GLOBAL STANDARD Page 1 of 108

~ r\ i
C Protection and control device for HV/MV substation — GSTP101
Multifunctional feeder protection (MFP) OGF\/)Z(E;//'Z%:%LS

Protection and control device for HV/MV substation — Multifunctional feeder
protection (MFP)

This global standard defines the characteristics of the multifunctional feeder protection
(according to IEC 60255 series) and accessories for HV/MV distribution substations a
declared fundamental frequency of 50 Hz or 60 Hz.

Countries’ I&N Elaborated by Collaborations by | Verified by Approved by
Argentina - - - Carlos Espinoza
Brazil - - - Romulo Thardelly
Chile - - - Daniel Gonzalez
Colombia - - - Juan Gomez

. Carmen Ranea .
Iberia . - Carmen Ranea Maria Aver
Jaume Badia y

Luca Delli Carpini . .. | Gianluca
Italy Pietro Paulon i Luca Delli Carpini Sapienza
Peru - - - Robert Sanchez
Romania - - - Vasilica Obrejan
Elaborated by Collaborations by | Verified by Approved by
Global I&N — NTI Christian Noce Pgolo Berasi Christian Noce F"?‘b"’
Michele Negro Giammanco

This document is intellectual property of Enel Spa; reproduction or distribution of its contents in any way or by any means whatsoever
is subject to the prior approval of the above mentioned company which will safeguard its rights under the civil and penal codes.

Itis for internal Use. Each Country can provide a translation in local language but the official reference document is this GS English
version.

Revision Data List of modifications

00 27.07.2018 First draft

01 06.12.2018 First approved edition




GLOBAL STANDARD Page 2 of 108

~
C (\ ' Protection and control device for HV/MV substation — GSTP101
Multifunctional feeder protection (MFP) Rev. 01
06/12/2018
INDEX
L ACRONYMS ittt e ettt e e et e e et e e e e et et e e et ettt a e e e e e e et r e e e e e e eer i naaeaaee 10
2 LIST OF COMPONENTS, PRODUCT FAMILY OR SOLUTIONS TO WHICH THE GS APPLIES ......... 12
3  NORMATIVE REFERENCES AND BIBLIOGRAPHY ...ttt 13
3.1 FOr all COUNLIIES cceevurenniiiiiiiirenneiiiiiiiiiinessessssseisiinnesssssssssssssnmessssssssssssssnessssssssssssssssesssnsssssssssanns 13
0 0T = U oo U] 1 =T 14
20 TR o T ] [T 1] <11 T 14
4  REPLACED STANDARDS ...ttt e e e e e e et s e e e e e e e e et a s s e e e e eeatabnaeeeeeeeeseaen 15
5 APPLICATION FIELDS ...ttt s e e et e e e e et e e et et e e e e e et eestaa e e e e e e eeaantaaeeeeeeeesenen 16
6 MFP GENERAL REQUIREMENTS ....euiiii ittt ettt e e e e e ettt s e e e e e e e e ata e e e e e e eeastnnneaeeaeees 17
6.1  ENnvironmental reqUIremMeENtS......ccceueiieeiiieniieeiereanitteerensierenereosersnseernserenssesasssssssessnsessnsesensessns 17
6.1.1 = 0ol Fo 3 PP 17
6.1.2 Yot g ok | Y- ] =Y PP 17
6.1.3 Y PP OUPRUPPPRN 18
L3 I S 110 s F= Y d [l ol o T [ 4 o] o - PP 19
6.2 Electrical, electronical and data connector characteristiCs ......ccceiuereierniireireiieeeincrenirennrencreeerenes 19
6.2.1  Power supply board (MP CONNECLON).....cccuiiiciieeciieeiee ettt et et ste e e tee e e s te e e saae e sbaeesareeens 20
(o A o T=1 (o= [ o TV TR 20
6.2.3  Connection of the Voltage Analog Inputs (MV CONNECLONS)......cceccuireeiiiieeeeiiiee et eeeee e 22
6.2.4  Connection of the Current Analog Inputs (MA CONNECLOIS)......ccccciuieeeeiirieeeeiiieeeeeieee e eeieee e 22
6.2.5  Connection of the Embedded Digital Input (Ml coONNEctor) .......cccccuveeeeiiieieeciee e 22
6.2.6  Connection of the Embedded Digital Output (MO CONNECLOr) ...ccuvvveeeiriieeeciiee et 24
6.2.7  Circuit-breaker control connection (MT CONNECLON) ......uviiiiiiiiieecieee e e 26
6.2.8  Additional INpUt / OULPUL DOAIAS ...ecccuviiciie ettt ettt ettt e e e ete e e eateeebeeeeareeens 28
6.3  Layout of the IMIFP @NClOSUIE..........ciieeeiiiiiecceriieccreeiecesreeneeseennsessennsessesnssssserassnssennssnnsennnnnnnes 28
Lo T80 A IF-Y o 1= 11 V-SSP 29
6.3.2  Circuit-breaker control BUTONS .......cociiiiiiiiiiec et 29
6.3.3  AULO-TECIOSING SEIECTON ... uiiiiiiiie ettt e s e e e e b e e e e sabee e e ssabeeeeesanees 29
6.3.4  NAVIBAtION DULLONS ..eeiieiiie e e e s e e e e b e e e s sabee e e s nbeeeeenanees 29
Lo TR T B 1Yo - Y PRSP 30
Lo N I e Tor- |l 1 D13 [ o IR T 0 F= 1 PP 30
6.4 Reliability reqUIr@mMENtS......cccciveiiiiiiiiiiieiertrereeetrenereneeereneerenserensessasesensessassssassessnsessnsesensesens 30
6.5  REMOLE I/O MOUUIE .ccuuerrireeirrirniieriieneierttensiereeesssereessssereesssseseesssseserssssssersssssserssssssesssssssennssssnes 31
6.6  Electrical DIagrams........ccceeeiiiiemeiiiiieneiiiieneeiiienesestennssessennssessennssessennssssssnnsssssennssssssnnsssssennsnsnes 31
7 COMMUNICATION REQUIREMENTS .. ..ottt ettt e e e e e et s e s e e e e e et tn s s e e e e e e eastaaneaeeaaees 32
7.1 Interface to the Station Bus (Remote Control LAN) .........cccuuiiiiimuieiienncereeeneeeennseeeeenaneesennsneenes 32
7.2 Interface to the Field BUS ......ccueiiiiiiiiiinieneiiiiiiiiiiennneniieiiiieesssenssisisiisessssssssssssssssssssssssssssssssnns 32
7.3 Interface for local connection and configuration ...........ccceeeeciiiiiiiiiiicenieireerrre e e e eeaneeees 32
7.4 Requirements for the Communication and the File transfer ..........cccueeeiiieeiiiiiiiecnreecccrreeneens 33
7.5 Time SYNCAroNIZatioN ........cieeiiiiiiiiiiiiiiiicreicrei e e srneessnessessstsaserenssssnssenssssnnssssssssensasens 33
7.6 IEC 61850 interoperability Profile ........ccocveeeciiieeiiiiiiicrrreccrrre e rreeee e erenn e s eennseesesnnssessennnnenes 33
7.7 Remote access for MaINtENANCE .......oiiiiireeuiiiiiiiiiiiriieiniiireseeseisiessreessssssssssssssssssssssssssssssanes 34
7.7.1 Data @XIraCtioN SEIVICE ... .ueeeeeieieeee ettt ettt e e e e e e sttt e e e e s e s arse e e e e e e e e s e aneneees 34
7.7.2 Data EXEraCTiON PrOCESS....uuuuueueiiii e ann 34

7.8 On site configurations and Programming .........ccccciieeeeieiiiennierteennierieenseereennssessennsseseennssessennnsenes 34



GLOBAL STANDARD Page 3 of 108

e
C (\ ' Protection and control device for HV/MV substation — GSTP101
Multifunctional feeder protection (MFP) Rev. 01
06/12/2018

AR < B N © T I =N oo o} = {U ] - 4T o PSPPI 34
7.8.2 Programmable 10gic cONfIUIatioN .......c.uuviiiiiiiii i 35
8 SELF-DIAGNOSIS AND CONTROL LOGICS ... ittt e e e e e s e aaa e e e e e e eeeneaen 37
8.1 Self-diagnosis and operation in abnormal conditions ..........cccccviiiiiiiiiiiiniiniinnn. 37
8.1.1  Operation of the MFP in case of total block state.........cccevvviiiiiiiiiiei e 38
8.1.2  Operation of the MFP in case of partial block state.........cccovieiiiiiiiiiii e 38
8.1.3  Local control of the circuit-breaker in case of MFP operates in abnormal conditions ............... 38
8.2 Diagnostic of Voltage Transducers and Current Transducers Supervision (VTS/CTS) .....ccceeevveenee. 39
8.2.1  Voltage transducers DIagNOSTiC ....c.uuiieiuriiiriiiieeeiiiee e esiee e ssiree e et e e e sere e e e s sabee e e ssabeeeessabeeeeenanees 40
8.2.2 Current transduCers DIagNOStiC . ..cuuuiii it e cciiee e criree ettt erree e e e e e s e e s e sbee e e s s beee e ennnees 42
8.2.3  Notefor 74 VT and 74 CT fUNCLIONS......ccicieeecieecie et eseeette e steesstee e ste e svee e sbeesreeesaeeesreeessseenns 43
£35S TN = T VA T4 o T ol 43
3 T8 A [ ol Ul o 1V B = = Lo 1 [ oSS 43
8.3.2  Wall diagram of the circuit-breaker compartment ..........cccoccvieeieiiiee e 46
8.3.3  Check of the recovery voltage when the circuit-breaker is open........ccccceveeieieeccii e, 46
<0 S |V 0 11 B T ot T PN 46
S N R o o] =Yt To Y T ¢ 1= - 1V T RSP PS 46
8.4.2 SN Parameters oo 47
9 MEASUREMENT FUNCTIONS ... e eeeeeeeteeete et eee et eeeee et e e seeeeees e s e seseeeet et ee e eeseeeeseneeeeseeeeeeneneeeeeens 48
9.1  GENEIaAl OVEIVIEW ....ceuuiiiiiiiiiiiueiiiiiiiiiinnieeisessiinersaassssssssssnersnsssssssssssnersssssssssssssssssssnnsssssssssnnes 48
9.2  Configurable ANalog INPULS .....ccceuiiiiieiiiiicrre et sresn e s rennssessenssssssenssssssannsnsnes 48
9.2.1 CUITENE INPUL €2 e s s s ans 48
9.3 UsSable CTS @Nd VTS c.cuuiiiiiiiiiinneiiiiiiiiiinisaessieisiiinesasssssssisssmmesmssssssssssinemssssssssssssssssssssssssssssssanes 49
9.4 Conventions of the measurement funNctions..........cceeuuiiiiiiiiiiiniciiiiiiii 49
9.5 Characteristic data of the measurement functions..........cccoivrrreeciiiiiiiininnncinii 50
1= 2 I Y/ (=F= T 0T =T 0 a 1T 4} 30 =T o o] o R 51
10 ELECTRICAL PROTECTION FUNCTIONS (FAP)....coicetiiiieee ettt e e seee e e e e e snnnaanene e e 53
10.1 Definition of “Characteristic TIMESs” ........cceiiiiiiiiiimiciiiiiiniiiininiirrrsseess e rssasssssssssnne 53
1020 0 R = o 1 4 TP P PP PPUPPPPPTPOt 53
10.1.2  OPerate timMe oo, 53
O R T (T =Y o A [ OO P PP PPUPPPPPTOt 53
1O (T = o =1 [0 TP P PP PPUPPPPPTPOt 53
O T @ 1V Y o Yoo L a5 =SS 54
10.1.6  Repetitive error tiMe ..o, 54
10.2 Logical representation Of @ FAP ..........civeeiiiiiiiciieiicccrreececrreeeesseenneseeenneeseennsseseennsseseennnnnnes 54
10.3 Trip commands given by the protection functions ...........ce.ciriimiiiiiiciiirirecrrree e eeeeeees 55
10.4 Activation Status of the stages in the relevant protection functions...........ccccccorveeurcirrennnnnnneee. 56
10.5 SEttiNgS taAbIES ... i e e s s e s e s s e s e e s s e na s s s e e na s s s e enanas 56
10.6 Phase overcurrent protection function IEEE 51 ...........cccceeeiiiiimiiiiieeieiiieencrneneenereennsessennsenns 56
10.6.1  ProteCtion BERAVION .....ccii ittt e e et e e et e e e e bta e e e satae e s srtaeeesnraeaeanns 56
10.6.2  SetHiNGS Parameters..ccce e e e 57
10.6.3  Accuracy of the MeasUrEMENTS.......cc.uiii i e e s sre e e e s rta e e s srreeeeeans 57
10.6.4 Time dependent overcurrent protection IEC 60255 ........cceeeeiiiieeiiiiieeeeieee e ecieee e ecieee e svreee e 57
10.7 Residual overcurrent current protection function le 51N .......cccccceiiiiiiirnrmnsiiiinninnnes. 59
10.7.1  Protection BERAVION .....ccoi ittt et e e st e e e e bte e e e sataeeesbtaeeesrraeaeaans 59
10.7.2  SetUiNG Parameters oo 59

10.7.3  Accuracy of the MeasUIrEMENTS ......cccuiii it re e e sare e e e s srte e e e srreeeeeans 60



GLOBAL STANDARD Page 4 of 108

COCI GSTP101

Protection and control device for HV/MV substation —

Multifunctional feeder protection (MFP) Rev. 01
06/12/2018
10.8 Residual overcurrent current protection function for TFN, IE 51N, C2 input.....cc.cccceeveenrennnenes 61
10.8.1  Protection BERAVION ... .coi ittt st e e st e e e s bte e e s sate e e e snteeeesrreeeeeans 61
10.8.2  SETLiNG PArAMELEIS «..eeeeiiieeie ettt e e e e ettt e e e e e s st bt et e e e e s e s abtbeeeeeessesannsenaaeaesssasannns 61
10.8.3  Accuracy Of the MEaSUIrEMENTS .....ciicuiiii e e s ssre e e s sbre e e e srreeaesans 61
10.8.4 Emergency 51N protection fUNCLION .......ccuiiiiiciiii e s e e 61
10.8.5 Accuracy of the MeEasUIrEMENTS .....cciciiii i e s sre e e e ssrre e e s ssreeeesans 62
10.9 Directional overcurrent protection function IEEE 67 ..........cccceuvieiiinnniiiiinnniciiinnscnineneniesnnn 62
10.9.1  Protection BERAVION .....cii it e e et e e et e e e e bte e e e srreeeeaaes 63
10.9.2  SETLiNG PArAMETEIS «..ueeiiiieeeee ettt ettt e e e e et e e e e e s s st te e e e e e s e s sbbbaaeeeesssssanssnaaaeesssnssnnns 63
10.9.3  Accuracy of the MeEasUIrEMENTS.....ccccuiiii e erre e e e sbte e e e sareeeeeans 64
10.10 Negative sequence overcurrent protection function IEEE46 ............cccuueirreeecirreencirnennnceneennnn 64
0 00 Tt R o o =T o o I o<1 =1V o U 65
10.10.2  Setling Parameters. .o, 66
10.10.3  Accuracy of the MEASUIEMENTS .......oiiieciiiieieiiee et e et e e eite e e e erte e e e ebee e e s ssataeessntaeeesnrenaeanns 66
10.11 Unbalance protection function IEEE 46N .............coiieeeiiiieenieriienniernennscernennseesrennssessennssessennnnes 67
10.11.1  Setting Parameters. .o, 67
10.11.2  Accuracy of the MEASUIEMENTS .......eiiieciiieeiecieee et ettt e e ette e e e ette e e e ebte e e s earaeeesnteeeessreaaesnns 67
10.12 Directional earth overcurrent protection function IEEE 67N .........ccccceuueirieeeccirrenncrrrenencennennnns 68
0 0 0 R o o =T o o I e 1=] =1V o PSS 69
10.12.2  Setting Parameters. .o, 69
10.12.3  Accuracy Of the MEASUrEMENTS .....uiiiiiciiiie ettt e et e e s esate e e e sbteeeesateeeesans 70
10.13 Directional overcurrent “Arcing Ground” protection function IEEE 67N .............cceeveeueeniicinnnnes 71
10.13.1  Protection BERAVION ..c...eiiiiieieccee ettt ettt et st st e s naee s 73
L0 IR 1T ot T 73
10.15 Directional earth overcurrent protection function for the detection of evolving faults............ 73
10.15.1  Protection BERAVION ..c..eei ittt ettt et st st s nare s 74
10.16 Residual overvoltage protection function IEEE 59N.........cccccciiiimeiiiiimeiiiiieniiiineniinnnenessnnenenes 75
10.16.1  Protection BERAVION ..c...eiiiiieieccee ettt sttt sbe e st e e e nare s 75
10.16.2 SEttiNg ParametersS. ... i iiiiiieiiiiiieeee e eesitt e e e e e ettt e e e e s s st eeeeeessesssbbbeeeeeesesssssrenaaeeesssnnssnns 75
10.16.3  Accuracy Of the MEASUrEMENTS .......eiiiiciiiie ittt e s e e e esare e e s sbreeeesbraeaeeans 76
10.17 Emergency protection function IEEE 59N .........cc..ciiieeniiiiiienieriienierieenncereennseereennssessennssessennnnns 76
O I 0 R o o =Tt [ o I o<1 = 1VZ o U 76
10.17.2  Setting Parameters. ..o, 77
10.17.3  Accuracy Of the MEASUIEMENTS .......oiiieciiiieieciiiee e ceee e eecte e e et e e e etreeeeetteeeeearaeeesesteeeesasseeaeanns 77
10.18 Phase-to-phase overvoltage protection function IEEE 59.........ccccceeiiemeneiiiecnciireeneneecnnnceeeennnes 77
10.18.1  ProteCtion DENAVION ..ciicuiiii ittt e s srte e e s sbte e e s satae e s sstaeessantaeeesan 78
10.18.2  Setting Parameters.....ccooe oo, 78
10.18.3  Accuracy Of the MEASUIEMENTS .......ciiiiiiiieeecieeeeeciee et e e ettt e e ette e e e etre e e e eearaeeeseareeeesnreeaeanns 78
10.19 Phase-to-phase undervoltage protection function IEEE 27 ............ccoeeeuueiiremecirrecneneeennnceenennnes 79
10.19.1  ProteCtion DENAVION ..ciiiiiii ittt ettt e e s te e e s sbte e e s sate e e s sbbaeeesanraeeesan 79
10.19.2  SetliNg Parameters. .o 79
10.19.3  Accuracy of the MEASUrEMENTS .......ciiiiciiiieiciiee ettt e e e ere e e e sate e e e srteee e sbraeaesans 79
10.20 Cold LOAd PiCK UP ...ceeniiiiieeiiiiiieciiieieeiireneestrenenesseenesssrenesssssensssssesnssssssensssssesnsssssennsssssannnnes 80
10.21  SOTF (SWitCh-On TO FAUIL)......uiiiiiiiiiiiiiiiiiirincsssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnes 80
10.22  Discrimination of INRUSH CUITENtS.......ccuuueiiiiiiiiiimmniiiiiniiinisnsiiiiniiinesssssisiimersssssssssnn 80
10.22.1  ProteCtion BERAVION ..c.uiiiiiiiecee ettt et st st st sbe e e nare s 80
10.22.2  SetliNg Parameters. .o 81

10.22.3  Accuracy of the MEASUIEMENTS .......eiiieiiiie it ecteee ettt e e e st e e e etre e e s sare e e e snteeeesnraeeeeans 81



GLOBAL STANDARD Page 5 of 108

~
C (\ ' Protection and control device for HV/MV substation — GSTP101
Multifunctional feeder protection (MFP) Rev. 01
06/12/2018
10.23 Directional active overpower protection function 32P ...........cceeiiiiiieeiiiiieeciiinienniinnenen. 81
10.23.1  ProteCtion DENAVION ..ciiiiiii ettt et e e st e e s s bte e e s sateee e snbeeeesnreeeenan 82
10.23.2  SettiNG Parameters. ... ittt ettt ettt e e e e e ettt et e e e s e st ree e e e e e e e s aaberaeeeeeesannnne 82
10.23.3  Accuracy Of the MEASUIEMENTS .....uiiiiiiiiee ettt e e st e e s sare e e e sbeeeeesnreeeesans 82
10.24 Protection Function of Broken Conductor I12/11............ceeiiiiiiieeuneiiieiiiieerennnseeereeeeesennssssseseseens 83
10.25 Protection Function of Breaker Failure .....c..cciieeeiiiiieeeiiiiieniiiiieniiniieniieseseseses 83
10.26  Synchro-check protection function IEEE 25..........cccieeiiiiiinniiiiieniiiiieniiniieniniesiiesesns 84
10.26.1  Synchronous networks paralleling conditions check (PS).......cccceeveeiiieeiieeciieccee e, 84
10.26.2  Asynchronous networks paralleling conditions check (PA) ........cccuveeciieeiieeciee e, 85
10.27 Overvoltage detection protection function (ES59B) ........cccceeerieeunerrreenneereenneereenneereeensseseeennnes 86
KO I 0 R o o =T [0 o I o<1 =1V o RS 86
10.27.2  Setting Parameters. ..o, 86
10.27.3  Accuracy Of the MEASUIEMENTS .......eiiieciiieeiccieee et ettt e e ette e e e erte e e e ebae e e s saraeeessteeeessreeaesans 87
10.28 DC undervoltage protection function (27).......cceuecirieeciiiiieiiiricerrrccerreeeeerreeeseseennseessennnnes 87
KO 002 Tt A o o =T (o o I o<1 =1V o U 87
10.29 Frequency protection function EAC (81) ..cc..cciveeeuiiiieeeciiremenciriennncereenssesssenssesssenssesssenssssssennnns 88
10.29.1  EAC DlOCKING STAGES....ccctiiieeciieee ettt ettt e ettt e e ettt e e e e ctte e e e e tte e e e e bta e e e ebtaeassstaeaesstasaesassenaeanns 88
10.29.2  EACHIIPPING STABES ooii e, 90
10.29.3  Frequency and vVOItage MEaSUIEMENTS. ......cccuiieeeiiieeeecieeeeecteeeeeeiteeeeeetteeeeesrreeeesasteeeesassesaeanns 90
10.29.4  EAC FUNCEION ettt ettt ettt e e e e ettt e e e e e e bbbttt e e e e s e nnbeeeeeeeeeeasannneneeeeesesannnnne 91
5 O ] O (1o o o PR 92
11.1 RemMOote Trip FUNCHION ......eiieciciiin e iecricretearenerenereseranesasessssesssasssnsssnsssnssenssanssasssasennnes 94
12 AUTOMATIC RECLOSING FUNCTION (ARF) .eiiiiiiiiiiiiiiiiee et ee e e e e e s sitee e e e e e s s snnntaeaeeaeeessnnnnneeeeeeeeeas 95
12.1 OPErating MOOES.....ccivuiiiiiiiieiiiiieiteeserttneertennsseseensssssssnsssssesasssssssnsssssssnsssssssnsssssssnssssnenns 96
12.2 ARF conditioning in the presence of external signals........ccccceirieeiiiiiieiiiiiincniiniecniinnecnenrenene. 96
12.3 RECIOSING CYCIE F@SEL...ieeeiiiiieeiiiiticitiiie e rreae s resaeessesnesessennssessenssssssennssssssnnssssssnnsnsnns 97
12.4 Autoreclosing coordination Practices .......cceeeiiiieiiiiiieiieiieiiiiieniiiereniesreniesrenessssenesssssenenns 97
13 DISTURBANCE RECORDING .....coiiiiitiiiii ettt s e e e e ettt s e e e e e e e easaaa s e e e e e e e aestaa s eeeeaesestnnnaaaeaeees 98
14 MFP ADVANCED REQUIREMENTS ... ittt e e et e e e e e aana s 101
14.1 Hardware reqUIre@mMENtS.......cc.ciieeiiieniiieiiiieiiieniiieeieiensiieesessnsssssssssnsssssnssssnsessnssssnssssnssssnnssns 101
14.2 Communication reqUIrEMENTS .....ccccciieeiiiieiiiieiiiiiiieiiieniiieeiereaistnsssenssssssssssassssnssssnssssnsssses 101
14.3 Synchronization reqUIrEMENTS .......ccceeeciiiiieceiiiieierreeeereeeneeeeennseeseennssesesnsssssesassassennssssenas 101
14.4 High impedance fault FAP ......... .o cceecccrrtcce st csseeanesseen e s sennssesesnnssessennsnseennnans 101
14.5 Parallel Redundancy Interoperability ........ccccoieuiiiieiiiiiiiiccrrcrrcrre e reneaes 101
15 TESTING AND CERTIFICATIONS ..ottt e e et a s e e e e e e e e st e s e e e e e eaaaa e eas 102
15.1 Overview Technical Conformity Assessment (TCA) ProCess ......ccceeuuerreenneerreenncereennncernennnnenns 102
15.1.1  TCA JOCUMEBNTS.ccutiiiiieeiite ettt ettt e ettt e st e sbee ettt e sabeeesbteesabeesbaeesabeesabaesbaeesabaesssseesasaessneesareesnses 102
15,12 QALY eveeeiieiiee ettt ettt et e b e e e st e s be e et tee e b e e e ateesabaeebbeesabeeentes 102
15.1.3  Safety Warnings 0N Plate ......coo it e e e e araee s 102
15.1.4 Tests required to cOomplete the TCA ... i e e e e e e sab e e e e aaaee s 102
0 0 T Vo T T 11 ST 103
15.0.6  ACCEPIANCE LTS it e e e e e 103
0 A VT VT | BT 1 o Y=T ot 4 o o TSR 104
0 It T Yo T 7T Al 117 £ 104
15.2 Pilot installation testS ......ccevueuiiiiiiiiiiiiiiiiiiiiirrrrssirsn s ss e s s s s s e s ssasssssssssanes 105

15.3 [T ERYZ T LU= = 105



GLOBAL STANDARD Page 6 of 108

~
C (\ ' Protection and control device for HV/MV substation — GSTP101
Multifunctional feeder protection (MFP) Rev. 01
06/12/2018
15.4 Certifications and self-certifications ..........c.coovvrreuiiiiiiiiiiiiici 105
16 MISCELLANEOUS ...ttt ettt ettt ettt te e s he e eheeame e e mteembe e beeebeeebeeeteeemeeemteenbeesaeesneesneeanneenee 106
16.1 Required documentation ......ccccciiiieiiiiiiniiiiiiiniiicniesnirseeee e ressssessessssesseasessssannsnes 106
16.2 Clarification during procurement ProCesS .......cciivuuieiiemnierienmierienssieiiesssssierssssssssssssssessssssses 106
16.3 Procurement management ......ccciciieiiiiiiiiiiiiiiiieriiiriireiieeireesrairetsesisssraseraserasresssessassrans 107
16.4 Receipt of material ......cccciiiiiiiiiiiiiiiirr e s ess e s s e s a e e sasnnenes 107
16.4.1  RECEPEION TOSES cieiiiiiiiiieeiee ettt e e e e ettt e e e e e e st b et e e e e e s s s bsbeeeeeeeeesaannneaaeaeeeens 107
L16.4.2 WAl ANty .o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e eeaeaaaaaeaaaeaaens 108
FIGURES
Figure 1 — Example of application about MI CONNECLOIS ...........eeiiiiiiiiiiiiiee e 24
Figure 2 — Example of application about MO CONNECIONS .........coiiiiiiiiiiiiiee ettt 26
Figure 3 — Board for commanding the CirCUIt-Dreaker.........ccooo oo 27
Figure 4 — Front VIEW Of the MEP .......ee e 28
Figure 5 — Rear VIEW Of the GEVICE ... 29
Figure 6 — PLC programming €XamMPIE .......cccooiiiiiiiiiii i s 36
Figure 7 — Logical scheme of CB control when MFP is in anomaly status ...........ccoooeioiiiiiiiieiiiiiecececccecccccee, 39
Figure 8 — LOGICal SCNEME VTSP ..ottt ettt e bt e e s bt e e s e abb e e e e s bbe e e e sbbeeeeanes 40
Figure 9 — LOQICal SCHEME: TAVT ...ttt ettt ettt e et b e e e s bt e e e e abbe e e e sbbeeeeanes 41
FIGUIE 10 — DIAgram 74 CTS. .. it itiiee e iteie ettt ettt ettt e ettt e e ottt e e e abe et e e sa b bt e e e sabb e e e e aabbe e e e abbeeeeabbeeeesbbeeaeann 42
Figure 11 — LogCal SChEME 74 CT'S ...ttt ettt ettt e b bt e e s bt e e e s abb e e e e abbeeeesaabeeeeaes 43
Figure 12 — TrP CIFCUIL SUPEIVISION ...ceiiiiiiiiiiiitiee ettt ettt ettt et e ettt e e s bb e e e e s bt e e e e aabbe e e e sbbeeeesbbeeeeanes 44
Figure 13 — Logical scheme resolving and non resolving MOIM COil ..........oooiiiiiiiiiiiiiie e 47
Figure 14 — Conventions of the MEASUIEMENLS .......ccoiiiiiiiicece e 50
Figure 15 — Behavior Of the re@Set tIME .. ... 53
Figure 16 — Behavior Of the RESEt FatiO.......ccccoeeiieeiieeee e 53
Figure 17 — Behavior Of OVErSNOOt tIME......c.oooi ittt e et e e e e e s beeeaaaeeas 54
Figure 18 — Behavior Of repetitive @ITOr TIME ......o...eieiiieie et a e e eea e e as 54
(o [ LI Rl oo | (o T [T PR PP TP 55
Figure 20 — Beahavior of Minimum operate (trip) tIMe .........oiiiiiiiiiiiie et 55
Figure 21 — lllustrative example Of 3-StagesS INVEISE CUINVE ........cooiiiiiiiiiiiee i eiieee ettt e e ee e 58
Figure 22 — lllustrative example of 3-stages iNVerse CUrve SIN ... 60
Figura 23 — “67Px” setting parameters rangeS..........cooiiiiiiiiiiiiie ettt et e e nbbe e e e e 63
Figure 24 — LOQICal SCHEME: 4B .......ooiiiiiiiee ittt et ettt e e s bt e e e s bbe e e e s bt e e e e sbbeeeesnbbeeeeane 66
Figure 25 — Scheme Of PriINCIPIE 4BN ........ooiiiiiiiii ettt ettt e s nbb e e e s nbbeeeessnbeeeeaaes 67
Figure 26 — Operation CharaCteriStiC B7N ..........iiiuuiieiiiiee ittt e et e e e e e e s e b e ee e e e e e s s annbreeeaaaaeas 69

Figure 27 — TripPIiNGg SECLOI B7IN ....coiiiiiiiiiiiieie ettt e ettt et e e e e et ettt e e e e e s e s e abbeeeeeaaesaaaanbbeaeeaaeesaansnbaeeeaaaaeas 70



GLOBAL STANDARD Page 7 of 108

e
C (\ ' Protection and control device for HV/MV substation — GSTP101
Multifunctional feeder protection (MFP) Rev. 01
06/12/2018

Figure 28 — LOgIiCal CONIOL: B7IN.S4 ........iiiieeiee it e e e e e e e e e e e e e s et r e e e e e s s s santraareeeeessasnrrnnreaaanas 72
Figure 29 — LOGIC CONMIOL B7IN. S5 ....ciiiiiiiieiie e e e e e e s s e e e e e e s s et a e e e e e e s e s santaaaeeeeeesaasnranneeaeanas 74
Figure 30 — Self producer cogeneration autOMAaLISIM .........cccuuiiieieeees i e s s s e e e s s s srrrrr e e e e e s s snnrrrereeeaeas 86
1o 10 = T Al e @ X o T oS PER 91
Figure 32 — FSL OPEration LOGIC ....ccoiiuiiiiieiie e e i iiieie e e e e st ettt e e e e e s sttt e e e e e e s s s enntaaaeeeeeessasantananeeeeessnnsntanneeaannss 93
Figura 33 — FSL OPEration LOGIC ....cciiiuiiiiieiie e e ie it ie e e e e et sttt e e e e e e s st e e e e e e e s s anntaaaeeeeeessasantaaareeeeesaansnranneeaannns 93
Figura 34 — FSL OPEration LOGIC ......ceeiiiiiieiiiiieee ittt ete ettt e ettt e e ettt e e e sttt e e e sbbe e e e aabbeeeeabbeeeesbbeeeeane 94
Figura 35 - FSL OPEration LOGIC ... .uueeeiitiieeiitiieeeitteee e sttt e e e sttt e sttt e e e st e e e sttt e e e s abbe e e e sbbe e e s abbeeeeabbeeeesabbeeeeane 94
TABLES

Table 1 — GSTP10X product family and deSCriPLION ......ocuiiiiiiiiee e 12
Table 2 — Standards for the EleCtriCal SAfety ...t 17
Table 3 — Standards for the Electromagnetic compatibility (EMC) .......ccoooiiiiiiiiiiiiiiie e 18
Table 4 — EMC levels for the ENCIOSUIE PO ......ooiiiiiiiiiiie ettt 18
Table 5 — EMC levels for the Grounding PO .......... s 18
Table 6 — EMC levels for the CommuniCcation POIT .........ceiiiiiiiiiiiie e 18
Table 7 — EMC levels for the In and Out Port of the d.C. SUPPIY eeeeeen 18
Table 8 — CHIMAtiC CONUITIONS .....oiiiiiiieie e e et e e e e e s e e e nanes 19
Table 9 — Peripheral boards to accommodate in the expansion SIOtS.......cccoovoiiiiiiiiiiiiiiccccccc e, 19
Table 10 — Electrical characteristics of the pOWEr SUPPIY ..eeeeeee e 20
Table 11 — Electrical characteristics of the pOWer SUPPIY ..ooveviiiiiii e 20
Table 12 — Summary of the electrical characteristics of the Analog INPUtS........cccceeviiiiiiniin e, 21
Table 13 — Use Of the ANAIOG INPULS ...ooiiiii et ettt e e e e e eaenes 21
Table 14 — Connector for the Voltage Analog INPULS .......eiiiiiiiiiiii e 22
Table 15 — Connector for the Voltage ANalog INPULS ... 22
Table 16 — Summary of the electrical characteristics of the Digital INpUtS ..., 23
Table 17 — Connector for the Programmable Digital Input (Ml CONNECLOT) .....ccoeiiiiiiiiiiiiiiiieeiiiieeeeeen, 23

Table 18 — Summary of electrical characteristics of the (Command) Digital Output (MO connector) ..24

Table 19 — Connector for the Programmable Digital Outputs (MO) ......cooiiiiiiiiiiiiiiiiieeee e 25
Table 20 — Digital Outputs (Command, SOlid StAt@) .........uuiiiiiiiiii e 27
Table 21 — Connector for the circuit-breaker command (MT) .....cuuiiiiiiiiiiii e 28
Table 22 — LEDS ASSIONIMENT ... .uiiiiiiiiiee ittt ettt et e ettt e e e st et e e e st et e e e anbbe e e e anbbeeeeanbbeeeesnbneeeennenas 30
Table 23 — Behavior in case of partial BIOCK STAte .........ccuiiiiiiiiiii e 38
Table 24 — 60VT-P/T and 60CT-P (measuring transformer supervision) Setting..........cccceeevvieeeiniieeennnne. 39
Table 25 — LiSt Of AefiNItIONS ..o.veiie et ettt e e e b e e e nneees 42

Table 26 — “MolM” setting Parameters FaANGES .............cccuvviiiiiei i e s er e e e a7



GLOBAL STANDARD Page 8 of 108

e
C (\ ' Protection and control device for HV/MV substation — GSTP101
Multifunctional feeder protection (MFP) Rev. 01
06/12/2018
Table 27 — Measurements functions assignable to the Analog INPULS ..o 48
Table 28 — Assignement of the quantity measured by the C2 iNput ........cccooceeiiii e, 48
Table 29 —USADIE VT @GN CT ...ttt ettt e e e st e e e aab et e e e abb et e e e anbr e e e e aabreeeeannns 49
Table 30 — Accuracy Of the MEASUIEMENTS ... ... e e e e e e e e e e s s bbreeeeaaeeeas 50
Table 31 — INd. TIME 5L STAGES ...uuiiiiiiiiie ittt ettt e st e e e et bt e e e aab bt e e e aabb e e e e anbr e e e s aabreeeennnns 56
Table 32 — FAP 5L DENAVIOT oottt e b e e sabre e e e e 56
Table 33 — “51.8Sx” setting Parameters FANQGES .............cccuiiiiiii i e e e rreeeeae e 57
Table 34 — Accuracy of the intervention times for the OVercuUrrent.........cccccoooveieiiiiiiiiiiie e 57
Table 35 — Configurable inverse curves of the dependent time overcurrent protections ...........cccceeunn. 58
Table 36 — INd. TIME 51N STAQGES ...uuuuuuiuiiiiiiiiiiiii s 59
Table 37 — FAP 5LIN DENAVION ......iiiieiireie ettt e et e e e e e s e e e e nnnns 59
Table 38 — “51.Nx” setting parameters ranNges.............ccccciiii s 59
Table 39 — Accuracy of the intervention times for the residual overcurrent..........ccoccccvveeee e, 60
TADIE 40 — BIN.SX_8 STAGES ..eeeiiutieie ittt ettt r bt e e e ettt e e e ea b et e e e aa b et e e e aabe e e e e anbb e e e e et b e e e e aabn e e e e nnrns 61
Table 41 — 5IN.SX_8 DENAVIOT ....oiiii et e 61
Table 42 — S5IN.EME DENAVIOT ... ..oiiiiiie ettt e et e e e e e e 62
Table 43 — INA. TIME 87 STAGES .. .eeiiiiiiiie ittt ettt e et e e e e bt e e e s b bt e e e anbb e e e e anbb e e e e aabaeeeennenas 62
Table 44 — FAP 67 DENAVIOT ..cooiieiie ettt e b e e b e e e neeas 63
Table 45 — “67Px” setting parameters FANQGES ..........ccoiiuuiiiiiiii it ee e e e 64
Table 46 — Accuracy of the intervention times for the directional overcurrent ..........cccoooeeiiiiiiiiiiiiceeeeenn, 64
Table 47 — INA. TIME 46 STAQES ...uuuuuuuuuiuiuiiiiiiii s 65
Table 48 — FAP 46 DENAVIOT ..o e 65
Table 49 — “46.x” setting Parameters FANGES ...........cooiiiuuiiiiiiiiiii e e e e ee e e e 66
Table 50 — Accuracy of the intervention times for the negative sequence overcurrent 46 ..................... 66
Table 51 — “46N” setting Parameters raANGES ...........cc.cooiiiiiiiiiiii e 67
Table 52 — Accuracy of the intervention time for the 46N ... 68
LI o] Lo T Rl Oy AV = To [ PRSP PR PSR 68
Table 54 — FAP 67N DENAVION ......eiiiiiiiie ettt ettt e et e e e e sa b e e e e anbbe e e e enbaeeeenneees 69
Table 55 — “67Nx” setting Parameters ranges..............cccuvviiiii i e ee e e 70
Table 56 — Accuracy of the intervention times for the directional earth overcurrent 67N..............c........ 71
Table 57 — LiSt OF defiNITION ..occi e e e 72
Table 58 — FAPGTN.SA DENAVIOT ....ccoiiiiiiiitiie ettt e e 73
Table 59 — LiSt OF deFiNITION ..oeci e e e 74
Table 60 — FAP B7N.S5 DENAVION . ... ...ttt e e e e st e e e e e e e e banaeeeaaeeeas 75
TADIE B1 — 5ON STAGES ... iieieiiiiie ettt ettt e et e oo oo h et et e e e e e e o s habe e et e ae e e e e abebe e e e e e e e e e e nbnbbeee e e e e e e e nabreeeaaaeeas 75
Table 62 — FAP BOIN DENAVION ......eiiiii ittt et e et e e e sab e e e e anbb e e e e snbaeeeeaneees 75

Table 63 —“59N.X” setting Parameters ranges..............ccuvveiiiii i e e 76



GLOBAL STANDARD Page 9 of 108

e
C (\ ' Protection and control device for HV/MV substation — GSTP101
Multifunctional feeder protection (MFP) Rev. 01
06/12/2018
Table 64 —Accuracy of the intervention times for the residual overvoltage 59N ..........cccccviieiiniiieennnne. 76
Table 65 —FdP 59N_€MeE DENAVIOT .....ueiiiiiiiii e e e et e e e e e e s e nanreeeeaaeeas 77
Table 66 —“59N:EME” setting parameters ranges..............cccoouiiiiiiiiiii i 77
LI o] L A o1 IE] F= T 1 PO P PP PPPPTPPRP 77
Table 68 — FAP 59 DENAVIOT ..ottt e et e e e e e e e 78
Table 69 — “59” setting PAramMeters FANGES .........coooii it a e e e e e e e e e s seabrreeeaaee s 78
Table 70 — Accuracy of the intervention times for the overvoltage 59 .......cccooooiiiiiiiiiiiiiciccccce e, 78
JLIR= Lo L= R =3 - T = 79
Table 72 — FAP 27 DENAVIOT ..ot 79
Table 73 —“27” setting ParameNnters FANQGES ..o s 79
Table 74 —Accuracy of the intervention times for the overvoltage 27 .......cccooooooiiiiiiiiiceici e, 79
Table 75 — “INRUSH?” setting parameters ranges...............cccooieiiiiiiiiiiiiie e s e e e rnaare e e e e e 81
Table 76 — Accuracy of the intervention times for the INRUSH blocking function...........cccccceiiieennne, 81
TADIE 77 — 32P STAGES ..eeeiiiitieiei ittt ettt e oo h bt e e e e a bt e e e eh b et e e e aa b et e e e an b bt e e e anbb e e e e anbb e e e e enbne e e e anrnes 81
Table 78 — FAP 32P DENAVIOT ... .ottt e et e e sabne e e e e 82
Table 79 — “32P” setting parameters ranges ..............coooiiiiiiiiiiii e 82
Table 80 — Accuracy of the intervention times for the directional overpower 32P_SX .......ccccccevieeennnnnn. 82
Table 81 — Closing configuration fOr PS and PA ... e e e 84
Table 82 — Synchro Check setting parameters ranges (PS) ....... e 85
Table 83 — PA AlQO TN ..ottt s 85
Table 84 — Synchro-Check setting parameters ranges (PA) ... . s 85
Table 85 — FAP ES59B DENAVION ...ccciiiiiiiiiieie et 86
Table 86 — “ES59B” setting parameters ranges ...........cc.uueiiiiiiiiiiiiiii e 87
Table 87 — “DC undervoltage” operating characteristics..................ccccce i, 87
Table 88 — “Under/overvoltage blocking stages” setting parameters ranges ..................ccocccceeeviieeenn. 88
Table 89 — Accuracy of the intervention times for the “Under/overvoltage blocking stages” ................ 88
Table 90 — “B blocking stage” setting parameters FaNQgeS ........vve ittt 89
Table 91 — Accuracy for the intervention times for the “B blocking stage”.........cccccoviiiiiiiii e, 89
Table 92 — “y blocking stage” setting parameters FANGES ......uuii ittt 89
Table 93 — Accuracy for the intervention times for the “y blocking stage”..........ccoo, 89
Table 94 — “Under/overfrequency stages” setting parameters ranges .............ccccccoiiiiiiiiiiiiniiiiieeeeeeen, 90
Table 95 - “Rate of change of frequency stages” setting parameters ranges ...............ccccccciniiiiiinennenn. 90
Table 96 — Auto-reclosing Setting Parameters FANGES .......coui i iiiiiiiiieea e e e e ee e e e e e saaaereeeaaaeaas 95
Table 97 — ARF conditioning and related operating MOAES........cc.uuiiiiiieiiiiiee e 97
Table 98 — Example of channels aSSIgNMENT ... ee e e 98

R o] Lol L I I oY) £ I SA V=] KPR 104



CCl

GLOBAL STANDARD

Page 10 of 108

Protection and control device for HV/MV substation —
Multifunctional feeder protection (MFP)

GSTP101

Rev. 01
06/12/2018

ACRONYMS

a.

b.

aa.

3lon High Level Residual Current

3loL Low Level Residual Current

3Von High Level Residual Voltage

3VoL Low Level Residual Voltage

BSD Bit Serial Data Protocol

CRC Reclosing cycle in progress

CT Current Transformer

DHCP Dynamic Host Configuration Protocol
E2PROM Electrically Erasable Programmable Read-Only Memory
EMC Electromagnetic Compatibility

FdP Protection functions

FTP File Transfer Protocol

GOOSE Generic Object Oriented Substation Event
GS Enel Global Standard

HIF High Impedance Fault

HSR High-availability Seamless Redundancy

l4-0 — lg.0 — l12.0 Phase Currents

le (3lo) Residual Current

IED Intelligent Electronic Device

IETF Internet Engineering Task Force

Ireg Setting value for current based protection functions
Isqu Current unbalance of star-connected capacitors
MFP Multifunctional feeder protection

MMS Manufacturing Message Specification

MTBF Mean Operating Time Between Failure
MTTR Mean Time to Restoration

NTP Network Time Protocol
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bb. PLC Programmable Logic Controller
cc. Preg Setting value for electric power based protection functions
dd. PRP Parallel Redundancy Protocol

ee. PS primary substation, it is a HV/MV substation or other substations having a primary role in the

electricity distribution network (for example crtain kind of switching substations)
ff. PTP Precision Time Protocol
gg. RIO Remote I/O module of multifunctional feeder protection (MFP-RIO)
hh.  RTU Remote Terminal Unit
i. SCADA Supervisory Control And Data Acquisition
il SFTP Secure File Transfer Protocol
kk.  SNMP Simple Network Management Protocol
Il. SRR Trip without reclosing
mm. SSH Secure SHell
nn. TATT time to wait for the opening of the circuit-breaker
00. TCA Technical Conformity Assessment
pp. TCP Transmission Control Protocol
gg. TFN Neutral Forming Transformer
. THD Total Harmonic Distortion
ss. TRMS True Root Mean Square
tt. TRR Interruption / isolation time of the Rapid Reclosing (RR)
uu.  Ue (3V,) Residual Voltage
W.  Vao— Vso— Vi2o Phase Voltages
ww. Vsync Synchronous phase voltage
xx. VT Voltage Transformer

yy.  ZSC Zone Sequence Coordination
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2 LIST OF COMPONENTS, PRODUCT FAMILY OR SOLUTIONS TO WHICH THE GS

APPLIES

The Multifunctional feeder protection (MFP) described in this GSTP10X series can be classified in several

products provided in Table 1.

Table 1 — GSTP10X product family and description

GSTP10X type

Product family code

Description

Protection and control device for HV/MV

enhancement

GSTP101-MFP type R GSTP10X substation — Multifunctional feeder protection
(MFP) with L =482,6 mm, W < 310 mm, H = 3U.
Protection and control device for HV/MV

GSTP101-MEP tvoe L GSTP10X substation — Multifunctional feeder protection

yp (MFP) with L < 482,6 mm, W < 310 mm, H = 4U

or 4.3U.
Protection and control device for HV/MV
substation — Multifunctional feeder protection

GSTP101-MFP type L-NM GSTP10X (MFP) with L £482,6 mm, W <310 mm, H = 4U
or 4.3U and non-modular or alternative modular
design.

GSTP101-IP54-TWC IP54 and Thermal Withstand Current

GSTP10X

enhancement enhancement for MFP.
Modbus enhancement for MFP with additional

GSTP101-MB enhancement GSTP10X boards for digital Inputs/ Outputs MJ and MU.

GSTP101-HIF enhancement GSTP10X HIF enhancement for MFP

GSTP101-DNP3 enhancement | GSTP10X DNP3 enhancement for MFP

GSTPI0L-IRIGB GSTP10X IRIGB enhancement for MFP

enhancement

GSTP101-PRI enhancement GSTP10X Parallel Redundancy Interoperability for MFP

GSTP102-RIO GSTP10X Remote 1/0O module for MFP

GSTP102-RIO MB GSTP10X Modbus enhancement for MFP-RIO

enhancement

GSTP102-RIO RJ45 GSTP10X RJ45 port enhancement for MFP-RIO

enhancement

GSTP102-RIO HW GSTP10X Set of HW enhancements for MFP-RIO

enhancement

GSTP102-RIO SW GSTP10X Set of SW and configuration enhancements for

MFP-RIO.
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Multifunctional feeder protection (MFP)

3.1

NORMATIVE REFERENCES AND BIBLIOGRAPHY

All the references in this GS are intended in the last revision or amendment.

For all countries

IEC 60255 series

Measuring relays and protection equipment

IEC 61850 series

Communication protocols for IED at electrical substation

IEC 60297-3-101

Mechanical structures for electronic equipment

IEC 60529 Classification of degrees of protection provided by enclosures for electrical equipment
IEC 60204-1 Safety of machinery - Electrical equipment of machines - Part 1: General requirements
IEC 61000 series Electromagnetic compatibility
Insulation coordination for equipment within low-voltage systems - Part 1: Principles,
IEC 60664-1 )
requirements and tests
IEC 61810-1 Electromechanical elementary relays - Part 1: General and safety requirements
IEC 62749 Assessment of power quality — characteristics of electricity supplied by public networks
IEC 62262 Degrees of protection provided by enclosures for electrical equipment against external

mechanical impacts (IK code)

IEC 60050-192

International electrotechnical vocabulary — Part 192: Dependability

IEC 60068 series

Environmental testing

Safety requirements for electrical equipment for measurement, control and laboratory use —

IEC 61010-1 Part 1: General requirements
IEC 62439-3 Industrial communication networks - High availability automation networks - Part 3: Parallel
Redundancy Protocol (PRP) and High-availability Seamless Redundancy (HSR)
IEEE Standard Electrical Power System Device Function Numbers and Contact
IEEE C37.2 : :
Designations
IEEE C37.104 :_I?EeiGwde for Automatic Reclosing of Circuit Breakers for AC Distribution and Transmission
IEEE 802.3u Physical layer and data link layer's media access control of wired Ethernet
IEEE 802.1q System of VLAN tagging for Ethernet frames
IEEE Standard for a Precision Clock Synchronization Protocol for Networked Measurement
IEEE 1588
and Control Systems
RFC3164 BSD syslog Protocol
RFC 3195 Reliable Delivery for syslog
GSCG002 Technical Conformity Assessment

GSTP10X series

Protection and control device for HV/MV substation — Multifunctional feeder protection (MFP)

GSTP901

Cybersecurity requirements for protection and control devices
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3.2 For EU countries

Industrial, scientific and medical equipment - Radio-frequency disturbance characteristics -
EN 55011 S
Limits and methods of measurement
EN 50160 Voltage characteristics of electricity supplied by public distribution systems.
EU directive Lo
2004/108/CEE EMC directive
EU directive Lo
2006/95/CEE Low Voltage directive
EU directive . S
93/68/CEE CE marking directive

3.3 For Colombia

NTC-2050 Cadigo eléctrico colombiano

RETIE Reglamento técnico de instalaciones eléctricas
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REPLACED STANDARDS

Codification | Country Title
DMI-9-00016 | Italy Reqylsm c_ostrL_jttlw e funzionali del Pannello Multifunzione di Protezione e Controllo per
Cabina Primaria
SNC002 Iberia Relé multifuncion posiciones MT
Brazil
Peru
PCMO001 Chile Proteccion de sobrecorriente multifuncion
Argentina
Colombia
ET189 Brazil Relé de Frequéncia
Brazil
Peru
PCMO002 Chile Proteccion para Banco de Condensadores MT
Argentina
Colombia
ET111d Peru Reles de protecion de falla a tierra para redes de distribucion con neutro aislado
ET124c Peru Equipos de proteccion y maniobra de media tension para interior
Brazil
Peru
PCMO007 Chile Proteccion de sobretension homopolar
Argentina
Colombia
DWEC19 Argentina | Relevador de frecuencia con derivada
DWEC20 Argentina | Proteccion de sobrecorriente

Differential and distance protections are included in some replaced standards but are not covered by the
MFP.

Some Iberia installations may require the persistence of the local standard.
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APPLICATION FIELDS

This document standardizes the functional, construction and testing requirements of the device used for
protection and control purposes in the MV (feeders bays) and in some HV (client’s radial delivery line for
example) sections of ENEL’s HV/MV distribution substation. This device accomplishes to the definition of
protection equipment, by according to IEC 60255 series, and IED, by according to IEC 61850 series.

This Multifunctional feeder protection (MFP) is a platform, consisting of an expandable set of boards inside
the main enclosure and a set of different firmwares to facilitate easy reconfiguration of the IED functions
inside the substation; its 1/0O functions towards the field devices are readily scalable via remote modules
connected to dedicated communication ports or via the LAN in the substation.

The requirements in this specification apply to the nodes of the MV grid and to the Primary Substations
(PS), owned by ENEL worldwide, which have the following grounding systems:

a. insulated neutral;

b. neutral earthed through an inductor with in parallel a resistor;
c. neutral earthed through a resistor;

d. neutral earthed through an inductor;

e. neutral directly earthed.

This device may use dedicated remote 1/O module (RIO), the RIO is defined in the GSTP102. MFP and
RIO mainly use the protocols from the IEC 61850 series to communicate with the RTU, the communication
profiles are defined in the GSTP103 and GSTP104.

The multifunctional protection & control device for HV/MV substation is applicable to the following HV/IMV
substation elements:

f. MV feeder (1 kV < Vn <36 kV);

g. Power Factor Correction,

h. Earthing Transformer (TFN),

i.  Section circuit-breaker (or busbar coupler),

j-  Bus transfer coupler

k. Some HV feeders where differential and distance protections are not needed (radial, Vn = 36 kV),
I.  Auxiliary Services.

m. Capacitor Bank

The device will control a three-pole type circuit-breaker.

Security by design is mandatory for any devices developed to be installed in the ENEL premises. The
requirements from GSTP901 must be adopted.
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6 MFP GENERAL REQUIREMENTS

This chapter present all the mandatory requirements for the MFP hardware.

6.1 Environmental requirements

6.1.1 Enclosure

The MFP enclosure must be compliant with one of the following options:

a. IEC60297-3-101 compliant to make it suitable for rack-mounting in a standard 19”, with size: L =482,6
mm, W < 310 mm, H = 3U (MFP type R);

b. IEC 60297-3-101 compliant to make it suitable for rack-mounting in a standard 19”, with size: L <482,6
mm, W < 310 mm, H = 4U or 4.3U (MFP type L);.

Definitive sizing will be declared during the procurement process (par. 16.2).

The enclosure must be made entirely of galvanized (Zinc coated) and painted steel or of an equivalent
material in terms of EMC, mechanical stiffness (metalized plastic is not acceptable) and oxidation
protection. It must be supported solely by the fixing screws on the front panel and must have a couple of
handles to facilitate the insertion/extraction of the equipment from the front side of the 19” rack.

The following degrees of protection, according to the IEC 60529 will be guaranteed:
c. IP-34 for the enclosure;

d. IP-2x to meet health and safety requirements; therefore, the terminals must be completely covered
with protection caps.

Ventilation holes are allowed in the bottom side and in the side vertical walls. A plate holder for the unique
identification of the item in the plant must be installed on the front panel. Finally, the terminal boards and
connectors on the rear must be protected against physical damages that may be caused during handling

and transport (e.g. side protections 30/10 Aluminum or 20/10 galvanized steel).

6.1.2 Electrical safety

The insulation properties must be compliant with the standards on electrical safety referred in Table 2.

On the right hand side of the rear panel there must be a M6 type screw terminal with a double washer
made of copper alloy, copper-washed or made of material with equivalent electrical conductivity for the
grounding connection.

Table 2 — Standards for the Electrical Safety

IEC 60255-26 Measuring relays and protection equipment - Part 26: Electromagnetic compatibility requirements

IEC 60255-27 Measuring relays and protection equipment - Part 27: Product safety requirements

IEC 60204-1 Safety of machinery - Electrical equipment of machines - Part 1: General requirements

IEC 61000-4-5 Electromagnetic compatibility (EMC) - Part 4-5: Testing and measurement techniques - Surge
immunity test

IEC 60529 Degrees of protection provided by enclosures (IP Code)

IEC 60664-1 Insulation coordination for equipment within low-voltage systems - Part 1: Principles,
requirements and tests

IEC 61810-1 Electromechanical elementary relays - Part 1: General and safety requirements

IEEE C37.2 IEEE Standard Electrical Power System Device Function Numbers and Contact Designations
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6.1.3 EMC

The MFP and the remote modules must comply with all the EMC standards referred in Table 3.

Table 3 — Standards for the Electromagnetic compatibility (EMC)
IEC 61000-6-4 Electromagnetic compatibility (EMC) - Part 6-4: Generic standards - Emission standard for
industrial environments
IEC 61000-6-5 Electromagnetic compatibility (EMC) - Part 6-5: Generic standards - Immunity for equipment used
in power station and substation environment
EN 55011 Industrial, scientific and medical equipment - Radio-frequency disturbance characteristics - Limits
and methods of measurement

By according to the IEC 61000-4-30 and IEC 62749 and EN 50160, the MFP is called to work also in
presence of power quality disturbances affecting also the power supply.

The following tables list the levels of immunity to electromagnetic disturbances, as defined in the relevant
standards, the device must comply.

Table 4 — EMC levels for the Enclosure Port

Power frequency magnetic field IEC 61000-4-8 Test Level 5

Damped oscillatory magnetic field IEC 61000-4-10 Test Level 5

Radiated, radio-frequency, electromagnetic field (including "

digital radio telephones) IEC 61000-4-3 Test Level 3 (up to 2 GHz)
Electrostatic discharges IEC 61000-4-2 Test Level 4

Table 5 — EMC levels for the Grounding Port
Electrical fast transient/burst IEC 61000-4-4 Test Level 4
Conducted disturbances, induced by radio-frequency fields | IEC 61000-4-6 Test Level 3

Table 6 — EMC levels for the Communication Port

Power frequency voltage IEC 61000-4-16 Test Level 4
(kjlggducted disturbances in the frequency range 0 Hz to 150 IEC 61000-4-16 Test Level 3
Voltage surges 1.2/50ms — Current surges 8/20ms IEC 61000-4-5 Test Level 3
Damped oscillatory waves IEC 61000-4-18 Test Level 3
Ring wave IEC 61000-4-12 Test Level 3
Electrical fast transient/burst IEC 61000-4-4 Test Level 4
Conducted disturbances, induced by radio-frequency fields | IEC 61000-4-6 Test Level 3

Table 7 — EMC levels for the In and Out Port of the d.c. supply

Power frequency voltage IEC 61000-4-16 Test Level 4
EHogducted disturbances in the frequency range 0 Hz to 150 IEC 61000-4-16 Test Level 3
Voltage surges 1.2/50ms — Current surges 8/20ms IEC 61000-4-5 Test Level 4
non-repetitive damped oscillatory transients IEC 61000-4-12 Test Level 3
Electrical fast transient/burst IEC 61000-4-4 Test Level 4
Conducted disturbances, induced by radio-frequency fields | IEC 61000-4-6 Test Level 3
Voltage dips IEC 61000-4-29 50% for 0,1 s
Short interruptions IEC 61000-4-29 100% for 0,05 s
Voltage variations IEC 61000-4-29 Un + 20% - 40%

Ripple on d.c. input power port IEC 61000-4-17 10%
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6.1.4 Climatic conditions

The Table 8 provides applicable MFP operating conditions. Exact conditions depend on installation site,
during the procurement process (par. 16.2), the information about the operating conditions will be shared.

Table 8 — Climatic conditions
Operating temperature (average) 20°£3°C
Operating temperature (limits) -10°C + 70°C
Storage temperature -20°C + 70°C
Relative humidity <95 %
Atmospheric pressure 860 kPa + 1060 kPa

Besides, at the maximum operating temperature, the hottest MFP component must reach a temperature
below or equal to 10°C with respect to its maximum permissible temperature. At the minimum operating
temperature, the internal temperature of the device (air) must be higher or equal to 10°C than the test
temperature.

6.2 Electrical, electronical and data connector characteristics

All the connectors with poles > 1 should have fixed screws. The HW platform must be based on a modular
design to guarantee flexibility and scalability. Non modular design or different modular approaches may
be allowed during the procurement process (par. 16.2) only for MFP type L (par. 6.1.1).

The chassis (including the front panel, the display screen and the buttons), the power supply and the main-
board are the basic/common components of the MFP that will be shared by all the modules in the
equipment.

The main-board (MB) must be provided with expansion slots to accommodate the peripheral boards (Table
9).

In order to have contacts switching time less than 10 pys, MOSFET or MOSFET hybrid switching
technologies must be adopted.

Table 9 — Peripheral boards to accommodate in the expansion slots

Board code | Board description Order
MA Analog Inputs, 4 currents 1

MV Analog Inputs, 4 voltages 2

MT Circuit-breaker Control 3

MI Digital Inputs 4

MO Digital Outputs 5

MP Power supply 6

MJ Predisposition for additional Digital Inputs 7

MU Predisposition for additional Digital Outputs 8

MM Mainboard with CPU and communication Interface:

a. 2xEthernet 100 BASE FX (LC connector) for the Process BUS;
b. Ethernet 100 Base FX (LC connector) for the Station BUS;

c. Ethernet 100 Base TX (RJ45), connector on the front panel.
These 4 Ethernet ports must be independently addressable at the MAC level (each one | 9
must have its own dedicated MAC Address), they must be directly controlled by the CPU,
the use of Copper-to-Fiber converters, Serial/Ethernet converters, XPort, etc. and any other
adapter is not acceptable.

The Ethernet optical ports on the rear must be labelled (Process or Station Bus).

The Supplier may propose another position/sequence/order of the peripheral boards in the device.
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6.2.1 Power supply board (MP connector)

The connector for the power supply must be 3 poles, pitch 5.08, with common polarization; as a part of
the MT (Table 9).

The power supply unit of the device must comply with the requirements in the Table 10.

Table 10 — Electrical characteristics of the power supply

Auxiliary Voltage (Vaux) 110V (+30%, -60%) - 125V (+30%,-30%) - 220V
(+10%,-60%) d.c.

Auxiliary Power depends from installation site, during
the procurement process (par. 16.2), the information
about the operating conditions will be shared.

Ripple rate for DC power supply 10%

Temperature at maximum load Max 9 = Envir. temp. + 25 K

residual ripple at maximum deliverable current | 10%

Insensitivity to micro-interruptions Vaux OV per 100 ms

Overload 1 s 2Vn

Maximum MFP consumption 25W

Starting current <10A 10ms

Environmental temperature Table 8

Cooling Natural ventilation

The maximum consumption refers to the entire device in a test configuration including all the HW fully
functional, backlit display switched-on and the Digital Outputs closed.

A self-diagnosis function must be provided in order to continuously check the general efficiency of the
power supply and any anomaly or failure detection must be signaled by switching off the "power supply
OK" LED on the front panel and sending an alarm to the RTU of the Primary Substation.

The anomaly or failure state of the power supply must automatically activate the 27X relay of the circuit-
breaker Control board.

Further, the front panel must have light signals (i.e. green led) for:

a. input voltage presence (Vaux);

b. correct operation of the power supply (power supply OK).

The power supply must be protected against the inadvertent power supply polarity inversion.

The power supply for the device will be connected to the auxiliary power subsystem of the Primary
Substation using the MP connector specified in Table 11.

Table 11 — Electrical characteristics of the power supply
Signal CLAMPS Function Voltage
PS 01 Ground
PS 02 + Power Supply Aux +Vaux
PS 03 - Power Supply Aux -Vaux

6.2.2 Analog Inputs

The analog signals acquisition boards must have 4 inputs for the voltages and 4 inputs for the currents
with the following rated characteristics:

a. Voltage Inputs (Vn): 100/ V3 — 120 V a.c. (selectable value);
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b. Current Inputs (In): 1 A —5 A (selectable value through software or hardware);
c. Sampling: 128 samples/cycle.

Each input must be user configurable via software without 3rd party (manufacturer's) interventions and
without having to recalibrate the relative Analog Input.

The MFP must be configurable for use in both 50 and 60 Hz networks. The sampling must be synchronized
with the mains frequency in order to ensure a constant number of samples per cycle. Sampling frequency
may be reduced for the protection functions only (excluding disturbance recording) but any modifications
implemented by the manufacturer must be approved in advance by ENEL.

The terminals for both the Current and Voltage Inputs and their polarities must be clearly identified on the
device.

According to these parameters, the Analog Inputs can be overloaded within the limits described in Table
12 without any damage.

Table 12 — Summary of the electrical characteristics of the Analog Inputs
In 1A or 5A
Input impedance <0,05Q
Consumption <O.0SVA(CT1A)
Current <0,25VA (CT 5A)
Thermal Withstand 4 1In (5 In for the C4 Input)
50 In
Overload 1s 800 A peak for a half-wave (10 ms) forIn=5 A
160 A peak for a half-wave (10 ms) forin=1A
Vn 100 — 115V a.c. (selectable value)
Input impedance >50kQ
Voltage Consumption <0,2 VA (VT 100V)
Thermal Withstand 1,3Vn
Overload 10 s 2Vn
Rated frequency 50 Hz (60 Hz configurable via SW)
Magnetic induction 0+1.5 mT all directions

The Table 13 specifies the eight Analog Inputs with their associated measurement functions as configured

in the running FW.

Table 13 — Use of the Analog Inputs

MV Power Earting Section Hv
. . S Bus delivery
Protective function feeder, Factor Transform circuit- transfer line to the
Aux. Serv. Correction | er (TFN) breaker
customer
FW900 FW900 FW900 FW900 FW900
FIRMWARE LMT CAP TFN FW900 K TSL ATU
Signal Clamp Measurement Functions
Analog | vi1 MV1-MV4 | Vao
Voltage V-0 V-0 V-0 V-0 V-0
Input V2 MV2 - MV4 | Va0 Vs-0 Vs-0 Vs-0 Vs-0 Vs-0
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V3 MV3 - MV4 | V120 V12-0 V12-0 V12-0 V12-0 V12-0

V4 MV5 - MV6 | Vo/Vsyne - - - VRIF Vo

c1 MAL-MA2 | Is la la la l4 la
Analog | c2 MA3 - MA4 | ls IsqL 3lo (51N) I ls ls
Current
Input C3 MAS - MA6 | l2 l12 l12 l12 l12 l12

C4 MA7 - MA8 | 3lo 3lo 3lo 3lo 3lo 3o

6.2.3 Connection of the Voltage Analog Inputs (MV connectors)

The connector for the Voltage Analog Inputs must be 6 poles, pitch 5.08; as a part of the MV (Table 9).
Additional details are in Table 14.

Table 14 — Connector for the Voltage Analog Inputs
Input Clamp Measure
V1 MV1 Va0
V2 MV2 Vs-0
V3 MV3 V120
common MV4 Neutral MT
V4 MV5 3Vo
V4 MV6 3Vo (ground)

6.2.4 Connection of the Current Analog Inputs (MA connectors)

The connector for the Current Analog Inputs must be 8 poles, pitch 7.62 and section 6 mm?; as a part of
the MA (Table 9). Additional details are in Table 15.

Table 15 — Connector for the Voltage Analog Inputs
Input Clamp Measure
c1 MAL1 (IN) 14
MA2 (OUT) 14
c2 MA3 (IN) 18, ISQL, 3lo (51N)
MA4 (OUT) 18, ISQL, 3lo (51N)
c3 MAS (IN) 112
MAG6 (OUT) 112
ca MAZ7 (IN) 3lo
MAS8 (OUT) 3lo

The current signals must be acquired by means of a system that electrically decouples (e.g. using toroidal
CTs) the inputs from the rest of the circuits.

6.2.5 Connection of the Embedded Digital Input (MI connector)

The connector for the Programmable Digital Inputs must be 7 poles, pitch 5.08, with common polarization;
as a part of the Ml (Table 9).

The sampling of digital signals must allow the processing of the digital signals as well as the corresponding
output on the disturbance-recording file with 1 ms resolution. While typically a change in the status of the
Digital Inputs is detected on the rising edge of the signal, it must be possible via programmable functions
to detect the variation also on the falling edge of the signal.
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The default parameters that must be set in the MFP are in Table 16.

Table 16 — Summary of the electrical characteristics of the Digital Inputs

Vaux ref to Par.6.2.1
Voltage Level HI 20,75 Vaux
Voltage Level LO < 0,6 Vaux
Input Resistance to Vn 12 kQ +40 kQ
Power Consumption <36W

The Table 17 shows the default configuration of the pin-outs of the MI connector for the Digital Inputs,
where “Prog.” means that the associated function is programmable.

Table 17 — Connector for the Pro

rammable Digital Input (Ml connector)

Protective function MV feeder, Power Earting Section Bus HV delivery

Aux. Serv. Factor Transformer | circuit- transfer line to the
Correction (TEN) breaker customer

FIRMWARE FW900 LMT FWO900 CAP | FW900 TFN | FW900 K FW900 TSL | FW900 ATU

Signal Clamp | Associated function

Digin1 MI 1 Prog. Prog. Prog. Prog. Prog. Prog.

Dig In 2 Ml 2 Prog. Prog. Prog. Prog. Prog. Prog.

DigIn3 MI 3 +TC +TC +TC +TC +TC +TC

Digin 4 Ml 4 Prog. Prog. Prog. Prog. Prog. Prog.

DigIn5 MI 5 Prog. Prog. Prog. Prog. Prog. Prog.

DigIn 6 Ml 6 Prog. Prog. Prog. Prog. Prog. Prog.

Common Ml 7 -Vaux -Vaux -Vaux -Vaux -Vaux -Vaux

These pin-outs are mapped into the connection diagram shown in the following example of application
(Figure 1).
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Figure 1 — Example of application about MI connectors
6.2.6 Connection of the Embedded Digital Output (MO connector)
The connector for the Programmable Digital Outputs must be 12 poles, pitch 5.08, with common

polarization; as a part of the MO (Table 9).

These digital outputs are needed to send commands to other devices. The MFP sends commands to other
devices or through the MO connectors or through the Remote I/O modules (Chapter 7).

The relays driving the Digital Outputs must comply with the IEC 61810-1, and must have the electrical
characteristics shown in Table 18.

Table 18 — Summary of electrical characteristics of the (Command) Digital Output (MO connector)
DC supply voltage Vaux

Permanent current 5A

Current breaking capacity L/R=40ms 05A

Number of electric maneuvers 100000

Number of mechanical maneuvers 1000000

Minimum command duration 100 ms (setting)

Maximum command dropout 150 ms (setting)

The digital outputs must be dry contacts (not wetted by a voltage source).

The pin-outs of the MO connector and the functions of the Digital Outputs are in Table 19.
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Table 19 — Connector for the Programmable Digital Outputs (MO)

MV

. . feeder, Power Earting Section circuit | Bus HV delivery line to
Protective function Factor Transformer
Aux. . breaker transfer the customer
Correction (TFN)
Serv.
Signal Clamp Associated function
. Com. Dig. Com. Dig. Com. Dig. . .
Dig Out 1 MO 1 out 1 out 1 +SNI out 1 Com. Dig. Out 1 Com. Dig. Out 1
Dig. Out 1 Dig. Out 1 Dig. Out 1 . .
Dig Out 1 MO 2 Program Programma | SNI Programmabl Dig. Out 1 Dig. out 1
Programmable Programmable
mable ble e
. Com. Dig. Com. Dig. Com. Dig. . .
Dig Out 2 MO 3 out 2 out 2 +SNC out 2 Com. Dig. Out 2 Com. Dig. Out 2
Dig. Out 2 Dig. Out 2 Dig. Out 2 . .
Dig Out 2 MO 4 Program Programma | SNC Programmabl Dig. ~Out 2 Dig. out 2
Programmable Programmable
mable ble e
. Com. Dig. Com. Dig. Com. Dig. . .
Dig Out 3 MO 5 out 3 out 3 + RP CX out 3 Com. Dig. Out 3 Com. Dig. Out 3
Dig. Out3 | Dig. Out 3 Dig. Out 3 . .
Dig Out 3 MO 6 Program Programma RP CX Programmabl Dig. Out 3 Dig. out 3
Programmable Programmable
mable ble e
. Com. Dig. Com. Dig. Com. Dig. . .
Dig Out 4 MO 7 out 4 out 4 +RP AX out 4 Com. Dig. Out 4 Com. Dig. Out 4
Dig. Out4 | Dig. Out 4 Dig. Out 4 . .
. Dig. Out 4 Dig. Out 4
Dig Out 4 MO 8 Program Programma RP AX Programmabl Programmable Programmable
mable ble e
. Com. Dig. Com. Dig. | Com. Dig. | Com. Dig. . .
Dig Out 5 MO 9 outs outs outs outs Com. Dig. Out 5 Com. Dig. Out 5
Dig. Out5 | Dig. Out 5| Dig. Out 5| Dig. Out 5 . .
Dig Out 5 MO 10 Program Programma | Programmabl Programmabl Elrg ran?mu;bleS IBIr% ramronl::ltble 5
mable ble e e 9 9
. + LOCAL + LOCAL + LOCAL + LOCAL + LOCAL
DigOut6 | MOl | Al ARM ALARM ALARM ALARM ALARM * LOCAL ALARM
. LOCAL LOCAL LOCAL LOCAL
Dig Out 6 MO 12 ALARM ALARM ALARM ALARM LOCAL ALARM LOCAL ALARM

These pin-outs are mapped into the connection diagram shown in the following example of application

(Figure 2).
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MV Section Circuit Breaker Power factor correction
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Figure 2 — Example of application about MO connectors
6.2.7 Circuit-breaker control connection (MT connector)

The connector for the circuit-breaker command must be 14 poles, pitch 5.08, with common polarization;
as a part of the MT (Table 9).

The device must provide Active-High Digital Inputs at the rated power supply and Outputs must be
equipped with control relays.

The device must have a board called (MV) Circuit-breaker control. The board has the purpose of
transducing the positions of the MV or HV circuit-breaker controlled by the device and sending the Open
and Close commands, both coming from remote and those given by the local buttons and by the automatic
commands. The Inputs that transduce the positions must be driven by the rated voltage and must
recognize the high state when the value of 0,75Vaux d.c. is exceeded and the low state when the voltage
goes below 0,6Vaux d.c. and have a rated bias voltage resistance between Max. 40 kQ and min. 12 kQ.
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The relays are used to transduce the

a. manual opening and protection commands for the MV or HV circuit-breaker;

b. manual closing and auto-reclosing commands for the MV or HV circuit-breaker.

The relays must be supplied by the +V pole on the MT connector.

The electrical characteristics, pin-outs and functions of the connector of the Digital Inputs are specified in

par. 6.2.5.

The embedded output, reported on the connector with board code MT (Table 9), command the circuit-
breaker. The four outputs (opening commands, 2° opening circuit, closing and 27 — power supply) must
be realized by solid-state or hybrid technology.

Table 20 — Digital Outputs (Command, solid state)

DC supply voltage Vaux
Permanent current 10A
Current breaking capacity L/R=40ms 4A

Minimum command duration

100 ms (setting)

Maximum command dropout

150 ms (setting)

The solid state (Command) Outputs must have the same insulation level as for traditional (Command)
relays between the contacts and the actuation coil, that means that the driving stage of the solid state
Command must be galvanically separated from the power supply of the device.

CIRCUIT BREAKER (52MT)

Trif

LowDC Tripd MV N

Trip MV N

Trip? WV B

Trip:

=

— _g'\\._ e
et ——

Figure 3 — Board for commanding the circuit-breaker
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The pin-outs of the MT connector for the circuit-breaker command are specified below:

Table 21 — Connector for the circuit-breaker command (MT)

Signal Clamp | Description Common Polarization Voltage
Dig-IN 1 + Local Commands
Dig-IN 2 52MT- caX
Dig-IN 3 Available
Dig-IN 4 Available
Dig-IN 5 52MT- ccX
PS 6 - Vaux
PS 7 - Vaux
PS 8 + Vaux
PS 9 + Vaux
Dig-OUT 10 52MT- CX
Dig-OUT 11 52MT- AX 3rd circuit NO in case of voltage

absence (27X)
Dig-OUT 12 52MT- AX 3rd circuit NC in case of voltage

absence (27X)
Dig-OUT 13 52MT- AX Opening 1st circuit
Dig-OUT 14 52MT- AX Opening 2nd circuit

6.2.8 Additional Input / Qutput boards

The device must be ready to support two additional boards, one with Inputs and the other with Outputs, to
allow for future applications and functions based on PLC programming (e.g. the diagnostic functions
described in 8.3).

The electrical characteristics of the Digital Inputs are specified in 6.2.5.

The control Outputs of this board are specified in 6.2.6.

6.3 Layout of the MFP enclosure

The front and rear views of the MFP are shown in the following figures, Figure 4 and Figure 5; these figures

are only examples and represent a minimal expected equipment of the device.

The manufacturer may offer alternative solutions that ENEL will evaluate.
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Figure 4 — Front view of the MFP
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Figure 5 — Rear view of the device
The front panel of the device must contain:
a. LightIndicators (LEDS);
b. Display screen;
c. Push-buttons and / or keyboard;
d. Communication port (RJ45 type).

6.3.1 Labeling

The following information must appear on the device in a permanent and non-erasable engraving:
a. Protection functions;

b. Voltage and current rated values;

c. Brand, model and serial number;

d. Power supply voltage.
6.3.2 Circuit-breaker control buttons

The circuit-breaker operating buttons must meet the requirements of mechanical strength IKO3 by
according to IEC 62262. They must not be of a touch-sensitive type in order to prevent the unintentional
activation of the device with the following characteristics:

a. Closing button: White button with black imprinted “I”,
b. Opening button: Black button with white imprinted “O”.

6.3.3 Auto-reclosing selector

A rotary selector switch must be provided for the Inclusion/Exclusion of the 79 function, auto-reclosing of
the circuit-breaker, in case a Primary Substation is locally controlled; the selector must be compliant with
IKO3 mechanical strength rating, according to IEC 62262. The “79” function selector must be protected
with a removable protection cover.

6.3.4 Navigation buttons

The device must be equipped with navigation-selection buttons or rotary selector / confirmation, which
allow the operator full access to the MFP functions. The local setting/configuration of the MFP must only
be possible via a software application running on a PC connected to the device.

They must be compliant with IKO1 mechanical strength rating that precludes solutions based on capsule
or touch-screen technologies.
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6.3.5 Display

The device must be provided with a graphic LCD display with a resolution that, at minimum, is capable of
simultaneously displaying the three-phase currents, the active and reactive power, the phase-to-phase
voltage and the state of the auto-reclosing. An Energy Saving function with configurable parameters must
be provided. Further, the display must be capable of being back-lit in the event that the + C signal on the
C1 connector is activated.

The expected service life of the display must be at least 10° h.
6.3.6 Local LEDs and signals
The relay must have a LED, preferably green, to indicate the presence of the auxiliary voltage supply. This

indicator must be located on the front panel of the device and marked as “Vaux".

On the front panel of the MFP must be there, at least, 16 LEDs for signaling the local alarms. The alarm
functions associated to the LED and their colors (at least three colors) must be user configurable via the
PC-based SW application for the configuration of the MFP.

The reset of the LEDs must be manual and operable on the front panel of the MFP. The LEDs assignment
is shown in Table 22:

Table 22 — LEDs assighment
Description
Tripping of the 51/50 protections
Tripping of the 51N/50N protections
Tripping of the 67N protections
Tripping of the 46 protections
Tripping of the 59N protection
Tripping of the 46N (61N) protection
Tripping of the 27 protection
Tripping of the 59N protection
Locked Auto-reclosing
10 Reconnection command (79)
11 Missing Closing Conditions (25)
12 Voltage Anomaly
13 Tripping Circuit Fault
14 Opened Circuit-breaker
15 External Tripping Command
16 Cogeneration automation in service

OONO|UO[AWIN|F(Z

6.4 Reliability requirements

By according to the terms and definitions from IEC 60050-192, the MFP useful life (or lifetime), is the time
interval, from first use until user requirements are no longer met, due to economics of operation and
maintenance, or obsolescence. In this context, “first use” excludes testing activities prior to hand-over of
the item to the end-user.

The useful life must exclude the early life failure period (infant mortality period); the Supplier must perform
all necessary tasks to eliminate the “child mortality” of the devices before the delivery and these activities
must be fully described in the documentation, which must accompany the device. Accordingly, the Supplier
must certify that the equipment, when delivered, has commenced its constant failure rate period.

The Supplier must declare the failure rate of the device to ensure that it is consistent with the project
specifications (the underlying calculation method will be reported in the documentation) and must not
exceed 0,3% per year failure and the 4.5% cumulative failure in the lifetime, when the device is installed
and operating the required environmental conditions.
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The “constant fault-rate” period means the “lifetime” of the device and must be greater than 15 years, with
the exception of batteries, displays and Flash E2PROM, for which “life cycle” must not be less than 8
years.

For the purpose of failure analysis, a possible restoration (reparation or maintenance) must not affect the
error rate during “lifetime”.

A failure is defined as the loss of operation of the device that requires its removal from the substation or
the change of the SW existing to eliminate the defect.

For the purpose of the analysis of the device’s reliability during its lifetime, the “pertaining faults” exclude
improper use or a wrong operation; accordingly, the Supplier must define in detail the usage conditions
and the correct operation of the equipment.

The MFP must be designed for an expected mean operating time between failures (MTBF) longer than 30
years.

The MFP must be designed for an expected mean time to restoration (MTTR) smaller than 3 h.
6.5 Remote I/O module

The Remote I/O module (RIO) is a slave IED of the MFP that monitors the operating status and the defects
of both, the switching device and any controlled equipment and notifies them to the MFP.

The quantities of RIO to be supplied with each MFP will depend on the engineering project of the
installation.

The RIO must be compliant with the GSTP102.
6.6 Electrical Diagrams

For the electrical diagrams, please refer to GSTX101 Electrical Diagrams for Protection and control device
for HV / MV substation — Multifunctional Feeder Protection MFP.
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COMMUNICATION REQUIREMENTS

In case of advanced RTU (IEC 61850 Client) the ENEL standard system configuration of the Primary
Substation, requires that the communication among IEDs and between IEDs and RTU will take place on
the Station Bus, according to the IEC 61850 series, through the IED physical interface described in this
chapter.

As stated before, the MFP accomplishes to the definition of IED, by according to IEC 61850 series, so it
uses protocols defined in the IEC 61850 series to communicate with the RTU. The communication
profile is defined in the GSTP103.

The MFP«+—RIOs communication is point-to-point through the optical ports of the interface as described in
Par. 7.3. However, it should be possible to establish dedicated switches to allow this communication
through implementation of a Process Bus LAN by means of dedicated switches.

The MFP must be able to manage up to 3 RIO modules, due the limitation of the MODBUS.

Nevertheless, if the protocol of communication between the MFP and the RIOs is IEC 61850 instead of
MODBUS then the number of the RIO modules managed by the MFP could be up to 8 (if there are available
IP addresses in the LAN).

Interface to the Station Bus (Remote Control LAN)

The hardware interface of the MFP to the Station BUS, according to the IEC 61850 series, must be the
Ethernet 100 BASE-FX (by according to IEEE802.3u and IEEE802.1q) with an LC type optical port.

Interface to the Field Bus

Regardless of the type of connection between the MFP and the RIOs or the chosen communication
protocol (MODBUS or IEC 61850), the maximum time between the acquisition of a status from a module
and the execution of a command (closed state of a command relay) to another module must be less than
15ms.

The 1000 BASE-FX network card must be consistent with IEEE802.3u and IEEEB02.1g and be equipped
with two LC type optical ports allows the MFP to communicate with two RIO.

The MFP (Client) and the Remote I/O modules (Servers) can communicate either via the MODBUS TCP/IP
protocol suite or with the protocols specified in the IEC 61850 series.

The interoperability between MFP and RIOs, even among different manufacturers, is mandatory; for that
reason, any amendment to the above mentioned protocols or standard will be not accepted.

Interface for local connection and configuration

The MFP must have an Ethernet 100 BASE-TX with an RJ45 connector on the front panel to facilitate the
local configuration, including all the FW updates of the boards. The local maintenance interface is Ethernet
native so serial/Ethernet adapters/ converters are not allowed.

The software application must be compatible with the operating system homologated in ENEL at the
procurement time (par. 16.2).

During the lifetime of the MFP supply contract the functional tests must be mandatorily repeated in case
the manufacturer makes any firmware or software modification.

Once the settings of an MFP have been configured, they must be retained, without any alteration, in long-
term memory storage even in the absence of auxiliary power supply.

Web based solution (web server integrated in the MFP) are preferable solution for local connection and
configuration; nevertheless Enel will evaluate proprietary software (installable or portable) based solution.
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7.4 Requirements for the Communication and the File transfer
The MFP must natively support both Internet Protocol IPV4 and IPV6; all the application communications
must be compliant with the IEC 61850 series.
The MFP must have, at the same time but on different Ethernet interfaces:
a. A static IP address (192.168.1.1) for local connection, not associated with any gateway;
b. An additional IP address that can be configured as static

Therefore, before the activation of the MFP, the operator (with the local configuration SW) has to configure
the following fields:

c. MFP IP address, if static,

d. Subnet mask,

e. Default gateway.

The following services must be available:
f. WEB server,

g. NTP client,

h. SSH server,

i. SNMP server,

j-  SFTP server.

The CID file transfer will be implemented according to the File Transfer service specified in the IEC 61850
series. The configuration server must be able to configure the list of IED subscribed within each IED
(maximum 100 per IED). Each IED, according to its CID (received from the central configuration server,
independent to the MFP manufacturer), must be able to subscribe the messages from max 100 IEDs.

7.5 Time synchronization
The time synchronization of the MFP must be done via NTP with one PSS: the MFP is the Client and the
RTU in the Substation is the Server.

In case of losing NTP Server synchronization, the drift of the MFP internal clock, must not exceed 50 ppm.

If the synchronization signal is missing for a time greater than a user configurable threshold (1 to 240 h),
the alarm message "Absence of remote time synchronization" must be displayed on the MFP and notified
to the RTU.

7.6 1EC 61850 interoperability profile

The IEC 61850 interoperability profile must be compliant with the GSTP103.

The MFP must be able to receive the standard CID file via the IEC 61850 file transfer service and via
SFTP. It must be possible to activate the configuration with an IEC 61850 command from the Central
configurator.

The CID file will be used to:
a. Update the MFP Communication and Data Modelling configuration;

b. Configure/set the parameters of the functions, in particular the protections; a dedicated flag in the Web
page and in the configuration software will enable this feature.

The CID file can be downloaded from the MFP via IEC 61850 file transfer and via SFTP.
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The CID file will have a name defined by the ENEL operator, which must be maintained unchanged if
downloaded from the MFP. The CID file does not have a default name and must be accepted by the
receiving MFP.

If the handling of the CID file requires to restart the device, the MFP’s protection functions must be
available within 30s and the communication server within 1 minute of initiating the restart sequence.

The performance of the protection functions, the publication/subscription of the GOOSEs, the emission of
the Reports must not be influenced by the number (up to its maximum) of the subscribed BLIND GOOSEs.

In the event that one MFP’s Client is either disconnected or shutdown, the reports enabled by that Client
must be set to a disabled and un-reserved status. A normal Client restart cycle is about 20s, which means
that the MFP must recognize the disconnection of a client in less than 15s. This will allow the Client to re-
enable the relevant reports after re-establishing a Client/Server communication session.

7.7 Remote access for maintenance

Remote access to the following data files:

a. Disturbances files/oscillography, COMTRADE format mandatory,
b. Fault records,

c. Eventrecords,
d

Protection parameters (at least the ones related to the functions modelled in the IEC 61850 profile of
the MFP).

The MFP must use the MMS service (file transfer) in a client/server MMS-based communication (by
according to IEC 61850 series); this access should not depend to any proprietary SW provided by the
manufacturer of the MFP (see also the exception in par. 7.3).

7.7.1 Data extraction service

The manufacturer must identify:
a. Storage path,
b. File name, identifying the name received in the file transfer service,

c. Storage deep and name assignment.
7.7.2 Data extraction process

The manufacturer must identify the trigger wich allow the extraction of data by means on an indication in
the data model identifying both the attribute and the process of activation / deactivation. In the case of not
having trigger, data extraction would be cyclic (at a user configurable frequency).

Additionally, the manufacturer must deliver a read-only-level license of the software application so that an
external application (developed by others) could retrieve the information mentioned above from the MFP.

7.8 On site configurations and programming
7.8.1 On site configuration

The MFP must implement a Web Server that supports generic Web browsing to display and configure the
calibration thresholds related to the FdP. In particular, the following capabilities are minimal requirements
and must not be regarded as either limits or targets:

a. MFP general data, including the labelling assigned by the user,

b. identification of the firmware version,
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continuous monitoring of all the measurement functions on a 1s refresh cycle,
monitoring of the status of Inputs and Outputs,

MFP diagnostic results (overall device and specific elements),

-~ o o 0

calibration values of the protection stages (thresholds and timers),

total and partial counters,

s Q@

information related to the internal disturbance recording (number of records, active triggers, internal
memory status).

The MFP must support programming of specific logics using discrete and mathematical logical variables
(volatile and non-volatile), timers and counters. It must have the following minimum quantities:

i. Volatile variable: 30

j- Non-volatile variable: 30

k. Timer: 30

[.  Mathematical variable: 10

Must support the following operations:
m. “AND” gate
n. “OR”gate
0. “NOT” gate
p. “XOR” gate
q

Comparator

-

Rising edge sensibility
s. Falling edge sensibility
t. Flip Flop SR

The complete set of operations (configuration of programmable logics, status and forcing of the physical
I/0 and Goose/MMS, internal states, etc.) must be possible using ad-hoc software developed by the
manufacturer.

The software must be unlocked licensed freeware (without any SW and/or HW keys) that limits the number
of installations or the overall functionality. The software must be compatible with the operating system
homologated in ENEL in the moment of the adjudication.

The MFP will be fully working during the upload & configuration of a new profiles (including calibration and
configuration). The MFP will activate the new profile only at the end of the upload and configuration
procedure, following the usual integrity and congruity checks of the new profile.

If using ad-hoc SW, it must be possible to configure the MFP either off-line (disconnected from the IED)
or on-line, and via the same interface. The off-line configuration/setting must produce a file to be uploaded
to the MFP at a later time either via local or remote connection to the device.

The remote configuration file transfer will be performed using the relevant services of the IEC 61850 series.
Further details about this feature will be provided by ENEL during the prototyping phase.

The MFP must be able to store measurements, status and diagnostics data in text format files.
7.8.2 Programmable logic configuration

The SW for the configuration/setting of the MFP provided by the manufacturer or a separate third party
software product that meets the requirements stated, must be able to program of logic based either on
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pre-set or user-customizable logic blocks. A graphical programming interface similar to the example shown
in the Figure 6 below is required.

>-RecBlock. »
>-CmdOff_MV — >-CmdOn_M
AND
CancelTrip_BPar— REC79TR Enel
Blk I
>-ProcTr_MV— Blocked OR Bout_|04
AND — St Close
>-GenTrip_MV—] . CIReq |—
>-False 2 PhFit FinTr FinTrip>-
Bin_E03 CBOpen TrAcc —
>-True SynRel
>-CmdOn_MV. ManCl
L—{ CBRdy
DtDel
AND
TrWORec>-
MaxStExp_Gr

Figure 6 — PLC programming example
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8 SELF-DIAGNOSIS AND CONTROL LOGICS

These features refer to all the functions implemented in the MFP either through dedicated hardware control
circuitry or by SW tasks.

8.1 Self-diagnosis and operation in abnormal conditions
The internal self-diagnosis functions of the MFP must continuously monitor the efficiency of its hardware,

software and communication functionalities, in particular:

a. Integrity of the data contained in the various memory banks, as well as the correct execution of the
firmware and communication protocols,

b. General control of the RIO (Par. 6.5) performances (hardware and communication),
c. Integrity checks of the auxiliary power circuits (internal Power Supply).

The self-diagnosis described above must be performed by means of a watchdog-like control which must
not affect the performances of the protection functions. The manufacturer must report the diagnostic
checks made to ensure the availability of the measurement, protection, control and automation functions.

The self-diagnosis function must also include an:
d. Integrity check of the internal circuits for current (amperometric) measurements,
e. Integrity check of the internal circuits for voltage (voltmetric) measurements.

The detection of an abnormal condition must be identified by issuing the “AnPa — General state of the
MFP” signal, which must persist until the cause is rectified.

The “AnPa” signal must also be issued during the whole start-up phase of the device and always after a
self-reset operation (if provided), and the alarm must cease only when the MFP is fully operational. The
“AnPa” signal must be mapped, via configuration, to one of the Digital Outputs of the MO connector.

All abnormal conditions must be clearly shown on the front panel display of the MFP (excluding the total
block of the device). The event recorded, to ensure that it is searchable in the internal events database,
must be shown:

f. Locally on the display or via an appropriate PC based application;
g. Remotely with an MMI populated though the IEC 61850 data exchanges.

The MFP internal database must store 2000 events in a circular buffer (minimum 48 hours with loss of
power supply). Any event can be recorded in the MFP and:

h. can be assigned to a digital channel of the disturbance recording;
i. can be assigned to a digital output;

j- can be sent to the RTU.

The MFP must:

k. Display the AnPa “xxx” message on the display of the front panel; xxx is an error code (string) that
uniquely identify the type of anomaly,

I.  Report (according to IEC 61850) the “AnPa” signal to the RTU of the substation,

m. Store in its internal Log the “AnPa” xxx" event with the Time stamp using the format
“YYYY:MM:DD:hh:mm:ss,000”.

All anomalous (both partial and total) states of the device must be saved in a special Log text file, stored
in non-volatile memory to allow a detailed analysis of the causes of software and hardware anomalies.

The file must be downloadable either through the configuration SW or through “emergency procedures” in
case of irreversible machine failure.
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The log files must be transmitted via LAN/network, using the BSD syslog protocol as defined by IETF
RFC3164 and RFC3195.

8.1.1 Operation of the MFP in case of total block state

In the presence of anomalies “a”; “b”; “c”; “d” and “e” (Par. 8.1); and in the start-up phase the MFP must:
a. Switch-on the “AnPa” LED,

b. Display the “AnPa” message on the display screen on the front panel,

c. Report (IEC 61850) the “AnPa” signal to the RTU in the Primary Substation,

d

Store in the internal Log the “AnPa” event including the timestamp wusing the
“YYYY:MM:DD:hh:mm:ss,000” format.

8.1.2 Operation of the MFP in case of partial block state

The Table 23 below shows the behavior of the device in the presence of anomalies par. 8.1.d or par. 8.1.e,
highlighting which protection functions must be blocked and which are activated to handle an emergency.

Table 23 — Behavior in case of partial block state
Type of anomaly | Blocked protection functions Protection functions activated in
case of emergency
Par. 8.1.d 67 and 67N 59Vo emergency
Par.8.1.e 67 and 67N Active stages 51Sx; 51Nx

The MFP must:

a. Switch-on of the “AnPa” LED,

b. Display the “AnPa” message on the display screen on the front panel,

c. Report (IEC 61850) the “AnPa” signal to the RTU in the Primary Substation,
d

Store in the internal Log the “AnPa” event including the timestamp using the format
“YYYY:MM:DD:hh:mm:ss,000”.

8.1.3 Local control of the circuit-breaker in case of MFP operates in abnormal conditions

A dedicated electrical circuitry, supervised by a watchdog task, must substitute the CPU of the MFP when
it is not able to handle the commands, issued by the buttons on the front panel, to open/close the circuit-
breaker.

Where, the CPU is not able to handle the commands means:
a. Partial or total block of the CPU in the MFP,
b. MFP unavailable due to power supply failure.

When the substation is in Local Control, in case of a serious MFP anomaly status, the above mentioned
electrical circuit must polarize with the +Vaux the opening and closing buttons on the front panel, allowing
(directly or via an additional relay) the sending of the commands to the circuit-breaker.

The logical scheme of this operation is shown in Figure 7.
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Figure 7 — Logical scheme of CB control when MFP is in anomaly status

8.2 Diagnostic of Voltage Transducers and Current Transducers
(VTSICTS)

The following functions must be capable to be activated/deactivated.

Supervision

The MFP must identify the partial (VTS-P) or total (VTS-T) fault in the three-phase voltage measurement
chain (VT, cabling) as well as the partial loss (CTS) of the three-phase current measurement (CT, cabling).

The occurrence of any of the above anomalies must be handled locally in the MFP and reported via IEC

61850 to the RTU as follows:
a. Message “VTS phase x” (if partial) or “AnPa VTS’ if total on the local display,
b. Report (IEC 61850) the “VTS” alarm to the RTU,

c. Store in the internal Log the “VTS” condition with its timestamp
“YYYY:MM:DD:hh:mm:ss,000”.

in the format

Following an example of implementation of the functions described above. Any solution proposed by the

supplier is subject to acceptance by ENEL.

Table 24 — 60VT-P/T and 60CT-P (measuring transformer supervision) setting
(IEEE Function/Stage Active Function Range Default
Code) Acronym
- VTS-P Partial loss of voltage transduction Enabled/Disabled Ena
VTS-T Total loss of voltage transduction Enabled/Disabled Ena
CTS Partial loss of current transduction Enabled/Disabled Ena
V(vTs) Positive Sequence Phase Voltage (VTS) | Table 301D “F” -
47 47 vTs) Negative Sequence maximum Phase | 0,05+1,2Vns -
Voltage (VTS) Table 30 ID “H”
51 51crs) Positive Sequence Phase Current I(CTS) | 0,02In+30In -
Table 30
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46 46(cTs) Negative Sequence Phase Current Isi 0,02+30In -
(CTS) Table 30
59 59UerTs) Residual overvoltage for 60 VTS-P(VTS) | 0,001+1,2Vns -
27 27Uers) Residual undervoltage for VTS-T 0+0,5Vns -
- T10 Timer T10 0+600s -
Table 30ID “S”
Qla b, Pibic; Pic,la Max. phase angle shift on the healthy | 1+15 degrees -
phases, that is 120° + @ia,ib
T11 Timer T11 0+300s -
Table 30ID“S”
27 27Ufvm MT busbar minimum voltage 0+1 Vns -
ES59B Detection of voltage in line 0+1 Vns -

8.2.1 Voltage transducers Diagnostic
8.2.1.1. Partial loss VTS-P

Figure 8 shows an example of a logical scheme for the detection of the partial loss of the voltage
transduction chain.

imerTll
A7\rs & || e | VTS-P

Figure 8 — Logical Scheme VTS-P
8.2.1.2. Total loss VTS-T

Figure 9 shows an example of a logical scheme for the detection of the total loss of the voltage transduction
chain and Table 25 contains the related list of definitions.
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Table 25 — List of definitions
Activates the 74VT function when one or two phase voltages are lost in the absence of negative sequence current
(to discriminate from asymmetric short circuits).
B | Activates the 74VT function when all three phase voltages are lost and the generator is in service.
Activates the 74VT function in the event of absence of all three phase voltages during the energization of the line
(VT not connected), under the condition that none of the three currents exceeds Ivr>. To prevent the activation of
C | the 74VT when closing in the event of a poly-phase short-circuit, the value of lvr> must be preset lower than lcc
(but higher than the maximum current during the energization of the feeder). In any case the circuit-switch must
be closed, otherwise the 74 VT function is activated when the device is stopped.
Inhibits the 74VT function in the event of poly-phase short-circuits, setting the flip-flop when at least one phase
D | current undergoes a pulse change. The 74VT function is automatically enabled when all three phase voltages
raise above the threshold and the negative sequence voltage falls below the threshold.
The 74VT function is maintained active when at least one of the conditions A, B, C is fulfilled. The 74VT function
E | can be manually reset, provided that the automatic reset condition in D is satisfied, or automatically if user-
configured.
F The opening of the magneto thermal circuit-breaker protecting the secondary circuit of the TV can activate the
74VT function.
G | A blocking command applied to a digital input can inhibit the activation of the 74VT function.
H The activation of the 74VT function is always signaled. If user-configured, also the voltage protections can be
blocked.

8.2.1.3. Emergency mode with VT failures
When the VTS-P or VTS anomaly occurs, the protection functions 67, 67N, 59, 59Ue, must be inhibited
and the overcurrent emergency 51N, described in Par. 10.8.4, must be activated automatically if enabled
by configuring the relevant settings.

8.2.2 Current transducers Diagnostic

8.2.2.1. Partial loss CTS

In Figure 10 and Figure 11 is shown a possible logical scheme for the detection of the partial loss of the
current transduction chain.

fm 4

tgo=S<

-
NO TRIP
//

e
e TRIP

Imax

Figure 10 — Diagram 74 CTS



GLOBAL STANDARD Page 43 of 108

N (\ i
C Protection and control device for HV/MV substation — GSTPlOl
Multifunctional feeder protection (MFP) Rev. 01
06/12/2018

LU S< || TripS<| >
-
I3 . i lunw | I - l

Iwax Townd louaxe S<

| . fge . S<TR-K
Ef*j_\ |8 T 0| Sanl
—RESET

LD I ISturt |* ;

fwan =%

(LED+RELAYS)

TRIPPING MATRIX

S<BLK Block I'II:I.[[UNEBlC'El'l:' & .
i y o

Blocki] | i|Lug|ic ] ||Hxlrm|| | ||Hxlrw| l’
I

| ne_¢ || Nty || INX toee
— no.——| T oo T

| Binary input INx ‘

EﬂEIh|9|UNEE“H|J E:' :I_j’
Blockl

Figure 11 — Logcal Scheme 74 CTS

8.2.2.2. Emergency mode with CT failure

When the CTS anomaly occurs, the protection functions 32P, 46, 51N, 67N must be inhibited and the
emergency 59Ue protection, described in Par. 10.17, must be activated if enabled by configuring the
relevant settings.

The occurrence of the CTS anomaly must be handled locally in the MFP, with the detail of the phase(s)
involved in the failure, and reported via IEC 61850 to the RTU as follows:

a. Message "CTS” on the local display,
b. Report (as per IEC 61850) the "CTS" alarm to the RTU,

c. Store in the internal Log the "CTS" -condition with its timestamp in the format
"YYYY:MM:DD:hh:mm:ss,000".

8.2.3 Notefor 74 VT and 74 CT functions

The manufacturer may present solutions that may vary from the ones described above in Figure 9,Table
25, Figure 10 and Figure 11; they will be subject to approval by ENEL.

8.3 Bay Diagnostic
The following functions must be capable to be activated/deactivated.

8.3.1 Circuit bay Diagnostic
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8.3.1.1. Supervision of the circuit-breaker control 74TC

The MFP must implement the 74TC diagnostic functionality, which involves constant monitoring of the
following:

a. Electrical continuity of the control circuits,

b. Presence of auxiliary power supply to the control circuits,

c. congruence of the circuit-breaker positions.

Any interruption or incongruence must be promptly displayed on the display of the MFP and sent via IEC
61850 to the RTU in the Primary Substation.

Figure 12 below shows an example implementation:

Relay

Supervision i
(52 opened) | _vce
Supervision
(52 closed)
= -VCC

Trip
- == | 52
b +VCC

-VCC

Figure 12 — Trip circuit supervision

Other solutions will be subject to approval by ENEL.

8.3.1.2. Circuit-breaker mechanical monitoring — operating times
The MFP must have two configurable thresholds associated with the maximum permitted opening and
closing times of the circuit-breaker.

The operation timing starts from the instant the opening or closing command is issued and the reaching
of the opposite state, both for automatic maneuvers and manual controls.

If the limits set in the thresholds are exceeded, the MFP must emit the related alarm on the display and
report (by IEC 61850) the "Circuit-breaker failure T1" to the RTU in the Primary Substation.

The thresholds setting will be in the range 0+200ms with a default value setting of 120ms.
8.3.1.3. Recording of the currents of the CB control coils with an optional board
A record in COMTRADE format must be kept of the driving currents of the circuit-breaker control coils

(opening and closing) and a minimum of 10 records of each command must be stored in a circular buffer.

The record starts as soon as a command is issued and lasts until the circuit-breaker reaches the opposite
state. There must be a fixed pre-trigger of 10 ms and a timeout of 300 ms that stops recording in case of
missed (or incomplete) operation.

This function will use a 2 kHz sampling rate, 12-bit resolution and a measuring range 0-10 A.
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8.3.1.4. Mechanical monitoring and cyclical movement of the circuit-breaker

The MFP must be provided with a function (which can be enabled/disabled from MMI, in configuration and
through IEC 61850) which performs the cyclical movement of the circuit-breaker. This functionality is
conditioned by the fact that:

a. the circuit-breaker is closed,

b. the line is in-service,

c. the protection functions aren’t started

d. the auto-reclosing cycle is not in progress

The cyclical movement is characterized by an Opening-Closing cycle to be performed according to
planned days, times, frequency and Opened status duration. The default values provide for the cyclical
movement at 1:00 a.m. on the first Sunday of the month, repeated every 28 days, i.e. the fourth Sunday
following the start of the cycle. The function must be delayed by 60 minutes if there is a start (not followed
by a trip) of a protection function (Chapter 10).

On the other hand, if the trip of a protection or a (local/remote) manual operation occurs, the cyclical
movement function must be postponed to the next scheduled day. If the movements, whether voluntary or
due to FdP take place, for example, on Thursday the 4, the following cyclical movement must be carried
out at 1.00 a.m. on Sunday the 28t.

8.3.1.5. Totalizers of maneuvers and of interrupted energy

The MFP must have three totalizers for counting the circuit-breaker operations and the interrupted energy:
a. Counting of mechanical maneuvers without loads (independently, opening and closing),

b. Counting of maneuvers with loads (independently, opening and closing),

c. Interrupted energy per phase (in each opening),
d

Sum of the interrupted energy per phase (cumulative calculation),
& 2
> It <K
i=1

e. Opening time (ms)
f. Closing time (ms)
g. Fault elimination time, from detection to elimination (ms)

All this information can be retrieved via communication profile and can be seen in the device display and
via software.

There must be two thresholds that are user configurable via the configuration application for each FW
developed for the MFP. The thresholds are:

h. Maximum number of operations with load interruption,
i. Maximum limit of energy that can be interrupted by the circuit-breaker.

When one or both thresholds are exceeded, the MFP must generate the relevant alarm locally shown on
the display with the cause of the anomaly and simultaneously report to the RTU in the Primary Substation
the message “circuit-breaker anomaly”.

8.3.1.6. Other anomalies of the circuit-breaker

The potential occurrence of the following faults in the circuit-breaker must be monitored:
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a. Discharged springs X33,
Trip of the automatic switch for the power supply of the springs recharging motors 6L,

c. SF6 Low pressure (Par 12.2 for more information about the management of the SF6 low pressure
alarm/trip),

d. automatic trip of the switch of the anti-condensation resistance,
e. closing block BLC.

The acquisition of digital signals coming from the circuit-breaker compartment, is carried out by means of
the Remote 1/0 Module installed in the compartment.

In case of alarm, it must be locally displayed and reported to the RTU in the Primary Substation the
message “circuit-breaker anomaly”.
8.3.2 Wall diagram of the circuit-breaker compartment
The display of the MFP must show a graphical representation of the status of the circuit-breaker
compartment, which must include:
a. opened or closed position of the breaker,
b. connected or disconnected breaker,
c. current state of the compartment’s grounding switch.
d. Other switches in the bay

The states at points b. and c. are acquired via the Digital Inputs of the Remote Module in the circuit-breaker
compartment.

All the statuses in a., b. and c. must be reported to the RTU in the Primary Substation too.
8.3.3 Check of the recovery voltage when the circuit-breaker is open

This functionality can be enabled via software.

The presence of voltage downstream of the opened circuit-breaker is acquired via a Digital Input of the
Remote Module placed in the circuit-breaker compartment. Alternatively, this functionality can be
implemented by detecting the presence of voltage downstream of the MV circuit-breaker from the Analog
Input V4 when it has the functionality of VSync (Par.9.2).

The possible presence of voltage on the MV feeder downstream of the opened circuit-breaker must be
displayed locally on the screen with the warning message "Live line with opened circuit-breaker" and
reported (tele-signal "circuit-breaker anomaly") to the RTU in the Primary Substation.

8.4 MOIM function

The device must provide a system monitoring function that is able to diagnose if a 67N fault was cleared
by the Petersen Coil or by the operation of a 67N tripping the controlled circuit-breaker.

8.4.1 Protection behavior

The logical scheme of the MOIM function is shown in Figure 13.
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8.4.2 Setting Parameters

The stages must be settable according to the ranges indicated in Table 26 below:

Table 26 — “MolM” setting parameters ranges

Parameter Range Step
T1 0+0,1s 0,01s
T2 0+0,1s 0,01s
T3 0+ 200 0,01s up to 9,990s

0,1 up to 200s

T4 0+10s 0,01s
T5 0+10s 0,01s
59.U2 0,04+15E, 0,001
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9 MEASUREMENT FUNCTIONS

9.1 General Overview

The MFP must have eight Analog Inputs for the measurement of voltages and currents; the electrical
characteristics of the Analog Inputs are defined in 6.2.2. Please refer to Table 30 for the accuracy of the

measurements.

The accuracy of the current measurements must not be affected by the selected type of secondary circuit
(1A; 5A). The current inputs must allow the connection with CT and/or CT for residual current with 5A or
1A secondary current; the selection of the secondary circuit type of the CT must be independent for each
of the four Analog Inputs and configurable via software only, without opening the enclosure, as occurs
when carried out via internal bridge or jumper.

Table 27 — Measurements functions assignable to the Analog Inputs
Input type ID Clamps MEASUREMENT
FUNCTIONS
Voltage Analog Input V1 MV1 - MV4 V40
V2 MV2 - MV4 Vs-0
V3 MV3 - MV4 V120
V4 MV5 - MV6 Vo/Vsync
Current Analog Input Cl MAL - MA2 14
Cc2 MA3 - MA4 18; Isqu; e (51N),
according to the
firmware running on
the MFP
C3 MAS - MA6 112
C4 MA7 - MA8 3lo

9.2 Configurable Analog Inputs

9.2.1 Current Input C2

Depending on the selected FW, in Table 28 are specified the quantities measured by the C2 Input.

Where:

Table 28 — Assignement of the quantity measured by the C2 input
Bay type Quantity measured via C2

MV feeder, Aux. Serv. a); b)

Power Factor Correction c)

Earting Transformer (TEN) d)

Section circuit-breaker a)

Bus transfer a)

HV delivery line to the customer b)

a) No measurement,

b) 18,

¢) IsqL, unbalance current to be used to protect the power factor correction bank,

d) IE (51N), second residual current.
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The second residual current, used in the TFN, provides that the current signal is taken from the CT
(typically 300/5) downstream of the Petersen coil only for the diagnostic/statistical monitoring functions
(resolving/non-resolving intervention of Petersen coil) and for the protection function referred to in Par.
10.8.

9.3 Usable CTs and VTs

Table 29 below defines transformation ratio range of the measuring reducers that can be connected and
configured in the MFP.

Table 29 — Usable VT and CT
General Parameters Selectable Secondary Default | Primary value Default
reducers rated value
Ifn Rated phase current of | 2/3 CT (5P30, | 1A/5A 5A 1 A + 5000A 300A
the CT 5P20)
IsqLn Rated unbalance | (5P30, 5P20) 1A/5A 5A 1A+ 30A 5A
capacitors star current of
the CT
len Primary rated residual | (5P30, 5P20) 1A/5A 1A 1A+ 1000A 100A
current of the CT
Un Rated phase-to-phase 100V 1kV+30kV 20kV
voltage 110V for MV level
Vn Rated phase voltage 115V app”cations
Vnp=Unp/N3V 1003V 30KkV+150KkV
11013V for HV level
1153V applications
Uen Rated residual voltage 1 VT or | 100V
reconstructed 110V
115V
Vsyne Synchronous voltage 100V 1kV+30kV 20kV
110V
115V

9.4 Conventions of the measurement functions

Through the Analog Inputs, the MFP must be able to measure the electrical quantities in Table 12; the
voltage and current TRMS measurements are referred to the 50Hz/60Hz fundamental component.

The conventional positive direction of the current, consequently of the Active Power, is established in the
transformation direction HV/MV towards the MV/LV distribution with incoming currents in the terminals
MAA7; MAA9; MAA11 (Table 27).
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Reference phasor
For the Active Power

P=+ P=+
Q=- Q=+
Reference phasor
For the Reactive Power
P=- P=-
Q Q=+

Figure 14 — Conventions of the measurements

The power measurements must be made using the Aron insertion for the measurement of the Active
Power and the Barbagelata insertion for the measurement of Reactive Power (using l4 and l12 currents).

9.5 Characteristic data of the measurement functions

The following shows the characteristic data requested in the various measurement functions.

Table 30 — Accuracy of the measurements

ID Measurement Acronym Range Resolution Threshold | Step Error Error limit
s limit variation
CURRENT MEASUREMENTS

A Phase current If 0,02+30 In 0,005 In 0,05+251In | 0,051In <1% <0.5%

Current unbalance of | lsq 0,02+30 In 0,005 In 0,02+251In | 0,051In <1% <0.5%

star-connected

capacitors
c Residual current Ie (3lo) 0,001+30 In 0,001 In 0,001+25 0,001 In <1% <0.5%

In

Negative-sequence Isi 0,02+30 In 0,005 In 0,05+251In | 0,05In <1% <0.5%

D phase current
VOLTAGE MEASUREMENTS

Phase —to-phase | Uio;Uzs; 0,04+1,5Un 0,01 Vn 0,04+1,5vV | 0,01 Un <1% <0.5%
E voltage Uz n

Phase voltage V1,V V3 0,04+1,5Vn 0,01 Vn 0,04+1,5vV | 0,001Vn | <1% <0.5%
F (Va-0Vs. n

0:V12:0)

Residual voltage Ue (3Vo) 0,04+1,5 0,01 Vvn 0,04+1 0,01 Uen | <3% <0.5%
G Vit Vo+ Vs | Uen Uen <1.5%

Negative-sequence Vg 0,05+1,2Vn 0,01 Vvn 0,05+1,2v | 0,01Vn <1% <0.5%
H phase voltage n
| Synchronous voltage | Vsync 0,8+1,2Vn 0,01 Vn 0,8+1,2vn | 0,01Vn <1% <0.5%

(phase)

FREQUENCY MESUREMENTS
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Frequency f 47,5+51,5 0,01 Hz +0,01 <1%
L Hz Hz
57,5+61,5
Hz
POWER MEASUREMENTS
Active Power PF;PT -25+25MW 0,1 MW <% <0.5%
M (total and phase)
Reactive Power QF;QT - 0,1 MVAR <1% <0.5%
N (total and phase) 25+25MVAR
Apparent Power SF;ST -25+25MVA 0,1 MVA <1% <0.5%
0 (total and phase)
p Power factor 141 0,01 +0,01 <1%
Phase difference 0°+359° 1° 0°+359° <0,5° <0.5%
Q angle 01;02;03
(between V and 1)
Phase difference 0°+359° 1° 0°+359° <0,5° <0.5%
R angle @0 (between
3Vo and 3lo)
TIME MEASUREMENTS
Time measurements 0+1000 s 0,001s (0+1s) 0+1000 | 0,001s(0+1s)
S and Timers 0,01s (1+10s) S 0,01s(1+10s)
0,1s (10+100s) 0,1s
1s (100+1000s) (10+100s)
1s
(100+1000s)
HARMONIC CONTENT MEASUREMENTS
- Harmonic content V THDy 2°-25°
Harmonic content A THD, 2°-25°

The Error limit, shown in the Table 30 refers to the entire measuring of the measured electrical quantity.

The Error limit (ID “C”) is <1% + 2mA for current secondary values up to 20mA.

The Error limit (ID “G”) is <3% + 50mV for measurements up to 1% of the rated value.

For the values of range of Frequency (ID “L”), the rated working frequency is set during the MFP
configuration.

For more information regarding the precision of the time measurements and the related error limit
variation (ID “S”), please refer to the paragraphs describing the protection functions.

9.6 Measurements reports

The following electrical quantities must be shown on the display in the home page and periodically reported
(as per IEC 61850) to the RTU of the Primary Substation:

a.
b.
C.
d.

e.

Phase-to-phase voltage, primary values (kV),
Line currents la, Is (direct or recalculated) and l12, primary values (A)
Residual current (3lo)

Total P and Total Q, primary values ( kW, kVAr); measurements with sign according to the convention
in Figure 14,

THDv and THDi.

The measurements of the electrical quantities must be periodically reported to the RTU (as per IEC 61850)
with the following frequencies:

f.

10 s for "instantaneous" values,
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g. 600 s for “average” values, to be logged.

The MFP must calculate the RMS value of the electrical quantities directly measured at a sampling period
of 200 ms. The samples must be discarded in case of a fault. The measurements are automatically
resumed when the normal operating conditions of the MFP are restored.

Therefore, the measurements, must be

h. averaged over a time base Tm, typically 10s and transmitted to the RTU with a periodic report for
“instantaneous” measurements,

i. averaged over an initial time base of 60 s [M1]; [M1] must be averaged again over 10 minutes and
transmitted to the RTU with a periodic report for “average” measurements.

The IEC 61850 profile of the MFP as implemented in the ICD file (included in the GSTP103), distinguishes
between the instantaneous and mediated measurements.

The “average” measurements will also be logged in a dedicated circular buffer file (at least two days of
recording) that can be accessed locally.
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10 ELECTRICAL PROTECTION FUNCTIONS (FdP)

10.1 Definition of “Characteristic Times”

10.1.1 Start time

Time period between the variation (application, removal or modification under specified conditions) of the
input quantity (ies) bringing the MFP into an operating state in progress and the state change of the Start

output (start relay).

10.1.2 Operate time

Time period between the variation (application, removal or modification under specified conditions) of the
input quantity (ies) bringing the MFP into an operating state in progress and the state change of the

Operate/Trip output (Trip relay).

10.1.3 Reset time

Time required by the relay to restore, under specified conditions, after an intervention so that its next

intervention time doesn’t deviate more than a specified percentage by the previously measured time.

Magnitude

Figure 15 — Behavior of the reset time

10.1.4 Reset ratio

The relay operates when the measured quantity has reached and exceeded a pre-set value and releases
when the measured quantity reaches a so called Reset value, which depends on the physical

characteristics of the relay. The ratio between the Reset value and the Trip value is called Reset ratio.

Magnitude
Start on

Start nff‘li

Ouput I

Figure 16 — Behavior of the Reset ratio
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10.1.5 Overshoot time

The Overshoot time corresponds to the difference between the relay intervention time, for a specified value
of the input quantity, and the maximum duration of a value reduction, below the operating level, of the
input quantity, potentially insufficient to trigger the relay.

Magnitude |

Ouput ‘ setting |

Magnitude t

Ouput |

Figure 17 — Behavior of Overshoot time

tiinerzia time

10.1.6 Repetitive error time
Ten different measurements will be made in identical test conditions. The difference between the maximum
and minimum measurements will define the width of the zone of dispersion (Ad).
Repetitive error time requirement:
a. For instantaneous functions: Ad<éms

b. For delayed functions: Ad<12ms

Magnitude

Figure 18 — Behavior of repetitive error time

10.2 Logical representation of a FdP

Figure 19 shows the logical scheme of a protection function (FdP). For functions not used in the FSL the
back-up timer and the FSL enable logic mustn’t be considered.
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and TRIP = OFF) until the start circuit of the higher
threshold is finished

& |AND OR - | Delay Timer

Figure 19 — FdP logic

10.3 Trip commands given by the protection functions

The trip command given by the individual protection functions must have a user configurable minimum
duration (typically 150 ms) and must stay active until the protection releases or the faulty/tripping
conditions are removed.

Magnitude

Ouput

Figure 20 — Beahavior of Minimum operate (trip) time
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10.4 Activation Status of the stages in the relevant protection functions

All stages in the respective protection functions must be individually settable (typical parameters are
standard trip threshold and delay time, accelerated trip delay time).

It must also be possible to activate a triple operating mode, for each stage, as follows:
a. Disabled/Excluded

b. Start only (storage on the internal log and reporting to the RTU)

c. Start/Operate(Trip) (storage on the internal log and reporting to the RTU)

d

Further information can be found in the sections specific to individual FdPs.

10.5 Settings tables

The MFP must have 4 setting tables/profiles. The switch from one to another will be done by
activating/deactivating two Digital Inputs or triggered by a GOOSE/MMS message or a MODBUS
command (if the extended requirements, ref. to Par. 14.2, is present).

10.6 Phase overcurrent protection function IEEE 51

The phase overcurrent protection function 51 must be executed in three-wire mode (three-phase), except
in cases where a different assignment of C2 input (Par.9.2.1) is provided.

In case Ie current is assigned to C2 input, Is current will be calculated indirectly by l4, l12, -Ie.

Four independent-time overcurrent stages with dual time calibrations must be provided. When configured,
it should also be possible revert to dependent-time (selectable curves in Table 35) as required by the IEC
60255 standard.

The independent-time functions must have two calibration banks for intentional delay times, as shown in
Table 31.

Table 31 — Ind. Time 51 stages
Standard Stages Accelerated Stages
51.51 51.S1 ¢
51.S2 51.S2 ¢
51.S3 51.83 ¢
51.54 51.84 ¢

10.6.1 Protection Behavior

The measurement function of the phase overcurrent It (Table 30, ID “A”) must seamlessly compare the
related phasors with the corresponding calibration parameters (Table 33) set for each overcurrent stage.

When a phasor is in the intervention sector, the following internal logical states occur

Table 32 — FdP 51 behavior
FdP logical state Displayed IEC 61850 Internal Logging Disturbance
message Report to the recording
RTU
Start 51.Ax_Fy Yes Yes Yes
Operate/Trip 51.Sx_Fy Yes Yes Yes




GLOBAL STANDARD Page 57 of 108

enel

Protection and control device for HV/MV substation — GSTPlOl
Multifunctional feeder protection (MFP) Rev. 01
06/12/2018

The “51.Sx_Fy” event is stored in the internal Log, including the timestamp in “YYYY:MM:DD:hh:mm:ss,iii”
format.

The protection functions in this technical specification are named according to the following convention:
“x” indicates the phase affected by

“wy

the letter “x” replaces the start/operate threshold number and the letter “y

the fault.

Operatel/trip, showed in the table above, occurs when the user-configurable delay timers, for each
threshold of each FdP, expires.

If the measurement function of the phase overcurrent detects that the phasor left the tripping sector of one
of the overcurrent stages, before the expiry of the tripping time, the protection must release.

10.6.2 Settings Parameters

The stages must be settable according to the ranges shown in Table 33 and according to the operating
modes described in Par. 10.4.

Table 33 — “51.8Sx” setting parameters ranges
Stage/Timers Operating mode Start Current Value Operate/Tripping Time

Stage Std. Accelerated Range Step Range Step
51.81 | T51.81 T51.S1 ¢ Independent- 0,05+25In 0,005In 0,05+10s 0,01s
51.S2 T51.S2 T51.82 c Time / (Table 30, ID (Table 30, ID 10+100 s 0,1s
5153 | 151.93 T51.53 ¢ Depgndent-Tlme “A”) “A”) 100+1000 s 1s

(available Curve
51.54 | T51.S4 T51.54_c Types in Table

35)

10.6.3 Accuracy of the measurements

Measurements accuracy meets the following requirements:

a. Error and Error limit variation in the measurement of the module: Table 30, ID “A”
b. Error and Error limit variation in the measurement of the times: Table 34
Table 34 — Accuracy of the intervention times for the overcurrent
Description Range Time Error limit Error limit
variation
Start time I = (0,05+25) x Ireg < 1.5 cycles +0.25 1,5%+ 0.25
cycles cycles
Operate/Tripping time | = (0,05+25) x Ireg < 1.5 cycles +0.25 1,5%= 0.25
without intentional cycles cycles
delay time
Reset time <1.5cycles +0.25 1,5%
cycles
Reset ratio >0,90e<0,95 1,5%
X Ireg
Overshoot time (I=10xIreg) <2 cycles +0.25 1,5%+ 0.25
cycles cycles

10.6.4 Time dependent overcurrent protection IEC 60255

The Operating Curve Type of all the 51 stages must be settable according to one of the following types:
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Table 35 — Configurable inverse curves of the dependent time overcurrent
protections
Type Description
NIT (Normal Inverse) B 0,14
_(I/Ip)0,02 -1 p
VIT (Very Inverse) 135
C/ry-1 "
EIT (Extremely Inverse) = 80 T
/1)’ -1 °
LIT (Long Time Inverse) t— 120 T
TR

Where

| = fault current

Ip = set start current

Setting; Table 30, ID “A”, for range, resolution, accuracy
of the measure and error limit variation

t = Operate/Tripping Time

Setting

Tp= Time Dial Multiplier

Setting: range 0,05 to 9,99; step 0,01

An illustrative example of 3-stages inverse curve is shown in Figure 21.

I

51.51

51.52 51.53 |

Figure 21 - lllustrative example of 3-stages inverse curve




GLOBAL STANDARD Page 59 of 108

- (\ 1
C Protection and control device for HV/MV substation — GSTPlOl
Multifunctional feeder protection (MFP) Rev. 01
06/12/2018

10.7 Residual overcurrent current protection function Ie 51N

Five independent-time residual overcurrent stages 51N with double time calibration must be provided.
When configured, it should also be possible revert to dependent-time (selectable curves in Table 35) as
required by the IEC 60255 standard.

Table 36 — Ind. Time 51N stages
Standard Stages Short-time Stages
51N.S1 51IN.S1 ¢
51N.S2 5N1.52 ¢
51N.S3 5IN.S3 ¢
51N.S4 51N.S4 ¢
51N.S5 51N.S5 ¢

Each stage must be independently selectable to use 3lo current measurement (C2 Analog Input) or a
calculated 3lo current.

10.7.1 Protection Behavior

The measurement function of the residual overcurrent Ig (Table 30, ID “C”) must seamlessly compare the
related phasors with the corresponding calibration parameters (Table 38) set for each overcurrent stage.

When a phasor is in the intervention sector, the following internal logical states occur:

Table 37 — FdP 51N behavior
FdP logical state Displayed IEC 61850 Internal Logging Disturbance
message Report to the recording
RTU
Start 51N.AX Yes Yes/No Yes/No
Operate/Trip 51N.Sx Yes Yes/No Yes/No

If the measurement function of the phase overcurrent detects that the phasor left the tripping sector of one
of the overcurrent stages, before the expiry of the tripping time, the protection must release. A blocking
command applied to a digital input, or generated by a logic, can inhibit the activation of each stage of this
function, independently.

10.7.2 Setting Parameters

The stages must be settable according to the ranges indicated in Table 38 and according to the operating
modes in Par. 10.4.

Table 38 — “51.Nx” setting parameters ranges

Stage/Timers Operating mode Start Current Value Operate/Tripping Time
Stage Std. Accelerated Range Step Range Step
5IN.S | T51IN.S | T51IN.S1 ¢ Independent- 0,05+25In 0,005In 0,05+10 s 0,01s
1 1 Time / (Table 30, ID | (Table 30, ID 10+100 s 0,1s
5IN.S | T51N.S | T5IN.S2 ¢ Dependent-Time “C”) “C”) 100+1000 s 1s
2 2 (available Curve
5IN.S | T5IN.S | T5IN.S3 ¢ Types in Table
3 3 35)
5IN.S | T51IN.S | T51N.S4 ¢
4 4
51N.S | T5IN.S | T5IN.S5 ¢
5 5
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10.7.3 Accuracy of the measurements

Measurements accuracy must meet the following requirements:

a. Residual current measurement accuracy: Table 30, ID “C”,

b. Error and Error limit variation in the measurement of the times: Table 39.

Table 39 — Accuracy of the intervention times for the residual overcurrent
Description Range Time Error limit Error limit variation
Start time | = (0,05+25) x Ireg < 1.5 cycles +0.25 1,5%= 0.25 cycles
cycles
Operate/Tripping time | = (0,05+25) x Ireg < 1.5 cycles +0.25 1,5%= 0.25 cycles
without intentional cycles
delay time
Reset time < 1.5 cycles +0.25 1,5%
cycles
Reset ratio >0,90 e < 0,95 1,5%
x Ireg
Overshoot time (I=10xIreq) < 2cycles +0.25 1,5%= 0.25 cycles
cycles

An illustrative example of 3-stages inverse curve is shown in Figure 22.

t

51N.51

51N.52 51N.53 |

Figure 22 — lllustrative example of 3-stages inverse curve 51N
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10.8 Residual overcurrent current protection function for TFN, IE 51N, C2 input
The configuration of the MFP designated to protect a TFN bay requires that the C2 input is used to
measure the residual current Iz (51N) on the CT (300/5) downstream of the Petersen coil (9.2.1, option d).

In this operating mode enables two additional 51N independent-time stages. When configured, it should
be possible to revert to dependent-time (selectable curves in Table 35) as required by the IEC 60255

standard.
Table 40 — 51N.Sx_a stages
Standard Stages Accelerated Stages
5IN.S1 a Back-up 67
5IN.S2_a Start only

10.8.1 Protection Behavior

The behavior of the protection is the same as defined in the previous Par.10.7. with the following variations:

Table 41 — 51N.Sx_a behavior
FdP logical state Displayed IEC 61850 Internal Logging Disturbance
message Report to the recording
RTU
Start 51N.AX a Yes Yes/No Yes/No
Operate/Trip 5IN.Sx_a Yes Yes/No Yes/No

10.8.2 Setting parameters

The stages must be settable according to the ranges indicated in Table 38 and according to the operating
modes in Par. 10.4.

10.8.3 Accuracy of the measurements
The same requirements apply as defined in Par. 10.7.
10.8.4 Emergency 51N protection function

The MFP, user-configured via SW application, must automatically provide protection functions that ensure
a minimum level of electric protection to the controlled bay when the internal or external anomalies, dealt
with in Par.8.1 and following, occur.

This function will be inhibited while there is no loss of voltage, partial or total.

In the event of a failure in the embedded voltage inputs board or in the event of a failure in the voltage
transduction chain, the independent-time emergency 51N protection function must activate automatically.
When configured, it should also be possible to revert to dependent-time (selectable curves in Table 35)
according to IEC 60255 standard.

It must be possible to configure the MFP to autonomously deactivate all the protection functions that use
voltage measurements:

a. 67,

b. 67N, 67N for intermittent arcs and evolving faults,
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c. 32P,
d. 25,

e. 59,

f. 59N,

g. ES59B (line voltage absence)
10.8.4.1. Protection Behavior

The behavior of the protection is the same as defined in the previous Par.10.7. with the following variations:

Table 42 — 51N.Eme behavior
FdP logical state Displayed IEC 61850 Internal Logging Disturbance
message Report to the recording
RTU
Start 5IN.E.A Yes Yes/No Yes/No
Operate/Trip 5IN.E.S Yes Yes/No Yes/No

10.8.4.2. Setting parameters

The stages must be settable according to the ranges indicated in Table 38 and according to the operating
modes in Par. 10.4.

a. Voltage threshold and accuracy: Table 30, ID “C”,
b. Operate/Tripping Time (T51N.E.S): Table 30, ID “S”,
c. Operate/Tripping Time accuracy: Table 39

10.8.5 Accuracy of the measurements

The same requirements apply as defined in Par. 10.7.
10.9 Directional overcurrent protection function IEEE 67

The directional overcurrent protection 67 must be executed in three-wire mode (three-phase), except in
cases where a different assignment of C2 input (Par. 9.2.1) is provided. In this case the measurement of
the 18 current will be calculated indirectly by l4, l12, -le. The protection function must, however, guarantee
the selectivity even in case of failures where reference voltage becomes close to zero using the voltage
memory function.

The minimum voltage value to polarize is 2 V (phase-to-phase). The supplier must propose a solution to
add different polarization methods of the 67 function.

Four directional independent-time residual overcurrent stages with double time calibration must be
provided. When configured, it should also be possible to revert to dependent-time (selectable curves in
Table 35) according to IEC 60255 standard.

Table 43 — Ind. Time 67 stages
Standard Stages Accelerated Stages
67.S1 67.S1 c
67.52 67.52_c
67.S3 67.S3 ¢
67.S4 67.S4 ¢
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10.9.1 Protection behavior

The measurement function of the phase overcurrent (Table 30, ID “A”) must seamlessly compare the
related phasors with the corresponding calibration parameters (Table 45) set for each overcurrent stage.

When a phasor is in the intervention sector, the following internal logical states occur:

Table 44 — FdP 67 behavior
FdP logical state Displayed IEC 61850 Internal Logging Disturbance
message Report to the recording
RTU
Start 67.Ax.Fy Yes Yes/No Yes/No
Operate/Trip 67.AX.Fy Yes Yes/No Yes/No

If the measurement function of the phase overcurrent detects that the phasor left the tripping sector of one
of the overcurrent stages, before the expiry of the tripping time, the protection must release.

10.9.2 Setting parameters

The stages must be settable according to the ranges indicated in Table 45 and according to the operating
modes in Par. 10.4.

Al

a

V3

uz23

Figura 23 — “67Px” setting parameters ranges
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Table 45 — “67Px” setting parameters ranges

Stage/Timers Operating Start Current Value Operate/Tripping Operate/Tripping
mode Time Sector
Stage Std. Accelerat Range Step Range Step bisector half-
ed o width B

(fig23) (fig.23)
67.S1 | T67.S1 | T67.S1_c | Independe | 0,05+25In | 0,005In | 0,05+10s 0,01s 0°+360° | 1°+180°

nt-Time / (Table 30, | (Table 10+100 s 0,1s Step 1° Step 1°
67.52 | T67.52/ | T67.S1.C | pependent |  ID*A") |30, ID | 100+1000 | 1s

67.52 | T67.S2/ | T67.S1_c -Time “A”) s
67.54 | T67.54 (available

Curve

Types in

Table 35)

10.9.3 Accuracy of the measurements

For measurements accuracy, refer to the following prescriptions:
a. Error and Error limit variation in the measurement of the module: Table 30, ID “A”
b. Error and Error limit variation in the measurement of the phase angle: Table 30, ID “S”,

c. Error and Error limit variation in the measurement of the times: Table 46

Table 46 — Accuracy of the intervention times for the directional overcurrent
Description Range Time Error limit Error limit
variation
Start time I = (0,05+25) x Ireg < 1.5 cycles +0.25 1,5%+ 0.25
cycles cycles
Operate/Tripping time I = (0,05+25) x Ireg < 1.5 cycles +0.25 1,5%+ 0.25
without intentional cycles cycles
delay time
Reset time < 1.5 cycles +0.25 1,5%
cycles
Reset ratio >0,90 e 0,95 1,5%
X Ireg
Overshoot time (I=10xIreq) <2 cycles +0.25 1,5%+ 0.25
cycles cycles

10.10 Negative sequence overcurrent protection function IEEE46

The negative sequence overcurrent protection function IEEE 46 must be executed in three-wire mode
(three-phase), for the assignment of C2 input Par.9.2.1. The thresholds must be both dependent time and
independent time mutually exclusive.

Two independent-time overcurrent stages with double time calibration must be provided. When configured,
it should also be possible to revert to dependent-time (selectable curves in Table 35) according to IEC
60255 standard
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Table 47 — Ind. Time 46 stages

Standard Stages Accelerated Stages
46.S1 46.S1 ¢ Independent time
46.54 --- Reverse time IEC60255,
selectable from Table 33

10.10.1 Protection behavior
The IEEE 46 protection function, using the reverse current measurement function (Table 30, ID “D”) must
be able to detect:
a. The two-phase faults at the ends of a relevant length line
b. Imbalances in powered loads
c. Inversion or breaking of the line conductors

The measurement function of the negative sequence overcurrent protection function IEEE 46 (Table 30,
ID “D”) must seamlessly compare the related phasors with the corresponding calibration parameters
(Table 49) set for both 46 stage. It must be provide two directional residual overcurrent thresholds, both
time dependent and time independent, mutually exclusive, according to IEC 60255.

When a phasor is in the intervention sector, the following internal logical states occur:

Table 48 — FdP 46 behavior
FdP logical state Displayed IEC 61850 Internal Logging Disturbance
message Report to the recording
RTU
Start 46.AX Yes Yes/No Yes/No
Operate/Trip 46.Sx Yes Yes/No Yes/No

If the measurement function of the phase overcurrent detects that the phasor left the tripping sector of one
of the overcurrent stages, before the expiry of the tripping time, the protection must release.

10.10.1.1. Extension of protection function 46

This function can be configured to trip the circuit-breaker or just to send an alarm (without tripping the
circuit-breaker). Due to a possible malfunction when loads are low, it must be possible to activate the
following logic to avoid incorrect operations:
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N
o

IDI!UI i

31, < 0,051y

I, >= 0,10l

3> 0,101y

%
Q0

lg > 0,10l

Line in service: current in
each phase

1, > 0,10l

46 operation

l,< 0,101y

(@]
Pyl

g < 0,101y

Missing current in one or
two phases

1, < 0,10l

Figure 24 — Logical scheme: 46

Every level used in this logic can be set by the user. Other solutions will be subject to approval by ENEL.
10.10.2 Setting parameters

The stages must be settable according to the ranges of Table 49 and according to the operating modes in

Par. 10.4.
Table 49 — “46.x” setting parameters ranges
Stage/Timers Operating mode Start Current Value Operate/Tripping
Time
Stage Std. Accelerated Range Step Range Step
46.S1 T46.S1 T46.S1_c Independent-Time | 0,1+5In 0,01In 0,1+10s | 0,01s
/ Dependent-Time | (TaB.30, ID (TAB.30, ID 10+100s | 0,1s
46.S4 T46.S4 — (available Curve “D”) “D”) 100+100 | 1s
Types in Table 0s
35)

10.10.3 Accuracy of the measurements

For measurements accuracy, refer to the following prescriptions:
a. Error and Error limit variation in the measurement of the module: Table 30,ID “D”,

b. Error and Error limit variation in the measurement of the times: Table 50

Table 50 — Accuracy of the intervention times for the negative sequence overcurrent 46
Description Range Time Error limit | Error limit
variation
Start time | =(0,1+5) x Ireg < 1.5 cycles + 0.25 | 1,5%= 0.25 cycles
cycles
Operate/Tripping | =(0,1+5) x Ireg < 1.5 cycles + 0.25 | 1,5%= 0.25 cycles
time without cycles
intentional delay time
Reset time < 1.5 cycles + 0.25 | 1,5%
cycles
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Reset ratio >0,90 e < 1,5%
0,95 x Ireg
Overshoot time (I=10xIreq) <2 cycles + 0.25 | 1,5%+ 0.25 cycles
cycles

10.11 Unbalance protection function IEEE 46N

The unbalance protection function 46N must detect the unbalance between two banks of capacitors by
measuring the current flowing between the star-points. Figure 25 shows a scheme of principle.

An independent-time overcurrent stage with double time calibration must be provided. When configured,
it should also be possible to revert to dependent-time (selectable curves in Table 35) according to IEC
60255 standard.

L1
L2

sleay Indino

o
£
3
2
5

2
2
7

Figure 25 — Scheme of principle 46N

10.11.1 Setting Parameters

The stage must be settable according to the ranges of Table 51 below:

Table 51 — “46N” setting parameters ranges
Stage/Timers Operating mode Start Current Value Operate/Tripping Time
Stage Std. Accelerated Range Step Range Step
46N.S | T46N.S | T46N.S1Tc Independent- 0,01+2In 0,01In 0,01+10s 0,01s
1 1 Time (Table 30, (Table 30, 10+100 s 0,1s
ID “D”) ID “D”) 100+1000 s ls

10.11.2 Accuracy of the measurements

For measurements accuracy, refer to the following prescriptions:
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a. Error and Error limit variation in the measurement of the module: Table 30, ID “D”,
b. Error and Error limit variation in the measurement of the times: Table 52,
Table 52 — Accuracy of the intervention time for the 46N
Description Range Time Error limit Error limit
variation

Start time | = (0,005+25) x Ireg < 1.5 cycles + 0.25 | 1,5%+ 0.25
cycles cycles

Operate/Tripping time | | = (0,005+25) x Ireg < 1.5 cycles + 0.25 | 1,5%+ 0.25

without intentional cycles cycles

delay time

Reset time < 1.5 cycles + 0.25 | 1,5%
cycles

Reset ratio >0,90 e < 0,95 1,5%

X Ireg

Overshoot time (I=10xIreq) < 2cycles + 0.25 | 1,5%+ 0.25

cycles cycles

10.12 Directional earth overcurrent protection function IEEE 67N

The 67N directional earth overcurrent protection function operates without HW/SW modifications or
settings when switching from one network type to another.

The minimum voltage value to polarize is 0,5 V (3Vo). The relay must allow to set the polarization voltage
value, and this can be taken from a measured Vo. The supplier must propose a solution to add the
polarization of the 67N function through negative sequence components.

Table 53 lists the 7 stages that must be provided. The independent-time ones must be able, when
configured, to revert to dependent-time (selectable curves in Table 35) according to IEC 60255 standard.

Table 53 — 67N stages

Standard Stages Accelerated Stages

67N.S1 67N.S1 ¢ independent-time
67N.S2a 67N.S2a ¢ independent-time
67N.S2b 67N.S2b_c independent-time
67N.S3 67N.S3 ¢ independent-time
67N.Sb - Start only
67N.S6 67N.S6_c Curve
67N.S7 67N.S7 ¢ independent-time

Stages 67N.S1, 67N.S2a, 67N.S2b, 67N.S3, independently, must be selectable to use 3lo current

measurement (C2 Analog Input) or 3lo calculated current.

Stages 67N.S6 and 67N.S7 will use 3lo current measurement (C2 Analog Input).

The capability to build an operation characteristic as shown in Figure 26
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10.12.1 Protection behavior

The measurement functions of the overcurrent (Table 30, ID “C”) must seamlessly compare the Ug, Ie

Figure 26 — Operation characteristic 67N

phasors and the o phase with the corresponding calibration parameters in Table 55.

When the threshold values of the Ug, Ie phasors are exceeded simultaneously, in addition to the entrance
of the |e phasor in the intervention sector, the state of the protection evolves to the following internal logical

states:
Table 54 — FdP 67N behavior
FdP logical state Displayed IEC 61850 Internal Logging Disturbance
message Report to the recording
RTU
Start 67N.AX Yes Yes/No Yes/No
Operate/Trip 67N.Sx Yes Yes/No Yes/No

If the measurement functions detect that the Ug, Ie phasors fall below the threshold levels and/or the le
phasor (change of ¢o) left the tripping sector of one of the directional earth overcurrent stages before the

expiry of the tripping time, the protection must release.

It is required that the IEEE67N protection function can take part to the “blocking TPS” logical selectivity;
this blocking signal is received subscribing a GOOSE published by the same protection function of an

MFP downstream in the same feeder (Par.10.2).

A blocking command applied to a digital input, or generated by a logic, can inhibit the activation of each

stage of this function, independently.

10.12.2 Setting Parameters
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The stages must be settable according to the ranges of Table 55 and according to the operating modes in

Par.10.4.

Table 55 — “67Nx” setting parameters ranges

Stage/Timers Operatin | Start Current | Start Voltage | Operate/Tripping Operate/Tripping
g mode Value Value Time Sector

Stage | Std. | Accelerated Range Step Range Step Range Step | bisector half-
o width B
(fig.27) | (fig.27)

67N. | T67N. | T67N.S1_c | Indepen | 0,005+ | 0,005 | 0,001+ | 0,001 | 0,05+10s | 0,01s | 0°+ 1°+

S1 S1 dent- 25In In 1 UEn (Table | 10+100 s 0,1s | 360° 180°

67N. | T67N. | T67N.S2a Time /| (Table (Tabl | (Table 30 ID | 100+1000 |1s Step 1° | Step 1°

S2a S2a c " | Depende |30 ID|e 30|30 ID|"“G") s

67N. | T67N. | T67N.S2p_ | Nt-Time = | “C") b G’

S2b s2b c (availabl C"

e Curve

67N. | T67N. | TEIN.S3 ¢ | Types in

S3 S3 Table

67N. T67N. | --- 35)

Sb Sb

67N. T67N. | T67N.S4_c

S6 S6

67N. T67N. | T67N.S7_c

S7 s7

10.12.3 Accuracy of the measurements

Y310

Figure 27 — Tripping sector 67N

The accuracy of each single measurement (magnitude, phase angle, start and tripping times) for the
protection functions that simultaneously compare and measure several phasors is checked in consecutive

phases.

In each phase changes are made to a single phasor (or phase angle between the phasors) keeping the
others in a sector of secure intervention equal to 120% of the set value.
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For measurements accuracy, refer to the following prescriptions:

a. Error and Error limit variation in the measurement of the Ie module: Table 30 ID “C”,

Error and Error limit variation in the measurement of the Ue module: Table 30 ID “G”,

b
c. Error and Error limit variation in the measurement of the phase angle Ue » Ie: Table 30 ID “R”,
d

Error and Error limit variation in the measurement of the times: Table 56

Table 56 — Accuracy of the intervention times for the directional earth overcurrent 67N
Description Fixed phasor Modified Range variation Error limit Error  limit
(in sector of | phasor variation
secure
intervention)
Start time Ue le lereg. = (0,1+25) x le n <40 ms +5ms 1,5%+5ms
90 (Ue" lg) le reg. = (0,005+0,1) xIn | <60ms+5ms | 1,5%+5ms
Ig; @O Ue Vo reg.=(0,01+1) x Von <40 ms +5ms 1,5%+5ms
Usg; le [0]e] +2° (on the limit of the | <40ms+5ms 1,5%+5ms
intervention sector)
Operate/Tripping time | Ug; po le lereg. = (0,1+25) x le n <40ms+5ms 1,5%+5ms
without intentional le reg. = (0,005+0,1) xIn | <60 ms +5ms 1,5%+5ms
delay time Ig; O Ue Voreg.=(0,01+1)xVon | <40ms+5ms | 1,5%+5ms
Ug; le ©0 +2° (on the limit of the | <40 ms+5ms 1,5%+5ms
intervention sector)
Reset time Ue; 00 le <50 ms +5ms 1,5%
I; @O Ue
Ug, le [0]e]
Reset ratio Ug; @0 15 >0,90 e <0,95 1,5%
I; @O Ue
Ug, le [0]e]
Overshoot time Ug; @0 15 (I=10xlreq) <40 ms + 5ms 1,5%+5ms

10.13 Directional overcurrent “Arcing Ground” protection function IEEE 67N

The directional overcurrent “Arcing Ground” protection function IEEE 67N.S4 must detect, in the operating
conditions of the network described in Par. 10.12, the type of earth fault known in the electrical literature
as "arcing ground".

The detection process is comprised of a logic check of:

a. The starting of the IEEE 67N (Par. 10.12) protection function,

b. The starting of a specific 59Uk stage,

c. or, alternatively,

d. Upon receiving via IEC 61850 GOOSE the starting for residual overvoltage of the protection that fulfills

this function.

The RLS (Healthy Line Detection) function of the this FdP is meant to identify the presence of a earth fault
by means of an algorithm that takes into account, in the first milliseconds of failure the opposite sign of the
IE current measurement samples with respect to the 3Vo in the faulty line and/or a function that detects
the energy levels (this functionality must be validated by ENEL).

The logic control that implements the stage 67N.S4 is shown in Figure 28
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The logic scheme shown in the above figure, must be implemented using the configuration software of the
MFP. It must provide a graphical interface with programmable logic functions that allows the modification

Figure 28 — Logical control: 67N.S4

of the logic control elements and the related attributes.

Table 57 — List of definition
T67N.4a Reset Delay time Str 59Vo
T67N.4b Reset Delay time Str 67N.Sx
T67N.4 Str time 67N.S4
T67N.4R Max. fault time before Str 67N.S4 inhibition
T67N.41 Inhibition-hold time 67N.S4
59Vo ext: Start signal for residual overvoltage generated by the HV/MV Transformer integrated-
protection, sent to the MV feeder (LMT) protections via IEC 61850 GOOSE.
It is required to Enable/Disable the signal during the configuration of the stage
67N.S4 via MFP SW interface
Ue Residual overvoltage stage that can be set according to the range of Table 30 ID
“G"and intended solely for the detection of intermittent arcs and evolving faults
67N.S1 Str Start logic state of the directional earth overcurrent 67N.S1; the 67N.Slavv (Str) must
be Enabled/Disabled by the calibration SW of the MFP
67N.S2a Str Start logic state of the directional earth overcurrent 67N.S2a; the 67N.S1avv (Str)
must be Enabled/Disabled by the calibration SW of the MFP
67N.S2b Str Start logic state of the directional earth overcurrent 67N.S2b; the 67N.S1avv (Str)
must be Enabled/Disabled by the calibration SW of the MFP
67N.S4 Stage for the detection of intermittent arcs that can be Enabled/Disabled by the
configuration software
RSL Healthy Line Detection algorithm
EN Function Enabling
T67N.4a, Timers that can be set according to the range of Table 30 ID “S”
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T67N.4b,

T67N.4R,

T67N.41,
T67N.4

10.13.1 Protection behavior

The final outcome of the logic in Figure 28 is the transition of the logical state of "67N.S4" as shown in the
Table 58 below:

Table 58 — FAP67N.S4 behavior
FdP logical state Displayed IEC 61850 Internal Logging Disturbance
message Report to the recording
RTU
Operate/Trip 67N.S4 Yes Yes/No Yes/No

10.14 RLS function

The RLS function identify a fault line from healthy line analysing the electrical quantities in time domain
(3Vo and 3l0o) during the first instant of fault.

ENEL will provide additional information during the development phase.

10.15 Directional earth overcurrent protection function for the detection of evolving

faults

The 67N.S5 directional earth overcurrent protection function for the detection of evolving faults, must
detect the type of intermittent fault that originates on different feeders in the sequence they occur and in
the operating conditions of the network according to Par. 10.9.

The detection is based on the logic check of:

a. The starting of the FdP IEEE 67N (Par. 10.9)

b. The starting of a specific threshold 59 UE (common to FdP 10.13)

or, alternatively,

c. Upon receiving via IEC 61850 GOOSE the starting of the residual overvoltage protection.

The RLS (Healthy Line Detection) function of the FdP serves to identify the presence of a earth fault by
means of an algorithm that takes into account, in the first milliseconds of failure, the opposite sign of the

IE current measurement samples with respect to the 3Vo of the faulted line and/or a function that detects
the energy (this functionality must be validated by ENEL).

The logic control that implements the stage 67N.S5 is shown in Figure 29
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Figure 29 — Logic control: 67N.S5

The logic scheme shown in the above figure, must be implemented using the configuration software of the
MFP. It must provide a graphical interface with programmable logic functions that allows the modification
of the logic control elements and the related attributes.

Table 59 — List of definition
59Vo ext: Start signal for residual overvoltage generated by the HV/MV Transformer integrated-protection,
sent to the MV feeder (LMT) protections via IEC 61850 GOOSE.
The use of the sighal must be inserted / disconnected in the configuration section of the threshold
67N.S4 of the MFP interface software
59 Vo Str Residual overvoltage stage that can be set according to the range of Table 30, ID “G”, and
intended solely for the detection of intermittent arcs and evolving faults
67N.S1 Str | Start logic state of the directional earth overcurrent 67N.S1; the 67N.Slavv (Str) must be
Enabled/Disabled by the calibration SW of the MFP
67N.S2a_avv | Start logic state of the directional earth overcurrent 67N.S2a; the 67N.S1avv (Str) must be
Enabled/Disabled by the calibration SW of the MFP
67N.S2b_avv | Start logic state of the directional earth overcurrent 67N.S2b; the 67N.S1avv (Str) must be
Enabled/Disabled by the calibration SW of the MFP
67N.S5 Stage for the detection of evolving faults that can be Enabled/Disabled by the configuration
software
RSL Healthy Line Detection algorithm
T67N.5a, Timers that can be set according to the range of Table 30, ID “S”
T67N.5,
T67N.5¢

10.15.1 Protection behavior
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The final outcome of the logic in Figure 29 is the transition of the logical state of “67N.S5” as shown in the
Table 60 below:

Table 60 — Fdp 67N.S5 behavior
FdP logical state Displayed IEC 61850 Internal Disturbance
message Report to the Logging recording
RTU
Operate/Trip 67N.S5 Yes Yes/No Yes/No

10.16 Residual overvoltage protection function IEEE 59N

The 59N residual overvoltage protection function correctly operates without HW/SW modifications or
settings when switching from one network type to another.

Two independent and dependent time stages, according to Table 61 must be provided.

Table 61 — 59N stages

Standard Stages
59N.S1
59N.S2

Note

10.16.1 Protection behavior

The measurement functions of the residual overvoltage (Table 30, ID “G”) must seamlessly compare the
Ue phasor with the corresponding calibration parameters in Table 63 set for each 59N.x stage.

When the threshold values of the Ue phasor are exceeded, the state of the protection evolves to the
following internal logical states:

Table 62 — FdP 59N behavior
FdP logical state Displayed IEC 61850 Internal Logging Disturbance
message Report to the recording
RTU
Start 59N.AX Yes Yes/No Yes/No
Operate/Trip 59N.Sx Yes Yes/No Yes/No

If the measurement functions detect that the Ue phasor falls below the threshold levels before the expiry
of the tripping time, the protection must release.

10.16.2 Setting Parameters

The stages must be settable with the ranges indicated in Table 63 and according to the operating modes
in Par. 10.4
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Table 63 —“59N.x” setting parameters ranges

Stage/Timers Start Voltage Value Operate/Tripping Time
Stage Std. Range Step Range Step
59N.S1 T59N.S1 0,001+1 Uen (*) 0,001 0,05+10s 0,01s
59N.S2 T59N.S2 (Table 30, ID “G”) (Table 30, ID “G”) 10+100 s 0,1ls

100+1000 s 1ls

(*) Uen =V3Un

10.16.3 Accuracy of the measurements

The accuracy of the measurements of the:

a. Magnitude must be according to Table 30, ID “G”

b. Start and Op/Trip times must comply with the requirements in the Table 64 below:

Table 64 —Accuracy of the intervention times for the residual overvoltage 59N

Description Range Time Error limit Error limit
variation
Start time U = (0,005+2) x Uen < 1.5 cycles +0.25 1,5%+ 0.25
cycles cycles
Operate/Tripping time | U = (0,005+2) x Uen <1.5cycles +0.25 1,5%= 0.25
without intentional cycles cycles
delay time
Reset time <1.5cycles +0.25 1,5%
cycles
Reset ratio >0,90 e < 0,95 x 1,5%
Ireg
Overshoot time <2 cycles +0.25 1,5%+ 0.25
cycles cycles

10.17 Emergency protection function IEEE 59N

The MFP, user-configured via SW application, must automatically provide protection functions that ensure
a minimum level of electric protection to the controlled bay when the internal or external anomalies, dealt

with in Par. 8.1 and following, occur.

The function must be both dependent and independent time.

10.17.1 Protection behavior

In the event of a failure in the embedded current inputs board or in the event of a failure in the current

transduction chain, the independent-time emergency 59N protection function must be activated.

If enabled via SW, the MFP must autonomously deactivate all the protection functions that use current

meas

urements:

a. 51, only the faulty phase, in case of partial loss (Par. 8.2),
b. 51N,
c. 67,

d. 67N, 67N for intermittent arcs and evolving faults,
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e. 32P.

The measurement functions of the residual overvoltage (Table 30, ID “G”) must seamlessly compare the

UE phasor with the corresponding calibration parameters in Table 63 set for each 59N.x stage.

The exceeding of the threshold values of the UE phasor generates the following internal logical states:

Table 65 —FdP 59N_eme behavior

FdP logical state Displayed IEC 61850 Internal Disturbance recording
message Report to the Logging
RTU
Start 59N.E.AX Yes Yes/No Yes/No
Operate/Trip 59N.E.Sx Yes Yes/No Yes/No

If the measurement functions detect that the Ue phasor falls below the threshold levels of the overvoltage

stages before the expiry of the tripping time, the protection must release.

10.17.2 Setting Parameters

The stage must be settable with the ranges indicated in Table 66 and according to the operating modes

in Par. 10.4
a. Voltage threshold and accuracy: Table 30, ID “G”
b. Operate/Tripping Time: Table 30, ID “S”

Table 66 —“59N:EME” setting parameters ranges
Stage/Timers Start Voltage Value Operate/Tripping Time
Stage Std. Range Step Range Step
59N.E T59N.E 0,001+1 Uen 0,001 0,05+10s 0,01s
(Table 30, ID “G”) (Table 30, ID 10+100 s 0,1s
“‘G") 100+1000 s ls

10.17.3 Accuracy of the measurements

The accuracy of the measurements of the:

a. Magnitude must be according to, Table 30, ID “G”,

b. Error and Error limit variation in the measurement of the times must comply with the requirements in

the Table 64.

10.18 Phase-to-phase overvoltage protection function IEEE 59

The overvoltage protection function 59 must be in OR or AND configuration to measure three phase
voltages or phase to phase voltage. Two independent/dependent time overvoltage stages must be

provided.

Table 67 — 59 stages

Standard Stages Note

59.51 -

59.52 -
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10.18.1 Protection behavior

The measurement function of the phase-to-phase overvoltage (Table 30, ID “G”), must seamlessly
compare the U phasors with the corresponding calibration parameters (Table 69) set for each overcurrent
stage.

When the threshold values of a Uxx phasor are exceeded, the state of the protection evolves to the
following internal logical states:

Table 68 — FdP 59 behavior
FdP logical state Displayed IEC 61850 Internal Logging Disturbance
message Report to the recording
RTU
Start 59.AX Yes Yes/No Yes/No
Operate/Trip 59.Sx Yes Yes/No Yes/No

If the measurement function detects that all the Uxx phasor (AND logic) falls below the threshold levels
before the expiry of the tripping time, the protection must release.

10.18.2 Setting Parameters

The stages must be settable according to the ranges indicated in Table 69 and according to the operating
modes in Par. 10.4

Table 69 — “59” setting parameters ranges
Stage/Timers Start Voltage Value Operate/Tripping Time
Stage Std. Range Step Range Step
59.X T59.X 0,8+1,5 Un 0,001 0,05+10 s 0,01s
(Table 30, ID “E”) (Table 30, ID “E”) 10+100 s 0.1s
100+1000 s 1ls
10.18.3 Accuracy of the measurements
The accuracy of the measurement of the:
a. Magnitude must be according to Table 30, ID “G”,
b. Start and Op/Trip times must comply with the requirements in the Table 70 below:
Table 70 — Accuracy of the intervention times for the overvoltage 59
Description Range Time Error limit Error limit
variation
Start time U=(0,8+1,5)xUn < 1.5 cycles +0.25 cycles | 1,5%=0.25
cycles
Operate/Tripping time U =(0,8+1,5)xUn < 1.5 cycles +0.25 cycles | 1,5%=0.25
without intentional Un cycles
delay time
Reset time < 1.5 cycles + 0.25 cycles 1,5%
Reset ratio >0,90 e <0,95 1,5%
X Ireg
Overshoot time <2 cycles +0.25 cycles | 1,5%+ 0.25
cycles
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10.19 Phase-to-phase undervoltage protection function IEEE 27

The phase-to-phase undervoltage protection function 27 must be configurable in OR or AND configuration
to measure three phase voltages or phase to phase voltage. Two independent and dependent time

overcurrent stages must be provided.

Table 71 — 27 stages

Standard Stages

Note

27.S1

27.S2

10.19.1 Protection behavior

The measurement functions of the residual overvoltage (Table 30, ID “G”) must seamlessly compare the
voltage (Uxx) phasors with the corresponding calibration parameters in Table 73 set for each 27.Sx stage.

When the threshold values of the Uxx phasor are exceeded, the state of the protection evolves to the

following internal logical states:

Table 72 — FdP 27 behavior
FdP logical | Displayed message IEC 61850 Internal Disturbance
state Report to the Logging recording
RTU
Start 27.AX Yes Yes/No Yes/No
Operate/Trip 27.5x Yes Yes/No Yes/No

If the measurement function detects that all the Uxx phasor (AND logic) falls below the threshold levels,
before the expiry of the tripping time, the protection must release.

10.19.2 Setting Parameters

The stages must be settable according to the ranges indicated in Table 73 and according to the operating

modes in Par. 10.4

Table 73 —“27” setting paramenters ranges

Stage/Timers Start Voltage Value Operate/Tripping Time
Stage Std. Range Step Range Step
27.X T27.X 0,01+1,1 Un 0,001 0,05+10s 0,01s
10+100 s 0,1ls

100+1000 s ls

10.19.3 Accuracy of the measurements

The accuracy of the measurement of the:

a. magnitude must be according to Table 30, ID “G”,

b. Start and Op/Trip times must comply with the requirements in the Table 74 below:

Table 74 —Accuracy of the intervention times for the overvoltage 27

Description |

Range |

Time

| Error limit

| Error limit variation
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Start time U =(0,01+1,1) x Un <1.5cycles +0.25 cycles | 1,5%:+ 0.25 cycles
Operate/Tripping time U=(0,01+1,1) xUn < 1.5 cycles +0.25 cycles | 1,5%z 0.25 cycles
without intentional delay
time
Reset time < 1.5cycles + 0.25 cycles 1,5%
Reset ratio >0,90 e < 0,95 x 1,5%
Ireg

Overshoot time < 2 cycles +0.25 cycles | 1,5%:+ 0.25 cycles

10.20 Cold Load Pick Up

Every FdP must be according to the Cold Load Pick Up (CLP) function. The CLP has following
characteristics:

a. The CLP function must be Enabled/Disabled inside the FdP
b. The CLP function is activated when the circuit-breaker switch from open to close

c. It must be possible closing or changing the intervention value of the protection for a settable duration
time

d. When the function is blocked, it maintains the delay time at Os and continues to return the start-up
stage of the FdP.

The Cold Load Pickup function must have two different operation mode. The first one, the pickup value of
the 51 function must be equal a user defined parameter during a configurable time. The second mode, the
51 function must follow a specific curve during a configurable time. The kind of curve could be time defined
or inverse time (IEC and ANSI Curves as specified in par. 10.6).

10.21 SOTF (Switch-On To Fault)

The function must enable the protections with the contract time setting on the transition from absence of
voltage-to-voltage presence. The function is able to work with the breaker position (from off to on), in case
the position has not voltage transformers on the line side. It is selectable to use this function with each
stage of the protection functions 51, 51N, 67 and 67N.

This function must consider the discrimination of inrush currents as specified in 10.22.

10.22 Discrimination of INRUSH currents

In order to avoid unwanted operations of the protections due to the energization of the transformers
installed along the feeder, a dedicated harmonic restraint FdP must prevent the 51, 51N, 67 and 67N
stages from starting when the 2nd harmonic current overcomes a predetermined fraction of the
fundamental component.

10.22.1 Protection behavior

The blocking function must be configurable to inhibit independently each of the stages 51, 51N, 67 and
67N for the overflow of the harmonic component both of a single phase or two of three phases.

Through the FFT, the function must compare the value of the 2nd harmonic with the threshold value. If the
measured value is higher than the threshold value, the function must inhibit the stages 51.Sx, 51N.Sx,
67.Sx.Fy and 67N.Sx from tripping, for the pre-set time, and for as long as no current phase exceeds an
adjustable threshold.

If the preset time is exceeded and the starting of 51.Ax.Fy, 51N.Ax.Fy, 67.Ax.Fy or 67N.Ax are not
released, despite the 2nd harmonic is still exceeding the relevant threshold, the MFP must resume the
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normal protection logic 51, 51N, 67 or 67N and send the trip command towards the controlled circuit-
breaker.

If during the inrush blocking, the pick-up of the function that has started, is released, the associated timing
for the trigger will be reset, waiting for a new start of the corresponding function. If the 2nd harmonic level
condition is released with the preset time window, the trip occurs according to the operation characteristic
of the function that is started once the time window expired, without additional delay.

10.22.2 Setting Parameters

The blocking function must be settable according to the ranges indicated in the Table 75 below:

Table 75 — “INRUSH” setting parameters ranges
Start Current Value Operate/Tripping Time
(FFT lsonz)
Range Step Range Step
10+50% 1% 0,05+10 s 0,01s
Default. 25% 10+100 s 0,1s
Maximum current for inrush (default 0,45s)
recognition: 0,20+20 In (step 0,02
In)

10.22.3 Accuracy of the measurements

The accuracy of the measurement of the INRUSH blocking function must comply with the requirements in
the Table 76 below:

Table 76 — Accuracy of the intervention times for the INRUSH blocking function
Description Range Time Error limit Error limit
variation
Start time I =(0,1+2) x In < 1.5 cycles +0.25 1,5%= 0.25
cycles cycles
Operate/Tripping time I =(0,1+2) x In < 1.5 cycles +0.25 1,5%+ 0.25
without intentional cycles cycles
delay time
Reset time <1.5cycles +0.25 1,5%
cycles
Reset ratio >0,90 e <0,95 1,5%
X Ireg
Overshoot time (I=10xIreq) <2 cycles +0.25 1,5%= 0.25
cycles cycles

10.23 Directional active overpower protection function 32P
This function is mainly used when the MFP protects a bay exclusively dedicated to a self-producer
customer.

Two independent-time overpower stages must be provided with the possibility of insertion with the 2 and
3 Wattmeters methods, depending on the type of configuration of the C2 input (Par. 9.2.1).

Table 77 — 32P stages
Standard Stages Note
32P.S1 independent-time
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| 32P.S2 | independent-time |

The threshold 32 P must be automatically deactivated if P<5%0Q in order to guarantee sensitivity and
stability to the protection function, in the event of a short circuit.

10.23.1 Protection behavior

The measurement functions of the overpower (Table 30, ID “M”, “N”, “O”) must constantly monitor the flow
of active power passing through the node controlled by the MFP.

When the threshold values are exceeded, the state of the protection evolves to the following logical states:

Table 78 — FdP 32P behavior
FdP logical state Displayed IEC 61850 Report Internal Disturbance
message to the RTU Logging recording
Start 32P.Ax Yes Yes/No Yes/No
Operate/Trip 32P.Sx Yes Yes/No Yes/No

If the measurement functions detect that the Active Power value falls below the threshold levels before the
expiry of the tripping time, the protection must release.

10.23.2 Setting Parameters

The stages must be settable according to the ranges indicated in Table 79 and according to the operating
modes in Par.10.4. Moreover, it must be possible to select the direction of the power flow considering that
the default setting is according to the convection in Par.9.4.

Table 79 — “32P” setting parameters ranges
Stage/Timers Start/Tripping settings 32P Operate/Tripping Time
Stage Std. Active Direction Pn Range Step Range Step
State

32P_S | T32P_S | Ena/Dis | Positiva/ | 0,1+25 MW | 80%+120% Pn 1% Table 30, Table 30,
1 1 Negativa | step 0,1MW | Default. 100% ID“S” ID“S”
32P_S T32P_S | Ena/Dis (default
2 2 900s)

10.23.3 Accuracy of the measurements

The accuracy of the measurement of the:

[EITT S A

a. magnitude must be according to Table 30, ID “M”, “N”, “O”,
b. Start and Op/Trip times must comply with the requirements in the Table 80 below:

Table 80 — Accuracy of the intervention times for the directional overpower 32P_Sx
Description Range Time Error limit Error limit
variation
Start time 80%+120% Pn < 1.5 cycles +0.25 1,5%+ 0.25
cycles cycles
Operate/Tripping time without 80%+120% Pn < 1.5 cycles +0.25 1,5%+ 0.25
intentional delay time cycles cycles
Reset time < 1.5 cycles +0.25 1,5%
cycles
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Reset ratio >0,90 e < 0,95 1,5%
x Ireg
Overshoot time S=10xPreg <2 cycles +0.25 1,5%+ 0.25
cycles cycles

10.24 Protection Function of Broken Conductor 12/11

The broken conductor (phase interruption) function is based on exceeding of the ratio between the
negative sequence current and direct sequence current.

The main features are:
a. The function must be Enabled/Disabled.
b. The function must have an overcurrent threshold; from which the 12/I1 is activated.

c. The function must have discrimination currents thresholds (one for 12 and one for I11); under this, the
function is inhibited.

d. Ifthe 12 /11 exceeds the set threshold, it must be able to activate a relay or a virtual output or both to
send its status.

e. Atime defined setting with a range 0 to 60 seconds and step 0,1 seconds;

f. A positive sequence voltage threshold that will avoid the operation for phase-to-phase short-circuits,
with range 0 to 0.9 Vn and step 0.01.

g. A zero sequence voltage threshold that will avoid the operation for phase-to-ground short-circuits, with
range 0.1 to 1.3 Vn and step 0.01.

It must be possible to activate and deactivate the Broker Conductor protection function either through the
configuration and local control software, or through the commands (as per IEC 61850) generated by the
RTU in the Primary substation. Following the execution of such a command, the MFP must report the
status back to the RTU and display it on the screen of the MFP.

10.25 Protection Function of Breaker Failure

The breaker failure function consist of two overcurrent directionless function, one for poly-phase faults and
other for single-phase faults. The function is used to signal the opening failure of the circuit breaker.

The main features are:

a. The function must be Enabled/Disabled,

b. It must be associable with an OR matrix to the protection functions to be monitored,

c. The function is activated at the trigger command of the associated protections in the matrix,
d

If the protection functions activated do not fall within the set time, a relay or a virtual output associable
via SW must be command.

e. The main parameter for open failure detection must be configurable.

The Breaker Failure function operation must report to the RTU, record in internal logging and disturbance
recording. The IEC 61850 point must be available to send a GOOSE message and open the upstream
breaker.

It must be possible to activate and deactivate the Breaker Failure protection function either through the
configuration and local control software, or through the commands (as per IEC 61850) generated by the
RTU in the Primary substation. Following the execution of such a command, the MFP must report the
current status back to the RTU and display it on the screen of the MFP.
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10.26 Synchro-check protection function IEEE 25

The Synchro-check protection function is designed to allow the interconnection in safe conditions of two
grids, each one in the presence of electrical generation.

It must be possible to activate and deactivate the Synchro-Check protection function either through the
configuration and local control software, or through the commands (as per IEC 61850) generated by the
RTU in the Primary substation. Following the execution of such a command, the MFP must report the
current status back to the RTU and display it on the screen of the MFP.

This protection compares the upstream and downstream voltages of the controlled circuit-breaker. In
particular, the measured phase voltage Vrir downstream of the circuit-breaker must be compared with the
corresponding measured phase voltage upstream of the circuit-breaker.

This function works within an acceptable voltage range (minimum and maximum voltage thresholds):
a. Upper limit threshold: 0,5 + 1,5 Vn, step 10%
b. Lower limit threshold: 0,2 + 1,5 Vn , step 10%

In the configuration section of the Synchro-Check protection function it must be possible to select which
of the phase voltages V.o, Vs-o0, V120 (Table 30, ID “F”) must be compared with Vrir.

The Synchro-check protection function must satisfy all the requisites that allow the interconnection (or
paralleling) between:

a. Synchronous networks: Parallel control function for Synchronous networks (PS).
b. Asynchronous networks: Parallel control function for Asynchronous networks (PA).

The Synchro-check protection for synchronous (PS) and asynchronous (PA) networks must also be
capable of configuring to ensure the independent operation of both manual and automatic closing of the
circuit-breaker, in particular in case of a slow reclosing event.

Table 81 — Closing configuration for PS and PA
Parallel control function Manual closing Automatic Slow closing
Synchronous networks (PS) YES/NO YES/NO
Asynchronous networks (PA) YES/NO YES/NO

In absence of the paralleling conditions, the Synchro-check protection, whether enabled or not, must not
generate either a Manual or Automatic closing command.

10.26.1 Synchronous networks paralleling conditions check (PS)

This function allows the interconnection of networks that are in sync or with a reduced Slip, that is defined
as the percentage difference between the frequency of the VRIF voltage and the one of the reference
voltage.

The condition of very low slip is defined as follows:

EQUATION 1

Slip: Ispsl < Ssync
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When evaluating the slip, by means of a suitable filtering algorithm, the normal oscillation due to the non-
prevalent generation, that could therefore prevent the recognition of the synchronism condition must be
considered.

When the synchronization conditions are met (EQUATION 1) a time window Tsync must be opened during
which the following conditions must be checked:

EQUATION 2
Difference between the modules: [Va-0; Vs-0; Vi2-0| - | VRIF | < AVps
EQUATION 3
Difference between the phase angles: [(V4-0; Vg-0; V12.0) * VriF | < A
Table 82 — Synchro Check setting parameters ranges (PS)
Parameter Range Step
Slip ssync [%fn ] 0+0,2 0,05
Difference between the modules of the voltages AVps[% 1+40 1
Vn]
Difference between the phase angles of the voltages: A 0+60 1
[’]
Synchronization conditions control time Tsync [S] 0+600 1

10.26.2 Asynchronous networks paralleling conditions check (PA)

This function allows the interconnection of networks that are out of sync or networks in which a certain
level of Slip persists over time. The conditions that must be considered before issuing the closing
command, both on automatic slow closing and on manual control, are shown in the Table 83 below:

Table 83 — PA algorithm
EQUATION 4 Voltage phase angles difference decreasing ¢ = (Va-0; Vs.0; V12-0) " VRIF
d/dt<0
EQUATION 5 Asynchronous Slip less than threshold SPA< SASYNC
EQUATION 6 Difference between the modules [Va4-0; Vs-0; Vi2-0| - |VRIF| < AVpa
EQUATION 7 Positive rate of change of the Slip between the dspaldt>0
reference voltages
Voltages Slip less than threshold 8 spa/ 8t < § sasync/ 6t
Limit of Slip Positive rate of change 8 sasync/ 6t = 0,01*(0,5*Ta)

When the conditions in Table 83 are met, the device must determine the lead time (Ta) for issuing the
closing command, taking into account both the degree of Slip and the real closing time of the circuit-
breaker (derived from the mechanical monitoring function of the circuit-breaker, Par.8.2.2.1).

This is to ensure that the closing of the circuit-breaker poles occurs when the voltages of the MV busbar
and of the live line (line with presence of generation) are almost in phase.

Table 84 — Synchro-Check setting parameters ranges (PA)
Parameter Range Step
Slip sasync [%fn ] 0+0,2 0,05
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Difference between the modules of the voltages AVpa | 1+40 1
[% Vn]
Lead time (Ta) [ms] 0+200 1

10.27 Overvoltage detection protection function (ES59B)

The overvoltage detection/supervision function ES59B is used for lines with connected co-generation
plants.

10.27.1 Protection behavior
This function can be Enabled and Disabled via SW configuration and inhibited by a Digital Input. The MFP

will assume that the protection is in service if the Digital Input is activated, and out of service when the
Digital Input is deactivated.

ES59B In service
& Transmission trip
CB Open
59 In service
& Transmission Generator
79 Not in Service Close blocking

Figure 30 — Self producer cogeneration automatism
The ES59B protection performs also the following functions:

a. Supervision of the line voltage to determine the operation of the self-producer user, when the breaker
is opened,

b. Block all attempts at closing the circuit-breaker according to the voltage presence on the line,
Block all attempts at closing of the circuit-breaker due to the fall of the magneto-thermal voltages,

d. Emission of the trip signal to the external communications equipment. When the circuit-breaker is
disconnected and ES59B is in service this Digital Output will be activated;

e. Emission of the tele-blocking signal to the external communications equipment. When the auto-
reclosing automatism is out of service and ES59B is in service this Digital Output will be activated.

Table 85 — FdP ES59B behavior
FdP logical state Displayed IEC 61850 Internal Logging Disturbance
message Report to the recording
RTU
Operate/Trip ES59B.Sx Yes Yes/No Yes/No

10.27.2 Setting Parameters
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The stages must be settable according to the ranges indicated in Table 86 and according to the operating
modes in Par. 10.4.

Table 86 — “ES59B” setting parameters ranges
Stage/Timers Start Voltage Value Operate/Tripping Time
Stage Std. Range Step Range Step
59.X T59.X 0,00+1 Un 0,01 0,05+10s 0,01s
(Table 30, ID “E”) (Table 30, ID “E”) 10+100 s 0,1ls
100+1000 s 1s

10.27.3 Accuracy of the measurements

The accuracy of the measurement of the
a. magnitude must be according Table 30, ID “F”,

b. Start and Op/Trip times must comply with the requirements in the Table 70.

10.28 DC undervoltage protection function (27)

The DC undervoltage protection function of the Primary Substation must be executed in three-wire mode
(three-phase); it must have a single opening Digital Output. One stage (with tripping capability) must be
provided. This function can be selectable ON / OFF.

10.28.1 Protection behavior

When the settable delay time of the stage has expired, the logical trip signal 27X must be issued. When
the voltage value returns above the threshold values, the protection must release. The opening command
is triggered by opening the MT-12 contact terminal board, which is normally closed when the device is in
normal operation, and normally opened when the device is off.

This function can be configurable as either Enabled/Disabled via configuration.

The operating characteristics of the function must be according to the ranges indicated in the Table 87

below:
Table 87 — “DC undervoltage” operating characteristics
Parameter Range Step
Rated Voltage Vndc Vaux
Tripping Voltage 0.6+1. Vndc 0,1V
Threshold Errors
Error limit <1%
Error limit variation <0,5%
Tripping Delay time 0.+10s 0,01s
(fixed)
Time Errors
Error limit <3%z+ 20ms
Error limit variation <3%
Reset time 50+100ms
Reset ratio 1,02+1,05
Overshoot time <35ms
Absorption <1,5W
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10.29 Frequency protection function EAC (81)

The frequency measurement must be performed on the three phase voltages monitored by the device.
This function can be selectable to ON/OFF.

10.29.1 EAC blocking stages

The function must be equipped with blocking stages to guarantee the reliability of the measurements and
the correct behavior of the protections. The blocking stages are able to inhibit the operations based on the
frequency measurement.

10.29.1.1. Undervoltage and overvoltage blocking stages
The three (V4, V8, V12) voltages must be monitored to support the operation of the device; if one falls

below or rises above the preset minimum and maximum voltage thresholds respectively, the operation of
all the tripping stages will be inhibited. This blocking stage must have two timers:

a. Stage activation delay,

b. Stage reset delay.

Table 88 — “Under/overvoltage blocking stages” setting parameters ranges
Blocking settings Blocking Time
Stage Active Range Step Range Step
State
27 Ena/Dis 0+14Vn 0,05 Vn 0+60s 0,05s
59 Ena/Dis 0+14Vn 0,05 Vn 0+60s 0,05s

Table 89 — Accuracy of the intervention times for the “Under/overvoltage
blocking stages”

Stage Measurement Minimum Time
Accuracy intervention measurement
Time error
27 0,01 Vn +50 ms +50 ms
59 0,01 Vn +50 ms +50 ms

10.29.1.2. Maximum unbalance 3 blocking stage

It is required to implement stages based on the maximum difference between the magnitude of the single
monitored voltages and their average value in order to preclude the operation of the MFP in case of
unbalanced voltages.

The unbalance stage must have a reset delay time. This stage inhibits the operation of all tripping stages
when the [ ratio goes above a set value which value is so calculated as follows:
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M= (V4+V8+V12) /3

p= max{abs(V 4 — w);abs(V8 — z);abs(V12 — w)]

Y7
Table 90 — “B blocking stage” setting parameters ranges
Blocking settings Blocking Time
Stage Active Range Step Range Step
State
B Ena/Dis 0,05+1 0,05 0+60s 0,05s

Table 91 — Accuracy for the intervention times for the “g blocking stage”

Stage Measurement Minimum Time measurement
Accuracy intervention error
Time
B 0,01 Vn +50 ms +50 ms

10.29.1.3. Max frequency difference yblocking stage

This stage inhibits the operation of all the tripping stages when the maximum difference between the

recorded frequencies of the monitored signals exceeds the preset y value. The Max frequency difference
blocking threshold must have a reset delay time.

v = max ((frequency Vi — frequency Vs); (frequency Vs — frequency Vi2); (frequency Viz2 — frequency Va))

Table 92 — “y blocking stage” setting parameters ranges

Blocking settings Blocking Time
Stage Active Range Step Range Step
State
y Ena/Dis 10 +100 mHz | 0,10 mHz 0+60s 0,05s

Table 93 — Accuracy for the intervention times for the “y blocking stage”

Stage Measurement Minimum Time measurement
Accuracy intervention error
Time
Y 10 mHz <100 ms +50 ms
(4 cycles)

10.29.1.4. Maximum variation allowed between consecutive periods Maxdt blocking stage

The Maxdt blocking stage uses the following mechanism to inhibit the frequency measurements:

a. When At is greater than a value pre-set via the configuration SW (range 1007000 ps) it detects a
perturbation on the phase and blocks the frequency (tripping) stages and the rate of change of
frequency (tripping) stages,

b. EAC continue to measures the cycles and compare the last one with the second-last; only when At
falls below the pre-set value configurable SW, the perturbation on the phase is over and the frequency
measurement must be re-established,

c. torestart and pass the frequency and the rate of change of frequency measurements to the (tripping)
stages, it must properly fill the memories of the moving average (e.g. if N is the number of the cycles
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of the average calculation, then the frequency will be available after N cycles and the rate of change
of frequency after N+N).

10.29.2 EAC tripping stages

The EAC will implement underfrequency, overfrequency and rate of change of frequency protection
functions. These can be simultaneously/selectively enabled and can send the trip command towards the
controlled circuit-breaker. The setting parameters ranges are specified in the Table 94 and Table 95, where
the operating time are measured in a sliding temporal window of 5 cycles.

Table 94 — “Under/overfrequency stages” setting parameters ranges
stages settings Operation Time
Active State Range Step Range Step cycles
Ena/Dis 0.9fn +1.1fn | 0,0002fn Hz 0 + 3000 0,5 cycles 5 cycles
Hz cycles

Table 95 — “Rate of change of frequency stages” setting parameters ranges

stages settings Operation Time
Active State Range Step Range Step cycles
Ena/Dis +(0,01+ 10) 0,1 Hz/s 0 + 3000 cycles 0,5 cycles 5 cycles
Hz/s

Rated change of frequency function, will work within a frequency band selectable by the user (inside 45 -
65 Hz operating range).

10.29.3 Frequency and voltage measurements

The frequency and voltage measurements must refer to the fundamental component and to the RMS
value. Suitable filtering systems must ensure the measured values are unaffected by any electromagnetic
disturbances.

The frequency and rate of change of frequency measurements must be carried out with the required
accuracy in the 45 - 65 Hz operating range, for voltage values 0.3 times greater than the rated one.

The voltage measurements must be carried out with the required accuracy in the 45 - 65 Hz operating
range, for values from 0 to 1.4 times greater than the rated one. In the case of signals with a THD<10%
the frequency measurements must be adjusted.

The frequency stages must be immune to the most common transients on the HV grid and ENEL will
provide the related digital recordings (transformers energization, lines reclosing, short-circuits).

Note that the MFP must base the frequency measurement by measuring the time between two zero
crossings of a period and summing the N measured intervals, with N = number of periods to be integrated.

It is necessary that the number of samples used per period be sufficiently dense to approximate the curve
between two consecutive samples by a straight-line segment. This means that the errors inserted in the
time measurement between the zero-crossing and the sample position must be compensated by means
of linear interpolation.

The manufacturer must clearly indicate the methodology and the calculation algorithm implemented in the
MFP (including also algorithms based on moving averages, sampling frequency, number of processed
samples and the filtering systems) for making the following measurements:

a. Frequency,
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b. Rate of change of the frequency,

Voltage,

d. Rate of change of the voltage.

10.29.4 EAC Function

The EAC function is made up of two protection stages based on EQUATION 8 below and must be activated
upon detecting the sign of active power.

The operation of the stages will be communicated according to the IEC 61850 series and must be
associated with Vout virtual outputs.

EQUATION 8

81_S, =(((f,and %)and (ON/OFF))or(f, ,and(ON /OFF))andseg{P})

ENEL will provide the details for the implementation of the EAC FdP during the development phase.

fxa

dfx/dt

fxb

EnP->x

EACx

P-> Negative power threshold
common to the two banks

P> | (P)

x =1 or 2 (two EAC banks)
N.B. Each input threshold can be individually enabled

Figura 31 — EAC Logic
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11 FSL FUNCTION

With the implementation of the IEC 61850 protocol it is expected that the IEDs, by exploiting the real-time
communication capability, can exchange block signals (goose) called Blind. These signals temporarily
inhibit the opening orders that are given by the FDPs and therefore allow the exclusive selection of the
line affected by a fault, or, in the event of short circuits at the MV line terminals, avoiding cases of
simultaneous shutter release of the MT line protection and transformer line.

Blind signals are conveyed in multicast in the Primary Bus LAN and in the VLAN where the secondary
cabin IED (RGDM) take place through the IEC 61850 protocol (Goose). The FSL functionality must be
selectable in local configuration or activated by an appropriate IEC 61850 message.

The logical selectivity is based on the comparison of the information content of the BLIND message,
requested by the IEDs following the detection of the fault condition. This information content is the
topological code (TAG), calculated by the telecontrol system, and written in the IED by the TPT2020 client.
In order to be able to compare the topological codes, the system sends the identifier defined ADRLEVBN
that defines the composition of the TAG code by the number of bits via the TPT2020. The information,
related to the logical selectivity (TAG, ADRLEVBN, etc ..), once written by the client, must be kept in the
memory of the IED until a new writing, even if the IED is restarted.

The comparison algorithm that the IED must implement and the format of the “TAG” are described in the
specification:

“TAG assignment and comparison algorithms for the FSL automation and the teledistacco.doc”.

Details related to the IEC61850 profile are contained in the technical specification of the IEC61850 profile
of the MFP. The IED must be able to process at least 30 BLIND messages sent at the same time of failure.
That is, a configuration involving at least 30 IEDs installed along the medium voltage line.

The following are some cases of use of the FSL functionality.

Figure 32 shows the use case that the fault appears along the MT line and an electrically upstream IED
sends a BLIND message. In this condition the BLIND message is ignored, because it is sent by an
electrically upstream IED. So the FdP ends its intentional delay time Top_fdp and sends the trip command
to the MV switch.
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e
Blind |

Blind_upstream
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Figure 32 — FSL Operation Logic

Figura 33 shows the case that the fault appears along the MT line and a placed IED electrically
downstream sends a BLIND message. In this condition the BLIND message is ignored, since it is received
after the time for sending the trip command to the MV circuit-breaker.

fault_start fault_insulated

r

Trelease_lime

> + Top_fd
Taetection P_1op * CB_open

Blind

Blind_downstream

Figura 33 — FSL Operation Logic

Figura 34 shows the case that the fault appears along the MT line and an electrically downstream IED
sends a BLIND message. In this condition, the message of BLIND is taken over as sent by an IED placed
electrically downstream. In this condition the FdP is kept in the reset state (Top_fdp = 0) until the valid
BLIND reception condition is confirmed. If, as shown, the BLIND condition sent by the downstream IED
falls back, the timer Top_fdp is restarted proceeding up to the trip condition in which the trip command is
sent to the MV switch.
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fault_insulated

fault_start

Tr

iReset Top  Start_Top
H — Trelease_time

N Top_fdp CB. open

Tdetection

Blind [ | Blind

Blind_downstream

Figura 34 — FSL Operation Logic

Figura 35 shows the case that the fault appears along the MT line and an electrically downstream IED
sends a BLIND message several times. In this condition the message of BLIND is taken over as sent by
an |IED placed electrically downstream. In this condition the FdP is kept in the reset state (Top_fdp = 0)
until the valid BLIND reception condition is confirmed. If, as shown, the BLIND condition sent by the IED
leads to exceed the Tr backup timer, the IED proceeds to the trip condition and sends the trip command
to the MV switch.

fault_start fault_insulated

Trelease_time

Tr !
* i CB_open
e
Reset_Top Start Top Reset Top Start Top Reset Top Start_Top
. <] Top_fd Top_fd Top_fd
Toctoction p_tap p_tdap N p_tap N
Biind [ | Blind Blind Blind
S i L
Blind_downstream Blind_downstream Blind_downstream

Figura 35 - FSL Operation Logic

11.1 Remote Trip Function

Associated with the FSL function, it is necessary to set up a function for opening the circuit-breakers
downstream of the line circuit-breaker. ENEL will provide the details to implementation of the function
Remote Trip during the development phase.
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12 AUTOMATIC RECLOSING FUNCTION (ARF)

The MFP must be equipped with the automation that performs the reclosing of the controlled circuit breaker
which has been tripped by the FdPs.

The ARF is required to select a proper reclosing sequence according to the kind of FdP that operated; the
independent and simultaneous configurability of two reclosing banks is required for each of which it will be
possible to choose the sequence of insulation cycles and the reclosing FdPs associated with each bank.

Each bank must have up to five programmable isolation cycles, listed in Table 96, moreover, the ARF
could be submitted (RR excluded) to the synchronization control in (Par.10.26).

The reclosing sequence, programmable via SW, must allow the activation/deactivation of the following
options:

a. (E) closing Excluded — no reclosing attempts must be performed;
b. (RR) Fast Closing — at the end of one short interruption time a Closing is performed;

c. (RR + RL) Fast Closing + Slow Closing - following a RR and at the end of a longer interruption time a
Closing is performed;

d. (RR + RL + RMx) - following a (RR + RL) sequence, up to three additional interruption/closing cycles,
called “Memorized Closings” RM1, RM2; RM3 can also be performed.

Table 96 — Auto-reclosing setting parameters ranges
Reclosing Type Interruption/isolation Timer | Setting ranges Range and | Default value
Errors
RR Fast Closing Trr 200 ms + 2s Table 30D “S” 0,4
Step 50 ms
RL Slow Closing TRL 200 ms + 200s Table 301D “S” 30
Step 50 ms
RM1 1st  Memorized | TN1 (the Interruption Time Table 301D “S” 120
Closing of the RMx matches with
RM2 | 2" Memorized | the Neutralization Time
Closing TN1)
RM3 | 39 Memorized
Closing
T Recovery time 2ms+300s
Step 50 ms
TDcm | (after manual 2ms+200s
closing) Step 50 ms

It is requested to Include / Exclude the reclosing function:

e. By a switch placed on the front panel (acts on both reclosing banks),

f. Via SW configuration SW (acts on both reclosing banks),

g. Via IEC 61850 commands (acts on both reclosing banks).

The reclosing is:

h. Included when all the elements in e., f., and g. are included (logical AND condition),
i. Excluded when at least one e., f., and g. is excluded (logical OR condition).

The status of reclosing included/excluded must be maintained in case of shutdown and subsequent restart
of the device.
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12.1 Operating modes

An FdP, at the expiration of the delay time triggered by its starting (TATT), trips the controlled circuit-
breaker and the ARF triggers the TI (IED profile according to IEC 61850) counter. If during the TATT there
is a fault type evolution and a subsequent change or further starting of a different stage of the same FdP,
or even of a different FdP, the TATT must be adapted (reduced) to the new time settings of the starting
stage.

In the event that the FdP releases within the Tl expiration, the TRR (interruption/isolation Time of the RR)
timer will start, otherwise the Automatic reclosings will not be performed and the MFP will report (as per
IEC 61850) the SSR (trip without reclosing) signal to the RTU.

When the TRR expires, the ARF issues the closing order to the circuit-breaker, displays the CRC (reclosing
cycle in progress) information on the MFP screen, issues a report to the RTU and starts the TDR and TN
counters.

If during the TDr, or later, but during the TN with the Slow Closing inactive (point b. in Par.12), a FdP
commands a trip, the ARF will report locally and to the RTU the status of FR (Failed Reclosing).

Otherwise, if via SW configuration is requested the execution of the closing programs at points c. or d. ()
the start of a FdP beyond the TDr, but during the TN, will restart the TATT; when TATT expires a new
tripping order will be issued, the Tl will be restarted (and the above mentioned checks on the FdP
releases), started the TRL time which expiry will cause the execution of the Slow Closing.

Following the Slow Closing, the TDL will be started and the TN will be restarted. If no further re-closing
are programmed (point c.in Par.12), in the event of a fault within the TN, a further opening command will
be issued while the ARF will report locally and to the RTU the status of FR.

If one or more Memorized Closings are programmed (point d. Par.12), in the event of a fault beyond the
TDv., (remaining the controls on the release of the FdP startings with a further TI) at the expiration of the
TN the ARF will issue the first Memorized Closing and start TDm and TN timers.

According to the SW configuration, the ARF can issue up to three Memorized Closings repeating, for each
one, the controls initiated with the TI, the TDm and the closing command when the TN expires. In case of
a further tripping over the third Memorized Closing, the ARF will report locally and to the RTU the status
of FR.

The ARF must inhibit the closing if, following a manual closing, a fault occurs inside a control time window
defined by the TDcm parameter.

A manual closing will trigger the TN, for the faults check while TN is active and the TDcwm has expired, the
ARF will perform the first closing after the TRL expiration and then, according to the settings, the
subsequent ones.

A (settable) recovery time is needed to consider the auto-reclosing cycle as finished. After this time
expires, a trip will activate again a complete auto-reclosing cycle.

After a manual closing, the automatic reclosing function will be inhibited for a selectable time. After this
time expires, the automatic reclosing function will be ready to operate in case there’s no other blocking
condition.

12.2 ARF conditioning in the presence of external signals

The configuration SW must allow different operating modes of the ARF, listed in Table 97, which may be
affected by events such as Digital Input, IEC 61850 messages (GOOSE, MMS), MODBUS messages or
by internal MFP such as, e.g., a FdP trip.

The combination of the conditioning event and the operating mode of the ARF must be configurable in the
programmable logic section.
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Table 97 — ARF conditioning and related operating modes

Operating Mode

ARF operations

No event

No further action.

Circuit-breaker automatic opening

The ARF must disable the closing until the disappearance of the
event/state.

Automatic commands locking

The ARF mustn’t issue automatic commands until the disappearance
of the event/state causing the locking.

Conditioned automatic opening
and ARF locking

The ARF:

doesn’t control the opening of the circuit-breaker due to the
intervention of specific FdPs (programmable, typically 51 and 67.S3),
trips the circuit-breaker due to the intervention of specific FdPs
(programmable, typically 67.S1; 67S2),

doesn’t activate its logics and interrupts or cancels the cycle, if already
started.

ARF locking

After a trip command from a FdP, the ARF is locked.

12.3 Reclosing cycle reset

The ARF must abort the reclosing cycle if the controlled circuit breaker is opened and a local or remote
manual opening command is issued. If an external close command is received during a reclosing cycle
(manual or by remote control), the cycle will be completely aborted, starting the TDCM timer, as it is a

manual closing.

12.4 Autoreclosing coordination practices

By according to IEEE C37.104, the following autoreclosing coordination practices must be included:

a. Sequence coordination described at par. 5.3.4 of IEEE C37.104, this practice is also called ZSC (Zone

Sequence Coordination);

b. Autoreclose blocking described at par. 5.3.6.j of IEEE C37.104, this practice is also called 79SK (Skip

Shot).
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13 DISTURBANCE RECORDING

The MFP must have a Disturbance Recording function that allows the storage of fault-related events in a
circular memory of, at least, 1000s.

The PC-software must be able to display the trends of the measurements over time (indicated in Table
30), the status of the embedded and remote Digital I/O and the internal states of functions and logic
inputs/outputs. An example of channels assignment is shown Table 98.

The MFP, must have:
a. atleast, 100 digital channels
b. the order of allocation / visualization of the channels will be configurable by the user;

c. the text associated with the digital channel must be intelligible; it is desirable that it can be configurable
by the user.

The sampling frequency of the analog and digital quantities as defined in Par. 6.2.2 and 6.2.5 allows the
processing of signals up to 2.5 kHz by applying an anti-aliasing filter; a resolution of 1ms is required for
the logic channels.

The recording must last until the last triggering signal releases plus configurable (via SW) post-trigger and
pre-trigger times. The recording must never exceed the maximum time configured via software.

The total time of the recording is equal to the sum of the:

d. Pre-fault recording (duration configurable via software [0 + 2000 ms]),

e. Recording of the disturbance event (duration configurable via software [0 + 70 s]),
f.  Post-trigger recording (duration configurable via software [0 + 2000 ms]).

In any case the recording must last until the last configured trigger has released, which must happen
inside the maximum limits set in the configuration.

Records storage: minimum 48 hours with loss of power supply.

All the starts/trips of the FdPs must be configurable as trigger events. The ability to sync the recording with
both wired and via IEC 61850 Digital Inputs will it is also be required. It must be possible to start manual
recordings from the MFP’s display and keypad via s GOOSE message.

The data related to the individual events must be convertible in COMTRADE format according to the IEC
60255-24 standard and downloadable to a PC for offline analysis. The COMTRADE file transfer must be
via FTP or IEC 61850, locally or remotely

Table 98 — Example of channels assignment
SIGNAL Position in the Substation Signal N.
2
— (%] =]
g s |2/ & | 2]¢
5} < | 2 I L5
qu) = [} E (] o <
5 25199 | 5|25
5 oL | 3 2 |E| 58
s n 3 ©| © S | =23
© | = o T o
2 523 |5]3
z
52 State X X X X X 1
52 State X X X X | X 2
89 Busbar 1 State X X X X | X 3
89 Busbar 1 State X X X X | X 4
89 Busbar 2 State X X X X 5
89 Busbar 2 State X X X X 6
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89 Grounding State X X X X | X 7
89 Grounding State X X X X | X 8
89 Grounding 2 State X X X X 9
89 Grounding 2 State X X X X 10
Busbar grounding disconnector — Closed X 11
Busbar grounding disconnector — Open X 12
Auto-reclosing state X X 13
Cogenerator state X 14
Without command X X | X 15
Local Command X X [ X 16
Special Settings X X 17
Discharged Springs X X | X 18
Anti-Pumping Actuation X X | X 19
Do Not Open X X | X 20
Do Not Close X X | X 21
Missing Busbar 1 (B1) or Capacitor Bank 1 (BAT1) X X | X 22
Missing Busbar 2 (B2) or Capacitor Bank 2 (BAT2) X X | X 23
Exceeded Cut Amps X X | X 24
Thermal Magnetic DC motor protection breaker - F1 — | X X | X 25
Open
Thermal Magnetic motor disconnector - F2 — Open X X | X 26
Thermal Magnetic (Cogenerator) capacitor - external | X X 27
command F3E — Open
Thermal Magnetic phase Voltages - F4 — Open X X | X 28
Thermal Magnetic phase Voltages — zero-sequence | X X 29
voltage F460 — Open
DC Supervision Failure - S13 X X X | X 30
Busbar 1 disconnector operation failure - intermediate- | X X X X | X 31
state filter 2 sec
Busbar 2 disconnector operation failure - intermediate- | X X X X 32
state filter 2 sec
(Disturbance) Recording Activated X X X | X 33
Instantaneous Phases Start (protection) X X X | X 34
Inverse Time Phase Start (protection) X X X | X 35
Instantaneous Zero-Sequence Start (protection) X X X | X 36
Zero sequence Time Zero-Sequence Start (protection) X X X | X 37
Directional Zero-Sequence - Isolated Neutral Start | X X X | X 38
(protection)
Sensitive Neutral Start (protection) X X 39
Zero-Sequence Alarm — Resistive Earth X X 40
Phase Currents Unbalance X X 41
Self-Locked Auto—reclosing X X 42
Auto—reclosing Cycle In Progress X X 43
Auto—reclosing End of Cycle X X 44
Auto—reclosing Command X X 45
Instantaneous Phases Tripping X X X | X 46
Directional Phases Tripping X X [ X 47
Inverse Time Phases Tripping X X X | X 48
Instantaneous Zero-Sequence Tripping X X X | X 49
Inverse Time Zero-Sequence Phases Tripping X X X | X 50
Sensitive Neutral Tripping X 51
Directional Neutral Tripping X X 52
Final Tripping (LockOut) X X 53
External Trip X X X | X 54
Co-generation Direct Trip command X 55
Co-generation Remote Block command X 56
Directional Residual Protection Inhibited X X 57
Directional Phase Protection Inhibited X 58
Switching Condition Failure — Live Line (Voltage Presence) | X 59
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CTR Closing Block X 60
Busbar 1 Low Pressure X X X X [ X 61
Busbar 2 Low Pressure X X X 62
Circuit-Breaker Low Pressure X X X X | X 63
Sensitive Neutral Tripping Permission X X 64
Busbar 1 disconnector operation failure - intermediate- | X X X X | X 65
state filter 10 sec

Busbar 2 disconnector operation failure - intermediate- | X X X 66
state filter 10 sec

Zero-sequence Thermal Magnetic Closed — F40 and F60 | X X 67
Missing (disconnector) DC recharge of failure X 68
Auxiliary Service Transformer - Overload Alarm X 69
Auxiliary Service Transformer - Overload Trip X 70
Fuse Fusing (Opening) X 71
Current unbalance between neutral points in the capacitor X 72
banks - Trip

Phase Overvoltage Trip X 73
Phase Undervoltage Trip X 74
Protection closing block X 75
Non-connectable X 76
Phase Overvoltage Start (protection) X 77
Phase Undervoltage Start (protection) X 78
Unbalance between neutral points — Start X 79
Zero Sequence Overvoltage — Alarm 80
Zero Sequence Overvoltage — Trip 81
Directional Sensitive Neutral — Start X X 82
Directional Sensitive Neutral — Trip X X 83
Sensitive Neutral — Alarm X X 84
Directional Sensitive Neutral — Alarm X X 85
Busbar 1 Truck State X X X X | X 86
Busbar 1 Truck State X X X X | X 87
Busbar 2 Truck State X X X X 88
Busbar 2 Truck State X X X X 89
89 Bypass State X X X X [ X 90
89 Bypass State X X X X [ X 91
Breaker failure Trip 92
Broken conductor Trip 93
Under/Over frequency Trip 94
VTS/CTS supervision 95
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14 MFP ADVANCED REQUIREMENTS

The requirements from this chapter must be respected just if expressly requested during the procurement
process (par. 16.2).

14.1 Hardware requirements

With reference to par. 6.1.1 clause d, the degrees of protection for the enclosure must be improved to IP
54,

With reference to Table 12 , the current thermal withstand must be improved to 100 In.

14.2 Communication requirements

Inbuilt MODBUS TCP/RTU server must be implemented for enabling straightforward integration into
existent SCADA/RTU solutions.

The DNP3 communication profile must be implemented for enabling straightforward integration into
existent SCADA/RTU solutions.

14.3 Synchronization requirements

The time synchronization of the MFP must be done also via IRIG B.

14.4 High impedance fault FdP

An additional FdP to detect high impedance fault (HIF) in distribution networks is requested. The proposed
approach can successfully distinguish the HIFs from normal operations in power system such as harmonic
load switching, capacitors switching, and transformer energization.

In recent years various methods have been presented in order to detect the HIFs. Considering the
deviation in different harmonics of current waveform as the main parameter for HIFs detection, several
methods based on magnitude, phase angle and also the energy content of even, odd and in-between
harmonics are proposed. Wavelet transform is also used as a method to analyze the current waveform in
time-frequency domain through which the HIFs can be detected.

So the proposed HIF FAP must be supported by scientific and experimental data, the results must show
high accuracy of the proposed method in the detection task.

The final acceptance of the approach is entrusted to ENEL, that can require any additional certificate, self-
certificate or testing.

Other GS may add further requirements.

14.5 Parallel Redundancy Interoperability

Parallel Redundancy Protocol (PRP) or High-availability Seamless Redundancy (HSR), both with
Precision Time Protocol (PTP) must be adopted to provide seamless recovery in case of single failure of
an inter-bridge link or bridge in the network, which are based on the same scheme: parallel transmission
of duplicated information. The reference standards are IEEE 1588, IEC 62439-3, IEC 61850-9-1, IEC
61850-9-2 and IEC 61850-9-3.

Because of this requirement, all the Ethernet port (LC or RJ45) that are used for interoperability must be
doubled.

Other GS may add further requirements.
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15 TESTING AND CERTIFICATIONS

All the requirements from this chapter must be respected. ENEL has the right to ask for a prototype for
any kind of verification testing. These tests must be performed in the provider factory or third party
laboratories (by according to ENEL or relevant standards provision), with no cost participation by ENEL.

The MFP will be subjected to an ENEL Technical Conformity Assessment (TCA) process, by according to
GSCGO002, that is intended to verify if the supplied device meets regulatory standards and specifications.

15.1 Overview Technical Conformity Assessment (TCA) Process

The information of this paragraph are only indicative and may change by according with ENEL TCA
management; final TCA organization will be discussed during the TCA kick off meeting.

15.1.1 TCA documents

The ENEL technical organization unit in charge of the Technical Conformity Assessment of the MFP will
supervise the technical documentation and the execution of the tests required to receive the “Statement
of Conformity”, according to GSCGO002 prescriptions.

All the technical documentation required during that process shall be in English or in the local language of
ENEL technical organization unit in charge of the TCA.

The TCA documents that shall be delivered include:

a. Type A documentation (Not confidential documents used for product manufacturing and management
from which it is possible to verify the product conformity to all technical specification requirements,
directly or indirectly).

b. Type B documentation (Confidential documents used for product manufacturing and management
where all product project details are described, in order to uniquely identify the product object of the
TCA). This type of documentation must be delivered only to the ENEL technical organization unit
in charge of the TCA

c. TCA dossier (Set of final documents delivered by the Supplier for the TCA)
d. The supplier shall provide the TCA Dossier on digital support.

15.1.2 Quality

During the TCA, the supplier shall provide the technical documentation listed in ENEL Quality Specification
for Electronic Assemblies.

15.1.3 Safety warnings on Plate

The safety warnings required in the plate of the MFP and its components must be written in the local
language of the device destination Countries.

15.1.4 Tests required to complete the TCA

This process consists of the following tests cases:
a. static accuracy/precision tests,
b. real-world tests cases (in COMTRADE format, supplied by ENEL)

c. approximately 300 laboratory tests cases.
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The manufacturer must have a valid and product specific homologation before he may supply devices to
ENEL. In compliance with this technical specification, the manufacturer must satisfactorily pass, within a
maximum period of 6 months after contract award, all the tests described in the following sections.

Once these tests have been successfully completed, an approved manufacturer's MFP will be subject to
ad-hoc reception tests.

In addition, ENEL reserves the right to request the repetition of the type tests at any time to ensure that
the devices continue to meet the standards achieved by the initial testing and certification programs at the
time the contact was awarded.

Type tests will be carried out in Official Laboratories or Laboratories recognized by ENEL, or in the
workshops of the manufacturer. ENEL reserves the right to attend any or all of these tests and must be
kept informed of the manufacturer’s testing programs, schedules and result.

The manufacturer will bear the cost for type tests and for pilot installation tests.
15.1.5 Typetest list

Visual examination and control of geometric characteristics,
Verification of all functions,

Insulation tests,

Electromagnetic compatibility tests,

Mechanical compatibility tests,

-~ ® o o0 T @

Climate compatibility tests,

Overload test of current circuits and voltage circuits,

5 Q@

Determination of the accuracy class of the measurement relays,

Measure of the Reset ratio,

j-  Measure of the Start, Operate, Reset time (repetitive error),

k. Measurement of consumption,

I.  Functional tests with different values of influence quantities,
Influence of asymmetric and harmonic component on short circuits,
Influence of frequency on measurements and operation,

m.
n
0. Testing of the auxiliary control relays (making and breaking capacity) and signaling,
p. Power supply interruptions,

q

Influence of auxiliary voltage value,

-

Final verification of the MFP operation.

The supplier must retain all the documentation proving the successful results of the type tests and all data
must be made available to ENEL in real time.

At ENEL’s discretion these tests may be completely or partially repeated during the lifetime of the contract
as continuing evidence of type conformity.

15.1.6 Acceptance tests

The acceptance tests are those indicated in Par. 15.1.5. clause a, b, ¢, jand r.
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The acceptance tests must be carried out using specifically designed and automated test equipment
(SCA). Each device must be accompanied by a report stating that all SCA tests have been concluded
successfully.

15.1.7 Visual inspections

It is mandatory to verify the absence of visible manufacturing defects, the highest build-quality and
precision of manufacture, the compliance of the enclosure dimensions with those indicated in the present
specification, as well as the required degree of IP protection.

15.1.8 Type test levels

The test level for each requested environmental compatibility test and the relevant standard, where
applicable, is shown in. Table 99.

Regardless of the verified function (protection, measurement, data communication, etc.), the criteria for
acceptance for all the tests listed below is "Normal performance within the specification limits, A+B” (ref.

IEC 60255-26:2014, Tab. 23).

Table 99 — Tests Levels

Type Description Test Level/Note Standard
Insulation Impulse withstand voltage Overvoltage category IV IEC 60664-1
and EMC Dielectric strength Test Voltage = 2 kV for the | IEC 60255-27
circuits in a.c.
Insulation resistance 2100 MQ a 500 V d.c. IEC 60255-27
Electrostatic discharges Contact discharge level 3 | IEC 61000-4-2
Air discharge level 3 IEC 60255-26

Ring wave Test level 3 IEC 61000-4-12
Damped oscillatory wave Test level 3 IEC 61000-4-18
IEC 60255-26
Electrical fast transient/burst Test level 4 IEC 61000-4-4
IEC 60255-26
Voltage surges 1.2/50ms — Current surges | Test level 3 IEC 61000-4-5
8/20ms IEC 61000-4-5/A1
Power frequency Magnetic field Test level 5 IEC 61000-4-8
Damped oscillatory magnetic field Test level 5 IEC 61000-4-10
Radiated, radio-frequency, electromagnetic field | Test level 3 IEC 61000-4-3
Radiated, radio-frequency, electromagnetic field | Test level 3 IEC 60255-26

from digital radio telephones

Short interruptions on d.c. input power port

level 0%t =0,05s

Voltage dips on d.c. input power port

level 50%t=0,1s

Voltage variations on d.c. input power port

Un+20%;t=10s

IEC 61000-4-29

Power frequency voltage Test level 3 IEC 61000-4-16
Conducted disturbances in the frequency range | Test level 3 IEC 60255-26
0 Hz to 150 kHz
Conducted disturbances, induced by radio- | Testlevel 3 IEC 61000-4-6
frequency fields IEC 60255-26
Environment | Non powered equipment Dry heat (+70 £ 2)°C; duration 16 | IEC 60068-2-2
hour
Damp heat | (40+2)°C; (93+3)% RH; | IEC 60068-2-78
duration 4 days




GLOBAL STANDARD Page 105 of 108

~ (\ i
C Protection and control device for HV/MV substation — GSTP101
Multifunctional feeder protection (MFP) Rev. 01
06/12/2018
Cold (-25 + 3)°C; duration 16 | IEC 60068-2-1

hour
Change of | TA = -25°C; TB =70°C; | IEC 60068-2-14
temperature | duration 3 hour + 3 hour
Powered equipment Dry heat (+70 £ 2)°C; duration 16 h IEC 60068-2-2
Damp heat | (40+2)°C; (93+3)% RH; | IEC 60068-2-78
duration 4 days
Cold (-25 * 3)°C; duration 16 | IEC 60068-2-1
hour
Change of | TA = -25°C; TB =70°C; | IEC 60068-2-14
temperature | duration 3 hour + 3 hour
Mechanical Vibration immunity Inf. limit 10 Hz | IEC 60068-2-6
Sup.limit 500 Hz
Acceleration 10 m/s?
Displacement  amplitude
0,075 mm

Broadband random Vibrations IEC 60068-2-64

15.2 Pilot installation tests
In a substation chosen by ENEL will be installed one MFP granted by the manufacturer in order to evaluate
its behavior and stability in a real environment.

The manufacturer will configure the device and will collaborate in the commissioning with all the necessary
modifications to enable all the required functionalities and completely integrate the MFP in the substation.

15.3 Individual tests

These tests will consist of the visual checking of:

a. Terminal blocks for the power supply, Digital Inputs and Outputs, Current and Voltage Inputs,
communication ports/channels, etc.. For these tests it will be necessary to provide:

a) Photo(s) of the front panel of the device,
b) Photo(s) of the rear of the device.

b. Identification label with the characteristics of the device (including complete model and firmware
version).

The device will also be powered on to verify (via its keyboard/display) that the information about its
identifying characteristics match those registered in the homologation process.

15.4 Certifications and self-certifications

About the compliance of all the requirements/standards recalled in this GS, a certificate or selfcertificate
must be provided.

Regional laws or standards may requires additional certifications or self-certifications.

Certifications and self-certifications must be made according to the relevant standards or laws (including
the template format).
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16 MISCELLANEOUS

This chapter include further requirements, recommendations and additional information.

16.1 Required documentation

The following documents (in pdf format) must be provided:

a. MFP data sheet with snapshots;

b. installation, operation and maintenance manuals, with instructions on the installation and interfacing

procedures;

Protocol Implementation Conformance Statement (PICS)

Tissues Conformance Statement (TICS)

c
d. Protocol Implementation extra Information for Testing (PIXIT)
e
f

Model Implementation Conformance Statement (MICS)

g. administrator's manual, for proper integration of MFP into communication and IT networks (this

document should describe any network service the MFP is supplying);

h. list of pre-installation checks to ensure that the components have been delivered correctly;

i. quick installation and set-up guide;

j. installation and one-wire diagrams (also in DWG/DXF formats);

k. all software need to MFP operation;

I.  parts list;

. required but not included parts list;

recommended Tool List;

mechanical drawings;

m
n
0. electrical schematics;
p
q

spare parts list;

r. maintenance procedures;

s. troubleshooting guide;

t. component specification literature.

This documents must be made according to IEC 61010-1 and they must be approved by ENEL.

A copy of these documentation must be accessible by the MFP HMI.

16.2 Clarification during procurement process

By summarizing, during the procurement process the following clarification will be provided to the supplier:

a. Choice about enclosure (par. 6.1.1);

b. Installation site information (par. 6.1.4);

Non modular design acceptance (par. 6.2);

Information about operating system homologated in ENEL (par. 7.3);

c
d. Auxiliary Power Supply (par. 6.2.1);
e
f

Advanced requirement to include (chap. 14);
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g. Language for embedded sw and documentations;

h. Details about unique serial identifier, serial code and other labeling.

16.3 Procurement management

The information of this paragraph are only indicative and may change by according with ENEL
procurement management; final procurement approach will be issued by entrusted ENEL units.

Within 30 days of receiving the present specification, the manufacturer must send the following
documentation, in English, along with the technical proposal:

a. Dimensions and weight of the MFP,

b. General description of functions, operational characteristics, functional schema, wiring diagrams,
power consumption requirements, errors limit, etc. The description must also include the algorithms
used for the treating and filtering signals and the number of samples per cycle,

c. Photos or detailed drawings of the MFP
- side view
- rear view
- LEDS
- MP connector
- MV connector
- MA connector
- Ml connector
- MO connector

- Communication ports
d. Lists of references,
e. Exceptions to this specification,
f.  Instructions for the installation, adjustment and commissioning of the MFP,
g. Examples of adjustment and configuration,
h. Instructions for checking and maintenance.

If the manufacturer fails to provide any or all of the above information within 30 days of receipt of this
specification, he will be disqualified as supplier, for ENEL, of the product standardized in this Technical
Specification.

16.4 Receipt of material

The information of this paragraph are only indicative and may change by according with ENEL product
management; final procurement approach will be issued by entrusted ENEL units.

16.4.1 Reception tests

Part of the process of accepting delivery of a manufacturer’'s devices will include the proof of having
successfully passed previously performed acceptance tests (Par 15.1.6).

Then, the reception tests will be carried out in Official Laboratories or Laboratories accredited by ENEL,
or in the workshops of the manufacturer. ENEL reserves the right to attend any or all of these tests and
must be kept informed of the manufacturer’s testing programs, schedules and results. If the assistance of
an ENEL representative is not available, the provisional reception procedure will be conducted when tests
protocols are received.
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The reception will be deemed as completed once the reception tests have been carried out and the
material has been delivered with the associated tests protocols. The tests are the ones mentioned in Par.
15.3 and will be performed before any order is delivered; the associated testing protocols will be presented
to ENEL for approval. The results obtained in these individual tests must be indicated in a report; every
device must be accompanied by this report.

In the event the documentation has undergone modifications with reference to the actual devices
delivered, the manufacturer must provide the updated documentation before the reception procedure will
be deemed to have been completed.

16.4.2 Warranty

The manufacturer will commit to providing a guarantee of the IEDs for a minimum period of 24 months,
which will commence immediately following a successful reception; final procurement approach will be
issued by entrusted ENEL units.

The guarantee will be legally binding for any device/component failures and/or defects that occur within
the guarantee period: accordingly, the devices and/or components will be replaced. Further, the
manufacturer will undertake to continue, free of charge, the software and firmware development and
provide the updates to ENEL for the lifetime of the devices.

If during the contract term the manufacturer fails to address in a prompt and timely manner any functional
anomalies or defects in the device behavior or manufacture (hardware or firmware), ENEL reserves the
right to block the necessary positions on the contract, staged payments and/or alter the payment schedules
as necessary until the anomalies have been resolved to the complete satisfaction of ENEL.



