliary dc voltage

EL = (48 - 250) V

+/- 20%
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10.2
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Human-machine-interface modules (HMI)

Application

The human machine interface is used to monitor and in certain aspects affect the way
the product operates. The configuration designer can add functionsfor alerting in case
of important events that needs special attention from you as an operator.

Use the terminals built-in communication functionality to establish SMS communica-
tion with a PC with suitable software tool. Connect the PC to the optical connector on
the local HMI with the special front communication cable including an opto-electrical
converter for disturbance free and safe communication.

The LED indication module is an additional feature for the REx 5xx terminals for pro-
tection and control and consiststotally of 18 LEDs (Light Emitting Diodes). The main
purpose isto present on site an immediate visual information such as protection indica-
tionsor alarm signals. It islocated on the front of the protection and control terminals.

Design

The human-machine interface consists of:

¢ the human-machine interface (HMI) module.
» the LED module.

# -
. -
- L]

-
£l -
* -
- -
= L]
w® a

8

Figure 140: The figure shows the LED (upper) and the HMI (lower).
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TheLED indication moduleisequipped with 18 LEDs, which canlight or flashin either
red, yellow or green color. A description text can be added for each of the LEDs.

xx00000406.vsd

1 Three-color LEDs

2 Descriptive label, user exchangeable

Figure 141: The LED module

10.3 Function block
See Monitoring/LED indication function.
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10.4 Technical data
Table 336: SMS communication via front
Function Value
Protocol SPA
Communication speed 300, 1200, 2400, 4800, 9600 Baud
Slave number 1to 899
Remote change of active group allowed Yes
Remote change of settings allowed Yes

380



Optical receiver module (ORM) Chapter 13
Hardware modules

11 Optical receiver module (ORM)

11.1 Application

The optical receiver module (ORM) isused to interface signals from optical instrument
transformers (OI TP) to the terminal. The ORM modul e can replace the conventional an-
alog input modules. Either 50 or 60 Hz signalsis handled by the module. Only one of

the frequencies must be selected and used for all inputs.

11.2 Design

The optical receiver module has four optical input channels that handles data from op-
tical instrument transformers (OITP). It converts the OITP datato aformat used in the
terminal. The received datais processed in different ways depending on the setting of

the eight pole dip-switch of the module.

11.3 Logic diagram
mT T ———— :
' |
| |
: :pc?#]tgﬁz ORM output data :
| |
I Ul U1l |
: U2 U2 :
| u4 U4 |
| U5 Us |
: Channel 1 :
| 11 1 |
: 12 12 :
| 13 13 |
: 14 14 :
| 15 5 |
| |
! |

xx01000204.vsd

Figure 142: Sraight connection
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I |
| Input data ORM output |
I from OITP data :
: U1 U1 |
| U2 U2 :
: U3 U3 |
I ua U4 :
| us us |
: Channel 1 :
11 + |
: 12 + Z " l
|
: 13 + Z I
12 |
: 14 — + |
15 + I
: > 13 |
| N |
' 14
| U1 T 2 '
| N :
I U2
15
: U3 T 2 :
I u4 I
| us |
| Channel 2 |
: 11 :
| 12 I
I |
| 14 I
I |
| 15 |
|

xx01000205.vsd

Figure 143: Line terminal connection
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I |
| Input data ORM output |
I from OITP data :
: U1 U1 |
| U2 U2 :
: U3 U3 |
| U4 U4 :
| us us |
: Channel 1 :
11 + |
: > > 11 |
. |
: 13 + Z 2 |
I 14— . :
|
15 + I
: > 13 |
| + :
' 14
| U1 - 2 '
| + :
I U2
15
: u3 - 2 :
I U4 I
| us |
| Channel 2 |
: 1 :
I 12 I
I |
| 14 I
I |
| 15 |
|

xx01000206.vsd

Figure 144: Line terminal connection, reversed current direction channel 2
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| |
[ Input data I
: from OITP ORM output data :
| Ul Ul |
: U2 U2 :
| u3 U3 |
| U4 ua |
| us us |
: Channel 1 :
| 11 11 |
: 12 12 :
I 13 13 |
| 14 14 |
I 15 15 |
| |
| |
| Ul |
| o2 |
| u3 |
| ’ |
I us |
: Channel 2 :
I 11 I
| |
| 12 |
| 13 |
| |
| 14 |
I 15 I
| |

xx01000207.vsd

Figure 145: Sgnal selection for synchro check functions
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Input data ORM output
from OITP — yjdata

Channel 1
11 0Oo— 11
12 0—— 12
13 0—— I3
14 00— 14
15 0—— I5

Channel 2

Channel 3

Channel 4

a

xx01000208.vsd

Figure 146: Sgnal selection for control terminal functions
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—_—_——,e—ee— e —_— e —_——

: Output data ORM output I
| from OITP data :
I u1 u1 |
| u2 u2 |
I U3 us |
| u4 u4 |
I us us |
: Channel 1 :
| 11 11 |
| 12 12 |
: 13 13 :
| 14 14 |
: 15 15 :
|
: U1 i
I u2 |
: U3 :
I u4 |
: us :
| Channel 2 |
: 11 :
| 12 |
: 13 :
I 14 I
| 5 |
o _______
xx01000209.vsd

Figure 147: Sgnal selection for fault locator or CTCF functions
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—_————ee— e —_— e ——_

: Input data ORM output I
| from OITP data :
: U1l U1 |
| U2 U2 |
: U3 u3 |
| U4 U4 |
: us us |
| Channel 1 :
: 11 11 [
| 12 12 |
: 13 13 |
| 14 14 :
| 15 15 |
| |
| |
: u1 l
I U2 :
: U3 [
| U4 :
: us l
| Channel 2 :
: 11 :
[ 12 |
| : |
| 14 - Z |
1

xx01000210.vsd

Figure 148: Sgnal selection for fault locator or CTCF functions, reversed current di-
rection channel 2
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Input data

ORM output
from OITP )1 P

data

Channel 1

Channel 2

M| M| M[[M||M

Channel 3

Channel 4

+

xx01000211.vsd

Figure 149: Sgnal selection for 1 1/2 breaker switchgear
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Input data ORM output
from OITP data

Channel 1

Channel 2

Channel 3

M| M[[M|[M|[M

Channel 4

+

xx01000212.vsd

Figure 150: Sgnal selection for 1 1/2 breaker switchgear, reversed current direction
channel 2 and channel 3
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Setting parameters

Table 337: Settings for applications supported by ORM module

8-pole DIP Application Frequency | Reverse direction,
1/2(3/4|5|6|7 Current input
X | X|X|[X]|x][Xx Straight connection 50 Hz -

X | X|[x|X]|X Line terminal connection -

X | X|[x|X]|X Line terminal connection Channel 2
X X | X|X|X Synchro check functions -
X | X X | X|x Control terminal functions -

X X | X|x Fault locator or CTCF function -

X X | x| X Fault locator or CTCF function Channel 2
X X[ x| x 1 1/2 breaker switchgear -
X X[ x| x 1 1/2 breaker switchgear Channel 2 and 3
XX |X|[X]|X|[x]|x Straight connection 60 Hz -

Line terminal connection

Line terminal connection

X X | X|X|x]|x Synchro check functions
X | X X | X|[x]|x Control terminal functions
X X | X|X]|X Fault locator or CTCF function
X X | X|X]|X Fault locator or CTCF function
X X | X|X]|X 1 1/2 breaker switchgear

1 1/2 breaker switchgear

Channel 2

Channel 2

Channel 2 and 3

Technical data

Table 338: Optical receiver module, ORM

Function

Type

Optical connector

Type ST
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12.2

12.3

Serial communication modules (SCM)

Design, SPA/IEC

The serial communication modulefor SPA/IEC isplaced in aslot at the rear part of the
Main processing module. The serial communication module can have connectors for
two plastic fibre cables or two glass fibre cables. The incoming optical fibreis connect-
ed to the RX receiver input, and the outgoing optical fibreto the TX transmitter output.
When the fibre optic cables are laid out, pay specia attention to the instructions con-
cerning the handling, connection, etc. of the optical fibres. The moduleisidentified
with anumber on the label on the module.

Design, LON

The serial communication modulefor LON isplacedinaslot at therear part of theMain
processing module. The serial communication module can have connectors for two
plastic fibre cables or two glassfibre cables. The incoming optical fibreisconnected to
the RX receiver input, and the outgoing optical fibretothe TX transmitter output. When
the fibre optic cables are laid out, pay special attention to the instructions concerning
the handling, connection, etc. of the optical fibres. The moduleisidentified with anum-
ber on the label on the module.

Technical data
Table 339: SPA/IEC optical fibre connector

Communication Fibre connection

SPA/IEC Plastic, snap-in

ST, glass, bayonet

Table 340: LON optical fibre connector

Communication Fibre connection

LON Plastic, snap-in

ST, glass, bayonet
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Data communication modules

Application

The remote terminal communication modules are used both for differential line protec-
tion applications and for binary signal to remote end, for example for distance protec-
tions. The following hardware modules are available:

* V.36

e X.21

+ RS530

+ G.703

e Short-range galvanic module

» Fibre optical communication module
» Short-range fibre optical module

The galvanic data communication modules according to V.36, X.21 and RS530 can be
used for galvanic short range communication covering distances up to 100 m in low
noise environment. Only contra-directional operation is recommended in order to get
best system performance.These modules are designed for 64 kbit/s operation but can
also be used at 56 kbit/s.

The galvanic data communication module according to G.703 is not recomended for
distances above 10 m. Special attention must be paid to avoid problems due to noise in-
terference. This module is designed only for 64 kbit/s operation.

The short-range galvanic module can be used for communication over galvanic pilot
wires and can operate up to distances between 0,5 and 4 km depending on pilot wire
cable. Twisted-pair, double-screened cable is recommended.

The fibre optical communication module can be used both with multi-mode and single-
mode fibres. The communication distance can typically be up to 30 km for single mode
fibre, with high quality fibres even longer. This interface can also be used for direct con-
nection to communication equipment of type FOX from ABB.

The short-range fibre optical module can only be used with multi-mode fibre .The com-
munication distance can normally be up to 5 km. This module can also be used for direct
connection to communication equipments of type 21-15xx and 21-16xx from FIBER-
DATA
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13.2 Technical data
Table 341: Galvanic data communication module

Interface type According to standard | Connector type
V.36/V11 Co-directional (on request) ITU (CCITT) D-sub 25 pins
V.36/V11 Contra-directional ITU (CCITT) D-sub 25 pins
X.21/X27 ITU (CCITT) D-sub 15 pins
RS530/RS422 Co-directional (on request) | EIA D-sub 25 pins
RS530/RS422 Contra-directional EIA D-sub 25 pins
G.703 Co-directional ITU (CCITT) Screw

Table 342: Short-range galvanic module

Range max 4 km

Line interface Balanced symmetrical three-state current loop (4 wires)

Connector 5-pin divisible connector with screw connection

Insulation 2,5 kV 1 min. Opto couplers and insulating DC/DC-converter
15 kV with additional insulating transformer

Table 343: Fibre optical communication module

Optical interface

Type of fibre Graded-index multimode 50/ | Single mode 9/125 mm
125mm or 62,5/125mm

Wave length 1300 nm 1300 nm

Optical transmitter LED LED

injected power -17 dBm -22 dBm

Optical receiver PIN diode PIN diode

sensitivity -38 dBm -38 dBm

Optical budget 21dB 16 dB

Transmission distance typical 20 km typical 30 km

Optical connector Type FC-PC Type FC-PC

Protocol ABB FOX specific ABB FOX specific

393



Data communication modules Chapter 13

Hardware modules

394

Table 344: Short-range fibre optical module

Optical fibre Graded-index multimode 50/125mm or 62,5/125mm
Wave length 850 nm

Optical connectors ST

Optical budget 15dB

Transmission distance max 5 km

Protocol

FIBERDATA specific
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Chapter 14 Diagrams

This chapter contains the terminal diagrams for the terminal.
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Diagrams
1 Terminal diagrams
1.1 Terminal diagram, Rex5xx
REx 5xx
" 77777777777777777777777 o POSITIONS DESIGNATION
777777777777 . [;P:)/ MoeLE 1/2x19" | 3/4x19" | 1/1x19"
”[,,, - IEC-870-5-103 MPM S9 S9 S10
S:‘UON PSM S13 S13 NAY

1) COMMUNICATION PORT
SPA / IEC 870-5-103

LON OPTION

i
|

i

|

|

|

| 2) OPTICAL PORT FROM LOCAL HMI
‘ CONNECTION MADE WITH A

i SPECIAL OPTICAL INTERFACE CABLE
|

i

|

|

i

!

3) COMMUNICATION PORT LON

(PSM)

~ — — = ———— (| INTERNAL FAIL
INTERNAL FAIL

Figure 151: REX 5xx
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Diagrams
REx 5xx WITH DC-SWITCH A = ADDITIONAL RHGS 6 CASE FOR TEST SWITCH AND DC-SWITCH
B = TERMINAL
i POSITIONS DESIGNATION
et ‘ MOBUE L e | 3/ | 1/0et0r
,,,,,,,,,,,,,,,,,,,,, SPA / ! X X X
Mo IEC-870-5-103 ‘ MPM 59 9 510
OPTION '
- ‘ PSM s13 s13 )
2) —'—‘ HMI
' i
B ‘ 1) COMMUNICATION PORT
3)[” LON OPTION i SPA / IEC 870-5-103
! 2) OPTICAL PORT FROM LOCAL HMI
‘ CONNECTION MADE WITH A
! SPECIAL OPTICAL INTERFACE CABLE.
‘ 3) COMMUNICATION PORT LON
i
(PSM) ‘
- — - ————————O[INTERNAL FAIL ‘
'
i
|
'
i
i

enlmrk001452-aa_8.eps

Figure 152: REx 5xx with DC-switch
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T 77777777777777777 T L1
| (ADM) (TRM) XMW:‘ L2
3 ! 13 .
%\ " B:E /| l
I 2!
| | ‘
‘ 12 3‘8: 51
i | )
i 3 3{ o L
! ; 1 1 T
i ! 8| : i
‘ N 3E N =
i s g
o
| ST
i T T — — S
i o 3 j S 3o
| I 8 '
3 3IE !
| 3 o= =}j=ts
| B[ S
\ !
! : '\;l ] ; 3) RESERVED FOR PARALLEL LINE
! Uk B:E “Li Al i COMPENSATION OR CT SUPERVISION
‘ : '\61 4) RESERVED FOR DIRECTIONAL
i us 3:2: o 9 ‘—3 CAL EARTH-FAULT FUNCTION
‘ Lo L 1 5) RESERVED FOR REF. VOLTAGE

Figure 153: REx 5xx, transformer input module and A/D conversion module 3 phase
system option
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TRANSFORMER INPUT MODULE AND A/D-CONVERSION MODULE 3 PHASE SYSTEM
OPTION WITH RTXP 24

A = ADDITIONAL RHGS 6 CASE FOR TEST SWITCH AND DC-SWITCH

3) RESERVED FOR PARALLEL LINE

COMPENSATION OR CT SUPERVISION

4) RESERVED FOR DIRECTIONAL
EARTH-FAULT FUNCTION

5) RESERVED FOR REF. VOLTAGE

INTERNAL EARTHING A B = TERMINAL
e ———— e —. S u
‘ I 01 ! L2 POSITIONS DESIGNATION
| (ADM} (TRM) Wi U [y mi L3 ; MODULE | otor | 37619 | 17119
| V ' i | TRM st st s2
i - ! 3: & ‘H»A‘ -
e . ADM s? s7 S8

‘ ! 2 L2 w\qﬁ‘ i
‘ 12 B‘S 5! H i
! | ‘ 15A |
‘ : 3 IL3 ‘\EE\*/ ! [ NOTE ! MARKING CLIPS FOR REC 561 ACC. TO OH
| 13 B\S ‘
‘ } ‘ DIVERGENT MARKING CLIPS FOR REX5xx
H |

N BE , REL|REL[REL [REL|REL[REL [REB[RED
! | 4 TERMINAL | 501 | st | 521 561 | 551 | 531 55| 597
‘ I 3B _|UJU[U|U[d]U]U]uU
i 5 316 4B UluJuJu[«=]ufu]u
‘ | 78 uJuJuJula]ufu]u
1 | 8B U U U U« |U ) )
| ur 3iE w_|4]0[0]0/0[0[0®
I , 1B » @00« |0/
‘ v 3 218 |uLt[uLtJuLt]uLt] «) Juttfuctfut
1 I 228 |UL2|uLz[uLz[uL2| «) [UL2[uLz[uL2
‘ U 3:% 238 |uL3[ui3[u3[ui3[ « [us[u[us
' l 248 | UN | UNUN [ UN] «J [UNJUNJUN
! *) UNMARKED
1
i
1

ra

enlmrk001452-aa_10.eps

Figure 154: REx 5xx, transformer input module and A/D conversion module 3 phase
system option with RTXP 24, internal earthing
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TRANSFORMER INPUT MODULE AND A/D-CONVERSION MODULE 3 PHASE SYSTEM
OPTION WITH RTXP 24
EXTERNAL EARTHING

A = ADDITIONAL RHGS 6 CASE FOR TEST SWITCH AND DC-SWITCH

B = TERMINAL
A
— &
! 101 L2 POSITIONS DESIGNATION
{TRM) Xt o 134 13 MODULE 1y amigr | /a9 | 1/m19"
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— :
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! 3 13 [y i
I T = 18a
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" \ \ \
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u 3 ;
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! i [ 1B J]O[0lo[J][e[e]e
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. 228 |uL2|ucz[uiz[uiz| «) [uiz|uizutz
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. +) UNMARKED
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© 984 %A
10B4_WA
1By 1A
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Figure 155:; REx 5xx, transformer input module and A/D conversion module 3 phase
system option with RTXP 24, external earthing
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' ! POSITIONS DESIGNATION
! LOCATION= SN ! MODULE 14 g9+ | 37019 | /119"
‘ PLANT ADAPTED | | AUX.VOLTAGE (DC) ‘ PSM 3 ‘ $13 ‘ -
IBIX= XA CONFIGURATION 24730V '
R BLO1 i 48/60V ‘
M ! 110/125V !
F——t————— [ 220/250v
e lz B1.02 7 ‘
i [ i
RL244BMOOR 220 |3 i ‘
i BL03 C ] w
PR 7 ‘
e BI04 i
'Box- xa —-B0.01 !
____8 ‘
[
i i
o
| |
2
LTy |
1
|
i

Figure 156: REx 5xx, binary in/out power supply module option
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BINARY IN/OUT MODULE

OPTION
[ LOCATION= SN ‘ POSITIONS DESIGNATION
' AUX.VOLT. RL (0C)
‘ PLANT ADAPTED ! /219" | 3/6x19 | 1/1x19”
BIX= XA CONFIGURATION 24730 ‘
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+ I /!
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13 7 220/250V |
+
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- i
. i5 Vi SN [ XA [XB] B <21 <18
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- o ! - s23 $20
+ I /"
M ls BIO ‘ R $25 s22
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M 1o BLOS ‘ - s21 24
i
. }M Vi - $29 26
12 BL.OG
- i - - s28
R }13 i ‘
* 1 BLO7 ‘ R - $30
15
+ /"
m BLOS ‘ - - 532
- i
R - s34
EOX: XB B0.01 ‘
— 80.02 i - - s36
o d B0.03
i
E d B0.04 ‘
2 : B0.0S !
| '
B0.06
lo ; ‘
:
2 i
} e B0.07
n_ o
r B0.08
2 ‘ 80.09 ‘
I3 y ‘
g BO.10
14 ; |
[m . BO.11 ‘
. B0.12 !
) ‘
+) REED CONTACTS '
LOW MAKE AND BREAK ‘
TAPABILITY J enlmrk001452-aa_17.eps

Figure 157: REx 5xx, binary in/fout module option
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BINARY IN 16 MODULE

LOCATION= SN

PLANT ADAPTED
CONFIGURATION

/7

/7

/7

/7

/7

/7

/7

Va

RL24,48,110 OR 220

/7

/7

/7

/7

/7

Va

Va

Va

AUX.VOLT. RL [DC)

POSITIONS DESIGNATION

2L/30V 1/2x19" | 3/4x19" 1/1x19"
48/60V S15 S15 S12
110/125V st pom "
220/250V
S19 S19 S16
- S23 520
- $25 522
- S27 S24
- S29 S26
- - 528
- - 530
- - 5§32
- - S3k
- - 536

Figure 158: REx 5xx, binary in 16 module option
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BINARY OUT MODULE

OPTION
‘ LOCATION= SN ‘ POSITIONS DESIGNATION
! PLANT ADAPTED | | SN XA 1XB 1, 1/2x19” | 3/6x19" | /119"
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Figure 159: REx 5xx, binary out module option
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mA INPUT MODULE

OPTION
(77’7’EKTW§57 77777 | POSITIONS DESIGNATION
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Figure 160: REx 5xx, mA input module option
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DIGITAL COMMUNICATION MODULE
OPTION
OPTICAL COMMUNICATION MODULE GALVANIC COMMUNICATION MODULE X21
T ] CASING TERMINAL oo ] CASING TERMINAL
‘ x ' 1/2x19" | X24:TX, X24RX ‘ ! 1/2x19" X258
Fol [ ——————— @»in@ | ‘ 3/6x19" | X3UTX, XIRX | o N A ‘ 3/4x19" X358
Ay % #* ‘ /119" | XLO:TX, XLORX v i /119" X418
! '
L ! L 7777777 o PIN NO. DESCRIPTION
1 SCREEN
SHORT RANGE OPTICAL COMMUNICATION MODULE 2 X0 (A)
4 RXD (A)
oo ] CASING TERMINAL 6 RCLK (A)
‘TX ' 1/2x19" | X25:TX, X25RX 8 GND
(s7) [ ——————— G| ‘ 3/Lx19" | X35:TX, X35RX 9 TXD (B)
Ay % #* ' /119" | XBETX, XLIRX 1 RXD (8)
' ‘ 3 RCLK (B)
L ;
SHORT RANGE GALVANIC COMMUNICATION MODULE GALVANI COMMUNICATION MODULE V.36, RS 530
i T 1[/"“25!:“; TE:;S”LAL CASING TERMINAL
A 7 ‘ 3/4x19" X35:A ‘ V25 XI5A
(SCREW) . ! o oy ‘ 3/4x19" X35:A
TERMINAL I ‘ i 1/1x19" XLTA
PIN NO
L ————————— i From Top | DESCRIPTION L 7777777 . PIN NO. DESCRIPTION
1 R+ RECEIVER 1 SCREEN
2 R- RECEIVER 2 X0 (A)
3 T+ TRANSMITTER 3 RXD (A)
4 T- TRANSMITTER 4 REQ_SEND (A}
5 SCREEN 7 GND
9 RCLK (B)
G.703 CODIRECTIONAL COMMUNICATION MODULE 1 TCLK DTE (8)
[ TCLK DCE (B)
CASING TERMINAL 14 TXD (B)
1/2x19" X25A 15 TCLK DCE (A)
3/4x19" X35A 16 RXD (B)
Téiiﬁix} /19" XLTA 17 RCLK (A)
19 REQ_SEND (8] *
F:[‘)NM NTOOP DESCRIPTION 20 DTE READY (A)
23 DTE READY (B)”]
1 R+ RECEIVER o TELK OTE 1)
2 R- RECEIVER
3 T+ TRANSMITTER «) NOT FOR V.36
4 T- TRANSMITTER
5 SCREEN enlmrk001452-aa_21.eps

Figure 161: REx 5xx, digital communication module option
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Figure 162: REx 5xx, optical receiver module option
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